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PREFACE

This study was performed as part of the Argonne National ‘Laboratory
Land Reclamation Program, which is sponsored by the U.S. Department of
Energy (DOE), Assistant Secretary for Environment, Office ‘of Health and
Environmental Research, The program is a joint effort conducted by Ar-
gonne's Energy and Environmental Systems Division and the Division of
Environmental Impact Studies.

The Land Reclamation Program, as the lead DOE program for reclamation
research, conducts basic and applied research into the physical, environ-
mental, and economic problems of land reclamation related to the mining of
coal. The work is aimed at developing energy-efficient and cost-effective

" techniques for reclaiming and rehabilitating mined land to productive
. end uses. To achieve this goal, the Program has established integrated

research and development projects focused on near- and long-term reclamation
problems in all major U.S. coal resource regions. These research sites have
been established to address both regional and site-specific problems. The
activities of the Land Reclamation Program involve close cooperation with
industry and the academic community and focus on establishing a comprehen-
sive field and laboratory effort. At five of its research sites, the
Program has developed cooperative working arrangements with the operating
coal companies. Close cooperation with related research projects at aca-
demic institutions and other agencies, in order to transfer pertinent
information and avoid duplication of effort, has been a primary goal of the
Program, . :

Coordinated by Stanley-.D. Zellmer of Argonne's Land Reclamation
Program, the Staunton 1 Reclamation Demonstration Project is a multidisci-
plinary approach to reclamation of an abandoned deep coal mine refuse site
in the Midwest. Current investigations are concerned with groundwater and
surface water ‘quality, aquatic ecosystems, revegetation, soil characteris-
tics, erosion and runoff, wildlife, soil microbial populations, and economic
benefits of the reclamation effort. This report, one in a series of final
reports on the project, deals with the aquatic ecosystems investigation.,

Ralph P. Carter, Director
Land Reclamation Program
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STAUNTON 1 RECLAMATION DEMONSTRATION PROJECT --
AQUATIC ECOSYSTEMS

Final Report

William S. Vinikour

ABSTRACT

To provide long-term indications of the potential
water quality improvements following reclamation efforts
at the Staunton 1 Reclamation Demonstration Project,
macroinvertebrates were collected from three on-site
ponds and from the receiving stream (Cahokia Creek) for
site drainage. Implications for potential benthic
comminity differences resulting from site runoff were -
disclosed, but macroinvertebrate diversity throughout
Cahokia Creek was limited due to an unstable, sandy
substrate. The three ponds sampled were the New Pond,
‘'which was created as part of the reclamation activities;
the Shed Pond, which received drainage from the gob pile
and displayed conditions of severe acid mine drainage;
and the O0ld Pond, which, because it 'was an existing,
nonimpacted pond free of site runoff, served as a
control. Comparisons of macroinvertebrates from
the ponds indicated the potential for the New .Pond to
develop into a productive ecosystem. Macroinvertebrates
in the New Pond were generally species more tolerant of
acid mine drainage conditions. However, due to the
present limited faunal densities and the undesirable
physical and chemical characteristics of the New Pond,
the pond should not be stocked with fish at this
time, :

7

1 BACKGROUND

In the past, the methods and sites for disposal of coal-mine refuse
were usually determined by convenience and economic considerations. Coarse
refuse- (gob) was usually dumped near the preparation plant, which often cre-
ated large, steep-sided piles. Effluent (slurry) from the coal washers was
pumped into a nearby impoundment where solids were allowed to settle out.
Little or no thought was given to the long-term environmental consequences
of such indiscriminate actions. While present day mines are required by law
to use disposal methods and sites that minimize environmental damage, many
abandoned (pre-regulatlon era) refuse~disposal sites remain today as serious
env1ronmental, economic, and aesthetic problems. :

1




The .U.S. Department of
Energy, through the Land Reclamation
Program at Argonne National Labora-

cmﬁ?o/. tory, and two Illinois agencies =-
/f” the Abandoned Mined Land Reclamation

; Council and the Institute of Natural
C? : Resources ——- developed a cooperative

. project to address the problems
. associated with reclaiming an
, . . , abandoned deep mine refuse site. A
major objective of the cooperative
project was to demonstrate and °
ncoumj’ evaluate new and cost-effective

/
SPRINGFIELDe/  ®DECATUR

v LITCHFIELD methods for reclaiming abandoned
STAUNTON 1 SITE coal refuse sites in order to
' provide greater benefits at lower
costs. Additional objectives of ‘the
project were common to all reclama-
tion efforts. They were to: (a)
reduce the quantity of pollutants

entering the environment, (b)
increase the economic potential of
the area, and (c) improve the
aesthetic value of the locality.

o
ST. LOUIS

RECLAMATION
D\SITE

SPRINGFIELD

1.1 THE STAUNTON 1 SITE

" The .site selected for the
reclamation demonstration project
was the abandoned Consolidated Coal
Company's Mine No. 14 near Staunton,
Illinois (Figure 1.1). The mine was
opened in 1904 and operated for

ST. LOUIS
66 km

0 Loy . approximately 19 years, extracting
kilometers N : the Herrin (No. 6) coal thirough an

85-m—deep vertical shaft. The total

. . site included 13.8 ha, of which 9.3

Fig. 1.1 Location of the ha had been affected by the past

Staunton 1 Site- mining operation and required

reclamation. Dramatic evidence

of the past mining and cleaning operation existed in the form of the gob

pile, a steep-sided refuse heap that rose about 25 m above the natural

landscape and covered almost 2 ha (Figure 1.2). 1In the 50-odd years the

mine had been closed, erosion had cut deep gullies into the face of .the gob

pile; no vegetation had become established on the gob or in adjacent areas

affected by the acid runoff and sediment. The.gob pile and the site of the

old cleaning plant, tipple, and rail yard occupied about one-third of the
total property. ' ' : 4 :

‘Before the mine was opened, a dam had been built across a deep
ravine near the site's north boundary. The 4.5-ha impoundment _created
by the dam provided water for the mine's power plant and coal washing




operation, and also served as a sump for the slurry produced by the coal
washer. All drainage from the site was into this impoundment, and after the
mine was closed the area continued to fill with sediment from the gob pile.
In the early 1940s the dam was breached, resulting in erosion of the slurry
area and gullies as deep as 4.5 m. Acid runoff and sediment from the site
were carried down a small stream about 0.8 km to Cahokia Creek. The site’
had been used as a general dump for many years and was littered with
trash and debris. There was evidence that small game used the remaining 4.5
ha of the site that was covered with volunteer shrubs, grasses, and trees.

1.2 PRE-RECLAMATION WORK

Before reclamation work could begin, the project staff held discus-
sions with local officials and regional planners to select a final land use.
Suggestions of an industrial park, a commercial center, or a housing devel-
opment were rejected due to the physical and chemical instability of the
refuse material. Further investigation determined that the community had a
need for additional recreational areas and that this use would be compatible
with the conditions at the site. With these considerations in mind, a final
land use as a recreational area, wildlife habitat, and ecological education
area was selected. Detailed engineering plans and specifications were
developed by the Land Reclamation Program to meet the requirements for this
final land use. The planning and design phase was jointly funded by the
Illinois Institute of Natural Resources (INR) and the U.S. Department of
Energy (DOE).

During the first phase of the project, baseline monitoring was insti-
tuted to assess the prereclamation environmental conditions of the area.
Monitoring included: (a) determination of groundwater and surface water
quality; (b) detailed sampling and testing of surface materials to determine

Fig. 1.2 Gob Pile before the Start of Reclamation Work




the physical properties and chemical characteristics of the refuse material
and adjacent soils; (c) a wildlife-use inventory of the site; (d) delinea-
tion and evaluation of the aquatic ecosystem of the site's watershed; and
(e) a survey of soil microbial populations that are indicative of the
fertility of the refuse material and site soils. Laboratory growth-chamber
studies also were conducted to investigate the effectiveness of various soil
amendments and to identify vegetation species that could be used in reclaim-
ing the site. The baseline monitoring phase provided data needed to develop
plans for the site, and is now providing a means to measure the effective-
ness of the reclamation effort. The second phase of the project (actual
site development) also was jointly funded by INR and DOE.

In the late summer of 1976, the State of Illinois Abandoned Mined
Land Reclamation Council (AMLRC) purchased the site, and on 15 September
1976 awarded the construction contract to Marle, Inc., of Springfield,
Illinois. AMLRC also contracted to have the Land Reclamation Program staff
act as resident engineers for the project during the site development
phase.

1.3 SITE DEVELOPMENT

Site development began with the removal of the old mine structures
and the disposal of accumulated debris. A borrow pit was opened, and cover
material removed and stockpiled. The borrow pit was filled with gob, and
extensive recontouring reduced the gob pile to approximately one-fifth its
original height. The slurry area was recontoured and a retention pond
excavated. Neutralizing/stabilizing agents were applied at a rate of 168
t/ha CaCO3 equivalent and incorporated to a minimum depth of 15 cm into
the recontoured refuse materials using an industrial disk harrow. Cover
material from the borrow pit was then placed on the recontoured and limed
refuse material in a layer 30 cm deep. An application of 11.2 t/ha of
agricultural limestone, and 135 kg/ha each of nitrogen, phosphorus, and
potassium plant nutrients was made to the recontoured area. These amendments
were disked to a minimum depth of 10 cm during seedbed preparation. The
area was then planted using an agricultural grain drill with a mixture of
reed canary-grass, tall fescue, birdsfoot trefoil, ladino clover, and cereal
rye. Seeding, fencing of the site perimeter, and final cleanup were com-
pleted by the end of April.

