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

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

Multiply By To obtain
inches (in) 25.40 millimeters (mm)
inches per hour (in/h) 25.4 millimeters per hour (mm/h)
2.54 centimeters per hour (cm/h)
feet (ft) 0.3048 meters (m)
feet per mile (ft/mi) 0.1894 meters per kilometer (m/km)
miles (mi) 1.609 kilometers (km)
square miles (miz) 2.590 square kilometers (kmz)
gallons per minute (gal/min) 0.06309 liters per second (L/s)
million gallons per day (mgal/d) 0.04381 cubic meters per second (m3/s)
3785 cubic meters per day (m®/d)
cubic feet per second (ft3/ s) 0.02832 cubic meters per second (m3/ s)/ km?
cubic feet per second cubic meters per second
per square mile [(ft3/ s)/ mi? 0.01093 per square kilometer [(m3/ s)km2]
tons per square mile per metric tons per square kilometer per
year [(tons/mi?)/yr] 0.3503 year [(t/ kmz)/ al
micromhos per centimeter microsiemens per centimeter at
at 25° Celsius (umhos/cm) 1.000 25° Celsius (uS/cm)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada, formerly called mean sea level.
NGVD of 1929 is referred to as sea level in this report.






HYDROLOGY OF AREA 29,

EASTERN REGION,

INTERIOR COAL PROVINCE,

ILLINOIS

BY K.K. FITZGERALD, C.A. PETERS, AND E.E. ZUEHLS

Abstract

The enactment of the "Surface Mining Control
and Reclamation Act of 1977" initiated a national
need for hydrologic information and analysis in
coal-mining areas. This need is partially met by this
report which broadly characterizes the hydrology of
Area 29 in the Eastern Region of the Interior Coal
Province in central Illinois. The report should be
useful to surface-mine owners, mine operators, and
consulting engineers in the preparation of permits
and to regulatory authorities in appraising the
adequacy of permit applications.

The Kaskaskia River is the major river draining
Area 29. Glacial deposits cover most of the area and
coal-bearing Pennsylvanian rocks underlie about 95
percent of the area. Agriculture is the dominant land
use. As of June 1980, there were five active under-
ground mines and two active surface mines in the
area.

Ninety-six percent of the water used in Area 29 is
obtained from surface-water sources. There are 12
reservoirs in the area that are used for water supply
and 2 that are used for powerplant cooling.

Ground-water yields are low throughout most of
the area. The concentration of dissolved solids tends
to increase with depth, and fresh water is generally
found at depths of 300 feet or less. The ground water

in Area 29 is hard to very hard and has high iron
concentrations.

Mean annual precipitation in the area ranges
from 37 to 40 inches. Area 29 is located in a part of
Illinois that experiences many forms of severe weath-
er including drought, thunderstorms, tornadoes,
hail, ice storms, and snowstorms. Drought condi-
tions and intense short-duration, warm-season thun-
derstorms occur frequently.

There are 21 active streamflow gaging stations in
Area 29. Equations have been developed for estimat-
ing mean annual streamflow, 7-day, 10-year low
flow, 7-day, 10-year high flow, and the 10-year peak
discharge. Flood-prone area maps are available for
many parts of the area.

Water-quality data are available at 39 sites in
Area 29, Changes in water quality and increased
sedimentation are two of the major hydrologic prob-
lems related to surface mining. Water quality can be
changed as a result of drainage of mine sites into the
surrounding streams. Natural conditions neutralize
acidic waters in the area, but increased concentra-
tions of metals (iron, aluminum, manganese) and
other elements can remain in waters. High rates of
sedimentation can result from lack of soil cover and
the disturbed conditions left by mining operations.



1.0 INTRODUCTION
1.1 Objective

Area 29 Report to Aid in Preparing and
Appraising Mine Permit Applications

Existing hydrologic conditions and sources of hydrologic information are described.

- A need for hydrologic information and analysis
on a scale never before required nationally, was
initiated when the "Surface Mining Control and
Reclamation Act of 1977” was signed into law as
Public Law 95-87 on August 3, 1977. This need is
partially met by this report which broadly character-
izes the hydrology of Area 29 in the Eastern Region
of the Interior Coal Province in central Illinois (fig.
1.1-1). This report is one of a series that covers the
coal provinces nationwide. The report contains a
brief text with an accompanying map, chart, graph,
or other illustration for each of a number of water-
resources related topics. The summation of the
topical discussions provides a description of the
hydrology of the area.

