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1. THIS REGIONAL GEOLOGIC CROSS SEC11ON IS BASED ON INFORMATION FROM ON—SITE
BORING LOCATIONS AND OrF—SITE PRIVATE WATER WELL LOGS. ACTUAL CONDiTIONS
MAY VARY.
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MAHOMET AQUIFER

2. THIS GEOLOGIC CROSS SECTION WAS DEVELOPED TO SHOW THE LOCATION OF THE
MAHOMET AQUIFER AND ITS POSITION RELEVANT TO THE INVERT GRADES OF THE
CLINTON LANDFILL NO.2 AND NO.3.
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Shaw®Shaw Environmental, Inc.

CLINTON LANDFILL NO.3 CHEMICAL WASTE UNIT
DEWITT COUNTY, ILLINOIS

FIGURE 1
REGIONAL GEOLOGIC CROSS SECTION - WEST TO EAST
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Chemical and isotopic indicators of groundwater evolution in the basal

sands of a buried bedrock valley in the midwestern United States:

Implications for recharge, rock-water interactions, and mixing

Keith C. Hackley”, Samuel V. Pann&, and Thomas F. Anderson2

1llinois Stole Geological Survey, Institute ofNatural Resource Susra inabilir’y. University ofIllinois, 615 E. Peabody Dr. Champaign,

illinois 61820, USA
2Deparrment of Geology (emeritus), 1301 W. Green St., Urbana, illinois 61801, USA

ABSThCF

Buried bedrock valley aquifers can be

found throuØ!qanada and the northern

United States where glacial deposits have

filled in previously exposed bedrock valleys.

The Mahomet bedrock valley is an cost-west—

trending buried valley in central Illinois con
isining basal Pleistocene sands and gravels

making up the Mahowet aquifer and the

contemporaneous Sankoty Mahomet quifer,

which are the major sources of freshwater

for east-central Illinois. The hydmcheniical

• characteristics of the Mahotnet and Sankoty

Mahomet aquifen change sigidllcantly

acro the buried bedrock valley. To deter

mine the geocharical pen co.t’othng

• the chemistry of the water, possible ground

water enhing, and the regions of major re
charge, over SO samples from the Mahontet

aquiferi the Sankoty Mahomet aquifer, and

slower aquifers were analyzed for their

chemical and isotopic composition, including
31:0,80, onC, fl TMC, and ‘H.

Four geochemical regions were observed

an the aquifers. The central and astern

region of the Mahomet aquifer had dilute

chemistry and medium ‘4C activities, sag

gesting relatively recent recharge fnnn the

stnlaca The northeastern Mabomet aquifer

region had variabfr sara and 8’S values,

medium chloride concentrations, and low

“C acGvit suggesting arising with bedrock

vrom1dwafrr alan with snflte red.4vw
The western Mahomet aquifer region had the

highest chloride, dissolved — carbon,

and methane concentrations and showed a

continuous decrease in ‘C activity, suggest

ing seepage from bedrock units, strong re

ducing conditions, and isolation from surfi

‘E-mthl: hacklcy@isgsjiiucs4u

cial rechg Characteristics of the Sankoty
M.ahosnet aquifer indicated rapid freshwater

recharge and mixing with western Mahomet

aquifer water.
The U) and 80 values indicated little to

no Pleistocene water in the Mahomet bedrock

valley aquifer system, suggesting an age limit

of ca. 11,000 yr n.E for most of the ground

water. The tritium data indicated modern re

charge in some shallower aquifers, but little

to none in the Mahoinet aquifer and Sankoty

Mahomet aquifer, except near a river where

stacked sands may have created a hydrologic

window to the Mahomct aquifer. It appears

that most o(the Mahoinet aquifer is well pro

tected from surficial contamination. The ap

proacb aced in this study enabled as to better

understand and identify the processes that

control the groundwater chemistry within

the buried Pliestocene aquifer in central

IUin; processes that may be prevalent in

other buried bedrock valley aquifers distrib

uted thronajiout much of North America.

INTRODUCTION

Groundwater is an impottant source of

freshwater for much of the population in the

United States, making up 22% of all freshwater

withdrawals (Solley et at, 1998). As popula
tion and industry continue to expand across

the county, the availability of groundwater re

sources becomes a more critical issue. In some

parts of the country, such as the high plains,

groundwater is the major source of freshwater,

and usage is ourpacing recharge (Alley et at,

1999). Maintenance of water quality in potable

aquifers is another concern. For example, in

the midwestern United States, the quality of

water in some of the shallower aquifers has

been degraded due to infiltration of agricul

tural chemicals (USGS, 1999a). In addition,

road deicers in the north-central and northeast

ern United States are contaminating shallow

aquifers (Pilon and Howard, 1987; Kelly and

Wilson, 2003)
Approximately 21% of the people in Illinois

rely on groundwater as their primary source

of drinking water (USGS, 19995). Like most

of the midwestern states, Illinois has ahun

darn groundwater resources located within

both bedrock units and shallower tmlithified

glacial deposits. A few of the glacial aquifers

art major freshwater resources for numerous

municipalities. This investigation focused on

the Mahomet aquifer (MA) and the Sankoty

Mahornet aquifer, which are contemporaneous

Pleistocene-age unlithifled sands and gravels

filling ancient bedrock valleys in east-central

illinois. The Mahomet aquifer is an east-west—

trending aquifer deposited in the Mahomet

bedrock valley. The Maboniet aquifer extends

from western Indiana to central Ulinois, where

it intersects the north-south--trending Sankoty

Mahomet aquifer in the Mackinaw bedrock

valley (Fig. I). The Mahomet aquifer and the

Sankoty Mahomet aquiW have been supply

ing high-quality freshwater to municipalities,

industries, homeowners, and farmers for more

than four decades. Over the last two decades,

the use of, and interest in, the Mahomet and

Sankoty Mahomet aquifers has increased due

to expanding population and industry in east-

central Illinois, as well as depletion of sur

rounding conuminifles’ surface-water reservoirs

during periods of drought (Illinois State Water

Plan Task Force. 1997). The increase in with

drawal and potential future use of these aquifers

have raised questions concerning the quality

and quantity of water in the aquifers and their

future integrity.
Although the geology and hydrogeology of

the buried Mahomet bedrock valley have been

the subject of several previous studies over the

GSA BuItedn;JulytAugust 20l0;v. (22; no. 71S;p. 1047—1066; dci: ID.! 130/B26574J; 17 figures; Data Repository item 2009286.
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Chemical and isotopic indicators ofgroundwater evolution
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Methane (moLt)

rock land surface. The 3D and 8O values for
most of the groundwater in the Mahomet aqui
fer and the shallower Glasfoni sands are quite
similar to present-day precipitation. These data
indicate that there is little to no Pleistocene
water remaining in the aquifer system, putting
an upper age limit for most of the groundwater
at the start oldie Holocene, ca II.) yr B.R
The tritium results indicate that there is modern
recharge into the Wedron sands and some of the
Glasfoni sands, but very little modern water oc
curs in the basal sand of the Mahomet bedrock
valley. Of the sites sampled, only one area in
the Mahomet aquifer near wheat the Sangamon
River crosses the bedrock valley had detectible
tritium. These tritium data we consistent with
recent seismic and monitoring well drawdown
studies by the 1505 and ISWS that have stag
gested a hydraulic window where groundwater
discharges to the Sangarnon River when the
tires is low and groundwater rechnges during
periods of high stage or excessive groundwater
pumping (Roadcap and Wilson, 2001).

The central-eastern region of the Mahornet
— aquifer contained the highest “C activity and
04304 most dilute groundwater compared to the rest

of the Mahomet aquifer, indicating that the
groundwater in this region has gone through
tire least water-rock interaction. These isotopic
and gc&hemica! characteristics imply that this
region is the area of most rapid recharge for
most of the Mahomet aquifer, as proposed by
Panno et al. (1994). The very low C1 concert-
trations in the central Mahomet aquifer region
suggest that high volumes of freshwater (glacial
meltwaten) probably flushed the stacked sand
deposits and leached the more soluble minerals
so that the present-day groundwater has rela
tively low dissolved solids concentration.

—‘Tca&inicai and isotopic results for the
Mahomet aquifeflcjvestem and northeast
ern (Onarga Vale) legions indicate that these
areas of the aquifer are relatively isolated from
surficial recharge and have been significantly
influenced by the infiltration of older (low t4C
activity) groundwater from bedrock units with
ereater dissolved inn concentrations. The en-.

concentration in the confluence region; r’ for the

0 04301

Figure 14. Comparison of “C and CH4
Sankoty Mahoruet aquifer data is 0.9.

activities observed in groundwater from samples
of the Mahomet aquifer and the Glasfont Sand
in the northeastern part of the Mahomet bedrock
valley indicate a mixture of deeper upwelling
groundwater and shallow infiltrating ground
water plus sulfate reduction occurring in parts of
the northeastern region of the Mahomet bedrock
valley. The mixture of groundwater from bed
rock units in the northeastern region appears to
extend into northern Vermillion County. The in
creased CP concentrations and continuous drop
in “C activities observed for the western part of
the Mahomet aquifer (fig. 15) suggest there has
been greater isolation from surilcial recharge
and seepage from bedrock units mixing with
the Mahomet aquifer groundwater flowing from
the central region westward. The cross sections
that cut the Mabomet bedrock valley diagonally
(Figs. 13 and 16—Il) show the relationships
among the shallower aquifers, the deep basal
sand aquifer and the sides of the bedrock valley
from where the lithology of the bedrock changes
abruptly near the Piatt-Champaign County line
to where the bedrock is primarily carbonate in
Champaign County. Chloride concentrations
and “C activities are included on the cross sec
tions. The jesuits show an increase in 0 and
decrease in “C activity near the sides of the val

ley. especially close to the Pennsylvanian-age
bedrock on the western side of tire aquifer (see
Fig. 3 for bedrock lithotogy). This empha
sizes the relationship of the Pennsylvanian-age
bedrock to the seepage of older mote saline
groundwater into the western Mthomet aquifer
compared to the carbonate bedrock in the cen

______________________

tral portion of the Mahomet aquifet
As the groundwater from the Mahomet aqui

fer flows into the Sankoty Mahomet aquifer; the
chemical composition and “C activity change
dramatically. In this confluence a the geo
chemical nnka.p of the groundwater of the
basal Pleistocene sands and gravels is strongly
influenced by a combination of relatively rapid

_________________________________

recharge of younger, more dilute water inflltrat- ‘tnent of S0; Ca2’, Mgi’, Na afl5ä
ing from the surface and the microbial processes S& in the Onarga Valley is probably the result of
associated with methanogenesis. water-rock ‘mteraclious with bedrock lithology,

including Silurian, Devonian, and Mississip
pian carbonates and Pennsylvanian cyclothern
type deposits (stales, coals, and argillaceous
linrestones and sandstones). The PS and 8°C
values as well as the SO and NC concentra
tions in and around the Onaiga ‘Valley region
suggest that groundwater upwelling through
bedrock units is dissolving secondary gypsum,
precipitating calcite, and mixing with fresher
groundwater in the Mahomet and Glasfoni

SUMMARY AND CONCLUSEONS

The chemical and isotopic characteristics of
the groundwater in the aquifers of the Mahomet
bedrock valley and adjacent confluence area
have revealed many important aspects of the
groundwater evolution in aquifers that have
been created from glacial deposits filling in the
topographic undulations of the previous bed-

Geological Society of America Bulletin, July/August 2010 1061



Chemical and isotopic indicators ofgroundwater evolution

Figure 16. Crass section (C-fr)
of the Mahomet bedrock valley
inducting “C, I501, and (CII
data for several wells (modified
from Hackley, 2002). Note the
lower “C activities and higher
Ct concentrations near the
western side of tbe valley,
where the bedrock is composed
of Pennsylvanian deposits.
MSIr-mean sea leveL

® =‘4c(pMC)
= SO (mgL)
= ci- (mg.’t)

$

Vosbcai exaggeration =425x

sands. The isotopic data also indicate that SO Na’) are primarily explained by the influx ofreduction and oxidation of organic carbon occur saline groundwater horn the &nnsylvanian-ageas the groundwater moves up into the Mahotnet bedrock (Panno a at l99X Methane producaquifer and shallower sands. evidence of mix- Lion is undoubtedly a consequence of stronglog between infiltrating groundwater hum bed- reducing conditions in this part of the aquifer.rock in the Onarga Valley and groundwater from The relatively high DCC concentrations in thethe Mahomet and Glasford sands extends into western Mahomet aquifer could also be associnorthern Vermilion County. The low TMC activi- ated with the influx ofdeeper groundwater fromties observed in this asea are due to the influx the Pennsylvanian-age bedrock units or perhapsof older groundwater from bedrock units, dis- leaching of organic matter in clastics from thesesolution of carbonates, and oxidation of organic bedrock units anWor diffusion from organic richjfl3fljlv IOSQ2-AIICiOn__ _Plieistocene deposits. The progressive decreaseThe western region of the Mabomet aquifer in “C. activity is probably a consequence ofis characterized by higher concentrations of several processes: infiltration of older ground* CH4, DOC C Na’, and 11CC);, greater 6°C water from bedrock units, methanogenesis, andvalues, and a progressive decrease in ac- the dissolution of carbonates in the aquifet astivities to the west The isotopic data support well as radioactive decay as the water slowlythe hypothesis that the higher concentrations migrates westward. The progressive decrease inof chemical constituents (especially Ct and “C and the lack of significant shallow sand de

posits above the Mahotnet nifer in the ustnn
region imply that this area is fairly isolated from
s_—

confluence area where the Mahomet
aquifer and Sankoty Mahomet aquifer meet
shows large variations in 14(2 activity and chemi
cal constituents, including Cl concentrations.
This nan is significantly influenced by a com
bination of groundwater mixing between rela
tively dilute infiltrating surficial water that has
high “Cactivities and low Cr concentrations
with older groundwater emerging from the
basal sands of the Mahomet aquifer contain
ing a greater amount of dissolved constituents
and the microbial processes associated with
methanogenesis.

The isotopic and chemical characteristics of
groundwater in the basal sands of the Maboinet
and Mackinaw bedrock valleys indicate that
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Chemical and isotopic indicators of groundwater evolution in the basal
sands of a buried bedrock valley in the midwestern United States:

Implications for recharge, rock-water interactions, and mixing

Keith C. HackleyU, Samuel V. Panno’, and Thomas F. Anderson2
‘Illinois Stare Geological Survey, Instilute ofNatural Resource Sustainability, University ofIllinois, 615 H. Peabody Dr. Champaign,
Illinois 61820, USA
2flepartmenr of Geology (emeritus), 1301 W Green St., Urbana, Illinois 61801, USA

ABSTRACT

Buried bedrock valley aquifers can be
found throughout Canada and the northern
United States when glacial deposits have
filled in previously exposed bedrock valleys.
The Mahontet bedrock valley is an east-west-
trending buried valley in central Illinois con
taming basal Pleistocene sands and gravels
making up the Mahomet aquifer and the
contemporaneous Sankoty Mahomet aquifer,
which are the major sources of freshwater
for east-central Illinois. The hydrochemical

1’ characteri tics of the Mahomet and Sankoty
Mahomet aquifers change significantly
acre the buried bedrock valley. To deter
mine the geochemical procees controlling
the chemistry of the water, possible ground
water mixing, and the regions of major re-
charge, over SO samples front the Mahornet
aquifer the Sankoty Mabomet aquifer, and
shallower aquifers were analyzed for their
chemical and isotopic composition, including
W’O, 81), 8°C, 8_S. “C, and ‘H.

Four geochemical regions were observed
acrt the aquifers. The central and eastern
region of the Mahomet aquifer had dilute
chemistry and medium “C activities, sug
gesting relatively recent recharge from the
surface. The northeastern Mahomet aquifer
region had variable sulfate and 8_S values,
medium chloride concentrations, and low
‘4C activity. suggesting mixing with bedrock
groundwater along with sulbte reduction.
The western Mahomet aquifer region had the
highest chloride, dissolved organic carbon,
and methane concentrations and showed a
continuous decrease in “C activity, suggest
ing seepage from bedrock units, strong re
ducing conditions, and isolation from surfi

‘B—mail: hackley@isg&uiuc.edu

dat recharge. Characteristics of the Sankoty
Mahomet aqnifer indicated rapid freshwater
recharge and mixing with western Mahomet
aquifer water.

The &) and 8”O values indicated little to
no Pleistocene water in the Mahornet bedrock
valley aquifer system, suggesting an age limit
of ca. 11,000 yr BSt for most of the ground
water. The tritium data indicated modern re
charge in some shallower aquifers, but little
to none in the Mahomet aquifer and Sankoty
Mahomet aquifer, except near a river where
stacked sands may have created a hydrologic
window to the Mahomet aqnifec It appears
that most of the Mahotnet aquifer is well pro
tected from surficial contamination. The np-
preach used in this study enabled us to better
understand and identify the processes that
control the groundwater chemistry within
the buried Ptiestocene aquifer in central
illinois; proces that may be prevalent in
other buried bedrock valley aquifers distrib
uted throughout much of North America

INTRODUCHON

Groundwater is an important source of
freshwater for much of the population in the
Untied States, making up 22% of all freshwater
withdrawals (Solley et aL, 1998). As popula
tion and industry continue to expand across
the countiy the availability of groundwater re
sources becomes a more critical issue. In some
parts of the country, such as the high plains,
groundwater is the major source of freshwater,
and usage is outpacing recharge (Alley et at.,
1999). Maintenance of water quality in potable
aquifers is another concern. For example, in
the midwestern United States, the quality of
water in some of the shallower aquifers has
been degraded due to infiltration of agricul
tural chemicals (USGS, 1999a). In addition,

road deicers in the north-central and northeast
ern United States are contaminating shallow
aquifers (Pilon and Howard, 1987; Kelly and
Wilson, 2003).