During site development, the following tasks were accomplished: (a)
all slopes were reduced to 5:1 or less; (b) approximately 180,000 m3 of
refuse material was relocated; (c) an on-site borrow pit providing nearly
30,500 m3 of cover material was dug; (d) about 1275 t of neutralizing/
stabilizing agents was applied at the refuse/cover-material interface; (e)
all exposed refuse material was covered with 30 cm of cover material; (f)
roughly 103 t of soil amendments (fertilizer and limestone) was incorporated
into the surface of the 8.9 ha that was seeded with the mixture of grasses
and legumes; (g) placement of about 100 m of culvert pipe and three concrete
water flow control structures; (h) excavation of a 0.5-ha retention pond;
(i) rebuilding of the old dam; and (j) installation of approximately 2240 m
of new fencing around the property. The cost of accomplishing these tasks
was $575,906.45; funds were provided by AMLRC through the Illinois Capital
Development Board.




1.4 POST-CONSTRUCTION EVALUATION

The end of the project's development phase coincided with the begin-—
ning of the postconstruction evaluation phase. Objectives of this final
phase were to: (a) demonstrate and evaluate needed technologies for future
reclamation efforts at other, similar sites; (b) provide an overall assess—
ment of the reclamation eéffort in order to determine its environmental
effectiveness; (c) ameliorate potential environmental problems that devel-
oped at the site; and (d) provide the economic assessment necessary to
transfer the most cost—effective reclamation techniques to future projects.
These objectives have been met by the establishment and maintenance of a
number of interrelated subprojects. The subprojects are: (a) groundwater
quality; (b).surface water quality; (c) aquatic "ecosystems; (d) site-wide
revegetation success; (e) revegetation research plots; (f) soil character-.
istics; (g) slope angle and erosion rate; (h) soil microbiological investi-
gation; (i) wildlife investigations; and (j) economic benefits. Each-
subproject covers a specific portion of the reclamation effort, and data
gathered by each subproject contributed to an overall assessment of the pro-
ject. Funding for the final phase of the project was provided jointly by
DOE, INR, and AMLRC. The remainder of this report is a description of and
final report for the aquatic ecosystems subproject.
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2 INTRODUCTION

Deleterious impacts to aquatic systems stemming from coal mine
drainage in eastern and midwestern states are well known. In these areas,
the primary effects on water quality in a receiving stream are due to acid
mine drainage. These include reduced pH, increased dissolved and suspended
solids, decreased alkalinity (with a corresponding increase in acidity), and
the introduction of highly toxic heavy metals (Herricks and Cairmns, 1975).
With the advent of pollution control and abatement regulations, impacts
to aquatic systems are now being curtailed. However, many orphaned mine
spoils release uncontrolled amounts of acid mine drainage that enter re-
ceiving streams and affect aquatic systems. The Staunton 1 Reclamation
Demonstration Project site was a typical orphaned mine site. Acidic runoff
from the gob and slurry areas flowed through an intermittent discharge
channel, eventually emptying into Cahokia Creek.

One goal of the aquatic ecosystems subproject was to evaluate
the effects of site reclamation on the quality of effluent entering the
creek, Drainage from the Staunton 1 site occurred mainly during periods of
precipitation; thus, a survey of the macroinvertebrates was used as a
primary means of evaluating the reclamation activities. Intermittent
pollution is not always discernible by chemical and physical tests; however,
it continues to affect aquatic biota. Macroinvertebrates can provide
long-term indications of water quality conditions, whereas water samples
only reveal the conditions present at the time of their collections.
In addition, macroinvertebrates: (a) are large enough to be captured read-
ily; (b) show a wide range of tolerance to varying degrees of pollution;
(¢c) are not highly mobile; and (d) have annual (or longer) 1life cycles.
Thus, their presence or absence can provide information on conditions that
have existed over previous months (Goodnight, 1973).

The relative success of reclamation at the site was assessed by
comparing macroinvertebrate fauna upstream and downstream from the entrance
of site drainage into the creek. Many studies, e.g., Roback and Richardson
(1969), Parsons (1968), Katz (1969), Oliff (1963), Oliff et al. (1965), Kemp
(1967), and Harrison (1958), have reported the effects of acid mine drainage
in decreasing or eliminating benthic fauna. It was expected that continued
observations of macroinvertebrate fauna in Cahokia Creek would demonstrate
whether the reclamation project had made an improvement in the quality of
water dlscharged from the site.

Development of a stable and diverse pond fauna as part of the
reclamation effort was considered to be beneficial, especially since one of
the ultimate goals of the project was to create a wildlife habitat. Benthic
macroinvertebrates not only serve to indicate water quality, but also
provide food for fish, mammals, birds, reptiles, and amphibians. Therefore,
a productive benthic fauna would also contribute to the establishment of a
stable and diverse terrestrial wildlife community on the site. The second
aspect of the aquatic ecosystems subproject was to evaluate whether the pond
that was created as part of the reclamation effort was developing diverse
and stable benthic fauna.
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3 MATERIALS AND METHODS

Quantitative macroinvertebrate collections from Cahokia Creek were
made .in May 1976. Triplicate Ponar grab samples were taken from each .of
three station locations. Each sample collected a O, 023-m2 section of
‘creek bottom. Collection stations were: (a) upstream from the entrance of
the Staunton 1 site drainage (C-1); (b) immediately downstream of the site
drainage entrance (C-2); and (c) approximately 0.8 km downstream from the

.point of site drainage (C-3). These locations represent areas unaffected
by, . potentially affected by, and potentially recovering from Staunton 1
drainage, respectively. Collected samples were washed through a #30 mesh
sieve with the unsieved portion, including organisms, preserved in 707% ethyl
alcohol.  In the laboratory, organisms were separated from the remaining
sediments in a white enamel tray.

In addition to the quantitative samples taken from Cahokia Creek,
qualitative samples were collected in order to compile an inventory of the
macroinvertebrates that would not be encountered in Ponar grabs. The
.qualitative samples emphasized species associated with rocks and leaf litter
packs. These collections were made during May, June, and November 1976.
Organlsms were collected with forceps from rocks or plant matter and pre-
served in 70% ethyl alcohol.

In June 1976, a qualitative survey was made for macroinvertebrates
in standing bodies of water in the unreclaimed slurry area. Only a cursory
search of the slurry area was conducted, and the observed aquatic or
semiaquatic specimens were collected by hand.

During 1977 and 1978, benthic macroinvertebrates were collected from
- the three on-site ponds (called the 0ld Pond, New Pond, and Shed Pond). The
location of these ponds is shown in Figure 2.1. Major sampling emphasis
was placed on the New Pond, which was sampled on all collection dates and
had the greatest number of samples collected per sample date. Since the 0ld
Pond was unrelated to and unaffected by the refuse or the reclamation work,
it served as a control for benthic community comparisons with the New
Pond. It was assumed that the 0ld Pond would indicate the potential commu-
nity that could develop in the New Pond. The 0ld Pond was also one of
several ponds in the area that could serve as a source of colonizing organ-
isms for the New Pond. The Shed Pond was sampled because its extremely poor
water quality typified acid. mine. drainage conditions. Knowledge of the
invertebrates that inhabited this pond could indicate those organisms
capable of inhabiting degraded water. By comparing the organisms in the
three ponds, it could be determined whether only tolerant organisms were
colonizing the New Pond or whether more sensitive species were becoming
established. '

Pond benthic samples were taken with a Ponar grab in 1977 and with an
Ekman grab in 1978. Each device collected a O. 023-m2 area of pond bottom
per sample. Most sampling was done along the shoreline in depths of 0.3
to 1.0 m. Shallower areas of ponds (and lakes) tend to have more organisms
per unit area than do deeper areas, particularly as regards midge larvae
(Thut, 1969; McLachlan, 1970; Ali and Mulla, 1969). Therefore, the densi-
ties reported may be overestimates of the overall densities occurring




10

: ;*OLD POND

S B

— NEW POND

& el

O

50
1

METERS

100
L

\ e

SHED POND

— —— PROPERTY LINE

o BUILDING

~~_  ABANDONED
< RAILROAD SPUR

€= POND
XD MARSH

- .— — WATERCOURSE
>~ CONTOUR LINE (elevations in meters) \

&1L d TREES

Fig. 2.1 Aquatic Ecosystem Sampling Locations




11

in the ponds; however, ‘collections from similar areas of the three ponds
allow the density values to be used for comparison among the ponds. The
pond samples were washed, preserved, and sorted in the same manner as the
samples from Cahokia Creek.

The invertebrates were identified to the lowest possible taxonomic
level. This was usually to genus, especially for the Diptera (true flies).
For many immature aquatic insects, associations with adults are needed for

species determination.

‘Information from the species lists was used to calculate Shannon
diversity indices. Diversity indices are often used to compare invertebrate
- communities based on both the number of .species and the distribution of"
‘individuals among the species. Generally, the higher the diversity value,
the more complex, developed, and stable a community is thought to be. The
formula used (following that in Brower and Zar, 1977) was:

H= (N log N - Zn; log nj)/N
where:

H = Shannon diversity index,
= total number of individuals for all species, and

nij = number of individuals of species i.