The hydrologic information presented or availa-

ble through sources identified in this report may be
used in describing the hydrology of the “general
area” of any proposed mine. Furthermore, it is
expected that this hydrologic information will be
supplemented by the lease applicant’s site specific
data as well as data from other sources to provide a
more detailed picture of the hydrology in the vicinity
of the mine and the anticipated hydrologic conse-
quences of the mining operation.

The information contained herein should be
useful to surface-mine owners, mine operators, and
consulting engineers in the preparation of permits
and to regulatory authorities in appraising the
adequacy of permit applications.

PO
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1.0 INTRODUCTION--Continued
1.2 Study Area

Area 29 is Located in the Eastern Region
of the Interior Coal Province

Area 29 includes parts of three physiographic divisions: the Bloomington Ridged
Plain, the Springfield Plain, and the Mount Vernon Hill Country.

The Eastern Region of the Interior Coal Prov-
ince, commonly called the Eastern Interior Coal
Field (Smith and Stall, 1975), has been divided into
11 hydrologic study areas. These are shown on the
cover of this report. Hydrologic units (drainage
basins) are combined to form each study area (fig.
1.2-1). These units are geographic areas that repre-
sent part or all of a surface drainage basin or distinct
hydrologic feature as delineated by the Office of
Water Data Coordination on State Hydrologic Unit
Maps (U.S. Geological Survey, 1975). Each unit is
identified by an 8-digit number.

Area 29 covers 5,801 square miles in central
Illinois (fig. 1.2-2). It includes all of Bond, Clinton,
Fayette, and Moultrie Counties and parts of Cham-
paign, Coles, Douglas, Effingham, Madison, Ma-
rion, Monroe, Montgomery, Piatt, Randolph, St.
Clair, Shelby, and Washington Counties.

The area, as shown in figure 1.2-3, includes parts
of three physiographic divisions: the Bloomington
Ridged Plain, the Springfield Plain, and the Mount
Vernon Hill Country. These are all divisions of the
Till Plains Section of the Central Lowland Province.
The topography of the Bloomington Ridged Plain is
a series of broad morainic ridges alternating with
wide areas of relatively flat or gently undulating till
plains. The topography of the Springfield Plain is
level to gently undulating. The Mount Vernon Hill
Country is rolling and hilly with many bedrock
outcrops (Thornburn, 1963).

The population of the area is about 574,000. The
largest cities in the area are Champaign (population
58,133), Belleville (41,580), and Centralia (15,126)

~ (Edgar, 1982).
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2.0 COAL MINING POTENTIAL AND HISTORY

Illinois has Largest Bituminous Coal Reserves
in the United States

Estimated reserves of all coal in lllinois are 161.6 billion tons, but currently
only 3.6 percent is economically and legally recoverable.

Estimated coal reserves in Illinois (as of January
1975, with revisions in 1980) are 161.6 billion tons
which is 15.1 percent of the total demonstrated coal
reserves in the United States (Nawrot and others,
1980). Only Montana has larger total coal reserves
(Rickert and others, 1979). Illinois ranks first
among the States in total bituminous coal reserves.
These reserves also have the highest total heat con-
tent of any reserves in the Nation. About 12.1
percent of the Illinois reserves:is considered surface-
minable (coal seams more than 18 inches thick and
less than 150 feet deep), but currently only about 3.6
percent is economically and legally recoverable
(Nawrot and others, 1980).

Total identified coal reserves in Area 29 as of
January 1976 were about 32.7 billion tons. About 4
percent of these reserves is considered surface-mina-
ble (Smith and Stall, 1975, updated in 1977). The
surface-minable coal reserves, mined-out areas, and
active coal mines in the area are shown in figure
2.0-1.

Rickert and others (1979) have shown that II-
linois coal resources are among those most likely to
be used for synthetic fuel production due to the large
amount of coal available, plentiful water supplies,
and lack of serious geologic constraints. In addition,
the Nation’s move toward energy independence and
diminishing domestic supplies of oil and gas could
increase the demand for Midwestern coal. Oil and
gas are also produced in Area 29. Marion and
Fayette Counties are among the highest oil-produc-
ing counties in Illinois, producing 10.2 percent
(2,369,039 barrels) and 7.7 percent (1,803,540
barrels), respectively, of the State’s total oil produc-
tion in 1978 (Van Den Berg, 1980). The most heavily
drilled oil- and gas-producing areas are shown in
figure 2.0-1.

