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Abstract of Praxis 

 

 

Agricultural Nutrient Management in the Lower Susquehanna River Subbasin 

 

 

The Chesapeake Bay Watershed (CBW) is one of the largest salt-water estuaries 

in the world. It is a sensitive watershed with an environment highly impacted by 

development and intensive agriculture, especially in the state of Pennsylvania (PA) where 

the Lower Susquehanna River Subbasin is one of the regions of the entire CBW most 

highly affected by agricultural pollution runoff.  

This praxis focuses on the problem of excess nutrient loading to the Lower 

Susquehanna River Subbasin and adjacent regions that are typical of the raw egg layer 

manure export of Hillandale Farms, the largest Concentrated Animal Feeding Operation 

(CAFO) in the CBW. The sponsor company for this effort is EnergyWorks Group, a 

company that developed and owns a large-scale egg layer manure treatment facility co-

located with Hillandale Farms in Gettysburg, PA. Hillandale Farms was specifically 

chosen by EnergyWorks Group to apply its agricultural pollution mitigation technology 

because it is the largest in the CBW with over five million egg layer chickens between 

their headquarters and 30 contract growers in PA with egg production of 155 million 

dozen eggs per annum. The Nitrogen (N) and Phosphorus (P) excesses from this 

operation, as well as many other non-point source agricultural food/cropping operations 

in the CBW, have contributed significantly to a failure to meet the annual Total 

Maximum Daily Load (TMDL) reduction goals for the CBW year after year. 

Pennsylvania is responsible for 70% of the overall TMDL reductions needed for the 

entire Chesapeake Bay Program (CBP), administered by the Environmental Protection 
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Agency (EPA), creating an opportunity for novel technological solutions, including an 

effective Integrated Environmental Management Systems (IEMS) approach, to 

meaningfully address and even achieve the targeted reductions.   

This praxis is on the front end of a multi-year effort in which EnergyWorks Group 

is engaged to develop an approved pay-for-performance protocol and re-start their 

existing Animal Waste Treatment Plant (AWTP). Insights gained in the business-as-usual 

(without manure treatment) case, along with improved best practices and enhanced 

efficiency fertilization approaches, provided critical information for this praxis project. 

Utilizing the Soil & Water Analysis Tool (SWAT), a mature modeling platform, the 

Chesapeake Assessment Scenario Tool (CAST), and other available data from 

appropriate sources, this praxis presents analyses and conclusions based on actual data 

collected from Hillandale Farms. The overall influence of non-point source agriculture on 

nutrient loading in the CBW within the Hillandale Farms sphere of influence, whose 

epicenter is within the Lower Susquehanna River Subbasin, also is presented.  

This final praxis report presents applied research results that are making a strong 

contribution to the EnergyWorks Group’s pursuit of their AWTP and IEMS, helping to 

advance substantially a multi-decade partnership between Pennsylvania, the CBP and 

EnergyWorks Group. The IEMS approach used in this research is highly generalizable to 

other agriculture-intensive parts of the CBW as well as other sensitive watersheds.   
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Glossary of Terms 

 

 

Animal Waste Treatment Plant (AWTP): The acronym to describe the type of facility 

that EnergyWorks Group owns and successfully operated on the Hillandale Farms 

complex to process layer manure from Hillandale Farms and their 30 contract growers in 

south central Pennsylvania. 

Best Management Practices (BMPs): Approaches that can help mitigate runoff due to 

agriculture. Because these are generally non-point sources, the effects of BMPs on 

mitigating pollution are difficult to measure. Farmers are often incentivized to use BMPs 

as part of the overall TMDL reduction efforts by Federal and State agencies.  

Chesapeake Assessment Scenario Tool (CAST): A CBP product that helps 

stakeholders understand scenario outcomes and can be used for environmental planning, 

in this case the fate of N & P in the CBW. (https://cast.chesapeakebay.net/About) 

Chesapeake Bay Program (CBP): A broad-based organization consisting of the six 

states of the Chesapeake Bay Watershed plus the District of Columbia. The CBP is 

administered by the EPA and has public, private and other stakeholder involvement. 

Chesapeake Bay Watershed (CBW): The creeks, streams, rivers and estuaries that 

make up the 64,000 square miles of the bay. The watershed has territory in Maryland, 

Virginia, New York, West Virginia Pennsylvania, Delaware and the District of 

Columbia. (https://chesapeakebay.net/discover/watershed) 

Concentrated Animal Feeding Operation (CAFO): Describes a commercial-scale food 

production entity that is highly intensive in nutrients such as N and P. In the case of 

Hillandale Farms, N and P generally come from outside of the CBW in the form of 

animal feed. The nutrients in the egg layer manure enter the CBW through manure 

storage and land application of the raw manure.  

Edge of Field (EOF): Agricultural boundary where nutrients can be monitored or 

prevented from entering the stream of the watershed. 

Edge of Stream (EOS): Part of the Chesapeake Bay watershed where nutrients can 

travel further downstream (e.g. to Edge of Tide (EOT)). 

Edge of Tide (EOT): Part of the Chesapeake Bay watershed influence by changing tides, 

salinity and other influences. 

Environmental Protection Agency (EPA): A federal agency responsible for protecting 

humans and the environment to include policies and regulations regarding clean water. 

The EPA administers the CBP.  

Eutrophication: Nutrient richness which can cause hypoxia in watersheds. 

https://cast.chesapeakebay.net/About
https://chesapeakebay.net/discover/watershed
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Gasification: The chosen technology for the EnergyWorks Group large-scale MTT plant. 

It is capable of processing partially dried egg layer manure through a multi-staged 

thermochemical incineration-type processes to avoid N and P pollution to the CBW, 

create net-zero electricity, a useful ash byproduct and an ammonia fertilizer.  

Greenhouse Gas (GHG): A gaseous chemical compound that can trap infrared radiation 

in the Earth’s atmosphere, leading to global warming. Different gases can have relative 

warming potentials. For example, methane gas (CH4) has approximately 20 times the 

warming potential than carbon dioxide (CO2).  

Hydrologic and Water Quality System (HAWQS) (Version Beta 2.0): A modeling 

tool developed by Texas A&M University that uses SWAT as its modeling engine. It has 

various user-friendly features and can simplify calibration and programming needed 

when directly working with the SWAT model.  

Hydrologic Response Unit (HRU): Discreet spatial landscape characteristics that 

respond similarly to precipitation or other events (based on topography, soil types, etc.). 

They are specifically set up as input parameters for HUC 8 HAWQS modelling 

simulations in this praxis.   

Hydrologic Unit Code (HUC): Developed by USGS, they are a spatial representation of 

a part of a watershed, subbasin or other area. They are two to twelve digits, going from 

small-scale to large-scale.  

Integrated Environmental Management System (IEMS): Overarching description of 

the data-driven systems approach to manage the inputs to the AWTP and coordination 

with farms in the Hillandale Farms sphere of influence to meet their fertilizer/crop 

demands while avoiding excess pollution to the CBW. 

Manure Treatment Technology (MTT): A general approach for addressing the 

handling and processing of manure in order to achieve environmental and other goals, 

such as business/sustainability outcomes. The need for advanced MTT is highlighted in 

the Penn State/EnergyWorks Group white paper, “Unlocking the Benefits of Advanced 

Manure Treatment Technologies to Meet the Chesapeake Bay TMDL Challenge” 

(January 2024). 

NFCBF model: Nitrogen Flow model of the Chesapeake Bay Watershed (NFCBF). 

Nitrogen flow model of the CBW food production chain developed by Drs. Paniz 

Mohammadpour and Caitlin Grady. Modeling results in the southern Pennsylvania and 

Maryland regions could potentially provide another line of evidence in addition to SWAT 

for describing various business-as-usual and future scenarios.  

“Sandbox Project”: Initiative put forth by the CBP to encourage innovation. Projects are 

expected to push the boundaries of existing policy and regulations to demonstrate what 

may be accomplished in an entrepreneurial setting. The CBP has committed to supporting 

selected regional demonstration projects with direct STAC involvement.  
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Science and Technology Advisory Committee (STAC): Part of the CBP that focuses 

on various technical outreach efforts (https://www.chesapeake.org/stac/who-we-are/) 

Soil & Water Assessment Tool (SWAT) model: Developed by Texas A&M as a 

research tool to model variables in national watersheds, to include the fate of nutrients. 

The model was chosen for this applied research due to its robust existing models in 

Susquehanna River Subbasin as well as the ability to calibrate the model to simulate 

future scenarios. EnergyWorks Group and Penn State are collaborating with SWAT 

through State of Pennsylvania grant funding. Modeling simulations are the basis of 

preliminary discussions with the CBP as well as the formulation of a pollution avoidance 

protocol that will be utilized for “Pay for Performance”.  

Total Maximum Daily Load (TMDL): Goals to restore a healthy CBW. Pennsylvania 

represents 70% of the TMDL targets in large part due to the intensive agriculture. 

(https://www.epa.gov/chesapeake-by-tmdl) 

United States Department of Agriculture (USDA): Federal agency that is a major 

stakeholder in food production and environmental issues. Their “Climate Smart” 

initiatives are still being pursued by EnergyWorks Group and its partners as potential 

funding sources to restart and maintain operations of the AWTP.  

United States Geological Survey (USGS): Part of the Department of the Interior that 

influences policy which adapts to a changing world to include water quality issues.  

 

https://www.chesapeake.org/stac/who-we-are/
https://www.epa.gov/chesapeake-by-tmdl
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Chapter 1: Introduction 

 

 

This praxis fits within the field of addressing the nutrient surpluses associated 

with the nexus of intensive food production and agriculture. The following diagram, 

Figure 1, was derived from a Cropping, Animal-crop, Food system, and Landscape 

Ecosystem (CAFÉ) framework developed in collaboration with the American 

Geophysical Union (Li et al. 2022).   

 

Figure 1. CAFÉ framework from the American Geophysical Union and Li et al. 2022.  Several 

viewpoints of the Animal-crop system are analyzed in this praxis. 

The CAFÉ framework is applicable for holistically addressing the significant 

problems in sensitive watersheds. The scope of this work is limited to the Animal-crop 

system, which in 2019 represented 48.2% of total N and 21.8% of P in the system, 

making it a significant part of the system to study (Zou et al. 2024).  
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The effects of raw manure application within the Hillandale Farms sphere of 

influence through county-by-county analysis and through various modeling area 

equivalent viewpoints present a rough order of magnitude of agricultural nutrient loading 

in the region. In doing so, specific challenges of nutrient pollution due to food production 

will be highlighted, representing large-scale opportunities for the 

Hillandale/EnergyWorks Group IEMS project and other innovative animal-crop 

initiatives. The specific contributions this author makes with this praxis will be compared 

to the comprehensive presentation of the business-as-usual case in which no manure 

treatment technology or advanced best practice fertilization is implemented to address the 

pollution loading potential of egg layer manure being stored, distributed and land applied 

within an approximately 120-mile radius of Adams County, Pennsylvania, the geographic 

site of the Hillandale Farms/EnergyWorks Group AWTP facility.  

The Chesapeake Bay Program (CBP) has struggled but has fallen short for over a 

decade in meeting Total Daily Maximum Load (TDML) target reductions set by the 

Environmental Protection Agency (EPA) (Meinen and EnergyWorks Group 2024). The 

Environmental Protection Agency (EPA) outlines ambitious future goals in water quality 

improvement (Reader 2019), although many recommendations for improvement have not 

been implemented (EPA OIG 2023). Particularly, food production supply chains in the 

Chesapeake Bay Watershed (CBW) represent a stark imbalance of nutrients, principally 

Nitrogen (N) and Phosphorus (P), that are introduced to the CBW from external sources 

but remain in the CBW as agricultural pollution. (Gomez 2024, Gomez 2023). 

Furthermore, water quality is impacted by the entire food production supply chain, 
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especially in the lower Susquehanna River Subbasin (Mohammadpour and Grady 2023, 

Lisenbee et al 2024).  

In 2013, EnergyWorks Group began operating a large-scale Energy and Nutrient 

Recovery Facility (ENRF) in Gettysburg, Pennsylvania (PA) co-located with Hillandale 

Farms with the capacity to process up to 100,000 tons of layer chicken manure annually. 

This capacity corresponds to the manure produced by Hillandale Farms and its contract 

growers. The ENRF is referred to as an Animal Waste Treatment Plant (AWTP) in this 

proposal. This facility is essentially an Integrated IEMS that focuses on the capture and 

thermochemical conversion of nitrogen (N) and Phosphorus (P) nutrients at the largest 

Concentrated Animal Feeding Operation (CAFO) complex in the mid-Atlantic region. 

Excess N and P discharges in the lower Susquehanna River Subbasin, where the 

Gettysburg AWTP is located, increase pollution due to agriculture at the EOS and EOT 

of the CBW. Nutrient loads continue to be a persistent issue in the lower Susquehanna 

River Subbasin in part because there are not enough manure sheds that act as sinks for the 

excess N & P pollution to the CBW (Saha et al 2003). 

During the period when Pennsylvania had a certified N & P credit protocol, 

credits were generated and sold in the Pennsylvania Nutrient Credit Trading market, 

created to incentivize entities like EnergyWorks Group to avoid or prevent N & P 

pollution. Buyers of the credits were predominantly commercial and municipal operators 

to offset environmental impacts of their liquid discharge of nutrients in excess of federal 

permit limits. In 2016, the market for the N & P credits collapsed and has not yet 

recovered, because (1) water treatment facilities were upgraded to eliminate excess 

discharges, thereby limiting demand for offsets, and (2) agricultural non-point discharges, 
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such as fertilizer runoff and groundwater leaching, have not been regulated by state or 

federal agencies. In recognition of the fact that the Chesapeake Bay TMDL targets will 

not be met without addressing agricultural non-point nutrient loads, Pennsylvania and 

other Chesapeake Bay jurisdictions have begun incentivizing non-point nutrient 

reductions through alternative, pay-for-performance programs; however, these nascent 

programs remain limited in scale. Further complicating matters, despite CBP approval of 

monitored manure treatment systems as a Best Management Practice (BMP) for 

achieving TMDL nutrient load reductions, no state or federal agency has been willing to 

provide an approved calculation protocol to quantify nutrient load reductions by the 

Gettysburg AWTP and similar systems. BMPs are voluntary practices that can help 

mitigate nutrient runoff in the CBW; however, their effectiveness in mitigating non-point 

source pollution and the achievement of TMDL reduction goals is insufficient despite 

federal/state incentivization to farmers. (CBP STAC May 2023). In Chapter 4 (Results), 

there are some CBP-validated statistics on BMP effectiveness vis-a-vis N and P reduction 

estimates for 2023.  

For the past nine years, EnergyWorks Group has been working with all the major 

stakeholders (e.g. Chesapeake Bay Program, EPA, United States Department of 

Agriculture (USDA), PA Department of Environmental Protection (DEP), et al.) for 

approval of a monitored manure treatment system protocol. Without an approved 

protocol, policy makers and regulators do not have a basis for evaluating and 

incentivizing these solutions. Establishing an approved protocol is an essential precursor 

to restarting the plant and resuming large-scale non-point nutrient pollution reduction and 

avoidance.  
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The praxis concept described in this document began in 2022 in support of efforts 

by the EnergyWorks Group focused on providing a technology and market-based 

solution for meeting the Chesapeake Bay goals for reducing agricultural nutrient 

pollution.   

Manure treatment technology and a systems approach to regional mass balance 

can help Pennsylvania to achieve their TMDL load reduction goals. This approach is also 

generalizable to any sensitive watershed that is agriculture intensive.   

At a high level, a large number of CAFOs produce food in Pennsylvania. The 

food is distributed within and outside of the region. However, excess manure and 

fertilizer nutrients have persisted, causing Pennsylvania to fall short of achieving its N & 

P TMDL target reductions year after year.  

Hillandale Farms and its contract producers generate 155 million dozen eggs per 

year and 93,000 tons of manure in south central PA. Most of the eggs are exported from 

the lower Susquehanna River Subbasin. Eliminating the storage and land application of 

manure from the Hillandale-Gettysburg System can help PA make substantial progress 

towards achieving its TMDL nutrient reduction goals and help establish long-term 

agricultural value-added commodity markets for sustainable environmental and social 

outcomes.   

The focus of the praxis project described herein is to provide the results and 

recommendations of applied research to assist the EnergyWorks Group with obtaining 

Chesapeake Bay Program (CBP) and EPA designation as a regional “Sandbox” 

Demonstration Project and successfully establish an approved nutrient load reduction 

calculation protocol. This protocol is expected to support the generation of pay-for-



 

6 

performance contracts essential to start-up and initial operations of the Gettysburg 

AWTP. Once approved, the project is expected to receive support and oversight from the 

CBP Science and Technology Advisory Committee (STAC) and the newly formed 

Agricultural Advisory Committee.  Figure 2 illustrates EnergyWorks Groups’ systems 

approach to increasing Nitrogen Use Efficiency (NUE), thus reducing nutrient loading to 

the CBW. 

