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EXECUTIVE SUMMARY

Tetra Tech NUS, Inc. (Tetra Tech) .has prepared this Site Inspection (S!) Report under the
“ Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract No. N62472-03-D-0057, '

Contract Task Order (CTO) F274. This report has been brepared for a Sl for Munitions Constituents (MC)
under the Munitions Response Program (MRP) at four Munitions Response Sites (MRSs) located at
Naval Station Great Lakes (NSGL), Great Lakes, lllinois. The MRP sites included in the scope of this SI -

are the former Trap, Skeet, and Archery (TSA) Ranges; the former Pistol Butts; the former Machine Gun

Range; and the former Naval Training Center (NTC) Lakefront anti-aircraft (AA) Range (NTC Lakefront).
Figure ES-1 presents a Site Location Map depicting the location of the four MRSs on the NSGL
installation. The MRSs are described briefly below. '

. The U.S. Department of Navy (Navy) has conducted. various testing and training  activities involving

military munitions at the MRSs. Because of these activities, Munitions Constituents (MC) and Munitions
and Explosives of Concern (MEC)/materiéI‘p.otentially presenting an explosive hazard (MPPEH) may be
present at one or more of these locations. The téfm MC includes constituents. associated with munitions
éuc_h as metals and nitroglycerin (NG). The term MEC includes Discarded Militéw Munitions (DMM), -
Unexploded Ordnance (UXO), and MC iﬁ high enough concentrations to pose an explosive hazard. The
Department of Defense (DoD) has established the MRP to address MC and MEC environmental concerns
at closed ranges. The DoD is fol_lowing the Comprehensive Environmental Response, Compensation,
and Liability Act_of 1980 (CERCLA) process for the investigation and remediation of these sites. The -
Navy is responsible for implementing the MRP at NSGL. '

The four MRP Sis at NSGL were inspected to determine the nature of the potential hazards associatéd _.
with MC and/or MEC Iinked to. past on-site trainiﬁg activities. " This S| Report documents the results of
field activities and the current conceptua!l site models (CSMs) for eac_h' area of concern. Table ES-1 and
ES-2 summarize the results of the MC and MEC S investigations, respecti\)ely. This collected data was
used to .approximate site boundaries, collect broad site information, and assess the potential hazards
posed by any MC and/or MEC/MPPEH rémaining at a site in order to ' support the final site
recommendations. The S| augmented the_daté' collected in the Preliminary‘ Assessment (PA) Reports -
and Water Area Munitions Study (WAMS) investigation phases prepared by Malcolm Pirnie ih 2005 and
2008, respectively, and generated field daté to determine if further response action or remedial -
investigation (RI) is appropriate. However, this MC Sl investigation was not intended as a full-scale study
of the nature and extent of MC or MEC/MPPEH hazards, but was intended to confirm the absence of
significant MC and/or MEC/MPPEH. ’ '
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The investigation samples were analyzed for MC potentially associated with historical training activities at
“each site using a combination of on-site field analyses for lead and off-site fixed-base laboratory (FBL)
analyses for lead (to confirm the on-site lead results) and other constituents.

TSA Ranges

The former TSA Ranges site encompasses abproximately 30.5 acres, including the land and water
portions. The land portion consists of approximétely 1.1 acres of L.ake Michigan beachfront, which
included the former ﬁ'ring.arcs for the ékeet and trap ranges and all associated_ structures. Fill material
was added to the beachfront to extend the shor_eliné for the addition of the skeet range. The water

portion of the TSA Ranges, where munitions were fired, includes tﬁe maximum extent of shotfall, which is

approximately 29.4 acres. Munitions use was limited to small arms ammunition, primarily shotgun:

ammunition. . The land and water portiohs are not suspected to'co,ntain MEC; therefore, no MEC
investigation is planned for the TSA Range. The land portion has been redeveloped as a recreational

vehicle (RV) park; Iea\)ing no evidence of the TSA Ranges. " There are no records of previous sampling-
events. This S focused on both the land and water portions of the TSA Ranges.. For the land portion, ‘
surface soil samples were collected and analyzed on-site for lead using X-ray fluorescence (XRF) and off- -

site for polynulcear aromatic hydrocarbons (PAHs) and select metals (arsenic and lead). For the water
portion, sediment samples were collected and analyzed off-site for PAHs and select metals (antimony,

arsenic, and lead). Figure ES-2 depicts the TSA Ranges and associated range features.

" Pistol Butts

The former Pistol Butts site is located in a flat area.of the NSGL Outer: Harbor shoreline, south of the
installation’s former wastewater (sewage) treatment plant, and is approximately 4 acres in size. The site
boundary on the west is an approximately v50-'foot high bluff, and on the east is Lake Michigan.' Currently,
the northern end of a concrete retention pond and paved roadway southwest of the landing craft storage
building (see ‘Figure ES-S) cover the site. Thefe is no evidence of the Pistol Butts remaining on the
- surface of NSGL. There are very limited _‘fecords available on the history of this site, which only appears
on one 1909 archival map provided in Appendix A- of the UFP-SAP (Tétra Tech, 2010). The 1909
arcﬁival map indicates that the firing line was Io‘c':ated immediately west of a former seawall that is located
at the edge of Lake Michigan. Individual firing lines were not noted on the mép; however, the firing lane
lengths wére estimated at approximétely 40 yards. The former firing points and range floor are curréntly
covered by a concrete retention pond, vegetation (grass strip), and a roadway.l The location of the former

pistol range bullet stop/butt (the natural bluff to the west of the site) appears to have been buried during

- 081006/P ' ES-2 . CTO F274




NS Great Lakes |
S| Report
Revision: 1
Date: November 2010
Sectlon Executive Summary
.Page 30f 8

redevelopment. Therefore, subsurface soil sampling was conducted at the suspected bullet impact
(former Pistol Butts) area td.depths below the fill thickness. Because it is believed that only small arms
training occurred at this site, MEC would not be expected to-be present et a pistol range. Therefdre, no
MEC investigetion occurred at the former Pistol Butts site. The S| focused on the buried bullet stop/butt
area where subsurface soil samples were collected and analyzed on-site for lead using XRF and off-site
" at the FBL for select metals (antimony,'arsenic, and lead). ’

Machine Gun Range

The former Machine Gun Range site is located immediately south of Building 13 (the Boat House) and
-the manmade boat channel entering in the harbor in the southern pdrﬁon of the installation. The range
was used for the training of naval bersonnel on small arms of .50-caliber or less: Based on the 1905,
1915, and 1918 archival maps, it appears thatvtargets were located on the ihner breakwater of the harbor
and were fired upon from a 200- and 300-yard firing line on land; therefore, this range contains land-
based firing locations and ar\~impact area in Lake Michigan. A paved roadway and an area for landing
craft storage now cover the majority of the site. The SI focused on the land portion of the site where
surface soil samples were collected and analyzed off-site at the FBL for select metals (antimony, arsenic,
and lead) and select propellants (nitroglycerine (NG). Additionally, the SI focused on the water portion or
target area immediately in front of the breakwater where sediment samples were collected and analyzed
off-site at the FBL for select metals (antimony, arsenic, and lead). Figure ES-4 depicts the Machine Gun
Range site features. Because only small arms were used at this srte MEC would not be expected to be

present at the Machine Gun Range. . Therefore no MEC lnvestlgatlon was conducted for this site.

NTC ‘Lakefront' :

The former NTC Lakefront Site was a 3,728 acre’ AA range and target training area located on the
eastern edge of the NSGL (3.3-acre portion of beachfront along Lake Michigan and the remaining
3,725 acres extendihg east over Lake Micﬁigan). Potenti'al MC issues are associated with the use of AA
ammunition are tracers [20-millimeter (mm) high explosive (HE), high expiosive' incendiary (HEI), high
explosive tracers (HET), and HET-dark ignition (DI) rounds,.40-mm blind loaded and .plugged (BL&P),
high explosive tracer — self_destruct (HET-SD), and high explosive incendiary tracer — self >destruct
(HEIT-SD) rounds, 1.1-inch AA artillery, 3-inch 0.50-caliber artillery, and DI tracers]. The AA gun mounts
were located on fill material along'the shoreline and aimed at targets towed by plane with cables over
Lake Michigan. Approxirﬁately 1,350 sailors per day were instructed on the 20- and 40-mm guns during
- AA training- exercises end several million rounds were fired into Lake Michigan during the existence of the

range. The NTC Lakefront Preliminary Assessment (PA) Report indicated that onlly.AA ammunition was
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used at the range. The expected dud rates of the types of AA ammunition used was five percent resulting
in several hundred thousand rounds containing explosives, which may be present in Lake Michigan

sediment.

. The land portion of the site is curréntly paved and is bordered by an RV park, is used for the storage of
fuel oul for the facullty s power plant, and is not suspected for the presence of MC or MEC. Due to the
paved roadway covering the location of the former gun mounts and. hlgh ‘rates of erosion and deposition
immediately in front of the gun ‘mounts, MC sampling did not occur at the former firing line. However, the
water portion of the site haa a _poteritial that MEC and associated MC is present within the sediment in
Lake Michigan. The MC Sl focused on the lake sediment in close proximity to potential MEC/MPPEH
identified during the MEC SI, which focused on a nonintrusive geophySIcal mvestngatnon dlscussed in
Volume Il of the SI Report )

The performance of a multi-beam echosounder (MBE) survey to determine the bathymetry of the lake
: bottom and a marine gradiometer array (MGA) survey to identify magnetlc anomalies, which may'
represent MEC/MPPEH, was conducted prior to the MC SI. These surveys identified bands of magnetic -
matarial located in- the Lake Michfgan sediment, which wére used to identify MC sampling locations

throughout the surface danger zone (SDZ).

The MC Sl focused on the water portion of NTC Lakefront where sediment samples were collectéd and I
analyzed off-site for select explosives [octahydrd-1,3.5_,7-fetranitro-1.3,5,7-tetrazocine (HMX), hexahydro- -
| 1,3,5-trinitro-1,3,5-triazine ' (RDX), trinitrotoluene (TNT), N-methyl-N,2,4,6-tetranitroaniline (tetryl), and
pentaerythriotol tetranitrate (PETN)] and select metals (antimony, aréenip, copper, iron, lead, magnesium,

strontium, and zinc). Figure ES-5 depicts the NTC Lakefront site features.

CONCLUSIONS AND RECOMMENDATIONS

This section presents a summary of the results of the St and recommendations for further actions.
Table ES-1 presents a summary of the MC Sl _Investigatiori, and Table ES-2 presents a summary of the
MEC Sl Investigation. -

CONCLUSIONS - TSA RANGES

e The e-nvironmental data collected during the Sl sampling activities are sufficient to determine the

presence or absence of MC associated with the former use of the ranges in the soil and sediment.
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e The focused SI' sampling activities for the TSA Ranges characterized the local site conditions in
surface soils [0 to 0.5 feet below ground surface (bgs)] and sediment [0 to 0.5 feet below sediment
surface (bss)]. ' '

e The SlI identified concentrations of MC associated with small arms ammunition in surface soil and

sedimenf.

e The Sl identified MCs (lead and PAHs) at concentrations above project action limits (PALs) and their

* lllinois EPA background concentrations in a limited surface soil area collected from the TSA Ranges.

e The Sl identified MCs (antimony and lead) at concentrations above ecological PALs and their lilinois
EPA background concentrations in the sediment samples in a limited area collected from the TSA

" Ranges.

RECOMMENDATIONS - TSA RANGES
Soil

e Further actions are required at the site based on the Si identification of lead and PAH concentrations
greater than respective PALs and the lllinois EPA background soil concentrations in surface éoil_

within the project site at a limited area in the TSA Ranges.

Sediment -

e - Further action is recommended for sediment becausé sediment concentrations for lead exceed its
respective ecological PAL for 'aqua'tic‘biota. . However, the potentially impacted area.associate with
the sediment near the shore within the TSA Ranges is relatively small and impact from the lead
concentrationsl"appear to be insigniﬁcant. Further evaluation of ecoldgical risks is warranted and

recommended.

CONCLUSIONS - PISTOL BUTTS

e - The environmental data collected during the S| sampling actiVities are sufficient to determine the

.. presence, or absence, of MC associated with the former use of the range in the subsurface soils.

e Alllaboratory lead detections were.less than the Human Health PAL (400 mg/kg).
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Antlmony was not detected above the laboratory detectlon limit in any of the samples for the Pistol
Butts site. -

The SOII samples submltted for Iaboratory analyses exhibited concentrations of arsenic exceeding the
Human Health PAL (0.39 mg/kg) but. were below the lllinois EPA Tiered Approach to Corrective
Action Objectives (TACO) soil background concentratlons (13 mg/kg). Therefore, it has been
determined that the concentrations of arsenic detected in the soil samples collected from the Pistol
Butts site are not indicative of MC associated with the historical range activities conducted at the site.

RECOMMENDATIONS - PISTOL BUTTS

NFA at the Pistol Butts site is recommended based on the Sl sampling results.

CONCLUSIONS — MACHINE GUN RANGE

The environmental data collected durihg the SI sampling activities are sufficient to determine the
presence or absence of MC associated with the former use of the ranges in the soil and sediment..

The focused Sl sémpling activities characterized the local site conditions and “identified -

concentrations of MC associated with small arms ammunition in surface soil and sediment.

MCs (arsenic and Iead) were ldentlf ed at concentratlons above their respective PALs in the surface

soil of the Machine Gun Range.

' None of the soil samples submitted for Iaboratory analyses exhibited lead concentrations exceedlng

the Human Health PAL (400 mg/kg), but there were exceedances of the ecologlcal PAL (11 mg/kg). -

Al of the arsenic soil samples submitted for FBL analyées exhibited arsenic concentrations exceeding
the Human Health PAL (0.39 mg/kg)

- No lead sample concentration exéeéde_d the TACO construction worker ingestion criteria (61 mg/kg).

No arsenic sample concentration exceeded of the ecological PAL (18 mg/kg) or concentrations above
the lllinois EPA soil background concentration (13 mg/kg).
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None of the soil samplés .exhibited concentrations above the respective PALs for antimony and NG.

Ten sediment samples were collected from 10 discrete locations at depths of 0 to 0.5 feet bss within
Lake Michigan. '

All 10 of the 'sediment samples submitted for FBL analyses exhibited lead concentrations exceeding
the ecological PAL (35.8 mg/kg). ' '

- Two of the sediment samples submitted for laboratory analyses exhibited arsenic concentrations

exceeding the ecological PAL (9.79 mg/kg).

Both ‘lead and arsenic’ concentrations were statistically above site-specific upgradient/background

sediment concentrations.

None of the sediment samples had detected cqncentrations above the antimony Human Health PAL
(0.39 mg/kg). o ' N

RECOMMENDATIONS - MACHINE GUN RANGE

Soil

Further action is recommended for soil because concentrations for lead and arsenic exceed their
respective ecological PALs for terrestrial biota. However, the potentially impacted area is relatively
small, and impact to terrestrial ecological receptors appears to be insignificant. Further evaluation of

ecological risk is warranted and recommended.

Sediment

Further action is recommended for sediment because concentrations of lead and arsenic exceed their
respective ecological PALs for aquatic biota. However, the potentially impacted area is relatively
small and impact to aquatic biota appears to be insignificant. Further evaluation of ecological risk is

warranted and recommended.
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CONCLUSIONS - NTC LAKEFRONT

Arsenic was the only metal that exhlblted concentratlons in excess of its ecological PAL in the

sediment samples collected from NTC Lakefront.

e The levels of arsenic detected within the SDZ of the site were statistically below the arsenic
concentrations detected in the upgradient (background) site-specific sediment samples.

- » The arsenic observed within NTC Lakefront can be attrlbutable to naturally occurnng arsenic

concentrations found within the lake.

¢ Detection limits for several explosive constituents (HMX, RDX, and TNT) are similar_td or much lower
than No Observed Effects Concentrations (NOEC) based on more recent empirical data. Therefore,

N impacts to sediment invertebrates from explosive constituent.svare not expected..
‘¢ No surface MEC was identified during the SI.

* Numerous anomalies, potentially MEC/MPPEH, were detected during the performance of the

" magnetic marine survey

RECOMMENDATIONS — NTC LAKEFRONT

Based on the results of the S|, further action is recommended for explosives and NFA is recommended -
for select metals for NTC Lakefront.

Further action will be necessary to ascertain whether magnetic anomalies identified during the
underwater geophysical survey are MEC/MPPEH as part of an RI.

Additional geophysical investigation may be réquired to fully délineate the horizontal extent of magnetic

anomalies north and south of the current range fan.

If anomalies are determined to be MEC/MPPEH, then biased MC samples should be collected at these
locations for select metals and explosive analytes. In this event, an alternate explosive analytical method
using mass spectral detectors should be used. The method should incorporate LC with a mass spectral
detector due to its ability to determine the presence of low-level explosives constituents with a higher
degree of certairity than the LC method with ultra violet (UV) detector.
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TABLE ES-1

SUMMARY OF FINDINGS AND RECOMMENDATIONS
SITE INSPECTION REPORT - MC EVALUATION
NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAL Screening
Exceedance

Contaminant(s) of Potential

Site Name/Subareas
Concern

Background/Risk Screening Evaluation

Recommendation

—

Tt 3k { Y, Ko he

Lead - Average concentrations above TACO background level;

" . " PAHs - concentrations above TACO backround ievels; . .
Surface Soil YES Lead, PAHs, Arsenic, Anumon)l Arsenic - concentrations below TACO backround levels: Proceed to R! for Lead and PAHSs in soil.
Antimony - concentrations below TACO backround levels
ion - ical risk
Sediment YES Lead, Antimony Lead - concentrations above ugradient/background levels, but ecological risk is insignificant Proceed to further action - ecological ris

assessment of lead and antimony in sediment.

Arsenic - concentrations below TACO backround level

DT

Lead - Only ecological PAL exceedancés. average concentrations above TACO background
level, but ecological risk appears insignificant; '

Proceed to further action - ecological risk

Surface Soil YES Lead, Arsenic, Antimony Arsenic - concentrations below TACO backround levels; assessment of lead in soil
Antimony - concentrations below TACO backround levels
Lead - concentrations above ugradient/background levels, but ecological risk appears
" . insignificant; ’ Proceed to further action - ecological risk
Sediment YES Lead, Arsenic Arsenic - concentrations above ugradient/background levels, but ecological risk appears assessment of lead and arsenic in sediment.
insignificant;
NTE Laksfront
. Arsenic - concentrations below site-specific upgradient/background level; .
. . £
Sediment YES Arsenic, HMX, RDX, and TNT - concentrations of explosive constituents are lower than NOECs; NFA for MC. Further action recommended for

Explosives (HMX, RDX)

therefore, impacts to sediment invertebrates are not expected.

MEC.

TACO - lllinois EPA soil background concentration (lllionois EPA, Appendix A, Table G )

NFA = No further action
PALSs = Project action limits
RI = Remedial Investigation
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4.0 TSA RANGES

4.1 SITE BACKGROUND

The former TSA Ranges (including the land and wa_fer portions) encompasses approximately 36.5 acres.
The fand pertion of the TSA Ranges is a small area (approxirhately 1.1 acre), located east of the bluff on
the beachfront of Lake Michigan. The site consisted of a trap range, a skeet-range, and an a}chery
range. Only the skeet and trap ranges are the subject of this SI. Fill material was pfaced at the site to
extend the shoreline for the addition of tﬁe skeet range to the installation. Structures associated with the
skeet and trap ranges and firing lines were >Iocated on the land. The shotfall zone, which is defined as the
maximum extent that lead shot wou'ld travel extends ihte Lake Michigan. This encompasses an area of
approximately 29.4 acres [consisting of overlapping areas for the skeet range (29 acres) and the trap
- range (6.6 acres)] located over L‘akevMichigan, as shown on Figure 4-1. The site originally consisted of
only the trap range (constructed in the early 1940’s), which was used in cdnjuhctioh with the NTC
“Lakefront for Navy persdnnel to first experience targeting a mo{/ing object before handling the large
caliber AA -guns. The use of the trap range in conjunction with the AA training center ended with the:
closing of the NTC Lakefront site in October 1945; however, the trap range was likely used recreationally
aﬁemard, as it was common practice to allow enthusiasts to enjoy these ranges to offset costs for
maintenance. Based on the construction draWings for the site, the skeet and archery ranges were added
to the site in 1968 and were Iikely used for recreational purposes and for military practice sessions. '

Munitions use was limited to small arms ammunitions, primarily shotgun ammunition.

The equipment storage building and trap/skeet houses that were originally located at the site were
demollshed and the ranges were decommissioned. Constructlon of a recreational vehicle (RV) park in
~July 2000 (RV sites; 10 tent sites, and one group camplng site) within the TSA Ranges removed all. vnsuble
signs of the ranges and associated structure, such as the trap house -No prior site investigations have .
been conducted at the NSGL TSA Ranges.

Figure 4-1 depicts the TSA Ranges and associated range features.

41.1 Historical Munitions Usage Information E

Archlval data for ammunition orders from the 1940s and 19505 included the foIIowmg munitions- related

items that may have been used at the site:
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o Shotguns, 12¥gauge with slide rep‘eaﬁng action and modified choke, 26-inch or 28-inch barrel.
o Shells, shotgun, 12-gauge, No. 7 Y shot.

¢ Targets, clay pigeon.

During the 2008 visual survey of the site by Malcolm Pirnie, no physical evidence of the skeet range firing
arc and trap range firing points/stations was visible due to the construction of the RV park. Additionally,
no evidence of broken clay targets was observed during the site walk. However, during the Si sampling
activities, broken clay targets and shotgun shell ‘wadding were observed in the surface soils of the
erosional surface near the shoreline of the Trap Range. The TSA Ranges was dedicated-to the use of
small arms; therefore, MEC is not expected to be present at the site. In addition, based on the
information obtained during the data collection process, no special consideration munitions are known or’
sus'pecte'd‘tb have been used at the site. Therefore, the TSA Ranges is not suspected to contain
chemical warfare material filled munitions, electrically fuzed munitions, or depleted uranium associated

munitions.

41.2 Munitions Constituents -

For shotgun ammunition and clay targets, the primary MC of concern include lead from shot énd PAHs
~ from pitch tar used in the manufacturing of clay pigeons to help bind the clay partiCIes. Other aésociated
. MC less likely to be of concern may include antimdny and arsenic (which may be present in lead). Lead
accounts for more that 95 percent of‘the'weight of the projectile (ITRC, 2'003).' 'Antimohy is added to
bullets as a hardening agent in quantities ranging from 0.1 to 2 percent. Arsenic is naturally present in
lead at trace levels (0.001 to 0.06 perceht). Antimony and arsenic,-if- present, would be spatially
correlated with the lead because they are associated with lead in the bullets. The USEPA screening
value commonly used to indicate the presence of potentially unacceptable levels of antimony in soil and
sediment is 31 mg/kg; the screening value for arsenic is 0.39 mg/kg and is within the typical soil
background_ concentrations according to TACO of 13 mg/kg. Using the relative concentrations of these
metals in projectiles, lead would have to-be brese'nt in soil or sediment at a concentration greater than
600 mg/kg for arsenic or antimony from bullets to be present at potentially unacceptable levels for effects
on human health. Therefore, lead, whiqh is easier to measure in some prospects, is a useful indicator of
potentially unacceptable concentrations of any of these five metals in soil or sediment. These MC
components are not consumed when the munitions items function as they are designed. Therefore,

these MC may exist at the TSA Ranges.
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4.2 - SITE FIELDWORK

4.21 Site Field Activities

The Sl field program for the TSA Ranges included collection of surface soil samples (0 to 0.5 foot bgs) on
the land portidn of the site, énd sediment samples ('0 to 0.5 feet below sediment surface [bss]) from the
_area of the site within Lake Michigan to identify contaminants of potential concern (COPCs) (e.g;, select -
metals and PAHs) that may exist as a result of past operations at the ranges. Soil and sediment sample
log sheets are included in Appendix A. Photeraphs associaied with the sampling activities at the TSA
Ranges are presented in Appendix B. ' '

Surface Soil Sampling

Table 4-1 lists the soil samples that were collected at the TSA Ranges. All surface soil samples were
analyzed in the field utilizing XRF with a subset of those samples selected for submittal to the FBL for
select metals analysis (lead, antimony, and arsenic). A|| sediment samples were submitted to the FBL for
PAH and metals analysis. . A correlation study comparing XRF and the FBL analytical data was
completed after the field efforts' to establish laboratory equivalent lead concentrations based. on the field
measurements, and to use aé a correlation analysis between XRF and the FBL lead COncehtrations. This
_correlation is discussed in Section 4.5. ‘ ‘

Soil sample locations were selebted based on a bias toward areas that were believed to be most likely

contaminated by past operations at the site. Figures 4-2 and 4-3 present. the surface soil sample

locations for the Trap Range and Skeet Range-areas of the TSA Ranges, respectively. ' Prior to initiating

' sample collection, all terrestrial sample locations were marked by brightly colored pin ﬂags bearing the

sample location ID number. Sample I.ocations identified in the approved UFP-SAP v;/ere located using a
Trimble GeoHX sub-meter GPS unit. Upon cblleétipn of all the samples at the ranges, the GPS was used

to update the sample coordinates using the horizqntal datum: NAD 83 lllinois State Plane Coordinate

System east. ' ' '

Sediment Sampling

Table 4-1 includes the sediment samples that were collected at the TSA Ranges. As part of the S|
sediment sampling event for the TSA Ranges, 18 sediment samples were collected from within Lake
Michigan. Figures 4-2 and 4-3 present the sediment sample Iocétions for the Trap Range and Skeet -
Range sites, respectively. -
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, 422 Work Plan Deviations

~The only deviation from the UFP-SAP (Tetra Tech, 2010) for the TSA Ranges Sl was that of the proposed
60 soil samples to be field analyzed by XRF , only 57 samples were able to be collected and analyzed due
to three sémple being composed of only éoarse sand and gravel from the small beach area near the surf
.zone. Theréfore, there was no soil associated with samples NTC-SD-TSA—O54 through
NTC-SD-TSA-056 and they were not analyzed by XRF for the site. ‘

423 Field Data Collection
" Surface Soil

Fifty-seven discrete surface soil samples were collected from 57 sample locations during the Si at the
TSA Ranges in accordance with SOP-05 of the UFP-SAP. Sample locations were selected based on a
spatial grid pattern to cover the land portion of the site immediately in front of the former firing arch and
' firing point for the trap and skeet ranges. A 0 to 0.5-foot bgs sample was collected at each sample
location with the use of a hand auger. All samples underwent field XRF_anaIyéis for lead in accordance
with SOP 10 of the UFP-SAP, and 20 samples were subsequently chosen for select metals (antimony,
arsenic, and lead) analyses at the FBL by Method SW-846 6010B. In addition, the same 20 samples
were submitted for PAH analyses by Method SW-846 8270C SIM. All samples chosen for metals
laboratory analysis were selected from samples’ having an XRF lead concentrations greater than

100 parts per million (ppm).

