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ABSTRACT: The U.S. Environmental Protection Agency (USEPA) is 
required to evaluate oil storage facilities to determine (1) which should 
be defined as those that could cause "significant and substantial harm" 
to environmentally sensitive areas in the event of a release, and (2) the 
appropriateness of facility response plans in addressing potential envi-
ronmental threats. Accordingly, the National Oceanic and Atmospheric 
Administration (NOAA) has been assisting USEPA in developing 
guidelines, data structures, and maps for sensitive resource assessment 
using Geographic Information System (GIS) technology. The recom-
mended approach for developing sensitivity maps and databases include 
a shoreline-habitat mapping technique used for estuarine, lacustrine, 
and large river settings. Shoreline type is mapped and ranked on a scale 
of I to 10, from least to most sensitive to oil spill impacts. A watershed 
approach is used to differentiate among small rivers and streams. Stream 
reaches are mapped according to a system that relates oil behavior and 
effects to stream characteristics, such as gradient, discharge, and water 
turbulence. Data on sensitive biological and human-use resources in-
clude both spatial and temporal components. The focus is on water-
associated species, riparian vegetation, and all wetland types, not just 
threatened and endangered species. Standardized formats for hard copy 
maps and screen presentation will facilitate use by response organizations. 

The Oil Pollution Act of 1990 (OPA 90) put new emphasis on local 
preparedness activities by industry and federal and state agencies. 
OPA calls for industry to establish vessel- and facility-specific contin-
gency plans that will fit within the framework of Area Contingency 
Plans, which establish the basis for coordinated community responses 
to oil spills. One key provision of the Area Contingency Plan is the 
identification of sensitive areas as required by the Fish and Wildlife and 
Sensitive Environments annex. 

These new oil spill planning requirements and the development of 
powerful yet low-cost Geographic Information System (GIS) software 
have stimulated efforts to automate information on sensitive areas. 
However, nearly all of the development to date has focused on marine 
oil spills and sensitive resource mapping in areas for which the U.S. 
Coast Guard provides the on-scene coordinator (OSC). Under OPA, 
the USEPA is required to evaluate oil storage facilities to determine 
(1) which facilities should be defined as those that could cause "signifi-
cant and substantial harm" to environmentally sensitive areas in the 
event of a release, and (2) the appropriateness of facility response 
plans in addressing potential threats to the environment. Facilities 
under USEPA jurisdiction are located throughout the United States; 
they are not restricted to sites along the coast or major rivers. USEPA's 

strategy is to use GIS technology to organize and provide access to 
environmental data, so that risks can be determined, mitigation 
planned, and plans evaluated. 

This paper outlines a proposed strategy to develop a consistent 
approach to digital environmental sensitivity mapping throughout 
USEPA regions. This strategy outlines a methodology for mapping all 
aquatic systems of the United States, from the largest estuaries and 
lakes to the smallest ponds and mountain streams. Data requirements 
and possible sources are identified, based on a very preliminary anal-
ysis of the types of data available from other natural resource manage-
ment activities. 

Sensitivity mapping in spill planning and response 

Sensitivity maps have been found to be valuable both for oil spill 
contingency planning and in the early phases of spill response. Under 
OPA regulations, information on the spatial and temporal distribution 
of oil-sensitive resources is even more important for contingency plan-
ning, and the need for consistency among response organizations in 
identifying sensitive resources is critical. According to the guidance on 
the development of area plans, the Sensitive Areas appendix "is proba-
bly the most important and critical appendix in your plan." Area 
committees must address resource sensitivity in three components of 
the area plan: determining protection priorities, developing protection 
strategies, and identifying appropriate cleanup strategies. Sensitivity 
maps provide the technical basis for making many of these decisions. A 
consistent approach for mapping sensitive resources is needed to: 

• identify information to support planning and response operations; 
• develop the guidelines for describing habitats, species, and 

human-use elements that are necessary for response protection 
and mitigation actions; 

• provide a technical framework for collecting, exchanging, and 
using natural resource information; and 

• develop methods for analyzing and presenting data in electronic 
and other forms. 

