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FOREWORD 

The Illinois State Geological Survey and the Illinois State Water Sur- 
vey have long collected and interpreted information on coal and water re- 
sources of Illinois. Many publications concerning these resources have pro- 
vided authoritative data for a wide range of government agencies, industries, 
and private citizens. 

In mid-1973, aware of the need for basic information about coal and 
water resources for use in siting coal conversion plants, the two Surveys em- 
barked on a joint project to  fill that need. In this publication all available in- 
formation has been updated and put into a form convenient for assessing re- 
sources at sites that could be selected for coal conversion plants. 

We believe that the data base on which this study was founded per- 
mits a comprehensive interpretation of coal and water resources in Illinois. 
Results indicate that Illinois has large resources of both coal and water. In 
addition, many other conditions relevant to  the siting of coal conversion 
plants are so favorable that Illinois could provide excellent sites for a num- 
ber of such plants. 

William C. Ackermann, Chief 
Illinois State Water Survey 

Jack A. Simon, Chief 
Illinois State Geological Survey 



PAGE 

Abstract . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Introduction 

. . . . . . . . . . . . . . . . . . .  Purpose and scope 

. . . . . . . . . . . . . . . . . . .  . Conversionof coal 

. . . . . . . . . . . . . . . . . . .  . Part 1 Coal resources 
. . . . . . . . . . . . . . . . .  Introduction 

. . . . . . . . . . . . . .  Previous investigations 
. . . . . . . . . . . . .  Definitions and methods 

. . . . . . . . . . .  Classification of reserves 
. . . . . . . . . . . . .  Acknowledgments 

. . . . . . . . . . . . . .  Estimated coal reserves 
. . . . . . . . . . . . .  Geology of the coal seams 
. . . . . . . . . . . . .  Regional relations 
. . . . . . . . . . . . .  Quality of the coals 

. . . . . . . . . . . . .  Herrin (No 6 )  Coal Member 
. . . . . . . . . . . .  Thickness of the coal 

. . . . . . . . . . . . .  Depth of the coal 
. . . . .  Geology of Herrin Coal relative to mining 

. . . . . . .  . Harrisburg-Springfield (No 5)  CoalMember 
. . . . . . . . . . . .  Thickness of the coal 

. . . . . . . . . . . . .  Depth of the coal 
Geology of Harrisburg-Springfield Coal relative to mining 

. . . .  Geological factors affecting minability of the coals 
. . . . . . . . .  Areas depleted by past mining 

. . . . . . . .  Areas closely drilled for oil or gas 
Areas affected by sandstone channels and split coal . . 

. . . . . . . . . . .  Roof and floor conditions 
Interval between Herrin and Harrisburg-Springfield Coals 

. . . . . . . . . .  Clastic dikes and white-top 
. . . . . . . . . . . . . . . . .  Conclusions 

Bibliography to  part 1 . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  . Part 2 Water resources 

. . . . . . . . . . . . . . . . . . . . . . .  Introduction 
. . . . . . . . . . . . . . . . . . .  Acknowledgments 

. . . . . . . . . . . . . . .  Occurrence of ground water in Illinois 
. . . . . . . . . . .  Ground water from sand and gravel aquifers 

. . . . . . . . . . . . .  Ground water from bedrock aquifers 
. . . . . . . . . . .  Availability of ground water for coal conversion 

. . . . . . . . . .  Selected areas for ground-water development 
. . . . . . . . . . . . . . . . . . .  Hydrogeologic data 

. . . . . . . . . . . . . . . . .  Digital computer models 
. . . . . . . . . . . . . . . . . .  Mathematical models 

. . . . . . . . . . . . . .  Cost of ground-water development 
. . . . . . . . . . . . . . . . . .  Ground-water quality 

. . . . . . . . . . .  Legal aspects of ground-water development 

. . . . . . . . . . .  Availability of surface water for coal conversion 
Legal aspects of surface water and Lake Michigan . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Treated wastewater 
. . . . . . . . . . . . . . . . . . . .  Water from rivers 

. . . . . . . . . . . . . . . . . . .  Existing reservoirs 
Potential reservoirs . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Cost of potential reservoirs 
Quality of surface water . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  Conclusions 
References to part 2 . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  . Appendix 1 Tables 
. . . . . .  Appendix 2 . Methods used to  compile estimates of coal reserves 



William H. Smith and John B. Stall 

A B S T R A C T  

Illinois has enormous reserves of coal and water. Nearly 100 billion tons of coal have been mapped 
in the two thickest and most extensive seams in the state, and numerous potential areas having suf- 
ficient water to supply one or more coal conversion plants have been evaluated and mapped. These 
resources of coal and water are sufficient to supply raw materials for many coal conversion plants that 
could provide synthetic fuels t o  help meet the rapidly expanding need for new energy sources in the 
Midwest and the eastern United States. 

The report provides an up-to-date assessment of the state's most promising resources of coal and 
water. Three large maps included in the report show the geographic distribution of the coal and water. 
Supplementary maps and tables provide the fundamental information on coal and water resources that 
will be needed by the government agencies and private industries ultimately responsible for decisions 
regarding the siting of coal conversion facilities. 

Remaining in-place reserves 42 or more inches thick total 59 billion tons for the Herrin (No. 6) 
Coal and 38 billion tons for the Harrisburg-Springfield (No. 5 )  Coal. In addition, reserves of the Har- 
risburg-Springfield and Herrin Coals that are less than 42 inches thick plus reserves in other Illinois 
coal seams total about 64 billion tons. The total reserves, therefore, constitute the largest reserves of 
bituminous coal in any state in the nation. The importance of these reserves is increased by the fact 
that 56 percent of the Herrin mapped for this report is 6 feet or more thick and 47 percent of the 
mapped Harrisburg-Springfield is 5 feet or more thick. 

The report also locates sources of water capable of producing the 6 to 72 million gallons per day 
estimated to  be required by coal conversion plants. The abundant reserves of coal and water docu- 
mented in the report can support a synthetic fuels industry in Illinois large enough to  contribute sig- 
nificantly to the energy needs not only of Illinois but of the surrounding regions. 

I N T R O D U C T I O N  

The state of Illinois, whose agricultural and mineral 
wealth and strategic location have made it a center of com- 
merce and industry, contains enormous mapped resources 
of bituminous coal, only 5.2 percent of which has been 
depleted. The coal occurs in beds, or layers, varying from 
less than a foot t o  as much as 10 feet thick. A number of 
the beds are of minable thickness over many thousands of 
square miles. The two thickest and most widespread of 
these, the Herrin (No. 6 )  Coal and the Harrisburg-Spring- 
field (No. 5 )  Coal, have supplied most of the coal needs of 
the state for the past 100 years, during which time 4.5 bil- 
lion tons has been produced. In 1918, the year of highest 
coal production in Illinois history, 966 coal mines in Illinois 
produced a total of 88 million tons of coal. Illinois now 
ranks fourth among coal-producing states; in 1974 it had 55 
mines that produced 58 million tons of coal, most of which 
was used for electric power generation. Because oil and gas 
are cleaner and more convenient t o  use and because of their 
low price after World War 11, a large and efficient network 

are declining and in the future cannot be relied upon to 
meet the ever-increasing energy demands. The undesirabil- 
ity of depending on foreign sources for much of our oil has 
aroused great interest in other domestic fuels. One alterna- 
tive source of energy is the conversion of coal to gas or 
liquid fuels that are environmentally more acceptable than 
coal itself. Synthetic fuels from coal will be needed in in- 
creasingly large quantities to meet future energy needs. 

Illinois offers outstanding advantages for the develop- 
ment of facilities for coal conversion by both liquefaction 
and gasification. Some of these have been presented in a 
recent report by Hogland and Asbury (l974), * prepared 
for the Illinois Institute for Environmental Quality. Among 
the factors favorable for locating coal conversion plants in 
Illinois are the huge reserves of relatively thick bituminous 
coal, mining conditions that are generally favorable for 
large-scale mining and high productivity, abundant and di- 
verse sources of water, the location of the state in a large 
industrial and consuming area that has a well developed 

of oil and gas pipelines and storage facilities was established. 
Consequently, coal lost many of its markets. * Reference cited in Bibliography at the end of Part 1, under the 

Today, as the nation is well aware, reserves of oil and gas heading "Coal Conversion." 



road and railroad network, easy access to many interstate Conversion of Coal 
oil and gas pipelines, and the availability of many existing Gas has been commercially manufactured from coal since 
and potential sites for underground storage of gas. the early 19th century. Nearly every major city in the 

Pur~ose and Scor~e 

The distribution, thickness, and quality of coal in Illinois 
has been studied for many decades by the Illinois State 
Geological Survey, and the Illinois State Water Survey for a 
corresponding period has investigated the availability and 
quality of water resources in the state. This report re-eval- 
uates and summarizes the information available on the ma- 
jor coal resources (Part 1 )  and water resources (Part 2) in 
light of their availability for prospective coal conversion 
facilities in Illinois. Inasmuch as the Herrin (No. 6)  and the 
Harrisburg-Springfield (No. 5)  Coal Members constitute 
approximately 85 percent of the previously mapped coal 
reserves 42 or more inches thick, they alone were eval- 
uated in this study. 

The potential sources of water in the large quantities that 
will be needed by a single coal conversion plant were locat- 
ed by the Water Survey. They include (1) ground water 
from shallow and deep aquifers, (2) surface water from 
rivers, (3) existing and potential man-made reservoirs, and 
(4) treated wastewaters. 

Water needs for coal conversion plants, based on esti- 
mates reported in the literature, range from a very low 6 
million gallons per day (mgd) under extreme conservation 
measures, through a more normal low requirement of 14  
mgd, t o  a high of 72 mgd. This range has been used as a 
basis for determining the availability of the water resources 
of the state for coal conversion. 

No attempt is made in this study to  evaluate various con- 
version processes or t o  assess many other factors that must 
be considered in locating coal conversion plants, many of 
which may be important determinants in site selection. 
Because availability of sufficient coal and water is so vital, 
however, we have attempted to  assemble all data for the 
principal coal deposits and potential water sources and to 
present these data in the form most useful for site evalua- 
tion. The basic information on coal and water in the files 
of the Geological Survey and the Water Survey are accessi- 
ble for further studies. Systems analysis can be used t o  in- 
terrelate these data with other types of information that 
can be used to determine the best sites for coal conversion 
facilities. 

This report is the fourth in a series of cooperative reports 
by the two Surveys. The three previous reports concerned 
ground-water resources of the Chicago Region (Suter et al., 
1959), Du Page County (Zeizel et al., 1962), and the Hava- 
na Region (Walker, Bergstrom, and Walton, 1965). * 

eastern United States once had its own gas plant where gas 
was manufactured from coal for domestic uses. After World 
War 11, when natural gas pipelines were extended to  most 
communities, the gas from coal plants was no longer needed. 
Liquid fuels also have been extracted from coal for many 
years, and gasoline made from coal was widely used in 
Germany in the later years of World War 11. In South 
Africa gasoline has been produced from coal for several 
years. 

Much research is being devoted t o  development of large- 
scale coal gasification and coal liquefaction processes. Older 
technologies are being modified for greater production, 
while numerous entirely new concepts of coal conversion 
are being developed, none of them yet operative on a com- 
mercial scale. Different processes for gasification of coal 
produce different types of gas: (1) gas with a low heating 
value (100 t o  200 British thermal units per standard cubic 
foot [Btulscf] ); (2) gas with intermediate values of 300 to  
500 Btulscf; and (3) gas of pipeline quality, similar in heat- 
ing value t o  natural gas (950 to  1,000 Btulscf). The vari- 
ous gasification processes now under development have 
been described by Mudge et al. (1974), Hogland and As- 
bury (1 9 74), National Academy of Engineering (1 972, 
1973), and Seay et al. (1972).* 

The amount of coal needed for coal conversion at  any 
one plant site will vary, of course, with the plant's capacity, 
the nature of the coal, and the efficiency of the process. 
Most discussions in the literature relating to  high-Btu gasifi- 
cation consider as a standard a plant with a capability of 
producing 250 million standard cubic feet per day (scfd). 
To produce gas of 950 Btulscf from Illinois coal contain- 
ing 11,260 Btullb (as-received basis) in a plant with 70 per- 
cent thermal efficiency, 15,066 tons of coal per day would 
be required t o  generate the 250 million scf. On that basis, 
operation of a conversion plant for 3 35 days per year would 
require 5,047,101 tons of coal. If the mines supplying the 
coal were t o  operate 250 days per year, a mine production 
of 20,188 tons would be required daily. For a plant life of 
30 years, 151.4 million tons of coal would be needed, a 
requirement that would necessitate a coal reserve of about 
300 million tons in the ground if the recovery rate were 50 
percent. 

It is likely that such a large amount of coal would require 
the output of two, or probably three, mines. It would be 
convenient t o  have these mines near the plant site, but even 
then some transportation of the coal would be necessary. 

To increase the heating value of the coal, coal prepara- 
tion may be desirable to remove as much as practical of the 

* See references at end of Part 2. 
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* These references are given in the Bibliography of Part 1, under 
the heading "Coal Conversion." 



mineral matter, including sulfur, in the coal. Most of the 
coal now used in Illinois has had some preparation. The 
disposal of wastes resulting from coal preparation and of the 
ash and other wastes remaining after coal conversion must 
be considered in planning a coal conversion plant, and the 
method of disposal must be environmentally acceptable. 

Although no data based on  practical experience are avail- 
able regarding water requirements for commercial coal con- 
version operations, estimates of the requirements for the 
various processes indicate that conversion industries will be 
major users of water. Large quantities of water will be used 
for cooling and processing, and the water discharged will be 
altered in physical state, mineral quality, and temperature. 
Up to  about 10  percent of the water will actually be con- 
sumed and must be replaced by make-up water. Most of 
the consumed water is returned to  the atmosphere by evap- 
oration from cooling towers and surfaces such as ponds. A 
significant portion is consumed t o  supply hydrogen for the 
production of hydrocarbons. The total water demands and 
the make-up water requirements are comparable t o  the 
water supplies required by large cities. The total water re- 
quirements of a coal conversion plant will depend largely 
upon the measures taken to  conserve or recycle the water. 
The maximum amount of water would be required by a 
plant that used once-through circulation of water for 
cooling. 

At the proposed WESCO plant of the Western Gasifica- 
tion Company (1973)* in New Mexico, where water re- 
sources are limited, stringent efforts will be made t o  reduce 
use and t o  maximize reuse of water. The plans for this 
plant probably involve a minimum of water consumption. 
Estimated disposition of the water is given in table 1 .  

In our report, the availability of water resources for coal 
conversion is evaluated on the basis of requirements for wa- 
ter consumption or make-up water instead of on  the total 
water need. It is assumed that coal conversion plants with 
a capacity of 250 million scfd of high-Btu synthetic natural 
gas (SNG) will consume from 1 4  to  72 mgd of water, 
but that, with extreme conservation measures, water con- 
sumption may be reduced to  as low as 6 mgd. The levels of 
water consumption considered in this report are given in 
table 2. Much the same amounts of water will be required 
for liquefaction of coal. 

The quality of water required for coal conversion pro- 
cesses has not yet been determined. Water treatment is now 
so highly developed that raw water of almost any quality 
can, by a combination of processes, be changed to  a fin- 
ished water that will meet almost any specifications. Nat- 
urally, if the water is highly mineralized or  highly polluted, 
the treatment costs will be much higher than they would be 
if the water is relatively clean. 

* Reference appears in Reference list at end of Part 2. 

TABLE 1-WATER BUDGET FOR 
A LURGl COAL GASIFICATION PLANT 

(Production 250 million standard cubic feet per day 
synthetic natural gas; after WESCO, 1973) 

Percentage 
of water 

Disposition of water gpm used 

PROCESS CONSUMPTION 

To supply hydrogen 
Produced as methanation by-product 

Net consumption 

RETURN TO ATMOSPHERE 

Evaporation: 
From raw water ponds 
From cooling tower 
From quenching hot ash 
From pelletizing sulfur 
From wetting of mine roads 

Stack gases: * 
From steam blowing of boiler tubes 
From stack gas SO2 scrubbers 

Total return t o  atmosphere 

DISPOSAL IN MINE 

In water treating sludges 
In wetted boiler ash 
In wetted gasifier ash 

Total disposal in mine 

OTHER MEANS 

Retained in slurry pond 
Miscellaneous mine uses 

Total others 

TOTAL 
- -  

* Does not include water derived from burning of boiler fuel. 

TABLE 2-RANGE IN WATER CONSUMED 
BY ONE COAL CONVERSION PLANT 

(Production 250 million standard cubic feet 
per day of synthetic natural gas) 

Level of use gpm cfs mgd 

Very low 4,000 9 6 
(extreme conservation measures) 

Low 10,000 22 14  
Medium 20,000 45 29 
High 50,000 111 72 

(would use if readily available) 



William H. Smith 

The coal-bearing sequence of rocks in Illinois, formally 
termed the Pennsylvanian System, underlies about 65 per- 
cent of the state-36,806 out of a total of 56,400 square 
miles. The Herrin (No. 6) Coal Member, the thickest and 
most widespread coal in Illinois, as mapped in this study is 
42 or more inches thick throughout an area of 9,269 square 
miles and has been mined out in an additional area of about 
927 square miles. The Harrisburg-Springfield (No. 5) Coal 
Member, which is second in abundance, is 42 or more inches 
thick throughout 7,299 square miles and has been mined 
out in about 3 3 1 square miles. 

