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Conversion Factors, Datums, and Abbreviations

Inch/Pound to International System of Units

Multiply By To obtain
Length
inch (jn.) 2.54 centimeter (cm)
inch (in.) 254 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi?) 2.590 square kilometer (km?)
Volume
gallon (gal) 3.785 liter (L)
Flow rate
million gallons per day (Mgal/d) 0.06309 Million liters per day (M1/d)
million gallons per month (Mgal/m) 0.06309 Million liters per month (Ml/m)
Hydraulic conductivity
foot per day (ft/d) 0.00035 centimeter per second (cm/s)

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as
°F=(1.8°C) + 32.

Vertical coordinate information is referenced to the Chicago City Datum (CCD). The CCD is
579.48 feet above the National Geodetic Vertical Datum of 1929 (NGVD 29).

Elevation, as used in this report, refers to distance above or below the CCD vertical datum.
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Abbreviated water-quality units used in this report: Concentrations of chemical constituents in
water are given in milligrams per liter (mg/L). Milligrams per liter are considered equivalents to
parts per million and the reported concentrations.

Electrical conductance of water is given in micromhos per centimeter (umho/cm).
pH of water is given in standard units.

Populations of fecal coliform are given in colony-forming units per 100 milliliter (CFU/100 mL).



Hydrogeology and Groundwater Quality at Monitoring
Wells Installed for the Tunnel and Reservoir Plan System
and Nearby Water-Supply Wells, Cook County, lllinois,

1995-2013

By Robert T. Kay

Abstract

Groundwater-quality data collected from 1995 through
2013 from 106 monitoring wells open to the base of the
Silurian aquifer surrounding the Tunnel and Reservoir Plan
(TARP) System in Cook County, Illinois, were analyzed by the
U.S. Geological Survey, in cooperation with the Metropolitan
Water Reclamation District of Greater Chicago, to assess the
efficacy of the monitoring network and the effects of water
movement from the tunnel system to the surrounding aquifer.
Groundwater from the Silurian aquifer typically drains to the
tunnel system so that analyte concentrations in most of the
samples from most of the monitoring wells primarily reflect
the concentration of the analyte in the nearby Silurian aqui-
fer. Water quality in the Silurian aquifer is spatially variable
because of a variety of natural and non-TARP anthropogenic
processes. Therefore, the trends in analyte values at a given
well from 1995 through 2013 are primarily a reflection of the
spatial variation in the value of the analyte in groundwater
within that part of the Silurian aquifer draining to the tunnels.
Intermittent drainage of combined sewer flow from the tunnel
system to the Silurian aquifer when flow in the tunnel system
is greater than 80 million gallons per day may affect water
quality in some nearby monitoring wells. Intermittent drainage
of combined sewer flow from the tunnel system to the Silurian
aquifer appears to affect the values of electrical conductivity,
hardness, sulfate, chloride, dissolved organic carbon, ammo-
nia, and fecal coliform in samples from many wells but typi-
cally during less than 5 percent of the sampling events. Drain-
age of combined sewer flow into the aquifer is most prevalent
in the downstream parts of the tunnel systems because of the
hydraulic pressures elevated above background values and
long residence time of combined sewer flow in those areas.
Elevated values of the analytes emplaced during intermittent
migration of combined sewer flow into the Silurian aquifer
decrease through time as water from the aquifer drains back
into the tunnels in response to typical hydraulic conditions.
Of the analytes sampled, fecal coliform provides the clearest
indication of the location and timing of combined sewer flow
into the Silurian aquifer surrounding the tunnel system.

Introduction

The Metropolitan Water Reclamation District of Greater
Chicago (MWRDGC) operates the Tunnel and Reservoir
Plan (TARP) System, which is designed to transmit combined
sewer flow (stormwater and wastewater) through tunnels in
the lower part of the Silurian-aged bedrock to storage reser-
voirs during storms. After a precipitation event, water in the
reservoirs is pumped to a water reclamation plant where it is
treated before it is discharged to a nearby surface-water body
(figs. 1 and 2).

The MWRDGGC, at the request of the Illinois Environ-
mental Protection Agency (IEPA), has performed ongoing
periodic sampling of groundwater in more than 100 monitor-
ing wells, all located approximately 200 feet (ft) from the
center line of the TARP tunnels (fig. 3). This sampling is done
to assess the effect that leakage of combined sewer flow (CSF)
from the TARP tunnels to the surrounding Silurian aquifer has
on water quality in the aquifer. For the purposes of this report,
a CSF event occurs when water from the combined sewers
is present in the TARP tunnels. These events may or may not
result in the movement of water from the tunnels into the
aquifer.

As part of the sampling effort, depth to water is mea-
sured, and water samples collected from the wells are ana-
lyzed for pH, temperature, electrical conductivity (EC),
total dissolved solids (TDS), hardness, ammonia as nitrogen
(ammonia), dissolved organic carbon (DOC), chloride, sulfate,
and fecal coliform. These constituents, along with water level,
are collectively referred to as “analytes” in this report. Many
of the analytes do not have units of concentration, so the word
“values” is used to discuss the amount of an analyte whose
units are not expressed as a concentration.

No analysis of the sampling data has been performed in
more than 20 years of data collection. The MWRDGC sought
technical assistance from the U.S. Geological Survey (USGS)
to perform this analysis. Subsequently, the USGS conducted
a study, in cooperation with the MWRDGC, to analyze the
sampling data. The insights gained from this evaluation
will be used by MWRDGC and IEPA to design a sampling
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Figure 1.
Water Reclamation District of Greater Chicago, 2013).

regimen that more effectively monitors the effects of CSF on
groundwater quality in the Silurian aquifer to ensure continued
protection of human health and the environment.

Data from a small number of wells analyzed for this
investigation were collected beginning in 1994, sampling in
some monitoring wells did not begin until after 1995, and
sampling in some wells ended prior to 2013 because of an
approved monitoring reduction by the IEPA. The precise sam-
pling dates for each well are provided in the tables, figures,
and appendixes where feasible, but for ease of expression, the
period of investigation is described as occurring from 1995
through 2013 regardless of the actual date of the beginning
and end of data collection in a particular well. This time period
was chosen because it encompassed the period of sampling in
most of the wells.

Purpose and Scope

This report summarizes the results of an analysis of
water-level and water-quality data collected from more
than 100 monitoring wells from 1995 through 2013. This

Schematic diagram of Tunnel and Reservoir Plan System operation, Cook County, lllinois (modified from Metropolitan

report provides a general overview of the TARP System and
describes the hydraulics and water quality of CSF in the TARP
System, the hydrogeology and water quality of the Silurian
aquifer in Cook County, Illinois, and in the area surrounding
the TARP System, and the hydraulic and chemical processes
that affect water quality in the aquifer surrounding the TARP
System. Summary statistics, correlation coefficients, and
temporal trends during 1995-2013 calculated for each analyte
in each well are presented. Dates associated with anomalous
analyte values, if present, are identified for each well. The
presence of seasonality (regular and predictable changes

in data which recur at approximately the same time every
calendar year) in the values of uncensored analytes (analytes
whose values were greater than the specified detection limit in
every sample) is discussed. Correlation coefficients for fecal
coliform populations within selected groups of wells also have
been calculated. Results of sampling for total coliform and
Escherichia coli (E. coli) in water-supply wells near the TARP
System also are discussed, as are ways to improve the efficacy
of the monitoring program.
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Figure 2.

Location and selected features of the Tunnel and Reservoir Plan (TARP) System, Cook County, lllinois
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Description of the Tunnel and Reservoir Plan
System and Monitoring Wells

The City of Chicago and 51 other municipalities in Cook
County have combined sewer systems. These sewer systems
collect a combination of stormwater runoff, domestic sew-
age, and industrial wastewater. The water reclamation plants
in these municipalities were designed to treat about 2 billion
gallons of wastewater per day in the 1950s (U.S. Environ-
mental Protection Agency, 1988). However, as urbanization
of the Chicago area increased, the volume of wastewater
and stormwater runoff entering the sewer system increased
to the point where the system would become inundated with
more than 5 billion gallons of runoff following a 1-inch (in.)
rainstorm (U.S. Environmental Protection Agency, 1988).
These conditions would result in sewer outfalls discharging
combined sewer overflow (CSO) to local waterways during a
substantial portion of the year (U.S. Environmental Protection
Agency, 1988). During particularly large precipitation events
area waterways would reverse their direction of flow, releasing
CSO into Lake Michigan. CSO releases resulted in frequent
closings of the Lake Michigan beaches and the accumulation
of contaminants in area waterways, leaving the ecosystem
dominated by contamination-tolerant organisms (Hill and
Butts, 1986).

To eliminate CSO effects, the MWRDGC constructed the
TARP System. The TARP System is designed to prevent CSO
discharge to surface water by diverting stormwater and waste-
water from the near-surface sewers to the deeper Mainstream,
Des Plaines, Calumet, and Upper Des Plaines tunnel systems
constructed in the lower part of the Silurian dolomite beneath
the Chicago metropolitan area (figs. 1, 2). In this report CSO is
considered to be water that escaped from the combined sewers
prior to construction of the TARP. CSF is the water diverted
into the TARP System from the combined sewers.

The Des Plaines System is beneath the Des Plaines River
(fig. 4). The Mainstream System is beneath the North Branch
of the Chicago River, the North Shore Channel of the Chicago
River, the Chicago River, and the Chicago Sanitary and Ship
Canal. The Calumet System is beneath the Calumet River,
Little Calumet River, Grand Calumet River, and the Calumet
Sag Channel.

The tunnel system shown west of well QC-1 (fig. 3) is
an interceptor sewer that drains to the TARP System. This
sewer is not part of the TARP System and is omitted from
the following summary of TARP characteristics. The TARP
System consists of approximately 109 miles (mi) of tunnels.
The tunnels (fig. 2) are 9-33 ft in diameter with bottom eleva-
tions from about -50 to -325 ft relative to the City of Chicago
Datum (CCD). The tunnels are at about 150 to 300 ft below
land surface and are excavated through dolomite bedrock (fig.
1). Fractures in the bedrock intercepting the tunnels have been
filled with low-permeability grout, and the tunnels are lined
with concrete to reduce the movement of water between the
tunnels and the surrounding bedrock. Tunnel construction
began in 1975, and all the tunnels were operational by 2006

(fig. 2).
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Flow in the individual tunnel systems is in the direction
of decreasing elevation of the bottom of the tunnels (fig. 2).
Flow in the tunnels is from north to south in the Upper Des
Plaines, Des Plaines, and Mainstream Systems. Flow in the
tunnels of the Calumet System is toward the Indiana Avenue
leg.

The tunnels convey CSF to the Majewski, Thornton,
and (future) McCook reservoirs for storage (figs. 1, 2, and 4)
(Metropolitan Water Reclamation District of Greater Chicago,
2013). The Majewski Reservoir is a lined, above ground
retention basin that began to receive CSF from the Upper Des
Plaines System in 1998. The Thornton Reservoir occupies part
of a quarry in the Silurian dolomite. The Thornton Reservoir
was constructed in two stages. The first stage is a temporary
reservoir in the western part of the quarry that began accept-
ing stormwater runoff (which is distinct from CSF) from a
nearby creek in March 2003. The second stage is a perma-
nent reservoir in the northern part of the quarry that began to
receive CSF from the Calumet System in August 2015. The
McCook Reservoir also will occupy a quarry in the Silurian
dolomite and is being constructed in two stages. Construction
of the first stage of the future McCook Reservoir will occur in
the southern part of the property, which is projected to begin
receiving CSF from the Des Plaines and Mainstream Systems
in 2017. Construction of the expanded reservoir is expected to
be completed in 2029 after quarry operations have ceased.

The tunnels are capable of storing 2.3 billion gallons of
water. Because the McCook and Thornton Reservoirs were not
connected to the Des Plaines, Mainstream, or Calumet System
tunnels during 1995-2013, these tunnels were used for CSF
storage during that period. As a consequence, water derived
from CSF remained in these tunnels (particularly the down-
stream part of each tunnel system where the tunnel elevation
is lowest) for a longer period of time than will occur once the
tunnels are connected to the reservoirs. Tunnels in the Upper
Des Plaines System also were used for storage prior to 1998.

Pumping stations dewater the tunnels and reservoirs as
capacity at the Stickney, Calumet, and Kirie Water Reclama-
tion Plants (WRPs) becomes available (fig. 2). Discharge from
the TARP System to the Calumet and Stickney WRPs was
recorded daily during 1995-2013 and closely tracks the timing
and amount of precipitation near the Stickney WRP at Midway
Airport (fig. 5), indicating that discharge to the WRPs can be
used to indicate the timing and amount of CSF in the system.
Discharge from the TARP System to the WRPs commonly
exceeds 3 billion gallons (about 100 million gallons per day
[Mgal/d]) in months with more than about 4 in. of precipita-
tion. TARP discharge of about 200 million gallons per month
(less than 7 Mgal/d) occurs during periods of minimal or
absent precipitation because of drainage of groundwater from
the Silurian dolomite into the tunnels. Geometric mean values
of monthly discharge from the TARP System at the Calumet
and Stickney WRPs during 1995-2013 varied during the
year, with low discharge in January and February, increasing
discharge from March through May, generally high discharge
during May—August, and decreasing discharge from Septem-
ber through December (table 1).
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Figure 5. Discharge from the Tunnel and Reservoir Plan System to the Stickney and Calumet Water Reclamation Plants, and
precipitation at Midway Airport, Cook County, lllinois, 1995-2013.

Table 1. Geometric mean discharge, by month, from the Tunnel and Reservoir Plan System to the Stickney and Calumet Water
Reclamation Plants, 1995-2013, and average monthly precipitation at Midway Airport, 1981-2010, Cook County, lllinois.

Geometric mean discharge to Geometric mean discharge to Calumet Average
Month Stickney Water Reclamation Plant’ Water Reclamation Plant' precipitation?

(million gallons per month) (million gallons per month) (inches)
January 1,898 928 2.06
February 1,774 914 1.94
March 2,463 1,388 2.72
April 2,870 1,544 3.64
May 3,377 1,650 4.13
June 3,194 1,411 4.06
July 2,751 990 4.01
August 3,199 1,186 3.99
September 2,351 886 3.31
October 2,355 953 3.24
November 2,146 877 3.42
December 1,949 879 2.57

'Discharge data provided by Kevin Fitzpatrick, Metropolitan Water Reclamation District of Greater Chicago, written commun., 2013.

Precipitation data from National Weather Service http://w2.weather.gov/climate/index.php?wfo=lot; accessed July 26, 2014.
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The amount of discharge from the TARP System to the
WRPs is affected by a variety of factors, including the avail-
ability of treatment capacity at the WRPs and the amount of
water in the TARP System. Water draining into the tunnels
from the Silurian aquifer during periods of dry weather flows
by gravity to the downstream end of the tunnel systems near
the reservoirs. This water accumulates in the tunnels until it
is periodically discharged to the WRPs when the tunnels are
near capacity or to provide storage capacity in anticipation
of a CSF event. As a result, some dates of elevated discharge
from the TARP System are associated with this “mainte-
nance” removal of water derived from aquifer infiltration
rather than removal of CSF from the System. Therefore,
discharge from the TARP System to the WRPs is a useful,
but not perfect, indicator of the volume and timing of CSF
in the TARP System on any given day during 1995-2013.
Once the tunnel systems were (for the Upper Des Plaines
and Calumet Systems) or are to be (for the Des Plaines and
Mainstream Systems) connected to the reservoirs, the capac-
ity of the TARP System to hold CSF will be increased, the
amount of CSF that will be stored in the tunnels will decrease,
the amount of time that CSF will be stored in the tunnels will
decrease, and the hydraulic pressure the CSF will generate in
the tunnels will be lower. As a consequence the future relation
between the volume and timing of CSF in the TARP System
and discharge from the system to the WRPs is likely to differ
from the historical relation. In addition, the volume of CSF

that will migrate from a given tunnel system to the aquifer is
expected to decrease after the tunnel system is connected to its
Teservoir.

Measurement of water levels in the tunnels also was
used to assess the timing and magnitude of CSF effects. The
utility of the water-level data from the tunnels is limited for
this assessment because the data collection did not begin until
2004.

CSF pumped to the WRPs is treated prior to being dis-
charged. Discharge is to the nearest receiving water at Willow
Creek, the Chicago Sanitary and Ship Canal, or the Calumet
Sag Channel (fig. 4).

The TARP monitoring wells are open to the Silurian
aquifer from an elevation typically about 30 ft above the top
of the nearby tunnel to an elevation about 20 ft below the
bottom of the tunnel (table 2). Above the open interval is a
6-in.-diameter steel casing that has been grouted into place.
The casing extends 2 ft above ground level and is surrounded
by a protective casing. Because the monitoring wells are open
only to that part of the Silurian aquifer near the tunnel and
are sealed off from the rest of the aquifer (as well as overly-
ing units and surface runoff), the construction of the TARP
wells allows the hydraulic and chemical conditions associated
with the tunnel system (as opposed to the entire aquifer) to be
analyzed. The TARP tunnels are excavated near the base of
the Silurian aquifer, so the monitoring wells are open near the
base of the aquifer.

Table 2. Description of monitoring wells and tunnels, Tunnel and Reservoir Plan System, Cook County, Illinois.—Continued

[—, no data, ?, unknown]

Elevation

Latitude Longitude Land-surface top/bottom Elevation
. elevation . top/bottom of
Well System Sampling (degrees, (degrees, of open interval
. X . (feet above tunnel (feet below
name monitored dates minutes, minutes, . . of well (feet helow . .
City of Chicago . . City of Chicago
seconds) seconds) City of Chicago
datum) datum)
datum)

MW-1 Upper 1994-2013 42°127.9" 87°5625.0" 79.8 -49/-89 -51/-71
Des Plaines

MW-2 Upper 1994-2010 42°2'8.0" 87°56'25.6" 76.8 -45/-85 -47/-67
Des Plaines

MW-3 Upper 1994-2013 42°2'45 4" 87°56'25.9" 83.6 -41/-81 -43/-63
Des Plaines

MWwW-4 Upper 1994-2013 42°3'17.4" 87°56'26.3" 81.9 -36/-76 -38/-58
Des Plaines

MW-5 Upper 1994-2010 42°3'31.9" 87°5722.9" 88.4 -28/-68 -30/-50
Des Plaines

MW-6 Upper 1994-2013 42°3'59.6" 87°5726.0" 93.6 -22/-68 -30/-50
Des Plaines

MW-7 Upper 1998-2013 42°3°6.7" 87°55'47.3" 73.7 -33/-78 -44/-60
Des Plaines

MW-8 Upper 1997-2013 42°3°43.7” 87°55'42.8” 77.8 -31/-76 -42/-58

Des Plaines
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Table 2. Description of monitoring wells and tunnels, Tunnel and Reservoir Plan System, Cook County, Illinois.—Continued

[—, no data, ?, unknown]

. . Land-surface Elevation Elevation
Latitude Longitude . top/bottom
Well System Sampling (degrees, (degrees, elevation of open interval top/bottom of
name monitored dates minutes, minutes, _(feet abflve of well (feet below tun_n el (feet_ below
seconds) seconds) City of Chicago City of Chicago City of Chicago
datum) datum) datum)
MW-9 Upper 1997-2013 42°4'16.6" 87°55'53.2” 75.8 -28/-68 -34/-50
Des Plaines

QD-21 Des Plaines 1995-2013 41°48'56.3" 87°51'52.8" 46.5 -109/-167 -139/-149
QD-22 Des Plaines 1995-2013 41°49'3.6" 87°52'13.0" 64.8 -106/-165 -137/-147
QD-23 Des Plaines 1995-2013 41°49'9.2" 87°52'51.2" 62.4 -104/-162 -134/-144
QD-24 Des Plaines 1995-2013 41°49'16.0" 87°53'43.9" 64.2 -100/-158 -130/-140
QD-25 Des Plaines 1995-2013 41°49'12.6" 87°54'24.6" 65.4 -97/-155 -127/-137
QD-26 Des Plaines 1995-2013 41°49'42.4" 87°52'49.3" 63.0 -99/-157 -128/-138
QD-27 Des Plaines 1995-2013 41°47'50.0" 87°49'55.4" 32.0 -200/-271 -220/-253
QD-28 Des Plaines 1995-2013 41°48"26.6" 87°50'1.8" 39.0 -199/-272 -119/-252
QD-29 Des Plaines 1995-2013 41°48'59.2" 87°49'59.8" 39.0 -195/-266 -215/-248
QD-30 Des Plaines 1995-2013 41°4927.4" 87°49'44.3" 334 -193/-264 -213/-246
QD-31 Des Plaines 1995-2013 41°49'49.9" 87°49'42.7" 35.0 -189/-259 -209/-242
QD-32 Des Plaines 1995-2013 41°5027.3" 87°49'41.8" 37.0 -182/-253 -202/-235
QD-33 Des Plaines 1995-2013 41°51'0.5" 87°49'42.9" 44.0 -177/-248 -197/-230
QD-34 Des Plaines 1995-2013 41°49'15.6" 87°5020.5" 40.0 -215/-263 -235/-245
QD-35 Des Plaines 1995-2013 41°4924 4" 87°5027.8" 35.0 -213/-261 -233/-243
QD-36 Des Plaines 19952013 41°49'47.0" 87°50"29.2" 40.0 -211/-259 -231/-241
QD-37 Des Plaines 1995-2013 41°49'34.2" 87°49'21.0" 26.0 -210/-258 -230/-240
QD-38 Des Plaines 1995-2013 41°49'18.0" 87°48'35.0" 26.0 -207/-255 -227/-237
QD-39 Des Plaines 1995-2013 41°51'41.8" 87°49'34.0" 42.0 -172/-240 -192/-222
QD40 Des Plaines 1995-2013 41°52'8.1" 87°49'40.3" 41.0 -167/-235 -187/-217
QD41 Des Plaines 1995-2013 41°52"28.9" 87°49'38.8" 45.0 -163/-231 -183/-213
QD42 Des Plaines 1995-2013 41°52'58.4" 87°49'52.0" 46.0 -158/-226 -178/-208
QD43 Des Plaines 1995-2013 41°53'30.5" 87°49'57.9" 42.0 -153/-221 -173/-203
QD44 Des Plaines 19952013 41°53'49.3" 87°49'47.6" 41.0 -149/-217 -169/-199
QD45 Des Plaines 1995-2013 41°54'34.2" 87°49'57.2" 44.0 -143/-211 -163/-193
QD46 Des Plaines 1995-2013 41°51'52.1" 87°49'42.3" 44.0 -150/-218 -188/-200
QD47 Des Plaines 1995-2013 41°51'50.2" 87°50'34.7" 47.0 -147/-215 -185/-197
QD48 Des Plaines 1995-2013 41°51'49.0" 87°51'6.1" 48.0 -144/-212 -182/-194
QD49 Des Plaines 1995-2013 41°51'48.9" 87°51'50.6" 49.0 -141/-209 -179/-191
QD-50 Des Plaines 19962013 41°55'6.3" 87°5024.3" 50.5 -141/-202 -171/-183
QD-51 Des Plaines 1996-2013 41°55'43.0" 87°50'36.8" 493 -137/-198 -157/-179
QD-52 Des Plaines 19962013 41°56"7.3" 87°50'58.7" 50.3 -134/-194 -154/-176
QD-53 Des Plaines 1995-2013 41°56'34.4" 87°51'13.5" 51.0 -131/-191 -151/-173

QD-54 Des Plaines 19962013 41°57'15.4" 87°51'23.6" 46.8 -126/-187 -146/-168
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Table 2. Description of monitoring wells and tunnels, Tunnel and Reservoir Plan System, Cook County, Illinois.—Continued

[—, no data, ?, unknown]

. . Land-surface Elevation Elevation
Latitude Longitude . top/bottom
Well System Sampling (degrees, (degrees, elevation of open interval top/bottom of
name monitored dates minutes, minutes, _(feet abflve of well (feet below tun_n el (feet_ below
seconds) seconds) City of Chicago City of Chicago City of Chicago
datum) datum) datum)

QD-55 Des Plaines 19962013 41°57'52.0" 87°51'16.1" 49.9 -123/-183 -142/-164
QD-56 Des Plaines 19962013 41°5823.4" 87°51'14.7" 55.7 -119/-179 -139/-161
QD-57 Des Plaines 19962013 41°58'49.9" 87°51'14.6" 55.3 -116-176 -136/-158
QD-58 Des Plaines 19962013 41°5925.4" 87°51'19.6" 543 -113/-173 -132/-154
QD-59 Des Plaines 1996-2013 42°0'0.3" 87°51'21.3" 58.6 -109/-169 -128/-150
QD-60 Des Plaines 1996-2013 42°0'41.8" 87°51'35.4" 59.9 -104/-164 -124/-146
QM-51 Mainstream No Samples 41°56'35.8" 87°41'38.8" 10.5 -192/-260 -212/-242
QM-52  Mainstream No Samples 41°53'57.0" 87°39'4.4" 7.3 -199/-267 -219/-249
QM-53  Mainstream 1995-2013 41°53'46.5" 87°38'43.3" 17.3 -199/-267 -219/-249
QM-54  Mainstream No Samples 41°53'34.3" 87°38'35.3" 7.4 -199/-267 -219/-249
QM-55  Mainstream No Samples — — 54 -199/-267 -219/-249
QM-56 Mainstream 1995-2009 41°52'30.8" 87°38'12.7" 6.4 -201/-269 -221/-251
QM-57  Mainstream No Samples 41°51'55.1" 87°382.8" 8.3 -199/-268 -221/-251
QM-58  Mainstream 1995-2008 41°50'52.0" 87°39'5.4" 10.4 -203/-271 -223/-253
QM-59  Mainstream 1995 41°50'14.1" 87°39'46.4" 11.6 -203/-271 -223/-253
QM-60  Mainstream No Samples — — 16.2 -197/-275 -227/-257
QM-61 Mainstream 1995-2013 41°49'5.3" 87°44'56.5" 17.2 -206/-277 -226/-259
QM-62  Mainstream 1995-2013 41°48'44.3" 87°46'6.3" 19.5 -206/-278 -227/-260
QM-63 Mainstream 1995-2013 41°48'31.2" 87°46'46.6" 10.1 -208/-279 -228/-261
QM-64 Mainstream 1995-2013 41°48'10.3" 87°47'50.8" 13.8 -209/-280 -229/-262
QM-65  Mainstream 1995-2010 41°4725.1" 87°49'13.9" 12.6 -210/-281 -230/-263
QM-66  Mainstream 2006—2013 41°46'57.7" 87°50'11.3" 25.2 -284/-338 -287/-320
QM-67  Mainstream 1995-2013 41°47'0.5" 87°50'18.6" 24.1 -158/-208 -160/-190
QM-68  Mainstream 1995-2013 41°50'40.1" 87°39'58.0" — — -224/-254
QM-69 Mainstream 1995-2013 42°2'49.3" 87°46'43.0" 44.0 -85/-131 -105/-113
QM-70  Mainstream 1995-2013 42°2'31.3" 87°47'8.9" 44.0 -121/-179 -131/-161
QM-71 Mainstream 1995-2013 42°2'9.6" 87°47'31.4" 45.0 -126/-184 -136/-166
QM-72 Mainstream 1995-2013 42°1'42.0" 87°47'40.2" 45.0 -132/-190 -142/-172
QM-73 Mainstream 19952013 42°0'56.9" 87°47'54.9" 44.0 -141/-199 -151/-181
QM-74  Mainstream 1995-2013 42°0'30.6" 87°47'26.6" 41.0 -149/-207 -159/-189
QM-75  Mainstream 1995-2013 41°59'54.2" 87°47'14.3" 41.0 -145/-213 -165/-195
QM-76  Mainstream 1995-2013 41°59'36.2" 87°46'35.8" 40.0 -151/-219 -171/-201
QM-77 Mainstream 1995-2013 41°59'18.8" 87°45'52.3" 31.0 -157/-225 -177/-207
QM-78  Mainstream 1995-2013 41°59'1.5" 87°45'6.1" 24.0 -164/-232 -184/-214
QM-79  Mainstream 1995-2013 41°58'50.2" 87°44'39.2" 30.0 -167/-235 -187/-217
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Table 2. Description of monitoring wells and tunnels, Tunnel and Reservoir Plan System, Cook County, Illinois.—Continued

[—, no data, ?, unknown]

. . Land-surface Elevation Elevation
Latitude Longitude . top/bottom
Well System Sampling (degrees, (degrees, elevation of open interval top/bottom of
name monitored dates minutes, minutes, _(feet abflve of well (feet below tun_n el (feet_ below
seconds) seconds) City of Chicago City of Chicago City of Chicago
datum) datum) datum)

QM-80  Mainstream 1995-2013 41°58'30.4" 87°43'58.9" 25.0 -173/-241 -193/-223
QM-81 Mainstream 1995-2013 41°58'30.6" 87°43'12.9" 20.0 -177/-245 -197/-227
QM-82  Mainstream 1995-2013 41°58"20.0" 87°42'16.3" 16.0 -185/-253 --205/235
QC-1 Calumet 1995-2009 41°39'4.8" 87°41'33.8" 12.4 -206/-265 -226/-247
QC-2 Calumet 1995-2013 41°38'50.0" 87°37'14.0" 15.6 -271/-330 -291/-312
QC-2.1 Calumet 1995-2013 41°38'52.8" 87°37'12.3" 19.8 7/-327 -288/-309
QC-2.2 Calumet 19952013 41°38'44.6" 87°36'55.9" 17.7 ?/-328 -289/-310
QC-3 Calumet 1995-2009 41°35"24.0" 87°36'56.7" 25.0 — -272/-302
QC+4 Calumet 1995-2013 41°35'48.6" 87°372.7" 24.1 7/-322 -273/-303
QC-5 Calumet 1995-2013 41°36'32.8" 87°37'3.3" 16.6 ?/-324 -276/-306
QC-6 Calumet 1995-2013 41°36'54.6" 87°37'4.2" 18.5 ?/-326 -278/-308
QC-7 Calumet 1995-2013 41°3722.5" 87°37'3.1" 19.2 ?/-329 -281/-311
QC-8 Calumet No samples 41°37'46.5" 87°37'3.7" 21.2 — -281/-311
QC-9 Calumet 1995-2013 41°38'12.9" 87°37'2.8" 18.7 ?/-335 -287/-317
QC-10 Calumet 1995-2013 41°38"7.3" 87°32'27.9" 3.5 ?/-298 -265/-280
QC-11 Calumet 1995-2013 41°38'38.7" 87°32'58.4" 43 ?/-303 -269/-284
QC-12 Calumet 1995-2013 41°38'36.6" 87°33'31.5" 4.2 ?/-321 -272/-302
QC-13 Calumet 1995-2013 41°3829.9" 87°34'37.9" 7.0 ?/-327 -279/-309
QC-14 Calumet 1995-2013 41°38'31.7" 87°35'53.8" 9.9 ?/-330 -282/-312
QC-15 Calumet 1995-2013 41°38'31.0" 87°36'36.3" 16.5 ?/-333 -285/-315
QC-16 Calumet 19952013 41°35'53.1" 87°39'30.4" 28.5 ?/-286 -257/-267
QC-17 Calumet 1995-2013 41°35'51.1" 87°38'42.9" 27.1 ?/-281 -253/-263
QC-18 Calumet 1995-2013 41°35'47.9" 87°37'49.3" 24.2 ?/-297 -269/-279
QC-19 Calumet 1996-2013 41°35'53.3" 87°38'42.9" — 2/-342 -313/-323
QC-20 Calumet 1999-2013 41°39'0.4" 87°33'59.9" 10.5 -252/-315 -272/-297
QC-21 Calumet 1999-2013 41°39'46.0" 87°33'30.7" 6.0 -246/-309 -266/-291
QC-22 Calumet 1999-2013 41°4026.0" 87°33'37.9" 10.8 -242/-305 -262/-287
QC-23 Calumet 1999-2013 41°41'17.5" 87°33'28.6" 11.1 -237/-300 -257/-282
QC-24 Calumet 19992013 41°42'16.5" 87°33'28.1" 9.6 -232/-295 -252/-277
QC-25 Calumet 1999-2013 41°42'55.9" 87°32'59.8" 11.7 -227/-290 -247/-272
QC-26 Calumet 1999-2013 41°43'41.7" 87°32'38.4" 15.3 -221/-284 -241/-266
QC-27 Calumet 1999-2013 41°42"7.7" 87°32'36.9" 9.3 -228/-281 -248/-263
QC-28 Calumet 1999-2013 41°4021.4" 87°32'59.1" 9.2 -240/-293 -260/-275
QC-29 Calumet 2003-2013 41°38'11.2" 87°39'27.3" 17.5 -107/-160 -126/-142

QC-30 Calumet 2003-2013 41°37'53.8" 87°38'38.1" 18.1 -118/-172 -138/-154
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Table 2. Description of monitoring wells and tunnels, Tunnel and Reservoir Plan System, Cook County, Illinois.—Continued

[—, no data, ?, unknown]

Land-surface Elevation Elevation
Latitude Longitude . top/hottom
. elevation . top/bottom of
Well System Sampling (degrees, (degrees, of open interval
. X . (feet above tunnel (feet below
name monitored dates minutes, minutes, . . of well (feet below . .
City of Chicago . . City of Chicago
seconds) seconds) City of Chicago
datum) datum)
datum)
QC-31  Calumet 2003-2013  41°37'33.5"  87°37'53.9" 18.2 -128/-181 -147/-163
QC-32 Calumet 20032009 41°36'49.3" 87°37'19.2" 19.0 -140/-193 -159/-175
QC-33  Calumet 2008 41°36'33.6"  87°372.3" 11.7 -150/-203 -169/-185
QC-34 Calumet 20042010 41°36'27.6" 87°35'34.4" 13.3 -142/-195 -161/-177
QC-35 Calumet 2003-2012 41°36'16.0" 87°3426.5" 18.7 -129/-182 -148/-164
QC-36 Calumet 2003-2012 41°35'41.4" 87°33'25.0" 20.6 -114/-167 -133/-149
QC-37 Calumet 2003-2010 41°35'31.5" 87°32'40.6" 18.7 -105/-158 -124/-140

Methods of Study

Sample Collection, Laboratory Analysis, and
Data Reporting

The MWRDGC began collecting and analyzing water
samples from 120 TARP monitoring wells (table 2) on a
periodic basis in the mid-1970s. Seven wells became nonfunc-
tional by 1995. As a result, 113 wells were sampled during the
1995-2013 period of investigation. The sampling frequency
varied with the well, ranging from approximately every 2
weeks in wells QC—1, QC-2, QC-2.1, and QC-2.2 from 1995
through 2004 to more than a year between sampling events
in some of the wells that were temporarily nonfunctional.

The typical sampling frequency was approximately every

2 months. The intensive sampling in wells QC-1, QC-2,
QC-2.1, and QC-2.2 during 1995-2004 was done to monitor
the effect of CSF events. Sample collection in the remain-

ing wells (and after 2004 in wells QC-1, QC-2, QC-2.1, and
QC-2.2) occurred on a fixed schedule not related to the timing
of CSF events.

Sampling procedures followed established protocols
(Washington and others, 1981). Sample collection began with
measurement of the water level in the well, and the volume
of water in the well was calculated. The well was then purged
of one well volume. If the yield was insufficient to allow
sampling immediately after purging, the well was allowed to
recharge for up to 48 hours, at which time the samples were
collected. Temperature, electrical conductivity, and pH were
measured at the well head immediately prior to sample col-
lection. Field samples were poured into appropriate contain-
ers and transported on ice to the laboratory where, with the

exception of fecal coliform, the samples were filtered through
a membrane with a 0.45-micron pore size. Aliquots were
then poured into individual bottles containing the appropriate
preservative.

Samples were submitted to the Analytical Laboratories
Division (ALD) of the MWRDGC for analysis. Ammonia
(NH,) and sulfate were analyzed using standard methods
described by the U.S. Environmental Protection Agency
(1993a, b). Chloride, total dissolved solids, fecal coliform,
hardness, and dissolved organic carbon were analyzed using
standard methods described by the American Public Health
Association (2012). The ALD laboratories are certified by the
National Environmental Laboratory Accreditation Conference
(Pauline Lindo, MWRDGC, written commun., 2014).

Sample results have been compiled and published annu-
ally by the MWRDGC beginning in 1994 (for the Upper
Des Plaines System wells) or 1995 (for the Mainstream, Des
Plaines, and Calumet System wells). MWRDGC reported
organic carbon results as total organic carbon. Because the
samples were filtered prior to analysis, this report describes
these analyses as dissolved organic carbon (DOC). Paper cop-
ies of the results of the analyses performed prior to 1994 or
1995 have been stored by the MWRDGC but have not been
compiled or published. Published reports containing the sam-
ple results from 1995 to 2004 are available in hard copy from
the MWRDGC. Reports containing the monitoring results dur-
ing 2005—13 are available electronically from the MWRDGC
website (http://www.mwrd.org/irj/portal/anonymous?Navigati
onTarget=navurl://3eecfe6e95b6128d87eedb0c778236). The
1995-2013 sampling results were compiled into one report
and published by the MWRDGC (Brose and others, 2016) so
that persons wishing to view the raw data that were analyzed
for this investigation can more easily access the data.


http://www.mwrd.org/irj/portal/anonymous?NavigationTarget=navurl://3eecfe6e95b61ff28d87eedb0c778236
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Samples of raw water (water from a point in the distribu-
tion system prior to treatment and dispersal to the users) are
collected by the IEPA from selected water-supply wells in Illi-
nois and analyzed for a variety of constituents, including total
coliform and Escherichia coli (E. coli), on a periodic basis in
accordance with standard procedures (Illinois Environmental
Protection Agency, 2012). The IEPA sampling is unrelated to
the TARP System or to the TARP monitoring effort. Results
of IEPA analysis of total coliform and E. coli in samples col-
lected from selected water-supply wells open to the Silurian
aquifer within 5 mi of the TARP tunnels were obtained from
the IEPA website at http://163.191.83.31/dww/, accessed
March 30, 2015. These data were plotted to identify the
presence of total coliform and E. coli in the Silurian aquifer
near the TARP System but were not subjected to the analyses
described in the following section.

