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PRELI M NARY EVALUATI N GF FI NAL QUT LAKES

by James P. dbb and Ral ph L. Evans

ABSTRACT

Twel ve representative final cut inpoundnents were
sel ected and studied to determne their volumes and es-
tinmated yield potentials. The volunes range from97 to
3488 acre-feet and average 812 acre-feet. Estinmated
yield potentials at a 2-year recurrence interval range
from0.15 to 3.98 mllion gallons per day and average
0.86 mllion gallons per day. Projections of these es-
timates to lakes inventoried through June 30, 1971,
were nade and presented as county totals. The potenti al
water supply fromfinal cut inpoundnents for the 40 sur-
face mining counties in Illinois range fromO to 75. 66
ngd. For 10 counties the estinated yield potential from
final cut inpoundnents exceeds the estimated 2020 wat er
dermands.

Based on published water quality requirenents and
data collected during this study, only 2 of the 12 |akes
studi ed have water quality suitable as a source for pub-
lic water supply. Three are suitable for irrigation and
all 12 are suitable for livestock watering. However, the
quality of water fromthese inpoundments is treatable and
often conparable to the quality of alternative water
sources. Each lake should be evaluated nmore closely in
terns of yield, quality, and the econonics of devel oprent
as conpared with other available water resources.

I NTRCDUCTI CN

The first commercial surface coal mine in the Lhited Sates was opened
near Danville, Illinois, in 1866. Horsedrawn scrapers were used to renove
shal | ow overburden naterials and the underlying coal (1). The devel opnent
of a large steampowered stripping shovel in 1911, followed by continued de-
vel opment of larger and nore efficient equiprment, has greatly expanded the
surface mining industry (2). Surface mining nowis a major nmethod used in

producing the nation's coal needs. |In 1977, coal production in Illinois
totaled approxinately 53.9 mllion tons, of which about 45 percent (4.3
mllion tons) was fromsurface nining (prelimnary figures fromthe IIlinois

Departnment of Mnes and M neral s).



Surface mning for coal in Illinois occurs in 40 counties (see figure
1). Strippabl e bitumnous coal reserves (coal seans at |east 18 inches thick
and less than 150 feet below land surface) are the largest in the Uhited States
(3). Excluding two areas not yet mapped, Sinon and Smth (3) reported an es-
timated 19 billion tons underlying 2.3 mllion acres of Illinois |and.

As of June 30, 1971, a total of 163,643 acres (only 7 percent of the po-
tential strippable area) of Illinois |and had been surface mned for coal.
Twel ve counties contained 90 percent of the mned acreage: Fulton 40, 524;
Perry 20, 317; Knox 17,350; WIlianmson 12,701; St. Qair 12,482; Saline 9504;
Qundy 7134; Peoria 6187; WI| 6067; Randol ph 5425; Vermlion 5297; and Jack-
son 4899 acres (4).

VWater on surface-mned |lands total ed 14, 243 acres of which 12,149 acres
are | akes devel oped in abandoned pits resulting fromthe final cut and the
haul age roads(4) .

There is extensive literature concerning strip mning of coal in Illinois.
Most reports discuss the coal reserves suitable for surface mning, the rec-
lamation of land after mning, and acid drainage probl ens resulting frommne
activities. Recreational use of strip-mned lands and their waters al so has
recei ved considerable attention. However, very little work has been done to
better understand the hydrol ogy of strip-mned lands or to eval uate the poten-
tial resource of the water bodies contained in strip-mned areas.

Federal legislation in the Coal Surface Mne Regul ati on Act now requires
that strip mne inpoundments or water bodies be filled. This action alerted
officials in the state of Illinois to the fact that the potential resources
offered by these |akes nay be destroyed. Personnel of the Department of M nes
and Mnerals particularly were concerned and supportive of a study of these
potential resources. Because so little is known of the character of final cut
i npoundnents this reconnai ssance-type investigation was undertaken with the
support of the Illinois Institute for Environnental Quality, Project No. 80.096.
The purpose of the study was to eval uate the useful ness of final cut inpound-
nments for public water supply, irrigation, and other consunptive uses. These
data have al so been reported in "Reconnai ssance Study of Final Qut |npoundnents”
publ i shed by the Institute for Environmental Quality (IEQ Docunent No. 78-25).

Four general study areas, Gundy, St. dair, Fulton, and Perry Counties
were selected. In each study area, 3 lakes of representative size and geo-
| ogi c- hydrol ogic setting were chosen for detailed study. Each |ake was sur-
veyed to determne its area and capacity. An estimate of the sustained yield
of each lake also was nade. Water sanples for chemcal analysis were collected
fromeach lake at three tine intervals to determne the chemcal, physical, and
biol ogical quality of the water as it relates to the proposed uses.

O the basis of results of the sanple |ake studies and avail abl e maps
of all lakes in the 40 counties where surface mning exists, estimates of the
water resource fromfinal cut inpoundments were nade. A general inventory of
ot her water resources and projected needs for these counties also is presented.
The potential uses of final cut |akes are discussed fromthe basis of water
quality, quantity available, and the estinated needs of the area.
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Recomrendati ons concerning further study of final cut inpoundments also
are nade.
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PHYSI CAL FEATURES (F THE LAKES

Lake Sel ection

During Septenber 1977, well over 100 strip mne |akes were observed from
the air and approxi mately 60 were visited for closer examnation. Lakes of
representative sizes and shapes initially were selected fromthe air. During
field examnations, final selections were made on the basis of access to the
| akes, proximty to other water bodies or courses into which water could be
punped, and the cooperativeness of the property owners on which the |akes are
located. Twelve lakes finally were chosen at |ocations indicated on figure 1
and table 1.

Two of the sel ected | akes, Pinckneyville No. 2 (lake 4) and "East C'
Streamine (lake 6), were still in the process of filling after the concl u-
sion of mning. It was hoped that data collected on these |akes woul d prove
useful in determning the yield capabilities of these |akes.



Table 1. Selected Final Qut |npoundnents

Number Name Owner Location
1 Middle Grove Peabody Coal Co. Sec 19, T9N, R4E,2
Knox County
2 Sunspot West Amax Coal Co. Sec 9 § 10, T3N, RIE,
) Fulton- County
3 Sunspot East Amax Coal Co. Sec 6, T3N, RZE,
Fulton County
4 Pinckneyville No. 2 Consolidated Coal Co. Sec 17, T5s, R2W,
Perry County
5 01d DuQuoin Pit Consolidated Coal Co. Sec 6, T5S, R2W,
Perry County
6 '"East C'" Streamline Southwestern Coal Co. Sec 32, TS5S, R4W,
Randolph County
7 Red Ray Peabody Coal Co. Sec 33, T1S, R7W,
: St. Clair County
8 Seminole Peabody Coal Co. Sec 2, T3S, R7W,
St. Clair County
9 River King No. 6 Peabody Coal Co. Sec 28, T3S, R6W,

St. Clair County
10 Coal City Area No. 1 Coal City Sportsman Club Sec 31 § 32, T33N, R9E,

) Will County
11 Clear Lake South Wilmington Sec 5, T3IN, RSE,
Sportsman Club Kankakee County
12 Northern Pit No. 14 Peabody Coal Co. Sec 13, T31N, RSE,

Grundy County
8rbbreviated for Section 19, Township 9 North, Range 4 East

Vol une and Area Determnations

Aerial photographs were obtained for each |ake to determne surface areas
and to select the locations of range lines along which depth neasurenments were
to be made. Depth rmeasurenents were taken al ong each range line at 50 foot
interval s using a Lowance nmodel LFG 360 depth sounder. This soundi ng device
operates on sonar principles at a frequency of 192 kilohertz. The transducer
enmts a 22-degree signal resulting in a 12 foot diameter circle at a depth of
30 feet. Proper reading of the dial and suppression of false signals permtted
obtai ning depth rmeasurenents within 1 foot of mechanical |y neasured dept hs.

The six lakes in the southern part of the state (lakes 4-9) were neasured
inthe fall of 1977 froma boat during periods of open water. A marked poly-
ethyl ene cable was used to determne the horizontal spacings of readings al ong
the range line. The lakes located in western and northern Illinois (lakes 1-3
and 10-12) were neasured during the winter nonths through ice ranging in thick-
ness fromabout 6 to 18 inches. The horizontal spacings of readi ngs al ong
these range lines were determned by using a steel tape. A the time of each
| ake survey the water level of the |ake above nean sea |evel was determned by
running a line of levels fromthe nearest U S. Geol ogi cal Survey bench nark.



After the depth measurements were completed, cross-sectional profiles
for each range line were plotted. Representative profiles for each lake are
presented in the Appendix of Lake Summaries in this report. Lake volumes were
calculated by the average end area method. Volume and area calculations at
various water level stages permitted the development of stage-volume and stage-
area curves for each lake.

Yi el d Determ nations

Groundwater Yields

In the original study proposal, it was planned that several |akes woul d
be punped and the recovery rates after punping would be nonitored to determne
the yield capability of each lake. |t also was planned that piezoneters would

be installed at each |ake that was punped to allow for analysis of the sur-
roundi ng groundwater regine. After determning the costs associated wth punp-
ing the large anounts of water required to lower the lake levels just 2 feet,
it was decided to attenpt to punp only 1 lake and install piezonmeters in the
spoil material surrounding it. Peabody Coal Conpany offered their assistance
and the use of one of their punps at the Mddle Gove lake, and it was chosen
to be punped. The data gathered fromthat work are also given in the Lake
Summari es Appendi x. Water bal ance anal yses of the data showed groundwat er
contributions to the lake varying fromabout 200 to 500 gallons per mnute
(gpm during the punping test. In general, the larger val ues were experienced
during the early stages of the test. Small errors in reading lake levels from
the staff gage due to wave action on the lake were particularly sensitive dur-
ing this period. Inmmediately after the punping test, during a period of no
rain, analysis of lake level recovery data indicated groundwater contributions
to the lake at about 200 gallons per ninute.

Two other lakes (Pinckneyville No. 2 and "East C' Streantine) were se-
| ected for study because data were avail abl e describing the rates they filled
after the mines closed. Two years of data existed for the "East C' |ake and
the Pinckneyville pit was just in the process of filling and coul d be noni -
tored. The punping attenpts and nonitoring of lakes while filling both were
designed to obtain information on the groundwater contribution capabilities
of the spoil naterials surrounding these |akes. Water bal ance anal yses of
the data for the "East C' and Pinckneyville lakes proved to be instructive
but did not provide the answers desired. The results of the water bal ance
analysis for the two lakes are presented in the Lake Sunmari es.

Several factors influence the groundwater contribution capabilities of
strip mine spoil. The character of the prem ning overburden, the ratio of
drift materials to underlying rock overburden, the nethod of handling the
materials, the equi pment used, and the age of the spoil all affect the final
hydrol ogi ¢ character of strip nmine spoil. In dragline operations (comonly
used in Illinois), spoil fromthe dragline is cast into the preceding trench
in a series of intersecting cones. The bucket is dunped at one point until
a large cone is built up. The bucket then noves back several feet and con-
tinues operating, casting materials onto the side of the previous pile, creat-
ing a long continuous spoil pile with cone-shaped peaks.



This handling procedure promotes the fornation of a gravity-sorted rubble
layer. The larger spoil fragnents that have been fractured and broken by bl ast-
ing and handling tend to roll to the bottomof the pile formng a coarse-grai ned
rubbl e base (5). The formation of such a basal |ayer has been noted in nining
operations in southern Illinois where |inestone and consolidated shale are com
non in the overburden naterials. In western and northern Illinois the over-
burden naterials are prinarily drift and soft fissel shale and this phenomenon
usual | y does not occur.

Because of the various factors that can affect the hydrol ogi ¢ character
of spoil materials, groundwater data fromone strip mne area are not trans-
ferable to other areas. In this study, it is fortunate that the |ake chosen
for the punping test is located in an area where the overburden naterials
were drift and soft fissel shale. The resulting spoil naterial therefore is
likely to be anong the least perneable in the state. QGoundwater yield data
obtained at this lake therefore shoul d be conservative when applied to |akes
in nore perneabl e geol ogic settings. To estinate lake yields at all sites
studi ed, 200 gpm~+ 5500 feet (the length of the Mddle Gove |ake) or 0.036
gpmper foot of |ake was used.

Surface  Yidds

To estimate the surface water yield of the |akes studied, runoff fromthe
i ndi vidual watersheds and an estinate of |ake evaporation were considered.
The U S Soil Conservation Service (SCS nmethod for determning runoff from
smal | agricultural watersheds was used to estinmate runoff (6). The relation-
shi p devel oped by the SCS is:

Q. = [(P-0.28)%] / (P + 0.85)

where:
Qr = actual runoff, inches
P™ = total rainfall, inches
S = potential infiltration, inches

To apply this empirical method, the parameter CN {(runoff curve number or hydro-
logic soil-cover complex number) was developed where:

CN 1000 / (S + 10)

or

S {1000 / CN) - 10

Tabl es of ON val ues have been collated by the users of this nethod and are
sumarized in table 2. However, little work has been done on the direct runoff
properties of strip nine lands. Therefore, it was necessary to instrunent at

| east one watershed to determne a reasonabl e ON val ue.

The wat ershed of the Mddle Gove lake consists totally of spoil material
planted in alfalfa. The spoil has been reshaped and is relatively flat com
pared with others in Illinois. Arecording rain gage and water |evel recorder
for the lake were installed. Data fromthese instrunents were anal yzed by wa-
ter budget techniques and the U S. Soil Conservation Service nethod. The re-
sulting curve nunber for the Mddle Gove |lake is about 64 (see Lake Summaries



Appendi x for data). This value is based on two individual rainfall events
that occurred during the period after the punping test was conpl et ed.

To predict the net surface water yield of each |ake on a frequency basi s,

20 years of nmonthly precipitation data fromnearby precipitation gagi ng sta-
tions were used. To conpensate for the use of nonthly rainfall totals instead

Table 2. Runoff Qurve Nunbers for Hydrol ogi c Soil-Cover Conpl exes?

Hydrologic

Treatment Hydrologic soil group
Land use or cover or practice condition A B o) D
Fallow Straight row Poor 77 86 91 94
Row crops Straight row Poor 72 81 88 91
Straight row Good 67 78 85 89
Contoured Poor 70 79 84 88
Contoured Good 65 75 82 86

Contoured and terraced Poor 66 74 80 82
Contoured and terraced Good 62 71 78 81

Small grain Straight row Poor 65 76 84 88
Straight row Good 63 75 83 87
Contoured Poor 63 74 82 85
Contoured Good 61 73 81 84

Contoured and terraced Poor 61 72 79 82
Contoured and terraced Good 59 70 78 81

Close-seeded legumesb
or rotation meadow Straight row Poor 66 77 8 89
Straight row Good 58 72 81 85
Contoured Poor 64 75 83 85
Contoured Good 55 69 78 83

Contoured and terraced Poor 63 73 80 33

Contoured and terraced Good 51 67 76 80

Pasture or range Poor 68 79 8 89
Fair 49 69 79 84

Good 39 61 74 80

Contoured Poor 47 67 81 88
Contoured Fair 25 89 75 83
Contoured Good 6 35 70 79
Meadow (Permanent) Good 30 58 71 78
Woodlands {farm woodlots) Poor 45 66 77 83

Fair 36 60 73 79
Good 25 55 70 77

Farmsteads 59 74 82 86
Roads, dirt®¢ 72 82 87 89
Roads, hard-surface 74 84 90 92

dFrom U. S. Soil Conservation Service (6)
Close-drilled or broadcast
cIncluding right-of-way



of individual events, the curve nunber for the Mddle Gove |ake was adj usted
downward to 60. Qurve nunbers for the other |akes were chosen on the basis of
the relative condition of each watershed as conpared with that at Mddl e G ove.
The percentages of farmland and spoil and the condition of the spoil were con-
sidered in selecting the final curve nunbers.