“All samples for metals analyses were placed in_-large Ziploc® bags and thoroughly homogenized prior to
processing a portion for XRF analysis. For samples selected for laboratory analysis, a portibn of the

sample was placéd in the appropriate sample jar and shipped to the FBL for select metais analyses.

Sediment

Sediment samples were collected in accordance with SOP-06 and SOP-08 of the UFP-SAP. A total of 18
sediment samples were collected from Lake Michigan for the TSA Ranges. Seven near shore shallow
water (less than 6 feet) sediment samples, and six deep water (greater than 6 feet) sedimént samples
were collected for the Skeet Range area. Five deéb water sediment samples were collected for the Trap
Range area. The shallow water sediment samples were collected using a petite Ponar dredge from a
Zodiac™ inflatable boat. The deep water sediment samples were collected using a modified pneumatic

Van Veen dredge from a survey vessel.
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All sediment samples were submitted to the FBL for Iaboratory,analyseé of select metals (antimony._
arsenic, and lead) by Method SW-846 6010B and PAHs by SW-846 8270C SIM.

Table 4-1 provides a summary of the samples collected and their respective analysis at the TSA Ranges.
Figures 4-2 and 4-3 show the soil sampling and sediment sampling locations for the Trap Range area and
Skeethange area, respectively. Soil and sediment sample log sheets are included in Appendix A of this

document.

Upgradient Sampling Locations

Three discrete sediment samples (SD-UPG001 through SD-UPGO003) were collected at safnple locations
upgradient (north) of the surface danger zone (SDZ) of the TSA Ranges and seven discrete samples
(LAK-UPGO004 through LAK-UPG010) were collected upgradient (north) of the SDZ of the NTC Lakefront
using the modiﬁed pneumatic Van Veen sambling method. All 10 sediment samples were submitted to
fhe laboratory analysis for select metals (antimony, arsenic, copper, iron, lead, magnesium, strontium,
and zinc) by method SW-8946 6010B and three samples for PAHs analyses by Method 8270C.
'Figure 4-4 shows the upgradient sediment sampling locations for the TSA Ranges. ' l

4.3 SITE INSPECTION DATA COLLECTION RESULTS

431 MC Sampling Results

~ Soil and sediment samples collected at the TSA Ranges were compared to respective“ PALs as listed in”
Worksheet #15 of the UFP-SAP (Tetra Tech, 2010). The chemical reference limits and background
eyaluation table and the complete validated FBL data tables are presented in Appendix D. - '

Table 4-2 summarizes the XRF lead results for the surface soil samples collected at the TSA Ranges.
The lead PAL for the FBL ahalyses is 400 mg/kg, and was based on the lllinois EPA residential Tier 1 soil
" remediation objectives. The project field screenidg level for the field XRF ahalyses was 100 mg/kg, which
was selected as a conservative measure and is one-quarter of the Illinois EPA residential Tier 1 soil

remediation objective.

Tables 4-3 and 4-4 present the metals (antimony, arsenic, and lead) and PAH detections in the soil and
sediment samples at the TSA Ranges, respectively. The data comparison to PALs is discussed in
Section 4.6. Figures 4-5 and 4-6 present the select metals (antimony, arsenic, and lead) detections in the

soil samples at the Trap Range and Skeet Ranges areas of the TSA Ranges; respectively. Figures 4-7
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and 4-8 present the PAH detections in the soil samples at the Trap Range aﬁd Skeet Ranges,
respectively. Figure 4-9 presents the select metals (antir_ﬁony, arsenic, and lead) exceedances in the
sediment samples at the TSA Ranges.

44 DATA PRESENTATION/DATA USABILITY

441 - Data Quality Review of Samples at the TSA Ranges

This section contains‘a description of the data review processes used to determine whether analytical
laboratory data collected during the sampling field effort for the TSA Ranges were of acceptable quality
for use in decision-making. Thé review began with data validation, which is a comparison of DQIs against
the prescribed acceptance criteria. The DQIs are measures used to assess the completeness, sensitivity,
accuracy, precision, compavrability, and representativeness of the sample collection and sample analysis
process. The output of this review was a set of alphabetic flags such as “U,." “J7, “R,” or combinations
thereof, assigned to individual results based on the validation effort.” These ﬂégs were uéed to infer the
general quality of the data and if data quality meets the data quality objectives (DQOs) of the project. The

'DQOs presented in the approved UFP-SAP (Tetra Tech, 2010) were maintained through the course of

the sampling event. Worksheets #15 and #19 of the UFP-SAP present the'analytical methods and
compounds analyzed. '

4411 Data Validation Process

All of the FBL sample results were validated aécordi'ng to several specifications. Assignment of data
qualiﬁcatidn flags cdnformed td rules established in USEPA National Functibnal Guidelines for Organic
Data Validation (October 1999), USEPA National Functional Guidelines for Inorganic Data Validation
(October 2004), and Department of Defense (DoD) document entitled Quality Systems Manual (QSM) for
Environmental Laboratories (January 2006 and April 2009) to the greatesf extent practicable for non-

contract laboratory program data.

Several samples analyzed for various parameters were qualified due to numerous issues. Appendix D

contains the data validation reports, which outline the spéciﬁc qualification reasons for each sample

according to the parameter.

44.1.2 ' Data Quality Review

Some of the DQIs are generated from the analysis of field samples (e.g., field duplicates) while others are o

from the anaIySi_s of FBL samples (e.g., Iaborétory duplicates). Individually, field and FBL DQIs provide
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measures of the performance of the respective investigative operations (field or laboratory). If individual
Qc 'results were unacceptable, théré was an assignment of a validation flag indicatihg the type of QC
defi C|ency impacting the resuit. Supportlng documentatlon regardmg the data presentatlon and usability
for the TSA Ranges is presented in Appendlx E. ' '

4.4.1.3 - Completeness

The field XRF field screening of surface sbil was 95 percént complete. The surface soil and sediment
FBL sample collection and FBL analytical completeness for the TSA Ranges were 100 percent.

4414 Sensitivity

The Projéct Quantitation Limit Goals (PQLGs) for each analyte were listed in Worksheet #15 of the UFP-
SAP (Tetra Tech, 2010). Analytical sensitivity for the TSA Ranges data was satisfactory to meet the
DQOs presented in the UFP-SAP.

4415 Field and Laboratory Accuracy

There were no QC deficiencies noted for field or FBL p_récision for the TSA Raﬁges.

4416 Field and Laboratory Precision

The PAH compounds 2-methylnapthaiene. écenaphthene_, anthracene, benzo(a)pyrene,
benzo(k)fluoranthene, chrysene, naphthalene,l and phenanthrene were qualified due to field duplicate
imprecision for the field duplicate pair of sample TSA-053 because of noncompliant relative pércent
differences (RPDs) ranging from 53 to at most 200.pe'rcent. Fluoranthene was qualified due to field.
duplicate imprecision for the field duplicate pair of sample TSA-059 because of a noncompliant RPD of
72 percent. 'Benzo(a)pyrene was qualified due to field duplicate imprecision for.the field duplicate pair of -

sample TSA-074 because of a noncompliant RPD of at least 200 percent.
No daté was qualified due to laboratory duplicate imprecision.

4417 Comparability

Comparability is defined as the confidence with which one data set can be compared with another
(e.g., among sampling points and among sampling events). Comparability was achieved by using -

standardized sampling and analysis methods, as well - as standardized data reporting formats.
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Comparability of laboratory measurements was achieved primarily through the use and documentation of
standard sampling and analytical methods. Results were reported in units that ensured comparability
with current state and federal standards and guidelines. Comparability of laboratory measurements was
assessed primarily through the use of QC samples and through adherence to the quality assurance (QA)
"plan. The data comparability for the TSA 'Ranges was d_eemed acceptable. '

44138 Representativeness

The UFP-SAP (Tetra Tech, 2010) and the use -of standardized sampling, sample handling, sample ‘

analysis, and data reporting procedures were designed so that the final data-would be accurate
representations of actual site conditions. 'Based upon the field logs indicatingvthe conditions during
sample collection and FBL audits, all reported data are adequately representative of site conditions of the
TSA,Ranges_. A i |

4.5 ~ LEAD CORRELATION BETWEEN FIELD XRF ANALYSIS AND FBL

All soil samples collected from the TSA Ranges were analyzed with XRF, with the exception of three
samples, which had no soil remaining after removing the coarse sand and gravel. At the Trap Range,. si'x
of the 20 surface soil samples analyzed in the field with XRF had ‘average lead concentrations exceeding
the fleld screening level of 100 mg/kg, with concentrations ranging from 115 to 146 mg/kg (Ta'ble 4-2).
These six samples were sent to the FBL for lead analysis. The highest concentrations of lead in the Trap
Range were located in the area closest to.the shoreline. No lead shot was observed in the samples;
however, fragments of clay pigeon and shotgun shell wadding were visually observed during the Sl field
activities in this area of the site. Fragments of clay pigeon and shotgun shell waddmg were removed from

the soil sample prior to conducting the XRF lead analysrs

" At the Skeet Range, 14 of the 37 soil samples analyzed in the field vvith XRF had ‘average lead
concentrations exceeding the field screening level of 100 mg/kg, with concentrations ranging from 24 to
468 mg/kg (Table 4-2). The highest concentrations of lead were located in the area closest to the firing

" line of the range.

From the samples that were analyzed in the field using XRF and at the FBL, a regression analysis was
* conducted to evaluate the correlation between the FBL lead results and XRF lead results. To evaluate
the regression analysrs the Pearson Correlation and the R-squared value were calculated. The Pearson

Correlation is a measure of the strength of the linear relationship between two or more varlables with a

range of -1 to +1. The value of -1 represents a perfect negative correlation (as one variable decreases
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the other increases proportionally); whereas, a value of +1 repreSenté a perfect positive correlation (as
one variable increases the other increases proportionally). A value of 0 represents a lack of correlation.

The correlation between the XRF and FBL concentrations is 20.017 and the corresponding R? value is
" 3E-4. The correlation indicates a weak linear relationshipl. Therefore, the correlation between the XRF
and FBL is not acceptable as outlined by the UFP-SAP. FBL concentrations cannot be predicted from
- XRF concentrations fof.the TSA Range. The regression analysis is presented in Appéndix F.

4.6 DATA COMPAﬁISQN TO PROJECT ACTION LIMITS
46.1 Identification of Chemicals Exceedivng‘ Project Action Limits

Twenty of the 57 surface soil samples collected from the TSA Ranges were submitted to the FBL for
select metals (arsenic, antimony, and lead) and PAH analysis. Six surface soil sarﬁples were selected
from the Trap Range area of the TSA Ranges (TSA—O15 through TSA-_018, TSA-059, and TSA-060), and
14 soil samples were selected frbm the Skeet Range area of the TSA Ranges (TSA-020, TSA-021,
TSA-023, TSA-028, TSA-030, TSA-031, TSA-038, TSA-039, TSA-041, TSA-044, TSA-050 through

- TSA-053). Additionally, six sediment samples from the Trap Range area (TSA-061 through TSA-066),
and 12 sediment samples from the Skeet-Range area (TSA-067 through TSA-078), were submitted to the
FBL for select metals and PAH analysis. ' -

The laboratory cdncentrations for the surface soil samples were compared to both the human health-
derived PAL and the ecological-derived PAL for écreening purposes to determine if further'invéstigation is
. necessafy. In addition, the Hlinois EPA Tiered Approach to Corrective Actiqn' Obijectives (TACQ) area soil
.béckground concentrations for each metal and PAH were listed iﬁ the table for comparison purposes. All

of the soil samples collected from the TSA Ranges were surface samples (0 to 0.5 feet bgé).

The laboratory concentrations for the sediment samples were compared to the ecological PAL for .
scréening purposes to' determine if further investigation is necéssary. In addition, the data was compared
to the site-specific backgroUnd sediment sample concentrations for select metals and PAHs for evaluation
purpoées. All of the sediment samples collected from the TSA Ranges were collected 0 to 0.5 feet .beIoW
. the sediment surface (bss) of the lake. '

Tables 4-3 and 4-4 summarize the laboratory analytical detection results as compared to the PALs for the

TSA Ranges' surface soil and sediments samples, respectively. If a parameter exceeded its respective
PAL in any sarhple, the parameter was highlighted (hufnan health) or bolded (ecological). The parameter
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was highlighted and bolded if the concentration exceeded both the human health and the ecolOgicalv

screening criteria for the soil data.

~ Three discrete sediment samples (SD-UPGOO1 through SD-UPGO003) were collected at sample locations |
upgradient (north) of the SDZ of the TSA Ranges. All three sediment samples were submitted to the
laboratory for select metals (antimony, arsenic, copper, iron, lead, magnesium, strontium, and zinc) and
PAHs analyses. Concentrations of select metals and PAHs in the upgradient sediment samples were
compared to the sediment samples collected within the TSA Range area for evaluation purposes.

Table 4-4 summarizes the laboratory ahalytical detection resuilts for the upgradient samples.

4611  Select Metals and PAHs in Soil - Trap Range

Select Metals and PAHs — Laboratory Analyses -

. All six XRF soil samples that exceeded the field lead'screenin'g level (100 mg/kg) for the Trap Range area
were subsequently submitted to the FBL for select metals and PAH analysis. Below is a discussion of the

select metals and PAH laboratory results for these samples.

Lead

'Lead laboratory analytical soil sample _concentrations' rénged from 127 to 193 mg/kg. None of the surface

soil samples submitted for laboratory ana’lyses exhibited lead concentrations exceeding the human health
: PAL of 400 mg/kg (Figure 4-5 and Table 4-3). However, all.six samples exhibited exceedances of the
ecological PAL of 11 mg/kg for lead. In addition, all six sémples showed concentrations, which exceeded -

the lllinois EPA soil background concentration for lead of 36 mg/kg.

Antimony

Antimony laboratory analytical concentrations ranged from 0.641 to 1.07 mg/kg. None of the surface soil
" samples submitted for laboratory analyses exhibited antimony concentrations exceeding the human
health PAL of 31 mg/kg (Figure 4-5 and Table 4-3). However, all six samples exhibited exceedances of
the ecological PAL of 0.27 mg/kg. In addition, all six samples showed vconcent.rations less than the lllinois
EPA background concentration for antimony of 4 mg/kg. A statistical comparison of the exposure point
concentratioln, 'represehted by the 95 percent upper confidence limit of the mean, to the Illinoié_ EPA
background soil concentrations for antimony indicates that the concentrations of antimony detected in the
~ soil sarﬁples collected from the Trap Range area are within the range of naturally occurring antimony

concentrations in the area of the site (Appendix G).
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Arsenic

Arsenic laboratory analytical concentrations rang_éd from 8.51 to 10.7 mg/kg. All six of the surface soil
satﬁples submitted for laboratory analyses exhibited aréenic concentrations exceeding the residential
Human health PAL of 0.39 mg/kg (Figure 4-5 and Table 4-3). Additional screening of the arsenic
concentrations'against‘thé TACO _construction -worker ingestion criteria of 61 mg/kg indicated no
exceedances. However all detected concentrations exceed the USEPA industrial screening level of

1.6 mg/kg.

None of the six samples exhibited exceedances of the ecological PAL of 18 mg/kg. In addition, all six
* samples showed concentrations less than the lllinois EPA background concentration for arsenic of
13 mg/kg. A statistical comparison of the exposure point concentration, represented by the.95 percent
" upper confidence. limit of the mean, to the lilinois EPA background soil concentrations for arsenic
indicates that the coﬁcentrations of arsenic detected in the soil samples collected from the Trap Range
aréa are Wifhin lthe range of naturally occurring antimony concentrations in the area of the site
* (Appendix G). ' a

PAHs

Table 4-,3 summarizes the analytical results and any exceedancé as compared to thé screening PALs for
PAHs. In Table 4-3, if a parameter exceeded the PAL at any sampling point, the parameter was -
highlighted (hufnan health- PAL exceedance), bolded (ecological PAL exceedance),' or highlighted and
- bolded if both PALs are exceedéd. ' |

" Six surface soil samples were sent to the FBL for PAH ahalysis. Nine PAHs were detected in the surface
soil samples collected frpm‘ the Trap Range area of the TSA Ranges at concéntrations in excess of a PAL
screéning criteria (either human health, ecological, 6r both). The PAHSs detected in at least one of the
samples include benzo(a)anthracene, behzo(a)pyrene, benzo(b)ﬂuoranthehe, benzo(k)fluoranthene,
benzo(g,h,i)perylene. chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)anthracene; and pyrene. Five
of the six samples exhibited concentrations of several PAHs in excess of a PAL. The only sample which
did not have concentrations of individual PAHs at elevated concentrations was TSA-060, located ih the
northern portion of the Trap Range area. ' '

In addition, the benzo(a)pyrene (BaP») equivalent concentration exceeded the human health PAL in all six

of the surface soil samples, ranging from 121 to 20,279 ug/kg. A deSc_:ription on how the Ba‘PvequivaIent
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- concentration was derived is presented in Section 3.6. Table 4-3 presents the calculated BaP equivalent
concentrations. The BaP equivalent residential human health PAL is 90 pg/kg. The ecological PAL is
1,100 pg/kg for individual hlgh molecular weight PAHs and 29,000 ug/kg for mdnwdual low molecular

: welght PAHSs.

The PAHs are believed to be associated with the fragments of the clay pigeons used as targets on the
trap range. A pitch tar containing PAHs was used in the menufacture of the clay pigeons to help bind the
clay partlcles Any observance of clay target remnants was noted in the sample log sheets (Appendix A).

. Appendlx D includes the full analytical results for the PAHs analyzed

4.6.1.2 Select Metals and PAHs in Sediment — Trap Range

Below is a discussion of t_he select metals and PAHs detected in the sediment samples collected from the
TSA Ranges — Trap Range area submitted to the FBL for analyses:

Lead .

Lead‘léboratory ahalytical sediment sample concentrations langed from 16.6 to 23.5 mg/kg for the Trap
- Range area. None of the sediment samples submitted for laboratory analyses exhlblted lead
concentrations exceedlng the ecologlcal PAL of 35.8 mg/kg (Table 4-4).

_ Antimony

Al six of the sediment samples collected from the Trap Rahge' area exhibited antimony concenlrations
below the laboratory detection Iimit, which ls'less than the ecological PAL of 2 mg/kg (Table 4-4).”

Arsenic

Arsen'ic laboratory analytical sediment sample concentrations ranged from 2.6 to 3.03 mg/kg in the Trap
Range area. None of the sediment samples submitted for laboratory analyses exhlblted arsenic

, concentratlons exceedlng the ecologlcal PAL of 9.79 mg/kg (Table 4-4)

PAHs

None of the sedlment samples’ collected for the Trap Range area exhibited concentratlons of any PAHs
above its respectlve ecological PAL (Table 4-4).
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4.6.1.3 Select Metals and PAHs in Soil — Skeet Range

Select Metals — Lébora’iogy Analyses _

Al 14 XRF samples that exceeded the field lead screening level for the Skeet Range area weré
‘subsequently submitted to the FBL for select metals and PAH analysis. Below is a discussion of the

select metals and PAH laboratory results for these samples.
Lead

* Lead laboratory analytical concentrations_ranged from 152 to 1,460 mg/kg. Five of the surface soil
- samples submitted for laboratory analyses exhibited lead concentrations exceeding the human health
PAL of 400 mg/kg (Figure 4-6 and Table 4-3). Two samplés (TSA-23 and TSA-30) exceed the TACO
construction worker screening value of 700 mg/kg (A'ppe'ndix D, Table D-1). However, all 14 samples -
exhibited exceedances of the ecological PAL of 11 mg/kg for lead, and exceeded the lllinois EPA
background concentration for lead of 36'mg/kg. ' ' |

.Antimony

Antimony laboratory analytical concentrations ranged from 0.734 to 3.68 mg/kg. None of the surface soil
samples submitted for laboratory analyses exhibited antimony 'concentrations exceeding the human
health PAL of 31 mg/kg (Figure 4-6 and Table 4-3). However, all 14 samples exhibited exceedances of
the ecological PAL of 0.27 mg/kg. In addition, all 14 samples showed concentrations less than the lllinois
EPA background concentration for antimony of 4 mg/kg. A statistical corhparison of the exposure point
concentration, represented by the 95,percent upper confidence limit of the mean, to the lllinois EPA
background soil concentrations for antimony indicates that the concentrations, of antimony detected in the

- soil samples collected from the Skeet Range area are within the range of naturally occurring antimony
concentrations in the area of the site (Appendix G). '

Arsenic

Arsenic laboratory analytical concentrations -ranged from 5.58 to 19.6 mg/kg. All 14 of the surface soil -
' samples submitted for laboratory analyses exhibited arsenic concentratidns exceedihg the human health
PAL of 0.39 mg/kg (Figure 4-6 and Table 4-3). No surface soil samples exceed'the TACO construction
-worker ingestion criteria of 61 mg/kg. However all detected concentrations exceed the USEPA industrial
screening level of 1.6 mg/kg.
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-Only one sample (TSA-041) exhibited exceedances of the ecological PAL of 18 mg/kg. The same

sample was the only one which showed a concentfation above the lllinois EPA background concentration '

for arsenic of 13 mg/kg. However, a statistical corhparison of the exposure point concentration,
représented by the 95 percent upper confidence limit of the mean, to the 1llinois EPA background soil
~ concentrations for arsenic indicates that the ‘concent‘rations of arsenic detected in the soil samplés
6ollected from the Skeet Rangé area are within the rangé of 'naturally occurring antimony concehtrations

in the area of the site (Appendix G).
PAHs

Table 4-3 sumfnarfzes the analytical results and ény exceedance of the PALs for PAHs. In Table 4-3, ifa

parameter exceeded the PAL at any sampling point, the parameter was highlighted (human health PAL.

exceedance), bolded (ecological PAL exceedance), or highlighted and bolded if both PALs are

exceeded.

" Fourteen surface soil samples cbllected from the Skeet Range area were sent to the FBL for PAH

analysis. Only benzo(a)pyrene, was detected in 12 of the 14 surface soil samples at 'concentratfons in
exceedance of the TACO PAL screening criteria of 90 ug/kg (human health only). The concentrations of
benzo‘(a)pyrerie also exceeded the. TACO construction worker screening criteria of 17 pg/kg and the

USEPA industrial criteria of 0.21 pg/kg. The only samples, which did not have concentrations of PAHs at

elevated concentrations, were TSA-031 and TSA-044.

In addition, ihe BaP equivalent concentration exceeded the PAL.in 12 of the surface soil samples. A
description on how the BaP equivalent concentration was derived is presented in Section 3.6. Table 4-3

presents the calculated BaP equivalent concentrations. The BaP equivalent human. health_ PAL is

90 pg/kg. The ecological PAL is 1,100 pg/kg for individual high molecular weight PAHs and 29,000

micrograms per kilogram (ug/kg) for individual low molecular weight PAHs.

The PAHs appear to be associated with the fragments of the clay pigeons used as targets on the trap

rangé. A pitch tar containing PAHSs was used in the manufacture of ihe clay pigeons to help bind the clay

particles. Any observance of clay térget remnanfs was noted in the sample log sheets. Appendix D
includes the full analytical results for the PAHs analyzed.
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4614  Select Metals and PAHs in Sediment — Skeet Range

Below is a discussion of the select metals and PAHs detected in the sediment samples collected from the

Skeet Range area submitted to the FBL for analyses:

Lead

Lead laboratory analytical concentrations for the sediment samples collected from the Skeet Range area
ranged from 15.7 to 204 mg/kg (Figure 4-9 and Table 4-4). Five of the sediment samples submitted for
Iabbratory analyses exhibited lead concentrations exceeding the ecological PAL of 35.8 mg/kg for lead.
In addition, a statistical comparison of the- TSA Ranges sediment data to the ubgradient/background
sediment sample concentrations for lead indicates that the concentrations of lead detected in the
sediment samples collected from the Skeet Range area are above the upgradient/background
concentratiohs for lead (Appendix G). '

.The ecological scfeening level is based on the threshol‘d effects concentration (TEC) from MacDonald et
al. (2000), which is the concentration below which effects to sediment invertebrates are not expected.
The probablé effects concentration (PEC) from MacDonald et al. (2000) for lead is 128 mg/kg, which is
the concentration above which effects to sediment invertebrates are likely to be observed. Only one
location (TSA-078) had a lead concentration that exceeded the PEC. This location was well bounded by
samples with lead concentrations either just slightly greater than or less than the screening level (see
Figure 4-9). The locations with lead concentrations between the TEC and the PEC, which represents an

area of uncertainty with regards to toxic effects to sediment invertebrates, are bounded to a small area

along the shoreline. Therefore, although it is poésible that lead is impacting sediment invertebrates,. any '

impacts are limited to a small area.