Approximately 21% of the people in Illinois
rely on groundwater as their prixnaiy source
of drinking waler (USGS, 199%). Like most
of the midwestern states, illinois has shun-
dent groundwater resources located within
both bedrock units and shallower unlithified
glacial deposits. A few of the glacial aquifers
are major freshwater resources for numerous
municipalities. This investigation focused on
the Mahomet aquifer (MA) and the Sankoty
Mahomet aquifer, which are contemporaneous
Pleistocene-age unlithified sands and gravels
filling ancient bedrock valleys in east-central
Illinois. The Mahomet aquifer is an east-west--
trending aquifer deposited in the Mahomet
bedrock valley. The Mahomet aquifer extends
from western Indiana to central Illinois, where
it intersects the north-south--trending Sankoty
Mahomet aquifer in the Mackinaw bedrock
valley (P1g. 1). The Mahomet aquifer and the
Sankoty Mahornet aquifer have been supply
ing high-quality freshwater to municipalities.
industries, homeowners, and farmers for more
than four decades. Over the last two decades,
the use of, and interest in, the Mahomet and
Sankoty Mahomet aquifers bits increased due
to expanding population and industry in east-
central Illinois, as well as depletion of sur
rounding communities’ surface-water reservoirs
during periods of drought (Illinois State Water
Plan Task Force, 1997). The increase in with
drawal and potential firture use of these aquifers
have raised questions concerning the quality
and quantity of water in the aquifers and their
future integrity.

Although the geology and hydrogeology of
the buried Mahomet bedrock valley have been
the subject of several previous studies over the

GSA Bulletin; July/August 2010; v. 122; no. 7/8; p. l047—1066;doi: 10.1130/826574.1; 17 figures; DataRepositoryitem 2009286.
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FIgure 1. Isopach map of the
Mahomet sand in the Mahoinet
bedrock valley (Mliv) as de
fined by the 500 ft elevation con
tour (modified from Kempton
et al., 1991). MSL.—mean sea
level.

IZ]< 100 It or 30-Sm
thss

> lOOftor 30.5 m siltfacies —sco-. 500 ft or 152 m bedrock
thickness elevation above MSL

past 60 yr (Horberg, 1945; Stephenson, 1967;
Visocky and SCMCJIt, 1969; Kempton ci aL,

1982,1991; Wilson ci aL, 1998). the geochenii
cal reactions that control the chemistry of the
groundwater, the major areas of recharge, and
the age of the groundwater have only begun to
be studied (Panno ci aL, 1994; HackIe’, 2002).

Arsenic is also a concern for some parts of the

Mahonn aquifrr and shallower units (Warner,
2001; Warner ci a, 2003; Kirk ci aL. 2004;
Kelly. 2005).

To help improve our understanding of the
geochemical characteristics of the groundwater
in central Illinois, we conducted a geochemi
cal study of the Mahomet aquifer and Sankoty
Mahomet aquifer systems using both chemical
and isotopic analyses of the water and many of
its dissolved constituents. The major objectives

of this investigation were to: (1) determine the
geochemical reactions controlling the chemi
cal and isotopic composition of groundwater
within the aquifers, and (2) identify the major
areas of recharge.

Chemical and isotopic variations observed

in the groundwater within the Mahornet and
Sankoty Mainnet aquifers and their bound

ing aquifers have been used to help define the
geochemical evolution, including microbial
processes and possible mixing of different
groundwater sojuces. Indicators of biogeochem
ical reactions within the boded aquifers change

along the groundwater flow path from areas
where there is little obvious microbial influ
ence to areas where there is significant micro
bial influence, including sulfate reduction and
methatiogenesis. The redox conditions that are
associated with changes in sulfate and methane
conceatnijoas ate reflected in other parameters
as well, such as the bicarbonate concentration
and the stable carbon isotope values of dissolved
inorganic carbon. For example, sulfate ruhadion
in groundwater is usually coupled with oxida
tion of organic matter, which typically leads to
inert negative carbon-13 isotopic compositions
and poàive sulfur-34 isotopic ctwqxskknt (ki
the other hand, groundwater with substantial
microbial methane generation typically contains
very little to no sulfate and exhibits more posi
tive carbon-l3 isotopic compositions. Changes
in carbou-13, carbon-l4, and chloride concentra
tions across the Mahomet and Sankoty Mahornet
aquifers reflect different degrees of water-rock
interaction, biogeochemical reactions, as well
as influxes of younger and fresher water from
above or older, more saline groundwater hum
underlying bedrock. A combination of the chem
ical and isotopic data for both the inorganic and
organic components of the groundwater allows
us to create a rifle complete understanding of
the reactions that control the hulk chemistry and
helps to delineate locations where the ground
water is receiving significant recharge.

Geological Setting and Background

The Mahomet aquifer is a major aquifer made
up of sands and gravels originating from glacial
outwash deposited by Pleistocene continental
glaciers in an extensive bedrock valley in east- -

central Illinois. The Mahornet aquifer was once
considered part of the larger “Mahomet-Teays”
buried drainage system, which was believed
to extend eastward into Virginia. However, as
discussed by Melhorn and Kempton (1991),
studies have indicated that the Teays drainage
system was not a single cthesive drainage sys
tea The Mahornet aquifer is just one of many
busied bedrock valley aquifers that exist acrs
much of the Midwest, not to mention the north
ern United States and parts ofCanada (NRCAN,
2008; Warner and Arnold, 2005; Shaver and
Pose, 2005; Bleueret aL, 1991).

A number of studies have examined the physi
cal nature ofthe Mahomet aquifer, delineating the
basic shape, size, and stratigraphy of the deposits
within the bedrock valley, as well as the geology
and hydrogeology of the aquifer (Horberg, 1945,
1953; Stephenson, 1967; Visocky and Schicbt,
1969; Kemptonetai. 1982,1991). Whenusing
the 153 in (500 ft) bedrock elevation contour to
define its boundaries, the Mahomet bedrock val
ley in Illinois is over 200 km (124 ml) long and
ranges from —13 km (8 mi) wide at the illinois-
Indiana border to —32 km (20 mi) at its widest

•Tusccda
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points. The Mahomet aquifer begins in western
Indiana and extends to central illinois, where
it intersects, in a large confluence area, with
the north-south—trending Sankoty Mahornet
aquifer in the Mackinaw bedrock valley. The
Mackinaw bedrock valley is filled with sands
and gravels of the Sankoty Sand Member of the
Banner Formation, which make up the Sankoty
Mahomet aquifer and are contemporaneous with
the sands and gravels of the Mahomet aquifer
(Ketnptonetal., 1991).

‘The sand and gravel that constitute the
Mahomet aquifer and occupy the basal parts of
the buried Mahomet bedrock valley alt known
as the Mahomet Sand Member of the Banner
Formation and are generally greater than 30 m
thick (Fig 1). The Banner Formation is esti
mated to have formed molt than 400,X) yr ago
(Grimley, 1996) and is regarded as pre-l]]inoisan
in age (Willman et at., 1975; Hansel and
Johnson, 1996). The Mahomet Sand Member
is overlain by tills of the Banner, Glasford, and
Wedron Formations (Fig. 2). The three major
formations are typically separated by weathered
zones, in some cases, with substantial soil de
velopinent, periodically enriched with organic
matter, and, in some places, pent deposits. Most
of the Glasfoni Formation is of fflinoian age
(mote than l50ft) yr old) (Grimley, 1996)
and contains locally important sand and gravel
layers and lenses interralated with the till. These
sands and gravels are referred to as the Glasford
Sand, and they form a significant aquifer in
some parts of the Mahomet bedrock valley. The
Glasford Formation is overlain by ‘Wisconsinan
Stage deposits, including the Robein Silt Henry
Formation, and the Wedron Formation (Pig. 2).
Both the Wedron and Henry Formations contain
relatively small sand and gravel outwash de— that axe thinner and moth more limited
in scope than either the Mrixrmet aquifer or
Glasford Sand. The Robein Silt contains a large
amount of organic matter, including wood flag
ments, peat deposits, and an organic-rich paleo
sot known as the Farindale Geosol (Cwiy and
Foilmer, 1992).

The bedrock exposed in the floor and walls
of the Mahomet bedrock valley includes rocks
of the Silurian, Devonian, Mississippian. and
Pennsylvanian systems (Fig. 3) (Kempton et a!.,
1991). Very few wells in the Mahomet bedrock
valley area are screened in the bedrock units be
cause of their low yields and increasing salin
ity with increasing depth (Visocky and Scbicbt,
1969). The western portions of the Mahomet and
the Mackinaw bedrock valleys are cut predotni
nantly through Pennsylvanian rocks consisting
mostly of shale interbedded with thin lime-
stones, sandstones, and coal seams. The Penn
sylvanian rocks generally have low permeability

and axe not an important aquifer in this area
(Visocky and Scbicht, 1969), However, beyond
the bedrock nlle in the bedrock upland areas
where the glacial deposits generally are thin and
lack significant sands and gravels, the Pennsyl
vanian rocks aze used to supply water for farms
and small municipalities (Csallany, 1966). Wells
developed in the Pennsylvanian units seldom
penetralernorethan200or300ft(til or9l m)
and usually are screened in the thin limestones
and sandstones (Csaliany. l966 The central
and eastern portions of the valley expose rocks
of the Mississippian. Devonian, and Silurian
systems and some of the Pennsylvanian sys
tent The Mississippian, Middle Devonian, and
Silurian rocks are predominantly limestone and
dolomite, but very few wells in east-central
illinois are developed in these carbonate units
(Csallany and Walton, 1963). The Mississippian
limestones generally have low permeability and
only yield small supplies of water where the rock
is fractured arid creviced (Csallany and Walton,
1963). The Upper Devonian strata are primarily
shale. The Middle Devonian limestone is rarely
used as a sour of water due to the paucity of
secondary permeability and associated sohr
tion opening& The water-yielding properties
of the Silurian carbonates are highly variable.
The greatest yields are obtained in areas where

the Silurian carbonate rock is near the bedrock
surface and the top of the limestone or dolomite
is weathered and contains crevices and dissolu
tion features (Csallany and Walton, 1963). In
east-central illinois, wells producing ground
water from the Silurian carbonate bedrock are
primarily in northern Font county and Iroquois
Counties (Woller, 1975; Harridan, 1970).

Hydrologic characteristics of the Mthomet
aquifer and the Glasford awifrr were origi
nally described in Visocky and Schidt (1969).
Gilt (1970), Sandetson (1971), and Kernpton
et a!. (1982), and summarized in Kempton ct at.
(1991). The hydrologic characteristics of the
Sanicoty Mahomet aquifer sands were described
in Wilson et al. (1998). According to Kempton
eta!. (1991), the hydraulic conductivities for the
Mahometaquiferand the Glasfonl Sand average
-13 x 10 mis and 4 x 10” mis, respectively.
The hydraulic conductivities measured for the
Sankoty Mahomet aquifer and Glasford Sand
in the Mackinaw bedrock valley average 9.7 x
l0’ mis and 16 x 10” mis, respectively. The
confining glacial-till layers have average vertical
conductivities ranging from -8.8 x 10° mis to
2 x lO’ mis (Wilsonetal.. 1998; Keinponetal..
1991). The hydraulic gradient for most of the
Mahornet aquifer is -0.19 mflcm, except near the
cone of depression that has recently developed

FIgure 2. Schematic diagram showing relative stntigrapldc relationships between Pleisto
cene and bedrock formations (modified front Kempton et a, 1991).

Geological Society of America Bulletin, JulylAugust 2010 1049



Ifackley a aL

FIgure 3. Bedrock geology for
the area of east-central illi
nois containing the Mahomet
aquifer. The Mahomet bed
rock valley is outlined relative
to the 500 ft elevation contour
(modified from Kempton eta!.,
1991; Kolata et a!., 2005).

near the cities of Champaign-Urbana (Hg. 4).
There is a substantial gradient change in the con
fluence area where the gradient increases from
—022 rn/km in the western Mahomet aquifer to
038 rn/kin in the middle of Tazewell County
(Wilson a a!., 1998). The potentiornetric heals
in the confluence area indicate there is a ground
water divide that gradually deflects the flow of
groundwater from the Mahomet aquifer to the
north and to the south as it enters the confluence
region (FIg. 4). The potentiometric head of the
Glasford Sand aquifer is —15-9 m above that of
the Mahomet aquifer, but the Glasford Sand is
typically separated from the Mahornet aquifer
by —15-30 m of confining glacial tilL Historical
records indicate the highest hydraulic heads for

re Mahomet aquifer were located in northern
Champaign, southern Ford, and northwestern

Vermilion Counties (Keinpton et a, 1991). In
the northeastern portion of the Mahornet aqui
fet known as the Onarga Valley, hydraulic head
data indicate that groundwater gradients ale
reversed (Hamdan, 1970). Groundwater may
originate from surrounding uplands, percolate
down into the bedrock valley, and recharge the
Mahomet aquifer and up into the Glasfoni Aqui
fer in the central portion of the Onaiga Valley
(Hanidan, 1970).

Hydrochemically, three water types have
been identified in the Mahomet aquifer (Panno
a aL, 1994). Groundwater in the central por
tion of the aquifer is a dilute-type water char
acterized by Ct, Mg2’, and HCO;. Onarga
Valley groundwater has more total dissolved
solids (ItS) and is characterized by Ca2’, Mg2,
HCO;. and SO Groundwater in the western

portion of the Mahomet aquifer is characterized
by Ct, Mg2. and HCO with relatively large
concentrations of Na’ and Cl-. The greater Cl
and Na’ concentrations were interpreted to be
the result of groundwater upwelling from bed
rock near the edge of the Charleston Monocline
(part of the La Salle anticlinorium), which runs
approximately perpendicular to the trend of the
buried bedrock valley near the border of Plan
and Champaign Counties (Fig. 3).

SAMPLING AND ANALYTICAL
METHODS

This paper includes the analytical results
from 86 groundwater samples collected from
throughout the Mahomet bedrock valley and
much of the Mackinaw bedrock valley (Fig. 4).

Pennsylvanian System

0 10 2Orrg
I I I

o to 20 3Olau
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HackJey et aL

Sampling sites extend from the Indiana-illinois
,order westward to the central part of illinois

(Tazewell County). Most of the groundwater
samples were obtained from the basal Mahomet
and Sankoty Sand Members of the Banner For
mation, some from the overlying, more local
ized. sands within the Glasford Formation, and a
few from relatively shallow sands in the Wedron
Formation above the Glasft.rd Formation. Water
samples were collected from residential wells,
monitoring wells drilled by the illinois State
Water Survey and the fflinois State Geologi
cal Survey, a few municipal water supply wells
near Champaign-Urbana (Champaign County)
and Monticello (Piatt County), illinois, and one
spring in the western part of the Mahomet bed
rock valley.

Sample Collection

Water samples from residential wells welt
collected from outside spigots that were not
connected to water softeners (commonly used in
rural areas). Samples from municipal wells were
collected from spigots located on the discharge
pipe at the wellheads. At each site a “Y” con
nection was fastened to the spigot, to which a
long hose and a short Won tube were attached
The water was allowed to run for —20-30 mm

e through the hose and tubing while field param
w.j pn,itor. Once field parameters

stabilized, a high-capacity (145 pin filter was
attached to the short tubing and flushed with
—500 mL of water prior to collecting samples
for most chemical and — analyses.

Field parameters, including pH, lilt, specific
conductanc and tempernWr were measured
for each sampling site, The pH and specific con
ductance meters were automatically compen
sated for temperature. All the electrodes were
calibrated in the field with appropriate stan
dards prior to sampling The techniques used
to collect the groundwater samples for chemi
cal analyses are described by Wood (1981).
Samples for cations and anion analyses were
filtered in the field through the high-capacity in-
line filters and collected in 30 and 60 mE high
density polyethylene (HDPE) bottles, respec
tively. The cation samples were acidified in the
field with concentrated nitric acid to a pH <2.
Samples for dissolved organic carbon (DCC)
analyses were collected in precleaned 250 niL
amber glass bottles and preserved with (125%
sulfuric acid. These water samples were placed
in a cooler packed with ice for transportation to
the laboratory, where they were stored at 4°C
until analyzed. DCC is reported as nonvolatile

organic carbon (NVOC).
Groundwater samples taken for methane gas

determination were collected in 1 gallon (4 L)

collapsible containers having caps that were fit
ted with plastic spigots- The containers were
evacuated in the field using a portable direct-
drive pump Thirty mIs of 0.13% Zephrin chlo
ride solution, a preservative, was added to the
containers prior to evacuation. The collapsible
containers were then immediately connected to
the Viton tubing via the spigot in the cap. Until
tered water was allowed to flush the connecting
tubes and spigot for several seconds to rid the
system of air bubbles, and then the valve was
opened to collect the water sample. The sample
container was filled with slightly less than one
gallon of water and brought back to the labora
tory for processing that same aftemoon. These
large samples were not kept chilled.

Water samples collected for isotopic analy
ses were filtered in the field Samples for SD
and 8O were collected in 30 mL glass amber
bottles using a cap fitted with a cone-shaped
plastic insert to ensure a tight seal. The 8°C
samples were collected in 125 mL HDPE
bottles, and the §M5 and ‘H samples were col
lected in I L HDPE bottles. The samples were
transported to the laboratory in an ice-filled
cooler and stored at 4°C until analyzed. Sam-
pies taken for carbon-14 (“C) analysis of dis
solved inorganic carbon (DIC) were collected
in collapsible five-gallon (20 L) containers.
A stir bar was placed in the container; which
was evacuated in the field prior to being filled
with water, Filtered water samples were di
rectly passed into the evacuated container using
a thick-walled ‘gon tubing connected to the
container’s spigot valve. The Tygon tubing and
spigot valve were purged with the formation
water through a small opening in the valve prior
to filling the containec The direct connection
to the sample container minimized degassing
and contact with atmospheric carbon dioxide.
These samples were too large for refrigeration
in the laboratory and were processed as quickly
as possible for “C analysis (within 48 h).