The distribution, by thickness and tonnage, .of an esti- 
mated total of approximately 97 billion tons of coal 42 or 
more inches thick in the Herrin and Harrisburg-Springfield 
seams is shown in the maps and tables of this report. Of 
this total, an estimated 59 billion tons are Herrin Coal and 
38 billion tons are Harrisburg-Springfield Coal. The distri- 
bution of these reserves is shown on plates 1 and 2, in which 
the color used for each township symbolizes the estimated 
average tons of coal in place per square mile. Other maps 
and tables in the report and tables in Appendix 1 provide 
additional basic information on coal resources and geolog- 
ical factors relating to  their minability and use, all of which 
should prove helpful in the siting of coal conversion 
facilities. 

The inventory of Illinois coal reserves made in 1952 by 
the IIlinois Geological Survey included coal in seams more 
than 28 inches thick and revealed an estimated 137 billion 
tons of coal in some 20 different seams. Subsequent studies 
by the Geological Survey, including a series of seven reports 
on strippable coal reserves in seams 18  or more inches thick 
and no more than 150 feet deep, increased the estimate of 
remaining reserves of coal to  147 billion tons, 71 percent of 
which was Herrin and Harrisburg-Springfield Coals. In this 
report additional reserves of approximately 14.7 billion tons 
have been mapped that were not included in previous 
studies. Estimated total coal reserves for Illinois mapped by 
the Geological Survey, therefore, have increased from 147 
billion to 161.6 billion tons (fig. 1). 

The data on reserves compiled in this report do not rep- 
resent a complete re-evaluation of total coal resources in 
Illinois. Several areas in the state have other coal seams 42 
or more inches thick, some of which may have large enough 
reserves to support several mines. Seams less than 42 inches 
have been strip mined in some places, particularly the Col- 

chester (No. 2) Coal Member, which averages about 30 
inches thick in several areas. Other seams containing coal 
42 or more inches thick may be locally significant. It is pos- 
sible that some Illinois coals thinner than 42 inches can 
be used to supply part of the coal needed for conversion 
plants but it is unlikely that sites primarily dependent on 
coals thinner than 42 inches will be selected. 

The computer techniques developed for this study will 
facilitate any future re-evaluation of Illinois coal resources. 
Details of methods used in assembling and plotting data and 
in calculating reserves are given in Appendix 2. 

This study has been the first t o  produce statewide maps 
from the ILLIMAP program developed in 1970 by D. H. 
Swann and others at the Illinois Geological Survey for com- 
puter mapping of geological information. The computer- 
graphics techniques used to  calculate the coal resources in- 
ventory and to compute and plot the information displayed 
on the maps employ some new methods that are briefly 
described in Appendix 2. 

The bibliography immediately following Part 1 is divided 
into six subject categories. Within each category the refer- 
ences appear in alphabetical order, but throughout the 

REMAINING RESERVES 

Coal  Members  ( i n  mi l l ions of tons) 

19.9 (100% strippable) 

70.4 (100%)  

Spr ing f ie ld  (No. 50,446.6 

~ r o d u c t i o n /  L e n d e r e t i  unrninable 
Uncorreloted cools 
below Herrin (No.6) 4.5 x lo9 ( 2 . 6  %) 4 . 5  X 10' (2.6%) 

I I 

Underground Str ippable 

Figure 1. Remaining reserves of coal in place in Illinois, 
January 1,1975. 



TABLE 3-SUMMARY OF CLASSIFICATIONS 
FOR COAL RESERVES INVENTORY (Cady and others, 1 9 5 2 ~ ~  ) 

Maximum 
distance from 

Class datum points* Accepted datum points Remarks 

I-A 
Proved 

I-B 
Probable 

1/2 mile Mined-out areas 
Diamond drill holes 
Outcrops 

Approximately equivalent to 
"measured" category of the 
U. S. Geological Survey 

2 miles All points of Class I-A plus Approximately equivalent to 
coal test churn drill holes "indicated" category of the 

U. S. Geological Survey 

11-A 4 miles All points of Classes I-A and 
Strongly indicated I-B plus churn drill holes 

drilled for oil or water with 
unusually good records and 
control rotary drill holes 

11-B Indefinite All points used in higher cate- 
Weakly indicated gories plus knowledge of geo- 

logic probability based on all 
available information 

Approximately equivalent to  
"inferred" category of the 
U. S. Geological Survey 

* Distances modified in practice by geological considerations. 

bibliography as a whole they are numbered consecutively, 
regardless of category. The text citations, therefore, con- 
sist of the author's name, the date of publication, and a 
superscript referring to  the reference number in the bibliog- 
raphy-for example (Damberger, 1971 ). 

PREVIOUS INVESTlGATIONS 

The comprehensive report on the minable coal reserves 
of Illinois published by the Geological Survey (Cady and 
others, 1952 '~  ) reviewed the estimates of coal reserves that 
had previously been made and established definitions and 
premises for the classification of coal reserves on the basis 
of the distribution and reliability of data. The definitions 
(table 3 )  have been followed, with some modifications, in 
subsequent reports of the Survey. When the present report 
was compiled, the work maps for the 1952 study provided 
the principal source of data for the two coal seams studied, 
and the classification of the reserves followed the basic 
premises and parameters that Cady had used, although in- 
formation from more recent reports was incorporated. In 
addition, we used conventional electric logs of oil and gas 
wells to estimate coal thickness in certain areas where the 
data from coal test holes are scarce. 

Strippable coal reserves were included in the 1952 re- 
port but were not differentiated from other coal reserves. 
In a series of reports published by the Geological Survey, 
beginning in 1957, strippable coal reserves were mapped at 
the scale of half an inch to the mile for most of the coal 
seams in Illinois that are strippable (fig. 2). In those reports, 

strippable coal, divided on the basis of quality of data into 
two categories of reliability of mapped reserves, was mapped 
by township and by 1-foot increments of coal thickness, 
beginning at 18 inches. Within each of these categories 

ovoilable separately 

MC HENRY LAKE 

OEUALB KANE COOK 

DU WGE 

I 

Figure 2. Index to reports on strippable coal reserves of Illinois. 



the coal was divided into three classes on the basis of depth 
of overburden-0 to 50 feet, 50 to  100 feet, and 100 to 150 
feet (Reinertsen, 1 9 6 4 ~ ~ ;  Searight and Smith, 1 9 6 9 ~ ~ ;  
Smith, 1 9 5 7 ~ ~ ~  1 9 5 8 ~ ~ ,  1 9 6 1 ~ ~ ~  1 9 6 8 ~ ~ ;  Smith and Berg- 
gren, 1963~'). 

In a series of Geological Survey reports dealing with sub- 
surface geology and coal resources of the Pennsylvanian 
System in certain Illinois counties, the reserves mapped in 
the 1952 study were modified to include additional infor- 
mation and more detailed maps of the geology and struc- 
ture of the coal seams. These reports are listed under "Coal 
Resources" in the bibliography to Part 1. 

Coal reserves in several counties in southeastern Illinois 
(fig. 3) have been mapped in recent years. Hopkins 
( 1 9 6 8 ~ ~ )  investigated the reserves of the Harrisburg Coal in 
southeastern Illinois, and his study was the first report pub- 
lished by the Survey to use data from electric logs of oil and 
gas test holes for mapping coal reserves. Since publication 
of that report, much of the area for which reserves were 
mapped has been leased and extensively drilled for coal. 
Results generally have confirmed the coal thickness inter- 
preted from the electric logs. In a similar report, Allgaier 
and Hopkins ( 1 9 7 5 ~ ~  ) mapped reserves for the Herrin Coal 
in several southeastern Illinois counties (fig. 3) .  

DEFlNlTlONS AND METHODS 

The quantities of coal estimated in this study are referred 
to  collectively as reserves and have not been further sub- 
divided, as they were in most previous studies. The term 
"reserves" as used here refers broadly to  coal deposits that, 
based on interpretation of geologic information, are pre- 
sumed with a reasonable degree of certainty to exist within 
a coal seam. We have mapped and calculated only coal that 
is 42 or more inches thick and could best meet the antici- 
pated demands for large quantities of coal by coal conver- 
sion plants. All new information relating to coal thickness 
and distribution that has been acquired since the inventory 
conducted by Cady and others ( 1 9 5 ~ ' ~ )  was added to the 
data base used in the earlier study. Certain areas of coal, 
described later, have been excluded in making these 
estimates. 

In this report the estimates of coal reserves include coal 
lying within a maximum distance of 4 miles from the near- 
est datum point (table 4). This definition encompasses all 
coal in the categories designated in the 1952 study as Class 
I-A (proved), Class I-B (probable), and Class II-A (strongly 
indicated) (table 3). 

Classification of Reserves 

The classification of reserves set up in the 1952 study 

MCHENRY L A K E  

W z 

I 
DE K A L B  KANE COOK 

WV 
Figure 3. index to area reports on coal reserves. 

was modified for this report (table 4) to  place all coal re- 
serves 42 or more inches thick in a single class. The single 
classification enabled us to handle the data more quickly 
and easily by the computer methods employed. 

Figures 4 and 5 show areas with Class I reserves and 
Class I1 reserves. However, on plates 1 and 2 and in the re- 
serves tabulation, only one class, combining Classes I and 11, 
was used. For the Herrin Coal, approximately 73 percent 
of the areal extent of the estimated reserves is in Class I 
(Classes I-A and I-B of the 1952 study) and approximately 
27 percent is in Class I1 (Class II-A of the 1952 study) 
(table 3). For the Harrisburg-Springfield Coal, approxi- 
mately 49 percent of the area is in Class I, and about 51 
percent is in Class 11. 



TABLE 4-CLASSIFICATION OF RESERVES MAPPED IN THIS REPORT 

Maximum 
distance from 

Class datum points Accepted datum points Remarkst 

All coals included in a single All classes of data used in 19 52 
class that incorporates classes report plus interpretations of Only coal 42 or 
I-A, I-B, and 11-A of Cady and 4 miles conventional electric logs of more inches thick 
others ( 1 9 5 2 ~ ~ )  and subse- oil and gas drill holes in some included 
quent studies* areas 

* Includes strippable coal 42  or more inches thick (total coal in ground with less than 150 feet 
of overburden). 

f All volume calculations were based on coal having a specific gravity of 1.32, which is equivalent to 
82.64 lb/cu ft. This is equivalent to 1,800 tons/acre-ft, or 1.152 million tons& mi-ft, 

Areas Excluded from Estimates of Reserves 

Areas where the coal has been mined out or is missing 
because geologic features such as sandstone-filled channels 
are known to have disrupted its lateral extent have been ex- 
cluded from the estimates of reserves. Plates 1 and 2 show 
mined-out areas for the Herrin and Harrisburg-Springfield 
Coals as they were on July 1,  1973. Areas overlying oil 
pools (closely drilled areas), shown on plates 1 and 2, also 
have been excluded. Not excluded, however, are areas of 
coal that may be unminable by virtue of their location under 
municipalities, highways, water impoundments, and other 
cultural features. 

Areas of coal that overlie oil and gas pools and are closely 
drilled have been excluded from the estimates because cur- 
rent mining practices make it impractical t o  mine coal with- 
in such areas. The current Federal mining law prohibits the 
mining of coal within a radius of 150 feet around oil wells 
unless adequate well plugging ensures safe conditions with 
smaller coal pillars. Well spacing within the excluded areas 
shown on plates 1 and 2 generally is 660 feet (one well per 
10 acres), but mining under such conditions is generally un- 
economic. 

Only the oil and gas wells within pool areas, shown in 
gray on plates 1 and 2, have been excluded. In the many 
single wells scattered throughout the coal fields, a pillar of 
coal 300 feet in diameter (in some cases smaller pillars) must 
be left around the well, but the unrecoverable coal around 
these wells could not accurately be deleted from our cal- 
culation of reserves. 

Areas in which coal is thin and areas for which insuf- 
ficient information is available for mapping classified re- 
serves also were excluded from the reserves (pls. 1 and 2), 
as were the areas adjacent to some of the sandstone chan- 
nels where the coal is known to  be split by partings of shale 
or sandstone that generally make the coal unminable by 
underground mining methods. All of the sandstone-chan- 
nel and split-coal areas that are known within the two coal 
seams are indicated on plates 1 and 2 and are described 
later in more detail. 
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ESTIMATED COAL RESERVES 

Estimated coal reserves 42 or more inches thick totaling 
97 billion tons have been mapped for the Herrin (No. 6) 
Coal and the Harrisburg-Springfield (No. 5) Coal. Their 
thickness ranges from the 42-inch minimum established for 
this study to  more than 10 feet. The total coal in the 
ground in that thickness range is shown in table 5. Average 
thickness of the Herrin Coal is 5.52 feet, and 56 percent of 
the mapped reserves of this coal is 6 feet or more thick. The 
Harrisburg-Springfield Coal averages 4.55 feet thick, and 
47 percent of its mapped reserves is 5 feet or more thick 
(table 5). 

The distribution of these reserves for each county is 
given in table A (Appendix 1)  by 1-foot increments of thick- 
ness, beginning at 4 feet. Table A also shows for each of 
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Figure 4. Classification of Herrin Coal reserves. Classes are defined in tables 3 and 4. 
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TABLE 5-SUMMARY OF COAL RESERVES 

By thickness of seams 
- - 

Total remaining 
Harrisburg- reserves 

Average * 
thickness Henin (No. 6 )  Springfield (No. 5) Sub-total 

of seam Thousands % of Thousands % of (thousands % of 
( ft ) of tons sub-total of tons sub-total of tons) grand total 

4 
5 
6 
7 
8 
9 

10 

Totals 
Grand total: 
97,185,777 

. - 

By area f 
Harrisburg- Total remaining 

Herrin (No. 6) Springfield (No. 5) reserves 

% of % of % of 
original original Sub-total original 

Category Sq mi reserves Sq mi reserves (sq mi) reserves 

Original reserves 10,196 100 7,630 100 17,826 100 
Mined out 927 9.1 331 4.3 1,258 7.1 
Remaining reserves 9,269 90.9 7,299 95.7 16,567 92.9 

* The average thickness o f  all remaining reserves in the Herrin seam is 5.52 feet and in the Harrisburg-Springfield seam 4.55 feet. 
t Because the areas underlain by the No. 5 and No.  6 seams overlap in part, thzs represents areas of unmined coal and should not be 

confused with surface area. 

rhe two coal seams the total area of each county that is 
underlain by reserves. Also listed in the table are the area 
of coal mined out from each of the seams, by county, the 
weighted average thickness of all of the remaining coal in 
each seam, and the weighted average tons of remaining coal 
per square mile. 

Plates 1 and 2 show the average tons of coal 42 or more 
inches thick remaining in place per square mile in each town- 
ship. The maps enable comparison of the amount of coal 
reserves in one area with reserves in other areas. The re- 
serves can also be related to a variety of geologic features 
that influence the thickness and distribution of the coal. 

Regional Relations 

Illinois has greater reserves of bitumillous coal than any 
other state. Figure 6 shows the distribution of coal fields in 
the United States, and Appendix table B and figure 7 com- 
pare the demonstrated coal reserves of Illinois with those of 
other coalproducing states. The data in table B and figure 
7 are from a recent tabulation by the U.S. Bureau of Mines. 
Because of differences in criteria used in classification, the 
Bureau of Mines figures for Illinois are substantially lower 

than those shown in the other maps and tables of this 
report. 

The coal fields of Illinois lie within the Eastern Region 
of the Interior Coal Province, which is commonly called 
the Eastern Interior Coal Field (fig. 8). The coals lie with- 
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a Subbltum8nous and l lgn l le  (und t f f . )  

Subbituminous 
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K lsoloted occurrence of cool of unknown extenl 

A -  A n t h r a c ~ f e  0 -  01tumlnous 

5- Subbttumlnous L -  Ltgnlte 

Figure 6. Coal fields of the contiguous United States. 
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Figure 7.  Demonstrated coal reserves base of the United States and estimated energy potentials by state. 
(Data from U S .  Bureau of Mines, 1 9 7 4 ~ ~ ;  Library of Congress Congressional Research Service, 1973'~. 

Prepared by Ramesh Malhotra, Mineral Economics Group, Illinois Geological Survey .) 

Figure 8. Eastern l nterior Coal Field. 
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in a structural depression called the Illinois Basin (fig. 9), 
the position of which approximately coincides with that of 
the Eastern Interior Coal Field. 

Within the Illinois Basin are numerous structural fea- 
tures, such as anticlines, synclines, and faults, that locally 
influence the dip, thickness, and continuity of the coal 
seams. The major geologic structures are shown in figure 9. 
The structure of the Herrin Coal and of some areas of the 
Harrisburg-Springfield Coal has been mapped on scales of 
1 inch to  the mile and half an inch to the mile for a sub- 
stantial part of the Illinois coal fields. 

The Herrin and Harrisburg-Springfield Coals occur near 
the middle of the stratigraphic sequence of Pennsylvanian 
rocks (fig. 10). They are separated by an interval ranging 
from 10 feet or less at some places in western and central 
Illinois to more than 120 feet in southeastern Illinois (fig. 
20). The coals crop out toward the margins of the Illinois 
Basin, and in the deepest part of the basin they attain a 
maximum depth of more than 1,200 feet (figs. 15 and 17). 

The regional thickness of the coals is indicated by colors 
on plates 1 and 2. Two major geological influences affected 
their regional thickness. First, on some prominent struc- 
tures (fig. 9 )  very little coal was deposited because of their 
topographic influence on the depositional surface. Second, 
major drainage systems in the swamps promoted a more 
abundant accumulation of coal-forming vegetation in the 
vicinity of the principal channels. However, no plant mate- 
rial accumulated in the drainageways, and they were sub- 
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Figure 10. The stratigraphic section shows the position of 
the Herrin and HarrisburgSpringfield Coals within 

the Pennsylvanian System in Illinois. 

sequently filled with sand or mud and became the sand- 
stone or shale channels of the present coal seams. 

