Section 319 Nonpoint Source Pollution Watershed
Management Plan
Halfmoon Creek, Centre and Huntingdon Counties, PA
Prepared by the Chesapeake Bay Foundation
with collaboration from Project Partners

July 2021

1

[This page is intentionally blank.]

2

Acknowledgments
The Chesapeake Bay Foundation (CBF) would like to sincerely
thank our project partners for their time, collaboration, and
expertise given throughout the development of this Section
319 Watershed Management Plan for the Halfmoon Creek.
Project partners include the Chesapeake Conservancy,
ClearWater Conservancy, Centre County Conservation District,
Halfmoon Township Open Space Preservation Program,
Halfmoon Township Planning Commission, Huntingdon
County Conservation District, Pennsylvania Department of
Conservation and Natural Resources, Penn State Extension,
Pennsylvania State University, USDA ARS Pasture Systems &
Watershed Management Research Unit, Western Pennsylvania
Conservancy, and Partners for Fish and Wildlife of the
US Fish and Wildlife Service. We would also like to thank
the community members, landowners, and farmers of the
watershed who we connected with and who became invested
in this plan for a healthier Halfmoon Creek. Their invaluable
perspective and knowledge from living in the watershed for
many years, sometimes across generations, gave us insight into
more tangible solutions for the Halfmoon Creek Watershed.
And last, all of this would not have been possible without the
generous support of our funders.
3

CONTENTS
Acknowledgments									 03
Executive Summary									 06
INTRODUCTION										 08
Project Process
Clean Water Act
Sediment Impairment
Project Goals

WATERSHED CHARACTERIZATION						 14
Watershed Context
Watershed Background
Climate and Weather
Topography and Slope
Geology
Soils
Hydrology and Aquatic Biota
Ecology and Terrestrial Biota
Land Use
Existing Best Management Practices

WATERSHED ANALYSIS								 24
Methodology
Current Sediment and Nutrient Loading
Stream Monitoring
Subbasin and Regional TMDL Analysis
Riparian Buffer Opportunities
BMP Build-out Analysis

IMPLEMENTATION PLAN								 36
Overview
Regional Implementation Plans
Regional Loading + Reductions at a Glance
Watershed-Wide Goals
Nutrient Reductions
Adaptive Management
Public Outreach
Cost Estimate
Technical and Financial Assistance
Implementation Phase Coordination

MONITORING PROGRESS								 62
Implementation Tracking
Stream Sampling

Conclusion											 64
References											 66
4

Appendices 			

							

68

Appendix A: Taxonomic Soil Groups
Appendix B: Baseline Sediment + Nutrient Loading in the Halfmoon Creek Watershed
Appendix C: Spring 2019 Monitoring Report

Photo Credits
Unless otherwise stated and credited in the photo caption, all other photos featured in this
report are taken or owned by the Chesapeake Bay Foundation (CBF). CBF photos should not
be used or reprinted without permission of the CBF.

Acronyms Listing
BMP		
CAP		
CAST		
CBF		
COVID-19
CWF		
DCNR		
EPA		
EQIP		
EV		
GIS		
HUC		
HQ		
IBI		
MMW		
NHD		
NRCS		
PA 		
PADEP		
TMDL		
USDA		
USDA ARS
WIP		

Best Management Practice
Countywide Action Plan
Chesapeake Assessment Scenario Tool
The Chesapeake Bay Foundation
Coronavirus Disease 2019
Cold Water Fishery
PA Department of Conservation & Natural Resources
United States Environmental Protection Agency
Environmental Quality Incentives Program
Exceptional Value Waters
Geographic Information System
Hydrologic Unit Code
High Quality Waters
Indicator of Biological Integrity
Model My Watershed
The National Hydrography Dataset
Natural Resources Conservation Service
Pennsylvania
Pennsylvania Department of Environmental Protection
Total Maximum Daily Load
The United States Department of Agriculture
The Agricultural Research Services of the USDA
Watershed Implementation Plan

5

EXECUTIVE SUMMARY
This Section 319 Watershed Management Plan for the Halfmoon Creek Watershed was developed in response
to the stream’s impairment for sedimentation due to agricultural activities. A Total Maximum Daily Load (TMDL)
was established by the Pennsylvania Department of Environmental Protection (PADEP) in March 2018, in
which the targeted maximum sediment load was set at 2,399,098 pounds per year. Halfmoon Creek is a HUC-12
(12-digit Hydrologic Unit Code) tributary of Spruce Creek (HUC-10) and the Little Juniata River (HUC-8). The
Halfmoon Creek Watershed is located in Centre and Huntingdon Counties of Pennsylvania, and more broadly, it
is within the Susquehanna and Chesapeake Bay Watersheds.
This project was led by a diverse team, including representatives from local watershed and conservation groups,
county conservation districts, educational institutions, research units, regional non-profits, state agencies, and
local landowners and farmers of the Halfmoon Creek Watershed. To address the impairment of the stream and
set forth a vision for a healthier creek, watershed, and community, our team established these four goals to guide
our action plan that successfully reduces sediment loading below the TMDL.
1) Decrease the amount of nonpoint source pollutants (e.g. sediment and nutrients) that enter Halfmoon Creek to
improve water quality and habitat
2) Restore aquatic and riparian habitat in degraded areas to benefit water quality, wildlife, and people
3) Preserve ecologically critical landscapes that currently exist in the Halfmoon Creek Watershed that are vital for
maintaining and improving water quality
4) Foster stewardship of the Halfmoon Creek Watershed within the local community
To analyze nonpoint source pollutant loading in the watershed, we conducted hydrologic modeling using an innovative
methodology with the Model My Watershed (MMW) web application. The Halfmoon Creek Watershed was delineated
into 45 subbasins through flow path analysis, and each subbasin was analyzed independently to calculate annual
sediment and nutrient loading. This allowed us to identify high-loading areas within the watershed to ultimately guide
our team in developing an implementation plan driven by precision conservation. We also aggregated the subbasins
into seven regions and ran the model independently for each region. Our modeling estimates that current sediment
loading is 4,181,854 pounds per year when just current land use is taken into consideration, but with the additional
inputs of where best management practices (BMPs) are known to be used or known to have been implemented, the
modeling estimates current loading at 2,679,094 pounds per year (calculated at the regional level). To accompany
hydrologic modeling, several efforts were also undertaken during the course of this project to survey and sample
the physical, chemical, and biological conditions of Halfmoon Creek. This was an important endeavor for our team to
undertake, as this allowed us to better assess the current state of the creek and compare to historical monitoring data.
The implementation plan for the Halfmoon Creek Watershed was heavily guided by our investigative analyses of the
watershed, but it was also grounded and balanced with community knowledge, values, and interests to ultimately
create tangible solutions. Unique strategies were developed for seven regions of the watershed to address different
concerns and opportunities and to accomplish specific goals. These regions were further prioritized into three tiers to
direct efficient use of resources for maximum success. The three restoration priority tiers include Rapid Delisting (Tier
1), Long-term Restoration and Outreach (Tier 2), and Preservation (Tier 3). We identified one region in the headwaters
of the watershed as Rapid Delisting to signify its potential for short-term success relative to other regions. Four
centralized regions in the watershed were categorized into Tier 2, as a longer time frame is likely needed to conduct
outreach with the communities and implement identified projects. Two regions near the confluence were categorized
into Tier 3, as the focus of our strategies lean more heavily towards on-going conservation of current conditions.
In total, our action plan leads to an annual sediment loading of 1,571,794 pounds per year (1,107,300 pounds per
year reduction) according to the hydrological modeling when fully implemented. This action plan sets forth a path to
successfully reduce sediment loading below the TMDL. Our plan also leads to additional nutrient reductions, including
a nitrogen reduction of 8,525 pounds per year and a phosphorus reduction of 1,245 pounds per year.
6

This plan sets vigorous goals using tangible solutions over a realistic time frame to help guide our future outreach
and implementation efforts in the Halfmoon Creek Watershed. We will track our success in terms of the quantity
of BMPs implemented, and thus the amount of sediment loading that is reduced. This will also be complimented
by collaborative stream monitoring efforts to track improvements and our success over time via biological and
chemical indicators of stream health. Together, our outreach, implementation, and monitoring efforts will not only
lead to stream attainment, but will also foster and continue long-term stewardship of a healthy Halfmoon Creek
for many generations to come.

A stretch of Halfmoon Creek through a 15-year old forested riparian buffer.
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INTRODUCTION
PROJECT PROCESS
The Chesapeake Bay Foundation (CBF) acquired private funding to create a Section 319 Watershed
Management Plan for Halfmoon Creek and began working on the project in 2018. The CBF is a nonprofit
organization dedicated to the restoration of the Chesapeake Bay and its rivers and streams of the Chesapeake
Bay Watershed. The organization was founded in 1967 by local business leaders who were deeply concerned
about the declining health of the Chesapeake Bay. What began as “an organized voice for citizens” with
membership at 2,000 and a staff of three has now grown into the largest conservation organization dedicated
solely to saving the Chesapeake Bay. CBF’s work each day is powered by 221 highly-skilled staff working from
CBF offices in Maryland, Virginia, Pennsylvania, and the District of Columbia and 15 field education centers
throughout the watershed. No less essential are CBF’s 300,000 members, donors, advocates, and volunteers,
and our strong, diverse partnerships with local environmental groups, governments at every level, and
businesses with deep commitments to a healthy environment.
Although the Bay watershed spans six states and the District of Columbia, covers 64,000 square miles, and
is home to more than 18 million people and 3,600 species of plants and animals, we know that working at the
local level is critical for us to achieve our mission (Figure 1). The Pennsylvania Office of the CBF has a strong
history of successful collaboration with a broad range of stakeholders—including government officials, local
decision-makers, farmers, landowners, students, and educators—to implement projects, policies, and programs
that address pollution in our rivers, streams, and ultimately the Bay. Working with local stakeholders in the
Halfmoon Creek Watershed to develop a Section 319 Watershed Management Plan is just another example of
our commitment to working with local communities to bring about tangible success for the Halfmoon Creek and
the Bay watershed at large.

Figure 1. A glimpse of the Chesapeake Bay (left), the Susquehanna River (middle), and the Halfmoon Creek (right), which are all
interconnected within the Chesapeake Bay Watershed.
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As a larger, regional organization, the CBF made a priority from the onset of
this project to engage with a variety of local groups serving the Halfmoon
Creek Watershed, as well as state agencies and other regional organizations.
This was vital to form a diverse group in terms of expertise, knowledge,
and perspective, while also centered on local values and goals. In the fall of
2018, the CBF contacted organizations and individuals who were identified
as potential stakeholders, and all were invited to attend a project kick-off
meeting in December 2018 (Figure 2). As stakeholder meetings continued
throughout the course of the project, our network of partners grew as we
made new connections. Project partners involved in the development of this
watershed management plan for Halfmoon Creek include:
•
•
•
•
•
•
•
•

Chesapeake Conservancy
ClearWater Conservancy
Centre Co. Conservation District
Halfmoon Township Open Space
Preservation Program
Halfmoon Township Planning
Commission
Huntingdon Co. Conservation District
Landowners and farmers of the
Halfmoon Creek Watershed
Pennsylvania Department
of Conservation and Natural
Resources

•
•
•
•
•

Penn State Extension
Pennsylvania State University
USDA ARS Pasture Systems
& Watershed Management
Research Unit
Western Pennsylvania
Conservancy
Partners for Fish and Wildlife of
the US Fish and Wildlife Services

The role of the CBF was to serve as the project facilitator, watershed
analyst, plan writer, and overall coordinator of project meetings, events, and
correspondence. Together, project partners collectively identified watershed
concerns, voiced community values, formed project goals, determined
restoration strategies, and reviewed plan documents. Throughout the course
of the project, the CBF hosted six in-person meetings through December
2018 to March 2020. Virtual meetings and conversations followed during the
final development of the plan amid the stay-at-home orders due to COVID-19
(coronavirus disease 2019). During the development of this plan, our team
also collaborated on a community event in the Halfmoon Creek Watershed in
July 2019, which was led by the Chesapeake Conservancy. We engaged with a
number of farmers in the watershed to discuss soil health, riparian buffers, and
other agricultural best management practices (BMPs) during this event.

Connecting Local and
State Watershed Planning
Efforts to meet the Chesapeake Bay Total
Maximum Daily Load (TMDL) for nitrogen,
phosphorus, and sediment are being
coordinated at the state and county levels
through Pennsylvania’s Chesapeake Bay
Phase 3 Watershed Implementation Plan,
or simply “Phase 3 WIP.” This has been an
ongoing process since 2010 when the six
Bay states, the District of Columbia, and the
Environmental Protection Agency agreed
to reduce pollution and restore water
quality in the Bay and local waterways. This
agreement, also known as the Chesapeake
Clean Water Blueprint, includes the limits
set forth in the TMDL, plans, milestones,
and consequences. If fully implemented, the
Blueprint will ensure that the programs and
practices needed to restore water quality
and meet the Bay TMDL are in place by 2025.
As part of the Phase 3 WIP process,
the counties of Pennsylvania within the
Chesapeake Bay Watershed are developing
their Countywide Action Plans (CAPs) to
improve local water quality and determine
local strategies for meeting the state’s
pollution reduction targets for nitrogen,
phosphorus, and sediment.
Section 319 Watershed Management
Plans serve as a additional tool to help
bridge the gap between local and state
watershed planning. Under Section 319
of the Clean Water Act, states, territories,
and tribes can receive federal grant money
to address nonpoint source pollution for
impaired waterbodies once a nonpoint
source management plan (the Section 319
plan) has been approved. As counties are
developing and implementing their CAPs,
it can be advantageous to develop these
local watershed plans to link planning
efforts at the community and county
levels. Goals and objectives can be aligned
for more streamlined planning, and thus
allowing for more successful and integrated
implementation of pollution reduction
programs and practices as we strive to meet
our 2025 targets. With the development of
the Section 319 Watershed Management
Plan for Halfmoon Creek, our project vision
was to coordinate our local planning efforts
with that of the state and the counties the
watershed comprises to elicit benefits across
all levels—from Halfmoon Creek all the way
to the Chesapeake Bay.

Figure 2. Project partners discussing watershed issues and opportunities at the
project kick-off meeting in December 2018.
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CLEAN WATER ACT
Section 303(d) of the Clean Water Act requires states to assess the protected uses of surface waters (e.g.
aquatic life, water supply, recreation and fishing), and the results of these assessments fall into one of three
status categories—attaining, impaired, or unassessed. Attaining bodies of water are determined by the state to
be meeting its designated use, whereas impaired bodies of waters are failing to meet one of more water quality
standards (PADEP, 2018a). Water quality standards comprise of multiple components including the water’s
designated use, but also include criteria to protect the designated uses and antidegradation policies to maintain
and protect high quality and high value waters (EPA, 2018).
In accordance with Section 303(d) of the Clean Water Act, impaired waters must be listed on the state’s 303(d)
list, which is reported to the United States Environmental Protection Agency (EPA) every two years. Impaired
streams require the development of a Total Maximum Daily Load (TMDL), which sets allowable pollution limits
while still meeting its designated use (PADEP, 2018a).

SEDIMENT IMPAIRMENT
Segments of Halfmoon Creek were initially
listed as impaired on the 303(d) list in 1998, and
a TMDL was developed to address the aquatic
life impairments in all 32.3 stream miles of
Halfmoon Creek and its tributaries in March
2018. The maximum load of sediment to safely
enter the stream and still support a healthy
aquatic community is 2,399,098 pounds per
year. Agricultural activities are the source of
the sediment impairment and this significantly
impacts the High Quality (HQ) attributes of
the stream, specifically in benthic inundation
(PADEP, 2018b).
Although sedimentation of streams is a natural
process and is essential for aquatic life, human
activities and modifications to the landscape
can cause excess sedimentation, leading to
undesirable and unhealthy effects for the stream
and its aquatic community (PADEP, 2018b).
Specific activities leading to excess sediment
entering Halfmoon Creek include tillage of farm
fields, livestock access to the stream (Figures
3, 7), and stretches of stream without riparian
buffers and where pasture, crop fields, and
lawns directly border the stream (Figure 4). A
lack of riparian buffer vegetation can lead to
streambank destabilization, causing additional
sedimentation in the stream (Figure 6). This is all
further exacerbated by the low-gradient nature
of Halfmoon Creek and a general lacking of
scouring flows to flush accumulated sediment,
which causes sediment to remain in the stream
long-term (Figure 5; S. Means, PADEP, personal
communication, 2019).

