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Cooks Creek Watershed Conservation Plan
Cooks Creek Watershed Association
March 2026

1.0 EXECUTIVE SUMMARY

The Cooks Creek Watershed Conservation Plan provides an updated, science -based framework to protect and
manage one of Bucks C o highesty Guality watersheds. The Cooks Creek Watershed encompasses
approximately 30 square miles  spanning three counties.  The watershed drains to the Delaware River and lies at
the confluence of three  physiographic provinces, resulting in exceptional geological, hydrological, biological,

and ecological quality

Cooks Creek is designated as an Exceptional Value Cold Water Fishery (EV -CWF) by the Pennsylvania
Department of Environmental Protection and is a Class A Wild Trout stream . Despite these designations, portions
of the watershed are listed as impaired for aquatic life and recreation due to nutrient enrichment, sedimentation,

habitat alteration, and pathogen contamination. This plan updates the original 2002 Conservation Plan and
integrates more than two decades of monitoring, research, and land use change to guide future stewardship.
The project is led by the Cooks Creek Watershed Association and Durham Township Environmental Advisory
Council and is funded through a Pennsylvania Growing Greener Grant.

Overall, Cooks Creek and its watershed remains a high quality system. Groundwater is the dominant contributor

to streamflow, providing cool, stable baseflows essential for trout and sensitive macroinvertebrate communities.
Dissolved oxygen and pH conditions are consistently excellent . However, resource surveys have reveal ed
localized stressors including:

Elevated n utrient concentrations linked to agriculture and septic systems

Periodic thermal exceedances during warmer months due to riparian shading loss
Increased sediment and nutrient loading during storm events

Pathogen indicators associated with failing or poorly sited onsite wastewater systems
Significant erosion and channel instability

= =4 =4 -4

Biological assessments show diverse and resilient macroinvertebrate communities consistent with EV designation,
though some headwater and tributary areas exhibit seasonal stress. The watershed also supports numerous rare,
threatened, and endangered species , including the federally threatened bog turtle, underscoring its regional
and statewide significance.

The watershed remains predominantly rural, with agriculture and forest cover comprising the majority of land
area. Approximately 33% of the watershed is protected open space, largely through preserved farmland and
private conservation easements. Nonetheles s, long-term land -use trends show:

1 A decline in agricultural land since 1990
1 Growth in low -density residential development, particularly since 2000
1 Anincrease in impervious surface coverage approaching thresholds associated with stream degradation

While population growth within the watershed has been modest, development and changing land use patterns
in the watershed and  adjacent municipalities pose ongoing risks to water quality, groundwater recharge, and
habitat connectivity.

The watershedds karst and fractured bedrock geology prov
vulnerability to contamination. Floodplain disconnection, channel incision, and streambank erosion are

prevalent in several reaches, driven by increased runoff, inadequate stormwater management, and more

frequent high -intensity storm events associated with climate change.
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Detailed watershed surveys identified multiple sites with severe bank erosion, loss of riparian buffers, and altered
channel morphology. These conditions threaten infrastructure, historic resources, and aquatic habitat if left
unaddressed.

The plan identifies the following priority challenges:

Nutrient enrichment (nitrogen and phosphorus)

Streambank erosion and sedimentation

Loss and degradation of riparian buffers

Thermal stress to coldwater fisheries

Stormwater impacts from developed areas

Septic system limitations and pathogen contamination

Climate change impacts, including increased storm intensity and drought risk
Spread of invasive species and loss of native vegetation

= =4 =4 -4 -4 -8 -8 4

The Watershed Conservation Plan emphasizes a holistic, watershed  -based approach that integrates land use
planning, infrastructure improvements, restoration, monitoring, and education. Key recommendations are
organized into five interrelated focus areas:

Water Management and Monitoring
Stormwater and Land Use Management
Water Quality Protection

Habitat and Ecosystem Protection
Channel and Riparian Restoration

=A =4 =4 4 =4

The Cooks Creek Watershed remains an exceptional natural resource of regional importance, supported by
decades of proactive stewardship and strong community engagement. While its overall condition is excellent,

latent pressures from land use change, climate variability, and nonpoint source pollution require continued and
coordinated action.

Implementation of the recommendations in this Watershed Conservation Plan will protect water quality, sustain
aquatic life, preserve the rural character, and ensure reliable groundwater resources for future generations.
Continued collaboration among municipalities, landowners, conservation organizations, and residents will be
essential to maintaining the long  -term health and resilience oft he Cooks Creek Watershed.

Princeton Hydro, LLC Page| 2
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2.0 INTRODUCTION

The Cooks Creek Watershed (CCW) is an approximately 30 square mile watershed sited in Bucks, Northampton,
and Lehigh Counties in Pennsylvania. Cooks Creek discharges to the Delaware River and over 90% of the
catchment lies within Durham and Springfield Townships in Bucks County. This watershed encompasses the
meeting of three phy siographic provinces providing a unique topographic and geological characteristic to the
watershed including a diversity of terrain. The diversity of terrain and resources has shaped and continues to
control land use patterns and ecology. Early development dating to the colonial era included industry, forestry,
agriculture, and mining. The  watershed remains largely rural in character with forest and agriculture accounting

for over 75% of the land area and approximately 33% of the watershed is protected open space.

Low rates of land development combined with carbonate geology in the central valley along the mainstem of

Cooks Creek has maintained good water quality and high resource values. The CCW is designated an

Exceptional Value (EV) stream by the Pennsylvania De partment of Environmental Protection (PADEP)and a Class

A Wild Trout stream. Water quality sampling and other resource characterization studies show the continued

good quality of the system, the presence of threatened and endangered species, and high qua lity groundwater
resources that meet the communityds drinking water needs.

Despite these indicators of excellence, Cooks Creek also has documented water quality impacts. In 2016 it was

|l isted on Pennsylvaniads I ntegrated Report as impaired for
pathogen levels, and stream tem  perature show impacts in locations. Erosion and sedimentation are significant

problems related both to high slopes and highly erodible soils as well as insufficient stormwater management. It

also appears that the effects of climate change play a role as do invasive species in impacting the watershed.

In recognition of the high quality of the watershed, the Cooks Creek Watershed Association (CCWA) was formed

in the mid -1970s as a community -led organization dedicated to the protection of the watershed and serving as

its official steward . In 2002, through Pennsylvaniads Growing Green
Conservation Plan (CCWCP) was developed for the CCWA . This project is a collaboration between CCWA,

Durham Township Environmental Advisory Council (DTEAC) with support from Springfield To wnship is also funded

through a Growing Greener grant and is an update of the CCWCP consisting of several tasks including:

Historical data review

Update of watershed characteristics
Watershed survey and BMP recommendations
Final report

=A =4 =4 =4

The project is focused on updating resource characterization elements, utilizing recent available geographic
information system (GIS) data layers, conducting additional stream reach evaluations, and offering updated
action items. Since the or iginal document was published a number of supporting studies have been completed.

The watershed has also seen some substantive changes including a reduction in agricultur al land mostly offset
by increased residential development and regrowth of forest cover. Addition al stressors and considerations are
also in place including the impacts of climate change , its designation as impaired, and new data provided

through various monitoring and survey programs.

The remainder of this document will detail each of the tasks.
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3.0 HISTORICALDATA REVIEW

This section reviews several of the historical documents related to programmatic management of CCW.

COOKS CREEK WATERSHED CONSERVATION PLAN

The CCWCP is a comprehensive assessment and management framework created to protect the environmental

integrity, water resources, and cultural assets of the Cooks Creek Watershed (CCW) located primarily in Durham
and Springfield Townships in Bucks County, Pennsylvania. The plan synthesizes various areas of s tream monitoring,
groundwater mapping, geologic surveys, wetland studies, biological assessments, and land -use analysis into a

strategy for long -term watershed protection. The original document was prep  ared in 2002 for CCWA and DTEAC
by MJ Environmental Associates, Ltd., Golder Associates Inc., and EEE Consulting, Inc.

Planning work included in the CCWCP was in part motivated by regional development pressures, the recognition

of the high quality and unique environmental resources of the watershed memorialized by EV designation under
Pennsylvania Chapter 93, and the need to protect those resources utilizing a holistic watershed -based approach.
Facets of this EV designation include its unique limestone geology and hydrology, high quality fishery and
macroinvertebrate habitat including Class A wild trout populations for bot h brown trout (  Salmo trutta ) and brook
trout ( Salvelinus fontinalis ), rare wetland ecosystem types, in addition to the historic and cultural significance of

the watershed.