Net surface water yields for each lake were calculated for the years 1958
through 1977 by applying the average nonthly |ake evaporation to each nmonth's
calculated runoff. Monthly evaporation rates for each |ake were taken directly
fromstate maps presented by Roberts and Sall (7). Net annual runoff totals
were ranked and the val ues exceeded 90, 50, 20, and 10 percent of the time are
presented for each |ake. These values correspond to recurrence intervals of
1.1, 2, 5, and 10 years, respectively.

Summary of Lake Physical Features

A summary of the physical features of the 12 lakes studied is presented
intable 3. Surface areas at the surveyed pool elevations range from5.83 to
112 acres and average 34.97 acres. n the basis of the observed sizes of other
final cut lakes in Illinois, we feel that the |akes selected for study are rep-
resentative of such lakes in Illinois. Lake 6 was obviously among the |argest
observed in the initial screening fromthe air and lake 7 was anong the snall est.

The vol umes of the 12 lakes studied range from97 to 3488 acre-feet and
average 812 acre-feet. The volunes are a function of the surface area and depth.
Average depths of the lakes range from 13.5 to 31.1 feet. Lakes 6 and 11 have
average depths greater than 30 feet. No regional trends were noted concerning
| ake areas, vol unes, or depths.

Table 3. Physical Features of the 12 Lakes Sudied

Watershed Estimated yield potential
Adrea Volume area 2-yr recurrence interval (mgd)
Lake (acreg)  (ac-ft)  (acres) Net surface Groundwater Total
1 20.14 272 233 0.16 0.29 0.45
2 11.33 225 232 0.23 0.12 0.35
3 25.57 553 80 Q.07 0.23 0.30
4 18.09 472 615 0,64 0.12 0.76
5 84.60 1303 306 0.23 0.62 0.85
6 112.00 3488 2966 2.81 1.17 3.98
7 5.83 110 756 0.79 0.09 0.88
8 7.81 97 77 0.08 0.14 0.22
9 30.72 620 258 0.17 0.21 0.38
10 70.74 1659 2016 1.07 0.62 1.69
11 15.37 473 32 0.03 0.12 0.15
12 17.45 473 . 128 0.07 0.22 0.29
Mean 34.97 812 642 0.53 0.33 0.86



The watersheds of the 12 |akes studied are extrenely variable in size and
character. They range in size from32 to 2966 acres and average 642 acres. A
general description of each watershed is presented in the appendix.

The estimated yield potentials for recurrence intervals of 1.1, 2, 5, and
10 years are presented for each lake in the Lake Surmmaries. Two-year recur-
rence interval yields (or the yield that can be expected to occur once in two
years) are presented in table 3. Net surface yields in nillion gallons per
day (nmgd) range from0.03 to 2.81 and average 0.53. These estimates include
runof f fromthe watershed mnus |ake evaporation. The net surface yield pri-
nmarily is a function of watershed size and runoff characteristics or curve
nunber .

The estimated groundwater yield potentials for the 12 |akes studied range
from0.09 to 1.17 mllion gallons per day and average 0.33 nillion gallons per
day. These estinates are based solely on the data collected at the Mddle G ove
lake site. However, as stated earlier, these estinmates probably are conserva-
tive. It is very likely that lakes 4, 5 6, 8, and 9 would be capabl e of yield-
ing larger quantities of groundwater than estimated. The overburden naterials
for these lakes all contained significant quantities of |imestone and consoli -
dated shales that could result in a nore perneable spoil and perhaps a very
per neabl e rubbl e base.

The total estimated yield potential of the 12 lakes for a recurrence in-
terval of 2 years ranges from0.15 to 3.98 mllion gallons per day and averages
0.86 mllion gallons per day. These values are conservative estinmates and are
functions of the individual characteristics of each |ake. These estimates also
do not allow for any drawdown in lake levels (the lakes would theoretically al-
ways be full). Drect application of these values to other lakes is not recom
mended, and if a lake is to be used for a consunptive use, a nore detailed yield
anal ysi s shoul d be undertaken. No regional trends were noted in the yield es-
tinmates conpleted for the 12 |akes studied.

REA ONAL WATER NEEDS AND RESOURCES

e of the stated purposes of this project was to estimate the total po-
tential water resource offered by final cut inpoundnents in Illinois. Because
of the extrene variability of estinated individual |ake yields and of chem cal
quality, to be discussed later, only very general regional estimnmates were nade.
Dat a assenbl ed by Gsallany and others (8) include estinates of potential water
resources fromgroundwater, streanflow existing nan-nade reservoirs, and po-
tential reservoirs. Table 4 presents those data for the 40 counties in Il1li-
noi s where surface mning of coal exists. For conparison, an estinmate was nmade
of water available fromall final cut inpoundnents inventoried by Haynes and
Klinstra (4). It should be noted that their inventory included |akes in exis-
tence through June 30, 1971.

The estimated 2000 and 2020 average water denmands for each county were
nade by the formul a devel oped by Roberts and others (9) and popul ation pro-
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Table 4. Véter Denand and Supply Estinates for Surface Mned Counties

Average water FPotential water supply (mad)

demand (mgd) Grownd-  Stream- Existing Potential Extating final

2000 2020 water Flow regservoirg regervoirs  cut impoundments
Adams 9,823 10,860 186.1 3840 0.07 £8.1 0.78
Brown 0.421 0.427 19,2 4090 0.09 64,7
Bureau 4,856 5.368 147.2 2801 60.9 6.22
Clatk 1.668 2,006 56.9 550 27.4
Crawford 2.284 2.607 32,2 550 8.0 0.02
Edgar 2.352 2.742 30.2 0.85 16,3 0.07
Fulton 6.026 7.19¢9 50.6 3050 2.74 52.5 75.66
Gallatin 0.585 3.662 137.0 13313 27.2 0.64
Greene 1.649 1.622 67.9 a092 0.06 14.6 0.22
Grundy 32.1- 2860 2.3 28.83
Hancock 2.246 2.543 93.8 3240 0.06 85.4 0.07
Henry §,148 8.569 69.9 1280 28.4 6.37
Jackson 7.469 9.095 107.2 18004 0.37 19.9 12.08
Jefferson 5.002 6.137 14.6 1 1.19 44.4 0,27
Jersey 2.385 2,784 47.1 4090 23.5
Johnson 1.001 1,244 20.4 38.7 1]
Kankakee 14.841 16. 357 95.9 383 6.4 11.02
Knox 8.662 9,742 18.7 14 21.0 24,57
LaSalle 85.9 3047 23.1 1.33
Livingston 5.239% 5.587 40,8 6 3.3
McDonough 6.527 7.667 20.3 2 0,12 15.9 0.02
Madison 94,2 17850 4,63 11.1
Marshall 1.257 1.337 60.3 2700 7.3 0.02
Mercer 2.127 2.374 148.6 3706 66,6 0
Morgan 4,874 5.726 33.2 4090 28.8
Peoria 58.8 2652 47,8 7.18
Perry 2,299 2,458 11.9 0.64 22.4 28.03
Pike 2,350 2.434 295.3 8530 0.79 48.8
Pope 0. 364 0.431 51.8 13310 68.2 0
Putnam 0.569 0.607 47.8 2700 27.4
Randolph 4,242 4.788 152.9 19468 0.05 57.9 7.18
St, Clair 81.9 17908 7.8 21,79
Saline 3.099 3.452 10.7 0.18 38.8 11.31
Schuyler 8.795 0.801 31.4 4000 53.5 4.62
Scott 0.784 0.509 48.7 4090 19.7 0.02
Stark 0.473 0.441 5.9 4 27.5 2.58
Vermilion 13.513 15,732 67.6 25 5.09 29.7 12,44
Wabash 1.499 1.705 49.8 1050 0
Will 115.9 2800 16.1 19.58
Williamson 7.676 9,122 12.1 2 0.35 16.2 15.76

jections of the Illinois Bureau of the Budget (10). No estinates were nade

for Gundy, La Salle, Madison, Peoria, St. Cair, or WIl Counties as the
formula used is not applicable to industrialized areas such as these.

The total acreages of final cut inmpoundnents for each county were multi-
plied by an average yield-surface area ratio (0.025 ngd/ acre) obtained from
the 12 lakes studied. These estinmates are presented in table 4.

Assuning that the water quality fromthese inpoundnents is suitable, there
appears to be significant amounts of water available fromthis resource in Ful -
ton, QGundy, Knox, Perry, St. dair, WII, and WIIlianson Counties. For Knox
and Perry Counties, the final cut inmpoundments offer the |argest single esti-
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mat ed resource. For 10 counties (Bureau, Fulton, Jackson, Knox, Perry, Ran-
dol ph, Saline, Schuyler, Stark, and WIllianson) the estinated yield potenti al
fromfinal cut inmpoundments exceeds the estimated 2020 wat er denands.

Based totally on availability, the resource potential offered by the ex-
istence of final cut inpoundnents is certainly worth further investigation.
The fact that these water bodies already exist is of economc significance
and many are located in relatively water poor areas, particularly groundwater
poor areas.

WATER QUALITY

Met hods and Material s

Each lake was visited on three occasions to performfield measurenents
and collect sanples. Visits were nade during Novenber-Decenber 1977, and
February and April 1978. Because of |ow water tenperatures, the sanples col-
lected were representative of mninal biological activity. Water sanples were
collected at three depths, i.e., near the surface, at md-depth, and about 2
feet fromthe bottom Feld measurements included those for dissol ved oxygen,
tenperature, pH, conductivity, and alkalinity. D ssolved oxygen, tenperature,
and conductivity determnations were made at intervals, depending on water
depth, of 2 to 5 feet in the water colum. Determnations for pH and al ka-
linity were perforned on the three water sanples collected at the varying wa-
ter depths previously noted.

Laboratory anal yses were performed on all water sanmples for total dissolved
solids, hardness, sulfate, chloride, nitrate, fluoride, sodium potassium iron,
and manganese. In addition, analyses were performed for certain heavy netal s
such as | ead, cadmum copper, zinc, nercury, boron, arsenic, selenium silver,
chromum and barium The anal ytical procedures used are listed in table 5.

Anal yses were perfornmed on unfiltered sanples and the results are therefore for
total concentrations.

Al water quality data are included in the Appendi x of Lake Summari es.
Except for lakes 6 and 7 there was no significant chemcal stratification.
Under these circunstances, reliance is placed on the concentrati on of nmineral
and heavy netal constituents observed at the md-depth of each inpoundrent.
Infornmation regardi ng concentrations detected near the water surface and bottom
are included in the appendi x.

O one occasion, bottomsediments were obtai ned fromeach |ake. Three
sedi nent sanpl es were obtained with an Ekman dredge from each |ocation and
conposited. The conposited sanpl e was consi dered representative of the sed-
iments. Portions of the conposited sanpl e were oven-dried at a |ow tenpera-
ture (100-110°C), ground, and sieved through a 64 nesh screen. That naterial
passi ng the sieve was digested and anal yzed for iron, |ead, copper, zinc,
nmercury, and arsenic.
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Table 5. Chenmical Anal ytical Procedures

Akalinity Potentionetric nethod in the field

pH d ass el ectrode nethod using portabl e
Met r ohm E488 neter in the field

Har dness EDTA tritrimetric nethod

Ntrate-N (NOs-N) Chr ormat r ophi ¢ et hod

Chl ori de (Qy Argentorretri c et hod

Sulfate (SO) Turbi netric net hod

Fluoride (F) Fluoride el ectrode with Becknan 4500 neter

Sodi um (Na) Fl ane photonetric nethod (atomc
absorption spectrophot onet er)

Pot assi um (K) Fl ane photonetric nethod (atomc
absorption spectrophot onet er)

Total dissolved solids (TDS Filtration and residue on evaporation at

103 to 105°C

Iron? (Fe) At om c absorption spectrophot oretry
Manganese® (M) Peri odat e net hod

Lead?® (Pb) Atom c absorption spectrophotoretry
Cadmi unf () At om c absorption spectrophotoretry
Copper® (Qu) Atom c absorption spectrophotoretry
Zi nc? (2Zn) At om c absorption spectrophotonetry
Mer cury? (H) At om c absorption spectrophot oretry

(col d vapor)
Boron® (B) Qur cum n net hod
Arseni c? (As) Atom c absorption spectrophotonetry

Sel eni und  (Se)
Ghromund (Q)

At om ¢ absorption
Atom c absorption

spect r ophot onet ry
spect r ophot oret ry

Slver? (Ag) Atom c absorption spectrophotonetry
Bariuni (Ba) Atom c absorption spectrophotonetry
®Total concentrations

D ssol ved (xygen, Tenperature, and pH

Significant stratification of dissolved oxygen concentrations and tem
perature occurred in only two lakes (6 and 7) during the period of sanpling.
Because of the rather constant tenperature (9-12°C and |ow di ssol ved oxygen
nai nt ai ned near the bottomof these particul ar i npoundnents, coupled with the
chemcal stratification occurring in themalso, it is surmsed that ground-
water inflow governs the water quality in the lower stratum At md-depth
the ranges observed for all |akes were:

dissolved oxygen 3.1 - 15.0 mg/l

temperature 1.2 - 12°C
pH 7.2 - 8.5
Fol I owi ng the di sappearance of ice in April, the top 10 feet of the wa-

ter colum warnmed to a tenperature of 15 to 17°C in the inpoundnents | ocated
in the southern part of the state. During the sanme period, the lakes in the
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northern part ranged from10 to 12°C Wth the exception of lakes 6 and 7
the di ssol ved oxygen concentrations generally exceed 6 mlligrans per liter
(my1l) in the water colum. The values for pH are not unlike those observed
in many water inpoundments in Illinois.

Total Dissolved Solids, Hardness, Sulfate, Alkalinity

Total dissolved solids at md-depth ranged from 349 to 2870 mlligrans
per liter. Table 6 lists the average concentrations at md-depth for each
of the 12 inpoundrments. A distribution of the concentrations observed for
total dissolved solids is depicted in figure 2. {dose examnation of the
plotted data indi cates two basic popul ations. Lakes 2, 3, 4, 7, 10, and 11
generally contain total dissolved solids less than 1000 mlligrans per liter;
the other six lakes contain total dissolved solids in excess of 1000 mlli -
grans per liter.

Table 6. Average Chemcal Concentrations at M d-Depth
(In milligrams per liter)

Lake number

1 2 2 4 5 8
Total dissolved solids 1795 709 409 676 2502 2774
Alkalinity* 223 232 124 97 104 234
Hardness* 1263 519 342 406 1233 1187
Sulfate 1135 356 164 331 1705 1834
Chloride 3 7 3 15 42 28
Nitrate-N 0.35 0.80 0.16 1.05 0,09 0.25
Fluoride 0.20 0.23 0.30 0.31 0.31 0.57
Sodium 41 39 12 44 239 364
Potassium 6 4 2 4 5 9
Iron 0.17 0.06 0.17 0.43 0.10 0.16
Manganese 0.26 0.09 0.05 0.18 0.10 0.90

7 8 9 10 11 12
Total dissolved solids 775 1996 1576 944 444 1564
Alkalinity* 207 184 132 182 118 76
Hardness* 486 1335 684 697 359 1057
Sulfate 334 1376 972 563 217 1074
Chloride 31 5 34 18 3 7
Nitrate-N 0.64 0.17 0.15 0.36 0.18 0.37
Fluoride 0.32 0.40 .42 0.20 0.21 0.43
Sodium 59 78 190 28 11 56
Potassium 5 5 3 5 3 7
Iron .11 0.21 0.12 0.19 .10 0.39
Manganese l1.16 0.53 0.07 0.06 0.02 0.13

dgg CaCo,
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Figure 2. Probability distributions for total
total hardness,

di ssol ved sol i ds,
and sul fate at m d- dept hs.

