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ON AN ABANDONED MINE SITE 

AT STAUNTON, ILLINOIS* 
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S. D. Zellmer 
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Argonne National Laboratory 

Argonne, Illinois 

ABSTRACT 

In the State of Illinois lands that have been abandoned after deep 
m1n1ng or strip mining of coal present unique land reclamation problems: 
One such area is the Staunton 1 Reclamation Site. Through the efforts of 
three agencies-- the Illinois Institute of Environmental Quality, the 
Illinois Abandoned Mined Land Reclamation Coun~il and the U.S. Energy 
Research.ahd Development Administratiori --this 13.8 ha (34 ac) site has 
been transformed from an eyesore that dumped acidic runoff into the nearby 
watershed to a demonstration area where reclamation research is now taking 
place. Ultimately, the site will be a wildlife and recreation area. 

The old Consolidated Mine No. 14 was located in Macoupin County, 
northwest of the town of Staunton, Illinois. The refuse at this mine 
site was creating environmental problems that are typical of refuse areas 
in Illinois. Among these problems are runoff pH:values of 2.6; severe 
erosion gullies; slopes of 1:1, 1:2, and steeper; gob and slurry with 
pH of 2.2; poor water quality; and sedimentation of tributaries of the 
Cahokia Creek watershed. The area was used as a dumping ground for 
various junk items such as stoves, refrigerators and metal cans. Overall 
the site had no productive value. Preliminary observations at the 
Staunton 1 site indicated that extreme environmental degradation had been 

* This project was funded by the following agencies: Abandoned Mined 
Land Reclamation Council, State of Illinois Contract No. 31-109-38-3694L; 
Illinois Institute for Environmental Quality, Contract No. 3l-109-38-3694L; 
U.S. Energy Research and Development Administration, Contract No. 
31-109-Eng-38. 
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caused by various physi~al and chemical characteristics of the refuse 
material. High concentrations of available borqn, zinc, sulfate, and 
soluble salts; low concentrations of available nitrogen and potassium; 
and lack of organic matter make the refuse very poor soil for vegetative 
growth. In addition to these chemical characteristics, the physical 
properties of the refuse materials inhibited plant growth and·encourag~d 
erosion. 

Sediment from this pile has silted an area of about 4 ha (10 ac) · 
immediately surrounding the pile. An earthern dam was constructed for 
the impoundment of water for the mining operation _and allovled the coal 
fines and silt to settle out. Culverts at the top of the dam allowed 
excess water to drain from the impoundment, thus leaving the sediment 
to accumulate. This earthern dam was breached by erosion after the mine 
closed in 1923, and subsequent erosion carved deep gullies in the 
exposed stratified sediment. Drainage from the refuse pile flowed north 
through the old impoundment area and continued north-northwest where 
it entered Cahokia Creek. 

The entire area was recontoured during the construction. A 11 s 1 opes 
were reduced to 5:1 or less. A 0.5 ha (1.2 ac) ·retention pond was 
constr~cted to help control runoff. Agricultural limestone was ~pplied 
at a rate of 220 t/ha (98 tons/ac) o~ some areas. Other areas received 
Code L Alkali at a rate of 152 t/ha (68 tons/ac) to neutralize and 
stabilize the acid slurry material. The entire site was covered with 
0.3 m (1 ft) of suitable cover material. limed, fertilized, and· seeded. 

This paper will trace the history of this land reclamation project 
from its early planning stages, through the construction phase, and up 
to the present research. 
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RECLAMATION OF COAL REFUSE MATERIAL ON AN ABANDONED 
MINE SITE AT STAUNTON, ILLINOIS • 

The extraction and processing of coal is generally accompanied by the 
problem of disposing of large volumes of waste materials. In 1962 the 
State of Illinois enacted its. first reclamation law for coal mining. This 
legislation, with its subsequent amendments, requires that all lands 
disturbed by coal mining and processing be reclaimed. The legislation 
does not carry a 11 grandfather clause 11