These high value resources, however, tend to be sensitive and easily disturbed. Areas of carbonate geology are

prone to contamination of the aquifer due to naturally forming fissures that can transport contaminated runoff

and groundwater. The watershedi s prone to erosion and sedimentation as a consequence of topography and

soils. Agricultural land uses are a significant source of nutrient loading and sedimentation. Reliance on
groundwater usage can impact safe yields from the aquifers, while onsite wast ewater treatment increases
nitrogen loading. Road crossings are associated with a loss of macroinvertebrate community quality and related
impacts.

While overall environmental quality of the watershed is high, there is a strong need and community desire to
protect those resources and the reliant community. The remain der of this section will highlight the most relevant
and important findings and management strategies contained in the document.

PHYSICAL SETTING, GEOLOGY, AND HYDROLOGY
Watershed Characteristics

Cooks Creek drains approximately 30 square miles and includes 37 miles of mapped tributaries across Bucks,
Northampton, and Lehigh Counties. The watershed features steep wooded slopes along the crystalline ridges of
the Reading Prong. This is bisected by the central limestone valley along the main channel, part of the Great

Valley Section, known as the Durham Carbonate Valley. The headwaters have large diabase int rusions featuring
perched wetlands and boulder fields. Elevations range from approximately 1 ,000 ft above mean sea level (AMSL)
at Flint Hill to approximately 140 ft at the mouth of Cooks Creek at i ts confluence with the Delaware River. Land
use/land cover (LU/LC) consists primarily of agricultural and rural residential uses, with minor legacy industrial
presence.

Geology and Karst Sensitivity
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Three major bedrock types are found across the watershed including the crystalline formations dominated by

gneiss and quartzite which tend to feature steep slopes and remain largely forested. Diabase intrusions
predominantly in the southern and western po rtion s of the watershed are characterized by boulder fields with
perched wetlands. These areas have poor groundwater yield s and thus water demand may easily exceed the
carrying capacity. The carbonate formations have significant groundwater storage often characterized by
spring discharge that sustain high baseflow and discharge of cool water importance for the maintenance of
coldwater fisheries, most notably trout. These  areas are prone to sinkholes, and as mentioned above, are highly
susceptible to contamination due to poorly sited septic system and land use disturbance.

Hydrology and Groundwater

Groundwater is the dominant contributor to basefl ow, prov
dry periods. Numerous springs and seeps stabilize stream temperatures and sustain trout habitat. The water she
relatively small size means it reacts quickly to changes in land use.

A long -term United States Geological Survey -style gauging effort initiated by the DTEAC aimed to establish a
reliable Q7 -10 low -flow statistic (average low flow over a 7 -day consecutive period with a 10 year recurrence
interval) , necessary for understanding drought resilience and managing groundwater withdrawals. The results of
this study were later incorporated in the Cooks Creek Watershed Monitoring and Management Plan published in

2003. Observation wells were monitored to produce a groundwater contour map included in the document

WATER QUALITY AND STREAM CONDITIONS

Cooks Creek is designated an Exceptional Value Cold Water Fishery (EV -CWF), the highest water quality
classification in Pennsylvania. Key water quality findings include excellent dissolved oxygen (DO) metrics and pH
stability, both signficantly influenced by limestone geology that provide for turbulent flow and high pH buffering

due to complex carbonate chemistry. Baseflow is cold and stable, and because oxygen solubili ty increases as
temperatures decrease this sustains high DO concentrations critical to t rout requirements.

There are a number of water quality impacts documented, primarily related to nutrient pollution (primarily
nitrogen and phosphorus) and sedimentation. In general and within this specific watershed, these problems tend

to be linked to agricultural runoff, livestock stream access, unimproved road crossing, eroding streambanks, and
fertilizer use. High nutrient concentrations have led to localized growth of cyanobacteria (formerly more
commonly called blue -green algae) which can be a significant stressor tha t reduces habitat quality through
colonizing substrate and may be linked to DO impacts.

Visual stream assessments were conducted throughout the watershed. Marginal or poor conditions were
documented near road crossing s, integrating many impacts of poorly managed stormwater and other impacts
associated with transportation corridors, while most of the other surveyed segments were healthier with fewer
signs of impairment.

BIOLOGICAL RESOURCES

Aquatic Life

As described above, portions of the Cooks Creek tributary network are designated Class A waters, a rare
designation in Bucks County. Class A waters are designated by the Pennsylvania Fish and Boat Commission and

are defined as waters where trout naturally reproduce and that population structure is such to support long -term

sustainability. These populations are managed without stocking. The main stem is designated Class A for wild
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brown trout (this species is native to Eurasia) while Coon Hollow Run and other small tributaries are Class A for wild

brook trout (a native species and Pennsylvaniads state fis
requirements that foster natural reproduction including physical habitat and substrate quality, low water

temperatures, high DO concentrations, sufficient flow, and good availability of forage items, in particular stream
macroinvertebrates.

The quality of the benthic infauna in Cooks Creek is high. In particular there is high biotic diversity of mayflies,
stoneflies, and caddisflies, typically known collectively as the EPT taxa named after the respective order of each

taxon (ephemeroptera, plecoptera, trichoptera). Besides being favored trout forage, many genera in these
orders tend to be highly sensitive to water quality stressors and tend to have temperature and water quality
demands similar to trout. These taxa are known as biological i ndicators and their relative presence or absence

is used to assess stream quality.

Wildlife and Rare Species

The watershed is utilized by a number of rare and/or protected species across various taxa including: bog turtle
(federally threatened); red  -bellied turtle; least bittern; peregrine falcon; and Indiana bat as well as rare cave
invertebrates found in the Du  rham Mine hibernaculum.

There are a number of important habitat types dispersed throughout the watershed including extensive forest
corridors, sedge meadows, and high priority sites identified by the Natural Areas Inventory as part of the
Pennsylvania Natural Heritage Program including: Durham Mine, Cressman Hill, Buckwampum Mountain, and The
Lookout.

Vegetation

Over 2,000 species of plants have been identified in the watershed, including 1,393 native species. As such, over

600 species are non -native. Important invasive species in the watershed, which can outcompete native plants

and may cause impacts like incre  ased erosion , include multiflora rose found throughout the landscape and
purple loosestrife, common in wetlands.

Besides the impacts to native plants caused by invasive species, overbrowsing by white -tailed deer is a significant

stressor to the ecosystem which can lead to a loss of forest regenerative capacity and increase erosion on steep
slopes. Plant communities are also susceptible to direct losses due to development and land use practices.

LAND USE, DEVELOPMENT TRENDS, AND CULTURAL ASSETS

Historic and Cultural Significance
The watershed includes colonial iron works, early mills, historic road networks, and preserved structures. The
Durham Furnace area is especially notable. Historic farms, stone buildings, covered bridges, and lime kilns are
important components of the regionds cul tural | andscape.
Current Land Use
At the time of writing, predominant land uses were:

1 Agriculture: 58%

1 Forest: 15%
1 Residential: 15%
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1 Commercial/Industrial: <2%

Township zoning include d agricultural districts, rural residential areas, watershed protection overlays, scenic
overlays, and floodplain conservation zones.

Development Pressure

Upper Bucks County wa s experiencing rising development pressure driven by a proximity to major employment
centers in the Lehigh Valley and the Philadelphia and New York metropolitan areas. Expanding transportation
access also eased the commute to those areas. At the same time, there was also a large migration away from

urba n areas to more rural exurbs.

Specific challenges for Durham and Springfield Townships included outdated comprehensive plans with
insufficient environmental protections or meeting the demands of population growth. This was compounded by

insufficient stormwater management and reliance of onsite septic systems, a particular concern in areas with
carbonate geology. There were also significant constraints related to karstic -geology with the propensity for
sinkhole formation and poor infiltration in areas of diabase with poor septic system performance.

WETLANDS, RIPARIAN ZONES, AND CRITICAL AREAS

Wetlands

Significant wetlands are found throughout the watershed. The United States Fish and Wildlife Service National
Wetland Inventory (NWI) showed 337 acres of mapped wetlands in the watershed. Field surveys conducted in
1999 spanned 259 acres of which only 15 8 were included on the NWI maps illustrating a significant underestimate
of total wetland coverage throughout the watershed. Lacking documentation it was suggested that wetland
evaluations be incorporated as part of all development to protect unmapped res ources.

Wetlands provide a number of important environmental services including habitat for rare and protected species
such as bog turtle, groundwater discharge zones, flood mitigation, and nutrient filtering.