Har dness concentrations were al so excessive with val ues rangi ng from 258
to 1445 mlligrans per liter as cal ciumcarbonate (CaC03;). Average concentra-
tions at md-depths are shown in table 6, and distribution of the data for
hardness is shown in figure 2. Here it seens the line of best fit is fairly
representative for all inpoundrments and that hardness concentrations equal to
or less than 700 mlligrams per liter are likely to occur in final cut inpound-
nments about 50 percent of the tine.

Sul fate concentrations were often high ranging from 153 to 1984 mlligrans
per liter. Average values for md-depth conditions are included in table 6,
and a probability distribution of the sulfate data is shown in figure 2. Here,
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Figure 3. Relationship of total dissolved solids and sulfates
at mid-depths of 12 impoundments.

as in the case of total dissolved solids, the data seem to consist of two pop-
ulations. The population of lower concentration has a limit of about 600 mil-
ligrams per liter and the lakes within that population are identical to those
for the lower range of total dissolved solids. Because of this apparent rela-
tionship a regression analysis was performed for total dissolved solids and
sulfate (figure 3). The equation developed is:

Total dissolved solids = 224 + 134 sulfate

To further explore the chemical constituents responsible for total dis-
solved solids a step-wise regression was performed incorporating, in addition
to sulfate concentrations, the observed concentrations of total hardness. The
equation developed is:

Total dissolved solids = 198 + 0.086 hardness + 1.287 sulfate

From statistical coefficients the constituents of hardness (calcium and
magnesium) together with sulfate account for 98 percent of the variation in
total dissolved solids concentrations.
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The alkalinity of the impoundment waters consists mainly of bicarbonates
(HCOs). The concentrations range from 69 to 255 milligrams per liter as GO .
Average concentrations at mid-depth are included in table 6. As in the case
of total dissolved solids, sulfates, and hardness, the impoundments cannot be
classified on a geographical basis for alkalinity either. However, they can
be grouped according to concentration, as follows:

Alkalinity < 150 mg/l - Lakes 2, 4, 5, 9, 11, 12
Alkalinity > 150 mg/l - Lakes 1, 3, 6, 7, 8, 10

Step-wise regression techniques were used to determine relationships be-
tween hardness (Ca** and Mg**} and alkalinity (HCO;) and sulfate (507). The
following equation was developed.

Hardness = 192+0.69 alkalinity + 0.59 sulfate

Statistical coefficients suggest that alkalinity and sulfate account for
92 percent of the variation in hardness concentrations.

Chloride, Nitrate, and Fluoride

The variation in concentrations of chloride, nitrate-N, and fluoride in
the 12 impoundments is not significant. The following ranges were observed:

Chl ori de 2-4 my/l
Ntrate-N 0.02 - 1.2 ngy/1l
Fluoride 0.17 - 0.64 ngy/1

Average concentrations at mid-depth are included in table 6.

Sodium and Potassium

Sodium concentrations varied widely, ranging from 10 to 400 milligrams
per liter. Potassium concentrations were more limited ranging from 2 to 11
milligrams per liter. Average concentrations at the mid-depth of each lake
are included in table 6. A distribution of the sodium data is shown in fig-
ure 4. Here the data suggest that the impoundments, without regard to geo-
graphical location, fall in three categories based on sodium content. The
grouping and ranges are:

10 - 13 mg/l  -- Lakes 3, 11
25 - 80 mg/l -- Lakes 1, 2, 4, 7, 8 10, 12
160 - 400 mg/l -- Lakes 5, 6, 9

lIron and Manganese

Iron and manganese concentrations ranged from 0.01 to 0.96 and 0.01 to
1.58 milligrams per liter, respectively, at mid-depth. Average values are
shown in table 6. Near bottom samples reflected very high concentrations of
these substances in lakes 6 and 7. For lake 6, iron concentrations ranged
from 20.2 to 24.3 milligrams per liter; corresponding manganese concentrations
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Figure 4. Probability distributions for sodium, total iron, and
total manganese at mid-depths.
were 5.9 and 4.65 milligrams per liter. Near the bottom of lake 7 the iron

concentrations ranged from 0.20 to 2.02 milligrams per liter, whereas mang-
anese concentrations ranged from 5.4 to 9.2 milligrams per liter.

The data distribution for iron and manganese concentrations at mid-depth
are shown in figure 4. On the basis of these probability plots, the mid-depth
concentrations of iron and manganese (in mg/l) are anticipated to be equal to
or less than the following values at the designated frequencies:

10% 25% 50% 75% 90%
Iron 0.038 0.07 0.13 0.25 0.45
Manganese 0.017 0.034 0.13 0.37 0.95
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Heavy Metals

The range of concentrations observed for 11 heavy metals at mid-depth
are included in table 7. Concentrations of chromium and silver were not de-
tected. Selenium concentrations were always less than 0.001 milligrams per
liter and barium concentrations were always less than 0.1 milligrams per lite
Except for the higher range of cadmium and lead concentrations, the heavy met
al content of the impoundment waters was not unlike that found in other I11i-
nois surface waters.

Sedi ments

The concentrations of iron, lead, copper, zinc, cadmium, mercury, and
arsenic found in composited samples of sediment from the final cut impound-
ments are summarized in table 8. Whether or not these values are typical of

Table 7. Range of Heavy Metal Concentrations at Mid-Depths

mg/ 1
Cadmium 0.00-0.04
Copper 0.01-0.08
Zinc 0.02-0.10
Boron 0.10-0.50
Lead - 0.00-0.17
Arsenic <0.001-0.005
Selenium <0.001
Chromium ND
Silver ND
Barium <0.1
Mercury 0.04-0. 882
aug/l

Table 8. Heavy Metals in Sediments®

(In parts per million)

Lake Iron Lead Copper Zine Cadmium Arsenic
1 27,710 46 48 89 3 0.50
2 17,430 27 27 48 0 0.33
3 23,760 28 27 48 2 0.40
4 25,120 28 15 54 1 0.46
5 18,530 28 14 55 0 0.33
6 23,760 34 18 74 2 0.46
7 19,430 41 20 78 3 0.46
8 23,111 46 18 68 5 0.45
9 24,030 28 23 54 1 .41

10 25,820 68 40 820 18 .68
11 32,680 . 35 34 . 82 3 0.21
12 29,400 46 44 70 4 0.56

4Composite of 3 samples
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water basins developed in strip mining areas is not known. However, there
are sufficient data at hand to compare the concentrations of these trace el-

ements, except cadmium, with those observed in other Illinois impoundments.
Recent studies of Rend Lake, Cedar Lake, and Alto Pass Reservoir -- all
serving as public water supplies -- and Little Cedar Lake have yielded infor-

mation on heavy metals in sediments. The following ranges of concentrations
(in parts per million) are offered for comparison.

Lead Copper zZinc
Cedar Lake 15 - 26 10 - 19 35 - 54
Rend Lake 19 - 30 15 - 30 4 - 79
Alto Pass Reservoir 35 - 60 16 - 34 42 - 77
Little Cedar Lake 45 30 89 - 95
Final Cut Impoundment 27-68* 14 - 48 48 -. 89*

Iron Arsenic Mercury
Cedar Lake 10,000 - 21,000 .01 - .03
Rend Lake 13,000 - 28,000 .05
Alto Pass Reservoir 14,000 - 23,000 .02 - .03
Little Cedar Lake 26,500 .03 - .05
Final Cut Impoundment 17,500 - 32,100 0.2 - 0.7

*BExcl udes a val ue of 820 ppm

A review of the conparative data suggests that concentrations of |ead,
copper, zinc, and iron observed in the sedinments of final cut inpoundnents
are very simlar to those observed in other water inpoundments in Illinois.
The soils of strip mnes in Illinois are reported to vary from27 to 30 parts
per mllion for lead; 33 to 37 parts per mllion for copper, and 90 to 125
parts per mllion for zinc. These values are not unlike those found in the
sedinents of the final cut inmpoundnents.

The inportance of the cadmum concentrations observed is not clear. At
this time conparative data have not been obtai ned.
Summar y
e With the exception of two lakes, stratification of temperature, dis-
solved oxygen, and chemical content did not occur during the period
of sampling. Dissolved oxygen content generally exceeded 6 milligrams

per liter and pH values were not unlike other Illinois surface waters.

e Concentrations of total dissolved solids, hardness, and sulfates are
excessive.

e The variation in total dissolved solids content is principally a func-
tion of hardness and sulfate concentrations.

e Mos of the hardness is in non-carbonate form.
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e Athough the | akes can be grouped according to ranges of value for
certain water quality characteristics such as total dissolved solids,
sul fate, alkalinity, and sodium they cannot be classified in terns
of water quality on the basis of geographical |ocation.

. Concentrations of chloride, nitrate, fluoride, sodium and potassium
were not found in excessive quantities.

« Manganese concentrations generally exceeded those found in the surface
waters of Illinois.

. Iron content, except in the bottomwater stratum was not excessive.

 Wth the exception of |lead and cadmum | evel s, the heavy netal content
was not significantly different fromother Illinois surface waters.

e If significant dissolved oxygen stratification occurs during the warm
nmonths, it is likely that anoxic conditions will be created in the
lower water strata resulting in the producti on of hydrogen sul fide
and the introduction of certain heavy netals into the water col um.

GEMCAL SUTABLITY

The water quality of the final cut inpoundnents has been eval uated to de-
termne the suitability of each location as a source for potable water, irri-
gation, and livestock watering. Reliance has been placed on the regulations
inlllinois for evaluating use of the waters as public water supplies (11).
The recomrendati ons devel oped by a coomttee of the National Acadeny of Sci-
ences and the National Acadeny of Engineering (12) were used for assessing
the fitness of the inpounded waters for irrigation and |ivestock watering.

The water quality requirements for each use, for those el ements exam ned dur-
ing the study, are included in the tables for each use. The average val ues
derived at md-depth for each inpoundrment are used to ascertain the suitability
of their waters for the uses previously noted.

Public Water Supply

The water quality requirenents in table 9 for a public water supply source
are predicated on the assunption that the source of water being considered will
be usable with no nmore than routine forns of water treatment, i.e., coagul ation,
sedinmentation, sand filtration, and disinfection. The limtations established
for each constituent are based on several considerations. These include ad-
ver se physi ol ogi cal effects on humans, taste preferences, aesthetic consider-
ations, user preference, and toxicity to hunmans.

Wer e physiol ogical and toxic effects on hunmans are the principal notives
for establishing a limtation in concentration for a particular elenent, there
is no latitude for ignoring the limtation. However, in cases where taste,
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Table 9. Chemcal Suitability of Each Lake
as a Source for Public Water Supply-

Criteriq Lake number

(mg/t) 1 2 3 4 5 6 7 &8 g 10 11 12
Total dissolved solids %0 U v s U U U U U U U s u
Sulfate 250 0 u S$ U U u v u v v s 4w
Chloride 250 S 8 S S S S S S S S ] S
Nitrate-N 10 s S S S ) s S S s S 5 5
Fluoride 1.4 s s S § § 8§ S § 8 § s 8
Iron .30 $ 8 § U & S S8 & 8 s s U
Manganese .05 v U S v U U U v v v s U
Lead 0,05 U U S S U U S§ U U U s U
Cadmium 0.01 U 5 S U U 8 S U ) U S U
Selenium .01 s § 8§ S8 &8 § S8 8 § 8§ § 8
Barium 1.00 § § & & S8 § S 8§ § S8 § s
Arsenic 0.01 S s s S S S S S S S S S
Mercury g.op2s s &§ 5 § &8 §&§ § S 5 5§ 5§
Chromium 0.05 S S S S 5 S S s S S 5 s
Silver 0.0 s § 8§ § § & 85 8§ s § s s

Note: S nmeans satisfactory; U means unsatisfactory

aesthetics, and user preference are the prine reasons for a limtation, sone
judgnent can be applied in pernmitting use of the water, despite concentrations
in excess of the linmtation. Such judgment could be applied for el ements such
as chloride, sulfate, total dissolved solids, iron, and manganese. Nevert he-
less, for the purposes of this report, the waters of each inpoundment were
deermed satisfactory or unsatisfactory solely on the basis of existing stand-
ards and recommendations. The findings are given in table 9.

ly two i npoundments maintain water quality satisfactory as a source
of potable water. These are lakes 3 and 11. Al of the other 10 locations
contain water exceeding the limts on total dissolved solids, sulfate, and
nanganese; ei ght exceed standards for |ead; seven exceed standards for cad-
mum and two exceed standards for iron

Irrigation

The water quality considerations for irrigation are not well defined.
The effects are directly related to soil characteristics, age and type of
pl ants, frequency of application, and crop tol erance. For eval uation pur-
poses guidelines for salinity and trace elenent tol erances were relied upon
and are shown in table 10.

In the case of salinity a concentration of 2000 mlligrans per liter to-
tal dissolved solids was considered the upper limt. Concentrations between
500 to 2000 mlligrans per liter nay have a detrimental effect upon sensitive
crops, but with careful managerment a |limt of 2000 nmilligrans per liter seens
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Table 10. Chemcal Suitability of Each Lake
as a Source for Irrigation Water Supply

Criteria Lake number

mg/t) 1 2 & ¢ & 6 7 8 9 10 11 12
Total dissolved solids 2000 s § § 8§ U U § S§ S s § S
Fluoride 1.0 s 8§ § s § s§ 8§ 8§ § 8 &5 S
pH 4.5-9.0 S 3 S S S S S 5 S S 5 s
Iron 5.0 s § § &8 8§ &8 8 s s 8§ 5 8
Manganese 0.2 v § 8 s 8 U U U S S5 § 8§
Lead 5.0 s 8§ § § & 8 S8 8 8§ 8 § S8
Cadmium 0,00 v s €8 U v S8 S U O 0 § U
Copper 0.20 s s & s &8 § § 8 8 s S 5
Zinc 2.0 s & § 8 S s S8 8 S S 8 8
Boron 6,7 8§ § 8§ s$ S8 S S§ S S S S5 8
Selenium .02 $§ 8 8 § s §&§ 8§ §&§ 8 § & 8§
Arsenic 0.1 s 8§ 8 8 s § 8 5 § § § S
Chromium 0.1 s 8§ § &8 8 8 s s § s §5 =8
Note: S means satisfactory; U neans unsatisfactory

reasonable. The limts on trace elenents are predicated on waters being ap-
plied continuously on all soils. The findings are given in table 10. There
are also limts of 0.2 and 5 mlligrans per liter for nickel and al um num
respectively, but these were not assessed in this study.

ly three lakes contain water suitable for irrigation. They are |oca-
tions 2, 3, and 11. The remai ning ni ne inpoundnents are considered unsuitable
nmai nl y because of excess concentrations of total dissolved solids, manganese,
or cadm um

Li vest ock Véteri ng

The aninals considered as |ivestock include beef and dairy cattle, sheep,
swine, horses, and poultry. As in the case of other water uses, the concentra-
tions of the el enments which may render a water unsuitable for use by |ivestock
are quite variable (table 11). These are affected by age, sex, species, and
the physiol ogi cal condition of the animals; water intake; diet and its conpo-
sition; the chemcal formof the element; and the tenperature of the environ-
ment. Therefore the devel opnent of recomrendati ons for safe concentrations
of substances in water is difficult. The criteria used have an appropriate
margin of safety and are considered reasonabl e for nost conditions. Levels
of 5 and 0.1 mlligrans per liter for alumnumand vanadi um respectively,
al so were not assessed in this study.

