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1.0 Introduction

Bering Sea Environmental, LLC. (BSEn) has been contracted by the United States Army Corps
of Engineers (USACE), Baltimore District, to perform Long-Term Monitoring (LTM) and
Monitored Natural Attenuation (MNA) at Solid Waste Management Unit (SWMU) 54 (RAAP-
014), Propellant Burning Ash Disposal Area, at Radford Army Ammunition Plant (RFAAP),
Radford, Virginia (VA). This report provides a description of the groundwater sampling activities
completed and analysis of results from the twenty-fifth through twenty-eighth quarterly rounds
conducted in 2018 through 2019. Further, this report provides a summary of the seventh year of
sampling.

This work was performed under Contract No. W912QR-13-D-001, Delivery Order No. 0001 in
accordance with the Radford Army Ammunition Plant, Radford, Virginia, Final Master Work
Plan (MWP) (URS, 2003) and with Part IT (D)(11-21) IM of the RFAAP Resource Conservation
and Recovery Act (RCRA) Corrective Action Permit (USEPA, 2000). In order to maintain
consistency with previous LTM and MNA sampling events (i.e., through year 6), the LTM and
MNA activities followed the technical approach, Sampling and Analysis Plan, and quality
assurance/quality control (QA/QC) procedures documented in the Final SWMU 54 MINA Interim
Measures Work Plan (IMWP) (Shaw, 2011a).

1.1 Purpose and Scope

Soil interim measures (IMs) have been completed at SWMU 54 to mitigate the threat of a
contaminant release, migration, and/or exposure to the public and the environment. The IMs
included site preparation, soil excavation, waste characterization and off-site disposal,
confirmation sampling, and site restoration. Detailed information concerning the IMs are
presented in the Final SWMU 54 RCRA Facility Investigation (RFI) / Corrective Measures Study
(CMS) Report (URS, 2008).

The Corrective Measures Objectives (CMOs) and Remedial Goals (RGs) were developed and
presented in the Final SWMU 54 RFI/CMS Report (URS, 2008). The site-specific CMOs for
SWMU 54 Area A are to mitigate further leaching of explosives constituents from soil-to-
groundwater at levels that would potentially increase observed concentrations and adversely
impact future beneficial use of groundwater; and to the extent practicable, a goal of restoring site
groundwater to the most beneficial use. The site-specific CMOs for SWMU 54 Area B are to
mitigate the potential hypothetical future risks that have been identified for exposure to soil under
a future construction worker scenario; and to prevent leaching of contaminants of concern from
soil-to-groundwater at levels that would potentially adversely impact future beneficial use of
groundwater. The site-specific CMOs for Area A and B were met through the excavation and
off-site disposal of contaminated soil, which was completed in 2010.
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The objectives of the LTM and MNA program are to measure and track the reduction of the
following compounds to levels below the RGs as defined in Table 1-1:

e 2.4 6-trinitrotoluene (2,4,6-TNT);
¢ dinitrotoluene (DNT)-mixture;
e cyclotrimethylenetrinitramine (RDX); and

e perchlorate.

Table 1-1 SWMU Groundwater Remedial Goals

Chemical of Interest Groundwater RG Groundwatfir
(mg/L) RG Source"”
2,4,6-TNT 0.00782 RG
DNT Mixture 0.000932 RG
RDX 0.0061 RG
Perchlorate 0.0109 RG

*RGs were calculated using target risk 1E-5 for the lifetime resident and a target hazard of 1 for the adult and child resident
(see URS, 2008).

1.2 Site Description and Background

SWMU 54 is situated in the northeastern section of RFAAP within the easternmost portion of
the Horseshoe Area. The SWMU consists of two noncontiguous disposal areas, Area A and B.
Area A is a triangular shaped parcel located in the southeast section of SWMU 54 that covers
approximately 0.58-acres. Area B is a somewhat round tract located in the northwestern section
that covers approximately 1.09 acres. Both areas are open fields covered with grass and bordered
to the east and north by the RFAAP installation security fence. The site is currently undeveloped.
SWMU 54 was reportedly used as an ash disposal area in the late 1970s that received propellant
ash from the Waste Propellant Burning Grounds. The location of SWMU 54 is provided in
Figure 1-1. All figures are placed at the end of each report section.
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Figure 1-1 SWMU 54 Site Location Map
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2.0  Physical Characteristics

2.1 Topography

SWMU 54 is situated on a gently sloping terrace that leads to the New River to the east.
Elevations range from a high of approximately 1,716 feet (ft) above mean sea level (amsl) in the
western section of the SWMU to approximately 1,696 ft amsl in the eastern section. East and
outside the SWMU boundary, the elevation steepens precipitously as it reaches the New River
(at approximately 1,676 ft amsl). The site topography is shown in Figure 2-1.

2.2 Surface Water

The New River is situated approximately 150 ft east of SWMU 54, while a small stream is present
on the southern boundary. Surface water runoff from the SWMU flows east and, possibly south,
to the New River and the unnamed stream. SWMU 54 is located within the easternmost portion
of'the Horseshoe Area at RFAAP. As it currently stands, SWMU 54 is positioned within the New
River 100-year floodplain.

2.3 Geology

2.3.1 Regional Geology

SWMU 54 is located in the New River Valley, which crosses the Valley and Ridge Province
approximately perpendicular to the regional strike of bedrock, and cross cuts Cambrian and
Ordovician limestone or dolostone. Deep clay-rich residuum is prevalent in areas underlain by
carbonate rocks. The valley is covered by river floodplain and terrace deposits; karst topography

is dominant throughout the area. A more detailed description of the regional geology is presented
in the RFAAP Final MWP (URS, 2003).

2.3.2 Site-Specific Geology

Characterization of the SWMU 54 subsurface lithology was conducted during the advancement
of soil and monitoring well borings at the site. Based on the borehole logs, two geologic cross-
sections were developed and are presented in Figure 2-1 (plan view of the cross-sectional lines),
Figure 2-2 (cross section A-A’), and Figure 2-3 (cross section B-B’).

Soil and monitoring well borings ranged from 10 to 60 ft in depth. Depths to bedrock, which
were reported to be measured directly at the monitoring well borings, ranged in elevation from
approximately 1,716 ft amsl to 1,670 ft amsl. Based on the borehole logs, the determination was
made that bedrock slopes to the east.

The site lithology consists of unconsolidated sediments comprised of alluvial deposits overlying
a thin zone of saprolitic carbonate (i.e., weathered bedrock), which overlies the Cambrian-aged
Elbrook Formation. The alluvial deposits consist primarily of silty sand overlying channel
deposits of fine- to coarse-grained sand and gravel (river jack). These paleo-channel deposits rest
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directly on the saprolite, which reportedly reaches 2.5 ft in thickness. It was also reported that
some areas of the SWMU contain fill material to depths of 9 to 10 ft below ground surface (bgs).

Depth to competent bedrock at the SWMU ranges from 17 to 24 ft bgs. This competent bedrock
belongs to the Elbrook Formation, which is a thickly-bedded, blue-gray dolostone interspersed
with blue-gray to white limestone. Locally, the formation is described as interbedded green and
maroon shale, yellowish-brown dolostone, and greenish- to grayish-brown limestone and
dolostone.

A more detailed discussion of the geology and soil at RFAAP is presented in Sections 3.4 through
3.7 of the RFAAP MWP (URS, 2003) and in the Facility-Wide Background Study Report (IT,
2001).

24 Hydrogeology

2.4.1 Regional Hydrogeology

Geologically, the Appalachian Plateaus and Valley and Ridge Province encompass two major
tectonic domains: the southern Appalachian Basin and the southeastern part of the Eastern
Interior Basin. The hydrogeologic framework is based on generalized stratigraphic succession,
with indurated sedimentary rocks of the Paleozoic age forming predominant units.

Groundwater flow paths are typically short, commonly extending no more than several miles in
their longest range. The largest groundwater supplies are produced from the carbonate rocks,
especially where they are associated with thick regolith, an important storage reservoir
throughout the entire area. The regolith stores recharge that otherwise would be rapidly diverted
to overland flow. In addition, this unit slowly releases water to underlying carbonate aquifers.
Because of the widespread distribution of carbonate rocks and associated regolith, abundant
precipitation in a humid climate, and relatively steep hydraulic gradients, this region (and locally)
is one of the major karstlands in the eastern United States.

Groundwater supplies in the Valley and Ridge Province are generally of good quality when
compared to surface water supplies (Parsons, 1996). However, due to extended contact with
minerals, many groundwater supplies contain higher levels of dissolved solids than the streams
into which they discharge. Because of sinkholes and underground caverns in karst aquifers, there
is a high potential for groundwater to be impacted by direct infiltration of contaminated surface
water.

2.4.2 Site-Specific Hydrogeology

Monitoring wells installed at SWMU 54 were screened in both the shallow (surficial aquifer) and
shallow bedrock aquifers. Water levels were measured in the wells to calculate the groundwater
flow direction at the SWMU. Groundwater contour maps have been prepared using water level
data collected prior to each round of groundwater sampling. The maps for the seventh year of
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monitoring are presented in Figures 4-2, 4-3, 4-4, and 4-5. Contour lines shown on the figures
represent lines of equal elevation of the water table; consequently, groundwater flow direction is
always perpendicular to the contour lines. Groundwater at the site tends to flow east and appears
to discharge to the New River along the eastern side of the site.
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Figure 2-2

SWMU 54 Cross Section A-A’
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Figure 2-3  SWMU 54 Cross Section B-B
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3.0  Previous Investigations

Four previous investigations have been conducted at this site prior to completion of an interim
removal measure in 1999 by Parallax, Inc. Data obtained from previous site investigations prior
to the IM were used to identify site boundaries and characteristics, and identify chemicals of
potential concern (COPCs). In 1992, the Environmental Photographic Interpretation Center
provided aerial photographic analysis of SWMU 54, under the direction of the Environmental
Protection Agency (USEPA). Also in 1992, under authority of the 1984 Hazardous and Solid
Waste Amendments, Dames & Moore conducted a RCRA Verification Investigation (V1) at the
site to identify the ash disposal at Area A. As a follow-up to the 1992 VI, Parsons completed an
RFI in 1996, as part of a multiple site investigation to “define the extent of ash and the limits of
soil contamination.” In 1998, a Supplemental RFI/CMS was conducted to investigate a flat grassy
area ringed by mature pine trees northwest of Area A. This area was defined as Area B within
SWMU 54. The purpose of the supplemental RFI was to “characterize the nature and extent of
contamination within SWMU 54.” In 1999, Parallax, Inc. completed IMs at Area A and Area B
of SWMU 54 consisting of excavation of selected “hot spot” areas of lead and explosives in soil.

In 2008, URS Corporation (URS) conducted an RFI/CMS investigating both Area A and Area B
to confirm the effectiveness of the IM as well as evaluate and assess current conditions at the
sites and provide recommendations regarding potential corrective measure requirements at the
sites. Direct push soil borings with chemical sampling were used to: characterize the nature and
extent of constituents in soil at SWMU 54, identify the lateral and vertical extent of any waste
material present, and characterize soil lithology and depth to groundwater and bedrock.
Additionally, monitoring wells were installed at the site and groundwater samples were collected
and analyzed. Details of these investigations are described in Section 3.0 (Field Investigation
Program) of the Final SWMU 54 RFI/CMS Report (URS, 2008). A potentiometric map,
portraying the groundwater levels measured in 2007 is provided as Figure 3-1. Historical data
listing Chemicals of Interest (COI) concentrations in the on-site groundwater, New River surface
water and New River sediment pore water can be found in Tables 3-1 through 3-6.

The nature and extent assessment indicated that the main concern at the site is the fill material
and grossly-contaminated soil directly below the material. Areas A and B were evaluated
separately for the soil and groundwater nature and extent assessments given the 200-ft separation
between the areas, their topographic cross-gradient position, the lack of mobility of the chemicals
in soil, and observed distributions of chemicals.

The main parameters of concern in Area A soil are lead, 2,4,6-TNT, DNT, RDX, amino DNTs,
nitroglycerin (NG), heptachlor epoxide, and dioxins/furans. The main parameters of concern in
groundwater at Area A are explosives and perchlorate. Concentrations of COIs 2,4,6-TNT, DNT,
RDX, and perchlorate in groundwater have decreased since RFI monitoring began in 2003 and
2004. The lateral extent of explosives and perchlorate in groundwater extends from Area A
eastward to the New River. Sampling of the groundwater/surface water interface (sediment pore
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water) and surface water of the New River did not indicate detectable impacts to sediment pore
water or surface water from COPCs in groundwater.

Parameters of concern in Area B soils include lead, DNT, amino DNT, NG, RDX, dieldrin,
Aroclor 1254, heptachlor epoxide, and dioxins/furans. No COIs were identified for Area B
Groundwater.

The Human Health Risk Assessment (HHRA) identified eight COIs at Area A (2,4,6-TNT, DNT,
RDX, perchlorate, amino DNTs, NG, heptachlor epoxide, and 2,3,7,8-tetrachlorodibenzodioxin
[TCDD]) and ten COlIs at Area B (2,4,6-TNT, DNT, RDX, amino DNTs, NG, lead, Aroclor 1254,
heptachlor epoxide, dieldrin, and 2,3,7,8-TCDD) under both an industrial and residential future-
use scenario for total soil at SWMU 54. The HHRA determined that unacceptable risks to
potential future residential and industrial receptors were associated with the COls. Based on the
results from the HHRA, it was concluded that based on the levels detected in the soil hot spot
areas, COIs could potentially leach from soil to groundwater at levels of concern, although
groundwater impacts at levels of concern have not yet been identified at Area B. Because the RFI
demonstrated that COI contamination is present at concentrations associated with unacceptable
human health concerns, a CMS was performed to address the propellant ash material and grossly-
contaminated soil under the ash material at SWMU 54. The alternatives evaluated were as
follows:

e Alternative One: No Further Action.

e Alternative Two: Excavation of Soil at Area A and Area B, Off-site Disposal, and MNA
of Groundwater.

e Alternative Three: Excavation of Soil at Area A and Area B, Off-site Disposal, and
Enhanced In Situ Bioremediation of Groundwater.

These three alternatives were evaluated using the selection criteria: effectiveness,
implementability, and cost. The site-specific CMO for SWMU 54 is to mitigate further leaching
of explosives constituents from soil to groundwater at levels that would potentially increase
observed concentrations and adversely impact future beneficial use of groundwater, and to
eliminate the potential threats to human health and the environment that exist within materials
found in SWMU 54. Observations from the SWMU 54 soil investigations indicate that the
propellant ash consisted of a black, ashy material that was very evident when encountered.
Therefore, identification and removal of the propellant ash and grossly-contaminated soil was
partially based on visual observations during excavation, with analytical samples collected to
confirm the observations.
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Figure 3-1 SWMU 54 June 5, 2007 Groundwater Contour Map

1676.77,

(]
54MW12
./ 1676.95 #54MW10

»
54MW13
1676.88

LEGEND ) Motes:

®  Well (Current \ 1. Aerisl P, dated 2005, was oblained from
MMA Network) WMMMME

¥ Well (Removed From 2. Menitioring Well (Removed from Nebwork after
Network After 9th Quarter) Inferred Groundwater Contour 10 Cuarter). '!\
— Groundwater Contour
SWMU 54 Bo
D i == Groundwater Flow Direction ,!, FL. ]

= wew B FIGURE 3-1
@ M SWMU 54 June 5, 2007 Groundwater Contour Map
G dfd

RADFORD ARMY AMMUMNITION PLANT - SWMLI 34 MNA, REPORT

Contract No. W912QR-13-D-0001 Task Order 0001
33



This page intentionally left blank

Contract No. W912QR-13-D-0001 Task Order 0001
34



Table 3-1

2002 Area A Direct Push Groundwater Analytical Results with Remedial Goals

Sample ID 54DPW1 54DPW2 54DPW3 54GP77 54GP78 54GP78-DUP(DUP-1) 54GP79
Sample Date 12/11/2002 12/11/2002 12/11/2002 10/13/2004 10/11/2004 10/11/2004 10/11/2004
CAS C/N| RG | Units| Result | LQ,VQ,r DL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL
Explosives
2,4,6-Trinitrotoluene | 118-96-7 N | 7.82 | pg/L <72 UR,I 0.73 72 L5 JB,B,z 0.33 33 <2.1 U,R,l 0.21 2.1 NT NT NT NT
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121-824 C 6.1 | pg/L <72 UR,I 1 72 <33 UR,I 0.48 33 <2.1 UR,l 0.31 2.1 NT NT NT NT
Perchlorate
Perchlorate | 14797-73-0 | N | 109 | g/l | 5.5 | | 0.54 | Bz | 0.54 | 1 2 | | 0.54 | 1 | 35 | | 0.1 1 <1 | U | 0.1 | 1 <1 | U | 0.1 1 <1 | U | 0.1 1
Sample ID 54GP80 54GP81 54GP82 54GP83 54GP84 54GP85 54GP86
Sample Date 10/13/2004 10/11/2004 10/11/2004 10/11/2004 10/13/2004 10/14/2004 10/13/2004
CAS C/N| RG | Units| Result |LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| wMDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL
Explosives
2,4,6-Trinitrotoluene | 118-96-7 | N | 7.82 | pg/L NT NT NT NT NT NT NT
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121-824 C 6.1 | pg/L NT NT NT NT NT NT NT
Perchlorate
Perchlorate  |14797-13-0] N [109 [pg| <« | v | o1 | 1 [ 1 ] | o1 | 1 a | u | e | 1 a | v | o 1 a | u | o 1t | a | v | e 1 a | v 0.1 1
Sample ID 54GP87 54GW56 54GW57 54GW58 54GW59 54GW59-DUP(DUP-3) 54GW60
Sample Date 10/14/2004 8/18/2004 8/17/2004 8/24/2004 8/18/2004 8/18/2004 8/24/2004
CAS C/N| RG | Units| Result [LQ,VQ,r| MDL RL Result (LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r | MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r | MDL RL Result |LQ,VQ,r | MDL RL
Explosives
2,4,6-Trinitrotoluene | 118-96-7 | N | 7.82 | pg/L NT 160 0.15 1.3 1.7 J.g 0.0749 0.65 15 0.0749 0.65 42 ,Lf 0.0749 0.65 11 J.g 0.0749 0.65 9.3 0.0749 0.65
DNT mixture* 0.932 ND ND ND U ND ND ND ND
RDX 121-82-4 C 6.1 | pg/L NT 35 J.g 0.164 0.65 0.69 0.164 0.65 3.7 0.164 0.65 1 0.164 0.65 1.7 0.164 0.65 0.8 0.164 0.65
Perchlorate
Perchlorate | 14797-73-0 | N | 109 | g/l | <1 | U | 0.1 1| s | | 0.1 | 1 2 | | 0.1 | NETE | 0.1 | 1 4 | | 0.1 | 1 3.6 | | 0.1 | 1 17 | | 0.1 1
Sample ID 54GWol1 54GW62 54GW63 54GWo64 54GW64-DUP(DUP-9) 54GW65 54GW66
Sample Date 8/24/2004 8/23/2004 8/23/2004 8/23/2004 8/23/2004 8/20/2004 8/20/2004
CAS C/N| RG | Units| Result | LQ,VQ,r| MDL RL Result |LQ,VQ,r| wMDL RL Result |LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result (LQ,VQ,r| MDL RL
Explosives
2,4,6-Trinitrotoluene | 118-96-7 | N | 7.82 | pg/L 74 0.0749 0.65 9 0.0749 0.65 <0.65 U 0.0749 0.65 0.82 J.g 0.0749 0.65 0.76 J.g 0.0749 0.65 3 0.0749 0.65 NT
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121-82-4 C 6.1 | pg/L <0.65 U 0.164 0.65 1.6 0.164 0.65 <0.65 U 0.164 0.65 0.75 J.g 0.164 0.65 0.73 J.g 0.164 0.65 0.7 0.164 0.65 NT
Perchlorate
Perchlorate  [14797-73-0] N | 109 [pg| 3 | | o1 | 1 ] s3] | o1 | 1 < | u [ o 1 1| 0.1 1 | om | B | w 1 [ ] | ol 1 094 | BIm | o 1
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Table 3-1

2002 Area A Direct Push Groundwater Analytical Results with Remedial Goals (Continued)

Sample ID 54GW66 54GW67 54GW67 54GW68 54GW69 54GW69 54GW70
Sample Date 8/23/2004 8/20/2004 8/23/2004 8/20/2004 8/20/2004 8/23/2004 8/20/2004
CAS C/N| RG | Units| Result |LQ,VQ,r| npL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | mMDL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | mMDL RL Result (LQ,VQ,r| wMDL RL Result (LQ,VQ,r | mMpDL RL
Explosives
2,4,6-Trinitrotoluene | 118-96-7 | N | 7.82 | pg/L | <0.65 U 0.0749 0.65 NT <0.65 U 0.0749 0.65 2.6 J,g 0.0749 0.65 NT 14 0.0749 0.65 <0.65 U 0.0749 0.65
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121-824 | C 6.1 | pg/L | <0.65 U 0.164 0.65 NT <0.65 U 0.164 0.65 <0.65 U 0.164 0.65 NT 0.51 J 0.164 0.65 <0.65 U 0.164 0.65
Perchlorate
Perchlorate 14797-73-0] N [ 109 [pg| N1 | | 059 | BJm | o1 | 1 [ ~r | | | | o | v [ oa | 1 [ oes | Bam [ o0 | 1 | Nt | | | [ ors [ B | oa [ 1
*The results of 2,4-DNT and 2,6-DNT were added together to get the DNT mixture result.
Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

ug/L = micrograms per liter
MDL = Method Detection Limit

NI = Not Identified
NT = Not Tested
ND = Not Detected

RL = Reporting Limit

SVOC = Semi-volatile Organic Compound
TAL = Target Analyte List

TCL = Target Compound List

TIC = Tentatively Identified Compound
LQ = Laboratory Qualifier

VQ = Validation Qualifier

r = Reason Code

=Exceeds RG

= Noncarcinogenic per EPA RBC Table (October 2007)

—

B = Not detected substantially above the level reported in laboratory or field blanks.

E = Concentration exceeded the upper level of the calibration range of the instrument for that specific analysis. For TICs, compound not present in calibration standard, calculated using total peak areas ion chromatographs and
response factor of 1.

J = Analyte present. Reported value may not be accurate or precise.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.

N = Sample spike recovery is outside of control limits.

P = Greater than 40% difference for detected concentrations between the two GC or HPLC columns.

U = Not detected. The associated number indicates the approximate sample concentration necessary to be detected.
UJ = Not detected, quantitation limit may be inaccurate or imprecise.

UL = Not detected, quantitation limit is probably higher.

g = Dual column confirmation imprecision.

[ = LCS recovery failure.

m = MS/MSD recovery failure.

o = Calibration blank contamination.

p = Preparation blank contamination.

s = Serial dilution failure.

w = Field and/or equipment blank contamination.

z = Method blank and/or storage blank contamination.
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Table 3-2

2003-2004 Area A Groundwater Analytical Results with Remedial Goals

54MW2 54MW3 54MW5 54MW-8 54MW-9 54MW-10 54MW10-DUP(DUP-1)
Sample ID 3/4/2003 3/4/2003 3/4/2003 12/21/2004 12/21/2004 12/21/2004 12/21/2004
pamplehats cas | oN | RG | nits | Result [LQ,VQ,r| mpL | R | Result [LQ,VQ.r| mpr | R | Result [LQ,VQ.r| mpr | RL | Resut [LQ.VQ.r| mpr | R | Resuit [LQ,VQ.r| mpr | RL | Result [ LQ.VQ.r |mpr| R | Resuit | LQ,VQ.r | mpL | RL
Explosives
2,4,6-Trinitrotoluene 118-96-7 N 7.82 pg/L <3.6 U 0.365 3.6 38 0.365 | 3.6 <42 U 0.43 4.2 <0.65 U 0.0749 | 0.65 <0.65 U 0.0749 | 0.65 62 015 | 1.3 65 0.15 13
DNT mix* 0.932 ng/L ND ND ND ND ND ND ND
RDX (Hexahydro-1,3,5- 121824 | ¢ | 61 | pgL | <36 U 0526 | 3.6 3 0526 | 36 | <42 U 0.61 | 42 0.2 JJg | 0164 | 0.5 11 Jg | o164 | 065| 28 0.164 | 0.65 29 0.164 | 0.65
trinitro-1,3,5-tria
Perchlorate
Perchlorate 14797-73-0 N 10.90 ng/L 12 0.54 1 59.2 0.54 1 1.6 0.54 1 0.22 B 0.1 1 0.21 B 0.1 1 9.8 0.1 1 9.1 0.1 1
Field Parameters
Dissolved Oxygen - - - mg/L 6.97 5.18 2.88 0.25 2.56 1.25 1.25
Oxidation Reduction Potential - - - mV 159.5 119.0 95.1 215 234 208 208
pH - - - SU 6.37 6.65 7.00 7.20 7.53 7.06 7.06
Conductivity - - - mS 0.191 0.341 0.310 0.627 0.706 0.760 0.760
Temperature - - - °C 16.24 1597 1291 13.6 13.2 138 138
Turbidity - - - NTU 0.80 1.93 120 4.17 4.13 3.52 3.52
*DNT mixture result is the result of the adding together of 2,4-DNT and 2,6-DNT.
Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

ug/L = micrograms per liter

°C = degrees Celsius

CAS = Chemical Abstracts Service
MCL = Maximum Contaminant level
MDL = Method Detection Limit

mV = millivolt

mS = milliSiemen

ND = Not Detected

NT = Not Tested

NTU = Nephelometric Turbidity Unit
RL = Reporting Limit

SU = Standard Units

SVOC = Semi-volatile Organic Compound
TAL = Target Analyte List

TCL = Target Compound List

TIC = Tentatively Identified Compound
LQ = Laboratory Qualifier

VQ = Validation Qualifier

r = Reason Code

= Noncarcinogenic per EPA RBC Table (October 2007)
=Exceeds RG

RBC = USEPA Region IlI Risk-Based Concentration
(RBC) values from the October 11, 2007, RBC Table
and October 11, 2007, Alternate RBC Table

B = Not detected substantially above the level reported in laboratory or field blanks.
E = Concentration exceeded the upper level of the calibration range of the instrument for that specific analysis. For TICs, compound not present in calibration standard, calculated using total peak areas ion chromatographs and

response factor of 1.

