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- 1.0 INTRODUCTION

A Phase Il Resource Conservation and Recovery Act (RCRA) Facility- Investigation (RFI) -has been
conducted at the Naval Surface Warfare Center (NSWC) Crane Cast High Explosives Fill/Building 146
(B-146) Incinerator, also known aé‘ solid waste manaQement‘ unit (SWMU) 16. The purpose of the RF!
was to determine whether explosives in the groundwater, surface water, and sediment present
unacceptable risk or if any residual explosives in soil present unaeceptable levels of risk to human health
dr the environment. The RFI was conducted at SWMU 16 in accordance with applicable RCRA corrective
action requirements and provides data on the nature and extent of select explosuve metal, volatile
organic compound (VOC), semlvolatlle organic compound (SVOC) and other miscellaneous parameter
concentrations in surface s0|ls subsurface soils, sediment, surface water and groundwater. ‘The RFI .
showed there was excess risk as a result of exploswes and volatile organic compounds (VOCs) in the -

groundwater.

SWMU 16 originally consisted of B-146 and-three oil-fired, rotary kiln incinerators with fuel stofage tanks.
B146 is still in existence; it was previously used as an expldsive fill and pressure washout facflify. The
incinerators and fuel storage tanks have been removed. During operation, incinerator ash was stored in
waste piles adjacent to the incinerator. These ash piles have also been removed. In previous
investigations, extenor sumps receiving roof drain waters and process waters were found to contain
trichloroethylene (TCE). These sumps discharged into nearby ditches. After this discovery, a remedial
action was conducted during the period-1996 to 1998 in which an air stripper was USed to remove VOCs
from liquids within the sumps and the roof drain waters were rereuted to a separate line discharging into a '
ditch. After TCE concentrations in the sump were reduced to acceptable levels, the sump drains were

rerouted to the sanitary sewer system.

A corrective measures study (CMS) will be conducted at SWMU 16. Among the remedial alternatives
expected to be evaluated will'be the potential. fer natural attenuation to .reduce_tne concentrations of
explosives and VOCs in the groundwater in a reasonable time frame. The United States Environmental
Protection Agency (U.S. EPA) Region 5 has established a frameWofk entitled “Region 5 Framework for
Monitored Natural Attenuatlon Decisions for Groundwater” (U.S. EPA, 2000) This framework provides
technical direction’ for the collectnon of adequate momtonng data to support evaluatlons of the
effectiveness of monitored natural attenuation (MNA) decisions. The gmdance recommends collection of
at Ieast two years of quarterly sampling data. In order to determine whether residual explosives are
naturally degrading at SWMU 16, a long-term groundwater monitoring plan for explosives, explosives.

degradation products, and VOCs is being conducted. Recently, 4 rounds of sampling and analyses were

110516/P : 1-1 - . CTO 343
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completed at SWMU 16. Rouhds 1 threugh 3 included Qroundwater, soils, sediments, and surface water
sampling, whereas Round 4 included ohly groundwater and surface water sampling. Infofm'ation
regarding the results of Rounds 1 th.rough 3is prese'ntedA in the SWMU 16 RFI [Tetra Tech NUS (TtNUS),
Inc., 2005]. The results show the presence of explosives, primarily RDX, and VOCs above risk-based

concentrations in groundwater and surface water.

The purpose of this report is to present the results of grouhdwater_. and surface water monitoring activities
in Round 4, including field documentation, and to provide'the framework for evaluation of data after all
nine rounds of sarﬁpling have been completed. Field documentation associated with Round 4 is provided
in Appendices A, B, and C of this report. . The fineI monitoring report (after Round 9) will contain an
evaluation as to whether. residual explosives may be naturally degrading aﬁd whether MNA -is a viable
remedial option for contaminated groundwater and surface water at SWMU 16. Information obtained
from the long term monitoring program will be used in the CMS to evaluate the effectiveness of MNA.
The MNA program belng conducted at SWMU 16 meets the U.S. EPA Region 5" MNA requirements.

110516/P - T 12 - : CTO 343
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2.0 FIELD INVESTIGATION

This section presents sampling activities, prdcedurés, and do'c.umentation"utilized during Round 4 field
operations performed in 2005 for NSWC Créne»SWMU 16. - '

21 OVERVIEW

RFI field activities for Round 4 were cconducted in February.2005. All work performed was conducted in
accordancé with the procedures and methodologies described in the U.S. EPA-approved Quality
Assurance Project Plan (QAPP) Addendum No. 2 to the approved QAPP (TtNUS, 2004). Standard
operating procedures (SOPs) that governed the field work are included in Appendix C of Addendum No. 2
“to the approved QAPP (TINUS, 2004). | a

22  ROUND 4 SAMPLING OPERATIONS

’ 'T.his section describes the methodology for surface water and groundwater sampling activities performed
at SWMU 16 during Round 4. QAPP non-conformances or suspected déficienéi'es in sampling operatiohs
did not occur during Round 4. Copies of all fiéld forms; records, field logbooks, and healith-and safety

docurﬁentatidn associated with the Round 4 field investigation are provided in. Appendices A through C of ‘
. 'this'document. Grodrjdwater and surface water sampling locations are shown in Figures 2-1 and 2-2,

respectively.

2;2.'1, Groundwater and Surface Water Measurements

Water level measu-'rements were obtained from each monitoring well prior to purging and sampling. All
measurements were taken in accordance with SOP CTO166-18. A mark was placed. at the top -of the
riser pipe to ensure that measurements were taken from a consistent reference bo‘int. Water level
measurements and surface water staff gauge measurements wére_ recorded to the nearest 0.01 foot.

Table 2-1 contains water level/elevation dét\a for Round 4, as well as previous rounds.

222 Groundwater P'ur‘qing and Sampling

‘GrbundvAvater rhe‘asurem‘en‘ts, .purging, and stabilization of wells prior to sarhpling were accomplished v
using low-flow techni‘ques in accordance with SOP CT0166-15 and SOP -CTO166-16. Sampling was’
éc‘complished in accordance with SOP CTO166-05; A listing of all SWMU 16 sample ana'lytical fractions
is provided in Table 2-2. Further discussion of the target analytés for each fraction’in Round:4 sampling is

110516/P - ‘ ‘ 2-1 : . CTO 0343
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discussed in Section 3 of the QAPP Addendum No. 2. All 12 proposed groundwater.sampies were
collected at SWMU 16-during Round 4 (See Table 2-2). Monitoring well 16MWT11 dried out while purging
the well on February 4, 2005. The well was. revisited the following day (February 5, 2005) and a minimum
volume of water for exploswes analysis (1 liter for each exploswe analysis instead of 2) and 900 milliliters
(mL) for the Nitrate and Nitrite analysis was collected before the well dried out again. On February 20,

2005 the we_ll__yy_a_s revvsned for a third time and the remaining samples for VOC, chloride and sulfate, and

methane, ethane, and ethene analyses were collected.-

Groundwater quality parameters including pH, specific conductance, temperature, dissolved oxygen (DO),'A
‘and oxidation-reduction potential (ORP) were measured during purging at 5- to 10-minute intervals uéing a
YSI Model 600 series multi-parameter water quality meter and flow-through cell. Lodger interv'als w-e-re
~ used for slower pumpmg wells. Turbidity readings were measured using a LaMotte 2020 turbidity meter

Water levels and pumplng rates were also measured during purging at 5- to 10- minute intervals. Purglng
‘contmued until a minimum of one well volume was removed and the above parameters stablllzed or untll
- the well had been purged for 4 hours, in accordance with SOP CTO166-15 and SOP CTO166 16. To the -

extent possible, the pumplng rates were adjusted to prevent drawdown from exceedmg 0.3 foot durmg

purging.

immediately following the purging process and before éampling, the temperature, pH, specific
' conductance, DO, ORP, and turbidity we‘revmeaéured and recorded on the groundwatef s'ample log
"sheets. All pertinent field data, including sampling methods, purge information, pump intake depths, and
-Ioc_:ations were recorded on low-flow purge data sheets and groundWater sample log sheets (see Appendix

A.1.1). See Figure 2-1 for all groundwater sampling locations. .

223 " Surface Water Sampling

, Surface water safnples were collected from intermittent streams, drainage ditches, and surfacé runoff
" locations throughout SWMU 16. Al four proposed surface water samples were collected. at previously
sampled locations which had been marked -with a.labeled, wooden survey sta‘kev_(See‘Ta'bIe 2-2).
' _Fiuorescent flagging was tied to the stake and to a nearby tree (if avaiiable) to facilitate relocation of the
sample location for future samplingv. ‘Al Round 4 surface Watér‘sahples were collected in accordance -
with Addendum No. 2 to the approved QAPP (TtNUS, 2004). Al pértinent field data, inéluding water
duality parameters, sampling me_thods, ahd Iocations were recorded on a' surface water sampie log 'sheet

(see Appendix A.1 .2). See Figure 2-2 for all surface water sampling locati.ons.‘

110516/P - S 2-2 S A CTO 0343
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23 ‘QUALITY CONTROL SAMPLES -

Quality assurance (QA)/quality control (QC) samples were generated and collected dunng sampllng
activities in Round 4 to monitor both field and laboratory procedures. These procedures are detalled in
the approved QAPP Addendum_ No. 2. QA/QC samples included field duplicates, eqmpment rinsate .
blanks, trip b[anks, source water blanks, and temperature blanks. Field duplicate results are tabulated in
Appendix D (Analyfical Data) of this document.

110516/ ‘ S 23 : ‘ CTO 0343
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MONITORING WELL CONSTRUCTION INFORMATION AND WATER LEVEL MEASUREMENTS
SWMU 16 - CAST HIGH EXPLOSIVES FILL/BUILDING 146 INCINERATOR
NSWC CRANE
CRANE, INDIANA

