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Final River Management Plan 

UPPER DELAWARE 
SCENIC AND RECREATIONAL RIVER 

New York and Pennsylvania 

Prepared by the 

Conference of Upper Delaware Townships 

In Cooperation with the 

Commonwealth of Pennsylvania; 
State of New York; 

Delaware River Basin Commission; 
National Park Service; 

and the 
Upper Delaware Citizens Advisory Council 

November, 1986



Water Quality 

High water quality, the presence of cold water re leases and its free-flowing
. . 

character all give the Upper Delaware some of the most important fisheries habitat in the 
Northeast .  T h e  Upper  Delaware's consistently high water quality provides habitat to .  
diverse and well-balanced biological communities. The  upper segment of the  r iver  i s  a l so
unique among large rivers in the East due to  its relatively cold temperatures. Since 1967,

when large volumes of cold water were  first released from the Cannonsville Reservoir,

the Ne w  York  State Department  of Environmental  Conservation reclassified 
approximately 27 miles of river between Hancock and Callicoon as a coldwater fishery. 
This  s t r e t c h  supports a n  abundant  population of rainbow trout and b r o w n trout, o f f e r i n g
some of  the finest trout fishing in the Northeast. The  50  mi l e s  o f warmwater fishery

- ,  

between Callicoon and Port Jervis offers habitat to  many species i n c l u d i n g  s u n f i s h , eel,
bass, and  walleye. 

Certain tributaries to the river are  vitally important fishery areas. These tributaries,
although not specifically recognized in the  Uppe r  Delaware legislation or included within
the proposed river boundary area, are  biologically important to the f ishery values of the
main stream of the river. Specifically, many of these streams, which have been
legislatively o r  administratively recognized by the State of  New York or the 
Commonwealth of Pennsylvania, provide spawning habitat for  trout and other species. 

York  Tributaries 

A number of tributary streams of the  Upper Delaware River have been determined 
by New York's Department  of Environmental  Conservation to be fishery areas which 
have a direct relationship to  the values of the designated river area. All Ne w  York  
tributaries that a re  currently classified        or higher, o r  a re  so reclassified in the future, 
a re  recognized as having this direct relationship. T h e  major tributaries now in this 
category are: 

1. Basket Creek - upstream to  the confluence of the East and North  Branches 

2. Hankins Creek - upstream to  the impassable barrier at

3. Callicoon Creek - upstream to  the confluence of the East  and Nor th  Branches 

 4. Mongaup River  - upstream to the impassable barrier at the Rio  Dam 

Pennsy lvania Tributaries 

All  tributaries o n  the Pennsylvania side of the river have been designated as 
"exceptional value," "high quality," or  "coldwater fishery" by the  Commonwealth of 
Pennsylvania under  the  state Clean Streams Law. This  designation, designed t o  improve 
water  quality and  habitat, permits no  degradation of exceptional value streams. I t  also
permits n o  degradation of high quality, coldwater fishery streams, unless overriding social 
and  economic justification/benefits exist. 



Background and Introduction 

Wildlife 

T h e  Upper Delaware River corridor contains diverse habitats that support 
abundant wildlife populations. In addition to the dense forest cover (from 50% to  75% of 
the corridor), farming practices have introduced new pioneer plant species and have 
provided pasture grasses and crops that enhance the wildlife food supply. Of the fifty 
species of mammals observed in the corridor, the white-tailed deer is a principal wildlife 
resource. The  valley provides habitat for the river otter, once abundant throughout 
Pennsylvania. About 70% of the state's remaining otter population is now though: to 
reside in the basin. Wildlife biologists believe that Pike County, Pennsylvania, has one  of 
the highest Eastern Black Bear populations in the state. Other animals of note in the 
corridor include bobcats, coyotes, and wild turkey. 

As  part of the Atlantic Flyway, the corridor hosts large numbers o f waterfowl and 
waterbirds in the wooded riverside habitats. Approximately 200 species of birds have 
been identified within the corridor, including the federally endangered bald eagle, which 
winters  in the Delaware watershed. According to wildlife biologists, the highest 
concentration of eagle wintering areas in New York is found in this watershed. 

Threatened and Endangered Species 

T h e  Upper Delaware River corridor is habitat to several threatened and endangered  
species, including the bald eagle which winters in the area. T h e  Pennsylvania office of 
T h e  Nature Conservancy has identified several rare plant species along the Pennsylvania 
side of  the river. These species are considered potential candidates for  state designation, a 
register that will be officially released in 1986. The  plants proposed for  designation as 
rare are  the sand cherry (Prunus pumila), the thread rush (Juncus filiformus), and the roseroot
stonecrop (Seedum rosea). The roseroot stonecrop has only been observed on one 
additional site in the state. T h e  plant proposed for designation as a n  endangered species 
is the miner's lettuce (Montia chamissio). The  river corridor is the only location in the state 
of Pennsylvania where this plant has been observed. 

The  New York Natural Heritage Program is conducting a two year study of rare 
plants and exemplary natural communities within the proposed river corridor boundaries
on the New York side of the Upper Delaware River. The  f ina l  report for this study will
be available in February 1987. Preliminary findings indicate the presence of four species
considered rare in New York: Great Saint John's wort (Hypericum pyramidatum), prostrate
sand cherry (Prunus pumila var. depressa),  river birch (Betula nigra), and sand plain gerardia  
(Agalinis setacea). The  study will identify human use impacts within the proposed river
corridor boundaries. 

Recreational Resources 

Hunting and Trapping 

T h e  Upper Delaware Valley offers some of the best hunting and trapping 
opportunities in Pennsylvania and New York. Wildlife biologists recognize the river 
valley as an  excellent hunting area because its combination of diverse habitats produces 
abundant wildlife populations. Large tracts owned by hunting clubs contribute to this 
healthy population. New York's Delaware County had the second highest deer harvest in 
the state in 1983, and the highest turkey harvest in the spring of 1984. Hunting and 
trapping also substantially contribute to the economy of the area. 



Background and Introduction

Fishing 

T h e  Upper  Delaware is recognized by sportsmen and fisheries biologists as one  of 
the  f inest  fishing rivers in the northeastern United States. T h e  Upper Delaware offers  
opportunities for  both cold and  warmwater fishing and  provides a high quality fishing 
experience in close proximity to major metropolitan areas. According to  the 1976  New 
York  Angler  Survey, the Upper  Delaware is one  of the five most heavily fished river 
areas in  the state. In  1982, it was estimated that there were nearly 60,000 angler days for  
the river area between Hancock and Port  Jervis. (Sheppard, 1983) Since 1978, the 
estimated fishing days in the 27 mile reach between Hancock and  Calicoon have 
increased by ninety percent, while the 36 mile reach between Narrowsburg and Port  Jervis 
has experienced a n  increase of percent. T h e  annual economic value of recreational 
fishing to the  Uppe r  Delaware area has been estimated a t  nearly 5,000,000. (Sheppard. 
1983). 

Fisheries biologists f rom Pennsylvania and  New York recognize the upper segment 
of the river as one  of the foremost trophy trout streams in the Northeast.  Depending on  
the t ime of year and  volume of cold water releases f rom tributary reservoirs, this 
s ign i f i can t  trout fishery ranges between the hamlets of Hancock and Callicoon. Trout  
and  o ther  fish have been subjected periodically to extreme changes in flows and water 
temperature due to  sudden changes in the release schedules of the upstream reservoirs. 
American eels a re  found throughout the corridor, sustaining one  of the finest commercial 
eel fisheries in the world during the fall, when mature eels return to the sea to spawn. 

T h e  Upper  Delaware also provides key spawning and nursery habitat f o r  the  
American shad along its entire length. T h e  D e l a w a r e  i s the only natural shad river in  the 
Northeast (from Maine to West Virginia) that  is sufficiently free of man-made barr iers
and  industrial pollution to allow passage of these migratory fish to their upper reach 
spawning habitats. U p  to  500,000 shad migrate to  the upper reaches annually. This  
number  is expected to increase substantially upon completion of several new sewage 
treatment  plants in  the Philadelphia area. The  most important spawning occurs above the
Delaware Water  Gap,  with nursery areas a t  o r  downstream of spawning grounds due to 
t he  downst ream dispersal of young shad. The  most important  nursery areas a r e  located 
f rom Belvedere to  Hancock and  u p  in to  the East Branch, and  centered near  Tusten and  
Lordville. T h e  shad spawning period runs f rom mid-April through June. F rom Port  
Jervis up in to  the East  Branch the peak of the spawning period usually occurs in  June  
due to  the  slower warming waters. 

Canoeing and Rafting 

T h e  Upper  Delaware is one  of the  most outstanding canoeing rivers in the  
N o r theast. T h e  designated river section is canoeable th roughout its entire length and  
boasts a total elevation differential of 460 feet, better than six feet per mile, although it is
much steeper in some reaches. Boating experts have stated that the combination of 
proximity to major metropolitan areas, high visual quality, and  consistent f l o w s  due to
upstream dam releases make  the U p p e r Delaware one of the finest recreational canoeing
rivers in the Northeast. T h e  number of rafting trips on the river has been increasing in 
recent years. 



Background and Introduction 

Data on river use throughout the United States is incomplete, but many boating 
experts agree that Upper Delaware receives more recreational canoeing use than any 
other river in the Northeast, and that i t  is certainly one of the most popular canoeing 
rivers in the country. The N e w York State Department of Environmental Conservation 
estimated that for  the period from 1978 to 1982, the annual number of boating trips on the 
Upper Delaware ranged between a low of 20,500 trips in 1979, and a high of over 59,000
trips in 1980. In  1982, the economic value of recreational boating activities on the river 
was estimated to be $12.7 million. 

Cultural, Historical and Archeological Resources 

The Upper Delaware Valley is rich in structures and sites that reflect its history 
and cultural development, although the full potential of many of these structures has yet
to be explored. Prehistoric archeological sites, historic architecture, and historic     hisroric 
engineering and industrial sites are all abundant in the valley.

The Roebling Bridge, formerly an aqueduct that was part of the Delaware and 
Hudson Canal, was designated a component of the Delaware and Hudson Canal National
Historic Landmark in 1968, the highest designation of national significance that a 
structure can receive. Designed by John Roebling, creator of the Brooklyn Bridge, the 
aqueduct is his earliest surviving suspension bridge and may be the oldest cable 
suspension bridge in the world that survives intact. The aqueduct was also designated by 
the American Society of Civil Engineers as a national historic civil engineering landmark 
in 1973. 

Much of the Delaware and Hudson Canal corridor is lined with the remains of 
structures related to canal operations--bridges, locks, aqueducts, dams and related 
buildings, which provide a record of the complex infrastructure of nineteenth century 
canal transport. Several canal segments outside the river corridor have been listed on the 
National Register of Historic Places, and two segments within the corridor, between 
Sparrow Bush and Mongaup and between Pond Eddy and Barryville, are also considered 
eligible for nomination. 

Three historic buildings in the river corridor, the Arlington Hotel and the Kirk 
House in Narrowsburg, and the Zane Grey House in Lackawaxen, were recently listed on 
the National Register of Historic Places. The Zane Grey House is a large "eclectic style"
home occupied by the popular author of Western novels between 1905 and 1918. It  now  
contains a private museum and is leased in part for office space by the National Park 
Service. The Arlington Hotel, built in 1894, is the focal point of Narrowsburg's 
commercial district and is considered significant for its association with the early 
economic and social history of the river valley. It is currently being restored by its 
present owners, the Delaware Valley Arts Alliance. 

