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FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF UNITS (SI)

For the convenience of readers who may want to use International System of Units (SI), the data may be
converted by using the following factors:

Multiply inch-pound units

inch (in)

foot (ft)

mile (mi)

acre

gallons per minute (gal/min)

gallons per day per foot
[(gal/d)/ft]

gallons per day per square
foot [(gal/d)/ft2]

cubic feet per second (ft3/s)

ton (short, 2,000 pounds)

By

254
0.3048
1.609
0.4047
0.0631

0.0124

0.0407

0.0283

1.102

F=1.8x°C+32

To obtain SI units

centimeter (cm)

meter (m)

kilometer (km)

square hectometer (hm?)
liters per second (L/s)

square meters per day
(m2/d)

meters per day (m/d)

cubic meters per second (m3/s)

metric ton (t)






ABSTRACT

The Eastern Coal Region is divided into 35
separate hydrologic reporting areas. The division is
based on hydrologic factors, location, size, and
mining activity. Hydrologic units (drainage basins),
or parts of units, are combined to form each area.
Area 32, at the eastern edge of the Interior Coal
Province of the Eastern Coal Region, covers an area
of about 10,000 square miles.

This report on hydrologic conditions and iden-
tification of sources of hydrologic information is
designed particularly for use by mine owners, mine
operators, and consulting engineers. The report
format consists of brief texts and supporting illustra-
tions or tables on a series of hydrologic topics that
describe the hydrology of Area 32.

The topography of Area 32 is characterized by
lowland plains (Tipton Till Plain, Mitchell Plain, and
Wabash Lowland) separated by rugged upland areas
(Norman Upland and Crawford Upland). Average
elevation ranges from 400 feet in the southwest to 800
feet in the north.

There were at least three glacial advances (the
Kansan, Illinoian, and Wisconsin) into what is now
Indiana and neighboring States during the Pleisto-
cene Epoch. About two-thirds of Area 32 was
glaciated and is covered with glacial drift. The
remaining area is covered by as much as 2 feet of
Wisconsin loess (wind-blown material). The underly-
ing bedrock is of Pennsylvanian and Mississippian
age. Most of the coal in the study area has been
mined from rocks of Pennsylvanian age. The major
coal seam in Indiana, the Springfield coal member
(Coal V), averages 4.4 feet in thickness. The coals in
Area 32 are highly volatile bituminous types B or C
and are generally high in sulfur. As of 1978, more
than 1 billion tons of coal had been mined from
counties within the study area. Reserves for this area
have been estimated to total 12 billion tons. During
1978, 17.8 million tons of coal was mined from
counties within the study area.

There are two major types of aquifers in Area 32.
The bedrock aquifers of Pennsylvanian and Missis-
sippian age generally yield less than 10 gallons per
minute. Glacial sand and gravel aquifers are classi-
fied in two groups. The first group, the valley train
and outwash aquifers, yields 1,000 gallons per mi-
nute or more and has a high development potential.
The second group, sand and gravel lenses in till or

lake sediments, yields from 50 to 500 gallons per
minute but has small development potential. The
source of ground water is precipitation percolating
into the aquifers. The aquifers discharge ground
water by seepage into streams, evapotranspiration,
springs, and pumpage. Although flow in the bedrock
and the glacial sand and gravel aquifers is locally
toward a major stream, there is also a regional
component of flow in the bedrock aquifer toward the
southwest.

Median concentrations of dissolved solids, iron,
and sulfate in glacial aquifers are 316, 0.5, and 22
milligrams per liter, respectively. Median concentra-
tions of dissolved solids, iron, manganese, and sul-
fate in bedrock aquifers are 391, 0.5, 0.02, and 20
milligrams per liter, respectively. The dissolved-
solids concentration of ground water generally in-
creases with depth.

The major rivers draining the study area are the
White, Eel, and Patoka Rivers. Records of discharge
for streams and rivers in the study area indicate that
the dominant factor affecting average annual flow is
size of drainage area. Size of drainage area also
affects low flow. Some streams with small drainage
areas (less than 100 square miles) have 7-day, 10-year
low flows of zero. Surficial aquifers have minimal
discharge to these streams, and, therefore, the
streams have little sustained streamflow. In large
rivers like the White, the drainage area, as well as
channel slope and stream length, are controlling
factors of low flow and flood magnitude. In the
smaller rivers and streams, precipitation index (rain-
fall minus snowfall and evapotranspiration) is the
controlling factor of flood magnitude. Precipitation
index in Area 32 is higher than that in much of the
rest of the State, and, therefore, flood magnitude for
streams and rivers in the study area is high compared
to that in the rest of the State.

Considerably more coal has been mined in the
south and west parts of Area 32, primarily in Pike,
Knox, and Greene Counties, than in the remainder of
the area. The exposure and the oxidation of pyrite
and marcasite probably causes specific conductance
and concentrations of sulfate, iron, and manganese
to be higher, and pH and alkalinity to be lower, in
the surface water in the west half of the study area
than in the east half.



1.0 INTRODUCTION
1.1 Purpose of Report

REPORT SUMMARIZES AVAILABLE HYDROLOGIC
AND WATER-QUALITY DATA

The need for hydrologic data and other information from coal-mining
regions has become critical since enactment of the Surface Mining
Control and Reclamation Act of 1977 (Public Law 95-87). Section
505(b)(11) of the Act requires that extensive information about
the probable hydrologic consequences of mining and reclamation
be included in mining-permit applications so that the regulatory
authority can determine the probable cumulative impact of mining
on the hydrology of the area. The purpose of this report is to
summarize available hydrologic information for a subbasin in
southwestern Indiana and to document the source of this information.

Coal is the most abundant fossil fuel in the Unit-
ed States, and the amount mined will probably be in-
creased to meet our energy demands. Surface mining
and reclamation have affected surface waters in
much of the continental United States. Water quality
has been degraded by acid mine drainage, and hy-
drologic conditions have been altered by mining.

The U.S. Geological Survey is helping to provide
the hydrologic data, particularly the water-quality
data required by Public Law 95-87. This report is a
summary of several reports, maps, oral communica-
tions, written communications, and computer data
files from Federal and State agencies in Indiana.
Much of the data has been summarized, but only
some has been interpreted.