J = Analyte present. Reported value may not be accurate or precise.
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
N = Sample spike recovery is outside of control limits.
P = Greater than 40% difference for detected concentrations between the two GC or HPLC columns.

U = Not detected. The associated number indicates the approximate sample concentration necessary to be detected.

UJ = Not detected, quantitation limit may be inaccurate or imprecise.
UL = Not detected, quantitation limit is probably higher.

g = Dual column confirmation imprecision.
[ = LCS recovery failure.

m = MS/MSD recovery failure.
o = Calibration blank contamination.
p = Preparation blank contamination.

s = Serial dilution failure.
w = Field and/or equipment blank contamination.

z = Method blank and/or storage blank contamination.
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Table 3-3 2006-2007 Area A Quarterly Groundwater Monitoring Results with Remedial Goals
First Quarter — November/December 2006
Si?nn:)ll)eleDlze 54MW1 54MW2 54MW3 54MW5 54MW8 54MW9 54MW10
11/29/2006 11/29/2006 12/5/2006 11/29/2006 12/1/2006 12/1/2006 12/1/2006

CAS C/IN RG Result ‘ LQ, VQ, r MDL RL Result ‘ LQ, VQ, r MDL RL Result ‘ LQ, VQ, r MDL RL Result ‘ LQ, VQ, r MDL RL Result ‘ LQ, VQ, r MDL RL Result ‘ LQ, VQ, r MDL RL Result | LQ, VQ, r MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 7.82 <5 U 0.075 5 5.6 0.075 5 0.85 J 0.075 5 0.29 J 0.075 5 <5 U 0.075 5 <5 U 0.075 5 2.1 J 0.075 5
Dinitrotoluene Mixture - C 0.932 <5 <5 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 33 J 0.16 5
Perchlorate (ug/L)
Perchlorate 1479730 N [0 | <0 | u | s [ 10| <0 u | s [0 | <10 u Jsa o] <o ] u Jusslw] <cw ] u T ] <0 ] u Jus]w] <cw ] u | 4] 10
Field Parameters
Dissolved Oxygen (mg/L) - - - 11.95 10.29 11.94 10.1 8.94 8.51 8.13
Potentiat (V) i I e N 159 I > 2 - -
pH (SU) - - - 7.86 7.15 7.26 72 7.53 7.65 7.39
Conductivity (mS) - - - 0.44 0.533 0.580 0.557 0.605 0.790 0.733
Temperature (°C) - - - 18.6 17.7 18.3 18.5 17.1 19.1 16.3
Turbidity (NTU) - - - 4.47 1.16 0.07 16.6 11.83 23.5 10.31
Second Quarter — March 2007

Sample ID 54MW-1 54MW-2 54MW-3 54MW-5 54MW-8 54MW-9 54MW10 DUP AVG
Sample Date 3/28/2007 3/28/2007 3/28/2007 3/28/2007 3/27/2007 3/27/2007 3/27/2007

CAS C/N RG Result |LQ,VQ,r| MDL RL Result LQ, VQ, r MDL RL Result LQ,VQ,r | MDL RL Result |LQ, VQ,r | MDL RL Result LQ,VQ,r | MDL RL Result |LQ, VQ,r | MDL RL Result LQ,VQ,r | MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 7.82 <5 U 0.1 5 0.25 JJd 0.1 5 <5 U 0.1 5 0.84 JJ.g 0.1 5 14 0.1 5 <5 U 0.1 5 6.018 0.1 5
Dinitrotoluene Mixture - 0.932 <5 1.146 <5 <5 <5 <5 0.898
RDX 121-82-4 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 8.1 0.092 5 <5 U 0.092 5 3.87 0.092 5
Perchlorate (ug/L)
Perchlorate 1479730 N J1oe0 | <02 | u | ooz [ o2 | 36 [ 0036 | 02 | <02 U Joos [ o2 | o2 [ 0036 [ 02 | o026 | [ 0036 | 02 | o024 | [ 0036 J o2 | 20 [ 0036 | 02
Field Parameters
Dissolved Oxygen (mg/L) - - - 8.06 7.75 6.12 8.38 6.68 6.51 8
Pttt . o - - - s 44 -1 53 17 -10 1
pH (SU) - - -- 7.63 6.45 6.94 6.51 7.05 7.18 6.88
Conductivity (mS) - - - 0.199 0.183 0.311 0.167 0.267 0.960 0.334
Temperature (°C) - - -- 13.44 15.8 15.22 12.73 13.92 14.43 15.95
Turbidity (NTU) - - -- 1.82 0.37 2.13 1.22 13.96 7.71 3.64
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Table 3-3

2006-2007 Area A Quarterly Groundwater Monitoring Results with Remedial Goals (Continued)

Fourth Quarter — September 2007

Sample ID 54MW-1 54MW-2 54MW-3 54MW-5 54MW-8 54MW-9 54MW-10
Sample Date 6/5/2007 6/5/2007 6/5/2007 6/5/2007 6/5/2007 6/5/2007 6/5/2007
CAS CIN RG Result | LQ,VQ,r | MDL | RL | Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL | RL | Result | LQ,VQ,r | MDL | RL | Result | LQ,VQ,r |MDL| RL | Result | LQ,VQ,r | MDL | RL Result | LQ,VQ,r | MDL | RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 7.82 <5 U 0.1 5 39 J 0.1 5 1 J 0.1 5 0.49 J 0.1 5 <5 U 0.1 5 <5 U 0.1 5 2.4 J 0.1 5
Dinitrotoluene Mixture - 0.932 ND ND ND ND ND 0.466 ND
RDX 121-82-4 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 6.3 0.092 5 <5 U 0.092 5 1.6 J 0.092 5
Perchlorate (ug/L)
Perchlorate 1479730 | N[ 1090 [ <02 u JosJo2a]| 2 | o0s | o2 | o088 | 008 | 02| os8 | | 008 [ o2 | 07 | [ 008 [ 02 | o023 | | 008 | 02 | 037 | 008 | 02
Field Parameters
Dissolved Oxygen (mg/L) - - - 7.57 8.46 5.06 8.44 8.82 521 7.35
Patoner e - - - 207 268 109 236 285 94 187
pH (SU) - - -- 7.33 6.78 6.2 6.24 6.9 6.25 6.87
Conductivity (mS) - - - 0.192 0.225 0.003 0.163 0.245 0.003 0.353
Temperature (°C) - - - 13.58 13.48 15.66 21.68 134 15.44 14.51
Turbidity (NTU) - - - 0.48 0.29 0.36 0.67 0.06 1.67 9.37
Fourth Quarter — September 2007
Sample ID 54MW-1 54MW-2 54MW-3 54MW-5 54MW-8 54MW-9 54MW-10
Sample Date 9/19/2007 9/19/2007 9/19/2007 9/19/2007 9/18/2007 9/18/2007 9/18/2007
CAS C/N RG Result | LQ,VQ,r | MDL | RL | Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL | RL | Result | LQ,VQ,r | MDL | RL | Result | LQ,VQ,r |MDL| RL | Result | LQ,VQ,r | MDL | RL Result |LQ, vQ,r | MDL | RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 7.82 <5 U 0.1 5 0.78 J 0.1 5 1.2 J 0.1 5 0.38 JJ.g 0.1 5 <5 U 0.1 5 <5 U 0.1 5 17 0.1 5
Dinitrotoluene Mixture - 0.932 ND ND ND ND ND ND 0.696
RDX 121-82-4 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5 8 0.092 5
Perchlorate (ug/L)
Perchlorate 1479730 [ N [ 1090 | <02 u oo |o2]| o5 [ 0os [ o2 [ o [ 008 [ 02 | 034 | [ 008 [ 02 | 037 | [oo8 | 02 [ <2 | u Joos| 02| 29 [ 008 | 02
Field Parameters
Dissolved Oxygen (mg/L) - - - 4.03 2.37 6.34 5.53 4.06 3.78 3.89
Patentia < - - - 233 172 205 28 288 237 239
pH (SU) - - -- 8.2 7.01 5.67 6.89 6.82 7.11 6.76
Conductivity (mS) - - - 0.487 0.637 0.57 0.647 0.711 0.833 0.844
Temperature (°C) -- -- -- 19.79 1591 15.6 17.36 14.41 18.05 17.27
Turbidity (NTU) - - - 0.79 2.19 2.02 1.62 0.43 2.19 7.19
Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

ug/L = micrograms per liter

°C = degrees Celsius

CAS = Chemical Abstracts Service
MCL = Maximum Contaminant level
MDL = Method Detection Limit

mV = millivolt

mS = milliSiemen

ND = Not Detected

ng/L= nanograms per liter
NT = Not Tested

NTU = Nephelometric Turbidity Unit

RL = Reporting Limit

SU = Standard Units

LQ = Laboratory Qualifier
VQ = Validation Qualifier
r = Reason Code

= Noncarcinogenic per EPA RBC Table (October 2007)

—

=Exceeds RG

RBC = USEPA Region III Risk-Based Concentration
(RBC) values from the October 11, 2007, RBC Table
and October 11, 2007, Alternate RBC Table

J = Analyte present. Reported value may not be accurate or precise.

U = Not detected. The associated number indicates the approximate sample concentration necessary to be detected.
UJ = Not detected, quantitation limit may be inaccurate or imprecise.

¢ = calibration failure.

d = MS/MSD or LCS/LCSD RPD imprecision.
g = Dual column confirmation imprecision.

[ = LCS recovery failure.

m = MS/MSD recovery failure.
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Table 3-4

2003 Area B Groundwater Analytical Results with Remedial Goals

3/4/2003

RG | Units| RESUI ngr mpL | rr | Result ngr mpL | rr | Result ngr MDL | RL Result | LQ,VQr | iy | gy
Explosives
2,4,6-Trinitrotoluene 782 |pgl | <54 U 0.55 54 <42 U 043 42 36 U 0365 | 3.6 <48 U 0487 | 48
DNT Mixture 0932 | pgL | ND ND ND ND
RDX (Hexahydro-1,3,5-trinitro-13,5-tria | 6.1 | pgL | <54 U 0.79 54 <42 U 0.61 42 36 U 0526 | 3.6 <48 U 0.701 | 48
Perchlorate
Perchlorate! Jws [ | <t [ v Joss | 1+ [« ] u Josa | 1+ [ o] u Jossa] 1 | « u Joss [ 1
Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

ug/L = micrograms per liter

°C = degrees Celsius

CAS = Chemical Abstracts Service
MDL = Method Detection Limit
mV = millivolt

mS = milliSiemen

ND = Not Detected

NTU = Nephelometric Turbidity Unit
RL = Reporting Limit

SU = Standard Units

LQ = Laboratory Qualifier
VQ = Validation Qualifier
r = Reason Code

= Noncarcinogenic per EPA RBC Table (October 2007)

—

=Exceeds RG

B = Not detected substantially above the level reported in laboratory or field blanks.

E = Concentration exceeded the upper level of the calibration range of the instrument for that specific analysis.
For TICs, compound not  present in calibration standard, calculated using total peak areas ion chromatographs
and response factor of 1.

K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.

J = Analyte present. Reported value may not be accurate or precise.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.

N = Sample spike recovery is outside of control limits.

U = Not detected. The associated number indicates the approximate sample concentration necessary to be
detected.

UJ = Not detected, quantitation limit may be inaccurate or imprecise.

UL = Not detected, quantitation limit is probably higher.

g = Dual column confirmation imprecision.

[ = LCS recovery failure.

m = MS/MSD recovery failure.

o = Calibration blank contamination.

p = Preparation blank contamination.

s = Serial dilution failure.

w = Field and/or equipment blank contamination.

z = Method blank and/or storage blank contamination.
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Table 3-5

2006-2007 Area B Quarterly Groundwater Monitoring Results with Remedial Goals

First Quarter — November/December 2006

Adjusted 54M W4 54M W6 54M W7
Sample ID CAS C/N |Tap Water 11/30/2006 11/29/2006 12/5/2006
pampieiaty RBC Result |LQ, VQ,r| MDL RL Result |LQ, VQ,r| MDL RL Result |LQ, VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 N 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5
Dinitrotoluene Mixture - C 0.932 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5
Perchlorate (ug/L)
Perchlorate [ 14797-73-0 | N 10.90 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10
Field Parameters
Dissolved Oxygen (mg/L) - - - 9.9 11.63 10.46
Oxidation Reduction Potential (mV) - - - -92 181 170
pH (SU) - - - 7.77 8 7.56
Conductivity (mS) -- -- -- 1.13 0.297 0.729
Temperature (°C) - - - 15 16.6 15.9
Turbidity (NTU) - - - 2.66 4.87 591
Second Quarter — March 2007
54M W-4 54M W-6 54MW-7
Sample ID CAS C/N RG 3/27/2007 3/27/2007 3/27/2007
Sample Date Result |LQ, VQ,r| MDL RL Result |LQ, VQ,r| MDL RL Result |LQ, VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 N 7.82 <5 U 0.1 5 <5 U 0.1 5 <5 U 0.1 5
Dinitrotoluene Mixture - C 0.932 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5
Perchlorate (ug/L)
Perchlorate | 14797-73-0 | N 10.90 <0.2 U 0.036 0.2 <0.2 U 0.036 0.2 <0.2 U 0.036 0.2
Field Parameters
Dissolved Oxygen (mg/L) - - - 5.97 8.8 6
Oxidation Reduction Potential (mV) - - - -95 135 -44
pH (SU) - - - 7.16 8.21 7
Conductivity (mS) -- -- -- 1.11 0.314 0.323
Temperature (°C) - - - 15.68 17.77 14.25
Turbidity (NTU) - - - 1.54 31.1 6.59
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Table 3-5

2006-2007 Area B Quarterly Groundwater Monitoring Results with Remedial Goals (Continued)

Third Quarter — June 2007

Sample ID 54MW4 DUP AVG 54M W-6 54MW-7
Sample Date 6/5/2007 6/5/2007 6/5/2007
CAS CIN RG Result [LQ,VQ,r| MDL RL Result |[LQ,VQ,r| MDL RL Result |[LQ,VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 N 7.82 <5 U 0.1 5 <5 U 0.1 5 <5 U 0.1 5
Dinitrotoluene Mixture - C 0.932 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5
Perchlorate (ug/L)
Perchlorate [ 14797-73-0 | N [ 1090 <0.2 U 0.08 0.2 <0.2 U 0.08 0.2 <0.2 U 0.08 0.2
Field Par ters
Dissolved Oxygen (mg/L) - - - 5.15 4.5 7.72
Oxidation Reduction Potential (mV) -- -- -- 91 76 225
pH (SU) - - - 6.39 6.03 6.97
Conductivity (mS) - - - 0.003 0.003 0.302
Temperature (°C) -- -- -- 14.54 19.28 3.03
Turbidity (NTU) -- -- -- 0.67 9.96 0.71
Fourth Quarter — September 2007
54M W4 54MW6 54MW7 DUP AVG
Sample ID 9/19/2007 9/19/2007 9/19/2007
Sample Date CAS CIN RG Result |[LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 N 7.82 <5 U 0.1 5 <5 U 0.1 5 <5 U 0.1 5
Dinitrotoluene Mixture - C 0.932 ND ND ND
RDX 121-82-4 C 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5
Perchlorate (ug/L)
Perchlorate [ 14797-73-0 [ N [ 10.90 <02 | U 0.08 0.2 01 [ 1 0.08 0.2 <02 | U 0.08 0.2
Field Par ters
Dissolved Oxygen (mg/L) - - - 4.03 7.47 4.56
Oxidation Reduction Potential (mV) -- -- -- -1 236 266
pH (SU) - - - 7.91 8.13 6.97
Conductivity (mS) -- -- -- 1.1 0.267 0.766
Temperature (°C) -- -- -- 16.08 16.69 16.83
Turbidity(NTU) - - - 0.43 437 0.39
Notes: NTU = Nephelometric Turbidity Unit Data Qualifiers:

ug/L = micrograms per liter

°C = degrees Celsius

CAS = Chemical Abstracts Service
MDL = Method Detection Limit
mV = millivolt

mS = milliSiemen

ND = Not Detected

ng/L = nanogram per liter

RL = Reporting Limit
SU = Standard Units

LQ = Laboratory Qualifier

J = Analyte present. Reported value may not be accurate or precise.
U = Not detected. The associated number indicates the approximate sample concentration necessary to be
detected.

VQ = Validation Qualifier
r = Reason Code C = Carcinogenic per EPA RBC Table (October 2007)
N = Noncarcinogenic per EPA RBC Table (October 2007)

=Exceeds RG

See Table 6-3D (December 2006) and Table 6-3E (June 2007) for Total 2,3,7,8-TCDD TEQ Calculations
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Table 3-6 2006 New River Surface and Sediment Pore Water Sample Results with Remedial Goals
Surface Water
NR-SW-1 NR-SW-2 NR-SW-3 NR-SW-4 NR-SW-5 NR-SW-6
Sample ID 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006
pampgiete CAS C/N RG Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5
2,4-Dinitrotoluene 121-14-2 N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5
2,6-Dinitrotoluene 606-20-2 N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5
DNT mixture* 0.932 <5 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5
Perchlorate (ug/L)
Perchlorate | 14797-73-0 - 10.900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10
Field Parameters
Dissolved Oxygen (mg/L) - - - 17.05 15.83 14.64 12.93 14.83 15.11
Oxidation Reduction Potential (mV) -- -- -- 219 118 47 53 32 35
pH (SU) - - - 8.9 8.1 7.96 7.81 7.67 8.3
Conductivity (mS) -- -- -- 0.116 0.113 0.118 0.174 0.117 0.155
Temperature (°C) -- -- -- 10.1 9.9 10.1 10.3 10.2 104
Turbidity (NTU) -- -- -- 71.3 13.7 17.48 9.94 7.66 6.21
Pore Water
NR-PW-1 NR-PW-2 NR-PW-3 NR-PW-4 NR-PW-5 NR-PW-6
Sample D 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006
LN IS CAS C/N RG Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5
2,4-Dinitrotoluene 121-14-2 N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5
2,6-Dinitrotoluene 606-20-2 N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5
DNT mixture* 0.932 <5 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5
Perchlorate (ug/L)
Perchlorate | 14797-73-0 - 10.900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10
Field Parameters
Dissolved Oxygen (mg/L) - - - 10.38 10.46 12.2 9.35 10.82 11.34
Oxidation Reduction Potential (mV) -- -- -- -109 -174 20 -182 -44 -58
pH (SU) -- -- -- 7.33 7.21 7.47 7.57 7.44 72
Conductivity (mS) - - - 0.307 0.344 0.248 0.38 0.553 0.353
Temperature (°C) -- -- -- 12.8 10.7 10.8 10.6 13.2 11.9
Turbidity (NTU) -- -- -- 16.35 379 22.7 4.86 3.63 11.85
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Table 3-6 2006 New River Surface and Sediment Pore Water Sample Results with Remedial Goals (Continued)

Surface Water

NR-SW-7 NR-SW-8 NR-SW-8-DUP(DUP-4) NR-SW-9 NR-SW-10
ssamli’le D"z 12/1/2006 12/1/2006 12/1/2006 12/1/2006 12/1/2006
ample Date
p CAS C/N RG Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075
2,4-Dinitrotoluene 121-14-2 N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12
2,6-Dinitrotoluene 606-20-2 N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27
DNT mixture* 0.932 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16
Perchlorate (ug/L)
Perchlorate [ 14797-13:0 | — | 10900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84
Field Parameters
Dissolved Oxygen (mg/L) - - - 13.13 13.27 13.27 13.76 14.69
Oxidation Reduction Potential (mV) -- -- -- 10 41 41 51 52
pH (SU) - - - 8.11 78 78 7.62 7.83
Conductivity (mS) - - - 0.140 0.124 0.124 0.131 0.114
Temperature (°C) -- -- -- 11.7 12.5 12.5 11.8 11
Turbidity (NTU) -- -- -- 148 13.8 13.8 20.5 11.46
Pore Water
NR-PW-6-DUP(DUP-3) NR-PW-7 NR-PW-8 NR-PW-9 NR-PW-10
ssamll!’le D")t 11/30/2006 12/1/2006 12/1/2006 12/1/2006 12/1/2006
ample Date
. CAS C/N RG Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL RL Result | LQ,VQ,r MDL

Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075
2,4-Dinitrotoluene 121-14-2 N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12
2,6-Dinitrotoluene 606-20-2 N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27
DNT mixture* 0.932 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16
Perchlorate (ug/L)
Perchlorate [ 14797130 | — | 10900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84
Field Parameters
Dissolved Oxygen (mg/L) - - - 11.34 9.25 9.74 10.55 10.18
Oxidation Reduction Potential (mV) -- -- -- -58 -194 -173 -173 -157
pH (SU) - - - 72 7.54 7.36 723 747
Conductivity (mS) - - - 0.353 0.517 0.660 0.533 0.479
Temperature (°C) -- -- -- 11.9 13 12.9 13.2 13.1
Turbidity (NTU) -- -- -- 11.85 3.72 5.6 15.87 1.66
*DNT mixture results are obtained by adding together the results of 2,4-DNT and 2,6-DNT

Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

ug/L = micrograms per liter N = Noncarcinogenic per EPA RBC Table (October 2007) J = Analyte present. Reported value may not be accurate or precise.

°C = degrees Celsius IE' =Exceeds RG U = Not detected. The associated number indicates the approximate sample concentration necessary to be detected.

CAS = Chemical Abstracts Service

MDL = Method Detection Limit

m = milligram per liter = egion isk-Based Concentration

/L = milligram per | RBC = USEPA Region III Risk-Based C:

mV = millivolt (RBC) values from the October 11, 2007, RBC Table

mS = milliSiemen and October 11, 2007, Alternate RBC Table

NTU = Nephelometric Turbidity Unit

RL = Reporting Limit BTAG = Biological Technical Assistance Group

SU = Standard Units Water - BTAG Freshwater Screening Values, 2006a

LQ = Laboratory Qualifier
VQ = Validation Qualifier
r = Reason Code
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Alternative Two, which entails excavation and off-site disposal as the primary remediation
process, was found to achieve the CMO. Therefore, Alternative Two was selected as the final
alternative for SWMU 54 because it is implementable and provides a greater level of protection
to human health and the environment not provided by other alternatives. In addition, Alternative
Two is the sole alternative that facilitates RGs without potential adverse effects to groundwater
(i.e., degradation of secondary water quality parameters) from remedial implementation
activities, which would occur with implementation of Alternative Three.

The CMOs and RGs were developed in the Final SWMU 54 RFI/CMS Report (URS, 2008). The
following is a summary of the findings from that process.

The site-specific CMO for SWMU 54 Area A is to mitigate further leaching of explosives
constituents from soil-to-groundwater at levels that would potentially increase observed
concentrations and adversely impact future beneficial use of groundwater; and to the extent
practicable, a goal of restoring site groundwater to the most beneficial use. The soil CMOs for
Area A have been met, and the purpose of this report is to implement the groundwater IMs to
meet the CMOs for groundwater.

The site-specific CMO for SWMU 54 Area B is to mitigate the potential hypothetical future risks
that have been identified for exposure to soil under a future construction worker scenario; and to
prevent leaching of contaminants of concern from soil-to-groundwater at levels that would
potentially adversely impact future beneficial use of groundwater. The site-specific CMOs have
been met through the soil excavation and off-site disposal completed in 2010.