Those samples containing significant methane
(CH4) gas were analyzed for 6°C and 3D.
Samples taken for stable isotope analyses on
CH4were collected in quart-size (I L) glass jars
using the water-displacement technique as de
scribed by Meents (1960).

Analyses

The groundwater samples were analyzed
chemically for mor and minor cations, anions,
DCC, and CH4 concentration. Concentrations
of cations were determined by the illinois
State Water Survey (ISWS) using a Model
1100 Thermo-Jarrell Ash inductively coupled
argon-plasma spectrometer (ICAP). Anion con
centrations were determined at the ISGS using

a Dionex 21 Ii ion chromatograph (IC), follow
ing U.S. EPA Method 300 (O’Dell et a, 1984).
The DCC concentration was determined at the
ISWS using a Dohrmann total organic carbon
analyzer and following methods similar to those
described in ASTM D-4839-58 (1994).

The concentration of dissolved C114 in the
water was determined by analyzing the compo
sition of the gas bubble from the 4 L collapsi
ble container and us’mg a best-fit polynomial
for CH4 solubiity data between 0 and 30°C
(Dean, 1992) to calculate the concentration of
Cl!4.The sample containers were brought back
to the laboratory and weighed immediately. The
quantity of water was determined from the dif
ference between the full and empty weights of
the collapsible sample containers. By the time
the sample was returned to the laboratory, the
dissolved gases had equilibrated to atmospheric
pressure and come out of solution, making a
bubble inside the containet l’be gas was ex
tracted from the containers that same afternoon
using an appropriate-size graduated syringe and
needle. Prior to extracting the gas, saturated so
dium sulfate solution was used to fill the needle
and dead space at the end of the syringe in order
to minimize air contamination of the samples
and prevent dissolution of the gas sample into
the solution while in the syringe. The gas was
extracted by pushing the needle directly through
the plastic collapsible container and drawing
the gas bubble into the syringe. The quantity
of gas extracted was measured using the gradu
ated marks on the syringe and was injected into
a previously evacuated glass vial (V.rcutaineta)

fitted with a septum. The gas samples were then
analyzed on a gas chromatograph (CC).

Stable isotopic analyses included 8”O and
SI) of the water, 8°C of the DIC, 8’S of the
dissolved SO sulfur, and 6°C and 61) of
the CH4. The 61m0 value of the water samples
was determined using a modified C02-H,O
equilibration method as originally described in
Epstein and Mayeda (1953), with modifications
described in Hackley et a (1999). The 81) of
water was determined using the Zn-reduction
method described in Coleman et al. (1982) and
Vennemann and O’Neil (1993), with modifica
tions described in Hackleyetal. (1999)The 6°C
of DIC was determined using a gas-evolution
technique. Approximately 10 niL of water were
injected into an evacuated vial containing 100%
phosphoric acid and a stir bat The CO2evolved
from the water sample was cryogenically puri
fied on a vacuum system and sealed into a Pyrex
break tube for isotopic analysis. The 3245 of the
SO was determined by precipitating the SO
as Ba504 and converting the sulfur to SO, by
combustion with a V,O,-SiO, mixture, simni
lar to that described by Yanagisawa and Sakai
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(1983) and Ueda and Kmuse (1986) The 6°C
and 3D values of the CIT4 samples welt de
terrnined by cornbusting the CIT4 and collect

ing the products CO2 and 11,0 as described by
Hackley a a (1999)

The 3D. 6°C, 6”O, and 8”S values were

determined on a dual inlet ratio-mass spec

trorneter. Each sample was directly compared

to an internal standard calibrated venus an
international reference standard, The final at-
suits are reported versus the international ref
ertoce standards. The 3D and 3180 results are
reported versus the international Vienna Stan

dard Mean Ocean Water (V-SMOW) standant

The 8’3C results alt reported versus the Peedee
belemnile (P1)8) reference standard The &MS

results axe reported versus the Canyon triable
Troilite (CDT) standard Analytical reproduci

bility for 3D. 80, 6°C, and 3’S is equal

to or less than ±L0%0,±O.l%, ±0.15%,, and

±0.3%, respectively.
Radioisotope analyses included ‘H on the

water and ‘4C on the DEC. The ‘H analyses were

done by the electrolytic enrichment process

(Ostltrnd and Dorsey, 1977) and the liquid
scintillation counting method The electrolytic

enrichment process consists of distillation,

electrolysis, and purification of the ‘H enriched
samples. The precision for the tritium analyses

reported in this study is ±0.25Th-
The “CD activity of the tIC was analyzed us

ing conventional techniques, and results were

corrected foç 3°C compositioo& The tIC was

extracted flour the water samples by acidifi

cation; the released CO, was quantitatively

collected on a vacuum line. The CC), from
acidification was cryogenically purified and
converted to benzene as outlined in Coleman

(1976). The “C activity was measured using the
liquid scintillation spectiometty technique de
veloped by Noakes et at (1965, 1967). The “C
results are reported as percent modern carbon

(pMC) relative to the NBS reference material

(oxalic acid #1). Modern carbon (100 pMC),

by convention, is defined as 95% of the activity

of the oxalic acid reference standard (Clark and
Fritz, 1997).

RESULTS AND DISCUSSION

The chemical and isotopic results (GSA Data
Repository, Tables DRI, DR2, and DR3’) show
important patterns across the basal sands of the

Mahomet aquifer and Sankoty Mahomet —-

let Four hydrocbemical fades were observed in

‘GSA Data Reposiny item 2C09286, data tables and
additional text and figures referred to in the main docu
ment, is available at buJAwwgeeiociety.org4xrhsI
ft2009Jsin orby mauen tor*fiting@gecsodctyorg

the basal sands of the Banner Formation, each
of which bad different “C andlor 3°C chaxac
teristica Groundwater in the central and eastern
regions of the Mahomet aquifer (Champaign

County, southern Ford County. and pails ofWr
million County) is primarily Ca-Mg-HCO, water
with very low Cl concentration and ‘4C values
around 30 pMC. Groundwater in the west
ern region (Piatt County, DeWitt County. and
McLean County) is a Ca-Mg-HCO, water with
a notable influence from Na-Cl-type waters.
Groundwater in this western region also shows

decreasing “C values toward the west and the
greatest 6°C values observed for DIC compared
to the rest of the Mahomet aquifet Groundwater

in the northeastern region of the Mahornet —-
Icr (the Onarga Valley), in Iroquois County and
parts of northern Wrmillion County, is primar

ily Ca-Mg-LICE), with seine Ca-Mg-SO4waters
and exhibits smaller ‘4C con’cenirations and am
negative 6°C values than the central and east

ern regions of the aquifer. The groundwater

in the Sankoty Mahomet aquifer is primar

ily Ca-Mg-LICE)3water with variable Nr and
Ct concentrations and a large range of “C and
3°C values, The dominance of major cations

and anions for the different fades is shown
in a bilinear diagram Qi8 5). These results
suggest trends horn Ca-Mg-HO)3 waters to
Ca-Mg-SO4-and Na-Cl-type waters In the
aquifers of the Mahomet bedrock valley system,
based on the generalized evolution of ground
water due to water-rock interactions (Orebotarev,

1955; Schoeller, 1939). However, as indicated in
the following discussions for each region of the
buried bedrock aquifers, many of the chemical

variations observed are actually due to mixing
of younger, more dilute groundwater with older,
more mineralized groundwater seeping from
bedrock units in the various regions of the bed
rock valley or mixing of relatively fresh recharge
water with groundwater emerging from a part
of the Pleistocene aquifer that is more confined,

The isotopic composition (&‘O and 3D) of most
of the water sampled from the Mahomnet and
Sankoty Mahomet aquifers is similar to present-
day precipitation, suggesting the age of the water
is no older than the start of the Hotocene. ‘There
are a couple of samples that have slighdy more
negative isotopic compositions, and these are in

regions of the aquifer that have evidence of in-
puts from bedrock units.
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Figure 5. ‘1¼-ilinear and piper diagrams of groundwater samples from the Mahomet bedrock

valley hydrologic system. Different symbols represent samples from the Mahomet and shal

lower aquifers in the different regions across the Mabomet Valley. Bedrock data are from

Panno et at (1994). Arrows depict geochemical evolutionary trends observed in the western

and northeastern regions.
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Central-Eastern Mahomet Aquifer Region

Groundwater in the central and eastern re
gions of (he Mahornet aquifer has the smallest
total dissolved solids content, as exemplified by
the small CMO&Ie concentrations (Fig. 6) and
the relatively low specific conductance values
(F1g DRI (see footnote lfl. The low specific
conductance and chloride concentrations sug
gest significantly less water-rock interaction
compared to the rest of the Mahomet aquifet
The relatively dilute nature of this groundwater
led Panno a a (1994) to suggest that there is
more rapid recharge from the surface in the cen
tral region than the western and northeastern
regions of the Mahomet aquifer. The greater “C
activity in central-eastern area of the Maboruet
aquifer, near 35 pMC (Fig. 7). supports this
hypothesis. There is an unusually thick se
quence of stacked sand deposits (Panno et aL
1994; Hackley, 21X12) in the central region of
the Mahoniet bedrock valley that corresponds to
the pcitentiometric high (Fig. 4), providing ad
ditional geologic and hydrologic evidence that
the area is an important recharge zone for the
Mahornet aquifet

Typically, assuming the lithology and gee
chemistry of the local geology and aquifers
ait similat, one would expect the activ
ty in the groundwater near a recharge zone to
ie relatively large compared to groundwater at
a similar stratigraphic level further away from
the recharge zone. Most wells screened in the
Glasfoni Formation in Champaign and Ford
Counties, had relatively large “C activi
ties (58—65 pMC), as would be expected for a
relatively shallow aquifer near a recharge zone.
However, the‘4Cnc results from a few wells in
the same area suggest the situation is compli
caled. For example, one of the Glasforid wells,
BRND-99, on die bonIer of southern Ford
County and northern Champaign County, had a
relatively low “C activity (281 pMC) awn-
pared to most other wells drilled to a similar
stratigraphic level in the bedrock valley (Table
DRIB [see footnote I fl. Relatively low “C
values were also observed in other wells in the
Glasfonl aquifer (CHM-94B and TM-0O), as
well as in the Mahomet aquifer (CHM-94A and
WJ-00), which an located in or near the same
area of stacked sands and topographical high in
northern Champaign and southern Ford Coun
ties. Biogeochemical reactions such as sulfate
reduction and methanogenesis may help to ex
plain the lower “C values in these wells. The
6”C values for some of the wells are more nega
tive (<—l4%o) than most of the other wells in the
central and eastern regions, suggesting the input

f isotopically lighter carbon, probably due to
oxidation of organic matter related to the sulfate

reduction. Most of these wells with low 8’3C
values also had positive &S values, with con
centrations ranging from below detection limits
to 51 rngs’L (Fables DR2 and DR3 [see foot
note 1)). The well with no detectable sulfate,
BRND-99. had detectable 04, suggesting that
after sulfate concentrations were depleted, fa’
mentation reactions associated with methane-
genesis took over, which could have contributed
additional “C-depleted bicarbonate to lower

values. The fermentation reactions that
occur along with methanogenesis break down
complex organic compounds into simpler mole
cules such as fatty acids, carbon dioxide, pro
tons, and hydrogen (Klass, 1984).

Northeastern Mahotnet Aquifer
(Onarga Valley) Region

Groundwater in the Onarga Valley, the seg
ment of the Mahomet bedrock valley that trends
north-northeast, contains low 14C activities
(Fig. 7) and high S0- concentrations (Table

DR2 [see footnote I]). The bedrock consists
of Silurian and Devonian marine limestones
and dolostones and Pennsylvanian shales,
sandstones, and coals. P’anno a ak (1994) sug
gested that the sane of the high S0 concen
trations is the dissolution of sulfate minerals
associated with the weathered bedrock unita
Because of the minimal amounts of dissolved
oxygen available in groundwater, the SO con
centrations observed in the Onarga Valley are
not possible by pyrite oxidation alone but are
plausible by dissolution of sulfate minerals as
determined by geochemical modeling (Panno
a al., 1994)- The additional low (negative) ÔS
results for samples with large S0- concentra
tions reported in this study support the sugges
tion that the sulfate minerals being dissolved
were originally derived from the oxidation of
pyrite in the Pennsylvanian coal and shales as
well as Devonian shales. The 3)45 associated
with sulfur from reduced sulfides such as pyrite
are typically negative (Hackley and Anderson,
1986; Kaplan, 1983; Goldhaber and Kaplan,
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1980,1974). Prior to deposition of the Pleisto
cene sediments, bedrock units exposed in the
valley would have undergone weathering for
a prolonged period. For example, secondary
gypsum and iron-sulfate formation hun pyrite
oxidation has been observed in recent soils and
lignite overburden piles (Wagner a al., 1982;
NettletonetaL, 1982; Dix(metaL,l982)Thus,
gypsum and iron sulfates may be present in the
weathered bedrock surface of the Mahomet
bedrock valley in this region

If gypsum is present at the base of the
Mahomet bedrock valley, along with dolo
mite and calcite, then them is the possibility
that de-dolotnitization may be occurring in
the Onarga Valley rtgioa De-dolomitization
has been reported in otheraquifers containing
gypsum in the presence of limestones and dolo
mite (Back and Hanshaw, 1970; Wigley et aL,
1978; Racket aL, 1983; Plummer et aL, 1990).
Although no physical evidence of gypsum was
reported in the geological logs from the drilling
records in the northeastern Mahomet aquifer,
the trends observed between concentrations of

northeast eastern
MA MA

Ca, Mg, and HCO, venus SO4 suggest that de
dolomitization has probably occurred (see GSA
Data Repository [see footnote lfl.

The relatively low “Cm., activities in both
the Mahomet aquifer and shallower Glasford
aquifer in the Onarga Valley region (Fig. 7) art
consistent with upward movement of ground
water passing through bedrock units up into
the Pleistocene deposits in the central part of
Onarga Valley (Hamdan, (970). Dissolution of
the Paleozoic bedrock carbonates would add
“C-free carbonate ions to the DIC pool, diluting
the “C activity. In addition, 8”C values in this
region are unusually negative (—l4% to —2l%)
(Fig. 8; Table DR3 Isee footnote II), suggesting
that oxidation of organic matter has also con
tzibutedto the DIC. Organic carbon, dissolved
or sedimentary, would be isotopically depleted
compared to the DIC of groundwater. For ex
ample, the 6’3C values of sedimentary organic
matter collected from glacial deposits through
out illinois range between —24% to —30% (Liu
and Coleman, 1981; Liu er al., 1986). Thus,
input of dissolved CU, from the oxidation of

organic compounds would shift the carbon iso
topic composition of the DIC to more negative
values. The high SO concentration observed in
the groundwater of this northeastern region is a
likely source of electron acceptors for anaerobic
oxidation of organic mallet within the aquifer.
Dissolved CU, from the oxidation of DOC or
sedimentary organic matter originating from the
llhinoian or pre-lllinoian Pleistocene sediments
or the Paleozoic bedrock strata would also dilute
the “C content Thus, the low‘4C. concentra
lions in the northeastern region of the Mahomet
aquifer can be attributed to a combination
of older groundwater passing through pre
viously exposed bedrock valley units, resulting
in the dissolution of sedimentary carbonates,
plus the oxidation of buried sedimentary organic
matter through sulfate reduction.

The relationship between 3S and [SO1 in
the northeastern region and surrounding areas
of the Mahotnet bedrock valley can be used to
estimate the relative importance of SO reduc
tion and groundwater mixing as the controlling
factors for the variable SO concentration oh-

— served in the Mahomet aquifer (Fig. 9). Because
much of the Onarga Valley is topographically
lower than surrounding areas, groundwater

E could be percolating down in the perimeter re
gions of the Onarga Valley and flowing through
and mixing with groundwater from bedrock
units. l’hus, the isotopic composition and con
centration ofSO observed in the shallow sands
of the Wedron and Glasford Formations, as well
as the Mahoniet aquifer beyond the immediate
vicinity of the Omarga Valley, would be impor
tant to consider for evaluating mixing and sul
fate reduction influences. The mixing curve in
Figure 9 was calculated using the groundwater
samples from the vicinity of the northeastern
Mahomet bedrock valley with the highest and
lowest SO concentration and their respective
8’S values as end members. The Rayleigh frac
tionation curves in Figure 9 were calculated us
ing a fractionation factor of cx = 1.015, whict
is reasonable for fresh groundwater systems
(Busby et al., 1991; Eberts and George, 2(X)).
The different calculated Rayleigh curves show
the trends that would be expected if the sulfate
reduction process were initiated at different
SO concentrations. The trend of PS values
and SO concentration for most of the samples
falls closer to the mixing relationship rather
than the Rayleigh fractionation curves, espe
cially the overall fractionation curve initiated
from the highest SO concentration.

