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ABSTRACT: The Commonwealth of Pennsylvania successfully nego-
tiated a $1.75 million settlement with Ashland Oil Company for injuries 
to aquatic resources and recreational users resulting from the January 
1988 oil spill into the lower Monongahela and upper Ohio Rivers. The 
commonwealth's natural resource trustee agencies reserved these funds 
for special studies to learn more about the aquatic resources of the 
impacted rivers. 

A project team including commonwealth agencies, consulting experts, 
and the Ohio River Valley Water Sanitation Commission agreed to use 
the framework of a geographic information system (GIS) to organize 
geo-referenced natural resource data spatially. This paper discusses the 
development of a GIS base map of a river system modified by a series of 
navigation dams and outlines the ecological basis of the aquatic habitat 
classification system. This system divides individual navigation pools 
into component parts along longitudinal, cross-sectional, and vertical 
axes. These components are then combined to delimit aquatic areas and 
habitat conditions to define aquatic habitat types. These habitat types 
will serve as the basis for making an inventory of environmentally 
sensitive areas; and the completed GIS will have coverages of infrastruc-
tural, monitoring/regulatory, recreational, and environmental themes. 
The GIS will be used by Pennsylvania agencies in the management and 
protection of the natural resources supported by the Ohio River and its 
tributaries. 

On January 2,1988, an oil storage tank located on the Monongahela 
River in Pennsylvania (Figure 1) collapsed and caused the catastrophic 
release of approximately 3.9 million gallons of No. 2 diesel fuel.8 

Within hours, approximately 750,000 gallons of oil entered the Mono-
ngahela River. This incident remains the largest recorded single inland 
oil spill in the history of the United States. The spill traversed the states 
of Pennsylvania, Ohio, West Virginia, Indiana, Kentucky, and Illinois 
and required close coordination between state and federal govern-
ments. Ashland Oil, Inc., the responsible party, performed the re-
quired cleanup and worked with the natural resource trustee agencies 
on a comprehensive study of the natural resource impacts. These 
investigations were driven by the damage assessment provisions con-
tained in Section 132(f) of the Clean Water Act (CWA) and in various 
state laws. A Commonwealth of Pennsylvania (PA) trustee team in-
cluding the PA Department of Environmental Resources, the PA Fish 
and Boat Commission, and the PA Game Commission began negotiat-
ing a claim directly with Ashland Oil. These negotiations culminated in 
a consent order and agreement that included $1.25 million in fines and 
penalties for violating various state laws and $2.75 million in settlement 
of claims for damages and compensatory payments to the Common-
wealth of Pennsylvania. A total of $1.75 million was restricted to fund a 
comprehensive aquatic resources/recreational use study of the Ohio 
River basin. The conditional settlement provided a unique mechanism 
of funding for the agencies to learn more about the aquatic resources 
and recreational users of the river system that they are mandated to 
protect and manage. 

The Pennsylvania trustee agencies contracted with the Ohio River 
Valley Water Sanitation Commission (ORSANCO) to administer the 
fund and hired a team of consulting experts (RMC Environmental 
Services, Inc. ; Aquatic Systems Corporation; Geo Decisions, Inc. ; and 
Terrestrial Environmental Specialists, Inc.) to assist in the design and 
conduct of an aquatic resource characterization study for 110 miles of 
the Allegheny, Monongahela, and Ohio Rivers. 
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Figure 1. The upper Ohio River basin in Pennsylvania showing the location of the aquatic resources characterization study 

Objectives 

This study is designed to delineate important habitats (living spaces) 
for fish and freshwater mussels (clams) within 110 miles of the naviga-
ble upper Ohio River system. Known habitat requirements of fresh-
water fish and mussels combined with actual measurements of the 
river's physical features form the framework of our aquatic habitat 
classification system (AHC). The AHC introduced in this study is a 
modification of the Pearson-Krumholz model of river habitat partition-
ing previously applied to the middle and lower Ohio River basin.11 The 
physical features of the river and the AHC are organized within the 
framework of a computerized geographic information system (GIS). 