The long, sinuous features shown in yellow on plates 1 
and 2 mark the location of the former stream channels. In- 
terlamination of coal with stream-laid silt and clay at the 
margins of some of the ancient streams makes it evident 
that these channels were contemporaneous with the coal 
swamp. Along the main axes of these channels, thick depos- 
its of sandstone commonly occur and the coal is absent. 
Later, after the coal had formed and been buried by various 
layers of sediments, a new system of channels cut through 
the normal sequence of overlying strata, and in some places 
also eroded the coal. Like the contemporaneous channels, 
these later channels eventually filled with sand or mud. 
Both types of buried stream deposits are referred to  on 
plates 1 and 2 as sandstone channels. Their occurrence is 
described in greater detail in the discussion of the geology 

of the specific coal seams, and their effect on coal mining 
is described in the discussion of minability of the coal 
seams. 

The Geological Survey has made several studies of the 
distribution of sandstone channels that disrupt the coal. 
Hopkins ( 1 9 5 8 ~ ~ )  was the first t o  map in detail part of the 
Anvil Rock Sandstone Member, tracing its distribution in 
southern Illinois. Potter and Simon (1961") mapped the 
sandstone channels in west-central Illinois, which Johnson 
(1 97267) treated in greater detail. Hopkins (1 968 37) also 
mapped a prominent channel in the Harrisburg-Springfield 
Coal in southeastern Illinois and related it and associated 
strata t o  low-sulfur coal deposits in the area. 

Quality of the Coals 

The Geological Survey has long conducted a variety of 
studies relating to the quality of coal. Recently much of 
the research has involved the potential reduction of the sul- 
fur content of Illinois coals by washing (Helfinstine et al., 
1971 lo,  1974' ) and the occurrence of mineral matter and 
trace elements in the coal (Rao and Gluskoter, 197313 ; 
Ruch, Gluskoter, and Shimp, 1974" ). 

The coal of the Herrin and Harrisburg-Springfield seams 
is of high-volatile bituminous rank, defined by standards 
of the American Society for Testing and Materials (ASTM) 
(table 6). Illinois coals are of high-volatile C rank in the 
northern part of the state, undergo a progressive increase in 
rank southeastward, and reach high-volatile A rank near the 
southeastern margin of the coal (fig. 11). The progressive 
increase in rank with original depth of burial has been 
described by Damberger (1971' ) as a fundamental relation 
found in coal basins throughout the world. The greater the 
original depth of burial, the greater the degree of coalifica- 
tion and the higher the rank of the coal. In figure 11 the 
iso-rank lines for the Herrin Coal closely parallel the struc- 
ture lines, except in southernmost Illinois where the rank 
increases fairly rapidly southward but where the coals crop 
out at or near the present land surface. There the original 
coalification pattern may have been modified by heat re- 
leased from a deep-seated intrusion of igneous rocks. How- 
ever, a more likely reason for the higher rank in the south- 
east is the area's proximity t o  the deepest part of the basin 
during the Pennsylvanian and Permian Periods, when coalifi- 
cation presumably took place. 

The heating value of Illinois coal undergoes a progressive 
increase (fig. 11) from about 10,500 Btullb (moist mineral- 
matter free) in northwestern Illinois to over 14,000 Brullb 
in southeastern Illinois. Table 7 shows the range of typical 
analyses of the Herrin (No. 6)  and the Harrisburg-spring- 
field (No. 5) Coals from various areas of the Illinois coal 
fields. 



TABLE 6-CLASSIFICATION OF COALS BY RANK* 
(from ASTM, 1973' 1 

Fixed carbon Volatile matter Calorific value 
limits (%) limits (%) limits (Btuflb) 
(dry mineral-matter-free basis) (moistt mineral-matter-free basis) 

Equal or Equal or Equal or 
greater Less Greater less greater Less Agglomerating 

Class Group than than than than than than character 

I. Anthracitic 

11. Bituminous 

111. Subbituminous 

IV. Lignitic 

1. Meta-anthracite 
2. Anthracite 
3. Semianthracite* 

1. Low-volatile bituminous coal 78 
2. Medium-volatile bituminous 

coal 69 
3 .  High-volatile A bituminous 

coal 
4. High-volatile B bituminous coal 
5. High-volatile C bituminous coal 

1.  Subbituminous A coal 
2. Subbituminous B coal 
3.  Subbituminous C coal 

1 .  Lignite A 
2. Lignite B 

1 Nonagglomerating 

Commonly agglomeratingt t 
14,000 
1 3,000 
1 1,500 Agglomerating 

Nonagglomerating 

* This classification does not include a few coals, principally nonbanded varieties, which have unusual physical and chemical properties and which come within the limits of fixed carbon 
or calorific value of the highvolatile bituminous and subbituminous ranks. All of these coals either contain less than 48 percent dry, mineral-matter-free fixed carbon or have more 
than 15,500 moist, mineralmatter-free British thermal units per pound. 

f Moist refers to coal containing its natural inherent moisture but not including visible water on the surface of the coal. 
5 If agglomerating, classify in lowvolatile group of the bituminous class. 
* *  Coals having 69 percent or more fixed carbon on the dry, mineral-matter-free basis shall be classified according to fixed carbon, regardless of calorific value. 
tt It is recognized that there may be nonagglomerating varieties in these groups of the bituminous class, and there are notable exceptions in highvolatile C bituminous group. 
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Figure 11. Coalification pattern in Illinois shows progressive increase in rank in the Herrin Coal 
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TABLE 7-RANGE OF TYPICAL ANALYSES BY COUNTIES* 

County 

As-received basis 

Volatile Fixed Ash 
Moisture matter carbon Ash Sulfur Rank fusion 

(%I (%) (%) (%) (%) BtuAb index? (OF) 

La Salle, Grundy 
Bureau, Stark, Henry, Knox 
Peoria, Fulton 
Sangamon, Macoupin 
Christian, Montgomery, Bond, Madison 
Vermilion 
Clinton, St. Clair 
Marion, Washington, Randolph, Perry 
Jefferson, Franklin, Jackson 
White, Saline, Williamson 
Gallatin (Eagle Valley) 

Peoria, Fulton, Tazewell, Schuyler 
McLean, Logan, Menard, Sangamon 
Macon, Shelby 
Edgar 
Randolph, Perry 
Jackson 
Gallatin, Saline, Williamson 
Gallatin (Eagle Valley) 

HERRIN (No. 
7-11 3-5 
8-13 3-5 
8-13 2-4 
9-11 3-5 
9-11 3-5 
8-12 1-3 
9-12 1-4 
9-13 1-4 
7-10 1-3 
7-10 1-3 

10-13 3-4 

. 6 )  COAL 
10,500-1 1,400 

9,700-10,300 
9,800-10,700 

10,400-10,900 
10,500-1 1,000 
10,400-11,100 
10,700-11,100 
10,800-1 1,300 
11,600-12,000 
11,700-12,300 
12,400-1 2,700 

HARRISBURG-SPRINGFIELD (No. 5 ) COAL 
34-40 9-12 2-4 10,100-10,800 115-122 
36-41 9-12 3-5 10,400-11,000 117-125 
35-40 8-12 3-4 10,500-11,100 119-127 
37-43 8-10 3-4 11,200-11,500 126-1 30 
40-44 9-12 4-5 11,000-11,400 124-1 35 
44-55 11 3-4 11,600-11,800 130-1 35 
47-53 8-12 2-5 11,900-12,500 132-141 
48-52 10-1 1 3-4 12,400-12,700 130-147 

* Adapted from data compiled by  H. H. Damberger from Cady (1935~, 1948~) and from coal analyses by  the Illinois Geological Survey since 1948, 
t Calorific value of moist coal on a mineral-matter-free basis to the nearest 100 Btu/lb. 



Sulfur Con tent 

About 4 percent of the total reserves of the Herrin and 
Harrisburg-Springfield Coals is low-sulfur coal (less than 2.5 
percent sulfur), as is shown in figures 12 and 13. In most 
of the Eastern Interior Coal Field, the coals are overlain by 
black shale and/or limestone, and the sulfur content nor- 
mally ranges from 3 to  5 percent. However, in certain areas 
near sandstone-filled channels (figs. 12 and 13), gray silty 
shale intervenes between the coal and the overlying black 
shale and limestone. In areas where the gray shale depos- 
its (which are considered t o  be genetically related to  the 
sandstone channels) exceed 20 feet thick (figs. 1 4  and 16), 
the sulfur content of the coal is normally less than 2.5 per- 
cent. 

The fact that most Illinois coal contains from 3 t o  5 per- 
cent sulfur has been responsible for curtailment of its use 
t o  observe environmental restrictions. Development of new 
mines has therefore been greatly retarded. Studies con- 
ducted in recent years at the Geological Survey to evaluate 
and characterize the distribution of sulfur in Illinois coals 
have shown that sulfur content of Illinois coals ranges be- 
tween 0.5 and 6.0 percent (dry basis), the average total sul- 
fur content being about 3 -5 percent (Gluskoter and Simon, 
1968'). 

Because the lowsulfur coal meets the standards for use 
in blends for manufacture of metallurgical coke, a signifi- 
cant part of the current production is used for this purpose. 
In 1972, the latest year for which figures are available, 4.4 
million tons of Illinois coal was consumed in coke plants. 

.6)  COAL MEMBE 

The Herrin (No. 6) Coal Member, the most extensively 
mined coal in Illinois, was named for exposures near Herrin, 
Williamson County (Shaw and Savage, 1912" ). It is cor- 
related with the No. 11 Coal of western Kentucky, the Her- 
rin Coal Member of Indiana, the Mystic Coal of Iowa, and 
the Lexington Coal of Missouri and Kansas. As shown on 
plate 1 ,  it is 42 or more inches thick in an area covering 
9,269 square miles in Illinois. It has been and currently is 
being strip mined along much of the southern and western 
margins of the Illinois Basin. Underground mining has been 
most extensive in areas where the coal is thickest and can 
be reached at  moderate depths (generally 700 feet or less), 
but in Franklin and Jefferson Counties coal having lower 
than average sulfur content has been extensively mined at 
depths of as much as 800 feet. Of the total coal production 
in Illinois in 1973 (61.5 million tons), 75 percent was from 
the Herrin seam. Of the original area of 10,196 square 
miles mapped in this study for Herrin Coal reserves, 927 
square miles have been mined out. The remaining in-place 
reserves of Herrin Coal 42 or more inches thick are esti- 

mated at 59 billion tons. The distribution of reserves by 
county appears in table A. 

ickness of the Coal 

The Herrin Coal is the most widely mapped and thickest 
coal in Illinois, and it has been mined more extensively than 
any other seam. Mapping for this study revealed that the 
weighted average thickness of all coal 42 or more inches 
thick in the Herrin seam is 5.51 feet. Figure 1 4  shows the 
generalized thickness of the Herrin Coal, drawn from the 
data used for compilation of plate 1. 

The Herrin Coal is absent where the Walshville Channel 
occurs (fig. 14). Along the margins of the channel the coal 
is generally split by sandstone or shale and may be unmin- 
able because it lies in relatively thin benches. On both 
sides of the channel and beyond the area of split or thin 
coal, the thickest coal is generally found. 

Regions in which the coal is thin (fig. 14) are those in 
which conditions for coal accumulation were not favorable. 
In several such regions geologic structures (fig. 9) appear to 
have been responsible. The area of thin coal in eastern 
Fayette County, western Effingham County, and central 
and northern Marion County reflects the Salem and Louden 
Anticlines, apparently high places in the coal swamps on 
which relatively little coal material was deposited. The 
abrupt thinning of the Herrin Coal northward from central 
Sangamon County and northern Christian County and a cor- 
responding thickening of the Harrisburg-Springfield Coal in 
the same direction also may have been influenced by region- 
al structure. The effect of the La Salle Anticlinal Belt and 
other large structural features on coal thickness suggests 
that most coal seams, including the Herrin Coal, become 
thin over positive structures and thick over negative struc- 
tures, although this conclusion does not always apply. 

Definition of the reserves of the Herrin Coal in north- 
central and east-central Illinois has been hampered by lack 
of sufficient data. In east-central Illinois Clegg (19 5930, 
1 9 6 5 ~ ~ )  (fig. 3) mapped the structure of the Herrin Coal in 
Cumberland, Coles, Douglas, Clark, and Edgar Counties but 
did not modify reserves estimated by Cady and others 
( 1 9 5 2 ~ ~ )  because no additional coal tests were available to  
indicate the thickness of the coal. Clegg ( 1 9 6 5 ~ ~ )  did, how- 
ever, modify the coal correlations of the 1952 study by 
pointing out that the coal that was mapped as Danville (No. 
7) Coal, which is being mined at Murdock, Douglas County, 
should have been correlated with the Herrin Coal. There- 
fore, substantial reserves in those counties formerly classi- 
fied as the Danville Coal are mapped in this study as Herrin 
(No. 6) Coal. 

Allgaier and Hopkins ( 1 9 7 5 ~ ~ )  mapped the thickness and 
estimated the reserves of Herrin Coal (fig. 3) in southeastern 
Illinois. They derived data primarily from electric logs of 



ILLINOIS LOW-SULFUR RESERVES IN GROUND 
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Figure 12. Occurrence of low-sulfur coal in the Herrin seam. 



ILLINOIS LOW-SULFUR RESERVES IN GROUND 
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Figure 13. Occurrence of lowsulfur coal in the Harrisburg-Springfield seam. 
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Figure 14. Generalized thickness of Herrin Coal. 



oil wells and used them to interpret the coal thickness, 
as Hopkins ( 1 9 6 8 ~ ~ )  had done previously for the Harris- 
burg-Springfield Coal in much of the same region. 

Depth of the Coal 

The areas where the Herrin Coal is strippable lie toward 
the margins of the Illinois Basin; coal depth increases to  a 
known maximum of 1,248 feet in Jasper County, near the 
center of the basin (fig. 15). The 150-foot depth line is 
shown on plate 1 to  designate areas where the coal may be 
potentially strippable. Strippable areas of the Herrin Coal 
have been mapped in a series of reports (numbers 42,43,45,  
46, 47, 48, 49 in the Bibliography) located geographically 
in figure 2. The strippable reserves of Herrin Coal by coun- 
ties covered in that series of reports are summarized in 
table 8. 

A comparison of the depth of the Herrin Coal through- 
out Illinois (fig. 15) with the overburden line on plate 1 
shows that, fortunately, where the coal is thickest it also 
happens to  be at  moderate depth. None of the Herrin Coal 
lies deep enough to  make it economically prohibitive t o  
mine, and the availability of large volumes of thick coal at  
moderate depth may make it unnecessary at  present to  mine 
the coal in the deepest parts of the Illinois Basin. 

Geology of the Herrin Coal Relative to Mining 

The Herrin Coal has been mined more than any other 
coal seam in Illinois because of its thickness, its shallow-to- 
moderate depth throughout extensive areas, and the preva- 
lence of suitable conditions for largescale mining. The loca- 
tion of all mines operating in the Herrin Coal in Illinois in 
1974 is shown in figure 15. These 37 mines, 19 under- 
ground mines and 18 strip mines, accounted for 75 percent 
of the 1973 production of coal in Illinois. The locations of 
these mines and all other Illinois coal mines are shown on a 
new map (Hopkins, 1 9 7 5 ~ ~  ) prepared on the same scale as 
the three plates accompanying this report. 

Southern and Central lllinois 

The Herrin Coal has been mined more extensively in 
southern Illinois than in any other part of the state. Five of 
the current underground mines are now operating in the 
lowsulfur coal area, located in Franklin and Jefferson 
Counties (fig. 12). In Jackson, Perry, Randolph, and St. 
Clair Counties, most current production is from strip mines, 
four of which are mining in both the Herrin Coal and the 
Harrisburg-Springfield Coal. In central Illinois, large under- 
ground mines in Christian, Macoupin, and Montgomery 
Counties (fig. 15) produce from the Herrin Coal. 

In a large area in eastern Fayette County, western Effing- 
ham County, eastern Marion County, and western Clay 

County, the Herrin Coal is less than 42 inches thick. In 
part of that area it is less than 28 inches thick. 

Western Illinois 

All of the coal production in western Illinois in recent 
years has been from strip mines primarily from the Herrin, 
Harrisburg-Springfield, and Colchester (No. 2) Coals. All 
active mines except one are now producing from the Herrin* 
and/or the Harrisburg-Springfield Coals, and extensive re- 
serves are shown for these coals in this area (table 8). 

The Herrin Coal is now being strip mined in Stark, Peoria, 
Knox, and Fulton Counties (fig. 15). Large areas of poten- 
tially strippable Herrin Coal also are present in southeastern 
Henry County and southwestern Bureau County (Smith 
and Berggren, 1 9 6 3 ~ ~ ) .  

In Fulton County, strip mines in the past have mined 
coal from both the Herrin and Harrisburg-Springfield seams 
from adjacent strip pits. In this area the two seams are 60 
to 75 feet apart. In the counties farther north, however, the 
Harrisburg-Springfield Coal becomes thinner and only the 
Harin Coal has been mined. 

Northern lllinois 

There is no current mining in the Herrin Coal in northern 
Illinois (fig. 1 5). It was formerly mined, principally by un- 
derground methods, near Streator in La Salle County and 
along the Illinois River in both Bureau and La Salle 
Counties. 

The remaining coal reserves in these areas, as shown on 
plate 1 ,  are small compared to those of other regions of the 
state. However, in a large part of northern Illinois the coal 
resources have not yet been adequately assessed because 
data on which to make an evaluation are scarce. 

