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This technical memorandum evaluates the shallow groundwater conditions at Naval Station
Great Lakes (NSGL) with respect to the lllinois Environmental Protection Agency (lllinois EPA)
classification of potable groundwater. Shallow groundwater at NSGL refers to groundwater
contained in Quaternary sediments of glacial and post-glacial origin overlying the Silurian
bedrock within the facility boundaries of NSGL and situated on the level plain atop the bluff west
of the shoreline along Lake Michigan at elevations of approximately 650 feet or higher.
Groundwater in thé State of lllinois is classified as Class |: Potable Resource Groundwater,
unless there is reason for reclassification. Information gathered during environmental
investigations at NSGL has called into question the classification of shallow groundwater as

Class I.
1.0 FACILITY DESCRIPTION

NSGL is located in Great Lakes, Lake County, lllinois, along the shore of Lake Michigan and
approximately 30 miles north of Chicago (Figure 1). It is bounded on the north by the City of
North Chicago, on the south by the Veterans Administration Hospital and Shore Acres Golf
Course and Country Club, on the east by Lake Michigan, and on the west by U.S. Route 41
(Skokie Highway). The activities at NSGL support Naval training and consist of the Recruit
Training Command, Training Support Center, and Naval Facilities Engineering Command
Midwest.

2.0 REGULATORY FRAMEWORK

Groundwater in the State of lllinois is designated as one of four classifications: Class I: Potable
Resource Groundwater, Class Il: General Resource Groundwater, Class lll: Special Resource
Groundwater, or Class IV: Other Groundwater. The lilinois Groundwater Protection Act (Title
35, Subtitle F, Chapter |, Part 620, Subpart B, Section 620.210) defines Class |: Potable

Resource Groundwater as:
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“a) Groundwater located 10 feet or more below the land surface and within:

1) The minimum setback zone of a well which serves as a potable water supply and to
the bottom of such well;

2) Unconsolidated sand, gravel or sand and gravel which is 5 feet or more in thickness
and that contains 12 percent or less of fines (i.e. fines which pass through a No. 200
sieve tested according to ASTM Standard Practice D2488-84, incorporated by

reference at Section 620.125);

3) Sandstone which is 10 feet or more in thickness, or fractured carbonate which is 15

feet or more in thickness; or

4) Any geologic material which is capable of a:
A) Sustained groundwater yield, from up to a 12 inch borehole, of 150 galions
per day or more from a thickness of 15 feet or less; or
B) Hydraulic conductivity of 1 x 10 cm/sec or greater using one of the following
test methods or its equivalent:
i) Permeameter;
ii) Slug test; or
iii) Pump test.

b) Any groundwater which is determined by the lllinois Pollution Board pursuant to petition

procedures set forth in Section 620.260, to be capable of potable use.”

Class II: General Resource Groundwater (Section 620.220) refers to groundwater that does not
meet the provisions of Class |, 1l (Section 620.230), or IV (Section 620.240) and is found by the
lllinois Pollution Control Board to be capable of agricultural, industrial, recreational, or other
beneficial uses. (Class lll: Special Resource Groundwater is groundwater determined by the
llinois Pollution Control Board to be demonstrably unique and suitable for application of a water
quality standard more stringent than the otherwise applicable water quality standard or vital for a
particularly sensitive ecological system, or contributes to a nature preserve dedicated pursuant

to the lllinois Natural Areas Preservation Act. Class |V: Other Groundwater is groundwater:
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a) Within a zone of attenuation as provided in 35 lllinois Administrative Code (IAC) 811 and
814,

b) Within a point of compliance as provided in 35 IAC 724;

¢) That naturally contains more than 10,000 milligrams per liter of total dissolved solids;

d) Which has been designated by the lllinois Pollution Control Board as an exempt aquifer
pursuant to 35 IAC 730.104;

e) Which underlies a potential primary or secondary source, in which contaminants may be
present from a release; |

f) Which underlies a coal mine refuse disposal area not contained within an area from
which overburden has been removed, a coal combustion waste disposal area at a
surface coal mine, or an impoundment that contains sludge, slurry, or precipitated
process material at a coal preparation plant, in which contaminants may be present; or

g) Within a previously mined area.)

Unless otherwise proven not to meet the requirements set forth in the lllinois Groundwater
Protection Act, all groundwater in the State of lllinois is considered Class I. The shallow
groundwater at NSGL (with the exception of one area classified as Class Il as discussed below)

is considered to be Class I.

Former waste sites at NSGL have been identified and are or have been investigated and
remediated under the Department of the Navy’s Installation Restoration Program. The
comprehensive environmental investigation and cleanup program at NSGL is being conducted
under the authority of the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) of 1980 and the Superfund Amendments and Reauthorization Act
(SARA) of 1986. Sites identified at NSGL -that are currently or have previously been
investigated and which are discussed in this evaluation are shown on Figure 1. The lead

regulatory agency overseeing cleanup activities at NSGL is the lllinois EPA.
3.0 GEOLOGY AND HYDROGEOLOGY
Several studies have characterized the shallow hydrogeology of the area north of Chicago,

which includes NSGL.. In addition, multiple subsurface investigations have been performed at
NSGL, providing information on the geology and hydrogeology at the facility. A summary of the
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geologic and hydrogeologic conditions of the NSGL area, along with facility-specific conditions,

is provided in the following subsections.
3.1 GEOLOGY

The main portion of NSGL is situated on level plain at an elevation of approximately 650 feet
atop a steep bluff that rises 70 feet above the beach along Lake Michigan (Figure 2). NSGL lies
within the Wheaton Morainal Country subsection of the Great Lake Section of the Central
Lowland Physiographic Province of lllinois. = The Wheaton Morainal Country subsection is
characterized by hilly topography, broad parallel morainic ridges, lakes, and swamps (Suter et
al., 1959).