; therefore approximately 46,900 ha 
{116,000 ac) of disturbed lands in the State of Illinois are not governed 
by this act. Current information1 indicates deep coal mining operations 
in the State of Illinois have taken place at over 4,000 locations. Approxi­
mately 700 of these sites, covering about 2800 ha (7,000 ac of gob and slurry) 
are seriously affecting their surrounding environment. A second study

2 

reveals over 44,100 ha {109,000 ac of spoil) of Illinois lands had been 
surface mined prio~ to 1962. Roughly 6900 ha (17,000 ac) of the 
total surface mined land also have serious environmental problems. 
Therefore, nearly 9, 700 ha (24 ,000 ac), or over 20% of these 1 ands affected 
by mining in Illinois,are creating environmental problems. These abandoned 
lands are owned by various agencies, coal companies, private concerns, 

municipalities,and by the State of Illinois. 

The problems posed by abandoned coal mining sites are basically non­
productive use of the land, loss of aesthetic value,and the production 
of pollutants with their dissemination into the surrounding environments. 
Before it is mined the coal and associated waste material is in equilibrium 
with its environment. When the refuse is deposited on the land surface, 
an equilibrium must be reestablished with the new environment. The 
production of acid material, acid runoff water and sediment are all symptoms 

. ,---.--- ' 
of this readjustment. The natural processes which accomplish this readjust-
ment are very slow. Conceivably, it could take hundreds· of years to reclaim 
an abandoned coal.mine site by natural processes and adversely affect the 

adjacent environment during the readjustment time. 

These mined areas contain the waste from coal cleaning or surface 
mining operations. The waste deposited on the_disturbed land contains 
coal, slate, rock, soil and pyrites. The four basic chemical equations 
that represent the acid production and the major environmental problems 

associated with coal mining are as follows: 3' 4' 5 
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2FeS2 + 2H20 + 7 Oz = 4H+ + 4So4= · + 2Fe ++ (1} 
0 

4Fe ++ + 02 + 4H+ = 4Fe+++ + 2Hz0 (2) 

+++ Fe + JH20 = Fe(OH)3 -1- + 3H+ ( 3) 

FeS2 + 
+++ . ++ . 

14Fe + 8Hz0= 15Fe + - + 2SQ 4- + 16H (4) 

In Equation 1 the sulfide in the pyrite is oxidized by the oxygen, 
and forms sulfate. If this equation happends in a soil, 11 Cat clays .. or 
acid sulfate soils, arc f~rmed. 3 In Equation 2 the ferrous ion is 
changed to ferric ion. In Equation 3 the ferric ion is hydrolized to 
form ferric hydroxide -- a powdery whitish-yellow insoluble precipitate 
commonly called 11yellowboy... Equation 4 represents the reduction of the 
ferric ion by pyrite to form the ferrous ion. This equation represents 
the complete cycle since the ferrous ion needed in Eq. 2 is made available 
by the r~action in Eq. 4. 

Examination of these equations indicates that runoff occurring o~ 
any site with pyrite available for oxidation would have very low pH 
values. Unless the vegetation is very· acid tolerant, plant growth would 
suffer or be nonexistent under these conditions. Sine~ steep slopes are 
usually associated with spoil areas and gob-piles, with little or no 
vegetation to slow down the runoff, severe erosion problems can result. 
The coal cleaning procedure generates slurry areas where the liquid refuse 
from the coal washing process has been discarded. The acidic nature and 
fine texture on slurry areas also creates potential erosion problems. The 
low water quality values and sedimentation problems resulting from severe 
erosion can seriously affect the entire watershed. Problems such as these 
are common to lands disturbed by coal mining and processing. 

Large refuse piles~ without vegetative cover and with steep-sloped 
sides that.are deeply eroded, are generally unappealing to the eye. In 
many cases, these refuse areas have become genera 1 dumping grounds -for 
discarded material of all types. Sizable spoil areas, with sparse veget~tive 
cover and alternative ridges and valleys of overburden,. are a blot on the 
1 andscape. 