 
Figure 2. Data-driven monitored input approach with informational feedback on nutrient loading 

which drives upstream manure treatment/cropping/fertilization decisions. Reproduced with 

permission from EnergyWorks BioPower, LLC (see Appendix H) 

Additional viewpoints from Figure 3 shows the structure of the mass balance and 

makes allowances for. By focusing on the BMPs on the manure input (the bottom 

graphic), MTT/4R/EEFs can achieve the NEU improvements in the food 

production/cropping context.  
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Figure 3. Chesapeake Bay Model Agricultural Nutrient Accounting viewpoints. The top graphic 

highlights traditional landscape BMPs at EOF. The bottom graphic contains an additional BMP to 

account treatment of animal waste (top left corner). Reproduced with permission of EnergyWorks 

BioPower, LLC. (See Appendix H). 

The BMP box in the top left-hand corner processing the raw manure before it 

reaches the field where gasification is an approved BMP for N pollution avoidance (Note 
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2021). In the IEMS strategy, mineral fertilizer, soil amendments improved fertilization 

practices and even Enhanced Efficiency Fertilizers (EEFs) would take the place of the 

raw manure which would normally be applied in the business-as-usual case.     

Sandbox approval is expected to spur funding opportunities for pay-for-

performance, provide regulatory waivers and demonstrate sustainability claims for IEMS. 

For the CBP, this support brings various opportunities for innovation and, potentially, 

wider adoption.  

The funding challenges are complex and are the most pressing and shorter-term 

focus, which is anticipated to be unlocked by CBP Sandbox Project approval and other 

concurrent initiatives pursued by EnergyWorks Group, Pennsylvania and federal 

stakeholders. 

First, the EnergyWorks Group requires an approved calculation protocol to 

monetize water quality benefits from treatment of animal waste, elimination of storage 

and land application of manure nutrients. Secondly, state and federal funding are needed 

to upgrade, restore and reactivate the Gettysburg AWTP.  Federal and/or Pennsylvania 

“pay for performance” agreements must be in place to enable Gettysburg AWTP 

operations during an anticipated two-year transition to a full market-based solution that 

would reduce public regulatory and administrative burden of agricultural pollution in the 

food production sector and reduce taxpayer expense.  

The notional representation for funding can be seen in Figure 4. Once plant 

operations resume, a pay-for-performance period, also shown as Ecoservices Transition 

Revenues can sustain operations while the market-based concept comes to fruition. 

Realtime in-stream monitoring would be needed to ensure upstream decisions are aligned 
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with the AWTP and crop fertilization strategies. There is a need for more detailed 

monitoring to determine N & P source and sink relationships, making this project a real-

world case study to enhance understanding in a highly effective part of the bay watershed 

for nutrient loss (Ator et el. 2020) (Nichols and Williams 2006). 

 

Figure 4. Animal Waste Treatment Plant (AWTP) notional funding  

The potential benefits of a market-based approach to pollution avoidance are 

compelling. A market-based approach to pay for sustainability benefits would ostensibly 

limit or eliminate long-term public funding for AWTP plant operations. Such a market-

based approach could be generalized to any food producer creating verifiable 

sustainability benefits (also known as credence attributes). In plain terms, this could be 

manifested by an increase in the retail value of a dozen eggs by a small amount (e.g. 

several cents), with an associated QR code on the packaging that captures the certified 

sustainability benefits that can be viewed or have data retrieved in any part of the supply 

chain. The EnergyWorks Group would receive part of this new revenue downstream of 
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the food producer to support its plant operations. (This aspect of the problem is more 

long-term since the approach is not currently part of this particular food supply chain). 

Although beyond the scope of this praxis, a rigorous modeling and analysis of market-

based solution systems can draw more attention to the potential economic, environmental 

and sustainability benefits of large-scale IEMS in the food supply chain.  

In general, the CBP focuses on in-field management of nutrients to mitigate 

excess N and P in the Edge of Stream (EOS) and Edge of Tide (EOT). From an 

agricultural perspective, this non-point source approach makes it difficult to achieve 

reduction goals through BMPs alone, especially with over-application of raw manure and 

groundwater leaching of N & P. Without a certification for N and P pollution avoidance 

to the Bay Watershed, EnergyWorks Group is not only unable to obtain pay-for-

performance revenue, but they are unable to quantify essential sustainability benefits (e.g. 

pollution avoidance and net-zero renewable energy production). 

Adams County, PA is the epicenter of the IEMS. The county contains a high 

concentration of nutrient surplus from not only Hillandale Farms but intensive agriculture 

in general. The below Figure 5 shows a snapshot of the N concentration (Edge of Stream) 

in Adams County.  
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Figure 5. EOS N concentration for Adams County, PA, the location of Hillandale Farms and the 

EnergyWorks Group AWTP/IEMS.  (Source: CBP CAST-Maps)  

Using 2018 CAST data for Adams County, PA, Figure 6 and the remaining 2018 

manure export counties, most of the N at the EOT came from non-point source, non-

regulated agriculture. Appendix F contains bar charts for each county in the 2018 manure 

export region.   
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Figure 6. Adams County Edge of Tide Nitrogen source breakdown. (Source: CBP CAST) 

Through a combination of air dispersion, surface runoff and groundwater 

leaching, excess N and P enters the Edge of Stream (EOS) and Edge of Tide (EOT) of the 

CBW contributing to eutrophication (high nutrient density), which can severely reduce 

dissolved oxygen in the watershed and negatively impact the marine ecosystem. 

Throughout this report, validated outputs from SWAT modeling are compared with 

outputs from other tools and data analysis to determine the level of variability that exists 

between the different approaches. Common heuristics are relied upon to convert some of 

the outputs into quantities that can be compared directly with the professional modeling 

outputs, analysis and interpretation that Penn State has recently provided to EnergyWorks 

Group. Finally, a set of related conclusions and recommendations are offered that are 

designed to be beneficial to EnergyWorks Group in their pursuit of formal selection as a 
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regional demonstration project as well as a multi-year effort to restart their AWTP and 

operate on a pay-for-performance basis while a market-based economy is developed for 

generation and monetization of sustainability benefits.      

Figure 7 below illustrates the data from multiple sources that are compared and 

contrasted in this praxis. 

 
 

Figure 7. A depiction of the data sources compared in the praxis analysis.  

The Soil and Water Assessment Tool (SWAT) to models the fate of nutrients in 

the business-as-usual case with no point source manure treatment and without replacing 

raw manure with Enhanced Efficiency Fertilizers (EEFs) or changing fertilization 

practices.  

This praxis compares Hillandale Farms manure data with data obtained by federal 

sources. Additionally, SWAT simulations are analyzed from the Hydrologic and Water 

Quality System (HAWQS) platform and standard SWAT (SWAT-ST) to characterize the 

business-as-usual case as a starting point for Pennsylvania’s regional systems approach to 

significantly improve the Nitrogen Use Efficiency (NUE) of the defined system boundary 
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of the proposed Sandbox Regional Demonstration Project. Texas A&M University, the 

creators and maintainers of SWAT, also have the HAWQS tool version 2.0 BETA that 

uses SWAT 2012 Revision 692 as the modeling engine without requiring the extensive 

programming knowledge to manually calibrate the actual SWAT model.  

Data for the Gettysburg project were obtained from the Chesapeake Assessment 

Scenario Tool (CAST), a Chesapeake Bay Watershed Model created and administered by 

the CBP.  CAST contains a large, comprehensive database with decades’ worth of 

relevant data. The tool also quantifies and validates certain metrics, such as Best 

Management Practice (BMP) data, that illustrate progress towards yearly TMDL nutrient 

load reductions. Two large data sets have been extracted for the purposes of data analysis 

and comparison. First, poultry layer/pullet animal counts form the basis for obtaining 

manure/nutrient loading per county in the manure export area which is compared to the 

2017 USDA NASS data for poultry/pullets. Secondly, overall non-point source 

agriculture Nitrogen loading is obtained for comparison to the HAWQS simulation 

outputs, which approximate the manure extract area.   

Obtaining and analyzing census data from 2017 from the USDA NASS database. 

The poultry layer/pullet animal counts from 2017 are relatively close to the 2018 data 

from CAST and allow the data from the twelve manure export counties to approximate 

nutrient loading based on these animal counts.  

Comparison of Penn State SWAT simulation outputs with HAWQS, CAST and 

USDA NASS analysis. In comparing and contrasting information from different 

modelling, data analysis and heuristically obtained calculations, assumptions can be 

challenged and/or confirmed.   
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Conclusions and recommendations to achieve a more comprehensive body of 

knowledge to help PA, CBP and EnergyWorks pursue future goals. The business-as-

usual case is difficult to quantify for a variety of reasons; however, the basic mass 

balance and rules of thumb can be applied to determine the relative contribution of raw 

layer manure in the export counties. The Penn State SWAT simulations provide and will 

continue to provide the necessary granularity for protocol development and formal 

evaluations by relevant stakeholders in the CBP.  

In Chapter 5, several recommendations are made that go beyond the calculations 

and comparisons made in this praxis which can potentially advance EnergyWorks 

Group’s goals more broadly. This praxis provides the rigor of applied research and can 

raise visibility for the ongoing efforts to operate and expand IEMS into other intensive 

animal/cropping locations in the CBW.   
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Chapter 2:  Literature Review 

 

 

Global demand for poultry food products is expected to double by 2050 based on 

estimated population of 10 billion people (Grunwald 2025 and Spielmaker 2019). The 

lower Susquehanna River Subbasin is directly responsible for approximately 70% of the 

excess nitrogen pollution in the Chesapeake Bay Watershed. The Susquehanna River 

Subbasin is the largest regional estuary in the Bay Watershed and is responsible for 55% 

of the fresh water into the Chesapeake Bay (USGS 2025). Demand for food produced in 

this region comes from inside and outside of the region. However, the negative 

environmental impacts of the food production continue to be a regional issue and a public 

problem. As a result, PA will not meet its 2025 nutrient reduction goals, resulting in 

additional pollution due to agriculture in the Chesapeake Bay. Figure 8 is a snapshot of 

remaining Pennsylvania county nitrogen reduction gaps of county-wide actions and 2025 

Benos, L., Tagarakis, A.C., Dolias, G., Berruto, R., Kateris, D. and Bochtis, D., 2021. 

Machine learning in agriculture: A comprehensive updated review. Sensors, 21(11), 

p.3758. https://doi.org/10.3390/s21113758Chesapeake Bay TMDL target reduction goals 

denoted in red on the below bar charts.  
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Figure 8. County/State-wide plans for N reduction since 1985 showing the elusiveness of achieving 

target reduction goals.  (Source: PA Department of Environmental Protection)  

Support for this field of interest, background and corresponding calls to action 

found in abundance within the literature.  

2.1 General Support, Nutrient Management and Technical Development Needs 

The Penn State/EnergyWorks Group White Paper highlights the need for further 

development of MTT, maturation of modeling and the exploration of market-based 

solutions. (Meinen and EnergyWorks Group 2024). The systems approach proposed by 

EnergyWorks and the State of Pennsylvania requires continuous monitoring at EOS/EOT 

for input management. It is important to integrate new technologies, especially artificial 

intelligence/machine learning. (Benos et al. 2021). 

Manure treatment technologies have resulted in market reductions in Greenhouse 

Gasses and ammonia (Hou et al. 2016). Several proven technologies exist to address 

different types of manure including the gasification approach used by EnergyWorks 

Group. Studies have consistently suggested that the organic material and N in manure are 
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important to healthy soil, but MTTs can help to manage pollutants and play an important 

part in regional nutrient management (Flotats et al. 2009).  

There are also several relevant studies designed to advance nutrient management 

practices that emphasize environmental and geospatial considerations. Nitrogen runoff 

and leaching is a worldwide issue that requires effective nutrient management approaches 

to address the effects of excess TMDLs (Wang et al. 2020). Subsurface chemical 

contrasting, both planal and vertical, point to the complexity of nutrient transfer across 

different land uses (Zhi and Li 2020). Finally, systems dynamic modeling, including 

stock and flow analysis, can be utilized to understand and influence the circularity of 

nutrients within a region as well as the entire food production systems modelling 

viewpoints (van der Wiel et al. 2019).         

2.2 Challenges in Modeling and Monitoring Non-Point Source Agriculture 

Computer modeling has only been available since the 1960s and watershed 

modeling, developed by the U.S. government, was not utilized until the early 1970s 

(Ritter 2025). Since then, an evolution of process-based and mass balance modeling has 

been developed with several of them being used in the CBW (e.g. USGS SPARROW, 

APEX, SWAT, and SWAT+) (Kokoyo and Oker 2023). Since 2010, TMDL target 

reductions due to agriculture have been mandated by the EPA, driven by state-wide 

Watershed Implementation Plans (WIPs). In fact, 2025 is the year that these reductions 

are to be realized. (Kinkle 2021). The literature acknowledges that improvements in 

modeling and calibration have taken place and that certain areas within the CBW have 

seen reductions in N & P loading. The literature also universally highlights the challenges 

with modeling and with quantifying and tracking spatial and temporal phenomena with 
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non-point source nutrient loading (Sabo et al. 2022). This is especially germane to field-

scale modeling, which will be needed with future IEMS modeling and monitoring efforts 

(Kikoyo and Oker 2023).  

2.3 Expedited Approval of MTT Protocols 

There is broad-based support for the streamlined approval of monitored pollution 

avoidance in support of TMDL reductions. Studies exist that outline credible methods for 

measuring and taking credit for nutrient reduction. (Easton et al 2023) 

2.4 Recognition of Demonstration Facilities 

There is considerable momentum within the State of Pennsylvania for the 

recognition of the Gettysburg IEMS as a regional demonstration facility. Facilities like 

Gettysburg are important for highlighting the need for data-driven technology 

implementation that can drive further environmental policy decisions. (Howard et al 

2020) 

2.5 Pay-for-Performance Programs 

The State of Pennsylvania and potentially federal funding are essential to 

supporting the Gettysburg facility until a market-based economy is sustainable. With a 

formal protocol for pollution avoidance, the nutrient management initiatives provide the 

ability to produce consistent and verifiable credits crucial to operational financing. (Testa 

et al. 2023)  

2.6 Collaboration and Stakeholder Engagement 

The Chesapeake Bay Program collaboration is essential to providing awareness 

across the entire spectrum of stakeholders and to generate momentum for replicating the 

advanced manure treatment approach. These types of collaborations help with technology 
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maturation and to create market-based solutions where consumers can choose to support 

products that are sustainably produced (Easton et al. 2023). Well beyond the CBP, 

national and international exposure of IEMS within a circle of related initiatives can drive 

synergy and bring awareness and support to IEMS startup and market development. 

Organizations like Roundtable for Sustainable Poultry and Eggs in the U.S., as well as 

international programs like the United Nations Food and Agriculture Organization (FAO 

2021), are progressing towards the same goal: to challenge the status quo and have 

influence over funding/adoption of solutions (WRI 2018).    

Since this Praxis research is aligned in supporting EnergyWorks Groups’ 

technological and data-driven IEMS systems solution, it is important to emphasize the 

criticality of consensus among various stakeholders and collaborative approaches, to 

include the adoption of nutrient recovery technology, for sustainable manure 

management in intensive agriculture and food supply systems (Reeder 2019 and Saha et 

al. 2018).       

2.7 Gaps in Literature 

In analyzing literature, there does not appear to be a clear consensus among 

CBP/CBW stakeholders or policy makers that unify efforts to solve the needed 

agricultural TMDL reductions. Since BMPs are voluntary, their efficacy in a complex 

food supply chain is full of uncertainty. (Klenman et al. 2012). There are also no 

indications of regulatory incentives, casting doubt of future accountability for watershed 

pollution (Savage and Ribaudo 2013). Cooperation is needed among government and 

industry stakeholders to improve nutrient management; however, specific regulation 

remains elusive (Centner 2012). Many of the MTT-related articles have a focus outside of 
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the United States where there is a greater level of implementation (Hou et al., 2016). Two 

peer-reviewed articles suggest a tailored manure treatment strategy for the regional needs 

(environmental and economic) with the ultimate goal of increasing NUE which aligned 

with the IEMS strategy mentioned throughout this praxis (Flotats et al. 2009 and 

Kleinman et al. 2012).    