Figure 3. Livestock with access to the stream in the Halfmoon
Creek Watershed (Photo Credit: William Ryan of the Penn State
Agriculture & Environment Center).

Figure 4. A stretch of stream in the watershed without a riparian
buffer (Photo Credit: William Ryan of the Penn State Agriculture &
Environment Center).
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When considering the sources of excess sedimentation in Halfmoon Creek, it is evident that the issue spans
from “source to sink,” and that the solution requires a holistic approach in the landscape. First, there needs to be
a decrease in the input of sediment, which can be achieved through a decrease in tillage and an increase in soil
cover through the use of cover crops, grazing management, and perennial plantings. It also requires stream-side
measures (e.g. riparian buffers, streambank fencing, and stream crossings) to filter sediment before entering the
creek and to protect streambanks from destabilization. The benefits of forested riparian buffers go even further
than just stabilizing streambanks and filtering sediment and nutrients. Streamside trees also provide additional
ecosystem services by providing critical shade and regulation of stream temperatures for fish and other aquatic
biota, an increase in the amount and diversity of food and habitat available to wildlife, and an increased ability to
process pollutants in-stream (Sweeney & Newbold, 2014).
Although there are several areas where BMPs need to be implemented in the watershed to address
sedimentation, there are also many places where great strides have been made to decrease sediment inputs
and increase streamside habitat (Figure 8). The key to creating a healthier Halfmoon Creek and the landscapes
that comprise it will be to prioritize specific regions of the watershed and work closely in those gap areas with
landowners to bring about change where it is most needed.

Figure 5. Evidence of sediment accumulation on the left
bank when looking upstream.

Figure 6. An example of an unstable streambank
that continues to erode and collapse, causing further
sedimentation in the creek.

Figure 7. Another example of livestock in the stream (Photo
Credit: Jamie Weikel, Holly Singer, and Elizabeth Bartuska of
the Pennsylvania State University).

Figure 8. An example of a vegetative riparian buffer in the
Halfmoon Creek Watershed.
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PROJECT GOALS
Our team collaboratively developed project goals to help guide the development of our implementation plan
for the Halfmoon Creek Watershed. Anchored in core values (Figure 9), these goals outline specific strategies
for how we plan to put the Halfmoon Creek Watershed on a trajectory to attainment.

Foster stewardship of the Halfmoon Creek Watershed within the local community. We will provide
increased opportunities and resources for public education that will help lead to successful
implementation of the plan and long-term stewardship of Halfmoon Creek and its watershed.
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Preserve ecologically critical landscapes that currently exist in the Halfmoon Creek Watershed that
are vital for maintaining and improving water quality. We will encourage management measures
that protect the watershed’s riparian buffers, wetlands, forests, farmland, and overall rural
character, which all play an important role in water quality.
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Restore aquatic and riparian habitat in degraded areas to benefit water quality, wildlife, and people.
We aim to prioritize best management practices that create, enhance, and restore quality riparian
habitat to support a healthy aquatic life community—including fish, macroinvertebrates, and other
water-dwelling and dependent species—which will in turn benefit the community at large with
improved opportunities for fishing and other outdoor recreational activities, farming, and overall
quality of life.
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Decrease the amount of nonpoint source pollutants (e.g. sediment and nutrients) that enter
Halfmoon Creek to improve water quality and habitat. In particular, our goal is to prioritize the
implementation of best management practices that effectively reduce sediment in order to meet
the Halfmoon Creek’s TMDL.
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Figure 9. A “word
cloud” of community
values, special
places, and project
interests that define
the Halfmoon Creek
Watershed compiled
during project partner
meetings.
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WATERSHED CHARACTERIZATION

WATERSHED CONTEXT
The Halfmoon Creek Watershed is located in
Pennsylvania and is part of the Susquehanna River
Watershed. More broadly, this 24-square mile
watershed is a component of the Chesapeake Bay
Watershed, which is more than 64,000 square miles in
size (Figure 10). The Chesapeake Bay itself is the largest
of more than 100 estuaries in the country and the third
largest in the world (Chesapeake Bay Program, 2020a).

Halfmoon
Creek
Watershed

Chesapeake
Bay

Pennsylvania

Chesapeake Bay
Watershed

Susquehanna
Watershed

Susquehanna River

Figure 10. The location of the Halfmoon Creek
Watershed in relation to the larger basins that
comprise it.

Centre County

More locally, Halfmoon Creek (HUC-12) is a tributary of
Spruce Creek (HUC-10), which subsequently flows into
the Little Juniata River (HUC-8), as shown in Figure 11.
Watersheds in the United States were delineated into
hydrologic units, each identified by a unique hydrologic
unit code (HUC). These codes range between 2 digits
and 12 digits, with the number of digits indicating the
watershed level (NRCS, 2007a). For example, a two-digit
HUC code represents a larger, regional watershed, while
a 12-digit HUC code, like Halfmoon Creek Watershed,
represents a smaller, subwatershed. Other HUC-12
tributaries within the Spruce Creek Watershed include
Beaver Branch, Fowler Run, and Warriors Mark Run.
Spruce Creek and its tributaries, including Halfmoon
Creek, are all designated as High Quality (HQ), Cold
Water Fisheries (Center for Watershed Stewardship,
2005). Both Spruce Creek and the Little Juniata River
are known and recognized nationally as blue ribbon
trout streams, which are extremely high quality
recreational fisheries (Wildlife for Everyone, 2015).

WATERSHED BACKGROUND

Huntingdon
County

Little Juniata
River Watershed
Spruce Creek
Watershed
Halfmoon Creek
Watershed

Little Juniata River
Spruce Creek
Halfmoon Creek

Figure 11. The relation of Halfmoon Creek (HUC-12) to
the HUC-10 and HUC-8 watersheds that comprise it.

Halfmoon Creek Watershed spans both Centre and
Huntingdon Counties, and it largely contains portions of
three municipalities, including Halfmoon and Ferguson
Townships of Centre County and Franklin Township of
Huntingdon County (Figure 12). The main roadways
through the watershed include Route 550 (Halfmoon
Valley Road) that runs northeast-southwest along the
stream in the headwaters of the watershed and Marengo
Road that runs north-south along the mainstem of
Halfmoon Creek as it approaches Spruce Creek.
Halfmoon Township, and thus Halfmoon Creek, received
its name from the halfmoon-shaped etchings carved
on trees throughout the valley by Native Americans.
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Halfmoon Township is largely characterized as rural, with much of its land being forested or used for agriculture.
There are some residential developments in the township as well, and many of them are located near the
headwaters of the Halfmoon Creek Watershed and near the village of Stormstown (Centre Regional Planning
Agency, 2016a). Ferguson Township’s population (17,690 people according to a 2015 estimate) is much larger
than that of Halfmoon Township (2,667 people according to a 2015 estimate). However, much of that population
is concentrated further east of the Halfmoon Creek Watershed where the municipality borders the Borough of
State College. The portion of Ferguson Township within the Halfmoon Creek Watershed is largely rural in nature
like Halfmoon Township, with much of the land being used for agriculture in the central valley with surrounding
forest (Centre Regional Planning Agency, 2016b). The small portion of Franklin Township in the watershed is near
the confluence and is characterized by large tracts of forested land and agricultural areas. As stated, most of the
developed area in the watershed exists in Halfmoon Township. A community concern that has been growing
is the threat of more development coming to the watershed and municipality, which demonstrates the
community’s strong value of the area’s historic rural character and agricultural way of life.

Halfmoon
Township

Ferguson
Township

Figure 12. Map of the
Halfmoon Creek Watershed,
showing an overview of its
features including municipal
and county boundaries,
state and local roads, state
gamelands, and waterbodies.

Marengo
Rd

Two township parks are located within
the watershed, more specifically within
Halfmoon Township, as indicated by the
dark green areas in Figure 12. The
two parks are Halfmoon Township
Municipal Park and Autumn Meadow
Park. There are no public schools
located within the watershed. In
addition, there are no sewer service
areas within the watershed.
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Within the Halfmoon Township section of the watershed is a significant portion of State
Gamelands 176, also known as the “Scotia Barrens.” The name Scotia Barrens connects to
the land’s industrial history. Here, the town of Scotia became developed after Andrew
Carnegie began mining the area for iron ore. At its high point, the mining town
produced 250 tons of iron ore daily, which was shipped to steel mills in Pittsburgh.
Scotia was named after Carnegie’s homeland in Scotland, but all that remains
of the town today are remnants of building foundations and railroad beds.
This area became State Gamelands 176 in 1973 when the PA Game
Commission purchased the land. Today, this tract of preserved land of
pine-scrub oak forest and grasslands is now important habitat for
wildlife such as the ruffed grouse, American woodcock, and black
bear. State Gamelands 176 also serves as a great recreational
resource in the region with opportunities for hunting,
hiking, archery, mountain biking, bird-watching, and
more (Hughes, 2010).
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CLIMATE AND WEATHER
The climatic conditions of the Halfmoon Creek Watershed can be described as humid continental, resulting
from a combination of relatively dry conditions of the Midwestern climate and humid conditions of the East
Coast climate. Overall, this area experiences frequent daily and seasonal temperature changes, abundant
precipitation, warm summers, and cold winters. The average growing season for crops is 166 days from
approximately April 29 to October 12. Just east of the watershed, the average rainfall in State College, PA
is 38.51 inches, while the average snowfall is 45.9 inches. However, total precipitation can be higher (up to
20 percent greater) in mountainous areas as elevation increases. Typically, the wettest month of the year is
June and the driest month is February for this region. A unique microclimate exists in the Scotia Barrens, with
this area being called the “coldest region in Pennsylvania once the sun sets.” The average high temperature is
comparable to that of State College, but the average low temperature is where it varies. The temperature in the
Scotia Barrens can fall over 9° F per hour during and after the sun sets, and the average nighttime temperature
can decrease up to 30° F as compared to its surrounding areas. Unique topographic and vegetative conditions
of the region create this special microclimate (Centre County, 2013).
Shifting climatic conditions have been observed in the Chesapeake Bay Watershed, including a rise in air
temperature, an increase in extreme weather events, and rising sea levels. The average temperatures recorded
across the northeastern United States increased almost 2° F between the years 1895 and 2011. Between
the years 1958 and 2012, the northeastern region of the United States experienced more than a 70 percent
increase in the amount of rainfall during heavy precipitation events, which is more than any other region in the
United States. Additionally, the Chesapeake Bay waters have increased about 12 inches over the past century.
These changes all have further effects, causing loss of habitat, shifts in wildlife and ecological community
ranges, increased flooding, crop damage, and threats to public health (Chesapeake Bay Program, 2020b).

TOPOGRAPHY AND SLOPE
The topography of the Halfmoon Creek Watershed
is characterized by higher elevations along
Bald Eagle Ridge (the northern boundary of
the watershed) and gradual, rolling landscapes
throughout the valley. The highest elevation point
is along the Bald Eagle Ridge at 1,814 feet above
sea level, and the lowest elevation point is near the
confluence at 1,040 feet above sea level.
Steep slopes (>15 percent) are most abundantly
found along Bald Eagle Ridge. Additionally, there
are a few locations where steep slopes impact
the Halfmoon Creek streambanks and adjacent
landscape, as indicated by the red areas in Figure
13. Overall, steep slopes (>15 percent) account for
20 percent of the watershed. Most of the watershed
falls within the five to ten percent slope range,
which accounts for 36 percent of the watershed.
Halfmoon Creek itself is a low-gradient stream, and
these types of streams are characterized by wide
valleys with a tendency for the streams to meander.
Along with this comes decreased velocities to carry
high sediment loads (Earle, 2015).

Figure 13. Map showing percent slope throughout
the Halfmoon Creek Watershed, with warmer
colors representing steeper slopes and cooler colors
representing more gradual and moderate slopes.
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GEOLOGY
The Halfmoon Creek Watershed is located in
the Ridge and Valley Province and the larger
Appalachian Mountain division, characterized by a
series of northeast-southwest trending synclines
and anticlines composed of Early Paleozoic
sedimentary rocks. Valleys typically contain
limestone and shales, as these are more susceptible
to erosion, while ridges are composed of more
resistant sandstones and conglomerates (National
Park Service, 2018a). Here in the Halfmoon Creek
Watershed, this is observed in Figures 14 and 15
with limestone and dolomite in low-lying areas
including the Gatesburg, Nittany, and Bellefonte
Formations, and with sandstone at the ridgetops
including the Juniata and Reedsville Formations
(Center for Watershed Stewardship, 2005).
A noteworthy geologic feature of this watershed is its
karst landscapes caused by the effects of carbonate
limestone and dolomite. Karst landscapes, which
are often described as “Swiss cheese-like”, include
features such as sinkholes, sinking streams, caves,
and springs. These features form as percolating water
dissolves the soluble bedrock when traveling through
crevices, cracks, joints, and fractures, creating wider
cavities and conduits underground (National Park
Service, 2018b). Resulting from these unique patterns
of groundwater channels, the surface water and
groundwater watersheds often differ in boundary
in karst landscapes, as is the case for the Halfmoon
Creek Watershed and the larger Spruce Creek
Watershed. Karst landscapes also produce valuable
and ample aquifers due to the swift percolation of
rainwater (Center for Watershed Stewardship, 2005).
Karst landscapes create unique geologic, hydrologic,
and ecologic conditions, but it also has implications
for water quality. As water quickly moves through
the porous nature of the bedrock, there is little
opportunity for filtration, allowing for rapid
movement and transport of contaminants to
the groundwater supply (National Park Service,
2018b). Nitrates and fecal coliform are the main
contaminants of concern to groundwater in this
area (Center for Watershed Stewardship, 2005).
Therefore, it is critical to reduce the production
and spread of contaminants at the surface in these
landscapes to lessen the threats to ecologic and
public health.

Formation
Name

Figure 14. Geological formations of the Halfmoon Creek
Watershed.

Dominant Lithology

Figure 15. The dominant lithology of the geologic
formations in the Halfmoon Creek Watershed.
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SOILS
The soils of the Halfmoon Creek Watershed are
largely characterized as sandy loam, silt loam,
and channery silt loam as indicated by NRCS’s
Web Soil Survey. More detailed information
on the taxonomic classes of the soils in the
watershed can be found in the map and table in
Appendix A.
To better understand the potential effects that
different soils of the watershed have on sediment
delivery to the stream, the K factors and the
hydrologic group assignments were mapped.
The K factor, or erosion factor, quantifies the
susceptibility of the soil to sheet and rill erosion
by water. This factor is based primarily on
the components of the soil (i.e. percentage of
silt, sand, and organic matter), soil structure,
and saturated hydraulic connectivity. K factor
values range from 0.02 to 0.69, with a higher
K factor indicating a higher susceptibility to
erosion (NRCS, 2019). In the Halfmoon Creek
Watershed, areas of higher potential for sheet
and rill erosion closely follow the geologic
patterns of where the dominant lithology is
limestone and dolomite and where agriculture is
most abundant (Figure 16).

Figure 16. Soil groups displayed by its associated K factor, with
darker colored areas representing more highly erodible soils.