PAGE 1 OF 2
) Screened Interval Date May 5, 2003 May 30, 2003 January 24, 2004 February 4, 2005
Northing Easting Grour.rd Top of F'!iser Total“) Rour;d 1 2 3 | 3
Well Installation] (NAD83) (NADS3) Flevation Flevation Depth Top Bottom To ‘Bottom
Number Date P Water- Depth to Wat‘e.r Depth to Wate:r "Depth to Wate:r Depth to Wate:r
Bearing Water Elevation Water. Elevation Water Elevation Water Elevation
(feet) (feet) (feet amsl) | (feet amsl) (feet bgs) (feet'bgs) | (feet bgs) | (feet amsl)| (feet amsl) ' Zone (feet btor)| (feet amsl) (feet btor)} (feet amsl) (feet btor)| (feet amsl) | (feet btor)| (feet amsl)
16MWTO1 4/8/2003 1321193.49 3032881.29 762.02 764.50 24.00 14.00 24.00 748.02 738.02 Puz 25.19 739.31 22.70 741.80 19.12 745.38 15.88 748.62
16MWT02 4/11/2003 1321146.42 | 3032559.16 757.60 .760.36 18.00 8.00 18.00 749.60 739.60 Puz 6.55 753.81 12.18 748.18 10.94 749.42 12.61 747.75
16MWTO3 - 4/10/2003 ‘ 1 32094l6.97 3032644.29 761.95 764.41 35.00 25.00 35.00 736.95 726.95 Pmz 27.20 737.21 28.07 736.34 28.34 ?36.07 28.88 735.53
16MWTO04 4/9/2003 1321003.28 3032946.47 ?63.88 766.14 25;00 15.00 25.00 748.88 738.88 Puz 8.05 . 758.09 13.14 753.00 13.11 753.03 14.29 . 751.85
1 6MWT05 4/9/2003 1320741.79 3032812.77 764.50 766.88 _ 40.00 29.00 39.00 735.50 725.50 Pmz 29.77 73711 30.39 736.49 31.44 735.44 32.1 734.77
16MWTO06 4/24/2003 1321 199.52 3032883.37 761.77 764.44 25.00 15.00 25.00 746.77 736.77 sz 22.33 742.11 15.92 74852 17.41 747.03 17.79 746.65
16MWT67 11/11/2003 | 1321176.93 3033001.57 760.54 762.87 25.50 15.00 25.00 745.54 735.54 Puz NA NA NA NA Dry Dry Dry Dry
16MWT08 11/9/2003 1321179.45 3033009.24 759.57 761.56 99.00 85.00 95.00 674.57 © 664.57 Plz NA NA NA . NA A 97.03 664.53 96.60 664.96
16MWTO9 11/8/2003 1321068.49 3033041.44 762.43 764.28 25.00 '15.00 25.00 747.43 737.43 Puz NA NA NA NA 13.88 750.40 15.25 749.03
16MWT10 11/9/2003 1320936.05 3033074.74 761.93 764.43 25.00 14.00 24.00 747.93 737.93 Puz: NA NA NA NA 22.05 ‘ 742.38 22.30 742.13
16MWT1 1 11/11/2003 | 1320934.64 3033062.79 763.23 765.24 98.00 86.00 96.00 677.23 667.23 Plz NA NA NA NA 96.30 668.94 96.41 668.83
16MWT12 11/7/2003 1320729.14 v 3033074.92 753.23 755.45 26.50 16.00 26.00 737.23 727.23 Pmz NA NA NA NA 20.13 735.32 20.94 734.51
16MWT13 11/11/2003 | 1321125.78 3032562}41 757.62 759.57 ©19.00 .8.00 18.00 749.62' 739.62 Puz NA NA NA NA 10.25 749.32 11.36 » 748.21
16MWT14 11/7/2003 abd. abd. 764.98 . abd. 25.00 15.00 25.00 749.98 ° 739.98 Puz NA NA NA NA Dry, abd. Dry, abd. abd. abd.
16MWT15 11/9/2003 1321120.81 3032563.53' 757.73 759.69 92.00 81.00 91.00 676.73 666.73 Plz A NA NA NA NA 53.23 706.46 54.99 704.70
16MWT1 6 11/9/2003 1321059.41 ' 303281 4.52 764.98 764.74 40.00 26.00 ] 36.00 738.98 7?8. 98 Pmz NA NA NA ' NA - 32.93 731.81 34.40 730.34
16MWT17 11/8/2003 1321235.88 3032675.07 764.79 766.53 24.00 14.00 24.00 750.79 740.79 Puz NA NA NA NA 15.35 751.18 15.78 750.75
16MWT18 1/1 8/200;1 1321068.96 3032807.84 764.99 764.44 105.00 94.00 104.00 670.99 660.99 Plz . NA NA . NA NA 96.65 667.79 95.75 668.69 -
16MWT19 7/28/2004 13201 72:28 3033846.62 606.73 609.31 16.00 5.00 15.00 601.73 .591.73 : d:z/;ggs NA NA NA ' NA NA NA 3.25 " 606.06
1 6MWT20> 7./28/2004 1320532.68 3034030.68 607.43 609.93 16.00 5.0Q 15.00 602.43 _592.43 d\elsgzzs NA NA NA NA NA NA 3.66 606.27
16MWT21 9/9/2004 1320581.35 3032960.08 760.78 763.05 96.00 80.00 95.00 680.78 665.78 Piz NA NA' NA NA " NA NA 65.46 697.59.
WES-14-01-83 1983 - 1320638.35 3032713.38 763.87 766.67 50.70 . 35.80 4530 728.07 718.57 Pmz 31.00 735.67 31.00 735.67 31.94 734.73 32.33 734.34
WES-14-02-83 1983 1321319.90 3032647.27 763.69 766.54 25.80 11.35 20.39 752.34 743.30 Puz 14.23 752.31 14.56 - 751.98 15.36 751.18 " 15.94 750.60
WES-14-03-83 1983 1320816.00 3033018.50 761.51 763.93 35.40 20.88 29.99 740.63 731.52 Puz 18.80 745.13 19.83 744.10 20.00 743.93 20.45 743.48
WES-14-04-83" 1983 1320572.35 3032960.96 760.42 762.99 46.00 - 31.38 40.47 729.04 7198.95 Pmz 26.80 736.19 27.27 735.72 28.39 734.60 28.70 ) 734.29
WES-14-05-83 1983 1320584.05 3032850.32 766.60 769.40 50.70 ' _35.80 45.25 730.80 721.35 Pmz . 32.5.9 736.81 33.05 736.35 34.18 735.22 34.88 734.52




TABLE 2-1 N - ‘

MONITORING WELL CONSTRUCTION INFORMATION AND WATER LEVEL MEASUREMENTS
SWMU 16 - CAST HIGH EXPLOSIVES FILL/BUILDING 146 INCINERATOR

NSWC CRANE
CRANE, INDIANA
PAGE 2 OF 2
_ ) Screened Interval Date May 5, 2003 May 30, 2003 - January 24, 2004 February 4, 2005
. 3 i Total ) - :
. Northing Easting Ground | Top of Riser o Round 1 2 3 3
Elevation Elevation Depth .
Well. Installation (NADB83) (NAD83) | . Top " Bottom Top Bottom ‘ : ' i '
Number - Date - W Depth to Water _ Depth to Water Depth to Water Depth to Water
ater- Water Elevation Water Elevation Water Elevation Water Elevation
Bearing : :
(feet) (feet) (feet amsl) | (feet amsl) . (teet bgs) (feetbgs) | (feet bgs) | (feet amsl)| (feet amsi) Zone .| (teetbtor)| (feet amsl) (feet btor)| (feet amsl) | (feet btor)| (feet amsl) | (feet btor)|] (feet amsl)
STAFF GAUGES

'iSSGO1 10/16/04 | 132134291 '| 3032498.83 750.58 NA NA NA NA ‘NA NA Puz NA NA NA NA NM NM . dry - NA

16SG02 10/16/04 132112191 3032465.01. 734.32 ) NA NA NA NA NA NA " Puz NA 'NlA NA NA NM NM 5.29 729.03

16SG03 10/16/04 { 1320712.52 ' 3032705.12 761.79 NA NA NA NA NA NA Puz NA NA NAV NA NM --NM 5.03 756.76

165G04 10/16/04 1320748.57 3033005. 16 762.44 NA NA - NA NA NA NA Puz NA NA NA NA NM - NM 2.15 760.29

16SG05 10/16/04 1320889.16 .-3032’979;28 763.21 NA . NA NA NA NA NA " Puz . NA NA NA. NA NM NM dry " NA
’ 1GSG06 10/16/04- 1320930.80 3034364.52 603.53 NA NA NA NA . NA NA Plz NA 'NA NA NA - NM NM 3.51 600.02

165G07 10/16/04 1320765.76 3034582.61 601.53 NA - NA NA NA NA NA A Plz » NA "NA NA NA NM NM 5.99 595.54

16SG08 10/16/04 | 131899238 | 3033277.47 590.00 NA NA NA NA NA NA Piz NA NA NA NA NM NM 4.16 585.84
. 16SG09 10/16/04 1 ;31 8679.54 | 3033368.61 583.26 NA NA NA NA NA NA Plz NA NA NA NA “NM NM_ 6.34 576.92

1 = Total depth of boring; total depth of well may be less.
amsl = Above mean sea level (NAVD88).
_abd: = well was grouted shut and abandoned.
bgs = Below ground surface. -

btor = Below top of riser (for monitoring wells)..
NA = not applicable.

NM = not measured. °

NADB83 = North American Datum of 1983.

Puz = Upper Pennsylvanian water-bearing zone. -
Pmz = Middle Pennsylvanian water-bearing zone.
Plz = Lower Pennsylvanian water-bearing zone.



TABLE 2-2

SWMU 13- MINEFILL B

ROUND 4
NSWC CRANE’
CRANE, INDIANA

SUMMARY OF ENVIRONMENTAL SAMPLES AND LABORATORY ANALYSES

Analytical Fraction

X = indicates the $ample\was collected as proposed.

Volatiles Explosives Miscellaneous
o .
o & 2 3 ®
c ® c & " 3 Py
Sample @ T © 2 3 s 5 g
. [} © N ra
Number b o@ - 3 8L= 25 5 £ ,
o 52 ESg £8 WS
g EY g8 3 Z < E | gE
@ o2 o o +a © S
= S £ x & @ o w 2 £
”n £ E o . © = ]
z 8 T = 2 3 =
Groundwater (Round 4) :
16GW0204 X X - X X X X
16GW0304 - X X X X X X
16GW0404 X X - X X X X
16GWTO0404 X X X . X X X
16GWT0605 - X X - X X X. X
16GWT0903 X X X X X X
16GWT1003 . X X X . X X X
16GWT1103 X X X X X X
16GWT1203 X X X X - X. X -
16GWT1303 X X X: X X X
16GWT1503 X X X X - X X
16GWT1703 X X X X X X
GW TOTALS 12 12 12 12 12 12
Surface Water (Round 4) .
16SW1002 X X.
-1165W1203 X . X
16SW1303 X X
165W3002 - X X
SW TOTALS ' 4 4 0 0 0 0
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3.0 DATA PRESENTATION

This section presents the analytical results'for.groundwate'r and surface water sampling conducted in
hoUnd 4 at SMWU 16 (see Tables 3-1 throdgh 3-9). In addition, analytical results for Rounds 1 through 3
are also provided in this section to support data interpretation which is'disc_ussed in Section 4.0 of this
repont. '

The SWMU 16 RFI identified RDX and trichloroethene (TCE) to be the primary explosive and voc
contaminants, respectively, in soil and groundwater. - Over time, natural attenuation will reduce the m'ass‘ '
-or concentration ‘of these contaminants in" soil -and groundwater a»nd- the parent compounds V\rill
decompose in stages to other well-defined intermediate products." In the case of RDX, it will 'degrade to
give the nitroso derivatives hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine (MNX), hexahydro-i,S-dinitroso-
v5-rritro-1r,53,5-triazine (DNX) and hexahydro-1,3,5-trinitroso-1,3',5-triazine (TNX). In the case of TCE, the
degradation route is expected to produ'ce cis-1,2-dichloroethene, vinyl chloride, ethene, ethane and
methane. As a result, the presentation and interpretation of analytrcal results in Sections 3 and 4 for
SWMU 16 monrtonng will focus on these primary and degradatron products for RDX and TCE and-
’mrscellaneous field parameters.

