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1.0 INTRODUCTION

This investigation report for Areas 6A and 7 at the Libertyville Training Site (LTS) in
Vernon Hills, Hlinois has been prepared for submittal to the Base Realignment and Closure
(BRAC) Cleanup Team (BCT). It first summarizes the findings of the July 2001 investigation, and

then discusses the activities and analytical results for the 2002 further investigation at

' Magazines Alpha, Bravo, and Charlie in Area 6A and the combined groundwater investigation of

Areas 6A and 7.

1.1  Objectives
The objectives of the 2002 investigation were to address potential petroleum product and
chlorinated organic solvent (trichloroethylene [TCE], trichloroethane [TCA], and

carbon tetrachloride) contamination in Areas 6A and 7 at the LTS. Specific objectives were to:

. In Area 6A: Determine whether the constituents detected in the subsurface soil and
shallow groundwater surrounding the missile magazines during the July 2001 investigation
were from waterproofing material on the magazine walls or other sources. Soil and
groundwater samples collected from backfill material adjacent to Magazines Bravo and
Charlie in 2001 indicated semivolatile organic compounds (SVOCs) exceeding
Libertyville Screening Levels (LSLs). Based on these results, further investigative
-activities were required to determine whether the LSL exceedances around the exteriors
of Magazines Bravo and Charlie were due to sources other than waterproofing and, if so,

* delineate extent and determine the potential impact to the soil and groundwater adjacent to

Magazine Alpha.

. In Areas 6A and 7: Determine the potential impact to groundwater from chlorinated
solvents and petroleum products associated with the missile assembly building, the acid

neutralization area, and the missile magazines. These were areas where solvent and
I-1 '
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petroleum products were most likely to have been used and possibly disposed at the
NIKE facility.

1.2  Background

Areas 6A and 7 are in the northwest corner of the 164.32-acre LTS, which lies approximately
30 miles north of downtown Chicago (Figure 1-1). With elevations varying from approximately
690 to 705 feet above mean sea level, the LTS property is higher than the surrounding area.
The Navy purchased the LTS in 1945 for use as an auxiliary airfield and training site for
Naval Air Station (NAS) Glenview. In 1954, the LTS was transferred to the Army and was used
as a NIKE missile base until 1963. In 1972, the Navy resumed control of the LTS, intending to
use the site for additional housing to serve NAS Glenview, which was never built. The LTS was
later used for local military and civilian firearms training. From 1971 until the fall of 2000,
the Federal Aviation Administration (FAA) used 6 acres for an aircraft navigational aid facility.
In 1999, the Navy transferred 3.67 acres of the LTS to the FAA for construction of a
new navigational aid facility, which became operational in the fall of 2000. Figure 1-2, a site map
of the LTS, shows the locations of Areas 6A and 7. Figure 1-3 shows the July 2001

sample locations and Area 6A site features.

Area 6A consisted of the C-94 Launch Area, which included NIKE missile storage magazines.
_ The three abandoned underground magazines are identified as Magazines Alpha, Bravo, and
Charlie. During the site’s use by the Army, NIKE missiles were stored in the magazines but were
never deployed. The surface of Area 6A was paved, with a storm water drainage ditch around
the perimeter Qf the magazines. Before redevelopment by the Village of Vernon Hills, most of
the storm water from the LTS flowed to Area 6A via a 48-inch storm drain, from which it was
discharged to Seavey Ditch immediately north of Area 6A. For many years, the Navy has

blocked access to all three magazines to prevent trespassers from entering them. Recently, a
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chain-link fence was erected around Area 6A to further prevent unauthorized access to the site.

Demolition of the magazines began in April 2002.

Prior to this investigation, Area 6A was evaluated during the original Gray Sites Investigation and
the Gray Sites Addendum Investigation. During all previous phases of investigation,
Magazine Alpha was empty of water and accessible for entry, inspection, and sampling. Until
June 2001, Magazines Bravo and Charlie were filled with water and inaccessible. In June 2001,
under a license from the Navy, the Village of Vernon Hills pumped most of the water out. During
pumping, evidence of petroleum product was identified in the last 2 to 3 feet of water in each
magazine. The Village ceased the pumping operations and the Navy returned to the site to address

the newly identified environmental issues.

Until recently Area 7 was open space with scattered brush and trees bordered on the north by the
fence and property line and on the south, east, and west by other portions of the LTS.
Several sites in Area 7 were assessed during the 'original Gray Sites Investigation. Detected
constituents at most of the sites were below the LSLs and no further action was required.
Two sites in Area 7, the Missile Assembly building site and the Gray Denuded Area, required
further investigation. These two sites were separated from the rest of Area 7 and designated as
Area 7A. Further investigation of Area 7A resulted in non-time-critical removal actions, during

which contaminated soil was removed and disposed of offsite.

As a result of investigations at other former NIKE sites in Illinois and Ohio, the
Illinois Environmental Protection Agency (IEPA) was concerned about possible chlorinated solvent
contamination in groundwater at the LTS. Areas where solvents were most likely to have been
used at NIKE missile facilities were the missile assembly building, the acid neutralization area,
and the missile magazines. The missile assembly building and acid neutralization area are within
the original boundaries of Area 7. To address the chlorinated solvent concerns, the Navy

investigated groundwater in both Areas 6A and 7.

1-6
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2.0 INVESTIGATION METHODOLOGY ' , _
The speciﬁc methods- used for'the investigation of the NIKE missile magazines are discussed in the
followmg subsections. The samplmg procedures and analytlcal methods used are detalled in the

Comprehenszve Qualzty Assurance Project Plan (CQAPP) (E&E, 1994), Techmcal Memorandum ,

" No. 20, the Supplemental QuaIztyAssurance Project Plan (SQAPP) (EnSafe 2001) and theAreas 64 . B

and 7 Further Investigation Work Plan (EnSafe, 2002). The Area 6A mvestlgatlon was performed to
determine whether the polynuclear aromatic hydrocarbons (PAHs) detected in native soil' and fill
material along the exterior po_rtlonsvof Magazines Bravo and Charlie was due to waterproofing
material on the magazine walls. The combined Areas 6A and 7 groundwater"ihvestigation wés
performed to determine the potentnal 1mpact to groundwater from chlorinated solvents and petroleum

products associated with the mlssﬂe assembly bulldmg, the acid neutrallzat1on area, and the mlssﬂe

magazines.

During the July 2001 mvestlgatlon a number of PAHs detected in soil exceeded their LSLs on each

side of Magazine Bravo and on the east and west s1des of Magazine Charlie. The sample locatlons B

from. the 2001 investigation are shown on Figure-1-3. The first sampling phase of thls soil
investigation focused on the areas at Magazines Bravo and Charlie where LSL exceedances occurred
- in July 2001. Suhs,equent phases targeted soil south of Magazine Bravo and soil and groundwater "

around Magazine Alpha.

Soil borings Were advanced using hollow-stem augers, and samples were collected using 2-and 3-inch .

outer-dlameter 24-inch spllt-spoon samplers Durmg the investigation of Magazme Bravo and -

Charlie, soil bormgs were placed in backfill soil and samples were collected from depths that'
corresponded w1th.depths where LSL exceedances occurred in prlor investigations or phases. A
photoionization detector (PID) was used to screen. samples for “indications of volatile

organic compounds.

21
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Durmg the mvestlgatlon at Magazme Alpha samples were continuously collected from the | |
| ground surface through backﬁll materlal until the native material was encountered APIDwasused .
to continuously screen the sonl column for 1mpacted intervals to target for analysns Ifno elevated PID -
readings were observed samples were generally collected from the vadose zone, the approx1mate |

water table interface, and the native soil _beneath the fill.

2.1 Magazines Bravo and Charlie Further Investlgatron Approach

Soil samples were collected around Magazines Bravo and Charlie to detenmme whether waterprooﬁng ‘

~ from the exterior magazme walls was the source of LSL exceedances in the July 2001 mvesttgatlon o

" Fourteen soil borings were mstalled and sampled around Magazme Bravo durmg three phases of

samplmg Two soil bonngs were mstalled and sampled on ‘the east and west sides of Magazme._ =

_ ,Charhe In addmon one permanent momtormg well was mstalled and sampled east of Magazine

Bravo.

2. 11 Soil Investlgatlon | | \
Magazine Bravo Delmeatlon — Apnl 2002
l ) In :accordance with the Areas 6A and 7 F urther Investzgatlon Work Plan, four soil bormgs were
installed around Magazme Bravo to determine whether the July 2001 LSL exceedances were due to
" waterproofing scraped off magazine walls or other sources. As described in. the work plan,
stratigraphic borings were drilled in an attempt to identify the extent of backﬁll sorl and the boundary o
between backfill and natlve sonl Based on the mformatlon obtamed from the stratrgraph1c borings, |

. -Phase 1 samples were collected five feet away from the July 2001 locatlons The Apnl 2002, .

" delineation sample locatlons are shown on Figure 2-1, along with the sample locations where LSLs - |
were exceeded in July 2001, Samples LTSSBB0118 and LTSCBBO1 18 (duplicate) were collectedon
the magazine’s. north side at depths of 16 to 18 feet bgs Samples LTSSBB0218 and LTSSBB0225
were collected on the magazme s east side. at depths of 16 to 18 feet and 23 to 25, feet bgs
respectlvely Samples LTSSBB0305 and LTSSBB0314 were collected on the magazme s south side -
at depths of 3 to 5 feetand 12 to,14 feet bgs; respectively. Samples LTSSBB0417 and LTSSBB0425' C

2-2



Areas 6A and 7Invesngatron Report
, LTS NIKE Missile Magazines. |
Secnon 2 Invesngalron Methodology

. {p-’l:
PR
2 F

525 feet bgs respectlvely

T

'June‘2002 o E e

lcr‘

‘ The: results of the Aprrl 2002 samplmg
o . .event mdlcated PAH exceedances m
"5 sampleLTSSBO314 (12to14 feetbgs)
C L south of Magazme Bravo Therefore

- 'four addrtronal bormgs were placed

T September6 2002

were collected on the magazme s west

srde at depths of is to 17 feet and 23 to |

Magazme Bravo Delmeatlon —

@ JuLy 200V SAMPLE LDCATION EXCEEDING LSLI

e
J
A
)
Fa
LTSSBEO2
3, ”’7

iy N
Kl “ -
. ik

B ' "3 !
i, 3 ‘
. . . :‘{ .
| # APRIL,2002 DELINEATION SAWPLE LOCATON - ., - © e 50

JouRe 2 2- NN R

RT NAGAZIES BRAVO & CHARLE .
. | o NENON S (e L] B

. o & ¥ eissan3e
,LTSSBB30, L
L4 OLrssaasa
LTSSEBJC

N T
_AEGEND  C T .7
@ SANPLE LOCATION FROM PREVIOUS, . > N
|  :PHASE EXCEEDING LSLa .
© 'PHASE 1, (JUNE . 2002) DELINEATON smnz

k . LTSSBB3C12 LTSSBB3C14 and o
_ LTSSBB3C16 were collected to the
i Samples

’;LTSSBB3D

© SANPLE LOCATION NOT EXCEEDING lSLl
H . ce Ty

Lg were, collected to the {west of sorl

Samples

LTSSBB3B 12

b :J’LTSSBB3B14 and LTSSBB3BI6’
: “v-'were collected to the southeast of E

Jsorl bormg LTSSBBO3, Samples

southwest of so'l bormg LTSSBBO3 g
“" LTSSBB3D12
--and‘ LTSSBB3D16




Areas 64 and.7 Irrueslzgarron Report S

- LTS NIKE Missile Magazines L

s . SR .' SecnanZ InvesnganonMethodology R

September6 2002 - N

}Because LSL exceedances were detected in the 12-to14- foot 1nterval durmg the Aprll 2002 samphng, S

the June samples were. collected from 10 to 12 feet 12 to 14 feet, and 14 to 16 feet bgs

) , s e
PR R

Magazrne Bravo Dehneatlon — July 2002

TThe June 2002 samplmg results mdlcated PAH and arsenic exceedances in samples LTSSB3D16 (14.” A L
E ,- 'Ito 16 feet) and’ LTSSB3C12 (10 to 12 feet) Therefore six addmonal bormgs were placed around the_;f: S

: _:‘.‘”tfssésm : L | Ao in July 2002 to delmeate the extent of S
‘—'—L | T contamrnatron Because LSLs had SRR
o e - been,. exceeded ‘_ﬁin samples g
e .LTSSBB3D16 (the bottom sample),
" , _ N an addmonal sample was collected"V1
B ' %P ’(m’:m from the 16-t018 foot mterval at B R
L L ;':}:G”-B o » { LTSSBB3D to further delmeate the o ‘7 '
. m o ’ ' | vertrcal extent at that locatron The six |
2 E“ﬁ:’?ﬁﬁmw = 2 addltlonal locatlons sampled to further» ";I V'f E
LT e ;7- ,;‘Eung;ng,:fg:‘f:u:; m;;',w;, delmeate these constltuents are shownﬁ g

L . on Flgure 2 3. r &

- southwestern edge of Magazme Bravo . |

,\ .‘»'.'l

Locations LTSSBB3F LTSSBB3H and LTSSBB3 were each sampled atthrée subsurface iervals, S
12 to 14 feet; 14 10.16 feet, and 16 to 18 feet bgs Locations LTSSBB3G LTSSBB3J and
LTSSBB3K were sampled from 8 to 10 féet, 10 to 12 feet and 12 to 14 feet Samples were alsof'il:
.collected from the 14- to 16-foot and 16- to: 18-foot mtervals at locatlon LTSSBB3G to dehneate the . S

southern: extent of contammatlon detected at LTSSBB3D

l'v.
|. W

Magazrne Charlle Delmeatlon o ~, h “.' i A I

In accordance: w1th the Areas 64 and 7 F urther Investzgatzon Work PIan two addrtronal sorl borlngs S s
were. mstalled around Magazme Charlle to determine ‘whether. waterprooﬂng was the source of LSL: . i
'exceedances at the 2001 sample locatrons One location each was sampled on the east and west srdes o
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_of Magazine Charlie, approximately 5 feet away from the previous sampl‘e locatiens where LSLs had
been exceeded, as shown on Figure 2-1.

- Sample LTSSBC0212 was collected on the magazine’s east side at depth of 10 to 12 feet bgs. Sarnple
LTSSBC0422 was collected on the magazine’s west side at a depth of 20 to 22 feet Bgs Sample
LTSCBC0422 was a duplicate sample.

The samples collected at Magazines Bravo and Charlie .are summarized  in .Tablle_2-1.‘.

The

-soil stratigraphy was described, classified, and logged by'a'professional geologist licensed in the State
of Illinois. The site stratlgraphlc sequence 1s discussed in Sectlon 3.2. Copies of the boring logs are

contained in Appendix A.