Data Analysis

All data analyses presented in this report were performed
by the USGS. Water-quality data were compiled from the 113
TARP System monitoring wells sampled by the MWRDGC
during 1995-2013. Data from seven wells were compiled but
not analyzed because fewer than 10 samples were collected
from those wells. Wells with fewer than 10 samples were not
analyzed because the data are not considered to be capable
of providing statistically significant results. Data from the
remaining 106 wells, each of which typically had 50 to 260
samples, were subjected to comprehensive statistical analysis
(table 2).

The value of every analyte in wells with 10 or more
samples was plotted through time. Potentially anomalous
(outlier) values were checked against the original laboratory
sheets, and erroneously reported values were corrected.
Anomalous values were determined by the author on the basis
of visual assessment of the data plots. Data anomalies were
considered to be present if the value of an analyte was at least
a factor of two greater than its typical value in the well in
the years preceding and succeeding the date of the potential
anomaly or if the value did not appear to be part of a long-
term temporal trend.

Selected analytes were plotted using boxplots and normal
and lognormal plots using graphic packages in the R statistical
software package to assess the underlying data distribution.
Plots for many of the analytes did not indicate a normal
or lognormal distribution or have heterogeneous variance;
therefore, nonparametric tests were used for the statistical
analyses.

Summary statistics (number of samples, number of
detections, percent detections, maximum value, minimum
value, arithmetic mean value, geometric mean value, standard
deviation, and coefficient of variation) were calculated for
each analyte in each well. When calculating geometric mean,
analytes whose values were less than the detection limit for
a particular sample (censored values) were assigned a value
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by assuming a triangular distribution for values less than the
detection limit (Quinn and Keogh, 2003). This technique was
deemed preferable to assuming a distribution for the entire
dataset as other methods would (Helsel, 2012). Analytes with
censored values were analyzed for the arithmetic mean and
standard deviation using the flipped Kaplan-Meier estimator
(Helsel, 2012). Analytes with a detection frequency of less
than 10 percent in any given well were not subjected to
statistical analysis for that well. Analytes with a substantial
number of samples showing values less than the detection
limit (censored values) frequently had geometric mean,
arithmetic mean, standard deviation, or coefficient of variation
values reported as being within a range of values.

Multiple detection limits were utilized for chloride,
ammonia, sulfate, and DOC samples during the 1995-2013
period, which prevented the application of the triangular
substitution method for these analytes for wells having results
less than multiple detection limits. The samples for which
analytes were not detected at the highest detection limits
were retained for the statistical analyses using triangular
substitution. The samples for which analytes were not detected
at the lower detection limits were omitted. For example,
if chloride was not detected in a sample from a well at a
detection limit of 10 milligrams per liter (mg/L) and was not
detected in another sample from that well at a detection limit
of 5 mg/L, the less than (<) 10-mg/L sample was used in
the analysis, and the <5-mg/L sample was not. The resulting
calculated values are the maximum possible values; therefore,
the value is reported as less than the calculated value.

Trend analysis for the 1995-2013 period was performed
by use of Kendall’s tau correlation with Sen’s slope tests
(Helsel and Hirsch, 2002). The magnitude of the trend is
reported for all analytes and grouped by p-values of less
than or equal to (<) 0.05 or greater than (>) 0.05. Trends
with a p-value of <0.05 are considered a rejection of the
null hypothesis of the analysis that the data are statistically
independent (the occurrence of an analyte value does not
affect the probability of another value) to a significance level
of at least 95 percent and, therefore, are considered to show a
statistically significant trend.

Seasonality in the values of uncensored analytes was
assessed by grouping the values by month and applying
periodic functions, sine and cosine, to determine if there was
a statistically significant variation in the values of the monthly
data (Helsel and Hirsch, 2002). All analyses with a calculated
p-value of <0.05 (those analyses rejecting the null hypothesis
that the data are independent to a significance level of at
least 95 percent) were plotted to determine the timing of low
and high values. Analytes with a p-value of <0.05, showing
consistent timing in high and low values that could not be
attributed to random anomalous values and that were detected
in the analyses of samples from at least five of the TARP
wells, are discussed in this report.

Analyte values in samples from each well were correlated
by use of Kendall’s tau correlation with the Akritas-Theil-Sen
slope estimator (Helsel, 2012). Populations of fecal coliform
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in wells with a frequency of detection of 10 percent or greater
also were correlated between wells located within each of the
tunnel systems. Analytes with a tau-b value of 0.25 or greater
or -0.25 or less were considered to indicate high correlation.
Tau-b is a statistic used to measure the association between
two measured quantities that makes adjustments for ties in the
data, which makes this statistic useful for analyzing datasets
with censored values (Helsel, 2012).

Hydrogeology in the Vicinity of the
Tunnel and Reservoir Plan System

The surficial geologic deposits in most of the TARP area
are composed primarily of unconsolidated silt- and clay-rich
tills. These deposits typically are 25-100 ft thick and function
as a semiconfining unit, restricting groundwater flow to the
underlying Silurian dolomite (Kay and others, 1996; 2002).

Northwest of the City of Chicago, the Des Plaines Distur-
bance (fig. 4) is present beneath the unconsolidated deposits
(Willman, 1971; McHone and others, 1986). This feature is a
meteorite effect crater about 5.5 mi in diameter, characterized
by intensive faulting, surrounded by a 25-square mile (mi?)
area of less intensive faulting. Within the most disturbed area,
there is as much as 900 ft of vertical displacement of the bed-
rock. This feature intercepts small parts of the tunnel system,
but fractures associated with the disturbance may promote
groundwater flow and CSF migration.

The Silurian-aged dolomite bedrock surrounding the
TARP tunnels composes the Silurian aquifer. The dolomite
is the uppermost bedrock deposit in Cook County outside
the Des Plaines Disturbance and is about 50-450 ft thick
(Suter and others, 1959; Csallany and Walton, 1963). Silurian
dolomite underlies the unconsolidated deposits in most of
the TARP area but is at or near land surface in the vicinity of
the Thornton and McCook Reservoirs and northwest of well
QC=26. The Silurian dolomite also is present at or near land
surface in the vicinity of well QC—1, near well QM—68, and
west of well QM-51 (Willman, 1971) (figs. 3 and 4). Areas
where the aquifer is at the land surface are more susceptible to
anthropogenic contamination from, for example, road salts or
septic systems than areas where the aquifer is overlain by the
semiconfining unit (McKenna and Keefer, 1991).

The Silurian aquifer is underlain by the Maquoketa
Group (Willman and others, 1975) (fig. 1). The deposits of the
Maquoketa Group are composed primarily of shale and func-
tion as a semiconfining unit that restricts downward movement
of groundwater from the Silurian aquifer to deeper water-
supply aquifers.

Groundwater flow in the Silurian aquifer is primarily
through secondary-permeability features (joints, fractures,
faults, solution openings) that make up less than 1 percent of
the aquifer by volume. Lower rates of flow occur through the
porous matrix of the aquifer, which constitutes most of the
aquifer volume. Secondary-permeability features tend to be

concentrated in the upper, more weathered, part of the aquifer
but may also be present along shale beds in the deeper parts
of the aquifer (Suter and others, 1959; Zeizel and others,
1962; Nicholas and Healy, 1988) and near the Des Plaines
Disturbance. Vertical faults in the Calumet area (fig. 4) and an
irregularly distributed network of vertical fractures also are
conduits for groundwater flow (Zeizel and others, 1962; Kiefer
and Associates, 1976; Morse and others, 2000). The Silurian
aquifer has an average horizontal hydraulic conductivity (Kh)
of about 1.5 X 10! feet per day (ft/d) in the TARP area (Harza
Engineering Company, 1972; Kiefer and Associates, 1976;
Kay and others, 1996).

Because the extent of CSF migration into the Silurian
aquifer is likely to be greatest in areas where Kh is elevated
above background values, the conductivity of the aquifer at
the TARP wells was assessed by evaluating the time required
for the water level in the well to recover to approximately
hydrostatic levels after being purged for sampling. Recovery
time is reported on the MWRDGC sampling sheets as being
immediate, less than 4 hours, or less than 48 hours. For the
purposes of this report, immediate recovery indicates the aqui-
fer has high Kh within the open interval of the well. Recovery
in less than 4 hours (but not immediately) indicates moderate
Kh. Recovery in greater than 4 to less than 48 hours indicates
low Kh.

Using these criteria, 75 percent of the TARP monitoring
wells (and potentially the nearby tunnel system) are open to
parts of the aquifer with low Kh (fig. 6). High Kh is present
in parts of the Upper Des Plaines System. Moderate Kh is
present along much of the southern parts of the Des Plaines
and Mainstream Systems, and along much of the 140th Street
leg of the Calumet System. Maintaining the integrity of the
tunnel lining in these high-to-moderate Kh areas, therefore, is
particularly important. The high Kh in parts of the Upper Des
Plaines System may be related to fracturing associated with
the nearby Des Plaines Disturbance. Faulting in the Calumet
area (figs. 4 and 6) has no apparent effect on the Kh of the
Silurian aquifer at the Calumet System wells.

Transport of CSF constituents through the Silurian
aquifer is affected by the differences in water-level elevation
between the TARP tunnels and the aquifer. Therefore, water
levels in the TARP monitoring wells and the tunnel system
were analyzed. These data provide substantial insight into the
aquifer-tunnel flow dynamic.

The geometric mean value of the water levels in the
TARP wells during 1995-2013 is spatially variable, but some
overall patterns can be determined (fig. 7). Water levels typi-
cally were highest in the Upper Des Plaines System (above
-50 ft CCD, or less than 50 ft below the CCD) and especially
in the wells with high Kh. Water levels were lowest in the
Calumet System (commonly more than -200 ft CCD). Water
levels in the wells monitoring the Mainstream and Des Plaines
tunnels typically were lowest (more than 150 ft below CCD)
in the southern part of the system near the future McCook
Reservoir. The lowest water levels are generally associated
with the deepest parts of the Des Plaines, Mainstream, and
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to a lesser degree Calumet, tunnel systems which are also
where the Thornton and McCook Quarries are being dewa-
tered. Dewatering occurs at about 75 gallons per minute
(gal/min) for Thornton Quarry and 360 gal/min for McCook
Quarry (Lakhwinder Hundal, Metropolitan Water Reclamation
District of Greater Chicago, written commun., 2015), lower-
ing water levels in the nearby Silurian aquifer (figs. 2 and 7).
Dewatering of the Thornton Reservoir, and more prominently
the future McCook Reservoir, may be lowering water levels in
the Silurian aquifer near the downstream end of the Calumet,
Des Plaines, and Mainstream Systems, which also could have
enhanced movement of water from the TARP System to the
aquifer during CSF events.

The elevation of the tunnel system affects the water level
in the Silurian aquifer because groundwater from the aquifer
drains into the TARP tunnels under typical (no CSF) hydraulic
conditions. This drainage lowers water levels in the aquifer
by an amount that is proportionate to the amount of drainage,
the distance between the well and the location of the drainage,
and the hydraulic properties of the aquifer in the vicinity of
the drainage area. The normal aquifer-to-tunnel flow direction
is indicated by the fact that geometric mean water levels are
about 5 ft to more than 150 ft higher than the elevation of the
top of the nearby tunnel (compare figs. 2 and 7), which typi-
cally is at least partly dewatered.

The presence and effect of drainage from the aquifer to
the tunnel system is demonstrated by an analysis of ground-
water levels in well QC-26 (fig. 8). Water-level trends in this
well are consistent with many of the TARP monitoring wells
constructed during 1995-2013 (appendix 1). Water levels in

these recently constructed wells tend to show a large decrease
(approximately 200 ft) in response to the initiation of drain-
age to recently constructed tunnels (dates of tunnel construc-
tion shown in figure 2) near the well followed by relatively
stable water levels once approximately steady-state flow to
the tunnel has occurred. During the period of relatively stable
water levels, occasional high water levels were observed
during CSF events. It is likely that a large decrease in water
levels occurred in most or all of the TARP wells in response
to the initiation of drainage from the aquifer to the tunnels
during and soon after tunnel construction. Excepting the North
Branch leg of the Mainstream System and most of the Calu-
met System, tunnel construction was completed prior to 1995
(fig. 2). Therefore, the large decrease in water levels postu-
lated for most of the TARP wells likely had already occurred
before the beginning of the data analysis for this investigation
(1995-2013) and was not observed.

The spatial extent of the effect of drainage to the tun-
nels on water levels in the Silurian aquifer is indicated by
analysis of water levels in monitoring wells BH7D, BH18D,
and BH16D. These wells are not part of the TARP monitor-
ing network and have a sporadic measurement history. The
wells are open to the upper part of the Silurian aquifer near the
Torrence Avenue leg of the Calumet System (fig. 4). Construc-
tion of the southern part of the Torrence Avenue leg began in
1998, proceeded to the northern part of the leg in 1999, and
was completed in 2002 (Kevin Fitzpatrick, Metropolitan Water
Reclamation District of Greater Chicago, written commun.,
2015).
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Figure 8. Water levels in Tunnel and Reservoir Plan System well QC-26, Cook County, lllinois, 1999-2013.
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Water levels in well BH16D differed by less than 2 ft
from 1992 through 2014. The stable water levels at well
BH16D, which is about 3 mi from the tunnel system (fig. 4),
indicate this area is representative of “background” water
levels in the Silurian aquifer and is not affected by the TARP
System. Groundwater levels in well BH7D (the bottom of
this well is about 240 ft directly above the top of the Torrence
Avenue tunnel) declined from about -20 ft CCD in 1992 to -43
ft CCD in 1993 following construction of a TARP drop shaft
west of the well, declined from about -43 ft CCD in 1997 to
about -55 ft CCD in 2010, and have varied by less than 2 ft
from 2010 through 2014 (fig. 9). Water levels in well BH18D
(about 4,700 ft east of the Torrence Avenue tunnel) were stable
from 1992 through 1997, declined by nearly 20 ft between
1997 and 2009, and have varied by less than 3 ft since 2009.
The timing of the changes in the water levels at wells BH7D
and BHI8D is attributed to water drainage from the aquifer
associated with construction and operation of the Torrence
Avenue tunnel and indicates that water levels (and by implica-
tion flow directions) in the shallow part of the Silurian aquifer
are substantially affected by drainage more than 4,700 ft

from the tunnel system. The water levels in wells BH7D and
BHI18D during 2013 (fig. 9) were approximately 160 and
215 ft, respectively, higher than the geometric mean of the
water-level measurements from the nearest TARP monitor-
ing wells—QC-26 and QC-20 (BH7D and BH18D shown in
fig. 4; QC-26 and QC-20 shown in fig. 3 with their water lev-
els in fig. 7)—further indicating the potential for flow from the
upper part of the Silurian aquifer to the tunnels in the lower
part of the aquifer during most or all of the 1995-2013 period.

Although groundwater typically flows from the Silurian
aquifer to the TARP tunnels, for periods of hours to days after
precipitation events, water pressure in the tunnels increases
by the equivalent of tens to hundreds of feet (fig. 10) as CSF
fills the tunnels. This transient high water pressure creates a
substantial force that, depending on its magnitude, has the
potential to overcome the typical aquifer-to-tunnel hydraulic
gradient and move CSF-affected water from the tunnels into
the surrounding Silurian aquifer.

The relation between the amount of discharge from the
TARP System and the hydraulic potential for outflow from,
and inflow to, the tunnels is indicated by comparison of
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Figure 9. Water levels in monitoring wells BH7D, BH16D, and BH18D, Cook County, lllinois, 1992-2014.
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groundwater levels at wells QC—1, QC-2, and QC-2.2 with
daily discharge from the TARP System to the Calumet WRP
during 1995-96 (table 3). Water levels were measured approx-
imately every 2 weeks in wells QC—1, QC-2, and QC-2.2
during 1995-96. Increases in groundwater levels of about

15 to 150 ft were observed in wells QC—1 and (or) QC-2 on
January 25, April 19, and November 16, 1995, and May 16,
May 30, June 13, June 27, July 25, and October 3, 1996, in
comparison to preceding or succeeding dates. Groundwater
levels in well QC—2.2 were higher on November 16, 1995,
and June 13, 1996, in comparison to preceding and succeed-
ing dates. These increases typically occurred during or shortly
after periods of discharge from the TARP System to the
Calumet WRP of greater than about 80 million gallons per day
(Mgal/d), indicating that a large, short-term, pressure gradient
affected the flow regime in the aquifer on or near these dates.
This pressure gradient may have driven CSF water from the
tunnels into the Silurian aquifer. The high groundwater level
in the wells typically dissipated over a period of 2—4 weeks,
with most of the dissipation occurring within 2 weeks. Periods
of elevated TARP discharge to the WRPs were associated with
most, but not all, increases in groundwater levels, indicating
that some of these discharge events were not CSF related but

may have been discharge of water derived from drainage from
the aquifer to the tunnels.

From 1995 through 2013, water levels in the TARP Sys-
tem monitoring wells varied by more than 60 ft in 83 wells,
by 20 to 60 ft in 21 wells, and by less than 20 ft in 2 wells
(appendix 1). Data from non-TARP monitoring well BH16D
indicates that background groundwater levels in the Silurian
aquifer varied by about 2 ft during the study period. These
variations indicate that nearly every well in the TARP System
responded to CSF-induced pressure gradients that may have
at least occasionally been sufficient to overcome the typical
aquifer-to-tunnel hydraulic gradient and induce flow from the
TARP System into the Silurian aquifer.

Some indication of the change in the aquifer-to-tunnel
flow pattern was obtained from analysis of temporal trends
in groundwater levels during 1995-2013. Trend analysis
indicates that 91 wells (about 86 percent of the 106 wells
analyzed) showed a statistically significant trend. Of those 91
wells, groundwater levels decreased in 51 and increased in 39;
no trend was indicated in 1 (fig. 7). A statistically significant
trend was not observed in 15 wells. These wells are considered
to show an unclear trend.

Table 3. Groundwater levels and fecal coliform populations at wells QC-1, QC-2, and QC-2.2 and discharge to the Calumet Water
Reclamation Plant, Tunnel and Reservoir Plan System, Cook County, lllinois, 1995—1996.

[<, less than; ns, no sample collected; underline denotes period of elevated water level or discharge, as well as initial elevation of fecal coliform population]

0c-1 Qc-1 ac-2 Qac-2 ac-2.2 0Cc-2.2
Groundwater Fecal coliform  Groundwater  Fecal coliform  Groundwater Fecal coliform Discharge "°“.‘ Tunnel
. and Reservoir Plan
Sampling date level (colony level (colony level (colony
. . . system to Calumet
(month/day/ (feet from forming (feet from forming (feet from forming .
. . . . . . . . . Water Reclamation
year) City of Chicago units per City of Chicago units per City of Chicago units per Plant (million
datum) 100 milliliter) datum) 100 milliliter) datum) 100 milliliter)
gallons per day)

1/11/1995 -121 <1 -260 15 ns ns 1
1/25/1995 -94 <1 -137 500 ns ns 99
2/9/1995 -117 <1 -252 60 -180 <1 10
2/23/1995 -122 <1 -264 <1 -261 14 8
3/9/1995 -121 <1 -260 <1 -218 <1 41
3/23/1995 -122 <1 -261 <1 -210 <1 11
4/6/1995 -122 <1 -265 <1 -219 <1 12
4/19/1995 -107 <1 -206 3.600 =212 <1 87
5/4/1995 -119 <1 -252 1,200 -205 <1 42
5/18/1995 -120 <1 -260 150 =212 <1 20
6/1/1995 -121 <1 -260 <1 =215 <1 106
6/15/1995 -120 <1 -262 3 -214 <1 8
6/29/1995 -120 <1 -264 <1 -214 <1 95
7/13/1995 -121 <1 -264 <1 =217 <1 2
7/27/1995 -122 <1 -259 <1 -224 <1 20
8/10/1995 -122 <1 -263 <1 -220 <1 18
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Table 3. Groundwater levels and fecal coliform populations at wells QC-1, QC-2, and QC-2.2 and discharge to the Calumet Water
Reclamation Plant, Tunnel and Reservoir Plan System, Cook County, lllinois, 1995-1996.—Continued

[<, less than; ns, no sample collected; underline denotes period of elevated water level or discharge, as well as initial elevation of fecal coliform population]

ac-1 ac-1 ac-2 ac-2 ac-2.2 ac-2.2

Discharge from Tunnel

Groundwater Fecal coliform  Groundwater  Fecal coliform Groundwater Fecal coliform .
and Reservoir Plan

Sampling date level (colqny level (colqny level (colqny system to Calumet
(month/day/ ) (feet frt_)m fo_rmmg _ (feet fr(_)m fo_rmmg _ (feet fr9m fo_rmlng Water Reclamation
year) City of Chicago unlt_s per City of Chicago unlt_s per City of Chicago unlt_s per Plant (million
datum) 100 milliliter) datum) 100 milliliter) datum) 100 milliliter) gallons per day)
8/24/1995 -121 <1 -264 <1 =221 <1 12
9/7/1995 -122 <1 -266 <1 -224 <1 1
9/21/1995 -118 <1 -266 <1 =225 <1 4
10/5/1995 -122 <1 -265 <1 -228 <1 4
10/19/1995 -124 <1 -266 <1 -281 <1 9
11/2/1995 -122 <1 -266 <1 -231 <1 22
11/16/1995 -98 <1 -159 <1 -201 <1 81
11/30/1995 -119 <1 -252 750 -218 <1 11
12/14/1995 -122 <1 -262 38 -231 <1 1
12/28/1995 -122 <1 -266 3 -228 <1 4
1/11/1996 -123 <1 -267 <1 =227 <1 8
1/25/1996 -122 <1 -270 <1 -232 <1 9
2/7/1996 -122 <1 =271 <1 ns ns 26
2/22/1996 -122 <1 -269 <1 -240 <1 2
3/7/1996 -122 <1 =272 <1 -244 <1 18
3/21/1996 -122 <1 =271 <1 -247 <1 11
4/4/1996 -122 <1 =275 <1 -240 <1 6
4/18/1996 -122 <1 =273 <1 -248 <1 15
5/2/1996 -122 <1 =273 <1 -248 <1 64
5/16/1996 -248 <1 -108 4,000 -248 <1 94
5/30/1996 -120 <1 -254 8,500 -240 <1 3
6/13/1996 -108 <1 -234 <1 =225 1,100 111
6/27/1996 =111 <1 -229 2.000 -247 <1 20%*
7/11/1996 -119 <1 -255 260 -238 <1 18
7/25/1996 -90 <1 -102 3.600 ns ns 80
8/8/1996 -111 <1 -230 3.100 -204 <1 65
8/22/1996 -119 <1 -258 210 -249 <1 12
9/5/1996 -121 <1 -260 19 -246 <1 43
9/19/1996 -121 <1 -266 2 -235 <1 9
10/3/1996 -188 <1 -235 2,600 ns ns 21%*
10/17/1996 -122 <1 -262 300 ns ns 31
10/31/1996 -123 <1 -266 68 ns ns 13
11/14/1996 -122 <1 -268 4 ns ns 20
11/27/1996 -123 <1 =272 <1 ns ns 7
12/12/1996 -123 <1 =272 <1 ns ns 43
12/26/1996 -123 <1 =277 <1 ns ns 41

“Discharge greater than 95 million gallons per day on June 22, 23, and 24, 1996.
“Discharge 77 million gallons per day on September 29, 1996.
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Water Quality in Tunnel and Reservoir
Plan System Monitoring Wells

Water levels in the monitoring wells near the TARP
System indicate that CSF in the tunnel systems migrates into
the Silurian aquifer on an intermittent basis lasting less than
2—4 weeks during periods of at least 80 Mgal/d discharge into
the TARP System. However, water typically drains from the
aquifer to the tunnels throughout the TARP System so that any
CSF-affected water typically would be flushed from the aqui-
fer back into the tunnels. Therefore, water quality at any TARP
well is likely to reflect the water quality of the Silurian aquifer
within the drainage area to that well with potential intermit-
tent influxes of CSF-derived water. The amount of CSF water
entering the aquifer, and the changes in water quality it pro-
duces, will likely depend on a number of factors, including

* The location of exfiltration points in the tunnel. The
greater the distance between the well and the point
of leakage from the tunnel, the less likely analytes
derived from CSF would be present, the lower the con-
centrations of those analytes would be, and the shorter
the period the analyte would be present.

* The hydraulic gradient between the tunnel and the
aquifer near the monitoring well. The smaller the dif-
ference between the water level in the monitoring well
and the hydraulic pressure in the tunnel, the more read-
ily the typical aquifer-to-tunnel flow direction can be
reversed and the larger the amount of CSF migration
into the aquifer.

* The hydraulic properties of the Silurian aquifer
between the tunnel and the monitoring wells. The
lower the Kh of the aquifer material, the shorter the
distance CSF could migrate into the aquifer and the
smaller the volume of water moving from the aquifer
to the tunnels to flush out CSF-affected water.

» Water quality of the CSF water and in the Silurian
aquifer within the drainage area to the tunnels. Spatial
variation of water quality within the part of the aquifer
draining to the tunnel monitored by a well or a large
difference between the values of an analyte in ground-
water and CSF could result in substantial temporal
variation in the water quality of the samples collected
from the TARP wells. This variation could have short-
term (1—4 weeks), long-term (1995-2013), or seasonal
aspects.

* The magnitude and duration of the CSF event within
the TARP Systems. CSF discharge to the Silurian aqui-
fer likely was maximized by long or frequent periods
of high hydraulic pressure in the tunnels. A minimum
TARP discharge and associated high hydraulic pressure
in the tunnel system appears to be required to reverse
the typical aquifer-to-tunnel flow direction. CSF was

likely to be present longer, and under higher hydrau-
lic pressure, in the downstream parts of the tunnel
systems, especially the Des Plaines and Mainstream
Systems, potentially resulting in increased CSF flow
into the aquifer in these areas.

These factors were considered when the water-quality
data were analyzed and provided a context for assessing the
processes affecting water quality and the timing of the effects.
The basis for these assessments is provided in the appendixes.
Summary statistics for the individual analytes in each well
are presented in appendix 1. Analysis of temporal trends in
the values of each analyte in each well is presented in appen-
dix 2. Results of analyses of seasonality in analyte values are
presented in appendix 3. Kendall’s tau correlation coefficients
are listed in appendix 4.

Temperature

The water temperature in the Silurian aquifer should
be similar to the mean atmospheric temperature of about
10.5 degrees Celsius (°C) and is likely to vary by less than
0.5 °C on an annual basis (Suter and others, 1959; Bundschuh,
1993). The temperature of the CSF water discharged from the
TARP System was not measured but is likely to have approxi-
mated the range of temperature in rain or snowmelt, from near
0 °C to more than 30 °C (Harmeson and Schnepper, 1965).
Abnormally high, low, or variable temperatures in groundwa-
ter from the TARP monitoring wells could indicate the pres-
ence of CSF-affected water in the aquifer.

The temperature of the samples from the TARP moni-
toring wells from 1995 through 2013 ranged from 4.1 to
25 °C, with the range in a given well typically exceeding
8 °C (appendix 1). Temperature measurements of 8.0 °C or
less typically were measured during the fall, winter, and early
spring. Temperature measurements of 20.0 °C or greater typi-
cally were measured during the summer.

Temperature values measured during sampling of well
QC-2 were analyzed to assess the sources of temperature
variation in the TARP samples. Temperature values varied by
more than 5 °C in a year and showed a cyclic pattern of highs
during the summer and lows during the winter (fig. 11). These
variations were too large to be natural and were too consistent
in their timing to be caused by CSF migration from the TARP
System into the Silurian aquifer, indicating the readings were
affected by interaction with atmospheric temperature during
sampling.

Analysis of seasonality in temperature readings indi-
cates that groundwater samples from every TARP monitoring
well had high temperatures in summer and low in winter to
a significance level of at least 95 percent (appendix 3). This
analysis indicates that reported groundwater temperatures for
every sample were affected by the atmospheric temperature at
the time of sampling and were not an accurate measurement
of groundwater temperatures in the Silurian aquifer. Further
analysis of these data provides no meaningful insights into
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Figure 11. Temperature of groundwater in samples from Calumet System well QC-2, Cook County, lllinois, 1995-2004.

conditions in the CSF or the aquifer and was not attempted.
Accurate measurement of groundwater temperature within
the open interval of the wells on a continuous basis could be
a useful indicator of the timing and presence of CSF-affected
water in the aquifer.

Fecal Coliform

Fecal coliform (FC) is a bacterium that typically
originates in the intestines of warm-blooded animals and is
excreted in feces. Although generally not harmful in itself,
these bacteria can indicate the presence of disease causing
bacteria, viruses, and protozoans in the sample. FC is not natu-
rally occurring in the Silurian aquifer, making it the only ana-
lyte among those sampled whose presence in samples from the
TARP wells can be attributed solely to anthropogenic sources.
FC detection is an unambiguous indication of the presence of
CSF-affected water in a well on a particular sampling date.
However, the absence of FC does not necessarily prove the
absence of CSF-affected water.

FC was not detected in samples from 31 of the 106
TARP monitoring wells analyzed (appendix 1), was detected
in 1-2 percent of the samples in 19 wells, was detected in
10 percent or more of the samples collected from 23 monitor-
ing wells, and was detected in more than 50 percent of the
samples collected from 3 wells (fig. 12). FC was detected in
fewer than 10 percent of the samples from nearly 80 percent
of the wells. Because of the lack of detections, a meaningful
discussion of the spatial patterns in the geometric mean FC
populations was not possible. This discussion focuses on spa-
tial patterns in the frequency of detection and the maximum
FC populations during 1995-2013.

Wells in which FC was detected in 2 percent or less of
the samples are scattered throughout the TARP System but
tend to be located in the Mainstream System north of well

QM-58 (fig. 3), in much of the northern and central parts

of the Des Plaines System, and along the Torrence Avenue
and 140th Street legs of the Calumet System. Wells in which
FC was detected in 10 percent or more of the samples tend

to be located in the middle of the North Branch leg of the
Mainstream System, in most of the Mainstream System

near the Sanitary and Ship Canal from well QM—68 to the
future McCook Reservoir, in the northern part of the Upper
Des Plaines System, in much of the southern part of the Des
Plaines System, and at wells QC-2, QC—4, and QC-17 in the
Calumet System (fig. 12). Wells in which FC was detected in
10 percent or more of the samples tended to have high or mod-
erate Kh, particularly outside the Calumet System (figs. 6 and
12). The percentage of FC detections also tended to be highest
in the downstream parts of the Des Plaines, Mainstream,

and Calumet Systems, most likely because of the increased
hydraulic pressure and residence time of CSF in these parts of
the tunnel systems.

Samples with maximum FC populations greater than
1,000 colony forming units per 100 milliliters (CFU/100 mL)
were present in wells along the Sanitary and Ship Canal from
well QM—-68 to the future McCook Reservoir, in wells QM-75
and QM—-77 in the North Leg of the Mainstream System, in
much of the southern part of the Des Plaines System, in the
middle part of the Upper Des Plaines System, and near the
confluence of the Indiana Avenue and Cal-Sag legs of the
Calumet System at wells QC—-2, QC-2.2, and QC-9 (fig. 13;
appendix 1). Populations of FC greater than 100 CFU/100 mL
were present in samples from wells QM—69 and QM—81
on the North leg of the Mainstream System; wells QD-52,
QD-53, and QD-54 in the Des Plaines System; and well
QC=3 near the Thornton Reservoir.

FC populations in samples from the TARP monitor-
ing wells typically were less than the detection limit of
1 CFU/100 mL. When FC was detected in a well, it tended to
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be at a relatively large population that would decrease with
time, eventually returning to non-detect. These trends are
consistent with the effects of the intermittent movement of
FC-containing CSF from the TARP tunnels into the Silurian
aquifer followed by the typical flow of FC-free aquifer water
into the tunnels flushing CSF-affected water from the aquifer.

The relation between FC populations and outflow from,
and inflow to, the TARP tunnels is supported by comparison
of FC populations and groundwater levels during the period
of intensive data collection in 1995 and 1996 at wells QC—1,
QC-2, and QC-2.2 (table 3). FC was not detected in well
QC-1 during this time period, but large (15-25 ft) increases
in the groundwater level were periodically observed during
periods of elevated discharge from the TARP. FC was detected
23 times in well QC-2 during 1995 and 1996. The initial
detections of FC in well QC-2 occurred during or shortly after
periods of increased groundwater levels (often in excess of
100 ft) associated with increased TARP discharge. FC popula-
tions in well QC-2 would then decrease through time, often
increasing when another high-discharge event occurred. FC
was detected twice in well QC—2.2 during 1995 and 1996,
both times within 1 month of the occurrence of large (about 15
to 80 ft) increases in water level and TARP discharge exceed-
ing 95 Mgal/d.

Trends in FC populations at well QC-2 indicate that FC
had migrated more than 200 ft (the distance from the tun-
nel to the monitoring well) into the Silurian aquifer within
1-2 weeks of discharge from the TARP tunnels in excess of
about 80 Mgal/d (table 3; fig. 144, B, F). FC populations then
decreased to less than the detection limit (typically) within
4-6 weeks (fig. 144, B, C, F). Fecal coliform populations
were below the detection limit during prolonged periods when
TARP discharge was less than 60 Mgal/d (fig. 14C, D, E), as
well as during sustained periods of discharge from the TARP
tunnels in excess of 100 Mgal/d during parts of May, June,
and November (fig. 14C, F). Periods of high discharge from
the TARP to the WRPs in late May, June, and early November
that were not associated with elevated FC populations may
have resulted from the removal of water that drained from
the aquifer to the tunnels rather than CSF events. The rela-
tion between trends in FC populations, groundwater levels
(low and high), and flow directions to and from the aquifer
observed at well QC-2 are consistent with that of other wells,
accounting for differences in the frequency of sample collec-
tion. The processes that affect FC populations also are likely
to affect the values of other analytes. However, not all analytes
can be expected to behave identically. For example, elevated
groundwater levels associated with CSF events dissipate
quickly in comparison to elevated FC populations associated
with the same event.

Analysis of trends in FC populations from 1995 through
2013 was restricted to the 23 wells in which FC was detected
in at least 10 percent of the samples. Of these wells 8 showed
an upward trend, 3 showed a downward trend, and 12 did
not indicate a statistically significant trend (trend unclear)

(fig. 12). Because CSF is the only source of FC to these wells,
all of these trends (upward, downward, no trend) are a reflec-
tion of the number of times CSF-affected water was sampled
in the TARP wells each year from 1995 through 2013.

FC populations were correlated between each well in
a given tunnel system in which FC was detected in at least
10 percent of the samples (table 4). From a total of 68 correla-
tions, 57 were highly positively correlated (tau-b greater than
0.24; appendix 4). These correlations indicate that, at least
within that part of the TARP System, trends in FC populations
through time were similar between wells. Correlations indicate
that a representative assessment of FC populations in the mon-
itoring wells associated with the various tunnel systems can be
obtained by sampling an appropriate subset of the wells.

Hardness

Hardness (measured as calcium carbonate [CaCO,]) is the
measure of the concentration of dissolved calcium and mag-
nesium in a sample, along with smaller amounts of divalent
cation complexes associated with iron, manganese, aluminum,
and some other compounds. Hardness measured in samples
collected from water-supply wells open to the chemically
associated glacial drift and Silurian aquifer throughout Cook
County between about 1900 and 1958 ranged from less than
100 to more than 1,000 mg/L as CaCO, and decreased overall
from west to east (fig. 15) (Hanson and others, 1943; Suter and
others, 1959). The highest hardness values were detected in
groundwater samples collected near what is now the southern
part of the Des Plaines System in the general area where the
Silurian aquifer is at or near land surface (fig. 4). These sam-
ples were collected prior to construction of the TARP System
from wells that are not part of the TARP monitoring network.
These data indicate that hardness values in the Silurian aquifer
in Cook County, which includes the area of the TARP System,
are spatially variable.

Hardness values through time were analyzed in ground-
water samples collected from wells open to the Silurian
aquifer that are not part of the TARP monitoring network at
LaGrange in Cook County, Libertyville in Lake County, and
Naperville in DuPage County (locations shown in fig. 15)
(Gibb and O’Hearn, 1980). Hardness values were deter-
mined to have remained stable through time at LaGrange but
increased through time at Libertyville and Naperville. Hard-
ness values at Naperville and Libertyville began to increase
from about 1968 to 1970, prior to construction of the TARP
System. These data indicate that the hardness values in the
Silurian aquifer within the greater Chicago area may be
affected by non-TARP natural and anthropogenic processes.

The geometric mean values of hardness in the samples
from the TARP monitoring wells during 1995-2013 ranged
from 5 to 854 mg/L as CaCO, (fig. 16). Wells with a geomet-
ric mean hardness of less than 50 mg/L as CaCO, are located
in much of the central part of the Des Plaines System, in the
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Table 4. Correlation coefficients of fecal coliform populations in monitoring wells with a frequency of fecal coliform detection of 10
percent or greater, Tunnel and Reservoir Plan System, Cook County, lllinois, 1995-2013.

[Bold indicates tau-b greater than 0.24; —, not applicable]

Correlation coefficients—Fecal coliform populations in Upper Des Plaines system wells using Kendall's tau with slope estimator

Well MW-5 MW-6 MW-7

MW-6 0.21 — — — — — — _
MW-7 0.34 0.36 — — — — — _
MW-8 0.41 0.27 0.30 — — — — _

Correlation coefficients—Fecal coliform populations in Calumet system wells using Kendall’s tau with slope estimator

Well 0ac-2 oc-4

QC+4 0.53 — — — — — — _
QC-17 0.30 -0.11 — — — — — _

Correlation coefficients—Fecal coliform populations in Mainstream system wells using Kendall’s tau with slope estimator

Well QM-61 QM-62 QM-63 QM-64 QM-65 QM-67 QM-68 QM-75
QM-62 0.70 — — — — — — —
QM-63 0.76 0.79 — — — — — —
QM-64 0.65 0.60 0.56 — — — — —
QM-65 0.27 0.49 0.58 0.17 — — — —
QM-67 0.29 0.34 0.29 0.17 0.12 — —
QM-68 0.83 0.56 0.69 0.44 0.72 0.31 — —
QM-75 0.35 0.65 0.54 0.49 0.08 0.14 0.68 —
QM-77 0.27 0.25 0.43 0.43 0.31 0.17 0.55 0.70

Correlation coefficients—Fecal coliform populations in Des Plaines system wells using Kendall's tau with slope estimator

Well ap-27 aD-29 QD-30 aD-31 QD-34 QD-36
QD-29 0.49 — — — — — — —
QD-30 0.19 0.25 — — — — — —
QD-31 0.55 0.48 0.49 — — — — —
QD-34 0.75 0.59 0.72 0.57 — — — —
QD-36 0.65 0.41 0.24 0.56 0.35 — —

QD46 0.24 0.37 0.38 0.66 0.72 0.37 — —
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southern part of the North Branch of the Mainstream System,
and in much of the eastern part of the Calumet System. Wells
with a geometric mean hardness of greater than 300 mg/L as
CaCO, are located in most of the southern (downstream) part
of the Des Plaines and Mainstream Systems, at well QC—1 in
the western edge of the Calumet System, and throughout the
Upper Des Plaines System. Spatial patterns in hardness values
in samples from the TARP monitoring wells are generally con-
sistent with the patterns of hardness measured in the glacial
drift and Silurian deposits in Cook County prior to construc-
tion of the TARP System (fig. 15), indicating that the hardness
values in the TARP wells are affected primarily by the hard-
ness values within the nearby Silurian aquifer. This result was
expected because, for fixed-schedule sampling events, most
of the samples are collected during typical (aquifer to tunnel)
flow conditions that reflect the chemistry of the aquifer water
rather than the intermittent CSF discharge.