Although SO reduction is probably not the
dominant process responsible for the decrease
in S0- concentration in the Mahomet aqui
fer in the northeastern region and surrounding
areas, the PS and (SO1 data do show that
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so:— reduction is definitely occurring, and in
some cases may be dominant The very posi—
the 8M5 values in groundwater from shallower

sands (+15%. to +30%c) overlying the Mahoinet

aquifer in the Mahomet bedrock valley (central
eastern and the western regions) are most likely
due to SO reduction. The primay source of
dissolved so:- in the shallow tills would be the
oxidation of pyrite, which typically has negative

6’S values (-10%. to -l6%. according to Van
Stempwroa et aL 1994). The low SO concen
(rations and very positive 8”S values measured

in samples 1mm these shallower aquifers are
probably characteristic of the SO in ground
water that eventually infiltrates the deeper

Mahoinet aquifer in arms of downwaM gradi

effis. In addition to these shallower groundwater

samples, one of the deeper samples (l98C) in

the Mahomet aquifer in the northeastern region

also had a very positive 8”S value (+57%.),
strong evidence of SO reduction being a
dominant process for this site. TIre 8’S values

of other samples from the northeastern region

suggested that SO reduction has overprinted

the general mixing trend exhibited for most of

the Mahomet aquifer samples in the region. For
example, assuming the chosen end members are
correct, groundwater at sites 198B, 195A, and
especially 198D have significantly more positive
&S values than would be expected 1mm mix
ing alone, The more positive P’S values at these
sites ale likely due to microbial 5O reduction
occurring in conjunction with mixing. Ground
water at sites 196A, V94A, and 12 also appears
to have been slightly influenced by SOt reduc

don processes (Fig. 9). Sulfate reduction in the
Mahomet aquifer samples is supported by their

mote negative 8°C values relative to most of
the other samples in the central and eastern por

tion of the Mabomet aquifer (Table DR3a [see

footnote 11; FIg. 8). The more negative 513C val

ues suggest an input of isotopically light carbon

by the oxidation of organic matter, which would

occur during the SOt reduction process.
Thus, the chemica] and isotopic data sug

gest that the wide range in SO concentrations

in the eastern half of the Mahomet aquifer is
caused by a combination of groundwater mix
ing and reduction. Mixing occurs between
upwelling high-SO:- groundwater from the

Onarga Valley in northeastern region and lower

so:- groundwater in the basal Mahomet sand
from the central region. The Large SO con
centration in the Glasford Sand and Mahomet
aquifer in northern Vermilion (V948&A) sug
gests that the upwelling groundwater from the
Onarga Valley has also mixed with groundwater
in parts of Vermilion County. In the rest of the
Mahomet aquifer, it would appear that ground
water from the shallower aquifers has percolated
down to the Mahomet aquifer, with 5O sub
jected to various degrees of sulfate reduction.

The microbial SOt reduction contribstes to the
decrease in SO- concentration as well as an in-
crease in the P’S of the remaining SOt. This
reduction process also results in more negative

values and adds to the dilution of “C
activity of the DIQ which is already low in the
northeastern region of the Mahomet aquifer as a
result of the upwelling older groundwater from
the bedrock in this area.

Besides the elevated SO concentrations,
groundwater samples in the vicinity of the
northwestern region are anomalously high in
other constituents including B and Sr, which
appear to be related to the local lithology
(Hackley, 2002; Table DR2; Figs. DRS and
1*4 [see footnote 11). Boron is typically asso
ciated with minerals such as tourmaline, bin
tire, and amphiboles (Hem, 1992) or perhaps
with shales arid coals (Krauskopf, 1967). The
Upper Devonian New Albany. the Mississip
pian Bordin Siltstone, and the Pennsylvanian

Tradewater Formations exposed in the bed
rock in the northeastern and central pasts of the
Mahomet bedrock valley (Kolata et aL, 2005)

contain shales, coals, sitstones, and argilla

ceous sandstones, some with noticeable mica
flakes (Willman et aL, 1975). and they are prob
ably the primary source of the elevated boron in
this part of the Mahomet aquifer. The source of
Sr is probably the Mississippian, Silurian, and
Devonian carbonates (F1g 3) or clastics from
these formations, which make up most of the
exposed bedrock for this region of the valley.

Western Mahomet Bedrock Valley Region

Within the transition zone between the central
and western regions of the Mahomet aquifer,
there appears to be a fraction of rather young
groundwater percolating down through sand
units beneath the Sangamon River, as indicated

by the tritium results. Two groundwater samples
hum the basal sands in this region contained a
small amount ofdetectable tritium (Table DR3A
[see footnote I]). The tritium data suppoxtrecent

seismic and water-well pumping studies that in
dicate there is a hydraulic connection between

the Sangamon River and the Mahomet aquifer in
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this area (Carstens, 2004; Roadcap and Wilson,

2001). The “C activity of these two samples did

not show an increase; in fact, the “C of one was

similar to other samples in the central region

(30 pMQ, while the other sample was — low

(II pMC). suggesting that there has been sig

nificant amounts of groundwater with less than

30 pMC mixing with the younger waler perco

lating down from near the surface. There was

also CH4 detected in the Mahomet aquifer and

Glasford aquifer in the same area, indicating

degradation of buried organic debris (including

fermentation reactions), which would tend to di

lute the “C activity of the DUD as well as influ

ence the 8°C and concentration of DIC.
Just west of the boundary between the cen

tnt and western parts of the Mahoniet aqui

fer, (in Plait County), SO concentrations

drop to very small values, often below detec

tion limits, and Cu4 concentrations increase

abnzptly (Fig. 10). In the sequence of microbial

reduction processes, SO is consumed prior to

microbial production of CH4 (Oremland and

Taylor, 1978). This is because SO-reducing

bacteria are more efficient in utilizing the avail

able energy sources, such as hydrogen and ace

tate. and out-compete methanogens (Martens

and Bernet, 1974; Abram and Nedwell, 1978;

Kxistjansson eta!., 1982). Thus, in groundwater
what methanogenesis occurs, SOt concen

txations are usually quite small or not detect

able. The 8°C and 81) values of CH4 from the
Mahomet aquifer indicate that the CR4 is of
microbial origin, formed by the CO2 reduction

pathway (Fig. II). This is in agreement with the

results of Coleman et al. (1988). who studied

the origin of Cl4 in several glacial drift and
shallow Paleozoic deposits throughout flhinoi&

The western Mahomet aquifer also shows an
east-west trend of progressively higher specific
conductance (Fig DRI [see footnote II) and

a- concentrations (Fig. 6) compared to the rest

of the aquifer. Sodium concentrations also In

crease in this part of the Mahomet aquifet The
increases in Na and Ct concentrations suggest

contribution of more saline groundwater from

bedrock units. The main influx of saline ground

water probably occurs near the west flank of the

La Salle anticlinorium (Panno et a!., 1994). The
largest concentrations of Cl- and the lowest “C
concentrations observed in this study were from
samples located in Piatt County, just west of the
Osman-Charleston monocline (Fig. 3). which
is associated with the La Salle anticlinorium in
central illinois.

Both the change in bedrock lithology (Fig. 2)
associated with the Osman-Charleston mono-
dine and the seepage of groundwater from bed
rock units in the western region of the Mahomet
aquifer may contribute to the strongly ‘educing
conditions, as indicated by the disappearance of
SO and elevated levels of CH4 concentration

as one moves further west along the Mahomet
aquifer from the central region. The units ex
posed along the bottom of the bedrock valley

in the western region ale the Pennsylvanian
Modesto and Bond Formations (Kesnptou
eta, 1991; Willman et a!., 1975). These Penn
sylvanian shales, coals, and argillaceous lime-
stones, or perhaps clastics from these units, in
the western part of the Mahomet bedrock val
ley probably contain relatively large amounts of
sedimentary organic matter, which would result
in more rechicing conditions compared to the
Mahomet aquifer overlying primarily carbonate
bedrock units in the central and eastern regions.
Organic carbon is a strong reductant and an im
portant substrate for many microbial oxidation-
reduction reactions (Swrnm and Morgan, 1981).
Influx of groundwater from the organic-bearing
bedrock units may contain high levels of DOC,
or DOC may be leaching out ofclastics from the
bedrock units, which would enhance reducing
conditions in this part of the Mahomet aquifer.
The data shown dramatic increase in DOC in
the western part of the Mahornet aquifer that
starts rather abnrptly near the Piatt-Chanipaign

County line (Fig. 12). However, the constituents

that indicate strongly reducing conditions (Cl!4
and NVOC) do not correlate well with the in-
creased Ct concentrations, which are believed

to be associated with upwelling groundwater
from the bedrock units in this region. For ex
ample, the correlation coefficient (r2) between
Ct and CH4 is 0.25, and r2 between a- and

NVOC is 0.04 for the western Mahomet aqui
fec Furthermore, some of the samples from the
shallower Glasford aquifer, especially in the
western region, also have quite elevated NVOC
values (as high as 83 mglL with a meanof4.l;
Table DR2B (see footnote II). Thus, a substan

tial amount ofthe DOC in the western Mahomet
aquifer may be associated with the paleosols
and peat deposits often found within the gla

cia! tills themselves, typically located between

the Pleistocene formations (Fig. 2) (Kempton

eta, 1991). The organic matter associated with
the Pleistocene deposits is much younger and
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fuse into aquifers from surrounding aquitanis;

thus, the elevated levels of NVOC in the western
portion ofthe Mahomet aquifer ale probably due
to a combination of influx from the surrounding
tills and the organic-rich Pennsylvanian bedrock
wilts. Another consequence of the strongly it-

ducing conditions and minimal SOt concentra
tions in the western part of the Mahomet aquifer
is the elevated concentrations of arsenic (As)
observed in this area, which are believed to be
due to its mobilization from the reduction of
iron oxyhydroxides wilhin the aquifer sands and
gravel (Kelly, 2005; Kirk et a, 2004; Warner,
2001; Panno et al., 1994).

The “C activity and the 6°C of the [MC in
the western region of the Mahomet aquifer are
quite different compared to the central region.
Them isa progressive decrease in “C westward
in the thalweg of the Mahomet bedrock valley
toward the confluence area (Fig. 7), and the 6°C
values am more positive (Fig. 8). Them axe sev
cml possible masons for the lower “C activity of
the DIC in the western portion of the Mahomet
aquifer, including: influx of older groundwater
horn bedrock, Cl-I4 production, and isolation
from surficial recharge. The simplest explain
tion is that groundwater in this portion of the
Mahojuet aquifer is more isolated from surficial
recharge and simply ages as it slowly moves

— westward. However, the strong reducing condi

800
dons associated with larger DOC concentrations
and CH4 production also help to explain the
lower “C activity. The elevated concentrations
ofCH4 suggest there has been excess CO2added
to the water by fermentation reactions asso
ciated with methanogenesis. In the Mahomnet
aquifer, the microbial reactions associated
with methanogenesis would generally add “C
depleted carbon to the groundwater, increasing
the [MC concentration, diluting the ‘C content
and altering the 8°C of the ftC. As observed
in other aquifers where methanogencsis ocairs
(Batter and Fritz, 1981; Grossman et aL, 1989;
!-lacldey et aL, 1992; Arevena et at., 1995),

•
•
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Figure 10. Methane concentration for groundwater samples versus geographic location
from west to east in the aquifers of the Mahoinet bedrock valley system.

should be more labile compared to the Paleo
zoic bedrocks; howeveu the substantial increase
in NVOC geographically correlates with the
change in bedrock lithology from carbonates to
Ptnnsylvanian shale and coaL As indicated by
McMahon and Chapelle (1991), DOC can dif

-120

-160

—240

—280

0

0
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Figure 11. 8D and 8°C of
Cl4 from groundwater of the
Mahomet bedrock valley sys
tem. Enclosed areas represent
isotopic compositions typically
observed for different sources
of methane (Whiticar et al.,
1986; Coleman et ul., 1993;
Hackley et aL, 1996). -320

-360
—90 —80 —70 -60 —50 —40 —30

6’C (%)
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sigHificantly more positive 5”C values occur
in the western region of the Mahomet aqui
fer compared to the eastern half of the aquifer

(Fig 8)- The increased 8”C values primarily re

sult from the fractionation effect associated with
methanogenesis in which the isotopicafly light
carbon (“Q is1referenfially used in the micro
bial process to produce CH4, leaving the remain
ing CO2 enriched in “C. Additionally, inputs of

CO2 due to fermentation reactions could also
result in dissolution of carbonates, which axe
relatively enriched in “CD (8°C — O%c Ander

son and Arthur, 1983). Thus, the carbon isotopic
fractionation associated with methanogenesis
and the dissolution of carbonates would over
whelm any isotopically light carbon input from
the fermentation reactions of organic mailer
(“C-depleted carbon). It is also possible that the
C114,orat least some of the Cl4,may be associ
ated with the upwelling saline water from the
bedrock units, which would add “C-depleted
and possibly °C-emiched DIC to the western
portion of the Mahomet aquifer, diluting the “C
concentration and increasing the 8°C values.
Unfortunately, we do not have any groundwater

samples from bedrock beneath the Mahomet
bedrock valley, but a sample collected where the
Ptnnsylvaniaa bedrock is closer to the surface
(112 m), —40 km to the southeast, contained sig
nificant amounts of methane and had a
value of +25%a

Although methaaogenesis and the influx of
older bedrock water are important, these do not
appear to be the only causes for the progres
sive decrease in “C observed in the western
Mahoniet aquifer system. Sample KRK-99 has
a high concentration of Cu4 but a “C value
that is only a few pMC less than those sam
ples up-gradient just to the east (WRD-55 and
CHM-95fl). As previously discussed, there is
also evidence that the area near KRK-99 may
be close to stacked sands, as indicated by the
cross section in Figure 13, and/or a ground
water window where recharge from the surface
is mote open compared to wells sampled toward
the east and western parts of the Mahomet aqui
fer. Thus, isolation from surficial recharge and
natural radioactive decay must also contribute to

the progressive decrease in “Cnc activity in the
western part of the Mahonet aquifer.

20

Confluence and Sankoty-Mabomet Region
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Figure 12. Distribution of dissolved organic carbon (as nonvolatile organic carbon [NVOC))
in Mabomet bedrock valley system.

western central northeast eastern
confluence MA MA MA MA

A Within the Sankoty Mahomet aquifer, the

•
chemistry becomes more dilute, specific con
ductivity decreases (Fig. Bitt (see footnote I]).

-

-
Cl concentration decreases (fig. 6), Cl4 con
centiation decreases (Fig. 10), and the “C val
ues increase sharply (Fig. 7) compared to the
up-gradient western part of the Mahomet aqui
fet These trends suggest that there Is significant
flux of younger freshwater into the Sankoty
Mahomet aquifer in the confluence area This
fits well with the decreased amount of glacial till
covering the sands in this region (Herzog eta,

A
1995). The samples containing the highest C1

S and Cl concentrations and lowest “C activities
in the c nfluence area tend to follow a ground-

A
water divide that has an east-west trend within

A
A I this area (FIg. 4). The groundwater chemistry

becomes more dilute and has greater “C activity

-
- A

I asthewaterflowstothesouthandnorthaway
from the groundwater divide and around a bed
rock high toward the illinois Rivec The rather

•
rapid change in geochemistry is strong evidence
that there i5 substantial recharge from the jr
ficial units to the Sankoty Mahomet aquifer in

-

________________________________________________________________

the confluence area compared to the rest of the

100 4(r) C;] D0 700
Mahomet aquifer. For example, the con-elation
coefficient between Cl- and two other constitu
ents in the Sankoty Mahomet aquifer that had
relatively high concentrations in the western
Maliomet aquifer, CIT4 and Nt was (170 and
0.68 respectively. Howevet the correlation co
efficient between Ct and “C was only (152,
suggesting other mechanisms besides dilution
have affected the variability of constituents,
especially “C, in the confluence area.

In addition to mixing, the microbial nes
involved with methanogenesis appear to have
significantly influenced the groundwater geo
chemistry of the Sankoty Mahomet aquifer.
The 5°C value of the DIC in the confluence
area was rather enriched in the heavier isotope
and ranged from -5.7%o to -l.6% with the
exception of one sample that was —9.6%. The
more positive 8°C compositions reflect the in
fluence of microbial (314 production. The iso
topic composition of the Cl4 is similar to the
other samples in the Mahomet aquifer and rep
resentative of microbial drift gas (Fig. 11). The
concentration of CIT4 in the Sankoty Mahomet
aquifer ranged from —(19 to 3.7 rruuol/L, which
is greater than that observed in the shallower
Glasfoni Sand (0.1-0.7 mmolIL) As discussed
earlier, fermentation reactions associated with
methaaogenesis add “C-depleted CO1 to the
groundwatet The correlation coefficient be
tween the Cl4 concentration and “C activity of
the DIC is (190 (FIg. 14). Thus, it appears that
there is an additional input of microbial methane
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FIgure 13. Cross section (B-B

of the Mahomet bedrock valley
including “C, ISOfl and ICli
data for several wells (modified
from Hackley, 2002). Note the
lower “C activities and higher
Ct concentrations near the

sides of the valley, especially on

the west side where the bedrock

is all Pennsylvanian deposits.
MSL—mean sea level.

Vertical exaggeration = 425x

cay
bedrock

=‘4c UMC)1
= SO (mglt)
=ct (m)

=

to the Sankoty Mahornet aquifer in the conflu

ei area As in the western Mahomet aquifer.

strong rahicing coalitions associated with

methanogenesis also affect the arsenic concen

trations, which are relatively high in the conflu

ence region (Kelly, 2005; Warner, 2001; HoIm,

1995). Thus, although a good deal of (he varia

bility in the geochemical composition of the

groundwater in the Sankoty Mahomet aquifer

is probably due to mixing between groundwater

Irvin the western Mahomel aquifer and fltsher

young recharging groundwater from the shal

lower zones, there is also significant influence

on the geochemistry due to the methanogenesis

processes taking place in this region.

Conceptual Model

Based on the trends in chemistry and iso

topic composition throughout the basal aqui

fers of the Banner Fbrmation and the shallower

Glasford Sands, we developed a ftindainental

conceptial model of groundwater evolution for

the Mahornet aquifer and the Sankoty Mahoma

aquifet A plot of the Ct concentration and

‘C activity across the Sankoty Mahomet

aquifer and Mahomet aquifer shows the large

variations in the data from the confluence area
to the easternmost Mahomet aquifer in illinois

(Hg 15). The arrows and text on the diagrams

in Figures ISA and 153 summarize the major
influxes of groundwater to the Mahomet aqui

fer, depicting the overall conceptual model. The
chloride concentration is very low in the central

part of the Mahomet aquifei while the “C ac
tivity of the InC has seine of the largest values
(excluding the Sankoty Mahomet aquifer in (he

confluence region). These observations support
Panno et aL’s (1994) suggestion that the central
area of the Mahomet aquifer is the primary re
charge area This is consistent with historical

head data published by Kempton et al. (1991).

which thowed a potentiometric high in the north

ern Champaign and southern Foci Counties

area Recent bead measurements for the aquifer

also indicate potentiotnettic highs in the area

of southern Fond County and near the Illinois

Indiana border, with flow primarily to the south

andwest(WilsonetaL, 1998; Roadcap and Wil

son, 2001). The geochemical data ale also con

sistent with the geology, which indicates that the
central region has several stacked sand deposits,

many of which appear to be connected. The

stacked sand deposits may help explain the very

low Cl- concentrations (ft6-23 mg/L) observed

for much of the central Mahomet aquifer region.