The Kirk House is a small "high style" Greek Revival house originally built around 
1840, and "modernized" with a stucco exterior around 1920.  This exterior is considered an 
exceptional example of vernacular architectural design in stucco. 
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Dwarf Wedgemussel
Alasmidonta heterodon

Photo credits: Kathryn J. Schneider

Scientific Name Alasmidonta heterodon
(I. Lea, 1830)

Family Name Unionidae
Unionid Mussels

Did you know?
The Neversink River population, estimated at
20,000 individuals is one of the largest known
populations in the U.S.  (Strayer and Jirka, 1997).

Summary
Protection   Endangered Species in New York State, listed as Endangered federally.

This level of state protection means: any species which meet one of the following criteria: 
1)  Any native species in imminent danger of extirpation or extinction in New York. 2)  Any
species listed as endangered by the United States Department of the Interior.  

This level of federal protection means: this species is formally listed as endangered.     

Rarity   G1G2, S1

A global rarity rank of G1G2 means: Critically Imperiled or Imperiled globally - At very high
or high risk of extinction due to rarity or other factors; typically 20 or fewer populations or
locations in the world, very few individuals, very restricted range, few remaining acres (or
miles of stream), and/or steep declines. More information is needed to assign a single
conservation status.
A state rarity rank of S1 means: Typically 5 or fewer occurrences, very few remaining
individuals, acres, or miles of stream, or some factor of its biology makes it especially
vulnerable in New York State.

Conservation Status in New York

The extent of this species in New York is limited to a small area within the Delaware River
watershed. The Neversink River population, a tributary of the Delaware, dropped by an
estimated 60,000 individuals between 1990 to 1994 and continues to be vulnerable to a
myraid of stressors that affect aquatic systems, including non-point pollution and existing
impoundments (Strayer et al. 1996).

NYNHP Conservation Guide - Dwarf Wedgemussel (Alasmidonta heterodon)



Short-term Trends

The Neversink River population has apparently declined by 75% since it was first located in
1990 when it dropped from an estimated 80,000 individuals to 50,000 in 1991, then to
20,000 in 1994 (Strayer et al., 1996). It is not known if the population still numbers in the
tens of thousands since the last survey over a decade ago. Since these population
estimates are based on the direct capture of only a small number of individuals and
standardized monitoring methods have only recently been adopted for Unionids (Strayer
and Smith 2003) the estimates may not be accurate, nor directly comparable. The
short-term trend for the Delaware River (meta)population is not known at this time because
the sites have not been monitored since they were first located by U.S. Geological Survey
researchers in 2000 (Lellis, 2001).

Long-term Trends

All 13 major populations studied rangewide, including the Neversink River in New York,
had low densities, similar to earlier 20th century observations. About 100 years ago the
species was known from about 70 Atlantic seaboard river systems, but now from only
25-30 (USFWS, 1993). Similar declines in the distribution of dwarf wedgemussels have
undoubtedly occurred in New York. However, since the Recovery Plan was published in
1993, increased survey effort has led to the discovery of 40 new locations where the
species had been presumed extirpated, or in rivers where it had never been found (Nedeau
2005). Of the 70- 80 known locales in 2004 only 16 were believed to support reprodcuing
populations, while 31 were based on observations of of five or fewer individuals, or solely
on spent shells.

Conservation and Management
Threats

Water pollution and impoundments are the primary threats. This species requires a low silt
environment with a slow to moderate current, a situation that dams alter both upstream and
downstream of the impoundment. A wide array of industrial, agricultural and domestic
pollutants have been responsible for the dwarf wedgemussel's disappearance from much
of its historical range and continues to be a problem in most aquatic systems (USFWS
1993). The darter and sculpin glocidial host fish species are generally pollutant sensitive
taxa and a healthy fish assemblage is critical to viable mussel populations (Pinkney et al.
1997). The low densities (< 0.5 per square meter) in which this species occurs is
problematical since successful reproduction is density dependent. Females need to be in
close proximity to a sperm- releasing male to be successfully fertilized (Strayer et al. 1996).
Competition with exotic bivalves, both the Asian clam (Corbicula fluminea) and zebra
mussel (Dreissena polymorpha) could pose a threat because they are expected to
eventually invade all of New York's watersheds, although neither has yet invaded the upper
Delaware system (Strayer and Ralley 1991). The majority of 45 individuals collected from
the Neversink population were 4 and 5 year old specimens, and none were older than 8
years (Michaelson and Neves 1995). This indicates recent successful reproduction.
However, since this species can live at least 20 years, and perhaps much longer, the lack
of older individuals in the popualtion could indicate high rates of mortality of older animals,
possibly from pollution. Ageing Unionids by counting growth rings has recently been shown
to vastly underestimate the true age of individuals, so the ages cited above may be too low
by up to an order of magnitude (Strayer 2004).
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Conservation Strategies and Management Practices

When feasible, the removal of impoundments in order to restore rivers to their natural flow
would be benefical.  The Nature Conservancy negotiated with the Army Corps of Engineers
for the removal of the Cuddebackville Dam in the summer of 2003 in order to restore
natural flow patterns to the lower Neversink and is working to reduce alterations to the
natural flow caused by the upstream Neversink Reservoir Dam.  The outcome of this
management strategy on the mussel populations has not been evaluated.  The U.S. Fish
and Wildlife Service has suggested that reintroductions may need to be undertaken to
bring low- density populations back up to viable levels and re-establish populations
extirpated from certain rivers (USFWS 1993).

Research Needs

There is still much to learn about this species, including confirmation of host fish(es) in the
Delaware and the Neversink rivers, diet, age and growth, and mortality factors. Details
about habitat requirements (current speed, water depth, substrate grain size, substrate
stability, water temperature, and water quality factors) also need work. However, Strayer
and Ralley (1993) found that the distribution of this species was not related to these typical
physical habitat qualities, but instead to long term stability of the substrate (i.e., flow
refuges). Both large and smaller scale forces promoting the patchy occurrence of Unionid
mussel beds is an active area of research (Strayer 2004).

Habitat
In New York, dwarf wedgemussels live embedded in the fine sediment that has accumulated
between cobbles in slow to moderate current and relatively shallow water (40 cm) in small cool
water rivers and similar habitat in larger rivers (Strayer and Jirka 1997).

Associated Ecological Communities

Confined River
The aquatic community of relatively large, fast flowing sections of streams with a moderate
to gentle gradient.

Associated Species

Triangle Floater (Alasmidonta undulata)
Brook Floater (Alasmidonta varicosa)
Alewife Floater (Anodonta implicata)
Eastern Elliptio (Elliptio complanata)

Identification Comments
Alasmidonta heterodon is a small freshwater mussel, usually less than 55 mm long. Its
shell is subrhomboidal to suntriangular, with a prominent posterior ridge.  The beak
sculpture consists of two concentric ridges surrounded by two to three trapezoidal ridges
along the posterior slope.  The periostracum is greenish to brownish, usually with many
fine green color rays.  Pseudocardinal and lateral teeth are both present and the nacre is
white (Strayer and Jirka 1997).
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Identifying Characteristics

The small size, roundly pointed posterio-basal margin, and reversed lateral hinge teeth
readily distinguish this species (Strayer and Jirka 1997).

Best Life Stage for Identifying This Species

Adults

Behavior

Adults of this species are sessile with only limited movement in the substrate. Passive
downstream movement may occur when they are displaced from the substrate during
floods. More major dispersal occurs while glochidia are encysted on their darter and
sculpin hosts, although McLain and Ross (2005) showed that tesselated darters move very
little which promotes a patchy distribution of mussel beds. Being ectothermic, activity levels
are reduced greatly during colder months of the year. This is a long- term brooder that
spawns in late summer, becomes gravid in the fall and the larvae become active the
following spring (Michaelson and Neves, 1995).

The Best Time to See

Little is known about the activity periods of Unionid mussels but they are presumed to be
greatly reduced during cold times of the year.  Freshwater mussels are most often easiest
to locate during late summer when water levels are lowest.  This species is a long-term
breeder (winter- early spring) (Clarke 1981) and larvae (glochidia) are released into the
water from early March to June (Wicklow 2004).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Present
Active
Reproducing
Larvae present and active

The time of year you would expect to find Dwarf Wedgemussel in New York.

Similar Species

Brook Floater(Alasmidonta varicosa): Alasmidonta heterodon can be distinguished from
A. varicosa by its reversed lateral teeth.  Two occur in the right valve and one in the left,
opposite of what is normally found in other unionoids.

Taxonomy
Kingdom     Animalia

Phylum     Mollusks (Mollusca)
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Class     Bivalves (Bivalvia)

Order     Freshwater Mussels (Unionoida)

Family     Unionidae (Unionid Mussels)

Additional Resources
Links

Unio Gallery
http://unionid.missouristate.edu/

The Ohio State Division of Molluscs
http://www.biosci.ohio-state.edu/~molluscs/OSUM2/

NatureServe Explorer
http://natureserve.org/explorer/servlet/NatureServe?searchName=ALASMIDONTA+HETE
RODON

Google Images
http://images.google.com/images?q=ALASMIDONTA+HETERODON

New York State Department of Environmental Conservation
http://www.dec.ny.gov/animals/25384.html
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Upper Delaware Scenic and Recreational River 
 

2010 State of the Park Report 
 

 
 Photo by David B. Soete     
 “It is hereby declared to be the policy of the United States that certain selected rivers of the Nation which, with their 
immediate environments possess outstandingly remarkable scenic, recreational, geologic, fish and wildlife, historic, cultural 
or other similar values shall be preserved in a free-flowing condition, and that they and their immediate environments shall be 
protected for the benefit and enjoyment of present and future generations.” (Public Law 90-542) 
 
Congress forged an uncharacteristic “new” mission for the National Park Service (NPS) when designating the upper 
73.4-mile section of the main-stem Delaware River as a unit of the Wild and Scenic Rivers System. We are charged 
with protecting our “Outstandingly Remarkable” values-- overall tranquil scenic beauty of the valley; camping, 
hunting, fishing, swimming, sightseeing and river related recreational opportunities; outstanding habitat for both a 
cold and warm water fishery; large and small wildlife species; history and archeological sites. The twist is that we 
must do so with and through many partners, on land that we do not own.    
 
For over 30 years, compliance with the Secretary of the Interior’s Guidelines for Land and Water Use Management 
through the Upper Delaware River Management Plan which guides municipalities was sufficient to protect the 
significant resources that comprise our “outstandingly remarkable” values through local planning and land use 
regulation. Since 2003, however, the pressure of energy resource development at an industrial magnitude never 
anticipated challenges our staff, governmental management partners, and the community: How it will be possible to 
preserve and protect our outstanding resource values in view of our metropolitan New York City and Philadelphia 
neighbors’ increasing need for both high quality water and energy consumption.  
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Natural Gas Drilling 
Recognizing the pressure placed on the resources of the Delaware River basin by placement of an estimated 10,000 
natural gas wells (currently five test wells have been drilled near the Upper Delaware Scenic and Recreational River 
[UPDE] boundary) and well infrastructure in the Delaware River basin, an interdisciplinary team convened for monthly 
teleconferences to address the impacts anticipated within NPS areas. The team includes NPS staff from UPDE and 
other parks, NPS Geologic Resources Division, NPS Water Resources Division, Northeast Regional Office, the DOI 
Northeast Region Solicitor’s Office, and Upper Delaware Council.  A more geographically-broad federal interagency 
team includes NPS representation to concentrate on overall resource management issues.  
 