NSGL lies within the Lake Border Morainic System, with the Highland Park Moraine trending
north-northwest through the western portion of NSGL. (Green Bay Road generally follows the
ridge of the Highland Park Moraine.) The surficial geology of the NSGL area consists primarily
of glacial and post-glacial sediments overlying Silurian-age bedrock. Sediment thicknesses
range from 120 to 230 feet. The surficial geology in the area of NSGL is mapped mainly as the
Wadsworth Formation, with north-northwest trending bands, 100 to 300 feet wide, of the
Equality Formation (Figure 2). The Wadsworth Formation is described as a diamicton of silty
clay loam to silty clay with occasional cobbles and boulders. Lenses of saturated silt and very
fine sand may be present. The Wadsworth Formation was formed by subglacial and ice
marginal sediments (till) that were deposited from glacial ice. The bands of the Equality
Formation occur as thin layers overlying the Wadsworth Formation. The Equality Formation is
described as massive to bedded silt, clay, and sand and is interpreted as being deposited by
glacial and post-glacial proglacial lakes that infilled low-lying areas or depressions in drainage
channels and where water was impounded behind moraines (Barnhardt, 2010).

A technical memorandum for the remedial investigation (RIl) verification step (NEESA, 1991)
described the till at NSGL as (underlining added):

“In general, the till at NTC Great Lakes is highly clayey with thin - often less than

2 feet thick - irreqular lenses of sand and silty sand occurring over limited areas.

These small lenses or pockets of sandy material may have been placed during

minor changes in the movement of the ice sheet (i.e., a brief thaw producing
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3.2

Water wells for domestic, industrial, or municipal use in northeastern lllinois typically draw from
the uppermost Silurian-age dolomite, but locally wells have been completed in sand and gravel
units immediately above bedrock or in the bedrock (Woller and Gibb, 1976).
thin, discontinuous stringers of sand within the till offer the poorest potential for groundwater
use, due to the low hydraulic conductivity of the till and the absence of widespread sand and
gravel beds (Bergstrom et al, 1955). A geologic report by the lllinois Geological Survey for
potential groundwater possibilities for a site adjacent to and in the vicinity of NSGL (lilinois State

some fluvial deposition) or as a result of variations in the ice sheet itself (such as
a small crevasse resulting in deposition of coarser material). Regardiess of the
source of these coarser deposits, the significance of their presence is that they

[sand lenses] are discontinuous and have only limited areal extent.”

GROUNDWATER USE

Geological Survey, 1950) reported (underlining added) the following:

3.3

The geologic and hydrogeologic information summarized in the following subsections was

obtained from multiple investigations conducted in support of environmental and non-

“The limestone bedrock SE %, SE % of Secftion] 5 is mantled with
unconsolidated glacial drift. Depth to the bedrock in this immediate area could
be expected to range from about 135 to 155 feet, with the greater drift
thicknesses occurring beneath the extreme east portion of Secltion] 5. The drift

mantle is composed principally of silt and pebbly clay of insufficient permeability

to allow free groundwater movement. Although water-bearing sands do occur

within the drift mantle in this area, these deposits are not abundant nor extensive

enough here to be considered highly favorable sources of groundwater. The

unconsolidated sand and gravel deposits which are encountered in test borings
in the North Chicago area are generally discovered in the basal portion of the
drift within 10 to 35 feet of the bedrock surface.”

FACILITY-SPECIFIC HYDROGEOLOGY

environmental engineering projects at NSGL.
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3.3.1 Facility-Wide Information

Facility-wide studies and plans have discussed the hydrogeology of and groundwater use within
NSGL. The Initial Assessment Study (Rodgers, Golden, and Halpern, 1986) for NSGL
described the clayey and very low permeability unconsolidated material at NSGL as follows:

“Unconsolidated glacial tills blanket Lake County...Naval Station Great Lakes
falls within both the Lake Border and Zion City moraine systems...These glacial
moraine systems are composed of Wadsworth till, which constitutes the largest

volume of surficial deposits overlying the bedrock.”

“The Wadsworth till ranges from approximately 170 to 210 feet in thickness
overlying the Silurian limestone bedrock. This till is an unsorted mixture of sand,
silt, and clay imbedded with pebbles, cobbles, and boulders. Interstices between
the coarser-grained sediments are typically filled with fine, clay-sized particles.
Consequently, the till can be practically impermeable to water. Hydraulic
conductivities for clayey tills may be 10 to the minus 12 centimeters per second
(cm/sec), meaning that water may only migrate 10 meters through the till in
10,000 years (Freeze and Cherry, 1979).”

“Although till is the dominant type of glacial deposit in the Naval Station Great
Lakes area, well logs show localized sorted volumes of discontinuous sand
stringers and lenses throughout the till. The till has been further subdivided into
clayey and sandy phases according to the size of the dominant particles.
Because clay comprises up to 70 percent of the till at Naval Station Great Lakes,

the clayey phase dominates in the local area.”