Soils can be grouped into one of four hydrologic
soil categories (A, B, C, or D). This categorization
can help determine runoff potential and are
based upon the rate of water infiltration when
not protected by vegetation, are thoroughly wet,
and receive precipitation from long-duration
storms. Group A soils have a high infiltration
rate (low runoff potential), Group B soils have a
moderate infiltration rate (moderately low runoff
potential), Group C soils have a slow infiltration
rate (moderately high runoff potential), and
Group D soils have a very slow infiltration
rate (high runoff potential). Soils can also be
assigned to a dual hydrologic group (i.e. A/D,
B/D, or C/D), in which the first letter signifies the
drained condition and the second letter signifies
the undrained condition (NRCS, 2007b). For a
watershed-scale analysis like this, the undrained
condition is recommended and was chosen for
our mapping purposes (Figure 17). Soils with
higher runoff potential also generally follow
the geologic patterns of where the dominant
lithography is limestone and dolomite.
Figure 17. Hydrologic soil groups in the watershed, with darker
colored areas representing areas with higher runoff potential.
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HYDROLOGY AND AQUATIC BIOTA
Halfmoon Creek and its tributaries total 32.3 miles
and contain first, second, and third order stream
segments according to the Strahler stream ordering
method (Bilger, 2019). As mentioned before, all
32.3 stream miles of this creek have been deemed
impaired by PADEP for sedimentation, and a TMDL
has been established (2,399,098 pounds per year).
The source of this impairment is due to agricultural
activities (Figure 18).
As the creek flows downstream, it gains water
from multiple spring inputs, which can help to
regulate temperature and prevent freezing during
cold weather (Bilger, 2019). Halfmoon Creek is
classified as a high quality, cold water fishery (HQCWF), and the mainstem of the creek is listed by
the PA Fish & Boat Commission to support natural
reproduction of trout, as demonstrated by the
yellow highlighted stream lengths in Figure 18.
As part of the Phase II Spruce Creek Watershed
Assessment and Stewardship Plan produced
by the Center for Watershed Stewardship at
the Pennsylvania State University (2005), fish
communities were inventoried from August to
October of 2004. Wild brown trout were observed
at all five sample locations in the Halfmoon Creek
Watershed, of which one site was designated as a
Class A wild brown trout stream section, two sites
designated as Class B, and two sites designated
as Class C. The Class A stream segment was
the southernmost site of the five sites sampled,
upstream of the confluence with Spruce Creek.
Several spring inputs and overall improved riparian
habitat quality as compared to the other sampling
sites were deemed likely factors contributing to the
increased biomass and density of wild brown trout.

Figure 18. Hydrologic features of the Halfmoon Creek
Watershed, including National Hydrography Dataset
(NHD) waterbodies, National Wetland Inventory wetlands,
agriculturally-impaired stream segments, and natural
reproduction trout stream segments.

Halfmoon Creek is considered a “limestone-influenced” stream. Streams can be classified as freestone
or limestone streams, yet the distinction is not always black and white. Limestone geology is a necessary
component of this classification, but not all streams in limestone geology are classified as “true” limestone
streams. Characteristics of a true limestone stream include having a fairly low gradient, constant temperatures,
and high alkalinity, all of which result in a unique and distinct macroinvertebrate community. The
macroinvertebrate community of a limestone stream is low in diversity, mirroring the lack of diversity in habitat,
temperature, and water chemistry. Many macroinvertebrates require fluctuating temperatures to complete
their lifecycles, and as temperature fluctuations increase, so does the diversity of the macroinvertebrate
community, no longer creating a distinct limestone stream community. True limestone streams must also
maintain high alkalinity (>140 mg/L) throughout the entire year (Botts, 2009). Because Halfmoon Creek
experiences varied calcium levels and temperature fluctuations, it is considered “limestone-influenced.” These
conditions can also vary across the watershed, creating differences in the macroinvertebrate communities from
site to site. For example, stream reaches with more stable temperatures and high calcium concentrations may
have a dominance of arthropods, taking on the appearance of a true limestone stream (Bilger, 2019).
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ECOLOGY AND TERRESTRIAL BIOTA
There are several ecologically critical landscapes and unique ecological characteristics in the watershed. Large
tracts of forested land exist in the watershed, one of which is a portion of Bald Eagle Ridge, which runs from
Altoona to Williamsport, PA. Bald Eagle Ridge features mature forests, late successional stage fields, wetlands, and
hillside seeps (Audubon). The pitch pine-scrub oak barrens of the Scotia Barrens is another significant forested
area in the watershed, and it also provides scrub-shrub and old field habitats. This rare barrens landscape is one of
the largest examples remaining in the state, and thus its preservation is critical. The Scotia Barrens also contains
a number of vernal pools, providing important breeding grounds for amphibians (ClearWater Conservancy). It is
noteworthy to add that some of these vernal ponds are inhabited by Northeastern bulrush (Scirpus ancistrochaetus),
which is a federally endangered plant species requiring fluctuating water levels and is only known to occur in the
northeastern Appalachian mountains (Western Pennsylvania Conservancy, 2002).
Both Bald Eagle Ridge and the State Gamelands 176 (Scotia Barrens) are designated as Important Bird Areas by
the National Audubon Society. Bald Eagle Ridge provides an important flyway for raptors, and in particular, the
counts of golden eagles here are among the highest recorded in eastern North America. The spring seeps of Bald
Eagle Ridge provide great habitat for American woodcock and wild turkey, and the large tracts of unfragmented
forested habitat serve as critical breeding grounds for Neotropical migrant species such as the wood thrush, scarlet
tanager, and ovenbird. The Scotia Barrens provides habitat for American woodcock and ruffed grouse, and it also
supports several Neotropical migrants during spring and fall migration, as over 33 species of warblers have been
observed here (Audubon). In addition to being designated as an Important Bird Area, the Scotia Barrens has also
been designated as a Biological Diversity Area by the Centre County Natural Heritage Inventory and as one of
the first designated Important Mammal Areas by the Pennsylvania Mammal Technical Committee (Pennsylvania
Land Trust Association, 2017). The PA Game Commission notes that the site supports a population of Appalachian
cottontails and a large number of black bears, while likely supporting bobcats and coyotes as well.

LAND USE

Land Use Class

Acres

Percent of
Watershed

54.6%
8,300.9
Forest
To better understand how the landscape is utilized in
the Halfmoon Creek Watershed, we employed the
Agriculture
4,792.5
31.5%
high resolution (1 meter) land use data produced by the
Conservation Innovation Center of the Chesapeake
1,251.8
Turf Grass
8.2%
Conservancy (Figure 19). Of the 16 land use classes,
262.7
1.7%
Mixed Open
13 are found within the watershed, as shown in Table
1. The most dominant land use classes include forest
227.5
1.5%
Tree Canopy Over Turf
(54.6% of the watershed), agriculture (31.5% of the
watershed), and turf grass (8.2% of the watershed).
152.7
1.0%
Impervious, Non-Road
The agriculture land use class includes cropland, hay/
pasture, and any herbaceous and barren lands that are
Impervious, Road
109.1
0.7%
not classified as turf grass or mixed open. Turf areas
52.2
0.3%
Tree Canopy over Impervious
represent much of the residential, developed areas in
the watershed, which is more abundant in the northern
Other Wetlands
25.5
0.2%
end of the watershed in Halfmoon Township. Forested
and agricultural areas follow topographic and geologic
Water
21.5
0.1%
patterns, as agricultural land is typical of the low-lying
valleys with more productive soil, while the forested
8.3
<0.1%
Floodplain Wetlands
land is more typical of the higher elevation areas and
<0.1%
2.7
Fractional Turf (large)
ridges. Forested land becomes more abundant as the
creek moves south towards the confluence with Spruce
1.4
<0.1%
Fractional Impervious
Creek. For detailed definitions of land use classes, please
refer to the Conservation Innovation Center’s land use
Table 1. Land use classes and their associated amounts and
class definitions (Chesapeake Conservancy, 2013).
percentages in the watershed (in descending order) using the
Conservation Innovation Center’s 1-meter resolution data (2013).
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Land Use Classes

Figure 19. Land use of the Halfmoon Creek Watershed using the Conservation Innovation Center’s 1-meter resolution data (2013).
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EXISTING BEST MANAGEMENT PRACTICES
Although conditions in the watershed still need
to be improved, it is important to recognize the
progress that has already been made. Thanks to
many landowners of the Halfmoon Creek Watershed
and the practitioners working with them, several
stretches of the Halfmoon Creek are now equipped
with protective streambank fencing and crossings,
riparian buffers, in-stream habitat improvements,
and streambank stabilizing measures. Several farms
also have heavy use areas, roof runoff controls, and
manure storage, among other BMP types to reduce
sediment and nutrient runoff.
In the early phases of this project, we made a priority
to inventory and compile records of existing BMPs
into a single database (Figure 21 and Table 2). It was
important to our team to know where projects have
been implemented in order to better target where
future outreach and resources need to be directed.
Efforts to compile this database came in a variety
of forms. Most information was compiled through
conservation district records and other project
partners sharing their records into a single platform.
Other valuable information came from windshield
surveys conducted by the Penn State Agriculture &
Environment Center. An initial windshield survey
yielded where projects exist and recommended sites
of where restoration and improvements are needed.
A second windshield survey was conducted in
early June of 2019 by the Penn State Agriculture &
Environment Center to specifically focus on tillage
and cover crops (Figure 20). This was especially
advantageous, as it was not well-known where
these BMPs were being utilized in the watershed.
The survey inventoried crop fields for use of cover
crops, no-till agriculture, conservation tillage, and
reduced tillage. No-till agriculture, conservation
tillage, and reduced tillage were differentiated based
on the amount of harvested crop residue left on
the ground. No-till agriculture is defined as having
ground coverage with residual matter ≥60 percent,
conservation tillage is defined as having ground
coverage with residual matter between 30 and 60
percent, and reduced tillage is defined as having
ground coverage with residual matter between
15 and 30 percent. The windshield survey did not
inventory all crop fields in the watershed but covered
a significant portion of the watershed where visual
access could be reached. The total amounts observed
of these BMPs can be found in Table 2.

Figure 20. A no-till crop field in the Halfmoon Creek
Watershed with emerging soybeans after cover crops
were burned (Photo Credit: William Ryan of the Penn State
Agriculture & Environment Center).

BMP Type

Amount

Forested Riparian Buffer

53 ac

Herbaceous Riparian Buffer

8 ac

Streambank Restoration

15,910 ft

Stream Habitat Improvements

3,400 ft

Stream Crossings

23 ct

Streambank Fencing

38,232 ft

Roof Runoff Controls

2,211 ft

Heavy Use Area

56,638 sq ft

Roofed Manure Stack

41,088 cu ft

Watering Facilities

29 ct

Water Supply Pipeline

8,635 ft

No-Till Agriculture

335 ac

Conservation Tillage

380 ac

Reduced Tillage

165 ac

Cover Crops

469 ac

Table 2. A summary table of implemented BMPs in the
watershed. This table is not inclusive of all BMP types inventoried.
There also may be additional incidences of BMPs implemented in
the watershed that were not included in our records.
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Figure 21. Map of the Halfmoon Creek Watershed where BMPs have been implemented (blue areas). These areas are also mapped
alongside conservation easements (green hatched areas) and farm easements (yellow hatched areas).
23

WATERSHED ANALYSIS
METHODOLOGY
Model Selection and Approach
Hydrologic modeling of nutrient and sediment loading plays a key role in effective watershed and restoration
planning. Selecting an appropriate model often calls for weighing the benefits of accuracy and precision versus
efficiency. In particular, efficiency at larger spatial scales necessitates the aggregation of inputs, decreasing
the model’s ability to pinpoint load sources and determine the optimal placement of BMPs. In the case of the
Halfmoon Creek Watershed, a number of models (e.g. CAST, SWAT, SPARROW, etc.) were considered and
rejected. Though the specifics varied, in each case, our reservations came down to one of two issues. Either a) the
model was generalized to such a large geography that it was impractical for calculations at a detailed scale; or b)
the degree of calibration required was too onerous for the project’s scope and time frame.
Ultimately, we settled on a more novel approach that afforded local specificity without the need for lengthy,
complicated calibrations. To achieve both precision and efficiency, we focused on a subbasin-based analysis. By
dividing larger watersheds into smaller subbasins (¼ - 2½ square miles), a model utilizing localized aggregation
can be employed rapidly without losing valuable spatial specificity. The Model My Watershed (MMW) Suite,
developed by the Stroud Water Research Center (Stroud Center), aligned perfectly with our approach. MMW
uses a number of localized datasets (soil permeability, slopes, land use, BMPs, etc.) to develop loading coefficients
specific to a given watershed (Stroud Center, 2020). It performs these calculations in a matter of seconds and
does so with a very intuitive graphical user interface. It also allows for customization within each modeled area.
Combined, this afforded us the ability to calculate loading for a number of very small watersheds in a relatively
short amount of time, all based on conditions specific to that watershed. It was this “best of both worlds” aspect
that ultimately led us to choose this model and approach.
Model Development
Creating the base model was a multistep
process. The first step was to delineate the
smaller basins on which the analysis would be
based using ArcMap. This was accomplished
by way of flow path analysis. A digital elevation
model of the Halfmoon Creek Watershed was
compiled using lidar-derived data available
through the PAMAP program. This data was
cleaned to account for sinks and culverts that
could affect drainage patterns. From here,
flow accumulation paths were created. At key
intersections of these flow paths, drainage
points were created to serve as the outflow
location for each subbasin. The final step was to
delineate the watersheds based on these points.
In the Halfmoon Creek Watershed, 45 subbasins
were created (Figure 22). These subbasins were
then aggregated into seven larger watershed
regions (Figure 23). Ultimately, this yielded
two tiers (subbasin and region), allowing us to
work at different scales appropriate to various
analysis and implementation tasks.

BMP Type

Definition in Model My Watershed

Cover Crops

Use of annual or perennial plant cover to protect the soil from
erosion during the time period between the harvesting and
planting of the primary crop.

No-Till
Agriculture

The purpose of this BMP is to leave some residue from
harvested crops on the soil surface to reduce soil erosion.
Ground coverage with residual matter is at or greater than 60%.

Conservation The purpose of this BMP is to leave some residue from
harvested crops on the soil surface to reduce soil erosion.
Tillage
Ground coverage with residual matter is between 30 - 60%.
Reduced
Tillage

The purpose of this BMP is to leave some residue from
harvested crops on the soil surface to reduce soil erosion.
Ground coverage with residual matter is between 15 - 30%.

Refers to the planned use of organic and/or inorganic nutrients
Nutrient
to sustain optimum crop production while at the same time
Management protecting the quality of nearby water resources.
These are systems that are designed to collect runoff and/or
Waste
wastes from confined animal operations for the purpose of
Management breaking down organic wastes via aerobic or anaerobic processes.
Vegetative
Buffer

Areas of trees and/or grasses planted along streams or lakes
that are designed to capture and renovate surface runoff and
shallow subsurface flow from agricultural and urban areas.

Streambank
Fencing

The construction of fencing that prohibits cattle from trampling
streambanks, destroying protective vegetation, stirring up sediment in
the streambed, and depositing organic waste directly into the stream.

Streambank
Stabilization

The use of rip-rap, gabion walls, or a “bio-engineering” solution of some
type along the edges of a stream to protect the banks during periods of
heavy stream flow, thereby reducing direct stream bank erosion.

Table 3. Rural BMPs available in Model My Watershed.
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Base Data
The majority of the data forming the basis for
our loading figures was contained directly within
MMW. However, two significant datasets required
customization. The first of these was land use.
Examining the land use data contained within
model, we found it to be too coarse, with various
inaccuracies apparent upon ground-truthing. Land
use data developed by the Conservation Innovation
Center of the Chesapeake Conservancy was at a
much higher resolution (1 meter) and demonstrated
markedly greater accuracy. This data was refined by
incorporating USDA cropland data, to differentiate
cropland and pastures from uses such as lawns.
Land use category totals were calculated for each
subbasin and subsequently entered into the model.
The second area of modification was related to
BMPs. By default, MMW contains no baseline BMP
information. Given the profound impacts such
practices have on loading, it was incumbent upon
us to add this data into the model. BMP extents
were established from a variety of sources including
conservation district records, project record
sharing and compilation, and windshield surveys.
Combined, this comprehensive BMP inventory was
entered into the model. BMPs available for input
into the model are shown in Table 3, which includes
the rural suite of BMPs. Urban BMPs are also
available in MMW but were not used in our analysis
of the Halfmoon Creek Watershed, as there are no
urban areas in the watershed.
Model Runs
The subbasin boundaries for each of the watershed
scales were exported from ArcMap and imported
into MMW. Basic model runs, containing revised
land use and existing BMP data, were performed
for each subbasin. This was followed by similar runs
for each region. A second set of model runs were
performed at the regional level. These were called
“BMP build-out” runs. In each of these runs, the
model was used to determine the benefits of full
implementation of each BMP type, to assess the
potential yields relative to other BMP types.

Flowline
Subbasin

Figure 22. The 45 subbasins delineated based upon our flow
path analysis.