Riparian Buffers

Riparian buffers are corridors sited parallel to channels within the tributary network. Approximately 1,600 acres of
riparian buffers were mapped in the CCW, consisting primarily of deciduous forest and agriculture land cover.

As these buffers often cont ain wetlands, they provide many of the same types of services offered by other
wetlands including nutrient interception and erosion control as well as stream shading critical to maintaining
coldwater habitats and habitat corridors. Buffer width should be maintained at least 75 to 100 ft on each side of
waterway to preclude negative impacts the maintenance of which is particularly important in headwaters.

Critical Areas

Critical areas are those most sensitive to a variety of stressors or most impacted by said stressors and merit further
protections. These critical areas include headwater tributaries, those small tributary extending to the watershed
boundary, wetland comp  lexes with endangered species across a variety of taxa including plants, birds, and
reptiles, karst recharge zones, disturbed areas susceptible to erosion particularly those with high soil erosion
characteristics, and road -crossing reaches of stream channe Is.
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WATER BUDGET

A water budget describes the hydrology of a watershed including key components such as precipitation,
evapotranspiration, groundwater recharge, and streamflow. Some of the most important findings include that
groundwater provides a substantial share of to tal baseflow to Cooks Creek, but that the water -bearing aquifers
that contribute to baseflow can be stressed by excessive withdrawals. Groundwater recharge is also impacted

by increasing impervious cover, including roadways and structures, that limit infi Itration. A related impact of
impervious cover is the lack of infiltration increases runoff which in turn contributes to greater flooding potential

and erosional hazards. Maintaining low imperviousness is important in maintaining groundwater recharge,
reducing the generation of stormwater, and decreasing flooding and erosion hazards.

As mentioned above, septic systems which treat wastewater onsite can impact groundwater quality. In
particular, poorly designed systems, those that are constructed too close to the seasonal high water table, are
undersized, or are otherwise malfunctioning may offer poor renovation of nitrogen, which is highly soluble.
Accordingly, some subwatersheds were already exhibiting nitrate contamination at concentrations exceeding
ecological thresholds.

In order to protect groundwater resources to sustain baseflow and aquatic ecosystems in the tributary and
maintain potable water for community residents, which rely on potable water wells, development in the
watershed must adher e t o gtchpacityw dahe earngng eapatity is dedermingd using the
Water Balance Model (WBM).

MAJOR ISSUES AND DATA GAPS

Critical Issues

The CCWCP ultimately identified a number of critical issues affecting the watershed and have largely been
discussed above. The key concerns for the watershed include the following:

Nutrient enrichment or eutrophication, specifically nitrogen and phosphorus compounds
Sedimentation and streambank erosion

Loss of riparian buffer

Loss of habitat for threatened/endangered species

Outdated planning documents

Karst related hazards including sinkhole formation

Baseflow and groundwater protection challenges

=A =4 =4 -4 -4 -8 -4

Data Gaps

The plan similarly identified data gaps, of which many have received significant attention in the intervening
period. These gaps include:

Long -term low -flow analysis (Q7 -10)
Groundwater elevation monitoring
Sormwater and erosion mapping
Nutrient loading analysis

Biological inventories

Updated land -use mapping

Karst protection strategies

= =4 =4 =8 4 -4 -4
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MANAGEMENT OPTIONS AND RECOMMENDATIONS

Ultimately, the compilation and analysis of data was utilized to identify areas of concern and propose a number
management recommendations across five main categories.

1. Water Management and Monitoring
1 Develop a Sustainable Watershed Management Plan
1 Continue and expand stream gauging and aquifer monitoring
1 Improve groundwater contour maps using an additional 30 wells
2. Stormwater and Land -Use Management
1 Create township -specific stormwater management plans
1 Update zoning ordinances and comprehensive plans
9 Establish overlay districts for critical areas (wetlands, riparian zones, headwaters, karst)
3. Water Quality Protection
1 Develop a Nutrient Management Plan
1 Expand water quality monitoring through community programs
1 Implement erosion -control practices, especially near road crossings
4. Habitat and Ecosystem Protection
1 Conduct comprehensive biological inventories
1 Enhance and restore riparian buffers
91 Protect rare -species habitats through conservation easements or acquisition
1 Implement BMPs for agriculture, septic systems, and land disturbance
5. Public Education and Outreach
1 Provide seminars for officials on groundwater, soils, septic suitability, nonpoint source pollution
9  Offer public workshops on environmentally responsible land practices
1  Support school outreach programs
1 Expand Stream Watch volunteer programs

WETLANDS MANAGEMENT PLAN

Predating the publication of the CCWCP as an earlier phase of the Cooks Creek Watershed Monitoring and
Planning Program (CCWMPP), the Cooks Creek Wetlands Management Plan (CCWMP) was completed in 2000.

Like the CCWCP, the CCWMP was prepared for the DTEAC by MJ Environmental Associates, Ltd., Golder
Associates Inc., and EEE Consulting, Inc. The CCWMPP, as the overarching project outline, was created to
develop a water resources management strategy and to help the development of the revised Comprehensive

Plan for Durham Township by assembling a comprehensive database used to craft guidance and zoning
ordinances that would protect the quality of the watershed, drinking water resources, and acknowledge
sensitivity to degradation.

In order to accomplish this, the CCWMPP focused on several objectives including:

Wetland delineation and soil characterization

Delineating karst features and other hydrogeologic properties of the geologic formations
Determining hydrologic characteristics and preparing a water budget

Implementing stage and discharge monitoring in Cooks Creek

Initial GIS development

=a =4 —a -8 -9
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The CCWMP focused on hydrologic investigations of Cooks Creek and water supply wells, geologic mapping of
the watershed including carbonate formations, and natural resource studies. It specifically stated that it would

not include water quality sampling r  elated to either surface waters, groundwater, nor soils which would be
addressed in later iterations . The remainder of this section will review the findings of the document.

STREAM GAGE DATA COLLECTION AND ANALYSIS

The first component of the study was the installation of a stream gaging station at Durham Furnace Bridge. The
stream stage data was then processed and analyzed in the WAMOS application. In addition to stream stage
data, the application also required cro ss sectional channel profile. Thereafter, a ratings curve was

oexperimentallyé developed which allowed for the transfor
which was subsequently used to produce flow and stage hydrographs as well as calculate o ther water budget
parameters.

Additionally, data from the Red Bridge United States Geological Survey (USGS) gaging station was analyzed over

a period of record from 1991 to 1993. Daily mean flow values for the duration of the study were included as
Appendix B. Importantly, this data also distinguished between baseflow and stormflow values, a critical
differentiation in water budgets allowing for precise determination of groundwater flux.

SURFACE GEOLOGICAL SURVEY
Regional Geology

Geologic units in the CCW include Precambrian crystalline rock in the Reading Prong and crystalline rock of the

Lower Paleozoic in the Great Valley sequence. Surficial in areas, these units underlie sedimentary rocks of the
Newark -Gettysburg basin. Trias sic and Jurassic sedimentary rock as well as igneous diabase also appear in the
region. Crystalline rocks are largely metamorphic including gneiss, schist, hornblende gneiss , and granite.
Shallow marine carbonate rocki  sfound in the Allentown dolomite and Leithsville formations. Newark -Gettysburg
deposits include the Stockton and Lockatong formations comprised of shales and other sedimentary types.
Extensive faulting is present at the intersection of these units.

Cooks Creeks Geology

Harder, resistant rock occupies the highlands and are topographically elevated. Softer rocks prone to erosion
occupy lowlands and valley bottoms. These softer sedimentary rocks promote the formation of broad open
valleys and gentle slopes, while small streams draining the harder rock types on the periphery tend to be much
steeper.

Crystalline rocks of the Reading Prong form the northern watershed and bound the Durham Valley with
carbonates and clastics of the Great Valley. Paleozoic rocks of the Great Valley -Lehigh Valley sequence include
marine carbonates of Allentown dolomite, Le ithsville formation, and Rickenbach formation with bands of
Hardystone quartzite.

Newark -Gettysburg Basin deposits include Stockton (equivalent to Brunswick) and Lockatong formation shales
which dominate much of the western portion of the CCW. Discrete diabase intrusions are also found along the
southern and western bounds.