The eval uation of the 12 inpounded waters for |ivestock water sources is
sumarized in table 11. Al inpoundrments contain water satisfactory for |ive-
stock watering based upon the anal yses perf ormed.
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Table 11. Chemcal Suitability of Each Lake
as a Source for Livestock Watering

Criteria Lake number

(mg/1) 1 2 38 4 & 6 7 8 g 10 11 12

Total dissolved solids 3000 S S S ] S S S S S S S S
Nitrate-N 100 S S S S S S s S 5 S S S
Fluoride 2 S ) S S S S S S S ) S S
pH 7.0-9.2 S 5 ) S S S S s S S S S
Lead 0.1 s 8 § 8§ § § 8§ s s s s 38
Cadmium 0,05 5§ 8 8§ § § § 8§ 8 s S s 8§
Copper 0.0 58 8§ $ 8 s S § 8§ 8 S8 s s
Zinc 25 S S S S ] s S 5 S S S S
Boron 5.0 S S S s S S s s S S ] S
Mercury 0.01 5 § S § 8 § § 8 §8 S s5 8
Selenium 0.05 S S S S S S S S S s S S
" Arsenic 0.20 5 § § S S S S § 8§ S S 8
Chromium 1.0 S S S ] S S 5 S S S s S

Note: S means satisfactory; U means unsatisfactory

Summar y

The average concentrations of constituents determned at md-depth of
the lakes were considered representative of water quality.

Mly 2 lakes (3 and 11) are considered satisfactory as sources of public
wat er suppli es.

The waters of 10 inpoundrments exceed water supply standards for total
di ssol ved solids, sulfate, and nanganese; 8 exceed |ead st andards;
and 7 exceed standards for cadm um

ly 3 lakes (2, 3, and 11) contain water suitable for irrigation.
Excess concentrations of cadmumare present in 7 inpoundnents.

Al inpoundnents are suitable sources for |ivestock watering.

RECOMVENDATI ONS

Potential Use Recommendati ons

The estimated yield potential of final cut inmpoundnents in Illinois is
significant. On aregional or county basis, it has been shown that these
| akes can produce large quantities of water. A the local |evel, the poten-
tial use of these resources appears even nore appeal i ng.
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O the basis of the chemcal quality of the |lakes studied and published
water quality standards, the potential uses do not look as promsing. ly
2 lakes are considered satisfactory for public water supply use, 3 for irri-
gation use, and all 12 are satisfactory for livestock watering. However, be-
fore dismssing the use of these |akes based solely on published water quality
standards, the water quality of the inpoundments shoul d be conpared with the
water quality of alternative sources of water.

As an exanple, the village of Astoria in the southern tip of Fulton County
began using a final cut inpoundnent as a source of public water supply in late
1976. This nove was part of a continuing effort by the town to find a chem
ically acceptable and reliable water supply.

The first public water supply for Astoria was obtained froma 1660-f oot
deep well drilled in 1897. Use of this water was |imted because of its poor
quality.

In 1924 the well was abandoned and water was obtained froman earthen
dam reservoir constructed northeast of the town. Water fromthe reservoir
was of good quality (see table 12) but the capacity of the |ake was insuf-
ficient. 1In the early 1950s a pipeline was constructed to carry water to
the reservoir froma private lake south of town. This additional source of
supply continued to be used nainly during the summer nonths until 1976. By
1976, the pipeline fromthe private |ake had badly deteriorated and the village
negotiated a contract with Arax Coal Conpany to use a final cut inpoundment
first as a supplenent to their |ake supply and then as the sol e source of wa-
ter for the village.

Vater quality data for the village deep well, reservoir, and final cut
i npoundnent are given in table 12 along with data for a shallowwell in the
area. The quality of water fromthe final inpoundrment is conparable to that
fromthe shallow well but nore highly mneralized than water fromthe ol d
reservoir. However, the 630-acre-foot volume of the final cut inpoundnent
provi des an adequate and nore dependabl e supply than the 86-acre-foot (ori-
ginal capacity) reservoir.

Because of the relatively abundant groundwater resources in northeastern
Illinois and the active devel opment of final cut inpoundnents for private
recreational uses in the region, we suggest that the recreational uses con-
tinue to have priority. In western and southern Illinois, the use of final
cut inpoundrments for consunptive water uses should be investigated at the
local level on an individual basis. Regional planning commssions, consulting
engi neers, and village officials should be nmade aware of the potential final
cut inpoundrment resources in their areas and encouraged to investigate the
economcs and suitability of their use.

Recommendati ons for Further Study

O the basis of the results of this project and general know edge of strip
mne related problens, the foll ow ng suggestions for further study are nade:
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Tabl e 12.

Chemcal Analysis of the Village of Astoria Water Sources
(In mlligrans per liter)

1660-ft 70-ft
deep deep old city Pinal ocut
well well regervolr lake
6/1/20 6/28/70 12/3/75 3/15/77
Sample No. ISWS EPA EPA EPA
43156 00288 AS830 B37488
Iron (Fe) 0.36 5.8 0.5 0.3
Manganese (Mn) 0.00 0.4 0.10 0,23
Silica (S8i0,) 12.50 - 5.0 4.8
Calcium (Ca) 145.00 110 27 86
Magnesium (Mg) 65.10 50 19 57
Ammonia (NH,) 3.09 9 0.06 0.08
Sodium (Na) 10622 22.5 4.3 34
Nitrate (NO,) 2.66 0.0 4.0 2.6
Chloride (C1) 1125.00 1.0 8 7.3
Sulfate (SO,) 1087.00 0.0 10 260
Alkalinity 240 560 150 250
Hardness 490 147 502
Residue 3671.0 648 210 687

450dium and potassium

1. e or nore final

cut

i npoundnents and wat er sheds shoul d be properly

instrunented and data gathered for a two or three year period to nore
accurately determine runoff-infiltration relationships and the re-
sponse of groundwater to recharge events.

2. Mre detailed anal ysis of the groundwater regi nes of spoi
i s needed.
and anal ysis in spoi

3. If fina

4. To nore accurately characterize the quality of final

wat er s,

nmaterial s

A series of wells and observation wells for punping tests
nmaterials of varying geol ogi c parentage are needed.

cut inpoundments are to be considered a water resource, the
sedimentation rates experienced by these |akes need to be determ ned.
Esti mates of soil
assess the effects of these lands on regional water quality paraneters.

losses fromstrip mine lands al so are needed to

i npoundnent

sanpl es need to be collected for a mninumperiod of one year.

5. On the basis of the apparent differences in quality of runoff waters

and groundwater in sone final

cut i npoundrnents,

an assessnent of the

effects of punping a lake on water quality shoul d be undertaken

6. Regiona
in nore detail.

assessnent of water needs and resources shoul d be exam ned

or county |evel.

This probably shoul d be acconplished at the |oca



APPEND X. LAKE SUWAR ES

1 -- Mddle Gove Lake

Mddle Gove lake is located in Section 19, TON, R4E, Knox County.
The lake and surroundi ng property are owned by Peabody Coal Conpany who
opened the mne in 1950 and closed it in 1952. The Springfield (No. 5)
coal was nined with a 40 cubic yard Marion shovel. The coal was overlain
by 50 to 75 feet of overburden nmaterials of which 20 to 30 feet was pre-

domnately clay. The rock overburden was a black shale with isolated
fossiliferous dark |imestone concretions (13).

The general shape of the lake and | ocation of range |ines where depth
neasurements were taken are shown in figure 5. The area and vol ume of the
| ake at elevation 649 feet above nean sea |level are 20.14 acres and 272
acre-feet, respectively. Stage-volume and stage-area curves for the |ake
are presented in figure 6. The naxi num neasured and cal cul at ed average
depths are 30 and 13.5 feet, respectively. Representative cross sections
illustrating the general |ake profile are shown in figure 7. Qoss sec-
tions R3-R4, RL1-R12, and R21-R22 are for the final cut portion of the
lake and R23-R24 is for the incline or haul road portion.

The watershed of this lake is limted towithin %2mle of the |ake and
covers approxi mately 233 acres. The entire watershed consists of reclained
spoil material that is relatively flat and planted in alfalfa.

The punping test conducted on Mddl e Gove |ake provided the data on
which all other groundwater contribution estimates are based. A propane
powered Ford V-8 engine driving a Berkley punp (Mddel No. BAEYPMBHCOW was
used during the test. The punp was set up at the east end of the |ake and
the punp di scharge pi pe extended about 250 feet south over the crest of an
energency spillway cut into the spoil materials. To nonitor the punping
rate, a Parshall flune was constructed in the downstreamportion of the
energency spillway. The channel between the punp di scharge pi pe and flume
was lined with 6 ml polyethylene to insure that all water punped passed
through the flume. During the punping test, the Parshall flume was cali-
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brated with a Pigny velocity neter and found to be within 1 percent of the
design rated flow

To nonitor the change in lake levels, a staff gage was installed for
direct readings and a Stevens water |evel recorder was installed for con-
ti nuous recording.

Three piezoneters or nonitoring wells also were constructed in the
spoil naterials on the south side of the lake. The locations of these
wells are shown on figure 5. The wells were constructed of 1% inch di ane-
ter PMC pipe to depths of 47, 48, and 48 feet, respectively. The bottom 10
feet of each well casing was slotted with a hack saw and the anul ar spaces
between the slotted portions of the wells and the 7-inch di ameter bore
holes were filled with pea gravel. The anul ar space above the gravel in
each well was filled with drill cuttings. Figure 8 illustrates the verti -
cal and horizontal location of the wells relative to the lake profile.
VWater levels in the lake and spoil naterials prior to the punping test al so
are shown in figure 8. It should be noted that the lake is located in a
regional groundwater flow systemw th noverment of groundwater toward the
sout h.

To provide precipitation data for water budget analysis and watershed
curve nunber deterninations, a wedge type rain gage and a Bel fort wei ghi ng
type recording rain gage were installed.

The punping test started on April 24, 1978, at 9:30 a.m and ended on
May 1, 1978, at 1:30 p.m Punping stopped 5 different tines for repairs
and mai ntenance for a total down time of 810 mnutes. The total armount of
wat er punped was measured at 10, 619,900 gal lons over a total period of 9226
mnutes [average punping rate of about 1150 gallons per nminute (gpm].

Sel ected punping test data are presented in table 13.

The groundwat er contribution colum of table 14 was cal culated by the
sinplified water budget equation

GN= Q- AVr + Er
wher e:

GN= groundwater contribution (gpn

Q = average punping rate at tine t (gpn
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AV = average rate of change in lake volune at time t (gpm

E
The rate of |ake evaporation during the punping test was estinmated at 0.15
inches per day or 57 gpmfor the 20.14-acre |ake. Wth the sane evapora-

rate of |ake evaporation (gpn)

tion rate for a 63-hour period imrediately follow ng the punping test and
recorded recovery data, a groundwater contribution rate of about 200 gpm
was calculated. For the purpose of estinmating the groundwater yield po-

tential of this lake, the nmore conservative 200 gpmrate determned from
the recovery data was selected. To apply this value to other |akes,

200 gpm =+ 5500 feet (the length of the lake) or 0.036 gpmift was used.
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Figure 8. Profile of Mddle Gove |lake and surroundi ng spoil materials.
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Date

4/24 9:

10:
:00
:00
:00
:00
:00
:00
:00
:00
:00
10;
:00
:00
:00
100
:00
:45
:00

i1
12
2
4
6
8
10
4725 12
4

4/26

4/27

ok OO O QO OO

4728 12

5/1 I:

Time

30
00

00

30

aSt atEf gage
Feet bel ow neasuring poi nt

Table 13,
Elapsed

time Lake
(minutes) leve @
A 4.38
A 30 4,37
A 90 4.36
P 150 4.36
P 270 4.34
P 390 4.33
P 510 4,29
P 630 4.28
P 750 4.27
A 870 4.25
A 1120 4,22
A 1480 4.17
2080 4.12

A 2800 4.00
P 3520 3.90
A 4240 3.87
P 4720 3.80
P 5005 3.77
P 5920 3.62
P 9226 3.18

readi ng, feet

Selected Pumping Test Data, Middle Grove Lake

Wel
#1b

24.
24,
24.
24.
24,
24
24,
24,
24.
24,
24.
24,
24.
24.
24,
25,
25,
25
25.
26.

A

37
38
37
38
38

.39

42
44
45
48
50
61
69
81
94
01
11

.17

33
a0

Wel
#ob

32.
32.
32.
32.
32.
32
32.
32.
32.
32.
32.
32.
32.
32.
32.
32.
32.
32.
32.
32

[2

08
10
08
10
11

.13

14
14
15
16
16
20
21
25
29
36
39
42
51

.97

Well
#3b

31.52
31.54
31.54
31.54
31.55
31.58
31.57
31.58
31.55
31.56
31.54
31.52
31.49
31.48
31.45
31.47
31.50
31.52
31.58

Total
pumpage

(galloms)

38,379
115,110
191,850
345,330
498,810
649,290
769,770
953,250

1,106,730
1,413,690
1,682,280
2,296,200
3,217,080
4,131,960
4,451,730
5,002,100
5,321,860
6,474,150

31.85 10,619,870

Ground-
Total water
change in  ocontri-
lake volume bution
(gallons) {gpm)
65,620
131,240
131,240 461
262,480 364
328,110 495
590,600 172
656,220 285
721,840 365
853,080 349
1,049,950 382
1,378,060 263
1,706,170 340
2,493,632 315
3,149,852 336
3,346,720 318
3,609,200 352
3,806,070 359
4,987,270 308
7,874,630 355



A watershed curve number (CN) value for this lake was determined with
data from 2 storm events that occurred the week following the pumping test.
During the first event 0.92 inches of precipitation fell during a 31-hour
period resulting in a 0.11 foot rise in lake level. During the second
event 2.13 inches of precipitation fell during a 38-hour period resulting
in a 0.35 foot rise in lake level.

Total runoff amounts for each storm were calculated with the water
budget equation

R=AV - PA, - GW + E,

where:
R = runoff
AV = change in lake
P = precipitation
A = area of the lake

GW = groundwater contribution

3
|

= evaporation from the lake

These runoff values were set equal to the SCS equation for determining
runoff and CN values of 64 and 65 were determined, respectively. Since
these values were determined from single rainfall events and monthly
rainfall totals are being used for runoff analysis, a CN value of 60 was
selected for this lake. Precipitation data from Canton were used to simu-
late the 20 years of runoff.

On the basis of the calculated net runoff values and a groundwater
contribution capability of 0.036 gpm/ft x 5500 ft or 200 gpm, the estimate
yvields presented in table 14 were determined.

Chemical analysis data for water samples collected December 1977 and

February and April 1978 are presented in table 15.