The area of study represents the hydrologic unit
or drainage-basin area shown on the adjoining map
(fig. 1.1). The unit boundary crosses political and
hydrologic boundaries and, therefore, creates prob-

lems in nomenclature and data presentation. Adjoin-
ing counties may have a slightly different name for
virtually the same geologic formation, soil type, and
physiographic unit. The authors have not standard-
ized the nomenclature used by the various reporting
agencies but instead have presented the information
as it was reported. Much of the data are presented by
State and county rather than by drainage areas; for
example, coal production and land use. Where a part
of any county is within the unit boundary, data for
the whole county are usually presented. Where a to-
tal figure is presented, such as total coal production
for the study unit, that figure represents the total for
all counties contacted by the study unit boundary and
not just the total for the area within the unit bound-
aries. Therefore, some figures may be inflated be-
cause they represent a larger area than is shown, and
the same county figures may be presented in other
area reports in the series of coal-hydrology reports if
a county lies in parts of two or more study areas.
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Figure 1.1.-- Study area 32 in southwestern Indiana.
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1.0 INTRODUCTION
1.2 Topography

TOPOGRAPHY CONSISTS OF LOWLANDS SEPARATED
BY RUGGED UPLANDS |

The topography has been formed by at least three glacial advances as
well as by natural processes such as weathering, stream
erosion, and mass movement. The area is characterized

by lowland plains separated by rugged upland areas.
Average elevation ranges from 400 feet in the southwest to
800 feet in the north.

The land slopes generally southwest, and its aver-
age elevation ranges from 800 feet (NGVD of 1929)
in the north to less than 400 feet in the southwest.
The north and much of the west parts of the study
area were glaciated during the Illinoian Glaciation.
The north part was glaciated again during the Wis-
consin Glaciation. There are five physiographic units
in the study area: (1) the Tipton Till Plain, (2) the
Norman Upland, (3) the Mitchell Plain, (4) the Wa-
bash Lowland, and (5) the Crawford Upland.

The Tipton Till Plain is a depositional plain of
low relief, underlain by thick glacial till and modified
only slightly by postglacial stream erosion. The plain
is nearly flat to gently rolling and is crossed by sever-
al low and poorly developed end moraines. The flat-
ness of the plain is broken by low eskers, esker
troughs, and melt-water drainways that trend south-
west. :

The Norman Upland is a mature landform
characterized by flat-topped narrow divides, steep
slopes, and deep, V-shaped valleys. The upland is
underlain by resistant siltstone and interbedded soft-
er shale.

Some of the best developed karst topography in
the world lies within the Mitchell Plain. Most of the

solution features are developed on the St. Louis and
Ste. Genevieve Limestones. The plain, an area of
low relief, is covered with numerous sinkholes and
other solution features such as dolines and swallow
holes. The limestone bedrock contains a system of
channels and caverns.

The Wabash Lowland, underlain by till, lacus-
trine, outwash, and alluvial sediments, is character-
ized by extensivly aggraded valleys. The lowland is a
broad plain with low rolling hills. The glaciated
north part of the lowland has less relief than the un-
glaciated south part.

The Crawford Upland is underlain by alternating
layers of sandstone, shale, and limestone that have
been eroded to produce a maturely dissected upland
with diverse topographic features. The area has a
well developed drainage pattern. Drainage divides
are generally flat but narrow, and the valley walls are
steep. The bottoms of the large valleys are moderate-
ly wide flood plains and are usually the only level
land in the area. (See Schneider, 1966, p. 40-50).

The adjoining map (fig. 1.2) shows the extent of
the physiographic regions and elevations of the area.
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1.0 INTRODUCTION
1.3 Climate
1.3.1 Temperature and Precipitation

TEMPERATURE AND PRECIPITATION IN AREA 32 ARE
REPRESENTATIVE OF MIDDLE-LATITUDE STATES

Annual temperature averages 55.0° F, and average monthly temperature
ranges from 32.5° F in January to 77.0° F in July. Annual
precipitation averages 39 inches in the north and 45 inches
in the south. Maximum average monthly precipitation is 4.3
inches in the south and 4.6 inches in the north during
spring. Average monthly minimum precipitation is 2.4
inches, usually in October.

Indiana has warm summers and cool winters
because of its location in the middle latitudes (38° to
nearly 42° north) in the interior of a large continent.
Temperature can change significantly every few days,
when surges of polar air or tropical air move into the
State, but changes more frequently during the winter
months than during the summer. A winter may be
unusually cold or a summer may be cool if the
influence of polar air is continuous. If tropical air
dominates the weather, a winter may be mild and the
summer may be unusually warm. The interaction of
tropical and polar air masses of contrasting tempera-
ture and density develops low-pressure centers that
generally move east through or near Indiana. This
interaction normally results in abundant precipita-
tion. Average annual snowfall ranges from 10 inches
in the south part of the State to 40 inches in the
north. Thunderstorms are generated by storm fron-
tal activity or are formed locally by daytime convec-
tive air currents, which is important when evapo-
transpiration exceeds rainfall. This weather pattern
also generates tornadoes, primarily in May and June.
Indiana ranks 12th in tornado frequency but States
to the south and west rank higher. (See Schaal, 1959,
and Schaal, 1966, p. 156 to 170.)

The climate of Area 32 differs from that of
northern Indiana because of the difference in lati-
tude. The average annual temperature for the period
1941 through 1970 is 55.0° F. The maximum month-
ly mean temperature at Washington, Daviess Coun-

ty, Ind., is 77.0° F during July, and the minimum
mean monthly temperature is 32.5° F during Janu-
ary. Mean maximum and minimum temperatures to
the north are 2° to 4° F lower, respectively. The date
of the first freeze in autumn is usually between
October 15 and 20. The date of the last freeze in the
spring is usually in mid- to late April. Annual
precipitation averages 39 inches in the north and 45
inches in the south. Average snowfall generally
ranges from 10 inches in the north to 20 inches in the
south. Maximum mean monthly precipitation (gen-
erally in late spring) ranges from 4.3 inches in the
south to 4.6 inches in the north. Minimum mean
monthly precipitation (usually in October) averages
2.4 inches. Rates of pan evaporation are not availa-
ble for the study area. However, pan evaporation
during July is 8 inches at Evansville, Ind., compared
with 6 to 7 inches at Oaklandon, 12 miles northeast
of Indianapolis. In October, pan evaporation is
about 2.5 inches at Evansville and Oaklandon. Hu-
midity ranges from 40 to 90 percent. (Information in
this paragraph is from Allen Shipe, Indianapolis,
National Weather Service, written commun., Janu-
ary, 1980.)