The Community Relations Plan for NSGL (PWC/EFA Environmental Office, 1996) describes
potential use of groundwater at NSGL as follows:

“Groundwater occurs throughout the till [Wadsworth] but the till yields very little
water and does not constitute an aquifer. The discontinuous lenses and strands
of sandy materials are potential sources of groundwater. However, due to their

limited extent and irregular nature, the quantity of water available from these
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deposits is limited and there is no indication that they provide more than minor
water supplies. Most wells in the area tap bedrock as the source of groundwater.
The source of drinking water for NTC Great Lakes is Lake Michigan.
Groundwater is not used as a drinking water source at NTC Great Lakes. In
general, the potential for contaminant migrations in the till is very low because of

the low hydraulic conductivity and rate of groundwater flow.”
3.3.2 Site-Specific Information

Multiple individual site in\'/estigations have been conducted as part of the environmental
investigation and cleanup program at NSGL. Figure 1 presents the environmental sites within
NSGL. As part of these investigations, soil borings have been advanced and monitoring wells
have been installed to collect soil and groundwater samples for laboratory analysis to
characterize the soil and groundwater at potentially contaminated sites. In addition, in-situ
hydraulic conductivity tests (i.e., slug tests) have typically been conducted in monitoring wells
during Rls to estimate bulk hydraulic conductivity. Among the environmental sites investigated
include Sites 1 (Golf Course Landfill), 2 (Forrestal Landfill), 3 (Supplyside Landfill), 4 (Fire-
Fighting Training Unit), 5 (Transformer Storage Boneyard), 7 (RTC Silk Screening Shop), 9
(Camp Moffett Ravine Fill Area), 19 (Former Small Arms Range‘910), 21 (Building 1517/1506
Area), and 22 (Building 105 — Old Dry Cleaning Facility) and the former gasoline station site at
Building 1600A. In addition, a study was conducted in 1990 to evaluate groundwater conditions
and its effect on steam manholes and lines. The areas investigated under this study were

identified as Mainside, Forrestal Village, and Halsey Village.

A brief description of the hydrogeologic conditions at these sites follows. The descriptions
provide information related to the requirements of Title 35, Subtitle F, Chapter I, Part 620,
Subpart B, Section 620.210 (2) and (4). Table 1 summarizes the hydraulic conductivity values
for sites at NSGL.

Site 1 — Golf Course Landfill

Site 1 is located in the northwestern part of the NSGL (Figures 1 and 3). For the Rl (Tetra Tech
NUS, 2008a), 103 borings were advanced throughout Site 1, to depths ranging from 8 to 40 feet

below ground surface (bgs). Monitoring wells were installed in 14 borings, of which 10 were

7 CTO F273



permanent installations and four were temporary. Soil boring logs at Site 1 indicated that
shallow subsurface lithology to a depth of 40 feet consists predominately of brown silty clay
grading to blue-gray clay with infrequent sand and gravel layers. Seven of 10 permanent wells
at Site 1 had slug tests performed in them (NTCO1MWOT1, NTCO1MW02, NTCO1MWO04,
NTCO1MWO05, NTCO1MWO7, NTCO1MWO08, and NTCO1MW10).

Of the 103 soil borings advanced as part of the R, only one well (NTCO1MW10) had a zone of 5

feet or more of unconsolidated sand below 10 feet bgs.

For seven soil samples from Site 1, the percentages of material passing the No. 200 sieve
ranged from 24.5 to 85.5. The Unified Soil Classification System descriptions of these soils
ranged from SC (clayey sand) to CL (silty clay).

The geometric mean of hydraulic conductivities for Site 1 was 3.74 x 10™* cm/sec; however, the
geometric mean of hydraulic conductivity values is not considered representative of the entire
130-acre site. Of the 103 soil borings advanced as part of the Rl, 33 borings were observed to
be dry. Wells installed as part of the Rl were installed in borings with observed saturated zones,
primarily within shallow, thin sand stringers with average thicknesses of 2 feet. These sand
stringers were observed to be laterally discontinuous. In addition, three wells (NTCO1MWO1,
NTCO1MWO05, and NTCO1MWO08) had shallow screens (installed at 15 feet bgs or less) and
sand zones at or shallower than 10 feet bgs. Overall, the geometric mean hydraulic conductivity
value for Site 1 is skewed toward the sand zones of higher permeability, which are generally

thin and discontinuous, and does not represent the overall overburden thickness.

The Site 1 Rl repofted that “The shallow aquifer ranges from 0.5 to 40 feet bgs [below ground
surface] and is composed primarily of unconsolidated silty clays to clays and minor silts with
discontinuous sand and gravel lenses interspersed throughout...In general, the water table
within these heterogeneous deposits is shallow and was typically encountered at depths ranging
from 1 to 17 feet bgs at the site. Groundwater can be expected to migrate laterally through the
more permeable materials present within the silty clays and clays. At many soil boring
locations, even locations reaching 40 feet bgs, no water was encountered even when sand and
gravel lenses were encountered. Additionally, many soil borings did not contain sand and
gravel lenses and were subsequently dry. Therefore, the shallow water table aquifer is

assumed to be discontinuous across the site.”
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Site 2 - Forrestal Landfill

Site 2 is located in the southwestern part of the NSGL (Figures 1 and 3). Six borings were
. drilled in May 2006 for monitoring well installation for long-term monitoring at the site. The wells
were installed to depths of 50 feet bgs with 40-foot screens (TolTest, 2007). Three wells at Site
2 had slug tests performed in them (Tetra Tech NUS, 2008b).