The inherent ability of GIS to organize geo-referenced data spatially 
provides a unique opportunity for combining an unlimited number of 
overlays of physical and biological information. These overlays are 
preliminary maps of suitable habitats for various species (kinds) and 
life cycle stages (ages) of upper Ohio River fish and mussels. The 
preliminary mapped aquatic habitat areas will then be statistically 
sampled to determine the accuracy of the scientific predictions. Once 
verified, this habitat inventory will be used to describe ecologically 
sensitive areas in order to site discharge points and other facilities, 
mark areas unsuitable for commercial sand and gravel dredging opera-
tions, plan spill response scenarios, and assess the ecological impact of 
spills. An environmentally sensitive area inventory is presently being 
compiled by the U.S. Environmental Protection Agency (EPA) Re-
gion 3, which includes Pennsylvania, and will contain areas of critical 
habitats and endangered species, estuarine reserves, aquatic ecosys-
tems, and aquatic habitats, as well as fish and wildlife and their habi-
tats.14 Our AHC will be used to identify sensitive habitats, establish 
priorities for their protection through an appropriate classification 
system, and provide a mechanism (GIS) to be used during a spill 
response for applying prompt protection measures. 

In addition, the ability of the GIS to incorporate geo-referenced 
data easily will allow the expansion and refinement of our AHC model 
as more data become available. The system can also support various 
research interests such as hydrologie and spill modeling and mitigating 
habitat impacts. More generally, it will allow the heuristic exploration 
of the data that may provide insight into the interaction of controlled 
river systems and the aquatic resources they support. 

Elements of the geographic information system (GIS) 

A GIS is a system of computer hardware, software, and procedures 
that "contains spatially referenced data that can be analyzed and 
converted to information for a specific set of purposes, or applica-
tion . . . The key feature of a GIS is the analysis of data to produce 
new information.,,1() General descriptions of GIS and uses in water 
resources management are provided by Meaden and Kapetsky,7 Giles 
and Nielsen,3 and in the many papers of an American Water Resources 
Association symposium on GIS and water resources.4 Here we summa-
rize the construction of the digital base map and thematic coverages for 
our upper Ohio River GIS project. 

Base map. A digital base map provides a coordinate system and 
frame of reference for spatial data analysis and display of various 
thematic coverages in a GIS. Our base map was adapted from county 
maps digitized by the Pennsylvania Department of Transportation 
(DOT). The DOT maps contained data coverages of the transportation 
network and streams compiled from U.S. Geological Survey (USGS) 
1:24,000 scale topographic maps. Since many important features were 
not visible at this scale, the maps were photo-revised against recent 
aerial photography at a nominal scale of 1:8,400. 

Revisions were accomplished by estimating the true scale of individ-
ual photographs, plotting overlays to the same scale (range: 1:7,800 to 
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1:9,000), and redigitizing the river boundary and certain other fea-
tures. Of the original countywide coverages, only the river corridor was 
photo-revised. The scale of aerial photographs was estimated by aver-
aging several distance measurements between features visible on both 
a photograph and the corresponding 1:24,000 scale USGS topographic 
map. Thus, while the accuracy of the base map remained only as good 
as that inherent in the original digitization at 1:24,000 scale ( ± 15 m), 
the base map of the river contains many details visible at a much finer 
scale. Photo-revision was a compromise to avoid the high cost of 
producing a large-scale base map using aerial photogrammetry while 
still obtaining the necessary fine detail with minimal distortion. 

Thematic coverages. The DOT map files contained much informa-
tion not especially germane to the intended use of the GIS, and lacked 
nongeographic features important in water resource management. 
Table 1 lists the types of features retained in the base map; other 
features were downloaded to a separate database that can be recalled 
as necessary. 