Eastern Illinois 

Three mines are operating at present in the Herrin Coal 
in eastern Illinois, two near Murdock in eastern Douglas 
County and one, a small mine, southwest of Danville in 
Vermilion County (fig. 15). Substantial quantities of addi- 
tional coal have been mapped in Douglas, Vermilion, and 
Edgar Counties. For Clark, Coles, and Cumberland Coun- 
ties, because not enough data are available for mapping the 
Herrin Coal reserves, no estimate has been made. Farther 
south, in part of southeastern Illinois, large reserves of Her- 
rin Coal are mapped, but the coal is much deeper there 
than in other parts of the state and numerous oil pools will 
seriously limit the minability of the coal in many parts of 
this region. In southern Cumberland County, eastern Ef- 
fingham County, and western Jasper County the Herrin 
Coal has been mapped in large areas, principally from inter- 
pretation of geophysical logs of oil and gas wells (Allgaier 
and Hopkins, 1975"). Therefore the Herrin Coal in these 
Counties has been placed in the Class I1 category (table 3 
and fig. 4). 
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TABLE 8-STRIPPABLE COAL RESERVES IN THE HERRIN (NO. 6) AND HARRISBURG-SPRINGFIELD (NO. 5) 
COAL MEMBERS BY COUNTY AND RELIABILITY  CLASSIFICATION*^ 

(thousands of tons) 

Codl. Class I reserves at overburden thickness (ft) Mined Class I1 reserves at overburden thickness (ft) Totals out 

County seam 0-50 50-100 100-1 50 Total 0-50 50-100 100-150 Total I & I1 (sq mi) 

Bureau 

Cass 

Fulton 

Gallatin 

Greene 

Henry 

Jackson 

Jersey 

Knox 

La Salle 

Livingston 

Macoupin 

Madison 

Monroe 

Morgan 

Peoria 

Perry 

Randolph 

St. Clair 

Saline 

Schuyler 

Scott 

Stark 

Tazewell 

Warren 

Williamson 

Total 

Totals 1,705,521 3,915,442 3,220,447 8,841,410 98,935 714,219 820,204 1,633,358 10,474,768 267.07 
* Does not include studies now in progress for Springfield (No.  5 )  Coal in Menard and Sangamon Counties or Hewin (No. 6 )  Coal in Vermilion 

and Edgar Counties. 
t Strippable coals include coals 18 inches or more thick under 150 feet or less of overburden. 



GFIELD (NO. 5) COA 

The Harrisburg (No. 5) Coal Member was defined by 
Shaw and Savage (1912R), who named it for exposures and 
mines near Harrisburg, Saline County. The coal had pre- 
viously been given the name "Springfield Coal" in the area 
of Springfield, Sangamon County (Worthen, 1 8 8 3 ~ ~ ) .  Sub- 
sequently, the coal was found to be in the same stratigraphic 
position in both regions, and therefore the form "Harris- 
burg-Springfield Coal" is used in this report. The seam is 
correlated with the No. 9 Coal of western Kentucky, the 
Springfield Coal Member (V) of Indiana, and the Summit 
Coal of Iowa and Missouri. 

In Illinois the Harrisburg-Springfield Coal ranks second 
only to  the Herrin Coal in total mapped reserves. Produc- 
tion from this seam accounted for 16 percent of the 1973 
total production. It has been mapped (pl. 2) as being 42 
or more inches thick throughout an area of 7,630 square 
miles, 3 3 1 square miles of which has been mined out, leaving 
7,299 square miles of in-place reserves estimated at 38 bil- 
lion tons. 

The Harrisburg-Springfield Coal has been extensively 
mined underground in the Harrisburg region, the Spring- 
field region, near Canton, Peoria, and Pekin, and in a large 
new mine near Keensburg in Wabash County. After World 
War 11, strip mining in this seam increased, and many of the 
underground mines were closed. Along the outcrop in 
Gallatin, Saline, Williamson, Perry, and Randolph Counties, 
and in Fulton County, this seam has been extensively strip 
mined. In some areas it was, and still is in a few places, the 
principal seam mined, while in other areas it is strip mined 
along with the overlying Herrin Coal. 

Thickness of the Coal 

The Harrisburg-Springfield Coal averages about 1 foot 
thinner than the Herrin Coal. As determined in this study, 
its weighted average thickness in Illinois is 4.55 feet, com- 
pared to 5.52 feet for the Herrin Coal. The generalized 
thickness of the Harrisburg-Springfield Coal is shown in 
figure 16. It shows that the thickest coal is in southeastern 
Illinois adjacent to  the prominent sandstone-filled channel 
mapped by Hopkins ( 1 9 6 8 ~ ~ ) .  The relation between coal 
thickness and proximity to the channel shown in figure 16 
and plate 2 is similar to that shown for the Herrin Coal in 
figure 1 4  and plate 1. A similar relation is apparent between 
the low-sulfur areas of the two coals and the proximity of 
the coals t o  channels that existed during coal deposition, as 
shown in figures 12 and 1 3. 

Other large areas of Harrisburg-Springfield Coal mapped 
in this study are located in the Springfield region and in the 
vicinity of Peoria and Canton in western Illinois. In both 
of these regions the coal is at least 5 feet thick in considera- 
ble areas. In the vicinity of Springfield and Peoria the coal 

formerly was mined rather widely in underground mines, 
whereas around Canton it has been extensively strip mined. 
In other parts of the state the Harrisburg-Springfield is 
either thin (less than 28 inches thick) or there is insufficient 
information available to warrant mapping the coal reserves. 

Depth of the Coal 

The depth of the Harrisburg-Springfield Coal is shown 
in figure 17. The Harrisburg-Springfield ranges from 10 to 
130 feet below the Herrin seam (fig. 20). Like the overlying 
Herrin Coal, it is being strip mined near the margins of the 
Illinois Basin. Only 4.5 percent of the area of original Har- 
risburg-Springfield reserves mapped in this study has been 
mined out. It seems probable that the greater general thick- 
ness of the overlying Herrin Coal rather than the slightly 
greater depth of the Harrisburg-Springfield Coal has been 
largely responsible for the less extensive development of the 
lower coal. 

arrisburg-Springfield Coal 
dative to Mining 

The Harrisburg-Springfield Coal has been extensively 
mined near Harrisburg, along its outcrop in southern Illinois, 
near Springfield, and near Peoria and Canton in western 
Illinois. 

The locations of 16 mines operating in this coal in 1974 
are shown in figure 17, 10 of them strip mines and 6 of 
them underground mines. In 1973 these mines accounted 
for 16 percent of the state's total coal production. 

Southern and Central lllinois 

In southern Illinois the Harrisburg-Springfield Coal is 
being strip mined at several places along its outcrop in 
Randolph, Perry, and Williamson Counties. Near Harris- 
burg, Saline County, it has been strip mined along its out- 
crop and was formerly mined underground much more ex- 
tensively than it has been in recent years, although two un- 
derground mines still are operating there (fig. 17). AS can 
be seen in figure 13, much of the coal formerly mined near 
Harrisburg had a lower sulfur content than that mined 
elsewhere in the region. 

Hopkins (1968'~) mapped reserves totaling 11.8 billion 
tons for coal 42 or more inches thick in the Harrisburg- 
Springfield (No. 5) Coal in southeastern Illinois. This in- 
cluded substantial quantities of low-sulfur coal in a belt 
along the prominent sandstone channel that extends north- 
ward from the vicinity of Harrisburg to Wabash County 
(figs. 13, 16, and pl. 1). Much of the coal along this belt 
is thicker than the coal elsewhere in the region. One new 
mine is now operating in this low-sulfur coal in Wabash 
County, and another is under construction in Hamilton 
County. 





A - Central and Southern 
B - Western 
C - Northern 
D - Eastern 

Figure 17. Generalized depth of the HarrisburgSpringfield Coal. Mines active in the HarrisburgSpringfield seam 
on January 1,1975, are located. 



In central Illinois some of the Harrisburg-Springfield 
Coal that is mapped on plate 2 is less than 42 inches thick. 
However, for much of this region only scattered information 
is available from coal test drilling. In the central Illinois 
area where reserves have been mapped, the estimate is based 
mainly on interpretation of coal thickness from electric 
logs of oil test holes, following the procedures described 
by Hopkins ( 1 9 6 8 ~ ~ ) .  

Electric logs also have been used to interpret coal thick- 
ness and to estimate reserves in large parts of Marion County 
and northwestern Jefferson County. Other counties in this 
region were not mapped for the present study because no 
information is available from coal test holes. There are, 
however, numerous oil well logs from which a systematic 
study could be made of the coal reserves, as Allgaier and 
Hopkins ( 1 9 7 5 ~ ~ )  did for the Herrin Coal in southeastern 
Illinois. 

Northern and Western Illinois 

The Harrisburg-Springfield Coal averages 4 to 5 feet or 
more thick in a large area that extends from the Decatur- 
Springfield region northward and westward to the Peoria- 
Canton region. This area of relatively thick coal probably 
was once much more extensive, but in large areas between 
the Sangamon Valley north of Springfield and the Illinois 
Valley near Peoria (pl. 2) the coal has been eroded. 

The Harrisburg-Springfield Coal was formerly mined at 
numerous places in western Illinois, in spite of which the re- 
maining reserves are very large. In fact, more coal remains 
than has been mined. Within this region the reserves (pl. 2) 
are potentially great enough to support several facilities for 
coal conversion. 

Eastern Illinois 

In Edgar, Clark, Crawford, and Lawrence Counties, the 
reserves (pl. 2) border areas in Indiana where the coal is not 
as deep and therefore has been more extensively mined. In- 
formation regarding the Illinois coal has been obtained from 
general knowledge of Indiana mines and from limited mining 
and exploratory drilling in Illinois. For the remaining areas 
of eastern Illinois, however, reserves of the Harrisburg- 
Springfield seam have not been mapped because of a 
paucity of information. 

GEOLOGICAL FA 
MlNABlLlTV 

A total area of 1,258 square miles has been mined to 
date for the Herrin and Harrisburg-Springfield Coals, 7.1 
percent of the area of original reserves mapped in this study 
(table 5). Substantial information on mining conditions 
that has been garnered from past mining provides the best 

guide to the mining conditions that are likely to be encoun- 
tered in the future. 

For more than 60 years the Geological Survey has been 
engaged in studying the coals and their associated roof and 
floor strata as mining and exploratory drilling in Illinois has 
progressed. Much has been learned from these investiga- 
tions about geological features that affect the minability of 
the coal seams, and the Geological Survey has published 
regional reports covering much of the Illinois coal field area 
that show structure contours on the coal, location of faults, 
major sandstone channels, and other geological features 
that are important to the planning of mines. 

The Illinois Geological Survey is currently engaged in a 
study, partially funded by the U.S. Bureau of Mines, of the 
geologic characteristics of the roof of the Herrin Coal in the 
major areas of underground mining. The investigation is 
concerned with determining how the geology of the strata 
above the coal might be related to  roof failures. Structural 
features and the stratigraphy of selected areas of the roof in 
representative mines are being mapped in detail, and region. 
a1 maps showing the characteristics of the strata several feet 
above the coal are being prepared. The results of the study 
should be valuable for the planning of future mines. 

Areas Depleted by Past Mining 

Much of the mining in Illinois in the past was concen- 
trated in the areas of thickest coal near the outcrop, along 
major railroad lines, or in the areas in which the coal is rela- 
tively low in sulfur (figs. 12 and 13). The location of all 
mined-out coal areas in Illinois and all mines operating on 
January 1,  1975, are shown on a map newly issued by the 
Geological Survey (Hopkins, 197 538 ). More detailed infor- 
mation on mined-out areas is shown on maps available 
from the Illinois Geological Survey (fig. 18). 

The Geological Survey has for many years maintained 
files of geological information regarding individual mines. 
Observations of mining conditions relating to geology have 
been collected by Survey geologists and are available for 
public inspection. Some of the observations of mining con- 
ditions were made in the early part of this century when 
many more individual mines operated in Illinois than at 
present, and they contain information valuable for the 
planning of new mines. 

Areas Closely Drilled for Oil or Gas 

Oil and gas fields in which holes are closely spaced were 
excluded from the estimates of coal resources in this study. 
In much of southeastern Illinois a substantial portion of the 
original in-place coal resources lie above oil pools and are 
not at present considered recoverable. In these places oil 
wells producing from depths of less than 4,000 feet are 



Figure 18. Index to maps of areas where coal has been mined out. 
Maps are available from the Illinois State Geolcqical Survey, Urbana. 

normally spaced to allow 10 acres per well (660 feet apart) 
where production is from sandstone and 20 acres per well 
where the production is from limestone. For wells pro- 
ducing from depths between 4,000 and 6,000 feet, the spac- 
ing is 40 acres per well. Since Federal mining law prohibits 
mining within an area 300 feet in diameter surrounding each 
well unless special precautions are taken, the coal in these 
areas cannot be effectively mined unless the wells are ade- 
quately plugged and permission to  mine obtained from the 
authorities. New methods of plugging abandoned wells are 
being developed (Rennick et al., 1972'' ) that would permit 
mining without leaving the large barrier pillar around each 
well. 

Approximately 100,000 test holes have been drilled for 
oil or gas within the coal-bearing areas of Illinois, many of 
which will affect the recoverability of the state's coal re- 
serves. Fortunately, most oil test holes in Illinois are quite 
adequately recorded, and maps that show the number and 
distribution of wells are available for mine planners to con- 
sult. Figure 19 is the index to  a series of maps (scale, 2 
inches equal 1 mile) available from the Illinois Geological 
Survey that show the location of holes drilled for oil or gas, 

as well as many other kinds of test holes. Logs and other 
pertinent records, including information on well plugging, 
for essentially all of these test holes also are available for 
examination at the Geological Survey. 

andstone Channels and Split Coal 

The presence of sandstone channels, described earlier, 
will influence the siting of new mines in some areas be- 
cause where the channels have cut out the coal the lateral 
extent of the mines may be limited. Poor mine roof condi- 
tions and, in some instances, shale or sandstone partings in 
the coal seam occur in areas near the channels. Channel 
sandstone deposits in the roof strata must also be considered, 
even when they are at some distance above the coal, be- 
cause, in addition t o  their direct effect on the stability of 
the roof strata, they may contain large amounts of water 
that can adversely affect roof shales. The water may also 
enter the mine and interfere with mining operations. 

Future exploration for coal and actual mining activities 
undoubtedly will disclose additional channels. However, the 
major channels and their trends, especially those in the Her- 
rin Coal, are now believed t o  be fairly well known, except 
in areas of east-central Illinois where there are obvious gaps 
in the mapped continuity of the channels (pls. 1 and 2). 
Sandstone was r ep~r t ed  by Potter and Simon (196l7', pl. 1 )  
in many mines, either in the roof or partially or totally re- 
placing the Herrin Coal in west-central Illinois. 

Hcovl ly  d r l l l e d ;  mop shows 

Figure 19. Index to  the maps, available from the Illinois Geological 
Survey, that show location of oil and gas wells. 
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Figure 20. Generalized thickness of the interval between the Herrin and HarrisburgSpringfield Coals. 



Some mine roof problems occur in all mines and many 
appear to  be related to  variations in the lithologic sequence 
and changes in structural properties of the roof strata into 
which the roof bolts are set. In spite of many local excep- 
tions, the strata composing the roof and floor of the Herrin 
and Harrisburg-Springfield Coals can be described in general 
because of the widespread uniformity of many of the litho- 
logic units. 

Both seams are characteristically overlain by black shale, 
generally less than 3 feet thick, which is in turn overlain by 
widespread marine limestone members. Although somewhat 
similar in lithology, the limestone members differ charac- 
teristically in physical appearance and in fossil content. In 
certain areas, however, the marine limestone (especially 
above the Herrin Coal) is somewhat lenticular, a condition 
that causes roof problems where the limestone is very thin 
or absent. In many of the regions where the seams have 
been or are now being mined, the sequence of strata form- 
ing the roof is relatively uniform and provides average-to- 
good roof conditions. 

The floor of most mines operating in the two coals com- 
monly consists of gray claystone that causes few problems, 
except when it becomes wet during mining. In a few places, 
however, a local change in the moisture content or mineral- 
ogy of the strata below the coal may increase the tendency 
of the clay to "squeeze" from beneath coal pillars. When 
that happens, the argillaceous materials flow plastically into 
the floor strata of the mined-out rooms and entries, causing 
the floors to  heave and impede mining (White, 1 9 5 6 ~ ~  ; re- 
port in preparation78). 

The Illinois Geological Survey is investigating ways in 
which areas of unstable underclay can be identified during 
exploratory drilling. Mines could then be designed to cope 
with or avoid the problems caused by the underclays. 

arrisburg-Springfield Coals 

A map showing the thickness of the interval between the 
Herrin and Harrisburg-Springfield Coals (fig. 20) was pre- 
pared by using the computerized geological mapping pro- 
gram described in Appendix 2. The interval between the 
two coals ranges from 10 feet or less to  more than 130 feet. 
Where they are less than 30 feet apart, as indicated by the 
stippled area on figure 20, only one of the two seams, com- 
monly the Herrin, is likely to be more than 42 inches thick. 
Even in areas where both seams are thick enough for mining 
and are less than 30 feet apart, it is questionable whether 
both seams can be mined underground. However, both 
seams may be strip mined, and strip mines are now operat- 
ing in both coals in several mines in southwestern Illinois. 

In southern and southeastern Illinois where the interval 
separating the Herrin from the Harrisburg-Springfield Coal 

is greater than in the southwest, each coal exceeds 4 feet 
thick in many localities and they could both be mined if it 
proved economically feasible. However, up to the present, 
no underground mining of both seams has been undertaken. 

In both the Herrin and Harrisburg-Springfield Coals, 
irregular claystone-filled cracks called clastic dikes have 
been encountered in mines (Damberger, 1 9 7 0 ~ ~ ) .  They vary 
in width from a few inches t o  a few feet and may extend ver- 
tically throughout the thickness of the coal. Many extend 
into the roof strata but not into the floor. The dikes.have 
been observed in the Harrisburg-Springfield Coal, principally 
in the Springfield and Peoria regions, in both strip and un- 
derground mines. In the Herrin Coal they are particularly 
plentiful in the northwestern portion of the Illinois coal 
field and less numerous in west-central Illinois. When en- 
countered in underground mines, dikes often cause problems 
with roof stability. In strip mines they cause only minor 
problems. They contribute t o  the ash content of the coal 
as mined. 