A key management partner, the Delaware River Basin Commission (DRBC) is a federal-interstate compact 
government agency formed by 1961 concurrent legislation enacted by the United States, Pennsylvania, New York, 
New Jersey, and Delaware (which includes the Middle and Lower Delaware units of the Wild and Scenic Rivers 
System). DRBC hash legal authority over both water quality and water quantity-related issues throughout the basin, 
including water quality protection, water supply allocation, regulatory review (permitting), water conservation 
initiatives, watershed planning, drought management, flood loss reduction, and recreation. 

DRBC regulates Special Protection Waters (SPW) for point source (or "end-of-pipe") discharges and for non-point 
source pollutant loadings carried by runoff to protect existing high water quality in areas of the Delaware River Basin 
deemed "to have exceptionally high scenic, recreational, ecological and/or water supply values." 

In connection with natural gas drilling, the Commission has identified three major areas of concern: 

1. Gas drilling projects in the Marcellus Shale or other formations may have a substantial effect on the water 
resources of the basin by 
reducing the flow in streams 
and/or aquifers used to supply 
the significant amounts of fresh 
water needed in the natural 
gas mining process. 

2. On-site drilling operations may 
potentially add, discharge or 
cause the release of pollutants 
into the ground water or 
surface water. 

3. The recovered "frac water" 
must be treated and disposed 
of properly.1

With NPS support, DRBC’s 
Executive Director expanded on a 
2009 determination, concluding  
that “all natural gas well sponsors, 
including the sponsors of natural 

 

                                                 
1 From Delaware River Basin Commission website www.drbc.net, used with permission 

Upper Delaware Scenic & Recreational River 

Extent of Marcellus Shale Formation in the Delaware River Basin 

 

http://www.drbc.net/�
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gas well projects intended solely for exploratory purposes, must first apply for and obtain commission approval before 
commencing any natural gas well project for the production from or exploration of shale formations within the 
drainage area of Special Protection Waters in the Delaware River Basin.” 

DRBC is developing natural gas regulations to ensure protection of basin waters while minimizing regulatory 
duplication. The draft regulations will likely be published in December 2010, and will be accompanied by a public 
rulemaking process. This process will entail two public hearings and a written comment period.2

"There is nothing permanent except change”.

 

See Natural Resources Section for more information on this issue.  

Changing of the Guard 
3

Purchasing overall took a lot longer to accomplish because of learning new 
requirements of the MABO.  The park provided training in IDEAS and 
Agreements.   

  During Fiscal Year 2010, Superintendent Vidal Martinez accepted a 
Superintendent position at Prince William Forest Park after nearly 2 years at UPDE; Assistant Superintendent Sandra 
Schultz retired after 36 years with the NPS (Sandy worked on the Legislative Support Data Package for UPDE, as a 
Regional Planner assigned to UPDE, as UPDE’s Chief of Planning, Management Assistant and then Assistant 
Superintendent during her career, as well as several long-term Acting Superintendent assignments), and Acting Chief 
of Protection Joe Nicholson retired after over 30 years with NPS, two of them at UPDE.  

Sean McGuinness assumed the Superintendency on February 3, 2010, one month before the Assistant 
Superintendent departed; and, Natural Gas Drilling began to pervade nearly every aspect of the partner building 
process. UPDE’s partners have come to recognize him as an outspoken and reliable consensus builder.  

 
Administration 
 
Assistance to Other Sites is in the fabric of UPDE’s Administrative Staff, who: Provided mentoring to new 
Administrative Officers at WORI and FOST and closeout assistance to MAVA; managed GovTrip and Timekeeping 
for FOST and MAVA; provides assistance and management for the NPS Property Management system for the 
Upstate NY sub-cluster and UPDE. Our AO provides PCS support to several parks in upstate NY, PA and NJ, as well 
as UPDE. And she and the team of IPPM instructors re-wrote the IPPM course. She also taught two IPPM classes at 
the beginning of FY-2010.  
 
Five permanent employees were hired at UPDE in FY-2010: Four 4 subject to furlough WG-05 positions in 
Maintenance and 1 part-time GS-05 Office Automation Assistant in the Superintendent’s Office.  14 seasonal 
positions were shared among three divisions.  
 

 
Construction on HQ buildings disrupted network and internet use for a few 
weeks and electrical storms caused feedback into systems at two other 
locations also disrupting network and internet use.  The necessary services 
and equipment were purchased to repair damaged equipment.  Radio 
system coverage was reviewed to provide information to assist in 
determining requirements for improvement.   

                                                 
2 DRBC Webpage http://www.state.nj.us/drbc/naturalgas.htm 
3 Greek philospher Heraclatus 

http://www.state.nj.us/drbc/spw.htm�
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Maintenance  
 
Removed 500 linear feet of chain link fence and installed a secure, automatic sliding gate at headquarters complex.   

 
Completed an ARRA-funded weatherization project for three Headquarters buildings to replace deteriorated log 
siding and roofing.  New thermal windows, insulation and a vapor barrier were installed on the main headquarters 
building. 

 
 
Removed and installed new concrete sidewalks and steps and hand railings at the Headquarters complex.  
 
Prepared the Zane Grey Museum for installation of new exhibitory by removing old exhibits, painting, and installing 
electrical wiring and devices.   
 
Supervised replacement of the Zane Grey Museum roof with 35 Squares of Cedar shake shingles on the roof and 
dormers, replaced flashing, and re-pointed, cleaned and repaired the chimneys. 
 
Painted the exterior of the Margold house adjacent to Roebling Bridge.  
 
Completed UPDE Integrated Solid Waste Alternatives Plan.   
 
The maintenance staff, Safety Officer and Safety committee chair attended the EPA training for Lead Safety for 
Renovation, Repair and Painting.  All are certified for this new regulation.   
 
UPDE Protection Division 
In the wake of Chief Ranger Joe Nicholson’s retirement one year after that of the former Chief Ranger, several 

protection employees have served as Acting Supervisory 
Park Ranger and Chief of Protection.  Hot dry weather 
kept visitation high and our patrol function was altered to 
areas with the highest visitation.  This flexibility, combined 
with an expanded boating and river safety program, 
resulted in no visitor fatalities in 2010.  
 
In partnership with the National Canoe Safety Patrol 
(NCSP), we developed a 4-tier curriculum which allows 
NCSP and UPDE employees to document training and 
advance through swift water rescue and MOCC 
(motorboat operator certification course).  We co-instruct 
sessions during the NCSP training weekend and weekly 
skill drills (tailgate safety sessions).   

 

The new joint NCSP/NPS Training curriculum allows both 
NCSP and NPS to advance through swift water recue and 
motorboat operator certification  
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Our staff assisted Delaware Water Gap (DEWA) with a wildfire at Sunfish pond by providing Firefighters, squad boss, 
and a FALB (class B faller).   We also assisted DEWA in a multi-day search for a missing person in the spring of 
2010, and with prescribed fire burns in fall of 2009. 
 
We have merged our dispatch operation with DEWA, resulting in 24-hour coverage as required by DO/RM-9.   As 
part of this merger, we worked with GIS staff to develop “duff” maps for use by dispatch personnel. 
 
Protection staff also: 
 Represents UPDE on the Delaware River Water Trail’s signage and rivers and trails subcommittee.   
 Participated in DRBC flexible flows, floods and other committees.  
 Assisted Women’s Rights NHP for a 3 week protection detail. 

 
During the 2010 visitor season, 6 UPDE rangers closed 345 cases. We issued 115 citations, 105 verbal warnings, 95 
case cards, 30 written warnings, and 343 case incident reports. A high percentage of these statistics were for 
violations pertaining to visitor safety, boating and PFD violations.  
 
Interpretation 
 
UPDE staff made nearly 81,000 visitor contacts in 2010.  The greatest number of visitor contacts occurred at 
riverside kiosks and on roving patrols as the interpretive staff concentrated on providing safety information to river 
users.  Water Safety was a major thrust in our curriculum-based education program with over 1,800 students 
participating.  The Delaware and Hudson Canal Days off- and on-site programs, a partnership among divisions, 
involved eight schools and 718 4th grade students. Interpretive and Natural Resources staff collaborated to expand 
the Water Snapshot Program with 382 students participating in both classroom and the on-site water testing.  Overall 
education programming increased by 20% this year as UPDE exceeded our GPRA goals for Visitor Satisfaction, 
Visitor Satisfaction with Facilitated Programs, Visitor Understanding, Visitors Attending Facilitated Programs, Visitor 
Safety, and Visitor Fatalities. 
 
Centennial Initiative funding provided two Seasonal Interpretive Rangers, allowing UPDE to provide additional 
interpretive river safety patrols, increase our assistance to the cultural and natural resource management divisions, 
and to open the Zane Grey Museum daily from Memorial Day Weekend through the end of September. 
 

We continue to support local partners by 
participating in numerous festivals, 
sponsoring river clean-up events with area 
high schools, conducting in-service training 
for teachers, and providing river safety 
training to public safety agencies and livery 
staff.  In celebration of Public Lands Day, 
UPDE partnered with Kittatinny Canoes and 
Woodloch Resort to host a river clean-up 
event. 
 
The Zane Grey House was open Memorial 
Day through mid-October.  The annual Zane 
Grey Festival was presented in partnership 
with Zane Grey’s West Society. 
 
Eastern National sales at the Zane Grey 
House and the Narrowsburg Information 
Center totaled $12,483.50, a 19% increase.  
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Volunteers – 409 Volunteers, including six interns, the National Canoe Safety Patrol, the Zane Grey’s West Society, 
the Eagle Institute, and the annual summer River-Clean-Up in partnership with Kittatinny Canoes, contributed 11,977 
hours.  
  
Natural Resources  
 
Tracking Marcellus Shale Natural Gas Development Issues near UPDE 
On June 2, 2010, the Upper Delaware Scenic and Recreational River gained the dubious distinction of being named 
“America’s Most Endangered River” by the conservation organization American Rivers, due to impending natural gas 
development in the region. We are at the intersection of the largest and most rapidly developing natural gas field in 
the U.S., the Marcellus Shale, and the longest reach of Special Protection Waters in the country, the upper 197 miles 
of the main stem of the Delaware River. 
 
We continue to spend a great deal of time focused on natural gas development issues, attending meetings, reading 
reports, participating in conference calls, keeping abreast of developments, and reviewing and commenting on 
proposed regulations in an effort to best protect UPDE resources and values. We continue to get a great deal of help 
with this issue from the NPS Geologic Resources Division, and the Air and Water Resources Division staff.   
 
New York State Department of Environmental Conservation released an 809-page Draft Supplemental Generic 
Environmental Impact Statement  on the Oil, Gas, and Solution Mining Regulatory Program. UPDE, the NPS 
Northeast Region, the Geologic Resources Division, the Water Resources Division, the North Country Trail, and the 
DOI Solicitor’s Office collaborated to review and comment on this document. 
 
In mid-December, we reviewed and provided comments on DRBC draft dockets for a water withdrawal on the West 
Branch of the Lackawaxen River, and further 
development of the Matoushek well in Clinton 
Township, Wayne County, PA. 
 
Continuous Water Quality Monitoring 
UPDE instituted continuous water quality 
monitoring of Delaware River tributaries. Multi-
probe instruments, or “sondes”, are placed directly 
in the water flow to measure water quality 
parameters such as dissolved oxygen, pH, 
conductivity, temperature, and turbidity.  The 
results are downloaded for analysis.  Funds were 
provided by the NPS Northeast Regional Office for 
7 additional instruments, four of which will be 
equipped with telemetry to allow off-site real-time 
monitoring, thus enabling rapid detection of 
significant water quality changes. 
 