The macroinvertebrate communities were further compared using Mori- -
sita's index of community similarity (Horn, 1956; Morisita, 1959). The
value obtained for this index relates to the probability that two indivi-
~duals collected from a given location (in this case, a specific Cahokia
Creek sampling station or one of the on-site ponds) will be of the same
species relative to drawing individuals from the same species from two
locations (e.g., New Pond and 0Old Pond) (Brower and Zar, 1977). Index
values range from 0.0 (when no species similarity exists) to 1.0 (when
species composition and abundance are the same between sites). Community
similarity values were calculated for the quantitative benthic samples
collected from Cahokia Creek using the cumulative number of individuals and
species for each sampling station. On-site ponds were compared for April,
May, and June 1978 collections based upon mean number of 1nd1v1duals per
species per square meter. The formula used to calculate the index was:

2LX3Y4

Iy = :
(A\1.+ X2)niny

where:

Iy = Morisita's index of community similarity,

X; = number of individuals in species i from community 1,

number of individuals in species 1 from community 2,

<
o
f

“total number of individuals from community 1,

=}
[
]

= total number of individuals from community 2,

=]
N
[
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X (x;-1) , and

Lo
—
]

nj (n)-1)

1Y;(y;-1)

>
N
]
.

nz(nz-l)

Comparisons of the data for each pond, accompanied by supporting
literature on the life histories and pollution tolerances of the prominent’
species collected, allowed conclusions to be drawn about benthic community
development, and hence long-term water quality, in the New Pond. From this
information, the potential for a productive biological system in the New"
Pond could be detérmined.
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4 RESULTS AND DISCUSSION

4.1 CAHOKIA CREEK

Species lists for macroinvertebrates collected in Ponar samples from
Cahokia Creek in May 1976 are presented in Table 4.1. There is a poor
representation of macroinvertebrate orders; of those invertebrates col-
lected, the majority of organisms are midge larvae (Diptera: Chironomi-
dae). Several individuals from two other dipteran families, as well as a
dragonfly (Odonata: Anisoptera) species and a worm (Oligochaeta) species,
composed the remainder of the collected invertebrates. This low variability.
of invertebrate groups was related to a loose substrate that consisted of
sand, pebbles, and, occasionally, fine coal debris. The loose substrate is
continuously resuspended and deposited because of changes in creek flows -
-(e.g., from precipitation events). The unstable nature of the sand, peb-
bles, and coal fines makes colonization by invertebrates, other than those
adapted to burrowing into porous sediments, most unsuitable. In addition to
substrate limitations, Smith (1971)  rated Cahokia Creek as a ‘poor. fish
habitat due to extensive industrial pollution, siltation, and dessication of
the small streams in the watershed. These factors have resulted in the low
diversification of macroinvertebrates. Similar decreases in benthic diver-
sity due to sand substrates have been observed elsewhere. For example, Duda
(1979) found that erosion from mica, feldspar, and kaolin mining activities
changed the bottom of the North Toe River in North Carolina from exposed
cobble and gravel to a sand-bed bottom. Accompanying this alteration was an
84 to 90% reduction in the number of macroinvertebrates. ‘ )

Diversity values were calculated for the cumulative total numbers of
organisms collected from each site. The values were: 2.21 upstream of the
discharge (C-1), 2.58 at the discharge (C-2), and 2.57 at the downstream
‘'station (C-3). The small variation in these values reflects the differences
in the number of midges among the collected genera. This could have result-
ed from variations in the natural clumping of individuals as much as from
water quality influence. Morisita's index of community similarity values
were: 0.09 (between C-1 and C-2), 0.62 (between C-1 and C-3), and 0.45
(between C-2 and C-3). These index values imply that drainage from the
Staunton site had an influence on the creek invertebrates, i.e., the benthic
community immediately downstream of site drainage (C-2) was quite dissimilar
to the upstream control station. The intermediate values comparing stations
C-1 to C-3 and C-2 to C-3 imply that water quality and substrate conditions
at station C-3 are improving over those at C-2, but that recovery has not
occurred at C-1.

Data from the quantitative collections made before reclamation
showed that the creek bottom supported a limited benthic community because
of habitat restrictions. Qualitative samples from leaf litter packs and
rocks along the shoreline further demonstrated that the creek's sand sub-
strate was limiting the benthic community. Data from these collections
(Table 4.2) reveal that there is a greater assemblage of organisms at all
the sampling stations located in the more stable and organically (food
supply) enriched portions of the creek. Thus, it can be concluded that
Cahokia Creek would support a greater diversity of organisms if the sub-
strate were more complex and stable than sand. Therefore, it was concluded




Table 4.1 Macroinvertebrates from Cahokia Creek (Quantitative Samples, May 1976)

Sample Number

Taxa 1 2

3 4 5 6 7 8 9 10 11

Diptera

Chironomidae

" Ablabesmvia sp.
Clinotanvpus pinguis ‘
Procladius sp. _ 3
Tanypus punctipennis R |
Cryptochironomus sp.
Endochironomus sp.
Clyptotendipes sp.
Limnochironomus (Dicro-

tendipes) sp.
Polypendilum sp.
Cladotanytarsus sp.
Tanytarsus sp.
Ceratopogonidae
Probezzia complex .2 1
. Chaoboridae '
Chaoborus punctipennis

w~
w o

Colebptera
Dytiscidae
Laccophilus maculosus

Ephemeroptera
Baetidae

Callibaetis fluctuans 1

Caenidae
Caenis sp.

Odonata
Coenagrionidae
"Enallagma sp.
. Libellulidae
"~ Libellula luctuosa
Pachydiplax longipennis




Table 4.2 Macroinvertebrates from Cahokia Creek (Qualitative‘.
Samples, May, June, and November 1976)

Taxa Taxa
Nematomorpha Ephemeroptera
' Gordiidae Heptageniidae -

Gordius sp.

- Oligochaeta
Tubificidae
Limnodrilus sp.

Isopoda
Asellidae
" Asellus intermedius

Amphipéda '
Talitridae
Hyalella azteca

Decapoda
Astacidae

Plecoptera
Perlidae
Perlesta placida

Trichoptera
Hydropsychidae
Cheumatopsyche analis (?)

~ Odonata

Calopterygidae
Calopteryx aequabilis

Coenagrionidae

Heptagenia diabasia

Stenacron interpunctatum
Caenidae

Caenis simulans (?)

" Coleoptera

Elmidae
Stenelmis sp.

Dryopidae
Helichus sp.

Diptera _
Ceratopogonidae
Palpomyia complex
Chironomidae .
Ablabesmyia sp.
Chironomus sp.
Stictochironomus sp.

Polypedilum sp.
Tanytarsus sp.

Paratanytarsus sp.
Orthocladius sp.

Cricotopus sp.
Corynoneura sp.

Argia sp.

that the potential water quality improvements relating to reclamation
activities of the Staunton 1 site would not significantly alter the benthic
community in Cahokia Creek. It was decided that further sampling of the
creek was unwarranted; therefore, the remaining sampling efforts focused on
the on—-site ponds, '

4.2 PRE-RECLAMATION SITE SURVEY
A cursory survey of the unreclaimed slurry area revealed few aquatic

species inhabiting the standing water bodies of the area. The only truly
aquatic species found was a water strider, Gerris sp. (Hemiptera: Gerridae).
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This discovery was not unexpected; because gerrids live on the water surface
and derive oxygen from the atmosphere, they are thus more tolerant of
environmental extremes than most aquatic insects (Roback, 1974). However,
Roback (1974) pointed out that hemipterans (true bugs) are more responsive
to chemical extremes than one would expect. Water quality conditions for
Gerris species reported by Roback did not approach the extreme condi-
tions found in the Staunton slurry area. This is probably because of a lack
of collection efforts under conditions of degraded water quality, rather
than because water striders do not normally inhabit such areas.

"The only other species encountered in the pre-reclamation site survey
was the variegated mud-loving beetle Lanternarius brunneus (Coleoptera:
Heteroceridae). This semiaquatic beetle was collected from its galleries
surrounding many of the water bodies in the slurry area. Species of this
beetle family previously have not been reported to inhabit coal slurry
and/or such extreme chemical conditions; a short report summarizing  this
finding was published (Vinikour, 1979).

4.3 ON-SITE POND SURVEY

Macroinvertebrates collected from the on-site ponds for each sampling
date are listed in the Appendix. The mean percent composition for the
major taxa summarized for each pond and sampling date is presented in Table
4.3, Table 4.4 lists the mean number of individuals and percent composition
per square meter for the 1978 pond samples. The tables indicate dominance
of Diptera in the ponds. Dipterans were the only organisms collected from
the Shed Pond, were the most abundant organisms in the New Pond, and were
numerically dominant on all but one sampling occasion in the 0ld Pond.
Chironomidae were the most prevalent family of Diptera. Eighteen species of
midges were collected from the ponds, with the major species being Chiro-
nomus plumosus, Procladius sp., and Tanypus punctipennis. Chironomus
plumosus was the only species collected in abundance from the Shed Pond and
was often the dominant species collected from the New Pond. This was no
surprise, considering the degraded water quality in the Shed Pond (e.g., pH
was < 4.5, alkalinity was 0.0 mg/L, and acidity ranged from 72 to 29,520
mg/L) and the poor-to-fair water quality of the New Pond (e.g., pH ranged
from 4.0 to 8.4, alkalinity from 0.0 to 46.0 mg/L, and acidity from 0.0 to
28.0 mg/L). Zellmer (1979) contains a more detailed account of .the pond
chemistry. Harp and Campbell (1962) observed C. plumosus to be the only:
midge species in water with a pH of < 6.0.