RGs for SWMU 54 soil were used at SWMU 54 to confirm that all COIs were removed from
soil to levels that are safe for human health and the environment. Results from the soil remedial
action at SWMU 54 can be found in the approved Final Interim Measures Completion Report for
SWMU 54 (Shaw, 2011b). The groundwater RGs, included in Table 1.1, will be used to compare
results from groundwater monitoring wells to assess the progress of the MNA process.
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4.0 Field Activities

The following sections provide a discussion of field activities conducted by BSEn in the seventh
year of monitoring at SWMU 54.

The seventh year of groundwater monitoring consisted of four sampling events conducted in
October 2018 (twenty-fifth quarter), February 2019 (twenty-sixth quarter), April 2019 (twenty-
seventh quarter), and July 2019 (twenty-eighth quarter). Multiple wells were removed from the
monitoring network after the ninth and tenth quarters and were not sampled during this seventh
year. As such, monitoring wells that were included in the seventh year monitoring events
included 54MW1, 54MW10, 54MW12, and 54MW13, which monitor Area A at SWMU 54.
Field activities were conducted in accordance with the Final SWMU 54 MNA IMWP (Shaw,
2011a). Copies of the groundwater sample forms are presented in Appendix A. The monitoring
wells were all in usable condition for the entire year of sampling.

4.1 Twenty-Fifth Quarter Groundwater Sampling (October 2018)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MW1, 54MW10, 54MW12, and 54MW13 during the twenty-fifth quarter event. The
twenty-fifth quarter of groundwater sampling was conducted 29 October through 1 November
2018. Groundwater elevation measurements were collected prior to sampling activities. The
locations of monitoring wells sampled during this quarterly event are provided in Figure 4-1.

4.1.1 Groundwater Elevation Measurements

Water level elevations were collected during each seventh year quarterly event from the four
monitoring wells at SWMU 54 prior to the collection of groundwater samples. Table 4-1
provides the measured depth to water levels (from the top of the casing [TOC]) and groundwater
elevations amsl collected on 29 October 2018. Figure 4-2 presents a groundwater elevation
contour map developed from the elevation data collected during this quarterly monitoring event.
Groundwater contours were derived using Esri ArcGIS Desktop Spatial Analyst 10.7.1 software
and creating a spline interpolated continuous surface based on limited groundwater data. The
surface model was executed using default values in most cases and forces to cover an area
inclusive of all wells using the extent polygon to define the area of interest. Contour lines were
then constructed from the output splined surface at 10-foot and 2-foot intervals, depending on
the site, with zero base contour. The results of the automated processing were then reviewed by
subject knowledge experts and manually adjusted to accurately represent ground conditions.
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Table 4-1 Twenty-Fifth Quarter Groundwater Elevations at SWMU 54

Screen Screen Total Water Level | Elevation Water Level PID
Well Interval | Length Depth (ft below TOC (ft amsl;’ Reading
(ft bgs) (ft) (ft) TOC) (ft amsl) (ppm)
54MW1 | 34.8-54.8 20 62 17.65 1707.78 1690.13 0.0
54MW10 12 -27 15 35 14.52 1691.10 1676.58 0.0
54MW12 20 -30 10 30 22.68 1702.42 1679.74 0.0
54MW13 12 -25 10 25.33 19.10 1698.90 1679.80 0.0

Notes:

amsl = above mean sea level

bgs = below ground surface

ft = feet

ppm = parts per million

TOC = top of casing

PID=Photoionization detector

Estimated groundwater flow velocity for Area A was calculated based on parameters used in the
SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft had
a groundwater elevation difference of 13.55 ft, resulting in a calculated hydraulic gradient of
0.025 fi/ft. Using an average K value for Area A of 4.86 feet per day (ft/day) and an estimated
effective porosity of 0.20, the groundwater flow velocity for Area A is approximately 0.61 ft/day

[223.22 feet per year (ft/year)].

Area B, although not monitored during the seventh year, is expected to have a similar
groundwater flow velocity as Area A, as reported in the Third Year MNA Report (CB&I, 2014).

4.1.2 Groundwater Sampling

Groundwater samples were collected from the four monitoring wells between 29 October and 31
October 2018 and analyzed for the analytical suites covering explosives, perchlorate, and RDX
and it’s breakdown by-products hexahydro-1,3,5-dinitroso-5-nitro-1,3,5-triazine (DNX),
hexahydro-1- nitroso-3,5-dinitro-1,2,5-triazine (MNX), and hexhydro-1,3,5-trinitroso-1,3,5-
triazine (TNX). The breakdown by-products of RDX are considered MNA indicators. In addition,
the following indicator parameters were collected: Total Organic Carbon (TOC), Total Inorganic
Carbon (TIC), dissolved ferrous iron, dissolved manganese, chlorate, chloride, chlorite, nitrate,
and sulfate. Water quality parameters collected during low flow sampling included pH,
temperature, specific conductance, dissolved oxygen (DO), oxidation-reduction potential (ORP),
and turbidity. Table 4-2 presents the suite of analytes collected for analysis during the twenty-
fifth quarterly monitoring event. Groundwater sampling was accomplished without any issues.

Table 4-2 Year 7 Quarterly Monitoring Analytical Suite

MNA Water
Well/Sample ID | Frequency | Explosives | Perchlorate RDX MNA Indicator Quality
Parameters
Parameters | Parameters
54MW1 Quarterly X X X X X
54MW10 Quarterly X X X X X
54MW12 Quarterly X X X X X
54MW13 Quarterly X X X X X
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Figure 4-1 SWMU 54 Monitoring Well Sample Locations
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Figure 4-2 SWMU 54 October 2018 (25th Quarter) Groundwater Contour Map
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Groundwater samples were collected via low-flow bladder pumps to obtain representative
groundwater samples and to minimize investigative derived waste (IDW) purge water. The
following procedures were followed during all quarterly groundwater monitoring events:

1.

A photoionization detector (PID) reading was taken upon removing the well cap to
determine the presence of potentially hazardous levels of volatile gases. The PID readings
were collected during the water elevation sweeps and again during sample collection. All
PID readings were within acceptable levels.

During the water level sweep, depth to water and total depth measurements were recorded
to determine the amount of water in the well casing and sandpack.

Groundwater samples were collected after all water level elevations had been recorded.
The general practice was to lower the bladder pump to a depth where the pump inlet was
within the screened interval. Ample hydraulic head was maintained above the pump to
ensure a sufficient water supply. The pump was connected to a Geocontrol PRO control
unit, while the discharge tubing was connected to a YSI 556 water quality flow cell.

Monitoring wells were pumped at a rate of approximately 200 milliliters per minute
(mL/min). Flow rate was determined by gauging the time it took to fill a 200 mL vial.
Water quality parameters were recorded continuously including temperature, pH, DO,
ORP, turbidity, and conductivity. Turbidity was measured using a HACH 2100Q
turbidity meter, while concentrations of dissolved ferrous iron and manganese were
measured in the field using a Hach DR900 test kit via Method 8146 and 8149,
respectively.

Table 4-3 presents a summary of the final (stabilized) water quality readings for each
well from the twenty-fifth quarter.

Based on the DO data collected during the twenty-fifth quarterly monitoring event, groundwater
within Area A exhibits aerobic conditions (i.e., DO >1 parts per million [ppm]). The DO levels
ranged from a low of 2.68 milligrams per liter (mg/L) at monitoring well 54MW10 to a high of
8.05 mg/L at monitoring well 54MW1. ORP measurements ranged from a low of -34.5 millivolts
(mV) in monitoring well 54MW1 to a high of 118.5 mV at monitoring well 54MW12.
Measurements of pH ranged from a low of 6.41 standard units (SU) at monitoring well 54MW12
to a high of 7.39 SU at monitoring well 54MW 1. The pH levels were generally in agreement with
measurements observed during the twenty-fourth quarterly monitoring event. Measurements of
specific conductance ranged from a low of 220 microsiemens per centimeter (uS/cm) at
monitoring well 54MW13 to a high of 707 uS/cm at monitoring well 54MW10.

Contract No. W912QR-13-D-0001 Task Order 0001
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Table 4-3

Twenty-Fifth Quarter Water Quality Parameters at SWMU 54

Well ID pH Conductivity Turbidity Dissolved Oxygen ORP Temperature
(nS/cm) (NTU) (mg/L) (mV) (°C)
54MWI1 7.39 374.1 0.34 8.05 -34.5 13.3
54MW10' 6.89 707 0.56 2.68 71.4 15.5
54MW12 6.41 372.6 28.90 5.84 118.5 14.7
54MW13 6.63 220 10.90 5.5 1104 14.8

Notes:

! Well 54MW10 is located adjacent to the New River mV - millivolts

uS/cm - microsiemens per centimeter
NTU - nephelometric turbidity unit
mg/L - milligrams per liter

°C - degrees Celsius
ORP — Oxygen reduction potential

Prior to sampling, the flow cell was disconnected and the groundwater flow rate was maintained
at 200 mL/min during sample collection. Samples were collected, labeled, and packed in ice until
shipment to the laboratory. Chain-of-custody (COC) forms were filled out and shipped with the
samples. Copies of the COC forms are provided in Appendix B along with the raw analytical
data packages. Copies of the Low Flow Stabilization Data Sheets are provided in Appendix A.

4.1.3 Quality Control Samples

QC samples including rinse, duplicate and temperature blanks were collected during the twenty-
fifth quarterly monitoring event.

One duplicate sample was collected during the twenty-fifth monitoring event (rate of 10 percent)
at 54MW10 (duplicate as 54TM10) and analyzed for the same suite of compounds as the parent
sample. Further, one matrix spike/matrix spike duplicate (MS/MSD) [at a rate of 5 percent]) was
collected at monitoring well 54AMW12 (54MW12 MS/MSD) and analyzed for the same suite of
compounds as the parent sample.

One equipment rinse blank (103118R1) was collected during the twenty-fifth quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into
clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the monitoring well samples. Finally, one IDW purge water sample
(54ADWO01) was collected and analyzed for pH, chemical oxygen demand (COD), and total
metals for disposal of IDW purge water per the RFAAP SWMU 54 MNA IMWP. Results of the
QA/QC samples are presented in the raw analytical data package provided in Appendix B.

4.2 Twenty-Sixth Quarter Groundwater Sampling (February 2019)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MWI1, 54MW10, 54MW12, and 54MW 13 between 4 and 5 February 2019. Groundwater
elevation measurements were collected prior to sampling activities. The locations of monitoring
wells sampled during this quarterly event are provided in Figure 4-1.
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4.2.1 Groundwater Elevation Measurements

Table 4-4 provides the measured depth to water levels (from TOC) and groundwater elevations
collected on 4 February 2019 during the twenty-sixth quarter monitoring event. Figure 4-3
presents a groundwater elevation contour map developed from the elevation data collected during
the quarter.

Estimated groundwater flow velocity for Area A was calculated based on parameters used in the
SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft had
a groundwater elevation difference of 14.01 ft, resulting in a calculated hydraulic gradient of
0.026 fi/ft. Using an average K value for Area A 0f4.86 ft/day and an estimated effective porosity
0f 0.20, the groundwater flow velocity for Area A is approximately 0.63 ft/day (230.8 ft/year).

Table 4-4 Twenty-Sixth Quarter Groundwater Elevations at SWMU 54

Screen Screen Total Water Level | Elevation Water Level PID
Well Interval | Length Depth (ft below TOC (ft amsl;’ Readings
(ft bgs) (ft) (ft) TOC) (ft amsl) (ppm)
54MW1 | 34.8-54.8 20 62 17.07 1707.78 1690.71 PID=0.0
54MW10 12 -27 15 35 14.40 1691.10 1676.70 PID=0.0
54MW12 20-30 10 30 22.30 1702.42 1680.12 PID=0.0
54MW13 12 -25 10 25.33 18.77 1698.90 1680.13 PID=0.0

Notes:
amsl = above mean sea level
bgs = below ground surface

ft = feet

ppm = parts per million

TOC = top of casing

PID = Photoionization detector

4.2.2 Groundwater Sampling

Groundwater samples were collected from monitoring wells 54MW1, 54MW10, 54MW12, and
54MW13 between 4 and 5 February 2019. The twenty-sixth quarter monitoring samples were
tested for the same analytes as the twenty-fifth quarter, which are presented in Table 4-2.
Groundwater sampling was accomplished without any issues.
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Figure 4-3 SWMU 54 February 2019 (26th Quarter) Groundwater Contour Map
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Groundwater samples were collected applying the same method and approach used during the
twenty-fifth quarterly monitoring event: specifically, via low-flow bladder pumps. The sample
procedures are provided below.

1.

A PID reading was taken upon removing the well cap to determine the presence of
potentially hazardous levels of volatile gases. The PID readings were collected during the
water elevation sweeps and again during sample collection. All PID readings were within
acceptable levels.

During the water level sweep, depth to water and total depth measurements were recorded
to determine the amount of water in the well casing and sandpack.

Groundwater samples were collected after all water level elevations had been recorded.
The general practice was to lower the bladder pump to a depth where the pump inlet was
within the screened interval. Ample hydraulic head was maintained above the pump to
insure a sufficient water supply. The pump was connected to a Geocontrol PRO control
unit, while the discharge tubing was connected to a YSI 556 water quality flow cell.

Monitoring wells were pumped at a rate of approximately 200 mL/min. Flow rate was
determined by gauging the time it took to fill a 200 mL vial. Water quality parameters
were recorded continuously including temperature, pH, DO, ORP, turbidity, and
conductivity. Turbidity was measured using a HACH 2100Q turbidity meter, while
concentrations of dissolved ferrous iron and manganese were tested in the field using a
Hach DR90O test kit via Method 8146 and 8149, respectively.

Table 4-5 presents a summary of the final (stabilized) water quality readings for each
well from the twenty-sixth quarter.

Based on the DO data collected during the twenty-sixth quarterly monitoring event, groundwater
within Area A exhibit both aerobic and anaerobic conditions. The DO levels ranged from a low
of 0.11 mg/L at monitoring well 54MW10 to a high of 8.02 mg/L at monitoring well 54MW13.
ORP measurements ranged from a low of 10.3 mV at monitoring well 54MWT1 to a high of 102.1
mV at monitoring well 54MW12. Measurements of pH ranged from a low of 6.28 SU at
monitoring well 54MW13 to a high of 7.14 SU at monitoring well 54MW1. The pH levels were
slightly less neutral than observed during the twenty-fifth quarterly monitoring event.
Measurements of specific conductance ranged from a low of 267.6 uS/cm in monitoring well
54MW13 to a high of 566.6 uS/cm observed at monitoring well 54MW10.
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Table 4-5 Twenty-Sixth Quarter Water Quality Parameters at SWMU 54

Well ID pH Conductivity Turbidity Dissolved ORP Temperature

(nS/cm) (NTU) Oxygen (mg/L) (mYV) (°C)

54MW1 7.14 471.5 0.32 3.02 10.3 13.7

54MW10 6.57 566.6 0.26 0.11 45.7 13.5

54MW12 6.46 532.6 6.2 1.39 102.1 13.2

54MW13 6.28 267.6 8.99 8.02 79.3 13.1

Notes:

mg/L - milligrams per liter mV - millivolts

uS/cm - microsiemens per centimeter °C - degrees Celsius

NTU - nephelometric turbidity unit ORP — Oxygen reduction potential

Copies of the COC forms are provided in Appendix B along with the raw analytical data
packages.

4.2.3 Quality Control Samples

QC samples including rinse, duplicate and temperature blanks were collected during the twenty-
sixth monitoring event.

One duplicate sample was collected at 5S4AMWI10 (duplicate as 54TM10) and analyzed for the
same suite of compounds as the parent sample. Further, one MS/MSD was collected at
monitoring well 54MW12 (54MW12 MS/MSD) and analyzed for the same suite of compounds
as the parent sample.

One equipment rinse blank (020719R1) was collected during the twenty-sixth quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into
clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the monitoring well samples. Finally, one IDW purge water sample
(54ADWO01) was collected and analyzed for pH, COD, and total metals. Results of the QA/QC
samples are presented in the raw analytical data package provided in Appendix B.

4.3  Twenty-Seventh Quarter Groundwater Sampling (April 2019)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MWI1, 54MW10, 54MW12, and 54MW13 from 29 April to 3 May 2019. Groundwater
elevation measurements were collected prior to sampling activities. The locations of monitoring
wells sampled during this quarterly event are provided in Figure 4-1.

4.3.1 Groundwater Elevation Measurements

Table 4-6 provides the measured depth to water levels (from TOC) and groundwater elevations
collected on 29 April 2019 during the quarterly monitoring event. Figure 4-4 presents a
groundwater elevation contour map developed from the elevation data collected during the
quarter.
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Estimated groundwater flow velocity for Area A was calculated based on parameters used in the
SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft had
a groundwater elevation difference of 11.88 ft, resulting in a calculated hydraulic gradient of
0.022 ft/ft. Using an average K value for Area A 0f4.86 ft/day and an estimated effective porosity
01 0.20, the groundwater flow velocity for Area A is approximately 0.54 ft/day (195.71 ft/year).

Table 4-6 Twenty-Seventh Quarter Groundwater Elevations at SWMU 54
Water .
Screen Elevation Water PID
Well Interval Lesncr:he I(lft) Tota:fgepth (f%le)‘e’f(l)w TOC Level (ft Readings
(ft bgs) g (ft amsl) amsl) (ppm)
TOCO)
54MW1 34.8-54.8 20 62 19.48 1707.78 1688.30 PID=0.0
54MW10 12 -27 15 35 14.68 1691.10 1676.42 PID=0.0
54MW12 20 -30 10 30 21.89 1702.42 1680.53 PID=0.0
54MW13 12 - 25 10 25.33 18.45 1698.90 1680.45 PID=0.0

Notes:

amsl = above mean sea level
bgs = below ground surface

ft = feet

ppm= parts per million

TOC = top of casing

PID = Photoionization detector

4.3.2 Groundwater Sampling

Groundwater samples were collected from monitoring wells 54MW1, 54MW10, 54MW12, and
54MW13 between 30 April and 1 May 2019. The twenty-seventh quarter monitoring samples
were tested for the same analytes as the previous two quarters, which are presented in Table 4-
2. Groundwater sampling was accomplished without any issues.

Groundwater samples were collected applying the same method and approach used during the
previous two quarterly monitoring events: specifically, via low-flow bladder pumps. The sample
procedures are provided below.

1. A PID reading was taken upon removing the well cap to determine the presence of
potentially hazardous levels of volatile gases. The PID readings were collected during the
water elevation sweeps and again during sample collection. All PID readings were within
acceptable levels.

2. During the water level sweep, depth to water and total depth measurements were recorded
to determine the amount of water in the well casing and sandpack.

3. Groundwater samples were collected after all water level elevations had been recorded.
The general practice was to lower the bladder pump to a depth where the pump inlet was
within the screened interval. Ample hydraulic head was maintained above the pump to
ensure a sufficient water supply. The pump was connected to a Geocontrol PRO control
unit, while the discharge tubing was connected to a YSI 556 water quality flow cell.

Contract No. W912QR-13-D-0001 Task Order 0001
4-11



4. Monitoring wells were pumped at a rate of approximately 200 mL/min. Flow rate was
determined by gauging the time it took to fill a 200 mL vial. Water quality parameters
were recorded continuously including temperature, pH, DO, ORP, turbidity, and
conductivity. Turbidity was measured using a HACH 2100Q turbidity meter, while
concentrations of dissolved ferrous iron and manganese were tested in the field using a
Hach DR90O test kit via Method 8146 and 8149, respectively.

5. Table 4-7 presents a summary of the final (stabilized) water quality readings for each
well from the twenty-seventh quarter.

Based on the DO data collected during the twenty-seventh quarterly monitoring event,
groundwater within Area A exhibited aerobic groundwater conditions. The DO levels ranged
from a low 0f 4.32 mg/L at monitoring well 54MW10 to a high of 8.4 mg/L at monitoring well
54MW1. ORP measurements ranged from a low of 62.1 mV at monitoring well 54MW1 to a
high of 118.3 mV at monitoring well 54MW12. Measurements of pH ranged from a low of 5.8
SU at monitoring well 54MW12 to a high of 7.33 SU at monitoring well 54MW1. The pH levels
fluctuated slightly from the measurements observed during the twenty-sixth quarterly monitoring
event. Measurements of specific conductance ranged from a low of 270.4 puS/cm in monitoring
well 54MW13 to a high 0f402.4 uS/cm observed at monitoring well 54MW10. These values are
not in agreement with those observed in the twenty-fifth and tenty-sixth quarterly monitoring
events that fluctuate well above 100 uS/cm in the individual monitoring wells.

Table 4-7 Twenty-Seventh Quarter Water Quality Parameters at SWMU 54
Conductivity Turbidity L ORP Temperature
Well ID pH (uS/em) (NTU) Oxygen (mV) (°C)
a (mg/L)

54MW1 7.33 372.8 0.28 8.4 62.1 13.2
54MW10 6.52 402.4 1.19 4.32 89.7 12.2
54MW12 5.8 324.6 46.7 6.77 118.3 14.2
54MW13 6.34 270.4 10.17 5.9 116.6 14.3

Notes:

mg/L - milligrams per liter mV - millivolts
uS/cm - microsiemens per centimeter

NTU - nephelometric turbidity unit

°C - degrees Celsius
ORP — Oxygen reduction potential

Copies of the COC forms are provided in Appendix B along with the raw analytical data

packages.
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Figure 4-4

SWMU 54 April 2019 (27th Quarter) Groundwater Contour Map
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4.3.3 Quality Control Samples

QC samples, including rinse, duplicate and temperature blanks were collected during the twenty-
seventh monitoring event.

One duplicate sample was collected at 5S4AMW10 (duplicate as 54TM10) and analyzed for the
same suite of compounds as the parent sample. Further, one MS/MSD was collected at
monitoring well 54MW12 (54MW12 MS/MSD) and analyzed for the same suite of compounds
as the parent sample.

One equipment rinse blank (033019R1) was collected during the twenty-seventh quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into
clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the monitoring well samples. Finally, one IDW purge water sample
(54ADWO01) was collected and analyzed for pH, COD, and total metals. Results of the QA/QC
samples are presented in the raw analytical data package provided in Appendix B.

4.4 Twenty-Eighth Quarter Groundwater Sampling (July 2019)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MW1, 54MWI10, 54MWI12, and 54MW13 from 29 July to 30 August 2019.
Groundwater elevation measurements were collected prior to sampling activities. The locations
of monitoring wells sampled during this quarterly event are provided in Figure 4-1.

4.4.1 Groundwater Elevation Measurements

Table 4-8 provides the measured depth to water levels (from TOC) and groundwater elevations
collected on 29 July 2019 during the quarterly monitoring event. Figure 4-5 presents a
groundwater elevation contour map developed from the elevation data collected during the
quarter.

Estimated groundwater flow velocity for Area A was calculated based on parameters used in the
SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft had
a groundwater elevation difference of 13.98 ft, resulting in a calculated hydraulic gradient of
0.026 fi/ft. Using an average K value for Area A 0f4.86 ft/day and an estimated effective porosity
0f 0.20, the groundwater flow velocity for Area A is approximately 0.631 ft/day (230.3 ft/year).
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Table 4-8 Twenty-Eighth Quarter Groundwater Elevations at SWMU 54

Screen Screen Total Denth Water Level | Elevation Water PID
Well Interval Length (ft) P (ft below TOC Level (ft Readings
(ft bgs) (ft) TOC) (ft amsl) amsl) (ppm)
54MW1 34.8-54.8 20 62 19.04 1707.78 1688.74 PID =0.0
54MW10 12-27 15 35 16.34 1691.10 1674.76 PID =0.0
54MW12 20 - 30 10 30 24.84 1702.42 1677.58 PID =0.0
54MW13 12 -25 10 25.33 21.45 1698.90 1677.45 PID =0.0

Notes:

amsl = above mean sea level
bgs = below ground surface

ft = feet

ppm= parts per million
TOC = top of casing
PID = Photoionzation detector

4.4.2 Groundwater Sampling

Groundwater samples were collected from monitoring wells 54MW1, 54MW10, 54MW12, and
54MW13 from 29 July to 30 July 2019. The twenty-eighth quarter monitoring samples were
tested for the same analytes as the previous three quarters, which are presented in Table 4-2.
Groundwater sampling was accomplished without any issues.

Groundwater samples were collected applying the same method and approach used during the
previous quarterly monitoring events: specifically, via low-flow bladder pumps. The sample
procedures are provided below.

1.

A PID reading was taken upon removing the well cap to determine the presence of
potentially hazardous levels of volatile gases. The PID readings were collected during the
water elevation sweeps and again during sample collection. All PID readings were within
acceptable levels.

During the water level sweep, depth to water and total depth measurements were recorded
to determine the amount of water in the well casing and sandpack.