Hardness values for the TARP discharge were not
measured, so the effect of CSF on hardness values in samples
from the TARP monitoring wells is unknown. However,
anomalously low hardness values were measured in samples
from six wells in the Des Plaines (QD-26, QD-27, QD-38)
and Calumet Systems (QC-1, QC-2, QC-2.1) on June 25,
1998 (table 5). TARP discharge measured at the Stickney
WRP exceeded 100 Mgal/d five times (and exceeded 300
Mgal/d three times) from June 11 to June 25, 1998, indicating
that CSF discharge to the Silurian aquifer may have occurred
during this period and caused the lower hardness. Anomalous
hardness values were detected in approximately 118 samples
(42 with low values) from the 106 monitoring wells analyzed
for this investigation. Of these samples, 54 were associated
with the detection of anomalous values of other analytes,
particularly chloride and TDS, including six dates when
elevated FC populations were present (table 5). The presence
of anomalous values of multiple analytes in a sample,
especially FC, tends to indicate the anomalous values are

the result of CSF migration to the well. Anomalous hardness
values were not detected in more than five samples from any
well. This result was expected because, for fixed-schedule
sampling events, only a minority of the samples are collected
during atypical (tunnel to aquifer) flow conditions that reflect
the transient effect of CSF in the aquifer.

Of the 72 wells whose samples exhibited a statistically
significant trend in hardness from 1995 through 2013, 47
showed a downward trend, 24 showed an upward trend, and
1 had stable values (fig. 16). Trends in the remaining 34 wells
had a significance level of less than 95 percent, indicating no
clear trend. Wells in the Upper Des Plaines and Des Plaines
Systems, as well as the northern part of the North Branch leg
of the Mainstream System and the central part of the Calumet
System, tended to have downward trends in hardness. Upward
trends were prevalent in the central part of the Mainstream
System and in the Calumet System at the Torrence Avenue,
140th Street, and Little Cal legs. Many of the wells with
upward trends had geometric mean hardness values of less
than 30 mg/L as CaCO,. These data do not clearly indicate a
cause for the hardness trends, but tend to indicate that trends
are primarily due to the drainage of water from the aquifer
through time with spatially variable (higher, lower, and
consistent) hardness values. For example, the hardness value
in water from the Silurian aquifer at a well in 1995 may have
had a value of 50 mg/L as CaCO,, but the hardness value in
that part of the aquifer 500 ft from the well that drains to the
well may have had a value of 100 mg/L as CaCO,. Because
aquifer water drains to the TARP System, the 50 mg/L water
present in 1995 would eventually be replaced by the 100 mg/L
water, resulting in an upward trend in hardness. These patterns
differ from the short-term water-quality effects associated
with individual CSF events because the hardness in the
aquifer water draining to the monitoring well would not vary
appreciably during the short period associated with the CSF
event.
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Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013
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Water Quality in Tunnel and Reservoir Plan System Monitoring Wells a

Sulfate

Sulfate (SO,?) is a naturally occurring ion that typically
is present in groundwater because of the dissolution of sulfate
minerals or the oxidation of sulfide minerals in geologic
deposits. Sulfate concentrations in samples collected from
non-TARP monitoring wells (Duwelius and others, 1996)
and from water-supply wells open to the Silurian aquifer in
Cook County (Voelker, 1986; Voelker and others, 1988) dur-
ing the mid-1980s through early 1990s tended to be less than
150 mg/L near Lake Michigan and in the northwestern part
of Cook County and more than 300 mg/L near the Majew-
ski and future McCook Reservoirs (fig. 17). Wells in figure
17 are designated Voelker and Duwelius, which refer to the
data from those authors (Voelker, 1986; Voelker and others,
1988; Duwelius and others, 1996). The conversion of sulfate
to sulfide (S2) has been observed within the upper part of the
Silurian aquifer in the Calumet area (Duwelius and others,
1996), which may explain the absence of detectable sulfate in
some of the samples from wells near the Calumet WRP. These
samples typically were collected prior to construction of the
TARP System in the area sampled and were collected from
wells that are not part of the TARP monitoring network. These
data indicate that background sulfate concentrations in the
Silurian aquifer in Cook County are spatially variable. Con-
centrations of sulfate in samples from TARP wells are listed in
appendix 1.

Sulfate concentrations in CSF water discharged from
the Calumet WRP during 1989-93 ranged from about 80 to
210 mg/L, with a geometric mean concentration of 150 mg/L
(Dominic Brose, Metropolitan Water Reclamation District
of Greater Chicago, written commun., 2014). The conver-
sion of sulfate to sulfide has been observed in CSF within the
TARP tunnels (Washington and others, 1981), although sulfide
concentrations typically were less than 1.0 mg/L in TARP
discharge, so the effect of sulfate reduction on sulfate concen-
trations in CSF is negligible.

Because sulfate concentrations in the water from the
Silurian aquifer are not well defined in the immediate vicin-
ity of the TARP System, vary substantially with location,
and encompass the range of sulfate concentrations in CSF,
sulfate concentrations may be of limited use in identifying
CSF effects on groundwater at the TARP wells. Conversion
of sulfate to sulfide in the Silurian aquifer also may confound
assessment of the presence of CSF in the TARP monitoring
wells.

The geometric mean concentration of sulfate in samples
from the TARP monitoring wells during 1995-2013 ranged
from 1 to 746 mg/L (fig. 18). Geometric mean concentrations
of sulfate less than 25 mg/L were detected in isolated wells in
the northern part of the Des Plaines System, in much of the
North Branch of the Mainstream System, and in much of the
Calumet System outside of the Little Calumet leg and wells

QC-16 through QC-19. Geometric mean concentrations of
sulfate greater than 250 mg/L were detected in most of the
central and southern parts of the Des Plaines System and
throughout the Upper Des Plaines System. Spatial patterns
in geometric mean sulfate concentrations in the TARP
monitoring wells are consistent with patterns in background
sulfate concentrations in the Silurian aquifer within Cook
County (fig. 17). Sulfate concentrations in the TARP wells
appear to primarily reflect the sulfate concentration within
the Silurian aquifer near the well. This result was expected
because fixed-schedule sampling events obtain most of their
samples during typical (aquifer to tunnel) flow conditions that
reflect the chemistry of the aquifer water.

Anomalously high concentrations of sulfate were
measured in the north leg of the Des Plaines System at wells
QD-52, QD-54 through QD-60, and Mainstream well QM-65
on August 2 and 3, 2006 (table 5). Elevated concentrations of
sulfate also were measured in the West leg of the Des Plaines
System at wells QD-22 through QD-25 on August 16, 2006.
Elevated concentrations of sulfate were measured at wells
QC-1, QC-2, QM—64, and QD-32 from October 30 through
November 6, 2003. TARP discharge to the WRPs exceeded
80 Mgal/d at least five times in the 2 weeks preceding each of
these dates, indicating that CSF flow into the Silurian aquifer
may have occurred prior to these sampling events.

Anomalous sulfate concentrations were detected in 129
samples from the 106 TARP wells. Of these 129 samples, 36
had low concentrations that probably are not related to CSF
events (table 5). A total of 40 samples with anomalous sulfate
concentrations, including low values, also had anomalous val-
ues of other analytes, particularly hardness and chloride. Only
two samples had an anomalous concentration of sulfate and
an elevated FC population. In no well were anomalous sulfate
concentrations detected in more than seven samples.

Of the 81 wells exhibiting a statistically significant trend
in sulfate concentration from 1995 through 2013, 67 (63
percent of the106 wells analyzed) showed a downward trend,
and 14 showed an upward trend (fig. 18). Sulfate concentra-
tions in the samples from the remaining wells did not indicate
a statistically significant trend, so the trend in these wells is
unclear. Although downward trends are present throughout the
TARP System, upward trends were observed in the southern
part of the Upper Des Plaines System, in the middle of the Des
Plaines System, near the Stickney WRP on the Mainstream
System, and the western part of the Little Calumet leg of the
Calumet System. The downward trend in sulfate concentra-
tions in most of the TARP wells is consistent with the pres-
ence of higher sulfate water in the deeper part of the Silurian
aquifer monitored by the TARP wells during the early part
of the 1995-2013 period being replaced through time with
lower sulfate water (perhaps affected by sulfate reduction in
the upper part of the aquifer) from more distant parts of the
aquifer within the drainage area to the tunnels.
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Figure 17.

Voelker and others, 1988; Duwelius and others, 1996).

Concentration of sulfate in water from the Silurian aquifer in Cook County, lllinois (compiled from Voelker, 1986;
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Chloride

Chloride is a naturally occurring ion in groundwater.
However, its presence in some groundwater in the Chicago
area also can be attributed to the dissolution of road salt.
Concentrations of chloride in samples collected from monitor-
ing wells and water-supply wells that were open to the Silurian
aquifer throughout Cook County during the mid-1980s and
early 1990s (Voelker, 1986; Voelker and others, 1988; Duwe-
lius and others, 1996) are shown in figure 19. These wells are
not part of the TARP monitoring network, and these samples
typically were collected prior to construction of the TARP tun-
nels in the area being sampled. Background chloride concen-
trations in the Silurian aquifer determined from this non-TARP
sampling were usually less than 20 mg/L in the southwestern
and northwestern parts of Cook County, exceeded 100 mg/L
near the future McCook Reservoir, and were 20-50 mg/L in
the remainder of the county (fig. 19).

Chloride concentrations were determined to have
increased through time in non-TARP wells open to the Silurian
aquifer at LaGrange, Libertyville, and Naperville (locations
shown in fig. 15) with concentrations beginning to increase
in about 196070, depending on location (Gibb and O’Hearn,
1980). The increases have been attributed to recharge of snow-
melt and precipitation that contains dissolved road salts and
indicate that chloride concentrations in the Silurian aquifer
within the greater Chicago area may be affected by non-TARP
anthropogenic processes, especially in the vicinity of the
McCook reservoir where the aquifer is near the land surface
(fig. 4).

Road salt dissolution also results in the presence of high
chloride concentrations in CSF water. Chloride concentrations
in CSF discharged from the TARP System during 1989-91
ranged from about 25 to 600 mg/L with a geometric mean con-
centration of about 170 mg/L. Chloride concentrations in CSF
were highest during the winter and spring and lowest in the
summer and fall (fig. 20), coincident with the timing of road
salt application.

The geometric mean concentration of chloride in samples
from the TARP monitoring wells from 1995 through 2013
ranged from 5 to 480 mg/L (fig. 21). Concentrations of chlo-
ride with geometric means of less than 30 mg/L were detected
in most of the wells in the central and northern parts of the
Des Plaines System, in most of the Mainstream System from
well QM—68 upstream to well QM—75, and in much of the
Torrence Avenue and Indiana Avenue legs of the Calumet Sys-
tem. Concentrations of chloride with geometric means greater
than 100 mg/L were detected at wells QM—71 and QM—72
in the North Branch of the Mainstream System, as well as in
most of the southern parts of the Des Plaines and Mainstream
Systems. Spatial patterns in concentrations of chloride in the
samples from the TARP monitoring wells are generally consis-
tent with patterns in the background concentrations in the Silu-
rian aquifer in the greater Chicago area (fig. 19), indicating

that concentrations of chloride in the TARP wells are affected
primarily by the concentration in the surrounding aquifer. This
result was expected because most of the samples collected
during fixed-schedule sampling events reflect the chemistry of
typical (aquifer to tunnel) flow conditions.

Anomalous (mostly elevated) chloride concentrations
were detected in 10 wells in the Middle and North legs of the
Des Plaines System and at well QC-2.1 on April 8 and 15,
2004 (table 5). Elevated chloride concentrations also were
observed on March 15 or 29, 2007 (QC-1, MW-5, MW-9,
QM-78), on February 10 or 25, 2009 (QD-36, MW-2,
MW-8, MW-9), and on March 28 or April 5, 2012 (QD-23,
QD-25, QC-5, QC-6). Each of these sample dates was in the
winter or early spring, indicating a seasonal component to
the high concentrations. These dates were preceded by TARP
discharge to the Stickney WRP in excess of 90 Mgal/d during
at least 2 of the 14 days before sample collection, indicating
that CSF discharge to the Silurian aquifer may have occurred
prior to each of the dates and resulted in the elevated chloride
concentrations in the aquifer.

Anomalous chloride concentrations were detected in 154
samples from the 106 TARP wells (table 5). Of these anoma-
lies, 43 were low concentrations potentially not related to
TARP events. A total of 44 samples with anomalous chloride
concentrations also contained anomalous values of other
analytes, particularly TDS, ammonia, and hardness. Seven
samples with high chloride concentrations also had elevated
FC populations. In no well were anomalous chloride concen-
trations detected in more than nine samples.

Statistical analysis indicates that wells MW—-5, MW-8,
and MW-9 in the Upper Des Plaines System; wells QM—62,
QM-68, and QM—-80 in the Mainstream System; well QD-25
in the Des Plaines System; and well QC—-2.2 in the Calumet
System (appendix 3) had a seasonal variation in chloride con-
centration to a significance level of at least 95 percent. This
seasonality reflects a tendency for elevated chloride concentra-
tions in most of these wells (well MW-35 is the clearest exam-
ple and is shown in figure 22) during the winter and spring to
decrease to a lower background concentration in the summer
and fall. The timing of the variation in chloride concentra-
tion in the wells was consistent with the seasonal variation in
concentration in the TARP discharge to the WRPs (fig.20).
TARP discharge to the Stickney WRP exceeded 140 Mgal/d
for at least 1 of the 14 days preceding detection of seasonally
high chloride concentrations on the dates highlighted in figure
22. This relation indicates that chloride in road salts entered
the TARP System dissolved in CSF and migrated into parts
of the Silurian aquifer when hydraulic pressures in the TARP
System were elevated following substantial precipitation or
snowmelt events during the winter and spring. Migration of
chloride from the tunnels to the monitoring wells appears to
have occurred within 2 weeks and appears to have required
4—6 months to fully dissipate.
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Figure 22. Concentrations of chloride in samples from Tunnel and Reservoir Plan System well MW-5, Cook County,

Illinois, 1994-2010.

Of the 65 wells with a statistically significant trend
in chloride concentration from 1995 through 2013, 40
(38 percent of the 106 wells sampled) showed an upward
trend, and 25 showed a downward trend (fig. 21). The trends
in the remaining 41 wells had a significance level of less
than 95 percent and did not indicate a clear trend. Wells with
upward trends tended to be located in the Des Plaines and
Upper Des Plaines Systems and in the central part of the
Mainstream System. Wells with downward trends tended to
be located in the northern and southern parts of the Main-
stream System, along the Roosevelt Road and eastern parts
of the South leg of the Des Plaines System, and along the
Indiana Avenue leg of the Calumet System. Increased chloride
concentrations during 1995-2013 may be partly attributable to
the periodic migration of high-chloride CSF into the Silurian
aquifer. Increases in chloride concentration in the Silurian
aquifer because of road salt application in the greater Chicago
area, especially near the McCook Reservoir, also may be
affecting long-term trends in chloride concentrations (Gibbs
and O’Hearn, 1980).

Electrical Conductivity

EC is a field measurement of the capacity of a water
sample to transmit electrical current. EC typically increases as
the concentration of dissolved ions, especially calcium, mag-
nesium, sodium, potassium, sulfate, chloride, and bicarbon-
ate, in the sample increases, making it an indicator of general
water quality. EC is commonly referred to as specific con-
ductivity, reported as microsiemens per centimeter (LS/cm),
and the conversion factor is 1 or 1 micromho/cm (umho/cm)

= 1 microsiemen/cm. EC is described in this report because it
was the constituent measured and reported by MWRDGC. EC
values in groundwater from non-TARP monitoring wells open
to the upper part of the Silurian aquifer in the Calumet area
ranged from 290 to 3,630 pmho/cm, with a median value of
484 umho/cm (Duwelius and others, 1996). Annual geomet-
ric mean values of EC in discharge from the TARP System
to the Calumet WRP during 1989-93 ranged from 1,010 to
1,224 pmho/cm, indicating that typical EC values in CSF
water are substantially higher than the typical EC values in the
Silurian aquifer. Elevated EC values may indicate the presence
of CSF in the samples from the TARP monitoring wells.
Geometric mean values of EC in the samples from the
TARP monitoring wells during 1995-2013 ranged from 234
to 2,149 umho/cm (fig. 23). Geometric mean EC values were
less than 500 pmho/cm in samples from monitoring wells in
the Torrence Avenue leg of the Calumet System and less than
750 umho/cm in samples from monitoring wells in the rest
of the Calumet System, except wells QC—1 and QC-12. EC
values in samples from monitoring wells in the Des Plaines
System increased from typically less than 625 pmho/cm in
the northern (upstream) part of the system to typically more
than 1,000 pmho/cm in the southern (downstream) part of the
system. EC values in samples from monitoring wells in the
Mainstream System also increased overall from north to south;
EC values were less than 500 umho/cm north of well QM—58,
typically between 500 and 600 pmho/cm in the center of the
system at wells QM—58 through QM—-62, and typically greater
than 1,000 pmho/cm in the southern (downstream) part of the
system west of the Stickney WRP. Geometric mean EC values
exceeded 750 pmho/cm in samples from monitoring wells in
the Upper Des Plaines System.
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Spatial patterns in EC values in the TARP monitoring
wells are generally consistent with patterns in the background
values of several of the major chemical components in
groundwater from the Silurian aquifer in Cook County (hard-
ness, sulfate, and chloride; figs. 15, 17, and 19). Because EC
values are an indication of the general water quality, patterns
in overall water quality within the Silurian aquifer are likely to
be similar to EC patterns in the aquifer. For this reason, the EC
values in the TARP wells appear to be affected primarily by
the natural variation of EC within the Silurian aquifer rather
than CSF.

Anomalous EC values were observed in 38 samples
from the 106 TARP monitoring wells (table 5). One-half of
the anomalies were low, indicating they were not affected by
CSF. Only seven samples with anomalous EC values also had
anomalous values of other analytes, most commonly chloride,
TDS, or hardness. No sample with anomalous EC values also
had an elevated FC population.

Of the 91 wells with a statistically significant trend in
EC values during 1995-2013, 89 (84 percent of the 106 wells
analyzed) showed a downward trend, and 2 showed an upward
trend (fig. 23). The EC trends in the remaining 15 wells had a
significance level of less than 95 percent and did not indicate
a clearly defined trend (no trend). Downward trends in EC
were present throughout the TARP System, with the excep-
tion of the entire Torrence Avenue leg of the Calumet System
and much of the Little Cal leg of the Calumet System, where
statistically significant trends were not present.

The downward trend in EC values in more than
80 percent of the wells sampled is consistent with the higher
EC water present in the deeper part of the Silurian aquifer
being replaced through time with lower EC water that flows
into the monitoring wells from more distant (including shal-
low) parts of the aquifer in response to the drainage of aquifer
water into the tunnels. The decrease in EC may be related to
the decrease in sulfate concentrations observed in many of the
TARP wells during 1995-2013. In the wells along the Tor-
rence Avenue and Little Calumet legs of the Calumet System,
where statistically significant trends in EC were not observed
(fig. 23), EC values within the Silurian aquifer might not have
differed enough to induce a trend. Alternatively, Torrence
Avenue and Little Calumet are the two newest tunnel sys-
tems (fig. 2), so the lack of EC trends in the samples from the
wells near these tunnels may indicate that substantial volumes
of lower EC water may not have had time to migrate to the
deeper part of the Silurian aquifer in these areas by 2013.

Total Dissolved Solids

TDS is a measurement of the amount of inorganic salts,
organic matter, and particulate material in solution. TDS,
like EC, is an indicator of general water quality and typically
increases as the concentrations of the major ions (calcium,
magnesium, sodium, potassium, sulfate, chloride, and bicar-
bonate) in the sample increase. TDS analyses of background
water samples from the Silurian aquifer in Cook County are

not readily available, and TDS was not measured in CSF
discharged from the TARP. However, TDS concentrations in
CSF are likely to be elevated in comparison with water in the
Silurian aquifer on the basis of their relative EC values.

TDS concentrations were determined to have increased
through time in groundwater samples from wells open to
the Silurian aquifer at LaGrange and Naperville (Gibb and
O’Hearn, 1980). TDS concentrations began to increase before
construction of the TARP system, indicating that TDS concen-
trations in parts of the Silurian aquifer in the Chicago area are
affected by non-TARP anthropogenic processes.

The geometric mean concentration of TDS in samples
collected from the TARP monitoring wells from 1995 through
2013 ranged from 188 to 1,894 mg/L (fig. 24). TDS concen-
trations were less than 350 mg/L in the Torrence Avenue leg
of the Calumet System and less than 600 mg/L in the rest of
the Calumet System, except for wells QC—1, QC-12, and
QC-29 where concentrations exceeded 700 mg/L. Geometric
mean TDS concentrations less than 500 mg/L were detected
in the Mainstream System upstream (north and east) from the
Stickney WRP and were more than 900 mg/L in most of the
wells downstream from the plant. The geometric mean con-
centrations of TDS in the Des Plaines System show an overall
increase from north to south, in the direction of flow in the
tunnel system. The TDS concentration was less than 500 mg/L
north of well QD-53, typically between 500 and 1,000 mg/L
from well QD-53 south through well QD-39, and typically
exceeded 1,000 mg/L south of well QD-39. Geometric mean
TDS concentrations greater than 750 mg/L were detected in
samples from the wells in the Upper Des Plaines System.
Spatial patterns in TDS concentrations are generally consistent
with patterns in concentration of other analytes in the Silurian
aquifer (figs. 15, 17, and 19), indicating that TDS concentra-
tions in the TARP wells are primarily affected by the TDS
concentrations in the aquifer.

Although TDS concentrations appear to primarily be
affected by the aquifer chemistry, TDS concentrations also had
a statistically significant seasonal variation in samples from
26 of the TARP monitoring wells (fig. 24), with concentra-
tions showing a tendency to have been highest in the summer
and lowest in the winter in most of these wells. Wells showing
seasonality were present mostly in the upper part of the Upper
Des Plaines System, the downstream part of the Des Plaines
System, and North Branch leg of the Mainstream System, and
the Torrence Avenue leg of the Calumet System (appendix 3).

Seasonal variation in TDS concentrations may be related
to seasonal patterns in discharge from the TARP tunnels to the
WRPs, which may be associated with increased movement of
CSF from the TARP System to the Silurian aquifer, particu-
larly in the downstream part of the Des Plaines System. This
discharge tended to be highest in the summer months (table 3).
Many of the wells with seasonality in TDS concentrations are
near areas where the Silurian aquifer is at or near land surface
(fig. 4) and in the LaGrange area where TDS concentrations
have been showing non-TARP related increases (Gibbs and
O’Hearn, 1980).
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The seasonality indicated by the TDS concentrations was
not observed for the other analytes. Other analytes that are
related to TDS (such as EC) or are substantial components of
TDS (chloride, hardness, and sulfate) did not indicate seasonal
variation (except chloride), did not exhibit seasonal variation
in most of the wells with seasonal variation in TDS, and did
not indicate high values in summer and low values in winter
(including chloride).

Anomalously high concentrations of TDS were identi-
fied on June 11, 2009, at wells MW—1, MW-3, MW-5,
MW-8, and MW-9 in the Upper Des Plaines System (table 5).
Anomalous TDS concentrations also were detected in samples
from four wells collected on July 27, 1995, (QM-77, QM-79,
QC-2, QC-2.1) and July 22, 2009 (QC-16 through QC-19).
Discharge from the TARP System to the WRPs exceeded
100 Mgal/d at least five times in the 2 weeks preceding each
of these events. These dates are all during the summer months
and may have contributed to the calculated seasonality in the
TDS concentrations. CSF discharge to the Silurian aquifer
may have occurred prior to each of the dates, resulting in the
elevated TDS concentrations in the aquifer.

Anomalous TDS concentrations were detected in 94
samples from the 106 TARP wells (table 5). Of these anoma-
lies, 26 were low concentrations potentially not related to
CSF events. A total of 33 samples with anomalous TDS
concentrations also had anomalous values of other analytes.
Analytes with anomalous values in a sample on the same date
that anomalous TDS concentrations were observed typically
were general indicators of water quality, such as EC; probable
major components of TDS, such as chloride and hardness; and
CSF indicators, such as ammonia. Samples from well QD-27
collected on February 27, 1997, and QM-65 collected on
April 2, 2009, were the only samples with an anomalous (low
for QD-27) TDS concentration and an elevated FC population.
In no well were anomalous TDS concentrations detected in
more than four samples.

A statistically significant trend in TDS concentrations
was observed in samples collected from 65 wells during
1995-2013. Of these wells, 49 indicated a downward trend,
and 16 indicated an upward trend (fig. 24). TDS trends in the
41 remaining wells had a significance level of less than 95 per-
cent and did not indicate a clear trend. Downward trends are
indicated in wells in the upper part of the Upper Des Plaines
System, in most of the Mainstream and Des Plaines Systems,
and in most of the Indiana Avenue and Markham legs of the
Calumet System. Upward trends are indicated in wells in the
downstream part of the Upper Des Plaines System, appear
to be present in the downstream parts of the Mainstream and
Des Plaines Systems, and are indicated in the Little Cal and
140th Street legs of the Calumet System. The trends were too
variable and inconsistent to clearly indicate a cause for TDS
variations. However, if CSF discharge to the Silurian aquifer
affected the TDS concentrations, it is expected that TDS con-
centrations typically would increase. The result indicates the
trends were primarily due to natural variations in TDS within
the Silurian aquifer.

Ammonia

Ammonia (NH,) is a naturally occurring compound,
but large quantities are produced anthropogenically by the
breakdown of human waste and as a component of fertilizer.
Ammonia concentrations in samples collected from monitor-
ing wells open to the upper part of the Silurian aquifer in the
Calumet area ranged from 0.1 to 0.9 mg/L during 1993 with
a median concentration of 0.3 mg/L (Duwelius and others,
1996). Ammonia concentrations in samples collected from
water-supply wells open to the Silurian aquifer in suburban
Cook County during the mid-1980s ranged from less than the
detection limit of 0.1 mg/L to 0.72 mg/L, with an arithmetic
mean concentration of about 0.40 mg/L (Voelker and others,
1988). Annual geometric mean concentrations of ammonia in
TARP discharge during 1995-2013 ranged from 9 to 30 mg/L.
Ammonia concentrations are likely to be elevated in CSF-
affected samples from the TARP wells.

The geometric mean concentration of ammonia in
samples collected from the TARP monitoring wells during
1995-2013 ranged from below the detection limit to 22 mg/L
(fig. 25) with approximately 95 percent of the concentrations
being less than 1.0 mg/L. Most of these ammonia concentra-
tions are consistent with background concentrations in the
Silurian aquifer. Geometric mean ammonia concentrations
greater than 1.5 mg/L were detected near the future McCook
Reservoir at monitoring wells QM-63, QM—64, QM—-65, and
QM-67, including a concentration of 22 mg/L at well QD-27.

Because water was stored in the tunnels of the Des
Plaines and Mainstream Systems prior to discharge for treat-
ment during 1995-2013, the downstream part of these systems
is where CSF-affected water is likely to have been present
for the longest period of time and under the highest hydraulic
pressure. These conditions would have promoted CSF flow
from the TARP System to the Silurian aquifer and may have
caused the elevated (greater than 1 mg/L) ammonia concen-
trations detected in this area. When the McCook Reservoir
is placed on line, CSF will flow to the reservoir rather than
remain in the tunnels, so the conditions that result in CSF
migration to the aquifer will abate, and ammonia concentra-
tions in the aquifer may decrease.

Anomalous concentrations of ammonia were detected
in fewer than four TARP monitoring wells on any given date
during 1995-2013, indicating that spatially extensive CSF
migration of ammonia into the Silurian aquifer did not occur
(table 5). Anomalous ammonia concentrations were detected
in 79 samples from the 106 TARP wells. Of these anomalies
16 were low concentrations potentially not related to TARP
events. A total of 34 samples with anomalous ammonia con-
centrations also contained anomalous values of other analytes,
particularly DOC, TDS, sulfate, and hardness. Only one
sample with high ammonia concentrations also had high FC
populations. In no well were anomalous ammonia concentra-
tions detected in more than five samples.
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Of the 64 wells with a statistically significant trend
in ammonia concentration from 1995 through 2013, 34
(32 percent of the 106 wells analyzed) showed an upward
trend, 14 showed a downward trend, and 16 showed stable
concentrations (fig. 25). The 42 remaining wells (the single
biggest category) did not exhibit a statistically significant
trend in ammonia concentration and are considered to show
an unclear trend. Upward trends were present in most of the
wells in the Des Plaines System, the downstream part of the
Mainstream System, and in much of the Calumet System. The
variability in the trends, including the high number of wells
with either statistically stable concentrations or an unclear
trend, is consistent with drainage of water with spatially vari-
able ammonia concentrations migrating to the lower part of
the aquifer in response to drainage from the Silurian aquifer
into the tunnel system. Increasing ammonia concentrations in
the vicinity of the McCook Reservoir may reflect the increased
presence of CSF-affected water in this area from 1995 through
2013, although the possibility of non-TARP anthropogenic
processes having an effect where the Silurian aquifer is at and
near the land surface cannot be discounted.

Dissolved Organic Carbon

Dissolved organic carbon is a measure of the amount of
organic material dissolved in water. DOC derived from resi-
dential and industrial wastewater results in high concentrations
of DOC in CSF water; annual geometric mean concentrations
in TARP discharge to the Calumet WRP during 200313
ranged from about 21 to 51 mg/L. DOC concentrations in
samples from non-TARP monitoring wells are not available.
However concentrations of total organic carbon (TOC) in
samples collected from the upper part of the Silurian aquifer in
the Calumet area ranged from <2 to 87 mg/L during 1993 with
a median concentration of 7.1 mg/L (Duwelius and others,
1996). Concentrations of DOC should be less than or equal to
those of TOC, indicating that DOC concentrations are likely to
be elevated in CSF-affected samples from the TARP monitor-
ing wells.

The geometric mean concentration of DOC in samples
from the TARP monitoring wells from 1995 through 2013
ranged from 0.70 to 22 mg/L (fig. 26) with more than 80 per-
cent of the concentrations being less than 3.0 mg/L. Geomet-
ric mean concentrations of DOC greater than 4.5 mg/L were
detected near the future McCook Reservoir at wells QD-27,
QM-65, and QM—67, and at the eastern edge of the Little Cal
leg of the Calumet System at well QC-37.

Anomalously high DOC concentrations were detected in
samples from 47 wells located throughout the TARP Sys-
tem from mid-July through mid-September 2012 (table 5;
fig. 27). During the 62-day period from July 1, 2012, through
August 31, 2012, discharge from the TARP System to the
Stickney WRP exceeded 100 Mgal/d a total of 26 days, includ-
ing 15 days with more than 200 Mgal/d discharge. The high

discharge from the Stickney WRP during much of the summer
of 2012 indicates there may have been CSF events capable of
reversing the flow directions and producing high DOC con-
centrations in the samples from the aquifer at these 47 wells.
However, discharge from the TARP System to the Calumet
WRP during July and August 2012 exceeded 80 Mgal/d for
only 8 days, and water levels measured in the Calumet and
Des Plaines tunnels during this period indicate CSF events
occurred only on July 19 and August 27, 2012. It is likely that
most of the high-discharge events measured at the Stickney
WRP were discharge of drainage from the aquifer to the tunnel
system rather than discharge of CSF.

Anomalous DOC concentrations were detected in 85
samples from the 106 TARP wells, including the 47 samples
collected during the summer of 2012 (table 5). Of these
anomalies, three were low concentrations potentially not
related to TARP events. Fourteen samples with anomalous
concentrations of DOC also had anomalous values of other
analytes, particularly ammonia and hardness. Five samples
with high DOC concentrations also had elevated FC popula-
tions. However, anomalous values of other analytes were
detected in samples from only one well during the high DOC
event in summer 2012. Anomalous DOC concentrations were
not detected in more than three samples from any well.

Statistically significant trends in DOC concentrations
were observed in 103 of the 106 wells. Downward trends were
indicated in 101 wells, an upward trend in 1 well, and no trend
in 1 well (fig. 26). The downward trends may be related to a
2005 upgrade of the instrument used to measure DOC concen-
trations, which marks a shift in the DOC concentrations from
comparatively high and variable to low and stable (fig. 27).
Because of the uncertainty in the cause of the downward
trends, the DOC data are of limited utility for the assessment
of CSF effects.

pH

pH is a field measurement of the negative log of the
concentration of hydrogen ions in water. The pH of samples
from non-TARP monitoring wells open to the upper part of the
Silurian aquifer in the Calumet area ranged from about 6.7 to
9.1, with a median value of about 8.0 (Duwelius and others,
1996). Samples from water-supply wells open to the Silurian
aquifer in suburban Cook County during the mid-1980s had
a pH range of 6.7-8.3, with an arithmetic mean value of 7.2
(Voelker, 1986; Voelker and others, 1988). The pH of CSF
water discharged from the TARP System ranged from 7.2-7.7.
Because the background range of pH values for groundwater
in the Silurian aquifer encompassed the range of pH in the
CSF, pH is likely to be of limited use identifying groundwater
from wells with substantial CSF effects. However, samples
with pH values greater than 7.7 are likely to contain little or no
CSF.
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Figure 26. Geometric mean concentrations of dissolved organic carbon and trends in samples from Tunnel and Reservoir Plan (TARP)
System wells, Cook County, lllinois, 1995-2013. Upward, downward, and no trends are significant with p-values < 0.05.
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Figure 27.
Plan System well QD-28, Cook County, lllinois, 1995-2013.

Geometric mean pH values for samples collected from
the TARP monitoring wells during 1995-2013 ranged from
7.2 to 8.7 (fig. 28). Geometric mean pH values typically were
less than 7.5 along the South and West legs of the Des Plaines
System and were 8.0 or higher in most of the North and
Middle legs of the Des Plaines System, in much of the North
leg of the Mainstream System, and along much of the Torrence
Avenue and Indiana Avenue legs of the Calumet System.

Anomalously low pH values were measured on
May 16, 2002, in wells QM—-73, QM-74, QM-75, and QM-76
(table 5). Discharge from the TARP System to the Calumet
WRP exceeded 100 Mgal/d eight times in the 9 days preceding
May 16, 2002, indicating that a CSF event may have affected
the sample chemistry on that date.

Anomalous pH values were detected in 33 samples from
the 106 TARP wells (table 5). Anomalous pH values were not
observed in more than two samples from any well. Dates of
measured pH anomalies in samples from a well typically were
associated with anomalies in the values of other analytes in

2009 20m1 2013

Concentrations of dissolved organic carbon in samples from Tunnel and Reservoir

only four samples. These data indicate that periodic CSF dis-
charge to the Silurian aquifer did not have a substantial effect
on pH values in the TARP monitoring wells.

Of the 44 wells with a statistically significant trend in pH
values from 1995 through 2013, 40 (about 38 percent of the
106 wells analyzed) showed a downward trend through time,
1 showed no trend, and 3 showed an upward trend (fig. 28).
Most of these wells had a total change in pH of about 0.1 to
0.5 standard units during 1995-2013. The pH trends in the
remaining wells had a significance level of less than 95 per-
cent, and the trends were not clearly identified (unclear trend).
Wells exhibiting statistically significant trends almost always
had geometric mean pH values in the 7.5-7.9 range, which is
in the middle of the range for the dataset. Because of the lack
of clear differences in pH of CSF and the ambient Silurian
aquifer, the cause of these trends is not clearly indicated.
However, the trends are consistent with aquifer water with
consistent or low pH values (depending on location) drain-
ing to the monitoring wells in the deeper part of the aquifer
through time.
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Figure 28. Geometric mean values of pH and trends in samples from Tunnel and Reservoir Plan (TARP) System wells, Cook County,
lllinois, 1995-2013. Upward, downward, and no trends are significant with p-values < 0.05.
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Analyte Correlations

The value of every analyte in every sample obtained from
a TARP monitoring well during 1995-2013 was correlated
with the value of every other analyte in the sample. Correla-
tion coefficients from the individual analyses are presented in
appendix 4 and are summarized in table 6.

Ammonia concentrations, pH values, and FC populations
showed either high degrees of positive or negative correlations
in a small number of wells or did not indicate a preponderance
of either positive of negative correlations. To a lesser degree,
chloride concentrations and groundwater levels also did not
indicate a preponderance of either positive or negative correla-
tions. The lack of substantial correlation between FC popula-
tions and the values of other analytes indicates that none of the
other analytes, by themselves, can be used as a surrogate for
FC to identify the presence of CSF-affected water in the TARP
wells if the sampling procedures are not changed.

Values of hardness, sulfate, EC, TDS, and DOC tended to
show a high degree of positive correlation with each other in
at least 24 of the 106 wells sampled. These analytes (with the
exception of DOC) are major chemical constituents in ground-
water or are general indicators of water quality whose values
are affected by the amount of the major constituents. However,
no analyte pair (except EC and DOC) was highly correlated in
samples from more than 50 wells (only one analyte pair was
highly correlated in at least half of the wells). EC and DOC
were the only analytes that indicated downward trends in con-
centration in most of the wells.