REGIONS
Headwaters Bald Eagle
Headwaters Scotia
Central
Loveville
Gatesburg - East
Gatesburg - West
Spruce Creek Confluence

Figure 23. The aggregation of subbasins into seven regions.
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CURRENT SEDIMENT AND NUTRIENT YIELDS
Our hydrological modeling of the 45 subbasins in the watershed yielded annual sediment and nutrient loads
(Appendix B), loading rates, and loading sources. To better understand and interpret the results, the annual
loads were spatially mapped per subbasin and were normalized by total area of the subbasin and mapped
as pounds per square mile (yield). This ensured that variation in subbasin size would not affect the results.
Creating these yield maps allowed our team to specifically identify where higher nutrient and sediment yields
are likely originating from within the watershed.
Sediment and phosphorus subbasin yield patterns in the Halfmoon Creek Watershed are similar, as seen in
Figures 25 and 26, which is a common relationship in freshwater systems due to the adsorption of phosphorus
to sediment. Higher sediment and phosphorus yields are seen most abundantly in the main western tributary of
Halfmoon Creek, which is colloquially referred to as the “Loveville Branch” of Halfmoon Creek. In this area, high
sediment and phosphorus yields are detected in subbasins 20 through 23. Another area with high sediment and
phosphorus yields encompasses portions of the southern flow path in the headwaters of the Halfmoon Creek
Watershed, most specifically in subbasins 29, 32, and 36. This correlates to where there is agricultural land use
and where BMPs are not known to be implemented.
Nitrogen yields, as seen in Figure 24, have an overall different pattern as compared to sediment and
phosphorus yields in the watershed. However, there are some instances of where high nitrogen yields also
match with high sediment and phosphorus yields. High nitrogen yield areas occur along the southern flow path
in the headwaters area, including subbasins 29, 30, 32, 34, and 36, as well as in adjacent subbasins further
downstream where the two headwaters flow paths merge (subbasins 25 and 27). Subbasin 22 (along the
Loveville tributary), subbasin 17 (along an eastern flow path), and subbasins 2 and 3 (near the confluence of
Spruce Creek) also have high nitrogen yields. Higher nitrogen yield subbasins relative to other subbasins in the
watershed are due to increased nitrogen from subsurface flow, according to MMW.

Figure 24. Annual nitrogen yield in the Halfmoon Creek
Watershed according to our MMW analysis.

Figure 25. Annual phosphorus yield in the Halfmoon Creek
Watershed according to our MMW analysis.
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Figure 26. Annual sediment yield in the Halfmoon Creek Watershed according to our MMW analysis.
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STREAM MONITORING
Having a better understanding of the current conditions of Halfmoon Creek was identified by stakeholders as
an important endeavor to pursue during the development of this watershed implementation plan. Although the
TMDL for Halfmoon Creek was established in 2018, the last time Index of Biological Integrity (IBI) scores were
assessed throughout the watershed was in 2007 by PADEP. Our goal with renewed monitoring efforts was to
determine if the creek has improved since 2007, especially since a number of BMPs have been implemented
since that year. This information would also be able to compliment our modeling analyses, and together, help
guide our implementation plan strategies. To attain that goal, a number of partnerships and opportunities to
monitor the stream came to fruition throughout the course of this project.
Spring 2019 Sampling
In May 2019, a contractor (following PADEP protocols and certified by the Society for Freshwater Science for
macroinvertebrate taxonomy) conducted physical habitat assessments, in-situ water quality measurements,
macroinvertebrate assessments, and surface water sample collection. Surface water samples were analyzed by
the USDA Agricultural Research Services (USDA ARS) Pasture Systems & Watershed Management Research
Unit in University Park, PA. A total of eight sites were sampled, six of which had been previously monitored
by PADEP (Figure 27). In situ water quality measurements included water temperature, dissolved oxygen,
percent dissolved oxygen, pH, and specific conductance. A more comprehensive set of water quality parameters
were analyzed at the USDA ARS lab, which included total suspended solids, nitrate-nitrogen, total nitrogen,
ammonium-nitrogen, phosphate, and more. The physiochemical data gathered in the field was representative
of a “limestone-influenced” stream, as the alkalinity was greater than 140 mg/L, pH was in the basic (neutral)
range of 6.5 to 8.5 standard units, and specific conductance values were higher due to limestone lithology. The
concentrations of total suspended solids and nutrients were determined to be representative of an aquatic
ecosystem that is influenced by surrounding agricultural land use. In particular, the concentration of total
suspended solids at each site exceeded levels deemed to cause adverse effects on fish (Bilger, 2019). Detailed
results of the water chemistry analysis, as well as the complete sampling report, can be found in Appendix C.
The habitat scores of each of the eight sites sampled was suboptimal, and all IBI scores were less than 63 and
thus considered impaired for aquatic life. Comparisons of IBI scores between 2007 and 2019 were able to be
made for five of the eight sampling sites where IBI scores had been assessed in 2007 using the same collection
methods (six kicks, 200 counts). Of the five sites, one site (HM-001) notably increased, two notably decreased
(HM-003 and LV-002), and two slightly decreased (HM-002 and HM-005). The highest scoring site for both
2007 and 2019 was HM-005, which is just upstream of the confluence with Spruce Creek (Table 4). IBI data for
2019 and summary sheets compiled by PADEP in 2007 can be found in Appendix C.

Halfmoon Creek Watershed IBI Score Comparisons Between 2007 and 2019
Metric
Year
Total
Taxa
Richness
EPT (0-4)
%
Sensitive
Ind. (0-3)
Becks
v.3
HBI
Shannon
Diversity
IBI Score

HM-001
2007
2019

HM-002
2007
2019

HM-003
2007
2019

HM-005
2007
2019

LV-002
2007
2019

10

19

15

22

17

17

19

20

13

13

0

7

4

5

2

1

6

6

1

3

1.3

7.5

13.7

3.8

3.2

0.5

59.3

61.2

23.3

3.7

2

5

5

2

3

0

10

6

3

4

6.63

5.62

5.14

5.45

5.66

5.20

2.89

2.65

4.96

6.85

1.24

2.25

1.51

2.14

1.69

1.78

1.74

1.70

1.36

1.16

22

41.5

39

38.9

39

29.8

58

55.1

36

24.9

Table 4. A summary table of IBI scores, and the metrics that comprise the IBI score, for monitoring sites
throughout the watershed where comparisons could be made between sampling in 2007 and 2019 (Bilger, 2019).
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HM-000

HM-001

LV-001

LV-002

HM-002

HM-003

HM-004

HM-005

Figure 27. Map of monitoring locations that were sampled in May 2019. Sites represented with a yellow triangle (six) are
locations where PADEP has previously conducted sampling, and sites represented with a pink triangle (two) are locations
that were added during the May 2019 sampling event.
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Continuous Monitoring and Monthly Water Quality Sampling
A partnership emerged between the Pennsylvania State University (Penn State), USDA ARS Pasture Systems
& Watershed Management Research Unit, Centre County Conservation District, CBF, and landowners of the
Halfmoon Creek Watershed starting in September 2019. This partnership formed in an effort to collect more
water quality data of Halfmoon Creek, to create an on-going dataset from which to compare back to over time
as we implement the watershed management plan, and to provide university students with valuable, real-world
experiences working in their local community. Through the Sustainable Communities Collaborative of Penn
State, Dr. Heather Preisendanz and her students of the Measurement & Monitoring of Hydrologic Systems class
deployed three continuous monitoring stations in the watershed in September 2019 (Figure 28). One station was
deployed at site LV-002 (site name from the May 2019 sampling event), and another was placed just upstream
of this station, directly above where the Loveville tributary meets the mainstem of Halfmoon Creek. The third
station was deployed at site HM-003. Each station consisted of a Campbell Scientific CR 850 Datalogger, a CS 511
dissolved oxygen sensor, a CS 451 pressure transducer, and a tipping bucket rain gauge. Data was collected as part
of the students’ Fall semester class and continued into the month of April due to the mild winter of 2019/2020.
As part of this partnership, the CBF and Centre County Conservation District collected monthly surface water
samples at a total of ten sites in the Halfmoon Creek Watershed, starting in September 2019 and continuing
through March 2020. The ten sites correlate with the eight sites that were sampled in May 2019. The two
additional sites are directly above and below the Loveville tributary confluence with the Halfmoon Creek
mainstem (immediately upstream and downstream of site LV-002). These sites were called HM-001A (above
the Loveville confluence) and HM-001B (below the Loveville confluence). Surface water samples were analyzed
by the Energy and Environment Sustainability Laboratory of Penn State, which measured for ammonia-nitrate
(NH3-N), nitrate-nitrogen (NO3-N), orthophosphate (PO4-P), and total phosphorus (TP). Turbidity was added as
an additional parameter beginning in January 2020. Overall, nutrient concentrations were deemed to be within
normal levels, yet there were noticeable peaks for the sites along the Loveville tributary (Figures 29-31). More
data needs to be collected over time though to determine whether the differences in concentrations at each site
are statistically different from each other. During each sampling event, stream flow was also measured using a
velocity-area approach in which stream depths and velocities are measured at regular intervals. Special thanks
to Dan Delotto of the Centre County Senior Environmental Corps (CCPaSEC) for training us in this method
and to the CCPaSEC for providing use of their flow meter (FloWatch Water & Air Speed Flow Meter) for our
monthly sampling events. Monthly samples are planned to continue with potential opportunity for expansion
(see Monitoring Progress section); however, unavoidable gaps in sampling occurred after our March 2020
sampling event due to COVID-19.

Figure 28. Continuous monitoring station deployed in the Halfmoon Creek Watershed (Photo Credit: Heather
Preisendanz, Ph.D. of the Penn State University).
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Figure 29. Nitrate-nitrogen concentrations of September 2019 - January 2020 surface water samples.
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Figure 30. Total phosphorus concentrations of September 2019 - January 2020 surface water samples.
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Figure 31. Turbidity measurements of January 2020 surface water samples.
31

SUBBASIN AND REGIONAL TMDL ANALYSIS
To better understand how the current sediment loading of a particular subbasin compares to the overall
Halfmoon Creek TMDL and where it exists on the spectrum towards meeting the TMDL, we conducted a
subbasin-specific analysis. We first established the maximum annual TMDL for sediment for each of the
individual subbasins by distributing the TMDL for the entire watershed spatially, with the loading for each
individual subbasin being proportionate to the percentage of the entire watershed that it occupies. This
subbasin-specific targeted maximum sediment load was then subtracted from the current sediment
load that our subbasin modeling calculated. This difference indicates the gap, if present, to meeting
the TMDL in a site-specific manner. Subbasins with negative or null differences are interpreted
as exceeding or meetings the subbasin targeted maximum sediment load, whereas positive
differences are interpreted as requiring additional sediment reductions to help meet
the overall watershed TMDL (Figure 32). Furthermore, IBI scores from the May 2019
macroinvertebrate sampling event were also mapped in this analysis to demonstrate
how the indicators of aquatic life relate to this TMDL analysis.
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This analysis was particularly important and helpful in determining restoration
priority areas and timelines that are the foundation of our implementation
plan. We used this information to determine which areas may be closer
to meeting the TMDL, and therefore would likely require less time
ser e
t
a gl
and resources for reaching attainment. The Headwaters - Bald
dw Ea
a
Eagle region emerged as a strong candidate for this category, as
e d
H Bal
the subbasins of the region appear to be meeting or close to
meeting its proportionate targeted maximum sediment load.
Furthermore, one of the IBI scores in the region had a
significant increase in score over time, increasing from
22 in April 2007 to 41.5 in May 2019. Regions where
a more significant sediment load decrease is likely
needed, according to the observations from
this analysis, include the Loveville region and
portions of the Headwaters - Scotia and
Central
Central regions.

Gatesburg East

Figure 32. This map conveys
the estimated difference
between current sediment
loading and the spatially
proportionate TMDL for
sediment in each subbasin.
This analysis was further
layered with the IBI scores
of May 2019 to relate
biological indicators with our
TMDL assessment. Darker
colored subbasins represent
areas with a larger gap
between current sediment
loading and the spatially
proportionate TMDL. White
subbasins indicate that the
proportionate TMDL is likely
being exceeded or met.

Gatesburg West

Spruce
Creek
Confluence
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RIPARIAN BUFFER OPPORTUNITIES
We conducted a prioritization analysis for riparian buffers, as this BMP can be leveraged for increased nutrient
and sediment yields when effectively placed. Our analysis aimed to prioritize opportunities in agricultural
areas where drainage areas are larger and soil erodibility is increased. Riparian buffer opportunities were first
identified using the Restoration Opportunity Area spatial dataset created by the Conservation Innovation
Center of the Chesapeake Conservancy. This dataset identifies riparian buffer gaps, or opportunities, within 35
feet of flow paths using their high-resolution land cover and enhanced flow path datasets. Our team took this
dataset a step further by ranking these riparian buffer opportunity areas in terms of the size of the riparian
buffer opportunity, the drainage area, and the terrain. The drainage area ranking considered both land
use and overall size of the drainage area that the buffer would manage, while the terrain ranking
considered both slope and soil erodibility. Individual ranking scores for these three categories
were combined to calculate a total ranking for each riparian buffer opportunity. Individual
buffer opportunities are parcel-based (i.e. riparian buffer opportunities that cross multiple
parcels were split into separate opportunities), as real-world implementation of this BMP
type is often parcel and landowner-dependent. Riparian buffer opportunities were
also only considered along National Hydrography Dataset (NHD) stream lengths.
Subsequently, each of the 45 subbasins in the Halfmoon Creek Watershed
were quantified based upon the total area (in square meters) of high priority
rs
riparian buffer opportunities located within them (Figure 33).
te
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In the Halfmoon Creek Watershed, high priority buffer
opportunities are more predominantly clustered in the
Headwaters - Bald Eagle, Central, Loveville, and Gatesburg
- East regions. The top ranking subbasins include
the northernmost subbasin (subbasin 45) in the
Headwaters - Bald Eagle region and the two
southernmost subbasins (subbasins 10 and 15) of
the Gatesburg - East region (Figure 33).
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Figure 33. This map displays
the total rank of all riparian
buffer opportunities
identified in the Halfmoon
Creek Watershed, with
warmer colored riparian
areas representing higher
ranked riparian buffer
opportunities. Subbasins
were subsequently quantified
by the total area of high
priority riparian buffer
opportunities within them,
with darker green colors
representing subbasins with
larger areas of high priority
riparian buffer opportunities.

Gatesburg West

Spruce
Creek
Confluence
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BMP BUILD-OUT ANALYSIS
As mentioned in our methodologies, “BMP buildout” model runs were conducted at the regional
scale in the Halfmoon Creek Watershed (Figure
34). Similar to build-out analyses used in the
planning realm to demonstrate the effects of
full-scale development under current zoning
ordinances, we conducted BMP build-out analyses
to observe the potential sediment reduction yields
if certain BMP types were fully implemented.
To conduct these analyses, we modeled zero
percent implementation of a specific BMP and 100
percent implementation as two different modeling
scenarios, while keeping all other BMPs unchanged
(i.e. representative of existing conditions in the
region) for each scenario (Figure 35). This allowed
us to calculate potential sediment reduction
yields for each BMP relative to all other BMPs in a
specific region. The rural suite of BMPs available in
MMW (Table 3; pg. 24) were each analyzed.
For most of the regions, streambank stabilization,
vegetative buffers, cover crops, and residue and
tillage management were among the top sedimentreducing BMPs (Table 5). Gatesburg - West had a
different profile of top sediment-reducing BMPs,
as only flow paths (no NHD stream lengths) are
located within this region. Therefore, there are no
projected sediment reductions for stream-related
BMPs, including vegetative buffers, streambank
fencing, and streambank stabilization.
To put these results into perspective, we looked
into the cost efficiency of BMPs to factor in how
much BMPs cost in relation to how much sediment
they reduce per year. Figure 36 displays the costefficiency of sediment-reducing BMPs, many of
which can be modeled in MMW. Other BMPs that
cannot be modeled in MMW were also displayed
for comparative purposes. Although streambank
stabilization is most efficient in terms of sediment
reduction alone, residue and tillage management
and vegetative buffers (in particular, streamside
vegetative buffers) are an ideal choice as they
are efficient sediment-reducing BMPs and come
at a lower cost as compared to other BMPs. Site
conditions will determine what specific BMPs are
needed for a specific project, in addition to the
landowners’ values and goals for their property,
but the sediment reduction efficiency and cost
efficiency of BMPs are important considerations to
factor into these decisions, especially when several
possibilities are feasible.