Groundwater samples were collected after all water level elevations had been recorded.
The general practice was to lower the bladder pump to a depth where the pump inlet was
within the screened interval. Ample hydraulic head was maintained above the pump to
insure a sufficient water supply. The pump was connected to a Geocontrol PRO control
unit, while the discharge tubing was connected to a YSI 556 water quality flow cell.

Monitoring wells were pumped at a rate of approximately 200 mL/min. Flow rate was
determined by gauging the time it took to fill a 200 mL vial. Water quality parameters
were recorded continuously including temperature, pH, DO, ORP, turbidity, and
conductivity. Turbidity was measured using a HACH 2100Q turbidity meter, while
concentrations of dissolved ferrous iron and manganese were tested in the field using a
Hach DR90O test kit via Method 8146 and 8149, respectively.
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5. Table 4-9 presents a summary of the final (stabilized) water quality readings for each
well from the twenty-eighth quarter.

Based on the DO data collected during the twenty-eighth quarterly monitoring event,
groundwater within Area A indicated both aerobic and anaerobic groundwater conditions. The
DO levels ranged from a low of 3.54 mg/L at monitoring well 54MW1 to a high of 6.24 mg/L at
monitoring well 54MW13. There was no consistency among these DO levels at the individual
monitoring wells across the four quarters. The lowest recorded DO value of 0.11 mg/L was
recorded in the twenty-sixth quarter at 54MW10, and the highest was recorded value of 8.4 was
from 54MW]1 in the twenty-seventh quarter. ORP measurements ranged from a low of 79 mV
at monitoring well 54MW10 to a high 0f 238.7 mV at monitoring well 54MW12. Measurements
of pH ranged from a low of 6.54 SU at monitoring well 54MW12 to a high of 7.49 SU at
monitoring well 54MW1. The pH levels were generally in agreement with measurements
observed during the previous three quarterly monitoring events. Measurements of specific
conductance ranged from a low of 470.5 puS/cm in monitoring well 54MW12 to a high of 577
uS/cm observed at monitoring well 54MW13. These values were generally in agreement with
those values from the twenty-sixth quarter, were higher than the twenty-fifth and twenty-seventh
quarters, with the exception of the 707 uS/cm value in the twenty-fifth quarter at monitoring well
54MW10.

Table 4-9 Twenty-Eighth Quarter Water Quality Parameters at SWMU 54

Well ID pH Conductivity Turbidity D(l)s;;g;d ORP Tem[{)erature

(nS/cm) (NTU) (mg/L) (mV) O

54MW1 7.49 479.5 0.21 3.54 212.5 14.7

54MW10 6.9 570.1 1.71 5.33 79 15.3

54MW12 6.54 470.5 2.58 4.29 238.7 15.2

54MW13 7.01 577 1.82 6.24 225.1 18.1

Notes:

mg/L - milligrams per liter mV - millivolts

uS/cm - microsiemens per centimeter °C - degrees Celsius

NTU - nephelometric turbidity unit ORP — Oxygen reduction potential

Copies of the COC forms are provided in Appendix B along with the raw analytical data
packages.

4.4.3 Quality Control Samples

QC samples, including rinse, duplicate and temperature blanks were collected during the twenty-
eighth quarterly monitoring event.

One duplicate sample was collected at 5S4AMWI10 (duplicate as 54TM10) and analyzed for the
same suite of compounds as the parent sample. Further, one MS/MSD was collected at
monitoring well 54MW12 (54MW12 MS/MSD) and analyzed for the same suite of compounds
as the parent sample.
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One equipment rinse blank (073019R1) was collected during the twenty-eighth quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into
clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the parent samples. Finally, one IDW purge water sample (54ADWO1) was
collected and analyzed for pH, COD, and total metals. Results of the QA/QC samples are
presented in the raw analytical data package provided in Appendix B.
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Figure 4-5 SWMU 54 July 2019 (28th Quarter) Groundwater Contour Map
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5.0  Chemical Analytical Results

5.1 Selection of Comparison Criteria

The analytical data collected during this investigation were compared to RGs selected in the Final
SWMU 54 RFI/CMS Report (URS, 2008). Screening levels (SLs) are calculated values that are
derived from theoretical risk scenarios. Compounds are grouped as carcinogens or
noncarcinogens, and carcinogen SL values are calculated to represent an increase of 10¢ in
cancer risk. Noncarcinogen SLs are calculated to a Hazard Index (HI) of 1. In order to account
for potential cumulative effects of exposure to noncarcinogenic compounds, values for
noncarcinogens have been recalculated to an HI of 0.1. Tables 5-1 through 5-10 present the
analytical results and summaries of the twenty-fifth through twenty-eighth quarterly monitoring
data, including number of results that exceed the RGs, frequency of detection, the minimum and
maximum detected concentrations, and the location of the maximum concentration.

5.2 Twenty-Fifth Quarter Groundwater Results (October 2018)

Four (4) groundwater monitoring wells were sampled during this quarterly monitoring event
including wells 54MW1, 54MW10, 54MW12, and 54MW13, with a duplicate sample collected
from monitoring well 54MW10. Samples were submitted for explosives, perchlorate, RDX
breakdown by-products (DNX, MNX and TNX), and MNA indicator parameter analyses.
Detected constituents are summarized in Table 5-1, while the complete results are presented in
Table 5-2. Sample locations are provided in Figure 4-1. The complete laboratory analytical
reports are included in Appendix B-2.

Explosives

Four explosives were detected in groundwater samples including 2,4,6-TNT, 2-amino-4,6-
dinitrotoluene (2ADNT), 4-amino-2,6-dinitrotoluene (4ADNT), and RDX. All four explosives
were detected in monitoring wells 54MW10, 54MW12, and 54MW13, with the exception of
4ADNT not being detected at monitioring well 54MW13. No explosives were detected in
monitoring well 54MW1.

The explosive 2,4,6-TNT was detected at monitoring well 54MW10 at a concentration of 1.0
micrograms per liter (ug/L) and 0.89 pg/L (field duplicate 54TM10); at monitoring well
54MW12 at a concentration of 13.3 pg/L; and at monitoring well 54MW 13 at a concentration of
1.6 pg/L. The concentrations of 2,4,6-TNT at monitoring well 54MW 12 exceeded the RG of 7.82

png/L.

The explosive 2ADNT was detected at monitoring well 54MW10 at a concentration of 0.59 pg/L
and 0.52 pg/L (field duplicate 54TM10); at monitoring well 54MW 12 at a concentration of 4.0
pg/L; and at monitoring well 54MW13 at a concentration of 0.48 pg/L.. An RG has not been
established for 2ADNT. There is no USEPA maximum contaminant level (MCL) (USEPA,
2018); however, the Tapwater regional screening level (RSL) for 2ADNT is 39 pg/L (USEPA,
2019).
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The explosive 4ADNT was detected at monitoring well 54MW10 at estimated concentrations of
0.37 pg/L and 0.24 pg/L (field duplicate 54TM10); and at monitoring well 54MWI12 at a
concentration of 2.0 pg/L. An RG has not been established for 4ADNT. There is no USEPA
MCL (USEPA, 2018); however, the Tapwater RSL for 4ADNT is 39 ng/L (USEPA, 2019).

RDX was detected at monitoring well 54MW10 at concentrations of 1.4 ug/L and 0.99 pg/L
(field duplicate 54TM10); at monitoring well 54MW12 at a concentration of 3.6 pg/L; and at
monitoring well 54MW 13 at a concentration of 0.38 pg/L. There were no detected concentrations
that exceeded RG of 6.1 ng/L. No RDX breakdown by-products (DNX, MNX, and TNX) were
detected at any of the monitoring wells during this quarterly monitoring event.

The monitoring wells with detected concentrations of explosives are typically the same wells
with observed hits recorded during previous sampling rounds. The monitoring well location
(54MW12) where 2,4,6-TNT exceeded the RG is provided in Figure 5-1.

Perchlorate

Perchlorate was detected in four groundwater samples collected from monitoring wells
54MW10, 54MW12, and 54MW13 during this quarterly monitoring event. Perchlorate was
detected at monitoring well 54MW10 at concentrations of 0.65 pg/L and 0.64 pg/L (field
duplicate 54TM10); at monitoring well 54MW12 at a concentration of 1.4 pg/L; and monitoring
well 54MW13 at a concentration of 0.25 pg/L. All four detections were well below the RG of
10.9 pg/L.

Miscellaneous Analytes

Groundwater samples were also analyzed for MNA indicators (TOC, TIC, dissolved ferrous iron,
dissolved manganese, chlorate, chlorite, chloride, nitrate, and sulfate) for the purposes of
evaluating the effectiveness of the MNA process.

Observed concentrations of TOC in the four monitoring wells ranged from an estimated low of
0.8 mg/L (54MW110 field duplicate 54TM10) to an estimated high of 1.0 mg/L (54MW12),
while the concentrations of TIC ranged from a low of 46 mg/L (54MW13) to a high of 86 mg/L
(54MW10 field duplicate 54TM10). Dissolved ferrous iron concentrations ranged from a low of
0.0 mg/L (non detect) (54MW1, 54MW10 and field duplicate 54TM10, and 54MW13) to a high
of0.16 mg/L (54MW12). Dissolved manganese concentrations ranged from a low of 0.024 mg/L
(54MW10 and 54MW13) to a high 0f 0.22 mg/L (54MW1). Chloride concentrations ranged from
an estimated low of 2.7 mg/L (54MW1) to an estimated high of 4.9 mg/L (54MW10). Detected
concentrations of nitrate ranged from an estimated low of 0.0 mg/L (non detect) (54MW1) to an
estimated high of 0.62 mg/L (54MW10). Sulfate concentrations ranged from a low of 16.0 mg/L
(54MW13) to a high of 67.0 mg/L (54MW10 field duplicate 54TM10). The MNA indicator
parameters chlorate and chlorite went undetected during this quarterly monitoring event. Table
5-2 presents the MNA indicator parameters sample results. A more detailed discussion of the
MNA results is provided in Section 6.0.
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Table 5-1

SWMU 54 Summary of Twenty-Fifth Quarter Groundwater Samples

Analyte Units [ RG OIS # of Detections # of Samples® Mlnlmllﬂ.l Max1mun.1 Location of Maximum
Exceedances Concentration Concentration
Explosives
1,3-Dinitrobenzene pg/L na na 0 5 ND ND na
2,4,6-Trinitrotoluene ng/L | 7.82 1 4 5 0.89 13.3 54MW12
DNT Mixture* pg/L | 0.932 0 0 5 ND ND na
2,4-Dinitrotoluene pg/L na na 0 5 ND ND na
2,6-Dinitrotoluene pg/L na na 0 5 ND ND na
2-Amino-4,6-dinitrotoluene pg/L na na 4 5 0.48 4.0 54MW12
2-Nitrotoluene pg/L na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene pg/L na na 3 5 0.24 2.0 54MW12
RDX ng/L 6.1 na 4 5 0.38 3.6 54MW12
DNX pg/L na na 0 5 ND ND na
MNX pg/L na na 0 5 ND ND na
TNX pg/L na na 0 5 ND ND na
Misc.
Perchlorate pg/L 10.9 0 4 5 0.25 1.4 54MW12
Chlorate pg/L na na 0 5 ND ND na
Chlorite ng/L na na 0 5 ND ND na
Chloride mg/L na na 5 5 2.7 4.9 54MW10
Nitrate (as N) mg/L na na 4 5 0.41 2.0 54MW12
Sulfate mg/L na na 5 5 16 67 S4TMI0 (54MW10 field
duplicate)
Total Inorganic Carbon mg/L na na 5 5 46 87 54MW10
Total Organic Carbon mg/L na na 3 5 0.8 1.0 54MW12

Notes:

! One sample was a duplicate
na = not applicable

ND = non detect

*DNT Mixture is combined results of 2,4-Dinitrotoluene and 2,6-Dinitrotoluene
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Table 5-2 SWMU 54 Detected Analytes in Twenty-Fifth Quarter Groundwater Samples
Sample ID 54MW1 54MW10 54TM10 (Field Duplidate S4MW10)
Date Collected 10/31/2018 10/29/2018 10/29/2018
Remedial
Analyte Units | Goals ® |Result [LabQ |ValQ| RL | MDL |[Result |LabQ|ValQ| RL | MDL |[Result | LabQ|ValQ | RL | MDL
Explosives
1,3-Dinitrobenzene pg/L na 0.098 U 02 |0.078 | 0.1 U 0.2 0.08 0.1 U 0.2 ]0.081
2,4,6-Trinitrotoluene pg/L 7.82 0.098 U 0.2 | 0.078 1 0.2 0.08 | 0.89 0.2 ]0.081
DNT Mixture* pg/L 0.932 | 0.196 U 02 0078 | 0.2 U 0.2 0.08 0.2 U 0.2 ]0.081
2,4-Dinitrotoluene pg/L na 0.098 U 02 |0.078 | 0.1 U 0.2 0.08 0.1 U 0.2 ]0.081
2,6-Dinitrotoluene pg/L na 0.098 U 02 |0.078 | 0.1 U 0.2 0.08 0.1 U 0.2 ]0.081
2-Amino-4,6-dinitrotoluene | pg/L na 0.098 U 0.2 ]0.078 | 0.59 0.2 0.08 | 0.52 0.2 ]0.081
2-Nitrotoluene pg/L na 0.098 U 02 |0.078 | 0.1 U 0.2 0.08 0.1 U 0.2 ]0.081
4-Amino-2,6-dinitrotoluene | pg/L na 0.098 U 0.2 | 0.078 | 0.37 J 0.2 0.08 | 0.24 J 0.2 ]0.081
RDX pg/L 6.1 0.098 U 0.2 | 0.078 14 J 0.2 0.08 | 0.99 J 0.2 ]0.081
DNX pg/L na 0.098 U 02 |0.078 | 0.1 U 0.2 0.08 0.1 U 0.2 ]0.081
MNX pg/L na 0.098 U 02 |0.078 | 0.1 U 0.2 0.08 0.1 U 0.2 ]0.081
TNX png/L na 0.098 U 02 |0.078 | 0.1 U 0.2 0.08 0.1 U 0.2 ]0.081
Misc.
Perchlorate ng/L 10.9 0.1 U 0.2 0.05 | 0.65 0.2 0.05 | 0.64 0.2 0.05
Chlorate pg/L na 10 U 10 9.9 10 U 10 9.9 10 U 10 9.9
Chlorite pg/L na 10 U 10 8.6 10 U 10 8.6 10 U 10 8.6
Chloride mg/L na 2.7 J 3 1 4.9 J 3 1 4.1 J 3 1
Nitrate (as N) mg/L na 0.2 U 0.4 0.12 | 0.62 J 0.4 0.12 | 0.55 J 0.4 0.12
Sulfate mg/L na 28 3 0.8 61 3 0.08 67 15 4
Total Inorganic Carbon mg/L na 58 3 0.5 87 3 0.5 86 3 0.5
Total Organic Carbon mg/L na 1.5 U 3 0.5 0.81 J 3 0.5 0.8 J 3 0.5
MNA
Dissolved Fe?* mg/L na 0.00 0.00 0.00
Dissolved Mn mg/L na 0.22 0.024 0.024
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)

Table 5-2 SWMU 54 Detected Analytes in Twenty-Fifth Quarter Groundwater Samples (Continued
Sample ID 54MW12 54MW13
Date Collected 10/30/2018 10/29/2018
Remedial
Analyte Units | Goals? | Result |LabQ| ValQ | RL |MDL| Result |[LabQ|ValQ | RL | MDL

Explosives
1,3-Dinitrobenzene pg/L na 0.098 U 0.2 10.078 0.1 U 0.2 | 0.081
2,4,6-Trinitrotoluene pg/L 7.82 13.3 0.2 10.078 1.6 0.2 | 0.081
DNT Mixture* pg/L 0.932 0.196 U 0.2 10.078 0.2 U 0.2 | 0.081

2,4-Dinitrotoluene pg/L na 0.098 U 0.2 10.078 0.1 U 0.2 | 0.081

2,6-Dinitrotoluene pg/L na 0.098 U 0.2 10.078 0.1 U 0.2 | 0.081
2-Amino-4,6-dinitrotoluene | ng/L na 4 0.2 ]0.078 0.48 0.2 | 0.081
2-Nitrotoluene pg/L na 0.098 U 0.2 10.078 0.1 U 0.2 | 0.081
4-Amino-2,6-dinitrotoluene | ng/L na 2 0.2 ]10.078 0.1 U 0.2 | 0.081
RDX pg/L 6.1 3.6 0.2 10.078 0.38 0.2 | 0.081
DNX pg/L na 0.098 U 0.2 10.078 0.1 U 0.2 | 0.081
MNX pg/L na 0.098 U 0.2 10.078 0.1 U 0.2 | 0.081
TNX pg/L na 0.098 U 0.2 10.078 0.1 U 0.2 ] 0.081
Misc.
Perchlorate pg/L 10.9 1.4 0.2 | 0.05 0.25 0.2 0.05
Chlorate pg/L na 10 U 10 9.9 10 U 10 9.9
Chlorite pg/L na 10 U 10 8.6 10 U 10 8.6
Chloride mg/L na 3.1 J 3 1 3.5 3 1
Nitrate (as N) mg/L na 2 04 | 0.12 0.41 0.4 0.12
Sulfate mg/L na 32 3 0.8 16 3 0.8
Total Inorganic Carbon mg/L na 59 3 0.5 46 3 0.5
Total Organic Carbon mg/L na 1 J 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe?* mg/L na 0.16 0.00
Dissolved Mn mg/L na 0.045 0.024

Notes: Date Qualifiers:

(1) Remedial Goals developed in SWMU 54 RFI/CMS Report, Final Document (URS,
2008). Exceedances denoted by bold font.

ug/L = micrograms per liter (parts per billion)
mg/L = milligrams per liter (parts per million)

MDL = Method Detection Limit

na = not applicable; remedial goal not established for analyte at SWMU 54

ND = non detect

RL = Reporting Limit

Lab Q = Lab Data Qualifiers

Val Q = Validation Data Qualifiers
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Figure 5-1 SWMU 54 October 2018 Groundwater Sample Results Exceeding RGs
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5.3 Twenty-Sixth Quarter Groundwater Results (February 2019)

Four (4) groundwater monitoring wells were sampled during the twenty-sixth quarterly
monitoring event, including wells 54MW1, 54MW10, 54MW12, and 54MW13. A duplicate
sample (54TM10) was collected from monitoring well 54MW10. Samples were submitted for
explosives, perchlorate, RDX breakdown by-products (DNX, MNX and TNX), and MNA
indicator parameter analyses. A summary of detected and non-detected constituents is
summarized in Table 5-3, while the analytical results are presented in Table 5-4. Sample
locations are provided in Figure 4-1. The complete laboratory analytical reports are included in
Appendix B-2.

Explosives

Six explosives were detected in groundwater samples including 2,4,6-TNT, 2ADNT, 4ADNT,
RDX, 2,6-dinitrotoluene (2,6-DNT), and DNT Mixture. The explosive RDX was detected at
three monitoring wells (54MW10 [including field duplicate 54TM10], 54MW12, and 54MW13).
2,4,6-TNT, 2ADNT, and 4ADNT were also detected at monitoring wells 54MW10 (field
duplicate 54TM10), 54MW12, and 54MW13. 2,4,6-TNT and RDX were qualified as estimated
values at monitoring well 54MW10 (field duplicate 54TM10). 2,6-DNT and DNT Mixture were
qualified as estimated at monitoring well 54MW13. 2,6-DNT and DNT Mixture were also
detected in monitoring well 54MW12. No explosives were detected in monitoring well 54MW1.

The explosive 2,4,6-TNT was detected at monitoring well 54MW10 at estimated concentrations
0f0.88 ng/L and 1.2 pg/L (field duplicate sample 54TM10). At monitoring well 54MW12 2.4,6-
TNT was detected at a concentration of 164.0 ug/L; and at monitoring well 54MW13 at a
concentration of 2.3 pg/L. The concentration of 2,4,6-TNT at monitoring well 54MW12 exceeds
the RG of 7.82 ng/L.

The explosive 2,6-DNT was detected in monitoring well 54MW12 at a concentration of 3.6 pg/L,
and at monitoring well 54MW 13 at an estimated concentration 0f0.91 pg/L. DNT mixture results
are obtained by adding together the results of 2,4-DNT and 2,6-DNT. The RG of 0.932 pg/L for
DNT mixture was exceeded at monitoring well 54MW12.

The explosive 2ADNT was detected at monitoring well 54MW10, and field duplicate 54TM10,
at concentrations of 0.64 pg/L and 0.66 pg/L, respectively; at monitoring well 54MW12 at a
concentration of 6.1 pg/L; and at monitoring well 54MW13 at a concentration of 0.53 pg/L. An
RG has not been established for 2ADNT. There is no USEPA MCL (USEPA, 2018); however,
the Tapwater RSL for 2ADNT is 39 pg/L (USEPA, 2019).

The explosive 4ADNT was detected at monitoring well 54MW10, and field duplicate 54TM10,
at concentrations of 0.34 pg/L and 0.41 pg/L, respectively; at monitoring well 54MW12 at a
concentration of 6.7 pg/L; and at monitoring well 54MW13 at a concentration of 0.28 pg/L. An
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RG has not been established for 4ADNT. There is no USEPA MCL (USEPA, 2018); however,
the Tapwater RSL for 4ADNT is 39 pg/L (USEPA, 2019).

The explosive RDX was detected at monitoring well 54MW 10, and field duplicate 54TM10, at
estimated concentrations of 0.88 pg/L and 0.99 ng/L, respectively; at monitioring well 54MW12
at a concentration of 13.5 ng/L; and at monitoring well 54MW13 at a concentration of 0.46 ng/L.
The concentration at monitoring well 54MWI12 exceeded the RG of 6.1 pg/L. No RDX
breakdown by-products (DNX, MNX, and TNX) were detected at any of the monitoring wells
during this quarterly monitoring event.

The monitoring wells with detected concentrations of explosives are typically the same wells
with hits recorded during previous sampling rounds. The monitoring well location (54MW12)
where 2,4,6-TNT, RDX, and DNT Mixture exceed the RGs is provided in Figure 5-2.

Perchlorate

Perchlorate was detected in three groundwater samples collected from monitoring wells
54MW10, 54MW12, and 54MW13. Perchlorate was detected at monitoring well 54MW10 (and
field duplicate 54TM10) at estimated concentrations of 0.34 ug/L and 0.35 pg/L, respectively;
at monitoring well 54MW 12 at a concentration of 3.7 pg/L; and at monitoring well 54MW13 at
a concentration of 0.29 pg/L. All three detections are well below the RG of 10.9 ng/L.

Miscellaneous Analytes

Groundwater samples were also analyzed for MNA indicators (TOC, TIC, dissolved ferrous iron,
dissolved manganese, chlorate, chlorite, chloride, nitrate, and sulfate) for the purposes of
evaluating the effectiveness of the MNA process.