The adjoining maps (fig. 1.3.1) show mean annu-
al precipitation and air-temperature curves for south-
west Indiana and eastern Illinois, and mean monthly
precipitation and air-temperature graphs for selected
locations within the area.
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1.0 INTRODUCTION
1.3 Climate
1.3.2 Rainfall Frequency

RAINFALL-FREQUENCY DATA ARE USED IN PROJECT DESIGN

The design of many hydrologic control projects requires precipitation
data for various storm frequencies and durations.

Frequency analyses of rainfall data are used to
compute hydrographs for the design of sewers, cul-
verts, dams, reservoirs, and other hydrologic control
projects. Designing hydrologic control projects for
maximum runoff is seldom economical. Rather,
projects are designed for 10-, 25-, 100-year, or other
floods on the basis of a regulation or an economic
balance between average damages attributed to occa-
sional floods and the cost of facilities for protection
against larger floods.

Except in mountainous terrain, rainfall intensity

and frequency variations over short distances are
usually small. Thus, precipitation can be mapped for
various frequencies and durations. A report by the
Indiana Department of Natural Resources (1974)
shows precipitation for frequencies of 1 to 100 years
and durations of 1 to 24 hours. The adjacent maps
(fig. 1.3.2) show amounts of precipitation for fre-
quencies of 10-, 25-, and 100-years for a 24-hour du-
ration. The near straight lines have been extended
into northern Kentucky and eastern Illinois.
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Figure 1.3.2.-- Precipitation magnitude and frequency for 24-hour duration.
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1.0 INTRODUCTION
1.4 Drainage Areas and Stream Network

FOUR MAJOR DRAINAGES IN AREA 32

Four major rivers drain Area 32: the (1) Eel, (2) East Fork White,
(3) White, and (4) Patoka Rivers. All drainage flows into the
Wabash River at the southwest corner of the study area.

Drainage area is useful in analyzing streamflow The stream network of Area 32 and the locations
characteristics for design of hydrologic structures where drainage areas are reported are shown on the
and for evaluating the availability of water. Drainage adjoining map (fig. 1.4). The major streams and

areas for most named rivers, streams, and ditches computed drainage areas are listed in table 1.4,
have been computed by Hoggatt (1975). ' :
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Table 1.4.--Stream and drainage areas

Reference
number
fSee fig. Drainage area (mi2)!
1.4) Site name Total area | Area of study
1 Big Walnut Creek at mouth 332 332
2 Mill Creek at mouth 387 387
3 Eel River at mouth 1,208 1,208
y White River upstream from Eel River 3,184 2268
5 White River upstream from East Fork 5,372 22,456
White River
6 East Fork White River at mouth 5,745 21,057
7 White River at mouth 11, 349 23,745
8 Patoka River at mouth 862 862
!Source: Hoggatt (1975).
2Includes only drainage area within Area 32.
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1.0 INTRODUCTION
1.5 Geology
1.5.1 Bedrock Geology

BEDROCK COMPOSED OF PENNSYLVANIAN AND
MISSISSIPPIAN LIMESTONE, SANDSTONE, AND SHALE,
INTERBEDDED WITH PENNSYLVANIAN COALS

Bedrock of Pennsylvanian and Mississippian age dips southwest into
the lllinois Basin. Coal is mined mainly from eight of
the Pennsylvanian coal units.

Southwestern Indiana is underlain by rocks of
Pennsylvanian age that dip southwest at 25 to 30 feet
per mile and of Mississippian age that dip 40 feet per
mile into the Illinois Basin, as shown in the geologic
section (fig. 1.5.1a) on the facing page. The forma-
tions strike generally northwest along the edge of the
basin.

Pennsylvanian rocks underlying about two-

thirds of Area 32 contain Indiana’s coal resources.
The stratigraphy of the Pennsylvanian formations
and coal members is shown in the geologic column on
the facing page (fig. 1.5.1b). Areal extent of the
Pennsylvanian groups is shown on the geologic map
(fig. 1.5.1c). The McLeansboro Group consists of
shale, sandstone, and minor amounts of siltstone,
limestone, clay, and coal (Shaver and others, 1970, p.
101). The Carbondale Group is a variable sequence
of sandstone, shale, limestone, and coal. Most of the
commercial coal beds in Indiana are in this group
(Shaver and others, 1970, p. 32-33). Shale and sand-
stone dominate the lithology of the Raccoon Creek
Group. Clay, coal, limestone, chert, and sedimen-
tary iron deposits are also present in small amounts.
Within Area 32, the Raccoon Creek Group lies un-
conformably on Mississippian rocks (Shaver and oth-
ers, 1970, p. 136).

Eight of the Indiana coals are extensively mined.
The Springfield Coal Member (V) provides about 49
percent of the total strip-mined coal. Much of this
production is from Pike County. Most of the
remaining Springfield coal is mined in Warrick
County, outside Area 32 (Wangsness and others, in
press). Hymera (VI) and Danville (VII) coals ac-
count for 23 percent of the total. Upper and Lower
Block coals, mainly from Clay and Owen Counties,
provide 11 percent. The remaining 17 percent of coal
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production is from Minshall, Seelyville (III), and
Survant (IV) coals (Powell, 1972, p. 6).

Bedrock units of Mississippian age are shown in
figures 1.5.1a, 1.5.1b, and 1.5.1c. The upper group,
primarily sandstone containing some shale and lime-
stone, crops out in stream valleys in a small southeast
part of the study area. The Stephensport Group,
which also crops out to the southeast, but over a
larger area, consists of cliff-forming limestone,
shale, and thin-bedded sandstone. The West Baden
Group contains thin-bedded and crossbedded sand-
stone in shale and some limestone beds (Shaver and
others, 1970, p. 173, 189). The Bethel Formation,
the oldest formation of this group, contains some
thin coal layers (Sunderman, 1968, p. 57). The Blue
River Group is mostly carbonate rock containing
gypsum, anhydrite, shale, and calcareous sandstone
(Shaver and others, 1970, p. 18). Interbedded and in-
terlensed limestones of various compositions make
up the Sanders Group (Shaver and others, 1970, p.
160- 161). The Borden Group consists primarily of
siltstone and shale but contains some discontinuous
lenses and facies formed from interbedded lime-
stones (Shaver and others, 1970, p. 21).