Figure 34. Locations and boundaries of the seven regions
that we used to analyze the Halfmoon Creek Watershed for
the BMP build-out analyses.

Cover Crops: 0% scenario

Cover Crops: 100% scenario

Figure 35. Aerial imagery showing the methodology for our BMP
build-out analysis, using the manipulation of cover crops as an
example. The image to the left shows the zero percent condition,
where no cover crops are modeled for the selected area, despite
existing conditions where cover crops may exist. The image to
the right shows cover crops applied to all available cropland
(orange-outlined areas). In both scenarios, all other existing BMP
types are left unchanged, as is shown with an existing vegetative
buffer modeled in both scenarios (blue-shaded area).
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BMPs with the Highest Potential for Sediment Load Reductions by Region
Spruce Creek
Confluence

Gatesburg West

Gatesburg East

Loveville

Central

Headwaters Bald Eagle

Headwaters Scotia

Streambank
Stabilization
(324,054 lbs)

Cover Crops
(77,617 lbs)

Streambank
Stabilization
(367,863 lbs)

Streambank
Stabilization
(552,189 lbs)

Streambank
Stabilization
(212,866 lbs)

Streambank
Stabilization
(425,659 lbs)

Streambank
Stabilization
(533,658 lbs)

Vegetative
Buffer
(187,157 lbs)

No-Till
Agriculture
(41,451 lbs)

Vegetative
Buffer
(248,623 lbs)

Vegetative
Buffer
(353,396 lbs)

Vegetative
Buffer
(136,648 lbs)

Vegetative
Buffer
(261,836 lbs)

Vegetative
Buffer
(230,970 lbs)

Cover Crops
(60,381 lbs)

Conservation
Tillage
(40,555 lbs)

Cover Crops
(170,530 lbs)

Cover Crops
(191,844 lbs)

Streambank
Fencing
(43,667 lbs)

Cover Crops
(110,847 lbs)

Cover Crops
(171,631 lbs)

Conservation
Tillage
(44,907 lbs)

Reduced Tillage
(31,092 lbs)

Conservation
Tillage
(146,179 lbs)

Conservation
Tillage
(152,703 lbs)

Cover Crops
(15,741 lbs)

Conservation
Tillage
(86,972 lbs)

Conservation
Tillage
(99,657 lbs)

Table 5. A list of the top four BMPs with the highest potential for sediment load reductions for each of the seven regions
in the Halfmoon Creek Watershed according to our BMP build-out analysis using MMW. The top four sediment-reducing
BMPs are listed in descending order for each region. The number in parentheses in each cell is the calculated annual
sediment load reduction (in pounds) with full implementation of the BMP in the region.

Cost Efficiency of Sediment-Reducing BMPs (in Centre County, PA)
Agricultural Stormwater Management
Wetland Creation-Headwater
Wetland Creation-Floodplain
Wetland Restoration-Headwater
Barnyard Runoff Control
Forest Buffer - Narrow w/Exclusion Fencing
Land Retirement to Ag Open Space
Land Retirement to Pasture
Forest Buffer - Narrow
Tree Planting (Agricultural)
Grass Buffer - Narrow w/Exclusion Fencing
Forest Buffer
Cover Crops
Wetland Restoration-Floodplain
Non-Urban Stream Restoration
Grass Buffer - Narrow
Grass Buffer
Forest Buffer - Streamside w/Exclusion Fencing
Soil Conservation and Water Quality Plans
Grass Buffer - Streamside w/Exclusion Fencing
Residue and Tillage Management
0.00

0.20

0.40

0.60

0.80

1.00

1.20

$/pound of sediment reduced/year

Figure 36. Cost was factored into our analysis by plotting the cost efficiency of sediment-reducing BMPs. Cost efficiencies
were calculated in US dollars per pound of sediment reduced per year, and were referenced from the Chesapeake Assessment
Scenario Tool (CAST). Cost efficiencies are specific to Centre County, PA. MMW sediment reductions were used to calculate
cost efficiencies of cover crops, as CAST does not account for sediment reductions for this BMP type.
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IMPLEMENTATION PLAN
OVERVIEW
Our analyses using hydrologic modeling and collaborative water quality monitoring, as well as leveraging
the analytical work of our partners in parcel prioritization and windshield surveys, laid the groundwork
for our collective team to develop a robust and tangible implementation plan for the Halfmoon Creek
Watershed. During a stakeholder meeting, with all the data and summaries in front of us, our team divided
into small groups and analyzed each of the seven watershed regions to develop unique strategies and
geographic prioritizations. Using the SWOT (Strength, Weakness, Opportunity, Threat) method, group
members highlighted current strengths and weaknesses of each region, as well as emerging and potential
opportunities and threats, that impact water quality and our project goals (Figure 37). These findings and
discussions formed the basis of our regional implementation plans and how we prioritized each region into
three different restoration tiers (Figure 38). It was important for us to distinguish restoration priority tiers, as
this would direct us on how to use our time and resources efficiently for optimal success in meeting our water
quality goals. Factors such as land cover types, IBI scores, subbasin TMDL analyses, the degree to which
BMP projects have already been implemented, and overall landowner willing to implement new BMPs were
considered in categorizing each region.
The three restoration priority tiers for the Halfmoon Creek Watershed are Rapid Delisting, Long-term
Restoration and Outreach, and Preservation, which are described in Figure 39. Our team determined
that the Headwaters – Bald Eagle region was best suited for Rapid Delisting (Tier 1), as it contains sampling
locations with higher IBI scores as compared to other sites, one of which significantly increased over time
between 2007 and 2019 (from 22 in 2007 to 41.5 in 2019). The subbasin TMDL analysis also indicates
that the gap to meeting regional TMDL goals is likely smaller as compared to other regions (excluding the
Preservation regions in Tier 3). Additionally, this region contains a large number of parcels with implemented
BMPs, and the overall willingness of landowners to implement BMPs in gap areas is promising. Considering
all of these factors, as well as the region’s position in the headwaters, we determined that Headwaters - Bald
Eagle can be put on a faster track for attainment with dedicated outreach and restoration as compared to
other regions in the watershed.

Helpful in achieving water quality goals

Harmful to achieving water quality goals

CURRENT

STRENGTHS

WEAKNESSES

FUTURE

SWOT (Strength, Weakness, Opportunity, Threat) Analysis of the Region:

OPPORTUNITIES

THREATS

Figure 37. This table was used during our stakeholder meeting to determine regional
implementation strategies using the SWOT (Strength, Weakness, Opportunity, Threat) method.
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Regions that we categorized as Tier 2, or Long-term
Restoration and Outreach, are Headwaters – Scotia,
Central, Loveville, and Gatesburg – East. We determined
that these regions likely need more time in terms of
conducting outreach with the community and getting BMPs
implemented, as well as time for the creek to respond
to these interventions, in order for successful delisting.
Factors such as sampling locations with low IBI scores,
higher sediment loading, fewer implemented BMPs in
place, and current tilling practices were considered in our
categorization of the Tier 2 regions. Each region in Tier
2 may not have all of these defining characteristics listed
above, and therefore we developed unique strategies for
each of these four regions. Yet, we determined these regions
likely needed a longer timeline to achieve attainment.
Tier 3 includes regions we determined to fall under the
category of Preservation. This tier includes Gatesburg –
West and Spruce Creek Confluence, which are located
furthest south in the watershed. Hydrologic and ecologic
conditions were determining factors for this categorization,
since much of these regions are comprised of forested
land. The highest IBI score surveyed in the watershed is
also located in the area, directly above the confluence with
Spruce Creek. Our team determined that restoration efforts
were best focused in the Tier 1 and 2 regions, and that
we should focus on strategies that preserve and enhance
the ecologically critical landscapes and existing BMPs in
these regions while leveraging new projects with willing
landowners. Ample time would still be needed for delisting
this section of the watershed in order for the creek to
respond to focused interventions upstream.

Restoration Priority Tiers

Long-term Restoration
and Outreach

Regional
Boundaries
Restoration Priority
Tier Boundaries

Preservation

Halfmoon Creek

Rapid Delisting

Tier 1: Headwaters - Bald Eagle
Tier 2: Headwaters - Scotia, Central, Loveville, Gatesburg - East
Tier 3: Gatesburg - West, Spruce Creek Confluence

Figure 38. Geographic location and categorization of the
seven watershed regions into three restoration priority tiers.

TIER 1 - RAPID DELISTING
Areas of the watershed that have the potential to reach attainment on a shorter
trajectory with targeted outreach and restoration. Determining factors include
higher or increased IBI scores over time, a higher percentage of implemented
BMPs, and positive landowner willingness to implement BMPs in critical gap areas.

TIER 2 - LONG-TERM RESTORATION + OUTREACH
Areas of the watershed that likely need more time to reach attainment, although
are still critical to address for overall watershed health. Determining factors
include lower IBI scores, higher sediment loading, and/or significant ground to
cover in terms of outreach and restoration.

TIER 3 - PRESERVATION
Areas of the watershed that require less implementation and rather a focus on
preservation of existing land cover types and BMPs that are crucial for maintaining
and improving water quality over time. A longer time frame to achieve attainment
may still be needed to allow for the stream to respond to upstream interventions.
Figure 39. Descriptions of the three restoration priority tiers to direct implementation work in the watershed.
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HEADWATERS - BALD EAGLE
TIER 1 - Rapid Delisting

REGIONAL STRATEGY
The land use of this region is largely agricultural with some residential areas. Because a number
of landowners in this region have implemented BMPs on their properties, our goal is to focus
outreach with landowners in the gap areas, and some of these landowners have already indicated
their interest in implementing BMPs with our partners. We will focus on working directly with
these priority landowners, holding community events that showcase exemplary existing BMPs with
neighbors, conserving land through easements, and preserving the existing land cover types and
implemented BMPs that are critical for water quality. The proposed projects listed below include
work in agricultural areas, as well as a few residential “backyard” buffer opportunities.

PROPOSED PROJECT METRICS
Subbasin 45:
• 2,442 ft of vegetative buffer
• 805 ft of streambank fencing
Subbasin 43:
• 1,275 ft of vegetative buffer
• 561 ft of streambank fencing
Subbasin 41:
• 1,090 ft of vegetative buffer
• 1,090 ft of streambank fencing
• 1,090 ft of streambank stabilization
Total:
• 4,807 ft of vegetative buffer
• 2,456 ft of streambank fencing
• 1,090 ft of streambank stabilization
NOTE: Stream-related BMPs (vegetative buffers, streambank fencing, and streambank stabilization) are
quantified in terms of linear ft along the stream as measured using the NHD Streams dataset.

PROPOSED SEDIMENT REDUCTION
With these interventions, our hydrologic modeling predicts a 138,487 lbs/yr reduction in annual
sediment loading, or a 27% decrease, for the Headwaters - Bald Eagle region.
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*

Prioritized Parcels dataset was developed by the Conservation
* The
Innovation Center of the Chesapeake Conservancy. Parcels are ranked
based upon their opportunity for restoration (primarily for riparian
buffers) and placed into one of four tiers with Tier 1 and 2 parcels
representing greater opportunity (shown in orange on the
map). Each parcel is ranked based upon its designation score,
which evaluates the watershed the parcel is located within
(i.e. an impaired or attaining watershed and/or an EV
or HQ watershed). The parcel is also given a site
score, which scores the size of the riparian buffer
opportunities and the size of the drainage areas
those buffer opportunities would manage.
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HEADWATERS - SCOTIA
TIER 2 - Long-term Restoration and Outreach

REGIONAL STRATEGY
Much of this region contains preserved land, as State Gamelands 176 (Scotia Barrens) is located here, but there
are also a number of farms and residential developments as well. The tributary of Halfmoon Creek in this region
behaves more as a drainage path running along roadsides and through farm fields and residential backyards
without the usual characteristics of a stream channel. Therefore, typical riparian buffers may not be the most
functional or desired solution. Another option available to landowners, especially farmers, is converting areas
along the drainage path to warm-season perennial grass systems (i.e. through DCNR’s Multifunctional Buffer
Program) for both better profitability and environmental benefits. This specific BMP was not modeled in MMW,
and therefore does not contribute to the reductions below, but this strategy may be important in connecting
with landowners in this region and advancing our water quality goals even further. Additionally, we will focus
on working with landowners to implement upland, soil health BMPs as part of our regional strategy to reduce
sediment loading, especially in the three high sediment loading subbasins (29, 32, and 36).

PROPOSED PROJECT METRICS
Soil Health BMPs (prioritized for subbasins 29, 32, and 36):
• 90 acres of additional no-till agriculture
• 90 acres of additional cover crops
Total:
• 90 acres of additional no-till agriculture
• 90 acres of additional cover crops

PROPOSED SEDIMENT REDUCTION
With these interventions, our hydrologic modeling predicts a 124,028 lbs/yr reduction in annual
sediment loading, or a 21% decrease, for the Headwaters - Scotia region.
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*

Prioritized Parcels dataset was developed by the Conservation
* The
Innovation Center of the Chesapeake Conservancy. Parcels are
ranked based upon their opportunity for restoration (primarily
for riparian buffers) and placed into one of four tiers with
Tier 1 and 2 parcels representing greater opportunity
(shown in orange on the map). Each parcel is ranked
based upon its designation score, which evaluates
the watershed the parcel is located within (i.e.
an impaired or attaining watershed and/or
an EV or HQ watershed). The parcel is
also given a site score, which scores
the size of the riparian buffer
opportunities and the size of
the drainage areas those
buffer opportunities
would manage.
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CENTRAL
TIER 2 - Long-term Restoration and Outreach

REGIONAL STRATEGY
This region is largely characterized by agricultural land to the west and residential neighborhoods
to the east. There are fewer gaps in riparian buffers along the mainstem of Halfmoon Creek in
this region, as there are forested landscapes and properties where landowners have implemented
riparian buffers. Our strategy will be to focus on the gaps along the mainstem and to increase buffers
along the tributaries. Warm-season grass systems can also be an option, especially where flow paths
cross agricultural land. Tillage is a concern in this region, so we will also focus on outreach with
agricultural landowners to implement upland, soil health BMPs.

PROPOSED PROJECT METRICS
Subbasin 38:
• 2,311 ft of vegetative buffer
Subbasin 25:
• 546 ft of vegetative buffer
Soil Health BMPs (not subbasin-specific):
• 40 acres of additional no-till agriculture
• 40 acres of additional cover crops
Total:
• 2,857 ft of vegetative buffer
• 40 acres of additional no-till agriculture
• 40 acres of additional cover crops

NOTE: Stream-related BMPs (vegetative buffers, streambank fencing, and streambank stabilization) are
quantified in terms of linear ft along the stream as measured using the NHD Streams dataset.

PROPOSED SEDIMENT REDUCTION
With these interventions, our hydrologic modeling predicts a 19,325 lbs/yr reduction in annual
sediment loading, or a 12% decrease, for the Central region.
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*

Prioritized Parcels dataset was developed by the Conservation
* The
Innovation Center of the Chesapeake Conservancy. Parcels
are ranked based upon their opportunity for restoration
(primarily for riparian buffers) and placed into one of four
tiers with Tier 1 and 2 parcels representing greater
opportunity (shown in orange on the map). Each
parcel is ranked based upon its designation
score, which evaluates the watershed the
parcel is located within (i.e. an impaired or
attaining watershed and/or an EV or HQ
watershed). The parcel is also given a
site score, which scores the size of
the riparian buffer opportunities
and the size of the drainage
areas those buffer
opportunities would
manage.
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LOVEVILLE
TIER 2 - Long-term Restoration and Outreach

REGIONAL STRATEGY
Loveville is characterized by large, agricultural parcels and smaller, residential properties as the tributary nears
the confluence with the Halfmoon Creek mainstem. Fewer BMPs have been implemented in this region, and
there are a number of critical areas to address streambank erosion, livestock access to the stream, and significant
riparian buffer gaps. Tillage is another concern for this region; therefore, promoting soil health BMPs will be an
important part of our outreach strategy. To connect with the community, we will conduct individual outreach
and host neighborhood events. Opportunities for projects range from large, agricultural properties of similar
ownership to smaller, residential ones, so our methods of outreach will need to connect to both audiences.
Overall, this will be an important region to address to significantly decrease sediment loading in the watershed at-large.