Soil borings at Forrestal Landfill noted predominately clay and silt. None of the wells had 5 feet
or greater thicknesses of unconsolidated sand or gravel below 10 feet bgs. Zones of moisture
(moist to wet) were noted at varying depths in the borings, indicating discontinuous saturated

zZones.

The geometric mean hydraulic conductivity value for Site 2 was 1.08 x 10° cm/sec, less than
the requirements for a Class | Groundwater. None of the wells at Site 2 had a hydraulic
conductivity greater than 1 x 10 cm/sec; the maximum hydraulic conductivity was 6.87 x 10°

cm/sec.

Site 3 — Supplyside Landfill

Site 3 is located in the southwestern part of the NSGL, south of Site 2 (Figures 1 and 3). Six
borings were drilled and six monitoring wells were installed in May 2006 for long-term
monitoring at the site. The wells were installed to a depth of 50 feet bgs with 40-foot screens
(TolTest, 2007). ‘

The material encountered in the borings at Supplyside Landfill was similar to material
encountered at Forrestal Landfill, predominantly clay and éilt. The soil borings indicate that five
of the wells had no unconsolidated sand or gravel greater than 5 feet in thickness below 10 feet
bgs. In one well boring, SL-05, silty sand was noted from 15 to 20 feet bgs; however, because
soil cuttings only were logged during drilling of well borings the actual thickness of the sand is

not considered accurate.

Slug tests were performed in three of the six wells at Site 3. The geometric mean hydraulic

conductivity value at Site 3 was 8.16 x 10 cm/sec. One well (SL-02) reportedly yielded no
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water after two days, qualifying it as a “dry” well (TolTest, 2007). During long-term monitoring
by Tetra Tech, there was standing water in SL-02, but the-yields were low during purging for
sampling. Purge rates were 100 milliliters per minute or less, and water level drops during
purging were generally equivalent to the volume of water purged indicating the yield from these

wells was quite low.

Site 4 — Fire Fighting Training Unit

Site 4 is located within Site 1, located in the northwestern part of the NSGL (Figures 1 and 3).
Twenty-one monitoring wells were installed. Seventeen wells were installed to depths of 16 feet
bgs or less, and four wells were installed to depths between 33 to 47 feet bgs as part of the RI
at Site 4 (Belinger Consultants, 1998).

The material encountered in the borings was sandy fill to depths of 8 to 16 feet, depending on
location. Below the fill material, diamicton (Wadsworth Formation) was identified. Cone
penetrometer tests (CPTs) were conducted to depths of 50 to 75 feet bgs at Site 4. CPTs
results indicated sandy fill material to an average depth of approximately 15 feet, underlain by
hard clay till or diamicton (Wadsworth Formation). Sand layers or sandy silt layers were
observed between 33 and 47 feet, with diamicton below from 45 feet to 70 feet bgs.
(Information was not provided in the Rl Report regarding the thicknesses of the sand or sandy
silt layers.) Most of the CPTs encountered refusal at approximately 70 to 75 feet on a hard
gravel unit overlying bedrock. The Site 4 RI repott stated, “The diamicton units are relatively

impermeable.”

Grain size analysis was performed for seven soil samples from Site 4. Of the seven samples,
three samples were from approximately 10 feet bgs or less and are excluded from this .
evaluation. The remaining four samples were collected from the diamicton unit, the sandy
layers at 37 to 44 feet, or the interface between the diamicton and sandy layers. The
percentages of material in the samples passing the No. 200 sieve ranged from 13.5 to 95.8.
The Unified Soil Classification System descriptions of these soils ranged from CL (clayey sand)
to SM (silty sand).

Slug tests were performed in two of the shallows wells at Site 4, and the geometric mean

hydraulic conductivity value at Site 4 was 5.25 x 10° cm/sec. However, the two wells in which
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slug tests were performed had 10-foot screens placed in fill material, at total depths of 12 and
16 feet bgs. Therefore, the hydraulic conductivity for Site 4 is not considered representative of
the material below 10 feet and was not included in calculation of the facility-wide geometric

mean in Table 1.

Site 5 — Transformer Storage Boneyard

Site 5 is located in the north-central portion of NSGL (Figures 1 and 3). Twenty-four borings
were drilled at Site 5 to depths ranging from 10 to 40 feet, of which five were converted to

permanent monitoring wells (Tetra Tech, 2013b).

The shallow subsurface lithology at Site 5 below 10 feet bgs was described as a fat clay to at
least 40 feet bgs. Thin, discontinuous sand seams of less than 1 foot were observed in two
borings.

Slug tests were performed in four monitoring wells at Site 5: NTCO5MWO01, NTCO5MWO03,
NTCO7MW04, and NTCO7MWO05. The geometric mean of hydraulic conductivity at Site 5 was

9.77 x 10* cm/sec.