Table 14. Estimated Yield Potential of Middle Grove Lake

Yield (mgd) for given recurrence interval (yr)

1.1 2 5 10

Net surface yield 0.06 0.16 0.22 0.25
Groundwater contribution .29 0.29 0.29 0.29
Total Q.35 0.45 0.51 0.54
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Table 15. Chemical Analysis Data, Mddle Gove Lake

Figld Conductivity
Depth  Temp D0  pH alk at 250C TDS Hard €L F 50,  NO,-N
December 1977, 4 to 6 inch ice
0 1.0 15.0 8.1 220 2004 1287 6 0.19 1115 0.23
5 2.0 15.0
10 2.0 14,9
15 2.2 14.9 g.0 217 1888 1313 0 0.17 1148 Q.21
20 3.0 14.4
25 3.5 11.3
30 3.8 10.6 8.0 217 1876 1273 0 0.20 1156 0,18
February 1978, 12 inch ice
0 0.1 9.3 7.4 235 2700 1851 1320 3 0.25 1241 0.25
5 2.1 9.4 2720
10 3.0 9.4 2656
15 3.8 8.1 7.4 237 2754 1868 1300 5 0.24 1254 0.24
20 4.9 6.7 2754
25 4,2 6.2 2752
30 4.5 6.2 7.25 263 2752 1895 1294 4 0.25 1271 0,27
April 1878
Q 12.0 10.0 8.1 216 2070 1647 1175 6 0.2 985 0,51
5 12,0 10.4 2070
10 12,0 10.0 2070
15 12.0 10.¢ 8.1 216 2070 1630 1175 S 0.2 1004 0.60
20 12.0 10.0 2070
25 12.9 9.9 2070 ’
30 6.0 6.1 7.6 228 2219 1772 1265 7 0.2 1075 0.55
December 1977 February 1978 April 1978
Surface Middle  Boitom Surface Middle  Bottom Surface Middle Bottom
Fe 0,31 0.26 0.24 0.11 0.06 0.17 .20 0.19 0.23
Mn 0.08 .05 0,57 0.32 0.25- .63 0.45 0,45 0.54
Pb 0.08 0.07 0.08 0.17 0.17 0.17 ND ND ND
Cd G.43 0.03 .04 0.02 .02 0.02 ND ND ND
Hg {.49 0,48 0.40 0,38 0.81 0.46 0.11 0.08 0.08
K 5.8 5.5 5.5 4.5 4.5 4.6 6.0 5.8 6.2
Na 46 42 42 35 35 30 46 45 49
Cu ¢.02 0.02 0.02 ¢.01 0.02 0.02 ND .02 0.02
in 0.06 0.05 0.06 0.05 0.06 Q.06 ¢.01 .03 0.05
As <0,001 <0.001 <0.001 <0.002 <0.002 <0.002 <0.001 <0.001 <0.001
Se <0.001 <0.001 <0,001 <0.001 <{.001 <0.001 <0,001 <0.001 <0.001
Ag ND ND ND ND ND ND 0.01 ND ND
Cr ND ND ND ND ND ND ND ND ND
Ba <0.1 <0.1 <0, 1 <0.1 <0.1 <0.1 <0,1 <0.1 <0.1
B 0.4 0.4 0.5 0.4 0.4 0.4 0.3 0.3 0.3

Note: Tenperature, °Celsius; conductivity, p mhos; Hg, pg/1; all other values except pH, ng/1l



2 -- Sunspot Vést Lake

Sunspot Vst is located in Section 9 and 10, T3N, RLE, Fulton County.
The lake and surrounding property is owed by Amax Coal Conpany who opened
the mne in 1963 and closed it in 1965. The Col chester (No. 2) coal was
mned with a 5761 Marion shovel. The coal was overlain by 50 to 75 feet of
overburden nmaterials of which 30 to 40 feet was clay and till. The rock
overburden was a gray sandy shale (13).

The general shape of the lake and | ocations of range |ines where depth
neasurenments were taken are shown in figure 9. The area and vol une of the
| ake at elevation 583 feet above nmean sea level are 11.33 acres and 225
acre-feet, respectively. Stage-volume and stage-area curves for the |ake
are presented in figure 10. The naxi numneasured and cal cul at ed average
depths are 33 and 19.9 feet, respectively. Representative cross sections
illustrating the lake profile are shown in figure 11.

The watershed of this |ake extends approxinmately 1 mle to the west
and covers about 232 acres. About 30 percent of the watershed consists of
spoil material while the remainder is cultivated farmland. Because of
the high percentage of farmland a curve nunber (AN val ue of 70 was se-
lected for runoff calculations. Precipitation data from Canton were used
for the 20 years of sinulated runoff.

O the basis of the cal cul ated net runoff values and a groundwat er
contribution of 0.036 gpmift x 2400 feet (the approxinate length of the
| ake), the estimated yields presented in table 16 were det erm ned.

Chemical analysis data for water sanples coll ected Decenber 1977 and
February and April 1978 are presented in table 17.

Table 16. Estimated Yield Potential of Sunspot Wst Lake

Yield (mgd) for given recurrence interval (yr)

1.1 2 5 10
Net surface yield 0.12 0.23 0.30 0.33
Groundwater contribution 0.12 0.12 0.12 .12
Total 0.24 0.35 0.42 0.45
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Table 17. Chemical Analysis Data, Sunspot Wst Lake
Field Conductivity

Depth Teny ) plt alk at 25°C TOS Hard ci F 50y N3N
December 1977, 5 inch ice

0 1.0 13.8 8.4 227 726 s07 8 0.22 326 0,72

5 1.0 13.6

10 1.5 13.4

15 i.5 13,2 8.4 230 728 540 B 0.23 340 0.71

20 1.5 12.5

25 2.0 11.6

30 3.0 6.8

32 1.0 5.0 7.7 253 841 U7 8 0.23 374 0.44
February 1978, & inch ice

0 1.0 11.2 7.8 283 1400 644 516 5 0.26 270 1.92

5 3.0 11.2 1494

10 3.0 11.2 1527

15 3.2 1.2 7.8 250 1577 786 580 6 0.27 443 0.79

20 4.0 7.6 1620

25 4.2 6.3 1620

30 4.5 6.1 1792

33 5.0 4.2 7.1 323 2120 957 716 8 0.26 538 0.55
April 1978

0 11.0 15.8 8.3 198 1013 603 438 g9 0.2 28] (.93

5 1.0 15+ 1013

10 10.5  14.4 1061

15 10.2 13.8 1076

20 10.2 13.2 7.9 193 1104 613 438 8 0.2 286 0.8%

25 10.0 12.5 1104

30 10,0  11.4 1104

35 9.0 6.2 7.6 202 1349 646 454 9 0.2 297 0.93

e December 1977 February 1978 April 1978
Surface Middle Bottom Surface Middle  Bottom Surface Middie  Bottom

Fe 0.07 0.09 0.09 .05 0.02 0.13 0.07 0.08 0.14
Mn 0,21 0.13 0.50 G6.15 0.11 0.88 0.053 0.03 0.06
Pb 0.05 0.05 0.05 0.14 0.14 0,14 ND ND ND
Cd .03 0.03 0.03 0.92 0.02 0.02 D ND ND
tHp 0.46 0.38 0.45 .82 0.41 0.49 0.17 0.23 0,49
K 4.3 4,3 4.4 2.7 3.7 4.0 4.1 4.2 4.3
Na 38 39 44 25 40 45 36 37 38
Cu <0.01 0.08 0.04 <0.01 0.01 0.02 ND 0.02 0.02
In .02 0.12 0.11 0.01 0.04 0.06 ND 0.05 0.06
As 0.001 3.001 0.001 <0.002 <0.002 <0.002 0.001 <3.001  <0.001
Se <0.001 <0.001 <0.001 <0.001 <0.001 <0,001 <0.001 <0.001 <0, 001
Ag ND ND ND ND ND ND NI ND ND
Cr ND ND ND NI ND N Nix ND ND
Ba <0.1 <0.1 <0, 1 <0.01 <0,1 <0.1 <0,1 <0.1 <0,1
B 0.4 0.4 0.4 0.3 0.4 0.5 0.3 0.3 0.3
Not e: Tenperature, °Celsius; conductivity, p mhos; Hg, pg/1l; all other values except pH, ng/1l
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3 -- Sunspot East Lake

Sunspot East lake is located in Section 6, T3N, R2E, Fulton County.
The |ake and surroundi ng property is owed by Anax Coal Conpany who opened
the mne in 1969 and closed it in 1971. The (ol chester (No. 2) coal was
nned with a 5761 Marion shovel. The coal was overlain by 50 to 75 feet of

overburden nmaterials of which 30 to 40 feet are clay, till, and sandy clay.
The rock overburden was a soft gray sandy shale (13).

The general shape of the lake and |ocation of range |ines where depth
neasurenments were taken are shown in figure 12. The area and vol ume of the
| ake at elevation 585 feet above nean sea |level are 25.57 acres and 553
acre-feet, respectively. Stage-volunme and stage-area curves for the |ake
are presented in figure 13. The naxi num neasured and cal cul ated average
depths are 38 and 21.6 feet, respectively. Representative cross sections
illustrating the lake profile are shown in figure 14.

The watershed of this lake is limted to the i mediate |ake area and
covers about 80 acres. Al of the watershed is reclained spoil planted in
clover and grass. The relatively steep slopes encountered in this water-
shed as conpared with those at Mddle Gove resulted in selecting a curve
nunber (AN of 65 for this watershed. Precipitation data from Canton were
used to sinulate runoff for the 20 years of interest.

On the basis of the calcul ated net runoff values and a groundwat er
contribution of 0.036 gpmift x 4400 ft (the approxinmate length of the |ake),
the estinated yields presented in table 18 were deternined.

Chem cal analysis data for water sanples collected Decenber 1977 and
February and April 1978 are presented in table 19.

Table 18. Estinated Yield Potential of Sunspot East Lake

¥ield (mgd} for given recurrence interval (yr)

1.1 2 5 10
Net surface vield 0.02 0.07 0.10 0.12
Groundwater contribution 0.23 0.23 0.23 0.23
Total 0.25 0.30 0.33 0.35
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Figure 14. Representative cross sections of Sunspot East |ake.
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Field
Depth Temp Do pH  alk
December 1977, 3 inch ice
0 1.1 12.4 8.5 129
5 1.1 12,2
10 1.2 12.0
15 1.2 12,0 8.4 126
20 1.2 11.9
25 1. 11.8
30 1.8 11.8
32 1.8 11.3 8.4 126
February 1978, 10 inch ice
0 1.0 14,0 E€.,4 131
5 3.0 13.5
10 3.0 13.2 8.3 12¢9
15 3.5 13,2
20 3.8 13.0 8.0 129
April 1978
0 11,2 12.5 8.5 119
5 11.2 12,6
10 11.2 12.6
15 11.0¢ 12.2 8.5 114
20 10.5 12.0
25 10.¢ 11.5 8.4 110
December 1977
Surface Middle Bottom
Fe 0.12 0.15 0,16
Mn 0.09 0.05 0.09
Pb <0.042 <0.02 <0,02
Cd ND ND ND
Hg 0.44 0.68 0.46
K 1.9 1.9 1.9
Na 11 10 10
Cu <0.01 0.03 0.03
in 0.02 0.06 0.04
As <0, 001 0.001 0.001
Se <0.001 <0.001 <0,001
Ag - ND ND ND
Cr. ND ND ND
Ba <0.1 <0.1 <0.1
B 0.1 0.1 0.1
Not e
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Tenperature, °Cel sius; conductivity, p mhos;

Tabl e 19.

Chemi cal Analysis Data, Sunspot East Lake

Conductivity
at 25°C DS
417
416
395
578 417
598
606 412
599
595 409
580 348
580
580
580 349
578
5380 353
February 1978
Surface Middle
0.01 <0,01
0.05 g.03
0.10 0.08
0.01 0.01
0.26 0.51
1.8 1.8
14 12
<0.,01 .02
<0.01 0.04
<0.002 <}.002
<0.001 <0.001
ND ND
ND ND
<0.1 0.1
0.1 0.1

Hard

520

387

347
380
360
340

280

280

282

Battom

¢.21
0.08
0,10
0.02
.59
1.8
12
0.1
.05
<0.002
<(.001
ND
ND
<0.1
g.1

L F 50,
2 0.28 180
2 0.28 162
2 0.30 162
2 0.33 162
2 0.33 153
2 0,33 144
4 0.3 178
4 0.3 177
5 0.3 178
April 1978
Surface
.09 0.14
0.01 0.01
ND ND
ND ND
0.38 0.20
1.9 1.9
13 13
ND ¢.01
ND 0.03
<0.001  <0,001
<0.001  <0.001
ND ND-
ND ND
<0,1 <0.1
0.1 0.1

NN

0.05

.11

0.10
.45
0,18
0.16

0.24

.18

0.29

Middle Bottom

(.44
0.03
ND
KD
0.20
1.9
13
0.01
0.01
0.001
<0,001
ND
ND
<0,1
ND

Hg, pg/1; all other values except pH, my/1l



4 -- Pinckneyville No. 2 Lake

Pinckneyville No. 2 is located in Section 17, T5S, RRW Perry County.
The lake and surrounding property is owned by Consolidated Goal Conpany
who opened the mine in February 1976 and closed it in August 1977. The
Herrin (No. 6) coal was mned with a 1350 Ransone Rapi er Dragline (33 cubic
yards). The spoil materials were placed in the sane rel ative positions

vertically as before mning, that is, unconsolidated materials |aying atop
the consolidated materials. The coal was overlain by 60 to 75 feet of
over burden of which about 20 feet was glacial naterials. The rock over-
burden consisted of black shaley slate overlain by gray |imestone with
dark shal ey streaks (14).

The general shape of the lake and | ocations of range |ines where depth
neasurements were taken are shown in figure 15. The area and vol une of
the |ake at elevation 411 feet above nean sea level are 18.09 acres and 472
acre-feet, respectively. Stage-volunme and stage-area curves for the |ake
are presented in figure 16. The naxi numneasured and cal cul at ed average
depths are 60 and 26.1 feet, respectively. Representative cross sections
illustrating the general |ake profile are shown in figure 17.

The watershed of this |ake extends approxinmately 1%2nles to the east
and covers about 615 acres. About 10 percent of the watershed is mned
land and the renainder is cultivated farmland. Because of the high per-
centage of farmland in the watershed a curve nunber (Q\) of 70 was sel ect-
ed for sinulated runoff cal culations. Precipitation data from DuQuoin were
used for the 20 years of interest.

O the basis of the calculated net runoff values and a groundwat er
contribution of 0.036 gpmift x 2300 ft (the length of the | ake), the yields
presented in table 20 were determ ned.

Total 20. Estimated Yield Potential of PFinckneyville No. 2 Lake

Yield (mgd) for given recurrence interval (yr)

1.2 2 5 10
Net surface yield 0.38 0.64 0.80 0.89
Groundwater contribution 0.12 .12 0.12 0.12
Total 0.50 0.76 0.92 1.01
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Figure 15. Pinckneyville No. 2 lake and range line locations.
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Figure 16. Stage-volume, stage-area curves for Pinckneyville No. 2 lake.
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As noted earlier this |ake was chosen for study because m ni ng had
just stopped and the final cut pit was in the process of filling. Water
| evel neasurements were nade at regular intervals and a water budget anal -
ysis was attenpted to delineate the groundwater contribution to the |ake
For this analysis precipitation data fromDuQuoin, pan evaporation data
fromCarlyle, and a ON of 70 were used. Table 21 summarizes the results
of this effort.

Because of the relatively snmall size of the mne operation in the
imedi ate lake area and the short |ife of the mning activity, a relatively
smal | area of spoil material around the pit probably was dewatered. Wen
the pit was first observed, another |ake just across the haul road at the
north end of the |ake had a water level 52 feet higher than the water |eve
inthis pit. Asignificant seepage zone near the base of the road fill be-
tween the 2 lakes also was noted. It is likely that seepage through the
road fill and rapid recharging of the spoil nmaterials accounts for the
al nost constant groundwater inflowinto the | ake. However, these rates
probably are not representative of groundwater yields that woul d be ex-
peri enced under punped conditi ons.

Chenmical analysis data for water sanpl es coll ected Decenber 1977 and
February and April 1978 are presented in table 22.