~: 
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These abandoned lands, in their present condition, have no specific 
land use or potential economic value. These factors, when coupled with 
the aesthetic and environmental status of the sites, have a tendency to 
create a depressed economic market for adjacent properties. 

The primary goals of all reclamation projects are to: (1) reduce 
the quantity of pollutants entering the environment from the site; (2) 
increase the economic potential of the are~ and (3) improve the aesthetic 
quality of the locality. With these general goals in mind, two state 
agencies --the Illinois Abandoned Mined Land Reclamation Council 
and the Illinois Institute of Envi.ronmental Quality -- and the 
U.S. Energy Research and Development Administration through the 
Land Reclamation Program at Argonne National Laboratory (ANL) 
developed a cooperative reclamation demonstration program. A fourth 
overall goal was established for the cooperative effort -- develop, 
demonstrate, and evaluate methods and technologies of reclaiming refuse 
areas to have the greatest benefit at the lowest cost. This program 
was initiated by the selection of the Staunton 1 Reclamation Demonstration 
Project as its first effort. 

The program has been subdivided into the following phases: 

Phase I Planning and Design 
Phase II Baseline Monitoring 
Phase III Site Development 
Phase IV Post-development Monitoring 

The first task in Phase I of the program was the selection of a 
typical refuse'pile as a research site. The abandoned Consolidated Mine 
No. 14, located northwest of the City of Staunton in Macoupin County, 
was typical of coal refuse sites in southwestern Illinois. The mine was 
opened in 1904 ·and closed in 1923. 

The waste materials from the operation were still very evident, 

in the ·form of an imposing gob pile. The refuse heap covered 
approximately 1.8 ha (4.5 ac), extended about 25m (80ft) above the 
natural landscape and had an estimated volume of 99,000 m3 (130,000 yd 3

). 

The pile was steep-sided, had no vegetative cover, and erosion had cut 
deep gullies into its sides. Vegetation in adjacent areas had 
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been affected by the acid runoff water, and the wate~ courses were filled 
with sediment. The original concrete smoke stack from the power plant 

I 

at the mine was still standing, but most of the mine structures had been 
removed. The concrete foundations of some structures still remained and 
all the mine shafts had been filled. The railroad track which serviced · 
the mine had been removed, but the right-of-way was still very .evident· 
along the southwest boundary of the property. The site was littered 
with large amounts of waste building materials, discarded htiusehold goods, 
many tin cans, and broken glass. From outward appearances, the site 
had been used as a general dump for a number of years. Acid runoff drainage 
was prevalent on the site. The drainage was to the north into Cahokia Creek, 
about one half mile north of the site. The drainage was filled with acid 
materia·ls that had eroded from the gob pile and slurry resulting from the 
coal washing operation at the site. The depth of this material reached 

. a maximum of 9 m (30ft) in the old slurry·pond which was at the north 
end of the site. The dam, which created the slurry pond, was breached 

. about 35 years ago,r.esulting in erosion gullies to a depth of 4.5 m (15 ft). 
The acid nature of this slurry material had prevented the development of 
any vegetative ·cover on this 4.5 ha (ll ac) area of the site. The vegetation 
on the remainder of the site consisted of volunteer herbaceous shrubs, 
grasses, and trees. There was also evidence of small game in the area. The 
total site included approximately 13.8 ha (34 ac),of which about 9.J ha 
(23 ac) required reclamation. 