Table 2-1
Soil Boring Soil Sample Summary

-

Magazine Bravo and Charlie Exterior Investigation -

“LTSSBB3C16

Area 6A
Depth
Sample Date Collected ;
Boring 1D -Collected (feet bgs) Description
LTSSBBO118 4726/02 16-18 Olive brown silty clay, trace coarse to fine sand and ﬁne gravel, medium
LTSSBBO1 plasticity, moist. Fill.
LTSCBBO118* 4/26/02 16-18 Olive brown silty clay, trace coarse to fine sand and ﬁne grnvel - medium
- plasticity, moist. Fill..
LTSSBB0218 © 4726/02 16-18 Black, gray, and olive brown sllty clay, trace coarse to ﬁne sand and fine gravel,
LTSSBB02 . medium plasticity, moist. Fill.
LTSSBB0225 4/26/02 2325 Black, gray, and olive brown silty clay, trace coarse to fine sand and fine gravel,
: . | medium plasticity, moist. Fill.
LTSSBB0305 4/26/02 3.5 Black, gray, and brown silty clay, little coarse, . to fine sand and fine gravel
LTSSBBO03 - : medium plasuclty, moist. Fill. )
LTSSBB0314 4 /'26 102 12-14 Dark grayish brown mottled silty clay, trace fine to coarse sand and fine gravel
- ‘| medium plasticity, moist. Fill.
"LTSSBB0417 - 426/02 15-17 Gray, black, and brown mixed silty clay, trace coarse to fme sand and fine
LTSSBB04 — : | gravel, medium plasticity, moist. Fill.
LTSSBB0425 - 4n6/02 E 2325 Gray silty clay, trace coarse to fine sand and fine gravel, mednum plasticity,
- |moist. Unweathered Native.
LTSSBB3B12 - 677102 10-12 Brown and gray silty clay, trace coarse to fine sand and fine gravel, medium||
. ) plasticity, moist. Fill.
cant Gray brown silty clay, trace coarse to fine sand and ﬁne gravel, medmm
LTSSBR3B LTSSBBIBI4 6/7i02 12-14 plasticity, moist. Weathered Native:
’ . Gray brown silty clay, trace coarse to fine sand and fme gravel, medlum
LTSSBB3Bl6 6/7/02. 14-16 plasticity, moist. Weathered Native.
: iTSSBBCiClZ ' 6/7/02 10-12 Brown and gray silty clay, trace coarse to fine sand and ﬁne grevel medium
plasticity, moist. Fill.
LTSSBB3C LTSSBB3Cl4 677/02 12-14 Brown and gray silty clay, trace coarse to fine sand and ﬂne gravel, medium
: plasticity, moist. Fill,
67102 14.16 | Gray silty clay, trace coarse to Ene sand and Ene grave, modium plastciy,

moist. Weathered Native.
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Table 2-1

. ~ Soil Boring Soil Sample Summary .
Magazme Bravo and Charlie Exterior Investigation

Area 6A
Depth
_ Sample Date Collected
Boring 1)) Collected | (feet bgs) Descnptlon
' LTSSBB3D12 6/7/02 10-12 Olive brown and gray silty clay, trace coarse to fine sand and fine gravel,||
medium plasticity, moist. Fill.
. LTSSBB3D14 6/7102 . 12-14 Gray and brown silty clay, trace coarse to fine sand and fine gravel, medium
- plasticity, moist.. Fill.
LTSSBB3D LTSSBB3D16 6/7/02 14-16 Gray and brown silty clay, trace coarse to fine sand and ﬁne gravel medium
plasticity, moist. Fill.
LTSCBB3DI16* 677102 14-16 Gray, brown, and black silty clay, trace coarse to fine sand and fme gravel
: medium plasticity, moist. Fill.
Dark gray silty clay, trace coarse to fine sand, and coarse to fine gravel, medium
LTSSBB3D18 7/11/02 16-18 plasticity. Unweathered Native,
LTSSBB3E12 6/7/02 10-12 Gray and brown silty clay, trace coarse to ﬁne sand and ﬁne gravel,
. : - medium plasticity, moist. Fill.
LTSSBB3E| LTSSBB3El4 6/7/02 12-14 Gra;_{ and bro.w.n _snlty f:lay, t.race coarse to fine sand and fine gravel,
- medmm plasticity, moist. Fill. )
LTSSBB3E16 6/7/02 14-16 Gra){ and brqu silty f:lay, t.race coarse to fine sand and fine gravel,
medium plasticity, moist. Fill. .
LTSSBB3F14 211/02 12-14 Olive brown and gray silty clay, trace coarse to fine sand, trace coarse
‘ N : - to fine gravel, medium plasticity, moist. Fill.
LTSSBB3F| LTSSBB3F16 211/02 14-16 Olive brown and gray silty clay, trace coarse to fine sand, trace coarse
. ._|[to fine gravel, medium plasticity, moist. Fill.
) Dark gray silty clay, trace coarse to fine sand and coarse to fine gravel
LTSSBB3FI8 711102 16-18 . medium plasticity, moist. Unweathered Native.
LTSSBB3G10 211/02 8-10 Olive brown and gray silty clay, trace coarse to fine sand trace coarse
to fine gravel, medium plasticity, moist. Fill.
LTSSBB3GI12 M1/02" 10-12 Olive brown a_nd gr_ay silty cl.ay, trace.coars? to fine sand, trace coarse
. ‘ to fine gravel, medium plasticity, moist. Fill.
' » . |Grayish brown silty clay, trace coarse to fine sand, trace coarse to fine|| -
LTSSBB3G| LTSSBB3G14 102 12-14 gravel, medium plasticity, moist. Weathered Native.
. Grayish brown silty clay, trace coarse to fine sand, trace coarse to fine
LTSSBB3G16 7/11/02 . 14-16 gravel, medium plasticity, moist. Weathered Native.
y Dark gray silty clay, trace coarse to fine sand, and coarse tof|
LTSSBB3G13 7/11/02 16-18 fine gravel, medium plasticity. Unweathered Native.
LTSSBB3H14 211/02 12-14 Olive brown and gray silty clay, trace coarse to fine sand, trace coarse
- T to fine gravel, medium plasticity, moist. Fill,
LTSSBB3H| LTSSBB3HI6 211/02 14-16 Olive brown and gray silty clay, trace coarse to fine sand, trace coarsef(-
to fine gravel, medium plasticity, moist. Fill.
! Olive brown and gray silty clay, trace coarse to fine sand, trace coarse
LTSSBB3H18 711/02 16-18 |, fine gravel, medium plasticity, moist. Fill.
LTSSBB3I4  -| 711/02 12-14 Olive brown and gray silty cl.a).', trace.coars.e to fine sand, trace coarse
: , to fine gravel, medium plasticity, moist. Fill.
o Grayish brown silty clay, trace coarse to fine sand, trace coarse to fine
LISSBRIL| LTSSBE3NG | WIOZ | 18 |oravel, medium plasticity, moist. Weathered Native.
' . Dark gray silty clay, trace coarse to fine sand, and coarse to
LTSSBB3118 711/02 16-18 fine gravel, medium plasticity. Unweathered Native.
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Table 2-1 P _ .
* Soil Boring Soil Sample Summary ' '
Magazme Bravo and Charlie Exterior Investigation
Area 6A
L ‘ o Depth :
_Sample Date Collected :
Boring _ID- _| Collected | (feet bgs) S Descnptron
‘ ' 1 miiime | Olrve brown and gray silty clay, trace coarse to fine sand, trace coarsefj
_ ‘ LTSS.BB:‘HO .7/1 1/02 | §-10 to fine gravel, medium plasticity, moist. Fill. . . ,
LTSSBB3J ) LTSSBB3J12 | 71102 ' 10-12 Grayish brown silty clay, trace coarse to fine sand, trace coarse to fine
i : gravel, medium plasticity, moist. Weathered Native. ,
' ' -| Grayish brown silty clay, trace coarse to fine sand, trace coarseto finef
LTSSBB3J14 .| 7/11/02 12-14 gravel, medium plasticity, moist. Weathered Native.
y B . . |Grayish brown silty clay, trace coarse to fine sand, trace coarse to fine
‘LTSS.BB3K10 | 72 8'10 gravel, medium plasticity, moist. Weathered Native.
LTSSBB3K| LTSSBB3K12 " M1/02 10-12 Grayish brown silty clay, trace coarse to fine sand, trace coarse to fine
. - g gravel, medium plasticity, moist. Weathered Native.
, S : ; Grayish brown silty clay, trace coarse to fine sand, trace coarse to fine
LTSSBB3K14 7/11/02 12-14 gravel, mediurn plasticity, moist. Weathered Native. "
LrssBcoz|  LTSSBCOllz . 4/26/02 1 0'_'1'2 ' Olive brown silty clay, trace coarse to fine sand, and fine gravel
L e medium plasticity, moist.: Fill, = _
 LTSSBC0422 426 /02." 2022 Gray fine to coarse.sand, little fine to coarse gravel very silty,
I;TSSB Cos . = e saturated. Fill. -
LTSCBCO 452,, 4}2 6/02 2022 Gray fine to coarse sand, lrttle ﬁne to coarse gravel very silty,
. ’ saturated. Fill : S
Note: . i
* = Duplicate Sample
Soil Sample Analysis

Soil samples were analyzed for target compound list (TCL) volatile organic compounds (V OCs) TCL

(SVOCs), which included polynuclear aromatic hydrocarbons compounds (PAHs) at low detectlon -

levels; TCL polychlormated biphenyls (PCBs); and target analyte list (TAL) metals. The Synthetlc
Precrprtatron Leachmg Procedure (SPLP) was conducted for six metals. Soil samples were also
analyzed for pHI to _determme the TACO1 screening criteria for each particular set of samples.

2.1.2 Magazme Bravo Groundwater Investlgatlon
As described-in Section 3 of the Areas 64 and 7 Further Investtgatxon Work PIan a smgle
shallow monitoring well (LTSMWBOZ) was installed to the east of temporary well LTSGWB02. This

is the location of the July‘ 2001 temporary well sample’ that exhibited na‘phthalene» in backﬁrl '

groundwater at a concentration exceeding the LSL. The well was installed toa depth of approximately -

1 Tiered Approach to Corrective Action Objectives
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i 28 feet bgs to allow samplmg of .

mm.. - . T groundwater in the undlsturbed soilat -

—

the approximate depth of the near by

" Tswweoa temporary well. This well produces-‘ ‘
(MONITORING WELL) | . . . .

Ve’ . . | limited groundwater from the native

glacial clay, presumwly ‘through -

Lrsowaos® L ‘ fractures. The shallow momtormg
_ ' . well mstalled on the east side of
’ LEGENNP IT ABOVE LSLs z 2 2 I
& CONSTITUENT(S) PRESENT ABOVE LSta e ——d :
® mﬁffé&s s(lussmmunw NOT EXCEEDING iSis © ! T L rm | Magazme 'BraVO along with the S

temporary ‘wells mstalled inJ uly 2001

.are shown on Flgure 2-4

- The monitoring well was constructed of 2-inch ID, ﬂush-jointed polyvinyl chloride (PVC) riser With

a 10-foot-long 0.01-inch factory-slotted screen. F ilter pack sand was placed: from the bottom ofthe

screen to at least 2 feet above the top of the screen. The remamder of the annulus was sealed w1th a
hlgh clay solids bentonite grout to ensure a positive seal Protectlve bump posts and an aboveground
- steel well protector were installed and the momtormg well was secured wrth an expanding locked cap
and keyed-alike brass locks. The momtormg well was developed usmg a Teﬂon barler and sampled -

after waiting at least 24 hours from completron of development

The monitoring well was first purged and the parameters of pH, conductrvrty, temperature and .o
‘turbidity were monitored and recorded to determine when purgmg was complete After purging was

' ,completed samples were collected from well LTSMWBO02 using low-flow methods with dedlcated .
Teflon tubing and a perrstaltrc pump Temporary well LTSGWBOZ was also resampled using a
peristaltic pump and dedlcated Teﬂon tubmg

Groundwater Sample Analysls .
. Groundwater samples were - analyzed for TCL VOCs; TCL SVOCs, which mcluded PAHs at
low detectlon levels; TCL PCBs and TAL metals. .
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2 2 Magazme Alpha Investlgatlon Approach

* In accordance with the Areas 64 and 7 Fi urther Invesngatlon Work PIan and based on the results of - -

the addmonal samples collected around Magazine Bravo mvestigattve activities were conducted inthe
. area surrounding Magazme Alpha Inall, elght soil bormgs and four temporary momtonng wells were
installed and sampled around. Magazme Alpha | ’

221 Magazme Alpha Sonl Investigation

To accelerate- completton of the prOJect all samplmg for Magazme Alpha was conducted during
- one event. All three magazines were constru_cted tdentlcally, and the locations of the exterior walls:
had been deterrnined during the investigation of Magazine Bravo and Magazine Charlie' therefore

four boring locations ‘were marked at the center pomt of each magazme wall' usmg the '
Magazine Bravo piezometer locatlons as a guide. Locations were posmoned several feet from the

walls to avoid scraping walls durmg samplmg

' As descrlbed in the work. plan, four sonl bormgs (LTSSBAOI, LTSSBA02 LTSSBA03 and
LTSSBA04) were mstalled to depths rangmg from 25 to 27 feet bgs Samples were collected
,, contmuously from ground surface, through backﬁll material, and mto undisturbed natlve soil. The

- 'prev1ous mvestlgations of Magazmes Bravo and Charlie had shown that unsaturated clay ﬁll materlal'

. would be encountered ﬂrst then a saturated sand ﬁll material in the lower part on top of the

unweathered gray glacial d1am1cton Lithology encountered at Magazme Alpha was srmilar to that ’

encountered at Magazmes Bravo and Charlie.

'Three subsurface soil samples were collected from each boring forlaborat(')ry'analysis; one from the

. .vadose zone. (unsaturate’d clay fill), one at the approxirnate'water table interface (sand ﬁll) and one
> from the underlymg unweathered gray diamicton. Samples from the clay fill were collected at varymg -
L '.depths (rangmg from 3to 5 feet to 11 to 13 feet. bgs) so.analytical data would be available from a
~.range of depth intervals. Samples from the sand fill were collected from either 17 to 19 or 19 to- - "

21 feet bgs because this unit is relatively thin, about 5 feet thick: Samples _fro'm the underlying -

unweathered gray diamicton were collected from 23 to 25 feet, just beneath the sand fill, to determine

29
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. 1f any 1mpact from overlymg fill. materlal had occurred Upon completron
o bormgs were converted‘to" emporary momtormg wells e ;

: "Once momtormg wells were . m place four more sonl bormgs (LTSSBAOlA, LTSSBAO2A,

: ~sampled in the: same manner as. the momtormg well bormgs Sorl samples were collected from the

Y mw,\ MAGATNE eurssanan o . Table 272 whrch also presents a .
e et -:'stratlgraphlc

’r."!‘:" '

i

LTSSBAO3A, and LTSSBAO4A)rwere mstalled Each was placed 5 to 8 feet from 1ts correspondmg W

.r‘

monltonng well m a lme perpendlcular to, the magazme wall These bormgs were mstalled and \ G

-same mtervals to allow for same-dep ] data. comparlson Agaln a PID was used to contmuously ‘

‘ I

screen the soil colm for nmpacted mtervals No v1sual olfactory, or PID readmgs mdlcated

|mpacted sorl-.,-._ T -
T T , Y '_-'The s01l sample locatrons
SRR AR .LTSSEA!A e

o ‘ - LTSSBAO1 ' . 11
o . . ' . A, -
Ca. : . S
ot ‘ - !

‘ .v-viMagazme Alpha are summanzed m :

stratrgraphyg.' l

0 Lrssams v

OLTSSEAJA
e xR () ﬁwiésﬂw&“ﬁ"’m - Illmors Coples of the bormg logs are ;
- R TRAN .

. prov1ded m Appendlx A NI
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Table 2-2 ‘
Monitoring Well Boring Soil Sample Summary
Magazine Alpha Exterior Investigation

Area 6A
. Depth
Sample Date Collected
___Boring ID - Collected | (feet bgs) Description
' y - {Brown and gray mottled silty clay, with trace fine to coarse sand and
LTSSBAO010S 6/7/02 35 lfine gravel, medium plasticity, moist. Fill.
‘ LTSSBAO121* 6/7/02 ' 19-21 Loose muiticolored fine to coarse sand and fine to medium gravel,
"LTSSBAOI very silty, moist. Fill.
LTSCB A0121 " 617102 19-21 Loose multicolored fine to coarse sand and fine to medium gravel,
‘ : . very silty, moist. Fill.
- : Gray silty clay, trace fine to coarse sand and fine gravel, medium
LTSSBAO125 6/7/02 23-25 plasticity, moist. Unweathered Native.
) Greenish gray and black mottled silty clay, trace coarse to fine sand
LTSSBA0207 6/7/02 5-7 and fine gravel, medium plasticity, moist. Fill.
LTSSBAO2 LTSSBA0221 6/7/02 19-21 Loose multicolored fine to coarse sand and fine to medium gravel,
: very silty, moist. Fill. - :
: : - |Gray silty clay, trace fine to coarse sand and fine gravel,
. LTSSBA0225 6/7/02_ 23-25 medium plasticity, moist. Unweathered Native.
LTSSBA0313 6/8/02 11-13 Dark grayish brown and gray silty clay, trace coarse to fine sand and
, fine gravel, medium plasticity, moist. Fill.
LTSCBAO313* 6/8/02 11-13 Dark grayish brown and gray silty clay, trace coarse to fine sand and
LTSSBAO3 ’ fine gravel, medium plasticity, moist. Fill.
' Loose multicolored fine to coarse sand and fine to medium gravel,
LTSSBA0319 _ 6/8/02 17-19 very silty, moist. Fill
Gray silty clay,. trace fine to coarse sand- and fine gravel,
LTSSBA0325 6/8/02 23-25 medium plasticity, moist. Unweathered Native.
. Greenish gray and gray mottled silty clay, trace coarse to fine sand
LTSSBAO411 6/8/02 o-11 and fine gravel, medium plasticity, moist. Fill. :
Loose multicolored fine to coarse sand and fine to medlum gravel,
LTSSBAO4 LTSSBAO421 6/8/02 19-21 very silty, moist, Fill _
' : Gray silty clay, trace fine to coarse sand and ﬁne gravel,
LTSSBA0425_ 6/8/02 23-25 medium plasticity, moist. Unweathered Native. _
LTSSBA1AOS 6/11/02 3.5 Gray, black, and brown mixed silty clay, trace coarse to fine sand and
fine gravel, medium plasticity, moist. Fill. )
LTSCBA1AOS* - 6/11/02 3.5 - Gray, black, and brown mixed silty clay, trace coarse to fine sand and]
LTSSBAOIA T . fine gravel, medium plasticity, moist. Fill.
LTSSBA1A21 6/11/02 19-21 Gray silty clay, trace fine to coarse sand and fine gravel
medium plasticity, moist. Unweathered Native.
' Gray silty clay, trace fine to coarse sand and fine gravel,
LTSSBAIA2S 6/11/02 225 | medium plasticity, moist. Unweathered Native.
LTSSBA2A07 6/12/02 5.7 Black, gray, and orange brown silty clay, little coarse to ﬁne sand and|
) fine gravel, medium plasticity, moist. Fill.
' . Gray silty clay, trace fine to coarse sand and fine gravel,
LTSSBAO2A LTSSBA2A21 6/12/02 19:21 _|medium plasticity, moist. Unweathered Native. -
LTSSB A2A25 6/12/02 23.95 |Gray silty clay, trace fine to coarse sand and fine gravel,

medium plasticity, moist. Unweathered Native.
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Table 22