Such low Cl- concentrations suggest that this

area was flushed with high volumes of fresh

water, perhaps from glacial nieltwaters, which

leached much of the more soluble minerals from

the stacked sand deposits.
The large range of SO and fl values

plus the more negative 6’3C values and low “C
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FIgure 14. Comparison of “C and CH4 concentration in the confluence region; r’ for the

rock land surface. The SI) and 6hbO values for
most of the groundwater m the Mahomet aqui
fer and the shallower Glasford sands art quite
similar to present-day precipitafioa These data
indicate that there is little to no Pleistocene
water remaining in the aquifer system, putting
an upper age limit for most of the groundwater
at the start of the Hotocene, en. 11,000 yr B.P.
The tritium results indicate that there is modem
recharge into the Wedron sands and some of the
Glasford sands, but very little modem water oc
curs in the basal sand of the Mahomet bedrock
valley. Of the sites sampled, only one area in
the Mahomet aquifer near where the Sangamon
River crosses the bedrock valley had detectible

tritium. These Iritium data are consistent with
recent seismic and monitoring well drawdown
studies by the ISGS and ISWS that have sug
gested a hydraulic window where groundwater

discharges to the Sangamon River when the
river is low and groundwater recharges during
periods of high stage or excessive groundwater
pumping (Roadcap and Wilson, 2001).

The central-eastern region of the Mahornet
— aquifer contained the highest ‘4C activity and
0.004 most dilute groundwater compared to the rest

of the Mahomet aquifer, indicating that the
groundwater in this region has gone through
the least water-rock interaction. These isotopic
and geochemical characteristics imply that this
region is the area of most rapid recharge for
most of the Mthomet aquifer. as proposed by

ley, especially close to the Pennsylvanian-age Panno a a]. (1994). The very low Ct concen

bedrock on the western side of the aquifer (see trations in the central Mahomet aquifer region

Rg 3 for bedrock lithology). This empha- suggest that high volumes of freshwater (glacial

sizes the relationship of the Lknnsylvanian-age meitwatets) probably flushed the stacked sand

bedrock to the seepage of older mom saline deposits and leached the more soluble minerals

groundwater into the western Mahomet aquifer so that the present-day groundwater has tela

compared to the carbonate bedrock in the ceo- lively low dissolved solids concentration.

in1 portion of the Mahomet aquifer. The chemical and isotopic results for the

As the groundwater horn the Mabornet aqui- Mahornet aquifer in the western and northeast

fer flows into the Sankay Mahomet aquifer, the an (Onaiga Valley) regions indicate that these

chemical composition and LC activity change areas of the aquifer are relatively isolated from

dramatically- hi this confluence area, the geo- surficial recharge and have been significantly

chemical makeup of the groundwater of the influndbytheinntionofol&rflow’4C

basal Pleistocene sands and gravels is strongly activity) groundwater from bedrock units with

influenced by a combination of relatively rapid greater dissolved ion concentrations. The en-

recharge of younger, more dilute water infiltrat- richment of SO, Ca2, Mgl’, Nt. and B. and

ing from the surface and the microbial processes Sr in the Onarga Valley is probably the result of

associated with methanogenesis. water-rock interactions with bedrock litliology,
including Silurian, Devonian, and Mississip

SUMMARY AND CONCLUSIONS pian carbonates and Pennsylvanian cyclothem
type deposits (shales. coals, and argillaceous

The chemical and isotopic characteristics of lirnestones and sandstones). The SS and 6’3C

the groundwater in the aquifers of the Mabornet values as well as the SO and DIC concentra

bedrock valley and atacent confluence area lions in and around the Onarga Valley region

have revealed many important aspects of the suggest that groundwater upwelling through

groundwater evolution in aquifers that have bedrock units is dissolving secondary gypsum,

been created from glacial deposits filling in the precipitating calcite, and mixing with fresher

topographic uridulations of the previous bed- groundwater in the Mahomet and (3lasford

Sankoty Mahomet aquifer data is 0.9.

activities observed in groundwater from samples

of the Mahotnet aquifer and the Glasford Sand

in the northeastern part of the Mahornet bedrock

valley indicate a mixture of deeper upwelling

groundwater and shallow infiltrating ground

water plus sulfate reduction occarring in parts of

the northeastern region of the Mahomet bedrock

valley. The mixture of groundwater finns bed

rock units in the northeastern region appears to
extend into northern Wrmiffion County. The in
creased (I concentrations and continuous drop

in “C activities observed for the western part of

the Mahomet aquifer (Fig. 15) suggest there has
been greater isolation from surficial recharge

and seepage from bedrock units mixing with

the Mahomet aquifer groundwater flowing from
the central region westward. The cross sections

that cut the Mahomet bedrock valley diagonally

(Figs. £3 and 16-17) show the relationships

among the shallower aquifers, the deep basal

sand aquifer. and the sides of the bedrock valley

from where the lithology of the bedrock changes
abmptiy near the Piau-Champaign County line

to where the bedrock is primarily carbonate in

Champaign County Chloride concentrations

and C activities are included on the cross sec
tions. The results show an increase in C1 and
decrease in “C activity near the sides of the val
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FIgure 16. Cross section (C-B’)
of the Mahomet bedrock valley
induding “C, 1SOi, and fCli
data for several wells (modified
from Haciley, 2002). Note the
lower “C acti,itics and higher
Cl concentrations near the
western side of the valley,
where the bedrock is composed
of Pennsylvanian deposits.
MSIA—mean sea level,

(It) (m)
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- 185
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Pennsylvanian
-ts
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Vertical exaggeration = 425x

sands. The isotopic data also indicate that SO
reduction and oxidation oforganic carbon occur

as the groundwater moves up into the Mahomet

aquifer and shallower sands. Evidence of mix
ing between infiltrating groundwater from bed
rock in the Onarga Valley and groundwater from
the Mahomet and Glasfmd sands extends into
northern Vermilion County. The low “C activi
ties observed in this area ate due to the influx
of older groundwater from bedrock units, dis
solution of carbonates, and oxidation of organic
matter due to SOt reductiom

The western region of the Mahomet aquifer
is characterized by higher concentrations of
CH4, DOC CL Na, and HCO;, greater 6°C
values, and a progressive decrease in “C ac
tivities to the west The isotopic data support
the hypothesis that the higher concentrations
of chemical constituents (especially Cr and

Na) are primarily explained by the influx of
saline groundwater from the Ptnnsylvarüan-age
bedrock (Panno et aL, 1994). Methane pioduc
tion is undoubtedly a consequence of strong
reducing conditions in this part of the aquifer
The relatively high DOC concentrations in the
western Mahornet aquifer could also be associ
ated with the influx of deeper groundwater from
the Pennsylvanian-age bedrock units or perhaps
leaching of organic matter in clastics from these
bedrock units and/or diffusion from organic rich
Plieistocene deposits. The progressive decrease
in ‘C activity is probably a consequence of
several processes: infiltration of older ground
water from bedrock units, methanogenesis, and
the dissolution of carbonates in the aquifer, as
well as radioactive decay as the water slowly
migrates westward. The progressive decrease in
“C and the lack of significant shallow sand de

posits above the Mahomet aquifer in the western
region imply that this area is fairly isolated from
surficial recharge.

The confluence area where the Mahotnet
aquifer and Sankoty Mahomet aquifer meet
shows large variations in “C activity and chemi
cal constituents, including Cl- concentrations.
This area is significantly influenced by a com
bination of groundwater mixing between rela
tively dilute infiltrating surficial water that has
high “C activities and low Cr concentrations
with older groundwater emetging from the
basal sands of the Mahomet aquifer contain
ing a greater amount of dissolved constituents
and the microbial processes associated with
methanogenesis.

The isotopic and chemical characteristics of
groundwater in the basal sands of the Mahomet
and Mackinaw bedrock valleys indicate that
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FIgure 17. Cross section (1)-B’)
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this is a complicated geochemical groundwater
system. The hydrochemical characteristics
appear to be controlled by a combination of
bedrock hthology and stnacture as well as the
variability of stacked sands in the Pleistocene
deposits above the basal sands in the bedrock
valley. Additional information from more de
tailed studies of the aquifers using geochemical
as well as geophysical tools will help to pinpoint
hydrologic windows in the aquifer system and
quantify the influence of upwelling water from
bedrock unit& Such data will assist hydrologic
modeling for predicting drawdown and future
groundwater usage.
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Geological Drawings G2 and G3
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Groundwater Impact Assessment
Input Parameter Tables



TABLE 812.316-4
INPUT VALUES FOR MODEL - UPPER RADNOR TILL SAND

0
1) m’meters

2) mg/I = milligrams per liter

3) m2Ja = meters squared per year

4) mla = meters per year

5) cm3lg = centimeters cubed per gram

6) cra/g’ centimeters per cubic gram

7) a year

TlProjectsi9l-JI8 CLIlPermit ApplicationsCL1 #3 Initial BOL Application Lag 2OO5-O7OlGroundwarerCLI#3 Modeling Input Parameters

3

Clinton jLrn!fl!J$Q.,3

File Information Baseline Model Input File: LKWBJN - -

Baseline Output File: LKWB.OU
Initial Source Concentration I mg/I

2

LnwttIb*aq Conthtson Infinite
top floñ4j Constant Source

LAYER I Nyd1o4y$cThspersionEoefflcient I 58EM2 rnia

Dompacted Clay Effective PoroSity 0 3
-. 3

InpuiParameters Dtnsit - L9
6M96

Number4.th1ycra 4
VertipL.VajQ - 3S1S&03

LSYERZ 1598
Aqinfer 0.35 —.

IEiput Parameters Délisity 1 9 glen?
flitkness 6096 m
)jiimber oj$ablayers 13
VenVfcity(Fha) 3 515E-03 rn/a

Times & Distances tmit to ut -
- 5, 10, I, , 145

Veil iite (t9tQ)- 61 056 in

twatlon Laplace Transfbrm 7 20, 0 2
aameters

D

0.01 sc
p

4-.

4. O.tU)

Notes:

revisedrrls
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: vu -;aea-- - ——

LAYERS Vertical Dispersion Coefficient 12.84 rn2fa
Aquifer Effective Porosity 0.3

input Parameters Adsorption Coefficient 0 cm3/g
Density 1-9 Wan3
Thickness 0.8543 rn
Number of Sublayers 3

-

Horizontal Disetsxon Coefficient 64 08 m2/a
Horizontal t)arty.Vtloclty 2 099 rn/a
VcrticalDarcyVelbcity -

- - - Wi
runes Times tórSinrnl&ion I

- - 5,10,15, 145 -

-

[hstances Lateral Distances 47434 481 96 489.58, 497 2SG4 82
integration Talbot - 7, 11,6, F
Parameters Gauss Normal

TABLE 812316-5

INPUT VALIWS FOR MODEL - L0wEaRADNOR TILL SAND
n41i.N43

Notes:

1) mrneters

2) mg/i = milligranis per liter

3) m2/a meters squared per year

4) rn/a = meters per year

5) cm3lg = centimeters cubed per gram

6) cmlg3 = cenhiftëtëiit per ëubic gram
7) a year

T:ProjrcrsWJ-J 18 CLJkPermi ApplirohonsCL1 #3 J&tni SQL Appliralian Log 7005-O7OtGrtna,dwweriCLiJ3 Modrhng )ipit Paromr;er, rrwisrd,Is



U
)

c

F
C

—
o

.
t
o

4
0

U
-

O
,
,

t
O

L

c2
2

-

C2.O
s.

I

2
o
°
.

lo
”

p.
——

;“
{

.
0

•

•3
tR

—
03

‘?;o
v
_
_
)
t
_
_
_
,

0
Q

”
o

C

n
=

=====
==

-=
—

—
=

•
t

=
=

=
===

I
- =

O
S

tfl
a
t.’

[
E

s
1

4
W

IP
:iH

N
IIH

N
a

W
Eij

—

*i
IC)

n

“
R

9
o
c

0
9

a
c

0
e

9
ac

ae
9

-
c
:
2

a
c

o
o

‘C

:1
0

:%]4Fv
i
-

1

:c3’
—

—
—

—
L

.
C

-

—
.

0
—

V
—

V
V

0

-
-

-

,
c
0

,
•

Lr
g

F
0

)
C

’
C

C
C

C
s
a

“
C

C
C0o

C

ll1
flflE

i
iifliA

iiH
JflA

flh
iiflillN

h
iflill

•1

It1IUI
C

t,l’
-

2i



r <-4’-- --,— —
- - c

-

LAYER 5 Vertical Dispersion Coefficient 0.526 m2Ia
Aquifer Effeclive Porosity 0.4

Input Parameters Adsorption Coefficient 0 crn3/g

Den,sity 1.9 g/ctn3
1ijckrtess 1.042 m
Niñiber of Süblayeis 3
Horizontat Dispersion Coefficient 2.505 -

- rn2/a
Horizontal Darcy Velocity 0.1018 - ni/a
Vertical Darcy Velocity 0 mla

fimesDistances tñes Ir Simulation 1 5 10, 15, , 145 a
)astances LatenilXslances 559 57, 567 19 57481,58243, 59005 m
nteglaton Talbot 7,1I,o1
Paraneters - auss Nwai- ----

-

1) m meters

2) mg/I = milligrams per liter

3) m2Ia meters squared per year

4) rn/a = meters per year

5) cm3/g = centimeters cubed per gram

6) cm/g3 = centimeters per cubic gram

7) a year

TABLE 812.316-6
INPUT VALUES FOR MODEL - ORGANIC SOIL

Clinton Landfill No.3

Notes:

T:ttrojectst9l- 118 CLIWermil ApplicaflonskCLl $43 Initial BOL Application Log 21H15-Q7otGroundwrnerlCLl#3 Modeling lnprn Parameter, revüecLxli
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Notes: -

1) mmetaS

2) thg/liiilliat&ptr liter

3) m2fa meters sqijared per year

TABLE 812.316-7
INPUT VALUES FOR MODEL - MAIIOMET SAND

Clinton Landfill No.3

LAYER 8 Hydrodynamic Dispersion Coefficient 0.0158 m2fa
Varidalia Till Effective Porosity 0.286

Input Parameters Density 1.9 g/cm3
Thickness 15.24 in

tiiu*r of Sublayers 3
Vjj1aWarcy Vtloczty (FluA) 3 51 5E-03 m2)a

LAYiI4 9 }I)rdrodynamic Dispersion Coefficient & 0315 m2fa
Mahomet Sand Aquifer Efrctive Porosity 0 3

Input Parameters . 1.9 Wcm3
)flpSss 30.48 in

-
-.

tunes - iaWWiThflon 5, 10, ft , 145 a
Distances 56 393 m
[ntegratiôn

Laplace Transform 7, 20 0 2Parameters

4) rn/a = meters per year

5) cm3/g = centimeters cubed per gram

6) cm/g3 = centimeters per cubic gram

7) a year

UFJP

)

1)



a

ATTACHMENT 4

Clinton Landfill No. 2
2009 Potentiometric Maps

(Deep Wells)



CAD DWC No9TIIaIEnI Fup,mrr NO Qfl22fl

200’ 100’ 0
—

1 20O’

200 400’

LEGLND
G43D® EXISTING MONITORING WELL

667.89 POTENTIOMETRIC ELEVATION

— 662 — POTENTIOMETRIC CONTOUR LINE

NOTES:
L WATER LEVEL MEASUREMENTS

ON JANUARY 7, 2009.

2. P500 WAS NOT UTILIZED TO CONSTRUCT
POTUNTIOMETRIC SURFACE.

0
0
0
In

a

+

0
0
tfl
Tn

a

+

0
0
0

a

+

0
0
Lfl

a

+

.+ E 6500

® G34D
674.07

E 6500

RSODQ
672.95

+ + C43D

WERE COLLECTED

+ +

GS3D
661.85r

t

Z

t

+ E 7000

6510
- 66174

4)
o

6460
-66918 R400

670.91

0
0
0
tO

a

+

J’DC Technical
Services, Inc.

a
FIGURE 6

2009 1ST QUARTER POTENTIOMETRIC

CONTOURS — DEEP WELLS

CLINTON LANDFILL NO. 2
CLINTON, ILLINOIS

PROJECT NO. 91—118
Peoria, IUinoii



CAD OWC NO:911181602 FMP1flF Nfl Qfl7fl flATrLIaLrQCb,. /tfl,..

LEGEND
643D® EXISTING MONITORING WELL

670.03 POTENTIOMETRIC ELEVATION

‘—662—--’ POTENTIOMETRIC CONTOUR LINE

200’ 100’ 0 200’ 400’
I —

1 “=200’

+ E 6500

RSOD®’
67506

+ + + +

C53D
662.98

I;

NOTES:
1. WATER LEVEL MEASUREMENTS WERE COLLECTED

ON MAY 27, 2009.

2. R500 WAS NOT UTILIZED TO CONSTRUCT
POTENTIOMETRIC SURFACE.

.+ £ 6500

E 7000

® C34D
674.26

+8

I..