PROPOSED PROJECT METRICS
Subbasin 24:
• 980 ft of vegetative buffer
• 980 ft of streambank fencing
• 980 ft of streambank stabilization
Subbasin 22:
• 1,715 ft of vegetative buffer
• 1,715 ft of streambank fencing
• 1,715 ft of streambank stabilization
Subbasin 21:
• 316 ft of vegetative buffer
Subbasin 20:
• 235 ft of vegetative buffer
Subbasin 18:
• 2,714 ft of vegetative buffer
• 1,500 ft of streambank fencing
• 1,870 ft of streambank stabilization
Soil Health BMPs (not subbasin-specific):
• 42 acres of additional no-till agriculture
• 42 acres of additional cover crops
Total:
• 5,960 ft of vegetative buffer
• 4,195 ft of streambank fencing
• 4,565 ft of streambank stabilization

•
•

42 acres of additional no-till agriculture
42 acres of additional cover crops

NOTE: Stream-related BMPs (vegetative buffers, streambank fencing, and streambank stabilization) are
quantified in terms of linear ft along the stream as measured using the NHD Streams dataset.

PROPOSED SEDIMENT REDUCTION
With these interventions, our hydrologic modeling predicts a 517,854 lbs/yr reduction in annual
sediment loading, or a 82% decrease, for the Loveville region.
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*

Prioritized Parcels dataset was developed by the Conservation
* The
Innovation Center of the Chesapeake Conservancy. Parcels are
ranked based upon their opportunity for restoration (primarily
for riparian buffers) and placed into one of four tiers with Tier
1 and 2 parcels representing greater opportunity (shown in
orange on the map). Each parcel is ranked based upon its
designation score, which evaluates the watershed the
parcel is located within (i.e. an impaired or attaining
watershed and/or an EV or HQ watershed). The
parcel is also given a site score, which scores
the size of the riparian buffer opportunities
and the size of the drainage areas those
buffer opportunities would manage.
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GATESBURG - EAST
TIER 2 - Long-term Restoration and Outreach

REGIONAL STRATEGY
This region contains a large portion of forested land, and a significant stretch of the Halfmoon
Creek mainstem is forested in the northern part of the region. A number of farms are also located
in this region, some of which are known to use cover crops and implement no-till agriculture and
conservation tillage. Warm-season grass systems may be suited where drainage paths cross farm
fields, and this could be an enticing outreach tool for landowners since flooding is a community
concern here. Streambank stabilization will be a key tool as part of our strategy as well since some
landowners in the region are interested in implementing this BMP on their properties. This interest
could be further harnessed through outreach to engage with other neighboring landowners where
this BMP is also needed.

PROPOSED PROJECT METRICS
Subbasin 16:
• 2,162 ft of vegetative buffer
• 2,391 ft of streambank stabilization
Subbasin 10:
• 500 ft of vegetative buffer

Total:
• 2,662 ft of vegetative buffer
• 2,391 ft of streambank stabilization

NOTE: Stream-related BMPs (vegetative buffers, streambank fencing, and streambank stabilization) are
quantified in terms of linear ft along the stream as measured using the NHD Streams dataset.

PROPOSED SEDIMENT REDUCTION
With these interventions, our hydrologic modeling predicts a 253,065 lbs/yr reduction in annual
sediment loading, or a 73% decrease, for the Gatesburg - East region.
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*

Prioritized Parcels dataset was developed by the
* The
Conservation Innovation Center of the Chesapeake
Conservancy. Parcels are ranked based upon their
opportunity for restoration (primarily for riparian buffers)
and placed into one of four tiers with Tier 1 and 2 parcels
representing greater opportunity (shown in orange on the
map). Each parcel is ranked based upon its designation score,
which evaluates the watershed the parcel is located within
(i.e. an impaired or attaining watershed and/or an EV or HQ
watershed). The parcel is also given a site score, which scores
the size of the riparian buffer opportunities and the size of
the drainage areas those buffer opportunities would manage.
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GATESBURG - WEST
TIER 3 - Preservation

REGIONAL STRATEGY
Forest cover is the dominant land cover type in this region. A few farms are located here with known
usage of cover crops and no-till agriculture. Although there are flow paths through the region, there
are no NHD stream lengths located here. Therefore, no stream-related BMPs are proposed for this
region, and no further BMPs were modeled. Although there are no predicted sediment reductions
for this region according to our model, our strategy will be to preserve and enhance the ecologically
critical land cover types and the BMPs that currently exist in this region. Additional strategies
for advancing our water quality goals include easements, warm-season grass systems, and forest
management.

PROPOSED PROJECT METRICS
NONE (Stream-related BMPs and soil health BMPs are not
specifically proposed for this region.)

PROPOSED SEDIMENT REDUCTION
There is no proposed reduction in annual sediment
loading according to our modeling.
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*

Prioritized Parcels dataset was developed by the
* The
Conservation Innovation Center of the Chesapeake
Conservancy. Parcels are ranked based upon their
opportunity for restoration (primarily for riparian buffers)
and placed into one of four tiers with Tier 1 and 2 parcels
representing greater opportunity (shown in orange on the
map). Each parcel is ranked based upon its designation score,
which evaluates the watershed the parcel is located within
(i.e. an impaired or attaining watershed and/or an EV or HQ
watershed). The parcel is also given a site score, which scores
the size of the riparian buffer opportunities and the size of
the drainage areas those buffer opportunities would manage.

49

SPRUCE CREEK CONFLUENCE
TIER 3 - Preservation

REGIONAL STRATEGY
Similar to Gatesburg - West, the Spruce Creek Confluence region is also largely covered in forested
land. There are also large, agricultural properties in this region, some of which are known to use cover
crops and implement no-till agriculture and conservation tillage. The highest IBI score recorded in
the watershed is located in this region, just above the confluence with Spruce Creek. Our strategy in
this region will largely focus on preservation, including easements and forest management, while also
addressing issues in specific locations. The Young Forest Initiative (led by ClearWater Conservancy) is
working with a number of landowners in this region to produce forest management plans, which will be
important in preserving and enhancing the ecologically critical landscapes in the region and will further
advance our water quality goals.

PROPOSED PROJECT METRICS
Subbasin 3:
• 772 ft of vegetative buffer
• 772 ft of streambank fencing
• 772 ft of streambank stabilization

Subbasin 1:
• 1,000 ft of vegetative buffer
• 1,000 ft of streambank stabilization

Total:
• 1,772 ft of vegetative buffer
• 772 ft of streambank fencing
• 1,772 ft of streambank stabilization

NOTE: Stream-related BMPs (vegetative buffers, streambank fencing, and streambank stabilization) are
quantified in terms of linear ft along the stream as measured using the NHD Streams dataset.

PROPOSED SEDIMENT REDUCTION
With these interventions, our hydrologic modeling predicts a 54,541 lbs/yr reduction in annual
sediment loading, or a 25% decrease, for the Spruce Creek Confluence region.
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*

Prioritized Parcels dataset was developed by the
* The
Conservation Innovation Center of the Chesapeake
Conservancy. Parcels are ranked based upon their
opportunity for restoration (primarily for riparian buffers)
and placed into one of four tiers with Tier 1 and 2 parcels
representing greater opportunity (shown in orange on the
map). Each parcel is ranked based upon its designation score,
which evaluates the watershed the parcel is located within
(i.e. an impaired or attaining watershed and/or an EV or HQ
watershed). The parcel is also given a site score, which scores
the size of the riparian buffer opportunities and the size of
the drainage areas those buffer opportunities would manage.
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REGIONAL LOADING + REDUCTIONS AT A GLANCE
CURRENT SEDIMENT LOADING:

TOTAL SEDIMENT LOADING (by region):

Table 6. A summary table of the current

Spruce Creek
214,325.7
sediment loading calculated for each region
of the watershed using MMW (accounting
Gatesburg - West
211,955.7
for current land use and existing BMPs). The
TOTAL SEDIMENT LOADING (by region):
Gatesburg
- East LOADING (by region):
345,761.8
loading in each region was calculated by
TOTAL
SEDIMENT
Spruce
Creek
214,325.7
running the entire region in the model, not
Loveville
630,519.3
Spruce Creek
214,325.7
by aggregating the subbasins that comprise
Gatesburg
- West
211,955.7
Central
163,563.0
each region. Therefore, the difference in
Gatesburg - West
211,955.7
Gatesburg
East
345,761.8
total sediment loading calculated between
Headwaters
- Bald Eagle
519,883.8
Gatesburg - East
345,761.8
running the 45 subbasins (Appendix B) and
Loveville
630,519.3
Headwaters
Scotia
593,084.9
the seven regions is due to attenuation.
Loveville
630,519.3
Central
163,563.0
TOTAL
2,679,094.2
Central (lbs/yr)
163,563.0
Headwaters - Bald Eagle
519,883.8
Headwaters - Bald Eagle
519,883.8
Headwaters - Scotia
593,084.9
Headwaters - Scotia
593,084.9
TOTAL
SEDIMENT LOADING (by region):
TOTAL (lbs/yr)
2,679,094.2
TOTAL (lbs/yr)
2,679,094.2
Spruce Creek
159,785.8
IMPLEMENTATION
PLAN
SEDIMENT
LOADING:
Gatesburg - West
211,955.7
TOTAL SEDIMENT LOADING (by region):
Gatesburg
- East LOADING (by region):
92,696.6
TOTAL
SEDIMENT
Spruce
Creek
159,785.8
Table 7. A summary table of the estimated
Loveville
112,707.0
Spruce Creek
159,785.8
sediment loading (by region and using MMW)
Gatesburg
- West
211,955.7
Central
148,919.0
when all recommended stream-related BMPs
Gatesburg - West
211,955.7
Gatesburg
- East
92,696.6
(vegetative buffers, streambank fencing, and
Headwaters
Bald
Eagle
381,396.8
Gatesburg - East
92,696.6
streambank stabilization) are implemented
Loveville
112,707.0
Headwaters
- Scotia
574,710.5
according to our plan.
Loveville
112,707.0
Central
148,919.0
TOTAL (lbs/yr)
1,682,171.4
Central
148,919.0
Headwaters - Bald Eagle
381,396.8
Headwaters - Bald Eagle
381,396.8
Headwaters - Scotia
574,710.5
Headwaters - Scotia
574,710.5
TOTAL
SEDIMENT LOADING
TOTAL (lbs/yr)
1,682,171.4
TOTAL
(lbs/yr)
1,682,171.4
(by region
and with additional soil health
goals):
Spruce Creek
159,785.8
TOTAL SEDIMENT
Gatesburg
- West LOADING
211,955.7
TOTAL
SEDIMENT
LOADINGsoil health goals):
(by
region
and
with
additional
Gatesburg
- East
92,696.6
(by region and
with additional soil health goals):
Table 8. A summary table of the estimated
Spruce
Creek
159,785.8
sediment loading (by region and using MMW)
Loveville
112,665.1
Spruce Creek
159,785.8
when all recommended stream-related BMPs
Gatesburg
West
211,955.7
Central
144,237.7
Gatesburg - West
211,955.7
(vegetative buffers, streambank fencing, and
Gatesburg - East
92,696.6
streambank stabilization) and soil health BMP
Headwaters
Bald
Eagle
381,396.8
Gatesburg - East
92,696.6
goals (no-till residue management and cover
Loveville
112,665.1
Headwaters
- Scotia
469,056.7
Loveville
112,665.1
crops) are implemented. The soil health goals
Central (lbs/yr)
144,237.7
are prioritized for the Headwaters - Scotia,
TOTAL
1,571,794.4
Central
144,237.7
Central, and Loveville regions.
Headwaters - Bald Eagle
381,396.8
Headwaters - Bald Eagle
381,396.8
Headwaters - Scotia
469,056.7
Headwaters - Scotia
469,056.7
TOTAL
Sediment
Nitrogen Phosphorus
TOTAL REDUCTIONS:
(lbs/yr)
1,571,794.4
TOTAL (lbs/yr)
1,571,794.4
Spruce Creek
54,541
353.8
61.7
Gatesburg - West
0
0
0
TOTAL REDUCTIONS:
Sediment Nitrogen Phosphorus
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Gatesburg
- East
253,065
2,870.6
290. 6
TOTAL REDUCTIONS:
Sediment
Nitrogen
Phosphorus
Spruce
Creek
54,541
353.8
61.7
Loveville
517,854
3,594.6
571.0

Loveville
112,665.1
Central
144,237.7
Headwaters - Bald Eagle
381,396.8
Headwaters - Scotia
469,056.7
TOTAL (lbs/yr)
1,571,794.4
IMPLEMENTATION PLAN REDUCTIONS:
TOTAL REDUCTIONS:

Sediment

Nitrogen

Phosphorus

Spruce Creek
Gatesburg - West
Gatesburg - East
Loveville
Central
Headwaters - Bald Eagle
Headwaters - Scotia
TOTAL (lbs/yr)

54,541
0
253,065
517,854
19,325
138,487
124,028
1,107,300

353.8
0
2,870.6
3,594.6
212.1
1,113.8
379.9
8,524.8

61.7
0
290. 6
571.0
31.1
147.3
143.7
1,245. 4

Table 9. A summary table (by region) of the expected sediment and nutrient reductions
with full implementation of the Halfmoon Creek Watershed Management Plan.

REGIONS
Headwaters Bald Eagle
Headwaters Scotia
Central
Loveville
Gatesburg - East
Gatesburg - West
Spruce Creek Confluence

Figure 40. The seven regions of the Halfmoon Creek Watershed.
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PRIORITIZED AND PHASED IMPLEMENTATION SCHEDULE
Restoration
Priority Tier

Phase 1
(Years 1-5)

TIER 1 Rapid Delisting

Implement early-action projects with
interested landowners in gap areas
(Years 1-5; Prioritize Years 1-3)

REGION:
Headwaters Bald Eagle

TIER 2 Long-Term
Restoration and
Outreach

REGIONS:
Headwaters - Scotia
Central, Loveville
Gatesburg - East
TIER 3 Preservation

Conduct personalized outreach with
other priority landowners where
projects are not yet implemented in
known gap areas (Years 1-2)

Phase 2
(Years 6-10)

Continue with implementation
of priority projects where willing
landowners have been identified
through personalized outreach
and community events (Years 3-20;
Prioritize Years 3-10)

Host neighborhood events,
workshops, etc. (Years 1-3)
Prioritize landowners for outreach,
identify community advocates and
spokespersons, and organize ideal
outreach strategies (Years 1-2)
Conduct outreach, host
neighborhood events, soil health
workshops, etc. (Years 2-5;
Prioritize Years 2-3)

Conduct personalized outreach and
host additional events, workshops,
etc. where needed (Years 5-7)
Implement priority projects where
willing landowners have been
identified through personalized
outreach and community events
(Years 3-20; Prioritize Years 3-13)

Implement priority projects identified in implementation plan, focusing on
opportunities with interested and willing landowners

REGIONS:
Gatesburg - West
Spruce Creek
Confluence

* Sediment

reduction indicator
is a calculation of
anticipated reductions
according to our
modeling - not based
upon measured
reductions in-stream.