- Momtormg ‘Well Boring Soil Sample Summary

Magazme Alpha Exterior Investigation

Area 6A
ST Depth '
Sample  Date | Collected .
Boring ID Collected | (feet bgs) Description ‘
LTSSBA3A13 611 102 i} 11-13 ﬁDnark grayish brown and gray silty clay, trace coarse to fine sand and
. : : ' e gravel, medium plasticity, moist." Fill.
LTSSBAO3A LTSSBA3A19 6/11/02 17-19 Brown and gray mottled srlty clay, trace fine to coarse sand and fine
- - |gravel, medium plastxclty, moist.  Weathered Native.
. : - Gray silty clay,- trace fine to coarse sand and fine gravel,
LTSS-BA?’A?S  6/11/02 23-25 medium plasticity, moist. Unweathered Native. ‘
LTSSBA4AI1 6/11/02 911 Gray, black, and brown mixed silty clay, trace coarse to ﬁne sand and
. . fine gravel, medium plasticity, moist. Fill.
LTSSBAO4A LTSSBA4A21 6/11/02 19-21 Loose multicolored fine to-coarse sand and fine to medium gravel
. - -[very silty, moist. Fill.
‘ N : “|Gray silty clay, trace fine to coarse sand and fine gravel,
LTSSBA4A25 6/11/02 ] 23-25 medium plasticity, moist. Unweathered Native.
Note:
* = Duplicate Sample

2.2.2 Magazme Alpha Groundwater Investlgatlon : _
As descrlbed in the work plan, four plezometrlc momtorlng wells (LTSGWAOI LTSGWAOZ ’
LTSGWAO3, - and' LTSGWA04) were mstalled to. depths of approxunately 25 feet bgs.
Monitoring wells were constructed of 2- mchID flush-jointed, PVC riser and screen: A 10-foot length

-0f 0.01-inch factory slotted screen was used at each location. Filter pack sand was placed from the "

bottom of the screen to at least 2 feet above the top of the screen. The remainder of the annu_lus was -

sealed with high-clay solids. bentonite'grout hydrated in 2-foot lifts to ensure a positive seal. No.

protective cover or bump posts were mstalled as these were mtended as temporary features Each

monitoring well was secured w1th an expandmg locked cap and. keyed-ahke brass locks. The

elevations of the tops of the well rlsers were not determined.

2-12



n

the ! other magazmes and therefore- ."‘

wells were balled dry repeatedly dunng

the development process

The well

locatlons at Magazme Alpha are shown

-on Flgure 2 6

Momtormg well

constructnon ‘detalls are summarrzed m

--LE!

% ' g =
7 Areas 6A and 71nve rganon Report
N -_:'I : ; ' p
Momtormg wells were developed usmg
A Teﬂon baller Momtonng wells at
: Magazme Alpha generally had httle
: groundwater aceumulatton relatrve to "

-Measured on July 8 2002

'momtored and - recorded

to deterrnme when development

213

was complete; =

Table23 . “,v _ . .
3 ;Table2:3 - . "7
i ‘. Momtorlng Well Construction -
- e ' Magazme Alpha Extenor Investlgatlon
[P % Area6A e
. Constructlon Depth (ft bgs) . . v “Water [0
L . T ' . Total depth Column B O
Well . | Date i “Total Bottom of . Top of ‘ Depth to Water “from TOC
ID . ;|- Installed: -| . “Depth. 'Screen. Screen. | from TOC* (fo) | . (ft)
LTSGwAQl_:'-i.;_.:t ~6/7102 25¢ o3 13 2222 G -.‘2_5.,;4,2__ _
LTSQWAoz e 617102 | 25 : 23 13 2457 - ‘,-.2_'5";;44‘_-*:’5: .
LTSGWAO3 |";:"6/8/02 |21 -25 " |~ 23 3| tsdor i | 2843
[ LTsGwaAo4 | om0z | 3n. [T 2s-, 15 2421, . | 274
Notes: "-’-"‘ . C
TOC.. . = _Top: of casing” '
»
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purging was completed samples were collected in. the same manner as those collected at Magazrnes -

Bravo

DVARS
A

Groundwater Sample Analysrs -

~ Groundwater samples were analyzed for TCL VOCs TCL SVOCs whrch mcluded PAHs at
low detection levels TCL PCBs and TAL metals

2.3 . Area 6A ‘Shallow Subsurface Investlgatlon L e _

'As part of the Area 6A mvestrgatron numerous sorl bormgs were advanced to determme the o
. horizontal and vertical extent of fill matenal m this area and to- ascertam the shape of the
' orrgmal magazrne constructron excavation. The bormgs were orrented from east to west across all

-three magazmes and also north to south across each magazme They were generally spaced 15 to', "

20 feet apart and extended to the edges of the asphalt surroundmg Area 6A The locat1ons are .

presented on Frgure 2-7. Each bonng was advanced using erther a 3%- or 4'/4-mch inside drameter : -

hollow stem’ auger (HSA). Whlle settmg the rlg at each locatlon care was taken to ensure the bormg o

was vertical. Samples were collected wrth a standard 2-mch-d1ameter spllt-spoon sampler untll the

; unweathered glacral diamicton’ was encountered At completron the bonngs were checked for .~

groundwater. Each bormg was then sealed wrth bentomte ch1ps whrch were subsequently hydrated L

with potable: water The bonng logs are contamed in Appendrx A

- The bormgs were. used to construct conccptual Cross sectrons of Area 6A that would be used to gurde e '
additional delrneatron sorl and groundwater samplmg locations and to provrde gurdance for the .

magazine demolition and assocrated excavatron . T f"/ :
2.4  Combined Areas 6A- and 7 Groundwater Investrgatlon Approach

The obJectrve of the combmed groundwater mvestrgatron was to determme if chlonnated solvents or |

| possibly other materials released from Areas 6A and 7 had rmpacted groundwater Because of _

214, e
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the complex nature of glacial sedimeﬁt's: in this part of Illinois, it was important to phas'e'th‘g'A _'}

| investigation approach to allow information gathered from each phase to be us'ed ,to'refme'andeocus o

future investigative efforts.

24. 1 Phase I Stratlgraphrc Bormgs _ o
The 1n1t1al phase of the investigation mvolved the advancement and’ loggmg of four stratlgraphlc; g

bormgs ‘The locations of the borings were selected to augment the eXIStmg subsurface mformatlon ‘ S

" and target the area of interest. The locatlons are presented in Flgure 2-8. The. purpose of these. .
' bormgs was to defme and characterize the stratlgraphlc sequence ‘and deposrtlonal facies of the umts '

. ;_v.encountered for design of the momtormg well network. The bonngs were logged wrth partlcular
. attention given to changes in deposmonal facies and. weathermg Weathered or OXIdlZCd sedlments

_encountered at depth are a key 1dent1ﬁer of laterally contmuous umts capable of transmlttmg'.::i,
groundwater. Identification of ‘these honzons is essent1al 1_n-,aneﬂ‘e.ct1ve groundwater monrtormg

© system.

Rotasonic drilling methods were used to advance the stratlgraphrc bonngs The rotasomc dnllmg*i '

method provndes a contmuous relatlvely undlsturbed sample of the sedlments encountered The' ,_ .

bormgs were advanced to 140 feet bgs which was expected to be approxrmately 20 feet mto the_' "j . T

Sllunan dolomite bedrock based on previous mvestlgatlve actlvmes Each of the bormgs was S

_ advanced to the proposed depth but’ none encountered bedrock. Bowser-Momer of Dayton Oth was B

the dnllmg contractor for all stratlgraphlc borlngs

sy e T

Representatlve samples of clastlc sediments were collected from the stratlgraphlc bormgs for o

‘gram-srze analysrs Nme samples were submltted to Patnck Engmeenng for analysrs Sample depth ’t

_'mtervals ranged from 30 feet bgs to 119 feet bgs with most bemg ﬁom the outwash facres The L

'~ “results of these analyses were used to determme the ﬁlter-pack gram size and momtonng well screen. ;

slot size.

2-16.
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At completion of borings Strat-1, Strat-3 and Strat-4, a representative of the Illinois Sfate Geologlcal '
Survey (ISGS) logged the subsurface materials using a natural gamma-ray borehole geophysical tool |
. through the steel casing. The tooling and wire line were decontaminated before and after entering the
‘borehole to avoid cross contamination issues. The natural gamma-ray is a clay content log; the tool
measures the amount of natural radlation emitted by Potassium 40 (K40), Thorium and Uranium
elements in their decay series. The logs highlight lextural (grain-size) variations in sediments. Clay
rich minerals log high readings and conversely sand and gravel log low readings. The logs are

contamed in Appendlx A and are also mcorporated mto the cross sections.

After the wells were gamma logged, the boreholes were tremie grouted from the bottom of the hole to
the ground surface. As the steel casing was withdrawn, the grout level was maintained to ensure a

continuous positive seal.

2.4.2 Phase Il Momtonng Well Installatlon o

The subsurface information generated from the stratigraphic borings was used to determme thev
locations and depths for the proposed well nests. Inltlally, the plan ,was to mstall a maximum of 22 h
moniroring wells at nine neste_dlocations,.: “The proposed screened'int'ervals"audtargeted straﬁéraphic
units are presented in Table 2-4. The ourwash __facies.was‘ tbe primary target zone of the networl(. In » _
addirion, any potentially water bearing-units grearer‘than one foot thick that Were epcountered above. "
the outwash would also be mornltored The goal was to identify and monjitor auy ‘ahd all poteutially .
1mpacted honzons in the outwash and above. If contamination was found in these units, deeper water :

bearing units would then be mvestlgated

At each of the monitoring well nest locations, a boring was advanced to a totalfd'epth agreed upon by
the BCT. This depth ranged from 65 to 101 feet bgs. This initial boring Was continuously sampled
with a standard split-spoon sampler The purpose of this boring was to ldentlfy any potentlally water
bearing units that ‘may not have been encountered during Phase I due to the vanable and. complex
geology of the glacial sediments. The ons1te geologist continually correlated the bormg information

w1th the rotasonic bormg logs to develop a dynamrc conceptual model of the subsurface
- 2-18 :
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o Table2-4 . | D
Combmed ‘Areas Phase 1T o T Y A
Proposed MomtonngWells [ O A - 4.;_- _*:.:
Well Proposed Intervals : Screen Length ) . Targ_e;tl-' a i o
Number | .. (feet bgs) | (feet) N o, Zome .o .
Mw-1 I o 27-34,_ 1 1s upgradlent top ofoutwash sand e
S fe - 375-495 0 7 10 - upgradrentmrddleofoutwash sand”.
v ) is o 52-66 1 15 -} upgradient lower of outwash’ sand
CMW=2 " 33-36 . 25 ;| 7. downgradient upper outwash’ gravel':. '.‘_'? '
‘ " 43-51 15 downgradient middle outwash sand ', ',
el 63-78 15 -|. . - - down gradient lower outwash sand: ..~ -
MW-3 |0 3335 28 . downgradient upper outwash gravel',}"y‘ -
1 -45-60. ) 15 : downgradlent middle outwash'sand - _
A o 70-75 " 1 5. o downgtadrentnnddleoutwash sand-
o S 82-87 5 s downgradrentloweroutwashsand’,'.__. AR
TMW-4 48-58 - |» 10 -, downgradient iipper outwash sand. - - |f . P
: 1 68-73- 5 7 » downgradrent ‘middle outwash sand S ‘
‘ . 83-88 , 5 - -} - downgradient! lower outwash sand ... .
g MW - 46-54 - ' 10 | downgradrentupperoutwash sand..‘"-.
A Mw:6 T 40-48 .15 . " upper outwash :
" : v 5L-61. O R o : mrddleoutwash N
_,r: L. 70=75. . 5wl loweroutwash AR IR
MW-7 55 575 . o 25 R O "Ac1d Neutrahzanon Area upper outwash B o
Lo 80-825. | .. 25 | Acid NeutIahzatlon Area lower outwash R E
MW-8 60-64 5 5 . . |.. Missile Assembly Area upper outwash ‘- PR
S % 84-- 86 R | 25 v MrssrleAssemblyArealoweroutwash | IEPRET
TMW9 - o . 56-700 o w15 ST Septic Fleld_upper outwash' - =~ ,_f Bootn T

sample would be sent to the laboratory for analysns No elevated readmgs were encountered in’ any

i 4-‘

samples and consequently no samples were analyzed o B e

The. log of the mltlal bonng at each nest, locatlon was then used to detL_'" n me the spec1ﬁc mtervals tol' .
be momtored at that locatlon Each mmal bormg was tremle grouted to the surface w1th a hlgh clay- ; " g

solids bentomte grout upon completnon The r1g was then moved several feet and a new bormg was;‘li}. -

advanced for the purpose of well mstallatlon

-2-19
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While advancmg these mrtral bonngs several Shelby tube samples “were: collected for

. geotechnical analysrs The sample depths and locatrons were selected to charactenze the matenals

across the combined area. The Shelby tube samples were analyzed for: (1) Standard test method for
~-measurement of hydraulic conductrvrty of saturated porous matcnals using a flexible wall
permeameter in accordance with American Society of Testlng Materials (ASTM) D 5084; (2) standard
test method for morsture ash, and orgamc matter of peat and other organic soils usmg ASTM D 2974, |
(3) standard test method for laboratory determmatron of water (morsture) content of soil and rock
-mass usmg ‘ASTM D 2216; and (4) standard practice for descnptron and 1dent1ﬁcatlon of soils using
ASTM D 2488. ' '

Based on the stratigraphy encountered at each of these nine well nest'locations, 14 monitor_ing wells
- were installed. Figure 2-8 presents the locations of the monitoring wells. With the exception'of MW-
~ 8S and MW-95, all wells were completed in the outwash unit. Monltormg wells MW 8S and MW-9S -

. were mstalled atthe request of the IEPA to 1nvest1gate potentral near surface releases in these specrﬁc

locations. The well constructlon detalls are presented in Table 2-5.°

The boring for the momtorlng well installation was generally advanced to w1thm several feet of the ‘
targeted screen interval w1thout sampling. The bonng was then contmuously sampled to and through
the zone of interest. ‘Care was taken to ensure the bonng drd not exceed the targeted zone by more‘A '
than a few feet. In all cases, the screen length was tarlored to the thlckness of the aqurfer |
. '}.

‘  All wells were constructed using 2-inch inside diameter PVC screen and riser materials. The results.

- of the grain size analysis suggested.that a ‘0.0lO'-foot factory slot screen and'_a'v2-vO/40 sand would - |

provide the proper sediment retention and pass-through for the zones monitored. '

Monitoring well construction was accompllshed tlrrough the annulus of the HSA Once the .
total boring depth had been reached and the center plug was removed the depth was verified and the

screen and riser assembly was placed in the augers The ﬁlter pack was then carefully added and thc

220
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. depth contrnually monrtored to ensure no bndgmg was occumng The. ﬁlter pack was placed from the_ :

'bottom of the borrng, generally half a foot below the screen slots: to two feet above the top of

“the screened interval. A- high’ clay—sohds bentomte grout was then placed by srde dlscharge’ R

.. .+tremie pipe to within a few feet of the ground surface to drsplace water m the hole and provrde a“_"_;v

'.posmve annular seal. Aﬁer the grout had been allowed to cure for a mrnrmum of 24 hours the ;i )

remaining annular space was filled with concrete (Portland cement and ﬁne gravel aggregate) anda 3- N .

by 3-foot pad was built around each well. A locking steel well protector was secured into the concrete l

and allowed to cure. Steel bump posts also ﬁlled with concrete, were then mstalled around each well ) | » L

to provide protectron from the constructron and demohtron actrvmes

. After the surface completlon was installed and concrete cured development of the wells was begun o

The wells were developed by a combmatron of surgmg and purging actrons Imtrally, each well was | - -

surged by lowermg a surge block into the screened mterval and movmg the block up and down Lo

o through that interval for a mmnnum of 5 minutes. Many wells were surged for longer penods A A

plastic submersrble pump was then used to purge the standmg water and entramed sednnents from the © \

“well. Purgmg continued until the parameters of pH conductrvrty temperature and turbrdrty had : o

stabllrzed Two of the wells completed in non-water bearmg Zones. balled dry and only had 2 gallons e

removed during development. "Most wells had between ‘28 and 105 gallons purged durmg _'

' .development The development records are contamed in Appendlx B.

