
GIS Watershed 
assessments of an 

American Heritage River: 
a comparison of four 

spatial scales
(Upper Susquehanna-

Lackawanna River)
• Dale Bruns
• PA GIS Consortium (http://www.pagis.org)

• USDA Rural GIS (http://www.ruralgis.org)
• Wilkes Un. (Earth Sci. and Env. Eng. Dept.)
• College of Science and Engineering



Overview of Presentation: 

• Background on the American Heritage River 
• Use of spatial scales and environmental gradients

– “Data mining” with EPA watershed indicators
– 42 Tributary watersheds of the US-L AHR
– 12 subwatersheds – chemistry, habitat, aquatic insect s 
– Paired watersheds – and selective modeling (CityGree n)
– Watershed: single river site – real time monitoring

• Value of baseline monitoring (10 yr - perspective) 
– What has it told us?
– Does it help with emerging issues
– (e.g., Marcellus Shale and natural gas development)



Upper Susquehanna-
Lackawanna AHR –
one of 14 nationally

Designated in 
1998; research 
funding in 1999
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Environmental 
Problems

• Watershed suffers from more than 150 years of 
physical disturbance, sedimentation, acid mine 
drainage, and untreated urban runoff

• Clean up costs :  $2.5 billion (initially)
• Specific Problem Areas (Land Use) – Initial (1999)

– Abandoned Mine Lands 
– Non-point AMD and AMD Outfalls
– Combined Storm Overflows (CSOs)

• Later concerns – more recent 2006 and 2008-2009
– Suburban Development (forests and agricultural) – runoff 

(Sierra Club: 1 of 10 worst areas for suburban sprawl)
– Marcellus Shale and natural gas development
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Wilkes-Barre

Nanticoke

GeoSpatial Technologies for Coal 
Field Reclamation

• Characterize and Assess
– Ecological conditions 

(2000 square mile area)
– Anthracite Fields

• strip mines
• mine pool
• culm banks
• acid mine outfalls

• Geospatial Technologies
– GIS and GPS
– Remote Sensing and 

Digital Photogrammetry

• Watershed Analysis
– provide first step to 

testing landscape-
watershed indicators of 
pollution 

– regional scale (federal) 
data

PA GIS Consortium

Site of Knox Mine Disaster



Filmclip: 
Knox Mine Disaster

PA GIS Consortium



Photo: Mining 
Operation



Persistent Water 
Quality Problems

Severely degraded stream with urban debris and mining sediments

Mapping mine outfall locations with GPS technologies



GPS locations of water 
quality problems
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EPA's Mid-Atlantic Ecological 
Assessment: Forest Land Cover

PA GIS Consortium



EPA's Mid-Atlantic Ecological 
Assessment: Human Use Index

PA GIS Consortium
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PA GIS Consortium

Key to Tributary
Sub-Watersheds





Regional and Local Environmental Indicators: Geospa tial Overview
Upper Susquehanna – Lackawanna Watershed
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PA GIS Consortium

Strip Mine

Reclaimed Land

Culm Bank





Study design from 
systems approach

• Habitat variables measured (7)
– Substrates (4 types, iron oxides from mining)
– Flow
– Stream size (order, link)

• Water chemistry (11)
– pH, conductivity, iron (acid mine drainage)
– Oxygen, nutrients (combined) sewer overflows

• Land Use (4) – forests, mining, urban, agriculture
• Dependent variables – ecological endpoints (10)

– Aquatic insect communities (filter feeders, diversity)



Food
web
in

streams



Mayflies are 
indicators of 

“healthy” stream 
conditions and 
are important to 
the aquatic food 

web
From 

http://www.lrca.org/pages/
macroinvertebrates/pages/
Macroinvertebrates.htm

External 
gills



Midgeflies
(top) and 
blackflies

(bottom) are 
pollution 
tolerant 
species

• From 
http://www.lrca.org/pages/macroinvertebrates/
pages/Macroinvertebrates.htm



EPT Richness vs. 
Mining Land Cover
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PA GIS Consortium

Landscape-Watershed Analysis
• land cover and water chemistry
• macroinvertebrate communities and related biodiversi ty index
• statistical correlations (land cover vs. water chem istry, 

macroinvertebrates and biodiversity)
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Forest = 67 % Ag = 23%





Marcellus Shale – gas field – largest 
in U.S.; uses “hydro-fracking” –
enormous volumes of water and 

wastewater involved

What is 
the next 
energy 

boom in 
PA?









Issues: 

•Trucks and noise;

•Potential water quality and 
river ecology impacts;

•Potential affects on 
ecological habitats;

•Public concerns (outreach 
and education);

•Water resources;

•Water recovery and 
treatment;

•Land use and quality of life



http://www.srbc.net/program
s/projreviewmarcellus.htm

Did our AHR 
monitoring 

and 
assessment 

program 
anticipate gas 
development?

Or help us?
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Real-time field 
measurement – integrated 
with Web-based public 
education-outreach

AND

Testing and design of 
waste water treatment

(Reverse Osmosis – very 
expensive)



Conclusions
• Regional landscape analysis (EPA) reflected agency 

priorities: ag runoff and urban affects
• Community outreach identified: CSOs and mining

impacts in populated urban areas of AHR watershed
• Local watershed analysis – reflected spawl issues

and flooding from storm runoff
• Baseline monitoring and approach – could help in 

resource management for gas field
• Scale of study reflects the problem you encounter and 

address – need a range of approaches



Final 
shots –

questions
?