Other dipterans regularly collected were species of Ceratopogonidae
(biting midges) and Chaoboridae (phantom midge). Species of these families
were common in both the O0ld and New Ponds. Mosquito larvae were observed
regularly in the New Pond, but were collected in the samples on only one
occasion. The species was identified as .Aedes vexans, one of the most
common mosquitoes in North America and one of the most annoying pests and
fierce biters to be found (Gerhardt, 1966; Nielsen and Rees, 1961; Rempel,
1953). ' '

In the 0ld Pond, the fingernail ¢1am'Muécu1idm transversum and the
snail Physa gyrina were commonly collected. . They were absent or rare in the
New Pond because of inadequate water quality, substrate limitations,
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4.3 Mean Percent Composition of Majof Taxonomic Groups Collected from the Ponds

Table
June
: - 28/29, )
May 10, 1977 . 1977 Aug. 16, 1977 Oct. 3, 1977 April 23/24, 1978 May 23, 1978 June 26, 1978
New 0ld New New old New Shed New old Shed New. 0ld -Shed New 0old Shed
;Por}d Pond Pond Pond Pond Pond Pond Pond ~° Pond Pond Pond Pond Pond Pond Pond Pond
Number of samples . 5 3 20 11 5 °8 3 16 5 3 7 4 3 6 4 3
INSECTA
Diptera 100.0 © 96:70 99.90 92.11 31.52 79.10 100.0 96.61 57.48 100.0 96.30 68.66 100.0 99.57 21.16 100.0
Odonata - — ' 0.04 5.60 15.54 11.18 - 2.50 1.41 -- " 3,70 1.25 - 0.27 0.47 -
Ephemeroptera - 0.35 - 1.72 25.06  9.26. -- 0.88  4.93 - — 1.52 -- -— 1.98 -
Coleoptera - 0.34 0.02 0.57 0.54 0.46 - - 0.18 - - 0.14 — 0.16 - -—
MOLLUSCA - 1.90  0.04 == 26.84 - - - 29.99 — —_ 26.77  — - 73.06 —
OLIGOCHAETA - 0.35 — - 0.27 - - - 6.00 = — 1.66  — - .22 —
OTHER - 0.3 - - 0.51 - - - - —_ - - - - - -

LT



Table 4.4 Mean Number and Percent Composition of Benthic Macroinvertebrates/m?
from the Stauntcon 1 On-Site Ponds, 1978

April 23, 1978 May 23, 1978 June 26, 1978

Shed Pond New Pond 0ld Pond Shed Pond New Pond 0ld Pond Shed Pond New Pond 01d Pond
Taxa X (D) X (2 x @ X (2) X (@ X (% X () X 69 X (€3]
INSECTA
Diptera
Chironomidae . : : : : :
Ablabesmyie - 148 (3.0) 6 (1.9) "33 (0.4) 11 (0.2)
Clinotanypus pinguis . 8 (1.6) 9 (0.2) . ' .
Procladius 171 (34.7) 9 (0.2) 19 (5.8) 406 (3.1)
Tanypus punctipennis 212 (43.0) 991 (20.3) 106 (32.7) 2272 (25.7) 116 (0.9) 402 (5.8)
Chironomus plumosus 87 (66.9) 965 (19.8) 188 (93.1) 19 (5.8) 511 (5.8) 43 (59.7) 12029 (92.0) 500 (7.2)
‘Endochironomus 6 (1.9) 239 (2.7) . .
Glyptotendipes ) 417 (8.5) ' 12 (3.8) 1576 (17.3) 228 (3.3)
Kiefferulus 26. (0.5) _
Lauterborniella . 130 (2.7) 6 (1.9) 141" (1.6) : 22 (0.3)
Parachironomus 35 (0.7) )
Polypedilum 14 (2.8) 9 (0.2) 6 (1.9) 22 (0.2)
Ceratopogonidae . .
Probezzia complex 44 (33.1) 35 (7.1) 43 (0.9) 130 (40.4) 152 (1.7) 457 (3.5) 315 (4.5)
Chaoboridae . : . ’ ’ 53
Chaoborus emericanus . . e 17 (0.4) ’ 435 (4.9) ) 33 (0.5)
C. punctipennis 8 (1.6)
Tabanidae ’
Chrysops 19 (3.9) ’ - 7 (Ko0.1)
Tipulidae ’ - .
Erioptera . 3 (0.6) 9 (0.2) 14 (6.9) 29 (40.3) 7 (<0.1)
Odonata
. Coenagrionidae
Enallagmd - 3 (0.6) 17 (0.4) 11 (0.1) 14 (0.1)
Libellulidae : .
Erythemis simplicicollis -
Ladona julia 3 (0.6) 14 (0.1)
Libellula luctuosa "5 (1.0) 6 (1.9) 33 (0.4) 7 (£0.1) 11 (0.2)
Pachydiplax longipennis 26 (0.5) . 54 (0.6) 22 (0.3)
Plathemis lydia 3 (0.6) 6 (1.9) :
Sympetrum corruptum 9 (0.2) : ’
Tramea lacerata -
Aeshnidae

Aeshna ' + 3 (0.6)




Table 4.4 (contd.)

Taxa

April 23, 1978

May 23, 1978

June 26, 1978

Shed Pond New Pond 01d Poud

Shed Pond New Pond 0ld Pond

Shed Pond

New Pond 0ld Pond

X @ x @ X @

X (%) X (). X (@)

X ()

X (¢9] X (¢9)

Ephemeroptera
Baetidae .
Callibaetis fluctuans
Caenidae
Caenis
Ephemoridae
Hexagenia limbata

Coleoptera
Dytiscidae

Agabus
Hydroporus

Laccophilus maculosus
“Gyrinidae '
Gyrinus
. Baliplidae.
Peltodytes edentulus
Hydrophilidae
Berosus

Helophorus

Bryozoa
Phylactolaemata
Plumatellidae
Plumatella

Oligochaeta
" Haplotaxida
Tubificidae

Limnodrilus hoffmeisteri -

Mollusca.
Pelecypoda
Sphaeriidae .
Musculium transversum
Gastropoda
Ancylidae
Ferrissia fragilis
Physidae

Physa gyrina

9 (0.2)

3 (0.6) 235 (4.8)

3 (0.6)

9 (0.2)

296 (6.0)

1148 (23.5)

9 (0.2)

322 (6.6)

11 (0.1)

130 (1.5)

2957 (33.5)

76 (0.9)

65 (0.7)

120 (1.4)

11 (0.2)

130 (1.9)

14 (0.1)

7 (<0.1)

87 (1.2)
5152

(73.7)

65 (0.9)

TOTALS

130: (100)"° 493 (99.9) 4888 (100:2)

202 (100) - -322 (99.9) . 8838 .(99.5)

72..(100)

-.7.13078.°(99.8) --6989 - (100.2)"

6T
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and/or physical constraints in colonizing the pond. The aquatic worm
Limnodrilus hoffmeisteri was also common in the 0ld Pond, but absent in the
New Pond. This was apparently related to the lack of organic matter and mud
in the New Pond sediments. Several dragonfly (Odonata), mayfly (Ephemerop-
tera), and beetle (Coleoptera) species were frequently collected, but in low
numbers, from both the 0ld and New Ponds. The occurrence of a moderate
number of species in the insect orders Diptera, Odonata, and Coleoptera in
the New Pond does not necessarily indicate that a productive and "healthy"
.biotic community has developed in the pond. These orders contain species
that are tolerant to extremes of water quality and/or that are so highly
"mobile that they may enter or leave a body of water at will (Roback, 1974).
The mayfly genera present in the New Pond (Caenis, Callibaetis, and Hexa~
genia) are also more resistant to pollution (Edmunds et al., 1976). The
limited benthic community composition in the New Pond currently resembles
that in some of the acid strip-mine lakes found in Grundy County, Illinois
(Master, 1979). The composition is especially similar in the prevalence of
Diptera (mainly Chironomus), with most other non-fly species in the orders
Coleoptera, Ephemeroptera, and Odonata. . Severely degraded water quality
indicative of acid mine drainage in the Shed Pond limited its benthic fauna
to low densities of C. plumosus and to sporadic occurrences of a few other
tolerant Diptera larvae, e.g., Erioptera (Tipulidae).

Densities of organisms were generally greater in the Old Pond than in
the other ponds, while the lowest densities always occurred in the Shed
Pond. Also, diversity values were always highest in the 0ld Pond, while the
Shed Pond usually had the lowest values (Table 4.5). The high diversities
or later successional development in the 0ld Pond were due to better water
quality, developed macrophyte flora, and an abundance of allochtonous leaf
litter. Living plant matter (excluding cattails) and detrital plant matter
were sparse in the other ponds. Macrophytes and leaf litter provide diverse
habitat and food resources for macroinvertebrates, allowing development of a
fauna that encompasses a variety of functional feeding and habit groups
(Cummins, 1978). Although an abundant stand of cattail (Typha latifolia)
was present in the New Pond, and although some insects (e.g., Chironomus,
mosquitoes, and beetles) thrive near cattails, this plant often prevents
higher orders of plants from growing in shallow areas and is not considered
a good "fertilizing" plant (Lackey, 1939).

Values for Morisita's index of community similarity (comparing the
ponds) are provided in Table 4.6. The degree of similarity between ponds
for the April and May 1978 collections follow expected patterns, with the
New Pond and Old Pond being most similar. The higher diversity of the 0ld
Pond, accompanied by the abundance of species not encountered in the New
Pond (e.g., Musculium transversum), accounts for the community similarity
indices only being of intermediate values.' For the June 1978 samples, high
similarity occurred between the Shed Pond; and New Pond (0.81), while both
the New Pond and Shed Pond had low similarity with the 0ld' Pond (0.10 and
0.08, respectively). The high similarity between the New Pond and Shed Pond
in June was largely due to the high density (and thus dominance) of Chiro-
nomus plumosus in the New Pond (12,029/m2). This also explains why the
New Pond had the lowest diversity of the three ponds in June (Table 4.5).
The high density of Chironomus plumosus- in June 1978 is undoubtedly con-
nected with the species life cycle, as it was also very abundant in the June
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Table 4.5 'Shannon Diversity Values? Based on Mean
Number/m2 of Benthic Macroinvertebrates
Collected from the Staunton 1 On-Site Ponds

"Collection Date New Pond 01ld Pond Shed Pond
May 10, 1977 0.06 0.36 -
June 28 & 29, 1977 0.02 - —
August 16, 1977 0.90 1.06 -
October 3, 1977 1.15 - 0.04
April 23 & 24, 1978 0.57  0.95 0.28"
May 23, 1978 - 0.75 0.85 0.11
June 26, 1978 . 0.17 0.5 0.29

aLogafithmic base 10.

1977 samples. New Pond diversity was also low that month (0.02). However,
decreasing water quality and undesirable physical conditions in the New Pond
would, in part, account for the occurrence of large numbers of Chironomus
plumosus in the pond and for the limited composition and abundance of other
spécies. With continued degradation of water quality in the New Pond during
1979 and 1980, e.g., pH € 4.2 throughout both years (Prodan, 1981), the New
Pond would be expected to maintain a low diversity and a high similarity to
the Shed Pond; the benthic community would thus .consist mostly of species
tolerant to acid mine drainage conditions.