Antimony

‘None of the sediment samples submitted for laboratory analyses exhibited antimony concentrations
exceeding the ecological PAL of 3 mg/kg (Table 4-4).

Arsenic

None of the sediment samples submitted for laboratory analyées exhibited . arsenic concentrations
exceeding the ecological PAL of 9.79 mg/kg (Table 4-4). '
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PAHs

None of the sediment samples collected for the Skeet Range area exhlblted concentrations of any PAHs

above its respective ecologlcal PAL

4.7 UPDATED CSM'

Table 4-5 contains the tabular CSM, which outlines the current understanding of the TSA Rahges.
Figure 4-11 provides a graphical representation of the currenf understanding of the TSA Ranges. The
ﬁgufes identify the exposure pathways where site receptors could be exposed to in contact with, or be
impacted by, MC. Based on the analytical information obtained during the Si, MC does exist at the TSA

Ranges.

4.8 CONCLUSIONS

" The initial environmental data collected during the SI sampling activities are sufficient to determine the
presence of MC (lead and PAHs) associated with the former use of the ranges in the surface soils, and to
p_rovide preliminary horizontal (north to south) delineation of impacted surface soils. The extent of MC to
~ the west and vertically in the subsurface soil has not been determined for the site. Identification of clay .
pigeon frégments and shdtgun shell wadding in surface soils and along the erosional face of the former
Trap Range indicates that a continuing source of PAHs may be present in the soil. Grading of the site fd'r

.use as an RV park may have covered sbil_ that contains MC located closer to the former firing line.

The focused S| sampling activities characterized the local site conditions in surfacé soils (0 to 0.5 feet
bgs) and sediment (0 to 0.5 feet bss) and identified concentrations of MC associated with small arms
ammunition in surface soil and sediment. MCs (lead and PAHs) were identified at concentrations abo_Ve
PALSs in the surface soil of the TSA Ranges. MC in soil may bioaccumulate in plants or animals and then
~ be -consumed by animals foraging on the former ranges. Predation of prey and/or cbnsumption of
vegetation on the range may result in bloaccumulatlon of MC Complete exposure pathways are
identified for biota that may be exposed to MC through the food chain. In addition, potential human
receptors (i.e., Navy personnel, visitors, and construction workers) may be exposed to MC through direct

contact (ingestion, inhalation of particulates) with the impacted soils or less likely, consumption of biota.
MCs (antimony and lead) in the sediment samples collected from the TSA Ranges exhibited

concentrations above both ecological PALs and the site-specific upgradient/background sediment sample
data. Complete exposure pathways are identified for aquatic biota that may be exposed to MC through
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direct contact with the sediment and via the food chain. In addition, to a lesser extent, potential human

' receptors (i.e., fisherman) may come in contact with MC through consumption of aquatic biota.

4.9 RECOMMENDATIONS

The purpose of the Sl phase of this project is to identify possible contarhinant releases that require further -

investigation or pose a threat to human health and/or the environment.

SOIL

The Sli identified a limited area in the TSA Ranges with lead, and PAH concentrations. greater than
respective PALs and the lllinois EPA background soil concentrations in surface soil within the project site.

Based on the Sl findings, further actions are required.

Additional focused sampling (horizontally and vertically) is re'comme_nded at the TSA Ranges to further

‘characterize and quantify the contaminated range soil areas and identify discrete areas where removal

actions could address the MC-contaminated soils that pose a threat to human health or the environment.

SEDIMENT

Thg Si identified a limited area of sediment near shore within the TSA Ranges with lead concentrations
greater than their respective ecological PALs and the site-specific upgradient/background sediment

sémple data. However, lead concentrations only exceeded the PEC- in one well bounded location,

. surrounded by sample locations with concentrations below or nominally above the screening criteria.

Therefore, the potentially impacted area is relatively small and impact to aquatic biota appears to be

insignificant; therefore, further evaluation of ecological risks is warranted, and recommended.
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TABLE 4-4

SUMMARY OF DETECTED CONCENTRATIONS IN SEDIMENT

TSA RANGES
NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS
PAGE 1 OF 2

{

NTC-SD-TSA-062

NTC-SD-TSA-063

NTC-SD-TSA-064

NTC-SD-TSA-065

f
i _
' NTC-SD-TSA-066
t

NTC-SD-TSA-067

LOCATION Federal Ecological NTC-SD-TSA-061
SAMPLE ID : (s;:"’:"‘":scs’:'(': NTC-SD-TSA-061-0006 NTC-SD-TSA-062-0006 NTC-SD-TSA-063-0006 NTC-SD-TSA-064-0006 NTC-SD-TSA-065-0006 NTC-SD-TSA-066-0006 NTC-SD-TSA-067-0006
SAMPLE DATE 9 05/19/2010 05/19/2010 05/19/2010 05/19/2010 05/19/2010 05/19/2010 05/19/2010
DEPTH (ft bss) - 0-05 0-05 0-05 0-0.5 0-05 ; 0-05 0-05
METALS (ma/kg) .« ] ;: ; g ‘ ; ;
Antimony 2 0.301 U 0319 U 0.295U 0309 U 0321y ‘ 0.308 U 0.306 U
Arsenic 9.79 2.77] 2.95) 3.031 2.723 278 ' 2.6 2.583
Copper 316 NA NA NA —_NA NA § NA NA
Tron 20000 NA NA NA NA NA i NA NA
Lead 358 20 23.5 18.5 17.5 16.6 '. 16.8 18.7
Magnesium NC NA NA NA NA NA i NA NA

- {Strontium NC NA NA NA NA NA ] NA NA
Zinc 121 NA NA NA NA NA | NA. NA
POLYCYCLIC AROMATIC HYDROCARBONS (ug/kg) ! i ! ] ! [
1-Methyinaphthalene 202 165U 1.66 U 163U 1.68 U 1680 ‘ 1.67 U 1.68 U
2-Methyinaphthaiene 20.2 2317 1.66 U 1.63U 1.68 U 2.06 ) - 1.67 U 1.68 U
Acenaphthene 671 1.65U 1,66 U 163U 1.68 U 1.68 U : 1.67U 168U .
" [Anthracene 52.2 17 166 U 1.63 U 17.4 1.68 U 167U 17.9
[BaP Equivalent 150 3,304075 1.66 U 3.141965 1.68 U 1.68 U { 1.67U 1.68 U
Benzo(a)anthracene 108 165U 1.66 U __ 163U 1.68 U 1,68 U 167U 1.68 U
Benzo(a)pyrene 150 1650 1.66 U 1.63 U 1.68 U 1,68 U 1.67 U 1.68 U
Benzo(b)fluoranthene 10400 14.8 1.66 U 13.4 1.68 U 1.68 U 1.67 U 1.68 U
Benzo(g,h,\)perylene 170 1.65 U 1.66 U 1.63 UJ 1.68 U3 1.68 UJ 1.67 U 1.68 U
Benzo(k)fluoranthene 240 1.65 U 1.66 U 163U 1.68 U 1.68 U 1.67U 1.68 U
Chrysene 166 1.650 1.66 U 1.63 U 1.68 U 1.68 U 1.67 U 1.68 U
Fluoranthene 423 119 8.24) 8.24 106 15.3 ~ 13.1 10.4
Flugrene . 77.4 1.65U 1.66 U 163U 1.68 U 1.68 U 0 167U 1.68 U
Indeno(1,2,3-cd)pyrene 200 1.65U 1.66 U 1.63 U 1.68 U 1.68 U ‘ 1.67U 168U
Naphthalene 176 165U 1.66 U 1.63 U 1.68.U 1.68 U : 1.67U 1,68 U
Phenanthrene 204 7.73] 5191 438 827 1,68 U s 9.2 6.57]
{Pyrene - 195 28 25.7 25.3 278 30.7 20.4 274
LOCATION Federal Ecological NTC-SD-TSA-068 NTC-SD-TSA-069 NTC-SD-TSA-070 NTC-SD-TSA-071 NTC-SD-TSA-072 NTC-SD-TSA-073 NTC-SD-TSA-074
SAMPLE ID (';s'e’:?:"‘"sg :S’L':'('f, NTC-SD-TSA-068-0006 NTC-SD-TSA-069-0006 'NTC-SD-TSA-070-0006 NTC-SD-TSA-071-0006 NTC-SD-TSA-072-0006 NTC-SD-TSA-073-0006 NTC-SD-TSA-074-0006
SAMPLE DATE 05/19/2010 05/19/2010 05/19/2010 05/19/2010 05/23/2010 05/23/2010 05/23/2010
DEPTH (ft bss) 0-05 0-05 0-05 0-0.5 0-05 i 0-05 0-05
METALS (ma/k . s i % i : z
Antimony 3 0324 U 0313 U 03120 032U 0.328 ] 247 0.289 U
[Arsenic 9.79 3.19) 2871 3.35) 282 2.91 2.7 3.02
Copper 316 NA NA NA NA NA NA NA
Tron 20000 NA NA NA. NA NA NA NA
Lead 35.8 17.3 18.8 253 17.6 1093 48.11 24.4)
Magnesium NC NA NA NA NA NA NA NA
Strontium NC " NA NA NA NA NA NA NA
Zinc 121 NA NA NA NA NA NA NA
POLYCYCLIC AROMATIC HYDROCARBONS (ig/kg) ; ! ] K T
1-Methyinaphthalene - 20.2 170 167U 2.06 ) 1.96 3 1.93) ‘. 16U 1.74)
2-Methylnaphthalene 20.2 17U 167U 23 3.043 2.41) 16U 2.13)
Acenaphthene 671 1.7U 1.67 U 1.66 U 1.66 U 1.61U 1.6 U 1,947
Anthracene 572 1.7U 1670 18 1.66 U 1.610 629 7.44]
BaP Equivalent 150 17U 1.67 U 24.095 1.66 U 20.29942 18.74214 3.2388
Benzo(a)anthracene 108 17U 167U 58.3 1.66 U 16.6 16.1 16U
Benzo(a)pyrene 150 1.7U 1.67 U 15.7 1.66 U 16.1 13.5 1.6 U3
Benzo(b)fiucrarithene 10400 1.7V 167U 16.3 1.66 U 16.4 A 1.6U 14.7
Benzo(g,h,/)perylene 170 1.7U] 1.67 U3 1.66 U 1.66 UJ 38) , 245 1.93)
[Benzo(k)fluoranthene 240 17U 1.67-U 1.66 U 1.66 U 1610 ' 16U 16U
Chrysene 166 17U 1.67 U 13.7 1.66 U 5.87) - 4.14) 1.6U
Fiuoranthene 423 10.1 8.05 16.2 9.31 134 ' 1.6 U 1.6 U
Fluorene 77.4 17U 1.67 U 2161 1.66 U 3.41) 1.6 U 16U
Indeno(1,2,3-cd)pyrene 200 17U 1.67 U 166 U 1.66 U 161U 274 1.6 U
Naphthalene 176 17U 1.67 U 1.66 U 1.66 U 1.61U 16U 16U
Phenanthrene 204 625] 4.65) 115 6.93] 15.2 8.1 106
Pyrene 195 27.8 25.2 31.2 225 12.1 9.02 9.63

Footnotes and definitions are summarized on the final page of the table.
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TABLE 4-4

SUMMARY OF DETECTED CONCENTRATIONS IN SEDIMENT

TSA RANGES
NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS
PAGE 2 OF 2

LOCATION Federal Ecological NTC-SD-TSA-075 NTC-SD-TSA-076 NTC-5D-TSA-077 NTC-SD-TSA-078 NTC-SD-UPG-001* NTC-SD-UPG-002*% NTC-SD-UPG-003*
SAMPLE ID (s;‘?:"‘": scs';:':f, NTC-SD-TSA-075-0006 NTC-SD-TSA-076-0006 NTC-SD-TSA-077-0006 NTC-SD-TSA-078-0006 NTC-SD-UPG-001-0006 NTC-SD-UPG-002-0006 NTC-SD-UPG-003-0006
SAMPLE DATE el 05/23/2010 05/23/2010 05/23/2010 05/23/2010 05/19/2010 05/19/2010 05/19/2010
DEPTH (ft bss) 0-05 0-05 0-05 0-05 0-0.5 0-05 0-05
Antimony 2 0.313 U 0.302 U 0311V 106 0.337 U 0312 U 0.304 U
Arsenic 9.79 2.26 229 2.64 2.89 267 3.14 3.17
Copper 316 NA NA NA NA 3.52 : 4.53 4.05

Iron 20000 NA NA NA NA 2100 : 4030 4560
Lead 35.8 20.3) 18.2 36 204 16.8 I 16.3 8.98
Magnesium NC NA NA NA NA 31500 ) i 34900 27800 1.
Strontium NC NA NA NA NA 24.6 . 27.3 27.7
Zinc 121 NA NA NA NA 36.2 . 30.4 273
POLYCYCLIC AROMATIC HYDROCARBONS (pg/kg) : :- i i ] L i !
1-Methyinaphthalene 20.2 1710 1.66 U 4.73) 2.41) 1.75 UR u 1.74 UR 5.07)
2-Methylnaphthalene 20.2_ 171U 1.66 U 9.54 2.26) 1.75 UR : 1.74 UR 6.25 )
Acenaphthene 6.71 171U 1.66 U 1.65U 161U 1.75 UR f 1.74 UR 1.69 UR
Anthracene 57.2 1710 166 U 6.58 J 6.38 ) 3.46 ) ' 1.72 UR 1.69 UR
BaP Equivalent 150 3.230405 19.30729 4,94976 3.109855 1.75-UR ' 6.72052 19.08 .
Benzo{a)anthracene 108 1710 17.6 16.1 161U 1.75 UR ‘ 4.22) 12.2]
Benzo{a)pyrene 150 LAy~ 15 1.65 U 161U 1.75 UR . 1.74 UR 12.2)
Benzo(b)fuoranthene 10400 13.4 16.2 15.7 13.3 1.75 UR ' 26.2) 37.6]
Benzo(a,h,perylene 170 171U 3.08] 1.65 U 161U 1.75 UR 1.74 UR 11.6)
Benzo(k)ftucranthene 240 1.71 U 1.66 U 3.36 ) 161U 1.75 UR 1.74 UR 1.69 UR
Chrysene 166 1710 5991 3.66 ) 161U 1.75 UR 7.12) 24.1]
Fluoranthene 423 171 U 166 U 1.65 U 1.61U 10.4) , 15.2] 58.8 )
Fluorene 77.4 1.82) 3.097 1.76 ) 161U 2.29) 1 292 1.69 UR
{Indeno(1,2 3-cd)pyrene 200 1710 1.66 U 165U 161U 1.75 UR : 1.74 UR 1.69 UR
Naphthalene 176 171U 1.66 U 9.08 161U 1.75 UR r 1.74 UR 1.69 UR
Phenanthrene 204 537 10.4 6.8 5.13) 8.721 10.3] 40.3)
[Pyrene 195 6.52) 11.9 8.38 6.11] 8.91) ' 11.2) 4371
LOCATION Federal Ecological NTC-SD-UPG-004* NTC-SD-UPG-005* NTC-5D-UPG-006* NTC-SD-UPG-007+* “NTC-SD-UPG-008* NTC-SD-UPG-009* NTC-SD-UPG-010*
SAMPLE ID (5;"‘::"'"59:;":’:: NTC-SD-UPG-004-0006 NTC-SD-UPG-005-0006 NTC-SD-UPG-006-0006 NTC-SD-UPG-007-0006 NTC-SD-UPG-008-0006 . NTC-SD-UPG-009-0006 NTC-SD-UPG-010-0006

" | SAMPLE DATE 9 05/20/2010 05/20/2010 05/20/2010 05/20/2010 05/20/2010 05/20/2010 05/20/2010

DEPTH (ft bss) 0-05 0-05 0-05 0-05 0-05 0-05 - 0-0.5
METALS (mg/kq) é : i : t
Antimony 3 0.300 U 0.306 U 0298 U 0,326 U 0.345 U 0.293 U3 0.308 U
Arsenic 9.79 3.89 9,56 5.22 3.04 4.26 6.42 10.7
Copper 316 2.53 15.2 4.44 5.5 3.53 2.08 5.66

Tron 20000 3610 14900 5800 4620 4560, 5260 6630
Lead 35.8 4,05 9,01 7.31 11,5 111 505 27.3
Magneslum NC 9860 J 36300 22500 ) 32000 14600 J 15100 ] 12700 J
Strontium NC 12.1 40.6 25 25.1 15.5 114 12.4
Zinc 121 15.7 34,8 26.1 27.9 24.3 14.2] 44.9
POLYCYCLIC AROMATIC HYDROCARBONS (pg/kg) ] i i i Lo i
1-Methyinaphthalene 20.2 NA NA NA NA NA NA NA
2-Methylnaphthalene 20.2. NA NA NA NA NA NA NA
Acenaphthene 6.71.. NA NA NA NA NA NA NA
Anthracene 57.2 NA NA NA NA NA - NA NA

BaP Equivalent 150 NA NA NA NA NA NA NA
[Benzo(a)anthracene 108 NA NA NA NA NA NA NA
Benzo{a)pyrene 150 NA NA NA NA NA NA NA
Benzo(b)fluoranthene ‘10400 NA NA NA NA NA NA NA
Benzo{g,h )peryiené 170 . NA NA NA NA NA NA NA
Benzo(k)fluoranthene 240 _NA NA NA NA NA NA NA
Chrysene 166 NA NA NA NA NA NA NA
Fluoranthene 423 NA NA NA NA NA NA NA
Fluorene 77.4.. NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 200 NA NA NA NA NA NA NA
Naphthalene 176 NA NA NA NA NA NA NA
Phenanthrene 204 NA NA NA NA NA NA NA
Pyrene 195 NA NA NA NA NA NA NA

Footnotes and deﬂnlﬂqns are summarized on the final page of the table.
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PAGIS\GREATLAKES_NSWMAPDOCS\MXD\TSA_TRAP_RANGE. METALS.MXD 8/2/10 KM

NOTES: |
Bold indicates exceedances of the Human Health Screening Criteria |
™ Red indicates exceedances of the Ecological Criteria
| J - estimated values
NA - not analyzed

NTC-S0-TSA-014
XRF (mg/kg})
LEAD 15.67

HTC-50-TSA-018
Inorganics (mg/kg)
LEAD 5. 67 [N ANTIHONY 0.81 4
- - ‘ N _ (@) ARBENIC 9.83 4
- e i e LEAD 148
NTC-50-T5A-005 XRF (mg/kg)
XRF (mg/kg) h LEAD

LEAD

HTC-S0-TSA-010
XRE (mg/kg)

119.33

WTC-50-TSA-009
XRF (mglkg)

LEAD 17.67 HTC-SO-TSA-060

Inorganics (mg/kg)
ANTIMONY 0.804 hj
HNTC-S0-TSA-004 ARSENIC

ARF (mg/kg) ¥ LEAD

LEAD 27 H XRF (mg/kg)

LEAD

NIC-S0-T5A-001 HIC-50-TSA-013
O XRF (mg/kg) XRF (mg/kg)
LEAD 24.33 < LEAD 20,33

-

NTC-E0-TSA-008
XRF (mg/kg)
LEAD 14,33

HTC-50-T5A-003
XRF (mg/kg)

LEAD 41.67 HTC-80-TSA-017
Inorganics (mg/kg)
ANTIHORY 0.172
ARSENIC 8.82 J
i LEAD 1318
RIC-50-T5A-007 XRF (mg/kg)
ARF (mg/kg} i LEAD

LEAD 17

120.67

NTC-S0-TS5A-012
XRF (mg/kg)

() . LEAD

l w1c-s0-TsA-006 V=
XRF (mg/kg) £
LEAD 17.5

NIC-80-TS5A-002
XBRF (mg/ka)

| LEAD 14,67

HTC-80-THA-016
Inorganice (mg/kg)
ANTIMONY 0.76
ARSENIC 10.1

L LEAD 136

¥ = XRF (mg/kg)
! BTIC-S0-TSA-011 ' LEAD

] XRF (mg/kg)

| LEaD 34.33

NTC-8S0-TSA-059
Inorganics (mg/kg)
ANTIMONY 0.641 3
ARSENIC [ ]

LEAD

XRF (mg/kg)

BTC-50-TBA-015
Inorganics (mg/kg)
ANTIMONY 1 J
ARSENIC

LEAD

XRF (mg/kg)

LERD

Legend
Soil Sample Location with
O Exceedance of Human Health Screening Criteria

XRF Analysis Only - Soil Sample Location without
Exceedance of Human Health Screening Criteria

€]
D Range Boundary

DRAWN BY
K. MOORE
CHECKED BY

J. DUCAR

DATE
7/21/10
DATE

8/2/10

REVISED BY DATE
SCALE
AS NO

SELECT METALS AND XRF DETECTIONS IN SOIL

TSA RANGES - TRAP RANGE
NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

CONTRACT NUMBER
CTO F274
OWNER NUMBER

APPROVED BY DATE

FIGURE NO.
FIGURE 4-5

III!I'




PAGIS\GREATLAKES_NSWMAPDOCS\WMIXD\TSA_SKEET_RANGE_METALS.MXD 11/16/10 TW

NOTES:

Laboratory data is shown, if available, for all locations.

Bold indicates exceedances of the Human Health Screening Criteria
Red indicates exceedances of the Ecological Criteria

* indicates exceedance of both Human Health and Ecological Criteria
J - estimated values

NA - not analyzed

NTC-50-TSA-057
XRF (mg/kg)
LEAD 47.5

NTC-850-TSA-058
XRF (mg/kg)
LEAD 98.67

NTC-S0-TSA-046
XRF (mg/kg)
LEAD 20

NTC-50-TS5A-047
XRF (mg/kg)
LEAD 73,617

NTIC=-50-TSA-026
XRF (mg/kg)
LEAD 57,33

NTC-S50-T5A-036
XRF (mg/kg)
LEAD

NTC-S0-T5A-035
XRF (mg/kg)
LEAD

NTC-50-T8A-025
XRF (mg/kg)
LEAD

HNTC-S0-TSA-021
Inorganica (mg/kg)
ANTIMONY 1.13
ARSERIC

LEAD

XRF (mg/kg)

LEAD

HIC-50-TSA-020
Inorganics (mg/kg)
ANTIMONY 1.87
ARSEHNIC 7.8 J
LEAD 564+
XRF (mg/kgqg)

LEAD 112

NTC-SO-TSA=-024
XRF (mg/kg)
LEAD B85

NTIC-50-TSA-019
XRF (mg/kg)
LEAD

NTC-SO-TS5A-023
Inorganics (mg/kg)
ARTIMONY 3.68
ARSENIC 8.82
LEAD 1310¢
XRF (mg/kg)

LEAD

NTC-8S0-T8SA-027
XRF (mg/kg)
LEAD

NTC-S0-TSA-022 |
XRF (mg/kg) i
LEAD . b

NTC-S0-TSA-038
Inorganics (mg/kg)
ANTIMONY 3.2 9
.kl ARSENIC 8.91 J
Bl LEAD 577+
XRF (mg/kg)
LEAD

NTC-SO-TSA-049
XRF (mg/kg)
LEAD 49.33

Soil Sample Location with
] Exceedance of Human Health Screening Criteria for Lead

Soil Sample Location without
Exceedance of Human Health Screening Criteria for Lead

@
E Range Boundary

RAWN BY
K. MOORE 07/21/1
CHECKED BY DATE
J. DUCAR 11/16/10

NTIC-50-TSA-034
XRF (mg/kg)
LEAD 49.