The Rockford Limestone, containing some
shale, siltstone, and dolomite, is a transitional for-
mation from the Valmeyeran to the Kinderhookian
Series (Shaver and others, 1970, p. 141). The Missis-
sippian and Devonian New Albany Shale in the lower
part of the Kinderhookian Series crops out in the
north tip of the study area. This dark organic shale
contains minor amounts of dolomite and dolomitic
quartz sandstone (Shaver and others, 1970, p.
115-116).
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1.0 INTRODUCTION
1.5 Geology
1.5.2 Glacial Geology

AT LEAST THREE GLACIAL ADVANCES EXTENDED INTO
INDIANA DURING THE PLEISTOCENE EPOCH AND
LEFT TWO SHEETS OF TILL

The Kansan, Illinoian, and Wisconsin glacial advances extended into Indiana
during the Pleistocene Epoch. The more extensive lllinoian
drift covers most of the Kansan drift, and Wisconsin drift
covers only a small part of the study area. One-third of
the area is unglaciated but is covered by as much as 2 feet
of Wisconsin loess. The drift cover affects coal strip-
mining operations.

At least three glacial advances extended into In-
diana during the Pleistocene Epoch. Preglacial sur-
face features were buried under drift left by the gla-
ciers (Wayne, 1966). The Kansan, the first glacial ad-
vance into Indiana, was followed by the Illinoian and
then the Wisconsin Glaciations. Each glacial advance
was followed by a warm interglacial period of active
plant growth, weathering, and erosion. The se-
quence is shown in the adjacent chart of Pleistocene
glaciations and interglaciations (fig. 1.5.2a). The
drift cover from each glaciation is shown on the gla-
cial geology map (fig. 1.5.2b). About one-third of
Area 32 is unglaciated.

Kansan drift is not easily recognized because of
its position under more recent glacial advances. Only
a few good exposures of Kansan drift have been
found.

Advance of the Illinoian Glaciation deposited
drift farther south than advances of other Pleistocene
glaciers. Few moraines were deposited, but many
post-glacial lakes and outwash plains were left. All
the large valleys of southwestern Indiana were filled
with Illinoian lake sediments (Wayne, 1966).

Wisconsin till covers only the north tip of the
study area. However, during the Wisconsin Glacia-
tion, winds deposited loess south of the Wisconsin
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glacial boundary to a maximum thickness of about 2
feet (Gray and Powell, 1965). The unglaciated part
of the study area is covered with a layer of loess, and
stream valleys are filled with glacial outwash and lake
sediments as shown on the adjacent map (fig.
1.5.2b).

Thickness of drift varies throughout the study
area. Thickness north of the Wisconsin boundary
ranges from 100 to 200 feet. In the remaining area,
covered by Illinoian drift, thickness ranges from 50
to 100 feet, sometimes thinning toward the Illinoian
boundary to a range from 25 to 50 feet (Henry H.
Gray, written commun., April, 1980). The unglaciat-
ed part is not covered with drift.

Strip mining is easier in glacial drift than in be-
drock because the unconsolidated drift is easier to ex-
cavate than bedrock. Even with the additional over-
burden added by the drift, the leveled glacial surface
provides a more uniform depth to coal. Drift cover
can cause problems, however. Many sand and gravel
lenses within the till contain large amounts of water.
Drift slumps and does not provide a stable highwall.
Estimates of coal reserves can be miscalculated where
bedrock valleys that have cut through the coal are ob-
scured by drift (Powell, 1972, p. 4).
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1.0 INTRODUCTION
1.6 Soil Associations

SOIL TYPE AND LAND SLOPE VARY WIDELY

Area 32 contains 64 soil types. The surface horizons of many of the soils
are light-colored silty loams or silty clay loams underlain by clay
loams and silty clays. Poor to well-drained soils are found on slopes
generally ranging from nearly level terraces and plains to slopes
greater than 35 percent.

The soil associations within Area 32 are shown
on the adjoining map (fig. 1.6), and descriptions of
the associations are listed in Appendix 1. Informa-
tion is from an Indiana soils association map pub-
lished by the U.S. Soil Conservation Service (1977b).
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More detailed information is available in county soil
surveys that are also published by the Soil Conserva-
tion Service. Some of these reports are referenced in
section 6.2.
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03
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J3
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N1
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Soil Association

Sloan-Ross-Vincennes-Zipp
Patton-Lyles-Henshaw
Zipp-Markland-McGary
Reesville-Ragsdale

Iva-Vigo
Miami-Crosby-Brookston
Miami-Hennepin-Crosby
Russel-Hennepin-Fincastle
Hasmer
Crider-Hagerstown-Bedford
Rensselar-Darroch-Whitaker
Lyles-Ayrshire-Princeton
Princeton-Bloomfield-Ayrshire
Fincastle-Ragsdale
Zanesville-Wellston-Tilsit
Cincinnati-Vigo-Ava
Wellston-Zanesville-Berks
Crider-Baxter-Corydon

Markham-Elliott-Pewamo
Genesee-Eel-Shoaks

Fox-Genesee-Eel

Stendal-Haymond-Wakeland-Nolin

Parke-Negley
Alford
Crosby-Brookston

Miami-Russel-Fincastle-Ragsdale

Bartle-Peoga-Dubois

Crider-Bedford-Lawrence

(See Appendix 1 for soil description)
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1.0 INTRODUCTION
1.7 Coal Mining

COAL PRODUCTION AND ESTIMATED RESERVES

Indiana coal production totaled nearly 24 million tons in 1978.1
Seventy-four percent of this coal was mined in the counties represented
in Area 32. As of 1978, more than 1 billion tons of coal
had been mined from these same counties. Reserves are
estimated to total more than 12 billion tons.

According to Carter and others (1974, p. 111-6),
commercial coal mines were opened in Indiana in
1812. Small strip-mine operations using horse-drawn
scrapers worked outcrop areas overlain by only a few
feet of loose, unconsolidated overburden. In 1840,
Indiana strip mines produced 9,682 tons of coal. As
production demands increased, the mining industry
turned to underground mines. By 1860, the industry
was producing 100,000 tons of coal per year. By the
late 1930’s, the development of excavating equip-
ment that could dig coal at a faster rate than the older
equipment and the increased efficiency of explosives
had caused a resurgence of surface mining. More
than 50 percent of the coal produced came from sur-
face mines. In 1978, about 98 percent of the coal
produced came from surface mines. There were only
four underground mines in 1978 (Indiana Bureau of
Mines and Mining, 1979) compared with about 500 in
1920 (Carter and others, 1974, p. 11I-7).