Site 7 — RTC Silk Screening Shop

Site 7 is located in the central portion of NSGL (Figures 1 and 3). Seventeen borings were
drilled within Site 7 ranging from 8 to 24 feet bgs, of which eight were converted to permanent
monitoring wells (Tetra Tech NUS, 2003). One well was dry after installation (NTCO7MW04)

and was abandoned.

The shallow subsurface lithology at Site 7 was described as a heterogeneous mixture of sandy
clays, gravelly clays, and silty clays with discontinuous sand stringers to a depth of 24 feet bgs.
None of the borings identified sand or gravel zones greater than 5 feet thick below 10 feet bgs;
clay with varying amounts of silt and sand (i.e., diamicton) was encountered below 10 feet bgs.
Grain size analysis of three soil samples indicated that 62.3 to 83.9 percent of material passed
the No. 200 sieve. The Unified Soil Classification System (USCS) descriptions of these soils
ranged from ML (sandy silt) to CL (silty clay). However, the samples for grain size analysis
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were from shallow intervals of 1 to 12 feet bgs and therefore mainly represent soil from depths

less than 10 feet.
Six monitoring wells at Site 7 had slug tests performed in them (NTCO7MWO01, NTCO7MWO02,
NTCO7MWO05, NTCO7MWO06, NTCO7MW(Q7, and NTCO7MW(08). The geometric mean hydraulic

conductivity value at Site 7 was 8.19 x 10”° cm/sec.

Site 9 — Camp Moffett Ravine Fill Area

Site 9 is located in the north-central portion of NSGL (Figures 1 and 3). As part of the Rl for Site
9, 21 soil borings were drilled to depths ranging from 8 to 20 feet bgs (Tetra Tech, 2013a).
Eight monitoring wells were installed as part of the RI. Generally, sandy'fill material was
encountered to depths of 3 to 8 feet bgs and was underlain by diamicton (silt and clay). Sand fill -
with some debris was encountered in one boring to 18 feet bgs. Sandy layers below 10 feet bgs
were encountered in nine borings and were typically 1 to 3 feet thick. One boring (NTC09SB14)
had a 6-foot-thick sand layer at 13 to 19 feet bgs. The sand layers at Site 9 were laterally

discontinuous.
Two soil samples from depths below 10 feet were analyzed for grain size, and 55 and 56
percent of the material passed the No. 200 sieve. The USCS descriptions of these soils ranged

from SM (silty sand) to SM/SC (silty/clayey sand).

Slug tests were performed in four monitoring wells at Site 9. The geometric mean hydraulic

conductivity value for Site 9 was 4.10 x 10 cm/sec, slightly greater than 1 x 10 cm/sec.

Site 19 — Former Small Arms Range 910

Site 19 is located in the south-central area of NSGL (Figures 1 and 3). Twenty soil borings were
drilled for the RI at Site 19 to depths ranging from 12 to 40 feet bgs. The shallow subsurface
lithology to 40 feet bgs was predominantly silty clay grading to clay with occasional
discontinuous lenses of gravel, sand, or silt (Tetra Tech NUS, 2010). Sand was observed in two
borings (NTC19SB06 and NTC19SB07) from approximately 3 feet bgs to the total depth of the
borings (12 feet bgs). Sand lenses at least 5 feet thick were observed in three other borings,
but the sand was shallower than 10 feet bgs.
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Grain size analysis was performed for three soil samples; however, the samples were from

depths shallower than 10 feet bgs and are not considered for this evaluation.

Six monitoring wells were proposed at Site 19; however, after placing temporary wells at seven
locations to depths up to 40 feet bgs, only two wells produced water after two days. Dense clay
was observed in the other well borings to depths of 30 to 40 feet bgs.

Hydraulic conductivity was measured at well NTC19MWO01. The other well was not tested for its
hydraulic conductivity because it went dry during well development. The hydraulic conduétivity
of NTC19MWO1 was 6.31 x 10 cm/sec. Although the hydraulic conductivity of NTC19MWO01 is
slightly greater than 1 x 10™ cm/sec, the five other borings proposed for well installation did not
produce groundwater, indicating that the mean bulk hydraulic conductivity of Site 19 is lower
than that measured in NTC19MWO1.

Site 21 - BuiIdin»g 1517/1506 Area

Site 21 is located in the north-central part of NSGL (Figures 1 and 3). Twenty-two soil borings
were drilied at Site 21, to depths ranging from 4 to 28 feet bgs (Tetra Tech, 2012a). Six of the
borings were converted to monitoring wells. With the exception of the southwestern portion of
Site 21, most of Site 21 has a layer of fill material below the asphalt/grassy top to a depth of 1 to
5 feet bgs. Typically, the fill is a sand, gravelly sand, and/or silty sand with areas of coal, ash,
slag, brick fragments, etc. Below the fill material is a natural clay/silt unit (diamicton) observed

to at least 28 feet bgs.