Collectively, the literature provides rigorous historical data for agricultural N & P 

trends and detailed descriptions of the sources of the excess nutrients. Where the 

literature falls short is with government, food industry and farmer alignment to address 

the glaring shortfalls, especially in Pennsylvania, a highly agricultural state, responsible 

for the majority of the necessary TMDL reductions due to agriculture for the CBW. This 

fact is undisputed; however, there is still some debate at the state level on improving the 

setting of nutrient criteria to improve insights and help drive policy decisions (Clune et 

al. 2020).   

This praxis makes the following contributions in this area of research: 

1. Bring awareness to the IEMS systems approach to solving watershed 

agricultural pollution issues which can address current challenges and gaps.  

2. Perform a deep dive that highlights disparities with non-point source nutrient 

data, creating opportunities for consistency and interagency data sharing.  

3. Provide context and justification for academia, government and industry 

cooperation to address systemic watershed pollution challenges.  
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Chapter 3: Methods 

 

 

There are several research questions that were considered in this applied research, 

as follows: 

1. What are the differences in layer/pullet counts in federally available databases 

(USDA NASS/CBP CAST)? 

2. How do the disparities in non-point source animal-crop data impact IEMS 

goals? 

3. What is the Hillandale Farms N & P footprint relative to the entire 12-county 

manure export region? (This provides context for scale and opportunity for 

regional pollution reduction)  

Quantifying N & P in the business-as-usual case is presented by analyzing 

Hillandale Farms manure export data, data from federal sources as well as utilizing 

SWAT-based models.  

Since there are 2018 manure export data from Hillandale Farms, representing 

roughly half of its actual annual manure footprint, these data will be a basis for 

comparison with USDA NASS census and CBP CAST data to help illustrate the scale of 

N & P from the large CAFO.    

Figure 9 shows the Hillandale Farms 2018 manure export summary.  
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Figure 9. Hillandale Farms 2018 manure export summary showing quantities and county locations 

in PA and MD. This manure estimate is the starting point for the multi-pronged analysis. 

Reproduced with permission from EnergyWorks BioPower, LLC (see Appendix H). 

 The following graphic, Figure 10, depicts the mass balance framework that is 

used to track various chemical compounds associated with the animal-crop system.    
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Figure 10. Chemical mass balance associated with the animal-crop system. The praxis focus is with 

N & P inputs from animals and the fate of these nutrients to the watershed. Reproduced with 

permission from EnergyWorks BioPower, LLC (see Appendix H). 

With Figure 10 as a basis, a simplified system model is derived focusing on the 

main variables highlighted in this research. Figure 11 shows the general mass balance 

central to land applied layer manure and commercial fertilizers for growing crops.  
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Figure 11. Simplified system diagram illustrating pathways to N & P loss to the watershed. 

Total N & P (TN & TP) variables show the relative contribution of the Hillandale 

Farms 2018 manure export compared to the TN & TP totals derived from bird counts in 

the twelve export counties. These variables represent the total N & P from the layer 

manure. The fate of the N & P is a complex process based on many factors, such as NUE, 

topography, BMPs, precipitation, etc. The incorporation of modeling and heuristics later 

in this research are important tools for understanding some of the nutrient loading 

assumptions. Tables 1a and 1b show the variables in question for TN & TP in the twelve 

export counties. 

Table 1a. N variables for Hillandale Farms 2018 manure export, USDA NASS and CBP CAST 

used for layer manure. 

Total N Hillandale Farms USDA NASS CAST
Calculation 

method TNcounty =TNexport x lb/T coeff.(Layer T+Pullet T) x lb/T coeff.) (Layer T+Pullet T) x lb/T coeff.)

TNHF-Adams TNNASS-Adams TNCAST-Adams

TNHF-Cumberland TNNASS-Cumberland TNCAST-Cumberland

TNHF-Franklin TNNASS-Franklin TNCAST-Franklin

TNHF-Fulton TNNASS-Fulton TNCAST-Fulton

TNHF-Huntindgon TNNASS-Huntindgon TNCAST-Huntindgon

TNHF-York TNNASS-York TNCAST-York

TNHF-Baltimore TNNASS-Baltimore TNCAST-Baltimore

TNHF-Carroll TNNASS-Carroll TNCAST-Carroll

TNHF-Frederick TNNASS-Frederick TNCAST-Frederick

TNHF-Harf ord TNNASS-Harf ord TNCAST-Harf ord

TNHF-Howard TNNASS-Howard TNCAST-Howard

TNHF-Washington TNNASS-Washington TNCAST-Washington  
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Table 1b. P variables for Hillandale Farms 2018 manure export, USDA NASS and CBP CAST 

used for layer manure. 
 

Total P Hillandale Farms USDA NASS CAST
Calculation 

method Tcounty =Texport x lb/T coeff. (Layer T+Pullet T) x lb/T coeff.) (Layer T+Pullet T) x lb/T coeff.)

TPHF-Adams TPNASS-Adams TPCAST-Adams

TPHF-Cumberland TPNASS-Cumberland TPCAST-Cumberland

TPHF-Franklin TPNASS-Franklin TPCAST-Franklin

TPHF-Fulton TPNASS-Fulton TPCAST-Fulton

TPHF-Huntindgon TPNASS-Huntindgon TPCAST-Huntindgon

TPHF-York TPNASS-York TPCAST-York

TPHF-Baltimore TPNASS-Baltimore TPCAST-Baltimore

TPHF-Carroll TPNASS-Carroll TPCAST-Carroll

TPHF-Frederick TPNASS-Frederick TPCAST-Frederick

TPHF-Harf ord TPNASS-Harf ord TPCAST-Harf ord

TPHF-Howard TPNASS-Howard TPCAST-Howard

TPHF-Washington TPNASS-Washington TPCAST-Washington  
 

Tables 1a and 1b depict N & P variables for Hillandale Farms 2018 manure export, 

USDA NASS and CBP CAST used for layer manure (Total N & P) for the 12 counties 

are calculated with the following equation: 

TNHF = ∑TNHF-County 

TPHF = ∑TPHF-County 

TNNASS = ∑TNNASS-County 

TPNASS = ∑TPNASS-County 

TNCAST = ∑TNCAST-County 

TPCAST = ∑TPCAST-County 

The pound/Ton (lbs./T) coefficients which are universally applied for all TN & TP 

calculations are as follows: 

N lbs./T = 57.6 lbs./T 

P lbs./T = 18.2 lbs. T 

CAST/USDA NASS 
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CBP CAST and USDA National Agriculture Statistics Services (NASS) provide 

federal data for the export counties based on bird counts (layers/pullets). These two 

federal databases were chosen because they contain layer and pullet inventories for the 

PA/MD counties in focus. USDA NASS was chosen because this agency compiles a 

census of bird counts every five years. CAST was chosen because they are another 

federal database, administered by the EPA, containing bird counts which are updated 

every year. CAST also contains a treasure trove of historical data and metrics for the 

CBW.  

Since Hillandale farms is a CAFO, their bird counts are reported to the state of 

Pennsylvania by regulation; however, these data are not necessarily reported to 

CAST/USDA NASS. The explanation for this is that data is not provided to 

CAST/USDA NASS which can potentially identify a farm’s specific information. The 

only expected outcome of comparing Hillandale farms 2018 manure export with 

CAST/USDA NASS is to have an idea of the relative contribution of Hillandale Farms N 

& P with federal databases. This juxtaposition provides EnergyWorks Group with 

multiple viewpoints of the same issue which is the lack of accurate quantification of 

Hillandale Farms’ N & P contribution to the watershed at the federal level.   

With TN & TP for the layer manure, it is a useful exercise to estimate general 

nutrient loading to the CBW. Using rules of thumb for the CBW from USGS and the 

literature, it is possible to obtain rough order of magnitude calculations for CBW N & P 

loading. The following calculation protocol is applied: 

1. The formula applied for N loading: N loading = Total N x .02 + .98 x Total N x 

.06. The .02 represents the lowest estimation of atmospheric dispersion of N. 
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(Source: Mississippi State University Extension 2021). The atmospheric 

dispersion is quite variable, with a combination of GHG’s and ammonia entering 

the atmosphere depending on a litany of conditions. 2% is a placeholder to ensure 

atmospheric dispersion is considered as a source of N to the watershed. .06 is a 

rule of thumb to represent six lbs. per hundred lbs. of applied N reaching the 

CBW (USGS 2014). The .98 accounts for the N in the field not subject to 

atmospheric dispersion of N.  

2. The formula used for P loading: P loading = Total P * .06. The .06 rule of thumb 

represents six lbs. per hundred lbs. of applied P reaching the CBW (Hainly and 

Loper 1997). 

CAST is also used to present data in Appendices E & F to obtain the following 

insights: 

1. EOS/EOT and BMP progress for various nonpoint agriculture segments in the 

twelve export counties 

2. Non-point course agriculture (EOT) graphs and absolute values 

SWAT/HAWQS 

SWAT simulations performed by Penn State provide the most rigorous depiction 

of the business-as-usual case as well as the significant potential for nutrient loading 

reductions using MTT concurrently with improved field-level cropping practices to 

achieve IEMS sustainability goals. HAWQS simulations, which uses SWAT as its 

modeling engine, were used as an academic exercise to obtain an alternate viewpoint for 

edge of field nitrogen flux in the Lower Susquehanna River Subbasin. There are 
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advantages, limitations and uncertainties inherent to using these modeling tools which 

need to be pointed out. Table 2 below captures these pertinent aspects.  

Table 2. General Advantages, Limitations and Uncertainties for SWAT/HAWQS modeling tools 

Modeling Tool Advantages Limitations Uncertainties 

SWAT 

 

Ability to run 

multi-year process 

simulations, 

adjusted for climate 

change 

For this research, 

the ability to adjust 

NUE and 

incorporate EEFs 

which are key to 

IEMS when MTT is 

used 

Limitation of 

observational data 

to assist in 

calibration of 

model (Lee et al. 

2024) 

HAWQS (uses 

SWAT as modeling 

engine) 

General process 

simulation 

capabilities without 

need to write code 

or engage in expert 

calibrations 

Uses national 

averages which 

may not accurately 

represent specific 

watershed/land-use 

characteristics 

Same as SWAT. 

Additionally, 

overwhelming task 

of calibrating inputs 

to different 

watersheds within 

the US (Yen et al. 

2016)  

 

HAWQS 

For the purposes of this praxis, HAWQS enables the ability to calculate data for 

certain sections of the CBW which will be compared with N loading information from 

other sources. Figure 12 below shows the HUC 8 map for the CBP on top with HUCs 10 

and 12 underneath. The graphic shows the increasing level of focus and granularity going 

from HUC 10 through HUC 12. Eight-digit HUCs with the prefixes of 0205, 0206 and 

0207 are subsequently analyzed in Chapter 4. The focus areas are roughly represented by 

the green circle attempting to mirror the 2018 Hillandale Farms manure export region. 

HUC 8 was chosen in HAWQS to approximate the area of the twelve export counties. 

Penn State utilized HUC 12 for the PA export counties to obtain simulation outputs with 

higher granularity.  
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Figure 12. HUC 8, HUC 10, and HUC 12 boundaries illustrated for the CBW. (Source: 

Chesapeakebay.net) 

Utilizing HAWQS, various Hydrologic Unit Codes (HUCs) in the CBW were 

chosen to approximate the geographic area of the 2018 manure export. The output 

information for 2018 is based on national averages and is expected to fall short of the 

reality of intensive food production and agricultural cropping in the Hillandale Farms 

sphere of influence.  

Without modifying the inputs to the HAWQS tool based on the Hillandale Farms 

2018 Export Summary or Penn State total manure assumptions (90,000 T), HAWQS 

provided generalizations of the N EOF loading.  Beyond the scope of this praxis, the 

Hydrologic Unit Boundaries - 

HUC 10 
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inputs to the HAWQS simulations accommodate various fertilizer types and quantities 

that can potentially provide more realistic simulation outputs when tailored to specific 

parts a watershed.  

Using various HUC 8 areas in HAWQS, an approximation to the land area of the 

twelve 2018 Hillandale export counties in MD and VA were run through individual 

simulations for each HUC to determine EOF N loading (kg/Ha) as one of the output 

variables.   Each HUC 8 simulation provides land use percentages of the total area as well 

as an estimate of the N loss (kg/Ha) which is derived from compiled data from 

agricultural land uses (Harmel 2006). It is important to point out that the N loss outputs 

from HAWQS are based on national averages for land use and watershed characteristics, 

not on the reality of nutrient loading due to agriculture which is the focus of this praxis 

research. The N loss values are expected to be far less than those calculated by Penn State 

or available from CBP CAST.  

HAWQS access was provided to this author as part of doctoral research. Each 

simulation was set up as follows: 

1. 4 HUC 8’s to approximate the twelve-county manure export area 

a. HUC 02050304: Lower Juniata, PA 

b. HUC 02050306: Lower Susquehanna (MD, PA) 

c. HUC 02060003: Gunpowder Falls 

d. HUC 02070009: Monocacy 

2. Each simulation was set up with 5,000 Hydrologic Response Units (micro-

areas within the watershed with similar characteristics) 
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HAWQS outputs included N loss (kg/Ha). In order to calculate the EOF N loss, 

the following equations/assumptions were used: 

3. N EOF Loss = Total Ha for HUC x Agricultural Land (%) x N Loss (from 

HAWQS output) x 2.2 (lbs./kg).  

4. Agricultural Land (%) is equal to 15.49% which is calculated by obtaining the 

ratio of Susquehanna River Basin area (7,115,703 Ha) to Crop Land area 

(1,101,896 (Ha) from Penn State’s preliminary assumptions (See Appendix C2). 

This agricultural land use assumption was consistently applied for the four HUC 

simulations.  
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Chapter 4: Results 

 

 

Utilizing the variables and formulas from Chapter 3: Methods, calculations are 

presented for the 12 export counties from the perspectives of Hillandale Farms, USDA 

NASS, CAST to show the regional contributions from the poultry layers. Penn State 

SWAT preliminary results represent a rigorous analysis of the contribution of Hillandale 

Farms manure to N & P runoff (business-as-usual) as well as the effects of manure 

treatment and improvements in fertilization practices of the IEMS approach to increase 

NUE.   

 In order to present the macro contribution of non-point source agriculture in the 

manure export region, CAST and HAWQS are utilized to show the estimated N & P 

contributions from non-point source agriculture. Finally, the relative contributions of 

Hillandale Farms, USDA NASS and CAST layer/pullet data to overall CAST non-point 

sources is graphically presented.   

One of the most reliable calculations is the total N for the Hillandale Farms 2018 

manure export, since it is based on actual chemical analysis of the manure conducted by 

EnergyWorks Group. The same lbs./T coefficients for N & P are applied to the 2018 

manure export as well as the USDA NASS and CAST tonnage based on bird counts.  

Figure 13 shows a graph per county of the total N based on the quantity of manure 

exported.  
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Figure 13. Total N & P per county in the manure export area 

If the county results are aggregated, the following totals are obtained from Appendix B:  

TNHF = ∑TNHF-County = 2,603,520.00 lbs. 

TPHF = ∑TPHF-County   = 822,640.00 lbs. 
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CAST 

CAST, created and administered by the CBP, contains validated products that 

quantify various trends and phenomena in the CBP. CAST can also create and run 

custom simulations to contribute further to spatial and temporal analysis.  

With layer and pullet data for 2018 for the twelve Hillandale Farms MD and PA 

export counties, these data will be juxtaposed with 2017 USDA NASS census and CAST 

2018 data. This behind the envelope approach is an attempt to quantify nutrient losses 

due to layer/pullets without running modeling simulations. Table 3 is a summary showing 

the resulting Total N & P calculations from Hillandale Farms 2018 manure export, the 

2017 USDA NASS Census for the manure export counties, the 2018 CAST data and the 

total N for non-point source agriculture in the same export counties. The consolidated 

spreadsheets are found in Appendix B.  

Table 3. Total N summary from Hillandale Farms, USDA NASS and CBP CAST  

*HF – Hillandale Farms 

(Total N & P from HF was divided by the USDA NASS and 2108 CAST data to obtain the relative 

percentages of the Farm to the federal data sources) 

Figure 14 shows the total N & P based on the 2017 USDA NASS census data 

applying the same chemical analysis assumptions (Total N & P) from EnergyWorks 

Group for the layer/pullet manure. The assertion is that these data are a less reliable 

Total N (lbs.) HF* 

Total N (lbs.) 2017 

USDA NASS 

Layers/Pullets 

Total N (lbs.) 2018 

CAST (Layers/         

Pullets 

Total N (lbs.) 