Together, the characteristics of these formations are important in defining watershed morphology, sediment
yield, and permeability. Stream geomorphology and runoff hydrology are also important. In karstic carbonate
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rocks generally little runoff develops and high baseflow is maintained. However, due to structural folds and dip

angles of the formation, groundwater flow may be in a direction to counter to surface topography resulting in a
reduction in baseflow; this is sometimes recognized as a losing stream segment where there is a net movement

to rather than from groundwater in the affected stream reaches . The chemistry of rocks may also play an
important role, which is especially common in carbonate formations that may cause high dissolved solids loads
and elevated pH. Soil forming factors and slopes, both related to geology, also influence vegetation and land

use types and are particularly correlated with suitability for agriculture.

Groundwater and Geologic Observation

Groundwater flow through the carbonate geology is considered complex but generally controlled by fracture
flow with minimal karst conduit flow. Hydraulic conductivity through carbonate is signficantly higher than other
lithology in the watershed.

Channels in karst or carbonate geology may lose flow to sinkholes and solution conduits and fractures. This also
causes many areas of spring flow and potential for losing stream segments in the watershed.

Extensive geological mapping was undertaken describing the following compartments:

Northern Basin Boundary 8 Crystalline Rocks

Durham Valley Karst

Musconetcong -Bitts Hill Crystalline Rocks

0South Branchdé Cooks Creek
Buckwampum Hill & Haycock Diabase

Flint Hilld Shelly Diabase
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WELL SURVEY AND WATER TABLE MAP

This portion of the project consisted of several tasks including identifying well locations, measuring water levels in
private wells, developing a map, and creating a GIS layer. In total, 62 such well were measured. Triassic
sedimentary rocks, including the Brunswick (Stockton) and Lockatong formation s, consists of alternating beds of
high and low transmissivity creating stacked aquifers and thus yields and depth to groundwater are highly
variable. Deeper wells in these areas may intercept multiple aquifer units. Yields tend to be relatively high

beca use of high fracture density, but shallower layers may be clogged with weathered clays and yields improve

with depth. Pumping of non-domestic wells were demonstrated to lower water levels and create a cone of
depression around the well.

Approximately 19% of the CCW consists of carbonate geology. Generally, these aquifers have high water yields
primarily in fracture s but also in solution channels. Permeability is usually high, but can vary greatly. Solution
channels are primarily formed in the upper layers as the acidic solutions are neutralized by the carbonate as they
move down through the formation.

Crystalline rocks compose 9% of the watershed and groundwater move s through openings in the weathered
zone and fracture s and joints at depth. Flow paths are short and surface and groundwater layers generally
coincide.
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PRELIMINARY WATER BUDGET

A brief exploration of the water budget was prepared. This is primarily conceptual lacking all the required data
at the time but outlines the primary components and water budget formula:

P=SF +ET+GP +L+LGWS
Where

P = precipitation

SF = streamflow

ET = evapotranspiration

GP = groundwater pumpage

LGWS = increase in groundwater storage

The study references an earlier work defining the water budget for 1991 and 1992.
Utilizing a water balance approach, a more simplified approach may be taken:

POE=I1+R
Where ,

P = precipitation

E = evapotranspiration
| = infiltration

R = runoff

WETLANDS, WATERS, AND NATURAL RESOURCES

Wetlands in the watershed were identified through a combination of review of existing published maps including

the NWI and the Soil Survey of Bucks and Philadelphia Counites as well as field surveys. Field surveys were
conducted where hydric soils were in  dicated on the soils maps; 30 such study areas were identified. Field
methodologies for identifying and mapping wetlands, as well as the limits of waters of the United States, were

based on the United States Army Corps of Engineers (USACE) Wetlands Deline ation Manual (1987); this
methodology stands as the industry standard today. This methodology consists of the use of soils, vegetation,

and hydrology as wetland indicators.

Methods

In addition to mapping wetlands, a functional value assessment was also performed using the Wetland
Evaluation Technique (1987)(WET) developed by the USACE. These evaluations are based on wetland functions
scored across social significance, effectiveness, and opportunity as high, medium, and low. The functions and
values are comprised of the following:

Groundwater recharge
Groundwater discharge
Floodflow alteration
Sediment stabilization

= =4 =4 =4
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Sediment/toxicant retention

Nutrient removal/transformation

Production export

Wildlife diversity/abundance for breeding, migration, and wintering
Aquatic diversity/abundance

Uniqueness/heritage

Recreation
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Lastly, threatened and endangered species were identified. This was performed through database searches
using both federal and state resources. Notes regarding habitat suitability and observation of species were also
kept during the wetland surveys.

Results

In total, more than 200 wetlands were identified through a combination of field surveys and NWI maps totaling
approximately 5 to 6% of the watershed. Results indicate that NWI maps were fairly conservative in describing
the extent of wetlands but accurate in characterizing the type. Most wetlands not identified on the NWI maps
were located along the tributary network and were especially abundant in Springfield Township in the headwater
reaches.

Wetland types found within the CCW are:

Palustrine forested

Palustrine scrub shrub

Palustrine emergent

Palustrine open -water
Palustrine unconsolidated bottom
Palustrine flat -bottom

Riverine perennial

Riverine intermittent

Riverine unknown perennial
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In general, the WET evaluation showed the surveyed reaches to be of high quality and that wetlands are largely
undisturbed and unstressed.

Certain areas were highlighted for protection of water quality, potable water supply, and rare species utilization
including:

Wetlands and stream in karst prone areas that are important groundwater recharge areas
Headwaters

Springs and seeps, especially along channel banks

Habitats that support or potentially support threatened and endangered species

Segments near developed areas including Springtown, Pleasant Valley, and eastern Durham

= =4 =4 -4 -4
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Table 3-1: WET Il Evaluation Summary
Social Significance Effectiveness Opportunity
Wetland Functions and Values 3rd & 4th 1st & 2nd 3rd & 4th 1st & 2nd 3rd & 4th  1st & 2nd
Order Order Order Order Order Order

Groundwater Recharge H L H L NA NA
Groundwater Discharge H H L H NA NA
Floodflow Alteration H H H H M M
Sediment Stabilization M M M M NA NA
Sediment/Toxicant Retention H M L L H H
Nutrient Removal/Transformation H H L L M M
Production Export NA * M M NA NA
Wildlife Diversity/Abundance* H H NA NA NA NA

Breeding NA NA L L NA NA

Migration NA NA H M NA NA

Wintering NA NA H M NA NA
Aquatic Diversity/Abundance H H H H NA NA
Uniqueness/Heritage H H NA NA NA NA
Recreation H H NA NA NA NA

*applied only to birds

Threatened and Endangered Species

The following list provided by the Pennsylvania Department of Conservation and Natural Resources
the following state threatened/endangered species indicated for the CCW at the time of writing:

=A =4 =4 -4 -4 -4

Spreading globeflower
Red-bellied turtle
Least bittern
Peregrine falcon
Sedge wren

Bog turtle

GEOGRAPHIC INFORMATION SYSTEM DEVELOPMENT

A GIS database was developed consisting of 12 layers including:

=
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County boundary
Municipal boundary
Streams

Springs

Wells

Road centerlines/edge of pavement

Bridges/railways
Geology
Groundwater
Wetlands
Wetlands overlay zone

contours

(DCNR) shows
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1 Stream riparian buffer overlay zone

COOKS CREEK MANAGEMENT PLAN

A brief summary of findings is summarized in the bulleted list:

1 Geologic processes affect watershed conditions including development patterns, watershed
conditions, and system ecology

1 Geology can be important tool for analyzing the watershed and understanding water yield and other
components

1 Surface water and groundwater connection is well established throughout most of the watershed and
the Cooks Creek is a gaining stream in all but several stream reaches in carbonate geology

1 NWI wetlands maps did not characterize the full distribution of wetlands in headwaters and upper
stream reaches

1 Springs and seeps are common throughout the CCW, particularly in the headwaters, and form
important wetlands and sustain baseflow through the system

1 Wetlands were not indicating significant stress but many are classified as vulnerable to hydrologic
modification or increasing development

1 Functional wetland values are very high throughout the CCW

Based on those findings the following recommendations were offered:

1 Implement a holistic management approach for the CCW

1 The township Comprehensive Plan should include elements discussing social and environmental benefits
of the watershed and highlight natural resource inventories as well as goals, objectives, and strategies
for protection

1 Inclusion of a Cooks Creek overlay district/zoning ordinance requiring identification of sensitive
resources and the use of BMPs to maintain those resources

1 The use of growth management ordinances to preserve open space and riparian corridors and protect

water supplies

Educate stakeholders through public outreach

Maintain a water monitoring program

Seek funding to continue to manage the watershed

Include protections for sensitive area s such as karst prone geology, habitats for threatened and

endangered species, and disturbed wetlands

= =4 4 =4

COOKS CREEKWATERSHED MONITORING AND MANAGEMENT PLAN

This document is linked to both CCWCP and CCWMP and marks the continuation of monitoring and assessment
activities discussed in those documents. Like those , this project was funde d through Pennsylvania Growing
Greener and was prepared forthe DTEACby MJ Environmental Associates and Wheeler Environmental Services.