Grain size analysis was performed for one soil sample from Site 21; however, the sample was

from a depth shallower than 10 feet bgs and therefore is not considered for this evaluation.
Slug tests were performed in four wells at Site 21: NTC21MWO01, NTC21MW02, NTC21MWQ5,

and NTC21MWO06. The geometric mean hydraulic conductivity value at Site 21 is 2.73 x 10

cm/sec.
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Site 22 — Old Dry Cleaner Facility

Site 22 is located in the northeastern portion of NSGL (Figures 1 and 3). Twenty soil borings
were drilled at Site 22 to depths ranging from 12 to 50 feet bgs. Thirteen of the borings were
converted to monitoring wells. The shallow subsurface lithology consists of up to approximately
5 feet of fill material underlain by a heterogeneous mixture of sandy clays, gravelly clays, and
silty clays with discontinuous silt and sand stringers to a depth of 30 feet bgs. A fine- to coarse-
grained sand layer is present between 28 to 40 feet bgs, varying in thickness from 6 to 8 feet.
This layer appears laterally extensive across much of the site. Four wells (NTC22MW06S,
NTC22MWO06D, NTC22MW 108, and NTC22MW10D) are screened within this zone. Below the
sand layer is clay and silty clay to at least 50 feet bgs (Tetra Tech NUS, 2004).

Six soil samples from depths below 10 feet were analyzed for grain size, with 24.5 to 87.9
percent of the material passing the No. 200 sieve. The USCS descriptions of these soils ranged
from SM (silty sand) to CL (clay).

Slug tests were performed on nine wells at Site 22 (NTC22MWO01S, NTC22MWO02S,
NTC22MW03S, NTC22MWO05S, NTC22MWOQ7S, NTC22MWOQ7D, NTC22MW08S,
NTC22MW10S, and NTC22MW10D). The geometric mean hydraulic conductivity value at Site
22 was 2.13 x 10” cm/sec. Two wells (NTC22MW10S and NTC22MW10D) had hydraulic
conductivities of 1.63 x 10? and 4.46 x 10?2 cm/sec, respectively. These wells were screened

within the sand zone between 32 and 40 feet bgs.

Mainside, Forrestal Village, and Halsey Village

Mainside, Forrestal Village, and Halsey Village are three of the eight subareas of NSGL,
designated in the Underground Water Table Investigation and Study (RJN Environmental
Associates, 1990). Their general locations are coincident with piezometers P-82 and P-85
(Mainside), P-91 (Forrestal Village), and P-72 (Halsey Village) on Figure 3. These areas are not
environmental sites but rather developed areas of NSGL, encompassing several hundred acres.
The piezometers identified were selected for inclusion in this evaluation because: (1) the depths
of the piezometers were greater than 10 feet and (2) they provide better spatial coverage across
NSGL. The piezometers in the Mainside area were advanced to 13 feet (P-82), 12.5 feet (P-
85), and 20 feet (P-88) bgs. The piézometers installed in Halsey Village (P-72) and Forrestal
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Village (P-91) were installed to 13 and 20 feet bgs, respectively. In the Mainside, silty clay was
encountered at locations P-82 and P-85; sand was encountered in the bottom 2.5 feet of P-82.
Sand with silt was encountered from 10 feet to the bottom of the boring (20 feet bgs) at P-88. In
Halsey Village, silty clay was encountered to the bottom of the boring. In Forrestal Village, silty
clay was encountered below 10 feet bgs, with two sand and gravel seams less than 1 foot thick
at 10 and 13 feet bgs.

Soil samples from depths below 10 feet from P-82 and P-88 were analyzed for grain size.
Based on the graphs in the report (RJN Environmental Associates, 1990), 23 and 38 percent

respectively, of the material in the samples passed the No. 200 sieve.
Slug tests were performed in the five piezometers. The geometric mean hydraulic conductivity
values were 1.07 x 10°® cm/sec for the Mainside, 2.03 x 107 for Halsey Village, and 2.24 x 10°

for-Forrestal Village.

UST Site 5 — Old Gas Station, Building 1600A

Underground storage tank (UST) Site 5 is located in the north-central portion of NSGL (Figures
1 and 3). In 2009, TolTest, on behalf of NSGL, requested a review by lllinois EPA for a
determination in the reclassification of groundwater at UST Site 5 from Class | to Class I
(LES/TolTest, 2009). In the request, estimated daily yield and slug tests data were presented.
Based on purge data, daily yields were estimated to be between 85 to 114 gallons per day,
which is less than the 150 gallons per day specified in 35 IAC Part 620.210(a)(4)(A) for Class |
groundwater. The average hydraulic conductivity from nine wells at UST Site 5 was calculated
to be 9.14 x 10° cm/sec.

The review concluded that groundwater at UST Site 5 did not meet the definition of Class I
Potable Resource Groundwater. In August 2009, lllinois EPA agreed and approved the
reclassification of groundwater at Site 5 from Class |: Potable Resource Groundwater to Class

II: General Resource Groundwater (lllinois EPA, 2009).
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4.0 POTABLE RESOURCE GROUNDWATER REQUIREMENTS AND GROUNDWATER
AT NSGL

Class |: Potable Resource applies to groundwater located 10 feet or more below the land
surface, as specified under 35 |IAC Part 620.210(a), or any groundwater determined by the
lllinois Pollution Board, pursuant to petition procedures set forth in Section 620.260, to be
capable of potable use, as specified under 35 IAC Part 620.210(b). Groundwater at NSGL has
not been reclassified under 35 IAC Part 620.210(b). The following subsections present an
evaluation of the requirements for potable groundwater under 35 IAC Part 620.210(a) with

respect to shallow groundwater at NSGL.
4.1 35 IAC PART 620.210(a)(1) - SETBACK ZONE