The results of this analysis indicate that water quality in
samples from most of the wells was affected by processes that
likely reduced the degree of correlation between the major
analytes. These processes include the periodic migration of
CSF into the Silurian aquifer, as well as spatial and temporal
variations in the water chemistry in that part of the Silurian
aquifer draining to a well because of natural phenomena (such
as sulfate reduction) and non-TARP anthropogenic activities
(such as road salt application).

Table 6. Summary of correlation coefficients for all analytes in all monitoring wells, Tunnel and Reservoir Plan System, Cook

County, lllinois, 1995-2013.

[Numbers are wells that display Kendall tau-b correlation coefficient for the analyte pair of greater than 0.25 or less than -0.25, +number of wells/—number

of wells; —, not applicable]

Electrical Fecal Total Dissolved
Chloride . - Hardness Ammonia pH Sulfate  dissolved  organic
conductivity  coliform .
solids carbon
Electrical +9/-9 — — — — — — — —
conductivity
Fecal coliform +0/-0 +0/-1 — — — — — — —
Hardness +19/-14 +34/-4 +1/-2 — — — — — —
Ammonia +18/-3 +9/-8 +2/-0 +17/-6 — — — — —
pH +0/-12 +6/-1 +0/-0 +4/-6 +1/-6 — — — —
Sulfate +15/-11 +39/-3 +1/-2 +50/-5 +11/-11 +10/-2 — — —
Total dissolved +24/-2 +24/-0 +0/-1 +41/-1 +13/-4 +2/-5 +45/-1 — —
solids
Dissolved +14/-22 +63/-1 +1/-1 +39/-10 +12/-4 +10/-2 +50/-7 +35/-2 —
organic
carbon
Groundwater +21/-13 +22/-17 +5/-1 +12/-19 +20/-4 +2/-3 +20/-23  +16/-10 +42/-19

level




Coliform Bacteria and Escherichia coli
Data from Water-Supply Wells in the
Vicinity of the Tunnel and Reservoir
Plan System

The Silurian aquifer has historically been used for munic-
ipal, commercial, and industrial water supply in northeastern
[llinois. The City of Chicago, which is where most of the
TARP System is located, passed an ordinance in 1997 (Chi-
cago Municipal Code 11-8-390) that effectively precludes
groundwater use for public water supply. However, there are
51 water-supply wells within 5 mi of the TARP System but
outside of the Chicago City limits that obtained water from the
Silurian aquifer from 1999 through 2015. Of these 51 wells,
18 have been abandoned and 4 are inactive, leaving 29 active
water-supply wells within 5 mi of the TARP System that were
sampled by the IEPA in 2015 (fig. 29). This sampling is part of
the routine statewide monitoring effort performed by the IEPA
in selected water-supply wells and is not part of the TARP
System monitoring effort.

More than 4,850 total coliform analyses (which includes
FC) were performed on samples of raw water from these
water-supply wells beginning in 1999 and continuing through
the time of report preparation (March 2015). These samples
(taken prior to treatment and before water enters the distribu-
tion system for transmission to the public) were analyzed
only for the presence or absence of total coliform; the number
of colonies was not counted. Total coliform was detected in
145 samples, including 14 wells with repeat detections in the
northern part of Cook County and west of the future McCook
Reservoir (fig. 29).

More than 2,600 samples of raw water from these
water-supply wells were tested for Escherichia coli (E. coli),
resulting in 28 detections (fig. 29). E. coli were detected in
more than one sample from an abandoned well in east-central
DuPage County about 6.5 mi northwest of the future McCook
reservoir and from two active wells about 0.4 mi east of the
Majewski Reservoir (fig. 2).

Some of the water-supply wells with detections of total
coliform and E. coli are in the LaGrange area, where sampling
indicates increasing concentrations of chloride and TDS in the
Silurian aquifer that predates construction of the TARP System
(Gibb and O’Hearn, 1980). These increased concentrations
were attributed to the application of road salts, but their pres-
ence indicates that other anthropogenic compounds applied
at or near the land surface—such as septic wastes—may be
capable of migrating to the Silurian aquifer in parts of north-
eastern Illinois.
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Implications for Future Monitoring

Data analysis presented in this report indicates that most
of the samples collected during the 1995-2013 monitoring
period were affected by the chemistry of the Silurian aquifer
in the vicinity of the monitoring well. Anomalous values of
most of the analytes were detected in all of the monitoring
wells, particularly those with a high frequency of detection
for FC (table 7), but typically during less than 5 percent of
the sampling events (fig. 12, table 5). Dates during which
anomalous values of an analyte were detected in a well (or in
multiple wells) usually were not associated with the detection
of anomalous values of other analytes, especially FC. There-
fore, many of the identified anomalies in analyte values may
not have been caused by CSF migration into the aquifer. These
data indicate that CSF-affected water was present in a small
percentage of the samples collected from most of the monitor-
ing wells. This result is likely due to the fact that monitoring
occurred on a fixed schedule, which would only occasionally
coincide with the random CSF events.

CSF discharge to the aquifer is expected to occur over a
smaller part of the TARP System for shorter periods of time
once the Thornton and McCook reservoirs are connected to the
TARP System. Improved efficiency of the monitoring effort
will be needed to define the (likely) smaller future spatial and
temporal effects of CSF on the water quality of the aquifer.

The efficacy of the monitoring program could be
improved by focusing future sampling efforts on those wells
where analytes related to the presence of CSF were detected in
a substantial number of samples during the 1995-2013 sam-
pling period. Groundwater levels and FC populations are clear
indicators of the presence (and to a lesser degree absence) of
CSF effects. Chloride, TDS, EC, ammonia, and DOC concen-
trations can indicate the presence of CSF in a sample but typi-
cally only on a periodic or seasonal basis or in a small number
of wells where the difference between their concentration in
aquifer water and the CSF is particularly high. Hardness, sul-
fate, pH, and temperature (measured at the well head) provide
limited insight into the effects of CSF events on groundwater
quality.

Data from wells located at the boundaries of the moni-
toring system nearest water-supply wells might yield more
valuable information than data from wells in the middle of the
TARP System as a result of their proximity to potential points
of exposure. In addition, many of the wells showing greater
CSF effects are located in similar areas, often the downstream
parts of the tunnel systems, and yield data with a high degree
of correlation. Sampling from a few representative monitor-
ing wells during CSF events may be a more effective use of
resources than sampling all wells on a fixed schedule.
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Table 7. Summary of water-quality data indicating the presence of combined sewer flow effects in monitoring wells in which fecal
coliform was detected in 10 percent or more of the samples, Tunnel and Reservoir Plan System, Cook County, Illinois, 1995-2013.

Percentage of Analyte with elevated

samples with Analyte with anomalously Analyte displaying .
Well fecal coliform high values’ seasonality? geometric mean
detections concentration
MW-5 22 Chloride, total dissolved solids Chloride, total dissolved solids None
MW-6 19 Chloride None None
MW-7 17 None None None
MW-8 31 None Chloride None
QD-27 15 Ammonia, dissolved organic carbon, None Ammonia, dissolved
hardness, sulfate, total dissolved organic carbon
solids
QD-29 17 Dissolved organic carbon Total dissolved solids None
— oride, hardness one one
QD-30 10 Chloride, hard N N
— roundwater elevation, total dissolve one one
QD-31 30 G d levati 1 dissolved N N
solids
QD-34 14 Dissolved organic carbon Total dissolved solids None
QD-36 11 Chloride, dissolved organic carbon Total dissolved solids None
D-46 13 Groundwater elevation, chloride, None None
Q
dissolved organic carbon, hardness,
total dissolved solids, sulfate
QM-61 33 Chloride, groundwater elevation, electri- None None
g
cal conductivity, hardness, ammonia,
sulfate, total dissolved solids
QM-62 54 Chloride, electrical conductivity, Chloride None
Y.
hardness, sulfate, total dissolved
solids
QM-63 36 Hardness, total dissolved solids, None Ammonia
dissolved organic carbon
QM-64 48 Chloride, hardness, sulfate, total None Ammonia
dissolved solids, dissolved organic
carbon
QM-65 26 Chloride, hardness, sulfate, total Total dissolved solids Ammonia, dissolved
dissolved solids, dissolved organic organic carbon
carbon
QM-67 81 Chloride, hardness, ammonia, sulfate, Chloride Ammonia, dissolved
total dissolved solids, dissolved organic carbon
organic carbon
QM-68 32 Dissolved organic carbon Chloride None
QM-75 24 Groundwater elevation, hardness, pH, Total dissolved solids None
dissolved organic carbon
QM-77 29 Groundwater elevation, total Total dissolved solids None
dissolved solids, dissolved organic
carbon
QC-2 63 Hardness, sulfate, total dissolved solids ~ None None
QC-4 22 None None None
QC-17 15 Total dissolved solids, dissolved organic  None None

carbon

'Anomalously high values detected in multiple wells on a given sampling date or anomalously high values of multiple analytes in a particular sample.

*Analytes demonstrating seasonal variation in concentration.
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Finally, the efficacy of the monitoring program would be
improved by sample collection during and after CSF events
rather than on a fixed schedule. Improvement of the timing
of sample collection would be aided by hourly measurement
of water levels in the tunnel systems; continuous monitoring
of water temperature, water level, specific conductance, and
perhaps organic carbon using devices located within the open
interval of selected monitoring wells; and real time reporting
of that data. These water-quality data need to be combined
with some initial intensive data collection to verify the utility
of these analytes in the detection of CSF effects on the aquifer
(from initial to maximum effect to the eventual return to back-
ground conditions).

Summary and Conclusions

The U.S. Geological Survey, in cooperation with the
Metropolitan Water Reclamation District of Greater Chicago
(MWRDGC), performed statistical analysis of samples col-
lected from 106 Tunnel and Reservoir Project (TARP) System
monitoring wells sampled by the MWRDGC from 1995
through 2013. This analysis was done to assess the efficacy of
the monitoring effort. Analysis was performed on groundwater
levels, pH, temperature, electrical conductivity, total dissolved
solids, hardness, ammonia as nitrogen (ammonia), dissolved
organic carbon, chloride, sulfate, and fecal coliform data.

Groundwater typically drains from the Silurian aqui-
fer into the TARP tunnels, inducing flow within the aquifer
towards the tunnel system over a distance of thousands of
feet. As a consequence, analyte values in the samples from the
monitoring wells are primarily affected by their values in that
part of the aquifer draining to the tunnels being monitored by
a particular well. If a precipitation event induces combined
sewer flow (CSF) in the tunnel system in excess of about
80 million gallons per day, the hydraulic pressure in the tunnel
system can be large enough to overcome the normal hydraulic
gradient and induce flow from the tunnels to the Silurian aqui-
fer for a period of hours to days. These effects appear to occur
throughout the TARP System but are particularly substantial in
the downstream part of the tunnel systems.

Tunnel-to-aquifer flow can cause analytes dissolved in
the CSF to migrate into the aquifer, resulting in high levels of
fecal coliform, chloride, hardness, ammonia, total dissolved
solids, dissolved organic carbon, and electrical conductivity
in parts of the aquifer, but typically less than 5 percent of the
samples from a particular well contained elevated values of
these analytes because of the inefficiency of the fixed sam-
pling schedules. Migration of analytes from the tunnels to
the nearby monitoring wells may occur within 2 weeks of a
CSF event. Once the aquifer-to-tunnel hydraulic gradient is
reestablished, the temporarily elevated values of the analytes
emplaced in the aquifer during the CSF event return to back-
ground levels. Groundwater levels tend to return to back-
ground levels within 2 weeks of a CSF event. Fecal coliform

populations can to return background levels within about 4
to 6 weeks, whereas chloride concentrations can take 4 to
6 months to return to background levels.

Values of electrical conductivity, sulfate, and dissolved
organic carbon showed a statistically significant decrease in at
least 60 percent of the TARP wells from 1995 through 2013.
The trend in dissolved organic carbon concentrations may be
related to an upgrade of the device used to quantify dissolved
organic carbon concentrations during the period of analysis.
Values of hardness, chloride, total dissolved solids, ammo-
nia, and pH did not show a statistically significant increase
or decrease in more than 50 percent of the wells from 1995
through 2013. Water quality in the Silurian aquifer is spatially
variable owing to a variety of natural and non-TARP anthro-
pogenic processes. Therefore, the trend in the values of an
analyte at a well likely was primarily a reflection of the spatial
variation in the value of the analyte within that part of the
Silurian aquifer draining to the tunnel near the well.

In addition to the water quality-effects associated with
drainage from the Silurian aquifer to the tunnel at a well, there
were short-term effects associated with the periodic migra-
tion of CSF into the aquifer. Depending on the well and the
analyte, these short-term effects could be observed during only
one or two sampling events or repeated on a seasonal basis for
several years. Short-term CSF events appear to have affected
fecal coliform populations in at least one sample collected
from 77 of the 106 wells sampled from 1995 through 2013.
Clearly identifiable CSF effects in the form of fecal coliform
detections were present in 23 wells during 10 percent or more
of the sampling events; only 3 wells had fecal coliform popu-
lations during most of the sampling events. The wells with
fecal coliform present in at least 10 percent of the samples
tend to be in the upper part of the Upper Des Plaines System,
the downstream parts of the Des Plaines and Mainstream
Systems near the Stickney Water Reclamation Plant and the
future McCook Reservoir, and near the Thornton Reservoir in
the Calumet System.

The movement of groundwater and CSF between the
tunnel system and the Silurian aquifer is dependent on a
number of factors, including the relative hydraulic pressure in
the aquifer and the tunnel system, the integrity of the tunnel
liner, and the hydraulic properties of the aquifer between the
tunnel and the well. Migration of CSF into the Silurian aquifer
is likely to be greatest in the downstream parts of most of the
tunnel systems because these parts of the tunnel system tend to
contain CSF-affected water under the highest pressure for the
longest periods of time. The amount of CSF movement into
the aquifer is expected to be reduced when the McCook and
Thornton Reservoirs are connected to the tunnel systems.

Temperature (if measured outside of the well, as per this
monitoring effort), pH, sulfate, and hardness were of limited
value for identifying the presence of CSF because they were
affected by atmospheric interaction or have values that did not
differ appreciably between the CSF and groundwater. Chlo-
ride, electrical conductivity, total dissolved solids, ammonia,



and dissolved organic carbon can indicate the presence of
CSF, but separating analyte values related to CSF from those
related to background water quality in the Silurian aquifer can
be difficult. Future temperature measurements taken within
the open interval of the well, if attempted, may be useful for
identifying the presence of CSF.

High groundwater levels appear to be a good indicator of
the initiation of a CSF event, but the relation between ground-
water levels and analyte values is indirect, and groundwater
levels are elevated for a short period of time (days) relative to
the duration of water-quality effects (weeks to months). As a
consequence, groundwater levels cannot be used to assess the
full nature (analyte, concentration, duration) of CSF effects.

Because of its natural absence from the Silurian aqui-
fer, fecal coliform is the only analyte whose detection can be
attributed solely to the presence of water affected by CSF.
The absence of fecal coliform in a sample is a good, but not
conclusive, indication that CSF is not affecting water quality.
Of the analytes tested, fecal coliform is the most useful for
assessing the effects of CSF in the Silurian aquifer near the
TARP System. The lack of correlation between fecal coliform
populations and the values of other analytes indicates that the
other analytes cannot be used as a surrogate for fecal coliform
to identify the presence of CSF effects. Fecal coliform popula-
tions within the various tunnel systems tend to be highly cor-
related between wells in which fecal coliform was detected in
at least 10 percent of the samples.
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Appendix 1. Summary statistics for analytes and physical
properties, by well, Tunnel and Reservoir Plan System,
1995-2013

Each appendix has four Tunnel and Reservoir Plan Systems, each with multiple tables of varing sizes.

Table 1-1to table 1-34. Summary statistics for analytes and physical properties in samples from wells,
Calumet System, Tunnel and Reservoir Plan System, Cook County, lllinais.

Table 1-35to table 1-74. Summary statistics for analytes and physical properties in samples from wells,
Des Plaines System, Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 1-75 to table 1-98. Summary statistics for analytes and physical properties in samples from wells,
Mainstream System, Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 1-99 to table 1-107. Summary statistics for analytes and physical properties in samples from wells,
Upper Des Plaines System, Tunnel and Reservoir Plan System, Cook County, lllinois.



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

66

00T 001 00T 00T 00T 00T 00T 00T ! 00T 001 SUOTO930p JUdIIo]
€9¢ £9¢ €9¢ €9T £9¢ €9T €9T €9T € €9T €9¢ SUO130339p JO IoquInN
€9¢ €9¢ €9¢ €9C £9¢ €9C €9C €9C €9¢ €9C €9¢ sojdures jo sequinN
¥1°0- 11°0 LY0 Iro 91°0 €00 91°0 Iro BU 61°0 6€0 UOHELIBA JO JUSIOYJI07)
81 €1 | 96 of (40 6500 €9 eu 681 0T uoneIAsp plepuel§
9CI- &9 4% LEY (354 S'L 9¢°0 1SS eu 66 59 onJeA Ueol SNOWLIY
SCl- €7l (a7 0€8 8Y¢C V'L geo 1349 BU §T6 (914 oN[eA UBIW SO0
8- L 01 ¥8¢ 0¢ ¥'9 91°0 9 1> 98¢ LE onjeA WNWIUTN
98- 01T 0°¢l v0T'l 68¢ 68 69°0 699 0L S0S°1 6S¢ onfeA WNWIXeN
(wmeq P TITITIL
ofiealys (19 13d (+ay) 1ad ¢ (rau 0o (1919wnuas
("09®en 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se sau! 1ad BuIwIo 1ad (1am] 1ad
wouy )asy) saaibap) uogied spijos sweabiijjiw) piepuels)  sweaBijjiw) mEEw._____Ev >=r_ou“ soywoidiw)  sweibijjiw)
[ELE]] aimmesadwal  9auehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Ayuanonpuoa  apuojyg
191eM panjossiq |elol [ERIDEETE]
|eoaq
-punoig

‘Ayuno9 %009 ‘walsAg ue|d Jl0AI8saY pue [auun] ‘walsAg 1awnie) ‘|—9p ||@m Buuoyuow wouy sajdwes ul saiuadoud |eaisAyd pue salAeue Joj sonsiels Alewwng

[pazA[eue jou “Bu ‘upyy S > AJRUOQIRD WNIO[RI “ODE)]

'600Z—G661 ‘stoul||]
‘I-1 9lqeL



67

Appendix 1

001 001 66< 001 001 001 001 001 €9 001 66< SUONI2IOP JUIIR]
r6¢ r6¢ €6C ¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ S8l ¥6¢ €6C SUONd2IAP JO IdQUINN
¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ ¥6¢ sojdutes o tequnn
Cro- €10 ¥6°0 LT°0 ¥L0 ¥S0°0 S0 150 I'e o $$°0 UONBLIEA JO JUSIOLYJI0T)
13 L1 9°¢ L €C wo 0€°0 LS 79¢°¢ 11! €C UOLBIASD pIepue)s
¢ el 8¢ Sy 53 8L L9°0 [48! 980°1 1SS (4 AN[BA UBIW dNIWYIIY
6SC- 0¢l (43 66¢ 6¢ 9L 90 6 ol oF 8% onjeA Ueall JLoWod)
14%% 89 > ¥0¢ r€0 1’9 0S0°0 94 > 01¢ S1> onjeA WNWIUTA
68- 0'CC LS 0S8 85S¢ 68 0¢ 6LS 000°8C 160°1 16¢ onfeA WNWIXeN
(wmeq P TITITIL
ofiealys (19 18d (+ay) 1ad ¢ (raui 0o (1919wnuas
("09®e) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 13d se sau! 1ad BuIwIo 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabiijjiw) piepuels)  sweaBijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9auehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Auanonpuoa  apuojyg
191eM panjossiq |elol [LRIDEETE]
|eoaq
-punoig

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Ajuno9 %009 ‘walsAg ue|d Jl0AI8saY pue [auun] ‘walsAg 18wnie) ‘z—Jp [19m Buuioyuow wouy sajdwes ul saipadoud |eaisAyd pue salAjeue Joj sonsiels Alewwng  “z—L ajqep



001 001 001 001 S8 001 001 001 9 001 001 SUOII2IOP JUID]
9Tt 9Tt a4 9TC 161 Y44 9TC 9T¢ 4! 9TC 9tc SUONI2IAP JO IPQUINN
9Tt 144 9Tt 9Tt 9Tt §te 9tTC 9Tc 9Tt 9TC 9Tt sojdutes o tequnn
200~ ¥1°0 89°0 110 'l #5070 ST0 v1°0 eu 970 670 UOnBLIEA JO JUSIOLYJI0T)
oY 31 8T 9 1'6-0°6 170 €10 v'8 eu [49! 01 UOLBIASD pIepue)s
06¢- 6Tl 'ty 2349 96-56 L'L S50 19 eu 78§ 9¢ AN[BA UBSW dNQWILIY
8LT- 8'C1 S¢ 97%9 €S L'L 0S°0 19 eu 19¢ 143 onjeA Ueal JLOWOodn)
96¢- 06 80 99¢ 0> 99 0¥0°0 6¢ > 9LT S onjeA WNWIUTA
LT I'LT 0’6 YL ot L8 $8°0 00T 78 0L8 L6 onfeA WNWIXeN
(wmeq P TITITIL
ofieaiys (19 13d (+ay) 1ad ¢ (rau 0o (1919wnuas
("09®e9) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se saul 1ad BuIwIo 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE] aimmesadwa)  9aehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Auanonpuoa  apuojyg
191eM panjossiq |elol [ERIDEETE]
|eoaq
-punoig

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

68

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Ayuno9 %0079 ‘walsAg ue|d JI0AI8SaY pue |auun] ‘walsAg 1awne) ‘L 'gz—90 ||@m Bunioyuow wouj sajdwes ul sauadold [eaisAyd pue sajAjeue Joj sonsiels Alewwng  "g—| a|qeL



69

Appendix 1

00T 001 00T 001 00T 00T 00T 00T 6 00T L6 SUOTO930p JUIIo]
L8 98 L8 L8 L8 L8 L8 L8 8 L8 8 SUONd339p JO IaquunpN
L8 98 L8 L8 L8 L8 L8 L8 L8 L8 L8 sojdures jo roquinN
91°0- [4%0) €L0 0T°0 4! L9070 170 4! eu 0€°0 LY0 UoneLIBA JO JUSIOLJ0T)
LE Sl 8T 6L €S §S0 61°0 6S eu 123! 4] UOLBIASD pIepue)s
1€ L'ey 8¢ S6¢ 9% 8 90 IS eu 1489 L1 AN[BA UBSWL dNQWILIY
LTt L'c1 I'e 68¢ LE 8 o 144 eu 96¥ 91 onjeA UeaW JLoWOodn)
88¢- 06 60 TLT € L9 €00 4! > 84 4! onjeA WNWIUTA
[(14% 091 01T 998 cov 1’6 67’1 vLS 001°1 9€°1 €S onfeA WNWIXeN
(wmeq P TITITIL
ofieaiys (19 13d (+ay) 1ad ¢ (rau 0o (1919wnua
("09®e9) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se sau1 1ad BuIwIo 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9auehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Ayuanonpuoa  apuojyg
191eM panjossiq |eloL [ERIDEETE]
|eoaq
-punoig

[pazA[eue jou “Bu ‘upyy $SI > $AJRUOQIRD WNIO[RI “ODED]

"€102-G661 "sioul]j|
‘Ayuno9 %009 ‘walsAg ue|d JI0AI8SaY pue |auun] ‘walsAg 1awn|e) ‘z'z—90 ||@m Bunioyuow wouy sajdwes ul sauadoad [eaisAyd pue sajAjeue Joj sonsiels Alewwng  p—| 9|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

10

66 66 L6 66 66 66 66 66 4! 66 66 SUONIJIP U
vL vL €L YL YL YL YL YL 6 YL YL SUOI932p JO ToquInN
SL SL SL SL SL SL SL SL SL SL SL sojdures jo JoquinN
01°0- 01°0 ¥9°0 1L0°0 €C0 190°0 0¥°0 $80°0 69-S'¢ 0T°0 0€°0 UONBLIEA JO JUSIOYFI0D)
¥T €1 L'1 0¢ €9 870 91°0 145 9'6T-§'SC 101 L'e UOTJEIASD PIEpUE)S
67T ¢TI L't (4474 LT 6'L 6£°0 ¥9 9v-L'¢ 45 4! SNJBA UBSW SOWIRLIY
LTT §Tl |4 (144 LT 8L Se0 ¥9 6L°0 20$ 4! oNJEA UBIW JLOWOID)
L9T- 06 ¥'0 89¢ 61 L9 200 143 > 8¢€T € oneA WNWIUIA
66~ 091 06 8¢S 0S L8 'l 96 0ce 769 0¢ onyeA WNWIXeA
umeg (+aupiw ooL
obealys (19m] Jad (19m] Jad ¢ e (4818WIUad
("09®e) 1ad syun
jo Ay (snisja9 swelbijjiw) sweibijju) (193] sad (syun (19m] Jad se soul 1ad B Jad (1011 Jad
wouy }aay) saaifiap) uogies spijos swelbijjiw) piepues)  sweabijjiw) mEm._w._____Ev >=r_ou“ soywoiaiw)  sweibiyiu)
[ELE] aimesadwa)  9wehio panjossip ajej|ng Hd eluowuy mm@:m‘_m_._ wiop|0d Auanoanpuoos  apuojy9
1ajem panjossiq |el0] |eainas|y
|eoaq
-punoig

‘Ayuno9 %009 ‘walsAg ue|d Jl0AI8sSaY pue [auun] ‘walsAg 1awnie) ‘e—9p ||@m Bunoyuow wody sajdwes ul saiuadoud [eaisAyd pue salAeue Joj sonsiels Alewwng

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

'6002-G661 ‘stoul]l]
‘G- 9lqel



n

Appendix 1

001 001 €8 001 96 001 L6 001 (44 001 68 SUOII2IOP JUIID]
L8 88 YL 68 S8 38 98 38 0¢ 33 LL SUONILIAP JO IPQUINN
L8 88 68 68 68 33 68 33 68 33 L8 sojdutes jo tequnn
050°0- 11°0 €60 2900 €570 CLO0 'l SIo 9'L=SL 0C0 2620 uoneLIeA JO JUSIDdLYJ07)
Cl 'l 9T LT 0l 860 81°0 91 79 LO1 ge> UOneIASp plepuel§
sec- €Cl 8T (47474 ol '8 91°0 1 €88 1439 1> onfeA uesw dIWYIIY
LET- €Tl 61 (444 91 '8 o 1 €1 €es 11> onjeA Uesw JLoWoon)
(4% 001 ¥'0 c6¢ 3 69 90°0 6 > 6¢¢ ! onjeA WNWIUTA
961- €81 0L 81§ 31 06 w1 L1 96 €0L 0c onfeA WNWIXeN
(wmeq P TITITIL
ofiealys (19 18d (+ay) 1ad ¢ (raui 0o (1919wnuas
("09®e) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 Jad (syun (13 1ad se sau! 1ad BuIwIo 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabiijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9auehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Auanonpuoa  apuojyg
191eMm panjossiq |elol [LRIDEETE]
|eoaq
-punoig

[pajewunsa ‘o “pazA[eue J0u “BU SUBY) SSI] > AJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Ajuno9 %009 ‘walsAg ue|d Jl0AI8saYy pue [auun] ‘walsAg 1awnie) ‘p—Jp [|9m Buuioyuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj soisiels Alewwng  ‘9—| ajqep



00l 001 86 001 L6 001 €6 86 0 001 66 SUONJ3}9p JUIdIdd
L8 L8 S8 L8 8 L8 18 S8 0 L8 S8 SUO139939p JO IoquInN
L8 L8 L8 L8 L8 L8 L3 L8 L8 L8 98 sojduwres Jo tequiny
17°0- 01°0 9L°0 GLO0 860 $90°0 S0 €Co BU 170 ¥1°0 UOTBLIBA JO JUSIOGJI07)
SC 'l 9C St 8L €50 L0°0 £€C BU S'L91 8¢ UOIEIASD plepuelS
9T (4! e 109 €l '8 €ro 01 'u S8L LT ON[EA UBIW SNOWILILIY
sce- x4t 9T 665 11 '8 01°o 06 eu 9L 9C onjeA UeaW JLOWOdD)
L9T- 06 I 3SY [4 89 10°0> I > LSE S1> onfeA WNTTUIA
6¢l1- 0°ST S1 9TL (34 06 170 91 > vEET 6¢ onjeA WnWIXeN
(wmeq P TITITIL
ofieaiys (19 13d (+ay) 1ad ¢ (rau 0o (1919wnuas
("09®e9) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se saul 1ad BuILIO 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9aehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Ayuanonpuoa  apuojyg
191eM panjossiq |elol [ERIDEETE]
|eoaq
-punoig

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

12

[pazA[eue jou “Bu ‘upyy S > LAJRUOQIRD WNIO[RI “ODE)]

‘€10¢-4661 stouly|
‘Aluno9 %009 ‘walsAg ue|d Jl0AI8saYy pue [auun] ‘walsAg 18wnie) ‘G—Jp |em Buuioyuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj soisiels Alewwng  ‘/—| ajqep



3

Appendix 1

001 001 001 001 S6 001 001 001 S 001 S6 SUOI}OIIAP U]
98 98 L8 L8 €8 98 L8 98 % 98 €8 SUOIJ5219p JO IoquInN
98 98 L8 L8 L8 98 L8 98 L8 98 L8 soyduues jo soquinN
01°0- 01°0 0L°0 ero [ L90°0 (44 10 BU 170 Al uoneLeA JO JusIdJa07)
Ic Cl ¥'C 99 €8 Ss0 9L0°0 01 BU Syl L'y UOIEIASD plepuelS
61¢C ¥l S'e LTS 8¢ '8 S0 ST 'u 8L9 61 SNJBA UBSW SNSWIPLIY
81¢C- ¥l 8C (44 1C '8 €€0 €C 'u 199 81 SN[EA UBIW SLIOWO)
65C- S'L I 981 14 L9 00 8 > 81¢ €l SneA WNWIUIA
IS1- 091 cl VL9 ¥9¢ 06 09°0 5 8 056 S¢ on[eA WNWIxe
(wmeq FETITITIL
obealyy (18] 10d (181 20d ¢ (rau 0o (18)0WIRUaD
("09®e9) 1ad spun
jo Aug (snisja swesbijjiw) swebijjw) 13y Jad (suun (181 10d se 1ol 1ad B0 1ad (18] 1ad
wouy)aay)  saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywouioiw)  sweibijjiw)
[ELE]| aimesadwa)  oruebio paajossip ajeyng Hd eluowwy mm@:?m_._ wioyj0 Aiagonpuos  apuojy9
1a)1em paajossig |eyop [CRIBRETE]
|eaaq
-punoig

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Ajuno9 %009 ‘walsAg ue|d Jl0AI8saY pue [auun] ‘walsAg 18wnie) ‘g—9p |am Buuioyuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj sonsiels Alewwng  g—| ajqep



00l 00l 66 001 €8 66 001 001 0 001 001 SUONJI}IP JUIIId
08 08 08 I8 L9 6L 18 08 0 08 08 SUONd339p JO IaquunyN
08 08 I8 I8 I8 08 I8 08 I8 08 08 sojduues jo soquinN
01°0- 01°0 9¢°0 0C0 01 1L0°0 0¢€0 0¢ BU 81°0 LT0 uoneLeA JO JUSIdYJa07)
91 el 6’1 88 0L 860 080°0 Ss 'u Y01 I'¢ UONBIASD plepuelS
9¢1- §Cl £t oy L9 ['8 LT0 81 el 685 Il SN[BA UBIW SNSWILIY
GSl1- ¥l 8C vy L'e '8 9T°0 €l BU 6LS I oN[eA UBIW SLIOWO3L)
681- 00l 60 (443 010 9 1o S > [483 [4 onjeA WU
1o1- 081 01 01’1 [43 I'6 0L°0 10S > 658 LT on[eA WNIXe
(wmeq FESTITITIL
obealyy (18] 10d (18] 20d ¢ (rau 0o (18)0WIRUaD
("09®e) 1ad spun
jo Aug (snisja swesbijiw) swebijjw) 13y 1ad (suun (18] 20d se 1ol 1ad B 1ad (18] 1ad
wouy)aay)  saaibap) uogied spijos sweabiijjiw) piepuels)  sweaBijjiw) mEEw._____Ev >=m._ou“ soywouioiw)  sweibijjiw)
[ELE]] aimesadwa)  oruebio paajossip ajeyng Hd eluowwy mm@:?m_._ wioyj0 Ayiagonpuos  apuojy9
1a)em paajossig |eyop [CRIBRETE]
|eaaq
-punoig

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

14

[pazA[eue jou ‘Bu ‘upyy $SI > QJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Ajuno9 %009 ‘walsAg ue|d Jl0AIasaYy pue [auun] ‘walsAg 1awnie) ‘/—Jp [|9m Buuioyuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj soisiels Alewwng  g—L ajqeL



15

Appendix 1

001 001 001 001 001 001 L6 001 ¥ 001 98 SUOII2IOP JUIID]
SL SL SL SL SL SL €L SL 3 SL ¥9 SUOI1J219p JO JoquInN
SL SL SL SL SL SL SL SL SL SL vL sopduues jo soquinN
61°0- 01’0 09°0 110 [4X0) L9070 S0 110 eu 81°0 29T°0 UoneLIBA JO JUSIOLJ0T)
LE €1 ¥l 3¢ S8 €50 o L9 eu LL 9> UOLBIASD pIepue)s
y61- 8'C1 €T (]33 9C 08 6¥°0 9 eu 31t or> onjeA ueoll SNOWILIY
161~ L'c1 61 8¢ s¢ 08 I¥°0 19 eu 884 or> onjeA UeaW JLoWOodn)
SST- 49 L0 89¢ 01 ¥'9 110 144 > 3¢ 9 onjeA WNWIUTA
SL- 081 0L 0SS (4 96 LLO LOT 008°S I€L 9¢ onfeA WNWIXeN
(wmeq P TITITIL
ofieaiys (19 13d (+ay) 1ad ¢ (rau 0o (1919wnua
("09®e9) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se sau1 1ad BuIwIo 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9auehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Ayuanonpuoa  apuojyg
191eM panjossiq |eloL [ERIDEETE]
|eoaq
-punoig

[parewnsa ‘o {pazA[eue J0U “BU SUBY) SSI] > AJRUOQIRD WNII[RI “ODe)]

"€102-G661 "sioul]j|
‘Ajuno9 009 ‘walsAg ue|d JI0AI8saYy pue |auun] ‘walsAg 1awnie) ‘6—9p ||em Burioyuow wouy sajdwes ul sauadold [eaisAyd pue saldjeue Joj sonsiels Alewwng  "gL—L d1qeL



001 001 LL 001 oL 001 88 001 0 001 001 SUOI}O3)3P JUVI_dJ
88 88 89 88 L9 88 LL 88 0 88 88 SUONd32p JO ToquinN
88 88 88 88 88 88 88 88 88 88 88 sojdutes jo zequnn
£60°0- (N0 060 160°0 11 L00 19°0-6S°0 LT°0 eu 1£4\) 780°0 UoneLeA Jo JUSIOYJo07y
1C [ 8’1 LE 96> S0 650°0—850°0 |4 eu Scl 9¢C UONEIASD pIepue)S
0ce- 9°Cl 0¢ LO¥ ¢8> 8 860°0-L60°0 4! el 45 1€ SNJeA Uedtl ONOWIIIIY
61¢C 4| Sl Sov Te> 8 8L0°0 Cl el 86v 1€ oNJeA UBIW JLOWOH
0s¢c- 001 €0 98¢ > 0L 00 6 > 061 ¥C onjeA WNWIUTN
vCl- 081 001 90¢ 79 14 LEO Ic > el (1% onjeA WNIXeA
(wmeq Ja)|1jj1w
ofiealys (19 18d (+ay) 1ad £nnp ( ._M.._m_p. Eno_. (1919wnua
jo huy (snisja9n sweabijjiw) sweabijju) (19 1ad (syun (13 1ad mmAMU_ we._ mEEuh.o 1ad (1ay] 1ad
woiy }aay saalbap uogies spijos swelbijjim) piepuels sweibijjiw o o} soywoiaiw) sweibijw
) ) sweabijjiw Auojoo
19A3] aimesadwa)  ouebio panjossip ajeyng Hd eluowwy ssou “_m ) _Eo__ ow Ananonpuoos  apuojy9
1ajem panjossiq [[3U]] PIeH m“.u_ [ERIDBETE]
-punosg 12984

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

16

[porewnsa ‘o {pazA[eue JOU “BU SUBY) SSI] > AJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Aluno9 %009 ‘walsAg ue|d JI0AI8saY pue |guun] ‘walsAg 1awnie) ‘g1—Jp ||@Mm Butioynuow wouy sajdwes ul saiiadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  “LL-1 ajqelr



mn

Appendix 1

00T 001 IL 001 9 001 96 86 0 001 001 SUOI2JP JUIId]
49 49 LE 43 [43 [49 0¢ s 0 49 49 SUO139939p JO IoquInN
43 143 43 43 49 [4S 43 [4S 49 43 [43 sojdures jo sequinN
8S0°0- ¥80°0 'l ero V1-¢1 0L0°0 6¢€°0 [4N0) 'U 91°0 81°0 UOBLIBA JO JUSIOGJI07)
€1 'l Sl 6¢ €L LSO 6£0°0 9T eu S9 Ty UOLBIASD pIepue)S
e 871 ¥l 60¢ SS¥¢S '8 01°0 1T el 801 £€C ON[EA UBSW SNRWIILIY
1ce- 8¢l 01 90¢ I'e> '8 01°0 1< BU t301% €C oN[eA UBIW SLIOWO3L)
[ % 011 0 14%4 0> I'L 100> 11 > 68¢C 4! onjeA WU
981- 0°ST 0L (497 0¢ 1’6 61°0 9t > §9¢ ot onfeA WNWIXeN
(wmeq P TITITIL
ofiealys (19 18d (+ay) 1ad ¢ (raui 0o (1919wnuas
("09®e) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 13d se sau! 1ad BuIwIo 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabiijjiw) piepuels)  sweaBijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9auehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Auanonpuoa  apuojyg
191eM panjossiq |elol [LRIDEETE]
|eoaq
-punoig