The monitoring wells were sampled between June 6.and'18, 2002. The samplmg was performed aﬁer' o

the wells were allowed to rest a minimum of 24 hours followmg development A Grunfos Redr-F lo II_ E

stainless-steel submersible pump with dedicated Teﬂon tubmg was used to sample the wells usmg the: ERE

low-flow method. The parameters. of pH, conduct1v1ty, temperature and turbrdlty were momtored and,‘-_ ;{:' -

" recorded to determine when representatrve formatron water was bemg collected and purgmg was _'

complete. The well samplmg forms are contamed in Appendrx B.
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Groundwater Sample Analysrs

The groundwater samples were analyzed for the full TCL VOCs TCL SVOCs whlch mcluded PAHs .

at low detectron levels; TCL PCBs and TAL metals A couner for STL. Labs of Chrcago plcked up : 7 o

the samples dally and transported them to the fac1lrty in Umversrty Park Illmors The SVOC and low.'»izfg' U

level PAH sample aquuots were shrpped by STL to thelr Savannah Georgra facrhty for analysrs All_-‘ SR

samplmg, sample management, and associated decontammatron methods were performed m R ”

accordance with the CQAPP and the SQAPP o : 3 -

Monitoring Well Survey

Each of the momtormg wells was surveyed aﬁer mstallatron was completed Patr1ck Engmeermg,

1linois licensed surveyor, was contracted to perform this task. Table: 2 5 also contams the elevatrons" E

of the wells The elevation and locat1on of the well ‘riser and concrete pad was determmed for each.' : e

~well. The vertical datum was based on benchmark 1nformatron provrded by Crvrltech Engmeermg Lo Dt

The elevatron was determrned relatlve to North Amerlcan Vertrcal Datum 88 U S Survey Feet Thef' e

honzontal data is in the: form of State Plane Coordmates Illmors East Zone North Amencan Datum._ f. | PR o

1983 U.S. Survey Feet as well as latrtude and longitude. oL .]", i

Water Level Measurements '

' Synoptrc water levels were measured and recorded on two drﬂ‘erent dates June 19 and July 8 2002 e

- Table 2-5 presents the depth to water and groundwater elevations for these events

The methods used were ‘the same durmg both events Several hours pl‘lOl' to measurement the* e

expandmg well caps were removed to allow the water level to equlllbrate An electromc water meter-

" was used to measure the depths to water

- Aquifer Testmg

. Based on the. groundwater sample analytlcal results the BCT determmed that no aqurfer testmg was _'_;" N

necessary to further characterrze or classrfy the aqurfer .
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2.5 Quallty Assurance/Quality Control o .
All field and sampling methods were completed in accordance with the CQAPP and Section 5 of the
Areas 64 and 7 Further Investlgatron Work Plan, which is the srte-specrﬁc quality assurance project
plan. Samples were preserved and packed as required i in the CQAPP and as recommended by the
laboratory, contained in protectlve wrapping, placed in resealable plastic bags, and then packedina
- cooler on ice. Samples were picked up by a STL Chicago courier and delivered to the laboratory. The
- laboratory supplied clean sample containers and pre'servatives ‘Fleld quality assurance/duality-control |
(QA/QC) samples included field duphcates equipment rinsate blanks field blanks, and tnp blanks. |
Field chain-of-custody fonns field documentatnon sample labelmg, packagmg and’ shrppmg, and |
‘preservation were handled as specrﬂed in Section 5 of the work plan. ' -
2.6 Investlgatlon-Derlved Waste
Allsoil, purge water, and decontammatlon water were contained and treated as 1nvest1gatlon-derlved
waste (IDW). ‘Excess soil from each hollow-stem auger bonng was containerized in open-top 55-- |

gallon steel drums ‘The drums were sealed propetly labeled, and staged ina des1gnated area.to

" prevent vehrcular damage. The development and sampling purge water was collected and contamed in

bung-type 55-gallon steel drums which were also sealed, labeled and staged in the desngnated area.

Water from the decontamination procedures was also contalnenzed, labeled, and staged onsite.

All IDW was transported and disposed of by Clean -Harbors Environmental Serviees_ of
Chicago, Illinois. ‘ : :

- 27 Data Valldatlon o
All data were rev1ewed by an EnSafe chemlst and validated by Heartland Envnronmental Servrces of -

St Charles Missouri. The data valrdatron report is provrded in Appendrx Cand the analytical data are -

provided in Appendix D.

2.8  Health and Safety . ;
All _sampling was performed in accordance with the site-specific health and safety plan, included in - ‘
~ Section 4 of the Areas 64 and 7 Further Investigation Work Plan. )
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3.0 INVESTIGATION RESULTS

Results presented in this section summarize the geologic findings conducted during the
investigation, in addition to the analytical results for samples collected in April, June,
and July 2002. Previous magazine investigation results are discussed in the Areas 64
NIKE Missile Magazines Investigation Report (EnSafe, March 2002). Analytical results were
compared with the LSLs for organic parameters and LSLs and background values for
inorganic parameters. These values were provided in Section 2.7 of the Areas 64 and 7
Further Investigation Work Plan (EnSafe, 2002). The LSLs were developed in the
Final Gray Sites Investigation Work Plan (EnSafe, 1997) and approved by the BCT. The LSLs
are based on the TACO Tier 1 ingestion, inhalation, and soil-to-groundwater migration values for
residential use and the U.S. EPA Region 9 preliminary remedial goals for residential use. They
have been used throughout the Libertyville project to determine whether further action is required.
However, during preparation of the Areas 64 and 7 Further Investigation Work Plan, the LSLs
were updated to reflect revised TACO values.

3.1  Area 6A Investigation Results
Results from the soil and groundwater investigations around the exterior portions of the

missile magazines are summarized in this section.

3.1.1 Exterior Magazine Soil Investigation Results

Soil samples collected from outside the Area 6A missile magazines were analyzed for TCL VOCs,
SVOCs including low-level PAHs, PCBs, and TAL metals in accordance with CLP. The
following metals were also analyzed using SPLP to satisfy TACO cleanup objectives: chromium,
cobalt, lead, manganese, silver, and vanadium. To achieve the necessary detection limits for
PAH LSLs, the Low Method 8270 was used for PAH analysis. The laboratory’s standard
operating procedure for Low Method 8270 is included as Appendix A of the Areas 6A and 7
Further Investigation Work Plan (EnSafe, 2002). Soil sample locations and results from Area 6A
are summarized on Figure 3-1. Locations where at least one result exceeded applicable standards

are shown in red.

3-1
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Soil samples were also analyzed for pH to determine the appropriate TACO screening criteria for
inorganics, which are pH-specific. pH results from samples collected at Magazine Bravo (April,
June, and July) and Magazine Charlie (April) have been averaged together because of the limited

number of samples collected at Magazine Charlie. pH results are presented in Table 3-1.

3.1.1.1 Magazine Alpha — June 2002
Twenty-four subsurface soil samples and three duplicate samples were collected from
Magazine Alpha as described in Section 2.2. Organic analytical results are provided in Table 3-2.

Metals analytical results are provided in Table 3-3.

Semivolatile Organic Compounds
Nineteen SVOCs were detected in Magazine Alpha soil samples; 17 were low-level PAHs. No

constituents exceeded LSLs and almost all were at least one order of magnitude below the LSLs.

Volatile Organic Compounds
One VOC (acetone) was detected in Magazine Alpha soil samples. The results are orders of

magnitude below acetone’s LSL.

PCBs
Aroclor-1260 was detected in six soil samples from Magazine Alpha. No resuit exceeded its LSL.

Metals _

Twenty-one metals were detected in soil samples from Magazine Alpha. One inorganic (arsenic)
was detected at 12.7 milligrams pe} kilogram (mg/kg), which exceeded both the LSL (0.39 mg/kg)
and background concentration (11.8 mg/kg). This sample was collected in the underlying natural
till material at a depth of 23 to 25 feet bgs. This sample result only slightly exceeds its

background value and no overlying fill result exceeded its LSL or background concentrations.
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Table 3-1
Area 6A Magazine Exterior Investigation

Average Soil pH Values
Sample Depth
Sample ID (feet bgs) Sample Date pH Result
LTSSBBO118 16-18 4/26/02 7.60
LTSCBB0118 16-18 4/26/02 7.62
LTSSBB0218 16-18 4/26/02 6.11
LTSSBB0225 23-25 4/26/02 6.99
LTSSBB0305 3-5 4/26/02 7.62
LTSSBB0314 12-14 4/26/02 7.37
LTSSBB0417 15-17 4/26/02 6.18
LTSSBB0425 23-25 4/26/02 7.73
L TSSBB3B12 10-12 6/7/02 8.15
LTSSBB3B14 12-14 6/7/02 7.91
LTSSBB3B16 14-16 6/7/02 7.82
LTSSBB3C12 10-12 6/7/02 7.67
LTSSBB3C14 12-14 6/7/02 8.09
LTSSBB3C16 14-16 6/7/02 8.19
LTSSBB3D12 10-12 6/7/02 6.60
LTSSBB3D14 12-14 6/7/02 6.70
LTSCBB3D16 14-16 6/7/02 6.60
LTSSBB3D16 14-16 6/7/02 6.70
LTSSBB3E12 10-12 6/7/02 4.60
LTSSBB3E14 12-14 6/7/02 4.90
LTSSBB3E16 14-16 6/7/02 5.00
LTSSBC0212 10-12 4/26/02 8.02
LTSSBC0422 20-22 4/26/02 7.63
LTSCBC0422 20-22 4/26/02 7.84
LTSSBB3G16 14-16 7/11/02 4.60
LTSSBB3G18 16-18 7/11/02 4.70
LTSSBB3H14 12-14 7/11/02 4.70
LTSSBB3H16 14-16 7/11/02 4.80
LTSSBB3H18 16-18 7/11/02 4.80
LTSSBB3F14 12-14 7/11/02 4.80
LTSSBB3F16 14-16 7/11/02 4.80
LTSSBB3F18 16-18 7/11/02 4.90
LTSSBB3D18 16-18 7/11/02 4.80
LTSSBB3K10 8-10 7/11/02 4.80
LTSSBB3K12 10-12 7/11/02 4.90
LTSSBB3K14 12-14 7/11/02 4.80
LTSSBB3J10 8-10 7/11/02 4.90
LTSCBB3J10 8-10 7/11/02 . 4.90
LTSSBB3J12 10-12 7/11/02 4.90
LTSSBB3J14 12-14 7/11/02 4.80
LTSSBB3114 : 12-14 7/11/02 4.90
. LTSSBB3I16 14-16 7/11/02 5.00
LTSSBB3I18 16-18 7/11/02 5.00
LTSSBB3G10 : 8-10 7/11/02 4.80
LTSSBB3G12 10-12 7/11/02 4.90
LTSSBB3G14 12-14 . 7/11/02 4.90
LTSSCB3G14 12-14 7/11/02 5.00
Magazines Bravo and Charlie Average pH = 5.98




Table 3-1
Area 6A Magazine Exterior Investigation

Average Soil pH Values
: Sample Depth
Sample ID (feet bgs) Sample Date pH Result

LTSSBAO0105 3-5 6/7/02 "~ 6.50
LTSCBAO0121 19-21 6/7/02 6.60
LTSSBA0121 19-12 6/7/02 6.60
LTSSBA0125 © o 23-25 6/7/02 6.50
LTSSBA0207 5-7 6/7/02 6.70
LTSSBA0221 19-21 6/7/02 6.70
LTSSBA(0225 23-25 6/7/02 6.40
LTSSBA0313 11-13 6/8/02 6.60
LTSCBAOQ313 11-13 6/8/02 6.60
LTSSBAQ319 17-19 6/8/02 6.60
LTSSBA0325 23-25 6/8/02 6.60
LTSSBAO411 9-11 6/8/02 6.60
LTSSBA0421 19-21 6/8/02 6.50
LTSSBA0425 23-25 6/8/02 6.50
LTSCBA1AOQ5 3-5 6/11/02 5.10
LTSSBA1AOS 3-5 6/11/02 5.10
LTSSBA1A21 19-21 6/11/02 5.20
LTSSBA1A25 23-25 6/11/02 5.20
LTSSBA2A07 5-7 6/12/02 4.90
LTSSBA2A21 19-21 6/12/02 4.90
LTSSBA2A25 23-25 6/12/02 5.00
LTSSBA3A13 11-13 6/11/02 4.90
LTSSBA3A19 17-19 6/11/02 5.00
LTSSBA3A25 23-25 6/11/02 5.10
LTSSBA4A1l 9-11 6/11/02 5.00
LTSSBA4A21 19-21 6/11/02 5.00
LTSSBA4A25 23-25 6/11/02 5.10
Magazine Alpha Average pH = 5.83




Table 3-2
Area 6A Magazine Exterior Investigation
June 2002
Magazine Alpha Soil Samples - Organic Results
LTSSB | LTSSB | LTSCB | LTSSB | LTSSB | LTSCB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB
Constituent LSL A0105 | A0121 | A0121 | A0125 | ATIAOS | ATAO0S | A1A21 | A1A25 | A0207 | A0221 | A0225 | A2A07 | A2A21 | A2A25
Low Level PAHs
Naphthalene 18,000 3.3 5.8) 40J 9.1 1.3] ND ND 4.3] .2 1.5 3J 3.5) ND 2.7)
2-Methylnaphthalene 290,000 10 18 110J 27 1.5J 1.4 2.5 13 1.5 2.2) 11 38 2.1J 12
Acenaphthene 2,900,000 ND ND ND ND 3J 2.3) ND ND 3.4] ND ND 4.4] ND ND
Fluorene 2,600,000 1.4] ND ND ND 2.5J 2.5) ND ND 4.5] ND ND 4.7] ND ND
Phenanthrene 1,100,000 15 8.5 17J 24 11 10 6.3 10 25 6.1) 13 34 8.5 9.3
Anthracene 22,000,0001 2.1 ND ND ND 2.5) ND ND ND 7.7] 1.5 ND 6.4] ND ND
Fluoranthene 2,300,000 11 1.8 1.8 ND 9.6 8.4 ND ND 19 3.9 ND 30 ND ND
Pyrene . 2,300,000 12 3.1 4] 4.4) 16 9.7 2.1) 2.4) 16 4.4) 2.4 52 3J 2.8J
Benzo(a)anthracene 620 6.1 ND ND ND 6.3 3.1 ND 3.3) 73 2.1 ND 24 ND ND
Chrysene 62,000 9.4 4.5] 5.7) 8.3 6.5] 4.1 2.7] ND 9.3 4] 5.2 23 2.7) 3.9]
Benzo(b)fluoranthene 620 7.2 ND ND ND 9.3) ND ND ND 4.9) 2.5 ND 38J ND ND
Benzo(k)fluoranthene 6,200 ND 2] 1.8J ND ND 6.2 ND ND 5.3] ND ND ND ND ND
Benzo(a)pyrene 62 5] ND ND ND 5.1 3.5 ND ND 5.4] 1.5 ND 22 ND | ND
Indeno(1,2,3-cd)pyrene 620 2.9 ND ND ND 1.3 ND ND ND 2.8 ND ND 5.7] ND ND
Dibenz(a,h)anthracene 62 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(g,h,i)perylene 2,300,000 4.6 2.2 3.1 4.5) 2.5) 1.9] ND 2.2] 3.8J 1.8J 3.4] 13J 2.1 2.4]
1-Methylnaphthalene NA 7.73 9.1J 54 19 ND ND ND 7.7 ND ND 7.5 22 1.5 6.4]
Semivolatile Organic Compounds
Carbazole 2,800 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Dibenzofuran 76,000 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Volatile Organic Compounds
Acetone 16,000 8]J 9 8] 71] 18 23 ND ND 9 7] 6J ND ND ND
Polychlorinated Biphenyls
Aroclor-1260 220 ND 76 80J ND ND ND ND ND ND 46 ND ND ND ND

Notes:

Only detected constituents are presented.

LSL = Libertyville screening levels.
Units = pg/kg

ND = Not detected.

J = Estimated value.