In northwestern Illinois the Herrin Coal is also disturbed 
by white-top-in which the top layers of coal are replaced 
and infiltrated by light gray, often silty claystone. White- 
top is always associated with clastic dikes. Herrin (No. 6 )  
Coal affected by white-top is widely mined in strip mines of 
northwestern Illinois, but the resultant undulating surface 
of the coal seam and the presence in varying thicknesses of 
the claystone layer and associated clastic dikes in the coal 
seam are hard on the equipment. It is also difficult to sep- 
arate the finely dispersed clay from the coal in preparation 
plants. 

The intensity of occurrence of clastic dikes and white-top 
in the two coals and their distribution in the state are shown 
in figure 21. 

Reserves of approximately 97 billion tons of coal 42 or 
more inches thick remain in the two most productive coal 
seams of Illinois, the Herrin (No. 6)  and the Harrisburg- 
Springfield (No. 5) Coal Members. This estimate does not 
include the coal from these two seams that cannot be mined 
by present methods under existing laws because it overlies 
oil pools. Also excluded from the estimate are areas where 
the coal has been mined out or is missing because geologic 
features such as sandstone-filled channels have disrupted the 
coal. Areas in which the coal is thin or for which there is 
a dearth of information were not included, nor were areas 
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Figure 21. Areas in l llinois affected by ciaystone dikes and 
64 white-top (from Damberger, 1970 1. 

ANALYSIS OF COAL 

adjacent to  the channels where the coal is known t o  be split 
by partings of shale or sandstone. 

As the large-scale underground mines needed to supply a 
coal conversion industry will be developed in the thick- 
er coals, 42 inches was the minimum thickness selected 
for reserves estimates. nly the Herrin and Harrisburg- 
Springfield Coals were mapped for the study because they 
are the most extensive and thickest of the Illinois coals, but 
additional reserves are available in thinner and less extensive 
coal seams of the state. However, the reserves mapped in 
the Herrin and Harrisburg-Springfield Coals are clearly suf- 
ficient to  supply coal for numerous conversion plants that 
will be located in Illinois. 

The data base of coal and water resources in Illinois that 
has been compiled for this report can now be further inter- 
preted and integrated with other data by systems analysis. 
Many of the variables that must be considered before selec- 
tion of sites for coal conversion plants, or for other facilities 
that require large quantities of coal and water, can thus be 
comprehensively evaluated to determine the best possible 
locations for such installations. 
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John 5. Stall 

Illinois has abundant water resources. Annual rainfall 
ranges from 32 inches in northern Illinois to 46 inches in 
southern Illinois. Annual runoff to streams ranges from 
8 inches in the northern part of the state to  15 inches in 
the southern part. In addition to  the water within the state, 
Illinois is almost surrounded by water-the Mississippi River 
on the west, rhe Ohio and Wabash Rivers on the south and 
east, and Lake Michigan on the northeast. 

Illinois also has a large supply of ground water. Most 
municipal water supplies in Illinois are obtained from 
ground-water reservoirs. Water-bearing formations with 
high yields include limestone and sandstone strata in the 
bedrock and glacial deposits of sand and gravel. 

Illinois water resources are as large today as they were 
when the area was a wilderness. As far as modern science 
can determine, they will continue to be undiminished, for 
they are constantly renewed by a great inflow of atmo- 
spheric moisture, or water vapor, that passes over Illinois 
at an average rate of 2,000 billion gallons per day. Rainfall 
from this moisture averages 99 billion gallons per day (bgd). 
The total annual runoff to streams in Illinois is 23 bgd. 
When the dependable flows of the Mississippi and Ohio 
Rivers are added, a total supply of 53 bgd is available. This 
is an immense amount of water-more than 3 times the 
amount now used in Illinois and a sixth of the water used 
for all purposes in the entire United States. 

The quantities of water needed for coal conversion were 
considered in the main Introduction to this report (table 2). 
This section deals with locations in Illinois a t  which the 
water resource could be developed to  produce 6 to 72 mgd. 
The sources of water considered are ground water, rivers, 
man-made reservoirs, and wastewater treatment plants. 
Each is considered separately, although more than one 
source may be tapped for a single coal conversion plant. 

The compilation of results on water resources has been 
prepared in the Hydrology Section of the Water Survey. 
The work was under the general supervision of Dr. William 
C. Ackermann, Chief. The material on ground-water avail- 
ability was developed by Richard J. Schicht, Thomas A. 
Prickett, and Adrian P. Visocky. Information on the water 
available from potential reservoirs was collected by Nani G .  

Bhowmik and Julius H. Dawes, with the help of Wyndham J. 
Roberts. The water supply available from major rivers was 
determined by Krishan P. Singh. Data on the cost of reser- 
voir construction were compiled by Dr. Bhowmik. Illustra- 
tions for Part 2 were prepared by John W. Brother, Jr. 

Ground water in Illinois is affected in many ways by the 
geology of the state. Permeable rock formations such as 
sandstone, limestone, sand, and gravel serve as aquifers in 
which water is stored and ultimately supplied to  wells. Im- 
permeable beds, such as shale and clay, act as barriers to  
ground-water movement and maintain differences in pres- 
sure and water quality between aquifers. In some areas, 
creviced limestone or dolomite formations at  land surface 
make the ground vr?rer susceptible to  pollution. The con- 
figuration and deformation of the bedrock commonly in- 
fluence ground-water movement. 

Ground water in Illinois is commonly drawn from un- 
consolidated deposits of sand and gravel in the glacial drift 
or in river valleys, or from bedrock formations of limestone 
or sandstone. Figure 22 shows the principal water-yielding 
rocks or aquifers of Illinois. 

The most favorable ground-water conditions are found 
in the northern third of the state, where dependable sand- 
stone and limestone aquifers occur in the bedrock and ex- 
tensive sand and gravel aquifers are found in the glacial 
drift. In most of Illinois, the only aquifers of high potential 
yield are sand and gravel deposits of the Mississippi, Illinois, 
Wabash, Ohio, Kaskaskia, Embarras, and buried Mahomet 
River Valleys. 

Most unconsolidated, or sand and gravel, aquifers of 
Illinois were deposited by meltwater from glaciers. The 
sand and gravel were deposited mainly in valleys leading 
away from the melting ice or in outwash plains at  the 
front of the ice. 

The distribution of sand and gravel aquifers and their es- 
timated yields to individual wells are shown in figure 23. 
General areas are indicated where conditions are especially 
favorable for drilling wells with large yields. However, test 
drilling is required to locate satisfactory well sites, because 
conditions vary from place t o  place. 
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Figure 22. Geologic column of Illinois. 
The position of the major aquifers is indicated. 

Most of the areas in which conditions are favorable for 
drilling sand and gravel wells that will yield more than 500 
gpm contain water-yielding sand and gravel lying within 
major valley systems. These systems include the Mississippi, 
Illinois, Ohio, and Wabash River Valleys, the buried 
Mahomet Valley in east-central Illinois, and several buried 
and surface valley systems in the northern third of the state. 
Large quantities of water are available from relatively shal- 
low wells, many drilled to  depths of less than 300 feet. 

Ground Water from Bedrock Aquifers 

In the northern third of the state, large quantities of 
ground water for industrial and municipal use come from 
wells in the deep sandstone aquifers of Cambrian and Ordo- 
vician ages and from the shallow dolomite aquifers of Sil- 
urian and Ordovician ages (fig. 24). The Ironton-Galesville 
Sandstone is the main bedrock aquifer because of its con- 
sistently high yield. Part of the yield of many high-capacity, 
deep sandstone wells comes from the Glenwood-St. Peter 
and Mt. Simon Sandstones. Many deep sandstone wells 
have yields exceeding 700 gpm and have been prolific 
sources of water for nearly 100 years. Deep sandstone wells 
average about 1,300 feet deep, and many recent wells are 
16 to 20 inches in diameter. Some deep wells in the north- 
ern part of the state are open to and draw water from 
several different aquifers, including the Galena-Platteville 
Dolomite, Glenwood-St. Peter Sandstone, Ironton-Gales- 
ville Sandstone, and Mt. Simon Sandstone. These water- 
yielding formations are sometimes grouped as the Cam- 
brian-Ordovician aquifer. 

Shallow dolomite aquifers of Silurian age and the Gale- 
na-Platteville Dolomite of Ordovician age are the main 
sources of ground water for many moderate-to-large public 
and industrial supplies in the northern third of Illinois. The 
average depth of shallow dolomite wells is about 140 feet, 
and most wells of recent design are 12 t o  16 inches in 
diameter. 

In the southern two-thirds of Illinois, thin sandstone and 
limestone beds of Pennsylvanian age and sandstone and 
limestone formations of Mississippian age yield small quan- 
tities of ground water. Although wells in these rocks com- 
monly yield less than 25 gpm, they are the only source of 
water for several thousand farms and homes, several hun- 
dred small municipalities, and numerous industries. Deeper 
rocks in this area contain water that is too highly mineral- 
ized for most purposes. The Pennsylvanian and Mississippian 
rocks are also an important source of water for water-flood- 
ing operations in oil fields. The average depth of wells in 
Pennsylvanian rocks is 170 feet and the average in Mississip- 
pian rocks is 250 feet. Many wells are 6 to 12 inches in 
diameter. 



Figure 23. Yields of sand and gravel aquifers. 
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YIELDS OF WELLS IN DEEP SANDSTONE AQUIFERS 

North of line B-B' deep sandstone wells will 
normally yield 500 gprn or more. 

Between lines E-E' and B-B' deep sandstone 
wells will normally yield between 100 to  500 gpm. 

Between lines F-F' and E-E' deep sandstone 
wells will normally yield less than 100 gprn. 

A-A' Southern limit of use of Mt. Simon 
sandstone aquifer. 

D-D' Southern limit of potable waters (1500 mgll 
total solids) from deep sandstones. 

F-F' Southern limit of use of water from 
deep sandstones. 

YIELDS OF WELLS IN SHALLOW DOLOMITES AND 
MISSISSIPPIAN AND PENNSYLVANIAN AQUIFERS 

Areas where shallow dolomites are missing 

C-C' Southern limit of potable waters (1500 m 
solids) from shallow dolomites 

Chances of obtaining a well with a yield of :  

500 gprn or more from shallow dolomites 

100 gprn or more from shallow dolomites 

100 gprn or more from shallow dolomites 

20 gprn or more from Mississippian limestones and 
sandstones are poor 

10 gpm or more from Pennsylvanian sandstone and 
limestones are poor 

Geologic conditions generally favor development of unconsolidated 
deposits. Limestones in Massac County in southern Illinois may 
yield 100 to  500 gprn or more. 

Figure 24. Yields of bedrock aquifers. 



The quantity of water needed for coal conversion 
plants was estimated in table 2 as being between 6 and 72 
mgd. In terms of ground-water development, that is a vast 
supply. Therefore, only locations where ground-water con- 
ditions are especially favorable can be considered as pos- 
sible sites. In Illinois favorable conditions exist in areas 
where yields of wells are high (in excess of 500 gpm), where 
the aquifers are extensive and highly permeable, and where 
either the natural rate of recharge is high or water can be 
induced (by pumping of near-by wells) t o  flow from the 
streams into the ground-water reservoir, a process called in- 
duced infiltration. 

Selected Areas for Ground-Water 

Sand and gravel aquifers that meet the desired condi- 
tions are found in the major bedrock valleys of Illinois or 
their buried counterparts. Such deposits are shown in fig- 
ure 23 as areas in which chances of obtaining wells with 
yields of 500 gpm or more are good. 

Bedrock aquifers are most likely to be present in deep 
sandstones and shallow dolomites in the northern third of 
the state. Figure 24 shows the areas wherein individual bed- 
rock well yields are estimated to  be more than 500 gpm. 

Conditions are not considered favorable for extensive 
ground-water development in areas where estimated well 
yields are less than 500 gpm. Available geohydrologic data 
from such areas strongly suggest that an unreasonably large 
number of wells and well fields, placed with unusually large 
spacings, would be necessary to  produce the large supplies 
of water needed for coal conversion plants. 

Some of the potential areas for extensive development of 
ground water are already supporting concentrated pumping 
centers that would be in direct competition with new pump- 
age from coal conversion plants. For this reason north- 
eastern Illinois and the Peoria-Pekin area are excluded 
from consideration, and in the East St. Louis area only 
ground water available in excess of present pumpage is con- 
sidered. 

In figure 25, 1 7  areas of Illinois are shown where water 
well systems can be developed that are capable of yielding 
an estimated 14  t o  72 mgd. In each region a system of wells 
could be drilled, connected, and pumped together t o  pro- 
vide the water supply needed. A dgital computer model 
or mathematical model, based on available hydrologic and 
geologic data, was constructed for each of the areas. The 
model was used to  determine the spacing of wells so that 
safe pumping levels could be maintained in a continuous 
pumping situation. Table 9 identifies the 17  areas by coun- 
ty, by the supply available in mgd, and by the source of the 
ground water. 

Table 10  gives the locations of the 17  selected areas noted 
in table 9 and the major hydrogeologic properties of each 
area. The properties summarized in the table are relevant 
t o  the availability of ground water. In general, the higher 
the rate, permeability, and thickness, the more favorable 
the conditions for pumping large quantities of ground water. 
The river infiltration rates are a measure of the quantities of 
water that can be drawn from the river into the aquifer by 
pumping wells t o  supplement natural recharge and thus 
sustain the well field. The estimated river infiltration rates 
in table 10  are based on a correlation study of known rates 
from hydrogeologically similar areas. The infiltration rates 
are expressed in gallons per day per acre of riverbed per 
foot of head difference between head in the river and that 
in the aquifer (gpd/acre/ft). The permeability of the aqui- 
fer expressed in gallons per day per square foot of aquifer 
(gpd/sq f t )  is one measure of the rate of flow that the aqui- 
fer might transmit to a well. The permeability values are 
based on averages computed from pumping tests already 
made in each of the areas under study. 

TABLE 9-WATER SUPPLIES AVAl LABLE 
FROM GROUND WATER 

(Locations are shown in figure 25) 

Area no. 
on Amount 

fig. 25 County (mgd) Source 

Carroll 
Henderson and 
Mercer 
Hancock 
Pike 
Monroe and 
Randolph 
Jackson and 
Union 
Alexander and 
Pulaski 
Massac 
Gallatin and 
White 
Lawrence 
Greene, Jersey, 
and Scott 
Mason 

1 3  Bureau 
1 4  Ogle 
15 De Witt and 

Piatt 
16  Ford 

1 7  Madison 

Gravel near Mississippi River 
Gravel near Mississippi River 

Gravel near Mississippi River 
Gravel near Mississippi River 
Gravel near Mississippi River 

Gravel near Mississippi River 

Gravel near Mississippi River 

Gravel near Ohio River 
Gravel near Wabash River 

Gravel near Wabash River 
Gravel near Illinois River 

Gravel near Illinois River in 
Havana Lowlands (Walker 
et al., 1965) 
Shallow glacial gravel 
Deep sandstone in the bedrock 
Buried Mahomet Valley 
(Visocky and Schicht, 1969) 
Buried Mahomet Valley 
(Visocky and Schicht, 1969) 
East St. Louis area 
(Schicht, 1965) 



GROUNDWATER YIELD 
MILLION GALLONS PER DAY 

STREAM Yl  ELD 
MILLION GALLONS PER DAY 

RESERVOIR YIELD 
MILLION GALLONS PER DAY 

@ 17.6 

WASTEWATER PLANT YIELD 

MI LLlON GALLONS PER DAY 

im 7 

Figure 25. Water available for coal conversion. 



TABLE 10-HVDROGEOLOGIIC PROPERTIES OF SELECTED 
GROUND-WATER DEVELOPMENT SITES 

Estimated 
Estimated Estimated average 

Area no. river infil- aquifer aquifer General 
on tration rate permeability thickness ground-water 

fig. 25 Location (gpd/acre/ft) &pd/ft2) (ft) conditions 

Along Mississippi River in Carroll 450 
County 
Along Mississippi River in Hen- 450 
derson County 
Along Mississippi River north of 22,500 
Quincy in Hancock County 
Along Mississippi River south of 22,500 
Quincy in Pike County 
Along Mississippi River between 45,000 
Valmeyer and Kaskaskia Island 
Along Mississippi River south of 45,000 
Grand Tower Island 
Along Mississippi River in southern 45,000 
Alexander County 
Along Ohio River in Massac 45,000 
County 
Along Wabash River in Gallatin 22,500 
County 
Along Wabash River in Lawrence 22,500 
County 
Along Illinois River centered in 22,500 
Greene County 
Havana Lowlands, centered in 22,500 
Mason County 

Princeton Valley in Bureau and none 
Whiteside Counties 
Deep sandstone area centered in none 
Ogle County 
Along Buried Mahomet Valley in none 
De Wrtt and Piatt Counties 
Along Buried Mahomet Valley in none 
Ford and Iroquois Counties 
East St. Louis area 45,000 

2,700 

3,500 

3,500 

2,500 

2,000 

1,800 

2,000 

2,500 

2,000 

3,000 

2,000 

(2 values) 
2,000 in east 
5,000 in west 

2,000 

23 

2,120 

2,500 

2,500 

Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 
Water table with induced in- 
filtration from river 

Water table 

Leaky artesian 

Leaky artesian 

Water table with induced in- 
filtration from river 

All aquifers, with the exception of those in areas 12 
and 17, were assumed to  be of a uniform thickness that 
was based upon the difference between known static water 
levels in the aquifers and estimated elevations of bedrock 
at the base of the aquifers. Areas 12 and 17, the Havana 
Lowlands and the East St. Louis area, were modeled in 
some detail because data on aquifer thickness were avail- 
able from previously published reports (Walker, Bergstrom, 
and Walton, 1965; Bergstrom and Walker, 1956; Schicht, 
1965). 