HTIC-S0-TSA-045
XRF (mg/kg)
LEAD 24

NTC-50~-TSA-03
XRF (mg/kg)
LEAD

NTC-850-TSA-0
XRF (mg/kg)
LEAD

3

42.61

32

81

HTC-S50-TSA-0414
Incrganics (mg/kg)

ANTIMONY
ARSENIC
LEAD

0.7314
6.72

XRF (mg/kg)

LEAD

NTC-80-
Inorgan
ANTIMON
ARSENIC
LEAD

XRF (mg
LEAD

NTIC-50-

Inorgan

TSA-031
ics (mg/kg)
Y 1. 24 3
6.53 J
ER )
/kg)
163

NTC-S50-T5A-043
XRF (mg/kg)
LEAD

NTC-S0-TSA-030
Inorganics (mg/kg)
ANTIMONY 3.65 |
ARSENIC 7.31 J
LEAD 1460
XRF (mg/kg)

LEAD 468.33¢*

NTC-S0-TBA-042
XRF (mg/kg)
LEAD 6§5.67

NTC-S0-TSA-053
Inorganics (mg/kg)
ANTIMONY 0.943 J
ARSENIC 5.58 J
LEAD 200

XRF (mg/kg)

LEAD

NTC-50-TS8A-041
Inorganics (mg/kg)
ANTIMONY 2.58
ARSENIC 19.6
LEAD 245
XRF (mg/kg)

LEAD

NTC=-50-TSA-052
Inorganics (mg/kg)
ANTIMONY 2.46
ARSENIC 9 J
LEAD 408"
XRF (mg/kg)

LEAD

NTIC-SO0-TSA-028
Inorganics (mg/kg)
ANTIMHMONY 1.48 J
ARSENIC

LEAD

XRF (mg/kg)

LEAD

NTIC-S0-TSA-051
Inorganics (mg/kg)
ANTIMONY 1.79 J
ARSENIC 7.23 J
LEAD 161

XRF (mg/kg)

LEAD 165.33

NTC=-S0-TSA-039
Inorganics (mg/kg)
ANTIMONY 1.31 o
ARSENIC 8.8% J
LEAD 357

XRF (mg/kg)

LEAD

TSA-050
ics (mg/kg)

ANTIMONY 1.6 J

ARSENIC

LEAD

XRF (mg/kg)

LEAD

SELECT METALS AND XRF DETECTIONS IN SOIL

CONTRACT NUMBER
CTO F274

OWNER NUMBER
APPROVED BY

TSA RANGES - SKEET RANGE
NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

REVISED BY DATE

SCALE
AS NOTE




PAGIS\GREATLAKES_NS\MAPDOCS\WMXD\TSA_TRAP_RANGE_PAH.MXD 8/4/10 KM

NOTES:
Bold indicates exceedances of the Human Health Screening Criteria
Red indicates exceedances of the Ecological Criteria
* indicates exceedance of both Human Health and Ecological Criteria
J - estimated values
NA - not analyzed
Concentrations are in micrograms per kilogram (ug/kg)
i Clay pigeons and shotgun shell wadding identified along shore line erosional surface

NTC-50-TSA-0118

BAP EQUIVALENT
BENZO(A)ANTHRACENE
BENZO(A)PYREMNE
BENZO(B)FLUORANTHENE
BENZO(G,H, I)PERYLENE
CHRYSENE
DIBENZO(A,H)ANTHRACENE
INDENO(1,2,3-CD)PYRENE
PYRENE

NTC-S50-TSA-060
BAP EQUIVALENT 121.79%88

NTC-SO-TS5A-017

BAP EQUIVALENT
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B) FLUORANTHENE
BENZO(G,H, T)PERYLENE
CHERYSENE
DIBENZO (A, H)ANTHRACENE
INDENRO(1,2,3-CD)PYRENE
PYRENE

NTC~-S50-TSA-016

BAP EQUIVALENT
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZO(G,H, I)PERYLENE
BENZO(K)FLUORANTHENE
CHRYSENE
DIBENZO(A,H)ANTHRACENE
INDENO(1,2,3-CD)PYRENE
PYRENE

NTC-SO-TS5A-059
NTC-$0-TS5A-015 BAP EQUIVALENT
BAP EQUIVALENT . BENZO(A)ANTHRACENE
BENZO(A)ANTHRACENE BENZO(A)PYRENE
BENZO(A)PYRENE BENZO(B) FLUORANTHENE

| BENZO(B)FLUORANTHENE BENEZO(G,H, T} PERYLENE
BENZO(G,H, 1) PERYLENE 7 ; BENZO(K) FLUORANTHENE
SrEtaso - : g::;nfgia H)ANTHRACENE

NZO(A, 1 i E z ’
5i§§~2°‘ i gl 3 INDENO(1,2,3-CD)PYRENE
- PYRENE

Legend

Soil Sample Location with
@  Exceedance of Screening Criteria

XRF Analysis Only - Sample Location without
o Exceedance of Screening Criteria

D Firing Range
K. MOORE 7129 CTO F274
CHECKEDBY _ DATE PAH EXCEEDANCES IN SOIL OWNER NUMBER
J. DUCAR 8/4/10 TSA RANGES - TRAP RANGE s
NAVAL STATION GREAT LAKES APPROVED BY TE
SOALE GREAT LAKES, ILLINOIS FIG_UF!E Y
AS NOTED NA/FAC FIGURE 4-7




PAGIS\GREATLAKES_NSWAPDOCS\MXINTSA_SKEET_RANGE_PAH.MXD B/4/10 KM

NOTES:
Bold indicates exceedances of the Human Health Screening Criteria

J - estimated values
Concentrations are in micrograms per kilogram (ug/kg)

NTC-80-TSA-021
BAP EQUIVALENT

HTC-SO-TSA-020
BAP EQUIVALENT 150,671
BENZO(A)PYRENE 25.1 J

KTC-80-TSA-030
BAP EQUIVALENT
BENZIO(AIPYRENE

HTC-50-T5A-033
BAFP EQUIVALENT 183,636
BENZO(A)PYRENE 7

NIC-S0-TSA-041
BAP EQUIVALENT
BENZO(A)PYRENE

NTC-50-TSA-0213
BAP EQUIVALENT
BENZO(A)IPYRENE

RTC-850-TSA-052
BAP EQUIVALEMNT
DENZO(A)PYRENE

NTC-S0-TSA-051
BAF EQUIVALENT

BAP EQUIVALENT
BENEO(A)PYRENE

BENZO(A)PYRENE

Y dale
NIC-S0-TSA-0238
BAF EQUIVALENT 127.1173

NTC~-S0-TSA-050
BAP EQUIVALENT
BENZO[(A)PYRENE

Legend

Soil Sample Location with
@  Exceedance of Human Health Screening Criteria
Sample Location without
@  Exceedance of Human Health Screening Criteria 50 25 0 50
D Firing Range Feet

DRAWN BY DATE CONTRACT NUMBER
CTO F274

K. MOORE 7/29/10
PAH EXCEEDANCES IN SOIL OWNER NUMBER

CHECKED BY DATE
J. DUCAR 8/4/10 TSA RANGES - SKEET RANGE -
REVISED BY DATE NAVAL STATION GREAT LAKES APPROVED BY DATE

SCALE GREAT LAKES, ILLINOIS FlaJHE .
NA/FAC FIGURE 4-8

AS NOTED




PAGIS\GREATLAKES_NSWMXD\TSA_RANGES_SD.MXD 8/4/10 KM

NOTES:

Red indicates exceedances of the Ecological Criteria
J - estimated values

Concentrations are in milligrams per kilogram (mg/kg)

NTC-SD-TSA-078
LEAD 204

G

NTIC-5D-TSA-077
LEAD 36

©

LSAO75]
© Skeet Range

NTC-SD~TSA-074
LEAD 44.4 J

HTC-SD-TSA-073
LEAD 42 .1

HTC-SD-TSA-072

(:} LEAD 109 J

Trap Range

Legend

Sediment Sample Localion with
@ Exceedance of Ecological Screening Criteria

Sample Location without
o Exceedance of Ecological Screening Criteria
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7.0 NTC LAKEFRONT |

74 SITE BACKGROUND

Between 1942 and 1945, personnel stationed at NSGL used the NTC Lakefront for AA artillery training.
‘At that time, 25 gun mounts located on the beachfront were used to fire at tafgets towed over Lake
Michigan. The Sl field investigation was conducted on the water portion, which includes the range fan
and SDZ over Lake Michigan, which is where a fired-munition would have landed. Information regarding
NTC Lakefront is limited to the history and site description presented in the Final Water. Area Munitions
Study-NTC Lakefront (Malcolm Pirnie, 2005) and the PA (Malcolm Pirnie, 2008). '

" The land pbrtion of NTC Lakefront is approximately one acre in size and is located east of the bluff on the
beachfront of Lake Michigan. Prior to using the site as an AA range, the shoreline was extended with fill
material in order to install the machine gun mounts. The water portion of this site includes a fan area of °

' approximately 4,765 acres that extends out from thé shoreline over Lake Mii:higan.

The NTC Lakefront is bordered by Lake Michigan to the east, a RV park to the north, the bluff to the west,
and the Outer Harbor and Boat House to the south. -The site is accessible via Ziegemeir Street, which is
built over the former gun mount rounde_ls. A magazine, Building 120, is the present lakefront magazine
according to a M,arch. 17, 2003 listing of known ammunition stbrage, and firing locations at NSGL. Over
the years, the buildings associated with the Site, including the Garage and Storage, the Machine Gun
Training Building, the Armory, and the Clippings and Empties building, were demolished. Sometime after
1962, a tank farm for fuel storage was constructed in the location of the former Machine Gun Training
Building to meet the needs of the power plant. No construction records for the tank farm were available’
that‘_‘co'u.ld " provide information regarding potential munitions findings' and no visible signs of the
» deholiéhed buildings exist‘ today. The power plant is adjacent to the tank farm that services it (former
location of the NTC Lakefront). |

Figuré 7-1 depicts NTC Lakefront and associated range features. )

7441 Historical Munitions Usage Information

Approximately 1,350 sailors a day were instructed in AA training using 20- énd 40-mi|hlimeter.gu.ns and
shot several million shells at cable-drawn targets towed by airplanes over Lake Michigan. Potential MEC

and/or MPPEH issues arose from the use of AA ammunition with tracers including:
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e 20-mmHE
e HEI '

o HET

e HET-DIrounds ,
e  40-mm blind loaded and plugged (BL&P)
e HET - self destruct (HET-SD) -
* high explosive incendiary tracer — self destruct (HEIT-SD) rounds
. 1 1-inch AA artillery -
~e  3-inch .50 caliber artillery -

e Dl tracers

-. Based on the information obtained during the data collection process, no special consideration munitions

are known or suspected to have been ‘used at the site. Therefore, NTC Lakefront is not suspected. to -

~contain chemical warfare material filled munltlons electrically fuzed munitions, or depleted uranium
associated munitions (Malcolm Pirnie, 2005). Additional technical data regarding the munltrons used at
NTC Lakefront are included in Appendix A—3 of the UFP SAP

It is estimated that more than ten million rounds of ammunition were fired between 1942 and 1945. The
dud rate is estimated at 5 percent, resulting in potentlally several hundred thousand rounds containing
explosrves which may be present in the Lake Michigan sediment. Munitions that missed the target could
have auto-detonated 3,000 yards from the firing point, which indicates that MEC/MPPEH or. MEC debris

may be present at this distance from the firing point within Lake Michigan. Munitions that did not detonate

~ at this distance may have traveled a considerable distance before impact, depending on the- mumtron type
and typical range. Some of the munitions fired had potential ranges of more than 30,000 feet
(5.68 miles).

-714.2  Munitions Constituents

MC could be present in lake sedrment associated with the remaining. MEC/MPPEH in the SDZ, pnmanly
in the primary impact zone. However, the concentrations of MC in Lake Michigan surface water resultrng

from the -use of munitions at the range would likely become extremely diluted by the large volume of

surface water and the length of time since the ptacement of the MC occurred. The MC potentlally present

NTC Lakefront mcludes

« Select metals: antimony, arsenic, copper, iron, lead, magnesium, strontium, and zinc; and
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o Select explosives: octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX), hexahydro-1,3,5-trinitro-
1,3,5-triazine (RDX), pentaerythritol tetranitrate (PETN), n-methyl-n-2,4 6-tetranitroaniline (tetryl), and
trinitrotoluene (TNT).

7.2 SITE FIELDWORK
721 Site Field Activities

MEC Investigation

Data and information used to make environmental management decisions about Lake Michigan for the

MEC investigation include the following:

1. Control Point Data: Site preparation consisted -of locating or establishing an adequate number of

control points to provide accurate navi'gational control for the survey work. .

2. Bathymetric Survey Data: Technicians used high-resolution multibeam echosounder sonar (MBE)
~ system capable of detécting and identi_fying features such as potential MEC/MPPEH on the surface of
lake sediment. The bathyrhetric survey Was used to map the lake bottom and morphology in addition

“to identifying obstacles and features that may affect the in-water geophysical sur'\)ey and any MEC
removal activities. The bathymetric survey was conducted in general accordance with SOP 01 of the
UFP-SAP; USACE's Hydrographic Surve)?ing Engineering Manual (EM 1110-2-1003 and appendices;
USACE, 2002) for an acoustic multi-beam survey as modified by the project-specific technical

specifications provided in this work plan.

- 3. . In-Water Geophysical Survey Data: Following the bathymetric survey the study tfansects were

mapped using an underwater marine gradiometer array (MGA) to determine the density and
distribution of metallic items that may represent suspect MEC, MPPEH, or scfap metal. Al
geophysicél survey data was recorded electronically and field notes were recorded in field logbooks
and/or survey log sheets. Any anomalies detected du'ring the geophysical survey were used to
de'terminév whether any suspect MEC_/MPPEH may be present on the lake bottom surface or

subsurface. These data and their locations were also used to generate MC sarﬁpling locations.

4. Real Time Kinematic (RTK) GPS and ultra short acoustic baseline positioning system (‘USBL): The

Leica 1230 RTK GPS/Applanix POS M/V and USBL systems were used to record watercraft and

MGA position, dynamics and elevation data.
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The horizontal boundary for the MEC S| at the NTC Lakefront is shown as the Lake Michigan SDZ as
presented in Figure 7-1. This is the maximum depth covered by the Navy MRP. The vertical boundary
(i.e., depth of sediment) of the MEC/MPPEH S| investigation of the lake bottom sediment is limited by the
size of the anomalies present and the capabilities of the detection system. Small items (20-mm
- projectiles) may not be detected unless clustered together. Larger items such as 40-mm projectiles may
be detected at depths up to approximately. 12 mches in the bottom sediment depending on the technology
used.

" The data and results of analyses for the MEC/MPPEH geophysical mvestlgatlon at NTC Lakefront
suggest the following conclusions:

e« The firing limits for the range (the north and south boundaries of the SDZ) have not been fully
‘defined. The bands of metallic debris detected extend beyond the current estimated north and 'south

boundaries of the historical AA training range.

¢ The terminus of the SDZ (eastern boundary) appears to be relatively well defined. The survey was
completed to the design limits of the area (estimated maximum range of munitions). Even though the
survey area ended about 915 feet short of the eestimated. maximum water depth range boundary
based upon the depth limits set for the Sl (. e. water depth < 120 feet), the amount of metallic debris
had tapered off signifi cantly indicating that the terminal end of the range was in proxnmlty to the end of
the survey area

e Magnetic anomalies, which'may represent MEC/MPPEH and/or MD were detected on the lake floor
occurred in bands roughly corresponding to the different average ranges of the various known

munitions fired at the range.

¢ The underwater video camera did not prove to be an effective tool for target/anomaly verification,

although it did provide data about the lake bottom type and habitat.
Based on these considerations, additional evaluation will be needed to establish the nature and extent of
_'potential MEC/MPPEH/MD contamination of the former AA training range at NSGL:- The following

activities may be warranted:

Diving operations to evaluate the nature of selected metallic items identified during the MGA survey.
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Additional marine survey and geophysical mapping of areas to the north, south and east of the current
survey area to bound (if possible) the metallic debris field (and potential UXO) associated with former

range operations.
Volume_ il of the S| Report presents the MEC geophysical investigation report.

MC Investigation

" The MC field investigation program for NTC Lakefront included collection of sedimeht_samples from the
area of the site within Lake Michigan to identify COPCs (e.g., select metals and seléct explosives) that
may exist as a result of past operations at the range. Photographs associated with the_> sampling .activities
at NTC Lakefront are included in Appendix B.

No surface soil samples were collected at the firing line for the AA training area for NTC Lakefront due to
the high erosion and deposition rates immediately in front of the firing points at that location. No MC is

expected to remain near the firing lines.

Twenty-seven discrete sediment samples were collected from 30 sample locations identified through the
NTC Lakefront MEC geophysical investigation with the use of a modified pneumatic Van Veen dredge
sampler from the survey vessel, in accordance with SOP-08 of the UFP-SAP. Sediment samples couid
not be collected from three sample locations (LAK-012, LAK-O14, and LAK-022) due to dfedge sampler
refusal. Sample locations were based on geophysical anomalies identified within the SDZ using a

custom-designed MGA to perform the underwater geophysical survey.

All 27 sediment samplés collected were submitted to the FBL for ahalysis of selecf metals (éntimony,
arsenic, copper, iron, lead, magnesium, strontium, and zinc) by Method SW-846 60108 'andA select
_explosives (HMX, PETN, RDX, tetryl, aﬁd TNT) analyses by Method SW-846 8330A. All samples
submitted to the laboratory were prepared and analyzed according to the normral laboratory protocol as
identified on Worksheet #30 of the UFP-SAP. '

Figure 7-2 presents the sediment sample locations within the assumed SDZ area of NTC Lakefront. »

7.2.2 Work Plan Deviations

The only deviation from the UFP-SAP (Tetra Tech, 2010) for NTC Lakefront S| was that sediment
samples could not be collected from three proposed sample locations (LAK-012, LAK-014, and LAK-022) -
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due to Van Veen dredge sampler refusal on the rocky lake bottom. Several attempts were made at each

) sémple location, but sémples could not be collected due to cobble size glacial sediments.

©7.2.3 Field Data Collection

Twenty-seven discrete sediment samples -we-re collected from 27 sample locations identified through the
NTC Lakefront MEC geophysical investigation with the use of a modified Van Veen dredge sampler from
the survey vessel, in accordance with SOP-08 of the UFP-SAP. Sample locations were based on
geophysical anomalies ide_.ntiﬁed within the SDZ by the MGA geophysical instrumentation.

All 27 sediment samples were submitted to the FBL for select metals (antimony, arsenic, copper, iron,
lead, rhagnesium, strontium, ahd zinc) analyses by Method SW-846 6010B and seléct explosives (HMX,
PETN. RDX, tetryl, and TNT) analyses by Method SW-846 8330A. ~ All samples submitted to the
Iaboratory were prepared and analyzed according to the normal laboratory protocol as identified on
Worksheet #30 of the UFP-SAP. -

Table 7-1 provides a summary of the samples collected and their respective analysisv at NTC Lakefront,
and Figure 7-2 shows the sediment sampling and upgradient sediment sampling_ locations. Sediment

sample log sheets are included in Appendix A.

Upgradient Sampling Locations

Three discrete sediment locations (LAK-UPG001 through LAK-UPG003) were collected at sample

locations upgradient (north) of the TSA Range and seven discrete sediment. samples (LAK-UPG004

through LAK-UPG010) were collecfed at sample locations upgradient (north) of the SDZ of NTC
Lakefront. . The sample locations were selected to be upgradient of the locations of magnetic anomalies
identified during the MEC investigation and based on the general direction of the sediment transport

along the coastal area as well as the suspected northern boundary of the SDZ.

All 10 sediment samples’ wére submitted to the lab_oratory for selecf metals (antimony, arsenic, copper,
iron, lead, magnesium, strontium, and ziné) analyses by Method SW-846 6010B and three samples
(LAK-UPGO001 through LAK-UPG003) for PAHs analyses by Method 8270C." All the upgrédient sediment
samples were collected in accordance with SOP 08 of the UFP-SAP. ' - ' '
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7.3 SITE INSPECTION DATA COLLECTION RESULTS

7.3.1 Munitions Constituents Sampling Results

. Sediment samples collected at NTC Lakefront were compared to respective Ecological PALs, as listed in '
Worksheet #15 of the UFP-SAP (Tetra Tech, 2010). The data _\/alldation reports are presented in .
Appendix D. ’

Table 7-2 presents the select metals (antimony, arsenic, copper, iron lead, magn‘esiiJm strontium, and
zinc) and select exploswes (HMX, PETN, RDX, tetryl and TNT) detectlons in the sediment samples at
- NTC Lakefront. The data comparison to PALs is d|scussed in Sectlon 7.5

Flgure 7-3 presents the select metals (arsenic) and select exploswes (HMX and RDX) detectlons in the

sedlment samples atNTC Lakefront

7.4 - DATA PRESENTATION/DATA USABILITY
7.41 Data Quality Review of Samples at NTC'Lakefront

This section c‘ontains a description of the data review processes used to determine whether analytical
laboratory data collected durlng the sampllng field effort for NTC Lakefront were of acceptable quality for
" use in decision- maklng The review began with data validation, which is a comparison of DQIs against
the prescribed acceptance criteria. The DQIs are measures used to assess the completeness, sensitivity,
accuracy, precision, comparability, and representativeness_qf the sample collection and sample analysis
process. The output of this review was a set of alphabetic flags such as “U,” “J", “R,” or cornbinations
thereof, assigned to individual results based on the validation effort. These flags were used to infer the
general'quality of the data and if data quality meetslthe DQOs of the project. The DQOs presented in the
approved UFP-SAP (Tetra Tech, 2010)- were maintained through the course of the sampling event. |
Worksheets #15 and #19 of the UFP-SAP present the'analytical methods and compounds analyied.

7411  Data Validation Process

All of the FBL sample results were validated according to several specifications. Assignment of data
qualification flags conformed to rules established in USEPA National Functional Guidelines for Organic
Data Validation (October 1999), USEPA National Functional Guidelines for Inorganic ‘Data Validation
(October 2004), and DoD document entited QSM for Environmental Laboratories (January 2006 and

‘April 2009) to the greatest extent practicable for non-contract laboratory program data.
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Several samples énalyzed for various parameters were iwaliﬁed due to numerous isshesﬁ Appendix D
-contains the data validation reports',' which outline the specific qualification reasons for each sample

according to the parameter. --

'7.412  Data Quality Review

Some of the DQls are generated from the analysis of field samples (e.g., field dupliéates) while others 'a-re '

from the _analysis of FBL samples (e.g., laboratory duplicates). Individpally, field and FBL DQIs provide
measures of the performance of the respective inveétigative operétibns (field or Iaboratory)}. If individual
QC results were unacceptable, ttTere'Was an assignment of a validation flag indicating the typé'of QcC
deficiency impacting the result. Supporting documentation regarding the data pfesentati'on and usability

for NTC Lakefront is presented in Appendix E.

7413 Cdmpleteness

The sample collection and analytical completeness for NTC Lakefront was 90 percent. Twenty-seven of
the proposed 30 samples were collected, as discussed in Section 7.2. However, the remaihihg samples

were sufficient to meet the project goals.

7414 Sensitivity

The PQLGs for each analyte are listed in Worksheet #15 of the UFP-SAP (Tetra Tech, 2010). One-
hundred, 85, and 59 percent of TNT, HMX, and RDX sediment data points from NTC Lakefront were

reported’ as non-detected at concéntrations greater than corresponding minimum PALs because the '

contracted laboratory did not achieve method detection limits speciﬁéd in Worksheet #15 of the UFP-

SAP.

It should be-noted that a high degree of analytical sensitivfty was required for the" explosives analyses
conducted for this project. Under conditions of high sensitivity, there exists an increased potential for
chemical interferences to corrupt the analysis. In addition, the laboratory experienced some apparent

contamination problems. A detailed evaluation of the chromatographic data and mulitiple consultations

with the laboratory resuited in some reported detections of explosives compounds being reclassified as

non-detects. However, some of the reported detections could not be reclassified and the data suggést '

that the detections are artifacts of the analysis and do not represent true detections. With the available
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'd‘ata it Is impossible to determine with conﬁdence. whether these detections are artifacts. Data validation

reports explain this situation in more detail (see Appendix D).

The explosives énalytical method (liquid chromatography [LC] with ultraviolet detector [UV]) that was
used for this project is designed for the sample matrices for this project. Additionally, the analytical
laboratory is accredited to conduct the analyses; therefore, the project team could not have anticipated'
these quality problemé. This does not change the fact that reported target analyte detections may be
artifacts. Resampling ahd analysis fnay be requifed if the existence of artifacts woﬁld‘ change the project
decisions. If resampling and analysis is necéssary to vérify the reported detections or if additional
samples are collected as part of the Rl process than the LC with a mass spectral detector inéte_ad of an
UV detector should be utilized because tﬁe mass spectral detéctpr has been used successfully for high

explosives analyses. The sensitivities achievable are sufficient to detect explosive target analytes at PAL .
concentrations. Mass spectral detectors provide a greater degree of target analyte identification which

helps to avoid incorrectly reporting analytical artifacts as target analyte detections.

7.41.5 Field and Labora'tory'Accuracy

There were no quality control deficiencies noted for field or FBL accuracy for NTC Lakefront.

7.41.6  Field and Laboratory Precision -

There were no quality control deficiencies noted for the field and FBL preciéion in NTC Lakefront data.

Field duplicate results were acceptable. -

' 7.447  Comparability

-Comparability is defined as the confidence with which one data set cah be -oompared wiih‘ another
(e.g.',among sahpling points and among sémpling events). Comparability was achieved by u'si'ng
sfandardized sampling " and analysis methods, as well és' standardized data reporting formats..
Comparability of laboratory measurements was achieved primarily through the use and documehtation of
standard sampling and analytical methods. Results were reported in units_that ensured comparability with
current state and federal standards and guidelines. 'Compai'ability of laboratory measurements was
assessed primarily through the use of QC samples and through adherence to the QA plan. The data

~ comparability for NTC Lakefront was deemed acceptable.
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7418 Representativeness

The UFP-SAP (Tetra'Tech. 2010) and the use of standardized sampling, sample handling, sample

analysis, and data réponing procedures were desighed so that the final data would be accurate

representations of actual site conditions. Based upon the field logs indicating the conditions during

sample collection and laboratod'audits. all repdrted data are adequately representative of site conditions
of NTC Lakefront.

7.5 DATA COMPARISON TO PROJECT ACTION LIMITS

'(.5.1 "~ Identification of Chemicals Exceeding Project Action Limits '

Twenty-seven sedimént samples ‘collected from NTC Lakefront were submitted to the FBL for select

- metals (antimony, arsenic, copper, iron, lead, magnesmm strontlum and zinc) and select exploswes

(HMX, PETN, RDX tetryl, and TNT) anaIyS|s

The laboratory concentrations for the sediment samples_were compared to the ecological PAL for
screening purposes to determine if further investigation is necessary. In additidn, the data was combared
to the site-specific background sediment sample concentrations for select metals for evaluation purposes.
All of the sediment samples collected from NTC Lakefront were collected 0 to 0.5 feet below the lake

bottom.

Table 7-2 summarizes the laboratory analytical detection results as compared to the PALs. If a

parameter-exceeded its PAL at any sampling point, the parameter was highlighted.

7.5.1.1 ~ Select Metals in Sediment within NTC Lakefront

None of the sediment' samples collected from NTC Lakefront and submitted for laboratory analyses
exhibited concentrations exceeding their respective ecologlcal PALs for antlmony, copper, iron, lead,

magnesmm strontium, and zinc.

Arsenic .