Summary of sensitivity mapping approaches. There have been es-
sentially three approaches to freshwater sensitivity mapping: 

1. Canadian Great Lakes. A shoreline ranking scheme for the Cana-
dian Great Lakes was developed, based on oil persistence predicted by 
marine models.6 

2. Environmental Sensitivity Index (ESI). Color-coded maps have 
been prepared, consisting of different habitat ranking systems for both 
Great Lakes and riverine environments (extrapolated from marine 
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models), and sensitive biological and human-use resources indicated 
with symbols showing seasonality. This approach has been used for all 
the Great Lakes, St. Mary's and St. Clair Rivers, the Columbia River, 
and the Apalachicola River. The habitat ranking scheme used for the 
Great Lakes shorelines is given in the middle column of Table 1. A 
similar approach was used by Environment Canada for recent mapping 
of the Canadian Great Lakes shorelines. The basis for ranking shore-
line habitats has been described elsewhere.4'5 

3. Approaches Based on the Fish and Wildlife Service wetlands classi-
fication system. A strategy has been proposed for ranking freshwater 
wetlands.1 Five criteria—habitat recovery, persistence of oil, cleanup 
damage, rarity, and important species—were used to evaluate and 
develop final priority rankings for the habitats present in the response 
area for the Louisiana Offshore Oil Port. Ratings for each criterion 
were given numerical values (e.g., for habitat recovery, 1 = low, 1 year 
or less; 2 = medium, 1-3 years; and 3 = high, more than 3 years). 
Habitat ratings were derived from responses to a questionnaire that 
were supplied by biologists with oil spill experience, as well as from 
analysis of analogous saltwater habitats. 

To our knowledge, the only sensitivity mapping approaches cur-
rently being used in freshwater settings are ESI shoreline rankings for 
lacustrine environments, developed as part of NOAA and Environ-
ment Canada projects in the Great Lakes, both of which have been 
ongoing since the mid-1980s; and ESI shoreline rankings for large 

Table 1. Proposed shoreline ESI ranking for habitats in EPA 
regions (1, least sensitive, and 10, most sensitive) 

ESI 
No. 
1A 

IB 

2 

3 

4 

5 

6A 

6B 
7 

8A 

8B 

9A 

9B 

10A 
10B 
IOC 

10D 

Estuarine 
Exposed rocky 

shores 
Exposed seawalls 

Wave-cut 
platforms in 
bedrock 

Fine-grained sand 
beaches 

Coarse-grained 
sand beaches 

Mixed sand and 
gravel beaches 

Gravel beaches 

Riprap structures 
Exposed tidal 

flats 
Sheltered rocky 

shores 

Sheltered man-
made 
structures 

Sheltered tidal 
flats 

Saltwater marshes 
Mangroves 
Freshwater 

marshes 
Freshwater 

swamps 

Lacustrine 
Exposed rocky 

cliffs 
Exposed, hard 

man-made 
structures 

Shelving bedrock 
shores 

Eroding scarps in 
unconsolidated 
sediment 

Sand beaches 

Mixed sand and 
gravel beaches 

Gravel beaches 

Riprap structures 
Exposed flats 

Sheltered scarps 
in bedrock 

Sheltered man-
made 
structures 

Sheltered vege-
tated low banks 

Sheltered sand/ 
mud flats 

Freshwater 
marshes 

Freshwater 
swamps 

Riverine 
(large rivers) 

Exposed rocky 
banks 

Vertical, solid 
revetments 

Rocky shoals, 
bedrock ledges 

Exposed, eroding 
banks in un-
consolidated 
sediments 

Sandy bars and 
gently sloping 
banks 

Mixed sand and 
gravel bars and 
gently sloping 
banks 

Gravel bars and 
gently sloping 
banks 

Riprap structures 
Not present 

Vegetated, steep-
ly sloping 
bluffs 

Sheltered man-
made 
structures 

Vegetated low 
banks 

Muddy substrates 
(unvegetated) 

Freshwater 
marshes 

Freshwater 
swamps 

rivers, such as those used for the Apalachicola and Columbia Rivers, 
also under sponsorship of NOAA. 