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Aluno9 %009 ‘walsAg ue|d JIoAI8saY pue |guun] ‘walsAg 1awnie) ‘L 19D [|am Butionuow woly sajdwes ul saiiadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  “zi—1 ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

18

001 001 IL 001 001 001 86 001 14 001 001 SUOID}IP I
[4S [4S LE S 4 s 5S s [4 [4S 4 SUONDLP JO JaquInN
4 [ 4 [4 [43 [4S 49 [4S [4 49 [4S sapdues Jo JoquinN
290°0- 61°0 0’1 110 9¢°0 950°0 LEO g0 eu ¥C0 cro UoneLIBA JO JUIIDLJ07)
Sl 7T |4 96 601 €0 0ro ¥S eu 944 9v UOIJBIASD plepuelS
e 8Tl 1'C 968 70¢ L'L LTO L91 eu 1201 LE AN[BA UBaW dNAWILIY
e 9Tl 7'l 168 8¢ L'L ¥C0 S¢Sl eu 166 LE SnJeA UBaWl SLIJOWO3L)
LT 'S €0 LS 8¢C 99 10°0> 1T > 9¢C¢ €C SnJeA WNWIULA
60C- 0'SC 00l 880°1 142 9'8 960 98¢ Sl 00S°T LY onJeA WNIXeA
(wmeq
ofieaiys (19 13d (13 13d Amcumu rw_M_._h_._.w_u___“_no_. (48)awmnuad
jo Ay (snis|ag) sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se son) 1ad mE—E.E Jad (1ay] 1ad
wolj }aay) saalbap) uogied spijos sweibijjiw) piepues) sweibijjiwu) mEm._m.____Ev >=m._ouv soywoloiw)  swelsbijiw)
[ELE]| aimesadwa) oluebio panjossip ajeyng Hd ejuowwuyy mm@:?m . Aiananpuos apuojy9
1ajem panjossig |elop H m“.u_ |eainas|3
-punoag 18934

[pazA[eue jou “Bu ‘upyy S > LAJRUOQIRD WNIO[RI “ODE)]

"£102-G661 ‘stoul]]

‘Ajuno9 %009 ‘walsAg ue|d JI0AI8SaY pue |guun] ‘walsAS 1awnie) ‘z1—Jp |am Buuionuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj sonsiels Alewwnsg  “gl—1 ajqer



1

Appendix 1

001 001 8L 001 001 001 001 001 0 001 001 SUONII}IP JUIDId
0s 0s 6¢ 0S 0s 0S 0S 0S 0 0S 0S SUONd3IPp JO IoquunN
0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ sopduues jo soquinN
SLO0- 980°0 680 1o 0 ¥90°0 €0 (4% eu 10 9T°0 UOELIBA JO JUIISGJI07)
61 'l L'l 0¢ Cl 10 6700 9LE 'u 0cl Il UONEIASD pIepuelS
- 0¢l 61 Lyy 8¢ 6'L 91°0 06 el LS 194 onjeA Ueall SRIWIPLIY
9 0¢l 'l 124474 93 6'L Sro 6¢ el 6SS [44 onjeA Ueall JLIWOo3H
G8¢- 00l S0 70€ 08 I'L S0'0 1C > 00€ Ic onjeA wnwiuiA
01¢c 'Sl 08 7SS 0L 96 Al 69T > 068 €9 onfeA WnwIxej
(wmeq
obealyy (1o 12d (+0m1] 12d (0989 :J_M_._h_w_u___“_no_. (TEENTTER)
jo Aug (snisjag  sweabijiw) swesbippiw)  (13y)12d (syun (+am 1ad se sy sod m__E:.E J1ad (+0m) Jad
woijjaay)  saaibap) uogies spijos sweibijiw) piepuels)  sweibijjw) mEm._m.____Ev >=m._o3 soywoionu)  sweibijjiw)
|ana| aimesadwa)  oawuebio panjossip ajeyng Hd eluowwy mm@:?m wiomos  MABINpUOD  apLiojy)
13)em paajossiqg |elol H m“.u_ [CRINEETE
-punoig 12984

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

'€102-5661
‘sioul]|] ‘AJunog Y009 ‘walsAg ue|d JI0AIBSaY pue |auun] ‘walsAg 18wn|eq ‘g1-9p [j9Mm Burioyuow ul saiiadoid [eoisAyd pue salAjeue Joy sonsnels Alewwns  pl—L ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

80

001 001 8L 001 001 001 001 001 0 001 001 SUOII2JOP JUIID]
0S 0S 6¢ 0S 0S 0S 0S 0S 0 0$ 0S SUONI2I9P JO JqUINN
0S 0S 0S 0S 0S 0S 0S 0S 0S 0S 0S sojdutes o zequnn
SLO0- 980°0 680 Iro ce0 ¥90°0 €0 (44 BU 170 9T0 UOTBLIBA JO JUSIOGJI07)
ol 'l L1 0$ 4! 150 6¥0°0 9LE eu 0tI1 1 UOLBIASD pIepue)s
9tC- 0°¢l 61 LY 8¢ 6L 91°0 06 eu LS (94 onjeA Uedtr SNIUILIY
9tC- 0¢l ¥l 14744 53 6L S1°0 6¢ eu 6SS (44 on[eA ULdW JLNOWOdD)
¢8¢C- 00l S0 Y0€ 08 I'L 00 1c > 00¢€ Ic onjeA WNWIUIA
o1c- 'St 08 ¥SS 0L 96 sTOo 769°C > 068 €9 onfeA WNWIXeN
(wmeq P TITITIL
ofieaiyn (19 13d (+ay) 1ad ¢ (rau 0o (1919wnuas
("09®e9) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se sau! 1ad BuILIO 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=r_ou“ soywoidiw)  sweibijiw)
[ELE] aimmesadwal  aehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Ayuanonpuoa  apuojyg
191eM panjossiq |eloL [ERIDEETE]
|eoaq
-punoig

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£102-G661 ‘stoul]]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8saY pue |guun] ‘walsAg 1awnie) ‘g1—Jp [|am Butioyuow woly sajdwes ul saiuadoud |eaisAyd pue salAjeue Jo) sonsiels Alewwns  ‘gL—| ajqer



81

Appendix 1

001 001 001 001 89 001 86 001 0 001 001 SUOII2IOP JUAId]
€S €S €S €S 9¢ €s 49 €s 0 €S €S SUOND9IOP JO TquUnN
€S €S €S €S €S €S €S €S €S €S €S soyduues jo soquinN
y1°0- 0r°o LY0 ¥L0 4! 90°0 wo S0 eu 970 ¥9°0 UOnBLIEA JO JUSIOLJI0T)
6¢ €1 91 98¥ ¥'6 0] 6L0°0 LY eu Ll €S UOLBIASD pIepue)s
cIc- L'c1 43 659 9L 8L 61°0 06 eu S99 €8 onfeA uesw dHAWYILIY
So0C- L'c1 I'¢ 865 9T-L60 8L LT°0 €L eu 1472 99 onjeA UeaW JLOWOod)
8- 08 61 (]33 ¥'0 89 200 4! > (47474 61 onjeA WNWIUTA
61- 091 0’6 786°¢ 143 43 [4X0) ¥91 > 0%0°1 (483 onfeA WNWIXeN
(wmeq P TITITIL
ofieaiys (19 13d (+ay) 1ad ¢ (raui 0o (1919wnua
("09®e) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se sau! 1ad BuIwIo 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9aehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Ayuanonpuoa  apuojyg
191eM panjossiq |eloL [LRIDEETE]
|eoaq
-punoig

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£102-G661 ‘stoul]]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8sSaY pue |guun] ‘walsAg 1awnie) ‘y1—-Jp [|@m Butionuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  ‘gL—| ajqer



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

82

001 001 78 001 9¢ 001 001 001 0 001 Y6 SUOI}IP JUIdId
0S 0S (44 0s 8¢ 0S 0S 0S 0 0S Ly SUOI}5219p JO JoquInN
0S 0S 0S 0S 0S 0S 0S 0S 0¢ 0S 0S sojdures jo JoquinN
2e0°0- 11°0 LLO Iro 8l L00 LT0 LY°0 BU 0C0 vr’0—1¥'0  UOHELIBA JO JUSIOYIS0)
€L Sl 07C 8¢ 01 S0 £50°0 L BU ¥8 0,799 UONEIASD pIepuelS
LTC 0°¢l 9C 6¢¢ 6'6—8°¢ ['8 0C0 Sl el 9ty 91 SN[eA UBIW SNSWIILIY
L1C 6'Cl 91 LEE ¥l '8 810 14! BU 81y Sl oN[eA UBIW SL1OWO9L)
ove- 601 L0 1244 0> 0L 10°0 S > (44 Cl onjeA WU
SIc- 881 0L Yoy 8y 6 8C0 a9 > 6L9 125 on[eA WNIXe
(wmeq FETITITIL
obealyy (18] 10d (18] 20d ¢ (rau 0o (18)0WIRUaD
("09®e9) 1ad spun
jo Aug (snisja swesbijjiw) swebijjw) 13y Jad (suun (181 10d se 1ol 1ad GO 1ad (18] 1ad
wouy)aay)  saaibap) uogied spijos sweabijjiw) piepuels)  sweabijjiw) mEEw._____Ev >=m._ou“ soywouioiw)  sweibijjiw)
[ELE]] aimesadwa)  oiuebio paajossip ajeyng Hd eluowwy mm@:?m_._ wioyj0 Aiagonpuos  apuojy9
1a)1em paajossig |eyop [CRIBRETE]
|eaaq
-punoig

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£102-G661 ‘stoul]]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8SaY pue |auun] ‘walsAS 1awne) ‘g1—Jp |am Butionuow woly sajdwes ul saiiadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  “/1-1 d|qer



83

Appendix 1

001 001 88 001 001 001 8L 001 ! 001 001 SUOI}I939p JUDId
¢8 ¢8 SL ¢8 ¢8 ¢8 99 ¢8 1 ¢8 ¢8 SUOII933p JO ToquunN
¢8 ¢8 ¢8 G8 ¢8 ¢8 ¢8 ¢8 S8 ¢8 ¢8 sodures jo roquinN
0C0- ero LLO 1o 6¢€°0 90°0 el cro Bu £€C0 [ uoneLeA o Jusioygjaoyy
(014 91 L'l [ (44 ¥0 7o S11 BU Lyl 9¢ UOIIBIASD pIepuels
00¢- (4! (4 9¢¢ LS 8L 880°0 8L eu L9 (44 onN[eA UBIUW SNIWIPLIY
I61- el L'l |53 125 8L €L0°0> 9L eu 629 61 on[eA ueal JLIUWO3L)
9T 06 70 1233 0°Sl L9 10°0 L 1> 6C¢ 8 onjeA WnNwWIuI
S 8'LI 08 8¥I1°1 61¢ 06 $6°0 9¢1 I 666 1394 In[eA WNWIXeN
(wnyeq
ofieaiyy (1o sad (1am] 28d ‘0989 tﬂ”_._.___“_.p_____”cp (18)8wnuan
j0 g (snisjag sweibijjiw) swesbiw)  (13p] 1ad (syun (+am Jod se Jan 10d m::E.e 1ad (+031] Jad
woJj 1aay) saalbap) uogied spijos swesbijji) piepuels)  sweibijjiw) wEEm.____EV >=r.e£ soywosoiw)  swelbiyiw)
19n3] aimesadwaj aluehiio panjossip ajey|ng Hd ejuowwy mmw:?m w109 Auanonpuoa  apuojy9
1ajem paAnjossiq |elop H m““ |ea1nas|3
-punoig 18934

[pazA[eue jou “Bu ‘uey) SS9 > JRUOGIRD WNIDED “ODED)]

"€102-G661 ‘sioul]|
‘Ayuno9 %009 ‘walsAg ue|d JloAI8saYy pue |auun] ‘walsAg 1awnie) ‘g1—JQ ||j@m Buionuow wouy sajdwes ul saipadoad [eoaisAyd pue salAjeue Joj sonsnels Alewwns  "g—| a|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

84

001 001 YL 001 001 001 001 001 Sl 001 YL SUOID}IP I
LY LY S¢ LY LY LY LY LY L LY 53 SUONDLP JO JaquInN
LY LY LY LY LY LY LY LY Ly LY LY sapdues Jo JoquinN
L80°0- S1°0 0’1 710 910 2900 810 910 6'¢9C ST0 C9°0-19°0  UOonELIBA JO JUIIDLJI0T)
Sl 61 L1 L 0¢ 810 L7070 LT 1'8=6'L Lyl csIs UOLIBIASD plepuelS
0LI- 9Tl L1 s 981 8L 9T'0 991 0¢1'¢C 76S 7’8 AN[BA UBaW dNAWILIY
0L1- Sl [ 8¢S 8LI1 L'L ST 091 680 LS 08> SnJeA UBaWl SLIJOWO3L)
LOT- 06 S0 88¢ 01 9 600 Ll > £€9¢C € SnJeA WNWIULA
0¢l- 0'¢C €8 086 (444 9'8 LEO 861 IS gey 0T onJeA WNIXeA
(wmeq
ofieaiys (19 13d (13 13d Amcumu rw_M_._h_._.w_u___“_no_. (48)awmnuad
jo Ay (snis|ag) sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se son) 1ad mE—E.E Jad (1ay] 1ad
wolj }aay) saalbap) uogied spijos sweibijjiw) piepues) sweibijjiwu) mEm._m.____Ev >=m._ouv soywoloiw)  swelsbijiw)
[ELE]| aimesadwa) oluebio panjossip ajeyng Hd ejuowwuyy mm@:?m . Aiananpuos apuojy9
1ajem panjossig |elop H m“.u_ |eainas|3
-punoag 18934

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£102-G661 ‘stoul]]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8saY pue |auun] ‘walsAg 1awnie) ‘7190 [|@m Buuioynuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  “gL—1 a|qelL



85

Appendix 1

001 001 89 001 001 001 98 001 [4 001 L SUOLII}IP JUIIISd
0¢ 0¢S 143 0§ 0¢ 0§ 194 0§ I 0§ 9¢ SUOLI93P JO IoquInN
0s 0s 0s 0s 0S 0§ 0§ 0§ 0s 0S 0¢ sapdures Jo soquinN
7500 91°0 'l LT0 €20 £80°0 670870 [ eu 170 L1 UoneLIBA JO JUIIDLJ07)
I 0¢C 9’1 TIL 6'8 0L0 770 0—<v0°0 €l eu 901 L1 UOIIBIASD plepuelS
11e Sl Sl 1y 6¢ '8 680°0 11 eu L6V 0l n[eA Ueall SIOWIPLIY
01c- €7l I'1 9lv 0'8¢ €8 €L0°0 6 eu S8y '8 SnJeA UBaWl SLIJOWO3L)
6CC 09 €0 86¢ 0°S¢C 89 200 S > 09¢ 4 SnJeA WNWIULA
881~ S'1c 69 YrL €9 7’6 STo0 9L S €CL 144\ onJeA WNIXeAl
(wmeq
ofieaiys (19 13d (13 13d Amcumu rw_M_._h_._.w_u___“_no_. (48)awmnuad
jo Ay (snis|ag) sweabijjiw) sweabijju) (19 1ad (syun (13 1ad se son) 1ad mE—E.E Jad (1ay] 1ad
wolj }aay) saalbap) uogied spijos sweibijjiw) piepues) sweibijjiwu) mEm._m.____Ev >=m._ouv soywoloiw)  swelsbijiw)
[ELE]| aimesadwaj oluebio panjossip ajeyng Hd ejuowwuyy mm@:?m . Aiananpuos apuojy9
1ajem panjossiq |elop H m“.u_ |eainas|3
-punoag 18934

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"€102-G661 "sioul]j|
‘Aluno9 %009 ‘walsAg ue|d JI0AI8saY pue |[guun] ‘walsAg 1awne) ‘g1—Jp [|@m Butioynuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  “gz-1 ajqelL



001 001 78 001 001 001 66 001 I 001 8 SUOI}OIIIP U]
6L 6L 99 6L 6L 6L 8L 6L I 6L ¥9 SUONI913p JO IqUINN
6L 6L 6L 6L 6L 6L 6L 6L 6L 6L 8L sojduues jo soquinN
clo- 01°0 $6°0 S1'0 11°0 9900 LSO SIo BU 0C0 oIl uoneLeA JO JUSIdLJ207)
91 'l 07C IL 81 €50 91°0 61 'u Cll 09> UONEIASD pIepuelS
6Cl- 1'Cl 1'¢C 1217 S91 6L 8C0 €Cl el €LS £6> ON[EA UBSW SNRWILIY
8¢CI- 0Tl Sl 8% 791 6'L 9T°0 611 BU 9¢ 6y oN[eA UBIW SLIIOWO9L)
€81~ S'L S0 99¢ 99 99 01°0> 9 > 99¢ I onN[eA NI
L8 0°¢l 971 0v0°1 90¢ I'6 861 091 I L8L €S on[eA WNWIXe
(wmeq FETITITIL
obealyy (18] 10d (18] 20d ¢ (raui 0o (18)0WIRUaD
("09®e) 1ad spun
jo Aug (snisja swesbijiw) swebijjw) 13y 1ad (suun (181 20d se 1ol 1ad Buiuio 1ad (18] 1ad
wouy)aay)  saaibap) uogied spijos sweabiijjiw) piepuels)  sweabijjw) mEEw._____Ev >=m._ou“ soywouioiw)  sweibijjiw)
[ELE]] aimesadwa)  oruebio paajossip ajeyng Hd eluowwy mm@:?m_._ wioyjo Ayagonpuos  apuojy9
1a)em paajossig |eyop [CRIBRETE]
|eaaq
-punoig

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

86

[parewnsa ‘o {pazA[eue J0U “BU SUBY) SSI] > AJRUOQIRD WNII[RI “ODe)]

"€102-9661 "sioul]j|
‘Aluno9 %009 ‘walsAg ue|d JI0AI8saY pue |guun] ‘walsAg 1awnie) ‘g1—Jp [|@Mm Butioynuow woly sajdwes ul saiuadoud |eaisAyd pue salAjeue Jo) sonsiels Alewwns  *Lz—1 ajqel



87

Appendix 1

SUOI}IIP
001 00T 9L 001 19 001 86 001 14 00T 001 LLUCTACN |
NiQibkik]]
St 9% 93 oF 8¢ 9Y St oY [4 9% 9% JO JoquuaN
Sy 9% 9t i4 9% 9 9% 9 14 14 9% sopduues jo soquinN
9¢0°0- €10 €6°0-1L°0 61°0 T ¥L0°0 8C0 €60 eu vTo 91°0 UOoneLIBA JO JUSIOYJI0D)
UOT)RIAJD
66 L'l 1T 8¢ (44 09°0 00 §T eu 98 0¢ plepuelg
LT 9¢1 L1161 y0¢ 01 '8 SIo LT BU S9¢ 81 oN[eA UBIW SNOWILILIY
1LT- Sl vl 00€ 99> '8 ero (44 BU LSE 81 on[eA Ueal SO0
L1T- 6'81 €L 909 801 49 ST0 8ST I 0¢L €€ onfeA WNWIXeN
L1T- 681 €L 909 801 6 ST0 3S1 I 0¢L €€ onfeA WNWIXeN
(wmeq P TITITIL
ofiealyn (19 18d (+ay) 1ad ¢ (raui 0o (1919wnuas
("09®e) 1ad spun
jo Aug (snisjag sweabijjiw) sweabijju) (19 1ad (syun (13 13d se sau! 1ad BuILIO 1ad (1ay] 1ad
wouy )asy) saaibap) uogied spijos sweabiijjiw) piepuels)  sweabijjw) mEEw._____Ev >=m._ou“ soywoidiw)  sweibijiw)
[ELE]] aimmesadwa)  9auehio panjossip ajej|ng Hd eluowwy mm@:?m_._ w00 Ayuanonpuoa  apuojyg
191eM panjossiq |elol [LRIDEETE]
|eoaq
-punoig

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£L02-6661 ‘stoul]l]

‘Aluno? %009 ‘walsAg ue|d JI0AI8SaY pue |guun] ‘walsAS 1awne) ‘0z—J0 1@ Butionuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  ‘zz—1 alqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

001 001 001 001 6L 001 78 001 C 001 001 SUOTIONIP JUIIdJ
8¢ 8¢ 8¢ 8¢ % 8¢ (V1% 8¢ I 8¢ 8¢ SUON3933p JO IsqunN
8¢S 8¢ 8¢S 8¢ 8¢S 8¢ 8¢S 8¢S 8¢S 8¢ 8¢ sojdues Jo requinN
cro- €ro 16°0 €0 0C 8L0°0 080 01 BU (4] 81°0 uoneLeaA 0 JuUslda0y)
§3 91 (43 06L 0T €9°0 8800 144 BU 68 e UONBIASD PIepUBlS
19¢- el S'e 0ve 86 08 (A N0] 144 BU 60 L1 Sn[eA UBSW SPSUWIPLIY
9¢C- 0°€l 9¢C 0€€ Lv> 08 8800 91 BU 00t L1 anJeA Ueaul SLISWO3)
08¢- 011 L0 01 ¥ 0> 99 10°0 9 > clc Cl onJeA WNWIUIA
v c0c 081 8¢ 9Tl I'e €9°0 148! I 6L9 6C onJeA WnIXejN
(wmegq (1am) 1ad (1am) 1ad ¢ (1amitw 001 (13)3WUa9
ofieaiys (smisjag (‘09e9 1ad spun
sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod 1ad (1931 1ad
jo Ay saaifiap) se Jay| Jad Buiwioy
uoqied sp1jos sweibijjiu) piepuels) sweabijjiu) soywosoiw)  sweibijjiw)
woij 1a3y) aimesad sweibijjiwu) Auojoa)
oluehiio panjossip ajey|ng Hd ejuowwy Ainnonpuos  apuojy9
|ana] 19)eMm -way ssaupiey wi0§1j09
panjossig |ejol 1e314393]3
-punouiy |eaaq

[pazA[eue jou “Bu ‘upyy S > LAJRUOQIRD WNIO[RI “ODE)]

"€L0Z-6661 ‘stoul]l]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8saY pue |auun] ‘walsAS 1awnie) ‘1z—J0 |am Butioynuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Jo) sonsiels Alewwns  “gz—1 ajqel



89

Appendix 1

001 001 001 001 €L 001 001 001 0 001 86 SUOI}9939p JUIId
6S 6S 6S 6S 197 6S 6S 6S 0 6S 8¢ SUONI933p JO IsquInN
6S 6S 6S 6S 6S 6S 6S 6S 6S 6S 6S sojdues Jo requinN
LT°0- 7o LSO €ro ¥'S 990°0 620 90 BU 81°0 €ro UOTJBLIBA JO JUSIOLJI07)
197 €1 vl 1343 0L €50 9600 VL BU 19 81 UONBIASD plepuels
4% ¢l v'e ILT €l 08 0T0 8¢ BU 8C¢ 4! SNJBA UBUW OBWIILIY
e 11! I'C 69¢ 9¢> 6L 61°0 LT BU €Ce 4! onjeA Ueaul SLISWo)
66C- 001 0] CL1 ¥0 89 800 01 [> €51 01 onJeA WNTUIUTA
LT 0°SI 06 1484 LES 06 €0 LS [> Sov 61 onJeA WNWIXBN
(umeg (1231 sad (+amp 12d £ (el 0o) (+e38WnUBD
ofieaiys (smisjag (‘09e9 1ad spun
sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod 1ad (1931 1ad
jo Ay saaibiap) se Jay| Jad Buiwioy
uoqied sp1jos sweibijjiu) piepuels) sweabijjiu) soywosoiw)  sweibijjiw)
woij 1a3y) aimesad sweibijjiwu) Auojoa)
oluehiio panjossip ajey|ns Hd ejuowwy Ainnonpuos  apuojy9
|ana] 131em -waj| ssaupiey w1109
panjossig |ejol 1e314393]3
-punoig |esaq

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£L02-6661 ‘stoul]l]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8SaY pue |[guun] ‘walsAS 1awnie) ‘gz—J0 1@ Butioyuow woly sajdwes ul saiuadoud |eaisAyd pue salAjeue Jo) sonsiels Alewwns  “yz—1 ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

90

001 001 0L 001 65 001 68 001 0 001 001 SUONII3IP JUDI_J
€9 €9 144 €9 LE €9 9¢ €9 0 €9 €9 SUO0139939p JO IoquInN
€9 €9 €9 €9 €9 €9 €9 €9 €9 €9 €9 sojdures Jo requny
81°0- L8070 01 01°0 1Tl €800 1570 ¥T0 eu 81°0 €60°0 UoleLIA JO JUSIOYJO0D)
|87 'l Sl 33 Le9¢ 0L°0 150°0 Sl eu 9L 6'1 UONRIASD pIepuelS
LTC gl Sl 0S¢ 6'C8C ¥'8 01°0 9 eu (11474 0¢ oN[EA UBIW SNIWIPLIY
91¢- vl > 87¢ LT ¥'8 060°0 9 eu cly 0¢ on[eA UBaW SLIOWO3D)
6¥¢C- 011 £0> 6¢ 0> 0L 10°0 4 > 89¢ 14! on[eA WUy
(1% €91 €L 80S 4! S6 0 L1 1> 18S 8¢ onjeA Wnwixepy
(wnieg (193] 1ad (19m1] Jad ¢ (1aM1111w 0L (1919WIUa9
obeaiyy (snisjag (‘09e9 1ad spun
swesbijw)  swesbijw) (193] 13d (shun (193] 10d 1ad (1am) sad
jo Ay saaibap) se 19y Jad Buiuuioy
uoged spijos sweabiijjiw) piepuels) sweabijjiw) soywosaiw)  swebijjiu)
wo.j 193}) aimesad sweabi)jiw) Auojo9)
aiuefio panjossip ajej|ng Hd eluowwy Aianonpuoos  apuojyg
|ana] 13)em -wa) ssaupieq w.ojij02
panjossig |elol [CRIDRETE]
-punouin [CREE]

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£L02-6661 ‘stoul]l]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8SaY pue |[guun] ‘walsAS 1awne) ‘sz—J0 [|am Butioynuow wouy sajdwes ul saiiadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns  ‘gz—| ajqer



91

Appendix 1

001 001 IL 001 oY 001 86 001 0 001 001 SUONO9J9P JUIdISd
€9 €9 S €9 6C €9 9 €9 0 €9 €9 SUONS9J3p JO IaquINN
€9 €9 €9 €9 €9 €9 €9 €9 €9 €9 €9 sojdures jo soquinN
1C0- €L0°0 Vi€l SI°o €9°0 SLOO £€9°0 €0 BU 1€°0 €ro UOTJBLIBA JO JUSIOLJI07)
9 60 £ee Sy 01°0 19°0 0ro (44 BU 001 S'e uonerIAsp plepuel§
0cc- ¢l ¢t €LT 910 8 91°0 €l BU 543 8¢ on[eA UBSW ONIWIPLIY
90¢C- ¢l 01> 0LT ve> 8 y1°0 cl BU 91¢ LT SnfeA Uesul SLISWO3)
1vc- 801 4 861 v 0> I'L L00 8 > SIc €C onJeA WU
- 0°SI 96 061 It 6 L80 or > €66 6¥ oneA WNWIXeN
(umeg (1231 sad (+amp 12d £ (el 0o) (+e38WnUBD
ofieaiys (smisjag (‘09e9 1ad spun
sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod 1ad (1931 1ad
jo Ay saaibiap) se Jay| Jad Buiwioy
uoqied sp1jos sweibijjiu) piepuels) sweabijjiu) soywosoiw)  sweibijjiw)
woij 1a3y) aimesad sweibijjiwu) Auojoa)
oluehiio panjossip ajey|ns Hd ejuowwy Ainnonpuos  apuojy9
|ana] 131em -waj| ssaupiey w1109
panjossig |ejol 1e314393]3
-punoig |esaq

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£L02-6661 ‘stoul]l]

‘Aluno9 %009 ‘walsAg ue|d JI0AI8SaY pue |auun] ‘walsAS 1awne) ‘yz—J0 ||am Butionuow woly sajdwes ul saiuadoud |eaisAyd pue salAjeue Jo) sonsiels Alewwns  ‘9z—| ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

92

86 86 69 86 18 86 86 86 0 86 €6 SUOI35339p JUdI0d
LS LS (117 LS Ly LS LS LS 0 LS 125 SUOIJ219p JO JoquInN
8¢ 86 86 8¢ 8¢ 86 8¢ 8¢ 8¢ 86 8¢ sopduues jo soquinN
L1°0- S1°0 'l €10 4! 8L0°0 €0 LEO eu S1°0 1o UoeLIBA JO JUSIOYJO0D)
8¢ 0¢ 1A |83 6'S €90 800 $9 eu (34 81 UONBIASD pIepuels
§Ce- '€l €1 8¢€T IS '8 SI'o L1 eu LLT 14! oN[EA UBIW SNIWIPLIY
Sle- 0°¢l 01> 9¢¢ 0> '8 ¥1°0 L1 eu VLT 14! on[eA UBaW SLIOWO3D)
eve- 801 0> 8L1 0> 69 10°0 8 > Y6l Il on[eA WUy
L1- ¥'ce SL (433 0¢ 96 670 8Y 1> LLE 0t onjeA Wnwixepy
(wnieg (193] 1ad (19m1] Jad ¢ (1aM1111w 0L (1919WIUa9
obeaiyy (snisjag (‘09e9 1ad spun
swesbijw)  swesbijw) (193] 13d (shun (193] 10d 1ad (1am) sad
jo Ay saaibap) se 19y Jad Buiuuioy
uoged spijos sweabiijjiw) piepuels) sweabijjiw) soywosaiw)  swebijjiu)
wo.j 193}) aimesad sweabi)jiw) Auojo9)
aiuefio panjossip ajej|ng Hd eluowwy Aianonpuoos  apuojyg
|ana] 13)em -wa) ssaupieq w.ojij02
panjossig |elol [CRIDRETE]
-punouin [CREE]

‘Aluno9 %009 ‘walsAg ue|d JIoAI8SaY pue |[auun] ‘walsAS 1awne) ‘Gz—Jp ||@m Buuoynuow woly sajdwes ul saiadoud |eaisAyd pue salAjeue uo) sonsiels Alewwng

[pazA[eue jou “Bu ‘upyy S > LAJRUOQIRD WNIO[RI “ODE)]

"€L0Z-6661 ‘stoul]l]
‘[e-121qeL



93

Appendix 1

001 001 79 001 9¢ 001 4 001 0 001 6 SUONIJAP DI
19 19 6¢ 19 143 19 0S 19 0 19 9¢ SUONd}3p JO IsqunN
19 19 19 19 19 19 19 19 19 19 19 sojdures jo sequinN
£€C0- SLO0 Sl S¥0 SI-¢1 [L0°0 4! 'l BU 81°0 €0 UONBLIBA JO JUSIOGJ207)
6v 60 91 8¢1 vYv—¢v 650 cro 01 BU 6S (44 UONBIASD PIepUBlS
e 141! 't 80¢ ce0¢ €8 0r°o L8 BU Iee ¢l Sn[eA UBSW ONOWIPLIY
L61- €7l 01> L6T ce> €8 980°0> €L BU 9T¢ cl SNJEA UBSW SLISUIO)
e 001 0 4% 01 'L 10°0> 14 > 81¢C 01 SnJeA WNTUTUIA
Sl- ovl 601 TTel L1 €6 L60 89 > 89¥ 9¢ onJeA WNIXejN
(wmegq (1am) 1ad (1am) 1ad ¢ (1amitw 001 (13)3WUa9
ofieaiys (smisjag (‘09e9 1ad spun
sweibijiw)  swesbijjw) (1931 13d (suun (1011 Jod 1ad (1931 1ad
jo Ay saaibiap) se Jay| Jad Buiwioy
uoqied sp1jos sweibijjiu) piepuels) sweabijjiu) soywosoiw)  sweibijjiw)
woij 1a3y) aimesad sweibijjiwu) Auojoa)
oluehiio panjossip ajey|ns Hd ejuowwy Ainnonpuos  apuojy9
|ana] 19)eMm -way ssaupiey wi0§1j09
panjossig |ejol 1e314393]3
-punouiy |eaaq

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"£L02-6661 ‘stoul]l]

‘Ayuno9 %009 ‘walsAg ue|d Jl0AI8saY pue [auun] ‘walsAg 1awnie) ‘gz—Jp ||18m Burioyuow wouy sajdwes u saipadoad |eoaisAyd saldjeue Jof sonsnels Alewwns  'gg—| 9|qeL



001 001 89 001 Ly 001 86 001 0 001 86 SUOII53)9P JUVI™d
09 09 8% 09 8¢ 09 6S 09 0 09 6S SUONI9J9p JO IoquInN
09 09 09 09 09 09 09 09 09 09 09 sojdures jo JoquinN
01°0- L80°0 01 cro y1-C1 990°0 60 00 el 00 81°0 UONBLIBA JO JUSIOGJ207)
0T 't I'r 143 £e e 0 8700 €¢ el <9 9°¢ UONBIASD PIepUBlS
S0¢C- LCl I'r 8LC 97T 08 91°0 9C el €ee Ie on[eA UBSW ONIWIPLIY
¥0¢- 9¢l 't 9LT 01 08 SIo 9C el LTE 0¢ SNJEA UBSW SLISUO3)
8¥C- 001 0 ¥0T v 0> 89 90°0 01 > 881 €l SneA WNTUIUIA
9¢1- 091 09 (433 cl 6 620 8Y > <0¢ 1974 onJeA WnIXeN
(wmegq (1am sad (1am) 2ad ¢ (1amiw 001 (13)3WUa9
ofieaiy (smisjag (‘09e9 1ad syun
sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod 1ad (1931 1ad
jo Ay saalbap) se Jay| Jad Buiwioy
uoqie?d spijos sweibijjiu) piepuels) sweabijjiu) soywosoiw)  sweibijjiw)
woij 1a3y) aimesad sweibijjiwu) Auojoa)
oluehiio panjossip ajey|ns Hd ejuowwy Ainnonpuos  apuojy9
|ana] 19)eMm -way ssaupiey wi0§1j09
panjossig lejol 1e314393]3
-punouiy |eaaq

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

99

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"€102-6661 "sioul]j|
‘Ayuno9 %009 ‘walsAg ue|d JIoAI8saYy pue |auun ‘walsAg 1awne) ‘/z—J0 [1@m Butionuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue uoj sonsiels Alewwng  “gz-1 dlqeL



95

Appendix 1

001 001 86 001 LS 001 <L 001 0 001 €6 SUOII53)9P JU3VI™d
8¢S 8¢ LS 8¢ €¢ 8¢ [4% 8¢ 0 8¢ 143 SUONI9J3p JO IoqUINN
8¢ 8¢ 8¢ 8¢ 8¢S 8¢ 8¢S 8¢S 8¢S 8¢ 8¢S sojdures jo JoquinN
91°0- 01°0 S0 cro SE0—CE0  €L0°0 68°0—98°0 020 el €€°0 GE€0-C¢’0  UOheLIBA JO JUSIOYIS0T)
LE €l 't 9¢ [ % 650 £€90°0—290°0 €e el Cll S8V UONBIASD PIepUBlS
[4 %% el I'c 98¢ Sl 08 CLO0—T1LO0 91 el 6¢€ Sl on[eA UBSW ONOWIPLIY
LTC el 6’1 ¥8¢C 9¢> 08 ¥90°0> 91 el 9T¢ Sl SNJEA UBSW SLISUIO)
SSC- L0l 80 8CC v 0> v'9 10°0> 8 > 991 I SnJeA WNTUTUIA
6y~ 0Ll 09 80% 68¢S 6’8 SCo 143 > 0L8 8¢ onJeA WNIXejN
(umeg (1231 sad (+amp 12d £ (el 0o) (+e38WnUBD
ofieaiys (smisjag (‘09e9 1ad spun
sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod 1ad (1931 1ad
jo Ay saaibiap) se Jay| Jad Buiwioy
uoqied sp1jos sweibijjiu) piepuels) sweabijjiu) soywosoiw)  sweibijjiw)
woij 1a3y) aimesad sweibijjiwu) Auojoa)
oluehiio panjossip ajey|ns Hd ejuowwy Ainnonpuos  apuojy9
|ana] 131em -waj| ssaupiey w1109
panjossig |ejol 1e314393]3
-punoig |esaq

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

‘€102-6661

‘sioul]|] ‘AJunoq 3007 ‘WalsAg ue|d JloAIasay pue [auun] ‘walsAg 18wnjes ‘gz—90 |1om Bulloyuow wouy sajdwes ui saiadold saihjeue Joj sonsnels Alewwng  “gg-L 3jqel



001 001 86 001 001 001 001 001 0 001 86 SUOI}O3}3p JUVIJ
¥9 €9 €9 79 79 79 ¥9 79 0 ¥9 9 SUONd32p JO JoquuinN
¥9 €9 ¥9 ¥9 ¥9 ¥9 ¥9 ¥9 ¥9 79 €9 sojdutes jo zequnn
£¢°0- 01°0 89°0 970 1€0 £v0°0 €C0 90 eu 9¢'0 0S°0 UOTELIEA JO JUSTOYJI0T)
61 €l 0’1 v61 8% 430 14N0] 0cl1 eu YLT €9 UOIJBIASD pIepuelS
9¢- |4 Sl 6¢L o€l v'L 09°0 9¢C eu 09L LTI onJeA UBSW dNOUIPLIY
Y- 0C1 €1 ITL (44! YL 850 (444 eu 80L L6 oNJeA UBIW JLNOWOdDH)
8L- 0L S0 (443 €€ L9 LT0 (1% [> 09¢ 6 onJeA WNTIUTA
0 €¢I 9 To1°1 €0¢ 8 08°0 8IS > 08%°1 8¢ onjeA WNWIXeA
(wmegq (1am) sad (1am) 1ad ¢ (1amiw 001 (13)3WUa9
ofieaiy (snisja) (‘09e9 1ad syun
0 haig soaibap) sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod se 1oy 10d Bunuioy 1ad (1931 1ad
wos wu aimesad uoqie?d spijos sweibijjiu) piepuels) sweabijjiu) wEEm._ w >=r 00 soywosoiw)  sweibijjiw)
ana ,.huw mw> -__-_m ajuehiio panjossip ajeyng Hd eluowwy .___m ) E‘_o__ ow Auanonpuoos  apuojyy
_ -E“_S“w : panjossig 1ejol PIEH _m“w_m |ealas|y