The second task in this phase of the program was to determine the 
final land use of the site. Because the area .is near a railroad~ improved 
surface roads,and an area which had been developed by industry, a possible 
usage would have been an extension of the industrial development, which 
would have complemented the economic base of the City of Staunton. After 
a soil investigation of the site by an independent engineering firm, this 
final land use was determined to be impractica1. 6 

Due to the nature of the material at the site and the need to control 

acid runoff from the refuse, any proposed land use was somewhat limited. 
Therefore, a vegetative cover had to be established and maintained to 
control erosion and runoff. Any future development which would disturb the 
protective vegetative cover must be discouraged. After consulting local ' 
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officials, and the West-Central Illinois Valley Regiqnal Planning Commission, 

and taking into account the physical properties and chemical characteristics 
of the site, it was determined that the area was to be developed as a recrea­
tional area, wildlife habitat, and ecological educational area. Future overall 

land use and type .of recreation activities must be limited to maintain the 
stabi 1 ity of the area. · 

With these final land uses in mind, .detailed engineering plans and 
specifications were developed. Generally, the reclamation plan included: 
recontouring of refuse materials, disposal of man-made structures, improve­
ment of the water courses, development of.a pond,and reconstruction of 

the old dam with w9ter flow control structures. Following the recontouring 
of the refuse materials, agricultural limestone would be applied to neutralize 
the refuse material, as would 0.3 m (1 ft) d~pth of suitable cover material. 
Preparation of a seedbed would include liming, fertilizing, and seeding with 

a mixture of grasses and legumes. 

Phase II, Baseline Monitoring, was instituted to assess the pre­
development environmental conditions of the study area. A number of 

groundwater observation wells were installed to establish and determine 
the groundwater quality of the site. Of the many samples collected, three 
groups of water quality were observed. Groundwater in the glacial till 
underlying and adjacent to the refuse pile had low pH, high concentrations 

of sulfate, alkaline earths,and heavy metals. These leachate constituents 
were not fou~d in groundwater samples collected from wells at distances 
greater than 91 m (300 ft) from the refuse pile. Groundwater samples 
collected from wells in the saturated slurry material also had low pH, 
high concentrations of sulfate, alkaline earths,and heavy metals. Samples 
from residential wells of the area were found to contain primarily calcium, 
magnesium, carbonates and sulfates, but appeared to be unaffected by the 
refuse leachate. Table 1 shows typical groundwater quality data from 
one sample collection in June 1976. 

Surface water collectionsweremade at the site starting in the 

spring of 1976. In general, the pH of surface water was very low \'lith 
high concentrations of sulfate, iron, zinc, and cadmium. Table 2 shows 

the analysis of four typical collections made at the site. 
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Table 1. Staunton 1 Groundwater Quality, June 1976 

Concentrations in PPM rexce~t ~Hl 
From Slurry Near Unaffected Max. Recom-

Material Refuse Pile Areas mended Drink. 
Parameter (4 Samples) · (6 Samples) (6 Samples) Water Limitsa 

pH 4.35-7.10 2.4-4.15 6.55-7.25 
total alkalinity 0-546 0 90.5 -185 
HCO:J 0-666 0 110 -226 500 
so4- 230-5174 1258-5739 66-1371 250 
Acidity 47-2604 372- 8370 14.9-62 
Ca 239-456 470-569 .44-387 200 
Mg 45-220 30.5-84.3 13.1-194 125 
Na 89-347 7. 7-32.7 12.8-229 200 
K 7.2-17 0.1-66 0.1-5.4 
Fe 6.35-1840 1.02-3940 <0. 05-.14 l.O 
Mn 0.43-41 4. 9-51 <0. 05-1 . 1 0.05 
Al <0. 1-72 17.7-980 <0. 1 
Cd <0.02 0.11 -2.6 <0.02 0.01 
Cr <0.05 <0.05-1.42 <0.05 0.05 
Cu <0.02 0.02 -0.72 <0.02 1.0 
Ni <0.05-1.15 0.39- t.81 <0.05 1.0 
Zn 0.072-40.5 9.97-123 0.013-0.048 5.0 
Sr 2.5-3.5 0.5-1.0 0. 3-1.0 