2018 CAST from 

manure 

2,603,520.20 3,379,394.35 6,195,400.99 40,400,040.65 

Farm relative N %  77.04 42.02 6.44 

Total P (lbs.) HF* 

Total P (lbs.) 2017 

USDA NASS 

Layers/Pullets 

Total P (lbs.) 2018 

CAST (Layers/         

Pullets 

Total P (lbs.) 2018 

CAST from 

manure 

822,640.00 1,067,794.74 1,875,377.28 11,810,000.09 

Farm relative P %  77.04 43.87 6.97 
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depiction of reality if Hillandale Farms manure is not included in the census data. The 

graph provides a visualization for the layers/pullets in the manure export area according 

to USDA NASS.  

 
 

 
 

Figure 14. Total N & P for layers/pullets from the 2017 USDA NASS census in the manure export 

area 
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CAST N & P data 2018 for layers/pullets in the export counties is significantly 

greater than USDA NASS because of the higher bird counts in the CAST database shown 

in Figure 15 below. 

 
 

 

Figure 15. CAST 2018 N & P for layers/pullets in export counties. 
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The central themes in the comparison of Hillandale Farms 2018 manure export, 

USDA NASS and 2018 CAST data are as follows: 

A. N & P from the Hillandale Farms 2018 manure export would be a significant  

contribution to federal data (USDA NASS & CAST) if it was included. The 

privacy issue complicates federal accounting of the farm’s nutrients. If the entire 

manure production for the farm is contemplated (estimated at ~ 100,000 tons per 

annum), then the N & P footprint doubles, eclipsing the USDA NASS totals and 

closely approaching the 2018 CAST layers/pullets totals.   

B. Using the same logic, if the entire Hillandale Farms manure is considered, the 

farm’s relative contribution of N & P to the 2018 CAST total non-point source for 

animal manure in the manure export region is over 10% in both N & P.  

From Chapter 3 (Methods), the calculation protocols were used to obtain the 

loading assumptions in Table 4 below using data synthesized from Appendix B to 

summarize N & P loading assumptions for Hillandale Farms, the 2017 Census & 2018 

CAST data (both based on animal layer/pullet count inventories from federal databases):  

Table 4. Rough order of magnitude loading for USDA NASS Census, 2018 CAST and Hillandale 

Farms 2018 manure export. (Synthesized from Appendix B calculations) 

N loading (lbs.) to the CBW 

from Hillandale Farms 2018 

manure export 

N loading (lbs.) to the CBW 

from 2017 USDA NASS 

census 

N loading (lbs.) to the CBW 

from 2018 CAST 

205,157.38 219,660.63 437,096.30 

 
P loading (lbs.) to the CBW 

from Hillandale Farms 2018 

manure export 

P loading (lbs.) to the CBW 

from 2017 USDA NASS 

census 

P loading (lbs.) to the CBW 

from 2018 CAST 

49,358.40 64,067.68 112,522.64 
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The calculated numbers from Table 4 are conservative. They are not accurate due 

to the highly variable nature of nutrient loading within the fields and streams, dependent 

on specific soil types, cropping, topography, precipitation, nutrient build-up in the soil 

and other complex factors. Further variability has to do with the air dispersion of N 

through volatilization and de-nitrification.  

To quantify the relative contribution of layer/pullet manure, existing CAST 

graphics and data from 2018 show the overall non-point source agriculture contribution 

to TMDL loading at the EOS and EOT. (Further information in Appendix E Consolidated 

Hillandale Farms, 2017 Census and 2018 CAST Comparisons. Table 5 provides the 

CBP’s inventory or EOS/EOT agricultural loading for N and P in the manure export 

counties (Source: CAST reporting).  

Table 5. Total N and P EOS/EOT loading from CAST records for the manure export counties.  

(full breakdown of agricultural segments per county contained in Appendix F)  

 

From this CAST report, the following coefficients can be derived: 

N EOS/EOT: .6918 and P EOS/EOT: .4810. 

This means, on average, ~69% of N that is present at EOS makes it to EOT. 

Similarly, ~48% of P that is present EOS makes it to EOT. Using the data contained in 

Appendix E, it is possible to focus on a PA or MD county or particular agricultural 

segment (e.g., ‘grain with manure’). 

2018 N Load (EOS) 

(lbs.) 

2018 P Load (EOS) 

(lbs.) 

2018 N Load (EOT) 

(lbs.) 

2018 P Load (EOT) 

(lbs.) 

37,856,973.60 1,226,426.32 26,187,760.58 589,950.09 
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CAST Overall Non-Point Source Agriculture Loading for the Manure Export 

Region (EOT) 

A final source of CAST data was compiled from graphs contained in Appendix F. 

The following Table 6 contains EOT loading information for nonpoint source agriculture 

in the twelve-county manure export region: 

Table 6. EOT N & P loading from the CBP CAST database  

 
County Loading (lbs. N) Loading (lbs. P) 

Adams, PA 1,930,223 87,107 

Cumberland, PA 2,977,292 54,561 

Franklin, PA 5,173,392 145,922 

Fulton, PA 1,005,164 25,756 

Huntingdon, PA 1,727,877 33,866 

York, PA 5,193,138 61,279 

Baltimore, MD 707,361 9,274 

Carroll, MD 1,549,119 24,619 

Frederick, MD 2,992,376 68,079 

Harford, MD 1,083,428 18,939 

Howard, MD 238,949 3,892 

Washington, MD 1,606,039 56,055 

TOTAL:  26,184,358 589,349 

 

Comparing the EOT N & P loading with Table 5 (above), the values are almost 

equal, which is expected since the data in the spreadsheets and the nonpoint source 

agriculture graphs are coming from the same CAST database.   

CAST also tracks BMP progress through EPA-verified statistics for each 

agricultural segment for the manure export counties. Assuming BMP progress is towards 

N loading (Edge of Stream), only 3.52% was achieved in 2018 (agricultural segment per 

county details found in Appendix E). Additional evidence of low attainment percentages 

for landscape BMPs have been obtained from recent 2023 data validated by the CBP for 
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Adams County, PA showing marginal progress towards reduction goals (CBP CAST 

Report generated May 1, 2025). Further data on agricultural BMP progress can be found 

in Appendix E CAST County N & P Agricultural EOS/EOT Accounting.   

The disparate bird counts of USDA NASS and 2018 CAST lead to a large 

variation in N & P content and there is doubt that Hillandale Farms layers/pullets are 

even being considered in any of the USDA NASS Census data that is compiled every five 

years. Graphing Hillandale Farms 2018 manure export to the other data sources results in 

the following, Figure 16: 

 

Figure 16. Relative contributions of Hillandale Farms 2018 manure export to 2017 census and 2018 

CAST data. 

Finally, total N from the Hillandale Farms 2018 manure export is graphed relative 

to the total N of the entire twelve county export area, as shown in Figure 17 below.  

 

Figure 17. Relative contribution of Hillandale Farms 2018 manure export to total N in CAST 2018 

reporting 

Relative Total HF N to 2018 CAST Total N

Total N HF Total N 2018 CAST
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Since there is doubt as to the inclusion of Hillandale Farms manure data in federal 

databases, a deeper dive in this praxis study would not provide additional clarity.  

HAWQS 

To compensate for the smaller land mass of the HUC 8 sections compared with 

the 2018 Hillandale Farms export region, the increased area of the county boundaries will 

be multiplied by the average % of agricultural land use as well as multiplied by the 

average N loss per hectare to obtain a rough order of magnitude. These HAWQS outputs 

will be compared with higher granularity simulation data created by Penn State using 

SWAT as well as the animal count and manure export calculations.  

Table 7 below shows the HAWQS data obtained from the outputs of simulations 

for each HUC 8 section aggregated to approximate the losses within the HUC 8 areas that 

overlap part of each of the twelve Hillandale Farms manure export counties. This table 

also includes an EOF N loss comparison of the six PA counties with the Penn State EOF 

results. The comparison only includes the N from runoff (see Appendix C2). If Organic N 

and Leached N losses were also factored in, the HAWQS EOF N loss would be a smaller 

percentage compared to Penn State simulations. This stark difference is expected since 

HAWQS does not account for intensive nutrient loading due to agriculture.  
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Table 7. HAWQS analysis for approximation of the twelve export counties as well as the PA-only 

focus for comparison to Penn State research. 

 HUC Name Ha 

Ag 

Land 

(%) 

Ag Land 

(Ha) 

2018 N 

Loss 

(kg/Ha) 

N EOF Loss 

(lbs.) 

02050304 Lwr Juniata, 

PA 

375,684.00 15.49% 58,193.45 5.33 682,120.36 

02050306 Lwr 

Susquehanna 

(MD, PA) 

644,021.00 15.49% 99,758.85 14.60 3,203,595.95 

02060003 Gunpowder 

Falls 

343,056.00 15.49% 53,139.37 23.00 2,688,384.72 

02070009 Monocacy 251,098.00 15.49% 38,895.08 37.4.688 3,241,274.83 

 TOTALS 1,613,859.00  249,986.76  9,815,375.86 

 Approximation of Pennsylvania counties only compared with Penn State EOF analysis (N runoff only) 

HUC Name Ag Land (Ha) 2018 N Loss 

(kg/Ha) 

N EOF Loss 

(lbs.) 

02050304 Lwr Juniata, PA 58,193.45 5.33 682,120.36 

02050306 Lwr Susquehanna 

(MD/PA) 

99,758.85 14.60 3,203,595.95 

   Total 3,885,716.31 

Compared to Penn State 

A Land (Ha) 202,550 

N in Runoff (kg/Ha) 21.80 

Factor for lbs./kg 2.2 

N EOF Runoff (lbs.)  9,714,298.00 
 

 

 

Using larger-scale HUCs (e.g., HUC 10, HUC 12) would allow more reliable 

simulation data to be obtained since the smaller HUC sections could better fit into the 

export county boundaries.  

SWAT 

In order to present the best available picture of nutrient loading based on the land 

application of Hillandale Farms’ egg layer manure in the Lower Susquehanna River 

Subbasin, Penn State, working under grant funding made available to EnergyWorks 

Group by the State of Pennsylvania, has created SWAT simulations that are directly 

correlated with the 90,000 tons manure data provided by EnergyWorks Group.  

In the course of conducting applied research for this praxis, a valuable 

introduction was made at the Texas A&M Extension. Dr. Arun Bawa and Katie Mendoza 
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are directly involved with the administration and upgrading of the SWAT modeling tool. 

Multiple meetings have been held between the praxis author, EnergyWorks Group and 

Dr. Bawa to frame the ongoing efforts of the IEMS project. The SWAT model is 

regularly calibrated to reflect actual watershed characteristics. Penn State’s work will 

eventually be reflected in subsequent calibrations. There is a limitation, however, with 

calibrating improvements in NUE in scenarios involving EEFs and evolving fertilization 

practices designed to reduce nutrient pollution loading to the CBW. More on this topic is 

covered in further detail in Chapter 5 (Discussion, Conclusions and Recommendations).    

On July 30, 2025, Penn State presented their preliminary analysis based on 

SWAT scenarios of the business-as-usual case as well as the utilization of 4R practices 

and EEFs in increasing the NUE in the six affected PA counties in the 2018 Hillandale 

Farms manure export area. The following eight PowerPoint slides, Captured in Appendix 

H, were developed by Dr. Cibin Raj (Penn State Agricultural and Biological Department) 

and Dr. Charles White (Penn State Plant Science Department) in conjunction with 

EnergyWorks Group. The slide deck was presented to the CBP in a forum that included 

other PA government representatives and was based on 90,000 T of layer manure (total 

amount of Hillandale Farms complex plus ~30 contract growers) applied to 45,000 acres. 

Using the EnergyWorks Group manure analysis multipliers (57.6 lbs./T N & 18.2 lbs./T 

P), the potential for unaccounted nutrients at the federal level is 5,184,000 lbs. N and 

1,638,000 lbs. P. Since P has a higher hypoxic potential, it can be multiplied by a factor 

of 2.36 resulting in 9,049,680 lbs. equivalent N. Refencing Appendix B, this is 

significantly more than the 2017 USDA NASS census and CAST 2018 data for PA 

layers/pullets. This glaring disparity in accounting should encourage further investigation 
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and hopefully lead to a refinement of the Chesapeake Bay model (Phase 7 development 

and beyond). Otherwise, a project capable of achieving approximately 1/3 of the TMDL 

reductions due to agriculture in Pennsylvania does not have the necessary validation and 

support at the federal and state level (Source: EnergyWorks Group).   



 

46 

Chapter 5: Discussion, Conclusions and Recommendations 

 

In examining USDA NASS census data for layers and pullets, there does not 

appear to be significant variation in total layer counts in PA and MD; however, the pullet 

replacement counts are substantially different in both states for the three census periods 

examined (2022, 2017, 2012). (See Appendix A). The census period of 2022 was also 

examined from the same USDA NASS source tables. Although the pullet count varies, 

the contribution to total N & P is not as significant because the manure produced by a 

pullet is less than 18% of that produced by a layer (calculated by dividing the pullet 

multiplier by the layer multiplier from Appendix B). This supports the conclusion that 

USDA NASS N & P data are relatively consistent between 2012 and 2022; however, the 

assertion is that Hillandale Farms layer counts are not included in any of the census data 

(2012, 2017 and 2022). 

5.1 Conclusions 

Beyond the scope of this praxis, it would be possible to expand the tracking of 

animal manure and cropping fertilization decisions comprehensively for a particular 

region in the CBW. For example, for the twelve MD and PA counties for the Hillandale 

Farms manure export, a compilation of the following is a way to build an updatable 

database: 

A. Manure Management Plans for the major farms in the counties 

B. Expanding beyond layer/pullets to include all significant animal counts 

(e.g. swine, dairy, etc.) (sources: census, CAST, state CAFO data)  

C. Manure brokerage records for large CAFOs to account for manure going 

into and out of the counties 
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These data could be used in conjunction with modeling or independently, 

applying nutrient loss heuristics, to estimate TMDL loading. With the large-scale use of 

manure treatment technology, capturing the cropping fertilization optimization decisions 

would add an entirely new dimension to merely “following the manure”, although the 

backbone of the regional mass balances would still apply.     

This praxis was not meant to replace or compete with Penn State’s analysis, rather 

provide multiple viewpoints for the 2018 Hillandale Farms manure export (42,500 T) and 

to introduce HAWQS as a tool to potentially be used for tailored inputs to complement 

ongoing SWAT simulations. Since the nutrient loading outputs based on 90,000 T 

obtained through Penn State’s SWAT simulations also applies to the lesser amount of 

manure in the 2018 manure export, one EOF comparison was achieved, although the total 

EOF data for the PA counties has not been independently validated. Further SWAT 

simulations would be required in order to have a higher confidence level.       

5.2 Recommendations 

Specific recommendations are as follows: 

1. Alignment of CBP data with pollution avoidance 

In order to cultivate the scale necessary to achieve TDML reductions year after 

year, policy must change to better align with the use of advanced MTT, improved 

fertilization practices (e.g. 4R), and EEFs. In conjunction with ongoing CBP 

STAC reporting, detailed evaluations support the need for policy alignment and 

well-executed nutrient management efforts to comprehensively reduce excess 

nutrients. (Easton et at. 2023 and Testa et al. 2023). Large CAFO manure data 

available at the state level should also be accurately at the federal level (USDA 
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NASS, CAST etc.). This is a glaring discrepancy that should be fixed in order to 

have a consistent reference point for nutrient quantification and verification of 

pollution avoidance which is the cornerstone of a pay-for-performance system.  

2. Utilize existing monitoring stations and correlated modeling efforts as part of 

the future monitoring architecture 

Existing monitoring stations exist to determine long term trending of nutrient flux 

within the CBW (Aitor et al. 2021). In particular, the Lower Susquehanna River 

Subbasin inputs to the CBW are measured in various monitoring stations and 

could show marked reduction in nutrient loading based on regional IEMS 

project(s). One of the recommendations would be to correlate the data outputs of 

future in-stream monitoring stations with existing infrastructure to potentially 

improve validation of results.  

 

Within the CBP and the University of Maryland Center for Environmental 

Studies, there has been focused work in tracking TMDL reductions through the 

agreement of modeling and monitoring. This coordinated approach assists with 

validating modeling assumptions and can potentially present another line of 

evidence for the ongoing TMDL reductions that the IEMS is expected to achieve 

through increased NEU in targeted parts of the CBW, especially since SWAT is 

not specifically being utilized as the monitoring platform. The monitoring and 

modeling efforts take into account spatial and temporal trends as well as legacy 

nutrients whose influence can impact loading, especially in regions with intensive 

agriculture. (Zhang 2023, Zhang 2024). In both monitoring and modeling, there 

are several factors that make attribution of TMDL loading trends difficult. For 
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example, it is difficult to quantify legacy nutrients in the soil as well as the impact 

of nutrient management actions, or inactions, which are beyond the control of 

researchers. Additionally, the lag of management actions and 

anthropogenic/climate change influences present additional uncertainty. Dr. 