Table 21. Water Budget Analysis of Pinckneyville No. 2 Lake and Vétershed

Ground-
Lake Lake Lake water
level volume Precip. " Runoff evap. eontrih,
Date (MSL) (ae-ft)  (inches) (inches)  (inches) (gpm/ft)
10/11/77 356.58 9
10/24/77 357.60 11 0.24 0 1.15 0.02
11/11/77 359. 380 15 1.90 0.1 0.68 -0.01
11/21/77 362.45 22 1.66 0.1 0.23 0.02
11/30/77 364,00 26 0.91 0 1] 0.04
12/13/77 377.79 90 3.44 1.0 0 0.08
t1/4/78 384,33 140 .59 0 0 0.22
1/23/78 384.88 145 0.95 0 0 0.02
2/6/78 384.79 144 0.19 0 0 ~0.01
3/15/78 405.01 377
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Table 22. Chenical Analysis Data, Pinckneyville No. 2 Lake
Pield Conductivity
Depth  Temp DO pH alk at 25°C TDS Hard C1  F 50, NOs =N
December 1977, ice cover
o 2,6 11,9 7.8 103 Ba4 433 12 0.29 342 0.95
2 2.0 11.9
4 2.0 11.9
6 2.0 11.9
8 2.0 11.8
10 2.0 11.8
12 2.0 11.5 7.8 108 870 487 12 Q.42 373 .1.02
14 2.0 11.5
16 2,5 11.4
18 2.5 11.1
20 2.5 11.0
22 3.0 9.8 7.8 121 984 513 15 0.33 433 1.00
February 1978, 9 inch ice
o 1.0 16.3 8.7 101 1050 739 472 21 0.35 391 0.72
2 3.0 16.4 1079
4 3.8 13.5 1102
6 4.0 12.8 1134
8 4.0 12.4 1134
10 4.0 12.3 1134
12 4.0 12.3 1134
14 4.0 12.3 1134
16 4.0 12.2 7.7 106 1134 756 472 22 0.31 378 0.94
20 4,0 12.0 1134
25 4,0 12,0 1166
30 5.0 7.5 7.7 106 1303 770 472 21 0.29 378 1.14
April 1978
0 17.¢ 10.2 8.7 78 732 424 258 12 0.2 243 1.06
5 17.0 10.2 732
10 15.8 10.0 738
15 9.6 10.1 763
20 8.5 10.2 785
25 8.0 10.3 796
30 7.0 10.5 7.6 78 775 432 258 11 0.2 243 1.22
35 6.9 10.5 775
40 6.7 10.4 785
45 6.5 10.4 785
55 6.5 10.4 800
60 6.8 $.3 7.6 78 901 434 274 12 0.2 243 1.36
December 1977 February 1978 April 1978
Surface Middle Bottom Surface Middle TBottom Surface  Middle  Botiom
Fe 0.85 0.65 0.75 0.30 0.36 0.98 0.1 0.28 1.03
Mn 0.38 0.23 0.25 0.27 0.27 0.25 0.04 0.05 0.11
Pb 0.08 0.05 0.05 0.11 0.11 0.13 ND ND ND
cd 0.03 0.03 0.03 0.01 0.02 0.02 ND ND ND
He 0.32 0.38 0.44 0.56 0.54 0.40 6.07 0.04 0.11
K 4.5 4.5 4,3 3.9 3.9 4.1 3.8 3.7 3.8
Na 50 51 58 50 5¢ 50 33 32 33
Cu 0.03 0.02 0.01 <0.01 0.02 0.01 0.01 0.01 0.01
Zn 0.06 0.04 ¢.03 0.01 ¢.06 0.04 ND 0.02 0.02
As <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <0.001 <0.001
Se <0.001 <0.001 <D,001 <0.001 <0.001 <(.001 <0.001 <0.001 <3,001
Ag ND ND ND ND ND ND ND ND ND
Cr ND ND ND ND ND ND ND ND ND
Ba <0.1 <0.1 <0.1 <0.1 <D.1 <0.1 <0.1 <0D.1 <0.1
B 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1
Note: Tenperature, °Celsius; conductivity, g mhos; Hg, upg/1l; all other values except pH, ng/l




5-- 0d DuQuoin At

AQd DuQuoin Pt is located in Section 6, T5S, RRW Perry County. It
is owned by Consolidated Coal Conpany who opened the mine in nid-1950 and
closed it in July 1974. The Herrin (No. 6) coal was mined with a 5761
Marion shovel (65 cubic yards) and a 1060 Bucyrus Erie bucket wheel exca-

vator (9 buckets at 2.75 cubic yards each). The spoil naterials were

pl aced in the sane vertical positions as before mining, that is, unconsoli-
dated materials on top of consolidated materials. The overburden naterials
range in depth from30 to 90 feet with 20 to 65 feet of unconsolidated
clays, tills, and sand. The rock overburden consisted of dark gray shal e
and |inestone |ayers (14).

The general shape of the lake and | ocations of range lines where depth
neasurenents were nade are shown in figure 18. The area and vol ume of the
| ake at elevation 439 feet above nmean sea level are 84.6 acres and 1303
acre-feet, respectively. Stage-volune and stage-area curves for the |ake
are presented in figure 19. The naxi mrum neasured and cal cul ated average
depths are 55 and 15.4 feet, respectively. Representative cross sections
illustrating the general |ake profile are shown in figure 20.

The watershed of this |ake covers approxinately 306 acres all of
which is strip mine land planted in clover and grass. A curve nunber (QN
val ue of 60 was used for runoff calculations. Precipitation data from
DuQuoi n were used for the 20 years of sinulated runoff cal cul ations.

On the basis of the calculated net runoff values and a groundwat er
contribution of 0.036 gpmift. x 10,390 feet (the conbined total |engths of
the various lake parts), the estimated yields presented in table 23 were
det er m ned.

Chem cal analysis data for water sanples collected Novenber 1977 and
February and April 1978 are presented in table 24.

Table 23. Estinated Yield Potential of Qd DuQuoin Pt Lake

Yield (mgd) for given recurrence interval (yr)

1.1 b4 5 10
Net surface yield 0.05 0.23 0.34 0.40
Sroundwater contribution 0.62 0.62 0.62 0.62
Total 0.67 0.85 0.96 1.02
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Figure 19, Stage-volume, stage-area curves for 0ld DuQuoin Pit.
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Table 24. Chenical Analysis Data, dd DuQuoin Pit
Field Conductivity
Depth Temp Do pH  alk at 25°¢ TDS Hard ciL F S04 NO 3=}
November 1977
0 10.2 10.4 8.2 91 2586 1220 41 0,49 1693 0,08
5 16,2 10.4
10 10.2 10.4
15 10.2 10.4 8.1 91 2562 1250 3@ 0.50 1705 0.04
20 10,2 10.4
25 10.2 10.4
30 0.2 7.2 8.0 91 2578 1250 41 0.49 1719 0.06
February 1978, 8 inch ice .
0 0.0 12.4 8.0 101 2880 2534 1300 42 0.46 1926 .04
5 1.0 12.7 2888
10 2.0 13.4 2890
15 2.0 13.4 2890
20 2.0 13.3 2890
25 2,0 13,2 8.0 10l 2890 2563 1260 42  0.44 1910 3.06
30 2.5 13,2 2856
35 2.5 13.0 2856
40 2.8 13.0 2855
45 4.0 6.6 7.9 109 2916 2579 1270 41 0,42 1865 0,06
April 1978
0 16.0 8,2 8.1 101 2541 2065 1030 3 0.4 1290 0.13
5 16.0 8.4 2541
10 16.0 8.4 2541
15 14.5 8.5 2500
20 7.0 8,5 2682
25 6.0 8.7 7.7 118 2754 2382 1190 44 0.4 1501 0.18
30 6.0 8.1 2754
35 5.5 7.8 2945
40 5.5 7.4 2945
45 5.0 6.8 25883
48 5.0 3.8 7.5 139 2983 2588 1280 45 0.4 1583 0.16
November 1977 February 1978 April 1978
Surface Middle  Bottom Surface  Middle  Bottom Surface  Middle  Bottom
Fe 0.12 0.18 0.19 ¢.02 0.08 0.20 0.05 0.03 0.05
Mn 0.09 0.14 0.22 0.00 0.01 0.08 0.07 0.15 0.35
Pb 0.08 0.07 0.07 0.14 0.14 . 0.13 ND ND ND
Cd 0.02 0.02 0.02 0.02 0.03 0.02 N ND ND
Hg 0,80 0.19 8,65 0.54 0.78 0.96 0.07 0.28 0.14
K 4.6 4.5 4.5 4.6 4.6 4.6 5.6 6.3 6.6
Na 250 240 240 235 230 230 214 248 268
Cu 0.01 0.02 0,02 <0,01 0.03 0.01 0.01 0.02 0.03
In ¢.03 0.10 0,04 0.01 0.12 ¢.07 ND 0.05 0.05
As <0.001 <0.001 <{.001 <0.002 <0.,002 <0,002 <0.001 <0.001 <0,001
Se <0.001 <0.001 <0.001 <0,001 <0,001 <0.001 <0.001 <0.001 <0.001
Ag ND ND ND ND ND ND ND ND ND
Cr ND ND ND ND ND ND ND ND ND
Ba <0.1 <0.1 <0.1 <0,1 <0.1 <0.1 <0.1 <0.1 <0.1
B 0.3 0.3 0.3 0,30 0.30 0.30 0.2 0.3 0,3
Note: Tenperature, °Celsius; conductivity, p mhos; Hg, ug/1; all other values except pH, ng/l
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6 -- "East C' Streaniine Mne

"East C' Streamiine Mne is located in Section 32, T5S, RAW Randol ph
County. The lake and surrounding property is owed by Southwestern Coal
Conpany who opened the mne in July 1966 and closed it May 1974. The Her-
rin (Nbo. 6) coal was mned with 5761M and 5561M shovel s until 1969 when the
5561Mwas repl aced with a 5560 bucket wheel excavator. The coal was over-
lain by 75 to 100 feet of overburden materials of which 20 to 40 feet was
glacial clays and tills. The rock overburden consisted of interbedded
layers of dark gray shale, linestone, and slate (14).

The general shape of the |ake and locations of range lines where depth
neasurerments were made are shown in figure 21. The area and vol une of the
| ake at elevation 440 feet above nean sea level are 112.0 acres and 3488
acre-feet, respectively. Stage-volune and stage-area curves for the |ake
are presented in figure 22. The maxi mum nmeasured and cal cul at ed average
depths are 82 and 31.1 feet, respectively. Representative cross sections
illustrating the lake profile are shown in figure 23.

The watershed of this |ake extends to the west about 1 mle and to
the north 1 mle. It covers about 2966 acres of which about 60 percent is
strip mine land planted in grass and clover. The remainder is cultivated
farmland. Because of the significant amount of farmland, a curve nunber
(N value of 70 was used for sinulated runoff cal culations. Precipitation
data fromDuQuoin were used for the 20 years of interest.

O the basis of the cal cul ated net runoff values and a groundwat er
contribution of 0.036 gpmift x 22,500 ft (the approxi nmate conbi ned |ength
of the various |ake segnments), the yields presented in table 25 were deter-
m ned.

Table 25. Estinated Yield Potential of "East C' Streanli ne Lake

Yield (mgd) for given recurrence interval (yr)

1.1 2 5 10

Net surface yield 1.61 2.81 4,06 4.60
Groundwater contribution 1.17 1.17 1,17 1.17
Total 2.78 3.98 5.23 5.77
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Figure 22. Stage-vol une, stage-area curves for "East C' Streantine | ake.

As noted earlier in the report, water level data were available for
this lake fromJuly 1975 through February 1978 (the period of time when
the lake was filling). Water budget anal yses of these data were attenpted
to determne the groundwater contribution to the lake during this period of
time. For this analysis, precipation data fromDuQuoin, pan evaporation
data fromCarlyle, and a ON of 70 were used. Table 26 sunmarizes the re-
sults.

During the very early periods, large runoff events occurred and the
lake level rose at a faster rate than the water levels in the surroundi ng
spoil. These spoil materials essentially had been dewatered during the
mning activity. As a result, novenent of water was fromthe |lake into the
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spoil (a negative groundwater contribution). During periods of very little
or no runoff, the direction of flow reversed as the water levels in the
spoil began to exceed those in the |ake. These data are interesting but do
not provide the type of information desired to deternine groundwater yields
to a lake under punped conditions.

Chemcal analysis data for water sanples collected Novenber 1977 and
February and April 1978 are presented in table 27.

Table 26. Water Budget Analysis of "East C' Streanmine Lake and Vit ershed

Ground-
Lake Lake Lake water
level volume Precip. Runoff evap. eontrib.
Date {MSL) (ac-ft) (inches)} (inches) (inches) (gom/ft)
7/26/75 402.63 680
8/17/75 406.13 840 5.89 1.9 4.31 -0.14
2/3/76 410.13 1040 14,50 8.6 8.99 -0,12
4/27/76 421.12 1720 5.99 2.0 4,23 0.02
5/28/76 422.23 1840 1,80 0.1 5.66 0.04
6/5/76 422,12 1840 3,07 0.6 0.88 -(.20Q
6/23/76 422.72 1860 0.47 0 4.45 0.03
7/6/76 421,21 1760 1,13 0 2.7 -0.07
7/19/76 422.62 1860 0.38 0 3.95 0.10
7/31/76 424.70 2040 3,75 1.0 3.46 -0.06
9/9/76 427.00 2240 3.35 1.0 8.22 Q
10/7/76 427.52 2250 2.27 0.1 3.95 0
10/26/76  426.61 2200 1.86 0.1 1,91 - -0.04
10/25/77 439,55 3440 38.94 35.49
11/8/77 439,83 3480 1.48 0 0.45 0.02
11/30/77 440,20 3520 2.58 0.2 0.45 -0.01
12/13/77 442,00 3700 3.44 Q.5 0 g.02
1/4/78 443,29 3830 0.59 0 0 0.06
1/23/78 443.70 3870 1.05 0 0 0.02
2/6/78 443.80 3880 0.19 0 Q 0.01
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Table 27. Chenical Analysis Data, "East C' Streaniine Lake

Field Conductivity

Depth Temp Do pH  alk at 25°C TRS  Hard c1 F 50, NG 3=N
November 1977
0 11.0 9.7 8.0 225 2868 1224 38 .58 1826 0.09
) 11.0 9.5
10 11.2 9.0
15 11,2 9.0
20 11.2 9.0
25 11.3 5.8
30 11.3 8.8
35 11.5 8.7
40 11.5 8.6 8.0 220 2870 1200 27 Q.58 1856 0,10
45 11.5 0.9
S0 11.3 0.7
55 11.0 0.6
60 11.0 0.4
65 11.0 0.4
70 11.2 0.3
75 12.0 0.3
80 12.0 0.2 7.0 740 5978 2125 161 0.79 3247 0,11
February 1978, 6 inch ice
Q 0.5 14.2 7.85 222 2670 2670 1160 26 -1.05 1917 0,24
5 1.0 14.4 3010
10 1.0 14.6 3150
15 1.0 14,2 3150
20 1.0 14.1 3150
25 1.0 14,1 3150
30 1.0 14.0 3150
35 1.0 13.6 3185
40 1.5 13.5 3182
45 2.0 12.6 7.75 227 3230 2685 1168 27 0.64 1984 0.21
S0 2.0 12.0 3315
L3 2.5 11,6 3326
60 2.5 11.4 3360
65 6.2 1.6 3519
70 8.5 0.6 5328
75 9.5 0.3 5880
L1H 11.0 0.0 7370
83 11.8 0.0 6.75 785 7260 5903 2120 155 0.79 3483 0.12
April 1978
(] 15,1 12.4 §.55 152 2349 1829 800 19 0.40 1138 .24
5 15.1 12.9 2349
10 15.1 12.7 234%
15 14.9 12.1 2343
20 10.2 9.4 2629
25 5.0 7.3 2983
30 4.0 7.0 3094
35 4.0 6.8 3159
40 4,0 6.6 3232
45 4.0 6.1 7.25 255 3248 2768 1200 30 0.50 1663 0.44
50 4.0 5.8 3370
55 4,0 5.6 3410
60 4,0 5.2 3499
65 4.5 4.3 3680
70 5.5 2,9 3860
75 8.0 0.1 5256
80 10.0 0.1 5920
a5 11.0 0.1 6.80 659 6200 5298 2050 114 0.70 3083 0.17

Concluded on next page



Fe

Pb
cd
Hg

Na
Cu
Zn
As
Se

Cr
Ba

Not e:

Table 27. Concl uded
November 1977 February 1978 April 1978
Surface Middle  Bottom Surface Middle Bottom Surface Middle  Bottom
0.31 0,34 21,10 0.18 0.06 24.3 0,05 0,09 20,2
0.69 0.75 3.40 0.66 0.81 4,65 0.51 1.14 5.9
0.07 0.08 0,08 0.11 0.11 « 0.11 ND ND ND
0.02 0.02 d.04 0.02 0.02 0.03 ND ND ND
0.08 0,22 0.74 0.80 0.66 0.64 0,16 0.23 0,30
8.20 8.10 8.40 8.5 8.5 12,8 8.8 11.0 17.7
220 400 1000 305 310 425 261 382 875
0.01 0,03 0.08 <0.01 0.01 .04 0.01 0.02 0.04
0.11 ¢.10 0.20 0.02 0.05 0.27 ND 0.05 0.18
<0.001 <0,001 ¢.008 <0.002 <0.002 «<0,002 <0.001 <{.001 0.01
<0.,001 <0.001 <(,001 <0.001 <0.001 0,001 <0.001 <0.001 <0,001
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
<0.1 <0.1 <0,1 <0.1 <0.1 <{.1 <0.1 <0.10 <0.1
a.5 0.5 1,3 0.5 0.5 1.4 0,30 0,50 1.2
Tenperature, °Celsius; conductivity, g mhos; Hg, pg/1l; all other values except pH, ng/l
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7 -- Red Ray Lake

Red Ray lake is located in Section 33, T1S, Rf'W St. dair County.
The lake and surrounding property are owned by Peabody Coal Conpany who
opened the mne in Septenber 1957 and closed it in January 1965. The Her-
rin (No. 6) coal was mined with a 5760 M 70 cubic yard shovel. The coal

was overlain by less than 50 feet of overburden materials, of which al nost
all was glacial clay, till, and sand (14).