aRecommended limits from McKee and Wolf7 and Davis and DeWiest8 

Table 2. Staunton 1 Surface .Water Quality 

Concentrations in PPM (exce~t ~H' 
Parameter· 4-15 ... 76 5-13-76 10-15-76 10-22-76. Date 
pH 3.9 3.4 2.6 3.1 
Ac;dity 3596 4092 6300 3825 
S04= 7095 9058 7000 4800 
Al 498 607 527 143 
Fe 1450 1510 1175 879 
Mg 31 20 45 21 
Zn 75 71 0.097 41 
Cd 0.59 0.66 0.90 0.28 
Cu 0.49 0.37 0.47 0.09 
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Surface materials, to a depth of 1.2 m (4 ft),were collected from 
three distinct areas --- slurry area, gob pile, and adjacent farm field. 
Routine soil analyses were made to determine the availability of various 
plant nutrients and the suitability of these materials for vegetation 
establishment and growth. Table 3 lists the average values for a group of 
samples ~ollected in June of 1976. Soil pH in water from all three 
area~ was extremely low. Generally, field soil samples were low in 
available plant nutrients. Both gob and slurry samples were high in 
soluble salts and had excessive amounts of boron and zinc which may have 
interfered with vegetative growth. 

Table 3. Staunton 1 Surface Material Chemical ~nalysis, June 1976 

Soluble Parts Per Mi 11 ion 
Salts 

Samplea pH 
(mhos/em 

X 10- 5 ) p K Ca · Mg B Mn Zn SO~+-S 

Field 4.0 20+ 36 156 383 100 1.8 44.8 8.1 214 

Slurry 2.2 ·235 236 76 1870 100 35.5 5.6 53 3412 

Gob 2.2 354 52 103 9758 1680 21.5. 7.7 156 8733 

aSample ·averages 

In addition, physical measurements were taken on surface. material 
collected from the various areas of the site. Table 4 summarizes this 
information. The bulk density of both the gob and slurry material was 
low(< 1.00 kg/m 3 ). The general lack of large size particles (> 25 mm) 
may have been due to the method of mining and the coal cleaning process. 
This size distribution was probably not due to physical weathering, as 
the same general particle size distribution was observed throughout the 
gob pile and slurry area during the recontouring of refuse materials. 

Other monitoring activities on the site included a sampling and 
analysis of surface materials for soil microbes. It was observed that 
the gob and slurry areas lacked any form of soil microbial life. However, 
soils from adjacent fields did have those forms of soil microbes normally 
found under cultivated agricultural conditions. 
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Table 4. Staunton 1 Surface Material Physical Analysis, June 1976 

Bulk 
Density Largest % < 2 mm 

Samplea ( kg/m 3 ) Particle > 2 mm Texture Classb 

Field 1. 33 12.5 mm 7.02 Si 1t Loam 

Slurry 0.88 25 mm 22.'34 Sandy Loam 

Gob 0.93 22 mm 37.64 Loam 

aSample averages 

bGlossary of Soil Science Terms9 

A limited wildlife inventory was made of the site. It was determined 
that the areas not affected by the refuse material had wildlife populations 
normally found in the area, but those populations made little use of the 
refuse area itself. 

Extensive growth chamber studies were conducted at the ANL facilities 
to investigate the effects of various .. types and levels of soil amendments, 
as well as vegetative species which could be used in reclaiming the site. 
Results from these studies10 •11 •12 were used in determining species to 
be seeded on the site and soil amendment types and rates. 

During the summer of 1976 detailed engineering plans and specifications 
for the construction phase of the program were completed. The resources 
of the Illinois Department of Transportation were utilized to obtain bids 
for the site development work. The State of Illinois acquired title to the 
property and the construction contract was awarded to Marle, Inc. of 
Springfield, Illinois, the low bidder, on September 15, 1976. 