Zhang designed and implemented a data-centric Monitored and Expected Total 

Reduction Indicator for the Chesapeake (METRIC) to track trends and compare 

with expected modeling outcomes (Zhang 2023). 83 N and 66 P monitoring 

stations are part of an integrated network compared to ongoing modeling for the 

purposes of rectifying and explaining trends. (Zhang 2025). Since Dr. Qian Zhang 

is part of the CBP, he could be a valuable resource prior to and during long-term 

monitoring associated with IEMS. His research has shown both positive and 

negative trends within the watershed. Additional research has tracked declining 

trends in some sections of the CBW (Sabo et al. 2022); however, this research 

points out that recent agriculture intensiveness beyond 2019 can cause nutrient 

surpluses that can degrade water quality. 

Additionally, Dr. Arun Bawa of Texas A&M mentioned in a July 2025 meeting 

with EnergyWorks Group and the praxis author that he reconciles monitored data 

with expected monitoring output which could mean that additional SWAT 

calibrations and/or data credibility could be attained without going outside of the 

SWAT model and the future input-monitoring infrastructure.  

3. Incorporate other related models to reduce uncertainty and improve 

forecasting 
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Using more than one model with the same input parameters will reduce the 

structural uncertainty and improve the confidence interval of the outputs. Dr. 

Zachary Easton from Virginia Tech led a study with participants from Penn State, 

CBP and the University of MD, Center for Environmental Science that 

demonstrated significant improvements in the ability to predict water quality in 

the Susquehanna River Basin (Wagena et al. 2019). To only use Standard SWAT 

(SWAT-ST) would be an important first step, but should be followed up by using 

other models, such as SWAT Variable Source Area (SWAT-VSA) and CBP 

Phase 6 Model (CBP-Model) as the Wagena study suggests. Consultation with 

Penn State in the ongoing grant execution should confirm that necessary 

preliminary has been done in creating input parameters (business-as-usual/future 

scenarios) at SWAT-ST simulations as a basis for additional multi-model efforts. 

Dr. Arun Bawa confirmed at the aforementioned July 2025 meeting that he 

incorporates re-calibrated portions of the SWAT model into the overall model as 

appropriate to obtain better granularity and accuracy for various watershed, thus 

reducing uncertainty. Related to recommendation #5, NFCBF could be part of the 

multi-model ensemble in addition to being another “line of evidence” to reduce 

uncertainty, especially since NFCBF accounts for all N in the CBW, aligning with 

the full-spectrum CAFE model from Chapter 1 Introduction. Dr. Cibin Raj and 

Dr. Charles White have provided preliminary feedback that generating 

coefficients through SWAT simulations may allow the two models to interface; 

however, funding would be required on the NFCBF side to allow the tailored 

calibration to the IEMS analysis of future scenarios.   
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4. Consider a cooperative project with academia to develop a journal article in 

a peer-reviewed journal 

Different from the focus of the white paper written by Dr. Meinem (PSU) and 

EnergyWorks Group, a journal article that strives to improve the state of the art 

could be consumed in wider circles and involve multiple universities and 

organizations to advance the highly generalizable approach to addressing the 

externalities of large-scale food production. Since there is a significant 

energy/microgrid component to the IEMS project, there is an overlap with energy 

and environmental fields of research. The recommendation would be for PSU to 

be the principal author(s) with undefined funding; however, selection of the IEMS 

as a regional demonstration/“Sandbox Project” could bring additional synergy on 

that front and can preempt the actual implementation of the project, be done in 

parallel or capture actual data to reinforce the validity of the approach. Since 

Texas A&M is aware of the IEMS project and the developer of SWAT, there may 

be interest on their side to be part of the leading-edge systems approach to 

integrated environmental management. The journal approach is politically 

advantageous because it can highlight the collective work and improvements 

within CBP, stakeholder groups and industry over decades yet strongly make the 

case for IEMS as a significant improvement to the status quo. This praxis research 

can be used as background and context for the potential collaboration.  

 There is also an opportunity to present a new paradigm aforementioned 

IEMS innovation beyond 4R/EEF. For example, reserving some raw manure and 

incorporating composted food waste can ensure targeted application of organic N 
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& P with lower water pollution potential. Dr. Grady’s cited works account for 

food waste with CBW regions. CBP stakeholders that help shape policy do not 

want to completely discount the use of raw manure since it has tremendous 

benefits for cropping. It is this author’s opinion that a hybrid approach could be 

transformative. The hybrid approach would be the incorporation of EnergyWorks 

Group/Penn State IEMS plan along with new, reduced targeted raw manure 

and/or composted food waste practices to reduce CBW nutrient pollution. This 

approach can be modeled, monitored, written about and presented within the 

broad stakeholder community.       

5. Calibrate SWAT/SWAT+ to allow 4R/EEFs and other improvements in NEU 

From discussions with Dr. Arun Bawa of the Texas A&M Extension, part of the 

team that hosts and administers SWAT, the level of effort to re-calibrate SWAT 

for the utilizations of practices and products to improve NEU would require 

approximately 1-2 years of full-time work by a graduate student. According to Dr. 

Bawa, the funding could potentially be shared between Texas A&M and other 

interested parties. 

6. Establish outreach network to engender discussions with landowners on 

business cases, technology and sustainability benefits of addressing crop 

needs with reduced ratios of land applied raw manure 

The long game will be a multi-pronged engagement with landowners within the 

Hillandale export region and other targeted regions withing the CBW earmarked 

for regional MTT. To make the biggest impact, the CBP, state governments, 

agricultural extensions, state conservations and industry would need to make a 
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case for amending typical practices of applying raw manure as a necessity for 

manure disposal and principal source of nutrients for cropping. 

Replacing/reducing raw manure with mineral fertilizer and other sources of 

organic fertilizer (e.g. compost) on a large-scale would be necessary to spur the 

marked TMDL load reductions in the lower Susquehanna River Subbasin and in 

other parts of the CBW. The business case must be solid. Short of 

policy/regulation changes, the business case, education and outreach would 

overcome the inertia since the existing Nutrient Management Plans of the farmers 

receiving manure are non-binding and traditionally not enforced. Initially, an 

appendix to the Penn State Extension Agronomy guide, whose timing coincides 

with IEMS start up, could be a useful first step towards providing awareness in 

PA. At minimum, a pilot program targeting certain large farms in the Hillandale 

export region would also make an impact and yield useful feedback and 

supporting data. Penn State and EnergyWorks Group have made plans to address 

the first 45,000 acres in PA based on 90,000 T of manure by approaching the 

problem on a field-by-field basis to help ensure 4R and EEFs can achieve the 

planned reductions in modeling and output monitoring.  

7. Explore improvements to the energy and plant infrastructure at the AWTP. 

  Capital improvements can be explored at any phase of the plant lifecycle 

to improve efficiency and potentially fund additional microgrid assets on the 

property co-located with Hillandale Farms (Thompson and Yealdhall 2010). This 

is especially important since the technology at the Gettysburg AWTP is 
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approximately 15-years old and does not incorporate advancements in data 

management and Artificial Intelligence (AI).  

As an academic exercise, AI agents were used to analyze available .csv 

data from NFCBF, the process model developed by Drs. Mohammedpour and 

Grady. This was done for a particular CBP model with available .csv files; 

however, the use of the AI agents could be used with any .csv files to potentially 

save time by automating the programming script to organize, analyze and present 

data.  

Referring to Appendix G, this praxis study used beta testing of LMI 

Consulting’s agentic AI. Several prompts (from ‘VY’ or Vincent Yealdhall) and 

outputs are captured in Appendix G. The ramifications of using AI, especially 

agentic AI, is that working with meta data can be streamlined, facilitating input 

management and predictive analytics. Since multiple platforms exist and are 

rapidly evolving, a healthy amount of solution agnosticism is expected to exist to 

inform future decisions.  

8. Explore synergies between Penn State’s Institute for Sustainable Agriculture, 

Food, and Environmental Science (SAFES) and The George Washington 

University’s Global Food Institute (GFI). Both organizations sponsored by the 

respective universities have similar charters. SAFES hosted a symposium on 

October 17, 2025, to expose interested faculty on EnergyWorks Group’s 

Gettysburg project and allow Penn State staff the opportunity to highlight their 

related grant work and preliminary findings. GFI has been directly exposed to the 

project through the doctoral defense for this praxis. One of the main benefits of 
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SAFES involvement is that it resides at a prominent land grant university in the 

state which is the focus of the targeted TMDL reductions for agriculture. 

Additionally, SAFES has created a framework for nutrient loading reduction 

involving data analytics, predictive modeling and decision support. This 

framework is aligned with EnergyWorks Group’s data-driven approach to IEMS 

accounting and decision-making.  

 A potential benefit of GFI involvement and university tie-in more broadly is the 

proximity to policy making in Washington, DC. Both Penn State and The George 

Washington University can use the Gettysburg facility as a laboratory for related 

academic programs and research. Both SAFES and GFI are organizations aligned 

with IEMS goals and can even benefit from synchronization efforts in this field of 

theoretical and applied research.  

 

9. Continue evaluating the market-based solution.  

Although there is considerable synergy towards novel technology solutions to 

addressing the N & P surplus in the CBW, there are forces that exist between the 

present and 2050 which can affect funding and erode support for CAFOs. 

(Grunwald 2025, Pollan 2007). Without direct evidence, this praxis author 

recommends a continued evaluation and outreach to enable the creation and 

expansion of a self-sustaining market-based economy through outreach and 

engagement at all levels of the food supply and consumer supply chain.   

Overall, this praxis presents the business-as-usual case of layer manure 

within the Hillandale Farms export region. This research highlights the challenges 

with validating precise nutrient loading from large CAFO in the CBP. Without the 
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precise, validated data, approved protocols for pollution avoidance will continue 

to be difficult. Utilizing HAWQS, CAST and USDA NASS Census Data as well 

as preliminary SWAT analysis recently conducted by Penn State, the multiple 

viewpoints contained herein provide background and contextual data for ongoing 

discussions with various stakeholders and can be built upon and updated using 

similar approaches and logic. Ultimately, expert modeling coupled with 

monitoring reconciliation will demonstrate the long-term value of the IEMS 

approach and provide a Bonafide template for replication of further reductions in 

non-point source agricultural pollution. 
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Appendix A: 2017 USDA Census Data 

 

The following data from USDA NASS 2017 Census supports the analysis in 

Section 4.1 Relative Contribution of Hillandale Farms 2018 Export to Pennsylvania and 

Maryland Counties.  

Pennsylvania Tables: (the symbol (D), in limited cases, denotes “Withheld to 

avoid disclosing data for individual farms).” 
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Maryland Tables: (the symbol (D), in limited cases, denotes “Withheld to avoid 

disclosing data for individual farms)” 
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Appendix B: Consolidated Hillandale Farms, 2017 USDA NASS Census and 2018 CAST Layer Manure Comparisons 

 
From Hillandale Farms 2018 Manure Export 

 N multiplier (lbs/T) 57.6 P multiplier (lbs/T) 18.2 

County HF 2018 Export (T) HF Total N (lbs) HF Total P (lbs)  

Adams, PA 8,500.00 489,600.00 154,700.00  

Cumberland, PA 2,500.00 144,000.00 45,500.00  

Franklin, PA 2,700.00 155,520.00 49,140.00  

Fulton, PA 600.00 34,560.00 10,920.00  

Huntingdon, PA 400.00 23,040.00 7,280.00  

York, PA 6,800.00 391,680.00 123,760.00  

Baltimore, MD 3,500.00 201,600.00 63,700.00  

Carroll, MD 10,500.00 604,800.00 191,100.00  

Frederick, MD 4,500.00 259,200.00 81,900.00  

Harford, MD 1,200.00 69,120.00 21,840.00  

Howard, MD 1,500.00 86,400.00 27,300.00  

Washington, MD 2,500.00 144,000.00 45,500.00  

TOTALS 45,200.00 2,603,520.00 822,640.00  
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Directly from USDA NASS 2017 Census 

 layer multiplier 0.02 pullet muliplier 0.00357136   

County Layer Hen Count Layer Manure (T) Pullet Count Pullet Manure (T) NASS Total N (lbs) 

NASS Total P 
(lbs) 

Adams, PA 210,832.00 4,216.64 261,281.00 933.13 296,626.67 93,725.79 

Cumberland, PA 393,589.00 7,871.78 75,422.00 269.36 468,929.61 148,168.73 

Franklin, PA 1,728,944.00 34,578.88 587,666.00 2,098.77 2,112,632.46 667,533.17 

Fulton, PA 0.00 0.00 39.00 0.14 8.02 2.53 

Huntingdon, PA 43,587.00 871.74 117.00 0.42 50,236.29 15,873.27 

York, PA 274,531.00 5,490.62 0.00 0.00 316,259.71 99,929.28 

Baltimore, MD 15,891.00 317.82 363.00 1.30 18,381.10 5,807.92 

Carroll, MD 0.00 0.00 723.00 2.58 148.73 46.99 

Frederick, MD 71,018.00 1,420.36 715.00 2.55 81,959.82 25,897.03 

Harford, MD 27,363.00 547.26 642.00 2.29 31,654.24 10,001.86 

Howard, MD 2,197.00 43.94 130.00 0.46 2,557.69 808.16 

Washington, MD 0.00 0.00 0.00 0.00 0.00 0.00 

TOTALS 2,767,952.00 55,359.04 927,098.00 3,311.00 3,379,394.35 1,067,794.74 
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Directly from CAST 2018 

     

Percentage (weight 
of pullet manure  

 layer multiplier 0.02 pullet muliplier 0.00357136 compared to layer) 17.86% 

County Layer Hen Count Layer Manure (T) Pullet Count Pullet Manure (T) CAST Total N (lbs) CAST Total P (lbs) 

Adams, PA 168,666.00 3,373.32 226,004.00 807.14 240,794.59 76,084.40 

Cumberland, PA 169,503.00 3,390.06 67,396.00 240.70 209,131.51 66,079.75 

Franklin, PA 1,777,967.00 35,559.34 536,812.00 1,917.15 2,158,645.76 682,072.10 

Fulton, PA 171,802.00 3,436.04 28.00 0.10 197,921.66 62,537.75 

Huntingdon, PA 43,387.00 867.74 84.00 0.30 49,999.10 15,798.33 

York, PA 260,272.00 5,205.44 150,427.00 537.23 330,777.73 104,516.58 

Baltimore, MD 12,713.00 254.26 156.00 0.56 14,677.47 4,637.67 

Carroll, MD 1,230,350.00 24,607.00 310.00 1.11 1,417,426.97 447,867.55 

Frederick, MD 74,011.00 1,480.22 307.00 1.10 85,323.83 26,959.96 

Harford, MD 27,245.00 544.90 275.00 0.98 31,442.81 9,935.05 

Howard, MD 1,758.00 35.16 56.00 0.20 2,036.74 643.55 

Washington, MD 1,028,158.00 20,563.16 61,464.00 219.51 1,197,081.80 378,244.60 

TOTALS 4,965,832.00 99,316.64 1,043,319.00 3,726.07 5,935,259.97 1,875,377.28 
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Appendix C1 – SWAT Assumptions (Penn State University) 

 

Conversions: (added by praxis author as a reference)  

1 Tonne / Acre = 2471.05 kg/Ha 

1 Imperial Ton = 1.016 Metric Ton 

2.2lbs = 1 kg 

1 Acre = .4047 Hectares 

To Do: Dates and P rates (Pending) 

Layer Manure Nutrient Analysis 

As Received Analysis.  50.7% moisture content. 