From a water resources management perspective, the rivers and 
contributory drainage network are the most important features of the 
landscape represented by the base map. Therefore, the base map was 
"layered" to increase the overall efficiency of the GIS. Layering re-
duces the amount of data that must be processed for many applica-
tions. The first layer represents the position of the land-water interface 
within the study area when rivers are at their defined normal stage. An 
outline of the Allegheny and Monongahela Rivers upstream of the 
study area (but included on the DOT county maps) was placed on the 
second layer, along with the mainstems of all tributaries feeding di-
rectly into the study area. The remainder of the drainage network was 
then added as a third layer. Finally, transportation networks, political 
boundaries, and other man-made features retained from the original 
maps were stored on a fourth layer. 

Table 1 lists a number of other themes included in the GIS. Many of 
these are locational features directly tied to water resources manage-
ment, such as USGS gauging stations, National Pollutant Discharge 
Elimination System (NPDES) permitted discharges, and permanent 
water quality and biomonitoring sites. Such features also have exten-
sive computerized databases associated with them. Mapped locations 
in our GIS are augmented with peripheral databases containing cross-
references to, and in some cases statistical summaries of, data con-
tained within these external systems. 

The last coverage listed in Table 1, the aquatic habitat classification 
(AHC), represents the basis for using the GIS to measure, map, and 
evaluate aquatic habitat. These are important tasks in impact assess-
ment and river management.15 particularly the planning and imple-
mentation of oil spill avoidance and remediation efforts. In the follow-
ing section we discuss the ecological basis for the AHC and how it can 
be used to organize information on aquatic biota/habitat relationships 
in these large rivers. 

Table 1. Example themes and coverages represented in the upper 
Ohio River basin geographic information system 

Infrastructure 
Monitoring/ 
regulatory Environmental 

Surface transporta-
tion routes 

Energy and mate-
rial transport 

Lock and dam 
system 

Navigation aids 
Recreational 

facilities 
Political boundaries 

U.S. EPA Störet 
files 

National Pollution 
Discharge Elim-
ination System 
discharges 

U.S. geological 
survey gauging 
stations 

Water intakes 
Hydroelectric 

stations 
Biomonitoring sites 

River boundary 

Drainage network 

Islands 

Wetlands 
Bathymetry and 

substrate 
Aquatic habitat 

classification 

The stream-network scale includes stream channels that lie above a 
chosen point within a river basin and are linked to the basin by runoff, 
groundwater, point discharges, and water diversions. Within a stream 
network, aquatic and terrestrial ecosystem components interact at the 
floodplain-reach scale. This recognizes identifiable reaches whose 
characteristics are controlled in part by the degree of interaction be-
tween a river and its floodplain.12 Individual reaches may be structured 
and identified on the basis of geology, natural disturbance regimes, 
anthropogenic influences, or combinations of these factors.6 

The basin/subbasin, stream network, and floodplain-reach scales as 
described by Lubinski6 and Sedell and colleagues12 bound areas that 
exceed the size of our study area, which is defined by geographic or 
political and not ecological boundaries. However, the union of the 
Allegheny and Monongahela Rivers to from the Ohio River represents 
the joining of two major subbasins, and also delimits three distinct 
reaches at the floodplain-reach scale. Each river in the study area 
comprises only a portion of the actual reach to which it belongs. For 
example, both the Allegheny and Monongahela portions belong to 
larger navigable reaches defined by the upper extent of the lock and 
dam navigation system; Pennsylvania's portion of the Ohio River is 
part of a reach that extends an undetermined distance downriver.5 

Our study rivers flow through highlands and thus lack the broad, 
dynamic floodplains characteristic of large midwestern river systems 
such as the upper Mississippi6 or the lower Mississippi River systems. 

Table 2. Outline of an aquatic habitat classification for the 
Allegheny, Monongahela, and Ohio Rivers in Pennsylvania 

Aquatic habitat classification (AHC) 

The AHC developed for these large navigation rivers provides the 
ecological framework around which GIS-based river management 
strategies and protocols can be developed. It weds three complemen-
tary approaches to defining aquatic habitats: a hierarchical landscape 
approach important for acknowledging the effect of ecosystem proc-
esses at different scales of spatiotemporal resolution,6 the use of combi-
nations of "aquatic areas" and "habitat conditions" to provide flex-
ibility in habitat classification,13'15 and the delineation of aquatic areas 
based on macro- and mesoscale differences in river morphometry1 and 
the presence of environmental gradients that exist along the longitudi-
nal, cross-sectional, and vertical axes of navigation pools. 