PHASE 1 MILESTONES:

PHASE 2 MILESTONES:

• Completion of website (Year 2)
• Tier 1 + 2 outreach events
• Completion of early-action
projects in Tier 1 region

• Completion of targeted project
goals for Tier 1 region
• Tier 2 outreach events

* SEDIMENT REDUCTION: 69,244 lbs/yr
(50% of Tier 1 sediment-loading target)

* SEDIMENT REDUCTION: 367,055 lbs/yr
(100% of Tier 1 sediment-loading target;
25% of Tier 2 sediment loading target)
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Phase 3
(Years 11-15)

Phase 4
(Years 16-20)

Continue outreach, especially with focus of working with landowners to achieve our soil
health goals through events, mentorship opportunities, and one-on-one outreach

Focus on preservation strategies and management of existing BMPs and critical landscapes;
implementation of projects where opportunities arise with interested landowners

PHASE 3 MILESTONES:

PHASE 4 MILESTONES:

• 75% completion of targeted
project goals for Tier 2 regions
• Tier 2 outreach events

• Completion of targeted project
goals for Tier 1, 2, and 3 regions
• Completion of soil health goals

* SEDIMENT REDUCTION: 824,191 lbs/yr
(100% of Tier 1 sediment-loading target;
75% of Tier 2 sediment-loading target)

* SEDIMENT REDUCTION: 1,107,300 lbs/yr
(100% of Tier 1, 2, and 3 sediment-loading target
with soil health BMP goals)
55

WATERSHED-WIDE GOALS
It was important to our team to develop unique strategies for the different regions across the watershed to
address specific concerns. However, there are important strategies that are necessary across the watershed to
advance water quality, ecological benefits, farm profitability, and overall quality of life. Across the watershed,
we chose specific BMPs that would advance our specific project goals, one of which is to reduce nonpoint source
pollutants (particularly sediment) from entering the stream. A second goal is to prioritize BMPs that create,
enhance, and restore quality riparian habitat to support a healthy aquatic life community. Therefore, it was a
common thread across regions to choose BMPs that prioritize sediment reduction and quality habitat. In our
implementation plan, we propose “vegetative buffers,” which includes both forested and grass riparian buffers.
When working with landowners, we will prioritize and encourage the implementation of forested riparian buffers
across the Halfmoon Creek Watershed, due to the increased ecological benefits of trees (as stated on pg. 11 in
this plan); however, we will work with landowners and consider their values and site-specific conditions when
choosing the specific type of vegetative buffer. To further reduce annual sediment loading, we established goals
for increasing the use of soil health BMPs (e.g. cover crops and no-till agriculture) throughout the watershed. In
our regional implementation plans, we call for the implementation of these BMPs in three specific regions where
tillage is a concern. As these are non-structural BMPs that can be implemented and benefited anywhere in the
watershed, our goal will be to encourage landowners to use these BMPs all throughout the Halfmoon Creek
Watershed (Figure 41). However, we will target and prioritize our outreach in the regions we specify, including
Headwaters - Scotia, Central, and Loveville.

Figure 41. Participants of the Halfmoon Farm Field Day in July 2019
learning about the soil health benefits of cover crops and no-till
agriculture during a soil pit demonstration.

Furthermore, preservation is another
essential strategy across regions to
ensure that we maintain and enhance
the systems in place that are critical for
water quality benefits. Specific strategies
that preserve these landscapes and BMPs
include easements, forest management,
riparian buffer maintenance, and connected
relationships with the landowners who
foster these critical landscapes. Land use
ordinances and development standards
can also be a critical tool for municipalities
to further conservation efforts in the
watershed (i.e. the adoption of a Forest
Riparian Ordinance). A helpful resource
can be found at ConservationTools.org,
which includes a library of model ordinances
planning guides, and more (Pennsylvania
Land Trust Association, 2020).

NUTRIENT REDUCTIONS
Although sediment reductions are our primary focus in this implementation plan for Halfmoon Creek since the
TMDL is specific to sediment, nutrient reductions are also critical for overall watershed health, as well as for
the Susquehanna and Chesapeake Bay Watersheds at-large. Towards the end of our plan development for the
Halfmoon Creek Watershed, Centre County (Tier 2 County) was just beginning the process of developing its
Countywide Action Plan (CAP) as part of Pennsylvania’s Chesapeake Bay Phase 3 Watershed Implementation
Plan, or Phase 3 WIP. As specific guidance and recommendations are made for the county to achieve its
nutrient and sediment loads, our team will adapt our strategies, if needed, to ensure county-wide goals are
met within the Halfmoon Creek Watershed. Since the Halfmoon Creek Watershed does span across county
lines into Huntingdon County, we will also coordinate with Huntingdon County partners as they develop their
planning goals and strategies during the Tier 3 CAP phase.
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Using the Centre County Clean Water Technical Toolbox developed by PADEP, we used the Clean Water Goals to
help frame our nutrient reductions at this stage. The county-wide targets for nitrogen and phosphorus that need
to be achieved through local planning goals by 2025 is 1,766,193 pounds per year and 43,937 pounds per year,
respectively. Great strides have been made in Centre County already to reduce phosphorus loads, but there is
still a significant gap between current nitrogen loads and the 2025 goal for the county. The Technical Toolbox
further indicates that the Halfmoon Creek Watershed is among the top ten HUC-12 watersheds in Centre
County for total nitrogen yields, albeit the watershed is in the lowest yield category (11.7 - 11.8 pounds per acre)
among the ten watersheds. The Halfmoon Creek Watershed is not among the top ten HUC-12 watersheds for
total phosphorus yields. Overall, nitrogen yields for Centre County are largely tied to fertilizer application, which
accounts for 76 percent of the estimated share of nitrogen application to agricultural land. Manure application
accounts for 23 percent of this share (PADEP, 2019).
According to the implementation plan we have developed for the Halfmoon Creek Watershed, our modeling
estimates an annual loading reduction of 8,525 pounds per year of nitrogen and 1,245 pounds per year
of phosphorus (Table 10). As sediment and phosphorus reductions are linked, our plan offers a significant
phosphorus reduction in addition to achieving our sediment loading goal for the watershed, which will be an
important piece in achieving Centre County’s Clean Water Goal for phosphorus. Additional measures to reduce
nitrogen may be needed within the Halfmoon Creek Watershed to achieve the county’s nitrogen reduction target.
Therefore, we will continue to coordinate in order to align local planning goals and strategies in the Halfmoon
Creek Watershed Management Plan with that of the county’s.

Estimated Annual
Reductions
according to the
Halfmoon Creek
Implementation Plan

Nitrogen

Phosphorus

Sediment

8,525 lbs/yr

1,245 lbs/yr

1,107,300 lbs/yr

Table 10. Summary of annual nitrogen, phosphorus, and sediment loading reductions (pounds per year)
that are estimated for the Halfmoon Creek Watershed implementation plan.

ADAPTIVE MANAGEMENT
Our restoration priority tiers set forth in the implementation plan will be our guide to efficiently direct resources
and manage time for maximum success. However, we recognize that flexibility and adaption will also be key as
we move forward into the implementation phase. Over time, new opportunities may arise and properties may
change hands to landowners with new visions and goals, all of which can lead us in new directions. Although our
prioritizations will direct our outreach, working with landowners where interest and opportunities lie are critical to
leverage, even if it diverges from our schedule, as it can lead to even further opportunities.
Our team will also be tracking success in terms of our restoration and outreach, and adaptive management will be
utilized to ensure we make any needed adjustments over time in order to reach our project goals within the planned
time frame. As mentioned before, we can adapt our plan to incorporate any further nutrient reduction goals and
strategies to align to county-level measures as part of the CAPs for Centre and Huntingdon Counties. Furthermore,
the effects of climate change (i.e. increased air temperature and rainfall) will continue to affect the watershed
over time with the potential for increased nonpoint source pollutant loads entering Halfmoon Creek. Our
implementation plan offers a significant reduction in sediment loading, making our plan well-suited to address these
evolving conditions while still meeting the TMDL. In addition, our prioritization of resilient BMPs, such as forested
riparian buffers, further bolsters our ability to proactively manage the effects of climate change over time.
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PUBLIC OUTREACH
Planning Phase Outreach
During the development of this watershed management plan for the Halfmoon Creek Watershed, we knew
engagement with stakeholders and the watershed community would be critical in order to achieve successful
community buy-in of the implementation plan and increase overall stewardship of the watershed. The CBF and
our project partners have a history of relationships with the Halfmoon Creek Watershed community, and we
leveraged those relationships during the development of this plan. Project partners brought the values of the
landowners they know to the table to ensure this plan resonates with the community. We were also extremely
fortunate to have landowners that joined the project team, who brought invaluable insights and on-the-ground
knowledge to our discussions (Figure 42).
Many of our project partners and others also worked together to organize and host a farm field day in the
Halfmoon Creek Watershed, which was led by the Chesapeake Conservancy. Held in July 2019, this event
attracted over 30 participants to learn first-hand from Halfmoon landowners about agricultural BMPs, riparian
buffers, and soil health (Figure 43). Between the participants that attended the event and the many landowners
that we personally reached out to and invited to the event, we now have several landowners with interest in
implementing BMPs on their properties. Some of these projects are already moving forward or are included in
our implementation plan.
Implementation Phase Outreach
As we move into the implementation phase of this project, continued outreach will be an essential tool. We will
focus on one-on-one outreach with priority landowners to discuss their personal goals, values, and visions for
their properties. We will also focus on hosting neighborhood events, such as dinner and breakfast meetings,
workshops, and farm tours to increase public education of best management practices, technical and financial
resources available to landowners, incentive programs, and overall watershed health. From experience, we
know that farmers best learn from other farmers, especially within their community. With that, we will work
with landowners with existing and exemplary BMPs to act as spokespersons to be at the forefront of these
community events and interactions.
Branding and dissemination of information is another important tool. We collaboratively worked on a project
logo and title to distinguish our project (Figure 44). As part of Phase One of our Implementation Plan, we
also will create a website for community members and partners to access the plan digitally and obtain other
information such as stream monitoring data, events, and public education resources. In this way, we will create a
“living” component to this dynamic and evolving project.

Figure 42. Partners analyzing watershed maps and data
and at a project meeting in July 2019.

Figure 43. Participants learning about riparian buffers
and the benefits landowners have experienced first-hand
during the Halfmoon Farm Field Day in July 2019.
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OUTREACH GOALS:

OUTREACH STRATEGIES:

•

Increase public knowledge and
awareness of stream and watershed
health and how it benefits and connects
to agriculture, recreation, business,
public health, and overall quality of life

•

Engage in one-on-one landowner outreach

•

Create a series of small-scale and
localized events such as breakfast and
dinner gatherings, short presentations,
demonstrations, and workshops

Increase public knowledge of technical
and financial resources, incentive
programs, and mentorship opportunities
available to landowners

•

Host larger-scale events, including field
days and farm tours (less frequent basis)

•

Capitalize on existing community events
for increased public awareness and
connection with the community

•

Collaborate with partners on other
watershed-related projects and events for
cohesive outreach with the public

•

Develop a group of community
spokespersons to engage and connect with
their neighbors

•

Increase watershed, stream health, and
BMP awareness through increased public
visibility, such as the use of front yard and
watershed boundary signage, branding/
project logo use, etc.

•

Encourage farmland preservation and
open space preservation

•

Increase access to watershed and project
information through the creation of
a website for community members to
access public education resources, event
information, monitoring data, and more

•

Use stream monitoring as a tool for public
engagement

•

Create outreach opportunities for
residential community members, such as a
backyard buffer program and stormwaterrelated workshops

•

•

Foster community stewardship and
positive buy-in of the Halfmoon Creek
Watershed Management Plan

MEASUREMENT OF SUCCESS:
•

Strong attendance in project-related
meetings and community events

•

Increased number of landowners and other
residents reaching out to practitioners,
becoming involved with the project, and
implementing BMPs on their property

•

•

Increased coverage in public media outlets,
including news articles, social media,
online postings, and more
Positive feedback through surveys and
other interactions with landowners and
the community

Figure 44. The logo and title created for this project
through stakeholder input.
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COST ESTIMATE
To determine an estimated cost for the implementation plan, total quantities of BMPs proposed in each region
were compiled and multiplied by their unit cost (Table 11). Where units differed between what was proposed
in the implementation plan and the unit cost, conversions were made. Generalizations were made for certain
BMPs, such as vegetative buffers, in which a singular width (35 feet) was chosen in order to generate an
estimated cost. Vegetative buffers were also priced for the implementation of forested riparian buffers.
Because these assumptions are being made at a watershed-scale, specific project costs may vary depending
on site-specific needs and conditions. Monitoring costs include the continuation of our surface water sample
analysis of 10 sites throughout the watershed, as well as macroinvertebrate sampling and analysis (according
to DEP protocols) on a 5-year interval.
Component
Quantity in
Plan

Component
Unit in
Plan

Vegetative Buffer
Streambank Fencing

18,058
7,423

Linear feet
Linear feet

Streambank Stabilization

Component

Adjusted
Quantity
for Cost
Estimate
29.0
14,846

Adjusted
Unit for
Cost
Estimate
Acre
Feet

Cost Estimate
$6,079.44
$4.67

Cost
Estimate
Unit
$/Acre
$/Ft

9,818

Linear feet

N/A

N/A

$450.00

$/LF

No-Till
Cover Crops

172
172

Acres
Acres

N/A
N/A

N/A
N/A

$21.62
$78.83

Education + Outreach

N/A

N/A

N/A

N/A

$4,000.00

Stream Monitoring

N/A

N/A

N/A

N/A

$13,000.00

$/Acre
$/Acre
$/5-year
phase
$/5-year
phase

Cost Estimate Source

Cost Components

EQIP 2021
EQIP 2021
engineer's estimate*
EQIP 2021
EQIP 2021
developed with project
partners
developed with project
partners

design, implementation
implementation
design, permit, bid,
construction
implementation
implementation

Total Cost for Plan
Implementation
$176,303.76
$69,330.82
$4,418,100.00
$3,718.64
$13,558.76

materials, resources

$16,000.00

sampling, lab analysis

$52,000.00

TOTAL

$4,749,011.98

Table 11. A summary of estimated and expected costs associated with the implementation of this watershed management plan.
Units costs were referenced from the Pennsylvania EQIP payment schedule (2021) and estimates sourced from engineers (E.
Letavic, Herbert, Rowland & Grubic, Inc., personal communication, 2020), as well as in consult with project partners.

TECHNICAL AND FINANCIAL ASSISTANCE
Below is a list of potential sources for technical and financial assistance that are available for implementing
projects and goals identified in this watershed management plan (Figure 45).

Stream Restoration Projects

No-Till and Cover Crops
•
•
•
•
•

319 Program
PADEP Growing Greener
EQIP
PA No-Till Alliance
Regional Conservation
Partnership Program (RCPP)

Farm Planning
•
•
•
•
•

319 Program
Growing Greener
EQIP
Penn State Agriculture
& Environment Center
Conservation Districts

•

319 Program

•

PADEP Growing
Greener Grants
Program

•

EQIP

•

DCNR Riparian Forest
Buffer Program

•

DCNR Multifunctional
Buffer Program

•

Keystone 10 Million
Tree Partnership

•

Conservation Reserve
Enhancement Program

•

National Fish and
Wildlife Foundation
(Chesapeake Bay
Stewardship Fund)

•

Chesapeake Bay
Foundation Buffer
Bonus Program

•

The Partners for Fish
and Wildlife Program
of the US Fish &
Wildlife Service

Figure 45. Potential sources of technical and financial assistance that can be leveraged for project implementation.
Stream restoration projects include vegetative buffers, streambank fencing, and streambank stabilization. Farm
planning includes the development of manure management plans, conservation plans, nutrient management plans, etc.
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IMPLEMENTATION PHASE COORDINATION
Our strong network of partners will continue to coordinate our efforts as we enter the implementation
phase to ensure we meet our goals. To determine how we will all work together, we divided roles into four
general categories including Overall Coordination, Project Implementation, Public Outreach, and Stream
Monitoring. Tasks associated with Overall Coordination include continued coordination of project partners,
grant application facilitation, and project tracking. Project Implementation tasks include, but are not limited
to, providing technical assistance in project development and design, facilitating and/or executing project
implementation, providing supplies and/or volunteers, and project maintenance. Potential roles of partners
involved in Public Outreach include conducting individual outreach with landowners, organizing and hosting
watershed-related events in the community, developing public outreach tools and resources, and facilitating
community spokespersons to connect with other landowners in the watershed. Tasks associated with Stream
Monitoring include surface water sampling, stream flow measurements, physical habitat assessments, water
chemistry analysis, macroinvertebrate surveys, monitoring station maintenance, and landowner outreach.
Figure 46 demonstrates what roles partners will play during the implementation phase of this plan, and it
demonstrates our collective commitment towards making our planning goals a reality from start to finish. Each
of our partners have already done considerable work in the Halfmoon Creek Watershed, making our team wellsuited to continue onward working together and with landowners of the watershed.