Elements of the ESI mapping approach. ESI maps for coastal and 
Great Lake environments represent three general types of information: 

• Habitats, which are further divided into shoreline habitats, ranked 
according to a scale relating sensitivity, natural persistence of oil, 
and ease of cleanup; and benthic habitats, which are used by oil-
sensitive species or are themselves sensitive to oil spills, such as 
submerged aquatic vegetation. 

• Sensitive biological resources—oil-sensitive animals and plants. 
• Human-use resources—specific areas that have added sensitivity 

and value because of their use by humans, such as high-use ame-
nity beaches, parks, water intakes, and archaeological sites. 

Sensitive biological resources. Numerous animal and plant species 
are potentially at risk from oil spills. Table 2 lists the major groups 
included on sensitivity maps. There are seven major biological catego-
ries, with each further divided into groups of species or subcategories 
with similar ecological behavior relative to oil spills. Each of these 
subcategory groups is composed of individual species that have similar 
oil spill sensitivities. Data structure and symbology for biological re-
sources are provided in detail in Michel and Dahlin.5 

The types of biological resource areas that should be included are 
annotated in Table 3. Many species are wide-ranging; they can be 
present over a very large area at any time. Maps or data indicating the 
entire area of occurrence of fish species, for example, can cover very 
large areas and thus do not help responders in assessing resources at 
risk and setting protection priorities. Associated data that should be 
included for each element, at the species level, are the following. 

• Lifestage present, for each month of the year 
• Concentration present 
• Status, whether endangered or threatened, on state or federal lists 
• Start/end dates for specific breeding activities 
• Expert contacts for the resource 
Threatened and endangered species are indicated with a special flag 

in the data tables to indicate their management status. For some 
endangered species of plants and animals, there is considerable con-
cern about showing the location on public maps. Publication of these 
locations might result in increased visitation and thus disturbance or 
vandalism. For these location-sensitive resources, the exact location is 
not shown on the maps. Instead, the presence of the resource is 
indicated using a symbol located within a set distance from the re-
source, but in a random direction. 

Human-use resources. Human-use resources that are at risk from 
oil spills can be divided into four major types: high-use recreational use 
and shoreline access areas, officially designated natural resource man-
agement areas, resource extraction sites, and water-associated archae-
ological, historical, and cultural sites. 

Water resource protection includes surface water intakes, and 
groundwater recharge zones and well fields. Contact information for 
water intakes (including location, depth of intake, use, volume, and 
presence of alternative sources) is critical. It may be necessary to 
consider higher cleanup standards or more intrusive removal actions if 
oil spills contaminate sediments overlying recharge zones or shallow 
wells. Groundwater protection may be of particular concern for spills 
of light products in rivers where wells are located in the floodplain and 
are hydraulically connected to the river. 

Site-specific information for some highly sensitive or important ar-
chaeological resources may need to be restricted in distribution to 
prevent unnecessary site visits by the curious, as well as destruction by 
vandals. For these location-sensitive resources, the exact location is not 
shown on the maps. Instead, the presence of the site is indicated using a 
symbol located within a set distance from the site, but in a random 
direction. The symbol is flagged so that the user knows that the exact 
location is not shown, and the appropriate contact is included in the 
data tables. 