3.1 ' GROUNDWATER DATA

Groundwéter'arralytical results for Rounds 1 through 4 at SWMU 16 are presented in Tables 3-1 through
3-6 for select monitoring well locations in the Upper, Middle, and Lower Pennsylvanian Water Bearing

Zones. These tables show summary' listings of groundwater concentrations for select explosives,

- explosrve degradation products VOCs, VOC degradatron ‘products, field, and mlscellaneous parameters

for each aquifer, as weII as descnptlve statistics. Concentrations .are presented in mrcrograms per liter
(Mg/L), unless otherwrse noted, along with data validation qualifiers, as applicable. Due to the staggered

_nature of the groundwater sampling, not all wells were sampled in each of the four rounds of sempling. ‘

311 Explosives
o 3.4.141 Upper Pennsy.ivanién Water Bearing Zone (Puz)

“Monitoring results for Round 4 sampling at the Puz monitoring wells is 'presented in Table 3-1. Tables 3-2
and 3-3 present descriptive‘stati'stics for upgradient_arrd downgradient Puz wells, respeetively.' There
were no detections of explosives at the upgradient well (16MWTO02) in Rouhd 4. The most frequehtly _
“detected explosive in the downgradient wells was RDX, which' was detected at all Puz wells with the

110516/P . | 3-1 _ . CTO 0343
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exception of 16MWT13. In Round 4, RDX concentrations ranged from 4.9 pg/L at 16MWT17 to 92 pg/L
at 1I6BMWTO09. Other explosive parameters exhibiting a high frequency 'of detection in Round 4 were
HMX, 4-amino-2, 6-dinitrotoluene and 2-amino-4,6-dinitrotoluene.  The only RDX degradaﬁon product
detected in Round 4 in conjunction with RDX was MNX at locations- 16MWT03 16MWTO04, 16MWTO09,
and 16MWT10. ‘ )

3.11.2 Middle Pennsylvanian Water Bearing Zone (Pmz) )

Analytical results for Round 4 sampling at Pmz monitoring locations (16MWO4 and 16MWT12) are shown

in Table 3-4, Descriptive statistics for me.z sampling in Round 4 is presented in Table 3-5. Only one

explosive compound, RDX, was’detet:ted in Round 4 at location 16MWO04 (0.58 pg/L). There were no
- detections of RDX degrédation products. ‘

3.1.1 3 Lower Penn‘sylvania'n Water Bearing Zone (Plz)

In Round 4, there were no detecnons of explosives or exploswe degradation products at the Plz
monitoring wells (16MWT11 and 16MWT1 5) o

R

3.1.2 Volatile Orqanic Compounds

3.1.2.1  Upper Perinsylvanian Water Bearing Zone

VOC monitoring results for Round 4 at the Puz wells are presented in Table 3-1. Summary descriptive
statistics for upgradient and downgradient wells are shown in Tables 3-2 and 3-3, Arespectivelyf In Rouﬁd.
4, the only detected VOC in the upgradient location’ 16.MW02 was ethane at a concentration of
0.078 ug/L. At the downgradient wells, TCE.was d.étected at all locations with concentrations ranging
from 2.4 pg/L‘ at 16MWT 10 to 440,000 pg/L at 16MWTO06. High concentrations of TCE were also reported
" at 16MWT13 (62,000 pg/L) and 16MWT17 (19,000 ug/L). |

in Round 4, TCE was detected in combination with two or more degrada_tibn products at all- downgradient
“locations. The degradation produéts detected in Round 4 included cis-1 ,2-dichloroethene,’ ethene,
- ethane, methane, and vinyl chloride. The most frequently detected degradation éompounds included
ethane, ethene, and methane at virtually all downgradient locations. ‘Detections of cis-1,2-dichloroethene
énd vinyl chloride were only reported at about half of the downgradient Wells. The monitoring well .
‘ exhibiting the highest concentrations of TCE and all degradation products in Round 4 was 1‘6MWT06. '

110516/P ' 32 ‘ o CTO 0343
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Several other VOCs were also detected in the Puz wells but generally on a less frequent basis. These

" VOCs included tetrachloroethene V(PCE),A‘1,1,2,2-PC'A, 1,1,2-TCA, 1,1-dichloroethen, carbon

tetrachloride, chloroform, acetone, benzene, and toluene. The most notable aspect of these detectiens
was the fact that the maximum concentrations for these compounds all ‘occurred at location 16MWTO06,

which also reported-the highest concentrations of TCE and all degradetion products.

3.1.2.2 Middle PennsyIVani_an ‘Water Bearing Zone

voC monitoring results for Round 4 at the Pmz wells are presented.in Table 3-4. Summary descriptive

statistics for these locations are shown-in Table 3-5. In Round 4, the only VOCs detected included TCE
and the: degradation products ethane, ethene, and methane. Only TCE and methane were detected at
16MWTO4. However in the case of well 16MWT12, TCE, ethane, ethene and methane were all

detected. TCE concentratlons were relatively low in the range of 0510 1.4 ug/L

3.1.2_.'3 Lower Pennsylvanian Water Bearing'Zone

VOC monltonng results for Round 4 at the Piz wells are presented in Table 3- 6 The summary descrlptlve;
statistics for these Iocatrons.are. shown in Ta_ble 3-7. In Round 4, the only detected VOCs and -

degradation products included TCE, ethane, ethene;.and methane. All four of these VOCs were detected

_ at location 16MWT15. However, only the degradations products ethane, ethene and methane were

detected at the other Plz location 16MWT11. The single detected concentratlon of TCE at 168MWT15
was 0.6 pg/L. Of the degradatlon products detected the most notable concentrations were for methane
at 1I6MWT11 (540 ug/L) and at 16MWT15 (9,400 pg/L). .

3.2 SURFACE WATER

_Su'rface water sampling was conducted at 4 locations in Round 4. The analytical results for Round 4 are

presented in Table 3-8. Summary descriptive statistics for these same samples are presented in Table

- 3-0.

In Reund 4, the only reported detections of explosives in surface water included RDX, HMX, ‘and
4-amino-2,6-dinitrotoluene at location 16SW/SD30. The respective concentrati‘ons for these detections

~were 14, 3.6, and 0.44 pg/L. There were no detections of RDX degradation products.

110516/P . - - 33 : S CTO 0343
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The ohly reported detectiOns_ of VOCs in Round 4 were TCE (20 pg/L) and the degradation product

cis-1,2-dichloroethene (1.3 pg/L) at location 16SW/SD12.
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TABLE 3-1

SUMMARY OF CHEMICALS DETECTED, FIELD PARAMETERS,
AND MISCELLANEOUS PARAMETERS FOR SWMU 16 GROUNDWATER'
ROUNDS 1 THROUGH 4 - : :
UPPER PENNSYLVANIAN WATER BEARING ZON

NSWC CRANE
CRANE, INDIANA
PAGE 1 OF 3
SAMPLING LOCATION 16MWO02 16MW03 16MWT04
SAMPLING ROUND 1 2 3 3 9 7 2 3 3 5 7 2 3 4
DATE| 4/24/2003 | 10/26/2003 | 8/25/2004 | /42005 5/11/2003_|_11/8/2003 | _8/24/2004 | _2/5/2005 /2212003 | _11/8/2003_|_8/15/2004_|__2/5/2005
PARAMETERS :

' VOLATILES (UG/L) - . . ‘
CI51,2-DICHLOROETHENE 03__U] 03 U] 03 U] 03 U 04 05 06 03U 03 U] ©03__ U] 03 U] 03 U
ETHANE (UGIL) 0.062 0.078 [ 0005 U 0.013 0.008
ETHENE (UG/L) 0.018 0.005_U 0.026 0.027 0.014_J
TRICHLOROETHENE 03__U] 03 U] 03 _ U] 063 U 56 — 5 a3 5 22 3.9 5
VINYL CHLORIDE 03_U| 03 U] 03 U[ 03 U 03. U] 03 U[ 03 U[ 03 U 03 __U[ 03 U] 03 U]l 03 U
EXPLOSIVES (UG/L) T :
1,3,5-TRINITROBENZENE 021 U] 024 U] 027 U] 0278 U 045 U] 025 UJ] 0242 U] 0358 U 055 U] 0255 UJ] 027 U] 025 U
1,3 DINITROBENZENE 021 _U| 024 _U| 027 U] 0278 U "045__U| 025 _U| 0242 _U[ 0258 U[. 055 U] 0255 UJ] 027 _U| 025 U

{2,2.6,6 TETRANITRO4.4-AZOX 048 U 05 _ U 051 __U
2,4.6- TRINTROTOLUENE 021_U| o024 _U| 027 U| 0278 U 045___U| 025 UJ| 0242 U| 0258 U 055 U] 0255 UJ| 027 U] 025 U
2,4-DIAMINO-6-NITROTOLUENE 024 U 0278 _U 025 U 0258 U 0.255__ U 035 _U
2,4-DINITROTOLUENE 021 U] o024 _U| 027 U| 0278 U 045 __U| 025 _UJ| 0242 _U| 0258 U 055 __U| 0255 UJ| 027 U] 025 U
2,6-DIAMINO-4-NITROTOLUENE 024 U : 0278 U 025 U ‘ 0258 U 025 __ U T 035 U
2,6-DINITROTOLUENE 021 _U| 024 _U| 027 Ul 02/8 U 045 U] 025 UJ| 0242 _U| 0258 U[ 055 U] 0255 UJ| 027 U[ 035 U
2-AMINO-4,6-DINITROTOLUENE 021_U| 024 __U| 027 U] 0278 . U 048 J| 062 __J| 089 052 J]|. 055 __U| 047__J| 027 U] 03 __J
2-NITROTOLUENE 021__U| 024 __U| 027 U] 0278 U 045__U| 025 UJ| 0242 U| 0258 U 055 U] 0255 UJ| 027 U] 025 U
3,5-DINITROANILINE 024 U 0278 U 025 U 0258 U 0255 U 025 U
3-NITROTOLUENE 021__U| 024 __U| 027 U| 0278 U 045 U] 025 UJ] 0242 Ul 0268 U 055 _ U] 0255 UJ] 027 U] 025 U
4,4-TN-AZOXY 0555 U ‘ : " 0515 U : 05 U
3-AMINO-2,6-DINITROTOLUENE 021 _U| o024 _U| 027 U| 0278 U 086 _J| 11 1 7| oot 055__U] 1 ___J]| 056 0.75
4-NITROTOLUENE 021__U| _o02a__U| 027 _U| 0278 U 045 U] 025 UJ| 0242 U] 0268 U 055 U] 0265 UJ| 027 _U| 025 U
DNX 024 U 0278 U 025 U 0258 U - T o063 : 025 U
HMX 021 U] 024 __U| 027 U| 0278 U 57 75 6.1 57 78 21 86 8.2
MNX_ | 024 U ‘ 0278 U 0.82 036 J 141 12
NITROBENZENE 021 __U| o02a__U| 027 U] 0278 U 045 __U| 025 U| 0242 UJ| 0268 U 055 U| 0265 U| 027 UJ. 025 U
RDX 195Ul 024 __U| 027 ~ U| 0278 U 52 71 50 55 77 200 70 68