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

96

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"€102—€00¢ "stoul]j
‘Aluno9 %009 ‘walsAg ue|d JI0AI8SaY pue |guun] ‘walsAg 1awnie) ‘6z—J0 [|@m Butioynuow wouy sajdwes ul saiuadoud |eaisAyd pue salAjeue Jo) sonsiels Alewwng  *Le—L ajqer



97

Appendix 1

001 001 LL 001 001 001 S6 001 L 001 €9 SUOI}O3)3p JUVI™J
19 19 Ly 19 19 19 8¢ 19 14 19 8¢ SUON319p JO ToquinN
19 19 19 19 19 19 19 19 09 19 09 sojdures jo JoquinN
LT0- 81°0 96°0 0T°0 v€0 €50°0 ¥S°0 0L0 eu €C0 ¢l UoneLeA J0 JUaIohJo07
143 [ 81 78 144 wo S1'o St el (40! 1> uonerIAsp plepuel§
8¢CI- 0CI 6’1 Sty €IL 6'L 8C°0 ¥9 el vy 145 oNJeA UBSW dNOUIPLIY
SII- 611 At 81Y 1S9 6'L o 6S el 1494 I onJeA UeaW JLNoWOo20H)
0SI- 0's L0 ¥0C 0’1 89 00> [474 > 0cc S onjeA WU
9- I've 40! 68 SLI L8 LLO (493 6F 00L 191 onyeA WNWIXB]A
(wmegq (1am sad (1am) 1ad ¢ (1amiw 001 (13)3WUa9
ofieaiy (snisja) (‘09e9 1ad syun
o kg saaibop) sweibij)  swesbijjw) (1931 13d (suun (1011 Jod se 1oy 10d Bunuioy 1ad (1931 1ad
EhE wu aimesad uoqie?d spijos sweibijjiu) piepuels) sweabijjiu) wEEm._ w >=r 00 soywosoiw)  sweibijjiw)
ana ,.huw mw> -__-_m ajuehiio panjossip ajeyng Hd eluowwy .___m ) E‘_o__ ow Auanonpuoos  apuojyy
_ -E“_S“w : panjossig 1ejol PIEH _m“w_m |ealas|y

[parewnsa ‘o {pazA[eue J0U “BU SUBY) SSI] > AJRUOQIRD WNII[RI “ODe)]

"€102—€00¢ "stoul]j
‘Aluno9 %009 ‘walsAg ue|d JI0AI8sSaY pue |auun] ‘walsAg 1awnie) ‘0g—J0 [jem Butioynuow woly sajdwes ul saiuadoud |eaisAyd pue salAjeue Joj sonsiels Alewwng  ze—| ajqel



001 001 [49 001 001 001 001 001 S 001 6 SUONIJAP JUIdIdd
99 99 19 99 99 99 99 99 € 99 09 SUONI9J9p JO IaquINN
99 99 99 99 99 99 99 99 S9 99 S9 sojdures jo soquinN
Se0- 0ro €8°0 S0°0 7o 6€0°0 0ro 6900 BU S0 9G¢0 uoneLeaA 0 JuUsldga0y)y
LT €l Cl 8¢ 61 0€0 0r°o 91 BU Lyl v'9> UONBIASD PIepUBlS
6L- LTl Sl 8¢S 6L1 9L 96°0 0€C BU LLS L1 Sn[eA UBSW SPSUWIPLIY
S9- LCl €1 LSS 8LI 9L 96°0 0€C 99°0 6S¢ 91 onJeA Uedul SLISWO30)
cl- 001 90 (414 18 89 650 4] > 08¢ 8 onJeA WNWIUIA
I- I'L1 €L 9€9 6CC 88 01l ¥9C 6 16 LE onJeA WnIXeN
(wmegq (231 sad (+ay1) 1ad € (1oMit11w 0oL [FEIEINTITER]
ofieaiy (smisjag (‘09e9 1ad syun
0 haig saaibop) sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod se 1oy 10d Bunuioy 1ad (1931 1ad
wos wu aimesad uoqie?d spijos sweibijjiu) piepuels) sweabijjiu) wEEm._ w >=r 00 soywosoiw)  sweibijjiw)
ana .Fhuw mw> -__-_m oluebio panjossip ajej|ng Hd ejuowuy ssou .___m ) E‘_o__ ow. Aianonpuos  apuojyy
_ -_._“_Suw 1 paajossiq (0] PIEH _m“w_m |eaoa|3g

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lll., 1995-2013

98

[pazA[eue jou “Bu ‘upyy S > LAJRUOQIRD WNIO[RI “ODE)]

"€102—€00¢ "stoul]j
‘Ayuno9 »009 ‘walsAg ue|d Jl0AI8saY pue [auun] ‘walsAg 1awnie) ‘1e—9p ||dm Buioyuow wouy sajdwes ul saipadoad |eoaisAyd saldjeue Jof sonsnels Alewwns  "gge—| 9a|qeL



99

Appendix 1

001 001 001 001 001 001 001 001 0 001 001 SUOIJI219p U]
4! cl cl cl cl Cl 4! I 0 cl cl SUONI9J9p JO IaqUINN
4! cl 4! 4! 4! cl cl It 4! 4! 4! sojdures jo soquinN
0C0- L1°0 9’1 L1°0 L0 060°0 650 8C°0 BU Seo 1o UONBLIBA JO JUSIOGJ207)
144 I'c Sl €Sl Ie €L°0 0r°o 8 BU 1443 |3 UONBIASD PIepuBlS
€Cl- 9¢l cl vC6 99 '8 LT°0 L1 BU 616 8¢ on[eA UBSW ONOWIPLIY
6l1- vl 9 clo6 LS '8 €ro L1 BU 098 8¢ SNJEA UBSW SLISUIO)
9¢1- 88 L1 299 Sl 69 10°0 I > 993 144 SnJeA WNTUIUIA
Ly~ 0°¢I 139 9ZI‘1 Il S'6 70 94 > 66€°1 ¢¢ onJeA WnIXeN
(uumeg (1231 sad (+amp 12d £ ettt 0o) (+238WHUBD
ofieaiy (smisjag (‘09e9 1ad spun
sweibiji)  swesbijjw) (1931 13d (suun (1011 Jod 1ad (1931 1ad
jo Ay saaibiap) se Jay| Jad Buiwioy
uoqie?d spijos sweibijjiu) piepuels) sweabijjiu) soywosoiw)  sweibijjiw)
woij 1a3y) aimesad sweibijjiwu) Auojoa)
oluehiio panjossip ajey|ns Hd ejuowwy Ainnonpuos  apuojy9
|ana] 131em -waj| ssaupiey w0j1j09
panjossig |ejol 1e314333|3
-punoig |esaq

[pazA[eue jou “Bu ‘upyy S > QJRUOQIRD WNIO[RI “ODE)]

"0L0Z—€00¢ ‘stoul]|

‘Aluno9 %009 ‘walsAg ue|d JI0AI8saY pue |[guun] ‘walsAg 1awnie) ‘7e—9p [jam Butionuow wouy sajdwes ul saiiadoud |eaisAyd pue salAjeue Jo) sonsiels Alewwns  pg—| ajqer



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

100

001 001 001 001 001 001 001 001 0 001 001 SUONI2IOP JUAIId]
SUOI}OP
L8 L8 L8 L8 L8 L8 L8 L8 0 L8 L8 JO JequnN
sodwes
L8 L8 L8 L8 L8 L8 L8 L8 L8 L8 L8 Jo IequnN
UoneLIRA
ro- 980°0 SLO 110 61°0 S00 ¥T0 01°0 eu LTO 81°0 RARUSINENS)
L8 I'l 8T 91 65 €0 9500 LL eu 834 9 UONBIASD piepue)§
anfea
9L- 9Tl Le YLV T cle L €20 6L 'U €19°1 86¢C UBaW dnouwLIy
anjeA
SL- 9Tl 8T Yor°l LOE L €C0 06L eu sl €5¢T Ueaul JLatoa)
6" 001 L0 900°1 061 ¥'9 10 919 [> €Ts €01 onJeA WNWIUTA
6C- 081 0°Sl 2081 (414 8 €0 T00°1 > LT9C CLE onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘1z—aD ||@m Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  'Ge—| a|qeL



101

Appendix 1

001 001 001 001 001 001 001 001 14 001 001 SUOII2IOP JUAIId]
SuoI1}d3339p
16 16 16 16 16 16 16 16 14 16 16 JO IsquinN
so[dwes
16 16 16 16 16 16 16 16 16 16 16 Jo requnN
uorneLeA
L1°0- 7o IL°0 7o 6C°0 ¥70°0 (Y ¥L0°0 eu ¥C0 1o RURLEISNELS)
UOIJRIADD
9¢ vl 4 el 88 [4%0] 0¥ 8¢S eu €0¢ g1 piepuelg
oanfea
€e- LTl 9¢ el 66¢ €L 6L°0 8L eu 96Tl LTI ueaw dnAwyLY
anfea
6'1¢- 9Tl LT ¥TTl [4Y4 €L 6£°0 6LL el vI1T1 9Cl Ueall JLOWOoaH
- 001 90 CLL LOT 1'9 7o 01§ 1> 0Ly L8 an[eA WNWIUIA
0 1'1C 0TI 125 8€0°1 08 8¢ 206 L8 001°C 651 onjeA WnWiIXepy
FESTITITIL
(wmeg (1am 4ad (1am 4ad ¢ Acou —_‘__h._ (TBENTER]
obiealyy (‘'0ge9 se
10 kg (smisjag sweibijjiw)  sweibijjiw) (1am sad (syun (1am sad 1oy 12d spun 1ad (1am sad
w0y 100y) saalbap) uoqie spijos swelbijjiw)  piepuels)  swesbijjiw) swBaBy i) Buiunoy soywoioiw)  sweibijjiw)
BAS] 612 aimesadwa)  auebio panjossip aje}|ng Hd eluowwy sseupiel Auojo2) Aiananpuoa  apuojyy
panjossig |elol wiojij02 [ERITIBETE]
-punoig easy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-5661 ‘stoul)|| ‘Aiunog
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d sa(q ‘gz—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  'gg—| ajqeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

102

001 001 001 001 S8 001 001 001 9 00T 00T SUOTIOIP JUDI_J
NiQibkilkly]
97T 97T Y44 97T 161 Y44 97T 9TT 4! 144 9Tt JO IoquinN
sordwes
97T 97T 97T 97T 97T Y44 97T 144 144 97T 9TC JO ToquinN
UONBLIBA
00 71°0 89°0 11°0 I'1 ¥50°0 ST0 ¥1°0 eu 970 620 JO JUIOYFI0D
UOIIBIAJD
6t 8’1 8'C 9 1'6-0"6 I¥'0 €10 v'8 eu 43! 01 piepuelS
anfea
06¢C- 6'Cl 'y %Y 965’6 L'L (4] 19 eu 8¢ 9¢ UBaW WL
anfea
8LT 8'CI S'e IS%S €S L'L 050 19 eu 196 Y€ LLEDUSIELNETS)
96¢C- 06 80 99¢ ¥'0> 99 0¥0°0 6¢ > 9LT S SnJeA WNTTUTA
1LC- I'LT 06 Yyl (V1% L8 G8°0 001 78 0L8 €le oneA WNWIXeN
(umjeg (o
obeonyy (1am sad (1am sad (09e9 se ool 4ad (1933WUa
Jo kg (smisjag sweibiju)  sweibijjw) (1831 1ad (shun (1211 Jod 1o 10d spun Jad (19m] Jad
woyy Ja0y) saalbap) uogiea spijos sweibijiw) plepuejs) sweabijjiu) swesBiju) Buiwioy soywoloiw)  sweibijjiu)
aimesadwa) oiuebio panjossip ajej|ng Hd ejuowwy Auojo9) Ananonpuoa apuojyg
[ona] 191eMm paajossiq |eloL SSoupieH wiojij09 [CRINBETE]
-punoig |easy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'£10Z-G661 ‘stoul]j| ‘Ayuno)

009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘Sz—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwnsg  *zg—| 3|qeL



103

Appendix 1

001 001 001 001 001 001 66 001 14 001 66 SUOI}O330p JUDIS]
SUO0I303}0p
16 16 16 16 16 16 06 16 14 16 06 Jo JequnN
so[dwes
16 16 16 16 16 16 16 16 16 16 16 Jo lsqunN
uoneLIBA
69°0 L80°0 09°0 0T°0 6€°0 %00 Se0 LT°0 el 9C°0 vT0 JOJuaIdyje0)
UOTJRIAID
01 01 L't €61 6L €€0 y1°0 001 eu S9C 144 prepueiS
anfeA
4! SII 4% S6 €0¢ v'L 0¥°0 08¢ el 0Z0°1 66 UESUW SNIWRLIY
anjea
4! Sl L'e 7€6 v61 v'L Se0 S9¢ eu 8L6 S6 ueaul 5LNoWoan)
1% 06 01 €9 16 1’9 10°0> 99 > G81 4! onjeA WNWIUTA
68 0wl oyl 86L°1 0€8 08 9L’0 018 8Y 79s°1 891 onjeA WNWIXeN
wme (e
(wmegq (1am) 13d (1am) 13d ¢ 0oL 1ad (13)2WnuUas
obeary) (snisja swelbijjw)  sweibijjw) (1911 Jod (syun (1211 Jad (‘0geg se syun 1ad (19m1] Jad
0 Ay 1|39 n n | ! | 1oy 1ad ! 1l
E.”E -we: saalbap) uogied spijos sweabijjiu) piepuejs) sweabijjiu) mEE.m____Ev Buwioy soywosoiw)  sweibijjiwu)
ene] Jojem aimesadwa) aiuehiio panjossip ajeyng Hd ejuowwy mm@:?m: Auojo9) Auanonpuoos  apuojy9
panjossiq |elo0) wioy1j09 |ealnas|y
-punoan easy

[pozA[eue jou ‘eu ‘ury) SSI] > $91RUOGIBD WINIO[RD ““ODE))]

'€10Z-G661 ‘stoul]j| ‘Ayuno)
%009 ‘walsAS ue|d JloA1asay pue [auun] ‘walsAg saule|d saq ‘vgz—Q0 |[@M Burionuow wody sajdwes ul santadoid |eaisAyd pue salAjeue Joj sonsiels Alewwng  'ge—| ajqer



001 001 001 001 001 001 001 001 0 001 001 SUONOI)IP JUIIIJ
SUOI}I9)P
68 68 68 68 68 68 68 68 0 88 68 JO JequunN
sordwes
68 68 68 68 68 68 68 68 68 88 68 JO JequuinN,
UONBLIBA
10 L1°0 ¥9°0 S0 8¢€0 £70°0 610 ero Bu 10 o JO JUSIOYI0D)
UonerAsp
e 61 £ 61¢C ¥6 €0 €ro 78 BU 1443 LL plepuel§
anjea
4 v'1l [ Pl 9 ¢ €L 99°0 099 'U €79°1 £5¢ Ueau dnoupLY
anfea
ST €11 (4% 1Tl LET €L 90 SS9 Bu 7851 443 ugaw dLJoWoaH)
8 06 01 LY LTI S9 00 £6¢ > SLS 148! onfeA WU
[43 L'yC 061 0L8°1 1€0°1 8 80 86L [> 0TTC LTS on[eA WNWIXe
(wneq (3w
(13 1ad (18] 10d " oo 1ad (13)3WnUas
o_wmn____u (snisja9 swesbijiw)  sweibijjw) (18] 1ad (suun (18n] 1ad A._w"u_mwoﬂm spun 1ad (18] 20d
E.”E “«..w: muo_mME =o.:m_u spijos swesbijju) _:m_:.__sw. swesbijjiw) mEmu_.—_w____Ev w___E_E soywoioiw)  sweibijjiw)
ainjesadwa auebio anjossi ajejn eluoww o uojoa IAJONpU0d  3pLio
oot S s MY s

|esaq

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

104

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'6002-G661 ‘stoul]|] ‘Ayuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d sa(q ‘Gz—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  'ge—L 3|qeL



105

Appendix 1

001 001 S8 001 66 00T 001 001 € 001 S6 SUOI}OAIP JUDIJ
SUOI}99)P
L8 L8 YL L8 98 L8 L8 L8 € L8 €8 JO RqunN
sodwes
L8 L8 L8 L8 L8 L8 L8 L8 L8 L8 L8 JO RqunN
UONBLIBA
650" 0600 99°0> 91°0 o 8€0°0 I'1 o eu €€0 0S°0 JO JUIIdYFI0)H
UonerAsp
Cl I'1 'e> L6 LT 8C0 €70 Y eu 0S¢ Cl plepuei§
aneA
0C- (44! Te> 619 021 YL 0¥°0 iy eu 09L 14 UBIW SNIWIPLIY
anfea
81- el > €19 Cll V'L geo (377 eu 61L (44 UBIW JLOWO3DH)
801- 00T ¥°0 1444 0> L9 €T0 1143 > ¢se 14 dN[BA WINWIUTA
8- 191 08 0€€’T LET 8 €S'¢ SSL Y4 SOv°l €8 oNJeA WNWIXEA
wnje (a1
(wmeg (13 1ad (18] 10d £ 001 Jad (1910WwNUas
obiealy) (‘0geg se
ok (smisjag sweabijiw)  sweabijju) (12 13d (syun (1ay1] 1ad Joul 1ad syun 1ad (18] 20d
E.”E “m..w: saalbap) uogJes spijos sweabijjiw)  piepueys)  sweibijjiw) mEmH_.__w____Ev Bunwioy soywoiaiw)  sweihijiw)
8RS J1eM ainmesadwa) aiuebiio panjossip ajej|ng Hd eluowwy mmo__?_mz Auojo2) Ayuanonpuos  apuojy9
panjossiq |elol wiojjo9 [CRIDEETE]
-punoig 6oy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘9z—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  ‘op—L d|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

106

001 00T 001 00T 00T 001 001 001 Sl 00T 001 SUONDAIP JUIIJ
SUOI}99)P
148! 148! (8! 148! 148! 148! 148! 148! L1 148! 148! JO IequinN
sodwes
148! 148! el 148! 148! 148! 148! 148! el 148! 148! JO IquinN
UONBLIBA
01°0- o 6€°0 cL00 950 0S0°0 (44 €60°0 €9-1'¢ 9¢°0 110 JO Jua1GFa0)
UonerAsp
0¢ 7'l 6 06 149 LEO s LY ¥'97-C9C 78S 9¢ plepuelS
aneA
Y61~ (44! T (1 7a 19 VL ¥C IS I's—Tv 9191 91¢ UBSW SNIWIPLTY
anfea
o1~ 1'ct [44 9€T'T ¥S V'L C 805 ¢80 LLYT 1483 Ueal OLNOWO3DH)
86T L C 0L8 9 S9 cro €8¢ > €6¢ [4%4 dNJBA WNWIUIA
9¢- 91 IS 09%°1 10€ 6’8 143 009 09¢ 0zI‘e (Yo7 N[eA WNWIXEI
I3y w
(wmegq (13 1ad (18] 10d " ! c_“—_h_h._ (13)3WnUas
o_wmn____u (smisjag sweabijiw)  sweabijju) (12 13d (suun (18n] 1ad A._ww_cwoﬂm syun Jad (18] 20d
E.”E “«..w: saalbap) uogJes spijos sweabinjiw) psepuels)  sweabijjiw) mEmu_.__w____Ev Bunwioy soywoiaiw)  sweihijiw)
8RS J1eM ainmesadwa) __“_hwwmn_.n _3__““_%”__. ajej|ng Hd eluowwy sseupiel _D“_M*__.HNW. J“,hu_w“,ﬂ“u apuojy9
-punoig 6oy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘£z—aD ||@m Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  Ly—L 3|qeL



107

Appendix 1

001 001 001 001 001 00T 001 001 I 001 001 SUOI}OAIP JUDIJ
SUOI}I9)P
68 88 68 68 88 68 68 68 I 68 68 JO RqunN
sordwes
68 88 68 68 88 68 68 68 68 68 68 JO RqunN
UONBLIBA
cro- o 89°0 91°0 S10 £70°0 61°0 o eu (44 0€°0 JO JUIIdLFa0)H
UonerAsp
91 Sl (4 10¢ LE ce0 €10 £8 eu L6T L plepuei§
aneA
4% 9Tl €€ SLTT 6£C €L 89°0 699 eu ILET 6€C UBIW dNIWIPLIY
anfea
I¢r- ¢l 9T 65T°1 9¢T €L L9°0 659 eu €ee’l 8¢CC UBIW JLIOUIOdD)
€S1- 'ty 80 €9 6 ¥'9 S 4] 101 > SIS 8¢l dN[BA WINWIUTA
0¥~ 91 001 2 LTS €8 L60 708 [ €90°C 8LE oNJeA WNWIXEA
wnje (a1
(wmeg (13 1ad (18] 10d £ 001 Jad (1910WwNUas
obiealy) (‘0geg se
ok (smisjag sweabijiw)  sweabijju) (12 13d (syun (1ay1] 1ad Joul 1ad syun 1ad (18] 20d
E.”E “m..w: saalbap) uogJes spijos sweabijjiw)  piepueys)  sweibijjiw) mEmH_.__w____Ev Bunwioy soywoiaiw)  sweihijiw)
8RS J1eM ainmesadwa) aiuebiio panjossip ajej|ng Hd eluowwy mmo__?_mz Auojo2) Ayuanonpuos  apuojy9
panjossiq |elol wiojjo9 [CRIDEETE]
-punoig 6oy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

£10Z-G661 ‘stoul]]| ‘Awuno
%007 ‘Wa1sAg Ul JIOAIaSaY PUE [auun] ‘walsAg sauleld sa ‘gz—aD [|am Bulionuow wouy sajdwes ui samuadoud [eaisAyd pue sajAjeue Joj sonsnels Alewwng  ‘zy—L ajqer



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

108

001 001 001 001 001 001 001 001 L1 001 001 SUONI2IOP JUAIId]
SUOI}OP
33 38 38 38 38 38 38 38 ST 38 38 JO JequnN
sodwes
38 38 38 38 38 38 38 38 38 38 38 Jo IequnN
UoneLIRA
9L0°0~ 110 950 L8070 91°0 800 €C0 L8070 6'SL'S o 91°0 RARUSINENS)
4! vl 0¢ 001 Ly S€0 7800 9 85T LST 61 UONBIASD piepue)§
anfea
G81- L'l 9'¢ €ST°l 06¢C €L 9¢0 LIL Sv—vv PST°T 0cl UBaW dnouwLIy
anjeA
¥81- 9Tl I'e 6v1°l L8T L s€0 SIL 144 €Tl 811 Ueaul JLatoa)
90¢- 1'9 01 096 L61 €9 S1°0 16S [> 899 SL onJeA WNWIUTA
wl- L1 06 011 91y 08 190 G98 00T 6LS‘T LS onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d sa(q ‘6z—aD ||@m Burioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  ‘gp—L d|qeL



109

Appendix 1

001 001 001 001 001 001 001 001 01 001 001 SUOII2IOP JUAIID]
SUOIIANP
08 08 08 08 08 08 08 08 8 08 08 Jo IequinN
sodwres
08 08 08 08 08 08 08 08 08 08 08 JO IequnN
UonRLIBA
01°0- L300 08°0 010 170 w00 I'1 S1°0 0v—+'C 670 LTO JO JUSdLYF0D
4! 01 6T €€l 8L 1€°0 6€0 021 09-8°¢ 8S¢ 9¢ UonerAop plepuels
anfea
yel- 811 9'¢ 0LTT 9°13 €L LEO VLL A 6Tl Pl UBaW SNy
anjeA
vel- 311 LT €9C°1 9¢¢ €L 0€°0 LYL 6L°0 T81°1 1€l B3l JLIWOdD)
v61- 06 90 966 1870 $9 600 8¢ [> 09¢ S8 on[eA WNWIUTA
601- Sl Sl PE9°1 sov £'8 $C 6¢6 LE 081 L9¢ onfeA WnNwIxXejN
(wmegq (1au1 1w
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

'€102-5661 ‘stoul]j| “Awuno)
%009 ‘walsAg ue|d JloA1asay pue [auun] ‘walsAg saule|d saq ‘0s—(Q0 |1@M Burionuow wody sajdwes ul sanuadoid |eaisAyd pue salAjeue Jojy sonsiels Alewwns  yp—| ajqer



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

110

001 001 78 001 001 001 66 001 0¢ 001 001 SUONI2IOP JUAIId]
SUOI}OP
L8 L8 €L L8 L8 L8 98 L8 9T L8 L8 JO JequnN
sodwes
L8 L8 L8 L8 L8 L8 L8 L8 L8 L8 L8 Jo IequnN
uoneLIRA
Cro- §80°0 980 110 81°0 9¢0°0 I'1 670 9°¢ o S0] JO JUdLYF0D
€T 01 4 801 8¢ LTO 970 96 0501 69¢ (94 UONBIASD pIepuelS
anfea
€81~ 911 6'C L96 ele 9L Y0 8¢ L1981 61T°1 £Cl UBalW SNy
anjeA
181- 911 1'C 956 01¢ 9L 0Z°0 L1€ Sl €81°l 021 Ueall JLatoa)
00¢- 86 €0 90¢ ol 89 600 (444 [> €8t <01 onJeA WNWIUTA
811- 0°Sl 0¢l 8G€‘T [44i% '8 86°C 38 009°L TTL1 LOS onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘1€—qD ||@m Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  'Gy—| d|qeL



m

Appendix 1

001 001 08 001 001 001 6 001 8 001 001 SUONI2IOP JUAIId]
SUOI}OP
S8 S8 89 S8 S8 S8 08 S8 L S8 S8 Jo requnN
sodwes
S8 S8 S8 8 8 8 8 8 S8 S8 S8 Jo IequnN
UoneLIRA
¥ 0- 01’0 4! y1°0 €10 L90°0 90 'l eu 870 ¥1°0 RARUSINENS)
8¢ 4! L'y YLT 8¢ 950 7800 (94 eu 679 L9 UONBIASD pIepuels
anfea
191- LTl 8¢ ¥T6°1 (444 '8 81°0 8¢ BU €8C°C L8Y UBaW SNy
anjeA
9S1- 911 0C v68°1 0zt 7’8 S1°0 €€ eu 6v1°C 08Y Ueall JLatoa)
81¢C- 06 €0 (11474 (94! 89 €00 Ll [> 1c¢ 44! on[eA wnwUA
SIl- 091 09¢ ¥S8°C gee 9'6 860 LTy 09¢ 015 9LS onfeA WnNwIxXejN
(wmegq (1au1 1w
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8S8Y pue [auun] ‘walsAg saule|d saq ‘z€—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  ‘gy—| 3|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

112

001 001 SL 001 001 001 86 001 L 001 001 SUONI2IOP JUAIID]
SUOI}OP
ell ell ¢8 ell ell ell Or1 ell 8 ell ell Jo IsquinN
sodwes
€1l €1l €1l €1l €1l €1l [41! €1l €1l €1l €1l Jo IequnN
UoneLIRA
910~ 1o €1 €500 1o 9500 Sl o eu 0€°0 TL00 RARUSINENS)
§T Sl Le 06 ¥ 90 ¥¥°0 1'9 eu 95 9¢ UONBIASD piepue)§
anfea
LS1- 9! 8T 769°1 00T '8 0€0 8¢ 'U 188°1 £9¢ UBaW dnouwLIy
anjeA
SS1- 1’1 €1 T69°1 L6l '8 170 LT eu L9LT 9¢ Ueaul JLatoa)
S0C- 6'S (40 YLV T ¥ 89 90°0 L1 [> 181 LTE on[eA WU
86~ 661 0'9¢C 90T (44 I'6 Y0°¢ 8 00€°€ 1€LC L9S onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8S8Y pue [auun] ‘walsAg saule|d saq ‘se—qD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  */p—| 3|qeL



13

Appendix 1

001 001 001 001 001 001 001 001 4! 001 001 SUONI2IOP JUAIId]
SUOI}OP
0L 0L 0L 0L 69 0L 0L 0L 01 0L 0L JO IequinN
sodwes
0L 0L 0L 0L 69 0L 0L 0L 0L 0L 0L Jo IequnN
UoneLIBA
SLO0- 1o §80 01°0 €C0 L¥0'0 00 01°0 I'L=L9 1€°0 1o RARUSINHENS)
8 Sl €C [43)! 18 €0 L90°0 18 0cl1 6S¢ €l UONBIASD piepue)§
anfea
Or1- 9! LT 9LT1 LSE €L €0 8L L1-91 Ir1‘l 911 UBaW dnouwLIy
anjeA
601- €Cl 1'C 69C°1 49 €L ¥€°0 08L 980 080°T 911 Ueall JLatoa)
6Cl1- (4% 90 0v0°1 91¢ 9 ¥1°0 1S9 [> CLE S6 on[eA wnwUA
6 0°Sl 0yl o1 89L '8 S) 110°1 000°T IvLT 0S1 onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8S8Y pue [auun] ‘walsAg saule|d saq ‘v€—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  'gy—L 3|qel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

114

001 001 001 001 001 001 001 001 I 001 001 SUONI2IOP JUAIId]
SUOI}OP
8L 8L 8L 8L 8L 8L 8L 8L I 8L 8L JO IequinN
sodwes
8L 8L 8L 8L 8L 8L 8L 8L 8L 8L 8L JO IequinN
UoneLIBA
6L0°0- 01’0 19°0 €10 o 8100 sTOo y1°0 eu 970 L8300 RARUSINENS)
S8 €1 €C 091 oL ¥€°0 1L0°0 S0l eu LOE L6 UONBIASD pIepuelS
anfea
801- STl 8¢ 9¢T‘1 9243 L 60 €SL BU 681°1 I1 Ueal SNy
anjeA
801- ¢l (43 9TTl 533 L 8C0 oL eu 4N 111 Ueall JLatoa)
vel- 96 'l 96 86 ¥'9 0r°o 1414 [> 6¢S 68 onJeA WNWIUTA
98- 081 0CI TOLT 96¥ '8 00 110°1 I 128°1 8¢l onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8S8Y pue [auun] ‘walsAg saule|d saq ‘Ge—qD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  ‘gy—L dqeL



115

Appendix 1

001 001 001 001 001 001 001 001 11 001 001 SUONI2IOP JUAIId]
SUOI}OP
16 16 16 16 16 16 16 16 01 16 16 JO IequinN
sodwes
16 16 16 16 16 16 16 16 16 16 16 Jo IequnN
UoneLIRA
6L0°0- $60°0 ¥9°0 €10 0Z°0 0500 LTO €10 €9-¢¢ LTO ¥1°0 RARUSINENS)
€6 I'l 1'C L81 6L 9¢0 1L0°0 €1l [43 LSE 81 UONBIASD pIepuelS
anfea
811- 811 [ 10t°1 86¢ L LT0 198 09-1°¢ 66T°1 6¢Cl UBaW SNy
anjeA
L11- 311 LT 68¢°1 06¢ L 9T°0 ¥S8 'l 74! LTl Ueaul JLatoa)
Sel- 06 80 P01 SLT 1'9 800 88¢ [> 6CY €l onJeA WNWIUTA
16- 0°Sl 011 088°T 979 08 ¢so 680°1 06¢C 176°1 891 onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-5661 ‘stoul)|| ‘Aiunog
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘9e—qD ||@m Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  '0G—L 3|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

116

001 00T SL 00T 00T 00T 96 00T I 00T 00T SUOI10319P UL
SUOI}OP
CIl [41! 78 [41! [48! [48! 801 [41! I ITI [48! JO IsquinN
sodwes
41! 418! 48! 41! 48! 48! 48! 41! 48! IT1 48! Jo lequnN
uoneLIRA
110~ 010 S L80°0 0T0 S0°0 0°¢ €0 eu €0 170 JO JUaIdYFe0)
€C [4! I'ty LTl 0L Se0 6C 44! eu 181 (43 UOIJBIASD piepuelS
anfea
10¢- LTl LT SHT [8%3 SL 96°0 iy eu LEST 08¢ ueowr dNOWILIY
anjeA
961- 9l A ovY'l Iee S'L 820 (304 eu 'l 6LC UBIW J1N_UWI03D)
4% LYy €0 08 99 99 10°0> I [> 8¢ €lc onjeA WnwiuIA
L- €91 0°0¢ 78T L9S '8 9T 696 L 0€€C CLE onjeA WNIXeA
(umeq (Hoppu
obieanyy) (1931 1ad (1931 1ad (ogeq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (syun (1am 4ad 10y 1ed spun Jad (1am) sad
woiy 108y) saaibap) uogJea spijos sweibijim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  swesbijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A9] 191EM panjossig |el0p ssapieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazA[eur jou ‘Bu ‘uRy) $SI] > IRUOGIRD WNIJED “O)E))]

'€102-5661 ‘stoul]|] ‘Aiuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘/€—QD ||@m Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  *1G—| a|qeL



17

Appendix 1

001 001 98 001 001 001 66 001 0 001 001 SUONDIIIP JUIIIJ
SUOT})P
06 06 LL 06 06 06 68 06 0 06 06 JO JequinN
sodwes
06 06 06 06 06 06 06 06 06 06 06 Jo lequnN
UOIBLIBA
61°0- 1o 9L°0 €ro 0€°0 S¥0°0 £€C0 L1°0 'u 620 910 JO JUSILFa07)
43 a! L'l 148! LE €0 6L0°0 I 'U 1343 143 UOIIBIASD pIepuels
onjeA
IL1- I'Cl [ S68 IC1 9'L €0 61¢C 'l P61°1 LOT UBIUW SWIPRLIY
anjeA
L91- 0Cl Sl 888 Sl 9L €0 e eu SEI’l (414 Ueaw JLIoWOoaH
9¢C- 134 €0 29§ 6 L9 200 6S > Isy 1 onjeA WnwWUIA
£6- 091 00l PES°l £5¢ '8 09°0 LEY [> T0L 1 61¢ SnJeA WNWIXeN
(wmeq (e
obieanyy (1am) sad (1am sad Coges se 0oL Jad (1310WNUa9
10 kaig (snisja) sweabijjiu)  sweibiyjiu) (1931 1ad (suun (1ay1] 1ad 183 J0d spun Jad (1831 1ad
woiy199)) saalbap) uoqie?d spijos sweibijiw) piepuejs) swelbijiw) sweabiyiw) Buiwioy soywoloiw)  swelsbijjiw)
one] JB1em aimesadwaj oluehiio paAjossip ajeyng Hd ejuowwy ssoupiey Auojoa) Ayananpuoa apuojyg
paAnjossiq |elop w0§1109 |ea1nas|y
-punouy 628y

3007 ‘walsAg ue|d J10A18saY pue |auun] ‘walsAg saule|d saq ‘88—q0 ||@m Bulioyuow wouy sajdwes ul saiadoud [eaisAyd pue sajAjeue Joj sonsiels Alewwn

[pazA[eue 10U “BU UBY) SSI > $21BUOQIED WNIOEI “0DB)]

£102-G661 ‘stoul]| ‘Ayunog

51 9|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

118

001 00T €L 00T 00T 00T €9 00T 1% 00T 00T SUOI10319P TUVIJ
SUOI}OP
[4S 43 8¢ 43 43 43 €€ [4S C 43 43 JO TaquinN.
sodwes
[4S [43 [43 [43 [43 [43 [43 [43 [43 [43 49 Jo JaquinN
uoneLIRA
€6°0- 800 L60 170 LEO 8500 8°0-LLO 4 eu 120 1€0 JO JULIdYFe0)
89 01 ¥'C 6 (114 8¥°0 090°0-LS0°0 L8 eu 1CC 66 UOTBIASD pIepuelS
anfea
YL~ 611 4 0L8 801 €8 ¥L0'0—€L0°0 8¢ eu TLOT (43 ueal dSHoWILIY
anjeA
v6- 611 91 998 €01 8 960°0> €C eu 810°1 Ie UBIW J1N_UWI03D)
6S1- 06 €0 09L ¥T 'L 10°0> S1 > 9¢s 0¢ SNJeA WNWIUTA
€ vl 00T Wl ove 6 ce0 43 € 009°T LL onJeA WNIXeA
(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘6€—QD ||@m Burioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  'gg—| 3|qeL



19

Appendix 1

001 001 001 001 001 001 06 001 0 001 001 SUONI2IOP JUAIId]
SUOI}OP
6¢ 6¢ 6¢ 6¢ 6¢ 6¢ 53 6¢ 0 6¢ 6¢ Jo IoquinN
sodwes
6¢ 6¢ 6¢ 6¢ 6¢ 6¢ 6¢ 6¢ 6¢ 6¢ 6¢ Jo IequnN
UoneLIRA
€C0- 8L00 90 8L00 y1°0 L80°0 w60 91°0 eu 81°0 'l RARUSINHENS)
91 01 08°0 09 IS 9L0 11°0 9°¢ eu 61 (44 UONBIASD piepue)§
anfea
0L- 9! L'l L9L PLE 88 1o [44 'U 6101 0¢ ueaw SNIUIPLY
anjeA
89- €Cl 91 9L 69¢ L8 01°0> (44 eu LTOT 91 Ueall JLatoa)
ClI- 001 0] 20$ L91 0L 10°0> 4! [> §Ts 6 onJeA WNWIUTA
0S- 0°Sl 0t 8L8 vy 86 $9°0 LT > 68Tl ol onfeA WnNwIxXejN
(wmegq (1au1 1w
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

'€102-5661 ‘stoul]j| “Awuno)
009 ‘WalsAS ue|d JI0AI8S8Y pue [auun) ‘walsAg saule|d saq ‘0y—@0 ||1@Mm Buuioniuow wouy sajdwes ur saiuadosd [eoisAyd pue salAjeue Jo) sansnels Alewwng  yG-| ajqey



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

120

001 00T 86 00T 00T 00T 86 00T 0 00T 96 SUOI10319P TUVIJ
SUOI}OP

0S 0S 6% 0S 0S 0S 6% 0S 0 0S 8 JO TaquinN.
sodwes

0§ 0S 0S 0S 0S 0S 0S 0S 0S 0S 0¢ Jo JaquinN
UoneLIRA

cro- 170 90 ¥80°0 ST°0 S0°0 8T°0 0 eu €20 £€8°0 JO JUSIdYFI0D)