Proposed ESI mapping approach for inland regions 

The primary goal of this paper is to outline an approach for sensi-
tivity mapping for USEPA regions that meets OPA planning mandates 
and provides wider access to spill planning and response information. 
USEPA regions cover a complex and diverse range of marine and 
terrestrial habitats. No one strategy can address all of the requirements 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/365/1749731/2169-3358-1995-1-365.pdf by guest on 23 M

ay 2023



FATE AND EFFECTS IN AQUATIC ENVIRONMENTS 367 

for identifying sensitive resources, setting protection priorities, and 
supporting decision-making during spill response. Rather, a combina-
tion of strategies is needed, which includes shoreline habitat mapping 
and ranking, for use in the estuarine, lacustrine, and (large) riverine 
settings; and a watershed approach for small rivers and streams. Table 
1 lists the proposed ESI rankings for use in sensitivity mapping in the 
estuarine, lacustrine, and riverine settings. This shoreline habitat 
ranking approach has a strong scientific basis in estuarine and la-
custrine settings, and it has been proven to be effective as a planning 
and response tool for nearly 15 years. This approach would be applica-
ble to large lakes only. The cut-off in lake size would occur where the 
fetch (distance over which the wind blows to generate waves) is long 
enough, and thus the wind-generated waves large enough, to form 
beaches along the shoreline. Lakes with naturally formed beaches 
would be large enough for consideration of shoreline mapping using 
the ESI. For lakes without these wave-built beaches, the shoreline is 
often composed of low, vegetated banks and wetlands. In such smaller 
lakes, bogs, and ponds, only the wetlands would be mapped and 
ranked as the most sensitive habitat. No relative ranking of freshwater 
wetlands is proposed, mainly because there is inadequate information 
on which to assign rankings. Even the ranking of freshwater wetlands 
by Adams et al. had very little spread in the values among wetland 
types.1 However, it is important to differentiate between freshwater 
marshes (composed of herbaceous vegetation such as grasses and 
sedges) and swamps (composed of woody vegetation such as shrubs 
and trees). 

Table 1 includes a new, proposed ranking scheme for large rivers. It 
is felt that large rivers can also be mapped using this shoreline habitat 
approach because they have distinct shorelines or banks that vary 
significantly in sensitivity. Large rivers can be divided into individual 
components that can be classified and ranked in a meaningful manner. 
A sensitivity ranking for rivers has been developed, based on admit-
tedly limited documentation at spills, but with an understanding of the 
geomorphology and physical processes active in large rivers. 

To demonstrate the riverine ESI, a model has been constructed of a 
typical, medium-sized coastal plain river. Figure 1 shows the geo-
morphic components of this meandering river system, and the ESI map 
for the model is given in Figure 2. The associated biological and 
human-use resources for the model are shown as a separate layer (for 
clarity) in Figure 3. 

The model illustrated in Figures 1-3 demonstrates the relative ease 
with which the ESI mapping system can be applied to rivers. The 
mapping encompasses those areas covered by water in a normal annual 
cycle. We do not recommend making separate maps for different flood 
levels because oil spilled during the flood would either be carried on 
through the system; be deposited on high ground (and hence essen-
tially be an upland spill when the flood subsides); or eventually end up 
in the main channel or floodplain wetlands, which are mapped. How-
ever, specific flood levels should be included in the database and shown 
on the maps because potential flooding of facilities is an important 
component of the risk assessment. It may be possible to develop digital 
elevation models to determine these risks. 

Whereas only one type of river system (meandering) is presented for 
discussion here, our experience indicates that a similar mapping pro-
gram could be developed for all large and medium-sized rivers in the 
United States. For small streams, we propose a different approach— 
the watershed approach—for mapping environmental sensitivity. 

Watershed approach for habitat sensitivity. Progressing landward 
up major river courses, streams and associated ponds and wetlands 
eventually become so narrow and shallow that even small spills could 
potentially contaminate the whole system. The contents of a typical 
tank truck or rail car (20,000 gallons) could affect the water body from 
bank to bank and the entire water column. Therefore, from such points 
upstream, it is not useful to classify components of the stream system 
with regard to habitat sensitivity. Rather, the sensitivity of the system 
as a whole should be considered. 