The first coal discovery in North America was by
Marquette and Joliet in 1673 along the Illinois River.
The first commercial underground coal mine in II-
linois was opened in 1810 in Jackson County (An-
dros, 1915). The first commercial surface mine in the
United States was opened in 1866 near Danville,
Illinois. Early surface mining was accomplished by
removing overburden with horsedrawn scrapers and
hauling it out of the mine pit in wagons and wheel-
barrows. Within two decades, the steam shovel came
into use. The first steam shovels were made mostly
of wood and were able to remove 8-12 feet of
overburden and coal seams up to 3 feet thick. From
these beginnings, coal mining technology has pro-
gressed to the giant electric-powered shovels of today
that can remove up to 220 cubic yards of material in a
single bite (Lewis, 1972).

Total coal production in Illinois from 1882
through 1979 was 4.7 billion tons. Area 29 account-
ed for 21.8 percent of that total. Peak production
was reached during World War I. The Depression of
the 1930’s caused a decline in production which was
reversed by World War II. Another decline in pro-
duction occurred when diesel locomotives and alter-
nate industrial fuel sources came into use. Increased
energy consumption and declining oil and gas re-
serves have resulted in an increase and leveling off of
production during the past two decades (Nawrot and
others, 1980).

In 1979, the 40 surface mines in operation in the
State produced 26,856,897 tons of coal and the 31
underground mines produced a total of 32,681,230
tons (Illinois Department of Mines and Minerals,
1979).
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3.0 GEOLOGY
3.1 Surficial Geology

Glacial Deposits Cover Most of Area

Glacial deposits are less than 200 feet thick except in the northernmost end
of the area where they are up to 300 feet thick.

The Quaternary System, which makes up the
surficial deposits in Illinois, includes glacial deposits
and contemporaneous sediments deposited beyond
the limit of glaciation as well as all material deposited
through the present time. Glacial deposits cover all of
Illinois except the northwestern corner and the south-
ern tip. The glacial deposits in Area 29 are less than
50 feet thick on the uplands and are 50 to 200 feet
thick in the valleys of the Kaskaskia River and its
tributaries. The present valleys of these rivers gener-
ally conform to the bedrock valleys. The thickest
deposits are in the Mahomet Bedrock Valley in the
northernmost part of the area (Champaign County)
(Piskin and Bergstrom, 1975). The glacial deposits
form moraines and ground moraine of Illinoian and
Wisconsinan age (fig. 3.1-1 and 3.1-2). The Illinoian
glacier was the last to cover all of the area. The
Wisconsinan glacier extended only into Shelby Coun-
ty. Loess of Wisconsinan age was deposited when
outwash material was blown from the valleys onto
the uplands. Loess is 5 to 15 feet thick in Area 29
(Lineback, 1979).

Members of the Glasford Formation of Illinoian
age cover most of the area. They are silty to sandy
tills with interbedded sand and gravel and are gener-
ally calcareous.

The Wedron Formation of Wisconsinan age
covers the northern fourth of the area. It forms a
moraine that runs through Shelby County. It is a
silty to sandy till with lenses of silt, sand, and gravel.

Cahokia Alluvium is found in the channels and
floodplains of the Kaskaskia River and its tribu-
taries. It is poorly sorted sand, silt, and clay with
local deposits of sandy gravel.

Peoria Loess blankets almost all of the area. The
thickness of the loess is shown by contour lines on
figure 3.1-1. It is a massive, well-sorted silt and is .
calcareous except in the upper few feet where the
carbonates have been leached. The Peoria Loess is
the parent material for many of the soils in the area
(Willman and others, 1975).
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Figure 3.1-2 Stratigraphy of the Quaternary System in Area 29

(Geologic names are those used by the Illinois State Geological

Survey and are not necessarily in agreement with names used
by the U.S. Geological Survey.)
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3.0 GEOLOGY--Continued
3.2 Bedrock Geology

Two Geologic Units Make Up the Bedrock Surface
in the Area

The Pennsylvanian System, containing the coal-bearing rocks, is the uppermost
bedrock in about 95 percent of Area 29 with the remainder being rocks of
Mississippian age.