In the selected areas general conditions under which 
ground water occurs are of three types. First, water table 
conditions exist where an aquifer is unconfined at  the top 
and pumped water is derived from gravity drainage of the 

interstices in the portion of the aquifer being dewatered. 
Gravity drainage of the interstices decreases the saturated 
thickness of the aquifer. Under these conditions, water 
levels in wells become critical after more than half the initial 
saturated thickness of the aquifer is dewatered. 

Second, leaky artesian conditions exist where aquifers 
are overlain by confining beds that impede the vertical 
flow of the ground water that is recharging the aquifer being 
pumped. Under these circumstances, critical water levels 
in wells occur when water levels fall below the bottom of 
the confining layer. When that happens, the rate of flow 
through the confining layer reaches a limit as maximum 
hydraulic gradients are created. 



Figure 26. Computer rn el of discrete elements of aquifer, 
used for location of wells. 

Third, induced infiltration conditions exist when wells 
are pumped in aquifers near, or in hydraulic connection 
with, streams, rivers, or other surface water bodies. In the 
course of pumping, water levels in the aquifer may be 

lowered below surface water levels and the aquifer is re- 
charged by seepage from the surface water body. Induced 
infiltration conditions can occur in combination with either 
water table or leaky artesian conditions. However, induced 
infiltration coexisting with water table conditions is the 
only combination found in the selected areas. The critical 
water level in wells for this combination is the same as that 
for water table conditions. 

Digital computer models were developed for studying 
areas 1 through 13 and 17, and mathematical models were 
used for studying areas 1 4  through 16. The digital comput- 
er models are capable of simulating two-dimensional flow 
of ground water in aquifers under water table conditions. 
The models also can simulate pumpage from wells and the 
movement of water between surface waters and the ground- 
water reservoir, thus yielding data on changes in water 
levels. The equations governing the flow of ground water 
in models such as those described have been given by 
Prickett and Lonnquist (1 971 ). 

One of the 1 4  digital models is shown in figure 26. It 
illustrates the transmission network for a 20-well pumping 
scheme designed to  furnish a 20,000gpm water supply 
along the Mississippi River in Pike County, Illinois. The 
figure shows a grid (finite difference) superposed on a map 
of the sand and gravel aquifer that lies along the Mississippi 
River south of Quincy. The aquifer is thus subdivided into 
discrete elements associated with the numbered rows and 
columns of the finite difference grid. The edges of the 
model approximate the sides of the valley that forms the 
boundary of the aquifer. Sufficient rows in the grid are 
included upstream and downstream from the area of 
analysis to  prevent the projected water levels from being 
affected by their position at the edge of the model. 

Figure 26 also shows locations of 20 hypothetical wells 
used to  predict the effects of pumping 20,000 gpm of wa- 
ter. The location of the wells was based on (1) reasonably 
close spacing to avoid mutual interference, (2) present flood 
control levees (all wells were placed on the land side of the 
levees), and ( 3 )  placement of all wells as close as possible 
to a river to get maximum induced infiltration from that 
source of recharge. Most wells were spaced 1,000 to  2,000 
feet apart. 

The computer produced printed water-level elevations 
resulting from the various well-pumping schemes. Several 
computer runs were made for each area to find a suitable 
scheme for obtaining well yields of 4,000, 10,000, 20,000, 
and 50,000 gpm (6 to 72 mgd) without creating critically 
low water levels. 

To assure a dependable water supply, the only source of 
recharge included in the model studies for areas 1 through 



81 and 17  was induced infiltration from near-by perennial 
rivers. No allowance for natural recharge from precipita- 
tion as such was included in any of the model simulations. 

For areas 12 and 13, which have no rivers near their 
well fields, the computer models were designed to simulate 
the effects of pumping where the only recharge is from pre- 
cipitation. Estimates of recharge rates for a year of normal 
precipitation were based on known recharge rates in hydro- 
geologically similar areas. To assure that the water supply 
in areas 12 and 1 3 would be dependable, allowance was also 
made for taking water from storage within the aquifer for 
a sustained 5-year period of no recharge. 

The models for areas 1, 2, 8, 10, and 17 showed that 
even with reasonable well spacings and the estimated infil- 
tration rates it was not possible to produce 72 mgd of water. 
Areas 1 and 2 were capable of yielding only 1 4  mgd, while 
areas 8 ,  10,  and 17 were capable of supplying 28 mgd. 
Areas 3 through 7, 9, and 11 through 13 were estimated to 
be capable of supporting a 72-mgd water demand. 

Mathematical models were used to  study the feasibility 
of obtaining the supplies of water needed for coal conver- 
sion plants in areas 14  through 16. Mathematical models 
were used for these areas because previous analyses by the 
Water Survey could be directly applied to the evaluation of 
these aquifers. 

The mathematical models were of the types outlined by 
Walker and Walton (1 96 1). Mathematical models involve 
creation of simplified geometric forms that approximate 
the configuration of the aquifer. The average hydro- 
geologic properties of the aquifer and of the confining 
layer, if any, were selected on the same basis as those for 
the digital models previously described. 

The resulting model is called an idealized aquifer. Analy- 
sis is based on the hydrogeologic properties of the idealized 
aquifer, an analytical technique that simulates the effects 
of recharge and barrier boundaries on drawdown of water 
levels in the pumped aquifer (image-well theory), and on 
an appropriate theoretical ground-water equation. 

The results of analyses of areas 1 4  through 16 made 
with the mathematical models indicate that these areas are 
capable of producing the maximum 72 mgd of water need- 
ed for a coal conversion plant. 

Analyses of cost for deveioping ground water in the 
favorable areas include estimates for wells, pumps, electri- 
cal power for pumping, pipelines to a central point, opera- 
tion, and maintenance. Other possible costs, such as test 

drilling, tests to determine precise aquifer properties, and 
land procurement are not included. 

Well Costs 

Production wells were designed for a maximum develop- 
ment of 1,000 gpm per well (1,390 gpm at areas 15 and 16). 
Wells in sand and gravel aquifers use screens of 24-inch diam- 
eter and from 40 to  100 feet long, whereas those in the 
Cambrian-Ordovician aquifer of northwestern Illinois (area 
14) were 12 inches in diameter. Depths of sand and gravel 
wells were estimated from elevations taken from topograph- 
ic and bedrock surface maps, while depths for Cambrian- 
Ordovician wells were estimated at 1,000 feet (Walton and 
Csallany, 1962). 

Gibb and Sanderson (1969) developed the following 
cost-to-depth formula for gravel-packed wells finished in 
sand and gravel and for wells in the Cambrian-Ordovician 
aquifer : 

and 

where 
CWg is the well construction cost for sand and gravel wells 
and Cwco the cost' for Cambrian-Ordovician wells in 1966 
dollars; d is well depth in feet. Equations (1) and (2) were 
adjusted to  1973 prices by applying Engineering News- 
Record Cost Indexes for 1966 and 1973 (Eng. News-Rkc- 
ord, 1974). Well construction costs then become: 

and 

Annual costs for wells were obtained by amortizing 
capital costs at 6 718 percent over an assumed 30-year ser- 
vice life. For this determination a capital recovery factor 
(CRF) of 0.07985 was used. 

Pump Costs 

It was assumed that submersible pumps capable of 
operating at  rates of 1,000 gpm would be used. The 
average pumping lift for pumps within a production field 
was taken to be the average drawdown (as computed in the 
digital model), adjusted for dewatering, partial penetration, 
well loss, nonpumping water level, and a nominal 25-foot 
head loss to allow for pipeline friction and pressure. To pro- 
vide stand-by wells, the number of wells (pumps) was in- 
creased by 20 percent. 



Gibb and Sanderson (1969) determined capital costs for 
submersible turbine pumps in Illinois to be: 

where 
Cp is individual pump cost in 1970 dollars, Q is production 
rate in gpm, and H is average pumping lift (as computed 
above). When costs are adjusted for 197 3 prices, individual 
pump costs become: 

Annual costs for pumps were obtained by amortizing 
capital costs at 6 718 percent over an assumed 15-year ser- 
vice life (CRF = 0.1089). 

Electrical Costs 

Determinations of electrical cost for production wells 
were made on the basis of an assumed unit power charge of 
1.0 cents per kilowatt hour (kwhr) and on the following ex- 
pression 'for pumping energy (Ackermann, 1967) : 

kwhr = 1.88 X loy4 QhtIE (7) 

where 
Q is flow in gpm, h is total pumping.lift in feet, t is time 
in hours (assumed to be 1 year or 8760 hr), and E is wire-to- 
water efficiency (assumed to be 0.5). The annual power 
cost becomes: 

Transm ission Costs 

The construction cost of connecting the well field t o  the 
pipeline can be expressed by the equation (Ackermann, 
1967): 

where 
Ct is capital cost in 1973 dollars, D is pipeline diameter in 
inches, and L is pipeline length in miles. 

Annual operation, maintenance, and repair costs for 
pipelines were estimated by Singh, Visocky , and Lonnquist 
(1972) and, adjusted to  1973 prices, appear as: 

Easement costs for placement of pipelines along rights-of- 
way (Singh, Visocky, and Lonnquist, 1972), in 1973 dol- 
lars, are expressed as: 

The total annual transmission cost for collecting ground- 
water supplies is the sum of operation, maintenance, and 
repair (Corn,,) and amortized capital costs (Ct and Crow,). 
Capital costs were amortized at  6 718 percent for a period 
of 30 years. 

Pipe diameters (D) in equations (9) and (10) were 
selected according to  the method used in studies of opti- 
mum diameters by Singh (1 971). 

Cost Summary 

Annual and unit costs for water supplies yielding 4,000, 
10,000,20,000, and 50,000 gpm from sand and gravel wells 
were estimated in 16 areas along the Mississippi, Ohio, 
Illinois, and Wabash Rivers and in the Princeton and 
Mahomet bedrock valleys. Similar estimates were made for 
bedrock wells in area 14  in Ogle County. Unit costs are 
summarized in table 11. In areas 1 ,  2, 8 ,  10, and 17, wa- 
ter is available in limited supplies only, and in area 5, the 
50,000gpm supply requires two 25,000-gpm fields whose 
centers are 15.7 miles apart. Area 17 also needs two well 
fields. 

TABLE 1 1-ESTIMATED COST OF 
GROUND-WATER SUPPLY A T  SELECTED SITES 

Estimated cost of supply 
($11,000 gal) 

4,000 10,000 20,000 50,000 
Area gPm gPm i3Jm mm 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14+ 
15 
16  
17** 

Average 
(excluding site 14) 

* Supply not available. 
f From t w o  25,000-gpm well fields 15.7 miles apart. 
$ Bedrock aquifer. 
**From two 10,000-gpm well fields 10 miles apart. 



TABLE 12-AVERAGE AMOUNTS OF MINERAL CONSTITUENTS 
IN GROUND WATER AT SELECTED SITES 

(mgll)  

Total 
dissolved Hard- Alka- Temp. 

Area solids ness linity Fe Mn C1 F NO, so4 (OF) 

Excluding area 14, which has bedrock aquifers, unit 
costs in areas 1 to  17 (sand and gravel wells) ranged from 
0.92 to  1.69 cents per 1,000 gallons for a 4,000gpm sup- 
ply and from 1.68 to 4.43 cents per 1,000 gallons for a 
50,000gpm supply. Unit casts generally increase with 
production rate, there being no economies of scale involved 
in the cost factors considered. It is assumed that no treat- 
ment will be given t o  the water. Average costs in areas 1 to 
1 3 and 15 to  17 for supplies of 4,000, 10,000, 20,000, and 
50,000 gpm were 1.29,1.59,2.00, and 2.69 cents per 1,000 
gallons, respectively. Corresponding costs from the deep 
sandstone aquifer (area 14) were approximately three times 
as great, 3.5 8,  5 .3 1 ,  6.49, and 8.46 cents per 1,000 gallons. 
While other unit costs in areas 1 to 13 and 15 to  17 remain 
relatively stable, average transmission costs rise from 31.5 
percent of the total costs for 4,000gpm supplies to  56.2 
percent of the total for 50,000-gpm supplies. For Cam- 
brian-Ordovician wells, such as that in area 14, electrical 
costs are the largest unit cost. They decrease as the gallons 
per minute rate increases from 61.2 to 44.3 percent of the 
total, but transmission costs increase from 16.7 to 43.9 per- 
cent of the total cost. 

Ground-Water Quality 

The chemical quality of water supplies at the 17 study 
areas can be estimated from mineral analyses of near-by 
existing ground-water supplies. Such analyses on file at the 
Illinois State Water Survey were averaged for each area to 
determine the average quality that might be expected there. 

The average values of chemical concentration and tempera- 
ture are summarized in table 12. 

The review revealed that water in most of the areas 
studied is of fairly good quality, with total dissolved solids 
averaging between 134 and 51 5 milligrams per liter (mgll). 
It has moderate to high hardness, averaging between 102 
and 429 mgll. Iron also is present in considerable concen- 
tration, between 0.1 and 13.4 mgll. Average water tem- 
perature ranges from 51.4* t o  60* F, the cooler tempera- 
tures appearing in the northern areas and the warmer ones 
in southern areas. 

Legal Aspects of Ground-Water Development 

It is beyond the scope of this report to deal more than 
briefly with Illinois water law, but several excellent sources 
are available as described in Water for Illinois, A Plan for Ac- 
tion (Board of Economic Development, 1967). The Illinois 
Supreme Court has adopted the English common law rule 
for cases involving percolating ground water. In essence, 
the rule states that the owner of the land owns all the per- 
colating water underlying his land. 

AVAILABILITY OF SURFACE WATER 
FOR COAL CONVERSION 

Not only is Illinois bordered by the Mississippi, the Ohio, 
and the Wabash Rivers and by Lake Michigan, but it is also 
internally drained by the Rock, the Illinois, the Sangamon, 



the Kaskaskia, the Big Muddy, the Embarras, and the Little 
Wabash Rivers, as well as many smaller streams. In addition, 
Illinois has 368 bodies of water of 40 acres or more. 

Streamflow is continuously recorded along the streams of 
the state. These flow data are collected and published by 
the U. S. Geological Survey (1974), half the cost being pro- 
vided by a state sponsor. The Illinois State Water Survey is 
the largest of the state sponsors of this program. In 1971 
records were kept at 167 locations. Continuous streamflow 
records for the 25-year period 1950 through 1974 are avail- 
able from about 100 gaging stations. 

The average runoff to streams is about 9 inches a year 
in most of central Illinois and about 15 inches in southern 
Illinois. Runoff is a major water resource because it can be 
taken directly from a stream and used immediately or it 
can be stored in a reservoir and used as needed. 

One important means of conserving water is to capture 
flood runoff and keep it in a reservoir for use in dry seasons. 
Reservoir lakes can also be used for recreation and other 
purposes. Illinois has several large reservoirs, and more are 
being planned or constructed; a large potential remains for 
the development of additional impoundments. Man-made 
lakes or reservoirs have been developed throughout the 
state for various purposes. Some of the larger existing lakes 
are listed in table 1 3 .  

Except for lakes in the valleys of the larger streams, nat- 
ural lakes are confined to the northeastern portion of Illi- 
nois. They are the result of juvenile drainage following the 
last glacial period. Most of them are in the Chain O'Lakes 
region in Lake and McHenry Counties. 

Bodies of water of 40 acres or more have a total surface 
area of l38,3 17 acres. The northern section of the state 
contains 117 such lakes, 47 of them in Lake County. Of 
the 128 bodies of water in the north-central section, 27 are 
in Mason County. The south-central section contains 72 
lakes, 11 in Calhoun County and 11 in Macoupin County. 
Of the 51 lakes in the southern section, Franklin and Wil- 
liamson Counties have 9 each. A small portion of the total 
water surface and storage area is made up of many ponds, 
lakes, and reservoirs of less than 40 acres. 

Four potential sources of surface water were studied to  
locate possible water supplies for coal conversion-water 
flowing in rivers and streams, water impounded in existing 
reservoirs, surface water that could be impounded in reser- 
voirs, and treated wastewater. 

Legal Aspects of Surface 

For streams within the state, the Illinois Supreme Court 
has subscribed to the doctrine of riparian rights with respect 
to the reasonable use of water in natural water courses. 

The diversion of water from Lake Michigan by Illinois is 
limited to 3,200 cubic feet per second (cfs) by decree of the 
U. S. Supreme Court (Northeastern Illinois Planning Com- 

TABLE 13-LARGE MAN-MADE LAKES OF l LLlNOlS 

Lake 
capacity 

Purpose and name Near-by city (million gal) 

Flood Control and Water Supply 
Carlyle Lake 
Lake Shelbyville 
Rend Lake 

Recreation and Wildlife 
Crab Orchard Lake 
Little Grassy Lake 
Devils Kitchen Lake 

Power Plant Supply 
Impounded Lakes 

Lake of Egypt 
Sangchris Lake 
Coffeen Lake 

Side-Channel Lakes 
Lake Baldwin 
Con-Ed Lake 

City Water Supply 
Lake Springfield 
Lake Decatur 
Lake Bloomington 
Evergreen Lake 
Lake Kinkaid 
Lake Vermilion 
Lake Taylorville 
Lake Sara 
Lake Lou Yaeger 

Carlyle 
Shelbyville 
Benton 

Carbondale 
Carbondale 
Carbondale 

Marion 
Springfield 
Coffeen 

Baldwin 
La Salle 

Springfield 
Decatur 
Bloomington 
Bloomington 
Murphysboro 
Danville 
Tay lorville 
Eff ingham 
Litchf ield 

mission, 1974). At present this water is being used for wa- 
ter supply, chiefly by Chicago, and to augment flow in the 
Chicago Sanitary and Ship Canal and the Calumet-Sag Canal. 
This report does not evaluate the potential application of 
Lake Michigan water for coal conversion. 