Phase III, Site Development, began with a general clean-up of the 
work area. This task .included the removal of mine structural foundations, 
the smoke stack, and disposal of accumulated debris. An on-site borrow pit 
was opened and suitable cover material, removed from the pit, was stock­
piled. By late October the gob pile was reduced to approximately 1/3 its 
original height. During the rough grading in the north area of the site, 
the contractor experienced problems in moving equipment over the saturated 
slurry material. Various attempts were made to dewater the area using 
drainage channels, pumping, and the substitution of Code-L Alkali for ground 
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agricultural limestone. This material-was sele~ted because of its 
capability to neutralize and stabilize acidic, saturated materials. Due 
to difficulties encountered in the slurry area, the location of the pond 
was changed so that the base of the pond would be in till material rather 
than in .saturated slurry material. As work progressed on the relocated 
pond, the Staunton area experienced its severest winter on record. 
Extremely cold weather and above normal amounts of snowfall slowed progress 
on the project. The construction of the dam, installation of the culvert 
pipe, excavation of the pond, and grading on the gob pile were all delayed 
by uncommon winter weather. General construction ground to a halt.for two 
weeks in February of 1977. 

Upon resumption of construction activities, as rough grading neared 
completion, the application of the neutralizing material at the refuse­
material/suitable-cover-material interface began. The equivalent of 
220 t/ha (98 tcins/ac) of ground agricultural limestone·was appli~d to the 
exposed refuse material. The neutralizing agent was incorporated to a 
minimum depth of ~.15m (6 in.) into the r~fuse material. Suitable cover 
material was then placed over the regraded refuse material at a minimum 
depth of 0.3 m (1 ft). 

By mid-April all grading had been completed and suitable cover material 
was in place. The seedbed was prepared with the application of 11.2 t/ha 
(5 tons/ac) of ground agricultu~al limestone and 135 kg/ha (120 lbs/ac) each 
of nitrogen, phosphorus, and potassium plant riutrients. These amendments 
were incorporated to a minimum depth of 0.1 m (4 in). The area was then 
drilled using an agricultural grain drill with the following seed mixture 
per acre: Reed canarygrass -- 4.5 kg (10 lbs); Kentucky 31 fescue -- 6.8 kg 
(15 lbs); Ladino Clover-- 2.3 kg (5 lbs); Birdsfoot Trefoil -- 5.4 kg (12 lbs); 
and cereal (Balboa) rye -- 9.1 kg (20 lbs). Seeding was completed the last 
week of April as was the fencing of the si~e perimeter. Final clean-up and 
minor hand work was completed on April 29, 1977, the day the construction 
contractor left the site. 

During the month of April various research facilities and demonstration 
areas were prepared for the post-construction evaluation phase of the program .. 
On May 25, 1977, the final inspection was made of the site ~evelopment 
work by representatives of the funding agencies.· This event was also attended 
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by local and state officials, interested parties· and various media 
personnel. 

Phase IV, Post-construction Evaluation, began on April 30, 1977. 
The objectives of this phase are (1) to provide an overall assessment of 
the reclamation effort to determine its environmental effectiveness; 
(2) to develop, demonstrate, and evaluate need~d technologies for future 
reclamation efforts; (3) to investigate and ameliorate potential environ­
m·en.tal problems which may develop on the reclamation site; and (4) to 
provide the economic assessment necessary to transfer the most cost­
effective reclamation techniques to future projects. 

These objectives will be met with the establishment and maintenance 
of several interrelated demonstration projects. Each project will 
examine a specific portion of the---reclamation effort, and the combination 
of information from each individual investigation will provide an 
overall assessment of the reclamation activity. 

Groundwater hydrology and surface water quality are two studies 
being performed to determine what beneficial effects reclamation had on 
surface water quality and in Cahokia Creek. It will also provide a better 
understanding of the hydrological system of the reclaimed site. A study 
of the aquatic ecosystems will assess the effects of the r~clamation effort 
on the macroinvertebrate communities of Cahokia Creek. This study will 
also determine the biotic colonization and succession patterns and rates 
within the on-site pond, and will develop a self-sustaining sport-fish 
community in the pond. 

Another study will determine if site-wide revegetation efforts 
are successful and will establish limiting factors in site vegetation 
problem areas. An additional revegetation study will evaluate and .. field 
test several surface treatments~ suitable cover material depths, and 
candidate plant species for the revegetation of reclaimed area. 