- Arsenic wés the only metal, which exhibited concentrations in excess Qf its respective PAL in the
sediment samples collected from NTC Lakefront. 'Concentrations of arsenic ranged from 2.59 to

14.3 mg/kg. Five of the sediment samples exhibited arsenic concentrations exceeding the ecological PAL

- 0f 9.79 mg/kg (Figure 7-3 and Table 7-2). In addition, a statistical comparison of NTC Lakefront sediment -

081006/ : ' 7-10 ' CTO F274

NS Great Lakes '




NS Great Lakes
S| Report
Revision: 1 -
. Date: November 2010.
Section: 7
- 'Page 11 of 13

data to the site-specific upgradient/background' sediment sample concentfations for arsenic was
conducted (Appendix G). The evaluation indicates that the concentrations of arsenic detected in the
sediment - samples collected from ‘the SDZ of NTC Lakefront are below the site-specific

" upgradient/background sediment sémple concentrations for arsenic (Appendix G).

7.51.2 Select Explosives-in Sediment within NTC Lakefront

Ohly HMX and RDX showed detected concentrations above the.ec_olbgical PALs in sediment collected
frorﬁ NTC Lakefront. As discussed in Section 7.4.1.4, detections of these constituents in the lake
sediments are highly suspect bééausé of the laboratory method used to analyze the samples. In addition,
" the Iabdratory experienced some 'a'pparent contamination problems with the samples analyzed for the
explosive constituents, suggesting _thai the detections are artifacts of the analysis and do not represent
- true detections. With the ayailable data it is impossible to determine with confidence whether these |

detections are artifacts, or truly representative of actual environmental conditions.

HMX

HMX concentrations were detected in excess of the PAL in four of the 27 sediment samples collected

from NTC Lakefront. Concentrations of HMX ranged from non-detect (<0.1 mg/kg) to 0.152 mg/kg. The

- four sediment samples exhibited HMX concentrations exceeding the écolog_ical PAL of 0.0047 mg]kg
(Figure 7-3 and Table 7-2). 8

" RDX

RDX coﬁcentrations were detected in excess of the PAL in 11 of the 27 sediment samples collected from
NTC Lakefront. Concentrations of RDX ranvged from non-detect (<0.1 mg/kg) to 0.427 mg/kg. The 11
_ sedimént samples exﬁibited RDX concentrations exceeding the ecological PAL of -0.013 mg/kg

- (Figure 7-3 and Table 7-2). | |

None of the sediment samples collected from NTC Lakefront, and sdbmitted for laboratory analyses,
exhibited concentrations exceeding their respective ecologicél PALs for PETN, tetryl, and TNT. However,
100 percent of TNT, 85 percent of HMX, and 59 percent of RDX sediment results were reported as non-
detected at concentrations greater than corresponding minimum PALs because the contracted laboratory
did not ‘achievé MDLs speciﬁed on Wlorksheet #15 of the UFP—SAP-(Tetré Tech, March 2010)..
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The detection limit for HMX and RDX was 0.1 mg/kg. The ecological PALs for HMX (0.0047 mg/kg) and
RDX (0 013 mg/kg) are conservative screening values used in the SAP to ensure laboratory detection
limits were adequate. These conservative screening values were based on equilibrium partitioning as
described in Talmage et al., (1999).' Equilibrium partitioning was used by Talmage et al. (1999) because
no spike sediment toxicity tests wel_'e. located by the adthors. The recent publication by Sunahara et al.,
(2009), presents No Observed Effects Concentrations (NOECs) and Lowest Observed Effects

Concentrations (LOECs) from spiked sediment toxicity studies. for two freshwater aquatic invertebrates..

(Hyalella azteca and Chironomus tentans) These: NOECs and LOECs were developed for several
explosives in Table 5 2 of the referenced publication. NOECs are concentrations where, effects were not
observed in the study and LOECs are concentrations where effects were observed. Because these
NOECs and LOECs are based 'on empirical data they are more appropriate for determining whether the

concentrations of HMX and RDX in sediment are likely to impact sediment invertebrates as compared to

screening values based on equilibrium partitioning. For HMX, the NOECs ranged from 126 mg/kg to
146 mg/kg and for RDX, the NOECs ranged from 102 mg/kg to 711 mglkg. Therefore, the site
concentrations and detection limits are much lower than these NOECe and impacts to sediment
invertebrates from HMX and RDX are not expected. | ‘ '

Although the detection limit for TNT (0.1 mg/kg) was greater than the ecological PAL (0.092 mg/kg),
sediment invertebrates are not likely to be impacted by TNT for several reasons. The PAL is just slightly
lower than the detection limit, so it is not likely that many samples would have TNT d_etections between
0.092 mg/kg and 0.1 mg/kg. Itis more likely that TNT, if present, is at concentrations less than the PAL.
Furthermore, the PAL |s a conservatlve screening value used in the SAP to ensure Iaboratory détection
hmlts were ‘adequate. These conservative screemng values were based on equilibrium partitioning
(Talmage et al., 1999). Table 5.2 in Sunahara et al., (2009) presents NOECs and LOECs for the same
two freshwater aquatic invertebrates listed above. For TNT, the NOECs ranged from <0.1 mg/kg. (less
_than defection) to 4 mg/kg. Therefore, any of the detections would be similer,tq or lower than the NOECs

and impacts to sediment invertebrates from TNT are not expected.

Select Metals in Sediment Upgradient of NTC Lakefront

Arsenic was the only metal, which exhibited concentrations in excess of its respective PAL in the

‘,sediment samples collected upgradient of NTC Lakefront. A cencentration of 10.7 mg/kg was identified in-

sample UPG-010, located approximately 1,200 feet northeast of the area of NTC Lakefront. -Appendix G
presents a statistical evaluation of the upgradient sediment samples to the on-site NTC Lakefront

sediment samples using the Wilcox Rank Sum Hypothesus test with a 5% significance level.
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76 UPDATED CONCEPTUAL SITE MODEL

Table 7-3 containe the tabular CSM,. which outlines the current understan-ding of NTC Lakefront.
Figure 7-4 provides a. graphical representation of the cumrent understanding of the CSM for NTC
Lakefront. Figures 7-5 and 7-6 identify the exposure paihways where site receptors could be exposed to,
come in contact with, or be impacted by MEC and MC, respectively. Based on the analytical information
obtained during the "SI, MC do exist at the site based on a screening against ecological PALs.
ME_C/MPPEH was not identified during the SI; however, magnetic anomalies were identified but the full
“extent of the SDZ may not have been delineated, as discussed in the MEC' Si 'report (Tetra Tech, 2010). .

7.7 CONCLUSIONS

Arsenic was the only metal that exhibited concentrations in exeess of its ecological PAL in the sediment
samples collected from NTC Lakefront However, the levels of arsenic detected within the SDZ of the site
were statlstlcally below the arsenic concentratlons detected in the upgradlent (background) site-specific
sediment samples Therefore, the arsenic observed within. NTC Lakefront can be attnbutable to naturally

occurnng arsenic concentrations found within the lake.

The detection limits for several explosive constituents (HMX, RDX, and TNT) are similar to or much Iower
than NOEC based on. more recent empirical data. Therefore, |mpacts to sediment invertebrates from

exploswe constituents are not expected

7.8 RECOMMENDATIONS |

Based on the results of the SI, NFA is recommended for MC (explosives and select metals) for NTC
" Lakefront. Further action will be necessary to ascertain whether anomalies identified during -the
"underwater geophysical survey are MEC/MPPEH. Anomalies selected for further investigation will be
determined during planning of the next phase of investigva'tic}n and may ipclude some or all of the
previously sampled locations.. . »
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EXECUTIVE SUMMARY

* This Site Inspection (Sl) Rebon presents the results of the geophysical investigation for one' range at
“Naval Station Great Lakes (NSGL) in Great Lakes, llinois. The S| was performed by Tetra Tech for
Naval Facilities Engineering Command (NAVFAC) Midwest under Contract Task Order (CTO) F274 of the
Comprehensive Long-Term Environmental Action Navy (CLEAN) IV Contract Number N62472-03-D-
0057. ' ‘ i ’ '

The purpose of the SI was to evaluate the potential presence of residual munitions and explosives of
concern (MEC) and/or material potentially presenting and explosive hazard (MPPEH) in the marine areas

associated with historical anti-aircraft (AA) training at the Naval Training Center (NTC) Lakefront.at Naval
Station Great Lakes (NSGL) in Great Lakes, Illinois (Figure 1-1). The primary objectives of the Sl were to

de_tennine the potential presence or absence of MEC and munitions constituents- (MC) on or in the

sediments at the bottom of Lake Michigan, which underlie the former anti-aircraft training range at the_

NTC, and to determine whether additional investigation or other action {e.g., Rerﬁedial InVeetigation -

‘v(RI)/Feasibility Study (FS), interim action, etc.] is needed. Several activities were conducted to satisfy

these objectives including:

e Performance of a multi-beam echosounder (MBE) survey..v
e Performance of a marine gradiometer array (MGA) survey.

.« Performance of survey verification using an underwater drop camera.

NTC Lakefront is located along the shoreline of Lake Michigan. The terrestrial portion of this site is
. approximately 1 acre in size and is located east of the bluff on the beachfront of Lake Michigan. The area
is accessible via _Ziegemeir Street, which was built over the former gun mount roundels for the training

center. The water portion of NTC Lakefront is a fan-shaped area (range fan) of approximately 4,765

acres that extends out from the shoreline over Lake Michigan. The range fan extends approximately

30,000 feet east from the former firing positions. The width of the fan fénges from 1,600 feet at the
shoreline to 16,000 feet at the terminus. Water depth in the fan ranges. from 0 feet at the shoreline to
_slightly less than 120 feet at the terminus. Figure 2-1 illustrates the NTC Lakefront and the serrounding

area.

Between 1942 and 1945, personnel stationed at NTC used the NTC Lakefront for AA artillery training. At

that time, twenty-five gun mounts located on the beachfront were used to fire at targets being towed by

airplane over Lake Miehigan. The ammunition used included 20-mm, 40-mm, and 1.1-inch High
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‘Explosive (HE), High Explosive Incendlary (HEL), High Explosrve Tracers (HET) and/or HET-Dark Ignition
(D) rounds. Several million roun_ds were fired at cable-drawn targets towed by arrplanes over Lake
Michigan. The dud rate is estitnated at § to 10 percent. Therefore, several hundred thousand rounds
containing explosives may be present in the Lake Michigan sediment. The munitions-fired had various
ranges and it was theorized that there may be “bands” of munitions or related debris stretchlng across the
lake bottom in the range fan.

A high resolution MBE system was first used to survey identified sampling transects in the study area.
| The MBE system selected provrded high-resolution bathymetry and was capable of detecting and
|dent|fy|ng features above the surface of bottom sediment. The MBE data was used to identify obstacles -
that might mterfere with the planned geophysrcal survey or damage the geophysical mstrumentatron and
to |dent|fy potentlal areas of interest. FoIIowmg the MBE survey, a custom-designed marine gradlometer'
array (MGA) was used to perform an underwater geophysical survey to identify metallic anomalies on or
near the sediment surface, which may be MEC er reIated debris/scrap. A -nember of the anomalies were

later evaluated using an underwater video camera in an effort to visually identify the items.

~'During the MBE survey, over 150 line miles of data were collected and three features of interest were
located m addition to numerous obstacles to the MGA survey (e.g., boulders, sand bars) One was
|dent|ﬁed as the intake structure for the NSGL power plant. A second was tentatively identified as debns~
.from a shipwreck. The third feature of interest is a unique marine foundation made up of two sets of

conical supports separated by a short distance. The purpose of this structure'is currently undetermined.

During the MGA survey, over 150 line-miles of data was collected corresponding to the same areas
‘eovered'in the MBE sur\)ey. This data was processed and interpreted to yield a list ef‘3,6'24 anomalies.
This included all anomalies having the_appropriate_size for munitions fired on the former AA training range
at NTC Lakefront. Analysis of the anomaly data revealed that there are three areas containing
qbncentrated metallic debris witnin the range fan. ‘These areas are |ocated approximately 500 to 2,500,
10,000 to 14,000,; and 18,000 feet from the firing line for the former range (see Figure 5-3 in the report).
Tt1e inner and central depositional areas cover the width of the evaluation area at about 1,300 and 7,100
feet wide, respectively. The outer depositional area is located near the right (southern) limit of evaluation
and is approximately 2,900 feet wide. Metalllc debris is present at the boundaries of the evaluatron area
and most likely continues beyond those boundanes

The verification survey included collection of video footage while allowing the vessel to drift in the water.

Video footage was successfully recorded at all planned locatjons.. Individual frames were isolated from

the video and analyzed; however, it was not possible to identify the nature of the metallic items present -
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that generated the magnetic signatufe detected during the MGA survey. This was due in pé'rt‘to.the fact -

.that items on the sediment surface appeared to be encrusted with mussels.

The data and results of analyses suggest the following conclusions:

The firing limits for the range (the north and south boundaries of the range fan) have not been fully
defined. ' :

e The terminus of the range fan (eastern boundary) appears to be relatively well defined. Even thvough
the survey area ended.about 915 feet short of the eétimated maximum water depth 'range boundary
- based upon the depth limits set for the Sl (i.e:. water depth less than 120 feét), the amount of metallic
- debris had tapered off significantly, indiéatin_g that the terminal end of the range was in prdximity to
" the end of the survey area.

¢ Deposition of MEC and/or MPPEH on the lake floor occurred in areas/bands roughly corresponding to

the different average ranges of the various known munitions fired at the range. -

o The underwater video camera did not prove to be an effective tool for target/anémaly verification,
although it did provide data about lake bottom type and habitat.

Based on these considerations; édditional evaluation will be needed to establish the nature and extent of 7

potential MEC/MPPEH contamination of'the former AA'training range at NSGL. The following activities

- may be warranted:

1. Diving operations to evaluate the nature of selected metallic items identified during the_ MGA'survey.
2. Additional marine survey and geophysical mapping off areas to the north, south, and east of the

c_urrent survey area to bound (if pbssible) the metallic debris field [and potential unexploded ordhan(:e
(UXO)} associated with former range operations. ' '
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1.0 INTRODUCTION

11 . . - PURPOSE OF REPORT

This is Volume Il of the Site Inspection (SI) Report and presents the resuits of the geophysical
investigation for one range at Naval Station Great Lakes (NSGL) in Great Lakes, lllinois. The S| was
perfdrmed by Tetra Tech for Naval Facilities Ehgineering Command (NAVFAC) Midwest ﬁnder Contract
Task Order (CTO) F274 of the Comprehenswe Long-Term Environmental Action Navy (CLEAN) IV
Contract Number N62472-03-D-0057.

12 SCOPE OF WORK

The report has been prepared to document SI activitié,srelated.to the potential bresence of residual
.- munitions and explosives of concern (MEC) in the marine areas associated with historical anti;aircraft,
(AA) training at the Naval Traiﬁing Center‘ (NTC) Lakefront at Naval Station Great Lakes (NSGL) in Great
Lakes, Hfiinois (Figure 1-1). o '

"The rﬁarine munitions response site (MRS) is being investigated to assess the presence of M.EC and
material potentially presenting and explosive haiard (MPPEH) under the United States Department of the
Navy (Navy) Munitions Response Program (MRP). In acéérdance with the MRP, the Navy is foIIowing the -
Comprehensive Environmental Response, Compensation, and Llablllty Act (CERCLA) process for

_investigation and remedlatlon of the MRS.

13 'OBJECTIVES

The primary objectives of the Sl weré to determine the potential presence or absence of MEC and
munitions constituents (MC) on or in the lsediments at the bottom of Lake Michigan, which uhderlié the-
former AA training range at the NTC, and to determine whether additional investigation or other action
[e.g., Remedial Investigation (RI)/Feasibility Study (FS), interim', action, etc.] is needed. Several activities
were conducted to satisfy these objectiVes including:

¢ Performance of a multi-beam echosounder (MBE) survey.

e Performance of a marine gradiometer array (MGA) survey.

e Performance of survey verification using an underwater drop camera.
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. This report documents the S| activities and presents the results and reécommendations for the path
forward for the marine MRS.

14 ~ REPORT ORGANIZATION

This remainder of this report is organized as follows:

Section 2.0 contains a general site history and deseﬁption'

Sectlon 3.0 contains a descnptlon of the survey system configurations and the moblllzatlon and setup

procedures

- Section 4.0 describes data ecquisition and processing;
Sectien 5.0 'presents the results of the's‘ite inspection surveys;
Section 6.0 contains conclusions'and recommendations; and

Section 7.0 contains a reference list.
This report also contains the following four eppendices: :

) Appendix A contairts a photographic log documenting the activities conducted dUring the Si, equipment
systems used, and other items of interest. Appendlx B contams quality control (QC) data for the surveys
Appendix C contains the MBE data on digital VIdeo disc (DVD) and a full size map of the color imagery
generated from the data. Appendix D contains the MGA data on DVD, along with a target/anomaly list
and a full size map of the color-coded magnetic response data.
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2.0 SITE DESCRIPTION AND HISTORY

21 . SITE DESCRIPTION

NSGL sits on approximately 1,628 acres in Great Lakes, lllinois, about 20 miles north of Chicago, in Lake
County, lllinois. The installation is located along the western shores of Lake Michigan, juét east of U.S.
Route 41.and south of the adjacent town of North. Chicago. The other population center in the vicinity is
the town of Waukegan, approximately 8 miles northlon U.S.-Route 43. NSGL is bounded by Lake
Michigan to the east and Skokie Highway (U.S. Route 43) to the west. The Shore Acres Country Club is
the southern border of NSGL. Figure 1-1 shows the general location of NSGL. |

NSGL is the largest active duty Department of Defense (DoD) Naval training center in the US. NSGL is
home to enlisted personnel training and officer accession training. The installation is one of lllinois’
Iafgést employers-with over 25,000 military and-civilian personnel. The Great Lakes Naval Hospital trains

4,000 Navy Corpsmen annually and is the Navy Régional Processing Site for several hundred reservists.

NSGL provides support for the Navy through the inte'hsé training and specialized itinerary for enlisted
personnel preparing for the‘ﬂeet,. Majorrcommands at NSGL fnclude Naval Station (NAVSTA), a shore
activity reporting comrhand; the Recruit Training Command, at which sailors are trained; and the Service
School Command (SSC), which provides initial technical training. The SSC can also be broken down into

combat systems schools, engineering systems schools, and a training deparfmenf.

NTC Lakefront, which is the MRS for this SI, is located along the shoreline of Lake Michigan. The
terrestrial portion of this site is approximate'ly 1 écre in size and is located east of the bluff on the
beachfront of Lake Michigan. This portion of NTC Lakefront is bordered by Lake Michigan to the east, a
récreational vehicle (RV) park to the north, a bluff to @he west, and the Outer Harbor and Boathouse to the
south. The area is accessible via Ziegemeir Street, which was built over the for'mér gun mount roundels
for the training center. Building 120 is the present lakefront magazine. according to a March 17, 2003,
listing of known ammunition storage and firing locations at NSGL. Ovér the years, the buildings
associated with the site, including the Garage and -Storage, the Maéhine Gun Tra'ining Building, the
Armory, and the Clippings and '-Empties Building, were demolished. ‘AV tank farm for fuél storage was
constructed at the location of the former Machine Gun Training Building at NTC Lakefront to meet the
needs of the power plant sometime after 1962. No construction records for the tank farm were available

to provide information regarding potential munitions findings and no visible signs of the buildings exist
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today. The power plant, which is used by the current tank farm, is located approximately 500 feet from

the tank farm at the original location of the NTC Lakefront.

Prior to dsing the Lakefront site, the Navy extended the shoreline area with fill material in order to.install
machine gun mounts. The topography of the NTC Lakefront greatly chahges from the bluff to the iake.
The bluff, which serves. as the western boundary of the site, Iis steeply sloped and is the western
bbundary of the site. The form‘e_r location of the AA training school buildings and firing points is presently

paved ‘_over with concret_é and asphalt and is generally flat. A sandy beach with a concrete breakwater to .

help control beach erosion is located to the east of the former gun mounts.

| The water portion of NTC Lakefront is a fan-shaped area of approximately 4,765 acres that extends out

from the shoreline over Lake Michigan. This area, known as the surface danger zone (SDZ) or range fan,

is the area over which the trainees fired during historical training exercises. It is in this area where
.expended rounds, dud rounds, and MPPEH are anticipated to have been déposited as a result of the
training activities. The range fan extends approximately 30,000 feet east from the former firing positions.
The width of the fan ranges from 1,600 feet (approximately 0.3 mile) at the shoreline to 16,000 feet
(approximately 3.2 miles) at the terminus.. Water depth in the SDZ rangés from 0 foot at the shoreline to
slightly less than 120 feet at the terminus.” Figure 2-1 illustrates the NTC Lakefront range fan. '

For purposes of the Sl field investigation, fhe site was divided into two portions: the terrestrial poriioh.
' ~ which includes the firing line and all structures and the water portion, which includes the range fan over

Lake‘Michigan. This report addresses only the marine portion qf the site.

© 2.2 SITE HISTORY

Between 1942 and 1945, personnel stationed at NTC used the NTC Lakefront for AA artillery training. At
that time, twen'ty-ﬁve_ gun mounts located on the beachfront were used to fire at targets being towed by

airplane over Lake Michigan.

' Approximately 1,350 sailors a day were instructed in AA trainihé using 20- and 40-mi-llimeter (mm) and
1.1-inch guns. Several million rounds were fired at cable-drawn targets towed by airplanes over Lake
Michigan. The ammunition used included 20-mm, 40-mm, and "1.'1-inch High Explosive (HE), High
'Explosivé Incendiary (HEI), High Explosivé Tracers (HET) and/or HET-Dark Ignition (D) rounds. Based
on the information obtained du-ring the data cbllection process, no special cohsideratio_n munitions are

known or suspected to have been used at the site; therefore, the NTC Lakefront is not éuspe'cted to
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contain chemical warfare material filled munitions, electrically fuzed munitions, or depleted uranium

associated munitions (Ma'lcolm Pirnie 2005). .

23 SITE CONCEPTUAL MODEL

Based upon the information available, a conceptual site model (CSM) was developed for use in the-Sl.
This model supported the design of the field program and was later evaluated/validated using the S| data.
The initial CSM is described below. |

MEC may be present in Lake Michigan sediment as the result of the training operations-conduéted at the
- NTC Lakefront site. Itis estimated that more than. ten million rounds of érﬁmuhition were fired. . The dud
rate is estiméted at 5 to 10 percent. Therefore, several hundred thousand rounds containing explosives
may be present in the Lake Michigan sediment. Some munitions that missed the target could have
automatically detonated or partially detonatéd as fa.-r as 3,000 yards from thé firing point, meaning that
MEC or MPPEH may be present at this distance from the firing point within the lake. Munitions that did
not detonate at this distance may have traveled a considerable distance before impact, dependihg on the
fn_unitions type and typical range.  -Some of the munitions fired had potential ranges of up to 30,000 feet
(5.68 miles). Therefore, it was theorized that there may be “bands” of munitions or related debris’
stretching across the:l_ake bottom in the SDZ '(range'safety. fan) at locations equivalent to the auto
'detohation distance and at other distances corresponding't-o impact areas associated w_iih frequehtly used
~ gun elevations or aerial target corridors. It was thought that these “bands” would more likely resemble
flattened ovals, since firing would be concentrated near the center of the SDZ. Bands closer to the shore
were expected to- have lower density distribution with increasing density toward the middle of the SDZ.
The density was expected to decrease again closer to the maximum range of the munitions items. These -
bands correspond to the area of secondary and primary impact based on the historical trajectory of -
munitions used and flight paths of the towed targets (Figure 2-1).

231  Contaminant thr_afion Pathways

Within the water portion of the site, MEC in _thé form of 20-mm and 40-mm HE rdunds, 1.1-inch rounds,
and associated MEC debris are expected to be Ioéated along the lake bottom within the range fan that
extends qvef Lake Michigan. Many times these types of AA rounds used a self-destroying tracer. When
the tracer detonated, it would set off the projectile burster, thereby destroying the projectile. The
projectile debris would eventually settle on the lake bottom a'nd, in the process, some MC (explosives,
and metals) may have mixed into the lake water at this time. Undetonated AA rodnds may corrolde and

decay over time, depositing explosives and metals to the lake bottom sediment. These MC may become
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entrained in the water column by I'ake mixing activities' and may be transported beyond the sfte

boundaries. These contammants may eventually settle out onto the lake bottom or be diluted to very low

levels.

2.3.2 Receptors and Exposure Pafhways

Potentially complete exposure pathways e;(ist for surface and subsurface sediment within Lake Michigan.
Navy personnel, their visitors, recreatlomsts and commercial anglers may be- exposed to MEC in
sediment while diving, fishing, or swimming. Human and ecologlcal receptors could also be exposed to
MEC via dredging activities that may take place in Lake M|ch|gan Wave .action, internal mixing, or
dredging activities may result in potential MEC in subsurface sedlment being transported to the surface of
the lake bottom. Figure 2-2 presents a graphlcal CSM of the NTC Lakefront.
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4.0 DATA ACQUISlTION PROCESSING INTERPRETATION AND USE

The boundaries for the survey were established using historical maps and data f'or the former AA training-
' range at NTC Lakefront. Maps were available showing the historical SDZ 'that reportedly included the
area between the right and left limits of fire from the firing line to the maximum range of the munitions
used during training. The SDZ established for the site covers approximately 6.9 square nautical miles.

The marine surveys were conducted along a series of transects extending -radially from the firing Iine for
the historical AA training range to the terminus of the range fan, and spaced evenly to provide uniform
coverage of the range fan between the rlght and left limits of fire. In addition, numerous cross line

transects were established perpendlcular to the firing Ilne

" The use of two sets of transects, roughly perpendicular to each other, provided for cross-line ground
truthing of the survey data (i'.e._, provided common/shared data points where the accuracy of location,

sonar, and geophysical data could be compared for consistency).

Approximately 150 survey line nautical miles were surveyed in water depths ranging from 10 to 110 feet.
The extreme eastern portion of the range fan (at the termlnus) was not sub]ect to survey since water
depths exceeded the limit in the project scope. However the area beyond the 110-foot depth was quite
‘minimal. Figure 4-1 shows the SDZ and the survey transect locations. The same transects were utilized
for both MBE and MGA surveys.