Each of the AHC levels is outlined in Table 2, beginning with the 
basin/subbasin scale. This scale resolves major landscape elements 
defined by watershed boundaries, and is thus important for assessing 
broad ecosystem properties and integrating this study with other natu-
ral resource inventories and studies of other landscape components. 
This scale resolves the Allegheny and Monongahela River subbasins, 
and a lower portion of the Ohio River basin, as distinct entities. In turn, 
the study area is part of the larger Ohio, and ultimately, the Mississippi 
River drainage basins. 

Scale Explanation 
I. Basin/subbasin 

II. Stream network 

III. Floodplain-reach 

IV. Navigation pool 

V. Habitat 

A. Aquatic areas 

B. Habitat conditions 

C. Habitat types 

Major landscape elements resolved 
by watersheds 

Stream channels within basin, net-
work links aquatic and terrestrial 
ecosystem components 

River sections with similar physiogra-
phy and disturbance regimes 

Artificial landscape element and ma-
jor ecosystem modification 

Fine-grained structural composition 
within pool 

Components of longitudinal, cross-
sectional, and vertical 
(bathymιtrie) pool axes 

Physicochemical and hydraulic pa-
rameters (such as substrate, water 
quality, depth and velocity, and 
turbulence) 

User-defined combinations of aquatic 
areas and habitat conditions 
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Extensive bulkheading, channelization, and navigation dam operation 
have further restricted interactions between aquatic and terrestrial 
ecosystem components compared with their predevelopment states. 

Below the floodplain-reach scale lies the navigation pool scale, 
unique among spatial measurement scales because it is a direct result of 
human disturbance.6 Individual pools from discrete entities and are 
commonly identified by separate numbers or names, making them 
ideal for referencing purposes and interfacing outside a GIS. At even 
smaller scales of resolution, navigation pools share many common 
properties owning to similarities in overall reach properties, river 
morphometry, and the influence of dams. However, individual pools 
also differ from one another in numerous respects, such that each pool 
is unique at the finest scale of resolution in the landscape hierarchy, the 
habitat scale. 

The habitat scale addresses the fine structural heterogeneity within 
pools, and is the scale most intimately associated with the distribution 
and abundance of aquatic biota. Major factors and disturbances associ-
ated with each scale within this hierarchy control ecosystem properties 
at smaller scales, while processes occurring at small scales, if repeated 
frequently or over many locations, can cumulatively affect ecosystem 
properties at larger scales.6 

Elements of the AHC at the habitat scale are defined primarily on 
the basis of river channel morphometry, as are similar classifications 
developed for other large rivers.1, n 15 Baker and colleagues caution that 
habitat classifications based solely on geomorphic criteria often sacri-
fice biological reality because units do not reflect habitat use or are not 
delineated on the basis of variables and gradations measured at scales 
that are relevant to aquatic organisms.1 Our AHC attempts to alleviate 
this problem in two ways: by implicitly incorporating major axes of 
environmental variation found within and between navigation pools 
(summarized in Figure 2) and by retaining flexibility through the use of 
"aquatic areas" and "habitat conditions" defined by the user for a 
particular application. 