{TETRYL 021 U] 024 __U| 027 UJ] 0278 U 045 __U| 025 U| 0242 UJ] 0288. U 055 U] 0255 U] 027 U| 025 U
TN ' 024 U 0278__U 025 U 0258 U 0255 U 025 U
MISCELLANEOUS PARAMETERS , ‘

AMMONIA-N (MG/L) 0.04 0.02 .03 : )
CHLORIDE (MG/L) 14 2% 4 - 5 - 5 J - 10 )
NITRITE/NITRATE-N (MG/L) - 0020 U] 005 U 045 054 0.7 0.75 06 0.49 0.88
SULFATE (MGIL) 270 8700 - 170 150 70 32
TOTAL ORGANIC CARBON (MG/L) 17 14

FIELD PARAMETERS

ALKALINITY (MG/L) 300 0U 75

CARBON DIOXIDE (MG/L) 105 130. . 19

DISSOLVED OXYGEN (MG/L) 0.2 0.12 468 1 0.1 13.83 2 181 725
DISSOLVED OXYGEN - METER (MG/L) 064 6.3 : 163 0.74 : ‘ 5.41 0.89

HYDROGEN SULFIDE (H2S) (MG/L) 0 = 0 0

IRON(2) (MG/L) 33> 0.54 5.19;

MANGANESE (+2) (MG/L) 5 7 2.1 1

NITRITE-N (MG/L) , 0.003 - 0.007 B : 0.004

GXIDATION REDUCTION POTENTIAL (MV) | 7.1 0.8 124 282 154.2 350 4381 266 79.7 152 54 231
PH (S.U.) - 6.65 5.54 5.75 6.59 5.84 482 | 508 5 6.28 584 56 55
SPECIFIC CONDUCTANCE (MS/CW) 0.568 175 0.502 0479 " 0.483 0.355 0.43 0.323 0.225 0.582 0.232 0.18
SULFIDE (MG/L) 0 0.01 - . 0 .
TEMPERATURE (C) 118 15.27 17.04 13.04 14.17 13.62 18.66 1469 12.41 15.73 19.45 1509
TURBIDITY (NTU) 2.2 0.8 0 11 9.2 2.2 513 23

2.8 . 1.06 1 1556 7.9




TABLE 3-1

SUMMARY OF CHEMICALS DETECTED, FIELD PARAMETERS,

AND MISCELLANEOUS PARAMETERS FOR SWMU 16 GROUNDWATER

ROUNDS 1 THROUGH 4

UPPER PENNSYLVANIAN WATER BEARING ZONE
NSWC CRANE :

CRANE, INDIANA'

PAGE 2 OF 3
SAMPLING LOCATION ] 16MWTO06 16MWT09 16MWT10
SAMPLING ROUND 1 2 3 4 8 9 1 2 3 4 - 2 3 4
" DATE| 4/28/2003 { . 11/8/2003 8/24/2004 2/5/2005 j 11/22/2003 8/17/2004 2/6/2005 11/21/2003 | 8/17/2004 2/6/2005
PARAMETERS : i -
VOLATILES (UG/L) . . )
CIS-1,2-DICHLOROETHENE 600 4200 4100 5200 0.2 J 0.3 Ul 03 U 02 J[ 03 U 0.3 U
ETHANE (UG/L) 0 7.7 0 2.3 0.074 0.33 0 0.082
ETHENE (UG/L) 65 29 0.081 0.16 0.03
TRICHLOROETHENE 35000 250000 330000 440000 7.6 71 10 1.9 1.9 2.4
VINYL CHLORIDE 65 J 340 J 390 J 660 0.3 1] 0.3 u 0.3 U 03 U] 03 U 0.3 U
-EXPLOSIVES (UG/L) - .
1,3,5-TRINITROBENZENE 034 U] 0258 WJ 1.8 2 0272 U] 027 U] 024 U 0287 U] 027 U] 0255 U
1,3-DINITROBENZENE 034 U] o025 Ul o025 U] 024 U 0272 Ul 027 U] 024 U 0287 U} 027 U] 0255 U
2,2',6,6-TETRANITRO-4,4'-AZOX 0.5 U - 0543 U 0575 U
2,4,6-TRINITROTOLUENE 034 U| 025 Ul 48 6.0 0272 - U[ 027 Ul 024 U 0287 U| 027 - U] 0255 U
2,4-DIAMINO-6-NITROTOLUENE- 0.27 J 0.31 J 0272 U : 024 U 0287 U 0.255 U
2,4-DINITROTOLUENE 034 Ul 025 uUJ] o8 1.2 0272, U} 027 U] 024 U 0287 U] 027 U| 0255 U
2,6-DIAMINO-4-NIFTROTOLUENE 025 U 024 U 0272 U] - 024 U 0287 U 0255 U
2,6-DINITROTOLUENE 034 U| o025 W] 025 U] 092 J 0272 U}l 027 U] 024 U 0287 U] 027 U} 0255 U
2-AMINO~4,6-DINITROTOLUENE 034 U 4.2 J 29 J 34 0.31 JI 027 Ul 026 J 0287 U] 027 U] 0255 U
2-NITROTOLUENE 034 UJ 025 UJ| 025 U[ 024 UJ- 0272 U] 027 U] 024 U 0287 U] 027 Ul 0255 U
3,5-DINITROANILINE 025 U 024 U 0272 UJ 024 U 0287 U 0255 U
3-NITROTOLUENE 034 Ul 025 Wi 025 Ul 024 U 0272 U 1.5 J 1.8 J 0287 U[ 21 J 1.8 J
4,4-TN-AZOXY 048 U ' 048 U 0.51 U
4-AMINO-2,6-DINITROTOLUENE 034 U 1.5 14 . 18 -0.69 JT 027 U] o61. J 0287 Ul 027 Ul o042  JL
4-NITROTOLUENE 034 Ul 025 W o025 Ul 024 U 0272 U| 027 U] 024 U 0287 U} 027 U| 0255 U
DNX 0.3 U 0.2 U 0272 U’ 024 U 0287 U 0255 U
HMX 034 U] o027 J 093  J} o072 U 11 8.1 9.3 6.7 5.2 5.1
MNX 025 U[ . 024 U 1.1 043 J [ 05. J 0.3 J
NITROBENZENE 034 Ul o025 Ul 025 Ul 024 U 0272 U} 027 U] o024 U 0287 U| 027 U| 0255 U
RDX - 4 1.8 8.8 73 i 110 79 92 55 55 50
TETRYL 034 U] 025 U[ o025 uJ 024 U 0272 U] 027 U] 024. U 0287 U] 027 U|[ 0255 U
TNX 025 U 024 U 0272 U 024 U 0287 U " 0255 U
MISCELLANEOUS PARAMETERS . - .
AMMONIA-N (MG/L) 0.57
CHLORIDE (MG/L) 47 B 54 J 14 u 13 J 8 J 9 J
NITRITE/NITRATE-N (MG/L) 0.5 0025 U 0025 U 0.05 U 0.56 027 J 0.72
- [SULFATE (MG/L) 520 480 210 1] 290 980 J 1100
TOTAL ORGANIC CARBON (MG/L) N :
‘FIELD PARAMETERS
ALKALINITY (MG/L) 200 - 10 U
CARBON DIOXIDE (MG/L) 40 280 ]
|DISSOLVED OXYGEN (MG/L) 1.5 0.39 2.64 ; 0.37 1.41 0.35 0.14 7.4
DISSOLVED OXYGEN - METER (MG/L) - 0.48 1.67 - 2.33 : i 1.28
HYDROGEN SULFIDE (H2S) (MG/L) 0 0
JRON(+2) (MG/L) s 0.03 33>
MANGANESE(+2) (MG/L) 3.8 22>
NITRITE-N (MG/L) . . 0.016 0.002
OXIDATION REDUCTION POTENTIAL (MV)| -106 188.6 402 14.5 329.8 199.7 169.4° 328.9 501.2 315.2
PH(S.U) 7.7 6.49 4.69 5.96 4.1 47 . 4.82 3.72 3.21 3.31
SPECIFIC CONDUCTANCE (MS/CM) 0.516 1.216 1.219 0.889 "0.502 0.937 _ 0.456 1.178 1.284 1.168
SULFIDE (MG/L) : 0.07 - 0.02 . ’
TEMPERATURE (C) 15 14.55 18.77 15,57 16.56 19.68. 12.18 14.77 16.75 14.1
8.8. 1.99 29. 17.9 4.82 2.32 0 5.56 - 6.31 43

TURBIDITY (NTU)




TABLE 3-1

SUMMARY OF CHEMICALS DETECTED, FIELD PARAMETERS,
AND MISCELLANEOUS PARAMETERS FOR SWMU 16 GROUNDWATER
- ROUNDS 1 THROUGH 4
UPPER PENNSYLVANIAN WATER BEARING ZONE

NSWC CRANE
CRANE, INDIANA
PAGE 3 OF 3
SAMPLING LOCATION 16MWT13 ) - 16MWT17 :
SAMPLING ROUND 1 2 3 4 5 6 7 8 9 1. 2 3 4 5 6 7 8 9
DATE 11/22/2003 | 8/18/2004 2/5/2005 12/5/2003 8/25/2004 2/5/2005

PARAMETERS )

VOLATILES (UG/L) .

CIS-1,2-DICHLOROETHENE 280 140 82 . i 210 290 310

ETHANE (UG/L) 0.45 . 0.065 i j ] - 0.6

ETHENE (UG/L) 0.67 » 0.035 0.17
TRICHLOROETHENE 62000 28000 1900 - 11000 19000 "18000 - -
VINYL CHLORIDE 30 1] 03 Ul 03 U . 21 60 U 38
EXPLOSIVES (UG/L) '

1,3,5-TRINITROBENZENE 0275 U[ 0271 U] 0264 U 0269 - U] 027 U] o024 U
1,3-DINITROBENZENE _ 0275 U| 0271 U| 0264 U 0269 Ul 027 U] 024 U
2,2',6,6-TETRANITRO-4,4'-AZOX 0549 U 0.538 U E ‘
2,4,6-TRINITROTOLUENE . 0275 U| 0271 Ul 0264 U 0269 U| 027 U] 024 U
" [2,4-DIAMINO-6-NITROTOLUENE - 0275 U 0264 U 0269 U 024 U
2,4-DINITROTOLUENE 0275 U| 0271 U| 0264 U 0269 U| 027 U[ 024 U
2,6-DIAMINO-4-NITROTOLUENE 0275 UJ 0.264 U 0269 U 0.24 1]
2,6-DINITROTOLUENE 0275 U] 0271 Ul 0264 U 0269 U| 027 U] o024 1]
2-AMINO-4,6-DINITROTOLUENE 0275 U[ 70271 - U] 0264 U 0269 U} 027 U| 024 U
2-NITROTOLUENE 0275 U} 0271 U] 0264 U 0269 U] 027 U] o024 U
3,5-DINITROANILINE 0275 U 0264 U 0269 U . 024 U
3-NITROTOLUENE 0275 U| 0271 Ul 0264 U 0269 U| 027 U] 024 U
4,4-TN-AZOXY 0528 U 048 U
4-AMINO-2,6-DINITROTOLUENE 0275 U[| 0271 U| 0264 U 0269 U} 027 U| 024 U
4-NITROTOLUENE 0275 U| 0271 U| 0264 U 0269 UJ] 027 U] o024 1]