A soil characteristic study will determine if significant changes 
occur over a period of time in the physical and chemical properties of 
root zone material at the site. This study will also look at whether 
available soil moisture or temperature are limiting factors in revegetation. 
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The relationship of slope angle and depth of suitable cover 
material to erosion rate and surface runoff water qualtty is also being 
examined. 

Soil microbial population changes in relationship to site charac­
teristics and reclamation practices are being determined by a soil microbial 
monitoring study. This study also relates microbia.l groups to a plant 
nutrient availability. Soil fauna establishment tests are being performed 
to determine survival rates and activity of soil fauna on limed refuse 

materials, mined and layered refuse material, and suitable cover material as 
related to soil fertility and structure. Another study being performed 
is a wildlife inventory which determines the species composition, use of 
the reclaimed area by wildlife and quality of the site as a wildlife 

habitat. 

An additional investigation, which will provide an economic evaluation 
of the project, involves determining the cost-effectiveness of the 

various reclamation techniques being tested and the complete reclamation 
effort. The post-construction evaluation will continue for three to five 
years. 

The primary goals of all reclamation projects are to reduce the 
quantity of po 11 utants entering the environment, increase the economic 
potential of the area and improve the aesthetic value of the landscape. 
An additional ultimate objective of the Staunton 1 Site Reclamation 
Demonstration Project is to develop and evaluate various methods of 
reclaiming refuse areas to have the greatest benefit at the lowest cost. 
Knowledge from this demonstration can be applied to the development of 
a systematic reclamation plan for abandoned refuse areas. 



.. 
14 

LITERATURE CITED 

1. Nawrot, J. R., et. al., Illinois Lands Affected by Underground Mining 
for Coat, Southern Illinois University, Carbondale, Illinois 
t1arch 1977}. 

2. Carter, R. P., et. al.,. Strip Mine Reclamation in IUinois, 
Argonne National Laboratory _(Dec. 1973}. 

3. Mahan, S. E., Environmental Ch~mistry, Willard Grant Press, 
Bo~ton, Mass.(l975}. 

4. Inactive and Abandoned Underground Mines Water Pollution 
Prevention and Control, U.S. EPA Document #EPA-440/9-75-007 
(June 1975}. 

5. Stumm, t~erner and J. J. Morgan, Aquatic Chemistry, John Wi 1 ey 
and Sons, New York, New York (1970}. 

6. R. E. Zimmerman, Soil Testing Services, Inc., Northbrook, 
Illinois; personal corrmunic.ation (June 29, 1976}. 

7. McKee, J. E., and H. W. Wolf, Water Quality Criteria, California 
Water ~ollution Control Board, Pub. No. 3, 512p (1963). 

8. Davis, S. N., and R. J. DeWiest, Hydrogeology, John Wiley and 
Sons, New York, 463p (1966}. · : . 

9. Glossary of Soil Science Te~s, Soil Science Society of America, 
(Feb. 1975}. 

10. Dvorak, A.J., R.R. Hinchman and J.D. Jastrm'l, Revegetation Research on 
Strip Mine Spoils and Mine Refuse Pcirt II. Germination and 
Early Growth of Midwest Grasses on-Amended Acid Gob, Argonne 
National Laboratory Report (Draft} (Nov. 1977}. 

11. Hathaway, A.M., J.D. Jastrow, A.J. Dvorak, and. R.R. Hinchman, Effects of 
Low pH on Growth. and Nitrogen Fixation Rates in Legumes, 
Work in Progress, Argonne National Laboratory (Nov. 1977}. 

12. Zimmerman, C.D., J.D. Jastrow, R.R. Hinchman, and A.J. Dvorak, Uptake 
of Trace Elements During Early Growth by Reclamation Plant 
Species Grown in Amended Gob, Work in Progress, Argonne 
National Laboratory (Nov. 1977}. 