Hourly data collected for a one 
week period in Hollister Creek 
clearly shows the diurnal cycle 
of the water temperature and the 
corresponding changes in 
dissolved oxygen levels (mg/L).  
A lesser diurnal variation was 
also exhibited by pH.  
Conductivity remained relatively 
constant. 

A submerged sonde, temporarily out of its protective, camouflaging PVC 
sleeve. 

http://www.americanrivers.org/our-work/protecting-rivers/endangered-rivers/2010-endangered-upper-delaware.html�
http://www.americanrivers.org/our-work/protecting-rivers/endangered-rivers/2010-endangered-upper-delaware.html�
http://www.americanrivers.org/our-work/protecting-rivers/endangered-rivers/2010-endangered-upper-delaware.html�
http://www.dec.ny.gov/energy/58440.html�
http://www.dec.ny.gov/energy/58440.html�
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Scenic Rivers Monitoring Program  
With the addition of a new site on the West Branch, 20 locations on tributaries and the main stem Delaware River 
were sampled bi-weekly from May through September. Fecal coliform, E.coli and enterococcus bacteria, and a host 
of chemical parameters including nutrient levels, total chloride, total alkalinity, and total hardness data is maintained 
in the national EPA STORET database by the Delaware River Basin Commission, as well as at UPDE. 
 
The Lackawaxen Township, Pennsylvania, Sewage Enforcement Officer requested our assistance to collect and test 
water samples at an effluent “outfall” believed to be contributing point source pollution into the Delaware River.   

 
Addressing identified research needs for 
the nuisance freshwater diatom 
Didymosphenia geminata 
D. geminata (a.k.a. Didymo or “rock snot”) is 
expanding, emerging as an organism with 
extraordinary capacity to impact stream 
ecosystems on a global scale.  
 
UPDE Resource Management Specialist Don 
Hamilton sought out and collaborated with a 
USGS scientist to develop a joint research 
request to better understand this organism in 
the Delaware and other river systems. The 
proposal, “Determining the ecological and 
evolutionary processes associated with 
distribution and behavior of the nuisance 
freshwater diatom Didymosphenia geminata”, 
was funded for FY2011-13.  

 
Samples of D. geminata collected in 2010 from locations on the Delaware River mainstem were sent to the Academy 
of Natural Sciences in Philadelphia (ANSP) for confirmation. Dr. Marina Potapova, a world-renowned phycologist at 
ANSP and a Co-Principal Investigator in our study, is attempting to culture D. geminata in her lab using these 
samples (something that no researcher has been able to do so far). This would be an important step in further 
studying the species and better understanding factors linked to the vegetative stalk growth. 
 
Biological Monitoring of Benthic Macroinvertebrates 
Freshwater BMI are a very important part of stream food webs because they form the primary source of nutrition for 
many aquatic and terrestrial animals. UPDE is partnering with two entities to monitor benthic macroinvertebrates 
(BMI) as a means of assessing the health of stream ecosystems: 
 
Biologists from the Delaware River Basin Commission have had a structured study and sampling program for BMI at 
UPDE and DEWA for the past 7 years. A local newspaper article covered this program recently, helping the public to 
develop an understanding and appreciation of this component of the Delaware River’s ecosystem.  
 
We are also partnering with the NPS Eastern Rivers and Mountains Network (ERMN) in a long-term BMI sampling 
effort on 12 UPDE tributaries as part of the Vital Signs program. The second season of monitoring UPDE tributaries 
was completed in fall 2009, and we recently received the 2008 Summary Report.  
 
We continue to advise and share data with the Equinunk Watershed Alliance in stewardship of Equinunk Creek, 
which has the highest water quality of the UPDE tributaries sampled by ERMN staff. 

 

Confirmed presence and portion of published records of D.geminata from 
around the world. Dots show rough geographic area of populations (From 
Spaulding and Elwell 2007; Map by Sarah Spaulding, USGS. 

http://www.riverreporter.com/issues/07-08-30/news-delaware.html�
http://science.nature.nps.gov/im/units/ermn/3year/UPDE_BMI_2009.12.08.pdf�
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Bald Eagle Essential Habitat Study 
In cooperation with the New York State Department of 
Environmental Conservation and The Eagle Institute, a local 
organization dedicated to bald eagle conservation and education, a 
multi-year study to determine the most important habitats for bald 
eagles along the Upper Delaware River is in the data analysis and 
report writing phase. Sixteen birds fitted with satellite and radio 
transmitters provide information about their habitat use. The Data 
Manager/GIS Specialist from the Eastern Rivers and Mountains 
Network is assisting to model some of the habitat use data. 
 
From a total of 18 active nests (that we know of) within the UPDE 
corridor, the successful nests produced about 30 fledglings in 2010.  
 
Thousands of school children follow the migrations and movements 
of UPDE-tagged bald and golden eagles every year, and learn 
about their habits and habitat needs at 
http://www.learner.org/jnorth/eagle/. 
 
Targeted Mammal Inventory 
Fieldwork and review of the draft final Targeted Mammal Inventory (TMI) report was conducted under the direction of 
Dr. Howard Whidden of East Stroudsburg University (ESU). The three-part study of mammals supports a broader 
effort to catalogue the nation’s natural resources throughout our national parks.  
 
NPS Biological Resource Division provided $2500 for ESU students to do a third year of acoustic monitoring to 
document declines in local bat populations as a result of white-nose syndrome (WNS), a cold-loving virus contributing 
to the deaths of over 100,000 hibernating bats in the northeastern United States.  

 
Invasive Species  
The NPS Northeast Region Exotic Plant Management Team (NER EPMT) came three times this season to treat and 
assist with removal of non-native invasive plants, targeting Japanese knotweed, Japanese barberry and multiflora 
rose at NPS-owned Towpath Trail in Minisink Ford, NY, and the D&H Canal site at Corwin Farm. 
 
Monitoring shows a definite decline in the loosestrife population at Pond Eddy. This is our seventh year of releasing 
Galerucella pusilla beetles, which feed exclusively on the leaves, stems and shoot tips of purple loosestrife, 
preventing seed production and distribution.  
 

  
 
Both Galerucella beetles and eggs of the Galerucella beetles were documented in 2010 in our study area 
 
Thanks to local Boy Scout Troop 122 and their leader, NPS volunteer Rich Egan, four years of eradication resulted in 
no new infestations of the invasive plant, water chestnut (Trapa natans) in the Upper Delaware River in 2010. 

Photo © Scott Rando. Used with permission. 
 
Study bird R27 (lower, photographed in January 
2010, carries a backpack transmitter from a 2008 
capture 
 
 

http://www.learner.org/jnorth/eagle/�
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We assisted the Pennsylvania Chapter of The Nature Conservancy to remove Japanese knotweed from Butternut 
Island, a critical link between the Delaware River’s headwaters in New York’s Catskill Mountains and the unique 
heaths and mountains of Pennsylvania’s Pocono Mountains. 
 
Study on Age Structure of Spawning Stock of American Shad in the Delaware River 
UPDE, the U. S. Fish and Wildlife Service (FWS), Pennsylvania Fish & Boat Commission (PFBC) and New York 
State Department of Environmental Conservation cooperated on a NPS-funded project to describe the age structure 
of the spawning stock of American shad (AMS) in the Upper Delaware River.   
 
From May 1 through June 19, 2010, UPDE staff contacted fishermen at twelve access points in a joint study. Using a 
FWS-designed creel survey valuable information was gathered from AMS anglers regarding 1) total length, 2) sex, 
and 3) scale samples.  PFBC will study the scale samples to help provide a good sampling of the ages of AMS in the 
Upper Delaware basin.  Data gathered in 2009 and 2010 will help to formulate the age range and obtain the percent 
of repeat spawning for the AMS in the Delaware River.   
 

Environmental Education 
The Water Snapshot program was presented to over 400 
local elementary school students, the biggest year to date.  
UPDE staff visited fourth through eighth grade students in 
two states, four school districts, six schools and twenty 
classrooms to explain concepts and principles of water 
quality and environmental stewardship.  This basin-wide 
event helps students to look at water quality of the streams 
and rivers in their own backyards. The “Upper Delaware 
Snapshot 2010” Water Snapshot booklet is posted for 
students’ and teachers’ use.  Students’ posters were 
displayed at our Information Center for the month of July. 
 
In its third year, Trout in the Classroom provides resources 
to teachers and helps students make the connection 
between Trout and local water quality issues.  

 
UPDE Cultural Resources  
 
Building on the existing National Register listing 
for Zane Grey’s residence, a nomination for the 
Zane Grey site, (including Zane Grey’s mother’s 
house and ancillary buildings, the orchard and 
garden) was completed. A Historic Structures 
Report for the Alice Grey House and Ancillary 
Buildings (coal house, barn, cottage-kitchen) 
and a structural assessment and report of the 
Zane Grey house were also completed.  
 
Installation of new exhibits at the Zane Grey 
Museum was completed with the assistance of 
Harpers Ferry Center.  
 

NPS volunteer Rich Egan reviewing Water Snapshot results 
with Damascus Elementary students. 

Historic furnishings in Zane Grey's office completed the Zane Grey Museum exhibit.  
 

http://www.riverreporter.com/issues/10-06-03/feature.html�
http://www.riverreporter.com/issues/10-06-03/feature.html�
http://www.riverreporter.com/issues/10-06-03/feature.html�
http://www.nps.gov/upde/forteachers/loader.cfm?csModule=security/getfile&PageID=281696�
http://www.nps.gov/upde/forteachers/loader.cfm?csModule=security/getfile&PageID=281696�
http://www.nps.gov/upde/forteachers/loader.cfm?csModule=security/getfile&PageID=281696�
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Congressman Chris Carney was a 
speaker at the Zane Grey Exhibit 
Grand Opening , along with 
keynote speaker Henry Nardi from 
the Zane Grey’s West Society. 
Collette Fulton from the Zane 
Grey’s West Society presented the 
park with a book, The Young Lion 
Hunter, the first in a series of books 
for young people that the society is 
having printed.  
 
With the addition of a Seasonal 
Museum Technician, we were able 
to improve documentation and care 
of museum collections.  All new 
objects received were accessioned 
and cataloged.  Monitoring 
environmental conditions allowed 
us to establish baseline data for the new museum exhibits. All GPRA goals for FY 2010 were met, and goal 1a6 
(NPS preservation and protection standards) was exceeded. 
 
Upper Delaware Council 
 
Our key management partner, The Upper Delaware Council, Inc. (UDC), continued assessing potential impacts from 
the proposed development of natural gas in the Marcellus Shale play. Activities included gathering and disseminating 
information, attending meetings and hearings, submitting comment letters, and monitoring the status of regulatory 
programs by both states and the Delaware River Basin Commission. 
 
Starting in March 2010, UDC’s Water Use/Resource Management Committee devoted a portion of every monthly 
meeting to reviewing studies, hearing presentations, and discussing modifications of the Flexible Flows Management 
Program (FFMP). UDC is preparing recommendations for management of releases from New York City’s Delaware 
River Basin reservoirs in advance of the FFMP’s expiration date of September 30, 2011. 
 
One hundred guests attended the UDC’s   22nd Annual Awards Ceremony on April 25, 2010, with New York State 
Assemblywoman Aileen M. Gunther (98th District) as keynote speaker. Awards were presented to individuals, 
organizations, and projects (including the NPS Roebling Bridge and Towpath Trail Storm Damage Repair), that have 
enhanced the quality of life or protected the resources of the Upper Delaware River Valley.  
 