Table 4.6 Morisita's Index of Community
" Similarity Based on Mean Number/m2
of Benthic Macroinvertebrates
Collected from the Staunton 1
On-Site Ponds

: Shed Pond Shed Pond New Pond
Collection , "and and and

Date ) New Pond .01d Pond - 014 Pond
April 23, 1978 .  0.06 0.38 0.52
May 23, 1978 0.10 ° 0.10 0.41

June 26, 1978 0.81 0.08 0.10
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5 CONCLUSIONS

_ Findings from the macroinvertebrate investigations, coupled with
water quality data (Prodan, 1981), imply that stabilized conditions do not
‘currently exist in the New Pond. After two years of study, the results
indicate that slight-to-moderate acid mine drainage conditions are present.
These conditions have contributed to the limited diversity and density of
macroinvertebrates in the pond.. Also contributing to the low diversity is
the lack of allochtonous organic matter, macrophytes, and less mobile
organisms such as molluscs.

Reclamation activities have created a better aquatic habitat than
existed in the slurry area prior to site development. If the water quality
were to remain at the levels observed in- 1978, then the New Pond could
become a viable aquatic habitat. However, water samples collected in 1979
revealed that the pH in the New Pond had dropped to < 4.0. Persistence of
such conditions will limit the biota of the New Pond to those species that
can tolerate acid mine drainage conditions; 1.e., the few dipteran species
that are able to inhabit the Shed Pond. In an acidic lake in Sweden (pH of
3.9 to 4.6), the bottom fauna were low in abundance, only a few taxa were
present, and only the midge species were minimally affected (Wiederholm and
Eriksson, 1977).

A good supply of fish food (e.g., Chironomus) can potentially thrive
in the low pH, high acidity, and high ferrous concentrations of acid mine
drainage. However, fish cannot tolerate such conditions in order to utilize
the food supply (Koryak et al., 1972). Therefore, it is doubt ful that the
New Pond could be productive for fish as long as the water quality remains
low. Even if the biota and water quality conditions warranted stocking the
New Pond, its small size would necessitate an intense management program,
Because of the limited public fishing that could be supported by.the pond,
the cost of such a program could not be justified. Due to the present low
abundance and sporadic occurrence of benthic invertebrates, together with.
the poor water quality, stocking the New Pond would result in a stressed and
stunted fish community. '
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6 RECOMMENDATIONS

The pond could have been constructed in a manner more desirable for
stocking with fish; i.e., with greater acreage and steeper banks. If
stocking is viewed as a desirable part of future reclamation endeavors,
information from state conservation or natural resource departments related
to construction and maintenance of fish ponds should be incorporated into
the reclamation design. Planting trees near the pond would improve condi-
tions by providing allochtonous organic matter (from leaf fall) and shading.
Riprap or sod placed along the waterline of the pond would help prevent bank
erosion and thus reduce sedimentation into the pond. It is recommended that
the initial planning efforts include methods to ensure good water quality in
the pond for more than the first few years.  The suggestion in the final
report on surface water quality (Prodan, 1981) for placing limestone. boul-
ders in the pond could help maintain adequate water quality. No amount of
correct physical design, however, can overcome poor water quality in devel-
oplng a desirable pond ecosystem.
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Table A-1 Macroinvertebrates Collected from
the New Pond, May 10, 1977

Sample Number

Taxa =~ 1 2 3 4 5
INSECTA
Diptera
Chironomidae .
Tanypus punctipennis 1
Chironomus plumosus 12 28 42 39 49
Tipulidae ‘
Erioptera sp. 1 3
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Table A-2 Macroinvertebrates Collected
from the 0l1d Pond, May 10, 1977

Sample Number

Taxa 1

2

3

INSECTA

Diptera
Chironomidae
. Tanypus punctipennis
Chironomus plumosus 143
- Glyptotendipes sp. 18
Goeldichironomus sp. :
Kiefferulus sp. -9
Ceratopogonidae
Probezzia complex
Chaoboridae .
Chaoborus americanus 6
Dolichopodidae

Coleoptera
Dytiscidae
Agabus sp.
. Hydrophilidae
- Helophorus sp.

Ephemeroptera
Caenidae
Caenis sp. . c

- MOLLUSCA

Gastropoda
Physidae

Physa gyrina - 2
Pelecypoda

. Sphaeriidae
Musculium transversum 3

BRYOZOA

Phylactolaemata
Plumatellidae
Plumatella sp.

OLIGOCHAETA
Haplotaxida

Tubificidae :
‘Limnodrilus hoffmeisteri

CRUSTACEA

Isopoda
Asellidae .
Asellus intermedius

263

78
15




Table A-3 Macroinvertebrates Collected from the New Pond, June 28 and 29, 1977

Taxa

Sample Number, June 28, 1977

2

3

4

5

6

7 8 -

Sample Number, June 29, 1977
1 2 3 4 5. 6 7 8 9 10 11 12

Diptera
Chironomidae -
Chironomus plumosus
Ceratopogonidae ’
- Probezzia complex
Culicidae
" Aedes vexans

Coleoétera
Dytiscidae.
Laccophilus maculosus

Odonata
Aeschnidae ’
Aeschna 8p. RS

Gastropoda’
Physidae,

138

.90

1

10

169

7

3

263 341 °

422 168 428 25 228 418 473 W4 226 372 353 285

1 : 1 1 1

€€

Physa nginé

¥



Table A-4 Macroinvertebrates Collected from the New and, August 16, 1977

Taxa c-1-1 C-1-2 2>-1-3 Total c-2-1 Cc-2-2 _ c-2-3 Total : 6—3-1 c-3-2 c-3-3 Total

Oligochaeta .
Tubificidae .
Limnodrilus 8p. : S _ 2 . . 2
Odonata

Gomphidae . .
Progomphus obscurus 2 2 . 1 1 ’ 2

Ephemeroptera _ A ' . .
Baetidae ' . . .
Pseudocloeon nr. dubium 1 . 1 ’

Diptera
Ephydridae . 1 1
Ceratopogonidae : . - B .
Palpomyia complex : 2 2 2 : 1 3 2 2
Chironomidae . .
- Ablabesmyia sp. . 1 1
Procladius sp.
Chironomus sp. 1
" Stictochironomus sp. . 2
Polypedilum sp. 2 2
Cryptochironomus fulvus
Paratendipes sp. 1
Tanytarsus sp. : : . : -1
‘Paratanytarsus sp. 1. '3 4 - 1
Microspectra sp. . ' : . .
Orthocladius sp. 24 50 75 2 2
. Corynoneura sp.- - ' 7 3 - 10
Cricotopus 8p. 17 16 33 4. 1 3
Heterotrissocladius sp. ) ) 1 1
- Psectrocladius sp. ’

NN -
-
w
-
&
(¥
w

£ 00 -

N W

NOVN
—
~

- N W
- ON N
e

—

16 24

—
LY e
&~

N 00— &

-
—

. Totals: : . . . ' .
’ Number of species 8 5 9 13 8 8 7 12 11 6 6 11
Number of individuals 54 -9 80 143" 18 . 28 27 73 35 .23 48 . 106

we
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_Table A-5 Macroinvertebrates Collected from
' the 01d Pond, August 16, 1977

L ‘Sample Number
' Taxa o ; 1 2 3 4 5

« ~ -INSECTA

Diptera
Chironomidae

Ablabesmyia sp. : 11 1 12 8 8
Tanypus punctipennis 4
Chironomus plumosus 10 2 3 1 3
Glyptotendipes sp. 1
Lauterborniella sp. 1 '
Limnochironomus (Dicro-

tendipes) sp. - : 1
Polypendilum sp. ‘ 1 1
Pseudochironomus sp. . 5
Cladotanytarsus sp. ’
Tanytarsus sp.

Ceratopogonidae

Probezzia complex - 14 9 1 .9
Chaoboridae o

Chacborus americanus 10

-wN

Coleoptera
Haliplidae
Peltodytes edentulus? 1
Hydrophilidae
Berosus sp. . 1

Ephemeroptera
Baetidae .
Callibaetis fluctuans 1 6 1
Caenidae
Caenis sp. ' 2 1 49 14 23

Odonata

Coenagrionidae .
Enallagma sp. 2 10 4

Libellulidae :
Erythemis simplicicollis 2 1
Ladona julia
Libellula luctuosa 4 2 8
Pachydiplax longipennis
Tramea lacerata 1 1

-

13

Wi N

MOLLUSCA

Gastropoda
Physidae )
Physa gyrina '’ 7 7 5 12
Pelecypoda :
Sphaeriidae
Musculium transversum 10 29 5 2 2

BRYOZOA

Phylactolaemata
Plumatellidae
Plumatella sp. . ,2

" OLIGOCHAETA
Haplotaxida

Tubificidae
Limnodrilus hoffmeisteri 1
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Table A-6 Macroinvertebrates Collected from the New Pond, October 13, 1977

Sample Number

Taxa : 1 2 3 4 5 6 - 7

Diptera
Chironomidae
Clinotanypus pinguis 1 : 1
Procladius sp.
Tanypus punctipennis
Chironomus plumosus
Endochironomus sp.
Glyptotendipes sp.
Goeldichironomus sp.
Parachironomus sp.
Polypedilum sp.
Cladotanytarsus sp. . 4
Rheotanytarsus sp. :
Tanytarsus sp. 1
. Ceratopogonidae
Probezzia complex 1 2
Chaoboridae »
Chaoborus punctipennis ' -1
Tabanidae

. Chrysops sp. : 2 1 3
Tipulidae : :

Erioptera sp. ~ L ' 2

—
[
—
~
wn
W

00 W N Co b

— -

=N~ W=
et

Coleoptera
Hydrophilidae -

Hydrobius sp. ' : 1

Ephemeroptera
Baetidae :
Callibaetis fluctuans ' 1 , 1
~Caenidae :
Caenis sp.
Ephemeridae < :
Hexagenia limbata . . 4 16 1