A logical way to approach planning for spill response in these smaller 
stream systems is to consider the entire watershed upstream of the 
point on the main stream where the standard riverine ESI mapping 
approach is terminated. We believe considering the watershed as a unit 
is justified in the context of this discussion because the drainage net-
work of the watershed is the avenue by which pollutants will be 
dispersed. Consequently, the effectiveness of response to a spill 
upstream of any given point along the stream will determine the like-
lihood of that location being polluted. 

Figure 1. Geomorphic components of a model for a medium-sized, 
meandering river 

The point along the main stream where standard riverine ESI map-
ping is terminated and the watershed approach is initiated cannot be 
determined at this time. More detailed analysis of stream characteris-
tics and potential criteria will be needed. However, it is probable that 
the ratio of stream gradient (S) to stream discharge (Q, usually mea-
sured in cubic feet/second) will be a valuable parameter, to help make 
this determination. The ratio S/Q has long been used as a measure of 
river morphology,3 with the value generally decreasing in a down-
stream direction.2 Other factors, such as climate and steadiness of 
discharge, will surely also be considered. 

Another important concept in stream morphology, or configuration, 
is that most streams are subdivided into clear-cut segments, or reaches, 
that have distinct and uniform characteristics within that stretch of the 
stream. A reach of the stream usually begins and ends at some geo-
morphic threshold, defined by Schumm as a threshold that is developed 
within the geomorphic system by a change within the system itself 
through time (e.g., continuous downcutting of the stream bed until a 
resistant rock layer is encountered).7 Geomorphic thresholds are most 
commonly expressed in smaller stream systems by relatively abrupt 
changes in gradient, which are usually brought about by changes in the 
bedrock geology of the stream bed. Therefore, most small streams are 
composed of a series of reaches that exhibit marked differences in 
gradient, which results in striking changes in the morphology of the 
stream from reach to reach (e.g., changing from straight, to braided, to 
meandering channels, with associated changes in sediment type). 
These marked differences in morphology and sediments among the 
different reaches of the stream have a strong influence on the biological 
makeup of the various reaches in the stream. Furthermore, different 
techniques of spill response will be required for the different reaches of 
the stream because of variances in potential residence time, presence 
of viable collection points, mixing of oil in the water column, and other 
behavioral patterns of the pollutant. 

A model use of the watershed approach to habitat sensitivity map-
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Figure 2. Application of the shoreline habitat approach for ESI map-
ping of rivers (see last column of Table 1 for definition of ESI numbers) 

ping is given in Figure 4. In this model, the riverine ESI method is 
terminated where the floodplain narrows; upstream, the watershed 
method, emphasizing the reaches in the streams, is employed. The 
model also contains a fairly large man-made lake, which could be 
mapped using the lacustrine ESI. In the model, the streams within the 
watershed have three characteristic reach types: Class A, for which 
S/Q = x; Class B, for which S/Q = x - a; and Class C, for which S/Q = 
x + a, with "a" representing an increase or decrease in the ratio 
relative to the value of the Class A reach. Values for the ratios have not 
been calculated for the model, but values of S and Q can be obtained or 
calculated for most U.S. streams. 

The reaches classified as A in the model (Figure 4) have a moderate 
gradient, relatively straight channels, brisk currents, intermittent 
rapids, and sand and gravel bars. A moderately wide zone of riparian 
vegetation occurs along the stream margins in these reaches. Spilled oil 
in these reaches would have a relatively short residence time, and there 
would be few workable sites within which to contain and collect the oil. 
Because of the presence of rapids in places, there would be significant 
mixing of the oil into the water column. 

Reaches classified as B have a relatively low gradient, meandering 
channels, moderate currents, and sandy bars on the inside of the 
meander bends. Wide zones of associated riparian vegetation are 
present away from the cutbanks of the meanders. Spilled oil in these 
reaches would have intermediate residence time (compared to the 
other types of reaches). There would be numerous collection sites 
where deflection booms could be used to trap the oil for eventual 
collection (e.g., against clay banks cut by the meandering channel), 
and mixing of the oil into the water column would be limited in 
comparison with the other reach types. 