Bold = Concentration exceeds LSL.
NA = Not Available




Table 3-2
Area 6A Magazine Exterior Investigation
. June 2002
Magazine Alpha Soil Samples - Organic Results
LTSSB | LTSCB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB
Constituent LSL A0313 | A0313 | A0319 | A0325 | A3A13 | A3A19 | A3A25 | A0411 | A0421 | A0425 | A4A11-| A4A2]1 | A4A2S5
Low Level PAHs
Naphthalene 18,000. 3.3] 1.8) ND ND 47 ND ND 1.7 2.2] ND ND 1.9J ND
2-Methylnaphthalene 290,000 1.8 2.1 6.7) 24) 2.5) ND ND 1.5 4.6] ND 1.5 7.6 ND
Acenaphthene 2,900,000 3.6 ND ND ND 5.4] ND ND 1.9 ND ND 3.7] ND ND
Fluorene 2,600,000 321 | 2.6) ND ND 6.3] ND ND 2J ND ND 3J ND " ND
Phenanthrene 1,100,000 18 7.2) 9.3 25J 24 4.7] 3.2) 16 5.8) 6.2) 12 11 2.7)
Anthracene 22,000,0000 3.7 ND ND 2.6] 4.1 ND ND 4.3] ND ND 2.4] ND ND
Fluoranthene 2,300,000 13 4.3 3.2 ND 10 ND ND 16 ND 8J 4.7 2.2) ND
Pyrene 2,300,000 11 3.6] 4.1 7.3] 14 2.7) 3.4] 15 2.3) 12] 7.4) 7 3.9
Benzo(a)anthracene 620 4.6] ND 1.9 ND 3.3 ND ND 7.5 ND 6.7) 2] 2J 6.4]
Chrysene 62,000 6.2] 3J 4.2 10J 3.9) ND ND 7.6] 4.2 14] 2.8] 4.2) ND
Benzo(b)fluoranthene 620 ND ND ND ND ND ND ND 8.7 ND 6.9) ND 3J ND
Benzo(k)fluoranthene 6,200 7.2) ND 2.4) ND 3.2) ND ND ND 1.7 6.1J ND ND ND
Benzo(a)pyrene 62 3.9 ND 1.5 ND 2.2) ND ND 6J 1.5 6J ND ND ND
Indeno(1,2,3-cd)pyrene 620 2.7 ND 1.4) ND ND ND ND 3.5) ND 6.6] ND ND ND
Dibenz(a,h)anthracene 62 ND ND ND ND ND ND ND 1.7 ND 4.4] ND ND ND
Benzo(g,h,i)perylene 2,300,000 3.1 ND 3J 8.4] 1.9] 1.9 2] 4.3] 2.6) 9.2) 1.7 2.2) 1.9
1-Methylnaphthalene ND - 1.7J 2.8) 17J 1.4 ND ND ND 2.4) ND ND 3J ND
Semivolatile Organic Compounds '
Carbazole 2,800 ND ND ND ND ND ND ND ND ND ND 72 ND ND
Dibenzofuran 76,000 ND ND ND ND ND .| ND ND ND ND ND 43) ND ND
Volatile Organic Compounds
Acetone ’ 16,000 117 20J ND ND 10 ND ND 10 6J 5] 12 ND ND
Polychlorinated Biphenyls .
Aroclor-1260 220 ND ND 37 ND ND ND ND ND 37 ND ND 32] ND

Notes:

Only detected constituents are presented.
LSL = Libertyville screening levels.
Units = pg/kg

ND = Not detected.

] = Estimated value.

Bold = Concentration exceeds LSL.




e 3-3

Area 6A Magazine Exterior Investigation
June 2002
Magazine Alpha Soil Samples - Metals Results

Bkgd Bkgd J LTSSB | LTSSB | LTSCB | LTSSB | LTSSB | LTSCB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB
Constituent LSL 6"-10' | 10'-60' | A0105 | A0121 | A0121 | A0125 | A1A05 | A1A05 | A1A21 | A1A25 | A0207 | A0221 | A0225 | A2A07 | A2A21 | A2A25
Metals :
Aluminum 76,000 17,985 | 8,392 11,300 | 3,760 3,020 7,940 | 12,200 | 10,800 | 7,920 8,130 8,770 5,120 | 10,300 { 8,910 8,240 8,780
Antimony 20 1.5 0.94 ND ND 0.62) 0.63J 0.8 ND ND ND ND 0.66] ND ND ND ND
Arsenic 0.39 29.9 11.8 6.2 6.7 6.9 5.6 11.1 6.5] 6.4) 6.1] 7.4 11.2 5.7 6.9 7.8 5.6]
Barium 1,200 147.6 86.38 48.5 15] 11.7 34.4) 97.6 66.6 64.5 33.5) 41.2) 24 .4) 44.1 43.5] 32 36.6]
Beryllium 150 1.26 0.7 0.6J 0.21] 0.17) 0.46J 0.68) 0.57] | 0.46] 0.47 0.48) 0.29] 0.57) 0.49) 0.48) 0.51)
Calcium EN 104,000 | 110,922 ] 70,000 | 104,000 | 129,000 | 80,000 | 18,000 | 58,100 | 79,000 | 84,600 | 83,100 | 92,600 | 77,700 | 73,700 | 79,700 | 76,500
Chromium 210 31.3 23.8 18.7 7.9 7 15.1 20.2 18.3 15.2 15.4 14.6 11.7 19 15.8 16 17
Cobalt 4,700 25.4 13.1 9.7) 7.1 5.1) 9.2} 13 9.8] 9.7 9.4] 10J 10.3] 10.3) 11 9.8] 10.1)
Copper 2,900 55.7 44.7 23.9 | 222 13.6 19.8 27.1 22.2 21.3 21.4 21.7 28.6 21.1 22.6 33.3 21.7
Iron EN 53,577 | 20,936 | 20,800 | 20,100 | 14,200 | 17,800 | 28,500 | 19,900 | 19,200 | 18,400 | 20,300 | 33,500 | 19,800 | 20,300 | 19,400 | 19,500
Lead 400 27.9 14.9 12.1) 10J 7.6] 10J 17.3] 13.5) 10 10.1J 11.6] 22.5) 9.8J 11.8) 10.5J 10J
IMagnesium EN 36,100 | 63,513 } 37,700 | 54,100 | 61,400 | 41,700 | 11,900 | 31,800 { 40,600 { 41,400 | 45,100 | 48,700 | 40,800 | 39,900 | 41,300 | 38,400
| Manganese 1,800 2,191 928 616 650 711 568 994 698 642 641 914 747 575 833 630 605
Nickel 1,500 66.6 34.9 24.3 17.9 12.9 22.6 33.4 23.8 23.1 22.4 23.7 30.9 25.2 24.3 23.6 24.4
Potassium EN 17,905 | 3,180 J 3,050 | 1,050J { 1,020J | 2,480F | 2,200 | 2,450) | 2,520J | 2,690J | 2,0607 | 1,470J { 3,360J | 2,270J | 2,590) | 2,790]
Selenium 8.8 2.11 NA ND 0.33) 0.45] 0.45) 0.59] ND ND ND 0.57) 0.68] ND 0.38) 0.4] 0.37)
Silver 390 NA NA ND ND ND ND ND ND ND ND - ND ND ND ND ND ND
Sodium EN NA 270 184) 2897 2747 262) 98.2) 152 197 209) 165J 244] 214) 169J 198) 205]
Thalljum 5.2 NA NA 0.76] 0.91]) ND ND 0.68J 0.53J 0.78]. ND 1.9J 1.5]) 1.2 ND ND ND
Vanadium 550 49.4 20.6 26.1) 15.7¥ 13.9] 19.2) 29.4 25.4 19.1 19.9 20.9) 17.9] 23.4) 21.6 20.2 21.1
Zinc 7,200 100.46 399 55.4) 68.9] 29.5] 65.6) 63.7 50.3 38.6 39.8 47.8] 134 40.6] 46.3 48.6 45.2

Class II Soil to

SPLP Metal] GW Migration
Chromium 1.0 NA NA ND ND ND ND ND ND ND ND 0.011) ND ND ND 0.017) ND
Cobalt 1.0 NA NA ND ND ND ND ND ND ND _ND ND ND ND ND 0.005J ND
Lead 0.1 NA NA ND. ND ND ND ND ND ND ND 0.0076 ND ND ND ND ND
Manganese 10.0 NA NA 0.021] ND ND 0.02] 0.16 0.11 0.027J { 0.038J 0.13 ND 0.028J 0.11 0.14 0.031)
Vanadium 0.1 NA NA 0.009] ND ND ND ND 0.009J ND ND 0.017) ND 0.006] ND 0.022) ND
Notes:

Only detected constituents are presented.

LSL = Libertyville screening levels.

Bkgd = Background.

Metals units = mg/kg; SPLP metals units = mg/L.

ND = Not detected.
J = Estimated value.

EN = Essential Nutrient.

NA = Not available / not applicable.

Bold = Concentration exceeds LSL (and background, when background is available).
Italics = Concentration exceeds background.
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Area 6A Magazine Exterior Investigation
June 2002
Magazine Alpha Soil Samples - Metals Results

Bkgd Bkgd J LTSSB | LTSCB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB

Constituent LSL 6"-10' | 10'-60' § A0313 | A0313 | A0319 | A0325 | A3A13 | A3A19 | A3A25 | A0411 | A0421 | A0425 | A4A1l | AdA21 | A4A25
Metals '

Aluminum 76,000 17,985 | 8,392 | 10,000 ND 3,260 9,380 8,890 8,550 | 10,800 | 9,190 4,360 4,590 9,000 3,220 7,410
Antimony 20 1.5 0.94 ND ND ND ND ND ND ND ND ND 0.63) ND ND 1J
Arsenic 0.39 29.9 11.8 8.2 7.9 5.4 6.5 5.4 4.5] 5.9] 6 9 12.7 7.8 9.1] 4.6]
Barium 1,200 147.6 86.38 42.4 44.2 13.7) | 41.2 35 28.6] 4.3 32.3) 11.6J 17.4) 40.9 12.3] 29.8)
Beryllium 150 1 1.26 0.7 0.54 0.54]) 0.21J 0.55J 0.5 0.46] 0.61J 0.52] 0.27) 0.3 0.5 0.25] 0.45]
Calcium EN 104,000 | 110,922 56,300 | 69,200 | 118,000] 73,500 | 74,600 | 76,500 | 73,100 | 81,400 | 64,900 | 103,000 | 65,100 | 115,000 76,500
Chromium 210 31.3 23.8 16.8 17.4 7.2 17.8 16.7 16.1 19.5 16.8 6.6 9.2 16 7.8 14.8
Cobalt 4,700 25.4 13.1 10.1J 11.4] 5.6] 10.7] 8.5 5.2] 11 12.9) 7.4 9.7] 10.6] 77 8.9]
Copper 2,900 - 55.7 44.7 24.3 24.8 16.4 24.6 23.6 22 23.4 22.6 24.9 24.6 23.6 25.2 20
Iron EN 53,577 | 20,936 § 23,100 | 22,800 | 15,400 | 20,800 | 18,600 | 18,300 | 21,700 | 19,400 | 22,500 | 18,300 | 21,100 | 27,200 | 15,600
Lead 400 27.9 14.9 13.6] 12.9] 9.9 11.73 11.1 11.3 11.1 11.8J 9.4) 10.4) 13.2 11 9)
Magnesium EN 36,100 | 63,513 § 31,800 | 37,400 | 61,200 | 38,300 { 40,300 | 41,100 | 37,500 | 42,800 | 36,000 | 55,700 | 35,500 | 60,900 | 33,900
Manganese 1,800 2,191 928 673 802 761 613 766 542 584 759 543 1070 638 758 477
Nickel 1,500 66.6 34,9 24.9 26.7 15.6 266 | 234 18.6 27.3 27 17.7 21.1 25 18.2 22.1
Potassium EN 17,905 { 3,180 § 2,280 | 2,660J | 1,060J | 2,780J | 2,360F | 2,460) | 3,470] | 2,980) 872 1,930 | 2,190 931J 2,220
Selenium 8.8 2.11 NA. ND ND 0.67] 0.67] 0.76] 0.46] ND 0.58J 0.43J 0.51J 0.33) 0.33J 0.39J
Silver 390 NA NA ND ND ND ND ND ND ND ND 0.22) ND ND .| ND ND
Sodium EN NA 270 139 | 175]) 264) 206J 163J 179) 211 209) 192 1917 153] 255] 174)
Thallium 5.2 NA NA 0.737 |- 1.5] 0.89) 0.83J ND ND ND 1.6 1.1 | 1.3] ND ND ND
Vanadium 550 49.4 20.6 22.8] 23] 14.3J 22 222 20.5 24.2 22] 27.7 14.3] 21.2 15.4 18.1
Zinc 7,200 100.46 399 57) 48.4] 58.3) 39.5J 46.6 40.4 57.3 43.1J 51.3) 39.7] 51.2 102 30

Class II Soil to

SPLP Metall GW Migration .

Chromium 1.0 NA NA ND ND ND ND 0.014] ND ND ND ND ND ND ND ND
Cobalt 1.0 NA NA ND ND ND ND ND ND ND ND ND ND ND ND ND
Lead 0.1 NA NA ND ND ND ND | 0.0063) ND ND ND ND ND ND ND ND
Manganese 10.0 NA NA 0.064 0.066 ND 0.03J 0.18 ND 0.037J 0.07 ND 0.025] 0.18 ND 0.033)
Vanadium 0.1 NA NA ND 0.005J ND ND 0.02) ND ND ND ND ND 0.0097 ND ND
Notes:

Only detected constituents are presented.

LSL = Libertyville screening levels.

Bkgd = Background.

Metals units = mg/kg; SPLP metals units = mg/L.

ND = Not detected.

J = Estimated value.

EN = Essential Nutrient.

NA = Not available / not applicable.

Bold = Concentration exceeds LSL (and background, when background is available).
Italics = Concentration exceeds background.




Areas 64 and 7 Investigation Report
LTS NIKE Missile Magazines
Section 3: Investigation Results

~ September 6, 2002

Three calcium, seven iron, and two sodium results exceeded background levels. All three metals
are considered essential nutrients. No other metals results exceeded either background or
LSL values.

SPLP Metals
All metals (except silver) submitted for SPLP analysis were detected in at least one sample.
However, no result exceeded the TACO Class II soil to groundwater migration route and all

results were at least one order of magnitude below it.

3.1.1.2 Magazines Bravo and Charlie April 2002 Soil Results

To determine whether SVOC soil exceedances identified in July 2001 were due to
waterproofing material on the magazines’ exterior walls or other sources, seven subsurface soil
samples and one duplicate sample were collected from Magazine Bravo. Two subsurface and
one duplicate sample were collected from Magazine Charlie. All samples were collected as
described in Section 2.1. Organic analytical results are provided in Table 3-4. Metals
analytical results are provided in Table 3-5.

Semivolatile Organic Compounds _

Eightéen SVOCs were detected in Magazine Bravo soil samples; 17 were low-level PAHs.
Four constituents detected at sample location LTSSBO3 exceeded LSLs. All four exceedances are
from the sample collected from 12- to 14-foot bgs (LTSSBB0314). ' Benzo(a)anthracene was
detected at a concentration of 2,000 micrograms per kilogram (pg/kg), exceeding its LSL of
620 pg/kg; Benzo(b)fluoranthene was detected at a concentration of 1,700 pg/kg, exceeding its
LSL of 620 pg/kg; Benzo(a)pyrene was detected at a concehffation of 370 pg/kg, exceeding its
LSL of 62 pg/kg; and Dibenz(a,h)anthracene was detected at a concentration of 1,700 pg/kg,
exceeding its LSL of 62 pug/kg.