Odonata
Coenagrionidae . A
Enallagma.sp. : 3 . 1
Libellulidae ' : : '
Libellula luctuosa 4 4 2 1
Pachydiplax longipennis 3 5 '

L S 8]



Table A-7 Macroinvertebrates Collected from the New Pond, April 23 and 24, 1978

Sample Number, April 23, 1978 Sample Number, April 24, 1978

Taxa 1° 2 3 4 5 6 71 8 9 10. 1 2 3 - & 5

6

Diptera
Chironomidae
Clinotanypus pinguis
Procladius sp. 1 1 1 2 4
Tanypus punctipennis - 2
Polypedilum sp.
Ceratopogonidae . :
Probezzia complex : -1 1 - . "5 : 3
Chaoboridae S , . o
Chaoborus punctipennis 1 . : : L : 1. 1
Tabanidae : , :
.Chrysops sp. 1 1 3 1 . - 1
Tipulidae :

Erioptera sp. . ‘ ' 1

65 1

I

Odonata
Coenagrionidae ’ o , , . :
Enallagma sp. - ’ - 1
Libellulidae : ' ' : =
Ladona julia | . ‘ B 1
Libellula luctuosa 1 1
Plathemis lydia . : : : 1

Aeschnidae '
Aeschna sp. . 1

Ephemeroptera
Caenidae - . .
Caenis sp. . e ' g . ‘ S |
" Ephemeridae ' T o , ’ 4 ‘ '
Hexagenia limbata 1

LE



Iable A-3

Macroinvertebfates Collected from
the O0ld Pond, April 23, 1978

Taxa

Sample Number

1 2 3

INSECTA

Diptera
Chironomidae

Ablabesmyia sp.

Clinotanypus pinguis

Procladius sp.

Tanypus punctipennis

Chironomus plumosus

~N o~
w
—

Endochironomus sp.

Glyptotendipes sp. 20 12 T 4

Kiefferulus sp.

Lauterborniella sp. 8

Parachironomus sp. : 3

Polypedilum sp.

Ceratopogonidac
Probezzia
Chaoboridae
Chaoborus

complex A 1

americanus 1 1

Tipulidae

Erioptera sp.

Coleoptera
Dytiscidae

Hydroporus sp. .

Ephemeroptera
Baetidae

Callibaetis fluctuans 1

_ Caenidae
Caenis sp.

Ndonata
Coenagrionidae

Enallagma sp.
Libellulidae

Pacvhydiplax longipennis 3

Sympetrum (= Tarnetrum) corruptum 1

MOLLUSCA

Gastropoda
Ancylidae

Ferrissia fragilis 1

Physidae
Physa gyrina

Pelecypoda
Sphaeriidae

Musculiuw transversum 18 . 16

18 13

34

- OLIGOCHAETA

-Haplotaxida
Tubificidae

Limnodrilus hoffmeisteri . . 16 6

21 9
36 28

12’

[

48 16 - -
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Table A-9 'Macroinvertebrates Collected from
‘the New Pond, May 23, 1978

, , Sample Number
Taxa }' ' 1 2 .3 4 5

Diptera
- Chironomidae :
" Ablabesmyia sp. 1

Procladius sp.
Tanypus punctipennis '
Chironomus plumosus - 2
Endochironomus sp. '
Glyptotendipes sp.
: ‘Lauterborniella sp. \

\ " Polypedilum sp.

_ Ceratopogonidae
Probezzia complex ° 1 2 ' 3 1

Odonata
Libellulidae
Libellula luctuosa
Plathemis lydia

=N - N
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" Table A-10 Macroinvertebrates Collected from
the 0ld Pond, May 23, 1978

.Sample Number

Taxa ) 1 ‘ 2 _3

INSECTA

Diptera

Chironomidae °
Procladius sp. 3
Tanypus punctipennis 69 42 1
Chironomus plumosus 30
Endochironomus sp. 20
Glyptotendipes sp. 128 10
Lauterborniella sp. ' 5
Parachironomus sp.

Ceratopogonidae
Probezzia complex 3 5

Chaoboridae )
Chaoborus americanus 8 20 9

NONN W

=g

Coleoptera
Haliplidae
Peltodytes edentulus? : 1

Ephemeroptera
Caenidae
Caenis sp. 7 2

Odonata
Coenagrionidae
Enallagma sp. 1
Libellulidae ' '
Libellula luctuosa
Pachydiplax longipennis 2 1

NN

MOLLUSCA

Gastropoda
Ancylidae
Ferrissia fragilis 6 1
Physidae ‘
Physa gyrina: 3 1 1

Pelecypoda
Sphaeriidae
Musculium transversum 54 23 126

OLIGOCHAETA

Haplotaxida
Tubificidae ‘ ‘
Limnodrilus hoffmeisteri : v 3
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Table ‘A-11 Macroinvertebrates Collected from
the New Pond, June 26, 1978

Sample Number

Taxa o g 1 2 3 S 5

Diptera
Chironomidae
Procladius sp.'3 4 - 52
Tanypus punctipennis _ : : .
Chironomus plumosus 34 1094 315 38 158
Polypedilum sp. -3
Ceratopogonidae o
Probezzia complex 4 15 24 -9 .5
Tabanidae . o :
Chrysops sp. - ' - 1
Tipulidae .

Erioptera sp. - o 1

Coleoptera
Dytiscidae _
Laccophilus maculosus . 1
" Gyrinidae

- ' Gyrinus sp. : ' 1

Odonata
. Coenagrionidae
Enallagma sp. - 1
Libellulidae - i
Ladona julia ' 1 a2 o 1
Libellula luctuosa 1
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Table A~12 Macroinvertebrates Collected from the
0ld Pond, June 26, 1978

‘ . Sample Number
Taxa . 1 2 3 4

INSECTA

Diptera

Chironomidae
Ablabesmyia sp.
Tanypus punctipennis
Chironomus plumosus
Glyptotendipes sp.

" Lauterborniella sp.

Ceratopogonidae
Probezzia complex .6 5 17 L

Chaoboridae
Chaoborus americanus 2 1

~

15 13
20 317

=W

Ephemeroptera
Baetidae )
Callibaetis fluctuans ' 1
Caenidae ;
Caenis sp. 7 3 2

Odonata
Libellulidae
Libellula luctuosa ' 1
Pachydiplax longipennis 1 1

" MOLLUSCA

Gastropoda
Physidae
Physa gyrina 1. 5

Pelecyboda
Sphaeriidae
Musculium transversum 93 98 202 81

OLIGOCHAETA
Haplotaxida
Tubificidae _
Limnodrilus hoffmeisteri - 2 1 5




Table A-13 Macroinvertebrates Collected from the Shed Pqnd

October 4, 1977 April 23, 1978 ° May 23, 1978 June 26, 1978
‘ .  Sample Number
Taxa 1 2 3 1 2 3 1 2 3 1 2. 3
Diptera
Chironomidae : . :
Chironomus plumosus 40 13 6 - ' ' 6 4 4 .5 3
Parachironomus sp. 1 , : ;
_ Ceratopogonidae
Probezzia complex E 1 2
Tipulidae ' . L :
Erioptera sp. : ’ : 1 1 1

1%
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Staunton 1 Reclamation Demonstration Project — Aquatic Ecosystems
Final Report. W. S. Vinikour. Argonne National Laboratory Report
ANL/LRP-9.

This report is one in a series being produced by the Land Reclamation
Program. This program is a joint effort of the Energy and Environmental
Systems Division and the Division of Environmental Impact Studies at
Argonne National Laboratory, Argonne, Illinois 60439.

Sponsor: U.S., Department of Energy, Assistant Secretary for Environment,
Office of Health and Environmental Research.

Program Funding for FY 81 (Oct. 1980 - Sept. 1981): $1,742,000.

Program Summary:

The Land Reclamation Program is addressing the need for coordinated
applied and basic research into the physical and ecological problems of
land reclamation, and is advancing the development of cost-effective
techniques  for reclaiming land mined for coal. This program is con-
ducting integrated research and development projects focused on near-
and long-term reclamation problems in all major U.S. coal resource
regions, and is evaluating and disseminating the results of related
studies conducted at other research institutions. These activities
‘involve close cooperation with. the mining industry. Regional and
site—specific reclamation problems are being addressed at research
demonstration sites throughout the country, and through laboratory and
greenhouse experiments. -

Program Director: Ralph P. Carter
Deputy Director, Biological Research: Ray R. Hinchman
Acting Deputy Director, Physical Research: Stanley D. Zellmer

Principal Investigator for the research discussed in this report:
" William S. Vinikour

Publication Date: February 1981 Key Words: Macroinvertebrates
: " Benthos o
Acid Mine Drainage
Reclamation
Ponds .
Coal Mining




45

‘Distribution for ANL/LRP-9

Internal:
" R. P. Carter R. H. Huebner W. K. Sinclair

E. J. Croke A. B. Krisciunas T. G. Surles

A. J. Dvorak K. S. Macal W. S. Vinikour
-A. R, Evans C. A. Malefyt S. D. Zellmer

W. J. Hallett W. E. Massey ANL Contract Copy
W. Ha;risqn E. G. Pewitt v ANL Libraries

R. R. Hinchman J. J. Roberts TIS Files (6)

N. F. Sather ANL Patent Dept.

External:

DOE-TIC, for distribution per UC-88 (167)
Manager, U.S. Department of Energy Chicago Operations and Regiomal Office
President, Argonne Universities Association
Energy and Environmental Systems Division Review Committee
E. E. Angino, University of Kansas
E. N. Castle, Resources for the Future, Inc.
R. L. Clodius, National Assn. of State Universities and Land
' Grant Colleges
B. A. Egan, Environmental Research and Technology, Inc.
W. W. Hogan, Harvard University
W. N. Poundstone, Comnsolidation Coal Co.
L. H. Roddis, Jr., Charleston, S.C.
J. J. Stukel, University of Illinois
J. J. Wortman, North Carolina State University

W. Ackerman, Land Quality Division, Cheyenne, Wyo.

A. B. Agnew, U.S. Geological Survey, Reston, Va.

A. F. Agnew, Library of Congress, Washington, D.C.

Agriculture Librarian, University of Illinois, Urbana :
Aldon, Rocky Mountain Forest Experiment Station, Albuquerque, N.M.
Anderson, Iowa State University, Ames
R. Arnold, Southern Illinois University, Edwardsville
C. Ashby, Southern Illinois University, Carbondale
I. Auerbach, Oak Ridge National Laboratory
Bailey, Wyoming Dept. of Environmental Quality, Cheyenne
Baker, Occidental 0il, Rifle, Colo.