Conclusion 
 
In FY2010, we worked with 137 formal and informal partners to further the mission of the NPS in the Upper Delaware 
Scenic and Recreational River Corridor, on issues as diverse as The joint Upper Delaware Council & Common 
Waters Natural Gas Drilling Stakeholders’ forums, Delaware and Hudson Canal Transportation Heritage Council, 
Penn State Science programs, Upper Delaware Visioning, Delaware River Flows, safety of river visitors with the 
National Canoe Safety Patrol and Upper Delaware liveries, camps and guides, and meetings with each of the 15 
township Supervisors, as well as Delaware River Champion, Congressman Maurice Hinchey; to name a few. 
 
FY 2010 has been a year of considerable change, with significant commitment by both our staff and partners to 
protect The Upper Delaware Scenic and Recreational River. The balance lies in constant vigilance while considering 
the increased need for sustainability and reason. 

Zane Grey Museum Exhibit Ribbon Cutting L-R: Museum Curator Dorothy Moon, former 
UPDE Superintendent John T. Hutzky, Carolyn Weidner, Collette Fulton, Congressman 
Chris Carney, Henry Nardi, and Superintendent Sean J. McGuinness. 
 

http://www.upperdelawarecouncil.org/press/pdfs/04252010_UDC_AwardWinners2010.pdf�
http://www.upperdelawarecouncil.org/press/pdfs/04252010_UDC_AwardWinners2010.pdf�
http://www.upperdelawarecouncil.org/press/pdfs/04252010_UDC_AwardWinners2010.pdf�
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Executive Summary 
 
What do the Guggenheim Museum, New York Yankees, Boeing, Sunoco, Campbell’s Soup, 
DuPont, Wawa, Starbucks, Iron Hill Brewery, Philadelphia Phillies, Camelback Ski Area, Pt. Pleasant 
Canoe Livery, Salem Nuclear Power Plant, and United States Navy all have in common?  They all 
depend on the waters of the Delaware River Basin to sustain their businesses. 
 
The Delaware River Basin is an economic engine that supplies drinking water to the 1st (New York 
City) and 7th (Philadelphia) largest metropolitan economies in the United States and supports the 
largest freshwater port in the world.  The Delaware Basin’s water supplies, natural resources, and 
ecosystems in Delaware, New Jersey, New York, Pennsylvania and a small sliver of Maryland: 
 
• Contribute $25 billion in annual economic activity from recreation, water quality, water supply, 

hunting/fishing, ecotourism, forest, agriculture, open space, potential Marcellus Shale natural gas, 
and port benefits. 

 
• Provide ecosystem goods and services (natural capital) of $21 billion per year in 2010 dollars with 

net present value (NPV) of $683 billion discounted over 100 years. 
 

• Are directly/indirectly responsible for 600,000 jobs with $10 billion in annual wages. 
 
The Basin 
 
The Delaware River Basin occupies almost 13,000 sq mi (not including the river and bay) in 
Delaware, Maryland, New Jersey, New York, and Pennsylvania.  In 2010, over 8.2 million residents 
lived in the basin including 654,000 people in Delaware, 2,300 in Maryland, 1,964,000 in New Jersey, 
131,000 in New York, and 5,469,000 in Pennsylvania.  Nearly 3,500,000 people work in the basin 
with 316,000 jobs in Delaware, 823,000 jobs in New Jersey, 70,000 jobs in New York, and 2,271,000 
jobs in Pennsylvania.  An additional 8 million people in New York City and northern New Jersey 
receive drinking water from the Delaware River via interbasin transfers.  The Delaware Basin 
occupies just 0.4% of the continental U.S. yet supplies drinking water to 5% of the U.S. population. 
 
The Delaware Basin population exceeds 8.2 million which if counted together would be the 12th 
most populous state after New Jersey but ahead of Virginia.  The Delaware Basin occupies: 
• Delaware (50% of the State’s area and 74% of the First State’s population) 
• New Jersey (40% of the State’s area and 22% of the Garden State’s population) 
• New York (5% of the State’s area and 0.7% of the Empire State’s population) 
• Pennsylvania (14% of the State’s area and 43% of the Keystone State’s population. 
 
Between 2000 and 2010, the population in the Delaware Basin increased by 6.1% or 472,066 people.  
Over the last decade, the population increased by 30% in Pike County, Pa.; by over 20% in Kent 
and Sussex counties, Del. and Monroe County, Pa.; and by over 10% in Gloucester and Ocean 
counties, NJ, Orange County, NY, and Chester, Lehigh, and Northampton counties, Pa.  For the 
first time in two generations, Philadelphia gained population.  Several counties in the basin lost 
population since 2000: Cape May, NJ; Broome, Delaware, and Greene counties, NY; and 
Lackawanna, Luzerne, and Schuylkill counties, Pa. 
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Population Change
Delaware Basin, 2000-2010

64,193
348

99,977

661

332,796

497,976

0

100,000

200,000

300,000

400,000

500,000

600,000

Dela
ware

Mary
lan

d

New
 Je

rse
y

New
 Y

ork
 

Pen
ns

ylv
an

ia

Del.
 B

as
in

 
 

Population Change by County
Delaware Basin, 2000-2010

-30%

-20%

-10%

0%

10%

20%

30%

D
el

aw
a r

e,
 N

Y
C

ap
e 

M
ay

,  N
J

B
ro

om
e,

 N
Y

La
ck

aw
an

na
,  P

a .
Lu

ze
rn

e,
 P

a.
S

ch
uy

lk
i ll

, P
a.

G
r e

en
e,

 N
Y

D
el

aw
ar

e,
 P

a .
C

am
de

n,
 N

J
U

ls
te

r ,
 N

Y
S

u l
li v

an
,  N

Y
P

hi
la

de
l p

hi
a,

 P
a.

S
al

em
, N

J
M

e r
ce

r ,
 N

J
S

us
se

x,
 N

J
B

u c
ks

,  P
a.

M
on

m
ou

th
, N

J
B

ur
l in

gt
on

,  N
J

M
on

tg
o m

er
y,

 P
a.

H
un

t e
rd

on
, N

J
W

a r
r e

n,
 N

J
N

ew
 C

as
t le

,  D
el

.
C

um
be

r la
nd

,  N
J

C
ar

bo
n,

 P
a.

Le
ba

no
n,

 P
a.

B
er

ks
, P

a.
W

a y
ne

, P
a.

Le
hi

gh
, P

a.
N

or
th

am
pt

on
, P

a.
O

r a
ng

e ,
 N

Y
O

ce
an

, N
J

G
lo

uc
es

t e
r , 

N
J

C
he

st
e r

,  P
a.

C
ec

il ,
 M

d .
M

on
r o

e,
 P

a.
S

us
se

x,
 D

el
.

K
en

t , 
D

el
.

P
i k

e,
 P

a.

 
 



Socioeconomic Value of the Delaware River Basin 4

Annual Economic Activity 
 
The Delaware Basin contributes over $25 billion in annual market/non-market value to the regional 
economy from the following activities: 
 
• Recreation      $1.22 billion 
• Fish and Wildlife     $1.55 billion 
• Public Parks     $1.83 billion 
• Water Quality     $2.46 billion 
• Navigation/Ports     $2.62 billion 
• Marcellus Shale Natural Gas (potential)  $3.30 billion  
• Agriculture      $3.37 billion 
• Water Supply     $3.82 billion 
• Forests      $5.13 billion 
 

Annual Economic Benefits
Delaware River Basin
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Table E1.  Annual economic value supported by the Delaware River Basin. 
Market Value 2010 ($ million) Sources 
Recreation (Boating, Fishing, Swimming) 
   Skiing (1.9 million ski-days @ $45/day) 325 Penna Ski Areas Association (2010 
   Paddling-based Recreation (620,860 paddlers) 362 Outdoor Industry Association (2006) 
   Del. Water Gap River Recreation (267,000 visits) 41 U.S. Forest Service, Nat’l Park Service (1990) 
   Canoe/Kayak/Rafting (225,000 visits) 9 Canoe and Kayak Liveries (2010) 
   Powerboating (232,000 boat registrations) 395 National Marine Manufacturers Assoc. (2010)
Water Quality  
   Water Treatment by Forests ($96/mgd) 63 Trust for Public Land, AWWA (2004) 
   Wastewater Treatment ($4.00/1000 gal) 1,722 DRBC and USEPA 
   Increased Property Value (+8%, 2000 ft of river) 13 EPA (1973), Brookings Institute (2010) 
Water Supply  
   Drinking Water Supply ($4.78/1000 gal) 3,145 UDWRA and DRBC (2010) 
   Reservoir Storage ($0.394/1000 gal) 145 UDWRA and DRBC (2010) 
   Irrigation Water Supply ($300/ac-ft) 32 Resources for Future (1996), USDA (2007) 
   Thermoelectric Power Water Supply ($44/ac-ft) 297 EIA (2002), NETL (2009) 
   Industrial Water Supply ($200/ac-ft) 179 Resources for Future (1996), DRBC (2010) 
   Hydropower Water Supply ($32/ac-ft) 20 Resources for Future (1996), DRBC (2010) 
Fish/Wildlife  
   Commercial Fish Landings ($0.60/lb) 34 NMFS, Nat’l. Ocean Econ. Program (2007) 
   Fishing (11-18 trips/angler, $53/trip) 576 U. S. Fish and Wildlife Service (2001) 
   Hunting (16 trips/hunter, $50/trip) 340 U. S. Fish and Wildlife Service (2001) 
   Wildlife/Bird-watching (8-13 trips/yr, $27/trip) 561 U. S. Fish and Wildlife Service (2001) 
   Shad Fishing (63,000 trips, $102/trip) 6 Pennsylvania Fish & Boat Comm. (2011) 
   Wild Trout Fishing 29 Sportfishing Assn./Trout Unlimited (1998) 
Agriculture  
   Crop, poultry, livestock value ($1,180/ac) 3,371 USDA Census of Agriculture 2007 (2009) 
Public Parks  
   Del. Water Gap Natl. Rec. Area (4.9 million visits) 100 U.S. National Park Service  (2002) 
Marcellus Shale  
   Natural Gas (potential) 3,300 USGS (2011), EIA (2011) 
Maritime Transportation  
   Navigation ($15/ac-ft) 220 Resources for the Future (1996) 
   Port Activity 2,400 Economy League of Greater Phila. (2008) 
Delaware Basin Market Value ≈ $17.7 billion  
Non-Market Value  
Recreation (Boating, Fishing, Swimming)  
   Clean Water Act Restoration   
       Viewing/Aesthetics ($0.58/person) 5 University of Delaware (2003)  
       Boating ($0.76/person) 6 University of Delaware (2003)  
       Fishing ($2.95/person) 24 University of Delaware (2003)  
       Swimming ($6.88/person) 57 University of Delaware (2003)  
Water Quality  
   WTP for Clean Water ($38/nonuser-$121/user) 659 University of Maryland (1989) 
Forests  
   Carbon Storage ($827/ac) 3,592 U.S. Forest Service, Del. Center Hort. (2008) 
   Carbon Sequestration ($29/ac) 126 U.S. Forest Service, Del. Center Hort. (2008) 
   Air Pollution Removal ($266/ac) 1,155 U.S. Forest Service, Del. Center Hort. (2008) 
   Building Energy Savings ($56/ac) 243 U.S. Forest Service, Del. Center Hort. (2008) 
   Avoided Carbon Emissions ($3/ac) 13 U.S. Forest Service, Del. Center Hort. (2008) 
Public Parks  
   Health Benefits ($9,734/ac) 1,283 Trust for Public Land (2009) 
   Community Cohesion ($2,383/ac) 314 Trust for Public Land (2009) 
   Stormwater Benefit ($921/ac) 121 Trust for Public Land (2009) 
   Air Pollution ($88/ac) 12 Trust for Public Land (2009) 
Delaware Basin Non-Market Value ≈ $7.6 billion  
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Ecosystem Services 
 