The Pennsylvanian System is the uppermost
bedrock in about 95 percent of Area 29 (fig. 3.2-1).
The Pennsylvanian System in the area ranges from 0
to 1,600 feet thick. The rocks dip gently toward the
southeast. The dip is toward the center of the Illinois
Basin which is a spoon-shaped structure that is
oriented north-northwest to south-southeast with the
deepest part in southeastern Illinois (Willman and
others, 1975). Rocks of Mississippian age make up
the bedrock surface in the rest of the area.

The Pennsylvanian System consists of sand-
stones, siltstones, limestones, shales, clays, and
coals. Changes in lithology within the System are
often abrupt which indicates that the depositional
environment was changing rapidly. The advance of
saltwater seas into Illinois caused transgressive ma-
rine deposition of sandstone, shale, and limestone.
When the seas withdrew, large freshwater swamps
developed on broad delta plains. When the seas
readvanced, marine sediments were deposited on top
of the swamp debris. Biochemical and physical
changes took place as the partially decayed plant
material (peat) was buried. These changes led to the
formation of coal. There are about 75 identified coal
members in Illinois.

10

Sixty percent of the lower section of the Pennsyl-
vanian System in Illinois is sandstone with the
remainder being mostly siltstone and shale. Less
than 1 percent is coal and limestone. Twenty-five
percent of the middle and upper sections is sand-
stone, 5-10 percent is limestone, and 65-70 percent is
shale and clay. Coal makes up no more than 2
percent of the Pennsylvanian System and is most
prominent in the middle section (fig. 3.2-2) (Willman
and others, 1975). The coals that are mined most
extensively in Area 29 are the Harrisburg-Springfield
(No. 5) and the Herrin (No. 6) (Illinois Department
of Mines and Minerals, 1979).

The depth to the Herrin coal ranges from 0 to
1,000 feet with the shallowest coal being in the
southern part of the area (Randolph and St. Clair
Counties). The coal is deepest in Shelby County
(Smith and Stall, 1975).

The Mississippian System is composed mainly of
limestone with some sandstone and shale. It is up to
2,200 feet thick in Area 29 (Willman and others,
1975).
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Figure 3.2-2 Stratigraphy of the major coal-bearing units in the Pennsylvanian System
in Area 29 (Geologic names are those used by the Illinois State Geological Survey and
are not necessarily in agreement with names used by the U.S. Geological Survey.)

3.0 GEOLOGY--Continued
3.2 Bedrock Geology



4.0 SOILS

Erosion Control is a Problem in Parts of Area 29

Soils are of low to moderate permeability, acidic, and subject to slope erosion.

In general, soils in Area 29 are of low to moder-
ate permeability, acidic, and of moderate to high
productivity under a high level of management (ap-
plication of plant nutrients, maintenance of drain-
age, control of flooding and erosion, and control of
weeds, diseases, and insect pests).

General descriptions of the soil associations in
the area are given in table 4.0-1 and the soils are
delineated in figure 4.0-1. The descriptions were
compiled from soil surveys for individual counties
(U.S. Department of Agriculture, 1969, 1971, 1978)
and from Fehrenbacher and others (1967) and U.S.
Department of Agriculture (1980).

Erosion control is a problem on slopes. More
than 30 percent of soil association P, which makes up
23.1 percent of the area, is classified as having severe
erosion problems. The percentages of each soil as-
sociation that are subject to slight, moderate, or
severe erosion are given in table 4.0-1. Average
annual soil loss in Area 29 is 5-10 tons per acre (U.S.
Department of Agriculture, 1980). Bedrock outcrops
are common with depth to bedrock being up to 200
feet in the river valleys (Willman and others, 1975).

All of the soil associations in the area, except W
and Z, were developed from loess. Loess is a silty
wind deposit that was produced by outwash material
being blown from the valleys onto the uplands during
glacial times. When the loess was deposited, it was
calcareous and contained many important plant nu-
trients. It was a friable, medium-textured silt loam
with high available moisture storage capacity. Be-
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cause of this, the soils that developed from loess are
very productive (Fehrenbacher and others, 1967). At
present, loess thickness in the area ranges from 5 to
15 feet (Lineback, 1979). Loess is easily eroded
unless cut vertically. In addition, seepage may occur
at the boundary with the underlying drift or bedrock.
To help prevent slope failure, the slopes are benched
and gutters are used at the top of the slopes and on
the benches (Thornburn, 1963).