In Indiana, there are nine major coal seams in
Pennyslvanian rock (Carter and others, 1974, p. I1I-

! Indiana Bureau of Mines and Mining, 1978.
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10). The average thickness of the seams is 4.4 feet.
Nearly half of the coal produced in Indiana is from
Coal V (Springfield Coal Member). The coals in In-
diana are generally high in sulfur and are highly vola-
tile bituminous types B or C coals.

Estimates of coal reserves are subject to revision,
owing to advances in mining technology. Carter and
others (1974, p. III-11) and Wier (1973, p. 21) sum-
marized the coal production figures through 1970.
Data for 1971-78 are from annual reports of the In-
diana Bureau of Mines and Mining (1972-79). Maps
showing locations of active surface and underground
coal mines in some of the counties in southwestern
Indiana are available from the Indiana Department
of Natural Resources (1980). Maps showing loca-
tions of areas strip mined for coal (Powell, 1972; Po-
well, 1976) and of active mines (Powell, 1977) are
also available. Coal-production figures and esti-
mates of coal reserves by county for Area 32 from
1812 through 1978 are listed in table 1.7.



Table 1.7.--Coal production and estimates of reserves

[Sources of data: Estimates of reserves, from
~Donald L. Eggart, Indiana Geological Survey,
written commun., March 1980; Coal production,
from Carter and others, 1974, III-II; Wier,
1973, p. 21; and Indiana Bureau of Mines and
Mining, 1972-79]

Estimates of recoverable reservesl

Coal production

in Indiana Strippable | Underground

1812-1978 reserves reserves Total
Counties? (tons) (thousand tons)
Clay 100,960,095 307,872 252,366 560,238
Daviess 13,495,235 136,260 119,502 255,762
Dubois 992,304 3,963 3,978 7,941
Gibson 45,393,580 0 2,231,226 2,231,226
Greene 135,822,017 191,038 228,369 419, 407
Knox 117,599,560 141,330 2,241,269 2,382,599
Martin 142,115 82,698 11 82,709
Owen 4,181,088 50,673 0 50,673
Pike 152,387,718 188, 469 369,699 558,168
Sullivan 193,846,662 273,484 3,482,223 3,755,707
Vigo 247,820,597 253,780 1,448,432 1,702,212

'These figures are subject to revision as mining techniques
change. The current figures are based on removing 90 feet of
overburden. Present technology allows for removal of 120
feet of overburden; with some equipment, as much as 150 feet
of overburden can be removed. As technology and equipment
are improved, thickness of overburden removed and, therefore,
the amount of strippable reserves will increase. Also, the
techniques for calculating coal reserves are improving, and
the number and the depth of test wells are increasing.

2Figur'es listed in the table represent coal production by
county, and, therefore, should not be totaled to represent
production within ‘the study area. Several counties are
represented within more than one study area, and their
production figures appear in other study area reports.
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1.0 INTRODUCTION
1.8 Land Use and Prime Farmland

MOST OF LAND IS FARMED OR FORESTED

The greatest use of land within Area 32 is for agriculture (62 percent),
followed by forested lands (29 percent). Land affected by mining
activities amounts to less than 1 percent of the total land area.
Sullivan County has the largest area affected by mining, 10,676
acres, about one-third of the area mined.

General land-use categories by area and percent
of total area for the 18 counties discussed in this re-
port are listed in table 1.8. Land-use categories are
described in the list that follows.

Agriculture--row crop, pasture, small grains, and

barren rural lands.

Urban--residential, commercial, industrial,

institutions, and recreational.

Forested--commercial forest and wooded farm

lots.

Water--lakes, ponds, and rivers.

Wetland--marsh or bog areas.

Mined--surface area affected by strip or under

ground mines.

Other--miscellaneous land uses not generally
categorized.
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Land-use maps are available for most of the
counties in Indiana through the Indiana State Board
of Health, Stream Pollution Control Board (1980), at
a scale of 1:250,000.

Limits on the mining of prime farmland (land
best suited for producing food, fiber, forage, and oil
seed crops) are given in paragraph 779.27 of the
Surface Mining Control and Reclamation Act of
1977. Areas of prime farmland are shown on the
adjoining map (fig. 1.8).



Table 1.8 Land use by county, southwestern Indiana

Agri- Wet-
culture | Urban | Forested | Water land Mined | Other | Total
EXPLANATION County (acres/percent) (acres)
Percent of
Prime Farmland Clayl 146,346 _9,621 72,218 769 0 4,007 0 232,961
62.8 4.1 31.1 0.3 0 1.7 0
Crawford? 76,744 10,783 108,813 2,357 9  _1,047 90 199,743
38.4 5.4 _54.5 1.2 - 0.5 --
Less than 29 , ) i Daviess? 214,100 20,466 29,851 2,694 55 201 7,833 275,200
‘ 77.8 7.4 10.8 1.0 -- 0.1 2.8
Dubois? 175,283 10,405 84,251 3,969 203 347 2,663 o77,121
63.2 3.8 30.4 1.4 0.1 0.1 1
Gibson?s 3 222,722 9,570 78,443 3,103 2,140 177 2,757 318,912
69.8 3.0 24.6 1 0.7 -— 0.9
Greene? 217,150 14,586 106,900 _1,791 0 248 10,685 351,360
61.8 4.2 30.4 0.5 0 0.1 3.0
Hendricks¥ 227,949 4,652 19,091 no 0 15,188 266,880
85.4 1.7 T:2 information 0 557
Knox? 266,500 15,814 38,000 _2,091 30 311 _7,494 330,210
80.7 4.8 11.5 0.6 -- 0.1 2.3
Lawrence? 144,500 43,789 120,600 _2,088 70 730 5,983 317,760
45.5  13.8 38 0.6 -- 0.2 1.9
Martin2 74,460 10,015 67,800 _2,375 10 700 65,440 20,800
33.8 4.5 30.7 1.1 - 0.3 29.6
Monroe? 113,901 23,654 99,536 14,200 1,725 552 _4,350 257,018
4y.1 9.2 38.6 5.5 0.7 0.2 1.7
Morgan® 165,817 _2,694 80,301 no 0 11,028 59,810
63.9 1.0 30.9 information 0 4.2
Owen? 117,312 _5,010 116,580 _1,970 985 2,073 140  2uy,070
48.1 2.1 47.8 0.8 0.4 0.8 -—
Orange? 125,730 12,368 114,668 5,500 u8 148 673 259,135
48.5 4.8 4y.2 25 -- 0.1 0.3
Pike2s3 76,934 15,356 116,285 395 706 3,792 935 214,403
35.9 7.2 54.2 0.2 0.3 18 0.4
Putnamt 213,438 1,155 95,476 _1,655 0 593 0 312,317
38°30' 68.3 0.4 30.6 0.5 0 0.2 0
Sullivanl 245,144 4,389 29,367 2,924 0 10,676 0 292,500
83.8 1.5 10 0.1 0 3.6
vigol 191,816 22,601 42,151 3,055 0 5,976 0 265,599
Prime farmland from U.S. Soil 72.2 8.5 15.9 1.2 0 2,2 0