Ammonium N: 18.5 lbs./ton   

Organic N: 39.1 lbs./ton 

P2O5: 41.8 lbs./ton (total P = 18.2 lbs./ton, dividing by a 2.3 conversion factor) 

Corn available N/ton, broadcast no incorporation = (0.2 x 18.5 amm N + 0.5 x 39.1 org 

N) = 23.25 lbs. N/ton  

Wheat available N/ton, broadcast no incorporation = (0.2 x 18.5 amm N + 0.3 x 39.1 org 

N) = 15.43 lbs. N/ton  

Corn-Corn-Soy-Wheat Rotation (with manure) 

Total manure rate = 8 T/ac over 4 years, P2O5 applied = 334.4 lbs. P2O5/ac 

Total crop P2O5 removal = 302 lbs. P2O5/ac   

Year 1: 

4/1: Apply layer manure in spring (3T/ac application rate = 70 lbs. available N) 

4/21: Terminate red clover (40 lbs. N credit) 

n/a: Manure history credit (Continuous = 35 lbs. N/ac) 

4/22: Urea Broadcast: 45 lbs. N/ac application rate, no stabilizer (apply to soil surface) 

5/1: Plant Corn (190 bu/ac yield goal) 



 

70 

10/15: Harvest Corn 

10/16: Plant Rye Cover Crop 

Year 2: 

4/1: Apply layer manure in spring (3T/ac application rate = 70 lbs. available N) 

4/21: Terminate rye cover crop 

n/a: Manure history credit (Continuous = 35 lbs. N/ac) 

4/22: Urea Broadcast: 85 lbs. N/ac application rate, no stabilizer (apply to soil surface) 

5/1: Plant Corn 

10/15: Harvest Corn 

10/16: Plant Rye Cover Crop 

Year 3: 

4/21: Terminate rye cover crop 

5/1: Plant soybean 

10/1: Harvest soybean 

10/2: Fall application of layer manure (2 T/ac = 31 lbs. available N/ac) 

10/3: Plant wheat 

Year 4: 

3/15: Topdress wheat with broadcast urea (70 lbs. N/ac) (apply to surface) 

7/5: Harvest wheat 

7/6: Plant Red Clover Cover Crop 

Corn-Corn-Soy-Wheat Rotation (Fertilizer with 4R practices) 

Year 1: 

4/21: Terminate red clover (40 lbs. N credit) 

4/22: Late spring P fertilizer application, 61 lbs. P2O5/ac (broadcast on soil surface) 

5/1: UAN and starter P banded at planting: 45 lbs. N/ac, 15 lbs. P2O5/ac (in SWAT apply 

to soil layer ~10cm deep to prevent volatilization) 
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5/1: Plant Corn (190 bu/ac yield goal) 

6/15: Sidedress UAN banded: 105 lbs. N/ac (in SWAT apply to soil layer ~10cm deep to 

prevent volatilization) 

10/15: Harvest Corn 

10/16: Plant Rye Cover Crop 

Year 2: 

4/21: Terminate rye cover crop 

4/22: Late spring P fertilizer application, 61 lbs. P2O5/ac (broadcast on soil surface) 

5/1: UAN and starter P banded at planting: 45 lbs. N/ac, 15 lbs. P2O5/ac (in SWAT apply 

to soil layer ~10cm deep to prevent volatilization) 

5/1: Plant Corn (190 bu/ac yield goal) 

6/15: Sidedress UAN banded: 145 lbs. N/ac (in SWAT apply to soil layer ~10cm deep to 

prevent volatilization) 

10/15: Harvest Corn 

10/16: Plant Rye Cover Crop 

Year 3: 

4/21: Terminate rye cover crop 

4/22: Late spring P fertilizer application, 150 lbs. P2O5/ac (broadcast on soil surface) 

5/1: Plant soybean 

10/1: Harvest soybean 

10/2: Fall application of broadcast urea with urease inhibitor: 30 lbs. N/ac (in SWAT 

apply to soil layer ~10cm deep to prevent volatilization) 

10/3: Plant wheat 

Year 4: 

3/15: Topdress wheat with broadcast urea with urease inhibitor: 70 lbs. N/ac (in SWAT 

apply to soil layer ~10cm deep to prevent volatilization) 

7/5: Harvest wheat 
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7/6: Plant Red Clover Cover Crop 
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Appendix C2 – SWAT Simulation Data (Penn State University) 

This data supports Slide 7 from Appendix H Preliminary SWAT Data Presented 

to CBP Stakeholders July 30, 2025 (Developed by Penn State/EnergyWorks Group) 

SWAT Input assumptions: 

-Susquehanna River Basin area – 7,115,703 ha 

-Crop Land Area – 1,101,896 ha 

-Crop Land Area of 6 PA Counties of Interest – 202,550 ha 
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Appendix C3: Preliminary SWAT Data Presented to CBP Stakeholders July 30, 

2025  

(Developed by Penn State/EnergyWorks Group. Reproduced with Permission from 

EnergyWorks Group and Penn State University (See Appendix H) 

 

 
 

-Susquehanna River Basin area – 7,115,703 ha 

 

-Crop Land Area – 1,101,896 ha 
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Appendix D – CAST Data for Total Manure in Export Counties 

 

The following spreadsheet was generated using CBP CAST:  

Fips  Geography  Sector  LoadSourceName  Acres  
ManureN  
LbsApplied  

DirectDepositManure  
NLbsApplied*  

ManurePLbs  
Applied  

DirectDepositManure  
PLbsApplied*  

24005 Baltimore, MD Agriculture Double Cropped Land 3561.92 25,281.92 0.00 7,082.56 0.00 

24005 Baltimore, MD Agriculture Grain with Manure 6522.77 110,734.92 0.00 31,021.65 0.00 

24005 Baltimore, MD Agriculture Pasture 10100.73 0.00 477,931.79 0.00 143,809.85 

24005 Baltimore, MD Agriculture Silage with Manure 358.69 3,822.79 0.00 1,070.93 0.00 

24005 Baltimore, MD Agriculture Small Grains and Grains 2398.92 18,259.96 0.00 5,115.40 0.00 

24005 Baltimore, MD Agriculture Specialty Crop High 363.32 209.69 0.00 58.74 0.00 

24005 Baltimore, MD Agriculture Specialty Crop Low 662.43 748.32 0.00 209.64 0.00 

24013 Carroll, MD Agriculture Double Cropped Land 12233.85 580,504.40 0.00 196,173.79 0.00 

24013 Carroll, MD Agriculture Grain with Manure 10502.91 1,162,724.88 0.00 392,927.51 0.00 

24013 Carroll, MD Agriculture Pasture 16200.54 0.00 1,311,407.57 0.00 382,941.39 

24013 Carroll, MD Agriculture Silage with Manure 2024.23 141,543.42 0.00 47,832.73 0.00 

24013 Carroll, MD Agriculture Small Grains and Grains 1999.95 100,416.87 0.00 33,934.55 0.00 

24013 Carroll, MD Agriculture Specialty Crop High 547.36 647.98 0.00 218.98 0.00 

24013 Carroll, MD Agriculture Specialty Crop Low 3005.94 26,581.71 0.00 8,982.94 0.00 

24021 Frederick, MD Agriculture Double Cropped Land 9774.76 225,810.07 0.00 59,303.88 0.00 

24021 Frederick, MD Agriculture Grain with Manure 10972.94 535,607.38 0.00 140,665.11 0.00 

24021 Frederick, MD Agriculture Pasture 27248.25 0.00 2,265,587.75 0.00 657,301.52 

24021 Frederick, MD Agriculture Silage with Manure 5825.30 183,506.09 0.00 48,193.70 0.00 

24021 Frederick, MD Agriculture Small Grains and Grains 9986.50 231,065.08 0.00 60,683.99 0.00 

24021 Frederick, MD Agriculture Specialty Crop High 260.91 321.55 0.00 84.45 0.00 

24021 Frederick, MD Agriculture Specialty Crop Low 1161.42 172.11 0.00 45.20 0.00 

24025 Harford, MD Agriculture Double Cropped Land 6879.14 78,467.09 0.00 25,782.10 0.00 

24025 Harford, MD Agriculture Grain with Manure 6198.35 162,030.37 0.00 53,238.66 0.00 

24025 Harford, MD Agriculture Pasture 14291.68 0.00 793,575.09 0.00 252,505.26 

24025 Harford, MD Agriculture Silage with Manure 444.62 6,963.14 0.00 2,287.89 0.00 

24025 Harford, MD Agriculture Small Grains and Grains 271.09 3,151.52 0.00 1,035.50 0.00 

24025 Harford, MD Agriculture Specialty Crop High 738.56 54.44 0.00 17.89 0.00 

24025 Harford, MD Agriculture Specialty Crop Low 745.39 163.00 0.00 53.56 0.00 

24027 Howard, MD Agriculture Grain with Manure 2481.79 63,453.50 0.00 17,893.83 0.00 
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Fips  Geography  Sector  LoadSourceName  Acres  
ManureN  
LbsApplied  

DirectDepositManure  
NLbsApplied*  

ManurePLbs  
Applied  

DirectDepositManure  
PLbsApplied*  

24027 Howard, MD Agriculture Pasture 4099.35 0.00 231,047.99 0.00 70,269.47 

24027 Howard, MD Agriculture Silage with Manure 205.00 3,583.19 0.00 1,010.46 0.00 

24027 Howard, MD Agriculture Small Grains and Grains 1514.68 18,691.83 0.00 5,271.08 0.00 

24027 Howard, MD Agriculture Specialty Crop High 164.78 52.28 0.00 14.74 0.00 

24027 Howard, MD Agriculture Specialty Crop Low 576.32 17.99 0.00 5.07 0.00 

24043 Washington, MD Agriculture Double Cropped Land 8072.91 415,167.36 0.00 140,538.82 0.00 

24043 Washington, MD Agriculture Grain with Manure 7190.21 674,575.95 0.00 228,351.55 0.00 

24043 Washington, MD Agriculture Pasture 20384.68 0.00 2,307,979.25 0.00 658,299.31 

24043 Washington, MD Agriculture Silage with Manure 5623.76 356,012.80 0.00 120,514.34 0.00 

24043 Washington, MD Agriculture Small Grains and Grains 5059.33 214,873.84 0.00 72,737.21 0.00 

24043 Washington, MD Agriculture Specialty Crop High 339.72 12.85 0.00 4.35 0.00 

24043 Washington, MD Agriculture Specialty Crop Low 1428.09 95.44 0.00 32.31 0.00 

         
42001 Adams, PA Agriculture Double Cropped Land 4627.54 46,045.32 0.00 15,067.85 0.00 

42001 Adams, PA Agriculture Full Season Soybeans 22021.80 0.00 0.00 0.00 0.00 

42001 Adams, PA Agriculture Grain with Manure 9800.05 177,349.20 0.00 58,035.65 0.00 

42001 Adams, PA Agriculture Grain without Manure 13353.33 0.00 0.00 0.00 0.00 

42001 Adams, PA Agriculture Leguminous Hay 5291.77 0.00 0.00 0.00 0.00 

42001 Adams, PA Agriculture Other Agronomic Crops 8433.82 0.00 0.00 0.00 0.00 

42001 Adams, PA Agriculture Other Hay 26402.07 0.00 0.00 0.00 0.00 

42001 Adams, PA Agriculture Pasture 13451.06 0.00 1,111,649.58 0.00 328,022.30 

42001 Adams, PA Agriculture Silage with Manure 2962.16 56,830.58 0.00 18,597.21 0.00 

42001 Adams, PA Agriculture Silage without Manure 522.73 0.00 0.00 0.00 0.00 

42001 Adams, PA Agriculture Small Grains and Grains 6612.64 65,456.45 0.00 21,419.93 0.00 

42001 Adams, PA Agriculture Specialty Crop High 422.43 73.62 0.00 24.09 0.00 

42001 Adams, PA Agriculture Specialty Crop Low 15141.72 134.62 0.00 44.05 0.00 

42041 Cumberland, PA Agriculture Double Cropped Land 5742.88 417,075.25 0.00 115,903.24 0.00 

42041 Cumberland, PA Agriculture Full Season Soybeans 19098.05 0.00 0.00 0.00 0.00 

42041 Cumberland, PA Agriculture Grain with Manure 12047.53 1,260,121.83 0.00 350,181.90 0.00 

42041 Cumberland, PA Agriculture Grain without Manure 12775.06 0.00 0.00 0.00 0.00 

42041 Cumberland, PA Agriculture Leguminous Hay 13853.87 0.00 0.00 0.00 0.00 

42041 Cumberland, PA Agriculture Other Agronomic Crops 6409.56 1,117.92 0.00 310.67 0.00 

42041 Cumberland, PA Agriculture Other Hay 19484.96 0.00 0.00 0.00 0.00 

42041 Cumberland, PA Agriculture Pasture 12458.14 0.00 2,018,597.09 0.00 570,660.24 
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Fips  Geography  Sector  LoadSourceName  Acres  
ManureN  
LbsApplied  

DirectDepositManure  
NLbsApplied*  

ManurePLbs  
Applied  

DirectDepositManure  
PLbsApplied*  

42041 Cumberland, PA Agriculture Silage with Manure 9133.16 998,307.41 0.00 277,424.91 0.00 

42041 Cumberland, PA Agriculture Silage without Manure 1611.73 0.00 0.00 0.00 0.00 

42041 Cumberland, PA Agriculture Small Grains and Grains 5934.03 297,478.46 0.00 82,667.86 0.00 

42041 Cumberland, PA Agriculture Specialty Crop High 637.54 308.17 0.00 85.64 0.00 

42041 Cumberland, PA Agriculture Specialty Crop Low 1057.09 0.00 0.00 0.00 0.00 

42055 Franklin, PA Agriculture Double Cropped Land 12064.17 1,537,596.84 0.00 437,950.10 0.00 

42055 Franklin, PA Agriculture Full Season Soybeans 18235.77 0.00 0.00 0.00 0.00 

42055 Franklin, PA Agriculture Grain with Manure 17952.45 2,674,653.00 0.00 761,815.13 0.00 

42055 Franklin, PA Agriculture Grain without Manure 16556.32 0.00 0.00 0.00 0.00 

42055 Franklin, PA Agriculture Leguminous Hay 34526.55 0.00 0.00 0.00 0.00 

42055 Franklin, PA Agriculture Other Agronomic Crops 9799.66 0.00 0.00 0.00 0.00 

42055 Franklin, PA Agriculture Other Hay 30669.26 12,799.60 0.00 3,645.68 0.00 

42055 Franklin, PA Agriculture Pasture 21789.43 4,064.21 4,400,768.04 1,157.60 1,216,830.63 

42055 Franklin, PA Agriculture Silage with Manure 22301.50 3,173,330.64 0.00 903,852.31 0.00 

42055 Franklin, PA Agriculture Silage without Manure 3935.56 0.00 0.00 0.00 0.00 

42055 Franklin, PA Agriculture Small Grains and Grains 9250.58 666,543.76 0.00 189,850.09 0.00 

42055 Franklin, PA Agriculture Specialty Crop High 1453.34 334.47 0.00 95.27 0.00 

42055 Franklin, PA Agriculture Specialty Crop Low 2378.14 4,321.51 0.00 1,230.88 0.00 

42057 Fulton, PA Agriculture Double Cropped Land 1932.54 276,533.31 0.00 73,020.05 0.00 

42057 Fulton, PA Agriculture Full Season Soybeans 887.10 0.00 0.00 0.00 0.00 

42057 Fulton, PA Agriculture Grain with Manure 3082.31 439,275.57 0.00 115,992.98 0.00 

42057 Fulton, PA Agriculture Grain without Manure 2990.77 0.00 0.00 0.00 0.00 

42057 Fulton, PA Agriculture Leguminous Hay 6648.47 0.00 0.00 0.00 0.00 

42057 Fulton, PA Agriculture Other Agronomic Crops 9555.21 0.00 0.00 0.00 0.00 

42057 Fulton, PA Agriculture Other Hay 19998.00 0.00 0.00 0.00 0.00 

42057 Fulton, PA Agriculture Pasture 11519.50 0.00 766,520.52 0.00 229,603.45 

42057 Fulton, PA Agriculture Silage with Manure 2796.72 394,480.57 0.00 104,164.63 0.00 

42057 Fulton, PA Agriculture Silage without Manure 493.54 0.00 0.00 0.00 0.00 

42057 Fulton, PA Agriculture Small Grains and Grains 2571.08 162,001.62 0.00 42,777.36 0.00 

42057 Fulton, PA Agriculture Specialty Crop High 122.03 34.14 0.00 9.02 0.00 

42057 Fulton, PA Agriculture Specialty Crop Low 659.80 1,896.61 0.00 500.81 0.00 

42061 Huntingdon, PA Agriculture Double Cropped Land 4261.50 307,048.37 0.00 75,762.44 0.00 

42061 Huntingdon, PA Agriculture Full Season Soybeans 2873.41 0.00 0.00 0.00 0.00 

42061 Huntingdon, PA Agriculture Grain with Manure 5799.46 470,868.73 0.00 116,184.18 0.00 
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Fips  Geography  Sector  LoadSourceName  Acres  
ManureN  
LbsApplied  