Soil associations W and Z were developed from
outwash. Outwash materials were deposited in the
major river valleys by meltwater during the Illinoian
and Wisconsinan glaciations. The size of the materi-
als ranges from gravel to clay (Fehrenbacher and
others, 1967).

Information on the engineering properties of
soils in Area 29 and detailed soil maps can be found
in soil surveys for individual counties. These are
published by the Soil Conservation Service in cooper-
ation with the University of Illinois Agriculture Ex-
periment Station. Soil surveys and other information
can be obtained from the State office of the Soil
Conservation Service, 200 W. Church Street, Cham-
paign, Illinois 61820 (telephone 217-398-5265) or
from county offices of the Soil Conservation Service.
Recent soil surveys are available for Champaign,
Douglas, Montgomery, and St. Clair Counties. A
report by Wischmeier and Smith (1978) contains
useful information on predicting rainfall erosion
losses.
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Table 4. i iation istics.
—COLES ble 4.0-1 Soil association characteristics
Depth to Available Erosion class
Soil association Depth to high water Permea— water Soil distribution (%)
map symbol bedrock table bility capacity reaction
(ft) (ft) (in/hr) (in/in of soil) pH Slight Moderate  Severe
0-1 2 3
A Joy-Tama-— 5+ 0-3 0.60-2.00 0.18-0.24 5.1-8.4 70 25 5
Muscatine-
Ipava—-Sable
B Sidell—-Catlin- 5+ 0-6 0.20-2.00 0.16-0.25 5.1-8.4 99 1 0
Flanagan—
Drummer
D Harrison- 5+ 0-5 0.20-2.00 0.10-0.24 4.5-8.4 99 1 0
Herrick-Virden
E Oconee—-Cowden— 5+ 0-3 0.06-0.63 0.09-0.25 5.1-9.0 93 7 0
X Piasa
—>EFFINGHAM
S F Hoyleton—Cisne- 5+ 0-3 0.00-2.00 0.13-0.28 4.5-6.5 95 5 0
o Huey
M Birkbeck-Ward- 5+ 3-6 0.20-2.00 0.14-0.25 5.1-8.4 57 32 1L
Russell
O Stooky-Alford- 8+ 8+ 0.63-2.00 0.18-0.25 5.1-8.4 25 49 26
Muren
P Hosmer-Stay-Weir 6+ 0-3 0.06-2.00 0.14-0.25 4.0-6.0 26 38 36
Q Ava-Bluford- 6+ 0-10+ 0.06-2.00 0.15-0.25 4.0-6.0 68 26 6
Wynoose
W Littleton-Proctor— 10+ 5-10 0.63-6.30 0.10-0.25 5.6-8.4 90 10 0
Plano—-Camden-Hurst—
Ginat
7 Lawson-Beaucoup— 0.5-10+ 0-4 0.06-2.00 0.11-0.25 5.1-7.8 100 0 0
Darwin-Haymond—
Belknap
89°
N
JEFFERSON
Soils from Fehrenbacher and others, 1967.
Figure 4.0-1 Soil associations in Area 29.
4.0 SOILS

BASE FROM U.S. GEOLOGICAL SURVEY
STATE BASE MAP, 1:500,000, 1972



5.0 LAND USE

Agriculture is Dominant Land Use

Seventy-six percent of Area 29 is used for agriculture and only 0.5 percent
of the total land area has been affected by coal mining.

Area 29 covers 5,801 square miles in central
Hlinois. Agriculture is the dominant land use with
66.0 percent cropland and 9.8 percent pasture. The
main crops are corn and soybeans. Beef cattle and
hogs are also raised. The remainder of the land uses
and their percentages are shown in figure 5.0-1.

The mined land includes all land that has been
affected by mining, both past and present. This is
mainly land that has been surface mined. About 0.02
percent of the total surface area has been affected by
underground mining with approximately 4 percent of
Area 29 having been undermined.