Conservation Service (1977a)
Total 3,015,846 236,928 1,420,331 50,936 5,981 31,578 135,259 4,896,759

61.7 4.8 29.1 1 - 0.6 2.8
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Figure ].B.'- Prime farmland. 3Marcia A. Werling, Southwest Indiana and Kentucky Regional Council of Governments,

written commun., December 1979.
uDoug Winings, Indiana Heartland Coordinating Commission, written commun.,
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2.0 SURFACE WATER
2.1 Gaging Stations

DESCRIPTION OF U.S. GEOLOGICAL SURVEY
GAGING STATIONS

Discharge data have been collected at 24 continuous-record stations,
16 low-flow stations, and 14 crest-stage partial-record stations.

Discharge data analyzed for this report have
been collected at 24 continuous-record stations, 16
low-flow stations, 14 crest-stage partial-record sta-
tions, and at several miscéllaneous measurement
sites. Data from miscellaneous measurements are
also available from the Geological Survey office in
Indianapolis.

Length and type of records available at gaging
stations vary. The gaging stations on the Patoka Riv-
er near Princeton, Jasper, and Ellsworth have been
controlled by the Patoka Reservoir since February
1978. The analyses for these stations were computed
for the period of record ending with the 1977 water
year, representing unregulated conditions. Lengths
of record for the gaging stations on the White River

upstream from Petersburg and Big Walnut Creek at
Greencastle are insufficient for analysis.

The gaging stations on the Eel River at Bowling
Green and Mill Creek near Manhattan recorded two
periods of hydrologic record. Before July 1953, the
flow was unregulated. From July 1953 to the present
(1980), the flow was regulated by the Cagles Mill
Lake Reservoir. Discharge data from the times that
the stations were established through the 1952 water
year and from the 1954 through 1979 water years
were analyzed for this report.

Gaging stations within the study area are listed in
table 2.1, and their locations are shown on the ad-
joining map (fig. 2.1).

Table 2.1.--Gaging stations

Station Drainage Period of Station

Station name number area (mi?) record type

South Fork Patoka 03376350 42.8 1922 to present  Continuous
River pr Spurgeon

Hall Creek nr 03375800 21.8 1970 to present Do.
St. Anthony

Patoka River nr 03376500 822 1934 to present Do.
Princeton

Flat Creek nr 03376260 21.3 1964 to present Do.
Otwell

Patoka River at 03375500 262 1947 to present Do.
Jasper

Patoka River nr 03374500 1n 1961 to present Do
Ellsworth

Patoka Lake nr 03374498 168 1978 to present Do.
Cuzco

Patoka River nr 03374455 12.8 1968 to present Do.
Hardinsburg

White River at 03374000 11,125 1927 to present Do.
Petersburg

White River above 03373980 11,123 1976 to present Do
Petersburg

Lost River nr 03373700 287 1964 to present Do
West Baden Springs

East Fork White River 03373500 4,927 1903 to 1906 Do.
at Shoals 1908 to 1916

1923 to present

White River at 03360500 4,688 1928 to present Do.
Wewberry

Eel River at 03360000 830 1931 to present Do.
Bowling Green

Mill Greek nr 03359000 294 1938 to present Do.
Manhattan

Cagles Mill Lake 03358900 293 1953 to present Do.
nr Manhattan

Mill Creek nr 03358000 215 1949 to present Do.
Cataract

Big Walnut Creek 03357500 326 1949 to present Do.
nr Reelsville

Big Walnut Creek at 03357420 216 1974 to present Do.
Greencastle

Plum Creek nr 03357350 3.0 1969 to present Do.
Bainbridge
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Table 2.1.--Gaging stations--Continued