DirectDepositManure  
NLbsApplied*  

ManurePLbs  
Applied  

DirectDepositManure  
PLbsApplied*  

42061 Huntingdon, PA Agriculture Grain without Manure 6111.48 0.00 0.00 0.00 0.00 

42061 Huntingdon, PA Agriculture Leguminous Hay 18939.02 0.00 0.00 0.00 0.00 

42061 Huntingdon, PA Agriculture Other Agronomic Crops 9693.01 0.00 0.00 0.00 0.00 

42061 Huntingdon, PA Agriculture Other Hay 14244.88 0.00 0.00 0.00 0.00 

42061 Huntingdon, PA Agriculture Pasture 13963.71 0.00 1,219,665.73 0.00 351,101.46 

42061 Huntingdon, PA Agriculture Silage with Manure 7874.79 611,889.26 0.00 150,980.19 0.00 

42061 Huntingdon, PA Agriculture Silage without Manure 1389.67 0.00 0.00 0.00 0.00 

42061 Huntingdon, PA Agriculture Small Grains and Grains 1627.02 54,595.19 0.00 13,471.05 0.00 

42061 Huntingdon, PA Agriculture Specialty Crop High 360.58 51.20 0.00 12.63 0.00 

42061 Huntingdon, PA Agriculture Specialty Crop Low 920.24 0.00 0.00 0.00 0.00 

42133 York, PA Agriculture Double Cropped Land 11150.12 341,786.00 0.00 117,248.55 0.00 

42133 York, PA Agriculture Full Season Soybeans 36283.35 0.00 0.00 0.00 0.00 

42133 York, PA Agriculture Grain with Manure 28159.12 1,567,764.84 0.00 537,816.52 0.00 

42133 York, PA Agriculture Grain without Manure 37499.04 0.00 0.00 0.00 0.00 

42133 York, PA Agriculture Leguminous Hay 11334.41 0.00 0.00 0.00 0.00 

42133 York, PA Agriculture Other Agronomic Crops 10177.72 10,321.71 0.00 3,540.83 0.00 

42133 York, PA Agriculture Other Hay 20336.47 0.00 0.00 0.00 0.00 

42133 York, PA Agriculture Pasture 19302.27 0.00 1,545,118.14 0.00 459,066.95 

42133 York, PA Agriculture Silage with Manure 4847.10 243,311.09 0.00 83,467.06 0.00 

42133 York, PA Agriculture Silage without Manure 855.37 0.00 0.00 0.00 0.00 

42133 York, PA Agriculture Small Grains and Grains 11782.79 326,592.92 0.00 112,036.61 0.00 

42133 York, PA Agriculture Specialty Crop High 1173.84 264.79 0.00 90.84 0.00 

42133 York, PA Agriculture Specialty Crop Low 3657.03 2,207.64 0.00 757.32 0.00 

    TOTALS 21,950,192.12 18,449,848.53 6,489,588.26 5,320,411.84 

     Total N  40,400,040.65 Total P  11,810,000.09 

      .   
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Appendix E CAST County N & P Agricultural EOS/EOT Accounting 

Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Adams, PA (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 2,435.351 10,507.873 3,909.289 6,416.445 1,788.419 23.18% 

Adams, PA (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 4,627.543 146,576.056 4,058.117 87,411.115 1,706.067 3.16% 

Adams, PA (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 22,021.795 595,161.941 22,442.863 354,926.749 9,435.153 3.70% 

Adams, PA (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 9,800.053 514,831.785 11,803.754 307,024.049 4,962.637 1.90% 

Adams, PA (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 13,353.330 494,391.783 13,728.724 294,833.160 5,771.771 2.70% 

Adams, PA (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 5,291.768 39,580.761 5,933.628 24,150.148 2,703.620 13.37% 

Adams, PA (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 107.819 106,302.022 5,463.376 64,785.524 2,422.082 0.10% 

Adams, PA (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 8,433.822 118,046.097 8,164.345 70,397.343 3,432.418 7.14% 

Adams, PA (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 26,402.067 304,877.706 22,182.323 186,020.010 10,107.014 8.66% 

Adams, PA (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 13,451.055 159,518.535 25,932.437 97,372.172 11,843.519 8.43% 

Adams, PA (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 29.318 89,170.976 3,763.141 54,444.538 1,689.195 0.03% 

Adams, PA (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 43,604.227 11,942.864 26,611.359 5,261.305 0.00% 

Adams, PA (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 2,962.161 177,095.749 4,787.090 105,612.052 2,012.535 1.67% 

Adams, PA (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 522.734 21,020.244 749.727 12,535.541 315.191 2.49% 

Adams, PA (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 6,612.640 190,011.877 7,544.433 113,315.206 3,171.884 3.48% 

Adams, PA (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 422.435 23,310.530 1,459.895 13,901.417 615.473 1.81% 

Adams, PA (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 15,141.716 185,402.813 47,131.350 110,566.046 19,869.311 8.17% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Baltimore, MD (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 1,173.612 6,327.560 370.622 2,700.616 147.245 18.55% 

Baltimore, MD (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 3,561.925 106,463.448 965.120 45,031.915 377.402 3.35% 

Baltimore, MD (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 9,797.049 269,953.897 2,869.679 114,191.355 1,122.317 3.63% 

Baltimore, MD (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 6,522.775 393,665.386 2,282.679 166,519.318 893.009 1.66% 

Baltimore, MD (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 11,140.995 462,098.659 3,421.933 195,472.126 1,338.317 2.41% 

Baltimore, MD (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 1,418.314 16,040.514 27.284 6,848.350 10.844 8.84% 

Baltimore, MD (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 78.423 4,054.533 314.715 1,735.765 120.928 1.93% 

Baltimore, MD (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 3,292.137 52,859.645 867.099 22,360.593 339.302 6.23% 

Baltimore, MD (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 6,732.178 95,739.740 138.992 40,875.272 55.264 7.03% 

Baltimore, MD (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 10,100.725 132,355.718 2,472.881 56,502.711 983.050 7.63% 

Baltimore, MD (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 2.657 7,711.903 456.274 3,301.759 175.323 0.03% 

Baltimore, MD (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 20,992.202 6,194.092 9,023.198 2,389.300 0.00% 

Baltimore, MD (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 358.685 14,832.079 233.114 6,269.982 91.235 2.42% 

Baltimore, MD (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 63.297 2,645.562 39.383 1,118.798 15.412 2.39% 

Baltimore, MD (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 2,398.918 65,417.671 1,042.280 27,669.019 407.549 3.67% 

Baltimore, MD (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 363.321 17,848.778 779.161 7,545.858 298.899 2.04% 

Baltimore, MD (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 662.434 8,267.916 1,326.082 3,495.954 508.708 8.01% 

Carroll, MD (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 1,393.676 6,372.864 760.627 3,314.834 350.012 21.87% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Carroll, MD (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 12,233.855 358,508.348 2,449.864 180,730.173 1,103.453 3.41% 

Carroll, MD (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 16,906.407 458,415.012 4,517.107 230,910.515 2,034.036 3.69% 

Carroll, MD (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 10,502.912 609,769.837 2,591.662 307,297.302 1,167.431 1.72% 

Carroll, MD (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 19,207.835 759,737.009 5,494.259 382,794.439 2,474.157 2.53% 

Carroll, MD (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 4,395.211 39,909.432 979.587 20,813.764 452.511 11.01% 

Carroll, MD (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 99.377 18,086.959 847.857 8,708.857 258.569 0.55% 

Carroll, MD (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 10,318.256 153,115.112 2,603.333 77,136.039 1,172.657 6.74% 

Carroll, MD (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 15,137.166 187,540.910 609.391 97,814.066 281.506 8.07% 

Carroll, MD (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 16,200.538 200,080.859 13,720.839 104,443.664 6,342.467 8.10% 

Carroll, MD (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 39.471 9,974.081 280.279 4,637.589 72.298 0.40% 

Carroll, MD (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 44,335.802 12,359.078 21,774.393 5,271.112 0.00% 

Carroll, MD (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 2,024.228 88,147.317 951.845 44,547.720 428.415 2.30% 

Carroll, MD (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 357.217 14,574.967 186.023 7,347.188 83.688 2.45% 

Carroll, MD (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 1,999.952 50,449.055 772.021 25,448.667 347.120 3.96% 

Carroll, MD (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 547.358 26,896.333 1,041.094 13,546.817 448.401 2.04% 

Carroll, MD (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 3,005.940 35,458.329 5,581.135 17,852.900 2,403.662 8.48% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Ag Open Space 

All 
Agencies acres 1,565.782 8,353.271 999.721 5,750.148 409.762 18.74% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Double Cropped Land 

All 
Agencies acres 5,742.876 210,080.652 2,911.024 143,101.584 1,184.189 2.73% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Cumberland, PA (CBWS Portion 
Only) Agriculture Full Season Soybeans 

All 
Agencies acres 19,098.049 544,888.858 9,589.553 371,163.144 3,900.972 3.50% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Grain with Manure 

All 
Agencies acres 12,047.530 727,598.948 6,477.260 495,624.969 2,634.909 1.66% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Grain without Manure 

All 
Agencies acres 12,775.061 507,110.162 6,484.508 345,430.587 2,637.856 2.52% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Leguminous Hay 

All 
Agencies acres 13,853.866 125,228.634 5,563.578 86,203.853 2,280.376 11.06% 

Cumberland, PA (CBWS Portion 
Only) Agriculture 

Non-Permitted Feeding 
Space 

All 
Agencies acres 207.257 476,621.398 13,654.396 327,716.551 5,602.604 0.04% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Other Agronomic Crops 

All 
Agencies acres 6,409.560 93,182.834 4,559.476 63,473.762 1,854.769 6.88% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Other Hay 

All 
Agencies acres 19,484.961 273,148.222 958.470 188,027.516 392.854 7.13% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Pasture 

All 
Agencies acres 12,458.141 232,698.126 24,425.724 160,183.286 10,011.593 5.35% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Permitted Feeding Space 

All 
Agencies acres 21.444 63,170.546 2,085.014 43,428.343 855.510 0.03% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Riparian Pasture Deposition 

All 
Agencies acres 0.000 150,750.222 39,518.694 103,648.454 16,184.896 0.00% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Silage with Manure 

All 
Agencies acres 9,133.157 643,685.011 6,854.903 438,464.717 2,788.533 1.42% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Silage without Manure 

All 
Agencies acres 1,611.734 74,662.072 1,173.928 50,857.926 477.547 2.16% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Small Grains and Grains 

All 
Agencies acres 5,934.032 178,114.042 3,494.438 121,326.782 1,421.512 3.33% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Specialty Crop High 

All 
Agencies acres 637.542 35,222.421 1,791.506 23,993.005 729.177 1.81% 

Cumberland, PA (CBWS Portion 
Only) Agriculture Specialty Crop Low 

All 
Agencies acres 1,057.088 13,062.647 2,931.107 8,898.087 1,193.016 8.09% 

Franklin, PA (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 1,378.125 5,963.561 687.796 4,879.098 392.457 23.11% 

Franklin, PA (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 12,064.170 340,431.245 5,142.335 285,179.727 3,081.903 3.54% 

Franklin, PA (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 18,235.768 417,704.467 6,687.696 349,907.256 4,008.010 4.37% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Franklin, PA (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 17,952.453 858,483.212 8,692.037 719,154.966 5,209.159 2.09% 

Franklin, PA (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 16,556.324 524,634.870 6,314.835 439,482.473 3,784.522 3.16% 

Franklin, PA (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 34,526.554 252,716.336 10,019.402 206,752.552 5,716.703 13.66% 

Franklin, PA (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 425.008 884,835.829 31,562.759 731,319.601 18,764.133 0.05% 

Franklin, PA (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 9,799.660 119,676.839 4,354.050 100,252.814 2,609.466 8.19% 

Franklin, PA (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 30,669.256 351,570.271 1,105.867 287,627.628 630.951 8.72% 

Franklin, PA (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 21,789.432 364,459.410 48,899.636 298,186.843 27,900.819 5.98% 

Franklin, PA (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 97.647 220,259.734 9,168.447 182,053.465 5,451.074 0.04% 

Franklin, PA (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 328,404.143 83,752.806 273,514.778 48,884.561 0.00% 

Franklin, PA (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 22,301.504 1,103,838.752 14,441.374 924,685.211 8,654.921 2.02% 

Franklin, PA (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 3,935.560 120,494.344 2,216.583 100,936.548 1,328.421 3.27% 

Franklin, PA (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 9,250.579 230,092.645 4,347.536 192,744.964 2,605.470 4.02% 

Franklin, PA (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 1,453.345 66,290.408 4,473.345 55,534.466 2,703.448 2.19% 

Franklin, PA (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 2,378.141 25,282.830 6,943.940 21,180.200 4,196.493 9.41% 

Frederick, MD (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 2,561.836 11,311.160 1,714.214 8,117.811 1,015.127 22.65% 

Frederick, MD (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 9,774.761 268,043.518 3,088.462 196,553.813 1,858.346 3.65% 

Frederick, MD (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 31,351.116 832,810.863 12,790.826 610,564.219 7,690.785 3.76% 

Frederick, MD (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 10,972.939 631,373.296 4,906.664 462,855.282 2,951.614 1.74% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Frederick, MD (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 16,285.455 646,839.665 7,193.776 474,209.293 4,326.758 2.52% 

Frederick, MD (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 10,384.012 86,378.689 2,850.055 61,988.498 1,683.947 12.02% 

Frederick, MD (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 149.549 101,080.150 2,772.287 73,480.325 1,637.052 0.15% 

Frederick, MD (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 8,518.211 124,045.188 5,130.809 90,942.508 3,094.435 6.87% 

Frederick, MD (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 25,716.870 316,209.428 1,323.250 226,926.005 775.290 8.13% 

Frederick, MD (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 27,248.251 341,706.682 30,281.027 245,214.366 17,941.409 7.97% 

Frederick, MD (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 21.564 56,489.839 1,526.202 41,055.771 901.389 0.04% 

Frederick, MD (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 103,804.354 28,792.997 75,650.799 16,578.662 0.00% 

Frederick, MD (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 5,825.298 249,533.578 3,923.246 182,811.202 2,358.298 2.33% 

Frederick, MD (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 1,027.994 41,796.694 701.312 30,634.849 421.545 2.46% 

Frederick, MD (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 9,986.504 261,275.712 5,039.714 191,577.947 3,030.263 3.82% 

Frederick, MD (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 260.905 12,509.674 561.896 9,168.132 335.315 2.09% 

Frederick, MD (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 1,161.420 14,496.647 2,479.287 10,625.417 1,479.541 8.01% 

Fulton, PA (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 1,653.361 5,973.862 1,543.732 4,694.749 651.540 27.68% 

Fulton, PA (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 1,932.538 52,646.786 1,062.144 41,035.549 447.721 3.67% 

Fulton, PA (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 887.102 20,516.035 608.090 15,999.780 256.322 4.32% 

Fulton, PA (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 3,082.308 151,238.784 2,303.019 117,754.260 970.769 2.04% 

Fulton, PA (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 2,990.771 97,680.703 2,053.636 76,137.377 865.648 3.06% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Fulton, PA (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 6,648.466 42,106.699 5,367.025 33,074.682 2,262.569 15.79% 

Fulton, PA (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 69.641 161,635.668 3,854.566 127,390.818 1,657.858 0.04% 

Fulton, PA (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 9,555.215 117,555.203 2,759.717 91,628.040 1,163.279 8.13% 

Fulton, PA (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 19,997.997 211,622.156 5,258.825 166,228.672 2,216.954 9.45% 

Fulton, PA (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 11,519.500 117,616.028 13,011.296 92,367.631 5,481.462 9.79% 

Fulton, PA (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 4.773 19,622.408 514.946 15,467.089 221.491 0.02% 

Fulton, PA (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 54,220.934 15,080.492 42,833.375 6,354.073 0.00% 

Fulton, PA (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 2,796.721 140,344.279 3,189.267 109,272.734 1,344.338 1.99% 

Fulton, PA (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 493.539 13,864.441 537.978 10,806.733 226.768 3.56% 

Fulton, PA (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 2,571.077 64,830.367 2,096.467 50,532.247 883.699 3.97% 

Fulton, PA (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 122.028 5,752.386 393.817 4,486.167 166.004 2.12% 

Fulton, PA (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 659.803 6,993.120 1,913.846 5,453.723 806.731 9.44% 

Fulton, PA (CBWS Portion Only) Developed CSS Buildings and Other 
All 
Agencies acres 0.000 0.000 0.000 0.000 0.000 #DIV/0! 

Harford, MD (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 1,409.997 5,609.225 559.608 4,691.390 353.502 25.14% 

Harford, MD (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 6,879.139 156,742.426 1,090.655 129,892.724 677.545 4.39% 

Harford, MD (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 8,028.721 177,848.998 1,530.523 147,386.866 950.892 4.51% 

Harford, MD (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 6,198.352 264,502.099 1,197.136 219,244.407 743.790 2.34% 

Harford, MD (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 9,512.209 292,210.379 1,982.130 242,194.377 1,231.433 3.26% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Harford, MD (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 1,976.232 15,082.854 46.915 12,614.871 29.645 13.10% 

Harford, MD (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 75.135 11,355.673 930.432 9,446.197 578.158 0.66% 

Harford, MD (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 6,413.377 77,860.044 1,611.896 64,522.886 1,001.358 8.24% 

Harford, MD (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 6,174.184 66,126.747 160.615 55,306.840 101.468 9.34% 

Harford, MD (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 14,291.675 146,344.381 7,573.753 122,400.203 4,784.463 9.77% 

Harford, MD (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 0.000 0.000 0.000 0.000 0.000 #DIV/0! 