ST Pl 8’1 L ¥S Se0 870°0 S6 eu gte L1 UOIJBIASD piepuelS
anfea

1€l- ¢Cl 0'¢ 68 86¢ 9L LTO 9¢v eu 696 0¢ ugal dSNoWLIY
anjeA

0¢I- Tl ¥'C (4% 453 9L 90 86¢ eu 16 8T UBIW J1N_UWI03D)

91¢C- 06 60 SL L96 69 010> 81 > €LE 0r> SNJeA WNWIUTA

911~ 00T 06 060°1 tov 6 LEO Ges > 0v9°1 el onJeA WNIXeA

(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘Ly—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  'GG—| 3|qeL



121

Appendix 1

001 001 001 001 001 001 001 001 14 001 001 SUONI2IOP JUAIId]
SUOI}OP
€¢ €S €S €¢ €S €S €S €¢ [4 €S €S Jo requnN
sodwes
€S €S €S €S €S €S €S 3y €S €S €S JO JequnN
uoneLIRA
90°0- TL00 780 8L00 8900 6500 61°0 S1°0 eu o ¥T°0 RARUSINENS)
I'L $8°0 1'C €9 0¢ SA] §S0°0 9 eu 881 9 UONBIASD pIepuels
anfea
LTI~ 6’11 9T S08 ¢8¢ 9L 620 (11474 BU £68 61 ugaw SPIUIPLY
anjeA
LTI~ 311 0C €08 $8¢C 9L 6T0 L1Y eu LT8 31 Ueaul JLatoa)
8¢1- 001 90 L %4 89 €10 (433 [> €0¢ €l onJeA WNWIUTA
L6~ ad! 00l 801°T 1443 9'6 €0 908 I 911°1 Ly onfeA WnNwIxXejN
(wmegq (1au1 1w
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"€102-G661 ‘stoul]|| ‘Aunog
3009 ‘WalsAg U|4 JI0AI8SAY PUB [auun| ‘WaIsAg sauleld saq ‘Zy—qD |1@m BuLionuow wo.y sajdwes ui saiuadoud |eaisAyd pue salhjeue Joj sonsnels Alewwns  "gG-| ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

122

001 00T 96 00T 00T 00T 00T 00T 0 00T 00T SUOI10319P TUVIJ
SUOI}OP
6 0S 8 0S 0S 0S 0S 0S 0 0S 0S JO pqunN
sodwes
Y4 0S 0S 0S 0S 0S 0S 0S 0S 0S 0S Jo lequnN
uoneLIRA
00~ L80°0 760 8800 LT0 €00 LT0 170 eu 620 1€0 JO JULIdYFe0)
8¢ 01 4 99 8¢ Y70 1L0°0 IS eu (394 1 UONEIASD pIepue)S
anfea
Iyl- 811 9C 6L 0€C SL 970 99% eu S08 9¢ ueal dSHoWILIY
anjeA
wi- 811 61 oL 8¢CC S'L 20 Y9t eu €CL 7€ UBIW J1N_UWI03D)
91- 00T L0 865 LST 69 10°0 ¥6€ > 8 91 SNJeA WNWIUTA
C 8Vl 0°¢l 096 13474 08 LEO 0L > L30T 6L onJeA WNIXeA
(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8S8Y pue [auun] ‘walsAg saule|d saq ‘Sy—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  */6—| 3|qeL



123

Appendix 1

001 001 €6 001 001 001 001 001 S 001 86 SUONI2IOP JUAIId]
SUOI}OP
SS cs IS cs cs cs ¢S cs 3 cs ¥S Jo I_quinN
sodwes
S¢S cs cs Ss ¢S ¢S ¢S 9 cs cs 99 JO JequnN
uoneLIRA
Tl 01’0 690 y1°0 81°0 LS00 81°0 1€°0 eu 670 I'1 RARUSINENS)
(44 4! Sl 98 9¢ ¥¥°0 6500 L8 eu 781 0¢ UONEIAdD plepue)S
anfea
61- 911 I'c 809 10T L'L ce0 [4:14 BU 09 81 ugaw SPIUIPLY
anjeA
S1- 911 L1 209 L6l L'L 1€°0 89¢ eu 119 S1 Ueaul JLatoa)
TLI- 06 L0 6¢ 6 ¥'9 61°0 6L [> 0S¢ L onJeA WNWIUTA
€ 0°Sl 0L 868 €LT 6'8 £5°0 SIL 0¢€¢C 196 8C1 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! Su —_.__m_a (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘yy—aD ||em Bulioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  'gg—| a|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

124

001 001 001 001 001 001 001 001 [4 001 001 SUONI2IOP JUAIId]
SUOI}OP
81 31 31 31 31 31 31 31 I 31 31 Jo IoquinN
sodwes
8t 31 31 3Y 31 31 31 3Y 31 31 31 Jo IequnN
uoneLIRA
§s0- 160°0 §9°0 SLOO 060°0 $90°0 170 LSO eu LTO LTO RARUSINENS)
9L I'l €1 474 61 €50 LS00 8S eu €61 L'y UONBIASD pIepuels
anfea
vi- 811 0¢C 63S SlI¢ 8 8T0 101 BU 80L Ll ugaw SPIUIPLY
anjeA
€l- 311 L1 33S YT 4] LTO S6 eu 8L9 LT UBaW JLIAUWI0ID)
LT 001 L0 20$ S8l 89 11°0 ¥9 [> 06¢ 4! onJeA WNWIUTA
S 0°Sl 0L 0€L 69¢C 6 LEO0 L1y [4 #90°1 [44 onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘Gy—qD ||em Bulioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  'gG—L 3|qeL



125

Appendix 1

001 001 06 001 001 001 001 001 €1 001 L6 SUONI2IOP JUAIId]
SUOI}OP
L8 38 6L 38 38 38 38 L8 1 38 78 Jo IoquinN
sodwes
L8 38 38 38 38 38 38 L8 38 38 L8 Jo IequnN
UoInjeLIBA
600" 0r°o 6L°0 LT°0 €C0 7500 LEO 060 Ly1T LTO 'l RARUSINENS)
91 4! 0¢ 801 43 10 L80°0 96 8'¢9¢ §TT 0¢ UONBIASD piepue)§
anfea
SLI- 4! ¢ 9¢9 124! 6'L €20 LOT L'1-18°0 8 61 UBaW dnouwLIy
anjeA
vLI- 1’1 6’1 059 874! 8L 170 €6 SL0 L6L S1 UBaW JLOWOdD)
y6l1- 66 ¥0 (1149 S6 9 10°0 1T [> 3744 8 on[eA WU
0L- 091 00l 96T‘1 LLT 8’8 L0 00L 0Ly SSLT IS1 onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘9y—qD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  '09—L 3|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

126

001 00T 76 00T 00T 00T 00T 00T 0 00T 00T SUOI10319P TUVIJ
SUOI}OP
43 49 37 49 49 49 49 49 0 49 49 JO pqunN
sodwes
[4S [43 [43 [43 [43 [43 [43 [43 [43 [43 49 Jo JaquinN
UoneLIRA
St 010 SLO 500 010 €v0°0 0T0 180°0 eu 180 Se0 JO JUSIdYFe0)
€L €1 91 8¢ 14! €€°0 1S0°0 61 eu 08¢ 1'9 UOIJBIASD piepuelS
anfea
- el (4 8¢¢ IST L'L §T0 8¢TC eu €IL L1 ugal dSNoWLIY
anjeA
4 el L1 LES IST L'L ST0 LET eu 0t9 LT UBIW J1N_UWI03D)
0cC 001 I 781 LTl 0L 71°0 0€l [> 96¢C Il onjeA WnwiuIA
L 0°LI 6 029 0T €6 90 I8¢ > 089 8¢ onJeA WNIXeA
(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8S8Y pue [auun] ‘walsAg saule|d saq ‘/y—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  *19—| ajqeL



127

Appendix 1

001 001 16 001 001 001 001 001 14 001 9L SUONI2IOP JUAIId]
SUOI}OP
St St |87 St St St St St (4 St 143 JO JequnN
sodwes
St St St St St St St St St St St Jo IequnN
UoneLIRA
99°0- 1o 9L'0-89°0 y1°0 110 7S0°0 8¢0 70 50 €€0 0L0-9t°0 JO JUSdLYF0D
YL 91 91-¢'1 98 0¢ 10 110 €L 6 0¢€¢ 1'6-6'9 UONBIASD piepue)§
anfea
Cll- el [l 4 Y79 €LT 6'L 8C0 0¢ 01 889 SI—¢l UBaW dnouwLIy
anjeA
69- el 31 819 ILT 6L 9T°0 (44 38 9%9 €1 Ueaul JLatoa)
L81- 001 0l 8¢ Yol 89 01°0 101 [> 09¢ 01> on[eA WU
1 081 08 978 9¢¢ 8’8 190 L9V el 0€0°1 Ly onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘gy—aD ||em Burioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwnsg  'zg—| ajqeL



001 001 €6 001 001 001 86 001 L 001 €6 SUO1}II}IP JUDIJ
SUOI}99)p
144 144 I 144 144 144 [ 34 144 € 144 I JO IequinN
sodwres
144 144 144 144 144 144 144 144 144 144 144 JO IequinN
uoneLeA
L80- 61°0 LLO 10 10 650°0 €70 LTO eu 0€0 0T0 JO JUSIdYFI0D)
08 4 £C L8 €€ 90 S1°0 €6 eu 8¢¢C (&3 UOLBIASD plepuelS
anfea
€6 Sel 0'¢ g9 9¢C 8L €0 8¢¢ eu CSL 91 el SNOWILIY
anfeA
eel- £l €cC 979 €eC 8L €0 60¢ eu 1L Sl ugowl S1OUWOIH)
981~ 001 > 09% LI 0L 0r'o> 8 > 08¢ 6 SnJeA WNWIUAL
91 G¢eT 011 9¢8 £ee 6’8 090 LIS oLl 01C1 8T onjeA WnNwIxeN
e (+anpw
(wmegq (empsed  (1am) sad ¢ ooLsed  (19)8wuad
obiealy) (‘ogeg se
o kugy (smisjag sweabijjiu)  sweibiyjiu) (1ay1] 1ad (syun (1ay1 1ad 101 1od spun 1ad (1931 1ad
E.”E uwu: saalbap) uoqie?d spijos sweibijiw) piepuejs) swelbijiw) mEm._.m____Ev Bulw.ioy soywoloiw)  swesbijjiw)
ona) Ja1EM aimesadwaj oluehiio panjossip ajej|ng Hd ejuowwy mmm__?m: Auojoa) Ayananpuoa apuojy9
-punoig panjossiq |elop unoj1j09 |ea1nas|y

|eaaq

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

128

[pazA[eue 10U “BU ‘UBY) SSI > $91BUOQIED WNIOED “ODB)]

'€102-G661 ‘stoul||] ‘Aiuno)
3009 ‘walsAg ue|d JloAiasay pue [auun] ‘walsAg saule|d saQ ‘6y—(Q0 ||@m Burioyiuow wouy sajdwes ul saipadotd |eoisAyd pue sajAjeue Joj sonsiels Alewwng  g9—-| ajqer



129

Appendix 1

001 001 96 001 001 001 €8 66 I 001 S6 SUONI2IOP JUIIdJ
SUOI}OP
78 78 18 78 78 78 0L €8 I 78 08 Jo IoquinN
sodwes
78 78 78 78 78 78 78 78 78 78 78 Jo IequnN
UoneLIRA
970~ 160°0 €90 L80°0 €10 010 79'0-09°0 8¢ eu €C0 €1 JO JULILFe0D
LT I'l Sl 09 €€ €80 190°0-090°0 ¥S eu s61 €C UONBIASP piepue)§
anfea
€01~ I'Cl ¥'C ¢89 gse 98 660°0-860°0 14! BU L98 81 ueaw SPIUIPLY
anjeA
001- 0C1 0C 189 (454 9'8 8L0°0 8L eu 178 4! Ueaul JLatoa)
orl- 06 L0 YLE 0911 99 10°0> S0> [> Y6¢ I onJeA WNWIUTA
86- 0°Sl 06 9L [¥43 00l 810 L6y I 8SI°T gI¢ onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘0§—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg ‘9| 3|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

130

001 00T 66 00T 00T 00T €9 66 I 001 96 SUOI1}O3}9p UL
SUOI}OP
78 78 €8 78 78 78 €S €8 I 78 I8 JO TaquinN.
sodwes
78 78 78 78 78 78 78 78 78 78 78 Jo lequnN
UoneLIRA
YA L80°0 90 7600 €0 160°0 I'T—€L°0 SLO eu (44 €50 JOJuardyIa0)H
(44 01 91 [4S 6¢ 8L0 €v0°0—-010°0 9'Y eu 9¢S1 L9 UOIJBIASD piepuelS
anfea
L8 I'Cl 9C CLS SCl 9'8 §S0°0—€S0°0 19 eu €0L €l ugal dSNoWLIY
anjeA
68~ 0°¢CI I'c 0LS (44! ¢'8 650°0> ¥'S eu €89 4! UBIW J1N_UWI03D)
0CI- 00T L0 991 ¥T 69 10°0> 14 > 00¢ [ SNJeA WNWIUTA
14 0°ST 0’8 9L CLT 86 SN0 6¢ 9 0€0°T 49 onJeA WNIXeA
(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘16—qD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg  'G9—| 3jqeL



131

Appendix 1

001 001 96 001 001 001 L8 001 [4 001 001 SUONI2IOP JUAIId]
SUOI}OP
78 (4 6L 18 (4 (4 IL (4 [4 (4 (4 Jo IoquinN
sodwes
78 (4 (4 18 (4 (4 (4 (4 (4 (4 (4 Jo IequnN
UoneLIRA
I¥°0- €600 §S0 110 LT0 180°0 €5°0—0S°0 €C0 eu 81°0 0T0 JO JULILFe0D
1C Cl €1 €S ¥ 89°0 15006100 [ eu l I'¢ UONBIASD pIepue)§
anfea
£6- el £ €0S 6¢l '8 860°0—L60°0 61 BU 099 Sl ueaw SPIUIPLY
anjeA
86- el 0C 00S LET €8 8L0°0 31 eu LY9 S1 Ueaul JLatoa)
901~ 06 L0 861 8S 89 10°0> 8 [> Y43 I onJeA WNWIUTA
SC 191 09 989 ¢9¢ L6 0C0 9T 08 816 [43 onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-5661 ‘stoul)|| ‘Aiunog
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘g6—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsiels Alewwnsg ‘99| ajqeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

132

001 001 66 00T 00T 00T [43 00T 1% 00T 00T SUOI10319P UL
SUOI}OP
€8 €8 8 €8 €8 €8 (97 €8 € €8 €8 JO TaquinN
sodwres
€8 €8 €8 €8 €8 €8 €8 €8 €8 €8 €8 Jo loquunN
UoneLIBA
€€°0" S 61 7€ 0S 0L0 I'1-86°0 L't eu 61°0 00 JO JURIdYFe0)
6¢ S 61 Y€ 0S 0L0 r0'0-6£0°0 L't eu wi 6°¢ UOIJBIASD piepuelS
anfea
SCI- 6'Cl 0'¢ 09 9¢1 '8 0r0°0—L€0°0 L8 eu 08L 61 ugal dSNoWLIY
anjeA
911~ 8Tl 94 €09 8II 7’8 0S0°0> 8 eu 99L 61 UBIW J1N_UWI03D)
691- 06 60 0TS 4! L9 10°0> C > 1453 €l SNJeA WNWIUTA
81- I'LT 06 089 IS¢ L6 020 Sl 0C6 0€0°T 8¢ onJeA WNIXeA
(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

%009 ‘walsAg ue|d J10AI8SAY pue [auun] ‘walsAg saule|d saQ ‘€G—aD ||@m Bulioyuow wody sajdwes ul saiuadold |eaisAyd pue salAjeue 1oj saisiiels Alewwng

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"€107-G661 stoul||] ‘uno)

[9-13]19¢e)L



133

Appendix 1

001 001 98 001 001 001 66 001 [4 001 001 SUONI2IOP JUAIId]
SUOI}OP
€8 €8 IL €8 €8 €8 (4 €8 [4 €8 €8 Jo IoquinN
sodwes
€8 €8 €8 €8 €8 €8 €8 €8 €8 €8 €8 Jo IequnN
UoneLIRA
09°0- €10 ¥9°0 1,00 670 L8300 1€°0 170 eu €C0 90 JO JULILFe0D
4! 91 4! €€ (44 €L0 9900 '8 eu 6¢1 98 UONBIASP piepue)§
anfea
1¢- 9! 81 9% Syl €8 120 oy BU €19 61 ueaw SPIUIPLY
anjeA
1c 1’1 Sl 09% ol €8 61°0 (0] 4 eu 865 LT Ueaul JLatoa)
€¢- 0°¢s ¥'0 1404 0L L9 10°0> 0¢ [> 9¢¢ 01 onJeA WNWIUTA
143 06l 9 (41 ey 9'6 LEO0 19 00L°€ 91T‘1 09 onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

'£10Z-G661 ‘stoul]j| ‘Ayuno)
%009 ‘walsAg ue|d JloA1asay pue [auun] ‘walsAg saule|d saq ‘vG—(Q0 |[@M Burionuow woJy sajdwes ul sanuadoid |eaisAyd pue salAjeue Joj sonsiels Alewwng  'gg—| ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

134

001 00T 86 00T 00T 00T 00T 00T I 00T 00T SUOI10319P TUVIJ
SUOI}OP
€8 €8 I8 €8 €8 €8 €8 €8 I €8 €8 JO TaquinN.
sodwes
€8 €8 €8 €8 €8 €8 €8 €8 €8 €8 €8 Jo lequnN
UoneLIRA
1€°0- €10 SS0 10 €€°0 010 81°0 (44 eu 120 81°0 JOJuaIyFa0)H
(114 S €1 L9 LS 8L0 790°0 8¢ eu LTI 6T UONEIASD pIepue)S
anfea
9CI1- 611 7'C S8y IL1 6'L €0 CL eu 919 91 ueal dSHoWILIY
anjeA
I€l- 811 I'c 08t 091 6L €0 891 eu 09 91 UBIW J1N_UWI03D)
Ly1- 0°¢ 70 0¢ ¥€ 9'Y €10 €8 > 88¢ 01 SNJeA WNWIUTA
€¢ 7SI 0L 88 LLY S0l LY0 1€¢ 9 L6 8¢C onJeA WNIXeA
(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d sa(q ‘G6—qD ||em Burioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwnsg  'g9—L 3|qeL



135

Appendix 1

001 001 18 001 86 001 66 001 0 001 S6 SUONI2IOP JUIIdJ
SUOI}OP
€8 €8 L9 €8 18 €8 (4 €8 0 €8 6L Jo IoquinN
sodwes
€8 €8 €8 €8 €8 €8 €8 €8 €8 €8 €8 Jo IequnN
UoneLIRA
St0- 110 6L°0 €10 31 ¥L0°0 9%°0 €C0 eu €C0 $$°0 JO JUdLYF0D
(44 €1 L1 8t 53 09°0 0r°o 4! eu (48! 89 UONBIASD pIepuels
anfea
8- V1l [ LSE 0¢ 08 [4a) 0S BU L8Y el UBSW SNoUILIY
anjeA
4% €11 91 1233 4! 08 61°0 3f eu vLY 4! Ueaul JLatoa)
€8- 09 €0 9S¢ [4 ¥'9 10°0> 61 [> 01¢ 6 onJeA WNWIUTA
143 0yl 08 1435 LST 6 76°0 €Cl > GL8 ¥9 onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘96—QD ||em Burioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  'g/—L 3|qeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

136

001 001 88 001 66 001 001 001 € 001 66 SUONI2IOP JUAIId]
SUOI}OP
YL YL S9 YL €L YL YL YL [4 YL €L JO JequnN
sodwes
YL YL YL YL YL YL YL YL YL YL YL JO IequinN
uoneLIRA
wo- 0ro L9°0 00 0L0 L00 1€°0 ¥6°0 eu 670 780 JO JUdLYF0D
143 'l Sl 68 LL 850 $80°0 ¥S eu vLI 11 UONBIASD pIepuels
anfea
18- Il [ (3374 (81 08 8T0 8¢ BU 86§ el ugaw SPIUIPLY
anjeA
68- ! 31 (437 68 08 LTO 8¢ eu TLS 4! Ueaul JLatoa)
0ZI- 06 90 8LT Ly $9 ¥1°0 91 [> 0¢€¢ 8 onJeA WNWIUTA
[43 vl 06 818 £9¢ 9'6 050 8¢C L 010°1 SOI onfeA WnNwIxXejN
(umeg (aupiw
obieanyy) (1931 1ad (1931 1ad (0geq se 0oL 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

009 ‘walsAg ue|d J10AI8SAY pue [auun] ‘walsAg saule|d saq ‘/G—aD ||@m Buuioyuow wody sajdwes ul saiuadold |eaisAyd pue salAjeue 1oj saisiels Alewwng

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'£10Z-G661 ‘stoul]j| ‘Ayuno)

‘L-1 8lqelL



137

Appendix 1

001 001 €8 001 08 001 001 001 0 001 66 SUOL}II}IP JUDIJ
SUOI}99)p
SL SL 9 SL 09 SL SL SL 0 SL YL JO IequinN
sodwres
SL SL SL SL SL SL SL SL SL SL SL JO IequinN
uoneLeA
6£0- 0600 80 020 0’1 15070 e0 €L0°0 eu 170 090 JOJUAIdLJa07
€€ 'l Sl 09 L ov'0 0ro 88 eu 8 €8 UOLJBIASD plepuelS
anfea
8- 911 L1 66¢C 'L 8L 670 11 eu S6¢ i4! ueawl dN_WILY
anfeA
68~ 911 1 6T L'S> L'L 8T0 1CI1 eu 98¢ Cl ugawl S1OUWOIH)
Cll- 06 0C0 081 70 69 710 06 > 0Ll I SnJeA WINWIUAL
[43 091 0’8 <09 8¢ 6’8 960 Syl [> 079 (34 onN[eA WNWIXeN
e (+anpw
(wmegq (1am) sad (1am sad 3 0oL 1ad (FEIEINTITER]
obiealy) (‘'ogeg se
o ku (smisjag sweabijjiu)  sweibiyjiu) (1ay1] 1ad (syun (1ay1 1ad o 1ad spun 1ad (1931 1ad
E.”E “%E saalbap) uoqie?d spijos sweibijiw) piepuejs) swelbijiw) mEmu._.__m____Ev Bulw.ioy soywoloiw)  swesbijjiw)
ona) Ja1EM ainesadwaj oluehiio panjossip ajej|ng Hd ejuowwy mm@:?m: Auojoa) Ayananpuoa apuojy9
-punoig panjossiq |elop unoj1j09 |ea1nas|y

|eaay

[pazATeue 10U “BU UBY) SSI > $91BUOQIED WINIdEI “ODB)]

"€102-6661 ‘stoul]j] ‘Ayuno)
3009 ‘walsAg ue|d J10A1asaY pue |jauun] ‘walsAg saule|d saq ‘86—Q0 ||@m Buioyuow wouy sajdwes ul saiadold [eaisAyd pue saiAjeue Joj sonsnels Alewwns  “g/-1 ajqeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

138

001 00T 98 00T 00T 00T 00T 00T 0 00T 00T SUOI10319P TUVIJ
SUOI}OP
LL LL 99 LL LL LL LL LL 0 LL LL JO IequinN
sodwes
LL LL LL LL LL LL LL LL LL LL LL Jo JaquinN
UoneLIRA
LS0- 180°0 ¥8°0 920 €570 S0°0 820 61°0 eu 0€0 90 JOJuaIyFa0)H
0¢C S6°0 S'1 €€l 6¢ 9¢0 060°0 ¥S eu 961 0S UOTJBIASD pIepuelS
anfea
S¢- L'T1 L1 01§ 149 9'L g0 88¢C eu cS9 801 ueal dSHoWILIY
anjeA
8¢~ 911 [ I6% 144 9L 0€0 €8¢ eu 09 06 UBIW J1N_UWI03D)
99- 06 70 )74 S 99 S0°0 1 > 0¢C 01 SNJeA WNWIUTA
9¢ (Ih4! 06 96L 6¢1 88 S0 Piad > 080°T 061 onJeA WNIXeA
(umeq (+oppu
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun Jad (1am) sad
woyy 108y) saaibap) uoglea spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Buiw.oy soywoidiw)  sweibijjiw)
aimesadwa) oluebio panjossip ajeyng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[9A3] 193EM panjossig |el0p ssalpieq wioj1jod [CRIDEETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg saule|d saq ‘6G—aD ||em Bunioyuow wouy sajdwes ul sandadold [eaisAyd pue sajAjeue Joj sonsnels Alewwnsg  'g/—| 3|qeL



139

Appendix 1

001 001 oL 001 001 001 001 001 0 001 001 SUONI2IOP JUAIId]
SUOI}OP
78 (4 9 (4 (4 (4 (4 (4 0 (4 (4 Jo IoquinN
sodwes
78 (4 (4 (4 (4 (4 (4 (4 (4 (4 (4 Jo IequnN
UoneLIRA
1€°0- 160°0 1> LT0 LT0 9%0°0 61°0 $90°0 eu o o RARUSINENS)
€€ I'l 91 9L 81 S€0 9900 L1 eu 9¢l1 01 UONBIASD piepue)§
anfea
901- 4! vl 0S¥y €01 9L geo 09¢ 'U SLS 81 ueaw SNIUIPLY
anjeA
011- 44! 1> St 101 9L €€0 09¢ eu 6SS LYy Ueaul JLatoa)
1€l 001 (40 81¢ 0'v¥ 99 10°0 £CT [> ¥8¢ 6¢ on[eA WU
0¢ 091 08 996 061 '8 S¥0 00€ > 818 148! onfeA WnNwIxXejN
(wmegq (1au1 1w
obieanyy) (1931 1ad (1931 1ad (0geq se oot 1ad (1938wnuas
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiBiy[u) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

'€102-5661 ‘stoul]j| “Awuno)
%009 ‘walsAg ue|d JloAlasay pue [auun] ‘walsAg saule|d saq ‘09—(Q0 |[@M Burionuow wody sajdwes ul santadoid |eaisAyd pue salAjeue soj sonsiels Alewwng  h/—| ajqeL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

140

001 001 oL 001 001 001 €6 001 0 001 86 SUONI2IOP JUAIId]
SUOI}OP
43 49 (44 S¢ S¢ 43 0S 43 0 (43 €S Jo requnN
sodwes
49 43 cs Ss ¢S 49 7S 49 7S [4Y 129 JO JequnN
uoneLIRA
¥1°0- 01’0 €1 (43} 910 €900 690 01°0 eu LTO €C0 RARUSINENS)
9¢ 4! 6’1 €L 09 0S°0 0,00 4! eu YL 9°¢ UONEIAdD plepue)g
anfea
- LTl Sl gee LE 08 01°0 8¢l BU 9LT 91 ugaw SPIUIPLY
anjeA
ot~ 911 I'1 01¢ LE 6L 800 8¢l > L9T S1 Ueaul JLatoa)
9- 88 €0 4! LT 89 100 001 [> 0S1 01 onJeA WNWIUTA
(4% Sl Lel 00S 65 I'6 €0 S91 > els 93 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JIoAI8SaY pue [auun] ‘walsAg weansulely ‘€G—IND [|oM Bulioyuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng  ‘g/—L ajqel



1M

Appendix 1

001 001 €6 001 001 001 001 001 € 001 001 SUONI2IOP JUAIId]
SUOI}OP
3¢ 8¢ LE (04 ov 3¢ ov 8¢ I 3¢ of Jo IoquinN
sodwes
8¢ 8¢ of of of 3¢ of 8¢ of 3¢ of Jo IequnN
UoneLIRA
9700~ 0r°o L0 81°0 90 9500 6L0°0 8800 eu LT°0 160°0 RARUSINHENS)
0¢ vl €1 4 1'9 ¥¥°0 9¢0°0 11 eu €9 €¢ UoneIAdp prepuels
anfea
9L- ¢l 81 VLT el 8L 9%°0 0cl BU ¥9¢ 9¢ ueaw SPIUIPLY
anjeA
9L- yel ¥l 0LT 4! 8L SY'0 02l eu 6S¢€ 9¢ Ueaul JLatoa)
6L- 001 €0 881 € 99 LEO L6 [> 81¢ 6¢ onJeA WNWIUTA
IL- 0°LT S [©i% LE '8 S0 Syl I S0¢S Ly onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)

3009 ‘walsAg ue|d JI0AI8SBY pue [auun] ‘walsAg weansulely ‘96—IAD [|oM Butionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng ‘97— ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

142

001 001 001 001 001 001 001 001 0 001 001 SUONI2IOP JUAIId]
SUOI}OP
39 €S €S €¢ €S €S €S €¢ 0 €S €S Jo requnN
sodwes
€S €S €S €S €S €S €S 3y €S €S €S JO JequnN
UonRLIBA
€1°0- 0600 LY0 €10 €10 ¥S0°0 ¥1°0 €10 eu 170 0¥°0 RARUSINENS)
4! [ 4! €9 €C (3 4l0] S1°0 9¢ eu 144! 99 UoneIAdp prepuels
anfea
Or1- 0¢l 9T ILY 9LI1 6'L 01 98¢ BU 209 Ll ugaw SPIUIPLY
anjeA
601- 0¢l €T 99% €LT 6L 01 €8¢ eu $8¢ 91 Ueatl OLIotoa)
LLT- 011 L0 0¢ 6¢ 0L €50 9Cl [> 81¢C cl on[eA WU
€9- 091 09 86§ 14%4 L8 6'1 1443 > L68 9¢ onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

009 ‘walsAg ue|d JloAIasaY pue [auun] ‘walsAg weansule|y ‘8G—IND ||oMm Butioynuow woly sajdwes ul saiadold eaisAyd pue salAjeue Joj sonsiels Alewwng

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'£10Z-G661 ‘stoul]j| ‘Ayuno)
‘LL-1319.e)L



143

Appendix 1

001 001 €6 001 001 001 001 001 €€ 001 001 SUONI2IOP JUAIId]
SUOI}OP
8 18 LL €8 €8 18 €8 18 LT 18 €8 Jo IoquinN
sodwes
18 18 €8 €8 €8 18 €8 18 €8 18 €8 Jo IequnN
UoInjeLIBA
76070~ S1°0 L0 sTOo 690 6¥0°0 1570 vTo s¢ 170 6£0 RARUSINENS)
Sl 0¢ 6’1 201 61 8€0 61°0 LE 061 09¢ 6C UONBIASD piepue)§
anfea
691- yel 9T [4\i% LT 8L LEO 0S1 Y0T‘1 0€9 SL UBaW dnouwLIy
anjeA
891- eel 0C 16¢ ¥4 8L ¥€°0 ol 6y 6LS 0L UBIW OLIIWOD)
981- 89 90 9T S 69 61°0 801 [> 0cc |84 onJeA WNWIUTA
6L- eve 08 9¢L I8 L8 'l (/43 000°0T< ove'l €91 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)

3009 ‘walsAg ue|d JIoAI8saY pue [auun] ‘walsAg weansulely ‘L 9—I\D [|oM Butioynuow wouy sajdwes ul saiadoud |eaisAyd pue saldjeue Joj sonsiiels Alewwng  °g/—L ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

144

001 001 001 001 001 001 001 001 ¥S 001 001 SUONI2IOP JUAIId]
SUOI}OP
65 65 65 6S 65 65 65 6S (43 65 65 Jo requnN
sodwes
6S 6§ 6§ 6S 6§ 6§ 6§ 6S 6§ 6S 6S JO JequnN
UoneLIRA
0r1°0- 01’0 650 6£°0 61 S0°0 6L0 19°0 L9 o 850 JO JUdLYF0D
61 vl 61 €91 98 10 6v°0 48! 09L°€6 Y4l £3 UONBIASD piepue)§
anfea
881- 8¢l (23 81y Pi4 8L 90 €81 01071 99¢ ¥S UBaW dnouwLIy
anjeA
981- 8¢l 8T (404 53 8L ¥$°0 0L1 Sl ¥SS 0s UBIW OLIIWOD)
10¢- 001 'l (44 L1 69 9T°0 43! [> 0ce LT on[eA WU
98- 081 6 8€T‘1 689 6 8¢ 0L8 000°0TL Pl 1274 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JI0AI8SaY pue [auun] ‘walsAg weansulely ‘¢9—IND [|om Butionuow woly sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwns  °g/—L a|qel



145

Appendix 1

001 001 001 001 001 001 66 001 9¢ 001 001 SUONI2IOP JUAIId]
SUOI}OP
ell ell ell ell ell ell 48! ell oy ell ell Jo IsquinN
sodwes
€1l €1l €1l €1l €1l €1l €1l €1l [41! €1l €1l Jo IequnN
UoInjeLIBA
11°0- 0r°o S 4] 070 6v'0 ¥0°0 650 170 Sy 1€°0 (N0 RARUSINENS)
0t €1 vl 0r1¢ [4Vi4 €€0 I'l 991 128°C (284 0°¢s UONBIASD piepue)§
anfea
181- ¢l (23 ¥Tsl (44} S'L 81 L8L 679 LTET [5Y UBaW dnouwLIy
anjeA
6L1- yel 6T 8LY'I oL SL 91 09L 8¢ €Tl IS Ueaul JLatoa)
LIT- 001 ¥l ¥6¢ 0¢ 89 10°0> 9S1 [> L1€ 8¢ onJeA WNWIUTA
89- 0°LT 811 0L0C LLTY I'6 LY01 1S0°T 000°0T< S0T°C 8L onfeA WnNwIxXejN
(aupiw
(wmeq (1931 1ad (1931 1ad ¢ 00l (1938wnuas
obiealy) (‘0geg se
o ko (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
EhE s saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) swesbnuw Bujunoy soywoidiw)  sweibijjiw)
}100)) aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Hiru) Auojo9) Aianonpuos  apuojyy
|9Aa] 13)em ssaupiey
punoag panjossig |elol wlojij02 [ERINGETE]

|eaaq

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

'€102-5661 ‘stoul]j| “Awuno)
%009 ‘walsAS ue|d JI0AIaSaY pue [auun] ‘walsAS wealsule|y ‘s9—IAD |18m Buuioyuow wouy sajdwes ui saiadoud [eaisAyd pue sajAjeue Joj sonsiels Alewwns  "gg—L ajqey



001 001 66 001 001 001 001 001 8t 001 001 SUONI2IOP JUAIId]
SUOI}OP
[48! 48! I1 48! 48! 48! 48! 48! €S 48! 48! Jo IsquinN
sodwes
[48! [41! [41! 48! [41! [41! [41! 48! 111 [41! [41! Jo IequnN
UoneLIRA
190°0- 01’0 89°0 vTo ¥l 1€0°0 S1°0 9¢'0 8¢ Y70 €C0 RARUSINENS)
01 €1 0¢ 611 LL €C0 1€°0 98 TTsT [49! €l UONBIASD piepue)§
anfea
S91- L€gl 6'C £ov 9§ 9L 0¢C 9¢¢C £99 ge9 8¢ UBaW dnouwLIy
anjeA
S91- L€l ¥'C €81 9 9L 0C 8¢ €¢ 919 LS Ueaul JLatoa)
661- 001 60 91 ¥ 0L Sl 91 [> 18¢ Sy on[eA WU
LOT- 081 0l vl €9L 8 0'¢ 098 000°0T< £66 IS1 onfeA WnNwIxXejN
(aupiw
(wmeq (1931 1ad (1931 1ad ¢ 00l (1938wnuas
obiealy) (‘0geg se
o ko (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
EhE s saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) swesbnuw Bujunoy soywoidiw)  sweibijjiw)
}100)) aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Hiru) Auojo9) Aianonpuos  apuojyy
|9Aa] 13)em ssaupiey
punoag panjossig |elol wlojij02 [ERINGETE]

|eaaq

Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

146

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JI0AI8SaY pue [auun] ‘walsAg weansulely ‘p9—I\D [|oM Butionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng  °Lg-L ajqel



147

Appendix 1

001 001 001 001 001 001 001 001 9¢ 001 001 SUONI2IOP JUAIId]
SUOI}OP
S6 S6 L6 86 001 6 001 S6 9T S6 001 Jo IoquinN
sodwes
S6 6 L6 86 001 S6 001 S6 001 S6 001 Jo IequnN
UoInjeLIBA
180°0- 8800 0S°0 S1°0 S1°0 €v0°0 0€°0 110 7616 €0 91°0 RARUSINENS)
91 I'l LS (44 6C (430 9T €9 0L8 ¥6S 9 UONBIASD piepue)§
anfea
c61- 6'Cl I 1191 L6l €L L8 08S 9656 69L°1 c6¢ UBaW dnouwLIy
anjeA
161- 6C1 01 18€°1 ¥61 €L 4] 9LS €1 Tw9°l 98¢ Ueaul JLatoa)
4% 06 (4 VLI 0s 99 S8°0 1c¢ [> 09¢ ¥8 on[eA WU
€01~ 91 §3 9¢L‘T 9¢C '8 LYl IeL 00L‘8 0S€‘e s onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)

3009 ‘walsAg ue|d JI0AI8SBY pue [auun] ‘walsAg weansulely ‘G9—\D [|oM Butionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng  °zg-L ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

148

001 001 66 L6 001 001 S6 001 18 001 001 SUONI2IOP JUAIId]
SUOI}OP
148! 148! SIl GIl 911 148! 48! GIl S6 148! 811 Jo IsquinN
sodwes
148! 48! 911 811 911 48! 311 STl L11 48! 311 Jo IequnN
UoneLIRA
6L0°0- 110 0 €C0 L80 0S0°0 80 0¥’0 61 0€°0 LTO RARUSINENS)
€l vl 6T L1T 38 LEO 4% S8l 1111 %3 0S UONBIASD piepue)§
anfea
191- 9¢l 9°¢ 44 101 V'L [ 1274 ILS TLIT L8I UBaW dnouwLIy
anjeA
191~ sl 6v S16 IS v'L 31 sty (4 8111 6L1 Ueaul JLatoa)
0c- 06 [> 0¢e ¥l 99 10°0> S0T [> €96 81 onJeA WNWIUTA
09- 081 14! 9TL1 ¢8¢ 06 ¥9°C1 9¢8 0099 SL6T 1443 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'£10Z-G661 ‘stoul]j| ‘Ayuno)