J. Banaszak, Office of Surface Mining, Region III, Indianapolis
Barse, U.S. Dept. of Agriculture, Washington, D.C.
Barton, Miller/Wihry/Lee Inc. Louisville, Ky.

Bauer, Consolidation Coal Company, Pinckneyville, Ill.
Beal, Illinois Inst. of Natural Resources, Chicago

C. Beatley, University of Cincinnati

Beech, Wyoming Dept. of Environmental Qua11ty, Cheyenne
E. Behling, West Virginia University

A. Berg, Colorado State University

Bicket, Sparta, Ill.

Bina, Basin Electric Power Coop., Bismarck, N.D.
Bjugstad, South Dakota School of Mines

. . . . . . . 0

FPOEREZTOSNTY p GCARBOLE OO



46

J. Blackburn, Office of Surface Mining,; Knoxville, Tenn.
J. F. Blakey, U.S. Geological Survey, Lakewood, Colo.
U.S.  Bureau of Land Management, Washington, D.C.
E. Bolter, University of Missouri-Rolla, Rolla
C. Bowling, Interstate Mining Compact Commission, Lexington, Ky.
Boyce, U.S. Geological Survey, Reston, Va.
Boyer, Bituminous Coal Research, Inc., Monroeville, Pa.
Boyle, Macoupin County Court House, Carlinville, Ill.
T. Brakken, Office of Surface Mining-Region II, Knoxville, Tenn.
A. Brant, University of Kentucky
Bush, W. Kentucky University
R. Byrnes, Purdue University
Caldwell, ARCO Coal Co., Gillette, Wyo.
Call, Ohio Dept. of Natural Resources, Columbus
Calvert, Energy & Environmental Analysis, Inc., Arlington, Va.
A. Camp, Dept. of Agriculture, Springfield, Ill.
P. Capp, Morgantown Energy Research Center, W.Va.
A. Carr, Tennessee Div. of Soil Conservation, Norris
E. Carrell, University of Missouri - Columbia
Carson, Consolidation Coal Co., Pinckneyville, Ill.
P. Carter, NERCO, Inc., Portland, Ore.
Casey, U.S. Forest Service, Broomall, Pa.
Caudle, Southern Illinois University, at Carbondale
Christensen, University of Wyoming
Cline, Consolidation Coal Co., Evansville, Ind.
L. Coalgate, U.S. Bureau of Mines, Washington, D. C
Colburn, Texas A&M University
Collins, Reg10na1 Energy Environmental Center, Denver
Corbett, University of Akron
K Cordry, ESE, St. Louis, Mo.
Council of Energy Resources Tribes, Washington, D.C.
J. N. Covey, National Ash Association, Washington, D.C.
. Crane, U.S. Dept. of Interior, Denver
. Cranor, Surface Mining Reclamation Commission, Jasper Ala.
. Cull, Western Energy Co., Billings, Mont.
. R. Curtis, Northeastern Forest Experiment Station, Berea, Ky.
. C. Dahlman, U.S. Dept. of Energy, Washington, D.C.
S. Dancer, University of Illinois, Urbana
W H. Davidson, Surface Mined Area Restoration Research Project,
Kingston, Pa.
G. Davis, SEAM, Billings, Mont .
M. Davison, The North American Coal Corporation, Bismarck, N. D.
L. Dearden, Dept. of Forestry, Wildlife, & Fisheries, Knoxville, Tenn.
Deist, Staunton, Ill.
P. Dempsey, U.S. Forest Service, Princeton, W.Va.
P. Devan, Allied Chemical, Jamesville, N.Y.
G. Deveraux, NERCO, Inc., Portland, Ore.
DeVries, Utah Intl., Inc., Knoxville, Tenn. ,
Dight, A.D.A.S., Dyfed, Wales, U.K. .
Dittberner, Western Energy & Land Use Team, Fort Collins, Colo.
J. Dixon, U.S. Senator, Washington, D.C.
Donner, U.S. Bureau of Mines, Denver
Downing, Illinois Dept. of Mines & Minerals, Springfield
C. Doyle, Environmental Policy Institute, Washington, D.C.

w?ﬁ}l‘fll’-cl"zWF‘UUQMQU"GOOS>W?§NL«UJ7<

z’xzohu

QUU>'UNUUEDO&US'U




AN EQRION@mIOmE GO

47

R. Drummond, U.S. Army Corps of Engineers, Cincinnati

T. Eagle, Tennessee Dept. of Conservation, Norris

. H. Earley, University of Wisconsin, Madison

. Early, Miller/Wihry/Lee Inc., Louisville, Ky.

. Eddleman, University of Montana

. M. Ellis, Peabody Coal Co., Jasonville, Ind.

Energy Program, National Governors Conference, Washington, D.C.
EPA, Office of Energy Research, Washington, D.C.

R. B. Erwin, West Virginia Geological & Economic Survey, Morgantown
K. Evans, NALCO Environmental Sciences, Northbrook, Il1l.

B. Evilsizer, Illinois Dept. of Mines & Minerals, Springfield
S. Fanning, University of Maryland, College Park
Fehrenbacker, University of Illinois, Urbana

E. Filer, Office of Surface Mining Region IV, Tulsa, Okla.
Fisher, Bureau of Land Management, Denver"

S. Fore, Oak Ridge National Laboratory

C. Fountain, Winter Haven, Fla.

‘Frank, 0ff1ce of Surface Mining Region IV, Kansas City, Mo.
Franklin, U.S. Dept. of Energy, Washington, D.C. (3)

R. Freeman, Sturm Environmental Services, Bridgeport, W.Va.
Gardner, North Carolina Dept. of Natural & Economic Resources, Rale1gh
R. Gates, Illinois Environmental Protection Agency, Marion
H. Gaum, U.S. Army Corps of Engineers, Washington, D.C.
Gerkin, Mining and Reclamation Council, Washington, D.C.

H. Gibbons, Office of Technology Assessment, Washington, D.C.
A. Glen, Arch Minerals Corp., St. Louis, Mo.

F. Grandt, Peabody Coal Co., St. Louis, Mo.

Graumann, Okla. Conservation Commission, Oklahoma City

B. Green, NERCO, Inc., Portland, Ore. :

0. Greene, Div. of Operations & Enforcement, Madisonville, Ky.
Grogan, Utah International, Inc., Fruitland, N.Mex.
Grosboll, Abandoned Mined Lands Reclamation Council, Kearneyville, W.Va.
Grua, U.S. Department of Energy, Washington, D.C.

L. Guernsey, Indiana State University, Terre Haute
Gulliford, Southérn Illinois University, Carbondale

N. Hall III, S. Charleston, W.Va. '

Hamilton, Consolidation Coal Co., Sparta, Ill.

Harris, U.S. Environmental Protection Agency, Cincinnati

M. Harvey, U.S. Senate, Washington, D.C.

Hellmuth, Obata & Kassabaum, Inc., Saint Louis, Mo.

S. Henning, Iowa State University

Henry, University of Texas, Austin

Hereford, Dept. of Environmental Quality, Cheyenne, Wyo.

E. Herridks, University of Illinois, Urbana

Hicks, -Drummond Coal Co., Jasper, Ala.

Hill, U.S. Environmental Protection Agency, Cincinnati
Hilner, Soil Couservation Service, Broomall, Penn.

Hochmuth, Mayor & City Council of Staunton, Ill.

Hodder, Montana State University

W. Holloway, Southwestern Illinois Coal Corp., Percy

V. Holmberg, U.S. Dept. of Agriculture, Washington, D.C.

C. Hood, Southern Illinois University, Carbondale

R. Hossner, Texas A&M University

C. Howe, Indiana State University, Terre Haute

“rEoOMoO®

o

ConowwornnbtEt>PunCGCODomOCGRI G ONE G




E.
P.

mr‘UOSSUUﬂZUUILﬂUUwHLAQMZUw

D
T.

L.

OFNEO0O0OZT NS ndduuEITARRBONO & &

48

W. Hoyleman, General Electric Co., Santa Barbara, Calif.
Hubbard, Drummond Coal Co., Jasper, Ala.

T. Huffman, U.S. Army Corps of Engineers, Vicksburg, Miss.

H. Hunter, Utah International, Inc., San Francisco, Calif.
Hynan, National Coal Association, Washington, D.C.

Imhoff, Office of Surface Mining, Indianapolis
Innis, Utah State University

L. Jackson, University of Akron

J. Jansen, University of Illinois, Urbana

M. Johnson, Soil Comservation Service, Fort Worth, Texas

0. Johnson, Gas Research Institute, Chicago

Jones, Office of Surface Mining, Region IV, Kansas City, Mo.

R. Jones, Peabody Coal Co., St. Louis, Mo.

Kaplan, U.S. Dept. of Energy, Pittsburgh, Penn,

E. Kash, U.S. Geological Survey, Reston, Va.

L. Kastl, Oklahoma Conservation Comm., Oklahoma City

Kidd, Bureau of Land Management, Tuscaloosa, Ala.