The general shape of the lake and | ocations of range |ines where
dept h measurerents were taken are shown in figure 24. The area and vol une
of the lake at elevation 392 feet above mean sea |level are 5.83 acres and
110 acre-feet, respectively. Stage-volume and stage-area curves for the
| ake are presented in figure 25. The nmaxi numneasured and cal cul at ed
average depths are 40 and 18.9 feet, respectively. Representative cross
sections illustrating the general |ake profile are shown in figure 26.

The watershed for this |ake extends sone 22 mles northwest and in-
cludes the southern edge of the village of Freeburg. The watershed covers
approxi mately 765 acres of which about 20 percent is strip mne |and.
Lenmon Branch, a perennial stream lies within the watershed and drains
through Red Ray | ake. Because of the high percentage of farmland in the
wat ershed, a curve nunber (N of 70 was sel ected for runoff cal cul ation.
Precipitation data from Sparta were used to sinulate the 20 year period of
net runoff.

(nh the basis of the calculated net runoff values and a groundwat er
contribution of 0.036 gpmift x 1700 feet (the approximate |length of the
| ake), the estinated yields presented in table 28 were determ ned.

Chenmical analysis data for water sanples coll ected Novenber 1977 and
February and April 1978 are presented in table 29.

Table 28. Estinated Yield Potential of Red Ray Lake

Yield (mgd) for given recurrence interval (yr)
2

1.1 5 10
Net surface yield 0.43 0.79 1.02 1.14
Groundwater contribution 0.09 0.09 0.09 0.0%
Total 0.52 0.88 1.11 1.23
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Table 29. Chenical Analysis Data, Red Ray Lake
Field Conductivity :
Depth Temp oo pH  alk . at 25°¢ s Hard cL F 504 NO3-N
November 1977
0 11.2 10.2 8.1 189 688 475 23 0.34 342 0.06
2 11.2 10.0
4 11,2 9.8
] 11,2 9.7
8 11,2 9.4
10 11.2 9.3
12 11.2 9.1 8.0 192 818 470 44 0,36 332 0.06
14 11.2 9.1
16 11.2 8.8
18 12.8 1.6
20 13.5 1.4
22 13.8 0.5 7.5 285 1192 718 24 0.39 629 0.02
February 1978, 6 inch ice
0 3.0 16.9 8.4 167 797 539 400 28 0,29 157 1.03
2 3.0 15+
4 3.0 15+
6 4.5 15* 560
8 5.0 11.8
10 5,2 10.8 1178
12 5.5 10.2 7.2 215 748 504 25 0.29 297 0.71
14 6.0 7.6
16 6.5 3.0 1586
1§ 8.0 1.6
20 8.5 1.2 2304
22 9.0 1.0
24 9.0 0.1 7.1 381 2386 1618 996 24 0.34 872 0,55
April 1978
0 19.5 21.0 9.8 134 672 384 246 22 0.3 158 0.40
2 19.0 15+ 678
4 17.5 15+ 702
6 15.0 15+ 738
B 10,0 15.0 897
10 7.6 4,2 1029
12 6.0 3.6 1224
14 7.0 3.1 7.2 215 1490 760 484 25 0.3 372 1.16
16 8,0 2.7 2044
18 8.5 2.6 2232
20 8.5 2.6 2304
25 9.0 2.2 2414
30 9.0 1.5 7.0 467 24914 1876 1180 27 0.4 956 ¢.13
November 1977 February 1978 April 1978
Surface Middlie Bottom Surface Middle  Bottom Surface Middle  Bottom
Fe 0.26 0.1le 0.20 0.20 0.08 1.62 0.07 0.09 2,02
Mn ¢.46 0,43 5,44 0.22 1.47 6.69 0.07 1.58 9.2
Pb 0,02 0,02 0.02 0.08 .08 0.17 ND NI ND
cd 0.02 0,02 0.03 0.02 0.02 0.02 ND ND ND
Hg 0.44 0,22 0.32 0.73 0.53 0,59 0.25 0,17 0.21
K 4.6 4,5 4.8 4.9 4.7 4.7 4.6 5.5 6.7
Na 66 64 100 - 40 50 120 32 64 150
Cu 0.02 0.02 0.02 <0.01 0.02 0.03 ND 9.03 0.03
In 0.08 0,04 0.05 0.07 0.06 0.17 ND ND 0.09
As 9,001 0,001 0.003 0.006 {¢.005 0.008 ¢.002 0.002 0.09
Se <¢,001 <0,001 <0.,001 <0.001 <0,001 <0,001 <3,001 <0.001 <0,001
Ag ND ND NE ND ND ND ND ND ND
Cr ND ND ND ND ND ND ND ND ND
Ba <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <¢.1 <0.1 <0.1
B 0.3 0.3 0.5 0.2 0.3 0.6 0.1 0.3 0.7
Note: Temperature, °Celsius; conductivity, u mhos; Hg, ug/l; all other values except pH, mg/l
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8 -- Semnol e Lake

Semnole lake is located in Section 2, T3S, R’/'W St. dair County.
The lake and surroundi ng property is owned by Peabody Coal GConpany who
opened the mne in Qctober 1950 and closed it in March 1954. The Herrin
(No. 6) coal was mned with a 5480 Marion 20 cubi c yard shovel and 7800
Marion 30 cubic yard dragline. The coal was overlain by 50 to 75 feet of

over burden of which only 20 to 30 feet was glacial materials. The rock
overburden consisted of black slaty shal e overlain by interbedded gray
shale, clay, and |imestone beds (14).

The general shape of the lake and | ocations of range |ines where depth
neasurements were taken are shown in figure 27. The area and volune of the
| ake at elevation 416 feet above nmean sea level are 7.81 acres and 97 acre-
feet, respectively. Stage-volune and stage-area curves for the |ake are
presented in figure 28. The maxi mum nmeasured and cal cul at ed average dept hs
are 23 and 12.4 feet, respectively. Representative cross sections illus-
trating the general lake profile are shown in figure 29.

The watershed of this lake is contained within*% mle of the |ake and
covers about 77 acres. Approxinately 50 percent is spoil naterial and is
grown up in shrubs and small trees. The rermainder is cultivated farm | and.
A curve nunber (N value of 70 was selected for simulated runoff cal cul a-
tions. Precipitation data from Sparta were used for the 20 years simil a-
tion.

Cnh the basis of the calculated net runoff values and a groundwat er
contribution of 0.036 gpmift x 2700 feet (the conbined total length of the
|ake) the estimated yields presented in table 30 were determ ned.

Chenmical analysis data for water sanples coll ected Novenber 1977 and
February and April 1978 are presented in table 31.

Table 30. Estimated Yield Potential of Sem nole Lake

Yield (mgd) for given recurvence interval (yr)

1.1 P4 & 19
Net surface yield 0.04 0.08 0.11 0.12
Groundwater contribution 0.14 0.14 0.14 G.14
Total 0.18 0.22 0.25 0.26
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Table 31. Chenmical Analysis Data, Seninole Lake
Fileld Conductivity
Depth Temp Do pH  alk at 25° DS Hard cL F S0y NOs-WN
November 1977
0 12,0 10.1 8.2 139 1746 1175 5 0.42 1297 0.02
2 12,0 10.1
4 12.0 10.2
6 12,0 10.2
8 12.0 10.2 -
10 12.0 10,2 8.2 139 1820 1190 4 0.43 1294 0.02
12 12.0 10.2
14 12.0 10.2
16 12.0 10.2
18 12.6 10,0
20 12.2 1.2 8.2 136 1832 1140 3 0,43 1280 0.04
February 1978, 6 inch ice
a 0.2 15.8 8.1 164 2196 1833 1240 4 0.42 1370 0.12
2 0.5 15* 2172
4 4.0 15* 2268
é 5.2 15% 2355
g 5.5 15.0 2325
10 5.5 12.5 7.8 177 2325 2021 1370 6 0.3 1506 0.24
12 5.5 12.0 2356
14 5.5 8.8 2356
16 6.0 5.2 2479
18 7.0 3.1 7.3 210 2533 2158 1420 5 0,37 1596 0.21
April 1978
[t} 1.0 8.3 8.1 66 544 333 212 2 0.4 187 ©§.27
2 15,0 8.3 544
4 7.5 8.4 2822
6 5.0 2732
8 4.5 2752
10 4.0 11.8 7.4 237 2786 2148 1445 6 0.4 1327 0.27
12 4.0 2786
14 4.0 2786
16 4.0 3013
18 4.0 10.1 7.3 247 3175 2234 1504 6 0.4 1377 0.26
November 1977 February 1978 April 1978
Surface Middle  Bottom Surface Middle Bottom Surface Middle  Bottom
Fe 0.15 0.15 0.22 0.03 0.05 0.20 0.29 0.29 0.47
Mn 0.27 0.24 0.21 0.06 0.08 0.42 0.13 0.92 1.60
Pb 4.08 0.08 0,08 .14 0.14 0.13 ND ND ND
Ccd 0.03 0.03 0.03 .02 0.02 0.03 ND ND ND
Hg 0.85 0.56 .44 0.41 0.45 0,67 0.03 0.14 0.20
K 4,2 4.2 4.1 4.4 4.2 4.3 I.8 5.6 5.8
Na 80 80 80 65 65 70 19 83 85
Cu 0.01 0.02 0.02 <0.01 0.02 0.02 ND 0,01 0,02
in 0.04 0.06 0.05 0.62 4.07 0.08 ND 0.03 0.06
As ¢.001 0,001 0.001 <0.002  <0.002 0.003 0.001 0.001 ¢.001
Se <0.081 <0.001  <0.00% <0.001 <0.001 <0.001 <3.001 <0.001  <0.001
Ag ND ND ND ND ND NEr ND ND ND
Cr ND ND ND ND ND ND . ND ND ND
Ba <0,1 <0.1 <0.1 <0.1 <0.,1 <0.1 <0.1 <0,1 <0.1
B 0.3 0.3 2.3 0.3 0.3 0.3 0.1 0.3 0.4
Note: Tenperature, °Celsius; conductivity, u mhos; Hg, pg/1; all other values except pH, ng/l
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9 -- Rver King No. 6 Lake
Rver King No. 6 is located in Section 28, T3S, RBW St. Qdair County.
The lake and surrounding property is owned by Peabody Coal Conpany who

opened the mine in January 1967 and closed it in Decenber 1970. The Herrin
(No. 6) coal was nmined with a 3850B 140 cubic yard shovel. The coal was
overlain by 50 to 75 feet of overburden of which about 20 to 25 feet was
glacial clays and tills. The rock overburden consisted of black slaty

shal e overlain by interbedded gray shale, clay, and |inestone beds (14).

The general shape of the lake and | ocations of range |ines where depth
neasurenments were taken are shown in figure 30. The area and vol une of the
| ake at elevation 429 feet above nmean sea |level are 30.72 acres and 620
acre-feet, respectively. Stage-volume and stage-area curves for the |ake
are presented in figure 31. The maxi numneasured and cal cul ated average
depths are 55 and 20.2 feet, respectively. Representative cross sections
illustrating the general |ake profile are shown in figure 32.

The watershed of this |ake covers approxi nately 258 acres of which
about 90 percent is strip mne land covered with grass and snall trees.
The renmaining 10 percent is cultivated farmland. The relatively poor
drai nage characteristics of the spoil materials as conpared with those at
Mddle Gove were assuned to offset the increased drai nage fromthe snall
agricultural portion of the watershed. A curve nunber (CN) val ue of 60
was selected for similated runoff calculations. Precipitation data from
Sparta were used for the 20 years of interest.

O the basis of the cal cul ated net runoff val ues and a groundwat er
contribution of 0.036 gpnift x 4100 ft (the approxi mate conbi ned | ength of
the various |ake sections), the yields presented in table 32 were deter-

m ned.

Chemcal analysis data for water sanples collected Decenber 1977 and

February and April 1978 are presented in table 33.

Table 32. Estinated Yield Potential of Rver King No. 6 Lake

Yield (mgd} for given reecurrence intevval (yr)

1.1 2 5 10

Net surface yield 0.06 0.17 0.25 0.29
Groundwater contribution 0.21 0.21 0,21 0.21
Total 0.27 0.38 0.46 0.50
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Table 33. Chenmical Analysis Data, River King No. 6 Lake

Field Conductivity
Depth Penp Do p#  alk at 25°C 085 Hard cl F S50, NO 5N
December 1977
Q 2.3 15.0 8.1 131 1686 707 19 0.46 960 0.14
5 2.3 15.0
1G 2.3 15.0
15 2.3 15.0
20 2.3 15.0 8.1 131 1668 720 18 0.47 962 0.11
25 2.3 15.0
30 2.3 15.0
35 2.3 1s.0
40 2.3 15.0 8.1 13 1706 753 19 3.46 981 0.12
February 1978, 7 inch ice
0 1.0 14.4 8.3 131 2100 1644 720 46 (.46 1040 ¢.21
S 2.8 14.4 2075
10 3.0 14.4 2075
15 3.0 14.4
20 3.0 14.5 2158
25 3.0 i4.4 8.3 136 1674 720 46 0.39 1124 0.17
30 3.0 14,2 2158
3s 3.0 14.2
40 3.0 14.2 2158
45 3.0 4.1 2158
50 3.2 2.4 §.3 144 2158 1666 740 46  0.44 1101 0.29
April 1978 '
0 17.0 9.0 8.3 126 1947 1347 603 39 0.4 813 g.16
5 17.0 9.0 1947
10 17.0 9.1 1947
15 11.5 9.6 1995
20 7.2 9.4 8.3 129 2160 1386 613 3% 0.4 829 0.18
25 7.0 9.4 2123
30 6.0 9.5 2142
35 6.0 9.4 2142
40 5.5 7.8 7.8 145 2170 1549 690 44 0.4 932 0.49
December 1977 February 1578 April 1978
Surface Middle Bottom  Surface Middle Bottom  Surface Middle Bottom
fe .22 0.25 0.32 0.09 0.04 0.06 ~0.09 .06 0.07
Mn 0.07 0.09 0.06 0.07 0.08 .05 0.06 0,04 0.07
Pb .07 0.07 0.05 0.13 0.14 0.13 ND ND ND
Cd 0.03 0.03 0.02 0.01 0.02 0.02 ND ND ND
Hg 0.26 0.22 0.54 0.75 0.54 0.49 d.11 0.11 0,27
K 3.3 5.4 3.6 3.3 3.3 3.2 3.8 3.8 4.0
Na 172 168 168 205 205 210 192 196 224
Cu 0.01 0.02 0.02 <0.01 0.02 0.02 0.01 0.01 0.02
Zn 0.02 0.04 .03 .01 0.05 0.06 0.01 0.03 0.03
As 0.001 0.001 ¢.001 <0.002 <0.002 <0.002 <0.001 <0.001 <0.001
Se <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0,001 <0.001 <0.001
Ag ND ND ND ND ND ND ND ND ND
Cr ND ND ND ND ND ND ND ND ND
Ba <0.1 <0.1 <0.1 <}.1 <0.1 <0.1 <0.1 <d.1 <0.1
B 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.5

Note: Tenperature, °Cel sius; conductivity, pmhos; Hg, pg/l; all other values except pH, ng/1l
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10 -- Goal Aty Area No. 1 Lake
Coal Aty Area No. 1 lake is located in Sections 31 and 32, T33N,
ROE, WII GCounty. The |ake and surrounding property now is owned by the

Coal Aty Sportsman A ub. The mine was opened by Peabody Coal Conpany in
March 1928 and closed in late 1950. The Col chester (No. 2) coal was mned
with 5480M 6 cubic yard and 5480M 17 cubic yard draglines. The coal was
overlain by less than 50 feet of overburden of which about half was gl acial
sands and clays. The rock overburden consisted of the Francis Oeek shal e
whi ch was around 20 feet thick (15).