As before, the primary goal of the project was to continue to build the environmental database and provide

data necessary to make sound resource conservation and land use practice decisio ns as it pertains to
maintaining watershed and water quality, the availability of drinking water, and recognizing resource sensitivity
to degradation.
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The document focuses on the installation of a second gaging station, well surveys, flow gaging, water quality
sampling, aquifer hydraulic property analysis including pump tests, and ancillary components including
expansion of the GIS database and recommend ations and management options.

STREAM GAGE INSTALLATION

The second stream gaging station was installed at the Brunswick site in Springtown in 2002. The station included
a large stilling well and a housing for the pressure transducers. This installation would provide stage data for input
into WAMOS and transfo rmation to stream discharge. The channel cross section was also surveyed.

WATERSHED DATA COLLECTION

A number of watershed data collection activities were completed and are described below.
Well Survey

In order to map groundwater elevation contours, groundwater well surveys were conducted at private wells. This
included measuring the depth to water level and converting it a vertical datum (NGVD 1929). This data was
then modeled in GIS to produce ground water elevation contour maps and digital elevation models (DEMSs).

High-low groundwater levels were also mapped utilizing data collected from 1999 through 2001. The 1999 data
collection was performed under significant drought events and as a result high -low groundwater levels varied
between several to over 100 feet rela  tive to more typical precipitation conditions. The greatest difference was
located primarily in the southwestern portions of Durham Township.

Monthly water level data was collected from four well locations throughout the study area. This data was used
to determine changes in groundwater storage, a crucial component of the water budget. It was also used as
an input value for the WAMOMAS hydrolo gy application.

Cooks Creek Flow Gaging

Gaging at the newly installed Brunswick gage station was implemented in 2002. This involved the preparation of
stage discharge ratings curve and curve calibration. This involved measuring flow velocities in the field at intervals

along a transect to calc  ulate depth weighted cross sectional flow velocity compared to stage readings.

Flow gaging was maintained at the Red Bridge station renovated in 1999. Further curve calibrations were
performed to assure the production of high quality data.

Water Quality Sampling

Water quality sampling was conducted at 17 locations throughout the tributary network in February and April
2002. In-situ parameters, those collected in the field, include:

1 Water temperature
T pH
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1  Specific conductivity
1 DO

Samples were also collected  for discrete laboratory analysis for the following parameters:

Alkalinity

Ammonia

Nitrate

Hardness
Phosphates

Total phosphorus
Total dissolved solids
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Overall, befitting a stream with significant limestone geology, alkalinity was variable but very high in some areas

and the water hard to very hard. Nitrates also varied from below detection limits to 2.8 mg/L, indicative of

nitrogen pollution. Both phos phates, with exception of one station, and TP were low. Most of the in -situ metrics
also showed good water quality and DO tended to be excellent.

Fecal coliform and total coliform bacteria were analyzed at three locations and was elevated at 84 cfu/100 mL

at the confluence of Silver Creek and Cooks Creek. Coliform analysis is typically considered an indicator of
pathogens and significant concentrations pose potential public health risks. While the measured values are

typically lower than what is considered hazardous they do suggest at least some level of contamination likel y
linked to poorly performing septic systems in Springtown.

In addition to the collection of standard limnological parameters, a surface water sample was collected on

March 20, 2002 downstream of a waste transfer station during a significant rain event. The sample was analyzed

for the EPA Priority Pollutants List which includes volatile organics, pesticides , metals, mercury, cyanide, phenols
and polychlorinated biphenyls (PCBs). While some detections were observed, including chromium, zinc, mercury,

and phenols , all were near the practical quantitation limit (PQL) and thus low , although both metals were noted
as somewhat elevated previously indicating potential ambient loading.

Aquifer Hydraulic Properties

In order to determine aquifer hydraulic properties including transmissivity and assess the relationship between
groundwater pumping rates and changes in aquifer levels, short term pumping tests were conducted at nine

sites. The information for a similar t est performed independently at Springtown Firehouse was provided and
included in the analysis. Testing was conducted across the three main lithology types including crystalline,
carbonate, and shales. The carbonate wells had by orders of magnitude the hi ghest transmissivity at over 45,000
gpd/ft. Crystalline wells showed greater variability and averaged 3,050 gpd/ft. The Brunswick wells were low at

just 285 gpd/ft.

EXPANSION OF THE GIS DATABASE

Additional GIS layers were prepared largely based on the data collection activities detailed in this document.
These new layers included:

1  Well pump test locations
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Revisions to the groundwater elevation map

Various derivatives of the groundwater elevation map
Surface water quality sampling locations

Stream gage locations

Municipal parcels data
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WATERSHED MONITORING AND MANAGEMENT

A discussion of WAMOMAS application was provided including its constituent modules for watershed monitoring
and watershed management, WAMOS and WAMAS.

RECOMMENDATIONS AND MANAGEMENT OPTIONS

A bulleted list of recommendations and management options was provided regarding the overall monitoring
scheme. Some of the more important recommendations include:

Inventorying all wells including detailed construction data

Septic system inventory and characteristics

Update tax map/parcel data

Advanced groundwater modeling using MODFLOW and MODPATH
Stream gage calibration

Design wellhead protection areas

Continue stage monitoring

Periodically conduct visual assessments
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COOKS CREEK WATERSHEMPLEMENTATIONPLAN

The Cooks Creek Watershed Implementation Plan (CCWIP) is a comprehensive implementation plan prepared
by Princeton Hydro, LLC for the CCWA published in 2021 t

Greener program. Cooks Creek holdsan EV  -CWF designat i o n, Pennsylvani ads highest
supports wild reproduction of both brown trout and brook trout. Despite decades of stewardship on behalf of
the CCWA and constituent municipalities portions of Cooks Creek were listed as impaired f or aquatic life and

recreation on the 2016 PA Integrated Waters Report. The impairment source was listed as agriculture and urban,
while the impairment cause was listed as unknown.

Despite the variety of studies conducted to that time, a comprehensive examination of non -point source (NPS)
pollution was lacking. Therefore, the project was designed to achieve the following goals:

1 Identify sources, locations, and impacts of NPS pollutants

1 Develop and conduct a wide ranging sampling program focusing on water chemistry including

temperature and DO, nutrient pollutants, macroinvertebrates, and streamflow monitoring

Utilize a modeling approach to quantify nutrient and sediment loads

Survey sites throughout the watershed to identify restoration opportunities

1 Provide actionable data to guide design and implementation of best management practices (BMPs)
and secure funding

= =
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WATER QUALITY

Water quality sampling consisted of seasonal sampling conducted over the course of a year at five monitoring
stations. The remainder of this section will highlight the most important findings.

Coldwater fishery temperature thresholds were exceeded at several stations during the spring and summer
events. Departure from standards was generally minimal but was as high as 3°C above criteria. In general, the
stream had localized thermal impairments linked to reduced shading and or land use -driven warming.

The DO regime was excellent throughout the course of sampling only once marginally failing to meet the water
quality criterion. Cooks Creek shows good oxygenation and good ecological suitability.

pH stayed within the water quality thresholds acceptable range throughout the duration of the study and no
indication of eutrophication linked to pH values greater than 9.0. Conductivity, a proxy measure of dissolved
solids in the water column was within ~ expected ranges and general stable showing overall low loading values.
At one station within the carbonate valley conductivity was elevated as a consequence of carbonate solubility
typical of limestone streams.

Several species of phosphorus and nitrogen as well as total suspended solids (TSS) were collected as discrete
samples and analyzed at a certified laboratory. Total phosphorus, the metric most associated with
eutrophication, was generally low, rarely meeti ng or exceeding the 0.05 mg/L threshold for eutrophication. One
notable exceedance occurred during a significant rain event illustrating the effects of elevated concentrations

in stormwater.

TSS concentrations were generally quite low, rarely exceeding 5 mg/L. As with TP, TSS spiked following a storm
event with nearly 1 inch of precipitation with concentrations ranging from 20 to 34 mg/L, quite high values
causing high turbidity.