Wilcox described aquatic areas of the upper Mississippi system as 

spatially large areas of somewhat similar aquatic habitat defined on the 
basis of geomorphic and navigational features of the river.15 By defin-
ing layers and boundaries in relation to longitudinal, cross-sectional, 
and vertical axes of environmental variation, we can use the overlay 
functions of GIS to map aquatic areas (Figure 3) that correspond 
closely to definitions of aquatic areas in other large rivers.1,2,11,15 River 
bottom relief and composition will be characterized in the fall of 1994 
by applying side-scan sonar (SSS) technology on our inland freshwater 
rivers in much the same manner as it is used in deeper marine environ-
ments. Pilot studies using SSS on the Ohio River Islands National 
Wildlife Refuge, which overlaps our study area, have shown promise in 
mapping riverbed substrates—rocks and soils (Figure 4). The SSS 
digital information will be easily imported into the GIS; and once 
interpreted, it will be extremely useful in classifying areas based on 
contour and substrate composition. It will also serve as a screening tool 
to aid in identifying areas capable of supporting populations of certain 
animals, for example, mussels or benthic fishes. Once available as a 
thematic layer in the GIS, it can be used in conjunction with other data 
layers to understand the relationships between physical and biological 
variables more fully. 

Aquatic areas are not habitat types because they contain a wide 
range of dynamic conditions within categories and mapping units. Our 
system is flexible in that the combination of components along the 
three spatial dimensions (longitudinal, cross-sectional, and vertical 
axes) can be varied or rescaled (more or fewer divisions) as needed for a 
particular application. At the deepest level of the AHC, information 
on habitat conditions (physicochemical, substrate, and hydraulic vari-
ables) within aquatic areas can then be used to define aquatic habitat 
types. Given data on the spatial distribution of these variables, the GIS 
can then be used to map and spatially analyze user-defined habitat 
types. With this system, we avoid imposing a single classification 
system on the environment. Rather, this AHC can be considered as a 
system for classification that retains a high degree of flexibility suitable 
for a variety of applications. 
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Figure 2. Axes of environmental variation at the habitat scale within navigation pools of large rivers 
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Cross-Sectional Divisions Longitudinal Divisions 

Figure 3. Basic elements of the GIS-based aquatic habitat classification—aquatic areas defined by overlays of 
longitudinal, channel type, and bathymétrie divisions. Habitat types are user-defined combinations of aquatic 
areas and habitat conditions (for example, hydraulic, physicochemical, substrate, and cover variables). 

| | | Aquatic Vegetation 

Figure 4. Draft map of underwater riverbed materials produced from the interpretation of sidescan 
sonar images9 
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Summary 

A GIS by definition is a tool used to store, organize, analyze, and 
eventually display new information. A GIS does not discriminate 
among information sources and is perhaps more responsible for mixing 
scientific disciplines by virtue of its data management abilities than any 
other technology in recent times. Biologists, geologists, hydrologiste, 
soil scientists, engineers, and virtually every other scientific discipline 
or subdiscipline collect information that is somehow related to a posi-
tion on the earth's surface. 

Our study has adopted a rather coarsely scaled base map for the 
basin (1:24,000) and has created a finer resolution map for the river 
channel (1:8,400). We have developed thematic coverages for those 
features included in Table 1 and are presently inventorying a variety of 
aquatic areas to understand better how habitat conditions control the 
distribution of aquatic habitat types. A river's biology is controlled by 
its morphometry (physical features), hydrology (flows), and chemistry 
(water quality). If we hope to understand how biological communities 
in a large river behave, it is necessary to recognize that all these 
features must be included within a basinwide GIS. Biologists have 
traditionally collected biological information with the hope of under-
standing how biological systems are structured and, perhaps more 
importantly, how they function. We now have the tool (GIS) to merge 
disciplines and combine technical data sets to begin to define ecosys-
tem structure and function rather than continue to manage ecosystems 
by their component parts. 

The AHC introduced in this paper is our attempt to bring together 
physical, chemical, and biological information to better describe the 
upper Ohio River aquatic ecosystem. We believe that the AHC will 
improve our ability to make decisions about protecting our environ-
ment and managing our trust resources. However, we intend to im-
prove this effort by allowing the GIS to grow, fueled by new informa-
tion sources generated by our study and other public and private 
databases within the upper Ohio River basin. 