The general shape of the lake and | ocations of range |ines where depth
neasurements were taken are shown in figure 33. The area and vol ume of the
| ake at elevation 543 feet above nean sea level are 70.74 acres and 1659
acre-feet, respectively. Stage-volunme and stage-area curves for the |ake
are presented in figure 34. The naxi nummeasured and cal cul ated average
depths are 54 and 23.4 feet, respectively. Representative cross sections
illustrating the general |ake profile are shown in figure 35.

The watershed of this |ake extends sonme 4 niles to the east and covers
approxi mately 2016 acres. About 70 percent of the watershed consists of
old strip mne lands and associ ated water bodies. The renaining 30 percent
is relatively flat farmland or low |land narshy areas. A curve nunber (CN
val ue of 60 was selected for runoff calculations as it was felt that the
relatively rugged terrain of the spoil would offset the anticipated in-
creased runoff fromthe farmland portion of the watershed. Precipitation
data from Kankakee were used for the selected 20 years of simulated runoff.

On the basis of the calculated net runoff values and a groundwat er
contribution of 0.036 gpmift x 12,000 ft (the approxinate length of the
| ake), the estimated yields presented in table 34 were determ ned.

Chemical analysis data for water sanples collected Novenber 1977 and
February and April 1978 are presented in table 35.

Table 34. Estimated Yield Potential of Goal Gty Area No. 1 Lake

Yield (mgd) for given recurrence interval (yr)
2

5 10

Net surface yield 0.49 1.07 1.54 1.74
Groundwater contribution 0,62 0.62 0,62 0.62
Total 1.11 1.69 2.16 2.36
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Table 35. Chemical Analysis Data, Coal Cty Area No. 1 Lake
Field Conductivity .
Depth Temp Do pH  alk at 85°C DS Hard cl F S04 N 3-N
November 1977, 1 inch ice
a 4.0 12.2 8,2 177 1208 733 16 0.15 577 0.2}
pi 4.2 12.1
4 4.5 1z2.0
6 4.8 11.8 8.2 177 1436 760 ié 0.17 638 0.23
8 5.0 11.6
10 5.0 11.4
12 5.0 11.3 8.2 177 1078 773 16 0.16 615 0.26
February 1978, 10 inch ice
0 0.5 15.7 8.4 174 1638 848 656 17 0.27 536 0,28
2 0.8 15.8 1663
4 2.0 15.4 1700
3] 2.8 14.8 8.2 197 1826 920 684 20 0.27 575 0.34
8 3.2 13.2 1909
16 3.8 11.8 1863
12 4.0 10.8 1912
13 4.2 9.6 7.9 212 1944 1075 770 18 0.27 692 0.31
April 1978
0 12.5 9.6 8.1 172 1365 877 648 18 0,20 473 ¢.49
2 12.2 9.7 1386
4 11.8 9.7 1353
1) 11.2 9.7 1357
8 10.5 9.7 8.1 172 1367 876 648 17 0.20 477 0.51
10 10.0 5.7 1380
12 9.9 9.7 1380
14 9.9 9.6 8.0 177 1380 882 653 18 0.20 478 0.47
November 1977 February 1978 April 1578
Surface Middle Bottom Surface Middie = Bottom Surface Middle  Botiom
Fe 0.16 0.41 0.31 0.0l 0,04 0.40 0.08 0,11 0.09
Mrt 0.09 0.08 .09 0.02 0.05 0.26 0.05 0.06 0.06
Pb 0.04 0.0% 0.05 0.14 0.13 ¢.14 N NG N0
Cd 0.03 0.03 0.03 0.02 0.02 0.02 ND ND ND
Hg 0.53 0.40 0.29 0.25 0.32 0.41 0.11 0.09 0.56
K 5.2 5.5 5.5 4.2 4.3 5.0 5.4 5.4 5.5
Na 60 30 36 26 27 40 25 26 26
Cu 0.01 0.03 0.02 <0.01 0.02 0,02 0.01 0.02 3.02
n 0.02 0.05 0.05 0.01 4.08 0.07 ND 0.05 .04
As 0.001 ¢.001 0,001 <0.002 <0.002 <0,002 0.001 <0.001 <0.001
Se <0.001 <0.001 <0,001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Ag ND ND ND ND ND ND ND ND ND
Cr ND ND ND ND ND ND ND NB ND
Ba <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1
B 0.3 0.3 0.4 0.3 0.3 0.4 0.3 0.3 0.3
Note: Tenperature, °Celsius; conductivity, p mhos; Hg, ug/1l; all other values except pH, ng/l
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11 -- dear Lake
Qear Lake is located in Section 5 T31N ROE, Kankakee County. The
| ake and surrounding property now is owned by the South WI mngton Sports-

man A ub. The mne was opened by Peabody Coal Conpany in Septenber 1950
and closed in July 1963. The ol chester (No. 2) coal was mned with a
Page 10 cubic yard dragline. The coal was overlain by less than 50 feet
of overburden of which 20 to 30 feet was sand and sandy clay. The rock
over burden consisted of the Francis Oreek shale (15).

The general shape of the lake and locations of range |ines where depth
neasurenments were taken are shown in figure 36. The area and vol ume of the
| ake at elevation 590 feet above nean sea level are 15.37 acres and 473
acre-feet, respectively. Stage-volune and stage-area curves for the |ake
are presented in figure 37. The maxi num neasured and cal cul ated average
depths are 53 and 30.8 feet, respectively. Representative cross sections
illustrating the general |ake profile are shown in figure 38.

The watershed of this lake is extrenely limted to the inmedi ate area.
It covers sone 32 acres of which about /3 is strip mne spoil. The re-
nmaining 20 acres is farmland and park area covered with pine trees. A
curve nunber (A\) value of 70 was selected for runoff calcul ati ons because
of the high percentage of farmland in the watershed. Precipitation data
from Kankakee were used for the selected 20 years of simulated runoff.

O the basis of the calculated net runoff values and a groundwat er
contribution of 0.036 gpnmift x 2250 ft (the approximate |ength of the |ake),
the estinmated yields presented in table 36 were determ ned.

Chemcal analysis data for water sanples collected Novenber 1977 and
February and April 1978 are presented in table 37.

Table 36. Estinated Yield Potential of dear Lake

Yield (mgd) for given recurrence interval (yr)

1.1 P 5 10

Net surface yield 0.01 0.03 0.04 0.05
Groundwater contribution 0.12 0.12 0,12 0.12
Total 0.13 0.15 0,16 0.17
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Tabl e 37.

Cheni cal Analysis

Data, Cear Lake

Field  Conductivity
Depth Temp G pH  alk at 25°C TS Hard ol F 50y NO4=N
November 1977
0 5.5 12,2 8.3 114 424 327 3 0.19 188 0.15
5 5.5 12,0
10 5.5 11.5
15 5.5 11.4
20 5.5 10.8
25 5.5 9.8 8.3 114 462 387 2 0.19 186 0.13
30 5.5 9.6
35 5.5 9,6
40 5.5 9.5
45 5.5 9.4 .
50 5.5 8.7 8.3 116 436 380 3 0.19 185 0.17
February 1978, & inch ice
] 0.0 9.8 8.1 114 567 316 288 4.9 0.24 134 0,29
5 2.0 13.7 680
10 2.2 14,2 688
15 2.8 13.8 681
20 3.0 13.8 681
25 3.0 13.8 8.4 121 689 440 350 3.9 0.24 242 0.14
30 3.2 13.6 689
35 3.8 12.4 697
40 4.4 11.3 712
42 4.2 10,00 8.3 126 721 447 370 3.9 0.22 234 0.15
April 1978
0 11.8 9.9 8.4 90 601 380 300 3 0.2 198 0.31
5 1.5 9.9 612
10 11.5 10,0 612
15 10,2 9.9 635
20 7.2 10,0 656
25 6.0 10,2 8.0 120 681 431 340 3 0.2 224 0.27
30 6.0 10,3 689
35 5.5 10,4 713
40 5.5 9.6 716
45 5.5 8.2 729
50 5.5 6.2 7.8 120 767 458 358 3 0.2 233 0.36
November 1977 February 1978 April 1978
Surface Middle  Bottom Surface Middle Bottom Surface Middie Bottom
Fe 0,15 0.19 0.44 0.45 0.02 <0.01 ©.15 0.07 0.08
Mn 0.03 0.02 0.03 0.06 0.02 0.02 0.03 0.02 0.02
Pb 0.05 0.05 0.04 0.07 0.11 0.11 ND ND ND
Cd ND ND <0.01 0.01 0.01 0.61 ND ND ND
Hg 0.82 0.88 0.75 0.12 0.18 0.16 .10 0.16 ¢.11
K 2.8 2.8 2.7 2.0 2.8 2.7 3 3.3 3.3
Na 10 10 8 11 12 13 9 11 12
Cu <0.01 0.02 0.02 <0.01 0.02 .01 ND 0.02 0.01
Zn 0.02 0,06 0.05 <(.01 0.03 0.01 ND 0.02 0.02
As <0,001 <0.001 0.001 <0,062 <0,002 <0.002 <0.001 <0,001 <0,001
Se <0.001 <0.001 <0,001 <0.001 <0.001 <0.001 <0.001 <0.041 <0,001
Ag NE ND ND ND ND ND ND ND ND
Cr ND ND ND ND ND ND ND ND ND
Ba <0.1 <0.,1 <0, 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0,1
B 0.1 g.1 0.1 0.1 0.1 4.1 0.2 0.2 0.2
Not e: Tenperature, °Cel sius; conductivity, p mhos; Hg, pg/1l; all other values except pH, ng/1l
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12 -- Northern Pt No. 14

Northern Fit No. 14 is located in Section 13, T31IN, R8E, Gundy Gounty.
The lake and surrounding property are owned by Peabody Coal GConpany who
opened the mne in Septenber 1969 and closed it in Novenber 1973. The
Summum (No. 4) coal was mined with a 7800 Marion 30 cubic yard dragline.
The coal was overlain by 50 to 75 feet of overburden of which al nost all

was glacial drift. These materials consisted predomnately of clay and
sandy clay (15).

The general shape of the |lake and | ocations of range lines where depth
neasurerments were taken are shown in figure 39. The area and vol ume of the
| ake at 576 feet above nean sea level are 17.45 acres and 473 acre-feet,
respectively. Stage-volunme and stage-area curves for the |ake are present-
ed in figure 40. The nmaxi nummeasured and cal cul ated average depths of the
| ake are 65 and 27.1 feet, respectively. Representative cross sections
illustrating the general lake profile are shown in figure 41.

The watershed of this |ake consists of about 2/3 of the total spoil
area fromthis mne and covers approxi nately 128 acres. The entire water-
shed is planted in clover and grass. A curve nunber (ON value of 60 was
selected for runoff calculations since this watershed is simlar to that
for Mddle Gove. Precipitation data from Kankakee were used for the se-
lected 20 years of simulated runoff.

O the basis of the cal culated net runoff values and a groundwat er
contribution of 0.036 gpnmift x 4200 ft (the approximate total |ength of
the various portions of the | ake), the estinmated yields presented in table
38 were determ ned.

Chemcal analysis data for water sanples collected Decenber 1977 and
February and April 1978 are presented in table 39.

Table 38. Estinated Yield Potential of Northern Pit No. 14

Yield (mgd) for givem recurrence interval (yr)

1.1 2 5 10
Net surface yield 0.03 0.07 0.11 0.12
Groundwater contribution 0.22 0,22 0.22 0.22
Total 0.25 0.29 0.33 0.34
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Table 39. Chenical Analysis Data, Northern Pit No. 14
Field Conductivity
Depth Termp Do pH  alk at 28°C D8 Hard cL F 50, NO3-N
November 1977
0 4.5 11.2 8.2 76 1552 1107 7 0.41 1040 0.37
5 4.5 11.6
10 4.5 11.6
15 4.5 11.6
25 4.5 11.6
30 4.5 11.3 B8.1 76 1590 1113 6 0.42 1088 0.28
35 4.5 11.2
40 4.5 11.0
45 4.5 11.0
55 4.5 10.8
58 4.5 9.0 8.0 76 1600 1080 7 0.42 1077 0.36
February 1978
0 0.0 16.4 8.0 83 2700 1616 1090 8 0.44 1213 0.37
5 1.5 16.4 2666
10 1.5 16 .4 2718
15 1.5 16.4 2718
20 1.5 16.4 2718
25 1.5 16.4 2752
35 1.8 16,2 §.0 83 2720 1624 1070 8 0.46 1163 .28
40 2.0 16.1 2720
50 2.0 15.5 2754
55 2,5 14.8 2822
60 3.2 12.5 2955
65 4.0 2.4 7.0 134 4212 1998 1170 13 0.48 1334 0.36
April 1978
0 9.5 10.3 8,0 64 1750 1485 990 8 0.4 973 0.58
5 9.1 10.3 1832
10 8.9 10.3 1832
15 8.7 10.3 1832
20 8.6 10.3 1858
25 8.5 10.3 1872
35 8.5 10.3 8.0 o9 1872 1479 990 7 0.4 971 0.53
40 8.4 10.3 1872
50 7.8 10.1 1898
55 6.0 10.7 1928
60 5.6 10.5 2000
65 6.1 0.5 7.7 80 4284 1519 1010 8 0.4 997 0.44
November 1977 February 1978 April 1978
Surface Middle Bottom Surface Middle Bottom Surface Middle Bottom
Fe 0.13 0.96 0.19 0.04 0.01 2.51 0.16 0.19 0.16
Mn 0.05 0.28 0,06 0.08 0.05 0.38 0.04 0.05 0.07
Pb 0.08 0.07 0.06 0.17 0.17 0.17 ND ND ND
cd 0.03 .04 0.04 0.02 0.02 0.02 ND ND ND
Hg 0.76 0.56 0.48 0.19 0.31 0.19 0.17 0,20 0,10
K 6.4 6.6 5.8 o 6 8 7.6 7.8 7.9
Na S4 54 52 62 62 120 52 53 57
Cu 0.01 0.03 0.02 0.01 0.01 0.02 0.0 0.02 0.02
Zn 0.02 0.06 0.05 4.02 0.04 0.07 ND 0.05 4.04
As 0,001 <0.001  <0.001 <«0.002 <0,002 <0,002 <0,001 <0.001 <0.001
Se <0.001 <0.001 <0.001 <0,001 <0.001 <0.001 <0.001 <0.001 <0.0G1
Ag ND KD ND ND ND ND ND ND ND
" Cr ND ND ND ND ND NI ND ND ND
Ba <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
B 0.3 0.3 0.3 0.3 0.3 0.5 a.3 0.3 0.3
Note: Tenperature, °Celsius; conductivity, p mhos; Hg, pg/1; all other values except pH, ng/l
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