0

C
‘U

0
C

U

0’

0

+ I;

+

0
0
0
I,

a

+

0
0a)
p3

a

+

0
0
0

+ E 7500+

0
0
0
In
az

0
0
LU
*

a

+ + +

PVC technical
Services, Inc.

a
Peoria. Illinois

FIGURE 7
2009 2ND QUARTER POTENTIOMETRIC

CONTOURS — DEEP WELLS

CLINTON LANDFILL NO. 2
CLINTON. ILLINOIS

PROJECT NO. 91—118



flJJ fl.SU’ 10-

200 100’ 0

1 “200’

200’ 400’

LEGEND
0430 ® EXISTING MONITORING WELL

669.53 POTENTIOMETRIC ELEVATION

— 662— POTENTIOMETRIC CONTOUR LINE

NOTES:
1. WATER LEVEL MEASUREMENTS WERE COLLECTED

ON JULY 20, 2009

2. P500 NOT UTILIZED TO CONSTRUCT
POTENTIOMETRIC SURFACE.

E 6500
R550
658.28

P500
674.52

+ + + +

0530
662.31

+ E 6500

7/

r

C520!
662.33

+

C

I..

C
C

a

0

3
C
2
C

0S

V

3
C,

a
a

+ ±E7000

G510
66109

G460
669.52

+ +

R400
671.46

+

• “3-
N

+

± E 7500

0 0 0 0 00 0 0 0 00 a) 0 U) 0Tn Tn * U)
z z z z z

+ +

PVC Technical
Services, Inc.

+

FIGURE 8

a
Peoria, Illinois

2009 3RD QUARTER POTENTIOMETRIC

CONTOURS — DEEP WELLS

CLINTON LANDFILL NO. 2
CLINTON, ILLINOIS

PROJECT NO. 91—NB



LEGEND
G43D ® EXISTING MONITORING WELL

669.28 POTENTIOMETRIC ELEVATION

—662-— POTENTIOMETRIC CONTOUR UNE

NOTES
1. WATER LEVEL MEASUREMENTS WERE COLLECTED

ON OCTOBER 5. 2009.

2. R5OD WAS NOT UTILIZED TO CONSTRUCT
POTENTIOMETRIC SURFACE

200’ 100’ 0 200’ 400
—

1 “=200’

+ E 6500
R55D
65731

RSODQ
67444

+ + + +

G530
662.46

+ E 6500

I •

S

‘4

0.

0

U

lB
C
iS
0

0

C

8

0

13
9

2

13

+
+ E 7000

0510
661.64

*7CiJ G34D
674.11

- 669S5 .

-

+

+

+

+ C 7500

0 0 0 0 00 C) 0 0 00 LI) 0 a) 0to to 1)
z z z z a

+ + +

PDC Technical
Services, Inc.

a
FIGURE 9

2009 4TH QUARTER POTENTIOMETRIC

CONTOURS — DEEP WELLS

CLINTON LANDFILL NO. 2
CLINTON. ILLINOIS

PROJECT NO. 91—118
Peoria, Iflinois



A.

ATFACHMENT 5

Technical Review:
Proposed Chemical Waste Unit

at the Clinton Landfill No. 3
Dewitt County, Illinois



Technical Review:

Proposed Chemical Waste Unit at the
Clinton Landfill No. 3
Dewitt County, Illinois

By

Craig H. Benson, PhD, PE
Madison, WI 53706

27 September 2009



1. INTRODUCTION

This report describes a technical review of the proposed Chemical Waste Unit (CWU) at

Clinton Landfill No. 3 in Dewitt County, Illinois. The proposed CWU would accept non-

hazardous industrial wastes, including wastes containing up to 500 ppm of PCBs.

Because PCB wastes would be disposed, the proposed CWU must comply with

regulations imposed by the Toxic Substances Control Act (TSCA). Additionally, disposal

of other non-hazardous industrial wastes requires that the landfill meet the requirements

of Subtitle D of the Resource Conservation and Recovery Act (RCRA) and any other

regulations specific to Illinois for non-hazardous solid waste disposal.

The review addressed the following issues: (i) whether the proposed CWU complies

with TSCA regulations, (ii) whether the proposed containment system will protect the

Mahomet Aquifer, (iii) whether the containment system will protect shallow ground water

units beneath the proposed CWU, and (iv) the long-term threat to the environment

imposed by the proposed CWU and whether the proposed CWU is protective of the

public health, welfare, and safety. The review was conducted using the documentation

contained within Volumes l-IV of the report entitled “Application to Develop and

Operated a Chemical Waste Unit Within the Permitted Clinton Landfill No. 3” as well as

the report entitled “Additional Information for the Chemical Waste Unit at the Clinton

Landfill No. 3.” Both reports were prepared on behalf of Clinton Landfill Inc. by Shaw

Environmental of St. Charles, Illinois.

This report consists of six sections, including this introduction (Section 1). Section 2

describes the TSCA regulations relevant to the containment systems for the proposed

CWU and an assessment of whether the proposed CWU complies with these regulations

[see (i) in preceding paragraph]. Sections 3-5 address each of the other three issues

cited in the preceding paragraph. Section 6 provides a conclusion.

2. TSCA AND RCRA REGULATIONS

The technical requirements for a TSCA landfill for disposal of PCBs and PCB Items are

contained in Subpart D (Storage and Disposal) as described in 40 CER 761.75

(Chemical Waste Landfills). These requirements can be segregated into siting

requirements, surface and ground water monitoring requirements, liner and leachate

collection system requirements, operations requirements, and facilities requirements.
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Each of these requirements is described in the following subsections. The final

subsection compares the proposed CWU to these requirements.

2.1 TSCA Siting Requirements

The landfill must be sited so that the following conditions are met:

Siting in a geologic environment consisting of a thick and relatively impermeable
clayey formation. If a natural geologic environment with a thick and relatively
impermeable clayey layer does not exist, then the landfill should be sited on a soil
having the following characteristics:

- In place soil thickness 4 ft or compacted soil liner thickness 3 ft.
- Hydraulic conductivity less than i0’ cm/s.
- Percent fines at least 30%.
- Liquid limit at least 30 and plasticity index at least 15.

• Base of landfill shall be at least 50 ft above historic high ground water table.

• Ground water recharge areas should be avoided.

• Floodplains should be avoided. Structures for diversion shall be provided if the
landfill is within the 100-yr flood plain. Otherwise, diversion structures shall divert
runoff from at 24-hr 25-yr storm.

• The landfill area shall have low to moderate relief to minimize erosion and ensure
stability.

2.2 Surface and Ground Water Monitoring

The surface and ground water monitoring programs must satisfy the following:

• Surface and ground water monitoring shall be conducted in adjacent water bearing
units. Monitoring systems and programs must include:

- Sampling of surface and ground waters prior to commencing landfill operations.
- Designated surface water courses shall be sampled monthly during operations.
- Designated surface water courses shall be sampled semi-annually after closure.
- For relatively impermeable subsurface conditions, three ground water monitoring

wells shall be provided that are equi-spaced along the predominant axis of ground
water flow.

- Water samples will be analyzed for POB5, pH, specific conductance, and
chlorinated organics.

2.3 Liner and Leachate Collection Systems

The landfill liner and leachate collection system must satisfy the following:
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• Synthetic membrane liners shall be used if the hydrologic or geological conditions
require such a liner to provide a hydraulic conductivity at least equivalent to the
clayey layers cited in Section 2.1. The synthetic liner must be at least 30-mil thick
and be chemically compatible with PCBs.

• Leachate collection/monitoring system shall be installed and monitored monthly for
quantity and chemical characteristics of the leachate. The leachate collection
system can be one of the following three systems:

- Gravity flow drain field placed directly above the liner.
- Gravity flow drain field and additional liner placed directly above the liner.
- Suction lysimeter network.

2.4 Operations

The following operations conditions must be met:

• An operations plan shall be developed that describes operational issues, record
keeping, surface water management, and waste burial information.

• Items shall be placed in the landfill in a manner that will prevent damage to
containers or articles containing PCB items.

• Wastes incompatible with PCB5 and PCB items shall be segregated from PCB5.

• If the facility accepts liquid PCB wastes, the operations plan shall include procedures
to stabilize the liquid to a non-flowing form and determine if the concentration is less
than 500 ppm.

• Ignitable wastes shall not be disposed in the landfill.

2.5 Supporting Facilities

The following supporting facilities and operations must be satisfied:

• A 6-foot barrier (wall, fence, etc.) shall be place around the facility to present
unauthorized persons and animals from entering.

• Roads shall be maintained that are adequate to support operations and maintenance
without safety or nuisance problems or hazardous conditions.

• The site shall be operated in a manner that prevents safety problems associated with
spilled liquids or windblown materials.
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2.6 Assessment of Proposed CWU at Clinton Landfill No. 3

The proposed CWU was compared to the technical requirements in TSCA that

are described in 40 CFR 761.75. A summary of the elements that were compared is

shown in Table 1. This comparison showed that the proposed CWU meets or exceeds

TSCA technical requirements in all cases. A summary of the comparison follows.

Siting. The proposed CWU will be constructed in a geological environment consisting

primarily of thick fine-grained soil layers that will greatly restrict movement of

contaminants that might emanate from the CWU. Separation between the base of the

CWU and the Mahomet aquifer greatly exceeds the required 50 ft minimum separation,

and the location is not within an Illinois regulated recharge area or the 100 yr flood plain.

The topography of the area has modest to low relief, which will minimize erosion and

promote stability.

Ground Water and Surface Water Monitoring. An extensive monitoring network is

planned that exceeds the requirements in TSCA. This system, coupled with theexisting

network for the other units on site, will provide adequate monitoring. The monitoring well

design standards planned for the site are consistent with Illinois requirements, which

exceed those stipulated in 40 CFR 761 -75(b). Sampling of the wells will occur on

regular intervals and will include all constituents required in 40 CFR 761.75(b). Surface

runoff will be sampled and analyzed in a manner consistent with 40 CFR 761.75.

Liner and Leachate Collection Systems. Given the thick fine-grained layers beneath

the proposed CWU, an engineered liner system is not required according to 40 CFR

761.75(b). Nevertheless, a highly redundant engineered liner system is proposed that

consists of three geomembranes (synthetic liners), a geosynthetic clay liner, a

compacted clay liner, and an internal drainage layer. This highly redundant system,

combined with the favorable geological environment, will effectively control migration of

contaminants from the proposed CWU. Field tests conducted on site as well as tests

and analyses conducted on similar soil by the Illinois State Geological Survey and the

University of Illinois at Urbana-Champaign have shown that the soil used for the

compacted clay liner can be compacted to low hydraulic conductivity (< i0 cmls) and is

an excellent barrier to contaminant transport. A leachate collection system is also

included that meets the criteria for both the ‘simple leachate collection system’ and

‘compound leachate collection system’ described in 40 CFR 761.75(b).
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Operations. An operations plan has been proposed that deals with the management

and recordkeeping issues stipulated in 40 CFR 161.75(b). This plan also stipulates

methods for waste placement, segregation, stabilization, and monitoring of PCB

concentrations that are consistent with 40 CER 761.75(b).

Supporting Facilities. The proposed CWU includes provisions for security via fencing,

installation and maintenance of roads to ensure safe access, and training to ensure the

safety of personnel and others at the facility.

RCRA Compliance. The containment system for the proposed CWU has the same or

more robust engineering features than the adjacent municipal solid waste (MSW) landfill

that has been permitted under Illinois rules, which supersede those stipulated in RCRA.

Thus, the proposed CWU meets RCRA criteria as well as TSCA criteria.

3. PROTECTION OF THE MAHOMET AQUIFER

The Mahomet Aquifer is an outwash aquifer consisting of sands and gravels up to 150 ft

thick that rest on top of shale and sandstone bedrock. Ground water in this aquifer is a

water supply for the region and is the primary water source for the City of Clinton, IL and

nearby Weldon Springs. Because this regional aquifer is an important water supply,

protecting the aquifer from contamination is a necessity to protect the health, safety, and

welfare of the public.

Long-term protection of the Mahomet Aquifer is provided naturally by the overlying fine

grained soils in the Berry Clay and the Radnor Till. The silt and clay fractions of these

units and the stress imposed by the overlying overburden render these natural units

nearly impermeable, with hydraulic conductMties in the low 108 and io9 cm/s range.

Under such conditions, chemical diffusion becomes the predominant mechanism for

contaminant transport, which is ideal in terms of protecting underlying ground water.

When diffusion controls contaminant transport, the rate at which contaminants move and

their flux into surrounding units is at a minimum.

The liner system for the proposed CWU will provide additional redundant protection

above and beyond that provided naturally by the Berry Clay and the Radnor Till. The

liner system is more extensive than normally required at modern MSW landfills, and
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includes internal redundancy exceeding that required for US hazardous waste landfills.

The base of the liner consists of a composite barrier comprised of 3 ft of compacted clay

overlain by a 60-mil geomembrane. A similar barrier system is commonly used for MSW

landfills in the US. The composite liner is overlain with a geocomposite drainage layer,

and then a three-layer sandwich consisting of a second geomembrane, a geosynthetic

clay liner (GCL), and third geomembrane. In addition, the geocomposite drainage layer

located between the upper three-layer liner sandwich and the lower composite liner will

provide a means to evaluate the efficacy of the lining systems during landfill operation

and after closure.

Two ground water impact analyses (GIA) were conducted to evaluate the potential for

contamination of ground water resources by contaminants released from the landfill. The

first GIA was conducted as part of the application for the adjacent MSW landfill rather

than specifically for the CWU. Consequently, the simulations considered only a single

composite liner (geomembrane over compacted clay liner) employed for the MSW

landfill rather than the highly redundant multiple liner for the proposed CWU. This

simplification added another level of conservatism to the GIA when applied to the

proposed CWU. The second GIA focused specifically on transport of PCBs from the

Cwl-J.

The first CIA consisted of a computer simulation to predict contaminant transport

through the landfill liner and the underlying geological formations. The simulation

assumed that Lateral transport in more permeable strata between the base of the Landfill

and the Mahomet Aquifer was negligible (e.g., all contaminants were directed downward

to the Mahomet Aquifer). The analysis also assumed that sorption was negligible. As a

result, the CIA was a conservative analysis (i.e., predicted higher concentrations than

would actually occur). The analysis showed that drinking water quality standards would

not be exceeded in the Mahomet Aquifer, even for the contaminant with the lowest

permissible concentration when the leachate concentration was at the highest

concentration theoretically possible (a very unlikely scenario). Accordingly, drinking

water quality standards for all other contaminants would not be exceeded. The

conclusion from this conservative analysis is equally valid for the MSW landfill and

proposed CWU, which will contain industrial waste with modest total contaminant

concentrations (e.g.. S 500 ppm for PCBs). Moreover, the first CIA is even more
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conservative when applied to the proposed CWU because of the multiple liner system

that will be installed.

The second CIA considered PCB transport through a simplified version of the lining

system proposed for the CWU. This simplified lining system consisted solely of 3 ft of

compacted clay; the other barriers (geomembranes and CCL) in the proposed liner were

not included. The leachate concentration (aqueous concentration) was conservatively

assumed to equal the maximum permissible total concentration in the waste (500 ppm),

even though leachate data from analogous landfills containing PCBs indicated that

leachate (aqueous) concentrations are either very low (low ppb) or undetectable. The

Ieachate concentration was assumed to remain constant throughout the analysis and

sorption onto the organic carbon fraction was accounted for using conventional methods.

The model predictions showed that the PCBs were extremely immobile, and never

migrated through the entire thickness of the liner over a 1000-year period despite the

very conservative assumptions used in the analysis. In fact, concentrations even 1 ft

into liner were predicted to be orders of magnitude below detectable levels.

Both of these very conservative analyses illustrated that the liner design for the

proposed CWU will be protective of the Mahomet Aquifer.

4. PROTECTION OF SHALLOW GROUND WATER UNITS

Hydrogeological investigations conducted for the proposed CWU and other disposal

units at Clinton Landfill No. 3 identified three shallow ground water units between the

base of the landfill and the Mahomet Aquifer: the Upper Radnor Till Sand, the Lower

Radnor Till Sand, and the Organic Soil. These units are thin and moderately permeable.

None of these units is used as a major source of drinking water in the region.

The first CIA (for the adjacent MSW landfill and reviewed in Section 3 of this report)

evaluated whether ground water in these shallow units would be impacted by

contaminants released by the landfill. The simulation for the Upper Radnor Till Sand

assumed that Ieachate would be released directly to the sand beneath the landfill.

Simulations for the Lower Radnor Till Sand and the Organic Soil were similar to those

conducted for the Mahomet Aquifer. In all analyses, sorption to solids and lateral
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transport in ground water units above the unit in question were ignored. As a result, the

analyses were conservative.

These analyses showed that the design proposed for the MSW landfill units is protective

of the Upper Radnor Till Sand, the Lower Radnor Till Sand, and the Organic Soil (i.e.,

concentrations of contaminants were below applicable ground water quality standards).

Because the proposed CWU will employ a more protective liner system and will contain

industrial wastes with modest concentrations, the conclusions from the GIA for the MSW

landfill pertaining to the shallow ground water units are valid for the proposed CWU.

That is, the proposed CWU will be protective of the shallow ground water units.

A similar conclusion can be drawn from the second GIA conducted specifically for PCB

transport from the CWU. Despite the conservative assumptions that were employed in

the analysis, PCBs did not migrate through the liner over a 1000-year period. Thus,

contamination of the shallow ground water units will not occur

5. LONG-TERM THREAT TO THE ENVIRONMENT AND PROTECTION OF PUBLIC
HEALTH, WELFARE, AND SAFETY

PCBs in the industrial waste to be contained in the proposed CWU will persist for a very

long time. Consequently, the proposed CWU will be a potential long-term threat to the

environment. However, the proposed CWU has been designed with several features

that mitigate this threat and ensure protection of public health, welfare, and safety.