Station Drainage Period of Station

Station name number area (mi®) record type

White River at 03360500 4,688 1928 to present Continuous
Newberry

Eel River at 03360000 830 1931 to present Do.
Bowling Green

Mill Greek nr 03359000 294 1938 to present Do.
Manhattan

Cagles Mill Lake 03358900 293 1953 to present Do.
nr Manhattan

Mill Creek nr 03358000 2u5 1949 to present Do.
Cataract

Big Walnut Creek 03357500 326 1949 to present Do.
nr Reelsville

Big Walnut Creek at 03357420 216 1974 to present Do.
Greencastle

Plum Creek nr 03357350 3.0 1969 to present Do.
Bainbridge

White River at 03357000 2,988 1925 to 1971 Do.
Spencer

Deer Creek nr 03359500 59 1954 to 1965 Do.
Putnamville

Patoka River nr 03376000 342 1945 to 1947 Low flow
Jasper

Birch Creek nr 03360050 Lo 1974 to 1978 Do.
Ashboro

Richland Creek nr 03360300 95 1960, 1965 Do.
Bloomfield to 1967

Plummer Creek nr 03360225 67 1968 to 1973 Do.
Bloomfield

Prairie Creek nr 03360800 120 1960, 1962 Do.
Washington to 1965, 1967

Indiana Creek nr 03373320 172 1961 to 1967 Do.
Trinity Springs

Lattas Creek at 03360200 33 1954, 1960 to Do.
Switz City 1965

Big Walnut Creek nr 03357300 119 1961 to 1965, Do.
Barnard 1967

Rattlesnake Creek 0337100 25 1960 to 1965, Do.
nr Spencer 1967

Black Creek nr 03360700 109 1960 to 1963, Do.
Sandborn 1965, 1967

Indian Creek nr 03373200 61 1961 to 1973 Do.
Springville

Lick Creek nr 03373600 19 1962 to 1967 Do.
Paoli

Mud Creek nr 03357700 35 1976 to 1978 Do.
Little Point

Veales Creek nr 03360860 29 1974 to 1978 Do.
Washington

Lost River nr 03373530 35 1976 to 1978 Do.
Orleans

Upper River Deshee 03374050 15 1976 to 1978 Do.
nr Monroe City

Patoka River at 03376300 603 1963 to 1974 Continuous
Winslow

Clear Branch at Cory 03360100 27 1973 to present Crest stage

Veales Creek trib- 03360850 27 1973 to present Do.
utary at Washington

Shiloh drain nr 03376230 .57 1973 to present Do.
Jasper

Patoka River trib- 03376600 .40 1973 to present Do.
utary nr Patoka

Doans Creek trib- 03360400 .20 1973 to present Do.
utary nr Doans

River Deshee trib- 03346650 .82 1973 to present Do.
utary nr Frichton

Miller ditch trib- 03360750 .50 1973 to present Do.
utary nr Bicknell

Spring Creek trib- 03373240 .54 1972 to present Do.
utary nr Spring-
ville

Slate Creek trib- 03373850 .14 1973 to present Do.
utary nr Haysville

French Lick Creek 03373680 .29 1973 to present Do.
tributary nr
French Lick

Limestone Creek 03356780 .72 1972 to present Do.
tributary nr
Gosport

Patoka River trib- 03376340 .84 1973 to present Do.
utary nr Glezen

Owl Creek trib- 03357430 .58 1973 to present Do.
utary nr Bainbridge

white River trib- 03357010 .32 1973 to 1978 Do.

nr Spencer
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2.0 SURFACE WATER
2.2 Low-Flow Frequency

ESTIMATES OF 7-DAY, 10-YEAR LOW FLOW PRESENTED
FOR 38 STATIONS

The 7-day, 10-year low flow is the lowest average rate of flow for 7
consecutive days to which streamflow can be expected to
decline in 1 year out of 10.

Two types of analyses were used to obtain esti-
mates of the 7-day, 10-year low flow at 38 stations.
Where a sufficient continuous record was available, a
Geological Survey computer program (Hutchison,
1975) was used for a statistical analysis. The pro-
gram fits the low-flow values to a log-Pearson Type-
III frequency distribution. For partial-record sta-
tions, the frequency was estimated by correlating the
measured flows with concurrent flows at a long-term,
continuous-record index site where the low-flow fre-
quency curve has been defined. Streamflow at
partial-record sites was measured during periods of
base flow, when flow is primarily from ground-water
storage.

The Crawford Upland comprises the largest
physiographic unit in the study area. The highly dis-
sected unit represents a diverse area in terms of
surface-water flow. The steep slope of the unit re-
sults in rapid runoff and little sustained flow.
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However, where erosion has been severe enough to
penetrate into the karst limestone, numerous springs
can occur (Schneider, 1966).

Most of the remainder of Area 32 is in the Wa-
bash Lowlands. This lowland, underlain by siltstone
and shale beds, is capped by a layer of glacial till in
its north part (Schneider, 1966). The 7-day, 10-year
low flow values for the lowland are minimal, owing
to the absence of surficial aquifers. An exception is
the outwash areas along major streams, which store
water during high flow and rainstorms and release it
to the streams during low-flow periods.

Locations of the stations where streamflow data
have been used to calculate 7-day, 10-year low flow
are shown on the adjoining map (fig. 2.2). Calculat-
ed values are listed in table 2.2.
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Table 2.2.--Estimates of 7-day, 10-year low flow

Drainage
Station area Q7, .10
Station name number (mi?) (re3/s)
South Fork Patoka River nr Spurgeon 03376350 42.8 2.2
Hall Creek nr St. Anthony 03375800 21.8 0
Patoka River nr Princeton 03376500 822 1.4
Flat Creek nr Otwell 03376260 21.3 0
Patoka River at Jasper 03375500 262 0
Patoka River nr Ellsworth 03374500 171 .2
Patoka River nr Hardinsburg 03374455 12.8 0
White River at Hazleton 03374100 11,307 (1)
White River at Petersburg 03374000 11,125 790
White River above Petersburg 03373980 11,123 (1)
Lost River nr West Baden Springs 03373700 287 10.4
East Fork White River at Shoals 03373500 4,927 275
White River at Newberry 03360500 4,688 319
Eel River at Bowling Green 03360000 830 217.6/19.5
Mill Creek nr Manhattan 03359000 294 21.0/2.4
Mill Creek nr Cataract 03358000 245 1.4
Big Walnut Creek nr Reelsville 03357500 326 5.7
Big Walnut Creek at Greencastle 03357420 216 (1)
Plum Creek nr Bainbridge 03357350 3.0 0
White River at Spencer 03357000 2,988 226
Deer Creek nr Putnamville 03359500 59 .1
Patoka River nr Jasper 03376000 342 (1)
Patoka River at Winslow 03376300 603 1.1
Birch Creek nr Ashboro 03360050 40 1.1
Richland Creek nr Bloomfield 03360300 95 .5
Plummer Creek nr Bloomfield 03360225 67 0]
Prairie Creek nr Washington 03360800 120 .1
Indiana Creek nr Trinity Springs 03373320 172 .1
Lattas Creek at Switz City 03360200 33 0
Big Walnut Creek nr Barnard 03357300 119 1.6
Rattlesnake Creek nr Spencer 03357100 25 .2
Black Creek nr Sandborn 03360700 109 2.5
Indian Creek nr Springville 03373200 61 0]
Lick Creek nr Paoli 03373600 19 .1
Mud Creek nr Little Point 03357700 35 (1)
Veales Creek nr Washington 03360850 29 (1)
Lost River nr Orleans 03373530 35 (1)
Upper River Deshee nr Monroe City 03374050 15 (1)
!Thsufficient data.
2Unregulated flow/regulated flow.
2.0 SURFACE WATER
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2.0 SURFACE WATER
2.3 Flood Frequency

FLOOD FREQUENCIES ESTIMATED FOR SELECTED
GAGING STATIONS

The 10-, 25-, 50-, and 100-year floods are floods of magnitudes that
are expected to be equaled or exceeded once during any 10-, 25-,
50-, or 100-year recurrence interval. These floods have a
10, 4, 2 or 1 percent chance, respectively, of being
equaled or exceeded during any year.