C. Kissock, College Station, Texas

Klimstra, Southern Illinois University, Carbondale

S. Knight, NERCO, Inc., Portland, Ore.

Kolar, Southern Illinois University, Carbondale

L. Koon, Madisonville Community College, Ky.

C. Koss, U.S. Bureau of Land Management, Alexandria, Va.

W. Kruse, Skelly & Loy, Gaithersburg, Md.

Lane, Fording Coal Ltd., Elkford, British Columbia

Langston, West Central Illinois Valley Regional Planning Comm.,
Carlinville

Lavkulich, University of British Columbia, Vancouver

H. Lee, WES, Corps of Eng., Vicksburg, Miss.

H. Lehr, National Water Well Assoc., Worthington, Ohio

Lemon, Soil Conservation Service, Portland, Ore.

S. Leung, Eastern Kentucky University

W. Lewandowski, Purdue University

Lewis, U.S, Bureau of Mines, St. Paul, Minn. »

E. Lockridge, Environment and Satéty Div., Washington, D.C.
Loquercio, Illinois Institute of Natural Resources, Chicago
Lowrie, U.S. Dept. of Interior, Kansas City, Mo.

S. Lyle, Jr., Alabama Dept. of Forestry, Auburn

Maddox, Office of Surface Mining, Knoxville, Tenn.

Mahon, U.S. Soil Conservation Service, Sparta, Ill.

R. Maneval, Office of Surface Mining, Washington, D.C.

L. Manning, Pittsburg & Midway Coal Co., Denver

Marder, Springfield, Ill.

T. Mason, Jr., U.S. Fish & Wildlife Service, Harpers Ferry, W.Va. .
Massie, Abandoned Mined Lands Reclamation Council, Springfield, Ill.
A. Master, Henningson, Durham, & Richardson, Inc., Santa Barbara, Cal.
Mauzy, Illinois Environmental Protection Agency, Springfield
C. McCall, Tennessee Dept. of Conservatlon, Nashville
McKell, Utah State University

McKenzie, Ohio State University, Columbus

McMartin, North Dakota State University

McNabb, Indiana Dept. of Natural Resources, Indianapolis
McNay, U.S. Dept. of Interior, Washington, D.C,
Medvick, Illinois Dept. of Mines & Minerals, Marion




RO IQZOPrposmaGOGNy

- el o N e We Tl

49

Meier, Land Reclamation Program, Jefferson City, Mo.
Messick, U.S. Dept. of Interior, Washington, D.C.
Miles, U.S. Soil Conservation Service, Sparta, Ill.

V. Miller, U.S. Dept. of Agriculture, Washington, D.C.
R. Miller, University of Maryland, College Park

Mims, Illinois Institute of Natural Resources, Chicago
A. Minear, University of Tennessee, Knoxville

Mine Engineer, Big Horn Coal Company, Sheridan, Wyo.
Minerals Department, Burlington Northernm, Billings, Mont.

V.

H. Minshew, University of Mississippi

Montana Coop., Fish Research Unit, Montana State University, Bozeman

J.

D-]'*iZ‘-cUUOW‘-‘:ZW'ﬂhpULc

V

R. Moore, University of Tennessee, Knoxville

D. Morgan, U.S. Dept. of Interior, Washington, D.C.

0. Morgenweck, U.S. Dept. of Interior, Washington, D.C.
Mullan, National Coal Association, Washington, D.C.

F. Munshower, Montana State University

Murphy, Illinois Capital Development Board, Springfield
Naus, ARCO Coal Co., Wright, Wyo. ,

R. Nawrot, Southern Illinois University, Carbondale

‘Neas, Western Illinois University
. Nelson, U.S. Bureau of Land Management, Billings, Mont.

G. Nichols, Research Triangle Institute, Research Triangle Park, N.C.
Novick, Lester B. Knight, Chicago

Nyhoff, Goose Lake Prairie State Park, Morris, Ill.

A. Oates, T. K. Jessup, Inc., Greenville, Ky.

J. Olsen, Southern Illinois University, Carbondale

0'Malley,. Consolidation Coal Co., Pittsburgh, Pa.

Ordija, Comsolidation Coal Co., Pinckneyville, I1l.

Director, Office of Surface Mining, Washington, D.C.

M.
J.

J.
D.
E.

E. Ostrom, State Geologist of Wisconsin, Middleton

J. 0'Toole, Iowa State University

E. Overton, University of Tennessee, Knoxville

Packer, U.S. Forest Service, Logan, Utah

Paone; U.S. Dept. of Interior, Washington, D.C.

Parkinson, University of Calgary, Alberta '

Parsons, Office of Surface Mining, Washington, D.C.

Pash, U.S. Fish and Wildlife Service, Kearneysville, W.Va.
W. Peebles, Office of Surface Mining, Washington, D.C.

D. Pentecost, Office of Surface Mining, Region IV, Kansas City, Mo.
H. Percy, U.S. Senator, Springfield, Ill.

D. Pernichle, Dames & Moore, Salt Lake City

0. Perry, Office of Surface Mining, Region III, Indianapolis
Peters, WESCO, San Rafael, Cal. : :
A. Pettyjohn, Robert S. Kerr Laboratory, Ada Okla.

.D. Pewitt, Office of Energy Research, Washington, DC
"J. Phillips, Consolidation Coal Co., Evansville, Ind.

Pionke, Pennsylvania State University, University Park
T. Plass, U.S. Forest Service, Princeton, W.Va.

J. Pope, Soil Conservation Service, L1ncoln, Neb.

L. Powell, Bloomington, Ind.

Price, U.S. House of Representatives, Washlngton, D.C.
Pugliese, U.S. Bureau of Mines, St. Paul, Minn.
Ralston, AMAX Coal Co., Indianapolis, Ind.

Redente, Colorado State University




.

.

RE<HRATIFIOCRICAIRCUNVNUONEINOONERORE YT QORI W HFGUESnunDnOIomago<YY

50

Reeves, Office of Surface Mining, Washlngton, D.C.
Reinhardt, Evansville, Il1,
Ricca, Ohlo State Un1vers1ty, Columbus

. W. Rice, -University of Kentucky
. Richardson, Geo Research, Washington, D.C.

H. Rickard, Battelle Pacific Northwest Laboratories
Rothwell, Northeaestern Forest Experiment Station, Berea, Ky.
Ruffing, Consolidation Coal Co., Sparta, Ill.

Runkle, BLM-EMRIA, Denver

W. Saunders, U.S. Dept. of Energy, Washington, D.C.

B. Schmidt, U.S. Dept. of Energy, Washington, D.C.
Schniederman, U.S. Dept. of Interior, Washington, D.C.
Scott, Peter Kiewit Sons' Co., Sheridan, Wyo.

C. Scott, Southern Illinois University, Carbondale.

D. Seitz, University of Illinois, Champaign

C. Sencindiver, West Virginia University

V. A. Sendlein, Southern Illinois University, Carbondale
Shank, Weeds, Trees & Turf, New York

Sheridan, University of Montana

L. Shreve, Soil Conservation Service, Morgantown, W. Va.
L. Simpson, Office of Surface Mining, Benton, Ill.

L. Sims, Agricultural Research Service, Woodward, Okla.
Skeet, Utah International, Inc., Fruitland, N. Mex.
Smith, Consolidation Coal Co., Sheridan, Wyo.

E. Smith, Inst. for Mining & Minerals Research, Lexington, Ky.
J. Smith, Texas Railroad Commission, Austin, Tex.

J. Smith, U.S. Dept. of Interior, Washington, D.C.

M. Smith, West Virginia University

A. Smout, Consolidation Coal Co., Pinckneyville, Ill.
Smrikarov, Mathtech, Inc., Princeton, N.J.

T. Sorrell, Phillips Coal Co., Dallas

E. Sowards, Utah International, Inc., San Francisco, Calif.
Stafford, Indiana Dept. of Resources, Indianapolis
Streib, Science Applications, Morgantown, W. Va.,

R. J. Studlick, Shell 0il Company, New Orleans

Sutton, OARDC, Caldwell, Ohio

Swinebroad, U.S. Dept. of Energy, Washington, D.C.

R. Thompson, Governor, Springfield, Ill.

Thurman, Consolidation Coal Co., Sparta, Ill.

V. Thurston, Montana State University, Bozeman

.S. Fish & Wildlife Service, Fort Collins, Colo.

W. Upton, Morrison-Knudsen Company, Inc., Moberly, Mo.

0. Utgard, Ohio State University, Columbus

Vimmerstedt, OARDC, Wooster, Ohio

Vogel, Illinois Dept. of Conservation, Springfield

G. Vogel, Northeastern Forest Experiment Station, Berea, Ky.
C. Vories, Morrison-Knudsen, Inc., Boise, Idaho

Wallace, Texas Railroad Commission, Austin

L. Watters, U.S. Dept. of Energy, Washlngton, D. C

L. Whetzel, West Virginia University

Whitman, North Dakota State University A ‘
Whittington, Montana Bureau of Land Management, Billings

[/




L

(e

. . o » . . . . . - . .

HuZN Lo LARD D

51

Wicklow, U.S. Dept. of Agriculture/SEA, Peoria, Ill.

P. Wiener, Research - INFORM, New York

Williams, Illinois Dept. of Agriculture, Springfield
Willman, University of Ill. Coop. Extension Service, Sparta,
E. Winch, Canadian Land Reclamation Asso¢., Guelph; Ontario
P. Wiram, AMAX Coal Co., Indianapolis

Wobber, U.S. Department of Energy, Washington, D.C.

H. Wood, U.S. Geological Survey, Reston, Va.

Wright, British Columbia Research, Vancouver

Yancik, National Coal Assoc., Washington, D.C.

Yocum, AMAX Coal Co., Indianapolis

Young, Missouri Dept. of Natural Resources, Jefferson City
G. Zarger, Tennessee Valley Authority, Norris, Tenn.