Harford, MD (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 34,056.338 10,607.570 28,395.417 6,597.524 0.00% 

Harford, MD (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 444.617 10,763.608 175.761 8,945.924 109.202 4.13% 

Harford, MD (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 78.462 2,388.131 32.266 1,980.526 20.045 3.29% 

Harford, MD (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 271.087 4,529.178 77.549 3,758.401 48.188 5.99% 

Harford, MD (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 738.564 31,562.769 1,366.661 26,157.723 844.255 2.34% 

Harford, MD (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 745.386 7,830.364 1,404.968 6,489.684 867.979 9.52% 

Howard, MD (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 588.435 2,423.720 223.277 1,023.461 92.052 24.28% 

Howard, MD (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 0.000 0.000 0.000 0.000 0.000 #DIV/0! 

Howard, MD (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 4,443.561 104,511.884 850.189 44,601.849 364.309 4.25% 

Howard, MD (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 2,481.794 128,058.584 562.656 54,568.171 240.907 1.94% 

Howard, MD (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 3,464.027 122,534.859 674.728 52,210.170 288.718 2.83% 

Howard, MD (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 745.814 6,719.580 17.934 2,837.696 7.381 11.10% 



 

91 

Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Howard, MD (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 37.734 6,531.800 416.937 2,813.607 180.653 0.58% 

Howard, MD (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 3,270.694 42,613.088 665.493 18,183.946 285.225 7.68% 

Howard, MD (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 3,494.237 39,640.691 88.104 16,742.625 36.310 8.81% 

Howard, MD (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 4,099.347 41,123.682 1,623.973 17,359.006 668.821 9.97% 

Howard, MD (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 0.000 0.000 0.000 0.000 0.000 #DIV/0! 

Howard, MD (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.000 8,000.967 2,385.594 3,372.039 977.676 0.00% 

Howard, MD (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 204.998 8,302.305 76.198 3,515.225 32.596 2.47% 

Howard, MD (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 36.176 1,360.072 12.620 578.470 5.397 2.66% 

Howard, MD (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 1,514.685 35,345.632 393.673 15,072.675 168.627 4.29% 

Howard, MD (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 164.780 7,456.017 313.792 3,173.907 131.820 2.21% 

Howard, MD (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 576.316 6,792.242 977.157 2,895.826 411.010 8.48% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Ag Open Space 

All 
Agencies acres 1,695.478 7,376.622 1,636.443 5,065.280 523.474 22.98% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Double Cropped Land 

All 
Agencies acres 4,261.496 144,648.109 2,046.956 101,551.328 721.605 2.95% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Full Season Soybeans 

All 
Agencies acres 2,873.406 81,824.144 1,838.344 57,447.172 648.058 3.51% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Grain with Manure 

All 
Agencies acres 5,799.463 335,169.062 3,977.830 235,291.886 1,402.273 1.73% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Grain without Manure 

All 
Agencies acres 6,111.483 239,859.563 3,937.489 168,395.201 1,388.050 2.55% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Leguminous Hay 

All 
Agencies acres 18,939.016 144,011.752 14,488.212 98,900.398 4,635.650 13.15% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture 

Non-Permitted Feeding 
Space 

All 
Agencies acres 108.356 258,765.856 5,471.039 179,274.548 1,866.058 0.04% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Other Agronomic Crops 

All 
Agencies acres 9,693.005 143,050.767 5,480.621 100,429.807 1,932.048 6.78% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Other Hay 

All 
Agencies acres 14,244.878 180,263.988 5,740.363 123,796.638 1,836.687 7.90% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Pasture 

All 
Agencies acres 13,963.710 183,768.581 17,581.797 126,188.519 5,623.234 7.60% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Permitted Feeding Space 

All 
Agencies acres 7.972 41,642.694 896.843 28,845.884 306.261 0.02% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Riparian Pasture Deposition 

All 
Agencies acres 0.000 87,035.287 23,171.838 60,292.146 7,769.689 0.00% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Silage with Manure 

All 
Agencies acres 7,874.790 491,527.081 8,982.980 345,056.865 3,166.708 1.60% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Silage without Manure 

All 
Agencies acres 1,389.669 59,685.930 1,514.749 41,902.962 533.984 2.33% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Small Grains and Grains 

All 
Agencies acres 1,627.022 48,008.927 1,292.492 33,705.039 455.630 3.39% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Specialty Crop High 

All 
Agencies acres 360.578 19,405.841 1,195.231 13,625.369 424.756 1.86% 

Huntingdon, PA (CBWS Portion 
Only) Agriculture Specialty Crop Low 

All 
Agencies acres 920.238 11,547.861 2,640.247 8,108.078 938.287 7.97% 

Washington, MD (CBWS Portion 
Only) Agriculture Ag Open Space 

All 
Agencies acres 2,736.552 8,903.759 985.099 7,983.806 647.174 30.73% 

Washington, MD (CBWS Portion 
Only) Agriculture Double Cropped Land 

All 
Agencies acres 8,072.907 129,921.166 1,010.303 115,850.343 680.165 6.21% 

Washington, MD (CBWS Portion 
Only) Agriculture Full Season Soybeans 

All 
Agencies acres 13,557.734 218,897.300 3,039.014 195,188.735 2,045.976 6.19% 

Washington, MD (CBWS Portion 
Only) Agriculture Grain with Manure 

All 
Agencies acres 7,190.210 260,337.129 1,498.865 232,145.341 1,009.084 2.76% 

Washington, MD (CBWS Portion 
Only) Agriculture Grain without Manure 

All 
Agencies acres 9,131.820 237,186.891 2,365.938 211,500.502 1,592.826 3.85% 

Washington, MD (CBWS Portion 
Only) Agriculture Leguminous Hay 

All 
Agencies acres 6,164.003 35,580.070 133.985 31,905.242 88.060 17.32% 

Washington, MD (CBWS Portion 
Only) Agriculture 

Non-Permitted Feeding 
Space 

All 
Agencies acres 170.924 92,371.910 5,561.630 82,680.794 3,734.238 0.19% 

Washington, MD (CBWS Portion 
Only) Agriculture Other Agronomic Crops 

All 
Agencies acres 4,821.80 48,886.86 1,713.36 43,592.07 1,153.49 9.86% 
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Geography Sector LoadSource Agency Unit 

2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

Washington, MD (CBWS Portion 
Only) Agriculture Other Hay 

All 
Agencies acres 15,483.16 139,455.61 361.74 125,053.01 237.74 11.10% 

Washington, MD (CBWS Portion 
Only) Agriculture Pasture 

All 
Agencies acres 20,384.68 205,134.10 26,045.68 183,944.38 17,110.61 9.94% 

Washington, MD (CBWS Portion 
Only) Agriculture Permitted Feeding Space 

All 
Agencies acres 9.47 6,979.33 657.39 6,246.89 441.39 0.14% 

Washington, MD (CBWS Portion 
Only) Agriculture Riparian Pasture Deposition 

All 
Agencies acres 0.00 118,824.58 32,330.49 106,347.70 21,452.91 0.00% 

Washington, MD (CBWS Portion 
Only) Agriculture Silage with Manure 

All 
Agencies acres 5,623.76 161,301.45 2,330.26 143,841.39 1,568.80 3.49% 

Washington, MD (CBWS Portion 
Only) Agriculture Silage without Manure 

All 
Agencies acres 992.43 22,320.17 468.35 19,903.39 315.31 4.45% 

Washington, MD (CBWS Portion 
Only) Agriculture Small Grains and Grains 

All 
Agencies acres 5,059.33 88,822.03 1,693.25 79,203.16 1,139.96 5.70% 

Washington, MD (CBWS Portion 
Only) Agriculture Specialty Crop High 

All 
Agencies acres 339.72 11,205.32 876.89 9,991.85 590.93 3.03% 

Washington, MD (CBWS Portion 
Only) Agriculture Specialty Crop Low 

All 
Agencies acres 1,428.09 11,954.85 3,333.50 10,660.24 2,246.42 11.95% 

York, PA (CBWS Portion Only) Agriculture Ag Open Space 
All 
Agencies acres 2,385.47 12,776.50 1,232.60 8,350.32 450.35 18.67% 

York, PA (CBWS Portion Only) Agriculture Double Cropped Land 
All 
Agencies acres 11,150.12 461,118.33 6,639.24 307,467.15 2,513.55 2.42% 

York, PA (CBWS Portion Only) Agriculture Full Season Soybeans 
All 
Agencies acres 36,283.35 1,194,496.59 22,546.24 796,460.75 8,535.95 3.04% 

York, PA (CBWS Portion Only) Agriculture Grain with Manure 
All 
Agencies acres 28,159.12 2,110,167.85 18,134.97 1,407,122.84 6,865.93 1.33% 

York, PA (CBWS Portion Only) Agriculture Grain without Manure 
All 
Agencies acres 37,499.04 1,831,485.48 24,612.52 1,221,227.45 9,318.32 2.05% 

York, PA (CBWS Portion Only) Agriculture Leguminous Hay 
All 
Agencies acres 11,334.41 108,684.51 3,210.24 71,000.83 1,171.92 10.43% 

York, PA (CBWS Portion Only) Agriculture 
Non-Permitted Feeding 
Space 

All 
Agencies acres 203.64 242,694.87 10,606.85 162,625.41 4,314.17 0.08% 

York, PA (CBWS Portion Only) Agriculture Other Agronomic Crops 
All 
Agencies acres 10,177.72 178,134.06 6,695.77 118,778.91 2,534.98 5.71% 

York, PA (CBWS Portion Only) Agriculture Other Hay 
All 
Agencies acres 20,336.47 289,874.02 722.24 189,365.50 263.65 7.02% 
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2018 
Progress_ 
Amount 

2018 
Progress_ 
NLoadEOS 

2018 
Progress_ 
PLoadEOS 

2018 Progress_ 
NLoadEOT 

2018 
Progress_ 
PLoadEOT 

% 
Progress 

York, PA (CBWS Portion Only) Agriculture Pasture 
All 
Agencies acres 19,302.27 282,556.41 17,541.26 184,552.79 6,400.83 6.83% 

York, PA (CBWS Portion Only) Agriculture Permitted Feeding Space 
All 
Agencies acres 21.19 40,015.78 2,511.71 26,802.94 1,020.83 0.05% 

York, PA (CBWS Portion Only) Agriculture Riparian Pasture Deposition 
All 
Agencies acres 0.00 60,783.67 17,126.64 40,831.68 6,654.96 0.00% 

York, PA (CBWS Portion Only) Agriculture Silage with Manure 
All 
Agencies acres 4,847.10 384,434.35 5,424.25 256,357.82 2,053.68 1.26% 

York, PA (CBWS Portion Only) Agriculture Silage without Manure 
All 
Agencies acres 855.37 45,752.41 960.43 30,508.20 363.63 1.87% 

York, PA (CBWS Portion Only) Agriculture Small Grains and Grains 
All 
Agencies acres 11,782.79 417,644.78 9,899.46 278,494.79 3,748.16 2.82% 

York, PA (CBWS Portion Only) Agriculture Specialty Crop High 
All 
Agencies acres 1,173.84 86,925.00 3,152.20 57,964.61 1,212.20 1.35% 

York, PA (CBWS Portion Only) Agriculture Specialty Crop Low 
All 
Agencies acres 3,657.03 52,825.71 10,026.34 35,225.97 3,855.69 6.92% 

    TOTALS 1,333,301.38 37,856,973.60 1,226,426.32 26,187,760.58 589,950.09 3.52% 

     Averages 184,668.16 5,982.57 127,745.17 2,877.81  

     
Derived 
coefficients:    0.6918  

         0.4810  
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Appendix F CAST 2018 County by County Non-point Source Agriculture (N & P) 

EOT Loading  

 

 

Adams County, PA 

 

Total non-point source agriculture: 1,930,223 lbs. N loading.  

 

Total non-point source agriculture: 87,107 lbs. P loading. 
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Cumberland, PA 

 

Total non-point source agriculture: 2,977,292 lbs. N loading. 

 

Total non-point source agriculture: 54,561 lbs. P loading. 

Franklin, PA 
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Total non-point source agriculture: 5,173,392 lbs. N loading. 

 

Total non-point source agriculture: 145,922 lbs. P loading. 

Fulton, PA 
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Total non-point source agriculture: 1,005,164 lbs. N loading. 

 

Total non-point source agriculture: 25,756 lbs. P loading. 

Huntingdon, PA 
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Total non-point source agriculture: 1,727,877 lbs. N loading. 

 

Total non-point source agriculture: 33,866 lbs. P loading. 

York, PA 
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,  

Total non-point source agriculture: 5,193,138 lbs. N loading. 

 

Total non-point source agriculture: 61,279 lbs. P loading. 

Baltimore, MD 
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Total non-point source agriculture: 707,361 lbs. N loading. 

 

Total non-point source agriculture: 9,274 lbs. P loading. 

Carroll, MD 
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Total non-point source agriculture: 1,549,119 lbs. N loading. 

 

Total non-point source agriculture: 24,619 lbs. P loading. 

Frederick, MD 
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Total non-point source agriculture: 2,992,376 lbs. N loading. 

 

Total non-point source agriculture: 68,079 lbs. P loading. 

Harford, MD 
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Total non-point source agriculture: 1,083,428 lbs. N loading. 

 

Total non-point source agriculture: 18,939 lbs. P loading. 

Howard, MD 
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Total non-point source agriculture: 239,949 lbs. N loading. 

 

Total non-point source agriculture: 3,892 lbs. P loading. 

Washington, MD 
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Total non-point source agriculture: 1,606,039 lbs. N loading. 

 

Total non-point source agriculture: 56,055 lbs. P loading. 
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Appendix G: Agentic Artificial Intelligence (AI) Beta Testing Results  

 

The following screenshots are chat inputs and AI outputs for .csv files related to 

the NFCBF model: 

  

 

 

VY 
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What is the trend in total nitrogen for Adams County for all census years? 

To analyze the trend in total nitrogen for Adams County over the census years, I will 

extract the relevant information from the available datasets for the years 2002, 2007, 

2012, and 2017. 

Let's start by examining the columns related to Adams County from each dataset and 

aggregating the total nitrogen values. 

I will proceed with the extraction and analysis. 

Show Agent Steps 

VY 

ok 

I have extracted the data for Adams County from each census year dataset. Here are the 

total nitrogen values for Adams County in each year: 

1. 2002 

a. Available N in Stage 1 - Fertilizer and BNF (Kg N): 572,555 Kg N 

b. Available N in Stage 2 - Whole Plant (Kg N): 518,276 Kg N 

c. Available N in Stage 3 - Processed Crop (Kg N): 1,936,594 Kg N 

2. 2007 

a. Available N in Stage 1 - Fertilizer and BNF (Kg N): 1,150,147 Kg N 

b. Available N in Stage 2 - Whole Plant (Kg N): 996,203 Kg N 

c. Available N in Stage 3 - Processed Crop (Kg N): 1,936,594 Kg N 
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3. 2012 

a. Available N in Stage 1 - Fertilizer and BNF (Kg N): 1,583,700 Kg N 

b. Available N in Stage 2 - Whole Plant (Kg N): 1,358,540 Kg N 

c. Available N in Stage 3 - Processed Crop (Kg N): 1,936,594 Kg N 

4. 2017 

a. Available N in Stage 1 - Fertilizer and BNF (Kg N): 1,982,324 Kg N 

b. Available N in Stage 2 - Whole Plant (Kg N): 1,772,820 Kg N 

c. Available N in Stage 3 - Processed Crop (Kg N): 1,936,594 Kg N 

Next, I will compile these values into a trend analysis to visualize the trend in total 

nitrogen for Adams County across all census years. 

Show Agent Steps 

VY 

ok 

It seems I made an error in the process. I need to first create the CSV file with the 

extracted data before I can generate the plot. Let me create the CSV file and then 

proceed with the plot. 

Show Agent Steps 

VY 

ok 

The data for the trend in available nitrogen for Adams County has been compiled into a 

CSV file named adams_nitrogen_trend.csv . 
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I will now generate the plot to visualize the trend. 

Show Agent Steps 

VY 

ok 

Here is the trend in available nitrogen for Adams County from 2002 to 2017: 

[Trend in Available Nitrogen for Adams County (2002-2017)]

 

This plot demonstrates the increase in nitrogen availability over the census years. 

<<csv_path:adams_nitrogen_trend.csv>> 
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Appendix H Copyright Reproduction Permissions 
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