No other constituents exceeded LSLs and most other SVOC results were at least one order of
magnitude below them. |
3-10
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Area 6A Magazine Exterior Investigation
April 2002
Magazine Bravo and Charlie Soil Samples - Organic Results

Magazine Bravo Results Mag. Charlie Results

LTSSB | LTSCB | LTSSB | LTSSB | LTSSB { LTSSB | LTSSB | LTSSB { LTSSB | LTSSB | LTSCB
Constituent LSL BO0118 | B0118 | B0218 | B0225 | B0305S | B0314 | B0417 | B0425 | C0212 | C0422 | C0422
Low Level PAHs
Naphthalene 18,000 1.3]J 1.5] 6.2J 2.7J) 23] 11 257 5517 2.5]) 357 4.6J)
Acenaphthene 2,900,000 ND ND 11 24]) 2.0) 330 2.1J ND ND 3.0J 4.1J
Fluorene 2,600,000 ND ND 13 327 2.8) 450 3.1J ND 1.6J 3.8J 4617
Phenanthrene 1,100,000 | 4.0J 7.1] 88 8.0J 14 3800 D 13 14 9.6 24 32
Anthracene 22,000,000 ND 1.47J 25 2.8]J ND 1600D | 3.47 ND 1.6] 7.017 9.7
Fluoranthene 2,300,000 § 3.0J 297 92 7217 15 4900D | 7.0J ND 5.4]) 21 31
Pyrene 2,300,000 4.8) 4817 87 8.1J 13 4600 D 8.3 3.0J 5.7) 23 33
Chrysene 62,000 3.9J 39]J 41 4.1] 7.1] 190D | 5.1J 547 4.2] 12 17
Benzo(a)anthracene 620 ND ND 38 2.6J 241 | 2000D ] 247 ND 1.97J 10 14
Benzo(b)fluoranthene 620 ND ND 27 2.7 53] 1700D | 2.1J ND 207 7.2] 12
Benzo(k)fluoranthene 6,200 ND ND 28 23] 2.7) 1500 D ND ND 1.8] 8.2 11
Benzo(a)pyrene 62 ND ND 33 2.5] 1.7]) 1900 D { 2.0J ND ND 9.2 13
Indeno(1,2,3-cd)pyrene 620 ND ND 22 8.0J 73] 530 7.5] ND ND 11 11
Dibenz(a,h)anthracene 62 ND ND 19 ND ND 370 ND ND ND 127 ND
Benzo(g,h,i)perylene 2,300,000 2.5J 237 20 2.8) 2417 650 3.1J 3.0J ND 7.4] 7.8]
2-Methylnaphthalene 290,000 ND ND 8.2]J 1.6J 2.0] 21 9.6 16 3.5) 3.7) 437
1-Methylnaphthalene NA ND ND 5.6] ND 1.4] 14 7.6] 12 297 2.17 297
Semivolatile Organic Compounds
Carbazole 2,800 ND ND ND ND ND ND ND ND ND 76 ND
Volatile Organic Compounds .
Acetone 16,000 10 11 10 14 26 23 14 11 13 ND ND

Polychlorinated Biphenyls

None detected in any sample

* Notes:

Only detected constituents are presented.
LSL = Libertyville screening levels.

Units = pg/kg
ND = Not detected.
J = Estimated value.

Bold = Concentration exceeds LSL.

NA = Not Available




3.5
Area 6A Magaz@xterior Investigation

April 2002

Magazine Bravo and Charlie Soil Samples - Metals Results

Magazine Bravo Results

Mag. Charlie Results

Bkgd Bkgr LTSSB | LTSCB | LTSSB LTSSB LTSSB LTSSB LTSSB LTSSB LTSSB LTSSB LTSCB
Constituent LSL 6"-10' 10' - 60’ B0118 B0118 B0218 B0225 B0305 B0314 B0417 B0425 C0212 C0422 C0422
Metals
Aluminum 76,000 17,985 8,392 7,300 4,800 8,360 8,740 11,600 10,500 8,640 9,610 9,490 3,100 4,220
Arsenic 0.39 29.9 11.8 6.5 7 7.8 7.9 7.8 8.2 8.1 6.7 7.4 5.9 9.1
Barium 1,200 147.6 86.38 34.71) 27.41] 36.97 39.27 65.3]J 65.2) 44.7] 42.1] 51.11] 12.81] 15.87
Beryllium 150 1.26 0.7 0.381J 0.32] 0.52] 0.49J 0.6) 0.571J 0.47] 0.531] 0.5) 0.16] 0.19]
Cadmium 37 0.34 2.1 0.257J ND 0.1J ND 0.26) 0.137J 0.092) ND 0.12] 1.1 ND
Calcium EN 104,000 110,922 77,500 85,900 74,900 72,100 48,600 45,800 69,300 69,300 82,700 100,000 90,600
Chromium 210 31.3 23.8 14.7 10.1 16.8 17 19.3 18.3 16.3 18.5 16.4 7.5 8.9
Cobalt 4,700 25.4 13.1 9.5] 5.1) 9.5 10.4 11 10.8 9.6J 9.7 9.5] 6.3] 7.3]J
Copper 2,900 55.7 44.7 22.6 22.1 21 21.8 22.9 21.5 22.9 22.3 20.6 19.3 29.2
Iron EN 53,577 20,936 18,100 18,700 23,500 19,700 21,700 24,500 20,100 19,600 19,400 20,800 20,300
Lead 400 27.9 14.9 13] 18J 13.7] 13.2] 1557) 12.57 14.5] 13.87J 12.1) 84]J 8417
Magnesium EN 36,100 63,513 39,600 47,000 39,700 37,100 26,700 25,700 36,400 35,100 29,300 54,000 47,200
mnfganese 1,800 2,191 928 637 832 641 619 640 802 646 557 611 656 610
Nickel 1,500 66.6 34.9 22.7] 16.1] 24871 25.1] 25917 25917 23.5] 23.9) 23.2) 14.1] 1947
Potassium EN 17,905 3,180 2,160J 1,660 J 2,530) 2,7007 2,530 2,1101 2,310 3,110 1,970 836J 1,020)
Selenium 8.8 2.11 NA ND 0.28J 0.26] ND 0.27) ND 0.23] ND 0.31] ND ND
Sodium EN NA 270 313)J 2957 3781 3457 308 J 333) 29711 3457 249J 318]J 466 ]
Thallium 5.2 NA NA 2.8 1.6) 2 2.1 2.2 1.7] 1.5] 1.8J 2.0J 1.9 2.1J
Vanadium 550 49.4 20.6 20.1 16 25.3 23.3 29.3 28.5 23.4 24.2 24.2 17.9 19.5
Zinc 7,200 100.46 399 42.6] 39.5) 51.4) 51.7J 74.3) 53.3) 47.91] 44.4] 52.4] 282 ] 51.87J

Class II Soil to

SPLP Metal | GW Migration :
Chromium 1 NA NA 0.0337J ND ND 0.0271 ND ND ND ND ND ND ND
Cobalt 1 NA NA 0.017J ND ND 0.008 J ND ND ND ND ND ND - ND
Lead - 0.1 NA NA 0.0177J ND 0.005] 0.01J) ND ND ND ND ND ND ND
Manganese 10 . NA NA 0.21 0.03J 0.065 0.26 0.085 0.19 0.052 0.033J 0.19 ND ND
Vanadium 0.1 NA NA 0.0437] 0.009J 0.015] 0.028 ) ND 0.008J ND 0.006J 0.007J ND ND
Notes:

Only detected constituents are presented.
LSL = Libertyville screening levels.

Bkgd = Background.
Metals units = mg/kg; SPLP metals units = mg/L.
ND = Not detected.

B = Estimated value.
EN = Essential Nutrient.

NA = Not available / not applicable.

Bold = Concentration exceeds LSL (and background, when background is a‘}ailable).
Italics = Concentration exceeds background.




Areas 6A4 and 7 Investigation Report
LTS NIKE Missile Magazines
Section 3: Investigation Results
September 6, 2002

Eighteen SVOCs were detected in Magazine Charlie soil samples; 17 of were low-level PAHs.

No constituents exceeded LSLs and almost all were at least one order of magnitude below them.

Volatile Organic Compounds
One VOC (acetone) was detected in Magazine Bravo and Magazine Charlie soil samples. The

results are orders of magnitude below acetone’s LSL.

PCBs

No PCBs were detected in soil samples from Magazine Bravo or Magazine Charlie.

Metals
Twenty metals were detected in soil samples from Magazine Bravo and Magazine Charlie. None

exceeded backgrouhd levels or LSLs.

SPLP Metals

All metals (except silver) submitted for SPLP analysis were detected in at least one Magazine
Bravo soil sample. Two were detected in Magazine Charlie soil samples. However, no result
exceeded the TACO Class II soil component of the groundwater ingestion exposure route. All

results were at least one order of magnitude below it.

Based on the results above, soil contamination concerns had been delineated at Magazine Charlie
in the April 2002 sampling event and no further investigation was required. The SVOC
soil contamination concerns at Magazine Bravo were not fully delineated and required further

investigation.
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3.1.1.3 Magazine Bravo June 2002 Delineation Soil Results

Based on the results of the "April 2002 r—investigation activities, a second phase of
delineation sampling was required south of Magazine Bravo. To further delineate SVOC soil
exceedances identified at sample location LTSSB03, 12 subsurface soil samples and one duplicate
sample were collected from Magazine Bravo as described in Section 2.1. Organic analytical

results are provided in Table 3-6. Metals analytical results are provided in Table 3-7.

Semivolatile Organic Compounds

During this phase of delineation sampling, 20 SVOCs were detected in Magazine Bravo
soil samples; 17 were low-level PAHs. One constituent '(benzo[a]pyrene), and its
duplicate sample result from sample location LTSSB3D exceeded its LSL. The exceedance was
from the sample collected from 14 to 16 feet bgs (LTSSBB3D16 and duplicate sample
LTSCBB3D16). Benzo(a)pyrene was detected at a concentration of 97 pg/kg in the primary
sample and. 230 pg/kg in the duplicate sample, exceeding its LSL of 62 pg/kg.

No other constituents exceeded LSLs; most other SVOC results were at least one order of

magnitude below them.

Volatile Organic Compounds
One VOC (acetone) was detected in soil samples collected during the second phase of
delineation sampling at Magazine Bravo. The results. are orders of magnitude below

acetone’s LSL.
PCBs

No PCBs were detected in soil samples collected during the second phase of delineation sampling

at Magazine Bravo.
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Table 3-6

Area 6A Magazine Exterior Investigation

© June 2002

Magazine Bravo Soil Samples - Organic Results

LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSCB | LTSSB | LTSSB | LTSSB
Constituent LSL B3B12 | B3B14 | B3B16 | B3C12 | B3C14 | B3C16 | BaD12 | B3D14 | B3D16 | B3D16 | B3E12 | B3E14 | B3E16
Low Level PAHs
Naphthalene 18,000 1.6] ND ND 2.4]) ND ND 20 4.3] 26] 56] 7.8 26 9.1
Acenaphthene 2,900,000 ND ND ND 17 ND ND 18 12 74] 220J 15 29 22
Fluorene 2,600,000 ND ND ND 16 ND ND 15 12 75) 240] 21 29 18
Phenanthrene 1,100,000 § 4.6) 3.2) 4.1) 66 1.8J 6.2J 71 60 220) 400J 96 110 72
Anthracene 22,000,000] ND ND ND 26 ND ND 30 19 120 360J 23 27 21
Fluoranthene 2,300,000 § 3.6) ND 2.4] 87 ND ND 85 62 300) 700) 98 52 78
Pyrene 2,300,000 § 4.7J 7.2 7.4] 71 6.5] 3.4] 75 55 240) 550) 62 41 63
Chrysene 62,000 3.5) 8.7 9.8 31 7.8 5.0J 34 27 110J 260J 9.1 20 33
Benzo(a)anthracene 620 ND ND ND 32 ND ND 35 27 120J 300) 6.3) 17 32
Benzo(b)fluoranthene 620 ND 23] 3.2] 22 2.71] ND 24 21 74 170) 521] 19 33
Benzo(k)fluoranthene 6,200 1.7) ND ND 22 ND ND 23 16 92] 230) ND ND ND
Benzo(a)pyrene 62 ND ND 257 26 ND ND 28 22 97J 230J 347 14 24
Indeno(1,2,3-cd)pyrene 620 ND ND 1.67J 12 ND ND 13 10 44] 120) 1.7] 8.3 13
Dibenz(a,h)anthracene 62 ND ND ND 4.8] ND ND 48] 4.1] 14] 50] ND 3.0J 3.2J
Benzo(g,h,i)perylene 2,300,000 | 2.6J 5.0J 5.1J 13 59) 3.8)J 15 11 41] 100J 44] 10 12
2-Methylnaphthalene 290,000 0.93J 1.1] ND 38J | 0.87) 1.8] 8.7 3.6J 7.9) 14) 6.3) 10 4.7]
1-Methylnaphthalene NA ND ND ND 2.9] ND 1.5) 6.5) 2.9) 5.0J 8.9 44] 62J | 331
Semivolatile Organic Compounds
Dibenzofuran 76,000 ND ND ND ND ND ND ND ND 83} 551 ND. ND 40 ]
Carbazole . 2,800 ND ND ND ND ND ND ND ND 130 J 871 ND ND 56.J
bis(2-Ethylhexyl)phthalate 35,000 ND ND ND ND ND ND ND 60 ND ND ! ND ND ND
Volatile Organic Compounds
Acetone 16,000 13] ND ND 10J ND ND 8J 11 12 9] 11 12) ND

Polychlorinated Biphenyls

None detected in any sample

Notes:

Only detected constituents are presented.
LSL = Libertyville screening levels.
Units = pg/kg

ND = Not detected.

J = Estimated value.

Bold = Concentration exceeds LSL

NA = Not Available




Table 3-7
Area 6A Magazine Exterior Investigation
. June 2002
Magazine Bravo Soil Samples - Metals Results

. Bkgd Bkgd JLTSSB| LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSSB | LTSCB{ LTSSB | LTSSB | LTSSB
Constituent LSL 6"-10' | 10'-60' ] B3B12 | B3B14 | B3B16 | B3C12 | B3C14 | B3C16 | B3D12 | B3D14 | B3D16 | B3D16 | B3E12 | B3E14 | B3E16
Metals '
Aluminum 76,000 17,985 8,392 | 10,400 | 9,310 | 7,980 | 9,830 | 8,400 | 10,100 | 10,900 | 9,290 | 10,300 | 9,740 | 11,100 | 9,530 | 9,750
Antimony 20 1.5 0.94 ND ND ND ND ND ND 1.1J ND ND ND ND ND ND
Arsenic 0.39 29.9 11.8 9.3) 5.7) 8.5 22.3) 6.9) 8.9 9.6 7.8 6.9 7.9 6.1] 7.2) 6.9)
Barium 1,200 147.6 86.38 61.6 40.7) 39.1] 65.8 | 33.8) 54.6 83.4 60.6 61.9 56.6 67 51.4 55.3
Beryllium 150 1.26 0.7 0.51) 0.43] 0.37] 0.487 | 0.38] 0.48]) 0.61J 0.53J 0.54] 0.53] 0.53] 0.44] 0.46]
Cadmium 37 0.34 2.1 0.18) 0.13) ND 0.18) 0.11J | 0.12) ND ND ND 0.18) 0.16J 0.12) 0.14]
Calcium EN 104,000 | 110,922 f 52,900 | 66,400 { 70,500 | 55,200 | 66,800 | 55,100 | 53,600 | 63,500 | 56,000 | 64,700 | 36,400 | 45,500 | 59,400
Chromium 210 31.3 23.8 17.2 16.4 15 17 15.7 17.1 18.1 16.6 17.3 16.7 18 15.9 16.6
Cobalt 4,700 25.4 13.1 10.7 9.8J) 9.4] 17 8.5 10.4) 14.2) 11] 11.2 9.9 9] 9.6J 10.1)
Copper 2,900 55.7 44.7 29.9 23.8 © 25 23.9 23.2 28.7 24.1 23.3 22.8 26.3 24.3 22.3 24
Iron EN 53,577 20,936 | 23,600 | 18,300 | 19,400 | 33,400 | 18,600 | 22,100 | 24,800 | 22,400 | 21,500 | 23,200 | 19,100 | 20,100 | 20,200
Lead 400 27.9 14.9 16.6] 12.2) | '14.3] 13.8) 10.8J 13.6J 16.6) 12.2) 13.5]) 15.3) 12.7) 12.3J 13.2]
Magnesium EN 36,100 63,513 | 31,100 | 40,000 | 40,200 | 35,300 | 39,400 | 32,900 | 27,900 | 34,100 | 30,800 | 35,200 | 20,200 | 27,300 | 34,800
Manganese 1,800 2191 928 643 626 593 808 540 633 1000 789 647 784 516 557 686
Nickel 1,500 66.6 34,9 26.4 22.6 23.1 32.8 24.1 25.6 26.6 25.2 25.2 23.7 22.2 23.1 24.2
Potassium EN 17,905 3,180 § 2,150J } 2,9907 | 2,520 | 2,780J | 2,720) | 2,390] | 2,110J | 2,300J { 2,260J | 2,100J | 1,700) | 1,960J | 2,350
Selenium 8.8 2.11 NA ND 0.28] ND 0.31J ND 0.16] 0.36] 0.4] 0.33) | 0.41] ND ND ND
Sodium EN NA 270 2747 245] 240]) 2957 2161 210 142) 168J 154 171U 252 ND 237
Thallium 5.2 NA NA ND ND ND ND 0.25] | 0.23] 1.8 1.8J 1.3) 1.2) ND ND ND
Vanadium 550 49.4 20.6 24.1 18.6 17.2 21.3 17.8 21.9 27.8] 23.7 23.7) 24) 23.2 20.8 21.4
Zinc 7,200 100.46 399 60.9 45 46.9 58 45.5 52.5 62.2] 48.6 55.6) 96.5] 58.8 49.9 53.9

Class II Soil to '

SPLP Metals | GW Migration :
Chromium 1.0 NA NA 0.14] ND 0.017J ND ND 0.016J | 0.0137 { 0.01J | 0.038] | 0.014]) ND 0.019J | 0.026]
Cobalt 1.0 NA NA 0.005J ND 0.006] ND ND 0.007) ND ND 0.018J | 0.005J ND 0.008J | 0.013)
Lead 0.1 NA NA [0.0057J] ND [0.0069J] ND ND ND | 0.0067J] 0.0057J | 0.026 | 0.0097 ND 0.01 0.02
Manganese 10.0 NA NA 0.23 | 0.018) | 0.097 0.1 ND 0.14 0.25 0.17 0.51 0.24 0.15 | 0.28 0.35
Vanadium 0.1 NA NA 0.019] ND 0.02] | 0.006J | ND ' | 0.021) | 0.021) | 0.016] | 0.056 | 0.023J | 0.007) | 0.027) | 0.038]
Notes: .