IDNX 0275 U 0264 U 0.269 U 024 U

HMX 0275 U] 0271 U] 0264 U 043 J| 027 U] 024 U

MNX 0275 U 0264 U 0269 U 024 U
NITROBENZENE 0275 U| 0271 U] 0264 U 0269 Ul 027 U] 024 U

RDX 6.7 - 1.1 0264 U 4.3 5.2 4.9

TETRYL 0275 Ul 0271 U[-.0264 U 0269 U| 027 UWI o024 U

TNX ] 0275 U 0264 U 0.269 U 024 U
MISCELLANEOUS PARAMETERS . '

AMMONIA-N (MG/L) 4

CHLORIDE (MG/L) 17 ul 21 J ] 120 - 110~ J
NITRITE/NITRATE-N (MG/L) 0.19 J 0025 U] s 0.05  UJ , 0025 U
SULFATE (MG/L) - 180 u . 50 - 150 . 190

TOTAL ORGANIC CARBON (MG/L) ' - ' -

FIELD PARAMETERS

ALKALINITY (MGIL) 10 U

CARBON DIOXIDE (MG/L) 140 , . , . -

DISSOLVED OXYGEN (MG/L) 6 -0.08 3.22 . 0.18 0.89

DISSOLVED OXYGEN -METER (MG/L) 7.27 B - 0.63

HYDROGEN SULFIDE (H2S) (MG/L) 0 : -

IRON(+2) (MG/L) 33> v -

MANGANESE(+2) (MG/L) 4.1 ' ' . |
NITRITE-N (MG/L) : 0.008 - - i ] :
OXIDATION REDUCTION POTENTIAL (MV) 264.8 | 541 12 : 111.5 274.3 100.9

PH(S.U) 472 5.42 5.99 - i : 5.58 4.59 517

SPECIFIC CONDUCTANCE (MS/CM) 0.433 042 | 0299 j . 0.649 0786 .| 0595

SULFIDE (MG/L) 0.02 . g ] i - - i J -
TEMPERATURE (C) 21.88 | 18.44 13.12 - 11.63 18.56 13.97

TURBIDITY (NTU) 8.67 105 380 - 5,92 9.1 | 327

A blank cell indicates that no sample was collected or-analysis was conducted for the parameter.

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific detection I:mn) noted. Non-detected results from the Iaboratory are reponed in this manner. This
qualifier is also added to a positive result (reported by the laboratory) if the detected concentration is determined to be attributable to contamination introduced during field sampling or laboratory analysis.
UJ ~ Indicates that the chemical was not detected; however, the detection limit (sample-specific detection limit) is considered to be estimated based on problems encountered during laboratory analysis.

The associated numerical detection limit is regarded as inaccurate or imprecise.
UR - Indicates that the chemical-may or may not be present. The non-detected analytical result reponed by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of

-gross technical deficiencies (i.e., holding times missed by a factor of two times the specified time Yimit, severe calibration non-compliances, and extremely low analyte recoveries).

J — Indicates that the chemical was detected; however, the associated numerical result is not a precise representation of the concentration that is actually present in the sample. The laboratory reported
concentration is considered to be an estimate of the true concentration. .




TABLE 3-2.

DESCRIPTIVE STATISTICS FOR .
"ROUND 4 UPGRADIENT GROUNDWATER SAMPLES FROM UPPER PENNSYLVANIAN ZONE
SWMU 16 (CAST HIGH EXPLOSIVES FILL/B-146 INCINERATOR)

-NSWC CRANE
CRANE, INDIANA

Freduency of

Minimum Maximum' Range of Mean " - Average of Positive | Sample of Maximum
Parameter Detection Concentration | Concentration Nondetects Concentration " Detects Detect
Volatile Orgamcs (ug/L) : : S
ETHANE 1/1 0.078. 0.078 0.0780 0.0780 16GW0205
METHANE 11 .72 72 72.0 72.0 16GW0205
Field Parameters ) . ) )
DISSOLVED OXYGEN (mg/L) 1/1 4.68- .4.68 4.68 4.68 © 16GW0205
OXIDATION REDUCTION POTENTIAL (MV) 1/1 28.2 28.2 28.2 28.2 16GW0205
PH (S.U.) - 11 6.59 6.59 6.59 6.59 16GW0205
SPECIFIC CONDUCTANCE (MS/CM) 1/1 0.479 . 0.479 '0.479 0.479 16GW0205
TEMPERATURE (C) 11 13.04 13.04 13.0 13.0 16GW0205
TURBIDITY (NTU) 1/1 1.1 1.1 1.10 1.10 16GW0205
Miscellaneous Parameters (mg/L) .
CHLORIDE 1/1 25 J 25 J 25.0 25.0 16GW0205
NITRITE/NITRATE-N 1/1 0.45 0.45 . 0.450 0.450 16GW0205
SULFATE 1/1 8700 8700 8700 8700 16GW0205




TABLE 33

DESCRIPTIVE STATISTICS FOR
ROUND 4 DOWNGRADIENT GROUNDWATER SAMPLES FROM UPPER PENNSYLVANIAN ZONE
SWMU 16(CAST HIGH EXPLOSIVES FILL/B-146 INCINERATOR)

NSWC CRANE

‘CRANE, INDIANA

Frequency of Minimum Maximum Range of Mean Average of Positive Sample of Maximum
- |Parameter : Detection Concentration |- Concentration | Nondetects Concentration Detects ) Detect
Volatife Organics (ug/L) : : -
1,1,2,2-TETRACHLOROETHANE 1/7 3.9 3.9 0.3 0.686 3.90 16GWT0605
1,1,2-TRICHLOROETHANE . 3/7 2.1 250 0.3 42.4 98.7 16GWT0605
1,1-DICHLOROETHENE 277 8.1 140 0.3 21.3 741 16GWT0605
2-HEXANONE - 17 1.8J 18J - 0.5 0.471 1.80 16GWT0605
4-METHYL-2-PENTANONE 1/7 36 36 0.5 5.36 36.0 16GW.T0605
ACETONE 27 7.6 33 0.5 5.98 20.3 16GWT0605
BENZENE .27 1.3 4.6 0.3 0.950 2.95 16GWT0605
CARBON DISULFIDE . 1/7 25" 2.5 0.3 0.486 2.50 16GWT0605
. [CARBON TETRACHLORIDE 2/7 2.4 17 0.3 2.88 . 9.70 16GW0304
CHLOROFORM 5/7 0.6 J 20 0.3 4.61 6.40 16GWT0605
CIS-1,2-DICHLOROETHENE - 37 8.2 5200 0.3 788 1839 16GWTO0605
ETHANE 67 0.0088 J 2.3 0.005 0.447 0.522 16GWT0605
ETHENE 7/7 0.014 J 29 - 4.19 4.19 - 16GWT0605
ETHYLBENZENE 117 4.4 4.4 0.3 0.757 - 4.40 _16GWT0605
METHANE 7/7 0.87 440 - 87.4 87.4 16GWTO0605
TETRACHLOROETHENE 2/7 3.4 - 190 0.3 . 277 96.7 16GWTO0605
TOLUENE 217 0.54J 310 0.3 44.5 155 16GWTO0605
TOTAL XYLENES 1/7 6.7 6.7 0.3 1.09 . 6.70 16GWTO0605
TRANS-1,2- DICHLOROETHENE 27 5.8 21 0.3 3.94 13.4 16GWT0605
TRICHLOROETHENE : 7/7 2.4 440000 65703 65703 16GWTO0605
VINYL CHLORIDE 217 3.8 660 0.3 94.9 332 16GWT0605
Energetics (ug/L) . :
1,3,5-TRINITROBENZENE 17 2 2 .0.24 - 0.264 0.393 2.00 ° 16GWT0605
2,4,6-TRINITROTOLUENE 1/7 6.2 6.2 0.24 - 0.264 0.993 6.20 16GWT0605
2,4-DIAMINO-6-NITROTOLUENE 177 0.3t J 0.31J 0.24 - 0.264 0.152 . 0.310 16GWT0605
2,4-DINITROTOLUENE 1/7 1.2 1.2 0.24 - 0.264 0.279 1.20 16GWTO0605
2,6-DINITROTOLUENE 17 0.92 J 0.92 J 0.24 - 0.264 0.239 0.920 16GWT0605
2-AMINO-4,6-DINITROTOLUENE a7 0.26 J 34 0.24 - 0.264 5.07 8.77 16GWTO0605 .
. |3-NITROTOLUENE ° 2/7 _1.8J 1.8J 0.24 - 0.264 0.604 1.80 16GWT1003, 16GWT0903
4-AMINO-2,6- DINITROTOLUENE 5/7 042°J 18 . 0.24-0.264 . 2.99 4.14 16GWT0605
© [HMX 5/7 072 J 9.3 0.24 - 0.264 . 4.18 5.80 16GWT0903
MNX. 4/7 0.3J 1.2 0.24 - 0.264 0.380 0.573 16GWT0404
RDX 6/7 4.9 ‘92 - 0.264 39.6 - 46.2 16GWT0903
Field Parameters : - )
DISSOLVED OXYGEN (mg/L) 7/7 0.89 13.83 5.20 5.20 16GW0304
OXIDATION F(EDUCTION POTENTIAL (MV) 77 12 315.2 158 158 16GWT1003
PH (S:.U) _ 77 3.31 5.99 5.11 511 16GWT 1303
SPECIFIC CONDUCTANCE (MS/CM) 77 0.18 1.168 - 0.559 0.559 16GWT 1003
TEMPERATURE (C) yid - 12.18 15.57 14.1 14.1 16GWT0605
TURBIDITY (NTU) 717 - 0 - 380 59.4 59.4 16GWT 1303
Miscellaneous Parameters (mglL) . ) :
CHLORIDE . 7/7 5J 110J == 31.9 31.9 . 16GWT1703
NITRITE/NITRATE-N 4/7 0.56 0.88 0.025 0.421 0.728 16GWT0404
SULFATE yird 32 1100 327 327 . 16GWT 1003




TABLE 3-4

SUMMARY OF CHEMICALS DETECTED, FIELD PARAMETERS,
AND MISCELLANEOUS PARAMETERS FOR SWMU 16 GROUNDWATER ROUNDS 1 THROUGH 4°
MIDDLE PENNSYLVANIAN WATER BEARING ZONE
' NSWC CRANE
CRANE, INDIANA

SAMPLING LOCATION] 16MWO04 | ‘ 16MWT12
SAMPLING ROUND|[ _ 1 . 2 3 4 | 5 6 7 8 9 1 2 3 4 5 6 7 8
, DATE|[ 4/23/03 | 10/26/03| 8/25/04 | 2/6/05 . - 11/21/03 | _8/24/2004 2/6/2005 -