Subsidence is a problem in undermined areas.
Damage caused by subsidence has occurred in Breese
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in Clinton County, Vandalia in Fayette County,
Centralia and Salem in Marion County, Litchfield in
Montgomery County, and Muscoutah, O’Fallon,
and Swansea in St. Clair County (fig. 5.0-2) (Nawrot
and others, 1980).

At present, there are five active underground
mines, one each in Clinton, Montgomery, and St.
Clair Counties and two in Randolph County. There
is a sixth underground mine under construction in St.
Clair County. There are two active surface mines,
one in Randolph County and one in St. Clair County
(Hopkins, 1975, updated in 1980). Sand, gravel, and
stone are also mined in the area (Samson, 1981).
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Data from Illinois Conservation Needs Committee,
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Figure 5.0-1 Land use, 1967.
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Figure 5.0-2 Areas of significant subsidence in Area 29.
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6.0 WATER USE

Surface Water is Dominant Source

Ninety-six percent of the water used is obtained from surface-water sources.

Total water withdrawal in Area 29 was 2,408
million gallons per day (mgal/d) in 1978 (Kirk and
others, 1979). About 102.3 mgal/d (4 percent) was
from ground water (fig. 6.0-1).

Ninety-six percent (2,311 mgal/d) of the total
amount of water withdrawn was used for industry,
1.8 percent (45.0 mgal/d) was used for public supply,
1.6 percent (39.1 mgal/d) was used for mineral
extraction, 0.5 percent (11.8 mgal/d) was used for
rural supplies (domestic, livestock, and irrigation),
and 0.1 percent (1.8 mgal/d) was used for fish and
wildlife management.

There are 12 reservoirs in Area 29 that are used
for water supply and 2 that are used for powerplant
cooling. The largest reservoirs in the area are Carlyle
Lake (26,000 acres) and Lake Shelbyville (11,100
acres). These lakes are used for water supply, flood
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control, and recreation (Illinois Environmental Pro-
tection Agency, 1978a). There are 22 potential reser-
voir sites in the area (Dawes and Terstriep, 1966a,
1966b).

In 1970, 57 towns in the area were using ground
water for their municipal supply, 48 towns were using
surface water and outside sources, and 6 towns did
not have municipal water supplies. The towns of
Belleville, O’Fallon, Shiloh, Swansea, and Humboldt
obtain their water from outside the Kaskaskia River
basin. A study to develop plans for meeting future
water requirements in the basin (Singh and others,
1972) found that 48 towns do not have adequate
ground-water supplies to meet present requirements,
13 towns will have inadequate ground-water supplies
by 2010, and 50 towns have adequate ground-water
potential to meet water requirements in 2020.



SURFACE WATER
- 2305.9

Public Supply 27.1

Mineral Extraction 26.0

Fish and Wildlife
Management 1.8

Public Supply17.9

Industry 59.5
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Rural Supplies 11.8
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Data from Kirk and others, 1979.

Figure 6.0-1 1978 water use, in million gallons per day.
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7.0 PRECIPITATION

Area has a High Frequency of Severe Weather"

;

Mean annual precipitation in Area 29 ranges from 37 to 40 inches and 50 percent
of the precipitation is produced by thunderstorms.

The mean annual precipitation in Area 29 ranges
from 37 to 40 inches (fig. 7.0-1). The mean annual
snowfall ranges from 15 inches along the southeast-
ern edge of the area to 21 inches in the northernmost
part of the area (fig. 7.0-2). More than 60 percent of
the annual precipitation occurs between April and
September. The driest months are February and
December. The wettest months are usually May and
June.

Area 29 is located in the part of Illinois that
experiences many forms of severe weather including
drought, thunderstorms, tornadoes, hail, ice storms,
and snowstorms. The western half of the area has
experienced the greatest precipitation deficiencies
ever measured in Illinois. Drought conditions occur
more frequently in this area than in any other part of
the State. In the period between April and Septem-
ber (the warmer half-year), less than 13 inches of
rainfall may occur on the average of once every 5
years. There is also a high frequency of intense
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short-duration warm season rainstorms. About 50
percent of the annual precipitation is produced by
thunderstorms. The area has freezing rain and sleet
on an average of 9 to 10 days per year (Dawes and
Terstriep, 1966a, 1966b).

The 24-hour rainfall amount that can be<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>