Overall Coordination

Project Implementation

Public Outreach

Stream Monitoring

•

Chesapeake Bay
Foundation

•

Chesapeake Bay
Foundation

•

Chesapeake Bay
Foundation

•

Centre County
Conservation District

•

Centre County
Conservation District

•

Centre County
Conservation District

•

Penn State Extension

•

•

Chesapeake
Conservancy

•

Dr. Preisendanz Lab
Group of Penn State
University

•

Centre County
Conservation District

Dr. Preisendanz Lab
Group and Class of Penn
State University

•

DCNR

•

•

Chesapeake
Conservancy

Penn State Agriculture &
Environment Center

•

•

Penn State Agriculture &
Environment Center
•

•

ClearWater
Conservancy

DCNR

•

Chesapeake
Conservancy

•

•

Western Pennsylvania
Conservancy

Western Pennsylvania
Conservancy

USDA ARS Pasture
Systems and Watershed
Management Research
Unit

•

•

Keystone 10 Million
Tree Partnership

Penn State Agriculture & •
Environment Center

Chesapeake Bay
Foundation

•

•

Penn State Agriculture &
Environment Center

Huntingdon County
Conservation District

•

•

Huntingdon County
Conservation District

ClearWater
Conservancy

•

ClearWater
Conservancy

•

Partners for Fish &
Wildlife

Figure 46. The roles that project partners will play during the implementation phase of the watershed management plan.
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MONITORING PROGRESS
IMPLEMENTATION TRACKING
Our phased schedule, as shown in the Implementation Plan section, will be our guide to ensure our project
goals are achieved, interim progress is made, and adjustments are made when needed. Incremental milestones
set along the way will help us track interim progress, and these milestones can be quantified in terms of
the amount of BMPs implemented (i.e. linear feet of stream with riparian buffer). This can then be modeled
using MMW to calculate the anticipated annual sediment reduction in pounds per year. Table 12 below is a
summary of these milestones, indicators, and associated reductions from our schedule. Stream restoration
refers to three stream-related BMPs: vegetative buffer, streambank fencing, and streambank stabilization.
For simplicity purposes, the quantity of vegetative buffers was chosen to represent the stream restoration
milestones in each phase, as this BMP largely covers most stream restoration projects in the watershed. Some
project sites require all three stream-related BMPs (i.e. in the case where livestock are present), whereas other
sites only require one or two of the stream-related BMPs. Our regional implementation plan pages (pg. 38-51)
offer a more detailed breakdown and quantification of project metrics per subbasin, which can be used for
more precise project tracking.

Phase Two (Years 6-10)

Phase One (Years 1-5)
MILESTONES:
50% of Tier 1 project target
•
•

Stream restoration:
2,404 linear ft of stream
Outreach: website,
one-on-one landowner
outreach, community
event(s)

Phase Three (Years 11-15) Phase Four (Years 16-20)

MILESTONES:
MILESTONES:
MILESTONES:
100% of Tier 1 project target; 100% of Tier 1 project target; 100% of Tier 1, 2, and 3
75% of Tier 2 project target project targets
50% of Tier 2 project target
•

Stream restoration:
7,677 linear ft of stream

•

Stream restoration:
•
13,416 linear ft of stream

Stream restoration:
17,058 linear ft of stream

•

•
Soil health: progress
towards achieving no-till
and cover crop goals

Soil health: progress
•
towards achieving no-till
and cover crop goals

Soil health: completion
of no-till and cover crop
goals

•

Outreach: one-on-one
landowner outreach,
community event(s)

Outreach: one-on-one
landowner outreach,
community event(s)

Outreach: one-on-one
landowner outreach,
community event(s)

•

•

SEDIMENT REDUCTION:

SEDIMENT REDUCTION:

SEDIMENT REDUCTION:

SEDIMENT REDUCTION:

69,244 pounds per year

367,055 pounds per year

824,191 pounds per year

1,107,300 pounds per year

Table 12. A summary of the interim milestones, along with the incremental and anticipated reductions in annual sediment
loading, according to our phased implementation schedule. Quantification of stream restoration and sediment reduction is
cumulative with each subsequent phase.

STREAM MONITORING
Stream monitoring of the physical, chemical, and biological conditions of a waterbody is an excellent tool to
measure on-the-ground progress of watershed health. Hydrologic modeling can estimate sediment and nutrient
loading reductions, yet it cannot provide exact expectations for future conditions. Additionally, waterbodies
and its associated aquatic life community require additional time to respond to stream and watershed
improvements, so it is important to compliment hydrologic modeling with stream monitoring to more accurately
track progress.
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In the Halfmoon Creek Watershed, we are
fortunate to have a strong foundation of
monitoring data and resources from which to
continue building from as we monitor progress of
our watershed implementation plan. During the
duration of this project, a number of efforts and
collaborations emerged to monitor the creek, and
these partnerships continue to grow to allow for
robust monitoring of Halfmoon Creek into the
future. Our monthly sampling of ten sites along the
creek (Figure 47) to assess stream flow, nutrient
concentrations, and turbidity continues, which has
been made possible through a collaboration with
Penn State University, USDA ARS Pasture Systems
& Watershed Management Research Unit, Centre
County Conservation District, CBF, and landowners
(Figure 48). There is potential opportunity for this
collaboration to expand into using autosamplers
to monitor a subset or all monitoring sites to
provide increased monitoring data, both in terms
of parameters collected and sampling intervals.
Autosampling can provide us with stream flow,
stream temperature, dissolved oxygen, turbidity,
and nutrient concentration data. There is also
opportunity to continue working annually with
Dr. Preisendanz (of Penn State University) and
her Measurement & Monitoring of Hydrologic
Systems class, in which students deploy continuous
monitoring equipment to collect stream water level,
rainfall, water temperature, and dissolved oxygen
data over the course of the Fall semesters.
In addition to these monitoring efforts to collect
physical and chemical data, it is also critical to
assess the aquatic life community of the stream.
The Centre County Senior Environment Corps
(CCPaSEC) is a volunteer organization that gathers
and publishes water quality data of the streams
of Centre County. Along with monthly physical
assessments and collection of chemical data (e.g.
temperature, stream flow, pH, conductivity, nitrates,
dissolved oxygen, sulfates, and phosphates),
volunteers also conduct macroinvertebrate counts
twice a year at each station. In the Halfmoon Creek
Watershed, there are four CCPaSEC monitoring
sites, two of which correlate to monitoring sites
we have used in this project. This data can be used
to help demonstrate how macroinvertebrate
communities are responding to implementation
of our watershed plan over time. If funding and
resources are available, it is our goal to conduct
macroinvertebrate surveys to calculate IBI scores
at our monitoring sites along Halfmoon Creek on a
5-year interval to better assess progress over time.

HM-000

HM-001

LV-001

LV-002

HM-002

HM-003

HM-004
HM-005

Figure 47. Map of monitoring locations that were sampled in May
2019. Sites represented with a yellow triangle (six) are locations
where PADEP has previously conducted sampling, and sites
represented with a pink triangle (two) are locations that were added
during the May 2019 sampling event. These monitoring stations will
continued to be sampled over time to assess progress.

Figure 48. Calculating stream flow via stream depth and velocity
measurements during a sampling event at one of our Halfmoon
Creek monitoring sites in September 2019.
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CONCLUSION
This ambitious restoration plan for the Halfmoon
Creek Watershed achieves and surpasses the
targeted maximum sediment load as recommended
in the Halfmoon Creek TMDL. It does so by setting
tangible goals set forth by stakeholders, which
are supported by locally-specific solutions with
community values in mind. Our action plan will
seek to decrease nonpoint source pollutants,
restore aquatic and riparian habitat in degraded
areas, preserve ecologically-critical landscapes in
place, and foster community stewardship of the
watershed to achieve our vision for a healthier
Halfmoon Creek for generations to come.
Our analytical and collaborative approach took
these goals a step further to define unique and
specific concerns, goals, and strategies across
seven different regions of the watershed. Thus, our
approach is not a one-size-fits-all solution, and is
specifically tailored to address the varying concerns
and needs of the community across the watershed
with strategies that are most likely to succeed and
be implemented. The implementation plan also lays
out a plan of where and when to concentrate our
efforts, beginning in the headwaters where great
success has already been made, and then work our
way downstream where more in-depth outreach,
restoration, and time are needed. This approach
will help ensure our resources and time are best
managed for achieving success efficiently in an
optimal time frame.
Our collective efforts amongst the CBF and the
numerous local and regional partners working
on this project yielded a great collaboration and
foundation that is successfully set to continue
from this planning stage to the next stages of
implementation, adaptive management, and
monitoring. We look forward to setting in
motion this vision and action plan for a healthier
Halfmoon Creek, its watershed, and ultimately the
waterbodies and communities that lie downstream.
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“The true meaning of life is to plant trees,
under whose shade you do not expect to sit in.”
					

- Nelson Henderson
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APPENDIX A: Taxonomic Soil Groups
of the Halfmoon Creek Watershed

Map respresenting the taxonomic soil groups of the Halfmoon Creek Watershed. Data was obtained from NRCS’s Web Soil Survey.
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Table detailing the name and size of the taxonomic soil groups in the Halfmoon Creek Watershed. Data was obtained from NRCS’s
Web Soil Survey (continued on pgs. 66-68).
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Table detailing the name and size of the taxonomic soil groups in the Halfmoon Creek Watershed. Data was obtained from NRCS’s
Web Soil Survey (continued from pg. 65).
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Table detailing the name and size of the taxonomic soil groups in the Halfmoon Creek Watershed. Data was obtained from NRCS’s
Web Soil Survey (continued from pgs. 65 and 66).

71

&XVWRP6RLO5HVRXUFH5HSRUW

0DS8QLW6\PERO

0DS8QLW1DPH

85%

8UEDQODQG+DJHUVWRZQ
FRPSOH[JHQWO\VORSLQJ

9D&

$FUHVLQ$2,

3HUFHQWRI$2,




9DQGHUOLSORDP\VDQGWR
SHUFHQWVORSHV





:

:DWHU





:H&

:HLNHUWVKDO\VLOWORDPWR
SHUFHQWVORSHV





:K&

:KDUWRQVLOWORDPWR
SHUFHQWVORSHV





:\$

:\RPLQJJUDYHOO\VDQG\ORDP
UDUHO\IORRGHGWRSHUFHQW
VORSHV





6XEWRWDOVIRU6RLO6XUYH\$UHD





7RWDOVIRU$UHDRI,QWHUHVW





0DS8QLW6\PERO

0DS8QLW1DPH

$FUHVLQ$2,

3HUFHQWRI$2,

%E

%DUERXUVRLOVKLJKERWWRP





&E%

&ODUNVEXUJVLOWORDPWR
SHUFHQWVORSHV





+H'

+DJHUVWRZQ5RFNRXWFURS
FRPSOH[WRSHUFHQW
VORSHV





+X%

+XEOHUVEXUJVLOWORDPWR
SHUFHQWVORSHV





+X&

+XEOHUVEXUJVLOWORDPWR
SHUFHQWVORSHV





,23

,URQRUHSLWVDEDQGRQHG





0R%

0RQRQJDKHODVLOWORDPWR
SHUFHQWVORSHV





0U%

0RUULVRQVDQG\ORDPWR
SHUFHQWVORSHV





0U&

0RUULVRQVDQG\ORDPWR
SHUFHQWVORSHV





0U'

0RUULVRQVDQG\ORDPWR
SHUFHQWVORSHV





0V%

0RUULVRQYHU\VWRQ\VDQG\
ORDPWRSHUFHQWVORSHV





0V'

0RUULVRQYHU\VWRQ\VDQG\
ORDPWRSHUFHQWVORSHV





0X%

0XUULOOJUDYHOO\ORDPWR
SHUFHQWVORSHV





1H

1HZDUNVLOWORDP





2S&

2SHTXRQFOD\ORDPWR
&XVWRP6RLO5HVRXUFH5HSRUW
SHUFHQWVORSHV





25)

2SHTXRQFOD\ORDPWR
SHUFHQWVORSHVYHU\URFN\





7\

0DS8QLW6\PERO

9D'

0DS8QLW1DPH
7\OHUVLOWORDP

$FUHVLQ$2,

9DQGHUOLSORDP\VDQGWR
SHUFHQWVORSHV

6XEWRWDOVIRU6RLO6XUYH\$UHD
7RWDOVIRU$UHDRI,QWHUHVW





3HUFHQWRI$2,















Table detailing the name and size of the taxonomic soil groups in the Halfmoon Creek Watershed. Data was obtained from NRCS’s
Web Soil Survey (continued from pgs. 65-67).

0DS8QLW'HVFULSWLRQV

72

APPENDIX B: Baseline Sediment + Nutrient
Loading in the Halfmoon Creek Watershed
Subbasin
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
TOTAL

Estimated Loading (land use only)
Phosphorus
Nitrogen
Sediment
Loading (lbs/yr) Loading (lbs/yr) Loading (lbs/yr)
56.76
2,659.80
14,206.28
294.58
13,137.74
68,465.54
262.24
4,369.42
176,247.28
143.22
4,087.60
65,728.74
118.58
3,647.38
62,238.44
184.80
4,164.38
102,619.22
60.50
853.38
16,542.24
56.98
709.06
8,795.16
109.12
2,589.62
46,203.52
229.46
3,940.64
158,116.86
162.14
3,785.54
69,115.42
119.46
2,734.60
56,391.94
233.64
5,754.10
115,334.56
47.08
979.66
19,571.20
280.50
5,381.64
180,644.86
130.90
5,539.60
52,514.22
790.68
18,593.52
479,875.66
141.02
6,448.20
56,499.74
177.54
3,774.76
92,210.58
176.88
3,602.50
100,344.64
324.72
7,265.06
209,685.52
179.96
3,595.24
115,672.70
250.80
3,534.52
172,791.52
215.38
6,025.36
81,315.52
223.52
8,754.68
120,988.12
123.42
6,292.22
18,684.60
196.68
4,775.10
107,201.82
124.08
5,424.54
55,194.70
295.02
7,545.34
196,228.78
110.44
5,402.98
52,625.98
47.74
1,730.08
15,379.54
222.86
3,331.02
171,634.10
23.54
509.52
683.76
47.08
2,672.56
11,617.98
26.18
415.80
489.50
200.20
3,609.76
146,188.46
26.40
939.62
405.02
183.70
4,521.00
84,250.54
240.90
5,403.42
101,243.78
89.10
1,358.94
38,887.42
293.26
4,659.82
175,241.66
27.28
947.98
1,706.54
112.64
2,059.86
54,215.26
49.72
870.54
7,469.22
590.48
12,263.46
300,386.24
8,001.18
200,661.56
4,181,854.38

Estimated Loading (land use and existing BMPs)
Phosphorus
Nitrogen
Sediment
Loading (lbs/yr)
Loading (lbs/yr)
Loading (lbs/yr)
50.71
2,608.51
10,063.87
295.20
13,165.33
68,609.32
134.70
4,463.03
69,710.97
143.52
4,096.18
65,866.77
52.91
3,114.47
6,932.65
155.43
4,157.69
88,796.36
55.78
843.93
12,628.28
57.10
710.55
8,813.63
72.75
2,422.44
18,369.11
121.92
3,373.29
64,688.84
151.46
3,763.51
63,731.60
113.76
2,716.09
56,510.36
181.66
5,684.83
76,317.77
46.08
976.87
19,612.30
164.24
4,558.71
74,165.84
116.84
5,438.58
41,045.17
440.04
17,805.83
192,079.72
137.57
6,282.06
53,578.88
177.91
3,782.69
92,404.22
177.25
3,610.07
100,555.36
223.33
4,974.28
105,654.65
170.42
3,603.45
107,504.33
177.91
2,955.51
100,461.23
215.17
6,034.04
81,486.28
124.12
7,745.71
31,010.85
123.68
6,305.43
18,723.84
190.92
4,763.74
107,426.94
124.34
5,435.93
55,310.61
295.20
7,558.54
196,640.86
110.67
5,414.33
52,736.49
47.84
1,733.71
15,411.84
172.18
3,306.71
119,113.85
23.59
510.59
685.20
46.96
2,678.17
11,444.18
26.23
416.67
490.53
179.24
3,611.39
126,818.78
26.46
941.59
405.87
181.22
4,519.25
84,427.47
184.97
4,938.13
58,184.99
87.52
1,352.75
38,146.54
232.59
3,961.92
113,857.38
27.34
949.97
1,710.12
101.19
1,922.87
43,149.70
43.21
781.10
5,636.33
501.77
11,264.95
215,363.60
6,484.89
191,255.41
2,876,283.50

Table summarizing the baseline (current) sediment and nutrient loads that were calculated for the 45 subbasins delineated in the Halfmoon
Creek Watershed using Model My Watershed (MMW). The first 3 columns show our calculations when land use is solely considered
(without the consideration of existing BMPs). The last 3 columns show our calculations once existing BMPs are entered into the model.
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