 PARAMETERS ' ' T '
VOLATILES (UG/L) . _ - : _
'[C1S-1,2-DICHLOROETHENE 03 J |03 UJ03 UJ 03 U : 03 JU] 03 JU[ 03 Jul
ETHANE (UG/L) _ B 0.005 U - 0.37 | J ' 017
ETHENE (UG/L) - ~10.005 U ' . 0.031 [ J 0.12
TRICHLOROETHENE 05 J |03 UJ07 J | 1.4 - T 03 |U[ 03 |U 0.5 J
VINYL CHLORIDE B T03 UJ03 U[03 UJ| 03 U T P 03 JU|] 03 |U 0.3 U
MISCELLANEOUS PARAMETERS v -
AMMONIA-N (MG/L) 0.08 - , E .
CHLORIDE (MG/L) HER 15 J , . 15| U 15 J
NITRITE/NITRATE-N (MG/L) 0.02 U | 0.05 U 10.025 U : T . 0.025 | U 0.025 | U
SULFATE (MG/L) . 430 660 . : ‘ 260 | J 1300
TOTAL ORGANIC CARBON (MG/L) ' ' ‘ ' A -
FIELD PARAMETERS _ . . - ,
ALKALINITY (MG/L) N . : _ : 10 | U
CARBON DIOXIDE (MG/L) - - 260 -
DISSOLVED OXYGEN (MG/L) . 5.79 ' 0.1 3.66 T 4.22
DISSOLVED OXYGEN - METER (MG/L| 0.29 0.54. ' - 0.64 -
HYDROGEN SULFIDE (H2S) (MG/L) K T ' 0
[IRON(z2) (MG/L) : ' - E : . 3.3>
MANGANESE(+2) (MG/L) ‘ . - : : " 9.4
NITRITE-N (MG/L) EDE 0 | .
OXIDATION REDUCTION POTENTIAL| 207 | 329 124 319 . 306.8 220.7 134.6
PH (S.U) - 3.68 3.65 | 4.1 45 _ 4.27 464 | _ 4.89
SPECIFIC CONDUCGTANCE (MS/CM) | 0.72 0.74 0.84 0.672 . [ 0.795 ~ 2.785 ~1.898
SULFIDE (MG/L) 1T y T 0.01 E .
TEMPERATURE (C) T 13.3 13.2 15 12.87 16.04 | 17.81 12.28
TURBIDITY (NTU) 05  |013 8.9 0.05 . I EEE 763 | 1.7

L

A blank cell indicates that no sample was collected or analy3|s was conducted for the parameter. .
— Indicates that the chemical was not detected at the numerical detection limit (sample-specific detection limit) noted: Non-detected results from the laboratory are reported in this manner. Thls quahfner is also added -

o to a positive result (reported by the laboratory) if the detected concentration is determined to be attributable to contamination introduced during field sampling or laboratory analysis.

UJ — Indicates that the chemical was not detected; however, the detection limit (sample-specific detection limit) is considered to be est:mated based on problems encountered during Iaboratory analysis. The assomated
numerical detection limit is regarded as inaccurate or imprecise.

UR - Indicates that the chemical may or may not be present. The non- detected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross
technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe calibration non-compliances, and extremely low analyte recoveries).

J - Indicates.that the chemical was detected; however, the associated numerical result is not a precise representatlon of the concentration that is actually present in the sample The laboratory reported concentration is
considered to be an estimate of the true concentration.




TABLE 3-5

DESCRIPTIVE STATISTICS FOR
ROUND 4 GROUNDWATER SAMPLES FROM MIDDLE PENNSYLVANIAN ZONE
SWMU 16 (CAST HIGH EXPLOSIVES FILL/B-146 INCINERATOR)

NSWC CRANE
CRANE, INDIANA

Mean

Average of Positive

Sample of Maximum

Frequency of Minimum -Maximum Range of
Parameter Detection ‘Concentration | Concentration Nondetects Concentration Detects Detect
“ Volatile Organics (ug/L) ) - ]
ETHANE 1/2 0.17 0.17 0.005 0.0863 0.170 - 16GWT1203
ETHENE 1/2 0.12 0.12 0.005 0.0613 0.120 16GWT1203
METHANE 2/2 1.1 1.6 1.35 - 1.35 16GWT1203
THICHLOROETHENE 2/2 05J 1.4 0.950 .0.950 16GW0404
Energetics (ug/L) : i : .
[RDX 1/2 0.58. 0.58 { 0.26 . 0.355 0.580 16GW0404 ]
" Field Parameters i
DISSOLVED OXYGEN (mg/L) 2/2 4.22 5.79 5.01. 5.01 16GW0404
OXIDATION REDUCTION POTENTIAL (MV) 2/2 134.6 319 - 227 227 16GW0404
PH (S.U) 2/2 4.5 4.89 4.70 4.70 16GWT1203
SPECIFIC CONDUCTANCE (MS/CM) 2/2 0.672 1.898 1.29 1.29 16GWT1203
TEMPERATURE (C) 2/2 12.28 12.87 _12.6 12.6 16GW0404
TURBIDITY (NTU) 2/2 0.05 1.7 - 0.875 0.875 16GWT1203
Miscellaneous Parameters (mglL) '
CHLORIDE 2/2 15 J 15 J 15.0 15.0 16GW0404, 16GWT1203
- |[SULFATE: 2/2 660 1300 980 980 16GWT1203




TABLE 3-6

SUMMARY OF CHEMICALS DETECTED, FIELD PARAMETERS,
AND MISCELLANEOUS PARAMETERS FOR SWMU 16 GROUNDWATER
ROUNDS 1 THROUGH 4
LOWER PENNSYLVANIAN WATER BEARING ZONE

’ - NSWC CRANE
CRANE, INDIANA

SAMPLING LOCATION - : ) 16MWT11 . : ) 16MWT15

SAMPLING ROUND[ 1 2 3 3 5 | 6 7 8 e | 1 _ 2 3 4 5 6 7 8 9
DATE 12/6/03 | 8/25/04 | _ 2/4/05 ' 12/6/03 | 8/17/04 | 2/5/05 < ‘

PARAMETERS . ~
VOLATILES (UG/L) .- .
Figure 4-7 . - « 03 UJ]G3 U] 03 .U ~ 03U Jo3U U] 03 U
ETHANE (UGIL) - 0.34 - j 1 25
ETHENE (UG/L) ' . 0.75 ' - - 0.22 0.26
TRICHLOROETHENE ~ 03 UJo03 U] 03 U : 03 U] 03 Ul 06 - J
VINYL CHLORIDE ' 103 UJos U] 03 U . - 03 U] 03 U] 03 U
MISCELLANEOUS PARAMETERS ; . ‘
AMMONIA-N (MG/L]
[CHLORIDE (MG/L) ' 5 a__- 3 J
NITRITE/NITRATE N (MG/L) 0.025__U : 0.05_UJ 0.025__U
SULFATE (MGIL) - ' 3 ’ — | 8 N 05 U
TOTAL ORGANIC GARBON ('\M ) . ; . 2.6
FIELD PARAMETERS - - -
ALKALINITY (MGIL) ___ . 250
CARBON DIOXIDE (MG/L) ' : A _ 10_U
DISSOLVED OXYGEN (MG/L) » 087 | 9.72 ' ~ 35 1.77 1.36
DISSOLVED OXYGEN - METER (MG/L 451 ' ' 2.57
HYDROGEN SULFIDE (H2S) (MG/L) - ' ' [ o
IRON{+2) (MG/L) A ‘ 0
MANGANESE(+2) (MG/L) - ' - 03
NITRITE-N (MG/L) ~ ’ : 0.007 ,
OXIDATION REDUGTION POTENTIAL (MV) 188 95 -43.9 _ 1741 | 143 217
PH (S.U) 735 - | 547 5.9 - 799 | 6.15 7.43
SPECIFIC CONDUCTANCE (MS/CM] 0.256 1.004 0.756 0.392__[0411 | 0.354
SULFIDE (MG/L) ‘ - : ‘ 0.01
TEMPERATURE (O} 7.59 24.93 11.82 § 1278 |15.85 13.89
TURBIDITY (NTU)- . 1 650 4.7 28 | 225 2 0.6

A blank cell indicates that no sample was collected or analysis was conducted for the parameter.

U Indicates that the chemical was not detected at the numerical detection limit (sample-specific detection fimit) noted. ,
~ Indicates that the chemical was detected; however, the associated numerical result'is not a precise representatlon of the concentration that is actually present in the sample. The laboratory reported concentration is_.

con5|dered to be an estimate of the true concentration. .




.. TABLE 3-7

. DESCRIPTIVE STATISTICS FOR
ROUND 4 GROUNDWATEH SAMPLES FROM PENNSYLVANIAN LOWER ZONE
* SWMU 16 (CAST HIGH EXPLOSIVES FILL/B-146 INCINERATOR)
NSWC CRANE
CRANE, INDIANA

Frequency of Minimum Maximum Range of Mean Average of Positive [Sample of Maximum

Parameter ] Detection Concentration | Concentration | Nondetects | Concentration Detects . Detect
Volatile Organics (uglL) : ) ) ) - ] - :
ETHANE 2/2 0.34 ) 2.5 - 1.42 1.42 16GWT1503
ETHENE ) 2/2 0.075 . 0.26 0.168 0.168 ~ 16GWT1503
METHANE 2/2 - - 540 9400 . [ oe- 4970 - 4970 16GWT1503
TRICHLOROETHENE . ] 1/2 - 0.6 J 0.6 J : 0.3. 0.375. 0.600 16GWT1503 .
Field Parameters- ) . o :
DISSOLVED OXYGEN (mg/L) . 2/2 1.36 9.72 ) .- - 554 5.54 16GWT1103
OXIDAT|ON REDUCTION POTENTIAL (MV) 2/2 -43.9 - 217 -32.8 -32.8 . 16GWT1503
H (S.U.) ) ) 22 6.98 7.43 7.21 7.21 16GWT1503 -
SPECIFIC CONDUCTANCE (MS/CM) C 2/2 0.354 0.756 ) 0.555 0.555 16GWT1103
TEMPERATURE (C) ) 2/2 . -11.82 - 13.89 12.9 . 12.9 16GWT1503
TURBIDITY (NTU) . 2/2 0.6 2.8 ' .- . 1.70 1.70 - 16GWT1103
-Miscellaneous Parameters (mg/L) . . b
CHLORIDE 2/2 3J : 5 . 4.00 . 4.00 16GWT1103
SULFATE” . 1/2 4 -4 0.5 2.13 -4.00 - s 16GWT1103



TABLE 3-8

SUMMARY OF CHEMICALS DETECTED, FIELD PARAMETERS,
AND MISCELLANEOUS PARAMETERS FOR SWMU 16 SURFACE WATER
ROUNDS 1 THROUGH 4
NSWC CRANE
CRANE, INDIANA

SAMPLING LOCATION -~ 16SW/SD10 - 16SW/SD12 . . ' 16SW/SD13 ] 16SW/SD30

SAMPLING ROUND 1 2 3 T a 1 L 2 3 a 1 2 3 2 1 2 | 3 a

DATE 11/13/04 2/3/05 _ 10/25/03 11/2/04 2/3/05 10/25/03 11/2/04 2/3/05 10/26/04 2/3/05
PARAMETER ' . ' ‘
VOLATILES (UG/L) : ' - ‘
C15-1,2-DICHLOROETHENE ' ' ‘ 03 U 1.4 0.3 U 1.3 [ 03 U] 03 U 03 U ' ' 03 U] 03 JU
ETHANE (UG/L) ' T - '
ETHENE (UG/L). _ , , . i .
TRICHLOROETHENE 03 U 15 5.6 20 1 03 U|] 03 U 03 U 03 U] 03 U
VINYL CHLORIDE . ‘ - 03 U 0.3 U 03 U 0.3 U 03 U| 03 U 03 - U] 0 0 03 U| 03 U