Treated wastewater, or sewage effluent of acceptable 
quality, is another possible source of water for coal conver- 
sion. All cities operating wastewater treatment plants are 
required by the Illinois Environmental Protection Agency to 
submit monthly operation reports. These reports show the 
amount of wastewater in gallons per day leaving the plant 
after treatment, any wastewater bypassed untreated during 
rains in places where the storm and sanitary sewer systems 
are combined, and quality parameters such as biologic 
oxygen demand (BOD) and concentration of suspended 
solids. 

The state EPA field offices supplied information on 
effluent flow for the year 1970, as well as for a few earlier 
years. Study of this information indicated that 15 munici- 
palities in the state have 7-day low-flow sewage effluents 
that are within the range of the defined water consumption 



TABLE 14-MUNICIPAL PLANTS WITH 7-DAY has already been committed to  public supply. Only two of 
LOW-FLOW EFFLUENT OF 6 MGD OR MORE these present a possible, but not probable, source for con- 

IN 1970 version plants. 

(Locations in figure 25) Rend Lake in Franklin County can provide a water sup- 
ply of 40 mgd, which is already committed to  the Rend 

7-day low-flow 
Town or plant County effluent (mgd) Lake Intercity Water System. It is unlikely that water can 

be furnished for any additional use at present. The state of 
Rockford 
Aurora 
Elgin 
Bloom Township 
Joliet 
Northside 
West Southwest 
Calumet 
Peoria 
Springfield 
Decatur 
Bloomington 
East St. Louis 
Danville 
Urbana 

Winnebago 27 
Kane 13 
Kane, Cook 7 
Cook 8 
Will 12 
Cook 240 
Cook 650 
Cook 130 
Peoria 2 5 
Sangamon 15 
Macon 15 
McLean 8 
St. Clair 8 
Vermilion 7 
Champaign 7 

needs for coal conversion. The plants are listed in table 1 4  
and their locations are shown on figure 25. 

Water from Rivers 

Available flow records for the principal rivers in and 
bounding Illinois were used to estimate the minimum daily 
flow that could be expected during a 50-year period (fig. 
25). These quantities of water are considered as being 
available for use by coal conversion plants. 

The Mississippi River on the western edge of Illinois was 
estimated to  have a minimum flow of 6,500 mgd, an amount 
almost 100 times greater than the maximum amount of wa- 
ter (72 mgd) assumed to be needed by one coal conversion 
plant. Along the southwestern part of Illinois, minimum 
flows in the Mississippi River rise to between 20,000 and 
23,000 mgd. Along rhe Ohio River, in southern Illinois, the 
range of flow is from 3,500 mgd to 11,000 mgd. The 
Wabash River bounding southeastern Illinois has a minimum 
flow of between 350 and 950 mgd. The Illinois River of 
central Illinois has flows of 700 mgd at its upper extremity, 
about 1,000 mgd near Peoria, and 1,200 mgd at its con- 
fluence with the Mississippi River. All these amounts great- 
ly exceed the amount of water used by one coal conversion 
plant. Values for the Rock River in northern Illinois range 
from 60 mgd near the Wisconsin state line to 500 mgd where 
the Rock River empties into the Mississippi River. 

Existing Reservoirs 

A number of relatively large reservoirs already exist in 
Illinois (table 13), but the water supply of most of them 

Illinois owns part of the water supply in Lake Shelbyville, 
Shelby County, and a supply of 14 mgd could be provided 
for coal conversion if the state so decided. The state also 
owns part of the water supply in Carlyle Lake in Clinton 
County. This lake could provide a water supply of 29 mgd. 
These two are the only existing reservoirs that might fur- 
nish a water supply for coal conversion. 

From 1962 to 1967, a detailed study of Illinois was 
made by the State Water Survey to locate potential reser- 
voir sites. Some 1,200 potential sites were examined, 800 
of which seemed favorable for reservoir construction. De- 
tailed information was published on the physical aspects 
of each of these sites. Separate reports contain results for 
southern Illinois (Roberts et al., 1962), south-central Illinois 
(Dawes and Terstriep, 1966a), north-central Illinois (Dawes 
and Terstriep, 1966b), and northern Illinois (Dawes and 
Terstriep, 1967). Most of the reservoir sites described in 
these four reports are of a size suitable for public water sup- 
ply in Illinois but are not large enough to supply a coal con- 
version plant. 

To evaluate the potential man-made reservoirs as sources 
of water for coal conversion, the Water Survey made a fur- 
ther study of all potential reservoir sites in Illinois. The 
study found 228 locations where a potential reservoir 
capable of supplying more than 6 mgd of water could be 
built. Table D (Appendix 1 )  gives data for each of the 
sites. The yield of a reservoir in million gallons per day 
(table D) would use only half the reservoir capacity during 
a drouth that had a recurrence interval of 40 years. Recrea- 
tional use of the lake could therefore continue during the 
drouth. The yield shown in the table is the amount of wa- 
ter a reservoir could furnish for use by coal conversion 
plants. In table D there are 266 entries for the 228 sites 
selected because two sizes of reservoirs have been proposed 
for some sites, noted in the table as, for instance, 26 and 
26A. Sites with letter suffixes are different versions of the 
sites with plain numbers, but the general location is the 
same. 

The potential reservoirs that could be built at the 228 
locations (table D) indicate the vast water resources avail- 
able for coal conversion plants in Illinois. Each one of the 
possible reservoirs could supply at  least the minimum 
quantity of water required for one coal conversion plant 

(6 mgd). 



Cost of Potential Reservoirs 

A typical cost analysis was made for selected reservoir 
capacities in different geographic locations of the state. 
Computation of the estimated project cost of the reser- 
voirs followed the method proposed by Dawes and Wathne 
(1968). The formula given by Dawes and Wathne (1 968) 
is based on a 1964 cost level, but the Handy-Whitman In- 
dex (1973) was used to bring the cost to a 1972 level. The 
price of land is based on the land values in Illinois cited in 
the Agricultural Census of 1969, converted to  1972 level 
by the cost index numbers of Illinois farmland values sup- 
plied by Dr. F. J. Reiss, Professor of Land Economics and 
Extension Specialist in Farm Management and Tenancy of 
the University of Illinois (personal communication, 1975). 

The original equation for cost of reservoirs proposed by 
Dawes and Wathne (1968) is based on data for reservoirs 
constructed in Illinois since 1946 that were collected from 
consulting engineers, private and municipal water utilities, 
and state and Federal agencies. The project cost used here 
is the sum of the cost of construction, engineering and legal 
services, contingencies, and land. The term "construction 
cost" in the analysis encompasses costs of land clearing, dam 
and spillway construction, and relocations. Engineering and 
legal services were added as a fixed percentage-1 5 percent 
of construction cost. Contingencies were added as 10 per- 
cent of the construction cost. The amount of land required 
for a project was determined to be 50 percent more than 
the actual normal surface area of the pool. The reservoir 
project cost is estimated by the following equation: 

where 
PC = total project cost in dollars 

C ,  = 1.25, a combined constant accounting for engi- 
neering and legal services (15 percent of C) plus 
contingencies (10 percent of C) 

C = 4287 the construction cost (S = storage 
capacity in acre-feet) 

C, = 1 SO, total required land area, 50 percent more 
area than needed for normal surface area of pool 

La = 0.23 the required lake area 
k = land cost expressed in dollars per acre 

The measure of dispersion in both the construction 
cost, C, and the lake area required, La, is given by the 
respective standard deviations expressed in percentages as 
70.9 and 39.0. For estimates of project cost, values one 
standard deviation above the regression line were selected. 
This implies that, on the average, the actual values in ex- 
cess of the estimated cost is expected only 16 percent of 
the time. In simplified form, the appropriate substitutions 
in the cost equation provide: 

The ratio in the Handy-Whitman Cost Index (Whitman 
et al., 1973) for impounding reservoirs between 1964 and 
1972 is: 

Therefore, the final equation for project cost is: 

Equation 12 was used to compute the cost of potential 
reservoir sites, and the results are shown in figure 27. 

As can be seen in figure 27, the cost of potential reser- 
voirs varies with geographic location in Illinois. Costs are 
higher in northern Illinois than in southern, principally be- 
cause land costs are higher in the northern part of the state. 
The project cost of potential reservoirs also varies with the 
reservoir capacity and ranges from about 1.8 million dollars 
for a reservoir capacity of 5,000 acre-ft to about 35 million 
dollars for a reservoir capacity of 500,000 acre-ft (fig. 27). 

The relation between the reservoir yield and the reser- 
voir capacity is given in figure 28, which provides a rough 
way of estimating the net yield of a reservoir, based upon 
reservoir capacity only. Figures 27 and 28 can be used to- 
gether to  relate project costs and reservoir net yield. 

Quality of Surface Water 

When a water supply is being planned for a coal conver- 
sion plant or for municipal, agricultural, industrial, or other 
uses, it is not enough to  know that the water is merely pota- 
ble. The amount and the kind of minerals in the water also 
must be known if an estimate of the cost of water treat- 
ment is to be made. 

Available information and interviews with several engi- 
neers and researchers in this field reveal that no general 
standards can be set for the minimum water quality that is 
required by the various coal conversion processes. For that 
reason, existing surface-water qualities in Illinois are de- 
scribed here. 

The parameters selected for defining mineral quality in 
this report were chosen because of their effect on general 
municipal and industrial use. No assessment is made here of 
the sanitary quality of the water. 

Water dissolves minerals and other substances. The de- 
gree to  which solution takes place depends on the type of 
mineral involved, the time of contact, and, in some cases, 
the presence or absence of dissolved oxygen. For example, 
Illinois surface waters in rivers and lakes seldom contain 
dissolved iron because they contain dissolved oxygen. Iron 
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Figure 27. Reservoir capacity and cost. 

Figure 28. Relation between reservoir yield and reservoir capacity. 

may be present as suspended iron oxide or in suspended silt, 
but it is not dissolved. On the other hand, well waters sel- 
dom contain dissolved oxygen and iron is present in the 
water of about three of every four wells in a concentration 
of more than 0 . 3  mg/l, which is sufficient to  cause staining. 

The minerals in ground water are related to the associated 
geologic formation. The minerals in surface water are 
generally those of the surface soil, although many streams 
are occasionally fed by ground water. Other minerals are 
added through public, industrial, and agricultural use of 
water. 

For most subsurface waters, chemical analysis of a sin- 

gle sample is sufficient to give an accurate evaluation of the 
quality of the water produced from a given well. However, 
because the quality of the water in a stream varies almost 
continuously, a series of analyses must be made on numer- 
ous samples obtained by a regulated sampling program. 

Most waters in Illinois are suitable for agricultural use 
if the mineral content is satisfactory for municipal use and 
if the sodium adsorption ratio (the total dissolved minerals 
minus the hardness, divided by 5 times the square root of 
the hardness) does not exceed 10. A ratio of more than 
20 to  25 is generally unsatisfactory. 

The surface-water quality for various parts of the state is 
summarized in table E (Appendix 1). Data were analyzed 
from samples collected by the State Water Survey in 29 
watersheds from 44 sampling locations. Samples were 
generally collected monthly for a period of four to five 
years at each sampling station. Locations of the sampling 
stations are shown in figure 29.  

Figure 29. Location of water quality sampling stations. 



Illinois is rich in water in the quantities needed for coal 
conversion. Water could be supplied to  a plant anywhere 
along the major rivers-the Mississippi, Ohio, Wabash, Illi- 
nois or Rock. The minimum flow in the Mississippi River, 
as shown on the accompanying map (pl. 3), could supply 

numerous coal conversion plants, each using water at a 
rate of 72 mgd. 

At 228 locations (pl. 3)  at least 6 mgd could be supplied 
to a coal conversion plant from a man-made reservoir. At 
17  locations a system of wells could be constructed t o  pro- 
vide a water supply of at least 1 4  mgd for coal conversion. 
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TABLES 





De Witt 

Totals 

Douglas 

Totals 

Edgar 

Totals 

Edwards 

Totals 

Eff ingham 

Totals 

Fayette 

Totals 

Franklin 

Totals 

Fulton 

Totals 

Gallatin 

Totals 

Greene 

Totals 

Hamilton 

Totals 

Henry 

Totals 

(Continued on next page) 



TABLE A-Continued 

County averagest 
County totals* 

Coal reserves (thousands of tons) by Average Av.tons 
average thickness Area of coal ~ r e a f  thick- per sq mi Coal Thousands remaining mined out ness (in thou- 

County seam 4 f t  5 f t  6 ft  7 f t  8 ft  9 f t  10+ f t  of tons (sq mi) (sq mi) (ft) sands) 

Jackson 

Totals 

Jasper 

Totals 

Jefferson 

Totals 

Jersey 

Totals 

Knox 

Totals 

La Salle 

Totals 

Lawrence 

Totals 

Livingston 

Totals 

Logan 

Totals 

McLean 

Totals 

Macon 

Totals 



Macoupin 

Totals 

Madison 

Totals 

Marion 

Totals 

Menard 

Totals 

Monroe 

Totals 

Montgomery 

Totals 

Morgan 

Totals 

Moultrie 

Totals 

Peoria 

Totals 

Perry 

Totals 

Piatt 

Totals 

Putnam 

Totals 

(Concluded on next pages) 



TAB L E A-Concluded 

County averagest 
County totals* 

Coal reserves (thousands of tons) by Average Av. tons 
average thickness Area of coal ~ rea$ '  thick- per sq mi Coal Thousands remaining mined out ness (in thou- 

County seam 4 f t  5 ft  6 f t  7 f t  8 f t  9 f t  10+ ft  of tons (sq mi) (sq mi) (ft) sands) 

Randolph 

Totals 

Richland 

Totals 

St. Clair 

Totals 

Saline 

Totals 

Sangamon 

Totals 

Schuyler 

Totals 

Shelby 

Totals 

Stark 

Totals 

Taze well 

Totals 

Vermilion 

Totals 

Wabash 

Totals 



Washington 

Totals 

Wayne 

Totals 

White 

Totals 

Williamson 

Totals 

Seam totals 
Coal seam 
Coal seam 

State totals 

* Does not. include coal underlying oil and gas fields. 

t Refers only to seams more than 42 inches thick. 

$ Mined-out area reflects all areas mined regardless of seam thickness. 



TABLE B-DEMONSTRATED COAL RESERVES* OF THE UNITED STATES 
AND ESTIMATED ENERGY POTENTIALS BY STATE 

(Compiled by Ramesh Malhotra, Illinois State Geological Survey Mineral Economics Group) 

Coal heat content 
Demonstrated coal reserves base $ (Btu) 

(million short tons) Av. heat Potential 

Method of mining Percentage content energy Percentage of U. S. Range * * value used available of U. S. 
State Underground Surface Total total (Btu Ab) (BtuAb) (Trillion Btu) total 

Alabama 
Alaska 
Arizona 
Arkansas 
Colorado 
Georgia 
Illinois 
Indiana 
10 wa 
Kansas 
Kentucky, East 
Kentucky, West 
Maryland 
Michigan 
Missouri 
Montana 
New Mexico 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
South Dakota 
Tennessee 
Texas 
Utah 
Virginia 
Washington 
West Virginia 
Wyoming 

Total 
* Demonstrated coal reserves are defined by  the U. S .  Bureau of Mines as in-place coals, 28 inches or more thick in bituminous coal or 

anthracite and 60 inches or more thick in sub-bituminous coal or lignite. Maximum depth is 1,000 feet for all except lignite, for which 
only strippable beds less than 120 feet deep are considered. 

t Less than 1 million short tons. 
Sources of  data: ($) U. S. Bureau of Mines, 1974; (* *) Libra y of Congress Congressional Research Service, 1973, 

Science Polzcy Research Diviszon. 



TABLE C-REMAINING COAL RESERVES IN ILLINOIS, BY COUNTY AND COAL SEAM, JANUARY 1975" 

(in millions of tons) 

Harrisburg; Rock Total 
Danville Herrin Springfield Summum Colchester Island Misc. Percent strippable 

County (No. 7) (No. 6) (No. 5) (No. 4) (No. 2) De Koven Davis (No. 1) coals Total strippable coal 

Adams 
Bond 
Brown 
Bureau 
Calhoun 
Cass 
Champaign 
Christian 
Clark 
Clay 
Clinton 
Coles 
Crawford 
Cumberland 
De Witt 
Douglas 
Edgar 
Edwards 
Effingham 
Fayette 
Franklin 
Fulton 
Gallatin 
Greene 
Grundy 
Hamilton 
Hancock 
Hardin 
Henderson 
Henry 
Jackson 
Jasper 
Jefferson 
Jersey 
Kankakee 

(Continued on next page) 



TAB L E C-Con tinued 

Harrisburg- Rock Total 
Dandle  Herrin Springfield Surnmum Colchester Island Misc. Percent strippable 

County (No. 7) (No. 6 )  (No. 5 )  (No. 4) (No. 2) De Koven Davis (No. 1) coals Total strippable coal 

Knox 
La Salle 
Lawrence 
Livingston 
Logan 
McDonough 
McLean 
Macon 
Macoupin 
Madison 
Marion 
Marshall 
Mason 
Menard 
Mercer 
Monroe 
Montgomery 
Morgan 
Moultrie 
Peoria 
Perry 
Piatt 
Pike 
Putnam 
Randolph 
Richland 
Rock Island 
St. Clair 
Saline 
Sangamon 
Schuyler 
Scott 
Shelby 
Stark 
Tazewell 

(Concluded on next page) 



TAB L E C-Concluded 

Harrisburg- Rock Total 
Danville Herrin Springfield Summurn Colchester Island Misc. Percent strippable 

County (No. 7) (No. 6) (No. 5) (No. 4) (No. 2) De Koven Davis (No. 1) coals Total strippable coal 

Vermilion 
Wabash 
Warren 
Washington 
Wayne 
White 
Will 
Williamson 
Woodford 38.560 144.770 990.850 1,174.180 0.0 0 .O 

Total 7,173.473 64,832.960 39,347.823 3,075.118 20,866.625 2,464.672 3,402.857 1,225.322 4,599.915 146,988.765 13.4 19,637.689 

Additions to 
reserves t 3,558.602 11,098.763 14,657.365 

Revised total 7,173.473 68,391 S 6 2  50,446.586 3,075 .I18 20,866.625 2,464.672 3,402,857 1,225.322 4,599.915 161,646.1 30 12.1 19,637.689 

* Totals include coal seams 2 8  inches or more thick in all cases of reliability, as defined in this report and previous Illinois State Geological Survey publications. 
Strippable coals include coals 18 inches or more thick under 150 feet or less overburden. 

t These additions reflect new reserves of coal identified in the remapping of the coal seams in this study. 