Three species of nitrogen were measured, including nitrate (NO 3) the most common form, nitrite (NO  2) which is
often linked to wastewater sources, and total Kjeldahl nitrogen (TKN) which accounts for ammonia and organic
nitrogen sources. When summed, these three parameters approximate total nitrogen (TN). Accordingly, NO 3

dominated the TN load with values ranging from 0.85 to 3.30 mg/L. Several times measured concentrations
exceeded the 1 to 2 mg/L reference condition for agricultural waters. This exceedance was linked to substantial
groundwater loads likely originating from septic systems and agricultural land uses particu larly in areas with
carbonate geology.

HYDROLOGIC MONITORING

Flow monitoring was a key component of earlier studies but the monitoring stations were no longer operational.
Two flow monitoring stations were installed during this study at Springtown and at Red Bridge at the defunct USGS
gaging station. The stations included data logging pressure transducers to record stream stage and the
development of stage discharge ratings curves based on numerous flow monitoring events. This data can be
used in a variety of manners including to track climate change effects on fl ow and the generation of runoff.

Ultimately, the ratings curves were developed. Utilizing pressure transducer data or direct readings from the staff
gage those stream stage input values can be rapidly converted to instantaneous discharge. This provided the
means for future continued mon itoring of Cooks Creek.
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Over the course of monitoring, flow was extremely variable from as low as 4 cfs to 7,393 cfs. These high flow
values are illustrative of the potential stream power of Cooks Creek which leads to significant channel erosion,
sediment mobilization and settli ng, and habitat disruption.

NUTRIENT AND SEDIMENT LOADING

The MapShed model, a derivative of the Generalized Watershed Loading Function model, was used to model
nutrient and sediment loads. The model is a 30  -year simulation of loading and transport processes using real
climatic data and altered by complex algori thms that include watershed LU/LC, soil types, slopes, animal loading,
and other related data to compute the loads.

The watershed is dominated by two land uses, forest cover at 37.7% and agricultural land uses, including both
crops and pasture at 39.7%. Agriculture is therefore a major driver of watershed nutrient and sediment dynamics.

The total sediment load in the watershed was nearly 3 million kg. Approximately 70% of the load derived from
erosion in the watershed and the remaining 30% attributed to in -channel or streambank erosion. Approximately
99% of the runoff sediment load was  attributed to agricultural land uses.

The total nitrogen load was approximately 33,000 kg. 63% of the nitrogen load was attributable to groundwater
flux, while approximately 30% originated in runoff. These high groundwater loads reflect the karst geology and
contributions from fertilizers an d septic systems.

Phosphorus loads totaled 5,100 kg. Most of the phosphorus load (76%) was watershed -derived and 98% of that
load was also linked to agricultural lands. Unlike most nitrogenous compounds, which are highly soluble,
phosphorus is typically bound to particles and therefore is a strong correlation between sediment transport and

the total phosphorus load.

WATERSHED SURVEY AND RESTORATION OPPORTUNITIES

A windshield survey of 16 locations identified several sites with impaired riparian buffers, erosion, channelization,

and stormwater challenges. These illustrate conditions common across the watershed. These impairments point
to several important restoration actions including riparian buffer enhancement, improving floodplain
connectivity, and streambank stabilization.

Riparian buffers offer a number of benefits including the following:

Lower stream temperatures through shading
Reduce nutrients via uptake

Increase infiltration and reduce runoff
Stabilize banks and reduce erosion
Provide wildlife habitat

Reduce algal productivity

Prevent invasive plant colonization

Filter agricultural runoff

Improve flood resilience

=4 =4 =4 4 -8 4 -4 -4 -4

In order to attain these benefits several recommended actions were offered including: the establishment of no -
mow zones; installation of multi  -layered native vegetation buffers; canopy restoration along exposed banks; and
improving shading for thermal refu  ge for coldwater fishes like trout.
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Disconnected floodplains cause channel incision, bank failure, and sediment export. Restoring connectivity helps
dissipate flow energy and capture sediments during high flows. These types of projects often entail modifying or
elevating the channel or flow to access the floodplain paired with lowering the floodplain.

There are a wide variety of streambank stabilization measures that offer different functionality and performance
and include, amongst others, the following:

Bank grading

Soil wraps

Rootwad revetments

Live fascines

Boulder toe protection

Rock vanes, J -hooks, bendway weirs
Riprap or gabions where necessary
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Three impaired sites were identified as representative of larger issues throughout the watershed. For each of
these sites, the primary impairments were noted as well as recommendations to improve system function. A
summary of the documented impairments and re commendations is provided below.

Site 1 d Severe Bank Erosion

1 Major floodplain disconnection, severe erosion, channel migration

1 Threatens nearby historic buildings

1 Recommended: bank stabilization , buffer establishment , and floodplain reconnection.
Site 6 8 Heavily Channelized Urban Reach

1 Concrete -lined channel near large parking area

91 Direct stormwater input discharge

1 Recommended: raingardens, stormwater retrofits, riparian/tributary restoration
Site 15 8 Agricultural Tributary

1 Noriparian buffer , warm water dischargingto main stem

1 Recommended: buffer creation and livestock runoff controls

MACROINVERTEBRATE MONITORING

Macroinvertebrates, otherwise called benthic infauna, are very important components of stream ecosystems
providing a major link in carbon processing throughout the trophic web. Macroinvertebrate communities
generally refl ect eV dekignation.aHoweves, lsuaminérsand fall low  -flow periods revealed
localized stress in some headwater sites.  Macroinvertebrate surveys were performed by Symbiosis Environmental.
The findings were reported as standard metrics used for macroinvertebrates including thos e developed
specifically for Pennsylvania waters.

Key Metrics (Average)

Taxa Richness: 31

EPT (sensitive taxa): 13

Shannon Diversity: 2.64

Hilsenhoff Biotic Index: 3.54 (good water quality)
PA Freestone IBI: 71 (EV-consistent)
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Several stations were of significant note. Kunsman (ST-1) and Silver Creek (ST -4) showed thermal or nutrient stress
during summer/fall.  Red Bridge (ST-5), despite being lowest in elevation and receiving upstream inputs, was
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consistently healthy year -round. Overall, community composition and derived metrics i ndicate system resilience

but also the need to address localized nutrient and thermal issues.

OVERALL CONCLUSION AND PRIORITY RECOMMENDATIONS

Befitting its EV designation and utilizing the assembled data, Cooks Creek remains in excellent condition overall.
However, certain ecological stressors including thermal impacts, nitrate concentrations, and localized habitat
degradation require proactive management to prevent a deterioration in quality.

Priority issues for the watershed include:

Thermal stress from reduced shading

Nitrate enrichment from groundwater , agriculture , and septic sources
Riparian degradation (lawns to the bank edge, agriculture to streambanks)
Streambank erosion and floodplain disconnection

Stormwater impacts in  developed or urbanized corridors

= =4 =4 -4 =4

The list of priority recommended management actions included the following:

Riparian reforestation across agricultural and residential segments

Agricultural BMPs: cover cropping, nutrient management, livestock exclusion, and winter ground cover
Septic system improvements and maintenance outreach

Stormwater retrofits in developed areas including raingardens, bioswales, and infiltration basins
Targeted streambank and floodplain restoration at high -priority sites

Continued monitoring of water quality, discharge, and macroinvertebrates

o0k~ wNPE
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This section of the report will cover the watershed characterization focused on the mapping and description of
environmental resources.

4.0 WATERSHED CHARACTERIZATION

LOCATION AND HYDROGRAPHY

The CCW covers nearly 30 square miles spanning Bucks, Northampton, and Lehigh Counties. Most of the
watershed lies within Bucks County with approximately 70% in Springfield Township and 19% within Durham
Township. The watershed spans additional municipalit ies within Bucks County, including Riegelsville Borough,
Haycock Township, and Richland Townships, as well as Wiliams Township and Lower Saucon Township in
Northampton County, and Upper Saucon Township in Lehigh County. The span of multiple municipalities and
counties can prove challenging when developing and implementing management strategies but the Townships,

including the two which have the largest portions in the watershed, have worked together over the years to

conserve and protect the watershed.