References 

1. Baker, J. A., K. J. Killgore, and R. L. Kasul, 1991. Aquatic 
habitats and fish communities in the lower Mississippi River. 
Reviews in Aquatic Sciences, v3, pp313-356 

2. Cobb, S. P. And J. R. Clark, 1981. Aquatic Habitat Studies on 
the Lower Mississippi River, River Mile 480 to 530: Report 2, 
Aquatic Habitat Mapping. Miscellaneous Paper E-80-1. U.S. 
Army Engineer Waterway Experiment Station, Vicksburg, Mis-
sissippi 

3. Giles, R. H. and L. A. Nielsen, 1992. The uses of geographic 
information systems in fisheries. American Fisheries Society Sym-
posium, vl3, pp81-94 

4. Harlin, J. M. and K. J. Lanfear, eds., 1993. Symposium on 
Geographic Information Systems and Water Resources. Techni-
cal Publication Series TPS-93-1. American Water Resources 
Association, Bethesda, Maryland 

5. Johnson, L. R., 1978. The Headwaters District: History of the 

Pittsburgh District. U.S. Army Corps of Engineers, Pittsburgh, 
Pennsylvania. 380pp 

6. Lubinski, K., 1993. A conceptual model of the Upper Mississippi 
River System ecosystem. Long Term Resource Monitoring Pro-
gram Technical Report 93-T001. U.S. Fish and Wildlife Service, 
Onalaska, Wisconsin 

7. Meaden, G. J. and J. M. Kapetsky, 1991. Geographical Informa-
tion Systems and Remote Sensing in Inland Fisheries and Aqua-
culture. FAO Fisheries Technical Paper 318. Food and Agricul-
ture Organization of the United Nations, Rome, Italy 

8. Miklaucic, E. A. and J. Saseen, 1989. The Ashland Oil spill, 
Floreffe, Pennsylvania case history and response evaluation. Pro-
ceedings of the 1989 International Oil Spill Conference, American 
Petroleum Institute, Washington, D.C. 

9. Ohio River Islands National Wildlife Refuge, 1994. Draft map of 
the Ohio River channel with side-scan sonar interpretation. U.S. 
Fish and Wildlife Service and U.S. Geologic Survey, Par-
kersburg, West Virginia 

10. Parent, P., 1988. Geographic Information Systems: Evolution, 
academic involvement and issues arising from the proliferation of 
information, (master's thesis, University of California, Santa Bar-
bara:), cited in Antenucci, J.C., et al., 1991, Geographie Informa-
tion Systems: A Guide to the Technology. Van Nostrand Rein-
hold, New York. 301pp 

11. Pearson, W. D. and L. A. Krumholz, 1984. Distribution and 
Status of Ohio River Fishes. Report No. ORNL/Sub/797831/j. Oak 
Ridge, National Laboratory, Oak Ridge Tennessee. 401pp 

12. Sedell, J. R., J. E. Richey, and F. J. Swanson, 1989. The river 
continuum concept: a basis for the expected ecosystem behavior of 
very large rivers. Proceedings of the International Large River 
Symposium, Canadian Journal of Fisheries and Aquatic Sciences 
Special Publication 106, pp49-55 

13. Sly, P. G. and W. D. N. Busch, 1992. The development of an 
aquatic habitat classification system for lakes, in A System for 
Aquatic Habitat Classification of Lakes. CRC Press, Boca Raton, 
Florida, ppl5-26 

14. U.S. EPA Region 3,1994. Draft Area Contingency Plan. Inland 
Area Committee Report, vol. 1 & 2. U.S. EPA, Philadelphia, 
Pennsylvania. 120pp 

15. Wilcox, D. , 1993. An Aquatic Habitat Classification System for 
the Upper Mississippi River System. U.S. Fish and Wildlife Ser-
vice Long Term Resource Monitoring Program Technical Report 
93-T003. Onalaska, Wisconsin 

Author 

John Arway is Chief of the PFBC's Environmental Services Divi-
sion. He is responsible for coordinating aquatic risk and damage assess-
ments and functions as the agency's senior expert witness. This study is 
one of several that he is coordinating where a settlement for natural 
resource damages is being used to remedy or study locally impacted 
resources. 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/381/1749855/2169-3358-1995-1-381.pdf by guest on 23 M

ay 2023