41  MBE SURVEY

41.1 ‘ Data Acguisition

MBE survey operations for the NSGL were conducted between Aprll 16 and 23, 2010 Prior to the

survey, all pre-survey calibration and QC operations detailed in Sectlon 4.5 were completed to ensure

collection of consistent, hlgh-qualtty data. The survey was conducted in general accordance_ with the

most recent U.S. Army Corps of Engineers (USACE) Hydrographic Surveying Engineering Manual (EM

1110-2-1003 and appendices; USACE 2002) for an acoustic multi-beam survey, as modified by the

prOjeCt-SPECIf ¢ technical specifications provided in the approved Unlform Federal Policy Sampllng and |
Analysis Plan (UFP—SAP) Volume li (Tetra Tech 2010)

The MBE survey was performed by navigating along the identified survey transects, allowing the - MBE
sonar to map a swath of bathymetry while ancillary systems tracked the 3 dimensional (3-D) movement of

081006/P . 4-1 . - CTOF274



NS Great Lakes

Sl Report

Revision: 1.

Date: November 2010
Section: 4

Page 2 of 10

the vessel in real time. HYPACK hydrographic software utilizing the HYSWEEP multibeah module was
the primary acquisition software for the survey. This software recorded data from the_vvarious devices and
displayed it in real-time for QC by the system operator. The software also provided real-time vessel
navigation information to the helmsman. The line plan and vessel tracks were displayed with the
multibeam swath coverage during survey operations. This gave the hydrographers immediate fndications
'of data quality and coverage. HYPACK monitors data duality_ such as time syncing vbetween deVice and
GPS data. The software produces audible ‘and visual alarms if data quality is outside of preset limits.
Hydrographers contiriuously monitored HYPACK and the acquired data during acquisition to ensure data
were within project specifications. The sonar was adjusfe‘d' as necessary to maximize the signal to noise
ratio and -optimize across-track coverage by adjusting the range, power, and gain during the survey
operatlons Vessel speeds were also adjusted as- necessary to maintain an adequate soundlng density

and to meet International Hydrographlc Organlzatlon (IHO) Order 1A standards.

More detailed procedures for the MBE survey, including perfo'rmahce criteria, are available in the
_ approved UFP-SAP Volume Il (Tetra Tech 2010) '

4.1.2 Data Processing

, Post-pfocessing of the. multibeam data was conducted “utilizing CARIS Hydrographic Information
Processing (HIPS) multibeam analysis and presentation software. Further surface analyses were -
performed with Fledermaus Pro software. Patch fest data were analyzed and any alignment corrections
necessary were applied. Sound velocity profiles were g'enerated'from_ CTD measurements taken in the

field and were used to correct slant range measurements and compensate for ray path bending.

Data processing consisted of navigation, attltude swath, and subset editing. Navigation edits included’
' revnewmg the data for time jumps and removmg abrupt vessel turns. Attitude data were reviewed for
gaps and consustency. As a result of the high quality of the post processed POS Post Processing
Package data, no navigation or attitude edits were necessary for thls survey. Depth fi Itermg was used to

ellmmate large outliers in the water column.

Processing with the swath edit mode was used to rerﬁove the remaining outlying data points clearly
identified as being-noise (fliers). Fliers are often the result of bottom muiltiples (i.e., second returns), noise
“due to aeration or objects in the water column, or other environmental acoustic interference. These data
points were flagged as rejected and were not used in the final data set. Soending data were not
-eliminated and could be re-accepted during the subsef editing process. Rejected-data may also have

been re-accepted, if needed, to fill data gaps if they meet accuracy standards based on comparisons to
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~adjacent data. The_ number of depth cell “hits” that confirm a target above grade is three. 'Conﬁrmed

“targets” were retained within the database and includéd in all representative plots.

The HIPS subset editor and bathymetry associated with statlstlcal error (BASE) surface creation software
were the final phases of- edntmg Subset editing enables the hydrographer to evaluate each swath against
data from overlapping survey llnes while identifying potentnal tidal, GPS and motion artlfacts ‘The
verification of feature alignment from adjacent swaths was used to confirm sensor offsets. BASE
surfaces were created to identify systematic errors or artlfects within the..data set. The BASE surfaces

were analyzed with multiple resolutions, sun angles, sun azimuths, and vertical exaggerations to confirm
| data quality. The BASE surface routine produced images representing depth, shoal-biased depth, deep-
biased depth, mean depth, standard deviation, sounding density, and depth uncertainty.- During
acquisition in the field, editing steps were expedited to create BASE surfaces to confirm adequate

multibeam coverage for each survey area and to access data quality. Comparative analysis was
| performed using cross-plan line depth comparisons. The multibeam survey did not cover 100 percent of
the area and was primarily used to find obstructions hazardous to the MGA. Therefore' the line to line
comparisons discussed above are only relevant to the data collected during the patch test and for cross-

lines data in relation to the pnmary north south multlbeam Imes

Final, 'expor_ted data from the BASE surfaces included American Standard Code for Information
Interchange (ASCII) XYZ text files and an Arc ASCH Grid. A fi naI analysis was performed on the depth
__surfaces with the HIPS QC Report and/or Fledermaus Pro. software Flnal processing of the bathymetry

required verified tides and was completed after field operatlons
Interpretation, analysis and use of the MBE data are discussed in more detail in Section 4.3.1;

42 GEOPHYSICAL SURVEY

421 ‘Data Acquisition

- Geophysical survey operations for the NSGL were conducted betweenMay 3 and 15, 2010. Prior to the
survey, all pre-survey calibration and QC operations detalled in Section 4.5 were completed to ensure
collection of consistent, high-quality data.

The geophysical survey was performed in much the same manner as the MBE survey by navigating

along the identified survey transects and allowing the MGA to collect data while ancillary systems tracked

the boat and MGA in real time. The major difference between the two survey processes is that the MGA
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is not mountedto the vessel, but rather is towed astern. In addition to monitoring the position of the
vessel, the geophysicist must also utilize a USBLI'acoustic positioning eyetem to track the MGA and verify
that the array is flying along the identified survey transect. The operator also monitors attitude and
altrtude sensor data from the towf sh-to ensure it is in the proper onentatron and at the proper altrtude to
acquire high- -quality magnetic fi ield data. The GAPS USBL tracks the position of the MGA towfish using a
- pole mounted acoustic array. The position of the MGA is provided to the HYPACK software where fhe

" navigation and sensor data are integréted. recorded, and displayed in real time.

The Marine Magnetic Sealink software was osed to conﬁgure and monitor the MGA. At ‘the start of each
sun)ey, sensors were time synchronized and configured to sample at 2 Hertz (Hz). After deploying the
" towfish, manuel tuning was applied to the sensors to reflect the earth’s ambient magnetic field strength at
the survey location. For NSGL, a valoe to 54,000 nanotesla (nT) was’ applied. Sealink provided a real-
~time graphical dieplay of the magnetic field strength data as well as multi axis gradients between the
‘MGAs sensors. The raw MGA data was also recorded in Sealink as a backup to the data stored by
HYPACK.

More detalled procedures for. the MGA survey, including performance criteria are avarlable |n the
approved UFP SAP Volume Il (Tetra Tech 2010) '

422  Data Processing

~The MGA generates multiple daia__ streém.s of time series total ﬁeld'measurements, one for each of the
‘seven magnetometers in the array. These data can be further processed to e.xtracf a set of difference _
‘values, or gradients, between measurements from selected oairs of sensors. Each array can be
'.processed to derive vertical, horizontal, and Iateral'gradients, which can be combined to form a 3-D
- analytic signal._ Components of the. MGA data must be looked at individually as well as' in total (total field)
in order to identify “targets" of interest. The gradient and analytic sighal data provide improved resolution
and positioning over that provrded by the total field data alone, wrll often allow the rellable detectlon of

- smaller targets; and will allow identifi catron of multiple magnetic sources

The MGA data was first processed with MagProc software, which merged the total field data with time
coincident attitude, altitude, heading, and posirion data to. determine the XYZ position corresponding to
each sensor measurement in the selected survey coordinate system. The program also computes and .
georeferences the gradient and. anelytic signal data for each of the fwo arrays. MagProc outputs two file
types, one with the total field and position data.for' each sensor, and one that includes rhe calculated

gradient and analytic values and corresponding array positions.
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Initially, the MagProc files were processed using'thei“ﬁnd magnetic dipoles” function of Oasis Montaj on
the total field data. Then the Gridpeak.gx function of Oasis Montaj software to identify anomalies
(targets) meeting the specified project selection criteria (i.e., size representative of mu_hitions of interest)

in the anélytic signal data.
The f(JII data ihterpretation pracess is discussed in more detail in Section 4.3.2.

43 . SURVEY DATA INTERPRETATION AND USE
431  MBEData

" Following processing, MBE data were used to 'identify and evaluate bathymétry, features of intéfest, and

obstacles that might interfere with safe collection of geophysical data. Since the MGA “flies” relatively
close to the sedimént surface, it is essential to identify and avoid boulders, éultural debris, or other
obstacles that might damage the equipment array or. threaten the safety of the field crew aboard the
survey vessel. The flight altitude of the MGA was adjusted in specific areas.to prevent collisions with
obstacles while still obtaining good quality data with which to locate and évaluat'e features of interest. |

i _'In addition, the MBE data revealed the presence of several cultural features in the-surv'ey area. This
-allowed the field personnel to select a “clear path” for the MGA. While the Navy was aware of an existing
water intake for the NSGL power plant, they were not able to prdvide an exact location. The intakes
appear clearly in the MBE data, highlighting an added benefit from the survey.

432  Geophysical Data

As previously stated, the geophyéical data was initially interpreted using an automated target picking'
algorithm in the Oasis Montaj™ software. This is a preliminary interpretation, since this algorithm selects
targets based only on amplitude and does not consider qualitative criteria such as signal shape. The
potential target locations selected using Oésis Montaj were transcribed onto a color-coded image used for
manual interbretation by an experienced geophysicist. Since the automated target picks are completely
- quantitative, they provided a QC check that prevented the geophysicist interpreter from being overly
subjective during the manual interpretation. The results of the instrument verification strip (IVS) tésting,
the known characteristics of the survey area, and paSt_experiencé régarding how underwater munitions
appear within the geophysical data also contributed to the interpretation. Once targets were selected,
they were placed on a final target list (Appendix D-11). | - -
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4.4 SURVEY VERIFICATION

An underwater video investigation of the bottom was performed using an underwater video drop camera
mounted in a protective cage equipped with external liquid crystal display (LCD) light sburces. This frame
~ was equipped with a rudder that kept the camera consistently oriented while the vessel drifted over the
bottom. The cage was occasionally lowered onto the sediment surface to prévide closer examination of
features/items of interest. The camera was flown at a constant altitude using the A-frame and winch -
onboard the survey vessel. Once the camera was in place, video was recorded for real-time viewing and .

future analysis.

4.5 QUALITY ASSURANCE/QUALITY CONTROL

.To ensure that the data collected met the survey requirements, several quality.aséurance (QA)QC
measures were implemented, including system confidence checks prior to the start of survey operations. B
QA/QC measures included water level checks, lead lines, and/br'bar.éhecks. The velocity of sound
thrbugh the water column was derived from conducti\)ity, temperature, and depth measurements (CTD
casts). Frequency of the sound velocity casts was conducted twice per day at a minimum,. but was
increased as necessary to maintain survey accuracy_requirements. Spatial variability was taken into
account as well as temporal variability when détermining cast locations. These locations were recorded,
and each cast was 'compared'to the previous in order to identify any significant changves in the water
column. During data collection, turns were limiteq and vessel speed was adjusted to ensure adequate
seaﬂoor ensonification and mapping. Specific QC tasks and activities for each survey element are

discussed in the following sections.

451  MBESurvey
4511  GPS Position Checks

- Prior to the start of each survey d'a'y, an operator would set.p the base station on the .control point used
for the RTK GPS. A rover GPS, identical to the one installed on the vessel, would then be taken to one or
~ more different control points and the XYZ posiﬁon reported by the rover. would be compared to the

published position of the control point.

4512  GPS Azimuth Measurement Subsystem Calibration

Prior to initiating field surveys at NSGL and whénever necessary as automatically detérmined'by the
Applanix software (POSView), an alignment calibration of the Applanix POS MV motion and heading
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sensor was performed. This procedure, which Applanix refers to as a GAMS calibration, utilizes software
-integrated into the motion senSors. The GAMS calibration precedure is initiated while the Survey vessel
maneuvers in a figure-eight pattern; This calibration procedure allows the POSView software to calculate
offsets between the motion sensor's two GPS antennas and to align the measured heading with the
vessel, resulting in achievement of the POS MV specified heading accuracies that range from 0.02 to

0.06 degree. ' .

4513 Water Surface Checks

The water level check compares the water level reported by the HYPACK acquisition software to the
value measured at the same time by a field technician using a Leica RTK GPS rover identical to the
model installed on the survey boat. ThIS test verifi ed proper installation offsets on the vessel and that the
‘GPS was configured properly and recelvmg accurate real time corrections. The average difference for
the duration of the MBE survey was 0.09 foot Appendlx B contains a detailed table of daily QC

measurements

4514 Sonar Bar Check

The accurecy of the sonar’s ability to meesure a knoWn distance was verified each day by performing a
bar check. An aluminum plate affixed to a surveyor rope was lowered: below the sonar to a distance
measured and marked on the surveyor rope relafive to.the water level. A measurement was then taken
with the sonar using the HYSWEEP bar check util_ity. Readings were corrected for draft, pitch, and roll
" and differences in the values were recorded. The average difference for the duration of the project Was

0.1 foot (Appendix B provides a detailed table of daily QC measurements).

4545 Multibeam Patch Test

A standard patch teet, also known as an installation calibration test, was carried out prior to the MBE
sUrvey to calculate the residual angular offsets between the multibeam echosounder and the Applanix
POS MV motion compensator IMU. The installation calibration process was used to derive the precise .
roll, pitch, and yaw angular offsets between the multlbeam sonar and the Iocal reference frame defined by
IMU. The patch test was also used to determine Iatency in the positioning equipment. The sonar and
acquisition computers are time synchronized by the Applanix POS MV GPS; as a result, there should be
no latency detected between sensors. '

The patch test was conducted over an area where multiple distinct bathymetry features were present and

significant changes in-depth occurred over short distances along track. The area selected for the patch
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test was located near the entrance to the Waukegan Harbor. Pitch, roll, and yaw Were measured using

areas with the following characteristics:

¢ Roll - reciprocal lines surveyed over a flat bottom. , ‘
e Pitch - reciprocal lines surveyed over a sloping bottom, or a distinct linear feature.
e Yaw — parallel offset lines surveyed in the same direction over a sloping‘bottom,' or a distinct linear

feature.
The following table summarizes the installation offsets determined for-the survey vessel

451.6 Cross-Line Comparisons

The cross-line comparison is both a measure of the system function and a data quality chéck. This test
was performed by collecting data along lines intersecting and roughly orthogonal to the primary data
collection lines. Analysis of the intérsecting line data provides verification of data repeatability, and the
validity of both the refraction corrections and installation Iinéar and angulaf offsets. Data points co-
incident to both data sets‘ were then compared to ensure that the data was consistent. Since a Iafge
number of transects wére 'map;-)ed for this project and seven cross lines were established (the seven
radial transects shown on Figure 4-1), a large number of data points were available for this QC

. ‘comparison.

4.5.2 Magnetorﬁeter Survey
45.2.1 Background Test

This test evaluated system and external noise sources while the system was outside the range of any
major magnétic anomalies. The test was perforrhed by ﬂying the array in a background area free of metal
(often in mid-water column during a dive approaching a survey line). The system was allowed to collect -
data, which was reviewed and recorded. The geophysicist used this data to evaluate whether or not the -
"MGA was functioning properly (i.e., that there were no large sources of noise). Statistical analysis of the
~ data showed that for the Great Lakes Navigation System (GLNS) survey, the system operated with a low
background noise level. The statistics shown on Fig>ure 4-2 represent approximately 3 minutes of quiet
data. During this time period no magnetic anomalies were observed. After applying a median filter to
level and correct the 'data for variations in the background levels of the earth’s magnetic field, all

measurements were within a 2 nT range with a standard deviation of 0.33 nT.
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The red line on the graph shows the uncorrected readings. The pink line shows the filtered values and
the blue box (column}) is the time period selected for statistical evaluation. A large magnetic target can be

seen mid-line as a sharp peak.

452.2 Instrument Verification Strip

Prior to beginning the MGA survey work the field staff installed an IVS This verification strip prov1ded a
consrstent target array used to verify the equrpment function both . prior to the |mplementat|on of
geophysical mapping and on a daily basis during mapping. In addition to providing the ba5|s for

equipment verification, the IVS provrded data on the standard response sngnals for-the various types of
' munitions (either alone or in clusters) present in the test array.

The VS for this project consisted of a plastic mat measuring approximately 4 feet by 150 feet. Actual .
inert munitions representative of those expected to be present in the former range'area were attached to
the mat either alone or in small clusters to provide an assessment of system functionality under various
conditions. The mat was then deployed in en area that had been previously surveyed with the MGA and
was held in place on the sediment'surface using a four-point anchoring system. After deployment, the
location of the IVS was determined through- MBE mapping. The location of the IVS is shown ‘on
Figure 4-3. Figure 4-4 shows the construction of the IVS mat in progress (note: one of the items
attached to the mat material can be seen in the photograph). Figure 4-5 shows the layout of the IVS mat
including the size, number, and relative location of the iterns along the mz_at. Figure 4-6 shows examples

of the seed items on the mat, including both individual and clustered items.

The areé available within the Outer Harbor that had suitable water depths (10 to 20 feet) and enough
buffer area for boat navigation was Iimited due to water depth, mooring blocks, docks and the breakwater.
The area selected for use was identified using MBE mapping, which mapped weter depth and indicated
that the area was free of debris above the harbor bottom (e.g., mooring blocks, shoals, rocks, etc.). Once
an area was identified using MBE mapping, a background geophysical survey using the MGA was
conducted. This survey of the IVS area documented the presence of metal items within the area cleared
by the multibeam. Due to the presence of metallic items in the area, it was net possible in all cases to
discriminate individual IVS seed items from the surrounding metallic debris, which would have only been
possible in an area free of background noise. However, the IVS test -was run daily and QC tests - -
confirmed positional accuracy, eqmpment functionality, repeatability of results, and the feasibility of

detecting metallic objects in the harbor.
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Figure 4-7a-f presents the IVS data summary. Figure 4-7a shows the MGA total field (TF) m Map of the
IVS area prior to deploying the seed items attached tb the IVS mat, while Figure 4-7c presents the
analytic signal map of the IVS area prior to deployment. A small area wiII' only few anomalies exists in the
center of this map view. The IVS was deployéd here, but was -surrounded. by numerous pre-existing
anomalies, which made it difficult to locate items at each end of the IVS. A total field compilation map off
all MGA.IVS surveys (Figure 4-7b) shdws many, if not all, of the dipole anomalies representing IVS
targets. An analytic signal compilation map off all MGA IVS surveys (Figure 4-7d) also shows some of
the larger IVS items as linear line of énomalies that were not present in the pre- IVS survey. Additional

examples of the daily IVS surveys are shown in Figures 4-7e-f.

The magnetic anomalies seen in the VS data cdllected on the May 10th and 12th are nearly identical. At
least five magnetic dipole anomalies oriented perpendicular to the IVS are clearly identifiable. On both
_méps dipole polarization alternates consistently between each item. On May 12th, the MGA was
posiﬁoned using a cable counter and layback algorithm, whereas on May 10th the MGA was positioned
with the USBL. Despite using two separate positioning systems the magnetic anomalies from the IVS
items are located consistently. During the data collection ‘with the MGA tow fish, positioning was
aqcomplished with a combination of USBL and cable counter. The magnetic anomalies seen in
Figures 4-7a-f are on average 20 feet across in the along-track direction. Seed items on the IVS were
only spaced at 10-foot increments, resulting in the magnetic anomalies of smaller items being masked by

larger ones.

4.5.2..3 Drop Camera

" Video footage was initia‘IIy viewed in real time, and then replayed and reviewed in the office. The footage
was re-played on a‘computer monitor with the screen image size ranging from approximatelvy 9 inches by
12 inches to approximately 10 inches by 14 inches (full screen mode) by the project geophysicist, project
scientists, and by Tetra Tech UXO personnel. No MEC items were identified in the drop camera video.
HoweVer, given the cloudiness of the wat‘er, heavily populated mussel habitat, and sandy bottom this was

- expected. The géntly rolling waves of the lake caused the camera to move up and down in the water

column, obscuring the camera'’s view by disturbing the soft silty-sand bottom and by moving in and out of

: focus. Furthermore, the survey conditions (wind and current direction, boat maneuverability, etc.)

prevented the surveyors from directly guiding the camera onto selected targets.
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5.0 RESULTS

51 MULTIBEAM ECHOSOUNDER SURVEY

MBE data was successfully obtained along all planned transect lines, with the exception of near-shore
areas where water depths were less than approximately 10 feet. This resulted in the collection . of
(150 line-miles) of data.. The MBE data met all specifications called out in the approved UFP- SAP and
provided clear and detailed imagery of the bottom conditions in the surv_ey area. The processed MBE.
_ data is presented on DVD in Appendix C. Figure 5-1 contains a full- size ﬁgUre of the MBE imagery_. :

Using the MBE data, three specific features of interest were identiﬁed, along with numerous obstacles
(boulders, etc.). In addition, the MBE data revealed the presence of various geological features subh as
sand ridges, sand waves, and gravel/boulder zones (Figure 5-1 and Appendix C). The three Iarge'A
cultural features .of interest identified in the MBE data are Iisted and described in Table 5-1. Images of
the features are presented on Figure 5-1and Appendix C. All three of these features produced vefy large
magnetic anomalies. Both the marine foundation and the water intake structure were accompanied by -
linear magnetic anomalies running'toward' shore. These anomalies potentially represent pipelines or

cables.

52 GEOPHYSICAL SURVEY.

" Geophysical data was successfully collected along all transeets_surveyed during MBE survey operations.

This resulted in the collection of 150 line- miles. of data. The geophysical data met all speciﬁcations called

~out in the approved UFP- SAP The processed MGA data is presented on DVD in Appendix D. Thns
'appendlx also contains a full size fi igure of the color- coded, magnetic signature MGA imagery.

Initially the geophysical data was processed énd' interpreted to yield a Iist of 3,624 anomalies.  The
anomaly list was generated using Geosoft's Oasvs Montaj software “Flnd Peak Dipoles” function. All
dipoles with a minimum of a 2 nT peak (positive .or negative pole peak) with Iess than a 20- foot dipole
separation were picked. This included all anomalies having the appropriate size for munitions fired on the
former AA training range ét NTC 'Lakefront. After this initial target picking of the total field data; the
Gridpeak.gx function of Qasis Montaj software was used to identify anomalies (targets) meeting the
specified project selection criteria (i.e., size representative of munitions of interest) in the analytic signal
data. The anomalies that met the criteria are listed and shown on the MGA imagery figure in Appendix D.
The analytic signal noise threshold was determined to be 1 nT or less by analyzing areas with few

anomalies that were representative of background. Figure 5-2 shows examples of the noise threshold
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statistics, with a mean of 0.22 - 0.5 nT, and a standard deviation of 0.13 ] 0.27 nT. - Targets were .then
selected if they had a peak value over 2 nT. The IVS results at the site did not allow for the calculation of
anomaly size based on item, ‘but based on previous IVS data collected by Tt a prioritiiation was
conducted based on anomaly peak only. During the previous IVS testing, at another site, analytic signal
peak Values were recorded for the following range of items: single 20 mm and 40 mm projectiles, full
>single 20 mm and 40 mm, as well as clusters of 20 mm and 40 mm projectiles ranged from 2 nT to 15 nT.

This is the basis of our prioritization. The anomalies were then prioritized based on peak values.

. Target anomalies with a larger peak than 15 nT are not considered to likely be due to AA rounds or
clusters of AA rounds. The target table in Appendix D-11 shows the prioritized list of 10,205 targets.
Target anomalies that were larger than 15 nT have been given a low priority of “0” while those from
2-15 nT were given a priority of 1 There are 859 priority 0 and 9,346 priority 1 targets present. Since
the targets were picked along both MGA analj}tic signal profiles (one from the starboard side, and one for
the port) there are many targets that are potentially dupllcates (espemally the larger target anomalles as
they will be seen by both sides of the MGA).

Analysis of the color imagery and interpretation results indicated that, as anticipated based on historical
information regarding munitions fired at the range, there are distinct bands of metallic debris pfesent at
several locations in the range fan. Specifically, there are three areas containing concentrated metallic
". debris. These areas are located approximately 500 to 2,500, 10,000 to 14,000, and 18,000 feet from the
firing line for the former range (see Figure 5-3 and -Appendix D). The inner and central depositional areas
cover the width of the evaluation areas, which are about 1,300 and 7,100 feet wide, respectively. The
outer depositional area is located near the right (southern) limit of evaluation and is approximately 2,900
feet wide. Metallic debris is present at the boundaries of the evaluation aréa and most likely continues

‘ beyond those boundanes

While the areas of concentrated metallic debris can be seen in the general concentration of anomalies in
the total field data (Appendix D-1), there is also an overall signature that can be seen in the analytic
sngnal data (Figure 5-4, Appendlx D-7a and D-7b). The analytic signal response is elevated just east of
the start of the primary |mpact zone out to approximately 16,000 feet from shore. This corresponds well
* with the area that should contain the most MEC fall out from properly functioning AA fire. The analytic
signal appears to be picking up numerous very small targets (~1-3 nT) that are likely caused by ‘the

concentration of AA shell fragments present.
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5.3 VERIFICATION S_URVEY

The verification survey included collection of video footégev(as discussed in Section 4.4) while allowing
the vessel to drift in the water. Several attempts were .made'to drift over target locations in various
portions of the SDZ. Video footage was successfully recorded at all planned locations. Individual frames
were isolated from the video and analyzed; however, it was not possible to identify the nature of the

" metallic items present that generated the magnetic stgnature detected dunng the MGA survey This was

due in part to the fact that items on the sediment surface appeared t_o be encrusted with mussels.