The value of natural goods and services from ecosystems in the Delaware Basin is $21 billion 
($2010) with net present value (NPV) of $683 billion using a discount of 3% over 100 years.  The 
contributions of ecosystem services by state include: 
• Delaware ($2.5 billion, NPV $81.4 billion) 
• New Jersey ($6.6 billion, NPV $213.4 billion) 
• New York ($3.5 billion, NPV $113.6 billion) 
• Pennsylvania ($8.6 billion, NPV $279.6 billion) 
 

Table E2.  Ecosystem goods and services provided by the Delaware River Basin 
Ecosystem Area (ac) $/ac/yr 2010 $/yr 2010 NPV $ 

Freshwater wetlands 422,838 13,621 5,759,329,048 187,178,194,067
Marine 16,588 10,006 165,982,947 5,394,445,767
Farmland 1,926,524 2,503 4,823,030,404 156,748,488,136
Forest land 4,343,190 1,978 8,591,367,360 279,219,439,184
Saltwater wetland 145,765 7,235 1,054,617,851 34,275,080,170
Urban 1,206,504 342 412,157,579 13,395,121,322
Beach/dune 900 48,644 43,758,633 1,422,155,566
Open water 92,615 1,946 180,210,703 5,856,847,857
Total 8,154,924   $21,030,454,525 $683,489,772,069

 

Ecosystem Services Value in the
Delaware River Basin by State

NY 
$3,495,773,134

NJ 
$6,567,765,226

Pa. 
$8,603,299,354

Del. 
$2,505,779,719
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Ecosystems Area (acres)
Delaware River Basin, 2005
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Jobs and Wages 
 
The Delaware River Basin is a jobs engine that supports 600,000 direct/indirect jobs with $10 billion 
in annual wages in the coastal, farm, ecotourism, water/wastewater, ports, and recreation industries. 
 
Table E3.  Jobs and wages directly and indirectly supported by the Delaware River Basin 

Sector Jobs 
Wages 

($ million) 
Source 

Direct Basin Related 240,621 4,900 U.S. Bureau of Labor Statistics, 2009 
Indirect Basin Related 288,745 4,000 U.S. Census Bureau, 2009 
Coastal 44,658 947 National Coastal Economics Program, 2009 
Farm 45,865 1,376 USDA Census of Agriculture, 2007 
Fishing/Hunting/Birding 44,941 1,476 U.S. Fish and Wildlife Service, 2008 
Water Supply Utilities 8,750 485 UDWRA and DRBC, 2010 
Wastewater Utilities 1,298 61 UDWRA and DRBC, 2010 
Watershed Organizations 201 10 UDWRA and DRBC, 2010 
Ski Area Jobs 1,753 88 Penna. Ski Areas Association 
Paddling-based Recreation 4,226 Outdoor Industry Association (2006 
River Recreation 448 9 U. S. Forest Service/Nat’l. Park Service, 1990
Canoe/Kayak/Rafting 225 Canoe Liveries and UDWRA, 2010 
Wild Trout Fishing 350 4 Maharaj, McGurrin, and Carpenter, 1998 
Del. Water Gap Nat’l. Rec. Area 7,563 101 Stynes and Sun, 2002 
Port Jobs 12,121 772 Economy League of Greater Phila., 2008 
Delaware Basin Total > 600,000 >$10 billion  

 
Within the Delaware Basin are 3,480,483 jobs earning $172.6 billion in wages including: 
• Delaware (316,014 jobs earning $16.5 billion in wages) 
• New Jersey (823,294 jobs, $38.1 billion in wages) 
• New York (69,858 jobs earning $2.5 billion in wages) 
• Pennsylvania (2,271,317 jobs earning $115.5 billion in wages) 
 
Jobs directly associated with the Delaware River Basin (such as water/sewer construction, water 
utilities, fishing, recreation, tourism, and ports) employ 240,621 with $4.9 billion in wages including: 
• Delaware (15,737 jobs earning $340 million in wages) 
• New Jersey (62,349 jobs earning $1.3 billion in wages) 
• New York (32,171 jobs earning $550 million in wages) 
• Pennsylvania (130,364 jobs earning $2.8 billion in wages) 
 
Jobs indirectly related to the waters of the Delaware Basin (based on multipliers of 2.2 for jobs and 
1.8 for salaries) employ 288,745 people with $4.0 billion in wages including: 
• Delaware (18,884 jobs earning $270 million in wages) 
• New Jersey (74,819 jobs earning $1.0 billion in wages) 
• New York (38,605 jobs earning $400 million in wages) 
• Pennsylvania (156,437 jobs earning $2.2 billion in wages) 
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According to the National Coastal Economy Report (2009), coastal employment sectors within the 
Delaware River Basin are responsible for 44,658 jobs earning $947 million in wages with 
contributions of $1.8 billion toward the GDP including: 
• Delaware (12,139 jobs, $214 million in wages, $392 million toward the GDP) 
• New Jersey (4,423 jobs, $140 million in wages, $235 million toward the GDP). 
• Pennsylvania (28,096 jobs, $593 million in wages, $1.2 billion toward the GDP. 

 
Over 21,800 farms provide 45,865 jobs with $1.9 billion in wages in the Delaware Basin including:  
• Delaware (3,140 farm jobs earning $129 million in wages) 
• New Jersey (14,305 farm jobs earning $587 million in wages) 
• New York (2,410 farm jobs earning $99 million in wages) 
• Pennsylvania (26,010 farm jobs earning $1.1 billion in wages) 

 
Fishing, hunting, and bird watching/wildlife associated recreation employ 44,941 jobs with $1.5 
billion in wages in the Delaware Basin including: 
• Delaware (4,080 jobs earning $134 million in wages) 
• New Jersey (17,477 jobs earning $574 million in wages) 
• New York (4,872 jobs earning $160 million in wages) 
• Pennsylvania (18,512 jobs earning $608 million in wages) 
•  
Public and private water utilities that withdraw drinking water from the Delaware River Basin 
employ 8,750 people with wages of $485 million including: 
• Delaware (141 jobs earning $7.8 million in wages) 
• New Jersey (823 jobs earning $46 million in wages) 
• New York (5,600 jobs earning $310 million in wages) 
• Pennsylvania (2,186 jobs earning $121 million in wages) 
 
Wastewater utilities that treat and discharge wastewater to the Delaware River Basin employ 1,298 
people with wages of $61 million including: 
• Delaware (108 jobs earning $5 million in wages) 
• New Jersey (257 jobs earning $12 million in wages) 
• New York (20 jobs earning $1 million in wages) 
• Pennsylvania (913 jobs earning $43 million in wages) 
 
Over 100 nonprofit watershed and environmental organizations employ at least 200 staff who earn 
at least $9.5 million in wages to restore the watersheds in the Delaware River Basin. 
 
In the Pocono Mountains of Pennsylvania, 9 ski resorts support 1,753 direct jobs in the Delaware 
Basin from aggregate annual revenues of $87,655,063 from 1,908,228 skier visits. 
 
Paddling-based recreation in the Delaware Basin is responsible for 620,860 participants and 4,226 
jobs according to data prorated from the Outdoor Industry Association (2006). 
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The U. S. Forest Service and U.S. National Park Service estimated river recreation along the Upper 
Delaware River and Delaware Water Gap was responsible for 448 jobs with wages of $8.8 million in 
$1986. 
 
The 37 canoe/kayak liveries along the Delaware, Lehigh, and Schuylkill, and Brandywine Rivers 
have earnings of $9 million per year and employ 225 people to lease watercraft to 225,000 visitors.  
 
Along the Beaverkill, East Branch, West Branch, and upper main stem of the Delaware River in 
New York, wild trout fishing provides for 350 jobs with $3.6 million in wages. 
 
The Delaware Water Gap National Recreation Area recorded 4,867,272 recreation visits in 2001 that 
generated $106 million in sales and 7,563 direct/indirect jobs with $100 million in wages. 
 
Delaware River ports from Wilmington to Philadelphia to Trenton are collectively the 5th largest 
port in the U.S. based on imports and the 20 largest U.S. port based on exports.  These ports: 
• Employ 4,056 workers who earn $326 million in wages. 
• Provide port jobs that support an additional two jobs each in port activity and employee 

spending for a total of 12,121 port related jobs with $772 million in wages. 
• Most of the 4,056 direct port jobs are in cargo handling and warehousing with petroleum port 

jobs adding up to less than 10% of employment 
• Provides good jobs, the average salary of a port employee (with benefits) is over $80,000. 
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River Recreation 
 
Cordel et al. (1990) from the U. S. Forest Service and U.S. National Park Service estimated river 
recreation along the Upper Delaware River and Delaware Water Gap was responsible for $13.3 
million and $6.9 million in total economic output, respectively, in $1986 (Table 11).  Adjusting for 
3% annually, river recreation economic output along the Upper Delaware River and Delaware Water 
Gap is roughly $27.1 million and $14.1 million, respectively, or $41.2 million total in $2010. 
 
Table 11.  Economic impacts of river recreation along Upper Delaware and Delaware Water Gap 

River Participants Jobs 
Wages 
($1986) 

Economic
Output 
($1986)  

Wages 
($2010) 

Economic 
Output 
($2010)  

Upper Delaware 232,000 292 5,582,800 13,351,000 11,408,000 $27,100,000
Del. Water Gap 135,400 156 3,246,300 6,929,000 6,633,743 $14,100,000
Total 367,400 448 8,829,100 20,280,000 18,041,743 41,200,000

 1.  Cordel et al. 1990.  2.  Adjusted to $2010 at 3% annually. 
 
Canoe/Kayak/Rafting 
 
Thirty seven (37) canoe and kayak liveries along the Delaware, Lehigh, and Schuylkill, and 
Brandywine Rivers lease watercraft to approximately 225,000 visitors with earnings of $9 million per 
year assuming a daily rental fee of $40 per person (Table 12). 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF NEW YORK 

 
STATE OF NEW YORK,   ) 
      ) 
   Plaintiff,  )   No. 11-Civ.-02599 (NGG) (CLP) 
      ) 
  v.    )   ECF Case 
      ) 
UNITED STATES ARMY CORPS  ) 
OF ENGINEERS, ET AL.,   ) 
      ) 
   Defendants.  ) 
 

 

DECLARATION OF LYLE CHINKIN 

Pursuant to 28 U.S.C. § 1746, I, Lyle Chinkin, declare as follows: 

1.  I am the President of Sonoma Technology, Inc. (“STI”), which specializes in air 

quality and meteorological research and services.  I joined STI in 1992 and have worked on 

projects for federal, state, and local government agencies; universities; public and private 

research consortiums; and major corporations.   

2.  I submit this declaration in opposition to defendants’ motions to dismiss and for 

summary judgment, and in support of plaintiff New York’s motion for summary judgment.  The 

purpose of this declaration is to evaluate the impacts of natural gas development in the 

Pennsylvania portion of the Delaware River Basin (DRB) on ozone levels in New York State. 