Only detected constituents are presented.

LSL = Libertyville screening levels.
Bkgd = Background.

Metals units = mg/kg; SPLP metals units = mg/L.

ND = Not detected.

J = Estimated value.

EN = Essential Nutrient.

NA = Not available / not applicable.
Bold = Concentration exceeds LSL (and background, when background is available).

Italics = Concentration exceeds background.




Areas 64 and 7 Investigation Report
LTS NIKE Missile Magazines
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Metals

During this phase of delineation sampling, 21 metals were detected in soil samples from
Magazine Bravo. Arsenic in sample LTSSBB3C12 from location LTSSB3C was detected at
22.3 mg/kg, exceeding both the LSL (0.39 mg/kg) and deep subsurface (10 to 60 feet bgs)
background (11.8 mg/kg) concentrations. However, this result does not exceed the
shallow subsurface (6 inches to 10 feet bgs) background concentration of 29.9 mg/kg and is the
only arsenic exceedance found at Magazine Bravo. This result is not thought to represent

contamination.

Six iron and two sodium results exceeded background levels. Both metals afe considered
essential nutrients and no result exceeded LSLs. No other metals results exceeded either
background or LSL values. Based on these and previous sampling results, metals are not a

concern at Magazine Bravo.

SPLP Metals
All metals (except silver) analyzed for SPLP were detected in at least one sample. However, no
result exceeded the TACO Class II soil component of the groundwater ingestion exposure route

and all results were at least one order of magnitude below it.

Based on the above results, SVOC soil contamination concerns at Magazine Bravo were not fully

delineated and required further investigation.

3.1.1.4 Magazine Bravo July 2002 Delineation Soil Results

Based on the results of the June 2002 investigation activities, a third phase of delineation Sampling
was required. To further delineate SVOC soil exceedances identified at sample location
LTSSB3D, 21 subsurface soil samples and 2 duplicate samples were collected from
Magazine Bravo as described in Section 2.1. - Organic analytical results are provided in Table 3-8.

- Metals analytical results are provided in Table 3-9.
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Table 3-8
Area 6A Magazine Exterior Investigation
July 2002
Magazine Bravo Soil Samples - Organic Results

’ LTSSB LTSSB LTSSB LTSSB LTSSB LTSSB LTSSB LTSCB LTSSB LTSSB LTSSB LTSSB LTSSB
Constituent LSL B3D18 B3F14 B3F16 B3F18 B3G10 B3G12 B3G14 B3G14 B3G16 B3G18 B3H14 B3H16 B3H18
Low Level PAHs '
Naphthalene 18,000 26 ND 13 7.4) 12 9.5 6.3] 4.8) 8.1 5.2) 5.7 81 15
Acenaphthene 2,900,000 4.0J 5.0J 39 ND 7.7) 13 24] 9J 10 ND 9.4 120 3.1
Fluorene 2,600,000 5.7 7.8 40 ND 11 14 34] 8.6 11 ND 9.5 140 3.1
Phenanthrene 1,100,000 31 50 170 20 68 55 44] 19 60 17 42 650 25
Anthracene 22,000,000 3.4) 14 67 ND 14 14 24] 7.1 16 ND 9.7 260 ND
Fluoranthene 2,300,000 11 42 230 ND 79 38 44) 173 46 1.8 37 760 3.1
Pyrene 2,300,000 10 36 140 3.5 59 29 35] 14 33 3.5) 25 650 4.6]
Chrysene 62,000 11 23 76 6.8J 33" 14 16) 6.7 20 8.4 18 270 7.5)
Benzo(a)anthracene 620 4.4] 19 80 ND 29 12 15J 5.5 15 ND 13 300 ND
Benzo(b)fluoranthene 620 6.9 25 57 ND 28 10 14) 5.6] 9 3.0J 10 230 5.1
Benzo(k)fluoranthene 6,200 ND ND 49 ND 22 8.8 9.2] 3.3) 9.9 ND 9.8 180 3.3
Benzo(a)pyrene 62 ND ND 67 ND 28 11 13) 5.2 ND ND ND 260 4,9)
Indeno(1,2,3-cd)pyrene 620 ND 17 28 ND 20 13 15 10J 15 ND 14 95 ND
Dibenz(a,h)anthracene 62 ND ND ND ND 14 ND 12 ND ND ND 11 57 ND
Benzo(g,h,i)perylene 2,300,000 4.1 11 21 3.3 12 5.5 6.3] 2.6] 9.9 4.3] 7.1] 96 4.3)
2-Methylnaphthalene 290,000 22 1.0 8 28 4.6] 5.3) 4.2 5.6 4.7 11 4.3 20 26
1-Methylnaphthalene NA 15 ND 5.4) 21 3.4 3.4] 2.7 4.1 . 3.6 7.6J 3.4 12 20
Semivolatile Organic
Compounds
3-Methylphenol/4-
Methylphenol 240 ND ND ND ND ND ND ND 630J ND ND ND ND ND
Carbazole 2,800 32 ND 35 ND ND ND ND 15,000 ND ND ND 62 ND
2-Methylnaphthalene 290,000 ND ND ND ND ND ND ND 5,100 ND ND ND ND ND
Dibenzofuran 76,000 ND ND ND ND ND ND ND 10,000 ND ND ND ND ND
Di-n-Butylphthalate 2,300,000 ND ND ND ND ND ND ND ND ND ND ND ND 35]
Volatile Organic
Compounds
Acetone 16,000 14 14 14 12 23 10 16 19 12] 10 ND 13 ND
Polychlorinated Biphenyls None detected in any sample
Notes:

Only detected constituents are presented. This data has not been validated.
LSL = Libertyville screening levels.

Units = pg/kg

ND = Not detected.

J = Estimated value.

Bold = Concentration exceeds LSL

NA = Not Available



Table 3-8
Area 6A Magazine Exterior Investigation
July 2002
Magazine Bravo Soil Samples - Organic Results

LTSSB | LTSSB LTSSB LTSSB LTSCB LTSSB LTSSB LTSSB LTSSB LTSSB
Constituent LSL B3114 B3I16 B3118 B3J10 B3J10 B3J12 B3J14 B3K10 B3K12 B3Ki4
Low Level PAHs
Naphthalene 18,000 2.7 ND 5.87 2.0J 8.0J ND ND 3.2) 11 ND
Acenaphthene 2,900,000 ND ND ND ND 13J ND ND ND 10 ND
Fluorene 2,600,000 1.4 ND 2.3] 2.1 19J ND ND 2.3 14 ND
Phenanthrene 1,100,000 11 7.4) 17 12) 69] 4.8] 1.5) 12 99 5.4]
Anthracene 22,000,000 ND 1.8J 3.2 2.6 23] ND ND 2.7) 24 ND
Fluoranthene 2,300,000 2.6 6.9] 12 15) 1201 3.0 ND 16 150 ND
Pyrene 2,300,000 3.6) 6.7) 9.8 12J 94) 3.4) 3.6J 10 120 2.2]
Chrysene 62,000 3.7] 4.3) 7.4] 7.6 42) 3.5 4.6) 7.6] 69 4.4]
Benzo(a)anthracene 620 ND 2.9 5.7 6.7) 397 ND ND 6.7) 70 ND
Benzo(b)fluoranthene 620 2.9] 3.4) 5.2) 8.1 29] ND 3.1J 7.5) 60 ND
Benzo(k)fluoranthene 6,200 ND 2.1 4.0J 5.1 28J ND ND 5.01 53 ND
Benzo(a)pyrene 62 ND 3.4 ND 6.9 34] ND ND 5.9] 62 ND
Indeno(1,2,3-cd)pyrene 620 ND - ND 11 11 24) ND ND ND 25 ND
Dibenz(a,h)anthracene 62 ND ND ND ND 15J ND ND . ND 19 ND
Benzo(g,h,i)perylene 2,300,000 2.2] 3.1J 4.1J 2.9 18] ND 2.9] 2.4) 18 2.0]
2-Methylnaphthalene 290,000 4.6] ND 12 2.5) 4.8) ND ND 1.2 3.5) ND
1-Methylnaphthalene NA 6.4) ND 8.7 1.7) 3.2 ND ND ND 2.4) ND
Semivolatile Organic
Compounds
Dibenzofuran 76,000 ND ND ND ND ND ND ND ND ND ND
Carbazole 2,800 ND ND ND ND ND ND ND ND ND ND
2-Methylnaphthalene 290,000 ND ND ND ND ND ND ND ND ND ND
Dibenzofuran 76,000 ND ND ND ND ND ND ND ND ND ND
Di-n-Butylphthalate 2,300,000 ND ND ND ND ND ND ND ND ND ND
Volatile Organic
Compounds
Acetone 16,000 8 ND 10 11 10 18 ND 12 12 10
Polychlorinated Biphenyls None detected in any sample
Notes:

Only detected constituents are presented. This data has not been validated.
LSL = Libertyville screening levels.

Units = ug/kg
ND = Not detected.
J = Estimated value.

Bold = Concentration exceeds LSL

NA = Not Available




Area 6A Magazine Exterior Investigation

Only detected constituents are presented. Data has not been validated.

LSL = Libertyville screening levels.

Bkgd = Background.
Metals units = mg/kg; SPLP metals units = mg/L.
ND = Not detected.
B = Estimated value.
EN = Essential Nutrient.

NA = Not available / not applicable.
Bold = Concentration exceeds LSL (and background, when background is available).
Ttalics = Concentration exceeds background.

July 2002
Magazine Bravo Soil Samples - Metals Results
Bkgd Bkgd LTSSB LTSSB LTSSB LTSSB LTSSB' LTSSB LTSCB LTSSB LTSSB LTSSB LTSSB LTSSB
Constituent LSL 6"-10' 10'-60' B3D13 B3F14 B3F16 B3F18 B3G12 B3G14 B3Gl14 B3G16 B3G18 B3H14 B3H16 B3H18
Metals .
Aluminum 76,000 17,985 8,392 6,190 7,590J 8,750] 6,430 10,600J 9,270] - 10,600] 9,2607 7,650J 11,000J 8,900] 7.470]
Arsenic 0.39 29.9 11.8 8.4 11.7 7.2 6.7] 7.9) 7.8] 6.9] 8J 7.91 8.7) 7.1 7.0
Barium 1,200 147.6 86.38 27.71 73.8 50.1 31.1) 47.3 40.7) 61.4 45.5 33.4) 64.6 53 35.6]
Beryllium 150 1.26 0.7 0.3 0.45) 0.46] 0.33) 0.54]) 0.48] 0.56) 0.48] 0.40] 0.55] 0.45] - 0.40)
Cadmium 37 0.34 2.1 ND ND ND ND 0.15] ND ND 0.086J ND 0.090J 0.096] ND
Calcium EN 104,000 110,922 75,200 69,600 57,300 73,900 57,600 62,400 43,100 62,100 74,900 50,400 57,400 78,200
Chromium 210 31.3 23.8 11.9 15 15.7 12.8 17.8 16.2 17 16.3 14.4 18 15.4 13.9
Cobalt 4,700 254 13.1 8.0J 10.4) 9.9J 9.2) 9.9) 9.9 9.1 9.8 10.7] 14.1 9.8] 9.1]
Copper 2,900 55.7 44,7 19.7 23.8 23.7 21.5 25 24 25.3 254 22.1 24.7 23.3 22.6
"[fron EN 53,577 20,936 19,200 21,100 19,400 16,900 21,900 19,500 20,700 20,800 18,100 21,400 20,100 17,200
Lead 400 27.9 14.9 11.8) 14.3] 12.7) 10.8J 13.3) 12.5J 12.6] 12.6] - 11.2) 13.5) 14.9 11.4]
Magnesium EN 36,100 63,513 39,900 38,100 32,300 38,800 33,600 35,800 24,700 36,100 41,000 29,500 33,100 35,500
Manganese 1,800 2191 928 599 703 669 595 673 693 487 635 648 602 653 600
Nickel 1,500 66.6 34.9 19.7] 23.9] 24.5] 22.1) 25.6) 24.2) 23] 24.5) 25) 28.9J 241 21.5
Potassium EN 17,905 3,180 1,810] 2,220 2,000 1,820] 2,760 2,430) 1,690J 2,480] 2,460) 2,440) 1,720] 2,270
Sodium EN NA 270 341J 346J 3587 296J 292J 3237 3197 3307 3347 2927 3367 3267
Thallium 5.2 NA NA ND ND ND ND ND ND ND ND -ND ND ND ND
Vanadium 550 49.4 20.6 17.6 22.4 22.7 18.4 25.7 23 24.1 24.1 20.3 27.1 22.6 19.7
Zinc 7,200 100.46 399 36.4] 48.7) 46.2] 37.7] 52) 46.6J 50.2) 53.1] 43.8J 54.1) 50.8 37.2)
Class II Soil
to GW
SPLP Metals Migration )
Chromium 1.0 NA NA 0.016) 0.012) 0.016J 0.018J ND 0.013] ND 0.017J ND ND 0.010J 0.032) ND
Cobalt 1.0 NA NA 0.005) ND 0.005] 0.006] ND | ND ND 0.005J ND ND ND 0.013) ND
Lead 0.1 NA NA ND ND 0.013 0.0066] ND ND ND . 0.0061) ND ND ND 0.02 ND
Manganese 10.0 NA NA 0.086 0.16 0.18° 0.12 0.11 0.17 0.058° 0.17 0.063 0.027) 0.19 0.36 0.057
Vanadium 0.1 NA NA 0.023J 0.018) 0.025J 0.024] 0.007. 0.018) 0.009] 0.025J 0.011J ND 0.017 0.048) 0.011J
Notes.




Table 3-9
Area 6A Magazine Exterior Investigation
July 2002
Magazine Bravo Soil Samples - Metals Results

Bkgd Bkgd LTSSB LTSSB LTSSB LTSSB LTSCB LTSSB LTSSB LTSSB LTSSB LTSSB
Constituent LSL 6"-10' 10'-60' B3I14 B3I16 B3118 B3J10 . B3J10 B3J12 B3J14 B3K10 B3K12 B3K14
Metals
Aluminum 76,000 17,985 8,392 6,450) 7,090J 7,410] 7,410 10,600 10,500] 8,440] 9,030] 8,840) 6,570]
Arsenic - 0.39 29.9 11.8 6.3) 7.0J 6.9 7.4) 7.8) 8.6 7.1 2.9 11.6 6.3
Barium 1,200 147.6 86.38 50.9 . 30.3J 33.1 42.8 55 46.1 31.1J 31.0J 30.0J 27.1]
Beryllium 150 126 0.7 0.35J 0.37) 0.39) 0.40] 0.52] 0.54] 0.44) 0.45) 0.49) 0.34)
Cadmium 37 0.34 2.1 0.21) ND 0.088J ND 0.13J 0.13] ND 0.16 0.11J ND
Calcium EN 104,000 110,922 79,100 71,400 72,200 63,800 50,800 61,200 66,200 65,600 57,900 70,100
Chromium 210 31.3 23.8 13 13.3 14 14 17.6 18 15.5 16.1 16.2 13.1
Cobalt 4,700 25.4 13.1 8.6J 8.8 9.4) 9.0J 9.4 8.9J 9.0J 9.2 11.4 9.3
Copper 2,900 55.7 44.7 21.2 22.8 24.8 21.9 24.6 24.7 22.2 22.6 27.2 21.5
Iron EN 53,577 20,936 16,900 17,400 17,500 19,100 22,000 21,300 17,900 11,600 24,300 15,700
Lead 400 27.9 14.9 10.6) 10.6J 11.3) 11.6] 13.5) 12.1 10.1) 13.4) 17.4) 11.0J
Magnesium . EN 36,100 63,513 44,500 38,900 39,200 34,800 30,100 35,500 38,100 37,900 36,300 38,000
Manganese 1,800 2191 928 . 821 604 608 710 553 604 578 523 490 599
Nickel 1,500 66.6 34.9 21.5] 22.8] 23.2) 22.1J 24.7) 24.3] 24.3] 24.2) 27.5 21.6]
Potassium - EN 17,905 3,180 1,870 2,160 2,3507 1,890J 2,710] 2,910 2,620J 2,790 2,2901 1,900
Sodium EN NA 270 3097 3447 367J 303J 316J 3167 3277 255) 294J 2817
Thallium 5.2 NA NA ND 1.7) ND ND ND ND ND ND ND ND
Vanadium ) 550 49.4 20.6 18.8 19.5 20.7 20.1 25.6 25.1 21.2 21.3 23.9 19
Zinc 7,200 100.46 399 59) 38.6] 40.2J 40.1J 56.2) 49) 63.3J 70 56.5 38.7J

Class II Soil .
to GW
SPLP Metals | Migration

Chromium 1.0 NA NA 0.022) ND ND 0.020J 0.024J ND ND ND ND 0.53
Cabalt 1.0 NA NA 0.008) ND ND 0.007) 0.0097 ND ND ND ND 0.021J
Lead 0.1 NA NA 0.012 ND ND 0.012 0.012 ND ND ND ND 0.017
Manganese 10.0 NA NA 0.29 0.034) 0.030J 0.22 0.12 0.030] ND ND ND 0.33
Vanadium 0.1 NA NA 0.031J 0.007J 0.007J 0.032 0.036] 0.008J 0.008) ND ND 0.074
Notes:

Only detected constituents are presented. Data has not been validated.