~ Figure 5-5 shows a still photograph isolated from the video footage recorded at one location in the SDZ.
‘Shell debris is present; however, the source of the magnetic signature at this site cannot be determined " -

: from the photograph. All available video footage collected during the verification survey is presented in

Appendix A (DVD).
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TABLE 5-1

FEATURES IDENTIFIED USING MBE DATA

Distance -

Location in SDZ

Feature Offshore Description
Intake ~7,700 ft. Inner 1/3 of range | Three intake ports rUnning from the structure to the
Structure near the right. shoreline in the vicinity of the NSGL power plant. -Navy
: (southern) limit of | personnel indicated that such a structure was present,
fire but were unable to provide an exact location.
Marine ~6,800 ft. | Inner 1/3 of range | Underwater foundation structure consisting of two sets
Foundation . near the left of three cone-like structures (25 ft diameter, 6 ft height)
(northern) limit of | separated by approx. 30 feet. The relative location of
fire the two sets of supports suggests the former structure
"| had an east-west orientation (roughly parallel to the
| firing line for the former range) '
Suspected ~3,300 ft. Inner 1/8 of range | Cluster of large metallic debris items, shapes "sugg'est
Ship Debris | - | near the left ship debris.

(southern) limit of
fire




APPENDIX C

DATA AND MAPS FOR MULTIBEAM ECHOSOUNDER SONAR (MBE)
SURVEY

" (Data provided on DVD)



' Appeﬁdix c-1

Multibeam (MBE) Bathymetfy Data Features



APPENDIXD |
DATA AND MAPS FOR MARINE GRADIOMETER ARRAY (MGA) SURVEY

(Data provided on DVD)
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Note: ‘I}e Addendum to'the Site Inspection Report (Volume 1) for Munitions' Resporise Program Ranges
at'Naval -Station Great Lakes was developed in response to comments received from Brian Conrath
regarding the utilization and quality of the Instrument Verification - Stnp (IVS): THhis Addendum contains
the results: of the -daily IVS quality control (QC) check that confirmed positional accuracy, equipment
functionality, repeatability of results, and the feasibility of detecting metallic.objects in the harbor. A daily
cross line QC test is also discussed which supplemented the IVS and vern" ed system accuracy and
repeatability during data collection.




Quality Control Analysis for MGA Survey Operations at NTCGL.

Instrument Verification Strip
The outer harbor was identified during project planning as the preferred locations for the instrument
verification strip (IVS). This area was selected as it provided protection from elevated sea state and
disturbance from recreational boaters; furthermore, the selected area was close to but outside the project
survey area (Figure 1). At the start of the project, a location within the outer harbor was selected for
conducting daily IVS checks using bathymetry data acquired with a multibeam echosounder (MBE). This
MBE pre-survey mapped the water depths and any debris, which was above the harbor bottom
(e.g. sediment/water interface) (Figure 1). An area suitably free of debris proud of the bottom, which
could damage the underwater arrays (i.e. towfish) was selected.
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) eV
Figure 1 I 0

Once an area inside the outer harbor was surveyed with the MBE, a magnetometer survey was
conducted with the Marine Gradiometer Array (MGA) to identify a suitable location, with minimal magnetic
clutter, for installation of the IVS. The results of this survey are shown in Figure 2.

081006/P (Addendum)

CTO F274




0SEPSOZ

:
:

00E¥S0Z

Scale 1:

25 0
===
US survey
WGS 84/ lllinois CS§3 East zone

1120650 1120700 1120750 1120800

2054250
0S2rsoe

MGA True 3-D Measured Analytic Signal
in nano Teslas (nT)
06 06 11 16 22 28 35 44 53 64 75 87 101 118 13.8 164 196 246 340
=30 ey = ‘
Figure 2. MGA data plot of the IVS area pre-deployment in the NTCGL outer harbor.

The available area within the outer harbor with sufficient depth and suitable run-in and turn around area
was limited. The final location that was selected kept the IVS out of the navigation channel of the harbor
and was the only area that could logistically work. This was a very small area that in some places was
only 20 feet wide. During installation, the IVS was deployed off the stern of the R/V Ugle Duckling
starting in the southeast end proceeding to the northwest end. The wind was blowing out of the northeast
during the deployment. Because of the crosswind and necessary slow vessel speed during deployment,
the placement of the IVS mat was skewed south of the desired location approximately 25 feet. The
decision was made that the shift was acceptable as any attempt to retrieve the IVS and redeploy could
damage the IVS and would likely result in similar if not worse positioning.

The IVS was constructed on a 150-foot long 4-foot wide high-density polyethylene (HDPE) aquaculture

mat. VS items were secured to sections of HDPE marine board and then these boards were attached to
the mat (Figures 3 and 4).
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Figure 3 IVS handling and deployment

The IVS deployed in NTCGL was composed of both inert MEC and surrogate items (Figure 4)

N,
1, %
I~

10’ 0.75" diam Pipe

\

IVS Items (10ft spacing)
Figure 4. 150 foot long IVS mat item layout (10 ft inter-item spacing).

After the IVS was deployed, another MBE survey was conducted to accurately locate the IVS mat on the
harbor bottom. Figure 5 shows the results of the post deployment survey.

The multibeam survey of the IVS was able to "see" the IVS and the affixed corner markers clearly. The
positions of the individual seed items were determined from the multibeam data. Figure 5 shows a
multibeam image of the IVS with seed item location symbolized. Note that other objects to the west and
northeast of the IVS, which are above the bottom, can be seen in this image.
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Figure 5. Multibeam image of the IVS as deployed in the NTCGL outer harbor.
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Based on the MGA data (Figures 2 and 6) it is apparent that many of the pre-existing items in the vicinity

. of the IVS have a metallic component. Due to the concentration of metallic items within the harbor, it was
not possible, in all cases, to discriminate individual IVS seed items from the background metallic clutter.
Figures 6a through 61 show the analytic signal plots for data collected over the IVS each survey day. All
plots are shown using the same range color scale as shown in Figure 2. Variations in signal level are
likely a result of differences in towfish altitude and position during collection. Detectable signal levels are
inversely proportional to the cube of the range, so small variations in range or lateral offset can have
significant effects in the resulting data.

Figure 6a shows an MGA survey of the IVS performed on May 2, 2010. While the IVS items clearly
created an elevated response, the distinction of individual items is obstructed by the other large magnetic
anomalies in proximity to the IVS.
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Figure 6a. May 2, 2010 MGA VS survey, analytic signal.
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Figure 6b May 3, 2010 MGA IVS survey, analytic signal.
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Figure 6¢c May 4, 2010 MGA VS survey, analytic signal.
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Figure 6d May 5, 2010 MGA IVS survey, analytic signal.
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Figure 6e May 6, 2010 MGA IVS survey, analytic signal.
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Figure 6f May 7, 2010 MGA IVS survey, analytic signal.
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Figure 6g May 9, 2010 MGA IVS survey, analytic signal.
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Figure 6h May 10, 2010 MGA IVS survey, analytic signal.
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Figure 6i May 12, 2010 MGA IVS survey, analytic signal.
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Figure 6] May 13, 2010 MGA VS survey, analytic signal.
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Figure 6k May 14, 2010 MGA IVS survey, analytic signal.
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Figure 61 May 15, 2010 MGA IVS survey, analytic signal.
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Cross Line Analysis

To supplement the IVS and to verify system accuracy and repeatability, at least one crossing point was
analyzed each day. Data from different days were compared to check for consistency between days.
When available, data from the same day was assessed for self consistency (i.e. repeatability). The
analytic signal was used for this analysis, so at each crossing point there are actually four intersections as
each pass consists of a port and starboard sensor array. Figure 7 shows a typical intersection between a
north-south trending line and an east-west trending cross line. For simplicity, the intersections were
assigned numbers as shown in Figure 7. By assessing all four crossing points, we were effectively
checking both sides of the array against themselves (i.e. port vs. port and starboard vs. starboard) and
against the opposite side of the array (i.e. port vs. starboard). When assessing an individual crossing
point the nearest sample location to the intersection is selected. Because the all track samples are
usually 2.5 ft apart, the distance between the two samples could be up to 1.8 ft apart assuming an
orthogonal intersection.

Figure 7. Typical Crossing with Four Intersections (parallel tracklines are 2 meters apart)

For all assessed crossing points, the average difference was always less then 1 nanoTesla (nT) and the
average difference off all the crossing points assessed was 0.07nT, far below the noise threshold of 2nT.
Cross-line analysis tables can be found in Appendix A.

Further analysis of cross lines was performed by differencing gridded data for all crossing points. A grid
surface was created in Oasis Montaj for all cross lines and a separate grid was created for all main lines.
The two grids were then differenced. The results were 6815 grid points with a mean difference of -
0.05nT. Figure 8 summarizes these results with a histogram. It is apparent that the majority of points are
within the noise levels of the MGA. In fact, 87% of all grid points are between -2 and 2nT. The data
points that fall outside the noise threshold are likely the result of variable altitude, uncertainties that exist
within the positioning data and artifacts of the minimum curvature gridding algorithm.
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Figure 8 Gridded Crossline Intersection Histogram and Statistics.

Static Tests

To evaluate the functionality and sensitivity of the MGA a static test was performed each day that data
were collected. The MGA was flown at a standard flight height of approximately 2m in an area found to
be free of magnetic targets. Samples from each of the seven sensors were evaluated over a 1 to 3 min
period to verify that the mean plus two times the standard deviation of the measurements was less that
2nT. Throughout the duration of the survey all sensors for all days passed the static test with the
exception of sensor 3 on May 7th and 10th which had readings of 2.23 and 2.1 respectively (Table 1).
These two readings are within 10% of the established threshold and are justifiably higher than the other
sensor due to their closer proximity to the bottom. Sensors 3 and 6 are the bottom sensors and therefore
have the highest average standard deviation of all the sensors due to their smaller standoff distance from
the lake bed. Appendix B contains a static test summary statistics for each sensor for each day.
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Table 1 — Static Test Results

Sensors
[ Date Line 1 2 3 4 5 6  §
2-May | 103-2257] 0.89 0.63 0.85 0.65 0.59 0.8 0.59
3-May |104 1834] 062 0.55 0.75 0.57 0.61 0.75 0.55
4-May |100 1529] 0.51 0.55 0.72 0.53 0.51 0.7 0.53
5-May |101 1504] 0.44 0.44 0.6 0.44 0.81 0.79 0.52
6-May |106 2135] 0.88 0.86 1.08 0.86 0.84 1.08 0.84
7-May |030 1418] 1.71 1.55 2.23 1.44 1.37 1.99 1.37
9-May |074 1455] 0.73 0.69 1.03 0.71 0.71 0.99 0.68
10-May |055 2125] 1.32 1.12 2.1 1.12 113 2 1.05
12-May |103 1749] 0.86 0.98 1.12 0.84 0.8 1.02 0.71
13-May |061 2032] 1.01 0.96 1.73 0.98 1.17 1.86 1.14
14-May |077 1957|] 0.81 1.01 143 0.91 1.16 1.85 1.08
15-May | 103 1903| 0.39 0.43 0.64 0.43 0.49 0.66 043
Average _ 0.86 0.91 1.33 1.04 117 1.58 1.27

Documentation of Systems Performance at Other Sites

The following is a series of examples of IVS surveys performed with the MGA both before and after
operations at Naval Station Great Lakes (NSGL).

In 2006, Tetra Tech participated in the Underwater munitions potentially presenting an explosive hazard
(MPPEH) Detection System Demonstration Program for the US Navy in Ostrich Bay, WA with the MGA.
In this example five of the six items are detected, only the smallest item (a single fuze) was not detected
(Figure 9). In this figure the Xs represent the positions of the seed items as determined by a Real Time
Kinematic (RTK) Global Positioning System (GPS) and a weighted line guided by a diver.
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Figure 9. IVS survey in Ostrach Bay, WA, 2006

In the months following survey operations at NSGL the MGA was used on underwater MEC surveys at
other sites. For these subsequent operations, the IVS was placed in more suitable locations and we were
able to detect individual items accurately. For these surveys, the MGA and support sensor configuration
was identical to that used for the NSGL survey. Figure 10 shows an example of detecting multiple small
IVS items with the MGA.
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ESTCP Wide Area Assessment Demonstration Site (Martha's Vineyard, MA)

In this example, we inspect the results of the IVS survey by looking at an individual pass with the
gradiometer. Figure 10 shows the tracklines of multiple passes with the MGA over the IVS (thin gray
lines) and the gridded data of the MGA's analytic signal. The track of the starboard array on line
506_1407 on June 28, 2010 is displayed in bold. The perpendicular ticks along this track denote the
sample locations taken every 0.5 second. The array passes close to three of the IVS targets and has a
measurable response to each. The along track magnetic response profile is shown in Figure 11. ltis
interesting to note that the maximum magnetic anomaly for the cluster of ten 20mm projectiles is less than
that measured of the cluster of eight 20mm. This is likely the result of the proximity of the array to the
target at the time of the measurement. This observation is also true for the single 40mm projectile with
casing; one might expect this item to have a larger response than observed here. Regardless, all
responses are far above the threshold value of 2nT. Note that a single full 20mm round was strongly
detected, but that the cluster of four 20mm projectiles was not on this particular day. The same cluster of
four 20mms was detected at the Patuxent River site on Aug 19, 2010, but not on August 14, 2010 (see
Figure 12). These small items are detectable depending on site conditions.

@
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Figure 10 Examination of small IVS items with the MGA
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Figure 11. Profile of line 506_1406 past three small IVS items

Patuxent River Naval Air Station (Lexington Park, MD)

In August 2010, an additional munitions and explosives of concern (MEC) survey was performed at the
Patuxent Naval Air Station with the MGA and a new IVS was constructed using some of the same items
from NSGL IVS. Figure 12 shows a pre and post IVS deployment survey. All but the smallest of IVS

MGA. In fact, Figure 13 shows how the orientation of the items can be
derived from the dipole magnetic signal.

items are detected with the

Pre VS deployment survey.
Note the three existing
anomalies within the area.
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Figure 12. Detection of IVS items at Patuxent Naval Air Station with the MGA August 2010. Note cluster
of four 20mm projectiles were detected on August 19, 2010 but not on August 14, 2010.
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The orientation of the IVS items can also be derived from the
MGA data. In Figure A the magnetic field of the “parallel”
surrogates are oriented north-south. In Figure B the
“perpendicular’ surrogates are oriented east-west although
they have opposite polarization. From this we see that the
pre-existing item in Figure A has magnetic field orientation in
the northeast-southwest direction suggesting that the item is
elongated in that direction.

Figure 13. IVS items orientation determination with the MGA at Patuxent Naval Air Station.
Conclusions

The areas available within the Outer Harbor that had suitable water depths (10 to 20 feet) and enough
buffer area for boat navigation were limited due to water depth, mooring blocks, docks, and the
breakwater. The area selected for use was identified using MBE mapping, which mapped water depth
and indicated that the area was free of debris above the harbor bottom (e.g. mooring blocks, shoals,
rocks etc.). Once an area was identified using MBE mapping, a background geophysical survey using
the MGA was conducted. This survey of the IVS area documented the presence of metal items within the
area cleared by the multibeam. Due to the presence of metallic items in the area, it was not possible in
all cases to discriminate individual IVS seed items from the surrounding metallic debris, which would have
only been possible in an area free of background noise. However, the IVS test was run daily and QC
tests confirmed positional accuracy, equipment functionality, repeatability of results, and the feasibility of
detecting metallic objects in the harbor. Data collected with the MGA prior to and following the NTCGL
survey provide additional documentation of the MGA performance and detection capabilities.
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Appendix A
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Cross Line Check

2-May
Date 2-May 15-May
Line | 103_2214 056_1957 Difference
s 1 0.73 0.38 0.35
§ 2 1.42 1.8 -0.38
£ 3 15 1.5 0
£ 4 1.07 1.41 -0.34
Average -0.0925
May 3rd
Date 3-May 5-May Date 3-May 3-May
Line 35_2249 106_2135 Difference Line 35_2249 105_2100 Difference
5 1 0.63 1.08 -0.45 g 1 0.37 0.29 0.08
‘g 2 0.38 0.73 -0.35 ‘g 2 0.32 0.19 0.13
g 3 0.27 0.32 -0.05 e 3 0.59 0.22 0.37
E 4 0.87 0.33 - 0.54 E 4 0.14 0.14 0
Average <0.0775 Average 0.145
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May 4th. )
‘Date | 4-May. ~15-May
| Line | 100_1529 | 081_1500 .| Difference
5 | 1| ot | 02 | 006
‘g | 2 | o2 0.16 0.11
g 3 0.26 0.2 | 0.06
E 4 0.07. 0.22 -0.15
Average 0.02
May 5th _ 7
Date. 5-May 6-May ~ Date 5-May 5-May
Line | 101_1504 | 38_1528 | Difference Line | 1011504 | 84 1815 | Difference
g 1 0.95 0.95 0 g 1 0.29 0.44 -0.15
3 2 0.27 0.47 0.2 g 2 0.28 0.95 -0.67
3 3 | o022 0.37 -0.15 g 3 0.19 05 -0.31
E 4 | 083 .| 037 0.56 £ 4 022 0:66 -0.44
Average - 0.05 Average -0.39
22
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May 6th
Date 6-May 14-May Date 6-May 6-May
Line | 106_2135 073_1821 Difference Line 102_1730 80_1822 Difference
5 1 0.3 0.14 0.16 5 1 0.47 0.35 0.12
‘g 2 04 0.44 -0.04 § 2 0.33 0.59 -0.26
g 3 0.64 0.25 0.39 £ 3 0.62 0.38 0.24
E 4 0.14 0.28 -0.14 E 4 0.9 0.28 0.62
Average 0.09 Average 0.18
May 7th
Date 7-May 12-May Date 7-May 7-May
Line 100_1515 33_1610 Difference Line 101_1616 30_1418 Difference
5 1 0.8 0.3 0.5 5 1 0.39 0.61 -0.22
‘g 2 0.27 0.09 0.18 ‘g 2 0.36 0.25 0.11
£ 3 0.78 0.42 0.36 g 3 1.13 1.07 0.06
= 4 0.87 0.29 0.58 E 4 0.78 0.57 0.21
Average 0.41 Average 0.04
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9-May
" | Date ; 9-May | 3-May. -
Line | 074 1455 | 105_2100 | Difference
T |2 1| o7 | o022
- £ 3 0.41 044 -0.03
E 4 0.59 141 -0.82
Average -0.07
10-May B ,
Date | 10-May 3-May
Line | 057_2140 | 105_2100 | Difference
g 1 | o027 | o091 | -084
B 2 0.33 1.51 -1.18
5 3 | os2 | 05 | -0.04
E 4 ;025 | 054 | --029
Average -0.54
24 : ) CTO'F274 -

081006/P. {Addendum)

L Te

‘




12-May
Date 12-May 7-May Date 12-May 12-May
Line 105_1831 24 1456 Difference Line 104_1813 39_1644 Difference
5 1 1.51 1.24 0.27 5 1 0.61 0.41 0.2
§ 2 27 1.97 0.73 § 2 0.75 0.46 0.29
g 3 1.2 0.97 0.23 e 3 0.64 1.54 -0.9
E 4 4.28 1.89 2.39 E 4 0.44 0.44 0
Average 0.91 Average -0.10
13-May
Date 13-May 3-May
Line | 061_2032 105_2100 Difference
5 1 0.52 0.63 -0.11
‘8’ 2 1.24 1.26 -0.02
g 3 4.22 2.06 2.16
E 4 0.57 1.54 -0.97
Average 0.27
25 CTO F274
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14-May
; ‘Date 14-May ~ 3-May' ‘ 7
Line | 77_1957 | 1052100 | Difference
5 1 0:38 0:69 -0:31
3 2 029 0.6 031
g 3 0.5 0.44 0.06
= 4 0.14 0.47 -0.33
Average -0.22
15-May
Date | 15-May 3-May Date 15-May | 15-May
Line | 083_1619 | 105_2100 | Difference Line | 103 1903 | 85 1742 | Difference
g 1 0.32 0.37 -0.05 g 1 0.44 0.15 0.29
] 2 0.12 0.23 -0.11 B 2 0.04 0.29 - -0.25
£ 3 0.23 0.15 0.08 £ 3 0.14 0.16 -0.02
E 4 0.09 034 - -0.25 E 4 .| 0412 0.07 0.05
Average -0.08 Average 0.02
CTO F274
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Appendix B.

Static Test May 2, 2010. Sensors 1 through 7

'Stat Report R b % [mESws]f stat Report (D I
Channel L Channel e l
Line(s) 'P103_2257 e 1 _ Line(s) LP1;03 2257 .2 o
Fid Range 2000 to 2_:530__' o Fid Range 2000t02300
Nurn of tems » ‘ Num of items ’301 o B H
Num of dummies . Num of dummies '0 7«7;
Minimum Minimum (-087 N B
Maximum !.» 8 Maximum 090 4
Mean 0. Mean 0.01 ”

Standard deviation 044

Standard deviation

Arithmetic sum |3.2 7 Arithmetic sum gzo ) 7
[ ok ]| savestats |

S e

'Stat Report ~9- [mt3wel| Stat Report P ol X
Channel o o | Channel ‘ ]
Line(s) 'P103 235:7 e3d Line(s) 'P103_2257_e 4 d
Fid Range [2000to2300 Fid Range ', 2000 to ;3qo

Num of items 301 o Num of items . 301 L
Num of dummies ,'0 B L o Num of dummies :0~ o o ﬁ:;?
Minimum L—091 ~ 7:’7 Minimum L—g7s S
Maximum 16§ S Maximum . 0.95 S H
Mean (001 Mean [0.01 ]
Standard deviation . lO 43 ; - A; e Standard deviation 3: 0.32 - -
Arithmetic sum |2.54 _: L Arithmetic sum [2.45 L
[ ok ]| savestats ] [ ok ][ save stats |
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stat Report SNSRI e 0 |

Channel .Lil S Ll
Line(s) ’ 51-03'_22;57_e;5”_ o

Fid Range E[‘iﬁoo to 2300 |

. iy T TTTeTm T —1

Num of items i[_:ifi~ ;
Num of dummies \‘.‘Ld" - l
[C ——— e )

Minimum @?2__
Maximum E—QZ"'"V o

Mean ‘lﬁﬂ)l

=
i

B

i

=

(

Standard deviation [ 0.29 B
Arithmetic sum ][Téa o -
— 4

[ ok ][sevestats]

Channe! [IGER =~ I

Line(s) [5103_2257 e 6 |

Fid Range [2000t02300 i

Num of items '\[56_1' S S :

Num of dummies LB);’ S ‘1
Minimum é[zifa’é? -
Maximum iL[ 0.97 j,

Mean 000 = J

Standard deviation [d.zd I |

Artthmeticsum [1.33 |

[ ox ] |savestats |

Channel : ) ' ' l

Line(s) LETOB‘_ZZb:e_7 _ - F

Fid Range 12000 to 2300

Num of items 1{ 301

o ]

Num of dummies

Minimum E—dﬁib B T
Maximum %[0.#8§ - _jj
—— 1

Mean “*0'._0‘1'

_
=

J

Standard deviation L[_d.i§ S

— = J
J

[ ok - ]|savestts]

Arithmetic sum [[2.12

stat keport SRR = |
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Static Test May 3, 2010 Sensors 1 through 7
Stat Report EE0N '

Channel ! F Fult ‘ - {

Channel i F Filt

Line(s) fpm4 1834 e 2

e )]

Line(s) Lo4 1834.e 1

Fid Range [10000 to 10300

Fid Range . lmooo to 10300

Num of items {LOI_,;__*_ —__4_ Num of items (301_;_‘ .

Num of dummies ‘\LO Num of dummies ‘|0

Minimum :[—0;7;1 o Minimum ({-0;82

Maximum EI»E____ o ; Maximum {0.76 ) o _MJ

Mean |0.01 o

Mean |0.02 ]

Standard deviation '

Standard deviation M ' ' 4

Arithmetic sum E48 B -

Channel

Channel TFER o J

Line(s) ‘!9104 38‘31 e3 Line(s) P104_1834_e 4; _

Fid Range [10000 to 10300

Fid Range [10000 to 10300

Num of items ‘[301 k Num of items "LBIOI‘; . o _;_ Ji

Num of dummies \‘0 7 o Num of dummies 1[0 o : !

Minimuen [-9‘90_ IR Minimum [-068 |

Maximum ' o ) Maximum Llﬂ*___*;;_l’

Mean [9 01 — _A: fj Mean l él_,- . _‘J}

Standard deviation 1@7' — j Standard deviation qu:ZB‘ . ,,. ' *, f
Asithmetic sum [3 51 — — T Arithmetic sum {3.53 7 1

[ ok [ saveStats | I ok ][ save stats |
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'Stat Report

Line(s)

Fid Range

Mean

Arithmetic sum

Channel |

Num of items
Num of dummies o
Minimum Lﬁ.'