Per 35 IAC Part 620.210(a)(1), Class |: Potable Resource Groundwater is groundwater 10 feet
or more below the land surface and within “The minimum setback zone of a well which serves
as a potable water supply and to the bottom of such well.” Attachment A includes a map of the
NSGL area from the lllinois EPA resource management mapping service (lllinois EPA, 2013).
The closest community supply wells to NSGL (Arden Shores, Strawberry, and Whispering
Lakes) have setback zones of 200 feet. These wells are set in bedrock. No well setback zones
are within the area of NSGL in the map. Therefore, this requirement is not met for shallow

groundwater at NSGL to be classified as Class |.
42  35IAC PART 620.21 0(a)(2) — SAND AND GRAVEL

Per 35 IAC Part 620.210(a)(2), Class I: Potable Resource Groundwater is groundwater 10 feet
or more below the land surface and within “Unconsolidated sand, gravel or sand and gravel
which is 5 feet or more in thickness and that contains 12 percent or less of fines (i.e. fines which
pass through a No. 200 sieve tested according to ASTM Standard Practice D2488-84,
incorporated by reference at Section 620.125).” NSGL is underlain mainly by the Wadsworth
Formation, diamicton consisting of silty clay loam to silty clay with occasional discontinuous
stringers of silt and sand. Portions of NSGL are underlain by the Equality Formation, which is
massive to bedded silt, clay, and sand. Based on lithologic information from borings at NSGL,
subsurface materials below 10 feet bgs are primarily silty clay to clay to depths of at least 70
feet bgs. Below 70 feet is either gravelly till or bedrock. Sand lenses with thicknesses of 5 feet
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or greater have been identified in borings at the facility; however, these sandy zones are
isolated and laterally discontinuous. It is estimated that the 'sand lenses encountered in the
diamicton are on average less than 2 feet thick. Furthermore, grain size analyses indicate that
the percentages of fines passing a No. 200 sieve are greater than 12 percent. Therefore, this

requirement is not met for shallow groundwater at NSGL to be classified as Class I.
43  35IAC PART 620.210(a)(3) — SANDSTONE

Per 35 IAC Part 620.210(a)(3), Class I: Potable Resource Groundwater is groundwater 10 feet
or more below the land surface and within “Sandstone which is 10 feet or more in thickness, or
fractured carbonate which is 15 feet or more in thickness.” The groundwater being evaluated at
NSGL is in Quaternary sediments overlying the Silurian bedrock within the facility boundaries of
NSGL and is situated on the level plain atop the bluff above the beach west of the shoreline
along Lake Michigan at elevations of approximately 650 feet or higher. Therefore, this
requirement is not met for shallow groundwater at NSGL to be classified as Class | potable

resource groundwater.
43 . 351AC PART 620.210(a)(4) — YIELD AND HYDRAULIC CONDUCTIVITY

Per 35 IAC Part 620.210(a)(4), Class I: Potable Resource Groundwater is groundwater 10 feet
or more below the land surface and within “Any geologic material which is capable of a: A)
sustained groundwater yield, from up to a 12 inch borehole, of 150 gallons per day or more from
a thickness of 15 feet or less; or B) hydraulic conductivity of 1 x 10 cm/sec or greater using one
of the following test methods or its equivalent: i) permeameter; ii) slug test; or iii) pump test.”
Yield can be estimated from purging of monitoring wells for groundwater sampling. The
maximum purge rate of monitoring wells at NSGL with minimal sustained drawdown observed
was 360 milliliters per minute. Typically, purge rates are much lower (100 to 200 milliliters per
minute), with drawdown observed. Based on a rate of 360 milliliters per minute, this yield is
equivalent to 137 gallons per day. Therefore, this requirement is not met for shallow

groundwater at NSGL to be classified as Class I.
Table 1 summarizes the hydraulic conductivity measurements for NSGL in wells and

piezometers screened at least 10 feet bgs. The geometric mean hydraulic conductivity values

on a facility-wide basis are 4.94 x 10° cm/sec (mean of site means) to 7.20 x 10° cm/sec (mean
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of individual wells), depending on how the data are considered. Both estimates are less than
1 x 10 cm/sec. Therefore, this requirement is not met for shallow groundwater at NSGL to be
classified as Class I.

5.0 CONCLUSION AND RECOMMENDATION

Based on this evaluation, the groundwater at NSGL does not meet the requirements of 35 IAC
Part 620.210 as Class |I. Additionally, groundwater at NSGL and in the surrounding area is not
considered potable or is already classified as Class Il. The groundwater within the limits of
North Chicago is expressly prohibited from being used by city ordinance (North Chicago Code
of Ordinances, Title 11, Chapter 7, Section 11-7-2 Prohibition) (except for uses in existence
prior to the effective date of the ordinance). Groundwater at UST Site 5 (Old Gas Station
Building 1600A) at NSGL and groundwater at Fort Sheridan, located approximately 5 miles
south of NSGL and situated in similar physiographic, geologic, and hydrogeologic conditions,
have been reclassified as Class || General Resource Groundwater. Therefore, shallow
groundwater in Quaternary sediments overlying Silurian bedrock within NSGL and situdted on
the level plain atop the bluff west of the shoreline along Lake Michigan at elevations of
approxkimately 650 feet or higher should be considered eligible for reclassification as Class II:

General Resource Groundwater. This area is shown in Figure 2.
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TABLE 1