MISCELLANEOUS PARAMETERS
AMMONIA-N (MG/L)

CHLORIDE (MG/L) . : - —
NITRITE/NITRATE-N (MG/L) - . ‘ 0.11 0.43 0.27 0.55
SULFATE (MG/L) ' ’
TOTAL ORGANIC CARBON (MG/L)
FIELD PARAMETERS
ALKALINITY (MG/L)

CARBON DIOXIDE (MG/L) . _ < 1~ - : T ,
DISSOLVED OXYGEN (MG/L) ' ~ 6.02 895 | | 538 10.07 ~ 918 10.93. , ' 8.9 - 11.15
DISSOLVED OXYGEN - METER (MG/L) 6 - | 294 ' I

HYDROGEN SULFIDE (H2S) (MG/L) ' ' :

IRON(+2) (MG/L)
MANGANESE (+2) (MG/L)
NITRITE-N (MG/L) NE i : ) )
OXIDATION REDUCTION POTENTIAL (MV) 120 218- ~ 1954 514 218 . " 68.3 49.4 203 |_536 188

PH (S.U) ) -] 7.26 3.65 7.21 7.16 3.75 - 6.4 7.64 3.83 . 7.37 4.16
SPECIFIC CONDUCTANCE. (MS/CM) : 0.066 0126 ’ 0.204 0.1 0.164 : 0.168 0.84 0.175 - 0.159 - 0.14
SULFIDE (MG/L) . ) .
TEMPERATURE (C) . 10.74 . 544 13.24 16.24 5.95 ) 13.68 ' 16.03 5.25 ' "13.28 3.12-
TURBIDITY (NTU) ) ) : 46.7 6.9 4.06 384 3 ) 15.9 _22.8 2.2 ) ) 9.49 3.1

A blank cell indicates that no sample was collected or analysis was conducted for the parameter. : :
U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific detection limit) noted. Non-detected results from the laboratory are reported in this manner. This qualifier is also added to a positive result (reported by the Iaboratory) if the detected concentration |s
UJ —Indicates that the chemical was not detected; however, the detection limit (sample specific detection limit) is considered to be estimated based on problems encountered dunng Iaboratory analysns The associated numerical detection limit is regarded as inaccurate or imprecise.

UR - Indicates that.the chemical may or may not be present. The non-detected analytical result reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross technical deficiencies (i.e., holdlng times missed by a factor of two times the specified time -
. limit, severe calibration non-compliances, and extremely low-analyte recoveries).

J = Indicates that the chemical was detected; however, the associated numerical result is not a precise representation of the concentration that is actually present in the sample The laboratory reported concentration is consndered to be an estimate of the true concentratlon




TABLE 3-9

DESCRIPTIVE STATISTICS FOR
. ROUND 4 SURFACE WATER SAMPLES
SWMU 16 (CAST HIGH EXPLOSIVES FILL/B-146 INCINERATOR)

NSWC CRANE
CRANE, INDIANA
Frequency of Minimum " Maximum Range of Mean Average of Positive | Sample of Maximum
Parameter . “Detection Concentration | Concentration | Nondetects Concentration Detects Detect
Volatile Organics (ug/L) - : - ] - ) . : ]
CiS-1,2-DICHLOROETHENE 1/4 . . 1.3 1.3 0.3 © 0.438 1.30 16SW1203
TRICHLOROETHENE 1/4 20 20 0.3 5.11 20.0 16SW1203
Energetics (ug/L) .
4-AMINO-2,6-DINITROTOLUENE .1/4 0.44 J 0.44 J 0.24 - 0.242 0.200 0.440 16SW3002
HMX “1/4 3.6 3.6 - 0.24 - 0.242 0.990 3.60 16SW3002
RDX ) 1/4 14 14 0.24 - 0.242 3.59 14.0 . 16SW3002
Field Parameters- : '
DISSOLVED OXYGEN (mg/L) 4/4 8.95 11.15 . -10.3 10.3 16SW3002
- [OXIDATION REDUCTION POTENTIAL (MV) ‘4/4 188 . 218 207 207 16SW 1002, 16SW1203
PH (S.U.) ) 4/4 3.65 4:16 - 3.85 3.85 ~ 168W3002
SPECIFIC CONDUCTANCE (MS/CM) 4/4 -0.126 - 0.175 . 0.151 0.151 16SW1303
TEMPERATURE (C) . 4/4 3.12 5.95 4.94 4.94 168W1203
4/4 2.2 6.9 3.80 3.80 16SW1002

TURBIDITY (NTU)
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4.0 DATA EVALUATION

Section 4 presents groundwater and surface monitoring data for Rounds 1 through 4. The information
presented includes p'otentiometric surface contours and temporal plots for each groundwater and surface
sampling location included in the SWMU 16 long term monitoring program. The objective of the long term .
monitoring program at SWMU 16 is to collect enough monitoring data (up to nine rounds) to determine
whether residual explosives are naturally degrading and to provide data for making remvedy decisions for
residual explosives and VOC contamination to complete the CMS.

The information being provided in this monitoring program fulfills the requirements established by the U.S.
EPA Region 5 as described in the document entitied “Region 5 Framework for Monitored Natural
Attenuation Decisions for Groundwater” (U.S. EPA 2000). The framework summarizes the current state-
of-the-science and U.S. EPA policy on the use of MNA. The framework also provides technical direction

for the collection of specific primary and secondary monitoring information to demonstrate a net loss of

~ contaminants and processes responsible for the loss.

The primary MNA monitoring information requirements are identified below in bold type along with
supporting information being provided by the SWMU 16 long term monitoring prograrh:

« Monitoring data should include analytical resuits for the contaminants of concern and their
degradation products from nine or more rounds of samples collected under non-pumping
conditions over a period of three to five years. The SWMU 16 fong term monitoring program is
providing analytical results for select explosives and VOCs. RDX is considered to be the principai
explc;sive chemical of concern because it is a site-related contaminant and it has been detected more
frequently and at higher concentrations that any other explosive at SWMU 16;. Degradation products
of RDX are DNX, MNX', and TNX. For reasons similar to RDX, TCE is considered to be the primary -
VOC of concern and has the degradation products cis-1,2-dichloroethene, vinyl chloride, ethene, and
ethane. The long-term monitoring program. is scheduled to include nine rounds of sampling, under
non-pumping conditions, to provide information on trends in groundwater concentrations of explosives
and explosives degradation productions. To date, four rounds of groundwater sampling events have
been cond.uct'ed: Round 1 (February through May 2003); Round 2 (October 2003 through January
2004); Round 3 (July through November 2004) and Round 4 (February 2005). The remaining five
rounds of sampling are expected to be compieted in 2005 and 2006, which covers a monitoring

period of approximately three years.

110516/P 4 ‘ CTO 0343



SWMU 16

Draft MNA Report
Revision: 0

_Date: November 2005
Section: 4

Page 20f 9

+ There should be at least two years of quarterly sampling to evaluate seasonal effects on the
contaminant concentrations. At the completion of the ninth round of sampling at SWMU 16,

quarterly monitoring will have been conducted for approximately 2 years.

¢ The data should be collected from appropriately Iocated..samp!ing points, including within the

" source area, within the center of the plume and at the leading edges of the plume. The SWMU

16 long term monitoring program includes 12 wells. The location of each well relative to the

contamination plume is discussed in Section 4.1 below.

e Samples should be collected from points Idcated vertically (above and below) and horizontally
(upgradient and downgradient) outside the area of groundwater contamination. The long term
monitoring. program includes monitoring wells located in three (Upper, Middle, and Lower
Pennsylvania) water bearing zones to evaluate if contamination is migrating from the upper aquifer to
the lower aquifers. In addition, the monitoring program includes monitoring wells positioned
upgradient and downgradient of the sdurce area, within the source plume and along the outside area
of the groundwater contamination. Explosives contamination has been detected in the Upper and
Middle Pennsylvania water bearing zones, but not in the Lower Pennsylvania water bearlng zone.

VOCs have been detected in the all three water bearing zones.

e The most recent analytical data on groi.mdwater should be no more than two years old at the
time of evaluation. The ninth round of sampling is expected to be completed in August 2006. A
final report evaluating the MNA program thrdugh nine rounds of sampling is expected to be issued in

the fall of 2006. As a result, the most recent analytical data will be no more than two years old.

. Démonstration_ of’ a trend of decreasing contamination concentration must be clear and
meaningful and be based on statistical tests which indicate a high degree .of confidence in the
apparent trend line. The SWMU 16 MNA report for nine rounds of sampling will include temporal
plots of RDX and TCE, and their associated degradation by- product concentrations. A statistical

' ~ summary of analyhcal data will be included for each round of sampling and in the final report.

« . Additional rounds of samples, beyorid nine rounds, may be required to demonstrate the

decreasing trend. SWMU 16 MNA'monitoring data will be év_aluated after nine rounds and a

decision will be made if additional data is needed.

The secondary MNA monitoring information reqUirements are identified below in bold type along with

supporting information being provided by the SWMU 16 long term monitoring program:

110516/P 4-2 - CTO 0343



SWMU 16

Draft MNA Report
Revision: 0

Date: November 2005
‘ Section: 4
Page 30f 9

The monitoring data Should be collected from appropriate locations that are distributed both
vertically and horizontally throughout the plume. As stated previously, explosives contamination
has been detected in the upper and middle Pennsylvania water beéring zones, but not the lower
Pennsylvania aquifer and VOCs have been detected in all 3 water bearing zones. The long term
monitoring program includes monitoring wells located in the Upper and Lower Pennsylvania water
bearing zones to evaluate if contamination is migrating to the lower aquifer. In addition, the
monitoring program includes monitoring wells posifioned upgradient and downgradient of the source

area, within the source plljme and along the outside area of the groundwater contamination.

Sample locations should consider heterogeneities in geologic structures and in the spatial
distribution of contaminants. Groundwater flow paths and rates should ‘be fully and
accurately defined. Groundwater elevations are being measured during each sampling round to
develop potentiometric analyses of groundwater direction and flow rates and the resuits will be
presented in the final MNA report.

Locations should be sampled under non-pumping conditions and should include the following -

information:

> Contaminants of concern and potential degradation by-products. All sampling is being
conducted under non-pumping conditions. The SWMU 16 monitoring program is providing
analytical results for RDX and TCE, which are the primary chemicals of concern, and their

-associated degradation products.

> Routine and Other Ihdicatbr Parameters. The monitoring data includes the routine indicator
parameters dissolved oxygen, oxidation reduction potential, pH, specific conductance,
temperature, turbidity, and nitrite/nitrate concentrations. Other para‘fneters that can be used to
support decision making includes alkalinity, chloride, nitrite, nitrate, dissolved methane, iron (l)

and iron (1), sulfate, sulfide, and total organic carbon (TOC).