These features include:

• siting on thick fine-grained geologic strata,

• a multiple layer liner employing three geomembranes, a geosynthetic clay liner, a
compacted clay liner, and two levels of leachate collection and removal,

• waste monitoring and placement procedures to ensure that concentrations in the
waste are below maximum permissible limits and that the waste is placed in a
manner that ensures protection and long-term stability of the containment system,

• filling and build out geometry that will ensure physical stability during operation and
after closure,

• capping with a final cover with a composite barrier layer and lateral drainage layer
that will limit percolation into the waste and consequent leachate generation after
closure,
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• a detailed construction quality assurance plan to ensure that all elements of the
proposed CWU are constructed to specification,

• monitoring of shallow ground water units to provide an early detection system for
potential contamination of the Mahomet Aquifer, which serves as a major source of
drinking water for local communities,

• monitoring of storm water runoff and air quality,

• fencing to prevent humans and animals from intruding on the site,

• a perpetual post closure monitoring and care program to ensure that the containment
and monitoring systems continue to function so long as the proposed CWU poses a
potential risk to the environment, and

• financial assurance to ensure closure and post-closure monitoring/care of the landfill
in perpetuity.

Contamination of ground water is the most significant potential threat posed by the

proposed CWU. This threat is negligible, as both GIAs illustrate that ground water

beneath the proposed CWU will be protected despite the use of very conservative

assumptions in the analysis. This level of containment is possible because of the

redundancy afforded by the multiple liner system, the secure geological environment,

and the relative immobility of PCBs in a matrix of soil and sediment such as that

anticipated in the proposed CWU.

Adequate protection of ground water will depend in part on the liner system remaining

intact during operation and after closure of the proposed CWU. This is a very likely

scenario, as the materials selected for the liner system are the most durable materials

currently available for containment of wastes, especially when deployed in multiple

layers in an environment with elevated stress that is nearly anoxic. The drainage layer

within the liner will also serve as a long-term sentinel of liner failure and excessive

discharge of contaminants. Thus, if a liner failure occurs, the failure would be detected

rapidly, permitting corrective action before a significant impact occurs to the surrounding

environment.

6. CONCLUSION

This review addressed whether the proposed CWU complies with TSCA and RCRA

regulations and ensures protection of the Mahomet Aquifer and shallow ground water
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units beneath the proposed CWU. The review also provided a qualitative assessment

of the long-term threat to the environment and public health, welfare, and safety imposed

by the proposed CWU. The following conclusions are formed based on the review:

• the proposed CWU complies with and exceeds the technical requirements in TSCA
for disposal facilities,

• the geological setting, the redundant multiple liner system for the proposed CWU,
and the final cover ensure isolation of the waste and protection of the Mahomet
Aquifer and shallow ground water units beneath the proposed CWU,

• the design of the containment system, the construction quality assurance program,
and the monitoring plan for leachate, ground water, surlace water, and air will
mitigate threats to the environment, and

• the perpetual post-closure care and monitoring program will ensure that the threats
to the environment are properly managed so long as the waste remains a potential
risk, thereby ensuring protection of the public health, welfare, and safety.
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Table 1. Proposed CWU design and operation relative to TSCA requirements.

Regulatory I
CommentsRequirement

Evaluation

Siting

Landfill and major water supply aquifer
Geological environment Satisfied separated by approximately 170 ft of fine

grained soils
> 50 ft separation from Mahomet aquifer,
which is primary water source in area. < 50 ft

50 ft. ground water separation Satisfied separation for Upper and Lower Radnor
sands and for Organic Soil, but these are
local ground water units and not water supply

Not located above sole source aquifer or
Ground water recharge Satisfied

regulated recharge area

Outside 100 yr flood plain, and approved
Flood plains Satisfied

storm water plan

Topography Satisfied Location in central IL has modest to low relief

Surface and Ground Water Monitoring

Site is already operating adjacent disposal
units that monitoring surrounding ground

Pre-operations Satisfied
water and surface water Ground water
monitoring designed specifically for CWU.

There are no known designated surface water
Designated water courses Satisfied courses at this time. Surface runoff will be

sampled and analyzed at storage basin.

The proposed ground water monitoring

Ground water monitoring wells Satisfied system greatly exceeds the required three-
well network. The network includes 6 wells
immediately down gradient of the CWU.

Monitoring well network will be sampled
quarterly for pH, specific conductance, and

Water analysis Satisfied PCBs and annually for SVOCs and VOCs,
including (but not limited to) chlorinated
compounds.

Liner and Leachate Collection Systems

Because unit is located on thick fine-grained
soils, a synthetic Liner is not needed.

Synthetic liner Satisfied However, CWU includes three synthetic
liners, a geosynthetic day liner, and a
compacted soil liner.

Leachate collection system Satisfied
Proposed system meets the criteria stipulated
in 40 CFR 761.75(b).

Leachate samples will be collected and
Leachate monitoring Satisfied analyzed monthly for pH, specific

conductance, PCBs, SVOCs, and VOCs
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Table 1. Proposed CWU design and operation relative to TSCA requirements (con’t.).

CM.) I
Requirement Comments

Satisfactory?

Operations

An operations plan is proposed that
Operations plan Satisfied addresses each of the issues in 40 CFR

761.75(b)
The waste placement plan indicates PCB

Placement methods Satisfied wastes will be placed in a manner that
prevents damage to containers or PCB Items.
The waste placement plan indicates PCB

Waste segregation Satisfied wastes will be segregated from other
incompatible wastes.

PCB concentration monitoring Satisfied Acceptance testing limits PCB concentration
to < 500 ppm.
A solidification program near the active face
has been proposed. Liquid wastes to beLiquid PCB stabilization Satisfied
solidified must have PCB concentration < 500
ppm.

Supporting Facilities

The facility is fenced. The Inspection and
Barrier/fence Satisfied Maintenance Plan ensures that the fence is

maintained.
The Inspection and Maintenance Plan

Roads Satisfied ensures that the roads are maintained for
safe access.
The Personal Training and Hazard PreventionSafe operations Satisfied programs provide for safe operations.
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Yesiller, N., Edil, T., and Benson, C. (1994), Ultrasonic Evaluation of Cased Borehole Seals,

Environmental Geotechnics Report 94-8, Dept. of Civil and Environmental Engineering,

University of Wisconsin-Madison.

Yesiller, N., Edil, T., and Benson, C. (1994), Verification Technique to Evaluate the Integrity of

Well Seals, Environmental Geotechnics Report 94-2, Department of Civil and Environmental

Engineering, University of Wisconsin-Madison.

Standards

Benson, C. (2006), Standard D 7243, Standard Guide for Measuring the Saturated Hydraulic

Conductivity of Paper Industry Sludges, Annual Book of Standards, ASTM International, 04.09.

Benson, C., Wang, X. and Kim, H. (2002), Standard D 6836, Test Methods for Determination of the

Soil Water Characteristic Curve for Desorption Using a Hanging Column, Pressure Extractor,

Chilled Mirror Hygrometer, and/or Centrifuge, Annual Book of Standards, ASTM International,

04.09.

Daniel, 0. and Benson, C. (2002), Standard 0 5856, Test Method for Measurement of Hydraulic

Conductivity of Porous Material Using a Rigid-Wall Compaction Mold Permeameter, Annual

Book of Standards, ASTM International, 04.09. Originally approved 1995, Revised 2002.

Ladd, R. and Benson, C. (2000), Standard D 5084, Test Method for Measurement of Hydraulic

Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter, Annual Book of

Standards, ASTM International, 04.09. Extensive revision in 2000 by R. Ladd and C. Benson.

Originally developed by J. Dunn and D. Daniel.
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Yesiller, N., Shackelford, C., and Benson, C. (2005), Standard D 7100, Standard Test Method for
Hydraulic Conductivity Compatibility Testing of Soils with Aqueous Solutions that may Alter
Hydraulic Conductivity, Annual Book of Standards, ASTM International, 04.09.

SPONSORED RESEARCH

Waste Containment Systems

Coupling Effects of Erosion and Hydrology on the Long-Term Performance of Engineered
Surface Barriers, US Nuclear Regulatory Commission

Predicting the Long-Term Performance of Surface Barriers for LLRW Containment, US
Department of Energy, Consortium for Risk Evaluation with Stakeholder Participation

Effectiveness of Engineered Covers: From Modeling to Performance Monitoring, US Nuclear
Regulatory Commission

Bentonite-Polymer Nanocomposites for Geoenvironmental Applications, National Science
Foundation, with T. Edil and C. Shackelford

Prion Transport in Porous Media: Influence of Electrostatic and Non-DLVO Interactions,
National Science Foundation, with J. Pedersen and J. Aiken

Effect of Stress, Hydration, and Ion Exchange on the Hydraulic Conductivity of Geosynthetic
Clay Liners, Colloid Environmental Technologies Corporation

Innovative Methods for Natural Restoration of Final Covers for Mill Tailings, US Dept. of Energy,
with W. Albright and J. Waugh

Evaluating Long-Term Impacts on Final Covers - Exhumation of the ACAP Test Sections,
National Science Foundation, US Environmental Protection Agency, Environmental Research
and Education Foundation, with D. Fratta and W. Albright

Toxin/Pathogen Inactivation and Disposal of Intentionally Contaminated Foods, National Center
for Food Protection and Defense, US Dept. of Homeland Security, with D. Noguera

Predictive Tools for Sustainable Solid Waste Management Using Bioreactor Landfills, National
Science Foundation, with M. Barlaz

The State of Municipal Solid Waste Bioreactor Landfills-Il, US Environmental Protection Agency,
with M. Barlaz

VOC Transport Through Composite Landfill Liners, Groundwater Research Advisory Council,
State of Wisconsin, with T. Edil.

VOC Transport in Lined Containment Facilities, Groundwater Research Advisory Council, State
of Wisconsin, with T. Edil.
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Hydrology of the Monticello Water Balance Cover, Stollar Corporation and US Dept. of Energy.

Effect of Freeze Thaw on Compacted Soil Liners and Covers, University of Wisconsin Graduate

SchooL

Fate and Transport of Chronic Waste Disease Prions in Municipal Solid Waste Landfills, US

Environmental Protection Agency, with J. Pedersen and J. Aiken

Evaluation of VOC Contamination of Groundwater from Lined Landfills in Wisconsin,

Groundwater Research Advisory Council, State of Wisconsin.

Hydrologic Modeling of Covers Used for Mine Waste Containment, US Environmental

Protection Agency, with C Shackelfor&

Bioreactor Landfills: State of the Practice, US Environmental Protection Agency, with D. Lane

and M. Barlaz.

Field Performance of Alternative Covers, US Environmental Protection Agency.

Integrated Long-Term Stewardship for Low-Level Radioactive Waste, US Department of Energy

and Flour Fernald, Fernald, Ohio.

Chemical Interactions Between Mine Waste Liquids and Geosynihetics, Groundwater Research

Advisory Council, State of Wisconsin, with T. Edil.

Long-term Chemical Compatibility of Geosvnthetic Clay Liners, National Science Foundation,

with C. Shackelford.

Hydraulic Conductivity Testing Protocols for Paper Sludges, National Council of the Pulp and

Paper Industry for Air and Stream Improvement.

Dry Barriers for Waste Containment, National Science Foundation, with S Kung

Alternative Cover Assessment Program, United States Environmental Protection Agency, with

W. Albright (Desert Research Institute) and Glendon Gee (Battelle PNNL).

Large-Scale Verification of a VOC Transport Model for Composite Liners, Groundwater Research

Advisory Council, State of Wisconsin, with T. Edt

Field Assessment of Geosynthetic Clay Liners in Final Covers, United States Environmental

Protection Agency.

Unsaturated Hydraulic Properties of Alternative Cover Soils, Waste Management, Waste

Connections, Bluestem Solid Waste Authority, and Marina Solid Waste Management District

Alternative Covers for Waste Containment in Southern California, San Bernardino County, CA.

Equivalency of SubtitleD and Alternative Earthen Covers, City of Glendale, Arizona
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Development of WinUNSAT-H, a Windows Implementation of UNSAT-H, WMX Technologies,

inc.

Hydraulic Characterization of Mine Rock Backfill for the Flambeau Mine, Flambeau Mining

Company, Ladvsmith, WI

Hydraulic Characterization of Mine Rock Backfill for the Flambeau Mine: Il-hi Situ Verification,

Flambeau Mining Company, Ladysmith, WI

Field Hydraulic Conductivity Assessment of the NCASI Test Plots, National Council of the Paper

Industry for Air and Stream Improvement

Effect of Freeze-Thaw on the Hydraulic Conductivity of Compacted Papermill Sludge, the

National Council of the Paper Industry for Air and Stream Improvement.

Engineering Properties of Paper Sludges Used for Hydraulic Barriers in Landfill Covers, Solid

Waste Research Program, State of Wisconsin.

Shear Strength of Municipal Solid Waste, WMX Technologies, inc., with T. Edil.

Evaluating the Effectiveness of Landfill Liners, Groundwater Research Advisory Council, State of

Wisconsin, with T. Edil.

Laboratory and Field Evaluation of the Effects of Freeze-Thaw on Barrier Materials, United States

Environmental Protection Agency.

Field-Evaluation of Geoinsulafion-A Geosynthetic Insulation Material, Envotech Limited

Partnership, with P. Bosscher

Hydraulic Conductivity Assessment of Compacted Soil Liners, Waste Management of North

America, Inc.

Rational Construction Quality Control Criteria for Compacted Soil Liners, University of

Wisconsin Graduate School.

Final Cover Hydrologic Evaluation, Waste Management of North America, Inc.

Evaluation of Freezing and Thawing on the Hydraulic Conductivity of a Test Pad, Waste

Management of Wisconsin, Inc.

Improved Design Methods for Landfill Final Covers, National Science Foundation.

Quality Assurance and Hydraulic Conductivity Assessment of Compacted Soil Liners, Waste

Management of North America and Chemical Waste Management, Inc.

Hydrologic Analysis of a Co-Composting Landfill, Solid Waste Research Council, State of

Wisconsin.
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Sustainable Construction

Engineering Behavior of Recycled Unbound Materials, US Dept. of Transportation Pooled Fund,
with T. Edil.

Recycled Materials Resource Center, Federal Highway Administration and United States
Environmental Protection Agency, with K. Gardner

Assessing Environmental Impacts Associated with Bases and Subgrades Stabilized with Coal
Combustion Products, Center for Freight and Infrastructure Research and Education, US
Department of Transportation, with T. Edil.

User Guidelines for Waste and By-Product Materials in Highway Pavements, US Environmental

Protection Agency, with A. Graettinger and J. Jambeck

Gravel Equivalency of fly Ash Stabilized Reclaimed Roads, Minnesota Local Roads Research
Board, with T. Edil

In Situ Stabilization of Gravel Roads with CCPs, Combustion Byproducts Recycling Consortium,
US Dept of Energy, with T. Edil

Leaching of Heavy Metals from Gray-Iron Foundry Slags Used in Geo Engineering Applications,
Solid Waste Research Council, State of Wisconsin, with T. Edil.

Monitoring and Analysis of Leaching from Subbases Constructed with Industrial Byproducts,
FHWA Recyded Materials Research Center, with T. Edil.

Ash Utilization in Low Volume Roads, Minnesota Department of Transportation, with T. Edil

Integrated Approach for Assessing Groundwater Impacts from Fly Ash Stabilized Soils, Alliant
Energy, with T. Edil.

Geoenvironmental Assessment of Soft Soils Stabilized with High Carbon fly Ashes, Solid Waste
Research Program, State of Wisconsin, with T. Edil.

Are High Carbon Fly Ashes Effective Stabilizers for Soft Organic Soils?, National Science
Foundation, with T. Edil.

Consortium for Beneficial Reuse of fly Ashes, Alliant Energy, Northern States Power, and
Mineral Solutions, Inc., with T. Edil.

Reuse of Fly Ash for Soil Stabilization, US Dept. of Energy, with T. Edil.

Field Demonstration of Earth Structures Constructed with Soil-Tire Chip Mixtures, Solid Waste
Research Council, State of Wisconsin, with T. Edil.
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Use of Foundry Sands in Hot Mix Asphalt, University Industrial Relations, with FL Bahia

Fly Ash Stabilization of Soft Subgrades, US Dept of Energy, Mineral Solutions, Inc., and Alliant
Power, with t Edil.

Field Demonstration of Beneficial Reuse of Foundry Byproducts in Highway Subgrade,

Wisconsin Department of Transportation, with T. EdiL

Properties of Foundry Sand Relevant to Design of Embankments and Retaining Wall Backfill,

State of Wisconsin, Recycling Market Development Board, with T. Edil.

National Practice Survey: Beneficial Re-use of Waste Foundry Sands, State of Wisconsin

Recycling Market Development Board, with T. EdiL

Using Waste Foundry Sands as Hydraulic Barriers, Solid Waste Research Council, State of
Wisconsin, with t EdiL

Field Assessment of Barrier Layers Constructed with Foundry Sands, Solid Waste Research
Council, State of Wisconsin, with T Edil.

Use of Shredded Waste Tires in Highway Construction, United States Environmental Protection
Agency, with T. Edil.

Sub-base Replacement with Waste Foundry Sands, State of Wisconsin, Recycling Market
Development Board, with T. EdiL

Using High Carbon Class F Fly Ash as a Lining Material: 1-Laboratory Study, Solid Waste
Research Council, State of Wisconsin, with EL Edil.

Using High Carbon Class F Fly Ash as a Lining Material: 11-Field Verification, Solid Waste
Research Council, State of Wisconsin, with T. Edil.

Reinforcement of Soils with Shredded Waste Tires, Solid Waste Research Council, State of
Wisconsin, with P. Bosscher.

Use of Reclaimed Waste HDPE as Soil Reinforcement, Solid Waste Research Council, State of
Wisconsin.

Groundwater Remediation and Monitoring

Sorption and Transport of Polycyclic Aromatic Hydrocarbons in Organoclays used for Permeable
Adsorptive Barriers, CH2M Hill Inc. and Union Pacific Inc.