$ Not based on detailed study. 



TABLE D-POTENTIAL RESERVOIRS IN ILLINOIS 

Reservoir Pool Storage Watershed Net 
site area Storage (million area yield * 

County no. (acre) (ac-ft) gal) (sq mi) (mgd) 

Adams 
Adams 
Adams 
Adams 
Adams 
Alexander 
Bond 
Bond 
Boone 
Brown 
Brown 
Brown 
Bureau 
Bureau 
Bureau 

Carroll 
Carroll 
Carroll 
Christian 
Christian 
Christian 
Clark 
Clark 
Clark 
Clark 
Clark 
Clay 
Clay 
Clay 
Clinton 
Clinton 
Coles 
Coles 
Coles 
Coles 
Coles 
Coles 
Coles 
Coles 
Crawford 
Crawford 
Cumberland 
Cumberland 
Cumberland 
Cumberland 
Cumb erland 
Cumberland 
Cumberland 
Cumberland 
De Witt 

(Continued on next page) 



TABLE D-Continued 

Reservoir Pool Storage Watershed Net 
site area Storage (million area yield* 

County no. (acre) (ac-f;) gal) (sq mi) (mgd) 

De Witt 
De Witt 
Edgar 
Effingham 
Effingham 

Fayette 
Fayette 
Fayette 
Fayette 
Fayette 
Fayette 
Fayette 
Fayette 
Fayette 
Fayette 
Franklin 
Fulton 
Fulton 
Fulton 
Fulton 
Fulton 
Fulton 
Fulton 
Fulton 
Fulton 
Gallatin 
Gallatin 
Gallatin 
Gallatin 
Gallatin 

Greene 
Greene 
Greene 
Hanco ck 
Hancock 
Hancock 
Hancock 
Hancock 
Hancock 
Hardin 
Har din 
Hardin 
Henry 
Jasper 
Jasper 
Jasper 
Jefferson 
Jefferson 
Jefferson 
Jefferson 

(Continued on next page) 



TAB L E D -Con tinued 

Reservoir Pool Storage Watershed Net 
site area Storage (million area yield* 

County no. (acre) (ac-ft) gal) (sq mi) b g d )  

Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jersey 
Jersey 
Jo Daviess 
Jo Daviess 
Jo Daviess 
Jo Daviess 
Johnson 
Johnson 
Johnson 
Johnson 
Johnson 
Knox 
Knox 
Knox 
Knox 
Knox 
Knox 
Knox 
La Salle 
La Salle 
Livingston 
Logan 
Logan 
McDonough 
McDonough 
McDonough 
McHenry 
McLean 
Macoupin 
Macoupin 
Macoupin 
Madison 
Madison 
Madison 
Madison 
Marion 
Marion 
Marion 
Marshall 
Marshall 
Menard 
Menard 

(Continued on next page) 



TABLE D-Continued 

Reservoir Pool Storage Watershed Net 
site area Storage (million area yield* 

County no. (acre) (ac-ft ) gal) (sq mi) (mgd) 

Menard 
Mercer 
Mercer 
Mercer 
Mercer 
Mercer 
Monroe 
Monroe 
Monroe 
Montgomery 
Montgomery 
Montgomery 
Morgan 
Morgan 
Peoria 
Peoria 
Peoria 
Perry 
Perry 
Perry 
Perry 
Perry 
Pike 
Pike 
Pike 
Pike 
Pike 
Pike 
Pike 
Pike 
Pike 
Pope 
Pope 
Pope 
Pope 
Pope 
Pope 
Pope 
Pope 
Putnam 
Putnam 
Putnam 
Randolph 
Randolph 
Randolph 
Randolph 
Randolph 
Randolph 
Randolph 
Richland 

(Continued on next page) 



TAB L E D-Con timed 

Reservoir Pool Storage Watershed Net 
site area Storage (million area yield * 

County no. (acre) (ac-ft ) gal) (sq mi) (mgd) 

Richland 
Rock Island 
Rock Island 
St. Clair 
St. Clair 
Saline 
Saline 
Saline 
Sangamon 
Sangamon 
Sangamon 
Sangamon 
Sangamon 
Sangamon 
Sangamon 
Schuyler 
Schuyler 
Schuyler 
Schuyler 
Schuyler 
Schuyler 
Schu yler 
Schuyler 
Schuyler 
Scott 
Scott 
Scott 
Shelby 
Shelby 
Shelby 

Stark 
Stark 
Stark 
Stephenson 
Stephenson 
Stephenson 
Tazewell 
Tazewell 
Tazewell 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Vermilion 
Vermilion 
Vermilion 
Warren 

(Concluded on next page) 



TAB LE D-Concluded 

Reservoir Pool Storage Watershed Net 
site area Storage (million area yield * 

County no. (acre) (ac-ft) gal) (sq mi) (mgd) 

Warren 
Washington 
Washington 
Washington 
Wayne 
Whiteside 
Will 
Williamson 
Williamson 
Williamson 

Woodf ord 
Woodford 
Woodford 
Woodford 
Woodford 
Woodford 

- - 

* Based on using half the reservoir capacity during a 4Oyear drouth. 



TABLE E-QUALITY OF SURFACE WATER FROM THE MAIN WATERSHEDS OF ILLINOIS 

(Highest concentration or highest measured value in mg/l for indicated percentage of samples analyzed) 

Total dissolved 
Sampling station Alkalinity Hardness minerals Nitrate Number Watershed Turbidity Temperature (OF) Sampling of area 

Watershed Location Number 10% 50% 90% 10% 50% 90% 10% 50% 90% 10% 50% 90% 10% 50% 90% 10% 50% 90% period samples (sq mi) 

WISCONSIN DRIFTLESS REGION 
Apple River Hanover 14 195 285 315 240 325 345 285 345 370 2 5.5 8.5 

ROCK RIVER HILLS 
Rock River Como 23 175 240 270 225 290 330 280 340 390 2 6.5 12 

WHEATON MORAINAL REGION 
Fox River Algonquin 2 200 230 280 275 315 380 340 385 450 3 6 11 
Du Page River Troy 6 160 240 285 330 400 470 420 530 630 2.5 10.5 17 

GREEN RIVER LOWLAND 
Green River Geneseo 26 165 235 255 255 350 385 315 405 445 0.5 4 12 

BLOOMINGTON RIDGED PLAIN-NORTH 
Fox River 

KANKAKEE PLAIN 
Vermilion River 
Vermilion River 
Iroquois River 
Kankakee River 

GALESBURG PLAIN 
La Moine River 
La Moine River 
Spoon River 
Spoon River 

INTERSECTIONAL 
Illinois River 
Illinois River 
Illinois River 

LINCOLN HILLS 
Hadley Creek 

SPRINGFIELD PLAIN 
Embarras River 
Kaskaskia River 
Kaskaskia River 
Kaskaskia River 
Sangamon River 
Little Wabash River 
Indian Creek 
Macoupin Creek 

Dayton 

Pontiac 
Lowell 
Iroquois 
Wilmington 

Colmar 
Ripley 
London Mills 
London Mills 

Meredosia 
Peoria 
Peoria 

Barry 

Ste. Marie 
Vandalia 
New Athens 
New Athens 
Oakford 
Wilcox 
Wanda 
Kane 

BLOOMINGTON RIDGED PLAIN-SOUTH 
Kaskaskia River Shelbyville 105 80 200 255 125 320 625 170 405 1080 0.5 8 23.5 
Sangamon River Monticello 60 165 235 300 225 320 350 270 375 485 2.5 8.5 27 
Salt Creek Rowel1 65 140 260 315 180 305 335 230 355 460 3 7 17.5 
Mackinaw River GreenValley 103 150 250 320 195 320 350 260 350 390 1.5 6.5 18.5 
Vermilion River Catlin 101 170 230 300 225 290 340 285 390 560 4 13.5 20.5 

(Concluded on next page) 
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APPENDIX 2 

METHODS USED TO COMPILE ESTIMATES OF COAL RESERVES 



S USED TO COMPILE ESTIMATES OF COAL RESE 

Jay P. Hoe flinger and Lawrence E. Bengal 

The basic data for this report were drawn from the Illi- 
nois Geological Survey's comprehensive compilation of the 
estimated coal reserves of the state, made in 1952 (Cady 
and others, 1952). For that study, the Illinois coal field 
was divided into 3 3 areas (text figure 18). For each area a 
base map on a scale of approximately 1 inch to the mile 
was constructed by combining eight 15-minute quadrangle 
maps in two horizontal rows of four. Drill holes, mined-out 
areas, coal outcrops, and the thickness of each coal seam 
were plotted on the base maps. The reserves were then 
planimetered by hand to obtain area measurements for each 
increment of thickness and reliability used in the classifica- 
tion scheme shown in text table 3 .  The results were tabu- 
lated on punched cards by county, township, coal seam, 
coal seam thickness, and reliability of data. Tabulating 
machines (Parker, 1946) were then used to compute and 
tally the total tonnages of coal. 

For the present study, two computer programs, the Coal 
Resource System and GEOMAPS, were developed at the 
Illinois Geological Survey for computing areas and volumes 
of coal within each of the reserve categories. The heart of 
the two systems is ILLIMAP, which also was developed at 
the Illinois Geological Survey in 1970 by Swann and his 
co-workers. ILLIMAP draws base maps of all or any part 
of Illinois t o  any desired scale. Its effectiveness lies in its 
data base, which consists of coordinates obtained from U.S. 
Geological Survey 7.5-minute quadrangle maps on which 
every section corner in the state is expressed in rectangular 
coordinates of the Lambert coordinate system (DuMontelle 
et al., 1968). This is a significant feature because it pro- 
vides a basis for accurate location of datum points. ILLI- 
MAP also includes all of the county and state boundaries 
and Indian treaty lines in Illinois. 

COAL RESOURCE SYSTEM 

Data Preparation 

At the beginning of this study of coal reserves, the maps 
showing the thickness of the Herrin (No. 6) and Harris- 
burg-Springfield (No. 5) Coals that were made for the 1952 
study were updated to include all the information that had 
been collected since 1952. To simplify the updating, trans- 
parent Mylar base maps were prepared on the same scale as 
the 1952 base maps, and new drill-hole information, bound- 
aries of areas mined out since 1952, and information from 
studies of specific areas made in recent years were plotted 

on the Mylar bases. The Mylar maps were then placed over 
the 1952 base maps so that information from both could be 
used in mapping the extent of the Herrin and Harrisburg- 
Springfield Coals in Illinois and in interpreting the thick- 
ness of the coals. 

After the interpreted maps of the coal seams had been 
prepared, the operation was fully computerized. The first 
step was the entry of the updated information and the re- 
interpreted coal-thickness lines. An Autotrol digitizer at 
the State Water Survey was used for this process. To be 
handled by the digitizer, our basic map unit had to  be re- 
duced from the eight quadrangles used in the 1952 study to 
two quadrangles. Each map unit was digitized and given a 
specific code to  identify its location within the state. 

Because of the type of data available, interpreted coal 
isopachs and other hand-drawn lines representing coal fea- 
tures, rather than actual point data, were digitized. This 
information was then recorded on a magnetic tape for entry 
into the computer. 

Program Procedure 

The digitizer-tape loading program reads successive 
records from the tape and records the Lambert coordinates 
of the map corners for use by ILLIMAP and other routines 
in the system. Every point is assigned a two-digit decimal 
value, which identifies that point. Because interpreted data 
instead of actual point data were digitized, the two-digit 
decimal value represents an isoline on the map. The coor- 
dinates of every point on an isoline and the value for each 
are stored in the coordinate files. The coordinate files in- 
clude a feature-coordinate file and a coal-coordinate file. 
The coal-coordinate file holds only coal isopachs, while the 
feature-coordinate file holds lines representing all other coal 
features affecting the calculation of reserves (fig. A). Both 
types of files are then read by the Coal Resource System 
and are used for calculations of area and volume. 

The Coal Resource System program accesses the coal- 
coordinate and feature-coordinate files for a particular map. 
In several steps the program builds a numerical surface that 
represents the coal surface portrayed on the hand-drawn 
coal-reserve work maps. This numerical surface is then 
used by the program to calculate the coal reserves for that 
particular map and to categorize the reserves into the 
classes that are necessary for further processing. By 
interfacing this coal surface with ILLIMAP, the coal re- 
serves can be calculated by township, county, and seam 
thickness, as is demonstrated in table A (Appendix 1). 
These estimates of coal reserves are then stored in a statis- 
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tics file, where they can be accessed by several display and 
correction programs. 
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GEOMAPS 

GEOMAPS is the mapping and surface graphics system 
developed at the Illinois State Geological Survey. The sys- 
tem is composed of the ILLIMAP program, the FORMA- 
TION program, and IBM's STAMPEDE (IBM Corporation, 
1968). STAMPEDE is a series of programs for forming 
and manipulating numerical surfaces. It can approximate 
arrays of datum points by a uniform grid, generate trend 
surfaces of the first through the eighth order, evaluate poly- 
nomial representations of surfaces, and perform normal 
contouring on a plotter or printer. 

The basic ILLIMAP program was modified to convey 
base-map parameters to the STAMPEDE program and the 
Coal Resource System. .These modifications allow an in- 
dividual program to interrogate the ILLIMAP coordinate 
file in order to orient itself to  the geographical area under 
study. ILLIMAP also conveys the scale, map limits, angle 
of orientation, plotter limits, and scale-conversion factors. 
The Geological Survey's routine called FORMATION was 

added to facilitate plotting the coal-feature lines from 
digitized point data. 

An important feature of the Coal Resource System is its 
ability to plot information. Digitized lines for coal thick- 
ness and coal features are stored in coordinate files that can 
be accessed by the system's plotting routines, which are 
based on GEOMAPS. GEOMAPS can draw on a plotter 
unlimited combinations of digitized lines to  any desired 
scale for any part of Illinois. 

With format-free control cards the user can (1) call for 
particular lines by name; (2) cause symbols to be drawn 
on any of these lines at a predetermined frequency; ( 3 )  
cause characters t o  be entered in the townships of any or all 
counties to represent tons per square mile, total tons of 
coal, total area of coal, weighted average thickness, or total 
square miles of mined-out area; and (4) cause lines to be 
drawn in different colors. 

In this study the reserve estimates for each coal were 
factored into tons of coal in the average square mile for 
each township that contained Herrin or Harrisburg-Spring- 
field Coals 42 or more inches thick. Six categories were set 
up for tons of coal in the average square mile, beginning 
with 4 to  5 million tons and progressing in million-ton in- 
crements to 9 or more million tons. Each category was 
assigned an alphabetic symbol, with A the smallest and F 
the largest. These symbols were plotted on a base map 
(fig. B) (Smith and Miller, 1975). The lettered map was 
translated into colors that represented the coal reserves in 
individual townships, as shown on plates 1 and 2, which 
accompany this report. 

A unique feature of the system devised for this study 
was the use of interpreted coal-thickness data as computer 
input in place of actual point data. This approach had the 
advantage of saving much time and expense in the making 
of a point-oriented data base. 

The key factor in the development of the Coal Resource 
System was the availability of the computer-based mapping 
system, ILLIMAP. ILLIMAP was used not only to plot the 
final maps, but also to  locate input maps in relation to each 
other and to provide tabulations of coal reserves by geo- 
graphical area. A coal reserves mapping system with the 
capabilities outlined here could probably not be developed 
without a mapping system similar to  ILLIMAP. 

The relative error of the computerized approach was 
compared to that of a manual approach by planimetering 



R R R  

R B B  

R R R R  

R R R R R R  

R R R R R R  

R R R R R  

R R R R  

R R R R R  

R R R R R  

R R R R R  

C B C B  

R  B 0  € D O E  T F C  R  

R R  C E E E F D  C  L E  B  

R R B C O E O f C E r E C o  

C C O E E C G O C B B U C B A R  

C C D D C C E F E C C B O B B B  

C C C C O R E E D B C B O B  

B C G R L C ; ; ; ; ;  

C E F E C C B B B R  

C C B C B l l R R  

R R A  

Figure B. A computergenerated map of letter symbols that represent colors t o  be used for a choropleth map 
of the average tons of  coal i n  place per square mile for  each township in which the Herrin Coal has been mapped. 

A similar map was made for the HarrisburgSpringfield Coal. The values range f rom letter A (4 mill ion tons per square mile) 

78 t o  the letter F (9 or more mil l ion tons per square mile). The crosses are registration marks. 



several test townships. In general, the difference between of the grid used t o  represent the coal surface. This error 
the two approaches was 5 percent or less. The errors in becomes insignificant as the grid interval approaches zero; 
this computerized approach are inherent in any uniform- however, the execution time, and therefore the cost fac- 
grid, numericalsurface technique; they arise from the size tor, increases rapidly as the grid interval decreases. 
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