> Vertical and horizontal characterization of the distribution of hydraulic conductivity and its
affect on contaminant concentrations. Information collected in nine rounds of sampling will be

evaluated and used to characterize vertical and horizontal hydréulic conductivity.
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> Water levels should be measured to determine groundwater flow direction. Groundwater
elevations are being measured at each well during each of the nine sampling rounds and the

results will be presented in the final MNA repbrt in the form of potentiometric surface figures.

> Seasonal variations and trends should be evaluated by obtaining data from different times

of the year to determine if changes in contaminant concentrations, indicator parameters or ‘

water types are caused by natural attenuation or may be attributed to seasonal variability.
The SWMU 16 monitoring program includes quarterly monitoring which will measure RDX, TCE,
and degradaﬁon by-product concentrations and routine indicator parameters. The final MNA
report will include the presentétion of temporal plots to discern seasonal trends of RDX, TCE and

* degradation by-product concentrations, as well as routine indicator parameters.

4.1 GROUNDWATER MONITORING PROGRAM

MNA groundwater sémpling is being conducted at 12 select well locations across SWMU 16 (see Figure
2-1). These wells have been established in accordance with U.S. EPA Region 5 MNA guidance (U.S.
EPA 2000). The monitoring wells have a specific role in the monitoring program and represent locations
within the plume source area, within the center and leading edges of the plume, and from points located
vertically '(above and below) and horizontally (upgradient and downgradient) outside the area of
groundwater contamination. In ‘Rounds’4 through 9, these locations are being analyzed for explosives
and VOCs. The selected wells are distributed as follows in the Puz, Pmz, and Plz Water Bearing Zones:

e Oneclean, Iate'rally Upgradienf well (16MW02) in the Puz

«  Three source area wells (16MWTO6, 16MWT13, 16MWT17) in the Puz

o Four wells within t'he_RD)_( and TCE plumes (fGMW03; 16MWTO04, 16MWT09, 16MWT10) in the Puz.
e One wéll at the leading edge of the plume (16MWO04) in the Puz

¢ One laterally downgradient well that is clean (16MWT12) in the Pmz

¢ Two clean, deep wells below the plumes (16MWT11, 16MWT15) in the Plz

4.2 " SURFACE WATER MONITORING PROGRAM

In support of the MNA demonstration, surface water samples are also being collected at eight select

locations (see Figure 2-2). These locations include 16SW10, 16SW12, 16SW13, and 16SW30. In

Rounds 4 through 9, these locations are being analyzed for explosives and VOCs.
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43 ROUND 4 POTENTIOMETRIC SURFACES

| Figures 4-1, 4-2, and 4-3 show the Round 4 (February 4, 2005) potentiometric surface elevation maps for
the Upper, Middle, and Lower Pennsylvanian water bearing zones, respectively. The Round 4
groundwater elevations collected in Round 4 for all three zones were compared to groundwater
elevations reported in RFI (see Appendix E). The comparison revealed similar groundwater elevations
and flow directions for each zone. Further discussion of the Round 4 fesults for each zone ere presented

below.

in Round 4, groundwater elevations in the Puz monitoring wells ranged from 742.13 feet above mean sea
level (amsl) at well 1T6MWT10 to 751.85 feet amsl at well 16MWTO04. Monitoring well 16MWTO1 was not
used to develop the SWMU 16 Puz potentiometric surface map because it is not representative of SWMU
16 groundwater elevations due to differences in water elevation in previous rounds. The highest
groundwater elevations in the northern portion  of the site were  measured in monitoring wells
WES-14-02-83'and 16MWT17, which are located near the centerline-of the ridge. Groundwater to the
west of the centerline flows to the west and so'uthwest, ultimately diSchargihg into gullies that drain
surface water and groundwater westward towards e tributary of Turkey Creek. Shallow groend’water. east
of the centerline flows to the east towards gullies on the eestem side of the site. Shallow groundwater is
also present in the east-central portion of the site and flows in a southeasterly direction towards gullies on

the southeastern side of the site that convey water eastward and southeastward towards Turkey Creek.

Groundwater elevations in the Pmz ranged from 730.34 feet amsl at well 16MWT16 to 735.53 feet amsl
at well 16MWTO3. Monitoring well 16BMWT16 was not uséd in developing the potentiometric surface map
for the Pmz beca'us.e the potentiometric surface elevation for 16MWT16 was approximately 4 feet lower
than the average water level for other monitoring wells screened in thev Pmz zone. GroundWater
elevations for the Pmz are highest neavr the central portion of this SWMU (neer B146), and groundwater is

flowing toward the southwestern, southern, and southeastern hillsides.

In Round 4, Piz grouhdwater elevations ranged from 664.96 at well 16MWTO08 to 704.70 feet amsl at well
16MWT15. However, .monitoring' well 16MWT15 was not used ih developing the potentiometric surface
map for the Plz because the potentiometric elevation for 16MWT15 was approximately 40 feet higher
than the average water level measured in the other wells screened in the F"I.z. This may indicate that the
well is in an area of increased vertical fracturing and enhanced leakage from' the overlying intermediate
flow zone. Excluding the data for monitoring well 16MWT15, the deep groundwater elevations ranged

from 664.96 to 668.3 feet amsl in'Round 4. Groundwater flow directibn on the eastern side of the site is
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~ towards the northeast. There is insufficient data to determine which direction groundwater in the Plz is

flowing on the southern and western portions of SWMU 16.

4.4 GROUNDWATER TEMPORAL TREND PLOTS AND DATA EVALUATION

441 Upper Pennsylvanian Water Bearing Zone (Puz)

Figuré 4-4 shows temporal plots of RDX and degradation by-product concentrations forvRounds 1 through
4 in the Puz. Figure 4-5 shows temporal plots of TCE and degradation-by-product concentrations. The
temporal plots are arranged in columns by monitoring well location showing concentration trends for RDX
and TCE followed by the trend for each degradation by-product. All detections are shown as a data point
on each plot with the data validation qualifier as applicable and correspond to data presented in Table
3-1.

Through Round 4, RDX was detected at all Puz monitoring locations with the exception of 16MWO02,
which is the upgradient well. This pattern of concentrations, among other evidence, links RDX to SWMU
16 as a site-felated contafnin_ant in groundwater. RDX degradation-by-products have been detected at 2
locations (16MWTO04 and 16MWT09).‘ This alone, is an indication that degradation of RDX is occurri_ng
because the only source of these compounds is RDX. TCE has been detected at all Puz well locations
‘with the exéeption of 16MWO02, which is the_.upgradient well. TCE degradation-by-products havé been
detected at all Puz wells. Similar to RDX, this links TCE to SWMU 16 as a site-related contaminant and
provides evidence that TCE is degrading in the environment. A summary evaluation of monitoring results
through Round 4 for each Puz well location is presented below:

e Upgradient well: '
> 16MWO02 — No detection of -explosives or degradation-by-products: Three total detections of
ethene and ethane. No apparent trend in concentrations. '

e Three source area w_ells: _
» 16MWTO06 — Four detéctioné 6f RDX with no apparent trend in concéntrations. TCE and
- associated degradation-by-products have been detected in all rounds of sampling. TCE and vinyl
‘chloride concentrations have increased since Round 1 and indicate a possible upwérd trend.

Concentrations of ethene and ethane show no apparent trend.

> 16MWT13 — RDX has been detected in 2 of 3 rounds of sampling with no apparent trend in

concentrations. TCE and cis-1;2-dichloroethene have been detected in all rounds of sampling
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with concentrations showing a potential downward trend since Round 2 when sampling initiated.

Insufficient data is available for ethene and ethane to discermn any trend in concentrations.

16MWT17 — There have been 3 detections of RDX with no apparent trend 'in concentrations.
TCE and cis-1,2-dichloroethene have been detected in all rounds with no apparent trend in
concentrations; vinyl chloride has been detected in 2 of 3 rounds with no trend in concentrations;

and ethene and ethane have each been detected once.

Four wells within the RDX and TCE plumes:
> 16MWO03 — There have been 4 detections of RDX and 2 detections of MNX. There is slight

4.4.2

insufficient data to discern a trend for this compound.

increase in RDX concentrations but no trend in MNX. TCE and cis-1,2-dichloroethene have been
detected in all rounds with an apparent decreasing trend in concentrations. Ethene has been

detected once.

16MWTO04 — There have been 4 detections of RDX with no appérent trend in concentrations. In
sufficient data is available for DNX, MNX, and TNX to detect a trend in concentrations. have each
been detected once. TCE has been detected in all sampling events. However, there is no

~ apparent trend in concentrations. There have been two detections of ethene and ethane through

Round 4 but there is insufficient data to discern a trend in these cbmpounds.
16MWTO09 — RDX has been detected in 3 of 4 sampling rounds and there is no apparent trend in
concentrations. MNX was the only degradation product detected in 2 rounds. There is

insufficient data to discern a trend for this compound.

16MWT10 — RDX has been detected in all sampling events with no apparent trend in

‘concentrations. MNX was the only degradation product detected in 2 rounds. There is

P

Middle Pennsylvanian Water Bearing Zone (Pmz)
L]

Figure 4-6 shows temporal plots of RDX and degradation by-product concentrations for Rounds 1 through

4. Figure 4-7 shows temporal plots of TCE and degradation-by-product concentrations. All positive hits

are shown as a data point on each plot and correspond to data presented in Table 3-4. RDX has been
detected in one well (16MWO04). No RDX degradation-by-products have been detected. TCE and -

- ¢is-1,2-dichloroethen have been detected in both Pmz wells at least once. Ethene and ethane have been

110516/P
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detected only at well 1I6MWT12. A summéryA evaluation of monitoring results for each Pmz well location

is presented below:

. -Well at the leading edge of the plume: .
> 16MWO04 — RDX has been detected in all four rounds and there is no apparent trend in
concentrations. TCE has been detected in 3 of 4 sampling rounds and indicates a possible

increasing trend in concentrations.  Cis-1,2-dichloroethene has been detected once.

¢ Downgradient well: |
> 16MWT12 - There have beeh no detections of explosives or degradation-by-products. TCE was
" ~detected only in Round 4; cis-1,2-dichloroethene has been detected in all rounds and there is no
apparent trend in concentrations. Ethene and ethane have been detected only twice in two

sampling rounds. Insufficient data is available to indicate a possible trehd for these compounds.

443 Lower Pennsylvanian Water Bearing Zone (Plz)

Figure 4-8 shows temporal plots of RDX and degradation by-product concentrations. Figure 4-9 shows
tempbral plots of TCE and degradation-by-product concentrations. All positive hits aré shown as a data
point on each plot and correspond to data presented in Table 3-6. A sUmmary evaluation of monitoring
" results for each Plz well location is presented below:

o Deep wells below the plumes:
> 186MWT11 — There have been no detections of RDX or degradation-by-products. There have
been no detections of TCE. Ethene and ethane have only been detected in Round 4.

> 16MWT15 — There have been no detections of RDX or degradation-by-products. TCE and

, cis-1,2-dichloroethene have only been detected in Round 4. Ethene and ethane have been

detected twice in two rounds of sampling. Insufficient data is available to discern a trend for
these compounds. ‘ '

3

4.4 - SURFACE WATER TEMPORAL TREND PLOTS AND DATA EVALUATION
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