Environmental Impacts of Engineered Nanomaterials, Nanoscale Science and Engineering
Center, National Science Foundation, with). Pedersen and It Hammers
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Cray-Iron Foundry Slags as a Reactive Medium for Removing Arsenic from Ground Waler and

Drinking Water, Groundwater Research Advisory Council, State of Wisconsin, with D. Blowes.

Innovative Treatment of COPR Wastes in Costal Areas, US Dept. of Transportation, with T. Edil.

Development of Large-Scale Application for Remediation of Chromium Ore Processing Residue,

University Industrial Relations, University of Wisconsin, with T. Edil.

An Integrated Approach to Evaluating Environmental Impacts from Soils Stabilized with Fly

Ashes, State of Wisconsin Recycling Program and Alliant Energy, Inc.

Uncertainty Based Design of Permeable Reactive Barriers, Wisconsin Ground Water Research

Advisory Council, with C. Eykholt

lrtnovative Groundwater Treatment: Reactive Wails Constructed with Excess Foundry Sand,

Wisconsin Groundwater Research Advisory Council, with C. Evkholt.

Development of Integrated Decision Support System for Welihead Protection, Wisconsin Water

Resources Council, State of Wisconsin.

Reducing Uncertainty in Subsurface Characterization, U.S. Department of Energy.

Ultrasonic Probe to Evaluate the Integrity of Borehole Seals, Federal Highway Administration,

with T. Edil.

Field Assessment of Monitoring Well Seal Integrity, Groundwater Research Advisory Council,

State of Wisconsin, with T. Edil.

A Tool For Evaluating the Integrity of Monitoring Well Seals, Groundwater Research Advisory

Council, State of Wisconsin, with T. Edil.

Characterization of Air Plumes and Modeling Mass Removal During In Situ Air Sparging,

Groundwater Research Advisory Council, State of Wisconsin, with G. Eykholt.

Other Topics

Wisconsin-Puerto Rico Partnership for Research and Education in Materials LWi(PR)EMI, US
National Science Foundation, with J. de Pablo, J. Pedersen, et aL

Fate and Transport of Chronic Waste Disease Prions in Waste Water Treatment Plants, US

Environmental Protection Agency

A Modular Geoenvironmental Curriculum, National Science Foundation, with other faculty from

Wisconsin, Northwestern, Michigan, and Argonne National Laboratory.

Stiffness and Stress State in Unsaturated Soils, Minnesota Department of Transportation, with T.

Edil.
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Thermal Conditions Below Highway Pavements During Winter, Wisconsin Department of

Transportation, with P. Bosscher.

Design Protocols for Cellular Confinement with Geoweb, University Industrial Relations and

Presto Products, Appleton, WI, with T. Edil.

Equivalency of Subgrade Improvement Methods, Wisconsin Department of Transportation, with

T. Edil.

Reinforcement of Soft Subgrades with Geosynthetics, Wisconsin Department of Transportation,

with T. Edil.

Evaluation of the DCP and SSG for Subgrade Evaluation, Wisconsin Department of

Transportation, with T. Edil.

Shear Strength of Granular Backfill Materials, Wisconsin Department of Transportation, with T.

Edil.

Correlating Index Properties and Engineering Behavior of Wisconsin Soils, Wisconsin

Department of Transportation, with T. Edil.

incorporating Alternative Subgrade Improvement Methods in Pavement Design, Wisconsin

Department of Transportation, with T. Edil.

GRADUATE STUDENTS SUPERVISED

PhD Students

Breitmeyer, R., Dissertation Topic Hydrology of Bioreactor Landfills, expected 2010, co-advised

with T. Edil, expected 2010.

Bareither, C., Dissertation Topic: Settlement of Bioreactor Landfills, co-advised with T. Edil,

expected 2010.

Komonwèeraket, K., Dissertation Topic: Mechanisms Controlling Release of Trace Elements from

Soils Stabilized with Fly Ash, co-advised with T. Edil, expected 2008.

Park, M., Dissertation Topic: Transport of VOCs in Composite Landfill Liners, co-advised with T.

Edil, expected 2009.

Apiwantragoon, P., Dissertation Topic: Alternative Covers: Field Performance and Modeling

Methods, 2007.

Tinjum, J., Dissertation Topic: Innovative Remedial Treatment of Chromium Ore Processing

Residues, co-advised with T. Edil, 2006.
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Albright, W., Dissertation Topic: Field Performance of Landfill Covers, 2005.

Un, L., Dissertation Topic: Impacts of Mineralogical Fouling of Permeable Reactive Barriers in

Heterogeneous Environments, 2004

Chang, R, Dissertation Topic: Geophysical Characterization of Water and Solute Movement in an

Arid Climate, 2003, co-advised with D. Alumbaugk

Kim, W., Dissertation Topic: Alternative Subgrades Stabilization with Geosynthetics, 2003, co

advised with T. Edil.

Guiec, S., Dissertation Topic: Compatibility of Geosynthetics and Mine Waste Liquids, 2003, co

advised with T Edil.

Tanyu, B., Dissertation Topic: Equivalency of Alternative Subgrade Stabilization Methods. 2003,

co-advised with t EdiL

Jo, H., Dissertation Topic: Fundamental Factors Affecting Interactions Between Bentortite and

Inorganic Liquids, 2003.

Bin-Shafique, S., Dissertation Topic: Leading of Heavy Metals from Fly Ash Stabilized Soils,

2002, co-advised with T. Edil.

Chalermyanont, T., Dissertation Topic: Reliability Analysis of Mechanically Stabilized Earth

(MSE) Walls, 2002.

Lee, T., Dissertation Topic: Using Waste Foundry Sands as Reactive Media in Permeable Reactive

Barriers, 2002.

Albrecht, B., Dissertation Topic: Passive Dry Barriers: Air Circulation and Mass Transfer, 2001.

Elder, C, Dissertation Topic: Effect of Heterogeneity on Performance of Permeable Reactive

Barriers, 200(1

Kim, FL, Dissertation Topic: Oxygen Transport Through Mu]ti-layer Caps Over Mine Waste,

2000.

Abichou, T, Dissertation Topic: Hydraulic Properties of Foundry Sands, 1999, co-advised with E

EdiL

Tachavises, C., Dissertation Topic Flow Rates Past Vertical Groundwater Cut-Off Walls:

Intluentia] Factors and Their impact on Wall Selection, 1998.

Foose, G., Dissertation Topic: Leakage Rates and Chemical Transport Through Composite

Landfill LIners, 1997, co-advised with T. Edil.

Khire, M., Dissertation Topic: Field Hydrology and Water Balance Modeling of Earthen Final

Covers for Waste Containment, 1995
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Yesiller, N., Dissertation Topic: Ultrasonic Evaluation of Cased Borehole Seals, 1994, co-advised

with T. Edil.

Othmari, M., Dissertation Topic: Effect of Freeze/Thaw on the Structure and Hydraulic

Conductivity of Compacted Clays, 1992.

MS Students

Schlicht, P., Thesis Topic: Weathering-Induced Alterations in the Hydraulic Properties of Final

Covers for Waste Containment, 2009, co-advised with J. Tinjum.

Scalia, J., Thesis Topic Hydraulic Conductivity of Geosynthetic Day Liners Used in Composite

Final Covers, 2009.

Bradshaw, S., Thesis Topic: Effects of Stress, Hydration, and Ion Exchange on Geosynthetic Clay

Liners, 2008.

Camargo, F., Thesis Topic: Equivalency of Fly-Ash Stabilized RPM and Gravel Base Course, 2008,

co-advised with T. Edil.

Rauen, T., Thesis Topic: Effect of Bioreactor Leachate on Geosynthetic Clay Liners, 2007.

Cope, U., Thesis Topic: Treating TCE-Contaminated Groundwater with Gray-Iron Slag, 2007.

Metz, S., Thesis Topic: Gray-Iron Slags as a Reactive Medium for Arsenic Treatment, 2007.

Eberhardt, M., Thesis Topic: Leaching of Heavy Metals from Gray-Iron Slags with and without

Carbonation, 2008.

Baugh, J., Thesis Topic Fly Ash Stabilization of Gravelly Soils, 2008, co-advised with T. Edil.

Rosa, M., Thesis Topic: Effect of Preeze-Thaw Cycling on Resilient Modulus of Fly-Ash

Stabilized Subgrade Soils,2006, co-advised with T. Edil.

Klett, N., Thesis Topic Evaluation of VOC Discharges to Groundwater from Engineered Landfills

in Wisconsin, 2005, co-advised with T. EdIL

Bareither, C., Thesis Topic: Geological Controls on the Shear Strength of Wisconsin Sands, 2006,

co-advised with T. Edil.

Bohnhoff, C, Thesis Topic: Predicting the Water Balance of Alternative Covers Using UNSAT-H,

2005.

Sauer, J., Thesis Topic: Leaching of Heavy Metals from Organic Soils Stabilized with High Carbon

Fly Ashes, 2005, co-advised with T. EdiL
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Tastan, 0., Thesis Topic: Stabilizing Organic Soils with High Carbon Fly Ashes, 2005, co-advised

with t Edil.

Trzebiatowski, B., Thesis Topic: Fifed of Pedogenesis on Soil Water Characteristic Curves of

Cover Soils, 2004.

Meer, S., Thesis Topic: Effects of Ion Exchange and Desiccation on CCLs used in Final Covers,

2003.

Gurdal, T., Thesis Topic: Unsaturated Hydraulic Properties of Alternative Cover Soils, 2003.

Kim, K, Thesis Topic: Water Content Reflectometer Calibrations for Final Cover Soils, 2002.

Camaciho, L, Thesis Topic: Analysis of Landfill Failure Using Three-Dimensional Limit

Equilibrium Methods, 2002, co-advised with T. EdiL

Roesler, A., Thesis Topic: Field Hydrology and Mode) Predictions for Final Covers in the

Alternative Assessment Program, 2002.

Acosta, H., Thesis Topic: Stabilization of Soft Subgrade Soils Using Fly Ash, 2002, co-advised

with T. Edil.

Lanier, A-, Thesis Topic: VOC Transport in Geosynthetic Clay Liners, 2002.

Marchesi, 1., Thesis Topic: Simulating the Hydrology of Alternative Covers with Soil Cover, 2002.

Mergener, E., Thesis Topic: Assessing Clogging of Permeable Reactive Barriers in Heterogeneous

Aquifers Using a Geochemical Model, 2002.

Rochford, W., Thesis Topic: Effectiveness of Geomembrane and Soil-Bentonite Cut-Off Walls,

2002.

Thorstad, P., Thesis Topic: Field Performance of a Geosynthetic Clay Liner (CCL) Used as the

Hydraulic Barrier Layer in a Landfill Cover in Southwestern Wisconsin, 2002.

Nelson, M., Thesis Topic: Laboratory Hydraulic Conductivity Testing Protocols for Paper

Sludges in Barrier Layers, 2001.

Lau, W., Thesis Topic: Use of Ceocells in Flexible Pavements Over Poor Subgrades, 2001, co

advised with T. Edil.

Simon, D., Thesis Topic: Comparison of Three Geophysical imaging Techniques for

Characterization of an lAS Plume, 2001, co-advised with D. Alumbaugh.

Kolstad, D., Thesis Topic Hydraulic Conductivity and Ion Exchange in GCLs Permeated with

Multispecies Inorganic Solution, 2000.
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Mengelt, M., Thesis Topic Effect of Cellular Confinement on Soil Stiffness Under Dynamic

Loads, 2000, co-advised with T. EdiL

Maxwell, S., Thesis Topic: Geosynthetic Reinforcement of Soft Subgrades, 1999, co-advised with

T. Edil.

Jo, H., Thesis Topic: Chemical Compatibility of Non-Prehydrated GCLs and Inorganic Liquids,

1999.

Lee, T., Thesis Topic; Physical Modeling of Vertical Groundwater Cut-Off Walls, 1999.

Gibson, S, Thesis Topic: Geoelectric Methods to Evaluate Borehole Seals, 1999, co-advised with T.

Edil.

Winkler, W., Thesis Topic: Thickness of Monolithic Covers in Arid and Semi-arid Climates, 1999.

Chen, C., Thesis Topic: Meteorological Conditions for Design of Monolithic Alternative Earthen

Final Covers (AEFCs), 1999.

Vasko, 5.. Thesis Topic: Hydraulic Conductivity of Prehydrated Geosynthetic Clay Liners

Permeated with Calcium Chloride Solutions, 1999.

Dingrando, J., Thesis Topic; Benefidal Reuse of Foundry Sands in Controlled Low Strength

Material, 1999, co-advised with T. Edil.

Beurmann, S., Thesis Topic: Dielectric Sensor for Measuring Suction in Dry Soils, 1999.

Chiang, 1., Thesis Topic: Effect of Fines and Gradation on Soil Water Characteristic Curves of

Sands, 1998.

Christinan, M., Thesis Topic Annular Well Seals: A Geophysical Study of Influential Factors and

Seal Quality, 1999, co-advised with T. Edi].

Lin, L.C., Thesis Topic; Effect of Wet-Dry Cycling on Swelling and Hydraulic Conductivity of

Geosynthetic Gay Liners, 1998.

Goodhue, M., Thesis Topic: Reuse of Foundry Sands in Reinforced Earthen Structures, 1998, co.

advised with T. Edil.

jong, D., Thesis Topic: Load Limit Timings for Roadways Exposed to Frost, 1997, co-advised with

P. Bosscher.

Suwansawat, V., Thesis Topic: Using TM? for Moiswre Movement in Clays, 1997.

Akpinar, M., Thesis Topic: Interface Shear Strength of Geomembranes and Geotextiles at

Different Temperatures, 199T
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Gavin, M., Thesis Topic Physical and Chemical Effects of Electroosmosis on Kaolinite, 1997, co

advised with T. EdiL

Kircher, J., Thesis Topic Modeling Chemical and Physical Effects of Electro-osmosis on Kaolinile,

1997, co-advised with T. Edil.

Kieven, J., Thesis Topic: Mechanical Properties of Excess Foundry System Sand and an

Evaluation of its use in Roadway Structural Fill, 1997, co-advised with T. Edil.

Hill, T., Thesis Topic: Field and Laboratory Hydraulic Conductivity of Compacted Mine Waste

Rock, 1997.

Elder, C., Thesis Topic: Modeling Mass Transfer During In Situ Air Sparging, 1996.

Baker, D., Thesis Topic: Physical Modeling of In Situ Air Sparging, 1996.

Klima, j., Thesis Topic Field Assessment of Monitoring and Water Supply Well Seals, 1996, co

advised with T. Edil.

Tinjum, J, Thesis Topic: Soil Water Characteristic Curves for Compacted Fine Grained Soils,

1995.

Payne, L., Thesis Topic: Use of Pulsating Elect-ro-Osmosis in Barrier Applications, 1993, co

advised with T Edil.

Tatlisoz, N, Thesis Topic: Using Tire Chips in Earthen Structures, 1995, co-advised with T Edil.

Palmer, B., Thesis Topic: High Carbon Class F Fly Ash for Reactive Barrier Landfill Liners, 1995,

co-advised with T. Edil.

Albrecht, B., Thesis Topic: Effect of Desiccation on Hydraulic Conductivity of Compacted Clays,

1995.

Harrick, M., Thesis Topic: Permeable Reactive Walls in Wisconsin, 1994.

Abu Hassaneth, 1, Thesis Topic: Using Electrical Resistivity Measurement as a Quality Control

Tool for Compacted Cay Liners, 1994.

Meerdink, J, Thesis Topic Unsaturated Hydraulic Conductivit of Barrier Soils Used for Final

Covers, 1994.

Pekarun, 0, Thesis Topic: Evaluation of Hydraulic Significance of Defects in Annular Well Seals,

1994, co-advised with T. Edil.

Kraus, J., Thesis Topic: Hydraulic Conductivity of Papermill Sludges, 1994

Wang, X., Thesis Topic Evaluating Suction Head at the Wetting Front During Infiltration in

Compacted Clays, 1993.
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Foose, C., Thesis Topic: Shear Strength of Sand Reinforced with Shredded Waste Tires, 1993.

Cooper, S., Thesis Topic: An Evaluation of How Subsurface Characterization Using Soil

Classifications Affects Predictions of Containment Transport, 1993.

Bashel, M., Thesis Topic: Flow Rates in Composite Landfill Liners, 1993.

Trast, J., Thesis Topic: Field Hydrauiic Conductivity of Thirteen Compacted Clay Liners, 1993.

Genthe, D., Thesis Topic Shear Strength o Two Pulp and Paper Mill Sludges with Low Solids

Content, 1993.

Sajjad, M., Thesis Topic: Effect of Electro-Osmosis on Hydraulic Conductivity of Compacted

Clay, 1993.

Abichou, T., Thesis Topic Field Evaluation of Geosynthetic insulation for Protection of Clay

Liners, 1993.

Bahner, E., Thesis Topic Soil Nailing Case Histories in Wisconsin, 1993.

Hardianto, F., Thesis Topic: Representative Sample Size for Hydraulic Conductivity of

Compacted Clay, 1993.

Lane, D., Thesis Topic: Hydrologic Observations and Modeling Assessments of Landfill Covers,

1992.

PATENTS

Apparatus and Method for Testing the Hydraulic Conductivity of Geologic Materials, United

Stales Patent No. 6,178,808.

Pressure Plate Extractor, United States Patent No. 6,718,835.

CONSULTING ENGINEERING EXPERIENCE

Dr. Benson has served as a consultant on more than 90 projects for government and industry in

the United States and abroad. His consulting work includes specialty design and analysis, peer

review, prototype and field testing of new technologies, forensic engineering, and litigation

support. References provided on request.
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RECENT INVITED LECTURES

Final Covers for Waste Containment: Lessons Learned from a Nationwide Field Experiment.

Sowers State-of-the-An Lecture, 12th Annual George F. Sowers Symposium, Georgia institute of

Technology, Atlanta, Georgia, May 2009.

Chemical Alterations and Their Impact on the Hydrologic Properties of Bentonite, Monash
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