Observed concentrations of TOC in the four monitoring wells ranged from an estimated low of
0.72 mg/L (54MW10) to an estimated high of 2.3 mg/L (54MW12), while the concentrations of
TIC ranged from a low of 39.0 mg/L (54MW13) to a high of 80.0 mg/L (54MW10 in field
duplicate 54TM10). Dissolved ferrous iron concentrations ranged from a low of 0.02 mg/L
(54MW1) to a high of 0.14 mg/L (54MW13). Dissolved manganese concentrations ranged from
a low of 0.029 mg/L (54MWT1) to a high of 0.046 mg/L (54MW12). Chloride concentrations
ranged from an estimated low of 2.3 mg/L (54MW1) to a high of 4.7 mg/L (54MW10 and field
duplicated 54TM10). Detected concentrations of nitrate ranged from a low of 0.48 mg/L
(54MW103) to a high of 2.0 mg/L (54MW12). Sulfate concentrations ranged from a low of 15.0
mg/L (54MW13) to a high 0f43.0 mg/L (54MW12). The MNA indicator parameter chlorate was
detected in 54MW12 at a concentration of 17 pg/L and went undetected in the remaining wells.
The MNA indicator parameter of chlorite went undetected during this quarterly monitoring event.
Table 5-4 presents the MNA indicator parameters sample results. A more detailed discussion of
the MNA results is provided in Section 6.0.
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Table 5-3 SWMU 54 Summary of Twenty-Sixth Quarter Groundwater Samples
f R . Minimum Maximum Location of
e Ex#c:edafces i CILLSER O T # of Samples® Concentrl:ltion Concentrl:ltion D(’;;xin(iul(:l

Explosives (ug/L)
1,3-Dinitrobenzene na na 0 5 ND ND na
2,4,6-Trinitrotoluene 7.82 1 4 5 0.88 164 54AMW12
DNT Mixture 0.932 1 2 5 1.01 3.7 54MW12

2,4-Dinitrotoluene na na 0 5 ND ND na

2,6-Dinitrotoluene na na 2 5 091 3.6 54MW12
2-Amino-4,6-dinitrotoluene na na 4 5 0.53 6.1 54AMW12
2-Nitrotoluene na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene na na 4 5 0.28 6.7 54MW12
RDX 6.1 1 4 5 0.46 13.5 54MW12
DNX na na 0 5 ND ND na
MNX na na 0 5 ND ND na
TNX na na 0 5 ND ND na
Misc. (ug/L)
Perchlorate 10.9 0 4 5 0.29 3.7 54MW12
Chlorate na na 1 5 ND 17.0 54MW10
Chlorite na na 0 5 ND ND na

. 54MW10 (and fiel

Chloride na na 5 5 2.3 4.7 duplicate g 4TdM le Oc)i
Nitrate (as N) na na 4 5 0.48 1.1 54MW10
Sulfate na na 5 5 15 43 54MW12
Total Inorganic Carbon na na 5 5 39 80 duplsi j;lg/[pll? ngll\j[gvl 0)
Total Organic Carbon na na 3 5 0.72 2.3 54MW12

Notes:

! One sample was a duplicate
na = not applicable

ND = non detect
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Table 5-4

SWMU 54 Detected Analytes in Twenty-Sixth Quarter Groundwater Samples

Sample ID 54MW1 54MW10 54TM10 (Field Duplicate S4MW10)
Date Collected 2/4/2019 2/4/2019 2/4/2019
Remedial
Analyte Units | Goals ) |Result |[LabQ|ValQ| RL | MDL |Result |[LabQ|ValQ | RL | MDL |Result |[LabQ|ValQ| RL | MDL

Explosives
1,3-Dinitrobenzene png/L na 0.1 U 02 |0.081 | 0.1 U 0.2 0.08 0.1 9] 0.2 0.08
2,4,6-Trinitrotoluene png/L 7.82 0.1 U 0.2 |0.081 | 0.88 J 0.2 0.08 1.2 J 0.2 0.08
DNT Mixture png/L 0.932 0.2 U 02 |0.078 | 02 U 0.2 0.08 0.2 9] 0.2 0.08

2,4-Dinitrotoluene png/L na 0.1 U 02 |0.081 | 0.1 U 0.2 0.08 0.1 9] 0.2 0.08

2,6-Dinitrotoluene png/L na 0.1 U 02 |0.081 | 0.1 U 0.2 0.08 0.1 9] 0.2 0.08
2-Amino-4,6-dinitrotoluene | png/L na 0.1 9] 0.2 | 0.081 | 0.64 0.2 0.08 | 0.66 0.2 0.08
2-Nitrotoluene png/L na 0.1 U 02 |0.081 | 0.1 U 0.2 0.08 0.1 9] 0.2 0.08
4-Amino-2,6-dinitrotoluene | png/L na 0.1 9] 0.2 | 0.081 | 0.34 0.2 0.08 | 041 0.2 0.08
RDX png/L 6.1 0.1 U 0.2 |0.081 | 0.88 J 0.2 0.08 | 0.99 J 0.2 0.08
DNX png/L na 0.1 U 02 |0.081 | 0.1 U 0.2 0.08 0.1 9] 0.2 0.08
MNX png/L na 0.1 U 02 |0.081 | 0.1 U 0.2 0.08 0.1 9] 0.2 0.08
TNX ng/L na 0.1 U 02 |0.081 ] 0.1 U 0.2 0.08 0.1 9] 0.2 0.08
Misc.
Perchlorate ng/L 10.9 0.1 U 0.2 0.05 | 0.34 0.2 0.05 | 0.35 0.2 0.05
Chlorate pg/L na 10 9] 10 8.2 10 U 10 8.2 10 9] 10 8.2
Chlorite pg/L na 10 9] 10 7.7 10 U 10 7.7 10 U 10 7.7
Chloride mg/L na 23 J 3 1 4.7 3 1 4.7 3 1
Nitrate (as N) mg/L na 0.2 U 0.4 0.12 1.1 04 0.12 1 04 0.12
Sulfate mg/L na 25 3 0.8 31 3 0.08 32 3 0.8
Total Inorganic Carbon mg/L na 58 3 0.5 79 3 0.5 80 3 0.5
Total Organic Carbon mg/L na 1.5 U 3 0.5 0.72 J 3 0.5 0.85 J 3 0.5
MNA
Dissolved Fe?+ mg/L na 0.02 0.05 0.05
Dissolved Mn mg/L na 0.029 0.04 0.04
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Table 5-4 SWMU 54 Detected Analytes in Twenty-Sixth Quarter Groundwater Samples (Continued)

Sample ID 54MW12 54MW13
Date Collected 2/5/2019 2/4/2019
Remedial
Analyte Units | Goals ® |Result |[LabQ | ValQ | RL MDL Result |LabQ|ValQ | RL MDL

Explosives
1,3-Dinitrobenzene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2,4,6-Trinitrotoluene pg/L 7.82 164 4 1.6 23 0.2 0.08
DNT Mixture pg/L 0.932 3.7 0.2 0.08 1.01 J 0.2 0.08

2,4-Dinitrotoluene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08

2,6-Dinitrotoluene pg/L na 3.6 0.2 0.08 0.91 J 0.2 0.08
2-Amino-4,6-dinitrotoluene | pg/L na 6.1 0.2 0.08 0.53 0.2 0.08
2-Nitrotoluene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
4-Amino-2,6-dinitrotoluene | pg/L na 6.7 0.2 0.08 0.28 0.2 0.08
RDX pg/L 6.1 13.5 0.2 0.08 0.46 0.2 0.08
DNX pg/L na 0.1 9] 0.2 0.08 0.1 U 0.2 0.08
MNX pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
TNX pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
Misc.
Perchlorate pg/L 10.9 3.7 0.2 0.05 0.29 0.2 0.05
Chlorate pg/L na 17 10 8.2 10 U 10 8.2
Chlorite pg/L na 10 U 10 7.7 10 U 10 7.7
Chloride mg/L na 3.7 3 1 2.9 M 3 1
Nitrate (as N) mg/L na 2 0.4 0.12 0.48 0.4 0.12
Sulfate mg/L na 43 3 0.8 15 M 3 0.8
Total Inorganic Carbon mg/L na 75 3 0.5 39 3 0.5
Total Organic Carbon mg/L na 23 J 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe?* mg/L na 0.06 0.14
Dissolved Mn mg/L na 0.046 0.045

Notes: Date Qualifiers:

(1) Remedial Goals developed in SWMU 54 RFI/CMS Report, Final Document (URS, B = Analyte detected in associated Method Blank.

2008). Exceedances denoted by bold font. J = Estimated value.

ug/L = micrograms per liter (parts per billion) M = Matrix Spike and/or Matrix Spike Duplicate recovery outside

mg/L = milligrams per liter (parts per million) acceptance limits.

MDL = Method Detection Limit P = Concentration of analyte differs more than 40% between primary and

na = not applicable; remedial goal not established for analyte at SWMU 54 confirmation analysis.

ND = non detect U = Analyte concentration was not above the detection level.

RL = Reporting Limit Y = Replicate/Duplicate precision outside acceptance limits.

Lab Q = Lab Data Qualifiers
Val Q = Validation Data Qualifiers
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Figure 5-2  SWMU 54 February 2019 Groundwater Sample Results Exceeding RGs
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5.4 Twenty-Seventh Quarter Groundwater Results (April 2019)

Four (4) groundwater monitoring wells were sampled during the twenty-seventh quarterly
monitoring event, including wells 54MW1, 54MW10, 54MW12, and 54MW13. A duplicate
sample (54TM10) was collected from monitoring well 54MW10. Samples were submitted for
explosives, perchlorate, RDX breakdown by-products (DNX, MNX and TNX), and MNA
indicator parameter analyses. Detected constituents are summarized in Table 5-5, while the
complete analytical results are presented in Table 5-6. Sample locations are provided in Figure
4-1. The complete laboratory analytical reports are included in Appendix B-2.

Explosives

Four explosives were detected in groundwater samples including 2,4,6-TNT, 2ADNT, 4ADNT,
and RDX. All four were detected in the three monitoring wells 54MW10 (and field duplicate
54TM10), 54MW12, and 54MW13. No explosives were detected in monitoring well 54MWI.

The explosive 2,4,6-TNT was detected at monitoring well 54MW 10 at a concentration of 0.74
pg/L and 0.9 pg/L (field duplicate, 54TM10); at monitoring well 54MW 12 at a concentration of
39.5 pg/L; and at monitoring well 54MWI13 at a concentration of 5.1 pg/L. Only the
concentration of 2,4,6-TNT detected at monitoring well 54MW12 exceeds the RG of 7.82 pg/L.

The explosive 2ADNT was detected at monitoring well 54MW10 at a concentration of 0.56 pg/L
and 0.68 pg/L (field duplicate, 54TM10); at monitoring well 54MWI12 at an estimated
concentration of 12.9 pg/L; and at monitoring well 54MW13 at 0.83 pg/L. An RG has not been
established for 2ADNT. There is no USEPA MCL (USEPA, 2018); however, the Tapwater RSL
for 2ADNT is 39 pg/L (USEPA, 2019).

The explosive 4ADNT was detected at monitoring well 54MW10 at an estimated concentration
0f0.38 ng/L and 0.48 pg/L (field duplicate, 54TM10); at an estimated concentration of 1.8 ug/L
at monitoring well 54MW12; and at monitoring well 54MW13 at a concentration of 0.41 pg/L.
An RG has not been established for 4ADNT. There is no USEPA MCL (USEPA, 2018);
however, the Tapwater RSL for 4ADNT is 39 pg/L (USEPA, 2019).

RDX was detected at monitoring well 54MW10 at an estimated concentration of 0.32 pg/L and
0.43 pg/L; at monitoring well 54MW12 at a concentration of 4.8 pug/L; and at monitoring well
54MW13 at an estimated concentration of 0.32 pg/L. There were no concentrations of RDX that
exceeded the RG of 6.1 pg/L. No RDX breakdown by-products (DNX, MNX, and TNX) were
detected at any of the monitoring wells during this quarterly monitoring event.

The monitoring wells with detected concentrations of explosives are typically the same wells
with hits recorded during previous sampling rounds. The monitoring well location (54MW12)
where 2,4,6-TNT exceeds the RG is provided in Figure 5-3.
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Perchlorate

Perchlorate was detected in four groundwater samples collected from monitoring wells
54MW10, 54MW12, and 54MW13. Perchlorate was detected at monitoring well 54MW10 at a
concentration of 0.35 pg/L and 0.33 pg/L (field duplicate, 54TM10); at monitoring well
54MW12 at a concentration of 2.0 pg/L; and at monitoring well 54MW13 at a concentration of
0.47 pg/L. All four detections are below the RG of 10.9 ng/L.

Miscellaneous Analytes

Groundwater samples were also analyzed for MNA indicators (TOC, TIC, dissolved ferrous iron,
dissolved manganese, chlorate, chlorite, chloride, nitrate, and sulfate) for the purposes of
evaluating the effectiveness of the MNA process.

TOC was detected in monitoring well 54MW 12 at an estimated concentration of 0.84 pg/L, while
the concentrations of TIC ranged from a low of 41.0 mg/L (54MW13) to a high of 65.0 mg/L
(54MW10 and field duplicate 54TM10). Dissolved ferrous iron concentrations ranged from a
low of 0.00 mg/L (54MWI1 and 54MW10) to a high of 0.021 mg/L (54MW12). Dissolved
manganese concentrations ranged from a low of 0.00 mg/L (54MW10) to a high of 0.085 mg/L
(54MW12). Chloride concentrations ranged from an estimated low of 2.3 mg/L (54MW1) to a
high of 5.5 mg/L (54MW10). Detected concentrations of nitrate ranged from a low of 0.58 mg/L
(54MW13) to a high of 2.5 mg/L (54MW12). Sulfate concentrations ranged from a low of 23.0
mg/L (54MW13) to a high of 30.0 mg/L (54MW10). The MNA indicator parameters chlorate
and chlorite went undetected during this quarterly monitoring event. Table 5-6 presents the MNA
indicator parameters sample results. A more detailed discussion of the MNA results is provided
in Section 6.0.
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Table 5-5 SWMU 54 Summary of Twenty-Seventh Quarter Groundwater Samples
Analyte Units RG | # of RG Exceedances # of Detections # of Samples @ Cé\:izgz‘lggon C(l)\::::lz‘l:tlilon Location of Maximum

[Explosives
1,3-Dinitrobenzene ng/L na na 0 5 ND ND na
2,4,6-Trinitrotoluene pg/L 7.82 1 4 5 0.74 395 54MW12
DNT Mixture* ng/L 0.932 na 0 5 ND ND na

2,4-Dinitrotoluene ng/L na na 0 5 ND ND na

2,6-Dinitrotoluene ng/L na na 0 5 ND ND na
2-Amino-4,6-dinitrotoluene ng/L na na 4 5 0.56 12.9 54MW12
2-Nitrotoluene ng/L na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene ng/L na na 4 5 0.38 1.8 54MW12
RDX pg/L 6.1 na 4 5 0.32 4.8 54MW12
DNX ng/L na na 0 5 ND ND na
MNX ng/L na na 0 5 ND ND na
TNX ng/L na na 0 5 ND ND na
(Misc.
Perchlorate png/L 109 0 4 5 33 2.0 54MW12
Chlorate ng/L na na 0 5 ND ND na
Chlorite ng/L na na 0 5 ND ND na
Chloride mg/L na na 5 5 2.3 55 54MW10
Nitrate (as N) mg/L na na 4 5 0.58 2.5 54MW12
Sulfate mg/L na na 5 5 23 30 54MW10
Total Inorganic Carbon mg/L | na na 5 5 41 65 iﬁﬁxltg gj‘}‘i\dﬁllg‘;
Total Organic Carbon mg/L na na 1 5 ND 0.84 54MW12

Notes:

! One sample was a duplicate
na = not applicable

ND = non detect
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Table 5-6

SWMU 54 Detected Analytes in Twenty-Seventh Quarter Groundwater Samples

54TM10
Sample ID 54MW1 54MW10 (Field Duplicate 54MW10)
Date Collected 5/1/2019 4/30/2019 4/30/2019
Remedial
Analyte Units | Goals ® | Result | LabQ | Val Q RL MDL | Result | LabQ | Val Q RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.082 0.1 U 0.2 0.082
2,4,6-Trinitrotoluene ng/L 7.82 0.1 U 0.2 0.081 0.74 0.2 0.082 0.9 0.2 0.082
DNT Mixture ng/L 0.932 0.2 U 0.2 0.081 0.2 U 0.2 0.082 0.2 U 0.2 0.082

2,4-Dinitrotoluene ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.082 0.1 U 0.2 0.082

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.082 0.1 U 0.2 0.082
2-Amino-4,6-dinitrotoluene pg/L na 0.1 U 0.2 0.081 0.56 0.2 0.082 | 0.68 0.2 0.082
2-Nitrotoluene ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.082 0.1 U 0.2 0.082
4-Amino-2,6-dinitrotoluene pg/L na 0.1 U 0.2 0.081 0.38 J 0.2 0.082 | 0.48 J 0.2 0.082
RDX ng/L 6.1 0.1 U 0.2 0.081 0.32 J 0.2 0.082 | 0.43 J 0.2 0.082
DNX ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.082 0.1 U 0.2 0.082
MNX ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.082 0.1 U 0.2 0.082
TNX ng/L na 0.1 U uJ 0.2 0.081 0.1 U uJ 0.2 0.082 0.1 U uJ 0.2 0.082
Misc.
Perchlorate ng/L 10.9 0.1 U 0.2 0.05 0.35 0.2 0.05 0.33 0.2 0.05
Chlorate ng/L na <10 U 10 8.2 <10 U 10 8.2 <10 U 10 8.2
Chlorite ng/L na <10 U 10 7.7 <10 U 10 7.7 <10 U 10 7.7
Chloride mg/L na 23 J 3 1 5.5 3 1 54 3 1
Nitrate (as N) mg/L na 0.2 U 0.4 0.12 2 0.4 0.12 2 0.4 0.12
Sulfate mg/L na 27 3 0.8 30 3 0.8 29 3 0.8
Total Inorganic Carbon mg/L na 57 3 0.5 65 3 0.5 65 3 0.5
Total Organic Carbon mg/L na 1.4 J U 3 0.5 1.5 U 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe** mg/L na 0.00 0.00 0.00
Dissolved Mn mg/L na 0.023 0.00 0.00

Contract No. W912QR-13-D-0001 Task Order 0001

5-21




Table 5-6 SWMU 54 Detected Analytes in Twenty-Seventh Quarter Groundwater Samples (Continued)

Sample ID 54MW12 54MW13
Date Collected 4/30/2019 4/30/2019
Remedial
Analyte Units | Goals " | Result | LabQ | Val Q RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene ng/L na 0.1 9] 0.2 0.08 0.1 9] 0.2 0.081
2,4,6-Trinitrotoluene ng/L 7.82 39.5 2 0.8 5.1 0.2 0.081
DNT Mixture pg/L | 0.932 0.2 U 0.2 0.08 0.2 U 0.2 0.081

2,4-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.081

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.081
2-Amino-4,6-dinitrotoluene | pg/L na 12.9 J 0.2 0.08 0.83 0.2 0.081
2-Nitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.081
4-Amino-2,6-dinitrotoluene | pg/L na 1.8 J 0.2 0.08 0.41 0.2 0.081
RDX ng/L 6.1 4.8 0.2 0.08 0.32 J 0.2 0.081
DNX ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.081
MNX ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.081
TNX ng/L na 0.1 U uJ 0.2 0.08 0.1 U uJ 0.2 0.081
Misc.
Perchlorate ng/L 109 2 0.2 0.05 0.47 0.2 0.05
Chlorate pg/L na <10 U 10 8.2 <10 U 10 8.2
Chlorite ng/L na <10 U 10 7.7 <10 U 10 7.7
Chloride mg/L na 3.4 3 1 3.5 3 1
Nitrate (as N) mg/L na 2.5 0.4 0.12 0.58 0.4 0.12
Sulfate mg/L na 26 M J 3 0.8 23 3 0.8
Total Inorganic Carbon mg/L na 56 3 0.5 41 3 0.5
Total Organic Carbon mg/L na 0.84 J 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe?* mg/L na 0.21 0.02
Dissolved Mn mg/L na 0.085 0.040
Notes: Date Qualifiers:
(1) Remedial Goals developed in SWMU 54 RFI/CMS Report, Final Document (URS, B = Analyte detected in associated Method Blank.
2008). Exceedances denoted by bold font. J = Estimated value.
ug/L = micrograms per liter (parts per billion) M = Matrix Spike and/or Matrix Spike Duplicate recovery outside
mg/L = milligrams per liter (parts per million) acceptance limits.
MDL = Method Detection Limit P = Concentration of analyte differs more than 40% between primary and
na = not applicable; remedial goal not established for analyte at SWMU 54 confirmation analysis.
ND = non detect U = Analyte concentration was not above the detection level.
RL = Reporting Limit Y = Replicate/Duplicate precision outside acceptance limits.

Lab Q = Lab Data Qualifiers
Val Q = Validation Data Qualifiers
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Figure 5-3  SWMU 54 April 2019 Groundwater Sample Results Exceeding RGs
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5.5 Twenty-Eighth Quarter Groundwater Results (July 2019)

Four (4) groundwater monitoring wells were sampled during the twenty-eighth quarterly
monitoring event, including wells 54MW1, 54MW10, 54MW12, and 54MW13. A duplicate
sample (54TM10) was collected from monitoring well 54AMW10. Samples were submitted for
explosives, perchlorate, RDX breakdown by-products (DNX, MNX and TNX), and MNA
indicator parameter analyses. Detected constituents are summarized in Table 5-7, while the
complete analytical results are presented in Table 5-8. Sample locations are provided in Figure
4-1. The complete laboratory analytical reports are included in Appendix B-2.

Explosives

Four explosives were detected in groundwater samples including 2,4,6-TNT, 2ADNT, 4ADNT,
and RDX. 2,4,6-TNT, 2ADNT, 4ADNT, and RDX were detected in monitoring wells 54MW10,
54MW12, and 54MW13. No explosives were detected in monitoring well 54MWI.

The explosive 2,4,6-TNT was detected at monitoring well 54MW10 at a concentration of 18.6
pg/L and 17.3 pg/L (field duplicate, 54TM10); at monitoring well 54MW12 at a concentration
of 13.6 pg/L; and at monitoring well 54MW13 at a concentration of 15.5 pg/L. The
concentrations of 2,4,6-TNT detected at monitoring wells 54MW10, 54MW12, and 54MW13
exceed the RG of 7.82 pg/L.

The explosive 2ADNT was detected at monitoring well 54MW 10 at concentrations of 1.7 pg/L
and 1.4 pg/L (field duplicate, 54TM10); at monitoring well 54MW12 at a concentration of 4
pg/L; and at monitoring well 54MW13 at an estimated concentration of 1.3 pg/L. An RG has not
been established for 2ADNT. There is no USEPA MCL (USEPA, 2018); however, the Tapwater
RSL for 2ADNT is 39 pg/L (USEPA, 2019).

The explosive 4ADNT was detected at monitoring well 54MW10 at estimated concentrations of
2.1 pg/L and 2.4 pg/L (field duplicate, 54TM10); at monitoring well 54MW12 at an estimated
concentration of 2.8 pg/L; and at monitoring well 54MW 13 at an estimated concentration of 1.9
pg/L. An RG has not been established for 4ADNT. There is no USEPA MCL (USEPA, 2018);
however, the Tapwater RSL for 4ADNT is 39 pg/L (USEPA, 2019).

RDX was detected at monitoring well 54MW 10 at concentrations of 3.9 pug/L and 3.6 pg/L (field
duplicate, 54TM10), and at monitoring well 54MW13 at a concentration of 1.3 pug/L. The
concentrations of RDX detected did not exceed the RG of 6.1 pg/L. No RDX breakdown by-
products (DNX, MNX, and TNX) were detected at any of the monitoring wells during this
quarterly monitoring event.

The monitoring wells with detected concentrations of explosives are typically the same wells
with hits recorded during previous sampling rounds. It is notable that three monitoring wells had
2,4,6-TNT concentrations exceeding the RG of 7.82 ng/L in this quarter (28), whereas only one
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well did so in each of the previous three quarters. The monitoring well locations where 2,4,6-
TNT (54MW10, 54MW12, and 54MW13) exceeds the RG are provided in Figure 5-4.

Perchlorate

Perchlorate was detected in four groundwater samples collected from monitoring wells
54MW10, 54MW12, and 54MW13. Perchlorate was detected at monitoring well 54MWI10 at
concentrations of 0.45 pg/L and 0.41 pg/L (field duplicate, 54TM10); at monitoring well
54MW12 at a concentration of 0.61 pg/L; and at monitoring well 54MW 13 at a concentration of
0.4 ng/L. All detections are below the RG of 10.9 pg/L.

Miscellaneous Analytes

Groundwater samples were also analyzed for MNA indicators (TOC, TIC, dissolved ferrous iron,
dissolved manganese, chlorate, chlorite, chloride, nitrate, and sulfate) for the purposes of
evaluating the effectiveness of the MNA process.