3.  In brief, as explained in more detail below, I conclude that natural gas development in 

the Pennsylvania portion of the DRB would likely increase ozone levels in New York State, and 

in particular in the New York City metropolitan area and other downstate areas close to 

Pennsylvania.  
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I. Personal Background and Qualifications 

4.  I received Master of Science (1984) and Bachelor of Science (1981) degrees in 

Atmospheric Sciences from the University of California at Davis.   

 5.  I have over 25 years of experience in professional consulting regarding air quality and 

over five years of experience at the California Air Resources Board working on air pollution 

issues.  I have been appointed to and served on the National Research Council (NRC) of the 

National Academy of Sciences Committee on the Effects of Changes in New Source Review 

Programs for Stationary Sources of Air Pollutants.  I have been appointed to and served on a 

NRC panel to review “Improving Emission Inventories for Effective Air Quality Management 

Across North America, a NARSTO Assessment.”  I have also served as a United States 

Environmental Protection Agency (EPA) invited peer-reviewer of the EPA Particulate Matter 

(PM) National Ambient Air Quality Standards (NAAQS) Criteria Document, as an expert panel 

member for the Prince William Sound Regional Citizens' Advisory Council’s review of the 

Valdez Air Health Study, and as an expert witness for the United States Department of Justice in 

environmental enforcement actions in various federal courts.  My resume is Appendix A to this 

declaration and a list of my publications is found at Appendix B   

II. Summary of Conclusions 

6.  At the request of the New York State Office of the Attorney General (NYSOAG), I 

performed an analysis of the potential for emissions from natural gas development in the 

Pennsylvania portion of the DRB to impact ozone levels in New York State.   

7.  Based on the analysis below, I have concluded, with a high degree of certainty, that 

such activities will result in increased ozone levels in New York State.  A list of documents 

considered in forming these opinions is provided at Appendix C to this declaration. 
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III. Background Information 

8.  The DRB covers parts of New York, Pennsylvania, New Jersey, and Delaware.  Water 

resources in the region are managed by the Delaware River Basin Commission (DRBC), which 

consists of the governors of the four basin states and a federal representative from the U.S. Army 

Corps of Engineers.   

9.  As part of its role, the DRBC has proposed draft regulations for natural gas drilling 

operations in the DRB, including portions of northeastern Pennsylvania and southern New York.  

This drilling would occur in portions of the DRB that overlay the Marcellus Shale formation, a 

large natural gas play1 in the Appalachian Basin extending from New York southward through 

Pennsylvania, West Virginia, and eastern Ohio (see Figure 1).  Because the Marcellus Shale is a 

deep, low-permeability gas reservoir, horizontal drilling and hydraulic fracturing techniques 

must in many cases be used to extract the natural gas.   

10.  The DRBC has given some indication that drilling in the Pennsylvania portion of the 

DRB will largely occur in Wayne County, which lies across the Delaware River from New York 

State (see Figure 1).  For example, the DRBC Natural Gas Well Estimate Summary (DRBC, 

2012), which was provided to the NYSOAG on January 29, 2012, indicates that portion of the 

DRB in Pennsylvania that the DRBC has asserted is “economically viable” for gas development 

may be a 180 square mile area in northeastern Pennsylvania that primarily falls within Wayne 

County (see Figure 2). 

                                                           
1 A play is a set of known or postulated oil and/or natural gas accumulations sharing similar 
geographic, geologic, and temporal properties. 
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Figure 1.  Map showing the extent of the Marcellus Shale and the Delaware River Basin.2 

                                                           
2 This map was developed from geographic information systems (GIS) shapefiles for the DRB 
from the DRBC (http://www.state.nj.us/drbc/basin/map/GIS.html) and for the Marcellus Shale 
from the U.S. Geological Survey (http://certmapper.cr.usgs.gov/noga/servlet/ 
NogaNewGISResultsSubServ?page=gis&tps=506704). 

http://www.state.nj.us/drbc/basin/map/GIS.html
http://certmapper.cr.usgs.gov/noga/servlet/NogaNewGISResultsSubServ?page=gis&tps=506704
http://certmapper.cr.usgs.gov/noga/servlet/NogaNewGISResultsSubServ?page=gis&tps=506704
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Figure 2.  DRBC map of potential well development areas (DRBC, 2012). 

11.  Wayne County, Pennsylvania is immediately adjacent to New York State and is in 

the vicinity of several areas in New York that exceed the U.S. Environmental Protection 

Agency’s (EPA) National Ambient Air Quality Standards (NAAQS) for ozone.  The NAAQS are 

the maximum pollutant concentrations allowed under federal law, and as the name indicates, 

these standards apply nationwide.  Under the Clean Air Act, EPA has established NAAQS for 

six pollutants, including ozone, that are considered harmful to public health and the environment. 
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12.  In 2008, EPA promulgated the current 8-hour NAAQS for ozone of 75 parts per 

billion (ppb).  Subsequently, EPA's Clean Air Scientific Advisory Committee proposed lowering 

the ozone NAAQS to between 60 and 70 ppb (CASAC, 2007), though reconsideration of the 

standard has been delayed until 2013.   

13.  Figure 3 below shows that, based on the most recent three years of monitoring data 

(2008-2010)3, multiple Metropolitan Statistical Areas in New York State have ozone levels that 

exceed the current 75 ppb standard, including much of New York City and its suburbs.  Other 

areas are at or near the 75 ppb standard and would exceed a lower standard.  Such areas include 

Orange County, partially located within the DRB. (NYSDEC, 2011a).   

                                                           
3 It should be noted that the 2008-2010 monitored ozone levels reflect an economic downturn 
and two years of cooler, wetter weather that was not conducive to ozone formation (Ozone 
Transport Commission, 2011); therefore, the 2008-2010 numbers may not be representative of 
future trends in ozone levels. 
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Figure 3.  2008-2010 ozone design values4 for New York State. 

14.  Ozone (O3) is a secondary pollutant formed through the photochemical reactions of 

nitrogen oxides (NOx), volatile organic carbons (VOCs), and sunlight in the atmosphere.  The 

precursors to ozone (VOC and NOx) are emitted into the atmosphere by both anthropogenic 

(man-made) and biogenic (naturally occurring) sources.  In areas with high VOC-to-NOx ratios 

(e.g., rural areas with significant VOC emissions from biogenic sources), ozone production is 

limited by the supply of NOx emissions, and these areas are called “NOx-limited.”  Similarly, 

                                                           
4 Design values are statistical calculations based on measured data that are used to represent the 
ozone level in a given area.  They are calculated as the 3-year average of the fourth-highest daily 
maximum 8-hour ozone concentration at a given monitoring site.  Monitors are sited to be 
representative of a metropolitan area and are not necessarily located in each individual county. 
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“VOC-limited” areas have relatively low VOC-to-NOx ratios, and the supply of VOCs limits the 

ozone production rate. 

IV. Analysis 

15.  My evaluation of the potential for emissions from natural gas development activities 

in the Pennsylvania portion of the DRB to impact air quality in New York State required several 

steps.  First, I evaluated the trajectory of air parcels originating in Wayne County, Pennsylvania 

and determined that air emissions from the Pennsylvania portion of the DRB would be frequently 

transported into New York State.  Second, I evaluated several scenarios regarding the number of 

wells that would be developed in the Pennsylvania portion of the DRB and estimated the 

magnitude of emissions resulting from each of those scenarios.  Lastly, I evaluated the likelihood 

that these emissions from the Pennsylvania portion of the DRB would result in increased ozone 

concentrations in New York State.     

A. Evaluating Whether Pennsylvania Emissions Reach New York 

16.  To examine the potential for emissions from natural gas development activities in the 

Pennsylvania portion of the DRB to impact air quality in New York State, I first evaluated the 

likelihood and extent to which air parcels from natural gas extraction areas would reach New 

York State.  I did so by performing wind trajectory analyses using the National Oceanic and 

Atmospheric Administration (NOAA) Hybrid Single-Particle Lagrangian Integrated Trajectory 

(HYSPLIT) model (Draxler and Hess, 1997).   

17.  HYSPLIT is a widely used, peer-reviewed tool that can calculate air parcel 

trajectories from one region to another and, therefore, demonstrate the likelihood of potential air 

pollution transport between two regions.  Gridded, hourly meteorological data from the National 

Weather Service’s Eta Data Assimilation System (EDAS) are used as inputs to HYSPLIT, which 
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calculates trajectories by the time integration of the position of an air parcel as it is transported 

by three-dimensional wind fields.  My firm, STI, has developed geographic information systems-

based procedures for aggregating these trajectories and calculating spatial probability density 

(SPD) values that identify where air parcels have spent the most time under the conditions of 

interest.5   

18.  Figures 4 and 5 show maps of SPD values produced by running HYSPLIT with 

2006-2010 meteorological data,6 a start height of 7 meters,7 and using the centroid, or 

geographic center, of Wayne County, PA as a starting point.  These results indicate that air 

parcels from Wayne County reach metropolitan New York during 10% to 20% of total hours 

each year, and on one-third of all days on average.  Similarly, air parcels from Wayne County 

reach other regions in New York State (e.g., Orange County) during 20% to 40% of total hours 

each year, and on about half of all days on average.  These results are consistent for HYSPLIT 

runs using data from complete years (Figure 4) and from the summer season months only (Figure 

5).  

                                                           
5 These techniques were developed to assist the Central Regional Air Planning Association 
(CENRAP) in determining causes of regional haze in national parks and Class I areas (Sullivan 
et al., 2005).  Subsequently these techniques have been used for a wide variety of analyses, 
including helping EPA to evaluate the potential impact of off-shore shipping emissions in Puerto 
Rico and the U.S. Virgin Islands (Reid et al., 2010). 
6 HYSPLIT was run with five years of meteorological data to develop representative results that 
are not unduly influenced by a single year with unusual meteorological conditions. 
7 This start height was selected as representative of an emissions release height for a typical well 
drilling rig. 
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Figure 4.  Spatial probability density plot for transport from Wayne County, PA 
for 2006-2010 (darker colors represent increased transport probability). 
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Figure 5.  Spatial probability density plot for transport from Wayne County, PA 
for summer months, 2006-2010 (darker colors represent increased transport 
probability). 
 

B. Evaluating the Emissions Impact in New York 

19.  Having established that emissions from natural gas development in Wayne County, 

PA are likely to reach areas in New York State on a significant number of days each year, I then 

evaluated the potential magnitude of those emissions.   

1. Estimating Emissions from Pennsylvania DRB Well Development 

20.  To calculate the magnitude of emissions that might be released from well drilling 

activities in the Pennsylvania portion of the DRB, I relied on New York State Department of 

Environmental Conservation (NYSDEC) estimates of air emissions associated with various 

stages of natural gas development at individual wells, including well drilling, well development 
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(including hydraulic fracturing) and natural gas production.  These per-well air emission 

estimates were then multiplied by the average and peak amount of well drilling activity (e.g., 

number of wells drilled per year), associated with three different well development scenarios to 

estimate total annual emissions for each scenario.  The three average year well development 

scenarios are described below.  

1.1  Well Development Scenarios 

21.  I developed annual air emissions estimates for the following three natural gas well 

development scenarios for the Pennsylvania portion of the DRB based on information provided 

to me by the NYSOAG. 

22.  Scenario 1 is an estimate of 214 wells per year.  This estimate was presented in 

industry comments on DRBC's Proposed Natural Gas Development Regulations submitted by 

ALL Consulting, on behalf of the Marcellus Shale Coalition and the American Petroleum 

Institute (ALL Consulting, 2011). 