LSL = Libertyville screening levels.

Bkgd = Background.

Metals units = mg/kg; SPLP metals units = mg/L.

ND = Not detected.

B = Estimated value.

EN = Essential Nutrient.

NA = Not available / not applicable.

Bold = Concentration exceeds LSL (and background, when background is available).
Italics = Concentration exceeds background.
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Semivolatile Organic Compounds

During this phase of delineation sampling, 20 SVOCs were detected in Magazine Bravo
soil samples; 17 were low-level PAHS. One constituent from sample location LTSSB3F exceeded
its LSL in a sample from 14 to 16 feet bgs (LTSSBB3F16). Benzo(a)pyrene was detected at a
concentration of 67 pg/kg, exceeding its LSL of 62 pg/kg.

Two constituents from sample location LTSSB3G exceeded LSLs. Both were from the
duplicate sample collected from 12 to 14 feet bgs (LTSCBB3G14).. There were no exceedances
in the primary sample. 3-methylphenol/4-methylphenol was detected at a concentration of
630 pg/kg. This result is a total value for 3-methylphenol and 4-methylphenol. Because no
total value LSL is available, this result was compared with the more conservative LSL value of
240 pg/kg for 4-methylphenol. Carbazole was detected at a concentration of 15,000 pg/kg, which
exceeds its LSL of 2,800 pg/kg. | |

One constituent from sample location LTSSB3H exceeded its LSL in a sample collected from 14 to
16 feet bgs (LTSSBB3H16). Benzo(a)pyrene was detected at a concentration of 260 pg/kg,
exceeding its LSL of 62 pg/ke. |

No other constituents exceeded LSLs and most other SVOC results were at least one order of

magnitude below them,

Volatile Organic Compounds
One VOC (acetone) was detected in Magazine Bravo soil samples. The results are orders of

magnitude below acetone’s LSL. Based on these and previous sampling results, VOCs are not a

concern at Magazine Bravo.
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PCBs
No PCBs were detected in soil samples from Magazine Bravo. Based on these and

previous sampling results, PCBs are not a concern at Magazine Bravo.

Metals

Twenty-one metals were detected in soil samples from Magazine Bravo. Five irbn and 22 sodium
results exceeded background levels. Both metals are considered essential nutrients and no result
exceeded LSLs. No other metals results exceeded either background or LSL values. Based on

these and previous sampling results, metals are not a concern at Magazine Bravo.

SPLP Metals

All metals (except silver) submitted for SPLP analysis were detected in at least one sample.
However, no result exceeded the TACO Class II soil component of the groundwater ingestion
exposure route. All results were at least one order of magnitude lower than the TACO Class II soil

component of the groundwater ingestion exposure route.

3.1.2 Magazines Alpha and Bravo Groundwater Results A

In June 2002, four temporary monitoring wells (LTSGWAO1 - LTSGWAO4) were installed
around the exterior of Magazine Alpha. A monitoring well (LTSMWB02) waS installed between
Magazines Bravo and Charlie in April 2002. These wells, along with a previously installed
temporary well (LTSGWBO02) east of Magazine Bravo, were sampled and analytical results were
compared with the TACO Class II Groundwater Remediation Objectives (GROS).

Seven groundwater samples were collected; five primary and two duplicate samples.

Monitoring well LTSGWAOQ2 did not produce water and no sample was collected.
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Magazine exterior groundwater sample locations are shown on Figure 3-2. Locations with one
or more result exceeding applicable standards are shown in red. Analytical results are summarized
in Table 3-10. ’

Semivolatile Organic Compounds

Eighteen SVOCs were detected in groundwater samples; 17 were low-level PAHs. All 18 wefc
from temporary well LTSGWBO02, which was re-sampled in April 2002 due to a single detection
of naphthalene (63 pg/L) that exceeded its July 2001 LSL of 39 pg/L. Naphthalene was detected
in both the primary and duplicate sample (4.5 pg/L and 5.8 pg/L), but was well below its current
LSL (220 pg/L).

Benzo(a)anthracene was detected in this second sampling event at a concentration of 0.66 pg/L
in the primary sample from LTSGWBO02. This result exceeds its LSL of 0.65 pug/L. Additionally,
benzo(a)anthracene was detected at 0.32 pg/L in the duplicate sample, well below the LSL, and

it was not detected in the initial sampling event.

All other SVOC detections were well below applicable LSLs. Based on: these and

previous sampling results, SVOCs are not a concern at Magazines Alpha and Bravo.

Metals

Sixteen metals were detected in groundwater samples collected from the fill material surrounding
the magazines. One constituent from temporary well LTSGWB02 exceéded its LSL. Iron was
detected at concentrations of 6,400 pg/L in the primary sample and 6,360 pg/L in the
duplicate sample. These two iron results only slightly exceed its LSL (5,000 pg/L) and iron is
considered an essential nutrient. No background value is available for iron. Additionally, iron

was only detected at a concentration of 2,560 pg/L from well LTSGWBO2 in the first sampling
event.
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Table 3-10
Area 6A Magazine Exterior Investigation
Groundwater Results

LTSGM | LTSHM | LTSGM | LTSGM | LTSGM { LTSGW | LTSHW
Constituent LSL | BKGR | WA101 | WA101 | WA301 .| WA401 | WB201 | B0202 | -B0202
Low Level PAHs
1-Methy] naphthalene - § NA ND ND ND ND ND 0.74 0.8
2-Methylnaphthalene 1,050 | NA ND ND ND ND ND 0.1 0.1
Acenaphthene 2,100 NA ND ND ND ND ND 6.8 7.1
Anthracene 10,5001 NA ND ND ND ND ND 2.3 2.4
Benzo(a)anthracene 0.65 NA ND ND ND ND ND 0.66J 0.32)
Benzo(a)pyrene 2 NA ND ND ND . ND ND 0.4] 0.15]
Benzo(b)fluoranthene 0.9 NA ND ND ND ND ND 0.32) 0.13]
Benzo(g,h,i)perylene 1,050 { NA ND ND ND ND ND 0.22) 0.099)
Benzo(k)fluoranthene 0.85 NA ND ND - ND ND ND 0.4) 0.14)
Chrysene 7.5 NA ND ND ND ND ND 0.62) 0.32)
Dibenz(a,h)anthracene 1.5 NA ND -’ ND ND ND ND 0.34 0.29
Fluoranthene 1,400 | NA ND ND ND ND ND 4.6 3.9
Fluorene 1,400 ] NA ND ND ND ND ND 3.9 4.4
Indeno(1,2,3-cd)pyrene 2.15 NA ND ND ND ND ND 0.37) 0.25]
Naphthalene 220 NA ND ND ND ND ND 4.5 5.8
Phenanthrene . 1,050 | NA ND ND ND ND ND 8.2 10 .
Pyrene 1,050 | NA ND ND ND ND ND 3.2 2.7
Semivolatile Organic Compounds
Dibenzofuran 140 NA ND ND ND ND ND "2.5) ND
Volatile Organic Compounds None detected in any sample.
Polychlorinated Biphenyls None detected in any sample.
Metals
Aluminum - 79,300 ND ND 1,920) ND 122) - ND ND
Barium 2,000 | 1,680 51.6) 58.7] 80.1J 52.4] 59.33 77.33 79.2]
Beryllium 500 - ND 0.14) 0.32B ND ND ND ND
Calcium - - 166,000 | 168,000 | 121,000 | 215,000 | 52,900 69,000 | 69,000
Chromium 1,000 | 210 ND. ND 1.5) ND ND ND ND
Cobalt 1,000 64 3.1] 6.9] 3.7] 11.6J ND ND ND
Copper 650 265 ND 5] 10.6J ND ND ND ND
Iron 5,000 - 1,940 1,910 2,170 1,200 37.13 6,400 6,360
Magnesium - - 63,600 | 64,000 | 60,200 85,700 32,200 19,600 |- 19,300
Manganese 10,000 4,340 | 510 529 323 1020 25.8 135 126
Nickel 2,000 | 230 5.6] 9] 17.4) 17.2) ND ND ND
Potassium - - 1,810) 1,830) 3,550) 4,140) 5,590 2,500) 2,510
Selenium 50 - ND ND ND ND 1.73 ND ND
Sodium - - 3,980) 5,790 8,430 6,210 181,000 | 4,470) 4,410
Vanadium 100 149 4.7) ND 7.6) 12) ND ND ND
Zinc 10,000 573 ND ND ND ND 14.1) ND ND
Notes:

Only detected constituents are presented.

LSL = Libertyville screening levels.

Units = ug/L.

ND = Not detected.

J = Estimated value.

Bold = Concentration exceeds LSL
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No other metal result exceeded its background or LSL value. Based on these and previous

sample results, metals are not a concern at Magazines Alpha and Bravo.

VOCs
No VOCs were detected in any sample.

PCBs

No PCBs were detected in any sample.

32 Area 6A Shallow Subsurface Investigation Results

The shallow stratigraphic borings advanced across Area 6A show that the area was significantly
modified during construction of the magazines. Figures 3-3, 3-4, 3-5, and 3-6 present the
shailow stratigraphy across Area 6A. The surficial reworked silty clay fill ranges in thickness
from approximately 18 feet directly adjacent to the magazines to a few feet near the edges of the -
asphalt. Immediately surrounding the magazines at a distance that ranges from 5 to 20 feet from
the wall, is a granular fill that was presumably placed to facilitate drainage around the magazines.
The clay fill materials were apparently sourced from the site because they match the native topsoil
and weathered and unweathered glacial diamicton. The fill directly overlies the weathered and
unweathered native glacial diamicton. The weathered material is light olive brown silty cléy with
varying amounts of gray and brown mottling. The unweathered diamicton is generally unoxidized

and unleached dark gray silty clay with minor amounts of sand and gravel.

The areas under and directly adjacent to the magazines have been excavated to approximately
26 feet bgs. The slope of the excavation appears to be approximately 2:1. This indicated that the

sitt was excavated, the magazines were constructed and then backfilled with primarily

native materials.
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Groundwater was eneountered m the gran'ular fill rnate.rialvsurrounding the rna.ga_zines.L This water
is confined by the overlying silty clay backﬁll This water is also laterally constrained by the
silty clay sidewalls of the e)rca\ratiOn. At MagazineS'Bravo and Charlie, no naturally occurring
* ‘water-bearing units were en‘counteredln the glacial se_dim_ents.that would. allow migration away
from the magazine. At Magazine Alpha, the glacial outwash aquifer may have heen encountered '

during removal of the-sump. The removal action contractor reported that whi'le removing the
concrete bottom of the sump, the excauaﬁon_began to fill with water and numerous boulders were’ |
found beneath the sump. It ls presumed that"during construetion ; of- Magazine Alpha, the |
excavation breached the top of the- outwash aqurfer which consists of boulders, cobbles; gravel,

and sand. This unit was encountered at a depth of 27 feet bgs at Strat-1 and 26 5 feet bgs at
MW 1. To facrhtate constructron above the water level of this aquifer, large—drameter granular
ﬁll was placed on top of the aquifer to raise the ﬂoor above the static water level. The dlfference
in elevation between Magazme Alpha and Magazmes Bravo and Charhe is approxrmately 6 feet.

This could also explam why Magazmes Bravo and Charlre filled with water to the approximate
elevatlon of the head observed in. the surroundmg prezometers when the sump pumps were
deactivated. Magazme Alpha was pnmanly dry, whrch could be due to water m the granular fill

surroundmg the magazme draining into the aqulfer '

3.3 Geologic Investigation Results
3.3.1 Geologlc and Hydrologic Settmg ) L
This section descnbes the regional and local physrography and geology of the LTS area as it

relates to the mvestrgatron of soil at Area 6A. The LTS is a 164. 32-acre facrhty located at T43N,

RIIE and is generally contained in the north half of Section 9.

| Physrography , _
The LTS lies in the central poruon of the Central Lowland Provmce a glacral lowland bordermg -
the Appalachian Plateau on the east,-the Great Plains on the west, the Superlor Upland on the
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north and the mter1or Low Plateau and Ozark Plateau on the south The property 1s s1tuated m
Wheaton Moramal Country, a subsectlon .of “the Great Lakes Sectlon a subd1v1s1on of the

Central Lowland Province.: Area topography consrsts of features assoc1ated wrth

contlnental glaciers. The surﬁc1al features of the area’ are mamly the result of

Wlsconsman glaciation, whrch masks the underlymg bedrock surface (Lelghton Ekblaw and

3 3.2 Reglonal Geology/Hydrogeology
Reglonal Geology L PR ';».t.; :

~The geologlc setting of: the LTS reglon in northeastem Ilhn01s 1s typlcally charactenzed by

Sllurran Nxagarlan dolomlte overlam by Quaternary Plelstocene glac1al dnft sedunents of the
Wlsconsman Stage The glac1al sedtments overlle the sub-Plelstocenc unconformlty of the
dolommc bedrock (W 1llman 1971) In the LTS area the depth of thts unconformable surface
* varies from approxrmately 107 to’ 180 feet bgs (lllm01s State Water Survey, 1997 Brown & Root
1998) Because th1s report is concemed w1th surﬁclal glacral sedrments and ﬁll matenal only,

“bedrock stratrgraphy will not be: dlscussed further

- The Wlsconsman glaclal sedlments of northem Illmors are d1v1ded mto ﬂve substages The

sednnents underlymg the LTS make up| the late Wlsconsman Woodfordlan Substage Based on :
studles of the Woodfordlan sedtments the tlll underlymg LTS represents the Wadsworth Tlll

V

Tmley Morame and the Lake Border Morame System Tlll sequences w1th some lnmted

reglonal stratlgraphlc sequence m thls area (Hansel’ 1983)

el S e ' R September6 2002

. moraine complex whlch con51sts of (from oldest to youngest) the Valparalso Morame System thc = é.ﬁ'ﬁij

lacustrme and ﬂuvral sednnents from. proglacral and mterglaclal env1ronments dommate the i
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' 3.3.3 Area6Aand7Geology
Areas 6A and 7 Geology

Lo R September6 2002

ReglonalHydrogeology o SRR _— o

Groundwater in northeastem Ilhn01s 1s denved from four aqu1fer systems (m descendmg order)

sand and - gravel assoc1ated “with the glac1al deposmon shallow Sllurlan dolomlte the{:_

Cambnan-Ordovrcnan aquifer, Wthh includes - - th Ironton-Galesvﬂle andi | 3 '} e

Ga]ena-St Peter sandstones and the Mt Snnon basal aqulfer Reglonally, the glac1a1 sand and

gravel and Sllunan aqunfers are generally consndered hydrauhcally connected “The relanvely

N low-permeablhty Maquoketa shale separates the Cambnan—Ordov1c1an ‘aquer from these
overlymg aqulfers Slmllarly, low-penneablhty umts of the Eau Clalre Formatton functlon as

- aquitards between the deeper aqu1fers (Suter et.al.; 1959 and Wlllman 1971)
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