TOC went undetected in all four monitoring wells, while the concentrations of TIC ranged from
a low of 60.0 mg/L (54MW1) to a high of 77.0 mg/L (54MW13). Dissolved ferrous iron
concentrations ranged from a low of 0.07 mg/L. (54MW1) to a high of 0.14 mg/L (54MW12).
Dissolved manganese concentrations ranged from a low of 0.026 mg/L (54MW10 and field
duplicate 54TM10) to a high of 0.04 mg/L (54MW12). Chloride concentrations ranged from an
estimated low of 2.3 mg/L (54MWT1) to a high of 7.1 mg/L (54MW12). Detected concentrations
of nitrate ranged from an estimated low of 0.45 mg/L (54MW10 field duplicate 54TM10) to a
high of 0.84 mg/L (54MW12). Sulfate concentrations ranged from a low of 23.0 mg/L (54MW1)
to a high of 69.0 mg/L (54MW10). The MNA indicator parameters chlorate and chlorite went
undetected during this quarterly monitoring event. Table 5-8 presents the MNA indicator
parameters sample results. A more detailed discussion of the MNA results is provided in Section
6.0.
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Table 5-7 SWMU 54 Summary of Twenty-Eighth Quarter Groundwater Samples
G Exceedances | #orDetections | #orsamples® | o liNE | oncentration | Mavimam

Explosives (ug/L)
1,3-Dinitrobenzene na na 0 5 ND ND na
2,4,6-Trinitrotoluene 7.82 4 5 13.6 18.6 54MW10
DNT Mixture* 0.932 0 5 ND ND na

2.4-Dinitrotoluene na na 0 5 ND ND na

2,6-Dinitrotoluene na na 0 5 ND ND na
2-Amino-4,6-dinitrotoluene na na 4 5 1.3 4 54MW12
2-Nitrotoluene na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene na na 4 5 1.9 2.8 54MW12
RDX 6.1 0 3 5 1.3 39 54MW10
DNX na na 0 5 ND ND na
MNX na na 0 5 ND ND na
TNX na na 0 5 ND ND na
Misc.
Perchlorate 10.9 0 4 5 0.4 .61 54MW12
Chlorate na na 0 5 ND ND na
Chlorite na na 0 5 ND ND na
Chloride na na 5 5 2.3 7.1 54MW12
Nitrate (as N) na na 4 5 0.45 .84 54MW12
Sulfate na na 5 5 23 69 54MW10
Total Inorganic Carbon na na 5 5 60 77 54MW13
Total Organic Carbon na na 0 5 ND ND na

Notes:

! One sample was a duplicate

na = not applicable
ND = non detect
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Table 5-8

SWMU 54 Detected Analytes in Twenty-Eighth Quarter Groundwater Samples

54TM10
Sample ID 54MW1 54MW10 (Field Duplicate 54MW10)
Date Collected 7/31/2019 7/29/2018 7/29/2019
Remedial
Analyte Units | Goals " | Result | LabQ | ValQ RL MDL | Result | LabQ | Val Q RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene ng/L na 0.1 U 0.2 0.08 0.094 U 0.19 0.075 | 0.094 U 0.19 0.075
2,4,6-Trinitrotoluene ng/L 7.82 0.1 U 0.2 0.08 18.6 0.19 | 0.075 17.3 0.19 | 0.075
DNT Mixture ng/L | 0.932 0.2 U 0.2 0.08 | 0.188 U 0.19 | 0.075 | 0.188 U 0.19 | 0.075

2,4-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 | 0.094 U 0.19 | 0.075 | 0.094 U 0.19 | 0.075

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 | 0.094 U 0.19 | 0.075 | 0.094 U 0.19 | 0.075
2-Amino-4,6-dinitrotoluene | ng/L na 0.1 U 02 0.08 1.7 0.19 | 0.075 14 0.19 | 0.075
2-Nitrotoluene ng/L na 0.1 U Ul 0.2 0.08 | 0.094 U Ul 0.19 | 0.075 | 0.094 U uJ 0.19 | 0.075
4-Amino-2,6-dinitrotoluene | ng/L na 0.1 U 0.2 0.08 2.1 J 0.19 | 0.075 24 J 0.19 | 0.075
RDX ng/L 6.1 0.1 U 0.2 0.08 3.9 0.19 | 0.075 3.6 0.19 | 0.075
DNX ng/L na 0.1 U 0.2 0.08 | 0.094 U 0.19 | 0.075 | 0.094 U 0.19 | 0.075
MNX ng/L na 0.1 U 0.2 0.08 | 0.094 U 0.19 | 0.075 | 0.094 U 0.19 | 0.075
TNX ng/L na 0.1 U 0.2 0.08 | 0.094 U 0.19 | 0.075 | 0.094 U 0.19 | 0.075
Misc.
Perchlorate ng/L 10.9 0.1 U 0.2 0.05 0.45 0.2 0.05 0.41 0.2 0.05
Chlorate ng/L na 10 U 10 8.2 10 U 10 8.2 10 U 10 8.2
Chlorite ng/L na 10 U 10 7.7 10 U 10 7.7 10 U 10 7.7
Chloride mg/L na 23 J 3 1 5.1 3 1 4.7 3 1
Nitrate (as N) mg/L na 0.2 U 0.4 0.12 0.46 0.4 0.12 0.45 0.4 0.12
Sulfate mg/L na 26 3 0.8 69 3 0.8 65 3 0.8
Total Inorganic Carbon mg/L na 60 3 0.5 68 3 0.5 68 3 0.5
Total Organic Carbon mg/L na 15 U 3 0.5 1.5 18] 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe** mg/L na 0.07 0.1 0.1
Dissolved Mn mg/L na 0.035 0.026 0.026
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Table 5-8 SWMU 54 Detected Analytes in Twenty-Eighth Quarter Groundwater
Samples (Continued)

Sample ID 54MW12 54MW13
Date Collected 7/30/2019 7/29/2019
Remedial
Analyte Units | Goals® | Result | LabQ | Val Q RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene ng/L na 0.1 U 0.2 0.08 | 0.095 U 0.19 | 0.076
2,4,6-Trinitrotoluene ng/L 7.82 13.6 0.2 0.08 15.5 0.19 | 0.076
DNT Mixture ng/L | 0932 0.2 U 0.2 0.08 0.19 U 0.19 | 0.076

2,4-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 | 0.095 U 0.19 | 0.076

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 | 0.095 U 0.19 | 0.076
2-Amino-4,6-dinitrotoluene | pg/L na 4 02 0.08 13 ] 0.19 0.076
2-Nitrotoluene ng/L na 0.1 U Ul 0.2 0.08 | 0.095 U Ul 0.19 | 0.076
4-Amino-2,6-dinitrotoluene | pg/L na 28 ] 02 0.08 1.9 ] 0.19 0.076
RDX ng/L 6.1 0.1 U 0.2 0.08 1.3 0.19 | 0.076
DNX ng/L na 0.1 U R 0.2 0.08 | 0.095 U 0.19 | 0.076
MNX ng/L na 0.1 U R 0.2 0.08 | 0.095 U 0.19 | 0.076
TNX ng/L na 0.1 U R 0.2 0.08 | 0.095 U 0.19 | 0.076
Misc.
Perchlorate ng/L 10.9 0.61 0.2 0.05 0.4 0.2 0.05
Chlorate ng/L na 10 U 10 8.2 10 U 10 8.2
Chlorite ng/L na 10 U 10 7.7 10 U 10 7.7
Chloride mg/L na 7.1 3 1 57 3 1
Nitrate (as N) mg/L na 0.84 0.4 0.12 0.5 0.4 0.12
Sulfate mg/L na 23 3 0.8 31 M J 3 0.8
Total Inorganic Carbon mg/L na 72 3 0.5 77 3 0.5
Total Organic Carbon mg/L na 15 U 3 0.5 15 U 3 0.5
MNA
Dissolved Fe** mg/L na 0.14 0.09
Dissolved Mn mg/L na 0.04 0.038
Notes: Date Qualifiers:
(1) Remedial Goals developed in SWMU 54 RFI/CMS Report, Final Document (URS, B = Analyte detected in associated Method Blank.
2008). Exceedances denoted by bold font. J = Estimated value.
ug/L = micrograms per liter (parts per billion) M = Matrix Spike and/or Matrix Spike Duplicate recovery outside acceptance
mg/L = milligrams per liter (parts per million) limits.
MDL = Method Detection Limit P = Concentration of analyte differs more than 40% between primary and
na = not applicable; remedial goal not established for analyte at SWMU 54 confirmation analysis.
ND = non detect R = The sample results were rejected due to gross non-conformances
RL = Reporting Limit discovered during data validation. Data qualified as rejected is not usable.
Lab Q = Lab Data Qualifiers U = Analyte concentration was not above the detection level.
Val Q = Validation Data Qualifiers Y = Replicate/Duplicate precision outside acceptance limits.
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Figure 5-4

SWMU 54 July 2019 Groundwater Sample Results Exceeding RGs
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5.6  Year One Through Year Seven Sample Results

Samples collected during the first two years were analyzed for explosives, perchlorate, and MNA
indicators. The Year 2 MNA Report (CB&I, 2013) recommended elimination of the wells with
no COI exceedances for the first two years, based on criteria established in the MNA work plan.
The ninth quarter of sampling occurred prior to regulatory approval of the MNA report, and the
original parameters were included in that sampling event. After approval of the Year 2 report,
the sampling plan was modified to include RDX MNA indicators in the analytical suite, and
reduce the sampling program from 14 monitoring wells to three wells with COI exceedances
(54MW10, 12, and 13), and an upgradient well (54MW1) to monitor background conditions.
There have been no further modifications to the sampling plan.

Multiple wells were removed from the monitoring network after the ninth and tenth quarters and
therefore were not sampled during the third through seventh years. Monitoring wells that were
included in these yearly events included 54MWI1, 54MW10, 54MW12, and 54MW13, which
monitor Area A at SWMU 54. This section discusses the results from the first seven years
(twenty-eight quarters) of MNA sampling at these wells. The seventh year of sampling did not
change from years three through five and included the analyses of explosives, perchlorate, RDX,
RDX breakdown by-products (DNX, MNX and TNX), MNA indicator parameters, and water
quality parameters.

5.6.1 Groundwater
Explosives

Samples from the four monitoring wells within SWMU 54 were analyzed for explosives for
twenty-eight quarters of sampling. The trends in number of detections during this period are
shown in Figures 5-5 through 5-8 and are discussed in the paragraphs that follow. During the
year three sampling round (quarters 10 through 12), thirteen explosives were detected in the
samples including DNX, MNX, and TNX. The limit of quantitation (LOQ) for all explosives
during quarters 10 through 12 was 0.2 pg/L. The number of explosives detected during the fourth
year of sampling decreased to five compounds. The explosives included 2,4,6-TNT, 2ADNT,
4ADNT, RDX, and the RDX breakdown by-product DNX. The limit of detection (LOD) during
quarters 13 through 15 for 2,4,6-TNT, 2ADNT, 4ADNT, and RDX was 0.3 pg/L. The LOQ
during quarters 13 through 15 for 2,4,6-TNT was 1.0 pg/L and 0.5 pg/L for 2ADNT, 4ADNT,
and RDX. The LOD of RDX breakdown products of DNX, MNX, and TNX during quarters 13
and 14 was 0.2 pg/L, 0.1 pg/L, and 0.2 pg/L, respectively. The LOQ of RDX breakdown products
of DNX, MNX, and TNX during quarters 13 and 14 was 0.4 pg/L , 0.2 pg/L , and 0.4 pg/L,
respectively. During quarter 15, the LOD and LOQ for all RDX breakdown products decreased
to 0.1 pg/L and 0.2 pg/L, respectively.

During the fifth year of sampling the number of detected analytes was reduced once more to four
compounds including 2,4,6-TNT, 2ADNT, 4ADNT, and RDX. The LOD and LOQ for 2,4,6-
TNT, 2ADNT, 4ADNT, RDX, and RDX breakdown products during quarters 17 through 20 was
0.1 pg/L and 0.2 pg/L, respectively. The explosive 2,4,6-TNT was detected at concentrations
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above the RGs at monitoring wells 54MW12 and 54MW13 while RDX was detected above the
RGs only at monitoring well 54MW12. The explosive 2,4,6-TNT was detected above the RG at
monitoring well 54MW12 during all four quarters (17-20) and at monitoring well 54MW13
during two sampling quarters (17 and 20) while RDX was detected above the RG only during
the nineteenth quarter at monitoring well 54MW12. During the sixth year of sampling the
number of detected analytes remained at four compounds including 2,4,6-TNT, 2ADNT,
4ADNT, and RDX. The LOD and LOQ for 2,4,6-TNT, 2ADNT, 4ADNT, RDX, and RDX
breakdown products during quarters 21 through 24 was 0.1 pg/L and 0.2 ng/L, respectively. The
explosive 2,4,6-TNT was detected at concentrations above the RGs at monitoring wells
54MW10, 54MW12 and 54MW13 while RDX was detected above the RGs only at monitoring
well 54MWI12. The explosive 2,4,6-TNT was detected above the RG at monitoring well
54MW12 during all four quarters (21-24), at monitoring well 54MW10 during one sampling
quarter (21), and at monitoring well 54MW 13 during two sampling quarters (21 and 24). RDX
was detected above the RG during all four quarters (21-24) at monitoring well 54MW12. During
the seventh year of sampling the number of detected analytes expanded to five compounds
including 2,4,6-TNT, 2ADNT, 4ADNT, RDX, 2,6-DNT (and DNT Mixture). The LOD and LOQ
for 2,4,6-TNT, 2ADNT, 4ADNT, 2,6-DNT, RDX, and RDX breakdown products during quarters
25 through 27 were 0.1 pg/L and 0.2 pg/L, respectively. The LODs and LOQs were 0.094 pg/L
and 0.19 pg/L, respectively in the twenty-eighth quarter. The explosive 2,4,6-TNT was detected
at concentrations above the RG at monitoring wells 54MW10, 54MW12 and 54MW13 while
RDX was detected above the RG only at monitoring well 54MW 12, and only in the twenty-sixth
quarter. The explosive 2,4,6-TNT was detected above the RG at monitoring well 54MW 12 during
all four quarters (25-28), at monitoring well 54MW10 during one sampling quarter (28), and at
monitoring well 54MW13 during one sampling quarter (28). RDX was detected above the RG
during one quarter (26) at monitoring well 54MW12.

Explosives have gone undetected at monitoring well 54MW1 all 28 quarters (See Figure 5-5).
The explosive 2,4,6-TNT was detected at monitoring well 54MW 10 above the RG during the
tenth, eleventh, twelfth, sixteenth, twenty-first, and again during the twenty-eighth quarterly
monitoring events (See Figure 5-6). Monitoring well 54MW12 has had detectable concentrations
0f2,4,6-TNT above the RG during all sampling events, with the exception of quarters six, seven,
and sixteen. Quarter twenty-six recorded the highest concentrations of 2,4,6-TNT at 164 pg/L
(See Figure 5-7). The 2,4,6-TNT “spikes” at monitoring well 54MW 12 appear fairly regularly
not occurring in any particular season (Figure 5-7). 2,4,6-TNT concentrations at 54MW13 have
typically been below the RG with the exception of the fifth, tenth, sixteenth, seventeenth,
twentieth, twenty-first, twenty-fourth, and twenty-eighth quarters of sampling where it exceeds
the RG. The detected concentration in the twenty-eighth quarter was the highest value recorded
to date at this monitoring well (Figure 5-8). The 2,4,6-TNT “spikes” at monitoring well
54MW13 appear regularly occurring primarily in the summer season (Figure 5-8).

Concentrations of RDX exceed the RG in monitoring well 54MW10 during the fifth, tenth,
twelfth, and sixteenth quarters (See Figure 5-6). Monitoring well 54MW12 had detectable
concentrations of RDX above the RG during seven of the first twelve quarters of sampling, and
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only one detection above the RG during year four (fourteenth quarter) and year five (nineteenth
quarter) of sampling. During Year Six however, there were two detections above the RG, once
during the twenty-first quarter and once during the twenty-fourth quarter. During Year Seven
there was one RDX detection above the RG (54MW12) in the twenty-sixth quarter.It appears
that elevated concentrations of RDX at 54MW 12 are cyclic with periods of lower concentrations
in between (See Figure 5-7). These elevated RDX concentrations are closely aligned with those
of 2,4,6-TNT with no particular seasonal pattern being apparent. Historically, monitoring well
54MW13 has not had a detection of RDX above the RG through the first sixteen quarters of
sampling; this trend continued during the year five through the year six monitoring events.
Further, when compared to historic concentrations, the Year Seven RDX concentrations appear
to decrease (See Figure 5-8).

The only detections of DNX at 54MW12 occurred during the tenth and twelfth quarters, when
the breakdown by-product was also detected at monitoring wells 54MW10 and 54MW13. The
concentrations of these compounds were low (less than 1 pg/L), but generally mirrored the RDX
concentrations in the wells. Detection of the RDX daughter products in these wells with elevated
RDX concentrations suggests degradation and natural attenuation of RDX is a viable, ongoing
remedial process at the site. During the year five through seven monitoring events, DNX was not
detected during any of the sampling quarters.

Many of the intermediate and end-products of RDX degradation are relatively short-lived in the
environment, and accumulation of these would not be expected. Studies on the fate and transport
of explosives in the environment state that the nitroso intermediates of RDX (DNX, MNX, and
TNX) have rarely been observed in the field at the few sites where analyses have been conducted
for them (Brannon and Pennington, 2002). Many of these intermediates are observed only
transiently due to their susceptibility to rapid mineralization, typically persisting only on the scale
of several hours to several days. Significant observations of the final end-products are also not
expected. Hydrazines, dimethylhydrazines, and methanol are not likely to accumulate in the
environment, particularly at the low concentrations they would be produced as end-products,
because these compounds biodegrade very rapidly. Therefore, the observation of intermediate
and end-products of RDX biodegradation (DNX, MNX, and TNX), even at low concentrations,
would be considered strong presumptive evidence of active and ongoing degradation processes.

The 2,4,6-TNT degradation intermediaries 2ADNT and 4ADNT have been detected with
regularity at monitoring wells 54MW10, 54MW12, and 54MW13; the exceptions being the
fourteenth quarter when 4ADNT went undetected in monitoring wells 54MW12 and 54MW13,
the twentieth quarter when 4ADNT went undetected in monitoring well 54MW10, the twenty-
first quarter when 2ADNT went undetected in monitoring well 54MW12, the twenty-second
quarter when both 2ADNT and 4ADNT went undetected in monitoring well 54MW10, the
twenty-third quarter when 2ADNT went undetected in monitoring well 54MW13 and 4ADNT
went undetected in monitoring well 54MW12, and the twenty-fourth quarter when 4ADNT went
undetected in monitoring wells 54MW10 and 54MW12. Additionally, 4ADNT went undetected
in 54MW13 duing the twenty-fifth quarter.
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2,6-DNT was detected twice during the year seven monitoring event (twenty-sixth quarter).
Monitoring well 54MW12 had a concentration of 3.6 pg/L and monitoring well 54MW13 had
an estimated concentration of 0.91 pg/L. DNT mixture results are obtained by adding together the
results of 2,4-DNT and 2,6-DNT. The RG of 0.932 pg/L. for DNT mixture was exceeded at
monitoring well 54MW12.

Analysis of the historic and recent data for monitoring wells 54MW10, 54MW12, and 54MW13
shows a correlation in 2,4,6-TNT concentration spikes with increasing concentrations of both
2ADNT and 4ADNT, indicating a limited transformation process from 2,4,6-TNT (Figures 5-
10 through 5-12, respectively). 2,4,6-TNT degradation leading to amino-DNTs is likely
occurring at localized zones within the soil matrix where the conditions are more favorable.

Perchlorate

Site-wide perchlorate concentrations have typically been steady and below the RG with the
exception of the concentrations detected at 54MW12 during the fourth and eighth quarters. These
spikes were reported as correlating with peaks in 2,4,6-TNT concentration. During the fourth and
fifth years of monitoring, monitoring well 54MWI12 continued to exhibit the highest
concentrations, with the exception of the sixteenth quarter when the greatest values were detected
at monitoring well 54MW10 (See Figures 5-5 through 5-8).

A summary of these results is provided in Section 6.

5.7  Lab Analysis, Data Validation, and Reporting

The RFAAP, VA LTM Year 7 sampling effort was collected, quarterly, in October 2018,
February 2019, April 2019 and July 2019. Groundwater samples were collected in accordance
with the Quality Assurance Project Plan (QAPP), revised August 2015. Documentation
pertaining to COC and sample condition was filed in field and laboratory records. Table 5-9
summarizes the samples and analyses of the RFAAP, VA LTM Year 7 sampling effort.

Table 5-9 Summary of Samples and Analyses

Samplin; Data Cl\glt(:*l:t(le O C(I)-ID
piing Matrix Explosives | Metals| TIC | Chlorite P
Event ID Packages Sulfate
Perchlorate
140643
October 2018 140674 GW X X X X
October 2018 140724 GW X X X X X X
February 2019 | 142681 GW X X X X
February 2019 | 142720 GW X X X X X X
April 2019 144708 GW X X X X
May 2019 144761 GW X X X X X X
146895
July 2019 146940 GW X X X X
July 2019 146962 GW X X X X X X
Notes:
COD = chemical oxygen demand
TIC = total inorganic carbon
TOC = total organic carbon
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Analytical methods are shown in Table 5-10.

Table 5-10  Analytical Methods
Analysis Analytes Method
Chloride
Anions Nitrate USEPA SW-846 Method 9056A
Sulfate
pH pH USEPA SW-846 Method 9040
Explosives Numerous USEPA SW-846 Method 8330B
Metal Numerous USEPA SW-846 Method 6010C
ctals USEPA SW-846 Method 7470A (Mercury)
TOC/TIC ;{)Cc USEPA SW-846 Method 9060A
COD COD USEPA SW-846 Method 410.4
Chlorate / Chlorite Chlorate USEPA SW-846 Method 300.1
Chlorite
Perchlorates Perchlorates USEPA SW-846 Method 6850

The samples were placed into coolers with ice at the time of collection. The COC forms were
completed as the samples were packaged into coolers for transport. Trip blanks, temperature
blanks, and ice were added as required. All coolers were shipped to the main laboratory, CT
Laboratories in Baraboo, Wisconsin; this lab then repacked samples as necessary and shipped to
the subcontractor labs (SGS Accutest in Orlando, Florida; Microbac Laboratories in Marietta,
Ohio; Summit Environmental Technologies in Cuyahoga Falls, Ohio; and Eurofins/Eaton
Analytical in South Bend, Indiana).

The analytic data was reviewed for consistency with the test methods as noted in Table 5-10 and
the Project QAPP (RFAAP, VA — LTM) to ensure that the data set met project data quality
objectives and was usable for the purposes of the project. Validation was performed following
the National Functional Guidelines for Inorganic Superfund Data Review (USEPA, August
2014); National Functional Guidelines for Superfund Organic Methods Data Review (August
2014); and professional judgment. Any anomalies to the requirements for precision, accuracy,
representativeness, completeness, comparability, and sensitivity are discussed below and the data
were flagged where appropriate.

Application of Data Flags

General data quality flagging conventions in Table 5-11 were used to indicate quality control
anomalies. Data was flagged, where appropriate, in accordance with the National Functional
Guidelines and the project QAPP. A data quality summary is provided below.
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Table 5-11  Data Qualifiers

Qualifier Description

R Rejected: The result is rejected due to deficiencies in the analytical system or the inability to meet
QC criteria.

M Matrix effect: The concentration is estimated due to a matrix effect.

] Estimated: The analyte was positively identified, but the quantitation is an estimate due to
discrepancies in meeting certain analyte-specific QC criteria.

I+ Estimated: The analyte was positively identified, but the quantitation is an estimate, possibly biased
high, due to discrepancies in meeting certain analyte-specific QC criteria.

J- Estimated: The analyte was positively identified, but the quantitation is an estimate, possibly biased
low, due to discrepancies in meeting certain analyte-specific QC criteria.

B Blank. The analyte was detected in an associated blank.

U Undetected: The analyte was analyzed for but not detected.

Ul The analyte was not detected; however, the result is estimated due to discrepancies in
meeting certain analyte-specific QC criteria.

Preservation, Temperature, and Hold Time

All sample preservation requirements were met. Most sample analyses were within holding time.
Refer to Table 5-12 for holding time exceedances.

Table 5-12 Holding Time Exceedances

Sampling Event Analysis Analytes Result Samples Qualifiers
Technical
October 2018 pH All compounds o 54ADWO01 J
holding time
February 2019 H All compound Technical 54ADWO1 J
ebruary P compounds holding time
April/May 2019 H All compound Technical 54ADWO1 J
P Y P compounds holding time
July 2019 No Exceedances
Notes:

J = estimated

5.7.1 Precision

Precision was measured from the relative percent difference (RPD) between the parent
sample/field duplicate (FD), laboratory duplicates, laboratory control sample (LCS), the matrix
spike and matrix spike duplicate (MS/MSD) pairs, and between two columns.

Field Duplicates

FDs were collected at a frequency of 10% of field samples. Most RPDs were within control
limits. Table 5-13 lists FD exceedances.
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Table 5-13  Field Duplicate Precision Exceedances

Sample Analyte Flag | RPD
(October 2018) RDX
54MW10 3,5-Dinitroaniline jary | =20
54TM10 4-Amino-2,6-dinitrotoluene
(February 2019) 3,5-Dinitroaniline
54MW10 1,3,5-Trinitrobenzene J >20
54TM10 2,4,6-Trinitrotoluene
(April/May 2019) RDX
54MW10 1,3,5-Trinitrobenzene J >20
54TW10 4-Amino-2,6-dinitrotoluene
(July 2019) No Exceedances
Notes:
J = estimated

UJ = non-detected estimated

Laboratory Duplicates

Laboratory duplicate analysis was performed at a frequency of 10% of laboratory samples, for
inorganic analyses. Most RPDs were within control limits. Table 5-14 lists laboratory duplicate
exceedances.

Table 5-14  Laboratory Duplicate Precision Exceedances

Sample/Method Analyte Flag RPD
(October 2018) No Exceedances
(February 2019) No Exceedances
(April/May 2019) Copper J >7.0
54ADWO01/Metals
(July 2019) )
54ADWO01/Metals Zinc y >10
Notes:
J = estimated

Matrix Spike/Matrix Spike Duplicate RPD

MS/MSD samples were analyzed at a frequency of 5% per prepatory batch. Most results were
within control limits. Table 5-15 lists matrix spike/matrix spike duplicate RPD exceedances.
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Table 5-15 MS/MSD RPD Exceedances

Sample/Method Analyte Flag | RPD
(October 2018) HMX I =20
54MW12/Explosives 1,3,5-Trinitrobenzene -
(February 2019) Mercury uJ >20
54ADWO01/Metals
(April/May 2019) At i
S4MW 12/Explosives 4-Amino-2,6-dinitrotoluene J >20
(July 2019) No Exceedances
Notes:
J = estimated

UJ = non-detected estimated

RPD Between Two Columns

Most results were within control limits. Table 5-16 lists RPD between two columns exceedances.