Reaches classified as C have a very steep gradient, straight to 
braided channels, very strong currents, and coarse gravel in the stream 
bed and along the banks. Rapids are numerous. Zones of riparian 
vegetation would be extremely narrow. Spilled oil in these reaches 
would have a short residence time, but it would be mixed throughout 

Figure 3. Sample map of biological and human-use resources for 
rivers (data for the numbered symbols are given in Table 3) 

the water column because of the abundance of rapids. There would be 
no adequate sites to contain and collect the oil. These reaches would 
typically have the purest water quality, coolest temperatures, and 
abundant sensitive aquatic insect life. 

As shown in Figure 4, the classification of a stream reach does not 
always progress from C to A, but class C reaches would be more 
common in the headwaters. Streams switch from one class to another, 
depending on various factors such as the slope and local geology. A 
low-gradient, meandering stream may become steep and full of rapids 
as it cuts through a gorge, then return to a meandering stream in the 
next valley. 

The model in Figure 4 is designed for humid subtropical to tempe-
rate climates, and as such applies to much of the U.S. drainage basins. 
However, modifications will be required in areas that are extremely 
arid or cold. The issue of whether the streams are intermittent or 
perennial is an important one, for example. The model presented here 
presents a basic approach that could be modified for areas with ex-
treme climates. 

In the watershed approach, other sensitive small habitats, such as 
isolated wetlands and small ponds, are shown. Data on the distribution 
and seasonality of sensitive biological and human-use resources pres-
ent in the watershed would be collected and displayed using the same 
data structure and symbology used on the shoreline habitat sensitivity 
maps. All the categories of biological resources listed in Table 2, as well 
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WATERSHED APPROACH - HABITAT SENSITIVITY 

COUNTY Ã 

RAILROAD 

HABITAT TYPES 

A, B, C = STREAM SEGMENTS (REACHES) 

[X] = RIVERINE ESI 

[ ã ] = LACUSTRINE ESI 

£? = SMALL ISOLATED POND/SENSITIVE RESOURCES 

< ^ = SMALL ISOLATED WETLAND/SENSITIVE RESOURCES 

)C = GEOMORPHIC THRESHOLD 

^ = GOLD MEDAL TROUT WATERS 

BIOLOGICAL RESOURCES 

(£) RAPTORS @ FISH 

( § ) MAMMALS @ PLANTS 
Û5\ REPTILES/ 
V ^ AMPHIBIANS 

HUMAN-USE RESOURCES 

@ BOAT RAMP @ PARK 

(3) ARCHAEOLOGICAL Gè\ RECREATIONAL 
SITES 

Figure 4. Model use of the watershed approach for sensitivity mapping of small rivers and streams 

Table 2. Biological resources to be indicated on EPA region sensitivity maps 

Category 
Benthic 

habitats 

Marine 
mammals 

Terrestrial 
mammals 

Birds 

Subcategory 
Submerged aquatic 
vegetation 
Worm beds/coral reefs 
Sea lions/seals 
Sea otters 
Manatees 
Water-associated 

species (e.g., otter, 
mink, muskrat) 

Endangered species 
Diving birds 
Waterfowl 
Shorebirds 
Wading birds 
Gulls/terns 
Raptors 
Endangered passerines 

Priority sensitive 
resources 

All types of grass beds 

Haulouts 
Concentration areas 
Concentration areas 
Concentration areas 
Important habitats 

