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CONVERSION FACTORS

Inch-pound units of measurement used in this report may be converted to
International System of units (SI) using the following conversion factors:

To convert from To Multiply by

inch (in.) centimeter (cm) 2.54

foot (ft) meter (m) 0.3048

mile (mi) kilometer (km) 1.609

square mile (mi2) square kilometer (km?) 2.590

acre hectare (ha) 0.4047

acre-foot cubic meter 1,233

cubic foot per second cubic meter per second 0.02832
(ft3/s) (m3/s)

gallon per minute cubic meter per second 0.00006309
(gal/min) (m3/s)

short ton (2,000 pounds) megagram (Mg) 0.9072

British thermal unit per kilojoule per kilogram 2.326
pound (Btu/1b) (kj/kg)

micromhos per centimeter microsiemens per centi- 1
(umhos/cm) meter (uS/cm)

degree Fahrenheit degree Celsius 1/
(°F) (°C)

1/ Temp °C = (temp °F -32)/1.8



PHYSICAL AND HYDROLOGIC ENVIRONMENTS OF TJE MULBERRY COAL RESERVES
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IN EASTERN KANSAS

By J. F. Kenny, H. E. Bevans, and A. M. Diaz

ABSTRACT

Strippabie reserves of Mulberry coal unde
mately 300 square miles in Miami, Linn, and Bo
Kansas. Although subject to State reclamatio
jected strip mining of this relatively thin c
hydrologic environment of the study area. Dr

rlie an area of approxi-
urbon Counties of eastern
n law, current and pro-
pal seam could alter the
*ained by the Marais des

Cygnes and Little Osage Rivers and their tributa
terized by Tow relief and moderately impermeabl
poorly sustained by ground-water discharge and
climatic extremes and usage of surface-water s
water supplies are generally unreliable in quan

ries, this area is charac-
e soils. Streamflows are

fluctuate widely due to
upplies. Because ground-
tity and quality, surface

water is used to meet most water requirements in the study area. Primary
uses of surface waters are for domestic supplies, maintenance of wildlife
and recreational areas, and cooling needs at the LaCygne Power Plant. The
prevailing chemical type of the natural streamflow is calcium bicarbonate,
with concentrations of dissolved solids generally Tess than 500 milligrams
per liter and pH near neutral. Additional strepamflow and water-quality
data are needed to evaluate pre-mining characteristics and any changes
in the hydrologic environment as strip mining proceeds within the study
area. A network of data-collection stations and a sampling scheme have
been established to acquire this additional information.

INTRODUCTION /

I
Purpose and Objectives

As the Nation turns to domestic energy sources to meet its needs,
coal is being mined at an accelerating pace. Coal-mining activities
- can present both immediate and long-term hydrologic consequences. In
" order to protect the hydrologic environment, State and tederal regula-
- tory agencies and coal-mining companies require information regarding
pre-mining hydrologic characteristics and the effects of coal mining on
these characteristics.

|

The U.S. Geological Survey 1is currently conducting a two-phase
investigation designed to provide hydrologic irnformation about the coal-
producing area in Miami, Linn, and Bourbon Counties of eastern Kansas
(fig. 1). This report presents information to satisfy the objectives
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of the first phase of the investigation. | These objectives are to:

(1) assemble and interpret existing hydrologic data;

(2) describe the physical and hydro]oﬁic environments based on
existing data; and

(3) determine additional data needed to evaluate the impacts of
coal mining on the hydrology of the study area.

Accomplishment of these objectives will provide background for the
second phase of this investigation, which i§ to collect the additional
hydrologic data needed to describe the presmining hydrologic environ-
ment and to determine the effects of coal| mining on the hydrologic
environment of the study area.

Strip-Mining Regulatjons

Since 1964, strip mining has been the only method used to recover
coal in Kansas (Brady and others, 1976). Abatément of the adverse effects
of strip mining is addressed by the Federal Surface Mining Control and
Reclamation Act of 1977 (PL 95-87), hereafter referred to as the Act.
The Act established a permitting process for all proposed mining activ-
ities, environmental protection performance gtandards for stripping and
reclamation procedures, and the Office of Sunface Mining Reclamation and
Enforcement (OSM) to administer these regulatory functions. It is the
responsibility of the O0ffice of Surface Mining to assist individual
States in enforcing State regulatory programs approved by the Secretary
of the Interior, and to implement Federal programs in those States which
do not have an approved State program. The State program for Kansas
was approved in January 1981. Enforcement is now the jurisdiction of
the Kansas Mined Land Conservation and Reclamation Board, headquartered
in Pittsburg, Kans.

The Act prohibits disturbance of fragile, historic, and natural-
hazard lands by surface mining. Among these lands are cemeteries, valu-
able wildlife habitats, archeological sites, Tistings on the State or
National Register of Historic Places, and areas subject to faulting or
frequent flooding.

surface-mining activities be planned and conducted to minimize dis-
turbances to the hydrologic environment in both the mine site and
adjacent areas. Changes in water quality and quantity, in the depth to
ground water, and in the location of surf?;e-water drainage channels

The most pervasive mandate of the A?{ is the requirement that

shall not adversely affect the post-mining 1and use. Specifications for
monitoring of the quality and quantity of surface and ground waters are
outlined in the Act. Detailed regulations may be found in chapter VII

of the Permanent Regulatory Program (Office of Surface Mining Reclamation
and Enforcement, 1979).