Table 5-16 RPD Between Two Columns Exceedances

Sample/Method Analyte Flag | RPD
(October 2018) No Exceedances
(February 2019)
54MW10/Explosives RDX J >40
54TM10/Explosives
(February 2019) 3,5-Dinitroanline 7 =40
54MW13/Explosives 2,6-Dinitrotoluene -
(April/May 2019)
54MW13/Explosives RDX I =40
(July 2019)
54MW10/Explosives 3,5-Dinitroanline 7 =40
54TW10/Explosives | 4-Amino-2,6-dinitrotoluene -
54MW12/Explosives
3,5-Dinitroanline
(July 2019) 2-Amino-4,6-dinitrotoluene | J >40
54MW 13/Explosives | 4-Amino-2,6-dinitrotoluene

Notes:
J = estimated

5.7.2 Accuracy

Accuracy was measured from laboratory QC sample percent recoveries including LCS, MS,
MSD, PDS, serial dilutions, and surrogates. Accuracy was also evaluated by determining whether
any deviations to method or laboratory requirements for internal standard, initial calibration
verification (ICV), and continuing calibration verification (CCV) recoveries were noted in the
case narrative(s).

Laboratory Control Sample/Matrix Spike/Matrix Spike Duplicate Recovery

One LCS was analyzed for each batch of 20 samples or fewer.

Most recoveries were within control limits. Table 5-17 lists the LCS recovery exceedances.
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Table 5-17

LCS Recovery Exceedances

Method Analyte | Flag | Qualified Samples
(October 2018) No Exceedances
(February 2019) No Exceedances

043019R1
54MW13
(April/May 2019) | TNX Ul 54MW10
Explosives 54TW10
54MW12
54MW1
(July 2019) No Exceedances
Notes:

UJ = non-detected estimated

MS/MSD analysis was performed at a frequency of 5% of field samples.

Most recoveries were within control limits. Table 5-18 presents MS/MSD recoveries outside
control limits. The data for the parent sample was flagged as indicated on the table. If no flag
was indicated, the data were not flagged. Data was not flagged in cases where the parent sample

concentration was greater than four times the spike concentration.

Only parent samples were qualified.

Table 5-18 MS/MSD Recovery Exceedances
Sample ID Analyte Recovery Parent Flag
(October 2018) Chloride
54MW12 Low !
(October 2018) Aluminum .
54ADWOI High !
Aluminum
(February 2019) . .
SAADWO1 Barium High J
Copper
(April/May 2019) Sulfate L ]
54MW12 2-Amino-4,6-dinitrotoluene ow
(April/May 2019) . - .
SAMW12 4-Amino-2,6-dinitrotoluene Low/High J
(April/May 2019)
SAADWO1 Iron Low J
(April/May 2019) . .
SAADWO1 Chemical oxygen demand High J
(July 2019)
SAMW13 Sulfate Low J
(July 2019) X Low R
54MW12
TNX
(July 2019) Low uJ
54MW12 PETN
Notes:
R = Rejected
J = estimated

UJ = non-detected estimated
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Post Digestion Spike (PDS) Recovery Exceedances

Most recoveries were within control limits. Table 5-19 lists the PDS recovery exceedances.

Table 5-19  PDS Recovery Exceedances
Sample ID Analyte | Recovery | Parent Flag
(October 2018) No Exceedances
(February 2019) . Low
54ADWOI1 Calcium
(April/May 2019) No Exceedances
(July 2019) No Exceedances
Notes:
J = estimated

Serial Dilution %D

Most % difference were within control limits. Table 5-20 lists the Serial Dilution difference
exceedances.

Table 5-20  Serial Dilution
Sample ID Analyte Recovery | Parent Flag
(October 2018) Calcium High J
54ADWO1 Magnesium
(February 2019) . High J
54ADWO1 Sodium
(April/May 2019) No Exceedances
(July 2019) No Exceedances
Notes:
J = estimated

Surrogates

All surrogate recoveries were within control limits. Table 5-21 presents surrogates that exceeded
acceptance criteria.

Table 5-21  Surrogate Recovery Exceedances

Method

None

Sample ID Surrogate Recovery Qualifiers

Internal Standards

There were no internal standards outside control limits.

Calibration Verification

Some calibration results were outside control limits. Table 5-22 summarizes calibration
exceedances.
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Table 5-22 Calibration Exceedances

Sampling Event | Analysis Analytes Result Samples | Qualifiers

October 2018 No Exceedances

February 2019 No Exceedances

043019R1
54MW13
. . .. . 54MW10
April/May 2019 | Explosives | 1,3,5-Trinitrobenzene | CCV High SATW10 J/al
54MW12
54MW1
54MW10
54TW10
. . 54MW13
July 2019 Explosives PETN ICV High SAMW12 ulJ
54MW1
073019R1
54MW10
54TW10
o-Nitrotoluene . 54MW13
PETN CCV High | svwi2 uJ
54MW1

073019R1

July 2019 Explosives

Notes:

CCV = continuing calibration verification
ICV = initial calibration verification

J = estimated

UJ = non-detected estimated

5.7.3 Representativeness

The samples were collected from locations specified in the approved work plan.
Representativeness of the data is considered acceptable.

5.7.4 Comparability

Comparability was acceptable. Standard analytical methods were used. Standard preparatory and
analytical methods were applied to the samples across sampling events. In all cases, the DLs and
LODs attained were below the specified LOQs. All target compounds detected below the LOQs
flagged (J) by the laboratory, are considered estimated concentrations.

5.7.5 Completeness

Completeness was measured as the number of usable results versus the total number of results.
The explosive results in one sample were rejected (unusable) due to extremely low MS/MSD
percent recoveries. The data set completeness was calculated as 99.38%. The information
fulfilled the data quality objectives of this investigation.

5.7.6 Sensitivity

Sensitivity was measured by evaluating whether the Practical Quantitation Limit (PQL) was less
than the regulatory criteria. All nominal PQLs were below the regulatory criteria.
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Additionally, sensitivity was evaluated by determining whether method blank, trip blank, and
rinsate blank results were less than the PQL. Some analytes were detected in some blanks, leading
to qualification of sample results.

Blanks (Calibration [Instrument], Method, Trip and Rinsate)

Calibration blanks were analyzed throughout analytical runs.
One method blank was analyzed with every batch of twenty samples or fewer for each matrix.
One rinsate blank was analyzed for each sample date.

Table 5-23 presents samples flagged for blank results. Sample results greater than two times the
blank concentration were not qualified. Data quality and usability were not affected.

Table 5-23  Blank Flags

Sample Event | Type of Blank Method Analyte Samples Qualified | Flag
October 2018 Method Metals Zinc 54ADWO01 U
February 2019 |  Method Metals Copper 54ADWO1 U
Thallium
Beryllium
April/May 2019 Method Metals Selenium 54ADWO01 U
Copper
April/May 2019 Method Wet Chemistry | Total organic carbon 54MW1 U
July 2019 Method Metals Chromium 54ADWO1 8]
Copper
Notes:

U = non-detected

Reporting Limits

Nominal reporting limits, before adjustments for dilutions, were below the regulatory criteria
noted in the project QAPP.

Data Usability Summary

In summary, all data was considered usable with the qualifications discussed above. Although
three explosive results (DNX, TNX, and MNX) were rejected due to extremely low MS/MSD
percent recoveries (Table 5-18), the completeness goals for the project were met and all sample
data is usable as qualified for making project decisions and assessments. The data was considered
of good quality for the project goals.

Low LCS (Table 5-17), MS/MSD (Table 5-18), and PDS (Table 5-19) % recoveries indicate
that the associated results may be biased low for the associated samples.

High MS/MSD (Table 5-18) % recoveries indicate that the associated results may be biased high
for the associated samples.
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The RPD for field duplicate (Table 5-13), laboratory duplicate (Table 5-14), MS/MSD (Table
5-15), and between two columns (Table 5-16) exceedances indicate that the associated results
were estimated or non-detected estimated for the associated samples.

The biases do not affect the overall conclusions.
This Data Quality Assessment was prepared by: Pei Geng, LDC, Inc.

LDC has performed data validation on a wide variety of projects in their 25+ years in business
including various Passaic, New Jersey sites; New York State Department of Environmental
Conservation programs; more than 200 USACE sites; over 180 Air Force Center for Engineering
and the Environment/Air Force Civil Engineer Center sites; more than 50 Environmental
Protection Agency and Superfund sites; and support of multiple Comprehensive Long-Term
Environmental Action Navy and Remedial Action Contracts and commercial client programs.
This experience reflects a thorough understanding of multiple validation guidelines including
New York State Department of Environmental Conservation Analytical Services Protocol,
USEPA National Functional Guidelines, Department of Defense Quality Systems Manual and
USEPA region-specific and state-specific protocols.

Ms. Geng, Senior Chemist/Project Manager, has over 20 years of data validation experience and
27 years of overall laboratory and data validation experience. She holds a Master of Science
degree in Chemistry from Sam Houston University.
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Figure 5-5 SWMU 54: 54MW1 Explosives Concentrations Q1 through Q28
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Figure 5-6 SWMU 54: 54MW10 Explosives Concentrations Q1 through Q28
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Figure 5-7 SWMUS54: 54MW12 Explosives Concentrations Q1 through Q28
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Figure 5-8  SWMU 54: 54MW13 Explosives Concentrations Q1 through Q28
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Figure 5-9 SWMU 54: 54MW1 2,4,6-TNT to Amino-DNT Correlation
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Figure 5-10 SWMU 54: 54MW10 2,4,6-TNT to Amino-DNT Correlation
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Figure 5-11 SWMU 54: 54MW12 2,4,6-TNT to Amino-DNT Correlation
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Figure 5-12 SWMU 54: 54MW13 2,4,6-TNT to Amino-DNT Correlation
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6.0 MNA Evaluation of SWMU 54

MNA is a remedial approach in which physical, chemical, and biological processes occur under
favorable conditions, without human interferences to reduce the mass, toxicity, volume,
concentration, and mobility of contaminants in soil and groundwater. The physical, chemical,
and biological processes include biodegradation, dispersion, dilution, sorption, volatilization, and
chemical or biological stabilization (USEPA, 1998). Analytical results from multiple
groundwater sampling events at SWMU 54 were evaluated for qualitative indications of natural
attenuation processes that may reduce the concentrations of nitroaromatics (specifically 2,4,6-
TNT and RDX) and perchlorate (C104). The following sections present the results as they pertain
to the lines of evidence used to demonstrate the potential for MNA.

6.1 First Line of Evidence: Occurrence of Contaminant Trends

The first line of evidence consists of evaluating contaminant and daughter product concentrations
for a downward trend in monitoring wells over time. SWMU 54 contains 14 wells (54MW1,
54MW2, 54MW3, 54MW4, 54MW5, 54MW6, 54MW7, 54MWS, 54MW9, 54MW10,
54MWI11, 54MW12, 54MW13, and 54MW14), which targeted areas of potential nitroaromatic
and perchlorate contamination. The target wells were reduced after the ninth and tenth quarters
to 54AMW1 (background), 54AMW10, 54MW12, and 54MW13. Historical trends and the results
of quarterly groundwater sampling are discussed below, and the data is provided in Table 6-1,
as well as Figures 6-1 through 6-3. Table 6-1 also includes the sampling month and year for
quarters 1 through 28.

2,4,6-TNT. 2,4,6-TNT was detected above the RG of 7.82 pg/L in wells 54MW10, 54MW12,
and 54MW13 during the Year Seven monitoring period. Seven detections, including a field
duplicate, at these wells exceed the RG, including three at 54MW10 (quarters 25 and 28 which
also included field duplicate 54TM10), four at 54AMW12 (all four quarters), and one at 54MW13
(quarter 28).

2,4,6-TNT concentrations have fluctuated in monitoring wells 54MW10, 54MW12, and
54MW13 during the twenty-eight quarterly monitoring events. At monitoring well 54MW 10, the
2,4,6-TNT concentration went from undetected in quarter nine to the highest concentration
recorded (50 pg/L in quarter 10) in this well during the seven years of monitoring. The following
five quarters of sampling (quarters 11 — 15) saw concentrations decline dramatically until a spike
was observed during the sixteenth quarter. The concentration spike of 24.2 pg/L at 54MW10
exceeds the RG. Concentrations declined dramatically during quarters 17-20 of sampling, until
quarter 21 when concentrations spiked to 11.2 pg/L. The following three quarters (quarters 22-
24) levels again receeded, reaching a low of 0.67 png/L during the twenty-third quarter and
slightly elevating to 3.5 pg/L during the twenty-fourth quarter. The first three quarters of Year
Seven showed levels receeding again, reaching a low of 0.74 pg/L during the twenty-seventh
quarter and elevating to 18.6 pg/L in the twenty-eighth quarter. Monitoring well 54MW12
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experienced the highest detected concentration of 2,4,6-TNT during the year seven monitoring
period when a concentration of 164 pg/L was detected during the twenty-sixth quarter. The
concentrations detected in 54MW12 in the remaining quarters, including quarters 21-26, 27 and
28, were similar to historic concentrations. Monitoring well 54MW 13 experienced the three high
detections of 2,4,6-TNT during the year five monitoring period when two detections (8 pg/L and
8.5 ng/L [field duplicate, 54TM13]) were observed during the seventeenth quarter, and one
detection (8.2 ng/L) was observed during the twentieth quarter. The highest detection, however,
happened during the Year Seven monitoring period when levels spiked to 15.5 pg/L during the
twenty-eighth quarter. During the interim quarters, the levels returned to levels similar to historic
concentrations.

DNT Mixture. Previous reports noted that DNT was detected in the fourth, tenth, eleventh and
twelfth quarters of sampling at monitoring wells 54MW10, 54MW12 and 54MW13, yet the
combined concentrations of 2,4- DNT and 2,6-DNT did not exceed the RG 0f0.932 pg/L. During
Year Six, neither 2,4-DNT nor 2,6-DNT were detected in any wells. Therefore, the combined
concentrations of 2,4-DNT and 2,6-DNT do not exceed the RG in any of the four wells sampled.
However, during Year Seven, 2,6-DNT was detected in 54MW12 (3.6 pg/L) and 54MW13 (0.91
ng/L), therefore, the combined concentrations of 2,4-DNT and 2,6-DNT for these two wells did
exceed the RG of 0.932 pg/L in the twenty-sixth quarter. This sole RG exceedance for DNT
Mixture in the seven years of monitoring coincides with a spike of 2,4,6-TNT in the well with
the highest level 0f2,4,6-TNT (54MW12).

RDX. RDX was detected above the RG of 6.1 pg/L every quarter of the Year Seven monitoring
period in one monitoring well (54MW12). RDX concentrations fluctuated in monitoring wells
54MW10 and 54MW12 during the first sixteen quarterly sampling events. At monitoring well
54MW10, a sharp increase in RDX concentrations was observed from 2.23 pug/L in the ninth
quarter to 21 pg/L in the tenth quarter. The tenth quarter concentration was the highest
concentration reported in this well during the twenty-eight quarters of sampling. Concentrations
decreased during the next ten quarters of sampling (quarters 11 through 20) in 54MW10;
however, during the twelfth and sixteenth quarters, RDX concentrations exceeded the RG.
Concentrations, again, decreased during the next four quarters of sampling (quarters 21 through
24) in 54MW10. Monitoring well 54MW 12 had eight reported concentrations of RDX above the
RG of 6.1 pg/L in the first sixteen quarters of sampling. During the year five monitoring period,
concentrations continued to remain below the RG, with the exception of the nineteenth quarter,
when concentrations spiked to 51.4 pg/L. This concentration is the highest concentration
observed at this well during all twenty-eight quarters of sampling. The concentration then fell
below the detection limit of 0.1 pg/L in the twentieth quarter. During the Year Seven monitoring
period, the RDX concentration rose above the RG at monitoring well 54MW12 during the
twenty-sixth quarter (13.5 pg/L).

No RDX breakdown by-products (DNX, MNX, or TNX) were detected during the Year Seven
monitoring period. Historically, RDX breakdown by-products have been observed in monitoring
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wells 54MW10, 54MW12 and 54MW13. These detections were observed in quarters ten through
twelve. The highest total concentrations were observed in monitoring well 54MW 10 during the
tenth quarter when a spike in the RDX occurred. Thereafter, the RDX by-products concentrations
steadily decreased. Similar correlations with RDX concentrations were observed in monitoring
well 54MWI12 and 54MW13. The highest concentrations of DNX, MNX and TNX were
identified in 54MW12 and 54MW 13 during the eleventh and tenth quarters, respectively, which
coincides with the highest RDX concentrations recorded in these wells during that time period.
There was no DNX, MNX, or TNX detected in well 54MW12 during quarter 26, when the spike
of RDX was observed.

Amino DNT. As 2,4,6-TNT is biologically degraded, the two daughter products 2ADNT and
4AADNT are formed. During the Year Seven monitoring period, the by-product 2ADNT was
detected in monitoring wells 54MW10, 54MW12, and 54MWI13 during all four quarters
(quarters 25 — 28). During the Year Seven monitoring period, the by-product 4ADNT was
detected in all three monitoring wells with the exception of 54MW 13 during the twenty-fifth
quarter. There is good correlation of 2ADNT and 4ADNT concentrations with 2,4,6-TNT
concentrations; that is, as 2,4,6-TNT concentrations increase or decrease, a corresponding
increase or decrease of 2ADNT and 4ADNT is observed. The increased presence of 2ADNT and
4ADNT along with the increasing concentrations of 2,4,6-TNT continue to suggest biological
degradation of 2,4,6-TNT is occurring at these locations.

Perchlorate. Perchlorate concentrations at monitoring wells 54MW10 and 54MW13 continued
to remain well below the RG of 10.9 pg/L during Year Six of monitoring, and consistent with
concentrations observed through the first six years of monitoring. Monitoring well 54MW12
continued to have the highest observed concentrations of perchlorate at SWMU 54 during Year
Seven of monitoring, but at concentrations below the RG. Concentrations decreased during the
year four monitoring event; this trend first was observed after the ninth quarterly sample event.
However, one exception was observed during the fourteenth quarter when the concentration
spiked to 8.85 pg/L. The fifteenth and sixteenth quarters saw a return to lower concentrations
and a decreasing trend in perchlorate concentrations. During the year five monitoring,
concentrations steadily rose through quarters seventeen to nineteen from 1.6 ug/L to 4.3 pg/L,
though none of the concentrations are above the RG. The twentieth quarter saw a return to a
lower concentration of 1.1 pg/L. During the Year Six monitoring, concentrations fluctuated from
1.4 pg/L (quarter 21) to 2.8 ug/L (quarter 23) and back down to 1.7 pg/L (quarter 24). Year
Seven monitoring results mimicked those of Year Six in that observed concentrations ranged
from 1.4 pg/L (quarter 25) to 3.7 pg/L (quarter 26) and back down once again to 2.0 pg/L (quarter
27) and to 0.61 ng/L (quarter 28). Historically, monitoring well 54MW 12 has had two detected
concentrations above the RG: the first in the fourth quarter sampling event and again in the eighth
quarter.

Chloride, chlorate, and chlorite are daughter products of perchlorate degradation. At SWMU 54,
chloride is present within the groundwater system, including monitoring well 54MWI
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(background). Based on the chloride background concentrations through year three of
monitoring, a determination that any measureable change exists due to perchlorate reduction
could not be established. However, while chloride was detected at monitoring well 54MW1
during all of the year four monitoring events, the concentrations detected at wells 54MW10,
54MW12, and 54MW 13 during the same period were all slightly higher than the concentrations
in 54MW!I1. During the year five monitoring event, chloride was detected at monitoring well
54MW1 during quarters seventeen through nineteen but was not detected during quarter twenty.
The concentrations detected at wells 54MW10, 54MW12, and 54MW 13 from quarter seventeen
through quarter nineteen were all slightly higher than the concentrations in 54MW1. During
quarter twenty of the monitoring event, chloride was not detected in 54MW 10, but it was detected
in monitoring wells 54MW12 and 54MW13 at concentrations similar to previous sampling
quarters. During the Year Six monitoring event, chloride was detected at all wells, including
54MW1 (background). While chloride was detected at monitoring well 54MW1 during all of the
Year Six monitoring events, the concentrations detected at wells 54MW10, 54MW12, and
54MW13 during the same period were all slightly higher than the concentrations in
54MW1.Chlorate and chlorite were not detected during the Year Six monitoring period with the
exception of a detection at monitoring well 54MW10 during quarter twenty-two (11 pg/L).
Chlorate and chlorite went undetected in all of the monitoring wells during the Year Seven
monitoring period. Chloride was detected in all monitoring wells all four quarters with the lowest
concentrations observed in monitoring well 54MW1 (2.3 pg/L to 2.7 ng/L). Concentrations in
the remaining three wells ranged from a low of 2.9 pug/L at 54MW13 (quarter 26) to a high of
7.1 pg/L (quarter 28). This may suggest that chlorate and chlorite have been exhausted in the
system and only residual amounts of chloride are being produced as perchlorate concentrations
diminish.

Statistical Trends

The time series plots (Figures 5-7 and 5-8) show a large degree of variability in 2,4,6-TNT
concentrations in wells 54MW12 and 54MW13. As such, Mann-Kendall tests were run for both
monitoring wells. The results indicated no significant trend in either 54MW12 or 54MW13
(Appendix C).

The contaminant concentrations for 2,4,6-TNT, RDX, and perchlorate for the three impacted
wells were plotted together to assess a possible correlation between the spike timing among the
three wells (Figures 6-1 through 6-3); none was apparent. However, there were correlations in
all three wells with regard to 2,4,6-TNT, RDX, and perchlorate spikes in that spikes in a given
contaminant generally included spikes in the other two contaminants in each well. A notable
trend in monitoring well 54MW13 shows that RDX concentrations waned starting in Year Four
while 2,4,6-TNT concentrations increased, but it appears that RDX concentrations may once
again be spiking coincident with 2,4,6-TNT spikes as demonstated in quarter 28 (Figure 5-8).
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Contaminant concentrations for 2,4,6-TNT, RDX, and perchlorate were plotted against
groundwater elevation to determine if the large spike seen in monitoring wells 54MW10,
54MW12, and 54MWI13 may be related to water level changes. Figures 6-1, 6-2, and 6-3
demonstrate the correlation between the contaminant concentrations at all three wells and
groundwater elevation. At monitoring well 54MWI10, when groundwater elevation rises,
contaminant concentrations appear to decrease. The data suggest a direct relationship between
groundwater levels and 2,4,6-TNT, RDX, and perchlorate concentrations in that elevated
concentrations of each are observed with elevated groundwater levels at monitoring well
54MW12. At monitoring well 54MW 13, however, contaminant concentrations appear to rise on
the backside of a groundwater elevation rise (note quarters 5, 10, 12, 16, 20, 24 and 28 Figure
6-3).

Additionally, Mann-Kendall tests were run for monitoring wells 54MW10, 54MW12, and
54MW13 to track the trend of perchlorate. The results indicated a decreasing trend for 54MW12,
with no trend indicated in wells 54MW10 and 54MW13 for perchlorate (Appendix C).