Table 4.1: Watershed Area by Municipality

T Watershed Area | Watershed Area
Municipalities :
square miles %

Bucks County

Durham Township 5.72 19.3

Riegelsville Borough 0.01 0.0

Haycock Township 0.13 0.4

Richland Township 0.22 0.8

Springfield Township 20.83 70.4

Subtotal 26.91 90.9
Northampton County

Williams Township 0.59 2.0

Lower Saucon Township 2.01 6.8

Subtotal 2.60 8.8
Lehigh County

Upper Saucon Township 0.07 0.2

Subtotal 0.07 0.2
Watershed Total 29.58 100.0

Cooks Creek is a tributary of the Delaware River, with the mainstem flowing 14.2 linear stream miles with over 37
additional linear miles stream miles  throughout the tributary network (Table 4.2).

Table 4.2: General Stream Measurements

Feature Measurement Unit
Cooks Creek Main Stem 14.24 linear miles
Cooks Creek Tributaries 37.31 linear miles
Cooks Creek Watershed 29.58 square miles
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WATER QUALITY DESIGNATIONS

Cooks Creek has been designated an EV waterway per Pennsylvania Chapter 93 regulations a designation given
to a surface waterbody due to its outstanding significance, either ecologically or recreationally.

Cooks Creek is one of few native, naturally reproducing brook trout ( Salvelinus fontinalis ) fisheries in Bucks County.
Additionally, Cooks Creek and select tributaries such as Coon Hollow Run and Silver Creek, have been
designated as Class A Wild Trout Streams (8.42 linear miles) and Wild Trout Reproduction Streams (16.47 linear
miles), respect ively. PFBC Class A Wild Trout Stream is a classification by the Pennsylvania Fish and Boat
Commission (PFBC)that indicates the stream supports a population of trout over the long -term and can support
a strong recreational fishery. The PFBC Wild Trout Reproduction Stream classification indicates the stream supports
naturally reproducing populations of trout.

38.04 linear miles within the Cooks Creek tributary network have been designated by PADEP as Stream Impaired

for Aquatic Life & Due to Habitat Alterations and Agriculture reflecting impacts to water quality related to
agriculture as a dominant land use in the watershed (Table 4.3). In addition, Cooks Creek is also designated as
impaired for Recreational Use & Due to Pathogens indicating excessive loading of coliform bacteria likely related

to poorly functioning onsite wastewater treatment facilities aggrav ated by karstic geology  and agricultural land
uses.

Table 4.3: Stream Designations

Stream Designation Linear Miles Notes
PADEP Streams Impaired for Aquatic Life (which are doubly designated for
- Due to Habitat Alterations and Agriculture 38.04 Aquatic Life)
PADEP Streams Impaired for Aquatic Life
- Due to Habitat Alterations and Urban Runoff/Storm Sewers 9.42
PADEP Streams Impaired for Recreational Use
- Due to Pathogens 27.60
PFBC Class A Wild Trout streams 8.42
PFBC Wild Trout Reproduction streams 16.47 Includes Class A Wild Trout streams
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TOPOGRAPHY

The topography of the CCW is defined by the confluence of three physiographic provinces including the Great
Valley Section of the Ridge and Valley province, the Gettysburg -Newark Lowland Section of the Piedmont, and
the Reading Prong of the New England Province. The Reading Prong lithology includes hornblende gneiss, which
is resistant to erosion, while the lithology of the adjoining provinces includes calcareous dolomites, sandstone,

and shales which are highly erodible. As such, the topography is characterized by a wide range of slopes,
landforms, and elevations.

Bound to the east by the Delaware River, the lowest point occurs at the mouth of Cooks Creek at an approximate
el evation of 13532 0(0NAVOIB8B8Yyati oissbh are found adjacent to t

confluence of Coon Hollow Run. Much of the main valley in Durham Township and the eastern portion of
Springfield Township is between 2008 and 40060. Most of th
watershed | ie between 4008 and 60006 wit h MineHilaand Chegnutiidil gh p
forming the southern watershed boundary. Buckwampum Hill, located near the Springfield Township line, is the

hi ghest point along the southern watershed, approaching 90
600dhe western part of the township has increasing elevat
Township, the highest point in the CCW. Moving back north and east, elevations recede through the Silver Creek

Valley, and rise abruptly through W illiams, Springfield, and Durham Townships along the northern watershed

boundary, peaking locally at 9676 at Springtown Hil/l
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SLOPES

Slope, a measure of steepness of the landscape, is expressed as a percentage representing the vertical change

in elevation over a defined horizontal length. As an example, a 7% slope represents a 7 ft change in elevation

over a 100 ft horizontal length an  d is typically considered a moderate slope. Slopes are often a controlling factor

on land use patterns. In the CCW, agricultural land uses are typically confined to gentle to moderate slopes
found along the valley bottoms and at higher elevations on hill tops. Steeper slopes are more difficult to develop
for a variety of reasons and are subject to various municipal statutory protections in the watershed in a bid to
reduce erosion and loss of soils. As a result, steeper slopes have less intensive land us e and tend to be forested.

Due to the varied topography of the watershed, a result of its geology and hydr ography, slopes range from
nearly flat to very steep. A summary table of slope and watershed area is provided below (Table 4.4). One
guarter of the watershed is gently sloped (<5%). More than half of the watershed consists of moderate to strong

slopes (5% - 15%). Steeps slopes (15% - 25%) account for roughly one -sixth of the watershed, while very steep
slopes (25%-+) account for the remaining 8.6% of the watershed. The predom inance of moderate to steep slopes

is an important driver of stream geomorphology in the CCW.

Table 4.4: Watershed Slope Summary

Percent Slope Watershed Area Watershed Area
Square Miles %
< 5% 7.41 25.0%
5-15% 14.99 50.7%
15 - 25% 4.65 15.7%
25 - 35% 1.56 5.3%
> 35% 0.96 3.3%

The steepest slopes in the watershed are concentrated in the northern margin of the watershed along the ridge

running from near the Delaware River westward through Durham and Springfield Townships with incursions into

the southern portions of Williams and Lower Saucon Townships. Other steep areas are found along the
southeastern margin of the watershed down to the Delaware River from Springfield to Durham Townships.
Somewhat gentler but still significant slopes are located along the western and southweste rn watershed
boundaries primarily in Springfield Township.

Tributaries and headwaters tend to run perpendicular to the broader landscape slopes along the valley walls,
particularly along the northern ridge, but these features have also cut through the landscape as high gradient
channels, as evident along Coon Holl ow Run and other low -order streams in the southeast portion of the
watershed. The main stem of Cooks Creek is located in some of the lowest slopes in the watershed, in part
contributing to the development of low -slope floodplains through deposition of all uvial materials derived higher
up in the watershed. The major exception is the final segment of the main stem that confluences with the
Delaware River, where slopes are very steep.

Steep slopes are subject to significant erosion hazards. Eroded material is transported down slope and by low
order stream channels to deposit in lower gradient and higher order stream channels and adjacent floodplains.

In addition, steep slopes generate higher runoff rates and volumes contributing to increasing flow through
receiving reaches which canexacerbatein  -channel erosion even in moderately flat channels, a significant driver

of erosion in this watershed. Lastly, steep channel slopes increase the effective stream power of a system with
higher flow velocities and corresponding shea r stresses that cause bank failure and movement of bed loads
including large particle bed load materials like cobble and boulder. This is particularly evident in the lower
reaches of Cooks Creek in the eastern portion of Durham Township
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The geology of the watershed is an important influence on topography, soils development, land use/land cover,
hydrology, and development patterns. As mentioned above, the watershed spans three physiographic

GEOLOGY

provinces each with distinct geology and litholog y including the Reading Prong of the New England Province,
The Great Valley Section of the Ridge and Valley province, and the Gettysburg -Newark Lowland Section of the
Piedmont.

The Reading Prong consists largely of metamorphic rock including various gneiss formations. Gneiss formations
are extremely resistant to weathering. In the CCW, those formations form the boundaries of the lower portions of
the watershed forming distinct  ridges.

The Great Valley Section extends through the arms of the Reading Prong encompassing the lower portions of the
mainstem and along Silver Creek. This section is comprised of the Allentown, Hardyston, and Leithsville
Formations, which consist of dolomites, g  uartzite and pebble conglomerates including sandstone, and dolomites
and shales respectively. This section consists of a mix sedimentary and metamorphic rock types. Much of the
geology in this area is calcareous and accordingly is also known as the Durha m Carbonate Valley. Calcareous
formations often support high water quality, typically characterized by cool temperatures and abundant water
production. Because they are prone to dissolving solution channels may form in the bedrock. As such, unusual
stream hydrology can occur and stream sections can become losing meaning that baseflow may be lost through

the stream bed, rather than the more typical pattern where groundwater flux is positive to the channel. While
documented in the watershed, losing reache s form only a small portion of the total tributary network.