3009 ‘walsAg ue|d JIoAI8saY pue [auun] ‘walsAg weansulely ‘/9—IND [|oM Bulioyuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng  °gg-L ajqel



149

Appendix 1

001 001 LL 001 001 001 001 001 43 001 001 SUONI2IOP JUAIId]
SUOI}OP
69 69 ¥S 0L 0L 69 0L 69 (44 69 0L Jo requnN
sodwes
69 69 0L 0L 0L 69 0L 69 69 69 0L Jo IequnN
UoneLIRA
SLOO- 0r°o 'l o §9°0 €90°0 0¥°0 01°0 9 970 Sl JO JUdOLYF0D
66 €1 61 €9 LT 6v°0 970 81 €6C 38 474 UONBIASD piepue)§
anfea
cel- 0¢l L'l 08¢ It 8L $9°0 SL1 €9 1443 6¢ UBaW dnouwLIy
anjeA
Iel- 0¢l €1 YLT 143 8L 19°0 YLI 61 yee €C Ueall JLatoa)
S81- 001 €0 8LI 0] L9 €C0 wl [> 991 4! onJeA WNWIUTA
0r1- 0°LT LTI 0SS 1444 06 6'1 [4Y4 00€°C 0.9 6LE onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
3009 ‘walsAg ue|d JI0AI8SaY pue [auun] ‘walsAg weansulely ‘89—I\D [|oM Butioyuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwns  pg-L ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

150

001 001 66 001 001 001 001 001 € 001 001 SUONI2IOP JUAIId]
SUOI}OP
L8 L8 38 38 38 L8 68 L8 € L8 68 Jo IoquinN
sodwes
L8 L3 68 38 38 L8 68 L8 38 L8 68 Jo IequnN
uoneLIRA
St°0- 110 19°0 ¥60°0 o 190°0 1500 01°0 eu §To ¥1°0 RARUSINENS)
1T €1 91 €€ 4! 870 L¥0°0 L1 eu 148! I'S UONEIAdD plepue)g
anfea
- Il 9T (143 cs 8L £6°0 ILT BU (4% LE ugaw SPIUIPLY
anjeA
134 S11 €1 L€ ¥S 8L €60 0LT eu 1434 LE Ueaul JLatoa)
6€1- 06 [> 06¢ 9¢ 99 1870 143! [> Ll 43 onJeA WNWIUTA
91- 0°Sl 811 Ly 78 8’8 'l €le (154 YSL SL onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'£10Z-G661 ‘stoul]j| ‘Ayuno)

3009 ‘walsAg ue|d JIoAI8saY pue [auun] ‘walsAg weansulely ‘69—IAD [|oM Butionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng ‘8- ajqel



151

Appendix 1

001 001 €L 001 001 001 001 001 L 001 001 SUONI2IOP JUAIId]
SUOI}OP
(34 (34 43 (34 (34 (34 1474 (34 € (34 1474 Jo IoquinN
sodwes
194 (34 1474 (34 (34 (34 1474 (34 1474 (34 1474 Jo IequnN
UoneLIRA
91°0- 1o w60 600 8600 ¥S0°0 ¥1°0 ¥L0°0 eu sTOo 8L00 JO JULILFe0D
11 Sl 6’1 0¢ (39 wo S00 11 eu S1l 6'¢ UONBIASD pIepuels
anfea
€L 811 I'c 8¢¢ 9¢ 6'L 00 9¢1 BU 12974 0S ugaw SPIUIPLY
anjeA
CL- L1l Sl LEE 9¢ 6L 6€0 9S1 eu (137 ov Ueaul JLatoa)
€6” 06 L0 81¢ (4 89 €0 LTI [> 0¥c 1474 onJeA WNWIUTA
[ 6l 901 [48% IL 8’8 LSO 181 0'¢ ovL <9 onfeA WnNwIxXejN
(aupiw
(wmeq (1931 1ad (1931 1ad ¢ 00l (1938wnuas
obiealy) (‘0geg se
ok (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad Joul 1ad 1ad syun 1ad (1am) sad
EhE Ww saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) mEcu._.__m_ . Bujunoy soywoidiw)  sweibijjiw)
}100)) aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Hiru) Auojo9) Aianonpuos  apuojyy
|9Aa] 13)em ssaupiey
punoag panjossig |elol wlojij02 [ERINGETE]

|eaaq

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-5661 ‘stoul)|| ‘Aiunog
3009 ‘walsAg ue|d JIoAI8SaY pue [auun] ‘walsAg weansulely ‘0/—IND [|oM Bulionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng  °‘9g—|L ajqel




Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

152

001 001 €L 001 001 001 001 001 [4 001 001 SUONI2IOP JUAIId]
SUOI}OP
153 5Y LE 0¢ 0¢ IS IS 5Y I IS IS Jo I_quinN
sodwes
IS IS IS 0¢ 0¢ IS IS IS IS IS IS JO JequnN
uoneLIRA
61°0- 01’0 SLO 01°0 €10 §S0°0 110 0800 eu se0 01’0 RARUSINENS)
4! 4! [ IS $6 €v'0 8700 91 eu 60T 4! UONEIAdD plepue)g
anfea
$9- 911 91 [49% IL 8L 70 S0¢ BU 76S GCl ugaw SPIUIPLY
anjeA
¥9 S11 4! 68% 0L 8L ¥¥°0 ¥0¢ eu LSS 144! Ueaul JLatoa)
9Cl1- 6 ¥0 7483 €€ 89 ¥T0 651 [> 81¢C 87 on[eA WU
[ Sl L9 88§ 68 6 960 8¢C 01 L66 124! onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JIoAI8saY pue [auun] ‘walsAg weansulely ‘L /—IND [|oM Bulionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng /8- ajqel



153

Appendix 1

001 001 68 001 S8 001 66 001 I 001 001 SUONI2IOP JUAIId]
NiQibkikly]
L8 L8 I8 16 LL L8 06 L8 I L8 16 JO JequnN
sodwes
L8 L8 16 16 16 L8 16 L8 06 L8 16 Jo JequnN
uoneLIRA
600~ 110 ¥L0 €10 31 €900 0°S ¥90°0 eu LTO S¥0°0 RARUSINENS)
I'L 4! ¥l LS 11 870 S¢ 4! eu [4q! 8¢ UOnEIASp pIlepue)§
anfea
18- 911 61 8¢y 7’9 L'L IL°0 1cC BU 9§ 0¢l ugaw SPIUIPLY
anjeA
18- SIt Sl 1494 €¢ L'L ¥€°0 | ¥44 eu 8¢S o€l Ueaul JLatoa)
S6- 06 0¥°0 YLT €0 L9 800 9Ll [> we 811 onjeA WNWIUTN
$9- 091 901 09¢ 01 7’6 143 LT I 668 Lyl onfeA WnNwIxXejN
(aupiw
wnje
hmmh:m_ (1931 1ad (1931 1ad (0geq se 0oL (1938wnuas
ok (shun (1am) sad Joul 1ad 1ad spun 1ad (1am) sad
J0 1) piepues)  swesbijjiw) M Bujunoy soywoidiw)  sweibijjiw)
wo.j 193}) sweibijjiwu)
Hd eluowwy Auojo9) Aianonpuos  apuojyy
|2Aa] Jajem ssaupiey
wlojij02 [ERINGETE]
-punoig
[CREE]

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)

3009 ‘walsAg ue|d JI0AI8SBY pue [auun] ‘walsAg weansulely ‘¢/—IND [|oM Butionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng  °‘gg—L ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

154

001 001 001 001 8 001 001 001 [4 001 001 SUONI2IOP JUAIId]
SUOI}OP
0S 0S 0S 0S I 0S 0S 0S I 0S 0S Jo requnN
sodwes
0S 0S 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ 0¢ JO JequnN
UoneLIRA
s1°0- ¥1°0 ¥8°0 €10 Sl $90°0 €C0 1o eu o 61°0 RARUSINENS)
1T L'l 9T (44 01 1§70 $90°0 81 eu 96 SL UoneIAdp prepuels
anfea
6¢l- 4! I'e (143 99 8L 8CT0 8v1 'U Iey oy ugawl SRIUIPLY
anjeA
LET- €Cl €C L1€ 9¢ 8L LTO ol eu (V[47 6¢ Ueaul JLatoa)
L91- 06 L0 244 ¥9°0 [ SI°0 87 [> 154 91 on[eA WU
98- 6°0¢ 011 [44% 19 €6 S¥0 691 I 78S LS onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JI0AI8SBY pue [auun] ‘walsAg weansulely ‘S/—IND [|oM Bulionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwng 68— a|qel



155

Appendix 1

001 001 86 001 S8 001 001 001 [4 001 001 SUONI2IOP JUAIId]
SUOI}OP
81 31 Ly 31 |87 31 31 31 I 31 31 Jo IoquinN
sodwes
8t 31 31 3Y 31 31 31 3Y 31 31 31 Jo IequnN
UoneLIRA
6¥°0- 7600 90 170 ¥l LLOO 170 160°0 eu 0Z°0 81°0 RARUSINENS)
4! I'l ¥l 8S L8 19°0 LY0°0 88 eu 0L L8 UONEIAdD plepue)g
anfea
8¢C- 6’11 [ 08¢ €9 6'L [4a) L6 BU LSE (114 UBSW SNoUILIY
anjeA
St 311 0C 9LT €¢ 6L o 96 eu 0S¢ 3Y Ueall JLatoa)
89- 06 60 9TC 1€0 ¥'s [4%0) €9 [> [4%4 01 onJeA WNWIUTA
9- LYl 6'8 9§ 0S 6'8 €0 L11 [4 LSY 99 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

"£102-G661 ‘stoul]|| ‘Ayuno)
3009 ‘walsAg ue|d JI0AI8SaY pue [auun] ‘walsAg weansulely ‘y/—IND [|oM Bulionuow woly sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwns  °g6—L 3|qelL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

156

001 001 89 001 001 001 001 001 144 001 S6 SUONI2IOP JUAIId]
SUOI}OP
YL YL 0S YL YL YL YL YL 81 YL 0L Jo requnN
sodwes
YL YL YL YL YL YL YL YL YL YL YL JO JequnN
uoneLIRA
¥1°0- 0600 01 S1°0 wo SLOO ¥T°0 'l ¥'s 0Z°0 ¥€°0 RARUSINENS)
06 I'l Sl 53 I'S 650 7900 SL 98¢ 09 8 UONEIASD pIepuelS
anfea
79- 811 vl 6¢C 4\ 6'L 970 0L CL-IL 10€ 14! UBaW SNy
anjeA
9- 311 I'1 LET 1 6L sTo €9 €1 ¥6¢ €1 Ueaul JLatoa)
18- L'L 0¥°0 991 LT 'S 0r°o 0¢ [> orl 98 onJeA WNWIUTA
Se- Sl 0l 8¢ [44 6'8 190 LOL 009°C [44i% Ly onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

009 ‘walsAg ue|d JIoAIasaY pue [auun] ‘walsAg weansulely ‘G/—I\ND ||oMm Butioyuow woly sajdwes ul saiadold |eaisAyd pue salAjeue Joj sonsiels Alewwng

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'£10Z-G661 ‘stoul]j| ‘Ayuno)
‘l6—1 21qeL



157

Appendix 1

001 001 88 001 001 001 001 001 8 001 [ SUONI2IOP JUAIId]
SUOI}OP
81 31 (34 ov (4 31 (4 31 14 31 St Jo requnN
sodwes
8t 31 6F 4 6% 31 6% 3Y 6F 31 6F Jo IequnN
UoInjeLIBA
170~ 0r°o L0 91°0 170 160°0 870 (3 40) eu 170 LY’ 0—¥¥0 RARUSINENS)
43 €1 vl 8S €C ¥L0 9900 ¥4 eu 68 1'9-L'S UONBIASD piepue)§
anfea
SSl- 4! 61 IS¢ 9¢ (& Y0 0S BU 8¢ el ueaw SPIUIPLY
anjeA
ISI- a4t Sl L€ ot '8 €C0 Ly eu 31Y 4! Ueaul JLatoa)
881~ 06 S0 yec 14 9°¢ 600 4! [> 1< 01> on[eA WU
L6~ 091 L ¥9¢ L6 6 9¢°0 91 61 809 Ly onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"£102-5661 ‘sioul

‘Ayunog

3009 ‘walsAg ue|d JI0AI8SaY pue [auun] ‘walsAg weansulely ‘9/—IND [|oM Butioyuow woly sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwns  “ze—L alqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

158

001 001 08 001 08 001 06 001 6C 001 06 SUONI2IOP JUAIId]
SUOI}OP
0¢ 0S |87 IS I 0S 9% 0S S1 0S 9% Jo requnN
sodwes
0S 0S IS IS IS 0¢ IS 0¢ IS 0¢ IS JO JequnN
uoneLIRA
LT°0- 01’0 01 §TOo I'1 L00 1€°0 0800 L'y 61°0 ¥To RARUSINENS)
6¢ 4! 0¢ 8t 0L 90 1+0°0 43 L6V 1 9F LT UONEIASD pIepuelS
anfea
12 811 0¢C €61 9 08 €ro & 91¢ 6¢¢C I UBaW SNy
anjeA
SS1- LTl ¥l 381 8¢ 08 1o (34 6’1 14X 11 Ueaul JLatoa)
S81- 001 ¥'0 6 01 9 ¥0°0 LE [> sel 9°¢ onJeA WNWIUTA
9- 'St LTI 8LE 6¢C 8’8 [4a) 5Y 00L‘8 6C¢ 81 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JIoAI8saY pue [auun] ‘walsAg weansulely ‘//—IND [|oM Butionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwns  °g6—L a|qel



159

Appendix 1

001

SL

SL

9¢€°0-

9

8CI-

911~

991-

Ic-

001

SL

SL

0€0

I€1

oy

Iy

I€1

ge8

16 SUOIIINAP JUIIdJ
SUuoII)P

89 Jo JequunN.
sodwes

SL Jo JoquinN
UONJBLIBA

€50 JO JUdI0YJ0)

6'L uonelAsp plepuel§
anfea

Sl ueoW ONOWIPLIY
anjea

el UBAW JLIJOUOIN)

8 on[eA WINWIUTA

94 onJeA WNWIXB]A

(wmeq
ofieaiys
jo Ay
woJj Jaay)
|aA3] Ja)em
-punoiy

8 001 ¥
v9 SL ¢
SL SL SL
0s°0 8T¥ eu
w00 68 eu
80°0 1C U
690°0 IT Bu
200 ¢ >
€0 8L ST
(+aupu
£ 00l
(19m) Jod (ooedse i uun
sweibijjiw 1oy sod Burunio
m.:o__.___r ) swes) Auo ouh
. ' SSAUPIEH Eho____ow.
_uuwm

(18)ownuad

Jad

mo:Eo._o_Ev
Ayiananpuoa
|ealnas|y

(1am) sad
swesbijjiwu)
apuojyy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

'€102-5661 ‘stoul||] ‘Auno)

3009 ‘walsAg ue|d JIoAI8SaY pue [auun] ‘walsAg weansulely ‘8/—IND [|oM Butioyuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwns  “pg—L a|qel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

160

001 001 $9 001 001 001 YL 001 I 001 66 SUONI2IOP JUAIId]
SUOI}OP
L L Ly L L L €S L I L IL Jo I_quinN
sodwes
L L L L L L L L L L L JO JequnN
uoneLIRA
670" 1o €1 wo 1€°0 800 9L0 8T eu LTO 1T0-L1°0 RARUSINENS)
LE ¥l 1'C LST L9 690 6£0°0 4 eu [44! 0tv—¢'¢ UONBIASD pIepuelS
anfea
SCl- Il L1 SLE IC '8 150°0 81 BU sy 0Z-6l1 UBalW SNy
anjeA
SII- Sl I'1 86¢ ¥4 €8 500> 1 eu 3¢y ol Ueaul JLatoa)
Slc- 1'6 ¥0 861 14! 69 10°0> L [> 06l Sl on[eA WU
SlI- L0C It 81 0S 6 Al Sy It ovL 123 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JIoAI8saY pue [auun] ‘walsAg weansulely ‘6/—IND [|oM Butionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj soisiiels Alewwns ‘G- ajqel



161

Appendix 1

001 001 19 001 (4 001 69 001 € 001 6 SUONI2IOP JUIId]
SUONOANIP
LL LL LY LL €9 LL €S LL [ LL 1L Jo _quinN
sojdwres
LL LL LL LL LL LL LL LL 9L LL LL JO IequinN
uoneLIRA
81°0- ¥1°0 vl (44 6T TLO0 L90 S1°0 10°1 o YTO-L10 JO JUSdLYF0D
€T L1 1A LS8 43 650 9700 I'¢ S¢ 09 €ePT UOneIASp plepue)s
anjeA
Iel- £l 01 LTE It 8 6€0°0 IC e 08¢ 4! UBaW SNy
anjea
LTI~ [ LLO 0€C 0¥ '8 $€0°0> ¥4 ¥'C €LT 4! Ueatl JLIaWosn)
LST- 66 1'0 [4A LEO 0L 100> 4! I 0¢l 11 onjeA WNWIULA
£€C €C L6 069°L 444 €6 v1°0 144 9 1Ly 0¢ onjeA WNWIXeN
12w
(wnieg (1911 Jod (1011 Jad ¢ ! ucr "_. (1919wuaa
obiealy) (‘ogeg se
jo A (smis|ag sweabijjiw)  swebijjw) (19m] 10d (syun (193] 10d 16y 1ed 1ad spun 1ad (193] 20d
woy 108y) saaibap) uogied spijos sweabijjiw)  piepueys)  sweabijiw) swesBiu) Buuiioy soywosdiw)  sweibijjiw)
aimmesadwa)  oebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojy)
[oA3] 193eM panjossiq |elol SSOupIEH wiojij02 [ERIDRETE|
-punouin Bosy

[pazATeue jou ‘eu ‘uey) s3] > JEUOGIEd WNId[ED “ODE))]

"£102-G661 ‘stoulj| ‘Ayunog
3009 ‘walsAg ue|d J10AI8SaY pue [auun] ‘walsAg weassule|y ‘08—IAD [|oMm Bulionuow woly sajdwes ul saiiadoud |eaisAyd pue salAjeue Joj sonsiels Alewwns 96— ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

162

001 001 L8 001 001 001 S8 001 [4 001 66 SUONI2IOP JUAIId]
SUOI}OP
78 78 oL L8 L8 78 YL 78 [4 78 98 Jo IoquinN
sodwes
78 78 L3 L8 L8 78 L8 78 L8 78 L8 Jo IequnN
UoneLIRA
170~ 6800 99°0 €C0 6v'0 €L0°0 w90 LT°0 eu €0 970 RARUSINENS)
9t I'l I'l 6S 6'8 650 8100 L'y eu ort1 LS UoneIAdp prepuels
anfea
SCl- ¢l L'l 19¢ 81 08 LLOO LT 'U 8¢ [44 ugawl SRIUIPLY
anjeA
0cI- x4 €1 9¢S¢ 91 08 7900 LT eu 9¢¢ 1T Ueaul JLatoa)
3% 001 0 961 L L9 00 8 [> 161 €l onJeA WNWIUTA
4% 091 S 86§ cs I'6 LT0 LE 09L 8 6¢ onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€102-5661 ‘stoul||] ‘Auno)
3009 ‘walsAg ue|d JIoAI8saY pue [auun] ‘walsAg weansulely ‘|8—IAD [|oM Bulionuow wouy sajdwes ul saiadoud |eaisAyd pue salAjeue Joj sonsiiels Alewwns  °/6-L a|qel



163

Appendix 1

001 001 €6 001 86 001 €L 001 0 001 001 SUONI2IOP JUAIId]
SUOI}OP
6S 6S 9¢ 09 65 65 144 6S 0 65 09 Jo IoquinN
sodwes
6S 65 09 09 09 65 09 6S 09 65 09 Jo IequnN
UoneLIBA
01°0- 800 S8°0 €1 9°¢ 6900 89°0-€9°0 ¥T0 eu o v1°0 RARUSINENS)
L1 I'l 81 €LY 201 LSO ¥€0°0-C€0°0 I'¢ eu L8 0y UONBIASP piepue)§
anfea
CLI- L'l [ £9¢ 8¢ 8 1S0°0-050°0 €l BU c6¢ 0¢ ugaw SPIUIPLY
anjeA
IL1- 9Tl L'l 1483 €1 4] €50°0> €1 eu 18¢ 6¢ Ueatl Lotoan)
00¢- 011 L0 9TC > 'L 10°0> € [> 061 14! on[eA WU
Ivi- 'St 801 956°¢ 008 6 Sro 8¢ > 979 Pi4 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pozA[eur jou ‘eu ‘ury) $SI] > 91RUOGIBD WNIO[RD ““ODE))]

'€102-5661 ‘stoul]j| “Awuno)
009 ‘walsAS ue|d JI0AIaSaY pue [auun] ‘walsAS wealsule|y ‘Z8—IAD |18m Buuoyuow wouy sajdwes ui saiuadoud [eaisAyd pue sajAjeue Joj sonsiels Alewwns  ge—L ajqer



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

164

001 001 S8 001 001 001 001 001 S 001 66 SUONI2IOP JUAIId]
SUOI}OP
66 66 78 86 36 66 66 66 S 66 L6 Jo requnN
sodwes
66 66 66 86 86 66 66 66 66 66 86 Jo IequnN
UoneLIRA
§9°0 110 §80 110 (N0 7500 LTO ¥90°0 eu 170 L0 RARUSINENS)
4! Sl L'l 16 33 6€0 $80°0 8¢ eu 181 Y4 UoneIAdp prepuels
anfea
61 0Ovl 0¢ 918 £6¢ 9L ce0 ovy 'U 818 93 ugawl SRIUIPLY
anjeA
81 01 91 48 IS¢ 9L 1€°0 (137 eu ST8 €€ Ueaul JLatoa)
LT 601 90 789 €LT 89 ¥1°0 YLE [> 0r¢ or> onJeA WNWIUTA
123 0'1¢ 00l 9LS‘T L3S '8 180 ILS It SLO'T 8T onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obiealy) (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€10Z-¥661 ‘stoul|| ‘AunoJ 3009

‘walsAg ue|d Jloniasay pue |auun] ‘walsAg sauleld saq Jaddn ‘|—pAIN [1@m Bulioyiuow wouy sajdwes ul saiadold [eaisAyd pue sajAjeue Joj sonsnels Alewwnsg  'g6—L 3qeL



165

Appendix 1

001 001 96 001 001 001 001 001 14 001 001 SUONI2IOP JUAIId]
SUOI}OP
€L €L 0L €L (43 €L €L €L € €L €L Jo requnN
sodwes
€L €L €L €L L €L €L €L €L €L €L JO JequnN
UoneLIBA
150°0 180°0 950 €500 L8070 €500 1o ¥90°0 eu 670 (43 RARUSINENS)
4 I'l I'l 9% 53 wo 900 0¢ eu (44 (43! UONEBIASP piepue)g
anfea
ov L€el 0¢ 998 80 6'L £5°0 1214 BU L8 It ugaw SPIUIPLY
anjeA
(014 9°¢l L'l $98 LOY 8L (40 [4%7 eu 878 ST Ueatl OLIotoa)
€¢ 011 90 6L (943 89 S1°0 86¢ [> 8¢ L onJeA WNWIUTA
St 081 09 o'l €8¢ L8 £9°0 S09 6¢ vTel ov1‘l onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"€10Z-+661 ‘sioul||] ‘Ayunog 3009
‘walsAg ue|d Jlonlasay pue |auun] ‘walsAg saule|d saq Jaddn ‘Z— A 118m Bulioyuow wouy sajdwes ul saiadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  "poL-L 319elL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

166

00T 001 08 001 001 001 001 001 14 001 S6 SUOI}03}0p JUDIdJ
SUOI}99)p
611 611 S6 611 811 611 611 611 S 611 el JO JequinN
sodwes
611 611 611 611 811 611 611 611 611 611 611 Jo JequnN
UOTJRLIBA
¥1°0 9800 ¥L0 01°0 18070 S0°0 §To ¥¥0°0 eu 0 €L0 JO JUSIdYF0D)
I's 1l 'l 18 143 LE0 ¥L00 61 BU 661 I UOIJEIASD plepuelS
anjeA
LE €yl Sl 6€8 1444 L'L 0€°0 LEY eu LT8 Sl LW dPIWRLIY
oanfea
LE 14 4! 9¢8 (Yad L'L 670 LEY eu 68L €1 UBdW SLIOWOH
0¢ 011 70 9L (133 89 ¥0°0 £9¢ > 91¢ 9 onjeA WNWIUIA
68 861 06 9LS‘T 88¢ 98 L9°0 L8Y ¥C 01’1 66 onJeA WNWIXEA
FESTITITIOY
(wmeg (1am sad (1am sad ¢ ! ucwh_ (1310Wnua9
obiealy) (‘ogeg se
o ki (snisjag sweibijju)  sweibiwu) (1931 1ad (syun (IEIPEL 1oy 10d 1ad spun Jad (1931 1ad
woyy yasy) saaibap) uogied spijos swelbijiw) plepuejs) sweibijiw) swesbigjiw) Buiunoy soywoloiw)  swesbijjiw)
ainesadwa) ojuebio panjossip ajej|ng Hd eluowwy Auojo9) Ananonpuos  apuojyy
[ona] 1aiem panjossig |el01 Ssoupieq w.iojij02 [ERITBETE]
-punoig eaay

‘WoalsAg ue|d JIoAIasaYy pue [auun] ‘walsAg sauleld saq Jaddn ‘e—AAIN |1@Mm Burionuow woly sajdwes ul saiadouad [eaisAyd pue sajAjeue o sonsiels Alewwnsg

[pozATeue jou “Bu ‘uey) $SI[ > 9JRUOGIED WNIOED “ODE))]

"€10Z-¥661 ‘stoul|| ‘Axunog 3009
‘1011 8lqeL



167

Appendix 1

001 001 LL 001 001 001 18 001 9 001 66 SUONI2IOP JUAIID]
SUOI}OP
ell ell L8 ell 48! ell 6 ell L ell 48! Jo IsquinN
sodwes
€1l €1l €1l €1l [41! €1l €1l €1l €1l €1l €1l Jo IequnN
UoInjeLIBA
81 0r°o 980 91°0 (N0 6£0°0 61 ¥90°0 eu §TOo y'e-1°§ JO Juaroyge0)
01 ¥l Sl [4! 8¢ 670 170 9¢ eu 6€C 7'01-6'6  UONEIAJD plepuelS
anfea
9- L'€gl 81 L6 £8¢ 9L 11°0 6S¢S BU €L6 ¥S ueaw SPIUIPLY
anjeA
§9- 9¢l €1 $96 8¢ 9L 160°0 8SS eu 8¢€6 49 Ueaul JLatoa)
SL- 001 €0 0c8 e 89 10°0> (43374 [> LSE or> onJeA WNWIUTA
1c SIC 06 981°C 69 8’8 14 619 14 LYET L6 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"€10Z-+661 ‘sioul||] ‘Ayunog 3009
‘walsAg ue|d Jlonlasay pue |auun] ‘walsAg saule|d saq Jaddn ‘p—IA 118m Bulioyuow wouy sajdwes ul saiadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  "zol-L 31qelL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

168

001 001 6 001 001 001 6L 001 (44 001 001 SUONI2IOP JUAIId]
SUOI}OP
96 96 06 96 S6 96 oL 96 ¥4 96 96 Jo requnN
sodwes
96 96 96 96 S6 96 96 96 96 96 96 Jo IequnN
UonRLIBA
170~ 110 19°0 Y70 LTO 6500 1 S€0 L8 970 w60 RARUSINENS)
01 Sl el 1414 08 90 170 811 €Ll SLT 8¢CI UONBIASD pIepue)§
anfea
e evl I'c L16 £0¢ 8L 0100 ove 0¢ 970°1 ol UBaW SNy
anjeA
8- (47! L1 L68 98¢ 8L 180°0 61¢ 960 S00°1 801 UBIW OL1SWOdD)
- 011 ¥'0 909 Sl 89 10°0> 99 [> (333 6 onJeA WNWIUTA
ST 06l 0L 991°C 9Ly 06 810 L09 00L‘T 0€8°1 196 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"€10Z-+661 ‘sioul||] ‘Ayunog 3009
‘walsAg ue|d JloAlasay pue |auun] ‘walsAg saule|d saq Jaddn ‘G—AAIA 118m Bulioyuow wouy sajdwes ul saiuadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  "goL—L 31qelL



169

Appendix 1

00T 00T 00T 00T 61 00T 00T SUOT}0919p JUIIdJ
Ni{Qibkikly]
L11 911 LTI LIT [44 LT LT JO JaquinN
sodwes
L11 911 LTI LT1 LTI LTI LTI JO JoqunN
UOIIBLIBA
Y1°0 91°0 Iro 1o L9909 I€0 0T0 RIELSIG)IIEVe)
9L ¥S 2500 Ly S% 854 L'L UOLRIASP plepue)S
anfea
S¢S 8C¢ 870 Y6¢ SL-L9 CI8 8¢ ueour dNOWILIY
anjeA
¥S (443 8Y°0 °6¢€ 960 9L 8¢ UBaW JLNOUWO0dD)
4\ S 1€0 (044 [> 8I¢C Sl QnJeA WnwiutA
9 Ly 290 CLS (11374 Y0€1 €6 anfeA WNWIXBA
(umeq (1au1 i
obeayy (foge9 se oot (1913wRU3d
ok (1am) sad (1am) sad Joul 1ad 1ad syun 1ad (1am) sad
jo i) swelbijjiw) swielbijjiw) u._ Buiuuioy soywoioiw)  swelbijjiw)
wo.j 193}) sweibijjiwu)
ajeyng eluowwy Auojo9) Ayanonpuos apuojy)
23] 19)em ssaupley
punoag wioj1jod [CRIDEETE]
P [REN|

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

'€10Z-¥661 ‘stoul|| ‘AunoJ 3009

‘walsAg ue|d JloAlasay pue |auun] ‘walsAg saule|d saq Jaddn ‘g—pAIA 118m Bulioyuow wouy sajdwes ul saiadold [eaisAyd pue sajAjeue Joj sonsnels Alewwns  poL-L 31qelL



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

170

001 001 08 001 001 001 001 001 L1 001 001 SUONI2IOP JUAIId]
SUOI}OP
98 98 69 98 98 98 98 98 ST 98 98 Jo requnN
sodwes
98 98 98 98 98 98 98 98 98 98 98 Jo IequnN
UoneLIRA
wo 9800 §80 01°0 y1°0 ¥0°0 €10 6800 6'S 620 o RARUSINENS)
$9 €1 €1 68 S¢S 0€°0 9900 LYy £r8 0S¢ 08 UONBIASD piepue)§
anfea
91 8VI Sl (4%} [4\i% S'L 050 8¢S il Ge8 9¢ UBaW dnouwLIy
anjeA
Sl L'yl 4! 876 €6¢ SL 6v'0 9ts €1 yI8 53 Ueaul JLatoa)
S 86 ¥'0 1454 (43 89 0€°0 SLE [> 1233 1T onJeA WNWIUTA
L9 081 L 0TT'1 (494 '8 I [4$% 0009 9¢T'1 66 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"€10Z-+661 ‘sioul||] ‘Ayunog 3009
‘walsAg ue|d JloAlasay pue |auun] ‘walsAg saule|d saq Jaddn ‘/—IA 118m Bulioyuow wouy sajdwes ul saiadold [eaisAyd pue sajAjeue Joj sonsniels Alewwns  'GoL—L 3|qelL



m

Appendix 1

001 001 €6 001 001 001 L9 001 ¢ 001 001 SUONI2IOP JUAIId]
SUOI}OP
S8 S8 6L S8 S8 S8 LS S8 9¢ S8 S8 JO IequinN
sodwes
S8 S8 S8 S8 S8 S8 S8 S8 S8 S8 S8 Jo IequnN
UoInjeLIBA
LS 0~ TLO0 61 070 1€°0 €90°0 PI1-¢1 vTo 6v-LY 8T0 9L°0 JO JUdDLF0D
€T 01 Le 161 6 0S°0 (N0 S8 €Tl 8¢ St UONBIASD piepue)§
anfea
0t~ 14! 61 0LL LOE 08 SLO'0—€LOO 6S¢ 9C—¢C 08 8¢ UBaW dnouwLIy
anjeA
44 Syl ¥l 9SL 98¢ 6L ¥90°0 943 vl 69L IS Ueaul JLatoa)
€9- 001 90 09¢ §T 69 10°0> 06 [> 99¢ 81 onJeA WNWIUTA
61 691 93 9¢5°T 089 6'8 810 0¢s 00L°€ 81¢€°1 433 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyy
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig iy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"€10Z-+661 ‘sioul||] ‘Ayunog 3009
‘walsAg ue|d Jlonlasay pue |auun] ‘walsAg saule|d saq Jaddn ‘g—IA 118m Bulioyuow wouy sajdwes ul saiadold [eaisAyd pue sajAjeue Joj sonsiels Alewwns  'ggL—L ajqel



Hydrogeology and groundwater quality, Tunnel and Reservoir Plan System, Cook County, lil., 1995-2013

172

001 001 86 001 001 001 66 001 L 001 001 SUONI2IOP JUAIID]
SUOI}OAP
06 06 33 06 06 06 68 06 9 06 06 Jo IequinN
sordwres
06 06 06 06 06 06 06 06 06 06 06 Jo JequinN
UonRLIBA
6'1- $90°0 6L0 €10 S1°0 1700 170 ¥60°0 eu 970 970 RARUSINENS)
'8 €60 vl S0l €S (430 LLOO LE eu LOT 6 UoneIAdp prepuels
anfea
v- evl L'l S08 9243 L'L LEO 6¢ BU 008 9¢ ugaw SPIUIPLY
anjeA
¢ eyl Sl 008 e L'L Se0 (433 eu ILL 143 Ueatl OLIotoa)
€L 011 L0 (445 60¢ 89 00> 0S¢ [> 09¢ € onJeA WNWIUTA
14 081 0l 9¢5°T LEL '8 I oY 9 9¢1°1 I8 onfeA WnNwIxXejN
FESTITITILN
(wnieg (1931 1ad (1931 1ad ¢ ! ucw"_ (1938wnuas
obieayy (‘0geg se
o kg (smis|a9g swesbijw)  sweibijjw) (1am) sad (shun (1am) sad 10y 1ed 1ad syun 1ad (1am) sad
woyy 108y) saaibap) uogued spijos sweibijjim)  piepuels)  swesbijjw) sweiiyu) Bujunoy soywoidiw)  sweibijjiw)
aimesadwa)  auebio panjossip ajej|ng Hd eluowwy Auojo9) Aianonpuos  apuojyg
[2A3] 1918M panjossig |elol SSOUpIEH wlojij02 [ERINGETE]
-punoig [Basy

[pazATeur j0u ‘Bu ‘uey) $SI] > JRUOGIRD WNIDED “O)ED)]

"€10Z-+661 ‘sioul||] ‘Ayunog 3009
‘walsAg ue|d Jlonlasay pue |auun] ‘walsAg saule|d saq Jaddn ‘6—IA 118m Bulioyuow wouy sajdwes ul saiadold [eaisAyd pue sajAjeue Joj sonsniels Alewwns  *Z01-L 319elL



Appendix 2 173

Appendix 2. Results of temporal trend analysis of analytes
and physical properties, by well, Tunnel and Reservoir Plan
System, 1995-2013

Each appendix has four Tunnel and Reservoir Plan Systems, each with multiple tables of varing sizes.

Table 2-1to table 2-33. Kendall's tau correlation coefficient with slope estimator for overall trends in analytes and physical
properties, by well, Calumet System, Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 2-34 to table 2-73. Kendall's tau correlation coefficient with slope estimator for overall trends in analytes and physical
properties, by well, Des Plaines System, Tunnel and Reservoir Plan System, Cook County, Illinois.

Table 2-74 to table 2-97. Kendall's tau correlation coefficient with slope estimator for overall trends in analytes and physical
properties, by well, Mainstream System, Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 2-98 to table 2-106. Kendall’s tau correlation coefficient with slope estimator for overall trends in analytes and physical
properties, by well, Upper Des Plaines System, Tunnel and Reservoir Plan system, Cook County, Illinois.
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Appendix 3. Seasonality of analytes and physical properties,
by well, Tunnel and Reservoir Plan System, 1995-2013

Each appendix has four Tunnel and Reservoir Plan Systems, each with multiple tables of varing sizes.

Table 3—1to table 3-33. Seasonality of analytes and physical properties in samples from wells, Calumet System,
Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 3-34 to table 3-73. Seasonality of analytes and physical properties in samples from wells, Des Plaines System,
Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 3-74 to table 3-97. Seasonality of analytes and physical properties in samples from wells, Mainstream System,
Tunnel and Reservoir Plan System, Cook County, Illinois.

Table 3-98 to table 3-106. Seasonality of analytes and physical properties in samples from wells, Upper Des Plaines System,
Tunnel and Reservoir Plan System, Cook County, lllinois.
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Appendix 4

Appendix 4. Analyte and physical property correlations,
by well, Tunnel and Reservoir Plan System, 1995-2013

y2]

Each appendix has four Tunnel and Reservoir Plan Systems, each with multiple tables of varing sizes.

Table 4-1to table 4-33. Kendall's tau-b correlation coefficient for analytes and physical properties, by well,
Calumet System, Tunnel and Reservoir Plan System, Cook County, lllinois.

Tahle 4-34 to table 4-73. Kendall's tau-b correlation coefficient for analytes and physical properties, by well,
Des Plaines System, Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 4-74 to table 4-97. Kendall's tau-b correlation coefficient for analytes and physical properties, by wells,
Mainstream System, Tunnel and Reservoir Plan System, Cook County, lllinois.

Table 4-98 to table 4-106. Kendall’s tau-b correlation coefficient for analytes and physical properties, by wells,
Upper Des Plaines System, Tunnel and Reservoir Plan System, Cook County, lllinois.
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