Rookeries, forage/win-
tering areas 

Nesting/wintering/migra-
tory areas 

Nesting beaches, migra-
tion areas 

Rookeries, important 
forage areas 

Nesting sites 
Nest sites, important 

forage areas 
Important habitats 

Category 
Fish 

Molluscs 

Crustaceans 

Reptiles/ 
amphibians 

Plants 

Subcategory 
Anadromous fish 
Beach spawners 
All fish species 
Endangered fish 

species 

Oysters 
Mussels 
Clams 

Shrimp 
Crabs 
Lobster 

Sea turtles 
Alligators/crocodiles 
Endangered species 
Endangered species 

Priority sensitive 
resources 

Spawning stretches of 
streams 

Spawning beaches 
Nursery areas, special 

concentrations 
Important habitats 
Seed beds, abundant 

beds 
Leased beds, abundant 

beds, 
endangered freshwater 

mussel beds 
Abundant beds 
Nursery areas 
Nursery areas, concen-

tration sites 
Nursery areas, concen-

tration sites 
Nesting beaches 
Concentration areas 
Important areas 
Important areas 
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Table 3. Specific information on sensitive resources, also mapped in Figure 3 

Birds 
RAR 
No. Species 

BIOLOGICAL RESOURCES 

Nesting Laying Hatching Fledging 

Fish 
RAR 
No. 

Bald eagle 
Great egret 
Black-crowned 

night heron 
Wood duck 

Species 

S/F 

S 

S/F T/E 

2 
12 
10 

Med 

Concen 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

Mar-Apr 
May-May 
May-May 

Apr-Apr 
May-May 
May-May 

May-Jun 
Jun-Jul 
Jun-Jul 

Jul-Aug 
Jul-Sep 
Jul-Sep 

Apr-May May-May Jun-Jul Jul-Sep 

Spawning Outmigration 

6 Walleye 
White crappie 

Shellfish 
RAR 

River otter 
Mink 

Reptiles/amphibians 
RAR 

Low 
Low 

X 
X 

X 
X 

Oct-Mar 
Oct-Mar 

No. 

3 

Species 

Pearly Mussel 

Terrestrial mammals 
RAR 
No. Species 

S/F 

S/F 

S/F 

T/E 

E 

T/E 

Concen 

Low 

Concen 

J 

X 

J 

F 

X 

F 

M 

X 

M 

A 

X 

A 

M 

X 

M 

J 

X 

J 

J 

X 

J 

A 

X 

A 

S 

X 

S 

o 
X 

o 

N 

X 

N 

D 

X 

D 

Spawning 

— 

Mating Calving 

Outmigration 

— 

Pupping 

High 
Low 

No. 

4 

Plants 
RAR 
No. 

Species 

Gopher tortoise 

Species 

S/F 

S 

S/F 

T/E 

T 

T/E 

Concen 

Med 

Concen 

J 

X 

J 

F 

X 

F 

M 

X 

M 

A 

X 

A 

M 

X 

M 

J 

X 

J 

J 

X 

J 

A 

X 

A 

S 

X 

s 

o 
X 

o 

N 

X 

N 

D 

X 

D 

Swamp bearded 
lily 

High 

Water intake 
RAR 
No. Name 

X X X X X X 

HUMAN USE RESOURCES 

Owner Contact Phone 

HI M-438-01 Sandy Run Calhoun County Water Company Tom Moore 803-875-2521 

as human-use resources, would be included on the watershed maps. 
The scale of data resolution and entry will have to be further evaluated. 
With information on the location of facilities, and analysis of spill 
volumes and transport times, the risk of impacts to sensitive resources 
could be determined, both visually and through spatial analysis of the 
resources present in different watersheds. 

Data needs and availability 

A wide variety of data are needed to complete sensitivity mapping 
for USEPA regions. At the heart of every mapping project is the need 
for base maps. The information required on the base map needs to be 
determined. The main features to include are hydrology, roads, and 
railroads. Contours and land use/land cover information may also be 
necessary. In many cases, building the base map layers may be the most 
time-consuming and expensive part of the mapping project. Some of 
these data are currently available in digital format for some areas, such 
as U.S. Geological Survey (USGS) digital line graph (DLG) files, 
TIGER files, and USGS and USEPA stream reach files. Coverage, 
scale, data currency, and costs depend on the source and location. 