The Piedmont section of the watershed occurs along the southern watershed boundary and most of the
southwestern portion of the watershed. This area is dominated by the red shales of the Brunswick formation,
which are highly erodible. Quartz fanglomerate forms most of the rest of this area, but it also includes several
other important formations including Triassic diabase, an igneous intrusion found along the southwestern
boundary, limestone fanglomerate, and the Lockatong formation consisting of gray shal es and sandstone.

Table 4.5: Protected Open Space

Bedrock Geology Watershed Area Watershed Area
Square Miles %

Cal - Allentown Formation 0.67 2.3%
Cha - Hardyston Formation 2.29 7.8%
Clv - Leithsville Formation 4.25 14.4%
gn - Felsic to mafic gneiss 3.90 13.2%
hg - Hornblende gneiss 2.57 8.7%
Trb - Brunswick Formation 9.91 33.5%
Trd - Diabase 1.15 3.9%
Trfl - Limestone fanglomerate 0.29 1.0%
Trfq - Quartz fanglomerate 4.49 15.2%
Trl - Lockatong Formation 0.05 0.2%

Princeton Hydro, LLC Page| 31



Cooks Creek Watershed Conservation Plan
Cooks Creek Watershed Association

March 2026 o~
£ NTGWNSHIP
%- —~- .}
r
WATERSHED LOCATION MAP
Dchle'on
CARBON
e
ey
COUNTY o
BERKS COUNTY
BEDROCK GEOLOGY
COOKS CREEK WATERSHED CONSERVATION PLAN g PR|NCETO N HYDRO
QB 05 OE N s BUCKS AND NORTHAMPTON COUNTIES CIENCE DE RIN
Spafal Relerence: NAD 198320 1 SiolePlane Pennsyviaia Soulh FPS 3702 7 Us PENNSYLVANIA s PencelonHys oo
Figure 4.5: Bedrock Geology
Princeton Hydro, LLC Page| 32



Cooks Creek Watershed Conservation Plan
Cooks Creek Watershed Association
March 2026

LAND USE AND LAND COVER

Land use and land cover (LULC) describe a landscape based on both natural resource characterization like
vegetative cover and cultural effects including development type . Land use and land cover are related , one
typically driving the other,  but have different meanings. Land cover refers to the physical cover on a landscape,

such as water, wetlands, forest, agriculture, urban land, and barren land. Land use refers to cultural uses such as
urban land used for residential purposes or for industrial purposes, or forest used for timber production or for
recreation. Land cover is generally mapped using remote sensing techniques such as aerial or satellite -based
imagery, while land use is generally mapped through field surveys and land records including tax records and
property assessments. Many classification systems have been developed to categorize and describe LULC
mapping data. In the United States, many federal and state agencies use some derivative of the Anderson
Classification System (Anderson e tal. 1976).

DELAWARE VALLEY REGIONAL PLANNING COMMISSION DATA

As the regional planning agency for the Greater Philadelphia area including two states and nine counties, the

Delaware Valley Regional Planning Commission (DVRPC) is a resource for data and applications to assist local

and county governments in planning ef forts. Their publicly available land use data for the Cooks Creek

watershed within Bucks County is shown below in Tables 4.6 and 4.7, presenting the overall change in the Bucks

County portion of the 30-square-mi | e water shedds | and use type beginning i
of the CCW is within Bucks County, the DVRPC data contributes to the overall understanding of how land use

and land cover have changed within the last two decades.

The DVRPC land use categories are provided below. Full definitions for each land use and associated
subcategory are available at footnote 1. The DVRPC non-urban land use classification for the CCW watershed
includes 1

1 Agriculture
1 Recreation
1 Wooded

T Water

Urban land use types include:

Residential

Commercial

Community services/institutional
Industrial

Transportation

Utility

Other developed
Vacant/undeveloped

= =4 =4 =4 -4 -8 -4 4

The CCW within Bucks County is dominated by non -urban land cover at 20.437 square miles (76.4% of the
watershed). Wooded (10.625 square miles) is the most prevalent land use, followed by agriculture (9.575 square
miles). Most of the 6.31 square miles of ur ban land use (23.59%) is residential (4.66 square miles).

1 Delaware Valley DVRPC Analytical Data Report. Land Use in the Delaware Valley, 2015.
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Between 1990 and 2023, the total area of non

within the same geographic area in

-urban land cover decreased from 23.13 square miles (86.37%) to
20.47 square miles (76.41%), a decrease of 2.7 square miles. During the same period of time, the urban land cover

creased from 3.65 square miles (13.63%) to 6.310 (23.59%), an increase of 2.67

square miles. Residential land use grew by approximately 2 square miles, contributing to the overall growth in

urban land cover.

Changes in LULC were reflected primarily in three types: agriculture, wooded, and residential. Similar to large
swaths of Bucks County, agriculture showed a major decline. In some cases, agricultural lands merely went of
increase in wooded LULC. More signficantly, a larger percentage of this lost
agricultural land was converted to residential development. Two spikes in residential cover are noted in the late

production eventually driving an

1990s again in the early 2010s.

Table 4.6: Land Use Change by Watershed Area (Square Miles)

DVRPC Land Use Watershed Area Square Miles

(Only within Bucks County) 1990 1995 2000 2005 2010 2015 2023  1990-2023
Non-Urban 23.133 23.111 22.367 22.227 21.901 20.684 20.437 -2.696
Agriculture 13.214 13.195 12.226 12.248 11.985 9.813 9.575 -3.638
Recreation 0.036 0.036 0.037 0.037 0.038 0.052 0.061 0.025

Wooded 9.815 9.812 10.000 9.834 9.771 10.654 10.625 0.810
Water 0.069 0.069 0.103 0.107 0.107 0.165 0.175 0.107
Urban 3.649 3.671 4.388 4.529 4.852 6.069 6.310 2.661
Residential 2.540 2.562 3.269 3.393 3.608 4.440 4.666 2.126
Commercial 0.105 0.105 0.161 0.149 0.131 0.073 0.070 -0.035
Community Services / Institutional 0.069 0.069 0.068 0.068 0.067 0.103 0.103 0.034
Industrial 0.018 0.018 0.017 0.017 0.017 0.061 0.061 0.043
Transportation Not distinguished 0.364 0.365 0.002
Utility 0.355 0.355 0.489 0.490 0.490 0.568 0.557 0.202
Other Developed 0.003 0.003 0.011 0.012 0.011 Not distinguished 0.008
Vacant/Undeveloped 0.559 0.559 0.374 0.399 0.528 0.461 0.488 -0.071
Total 26.782 26.782 26.756 26.756 26.753 26.753 26.747 -0.035

Table 4.7: Land Use Change by Watershed Area (%)

DVRPC Land Use Watershed Area %

(Only within Bucks County) 1990 1995 2000 2005 2010 2015 2023  1990-2023
Non-Urban 86.37% 86.29% 83.60% 83.07% 81.86% 77.31% 76.41% -9.97%
Agriculture 49.34%  49.27%  45.69%  45.78%  44.80%  36.68%  35.80% -13.54%
Recreation 0.13% 0.13% 0.14% 0.14% 0.14% 0.20% 0.23% 0.09%

Wooded 36.65%  36.64%  37.38%  36.75%  36.52%  39.82%  39.72% 3.08%
Water 0.26% 0.26% 0.39% 0.40% 0.40% 0.62% 0.66% 0.40%
Urban 13.63% 13.71% 16.40% 16.93% 18.14% 22.69%  23.59% 9.97%
Residential 9.48% 9.57% 12.22%  12.68%  13.49%  16.59%  17.44% 7.96%
Commercial 0.39% 0.39% 0.60% 0.56% 0.49% 0.27% 0.26% -0.13%
Community Services / Institutional 0.26% 0.26% 0.25% 0.25% 0.25% 0.38% 0.38% 0.13%
Industrial 0.07% 0.07% 0.07% 0.07% 0.07% 0.23% 0.23% 0.16%
Transportation Not distinguished 1.36% 1.37% 0.01%
Utility 1.33% 1.33% 1.83% 1.83% 1.83% 2.12% 2.08% 0.76%
Other Developed 0.01% 0.01% 0.04% 0.04% 0.04% Not distinguished 0.03%
Vacant/Undeveloped 2.09% 2.09% 1.40% 1.49% 1.97% 1.72% 1.82% -0.26%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 0.00%
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Figure 4.10: 2010 Land Use
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