23.  Scenario 2 is an estimate of 58 wells per year.  This estimate is based upon the 

following assumptions: (a) a DRBC estimate that 4,816 wells may be drilled in the 602 square 

mile “economically viable” portion of the DRB that overlies the Marcellus shale and excludes 

the New York City Watershed (DRBC, 2012); (b) a calculation that 29.9% of this "economically 

viable" DRB land area is within the Pennsylvania portion of the DRB (180 square miles out of 

602 square miles, as shown in Figure 2); and (c) a 25-year period for natural gas development in 

the DRB, which is the high end of a 20- to 25-year development timeframe given by DRBC staff 

(Muszynski, 2011). 

24. Scenario 3 is an estimate of 828 wells per year.  This estimate is based upon the 

following assumptions: (a) a DRBC estimate that 32,152 wells may be drilled in the entire 
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portion of the DRB that overlie the Marcellus shale, excluding the New York City Watershed but 

including areas south of the “Structure Line” shown in Figure 2 (DRBC, 2012); (b) a calculation 

that 64.4% of this DRB land area is within the Pennsylvania portion of the DRB (2,588 square 

miles out of 4,019 square miles); and (c) the 25-year period for natural gas development in the 

DRB cited in paragraph 23 above. 

25.  Based on these three average year well development scenarios, I then developed 

three peak year well development scenarios (i.e., worst-case estimates).  I calculated the peak 

year well scenarios by multiplying each average year scenario by 1.5.  This 1.5 multiplier was 

used by industry to estimate peak year natural gas development in New York State (ALL 

Consulting, 2010).     

26. These average year and peak year well development scenarios are summarized in 

Table 1.  Across the three scenarios, peak year well development estimates range from 87 wells 

to 1,242 wells. 

Table 1.  Estimates of average and peak year well development in the 
Pennsylvania portion of the DRB. 

Scenario Average Year Well Development 
(Number of wells) 

Peak Year Well Development 
(Number of wells) 

1 214 321 
2 58 87 
3 828 1,242 

Range 58 to 828 87 to 1,242 
 

1.2  Estimates of Air Emissions Per Well 

27.  To develop per-well air emission rates I reviewed estimates documented in the 

NYSDEC draft Supplemental Generic Environmental Impact Statement (draft SGEIS) on well 

permit issuance for horizontal drilling and hydraulic fracturing in the Marcellus Shale.  This 
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document was prepared to satisfy New York State Environmental Quality Review Act (SEQRA) 

requirements by evaluating potential adverse impacts of natural gas development associated with 

hydraulic fracturing activities (NYSDEC, 2011b).  Projections of air emissions set out by 

NYSDEC in the draft SGEIS are based on industry estimates (ALL Consulting, 2009, 2010) of 

per-well emission rates associated with the various stages of natural gas development activities at 

individual wells, including well drilling, well development (including hydraulic fracturing) and 

natural gas production.  These per-well emission rates were combined with estimates of peak 

well development to calculate the annual emissions estimates shown in Table 2. 

Table 2.  NYSDEC estimates of peak annual emissions (tons/year) from natural 
gas development activities in the Marcellus Shale. 

Activity NOx VOC 

Drilling 8,785 369 

Completion 6,248 927 

Production 9,274 5,974 

Truck traffica 687 70 

Total 24,994 7,340 

 a Truck traffic emissions were not included in the industry reports but were 
calculated by NYSDEC for the SGEIS. 

 

28.  The total emissions in Table 2 were calculated based on peak well estimates of 2,462 

wells per year (2,216 horizontal wells and 246 vertical wells).  Therefore, per-well emission rates 

derived from Table 2 amount to 10 tons per year (tpy) of NOx and 3 tpy of VOC.  For ozone 

formation in the region, the NOx emissions are of the greatest concern, due to their magnitude 

and the fact that Wayne County, Pennsylvania is a rural area with significant pre-existing VOC 

emissions from biogenic sources (see previous discussion of ozone formation in Paragraph 14).  
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1.3 Calculating Peak Year NOx Emissions for the Pennsylvania 
Portion of the DRB  

 
29.  Peak year NOx emissions for the various well development scenarios were then 

calculated by multiplying the number of wells to be drilled in the Pennsylvania portion of the 

DRB by the per-well emission rates calculated in paragraph 28 above.  The results range from 

870 to 12,420 tons of NOx per year, as shown in Table 3. 

Table 3.  Peak year NOx emissions estimates from natural gas development 
activities in the Pennsylvania portion of the DRB. 

Scenario Peak Year Well Development 
(Number of Wells) 

Peak Year NOx Emissions 
(Tons per year) 

1 321 3,210 
2 87 870 
3 1,242 12,420 

30.  These emissions levels are significant on a regional basis.  For comparison purposes, 

data from EPA’s 2008 National Emissions Inventory (NEI) show that the two largest point 

sources of NOx in New York State are the AES Somerset coal-fired power plant in Niagara 

County and John F. Kennedy International Airport in New York City, both of which emitted 

about 4,900 tons of NOx in 2008.8  Therefore, NOx emissions from the maximum peak-year 

estimate for drilling activities in the Pennsylvania portion of the DRB would be the equivalent of 

adding 2.5 major airports or coal-fired power plants similar to the AES plant to an area adjacent 

to New York State and less than 30 miles from areas of New York that do not meet the ozone 

NAAQS. 

31.  In addition, EPA’s MOVES mobile source model (EPA, 2010) indicates that the 

average passenger car in the U.S. emits 36 lb of NOx per year.  Therefore, NOx emissions from 

                                                           
8 EPA’s 2008 National Emissions Inventory is available online at 
http://www.epa.gov/ttnchie1/net/2008inventory.html.  

http://www.epa.gov/ttnchie1/net/2008inventory.html
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the maximum peak-year estimate for drilling activities in the Pennsylvania portion of the DRB 

would be the equivalent of adding 690,000 cars to the roads of Wayne County, Pennsylvania.  

And even for the lowest emissions scenario (Scenario 2, with 870 tons of NOx), the NOx 

emissions are equivalent to those of more than 48,000 cars. 

32.  To further place emissions from the proposed drilling activities in context, I also 

evaluated the most recent NYSDEC State Implementation Plan for ozone submitted to EPA 

(2008).  This plan documents ozone modeling conducted by NYSDEC to evaluate current and 

future year ozone concentrations in the New York metropolitan area.  To improve air quality in 

the region, a variety of control measures were evaluated for inclusion in the New York SIP to 

reduce ozone precursor emissions of NOx in the region, some of which were initially identified 

and evaluated by the Ozone Transport Commission (OTC), a multi-state organization created to 

develop and implement regional solutions to elevated ozone concentrations in the Northeast and 

Mid-Atlantic regions.  In 2007, the OTC recommended that states consider control measures that 

would reduce ozone precursor emissions from several source categories, including consumer 

products, diesel engines, asphalt paving, cement kilns, and glass furnaces (MACTEC, 2007).  

For New York and Pennsylvania, these measures were estimated to result in 2009 NOx 

reductions of 0.2 to 40.8 tons per day (tpd) and total reductions of 80.1 tpd in New York and 

73.9 tpd in Pennsylvania.   

33.  By comparison, peak year daily estimated emissions from natural gas development 

activities in the Pennsylvania portion of the DRB range from 2.4 to 34.0 tpd of NOx (calculated 

by dividing Table 3 annual NOx estimates by 365 days).  Therefore, the additional emissions 

estimated from natural gas development in the Pennsylvania portion of the DRB are comparable 
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to statewide reductions in New York State from control measures recommended by OTC for 

New York’s state implementation plan (SIP) (see Figure 6).   

0

10

20

30

40

50
N

O
x 

Em
is

si
on

s 
(tp

d)

NY
PA

 

Figure 6.  Comparison of NOx emissions from DRB gas development in PA with 
2009 statewide emission reductions for control measures recommended by the 
OTC (OTC recommendations from MACTEC, 2007). 

 

1.4. Evaluating the Impact of Emissions from the Pennsylvania 
Portion of the DRB on Ozone Concentrations in New York 

 
34.  It is my opinion that, with a high degree of scientific certainty, the NOx emissions 

associated with natural gas development in the Pennsylvania portion of the DRB would result in 

ozone formation in the region, and some portion of that ozone will be transported to New York 

State, resulting in increased ozone concentrations in that state.  This conclusion is based on my 

knowledge of ozone formation mechanisms and my analysis of meteorological data (i.e., wind 

trajectories) for the region.  The magnitude of the air quality impacts is dependent upon the 

annual number of wells drilled in the Pennsylvania portion of the DRB, but even at the lowest 
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projected drilling levels (i.e., Scenario 2 from Table 3), additional ozone formation and transport 

would occur. 

35.  This conclusion is supported by previously completed air quality studies of ozone 

transport in the northeastern U.S.  For example, I reviewed results of air quality modeling 

performed by EPA in support of the Cross-State Air Pollution Rule (CSAPR), which requires 

states in the eastern U.S. to reduce NOx emissions that contribute to ozone in other states.9  

36.  In developing CSAPR, EPA used the Comprehensive Air Quality Model with 

Extensions (CAMx) software to  (1) identify locations expected to be in nonattainment or have 

maintenance problems in 2012 for the 8-hour ozone, annual PM2.5, and/or 24-hour PM2.5 

NAAQS; (2) quantify the contributions of state-level NOx emissions on 8-hour ozone 

concentrations in downwind states; and (3) quantify the contributions of state-level NOx and SO2 

emissions on annual and 24-hour PM2.5 concentrations in downwind states (EPA, 2011).   

37.  EPA’s CSAPR modeling results for 201210 show that total anthropogenic NOx 

emissions from Pennsylvania contribute from 6.1 to 8.4 ppb of ozone to ozone concentrations  

observed by monitors in the metropolitan New York area.  These results demonstrate that 

emissions from Pennsylvania have impacts on ozone concentrations in New York State. 

38.  In addition, analyses by the Ozone Transport Assessment Group (OTAG), a 

partnership between EPA, states, and industrial and environmental groups in the northeastern 

U.S., showed that during periods when New York experiences high ozone concentrations, the 

average range of ozone transport is from 30 to 150 miles.  This transport associated with high 

                                                           
9 Information on the CSAPR is available online at http://epa.gov/airtransport/. 
10 These results are available online at 
http://www.epa.gov/airtransport/pdfs/CSAPR_Ozone%20and%20PM2.5_Contributions.xls (Tab 
“CSAPR Ozone Contributions,” lines 217-218, 226-231, 233). 

http://epa.gov/airtransport/
http://www.epa.gov/airtransport/pdfs/CSAPR_Ozone%20and%20PM2.5_Contributions.xls
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ozone events results from the fact that such events require the sunlight of daylight hours and are 

associated with light winds and conditions that suppress vertical mixing in the atmosphere.   

39.  Given these considerations, it is reasonable to conclude that elevated ozone 

concentrations in the metropolitan New York area are primarily impacted by Pennsylvania 

emission sources that lie within 150 miles.  Figure 7 shows that Wayne County, Pennsylvania 

lies within a 150-mile radius of both nearby Orange County, New York, and New York City and 

its suburbs.  Therefore, any additional NOx emissions resulting from natural gas development in 

Wayne County would be occurring in a geographic area that has demonstrable impacts on ozone 

concentrations in New York.   

 
Figure 7.  Map showing a 150-mile radius around a Suffolk County ozone monitoring 
site in the New York City metropolitan area. 
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