* Estimates of discharge for the 10-, 25-, 50-, and
100-year flood frequencies are presented for selected
gaging stations. The recurrence interval represents
the long-term average period between floods of a
specific magnitude; however, floods of a higher
magnitude can occur at a shorter interval or even
within a given year. Estimates of flood peaks are
listed in table 2.3. The relation between discharge
and drainage area for three major rivers within Area
32 is shown in the adjoining curves (fig. 2.3a), and
locations of the gaging stations used to compute
flood peaks are shown in figure 2.3b.

Discharge records of less than S years are insuffi-
cient to compute flood peaks. Where discharge
records for 5 to 10 years were available, the 10-year
flood was computed. Where records for more than
10 years were available, flood frequencies of 10-, 25-,
50-, and 100-years were computed.
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Davis (1974) and Gold (1980) prepared manuals
that provide methods for estimating the magnitude
and the frequency of floods on unregulated and
unurbanized Indiana streams. Additional methods
are provided by the U.S. Soil Conservation Service
(1975) for areas less than 2,000 acres. Davis (1974)
and Gold (1980) found that precipitation index
(precipitation minus snowfall and evapotranspir-
ation) is the controlling factor on flood magnitude
for most streams in the study area. Davis (1974)
concluded that, for the Wabash and White Rivers,
drainage area, channel slope, and stream length are
the dominant factors and that precipitation index is
insignificant. Precipitation index ranges from 10 in
the north end of the study to 16 in the south (Davis,
1974) and from 5 to 18 in the rest of Indiana. Thus,
flood magnitude for streams in the study area is
moderately high compared to that for the rest of the
streams in the State.
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Figure 2.3a.-- Relation of drainage area to discharge.

Table 2.3.--Estimates of flood peaks at selected gaging stations

Drainage | Years Flood peaks (ft®/s)
Station Station area of 10 25 50 100
name number (mi?) record | years years years years
Flat Creek nr 03376260 21.3 15 1,390 1,480 1,540 1,590
Otwell
Lost River nr 03373700 287 15 6,980 8,160 8,980 9,760
West Baden
Springs
Plum Creek nr 03357350 3.0 10 634 757 8uy 925
Bainbridge
Deer Creek nr 03359500 59 11 9,560 11,300 12,500 13,600
Putnamville
Mill Creek nr 03358000 245 30 9,680 11,700 13,100 14,500
Cataract
Mill Creek nr 03359000 294 15 6,650 7,480 8,040 8,550
Manhattan
Mill Creek nr 03359000 294 26 3,320 3,600 3,780 3,940
Manhattan'
Eel River at 03360000 830 22 24,900 31,900 37,800 4y, 400
Bowling Green
Eel River at 03360000 830 26 23,600 29,800 34,400 38,800
Bowling Green'
Big Walnut Creek 03357500 326 30 18,200 22,600 25,700 28,600
nr Reelsville
Hall Creek nr 03375800 21.8 9 3,890 (2) (2) (2)
St. Anthony
Patoka River nr 03374455 12.8 11 2,110 2,800 3,500 4,440
Hardinsburg
White River at 03374000 11,125 52 125,000 148,000 163,000 176,000
Petersburg
South Fork
Patoka River 03376350 42.8 15 3,480 3,940 4,260 4,550
nr Spurgeon
Big Walnut Creek 03357420 216 5 9,520 (2) (2) (2)
at Greencastle
Clear Branch at 03360100 .27 6 102 (2) (2) (2)
Cory
Veales Creek
tributary at 03360850 .27 6 215 (2) (2) (2)
Washington
Shiloh drain nr 03376230 .57 6 288 (2) (2) (2)
Jasper
Patoka River
Patoka River 03376600 240 6 186 (2) (2) (2)
tributary
nr Patoka
Doans Creek trib- 03360400 .20 6 120 () (2) (2)
utary nr Doans
River Deshee 03346650 .82 6 182 (2) (2) (2)
tributary nr
Frichton
Miller ditch trib- 03360750 <50 6 125 (2) (2) (2)
utary nr
Bicknell
Spring Creek trib- 03373240 547 260 () (2) (2)
utary nr
Springville
Slate Creek trib- 03373850 .1y 6 129 (2) (2) (2)
utary nr
Haysville
French Lick Creek 03373680 .29 6 205 (2) (2) (2)
nr French Lick
Limestone Creek 03356780 .72 7 221 (2) (2) (2)
tributary nr
Gosport
Patoka River 03376340 .84 6 259 (2) (2) (2)
tributary nr
Glezen
Owl Creek trib- 03357430 .58 6 366 (2) (2) (2)
utary nr
Bainbridge
Patoka River nr 03376500 822 45 See curve on adjacent figure
Princeton
Patoka River at
Jasper 03375500 262 32 Do.
Patoka River at
Ellsworth 03374500 171 18 Do.
East Fork White
River at Shoals 03373500 4,927 67 Do.
White River at
Newberry 03360500 4,688 51 Do.
White River at
Spencer 03357000 2,988 46 Do.
Patoka River at
Winslow 03376300 603 11 Do.

!Record reflects regulated condition.
2Insufficient record.

Data from Indiana Department of Natural Resources (1979)
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2.4 Duration Curves

DURATION CURVES FOR SELECTED GAGING STATIONS

Flow-duration curves show the percent of time that specified discharges
were equaled or exceeded during a given period of record.
Curves developed for the White River at Newberry, Flat Creek
near Cataract, and Eel River at Bowling Green indicate a
wide variation of sustained flow in the area.

Duration curves for four gaging stations are pre-
sented in figure 2.4a. The 95-, 90-, 75-, 70-, 50-, 25-,
and 10-percent flow durations for 15 additional sta-
tions are listed in table 2.4. Locations of the stations
are shown on the adjoining map (fig. 2.4b). Two sets
of data were developed for the Eel River at Bowling
Green and Mill Creek near Manhattan, one for the
period of record through 1952, before the construc-
ton of Cagles Mill Lake, and the second, for 1955
through 1979, after the reservoir was put into opera-
tion.

A Geological Survey computer program (Hutchi-
son, 1975) was used to compute flow duration by a
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magnitude-frequency analysis of daily discharge va-
lues. The computed values, listed in the following ta-
ble, were used to construct the duration curves in the
adjoining figure 2.4a.

A wide variation in streamflow is indicated by
the duration curves for streams in the study area.
Broad rivers with low slopes have a sustained flow,
but streams with steep slopes, and low recharge due
t