Maximum

Standard deviation ‘;. '

Channe! ' [IFiEE

Line(s) 15104_1834 e 6

Fid Range |10000 to 10300

i

Num of items 301

QR

Num of dummies LQ _ e
Minimum L:lfﬁﬁ o _M_ e
Maximum ;_0;75;;, o e e

Mean 0.0t
Standard deviation 9'3;_ o _; —
Arithmetic sum ‘15-7975; e
r oK 1 [ Save Stats ]

Stat Report
Channel,r 4 o ‘]
Line(s) (5104 1834 e7
Fid Range |10000 to 10300

Num of items "'L.’:jp;lk .
Num of dummies ‘L°L o . Z
Minimum ['015_ S
Maximum |0§0 e
Mean o1
Standard deviation 'LQ_ZZ 7,,-,-: o »
Arithmetic sum {@G_O f_“_ e

[ OK ] [ Save Statg ]

081006/P (Addendum)
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Static Test May 4, 2010. Sensors 1 through 7

Stat Report P -9-TowtSms]] “Stat Report L G [

’ Channel j Channe! gl o —l

Line(s) | P100_ 1529_e ; o Line(s) P100_1529 e 2 |

Fid Range [10000 to 10300 Fid Range ;100000 10300

Num of items l3(7)1 S Num of items ;3017 . ‘

Num of dummies 0 Num of dummies LO S
Minimum -0782 ; : B Minimum FQ—QIH . .

Maximum 5054 ) o Maximum 0.80 e

Mean -0.01 Mean '-0.01 '-

Standard deviation | 0.

Arithmetic sum 1-2.

Standard deviation 'w

Arithmetic sum .

oK || save Stats

'Stat Report 'Stat Report j
Channel » B J Channe! (TR ‘ |
Line(s) FEO_Q 1'529 €_ 3 i N d Line(s) ;quor_ls_zg_e_er )

Fid Range (100001010300 Fid Range 1000010 10300

Num of tems {301 Num of items 301 i o
Num of dummies 0“ o Num of dummies .0 o
Minimum |-1.06 o L Minimum ,-.80 )
Maximum \LE)QS; o - «‘ Maximum 0.63 .

Mean -002 o Mean -0 01 . B

Standard deviation :0327 o Standard deviation | 0 27 o )
Arithmeticsum [-538 Arithmetic sum - :?i.qli L

| | save stats |
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StatReport . O |wdlws|\ctatRepot .

Chanvel IR ____ ) channe! TR _________|

Line(s) [5100_1529 e 5 | Line(s) {S100_1529 e 6

Fid Range (10000 to 10300 Fid Range iio’dbﬁ"to&oébd

§ —=

Num of items {{301 S Num of items {301 ‘~__“__~

Numofdummiesfo | Num of dummies [0 —
Minimum .t054 ] B Minimum ’{[;lil—* o i
Maximum ?([6'.73'67 B J Maximum {125 J

Mean(00: | Mean [-0.02
Standard deviation |0.26 Standard deviation 1{@_’5’5'*" . N

Arithmetic sum :B.—ZOW . o Arithmetic sum t[-sog— - L

[ ok | savestats] [ ok ]| save stats |

StatReport 8 e

Channel I - I
Line(s) &sm’o:lszg_ej o
Fid Range |10000 to 16300 0
= g

Num of items 1[301 o

==

Num of dummies ;[2 ‘ o ) 1
Minimum [-0.72 7”"J

ey

Maximum ;[_03:{ o

e,

=,

Mean |-0.01 i

Standard deviation [0.27 B

Arithmetic sum {[—3:7@ - 11

ok ]| save stats |
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Static Test May 5, 2010. Sensors 1 through 7

‘stat Report NN w3 |

stat Report JUSNMNENINNNNNNNNS o e S|

Channel . ] i [

Line{s) ‘P101 1504 e_ 1

Fid Range '7500 to 7800

Num of items !30717

Num of dummies 0

Minimum 5‘97,51,,, S

Maximum 0.52

Mean  -0.00

Standard deviation :0,22 o

Arithmetic sum -0.84

Channel il ]

Line(s) P101_1504_e 2

Fid Range 7500 to 7800

Num of items ' 301

Num of dummies 6 AJ
Minimum L-0_58 V B
Maximum 04? i B

Mean 000 )
Standard deviation Lozg ) B

Arithmetic sum 0 47

Channel i3 Fil _ |

Line(s) |P101 1504 e 3

l
L
f

Fid Range 7500 to 7300

Lt
. I
Num of items {

301

Num of dummies .0 ,

Minimum  -1.00

Maximum '078

Mean '-0.00

Standard deviation :0.;30 )

Arithmetic sum |-0.45 '

[ Save Stats]

Channel B 7 ,

Line{s) 'P101_1504 e 4

Fid Range . 7500 to 7800

Num of items ‘139}

Num of dummies 0

Minimum -0.61

Maximum LQ'@' - }
Mean -0.00 E

Standard deviation 022

Arithmetic sum -049 )

] F‘Save Stats]
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Stat Report  an b8-eiSes)] statRepont e X
Channe! mlED | Channel fGER |
Line(s) [S101_1504 e 5 Line(s) (5101 1504 e 6
Fid Range (750007800 Fid Range [7500to7800
Num of items [3_(11__4__7 » L Num of items 3§L e =
Num of dummies ‘;;0'“7___ - Num of dummies @7__;__ . / s
Minimum L-B_QS S Minimum L:I,of S -
Maximum L}‘é{ S Maximum ‘124 I __— —
Mean LOELV S Mean 1'9*0;1” -
Standard deviation 10;417 o Standard deviation 'fv{:jgxi L
Arithmetic sum Bfa;‘ B _; B :'Wh o Arithmetic sum L%vzﬁ < I -
| ok ][ savestats | [ ok ][ savestats

Stat Report

—

Channel
Line(s)

Fid Range

Arithmetic sum

Num of items
Num of dummies |
Minimum 'L

Maximum | 1.

R eS|
L

5101_1504 e 7

7500to7800
R
895 )
e
o0

081006/P (Addendum)

35

CTO F274



Static Test May 6, 2010. Sensors 1 through 7
Stat Report _ﬁuﬁ- | Stat Report

Channe! - B e j Channel - rr it l

Line(s) lplos 21351 Line(s) |P106_2135_2

Fid Range {o LE Fid Range 0 to 309 I
Num of items [301 S Num of items 3391‘,:”,,‘,”_“_ S

Num of dummies .0 o Num of dummies LQ'_”,‘_,,_/ o

Minimum 1-1 e Minimum ‘[C,vl:ll_“ - Jf

Maximum U‘:?E* - - Maximum 'JIA.ZG:”'

Mean [-o.oo S Mean |-0.00

Standard deviation 10 44 ‘ Standard deviation ;0.43

== s LT T ommmeoen mmes ol |:—,t — LT mmvIs el S ILT o TimTT—

Arithmetic sum (-0 73 Arithmetic sum -0.26

[ ok J [ Save éatﬂ

oo S = v
Channel '[lEE B j Channel |

Line(s) [Pms 2135_3 i Line(s) |

Fid Range [0to300 Fid Range ' 0 tc B

Num of items |L3°]_'_ R ' : Num of items

Num of dummies . IQ_M, o Num of dummies ;

Minimum | -1.36 S Minimum [-1.20

Maximum |1 51 - ' v Maximumf

Mean L-o 00 - mean [0.00 '

e i m i —mmad L e e

Standard deviation LO 54 B o S Standard deviation L04§ o

Arithmetic sum | -1.34 - Arithmetic sum 5{9.27 ‘ ) ' i

e

[ ok J[Savestats] [ ok ]EaveStaw]
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fStatReport wer . 9 el 'stat Report

P

Channel ]

Line(s) |S106.2135.5
Fid Range {;‘I‘QE@“ I

Num of items }E o o
Num of dummies 5\9#7 e
Minimum {-70_-9‘1;” e
Maximum D;‘ZS?;_AA A; —_

Mean _ofﬁ_ e

Standard deviation @:‘?ZA e

Arithmetic sum {1‘5‘3___ ’___; e

[ ok ][;Save Stats |

Stat Report

Channel
Line(s)

Fid Range
Num of items

Num of dummies

Minimum
Maximum .

Mean

Standard deviation _

Arithmetic sum

5106_2135_6

0to 300

301

Lo e S

Channel

Line(s) '5106_2135.7

Fid Range '01:0 300

|

Num of items [7392!. o _, . ;_ -

Num of dummies ’LU e
Minimum “9?3 L S
Maximum 131_ e
Mean Lﬂgﬂf e e

Standard deviation L94§_h S
Arithmetic sum ;[19_-22 e
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Static Test May 7, 2010. Sensors 1 through 7

s s @

Channel |iFlEE © ] Channel | IIER |

{ Line(s) {P030_1418_e_1 ]} Line(s) ‘[[55'3'5_;1,—4i78_:é:i»m"w J}.
Fid Range @) to 1050 _]J' Fid Range EL?OO to 1050 ]

Num of items ;L[BSL - o bl Num of items {[351 ;jw

Num of dummies [0 ] Numofdummiesfo ]
Minimum !FZQ_Z_ ) Minimum 1F264 3 _ _”

Maximum [[4.49 ) Maximum (4.02 _:]i

Mean; [0.@1 - "])‘ Mean @'I—_— ] - jz

Standard deviation ![6:8_5—- o w—_ﬁ Standard deviation @ B ) _—1:
er—— e O
[-_ox - ][ save stats ] [ ok ][savestats]

Channe! (ilEE =~

Line(s) ;T#déﬁ:iiié;éjs'_ B

Fid Range [ﬁso to 1050

Num of itemns ”301
=

Num of dummies ‘fﬁﬁ_ -

Minimum ff-—S_.bi"
(it

Maximum “ 3.66

Mean 1:0.01

Standard deviation [1.'12

Arithmetic sum |[-3.37

[ "ok -] [ save stets |
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"Stat Report e |- - [meswnlf stat Report L el

Channel (GG B ' Channel . , |

Line(s) | PO30_1418_e_4 Line(s) 'S030_1418 e 6
Fid Range 75(11;01_0570 ) o Fid Range f750 to 1050 o
Num of items 13;01; A ] ;w‘__ Num of items ‘3’01‘ o ._ - o

Num of dummies 'LQ__ S Num of dummies 'FLO_ o o

Minimum L‘Z_B - Minimum :-3.34 o

Maximum ;1791 S Maximum §§§ )

Mean 002 Mean 003

Standard deviation J tl7'3_ o Standard deviation | 1.04

Arithmetic sum -5.84 Arithmetic sum -8.19 7
| ok ]| savestats | [ ox ]| savestats|
' = e = xT—= —— |
Stat Report G (-2 - |Z3we]| 'Stat Report L X
Channe! [lEN o [ Channel [GEIN ]
Line(s) |S030_1418 e 5 Line(s) S030_1418e7
Fid Range |750t0 1050 Fid Range |750 to 1050
Num of items (301 - o Num of items 301 )
Num of dummies >0 o . Num of dummies LO o i
Minimum -1 §? o ) Minimum ;»;71".75_ ) )
Maximum '1.95 ) 3 Maximum 11.91 -
Mean -003 Mean [-0.03 -
Standard deviation ; g7ze Standard deviation '070 )
Arithmetic sum ij"ilﬁ-,, o Arithmetic sum 1,'9:7,3&, o

[ ox ]| savestats |
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Stat Report

Static Test May 9, 2010._Sensors 1 throqgh 7
L |~9-I-Ei-“5tat Report

Channel
Line(s)

Fid Range
Num of dummies
Minimum

Maximum

Standard deviation

Num of items L

Arithmetic sum |

{PO74

1455 e 1

{assotodsso
L

o8

[ ok | [\Savé Stats |

Channel

Line(s)

PO74 1455 €2

Fid Range

4550to 4850

Num of items

Nurmn of dummies

Minimum

Maximurm

Mean .

Standard deviation | D.

Arithmetic sum ’ .

0os2
-0.01 L
oss
o

'Stat Report

Stat Report

Line{s)

Fid Range

Num of items

Num of dummies
Minimum
Maximum

Mean

Standard deviation

Arithmetic sum

Channel

F Filt . |

|P074_1455_ e 3

|4ss0toasso
R
Er ,
27
EX
052

322

r oK j [ Save Statsj

Channel

Line(s)

Fid Range

Num of items
Num of dummies

Minimum

Maximum .C.
Mean
Standard deviation 0.

Arithmetic sum _ .

[P074_1455_e 4

4550 to 4850

e
o ] ,

-0.73 ) B
oe7
001 L
o3

43

] Eave Stats ]
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St vepor: S e e ot revort SR e o]
Channel |illEE B Channel i ﬂ, ]
Line(s) {;674 i455 € § o Line(s) |SO74 1455‘__6
Fid Range | 4550 to 4850 B Fid Range 4550 to 4850 ;:_ -
Num of items [301 a . Num of items 301 'W:_iwu :A'_;_
Num of dummies LO B . Num of dummies 'L_m — - -
Minimum [-0 82 ‘ Minimum ‘[7-1.16~ 7 7 ) N
Maximum ‘Ll_izi; - “7’ . Maximum LLI::SAM_#_i %MA_J
Mean |-0.01 Mean |-0.01 B
Standard deviation f[d:ég — - \ Standard deviation 3\ LG.SO ' )
Arithmetic sum i@.;;wf* — L — Arithmetic sum '['—_29:; — B
[ OK ] [ Save Staa E OK ] LSave Stats
Channel l-__?k:w: _ _ﬁJ
Line(s) /S074_1455_e 7 L
Fid Range [4550to4850
Num of tems [301
Num of dummies \LE' — e
Minimum i—ig{ﬂ_;_?_‘__v__A~ L
Maximum '[692 - e #
wean oz
Standard deviation {E;Sm — ;:
Arithmetic sum Qéi — ) _j
o) (saesus
081006/P (Addendum) 41 CTO F274



Static Test May 10, 2010. Sensors 1 through 7

S report SR enetw

Channel * _ o ]

Line(s) LPOSS 2125_:1 .

Fid Range [288 to 427 _ o

Num of items ‘&4_0777”' ;;7;» A,:_.
Num of dummies '[£_ ;’ e ,,
winimum (246
Maximum 1242;_ — )

Mean L(]’.05 o

Standard deviation ' 0.64

Arithmetic sum 6 31

book j Eave Stats]

Channel
Line(s)

Fid Range

Num of items |
Num of dummies |
Minimum |
Maximum L .

Mean i

Standard deviation

stat Report 5SS ofin e un |

o

Poss 2252 )
Izsa 3t0427 L s
o
O
205 ]
1
méa-f;i, ]

[ ox

] [ Save Stats ]

Line(s) | POS5_2125_e_3

Fid Range | 288 to 427

Num of items L{‘ﬂ]_ e
Num of dummies [0_ e v;

Minimum ! —5.19

Maximum B_TQ__: S |
Mean 0_27 B v‘,;hﬁ _ _—:

Standard deviation f71;0§_ : __
Arithmetic sum '9 1‘4 ‘; ‘_:A _ ,‘;::H

[ ok || savestats |

Channel TGE j ]
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StatReport ... % (weSe|iStat Report

Channel |ifliGIE I Channe! | illER
Line(s) |P0S5_2125_e_4

Line(s) [S0S5_2125 e 5 .

e

Fid Range (28810427 | Fid Range (288 to 427

A S —— |

Num of items L[_i'#ﬁ;_w - B J Num of items :{140 T A

Num of dummies {0 e i Num of dummies Lb

Minimum ‘[-—15.75'6' o N “, Minimum ‘i[;orgs . _ .

Maximum }fij'a'a o S Maximum 5[2529 I

Meanoos ] Mean [007 |

Standard deviation {0.53 I Standard deviation \LESAI ) R

e

Arithmetic sum ‘[5.75'5'.’;'-_ S i Arithmetic sum {fiﬁ:b? o

r oK ! Lsaye Statsﬂ] [ oK ] [L Save Si_:atg]

= S e
Stat Report . o Stat Report e o - |
Channe! (iR _J Channe! [lGER = _»_ _J

Line(s) | SO55_2125 e 6 Line(s) {['50'5'5_2125'_.5;?; o J

Fid Range @‘t‘;“r‘z’iw - i Fid Range (288 to 427 o ]

Numofitems {140 | Num of items (140 |
S e PR U ettt —

Num of dummies E[d' ) o - Num of dummies ,[0 d

Minimum [-2.93 " Minimum [-1.05

Maximum i['2.735 - o Maximum Z[V.‘L'.f4~ T
L — — [ — !

Mean uz R Mean 007
Standard deviation TOV.Q—@W S ” Standard deviation @5 D
Arithmetic sum 173 A;f' Arithmetic sum ?[g.éémm ) O

[ ok ]|savestats] [ ok ][ save stats |
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Static Test May 12, 2010._Sensors 1 through 7

StatReport oo (-9 miSes)| 'Stat Report

Channel

w Channel

Line(s) |P103_1749.1 Line(s)  P103_1749_2

Fid Range 11100t0 1400 Fid Range . 1100 to 1400
Numof items 308 Num of items 301 - -
Num of dummies LO - ) . Num of dummies OV S
Minimum |-1?3 N Minimum 111‘:2}, . - -
Maximum {106 o w_; Maximum 230 e S
Mean T-0.02 Mean -0.02 .
Standard deviation 79.44 : S Standard deviation ‘_0_'5;9"_, ;4_ e

Arithmetic sum (-6.57 - Arithmetic sum (-5.48

[ ok ]| savestats | P ok 7{L5ave5tats]

‘Stat Report -5 |meESew]| ' Stat Report L e

Channel G ] Channel ‘

Line(s) [P103_1749_3 o Line(s) - P103_1749_4

Fid Range /1100to 1400 Fid Range (1100 to 1400
Num of items L3°1 o o Num of items LEOI o
Num of dummies ' 0 Num of dummies 0 o
Minimum ’-175 » 7 — * Minimum L-i.l}ﬁr» B

Maximum 137 7 . Maximum 1.24 -
vean 002 wean 002

Standard deviation [957 i ] A S 4 Standard deviation a3
Arithmetic sum :-630‘ - Arithmeticsum -679

r OK J [ Save Stats ] r OK ] [ Save Stais]
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| | save stats |

081006/P (Addendum)
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Stat Report s -5 wE3ew| ‘Stat Report L, -5 ||
Channe! G o | Channe! (TGN ]
Line(s) S103_1749_5 Line(s) S103_1745_6
Fid Range | 1250 to 1550 Fid Range 1250 to 1550
Num of items '301 Num of items 301
Num of dummies 0 7 Num of dummies i0=
Minimum :-1.22 _ ) Minimum -1.68
Maximum 1{1»407_ B Maximum i1.59i )
Mean |-0.00 Mean 0.00
Standard deviation 040 Standard deviation 0.51
Arithmetic sum 5‘1,:0;31 o Arithmetic sum 095
[ ok ][ savestats | [ ok || save Stats |
otat Report - [-F- eS|
Channel 7 » [
Line(s) 'S103_1749_7
Fid Range 1250 to 1550
Num of items | 301
Num of dummies 0
Minimum i-17.24 i
Maximum :‘1 i1 )
Mean 0.01 i
Standard deviation '0.35 o
Arithmetic sum  1.82

CTO F274



Static Test MaL13 2010. Sensors 1 through 7

Channel

Line(s) 19051 2032_ 1

Fid Range !400 to 700

Num of items r'LELQ‘LW_

Num of dummies LO

7

L{EG__A, e

a2

lo.01

Minimum

Maximum

Mean

lE-ﬁQ_,_,, .

Standard deviation.

Arithmetic sum [319__*

Channel

Line(s) .

Fid Range

Num of items :'
Num of dummies
Minimum L
Maximum 1.

Mean 4

Standard deviation

Channel UEMGE

Line(s) {pusl 20323 !
Fid Range .400 1:4047_0_0 S ;
Num of iterns {§0}_ R
Num of dummies [0 ]
Minimum EZE“ R
Maximum Ezs 1

ven 001

Standard deviation lg&g - 4; e
Arithmetic sum ‘[&TOO‘_;_ _ : - _Q_ i

I ok

| save stats |

Channel )

Line(s)
Fid Range
Num of tems

Num of dummies

Minimum -

Maximum .

Mean

Standard deviation q

Arithmetic sum L_.

N |

‘ P061 2032 2

lao0to700
1301 .
L,O — =T T T TLI —_—— :”
L
16 ]
000 ]
048 e

Arithmetic sum | 0.

-0.00 o
04
004

1] [ Save Sta_E]
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'Stat Report

Line(s)
Fid Range

Num of items

Minimum

Line(s)

Fid Range

Arithmetic sum

Nurn of dummies

Maximum ‘
Mean -
Standard deviation :

Arithmetic sum

Channel ‘—

Num of items .
Num of dummies -
Minimum |
Maximum | 1..

Mean .

Standard deviation :

—

*3?2_5 o
L

ET
£

“ S061_ 2032 7 ‘

e s e e
.[31259 3875
st
O
142 s
= :
27
002
os6
3.23 T

] | save stats |

Channel
Line(s) .

Fid Range

Numn of items :

Num of dummies '

5061 2032 6

3725103875

. . f P
Minimum .

Maximum

Mean | 0.
Standard deviation 0.

Arithmetic sum |

620

] [ Save Stats ]

081006/P (Addendum)
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Static Test May 14, 2010 Sensors 1 through 7

\Stat Report 18- lwéSw] 'Stat Report | e
Channel 7 7 Channel ]
Line(s) : P077 1957 1 o Line(s) PO77 1957 2 o ‘
Fid Range [2500t02800 Fid Range [2500t02800
Num of items 'it?{g;__ o Numofitems '301 ;
Num of dummies 0 Num of dummies 0
Minimum >:o_9i - Minimum '-1.78 ¢
Maximum [1_(57 o Maximum  1.19 . : L J
Mean j0.01 Mean 001 :
Standard deviation [Léfg ) S Standard deviaton ‘050

Arithmetic sum | 2.

Arithmetic sum A

Standard deviation !

Arithmetic sum | 3

Stat Report Stat Report

Channel o o ] Channel e Filt) - ]
Line(s) 3'Po77 19573 Line(s) PO77_1957.4
Fid Range [2500t02800 Fid Range gzﬁsoo‘ to 2800
Num of items [301 o Num of items "301 ) B
Num of dummies ,gﬁﬂ 7 s Num of dummies 0 ) i -
Minimum L-I,Qj: ) 1 ) i ;‘ Minimum ;-1 i? . L
Maximum ng& L * - Maximum - 1_12’ o L

Mean '091(_-4 e ] Mean ‘q.ti)i

Standard de\natlon 0 45

_] rSave Stats

[‘r oK

|| save stats |

081006/P (Addendum)
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%ﬁit Report

[ 9- meE3ew]| 'stat Report

Stat Report

Arithmetic sum ;

Chennel GMGER T Channel @R \
Line(s) {S077_1957.5 Line(s) | S077_1957.6
Fid Range [2500t02800 Fid Range /2500 to 2600
Num of items 301 - Num of items 301
Num of dummies 0 Num of dummies 0 S -
Minimum i-1.99 Minimum 173,--?;5”_,, S
Maximum {1_72_ "“H;‘ L Maximum '380_ o o
vean 002 _ Mean OO
Standard deviation 10;57, A;_~ o Standard deviation 092 o

Arthmetic sum

352

[ OKV- }LSaveﬁats]

Channel
Line{s)

Fid Range

Num of dummies

Arithmetic sum

Num of items |

Minimum '
Maximum | 3.
Mean ;

R

Standard deviation D,

[

\S077_1957_7 _

(2500t0 2800
T
-192 )
st

oor
osa

14.33

l OK ] [ Save Stasj
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Static Test May 15, 2010. Sensors 1 through 7__
StatReport .. -9 |wZew] 'Stat Report

Channel F Fllt " ’ Channel F F'lt e VA]

Line(s) | {ons 1903_e 1 L Line(s) L03 1903 e 2

Fid Range H§07t915£ - Fid Range |450 to 750;

Num of items (301 R Numofitems (300

Num of dummies [0 o 4; : Num of dummies 0

Minimum {-0.67 . Minimum [-0.60

Maximum }LOA? ' ' Maxirmum ;[0~.57 ) : 7 —]

Mean ' L—OvOI - R Mean [-0.08 |

Standard deviation [0 2 Standard deviation 0.22 ) '"KI

Arithmetic sum IL-SQIV L - "‘ Arithmetic sum L-’i.tn‘ 7

[ ok [ Save Stats |

StatReport .y fr’??l&gﬁsmneport

Channel ] Chennel iGN _»_Ak]

Line(s) i 9103_1903_3_3 o " Line(s) p103 1903 e 4

PR — )

Fid Range (450 to 750 o Fid Range 450 to 750

Num of items | 301 ' B ' Num of items | 301
R e L R
Num of dummies (0 e 4 Num of dummies | 0 e

Minimum t“ oz Minimum (053 N o

[} S s

Smmrme s = e s, ==

Maximum 0.2 - _ Maximum u0'57 T T

ven 022 Mean iLﬁzei;'.. I

Standard deviation {0 33 ’ 7 _ .

Arithmetic sum | -4. 7776“47_;_‘ o Arithmetic sum |-4 48

[ ox || savestats | [T ok ]| save stats
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Channel
Line(s)

Fid Range

Maximum

Channel

Line(s)

Fid Range

Maximum

Arithmetic sum

Num of items '
Num of dummies |

Minimum

Mean
Standard deviation .

Arithmetic sum

Num of items
Num of dummies |

Minimum °

Mean |

Standard deviation

stat Report - SN <o S

S103_1903 e 5
4500 750 _
Y _
o
:fcr,’,-:ﬁzw__k,u,-, _
s
EC
025

-3.32

b ok ][ savestats |

S103_1903 e 7
4s0o7s0
ot

e }
-0.47 o
044 o
zi’:ﬂi;- I
022
‘;4 5

[ ok ]| savestats |

Channel
Line(s)
Fid Range

Num of items

Num of dummies |
Minimum .
Maximum 1.

Mean T

Standard deviation

Arithmetic sum 4.

| Gt Report A o nt

5103_1903 e 6

]

450 to 750

1301

[ ok ]| save Stats |

081006/P (Addendum)
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