Page 10of 3

SUMMARY OF HYDRAULIC CONDUTIVITY VALUES
NAVAL STATION GREAT LAKES, ILLINOIS

SCREENED INTERVAL

AVERAGE WELL

WELL ID HYDRAULIC CONDUCTIVITY (K)"
(feet bgs)
(feet/day) (cmisec)
SITE 1 - GOLF COURSE LANDFILL
NTCOTMWO1 5-15 1.37E+00 4 84E-04
NTCO1MWO02 29-39 2.53E+00 8.92E-04
NTCO1MWO04 17-27 1.97E-01 6.95E-05
NTCO1MWO05 4-14 2.96E-01 1.05E-04
NTCO1MWO7 28-38 4.14E+00 1.46E-03
NTCO1MWO08 7-17 3.61E-01 1.27E-04
NTCO1MW10 11-21 4,93E+00 1.74E-03
Geometric Mean 1.06E+00 3.73E-04
SITE 2 - FORRESTAL LANDFILL
FL-01 10-50 6.74E-03 2.38E-06
FL-02 10-50 4.81E-03 1.70E-06
FL-04 10-50 1.95E-01 6.87E-05
Geometric Mean 3.06E-02 1.08E-05
SITE 3 - SUPPLYSIDE LANDFILL
SL-01 10-50 3.79E+00 1.34E-03
SL-03 10-50 3.65E-01 1.29E-04
SL-04 10-50 8.95E+00 3.16E-03
Geometric Mean 2.31E+00 8.16E-04
SITE 4 - FIRE FIGHTING TRAINING UNIT
MW-30-98 6-16 8.39E+00%@ 2.96E-03?
MW-41-98 3-12 2.64E+01@ 9.30E-03%?
. Geometric Mean 1.49E+01? 5.25E-03%)
SITE 5 - TRANSFORMER STORAGE BONEYARD
NTCO5MWO1 3.1-13.1 2.75E+00 9.70E-04
NTC05MWO03 4-14 3.26E+00 1.15E-03
NTC05MW04 2.5-12.5 2.60E+00 9.18E-04
NTCO5MWO05 6.5-16.5 2.53E+00 8.91E-04
Geometric Mean 2.77E+00 9.77E-04
SITE 7 - RTC SILK SCREENING SHOP
NTCO7MWO01 9-19 3.98E-01 1.40E-04
NTCO7MWO02 8-18 6.69E-02 2.36E-05
NTCO7MWO05 9.5-19.5 1.93E-03 6.79E-07
NTCO7MWO06 9-19 4.30E+00 1.52E-03
NTCO7MWQ7 7-17 3.49E+00 1.23E-03
NTCO7MW08 8-18 2.04E-01 7.20E-05
. Geometric Mean 2.32E-01 8.19E-05
SITE 9 - CAMP MOFFETT DISPOSAL AREA
NTC9-MwW-01 4-14 4 16E+00 1.47E-03
NTC9-MW-04 12-22 5.44E-01 1.92E-04
NTC9-MW-05 _ 8-18 1.50E+00 5.30E-04
NTC9-MW-08 20-20 5.35E-01 1.89E-04
Geometric Mean 1.16E+00 4.10E-04




SUMMARY OF HYDRAULIC CONDUTIVITY VALUES

TABLE 1

NAVAL STATION GREAT LAKES, ILLINOIS

Page 2 of 3

SCREENED INTERVAL

AVERAGE WELL

WELL ID HYDRAULIC CONDUCTIVITY (K)™
(feet bgs) -
, (feet/day) (cmisec)
SITE 19 - FORMER INDOOR SHOOTING RANGE
NTC19MWO1 | 5.5-15.5 1.79E+00 6.31E-04
Geometric Mean 1.79E+00 6.31E-04
SITE 21 - BUILDING 1517 LANDFILL
NTC21-MW-01 4-14 1.36E+00 4.79E-04
NTC21-MW-02 6-16 4.05E-01 1.43E-04
NTC21-MW-05 3-13 8.14E-01 2.87E-04
NTC21-MW-06 4-14 8.02E-01 2.83E-04
Geometric Mean 7.74E-01 2.73E-04
SITE 22 - OLD DRY CLEANER FACILITY
NTC22MWO01S 10-20 2.48E-03 8.75E-07
NTC22MW02S 10-20 4.05E-01 1.43E-04
NTC22MWO03S 14-24 5.03E-02 1.77E-05
NTC22MW05S 14-24 3.22E+00 1.14E-03
NTC22MWQ7S 10-20 6.28E-02 2.22E-05
NTC22MWO07D 40-50 6.65E-01 2.34E-04
NTC22MW08S 14-24 2.69E-01 9.47E-05
NTC22MW10S 33-35 4.63E+01 1.63E-02
NTC22MW10D 37-40 1.27E+02 4.46E-02
Geometric Mean 6.04E-01 2.13E-04
MAINSIDE
P-82 9.5-12 1.41E-02 4,99E-06
P-85 8.8-12 3.94E-04 1.39E-07
P-88 12-19 4.96E-03 1.75E-06
Geometric Mean 3.02E-03 1.07E-06
FORRESTAL VILLAGE , ,
P-91 | 11-16.7 1.34E-02 4.72E-06
. Geometric Mean 1.34E-02 2.24E-06
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