Shoreline habitats for U.S. coastal and estuarine regions have been 
classified according to the ESI rankings and are in the last stages of 
being digitized at a scale of 1:24,000 (in most areas). NOAA will have 
these data files in 1994. Nearly all the Great Lakes have digital data on 
shoreline habitats, with the exclusion of Lake Erie, Eastern Lake 
Michigan, and the St. Lawrence Seaway (although these areas have 
been mapped). For rivers, only the Columbia River to the John Day 
Dam, the Apalachicola River to Lake Seminole, and the Mississippi 

River to Baton Rouge have been mapped in detail, and these data have 
been digitized. Other lakes and rivers have not been mapped at the 
scale necessary for shoreline habitat classification. Standard aerial 
photography does not have the resolution needed for habitat delinea-
tion. High-resolution photography, aerial surveys, and/or ground-
truth surveys will be needed to generate the detailed information 
needed on habitat types. 

Digital data on streams will be very important, both for base maps 
and to support watershed mapping of stream segments. USEPA has 
developed REACH stream files, which currently exist in four versions. 
A detailed evaluation of the coverage, scale, attributes, and availability 
of these stream databases is needed. 

Biological resource information can be obtained from state and 
federal resource management agencies. The National Heritage Pro-
gram in each state usually has extensive information on threatened and 
endangered species. However, there are many problematic issues for 
both access to and display of this information. Two of the major 
concerns and some recommended ways to handle them are as follows. 
1. When information on the location of species becomes more widely 

available to the general public, there is the potential for disturbance 
from increased visitation or vandalism. The exact locations of spe-
cies do not have to be indicated on printed maps. However, if an 
exact location is present in the database, it may be available to the 
general public under the Freedom of Information Act. The National 
Heritage Program may not be willing to release the data based on 
this possibility. The data may need to be restricted to just township/ 
range and section. Exact latitude and longitude may have to be 
omitted. For this approach to work effectively during spills, the 
name and telephone number of appropriate person(s) to contact 
about the resource must accompany the map and database. Spill 
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responders need to know that there is a sensitive resource in the 
area so that the appropriate people can be contacted and proper 
precautions taken. 

2. A strategy must be determined for information updates. Based on 
past experience with updating ESI maps, physical updating does 
not take that long. What takes the most time is determining what 
needs to be updated. If the National Heritage Program offices are 
willing to provide the updated information (only the information 
that has changed), then conducting annual updates would be rea-
sonable for the digital data. Distributing the updates in hard copy 
format will depend on what the distribution of the hard copy is and 
how it is produced. 

Summary 

A recommended approach for developing sensitivity maps and 
databases for EPA use in area planning consists of the following: 
1. A shoreline habitat mapping approach is used for estuarine, la-

custrine, and large river settings. This approach is very similar to 
that currently applied by NOAA in its environmental sensitivity 
mapping program for coastal and Great Lakes regions. In this 
approach, the shoreline type is mapped and ranked on a scale of 1 to 
10, from least to most sensitive to oil spill impacts. 

2. A watershed approach is used to differentiate among small rivers 
and streams. Stream reaches are mapped according to a system that 
relates oil behavior and effects to stream characteristics such as 
gradient, discharge, and water turbulence, among others. The basis 
for this approach is that the smallest significant spill size, namely the 
contents of a typical rail car or tank truck (20,000 gallons), would 
affect the entire stream system, negating the need or usefulness of 
separate classifications of the stream components. 

3. Data on sensitive biological and human-use resources to be shown 
on the maps include both spatial and temporal components. The 
focus would be on water-associated species, including those found 
in water bodies, riparian vegetation, floodplain habitats, and all 
wetland types. The data would not be limited to threatened and 
endangered species. Major categories and subcategory assem-
blages for marine, aquatic, and terrestrial species have been identi-
fied. Standardized formats will provide the technical framework for 
collecting, exchanging, and using natural resource information by 
all responders and resource managers. 

4. Formats for presentation of the data should be consistent for all 
applications. Standardized formats for hard copy maps and screen 
presentation will facilitate use by different response organizations. 
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