Mulberry Coal Reserves

The thickest and most extensive coal seam remaining in Kansas 1is
the Mulberry coal. A study by Brady and others (1976) indicated that
strippable reserves of 260 million short tons of Mulberry coal, rangin
from 1 to 4 ft in thickness, underlie an area of approximately 300 mi
in Miami, Linn, and Bourbon Counties, of eastern Kansas (fig.l). This
estimate is based on the extent of coal reserves that are at least 12 in.
thick and have a stripping ratio (thickness of overburden to coal) of
30:1. The great thickness of overburden, approaching 100 ft, that must
be removed to reach this relatively thin coal seam makes the stripping
ratio one of the highest in the Nation.

The Mulberry coal is a high-volatile bituminous coal. Heat value on
a dry, ash-free basis ranges from 13,750 to 15,120 Btu/lb. Moisture
content ranges from 3 to 10 percent, ash content from 19 to 30 percent,
and sulfur content from 4 to 6 percent. (See Brady and Dutcher, 1974.)
Although the Mulberry coal is relatively free of clay and shale, it com-
monly contains thin layers or small nodules of pyrite; calcite and sphal-
erite also have been observed. The Mulberry coal contains relatively
high concentrations of zinc, cadmium, and lead in comparison to crustal
averages of these elements (Wedge and others, 1976).

Approximately 11 million short tons of Mulberry coal have been mined
previously in Kansas. Currently (1982), Mulberry coal is being mined in
northeast Linn County to supply the LaCygne Power Plant. Approximately
600 acres of the 3,848-acre permit area will be disturbed annually to mine
a total of 30 million short tons of coal. The permit area for this mine is
located in the drainage basin of North Sugar Creek, a tributary to the
Marais des Cygnes River (fig. 1).

PHYSICAL ENVIRONMENT
Location and Extent

The study area is located in southeastern Miami, eastern Linn, and
northeastern Bourbon Counties of eastern Kansas (fig. 1). The boundaries
are determined to the north, west, and south by the extent of strippable
reserves of Mulberry coal, as defined in the preceding section; the eastern
boundary is the Kansas-Missouri State line.

Physiography
Topography

The study area is located within the physiographic unit known as the
Osage Cuesta Plains (Frye and Schoewe, 1953, p. 248). The land surface
slopes to the south and east and is composed of broad, level floodplains
and gently rolling to hilly uplands. Local relief ranges from 100 to 300
ft. The regional topography is characterized by northeast-trending 1ime-
stone escarpments formed by differential erosion of outcropping rocks of
Pennsylvanian age.



U.S. Geological Survey 7.5-minute topographic maps, prepared at a
scale of 1:24,000 from aerial photographs, delineate topographic contours
at 10-foot intervals, surface drainage patterns, and cultural features.
The names and locations of topographic maps available for the study area
are shown in figure 2, along with the dates of publication, or most
recent photo revision. These maps may be purchased at the Kansas Geolog-
ical Survey publication sales office, 1930 Avenue A - Campus West, Univer-
sity of Kansas, Lawrence, Kans., 66045; or from the Western Branch Distrib-
ution, U.S. Geological Survey, Box 25286, Federal Center, Denver, Colo.
80225.

Soils

Four major soil associations, shown in figure 3, are represented
in the study area. These are the Verdigris-Osage-Lanton, the Woodson-
Summit, the Catoosa-Clareson-Summit, and the Dennis-Parsons soil asso-
ciations (Penner, 1981; Bell and Fortner, 1981). Upland soils, developed
from underlying bedrock, cover approximately 87 percent of the area.
About 1.5 percent of the area, consisting of terraces adjacent to stream
valleys, is covered by soils derived from weathered and eroded bedrock
outcrops. Bottom-Tand soils, formed from alluvium deposited adjacent to
stream channels, cover the remaining 11.5 percent of the area (Kansas
Water Resources Board, 1958).

|

About 30 different soil types, as identified by the U.S. Depart-
ment of Agriculture, Soil Conservation Service, are found within the
study area. These soil types are primarily silt and clay loams having
moderate to very low permeabilities. The shrink-swell potential, or
potential for volume changes with a loss or gain in moisture, ranges
from moderate to very high. Infiltration rates of the soils in the
study area are variable. Runoff from precipitation is inversely related
to the infiltration rate of the soil. Soils consisting of sands and
gravelly sands have high infiltration rates, or low runoff potentials.
Soils that are moderately deep or deep, and are of moderately fine to
moderately coarse texture, have moderate infiltration rates. Soils
with fine textures or impeding layers have low infiltration rates.
Soils consisting of clays with high shrink-swell potential, soils having
a claypan near the surface, and shallow soils covering nearly impervious
material have the lowest infiltration rates.
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