First Line of Evidence: Results

While the 2,4,6-TNT concentrations have shown variability over time, the first line of evidence
indicates that the presence of daughter products, 2ADNT and 4ADNT, suggest that natural
attenuation via biological degradation of 2,4,6-TNT is occurring at SWMU 54. Overall
decreasing trends in RDX and perchlorate suggest natural attenuation of RDX and perchlorate is
occurring.
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Table 6-1

Analytical Results for Groundwater Performance Monitoring at SWMU 54

Parameter | REMediation | July2011 Ogg’ll;er January | April2012 | August 2012 | November | February %’g August | November | February | May2014 |September | January | April2016 | July 2016 zg%t‘zbqelrﬂ zgi‘,‘;‘('glys) Ap(réllzg(;” J“(lézzg)” O“‘E(I’;;l)w” zgf;“('gzyz) Ap(rgzé(;ls J“(l(yzzzf)ls o(cégg)ls J?’é;g)lg Ap(%lz%;)ng J“(lézzg)lg
Goal (RG) | (Q1) Qy | 2012@) | (Q5) 2012 (Q6) | 2013(Q7) | (o) | 213 (Q9) | 2013(Q10) |2014(Q11) | Q1) |2015(Q13)| 2016 (Q14) | (Q19) (Q16)

SAMWI

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
RDX 6.1 ND ND ND ND ND ND ND ND ND - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
&T;me 0.932 ND ND ND ND ND ND ND ND ND - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perchlorate 10.9 ND ND ND ND ND ND ND ND ND - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SAMW2

2,4,6-TNT 7.82 2.1 09 2.08 2.66 ND ND ND 0.749 0974 046 - ~ ~ - - - _ _ _ _ - - ~ ~ ~ _ _ -
RDX 6.1 0.572 ND ND 0384 ND ND ND ND ND 0.075 - - - - _ _ _ _ _ - - ~ ~ - - - - -
o v 0.932 ND ND ND ND ND ND ND ND ND ND - - - - - - - - - - . - - R R R - -
Perchlorate 10.9 3.07 0.547 1.91 402 ND 0.842 141 1.82 1 026 - - - - _ _ _ _ - - ~ ~ ~ - - - - -
SAMW3

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - - - - ~ ~ ~ - - - - - - - - _ _
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - _ _ _ _ - - ~ ~ - - - - - -
&T;me 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - _ _ _ _ -
Perchlorate 10.9 053 0.18 ND ND 0.405 0303 0309 059 0446 - - - - - - ~ ~ _ _ - - - - - - - - -
SAMWA4

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND R R R - - - _ _ _ _ - - ~ ~ ~ _ _ - -
RDX 6.1 ND ND ND ND ND ND ND ND ND R R R - - - ~ ~ _ _ - - - - - - - - -
&T;me 0.932 ND ND ND ND ND ND ND ND ND - - . - - - - - - - - - - - ~ _ _ _ -
Perchlorate 10.9 ND ND ND ND ND 0.141 ND ND ND - - - - - - - - - - - - - - - - - - -
SAMWS

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - ~ ~ - - - _ _ _ _ - - ~ ~ ~ _ _ - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - ~ ~ _ _ - - - - - - - - - -
&T;me 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - _ _ _ _ -
Perchlorate 10.9 0311 0393 0313 0301 0.42 028 0255 0309 0389 - - - - - ~ ~ ~ _ _ - - - - - - - - -
SAMWE6

2,4,6-TNT 7.82 ND ND ND ND ND Dry ND ND Dry - ~ ~ - - _ _ _ _ _ - - ~ ~ ~ _ _ - -
RDX 6.1 ND ND ND ND ND Dry ND ND Dry - - - - - ~ ~ _ _ - - - - - - - - - -
&T;me 0.932 ND ND ND ND ND Dry ND ND Dry - - - - - - - - - - - - - - - - - - -
Perchlorate 10.9 ND 0.127 0.159 ND 0175 Dry 0.16 0171 Dry - - - - - ~ ~ _ _ _ - - - - - - - - -
SAMW7

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - - - _ _ _ _ _ - - ~ ~ ~ _ _ - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - ~ ~ ~ ~ ~ _ _ - - - - _ _ - - - -
o e 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - R R R ~ ~ . . .
Perchlorate 10.9 0321 ND ND 0365 ND 0.103 0.162 0.103 037 - - - - - - ~ ~ _ _ - - - - - - - - -
SAMWS

2,4,6-TNT 7.82 0.928 0433 ND 0301 ND ND ND ND ND - - ~ ~ ~ ~ ~ ~ ~ ~ - - ~ ~ _ _ - - -
RDX 6.1 0761 0.567 0493 ND ND ND ND ND ND - - - ~ ~ ~ ~ ~ _ _ - - - - - _ _ - -
&T;ure 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - _ _ _ _ -
Perchlorate 10.9 ND 0.408 0355 0388 0392 0286 0484 0118 0334 - - - - - - ~ ~ _ _ - - - - - - - - -
SAMW9Y

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - ~ ~ ~ ~ ~ ~ ~ - - ~ ~ ~ _ _ - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - ~ ~ ~ ~ ~ _ _ - - - - _ _ - - - -
&T;ure 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - _ _ _ _ -
Perchlorate 10.9 ND 0229 0262 0217 ND ND 1.07 0923 0327 - - - ~ ~ ~ ~ ~ _ _ - - - - - _ _ - -
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Table 6-1 Analytical Results for Groundwater Performance Monitoring at SWMU 54 (Continued)
Parameter | REMediation g(‘]'iyl Ogg’l';er January | April2012 Az“ogl“;t November | February |May2013 | August2013 | November | February | May2014 | September Ja;:]‘;zry April 2016 | July 2016 ng]"ll;er zgf;“('grlys) Ap(r61129(;17 J“(lézzg)” ng]"ll;er Ja;:]‘;;ry ‘;‘]’Ir;' J“('(ypzf)ls O(c(gjg)ls J?ggg)w ‘;‘]’Ir;' J“(lézzg)lg
Goal (RG 2012 (Q3 4 2012 (Q6) | 2013 (Q7 8 9 2013 (Q10) | 2014 (Q11 12 2015 (Q13 15 16
®G) | on | (2 Q)| @ s (Q6) Q) | @9 Q9 (Q10) Q1) | Q12 Q3) | o | @9 @9 | (o1 @ )| o) )
SAMWI0
2,4,6-TNT 7.82 0.305 5.84 4.05 ND 9.17 1.59 1.88 0.637 ND 50 13 11 6.6 4.1 2.7 242 1.6 42 1 0.4 112 ND 0.67 35 1 0.88 0.74 18.6
RDX 6.1 ND 3.4 2.95 ND 7.84 135 2.36 1.29 223 21 53 8.7 2.1 3.1 1.8 6.6 0.4 1.1 ND 0.76 1.8 0.1 ND 4.4 1.4 0.88 0.32 3.9
]1\)41?;““ 0.932 ND ND ND ND ND ND ND ND ND 0.2 0.068 0.13 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perchlorate 10.9 ND 0.325 0.258 ND 3.74 0.344 0.832 0.835 0.365 23 0.42 0.44 ND 0.326 0.082 84 0.12 0.1 0.24 0.2 0.23 ND 0.5 0.22 0.65 0.34 035 0.45
S4MWI1
2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - - N N N - N N N - - - - - ~
DNT 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - - - - - -
Mixture
Perchlorate 10.9 ND ND 0.239 ND ND ND 0.263 0.43 0.132 - - - - - - - - - - - - - - - - - - -
SAMWI2
2,4,6-TNT 7.82 15.9 16.1 19.4 48 10.1 7.62 6.29 108 65.9 17 29 10 11 110 11 74 10.6 28.1 78.6 8.7 39 223 523 297 133 164 395 13.6
RDX 6.1 ND 9.77 13.2 18.4 1.95 6.59 3.79 25 14.6 0.54 8.7 2 3.9 30 0.62 37 6 48 514 ND 14 134 333 8.2 3.6 135 48 ND
]1\)41?;““ 0.932 ND ND ND 0.381 ND ND ND ND ND 0.2 031 0.93 ND ND ND ND ND ND ND ND ND ND ND ND ND 3.7 ND ND
Perchlorate 10.9 ND 0.726 10.5 22.8 2 531 2.98 22.7 9.88 1.1 4 1.7 0.737 8.85 12 56 1.6 2.9 43 1.1 1.4 1.9 2.8 1.7 1.4 3.7 2 0.61
54MW13
2,4,6-TNT 7.82 ND 4.09 0.699 0.979 9.4 0.843 0318 491 3.81 9.8 25 58 54 1.4 0.79 139 8 59 1.8 8.2 3 4.4 2 10.9 1.6 23 5.1 155
RDX 6.1 ND 2.59 0.614 1.14 4.77 0.855 0.642 32 1.46 4 0.88 25 2.6 0.54 0.17 86 0.7 ND 1 ND 0.48 ND ND ND 0.38 0.46 0.32 13
]1\)41?;““ 0.932 ND ND ND ND ND ND ND ND ND 0.11 ND 0.099 ND ND ND ND ND ND ND ND ND ND ND ND ND 1.01 ND ND
Perchlorate 10.9 ND 0.244 0.206 0.243 0.627 0.308 0313 0.64 0477 0.43 0.32 0.37 0.270 0.216 0.18 33 0.21 0.29 0.23 0.45 0.2 0.25 033 0.45 0.25 0.29 0.47 0.4
S4MW14
2,4,6-TNT 7.82 0.928 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - - - - -
RDX 6.1 0.761 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - - - - -
DNT 0.932 ND ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - - - - -
Mixture
Perchlorate 10.9 ND ND 0215 0.181 0214 0.24 ND ND 0.195 0.456 — - - - - N - N - - N N N - - - - -
Notes:
All units are ug/L
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Figure 6-1 SWMUS54: 54MW10 Contaminant Concentration to Groundwater Elevation Correlation
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Figure 6-2 SWMUS54: 54MW12 Contaminant Concentration to Groundwater Elevation Correlation
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Figure 6-3 SWMUS54: 54MW13 Contaminant Concentration to Groundwater Elevation Correlation
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6.2 Second Line of Evidence: Geochemical Conditions

Respiratory substrates are used preferentially during microbial metabolism based on the amount
of energy that can be derived from each of them. Respiratory substrates are used in the following
order:

0> >NO3 >Fe™ >ClOs>S04? >CO;

Geochemical data is available for all twenty-eight quarterly groundwater monitoring events at
SWMU 54. Field parameters (DO, ORP, pH, temperature, and conductivity) have been collected
since 2011 as part of the low-flow sampling procedures. Laboratory analyses for nitrate, sulfate,
and TOC were conducted for all twenty-eight quarterly groundwater monitoring events at SWMU
54. These geochemical data are discussed regarding the potential for biodegradation in the
groundwater at SWMU 54.

The microbial degradation of nitro-aromatic compounds primarily occurs under nitrate-reducing
conditions, whereas perchlorate requires sulfate reducing groundwater conditions.

Dissolved Oxygen (DO). The preferred terminal electron acceptor during aerobic microbial
respiration is oxygen, and DO is measured to determine whether the groundwater is under aerobic
or anaerobic conditions. Average DO values less than 1 mg/L, are supportive of anaerobic
microbial activities. Further, DO values higher than 8 mg/L are considered biased high given their
relative magnitude to oxygen solubility at field temperatures and are not included in this analysis.

DO concentrations during the first sixteen quarterly monitoring events (early 2011 to July 2016)
ranged from 0.0 to 7.81 mg/L indicating both anaerobic and aerobic conditions were present at the
site. During the Year Seven monitoring period DO values ranged from 0.11 mg/L (54MW10) to
8.4 mg/L (54MW1). In wells where biological degradation products were observed (54MW10,
54MW12, and 54MW13), the DO concentrations indicate that while anaerobic conditions are at
times present, aerobic conditions appear to be favored (Table 6-2). TNT has been known to be
reduced under a variety of conditions (aerobic and anaerobic); however, further reduction of TNT
breakdown products, including 2ADNT and 4ADNT, and reduction of RDX and perchlorate is
more favorable under anaerobic conditions (Spain, 1995).

The increase in concentrations of explosive constituents at 54MW12 during quarters twenty-five
through twenty-eight, took place under aerobic conditions. Under aerobic conditions,
biodegradation is not as effective in the reduction of explosives and perchlorates. As a result of
the subsurface biochemistry, the decreased biological activity may have also led to an increase in
the explosives and perchlorate concentrations during the year seven monitoring period. This trend
was also noticed during the ninth, tenth, and fourteenth quarterly monitoring events.

Oxidation-Reduction Potential (ORP). ORP values indicate the groundwater’s reductive potential
and are used to confirm the DO measurements in groundwater. ORP values less than +50 mV
typically correspond to mildly reducing, anaerobic conditions, while ORP values less than -200
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mV correspond to highly reducing, anaerobic conditions. As mentioned previously, TNT reduction
can occur in aerobic systems, but the reduction of TNT breakdown products, RDX, and perchlorate
are favored under anaerobic conditions (generally observed when ORP values are between -100
mV and 0 mV).

ORP concentrations during the first twelve quarterly sampling events (early 2011 to May 2014)
ranged from -33 to 297 mV indicating both anaerobic and aerobic conditions were present at the
site. However, it was reported that aerobic conditions appeared to be more prevalent (Table 6-2).
Further, the year three ORP values and DO readings did not show a clear corresponding trend for
samples taken at the same well and same sampling event. At monitoring wells with elevated
concentrations of TNT and RDX (54MW10, 54MW12 and 54MW13), it was suggested that ORP
readings were in agreement with DO concentrations, indicating aerobic conditions.

The year four ORP readings ranged from -10.1 mV to 264 mV indicating that both anaerobic and
aerobic conditions were present at SWMU 54. However, there was only one reading (at 54MW1
in quarter 16) indicating reducing conditions; as such, it would appear that aerobic conditions are
more prevalent at the SWMU. The year four ORP trends were generally in agreement with year
three.

The year five ORP readings ranged from 15.5 mV (54MW13) to 138.2 mV (54MW1) indicating
aerobic conditions were present at SWMU 54. The data suggests that aerobic conditions are more
prevalent at the SWMU. The year five ORP trends are generally in agreement with year four.

The Year Six ORP readings ranged from -19.9 mV (54MW10) to 204.7 mV (54Mw12) indicating
both anaerobic and aerobic conditions were present at SWMU 54.

ORP readings from Year Seven ranged from -34.5 mV (54MWI1) to 238.7 mV (54MW12), once
again indicating both anaerobic and aerobic conditions were present at SWMU 54. The data
suggest that aerobic conditions continue to be more prevalent at the site.

PH. The pH for optimum microbial activity ranges from 6.06 to 7.59 SU. Microbial activity may
decrease at lower pH values. The first six years of pH data are within this optimal pH range (Table
6-2) and continued during Year Seven. In general, the pH environment at SWMU 54 is suitable
for microbial activity.

Nitrate. Following oxygen, microorganisms preferentially use nitrate (NO3-) as a terminal electron
acceptor. Diminished nitrate concentrations may indicate nitrate-reducing conditions which
promote the degradation of nitroaromatics (including 2,4,6-TNT) forming breakdown by-products.
It should be noted that elevated nitrate concentrations (>1 mg/L) will inhibit perchlorate reduction
(Interstate Technology and Regulatory Council, 2008). Additionally, any nitrate would
preferentially be reduced to nitrite before TNT and RDX could be reduced.
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Nitrate concentrations during the first twenty sampling events were generally low (overall <1
mg/L) with concentrations ranging from non-detect to 4.8 mg/L, suggesting that perchlorate
reduction is not inhibited (Table 6-2). This trend continued during the Year Six monitoring period
where 13 of 16 nitrate concentration ranged from non-detect to 1.6 mg/L, and Year Seven
monitoring period where 11 of 16 nitrate concentrations concentrations ranged from non-detect to
2.5 mg/L.

Monitoring well 54MW 12, where the highest and more persistent perchlorate concentrations have
been identified, consistently had nitrate concentrations greater than 1 mg/L during the first sixteen
quarters of monitoring, but during the year five monitoring period the nitrate concentrations were
only greater than or equal to 1 mg/L during two sampling events (quarter seventeen and quarter
nineteen). During the year six monitoring period, the nitrate concentrations were consistently
higher than 1 mg/L for quarters twenty-two through twenty-four. Only during the twenty-first
quarter was the concentration below 1 mg/L. During the Year Seven monitoring period, the nitrate
concentrations were consistently higher than 1 mg/L for quarters twenty-five through twenty-
seven. Only during the twenty-eighth quarter was the concentration below 1 mg/L. In contrast, the
corresponding reduction of 2,4,6-TNT concentrations and accrual of 2ADNT and 4ADNT present
suggest the biodegradation of TNT.

Ferrous Iron. Ferric iron is reduced to soluble ferrous iron in the groundwater where iron-
reducing bacteria have been active. An increase in ferrous iron concentrations is indicative of iron-
reducing conditions. Biological reduction of TNT is favored in iron-reducing conditions and
therefore, elevated concentrations of ferrous iron are an indicator of favorable groundwater
conditions for TNT degradation. Ferrous iron concentrations for all wells during the four previous
years of monitoring have been less than 0.2 mg/L (non-detect) or equal to 0.2 mg/L indicating that
iron-reducing conditions are not present at this time, or that the iron has been reduced previously.
During the year five monitoring events, ferrous iron concentrations for all wells was less than 0.2
mg/L (non-detect) with the exception of monitoring well 54MW 10 during quarter seventeen, when
concentrations increased to 0.52 mg/L, and then decreased to 0.04 mg/L during quarter eighteen.
During the year six monitoring events, ferrous iron concentrations for all wells was less than 0.2
mg/L.  with the exception of monitoring well 54MW13 during quarter twenty-two, when
concentrations increased to 0.26 mg/L, and then decreased to 0.0 mg/L (non-detect) during quarter
twenty-three. During the Year Seven monitoring events, ferrous iron concentrations for all wells
were less than 0.2 mg/L with the exception of monitoring well 54MW12 during quarter twenty-
seven, when concentrations increased to 0.21 mg/L, and then decreased to 0.14 mg/L during
quarter twenty-eight.

Sulfate. Biological degradation of TNT breakdown products, 2ADNT and 4ADNT, RDX, and
perchlorate actively occurs under sulfate-reducing conditions. Sulfate concentrations greater than
20 ng/L may cause competitive exclusion (USEPA, 2008). Sulfate concentrations were measured
in the groundwater during each of the first twelve quarterly monitoring events and were found to
generally be greater than 20 mg/L (ranging from 15.0 to 403 mg/L), indicating that biological
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degradation of 2ADNT and 4ADNT may be inhibited at SWMU 54 (Table 6-2). During the fourth
year of monitoring, sulfate concentrations were slightly lower (ranging from 19 to 93 mg/L), but
again suggested inhibition of biological degradation of the 2,4,6-TNT by-products 2ADNT and
4ADNT. During the fifth year of monitoring, sulfate concentrations were found to be greater than
20 mg/L (ranging from 28.0 to 150.0 mg/L), again indicating that biological degradation of
2ADNT and 4ADNT are inhibited at SWMU 54. During the sixth year of monitoring, sulfate
concentrations were again greater than 20 mg/L (ranging from 25.0 to 100.0 mg/L). Year Seven
sulfate concentrations were again greater than 20 mg/L (ranging from 23 mg/L to 69 mg/L) for all
monitoring wells with the exception of 54MW13, where concentrations dropped to 16 mg/L and
15 mg/L (quarters 25 and 26, respectively). This indicates that biological degradation of 2ADNT
and 4ADNT are inhibited at SWMU 54, but conditions clearly appear to be be improving.

Total Organic Carbon (TOC). Organic carbon is a required source of reduced carbon and energy
needed to sustain microbial degradation of nitroaromatics and perchlorate. TOC concentrations
greater than 20 mg/L are considered adequate to support microbial activity. For the majority of the
first three years of monitoring, TOC concentrations were found to be considerably lower than what
is considered adequate to support microbial activity. TOC concentrations during this time frame
ranged from less than 0.50 (non-detect) to 7.47 mg/L (Table 6-2). However, measured TOC
concentrations during the twelfth quarter exceeded 20 mg/L in monitoring wells 54MW1 (51.0
mg/L) and 54MW10 (63.0 mg/L). The year four, five, and six TOC results, however, again
indicated low concentrations considered inadequate to support microbial activity. The range of
TOC during the year four, five, and six monitoring periods ranged from 0.3 mg/L to 13 mg/L. This
trend continued throughout the Year Seven monitoring events, with concentrations ranging from
0.72 mg/L to 2.3 mg/L.

Figure 6-4 provides a time series plot of specific conductivity at all four wells. Specific
conductivity is the indirect measure of the presence of dissolved solids such as chloride, nitrate,
sulfate, and Fe, all degradation by-products. Figures 6-5, 6-6, and 6-7 provide time series plots of
MNA indicators sulfate and nitrate alongside water quality parameters Fe and Mn at monitoring
wells 54MW10, 54MW12, and 54MW 13 for all seven years. Additionally, Figures 6-8, 6-9, and
6-10 provide time series plots of MNA indicator TOC alongside water quality parameters DO and
ORP at monitoring wells 54MW 10, 54MW12, and 54MW13 for all seven years. Data suggest that
2,4,6-TNT, RDX, and perchlorate are biodegrading and more dissolved inorganic ions (such as
chlorides, nitrates, sulfates, and Fe) are creating the electrical current witnessed in the specific
conductivity readings.

Monitoring wells 54MW10, 54MWI12, and 54MWI13 all appear to have similar specific
conductivity activity according to Figure 6-4. Additionally, Figures 6-5, 6-6, and 6-7, demonstrate
that Fe and dissolved Mn have been reduced to concentrations at or very near zero at all three
wells. Overall, there are sulfate reducing conditions at all three wells which is indicative of
biodegradation of 2 ADNT, 4ADNT, RDX and perchlorate. Nitrate concentrations at 54MW10
and 54MW13 have always been at or slightly above zero; however, nitrate concentrations
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increased in the twenty-sixth and twenty-seventh quarters at 54MW10 to 1.1 mg/L and 2 mg/L,
respectively. Nitrate reducing conditions remain present at S4AMW12.

Figures 6-8, 6-9, and 6-10 demonstrate that ORP conditions at monitoring well 54MW 10 support
mildly anaerobic conditions; at monitoring wells 54MW12 and 54MW13, ORP is declining overall
and beginning to support mildly reducing anaerobic conditions, although both of these wells saw
increases in ORP in the twenty-eighth quarter. DO conditions at all three wells are aerobic. TOC
conditions at 54MWI10 fluctuate between inadequate and adequate conditions. Since quarter
seventeen and continuing through quarter twenty-eight, TOC concentrations have remained below
20 mg/L which is considered inadequate. Meanwhile, conditions at monitoring wells 54MW12
and 54MW13 have consistently been considered inadequate and have remained so since quarter
one. TOC concentrations at 54MW12 and 54MW 13 have ranged between <0.5 mg/L and 13 mg/L;
considered inadequate for sustaining microbial degradation of nitroaromatics and perchlorate.

Overall, the data suggest that MNA conditions are still favorable at all three wells.
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Table 6-2 Water Quality Parameters for Groundwater for Performance Monitoring at SWMU 54

Well ID [savwi | 2 | 3 | 4 | s | e | 7 ] 8 ] o | 1w | u | 12 | 13 | 14
SWMU 54 First Quarter (July 2011) Water Quality Parameters
pH 7.7 6.36 6.86 7.19 6.36 7.33 6.6 6.98 6.29 7.13 7.14 6.67 6.75 7.23
Conductivity (mS/cm) 0.357 0.526 0.491 0.949 0.371 0.449 0.419 0.544 0.535 1.68 0.651 0.568 0.676 0.582
Turbidity (NTU) 5.6 0 1.5 1.9 3 0.2 [1} 4.6 6 89.8 62.6 100 94 169
Dissolved Oxygen (mg/L) 4.86 2.35 4.71 0 4.87 0.68 3.91 3.53 1.23 0.51 0 3.52 0.9 1.06
ORP (mV) 130 178 121 -18 178 110 170 134 198 67 96 152 29 73
Temperature (°C) 14.12 17.07 19.82 15.52 19.88 19.32 18.87 17.86 143 25.19 14.94 18.38 20.09 23.76
Dissolved Manganese <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.1 <0.05 0.2 <0.05 0.05 <0.05 0.65 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 252 1.09 0.967 0 0.613 0 0.119 0.639 0.233 0 0 2.79 0.439 0.242
Sulfate (mg/L) 271 39.8 23.6 329 15.1 274 61.5 40 62.2 167 93.6 38.1 388 336
TOC (mg/L) 3.9 3.51 7.26 2.51 6.14 1.95 3.17 6.05 5.1 1.61 5.97 2.64 2.55 6.73
SWMU 54 Second Quarter (October 2011) Water Quality Parameters
pH 7.49 7.02 7.05 7.27 6.78 7.49 73 7.09 7.2 6.83 7.31 6.7 7.05 7.16
Conductivity (mS/cm) 0.432 0.56 0.674 0.912 0.502 0.305 0.734 0.541 0.562 0.677 0.654 0.523 0.831 0.568
Turbidity (NTU) 164 167 160 81.1 231 107 155 104 79.9 236 685 69 - 157
Dissolved Oxygen (mg/L) 0 0 0 2.44 2.68 3.8 0.1 0.05 0.06 0 0 1.72 0.37 0
ORP (mV) 102 117 107 -15 143 122 66 151 146 82 -13 144 126 73
Temperature (°C) 18.04 14.77 14.16 14.32 1548 13.18 18.01 14.94 14.75 14.75 13.73 14.81 14.63 1493
Dissolved Manganese (mg/L) <0.05 <0.05 0.1 0.05 0.1 0.05 04 0.05 0.2 0.15 0.3 <0.05 0.35 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0 0.394 0.357 0 0.568 0.167 0 0.514 0.184 0.388 0 2 0.21 0.202
Sulfate (mg/L) 271 27 444 210 174 7.06 216 39.9 46.9 96.7 119 31.8 90.2 34.1
TOC (mg/L) 39 32 322 1.38 1.88 2.68 1.31 7.47 6.78 6.98 3.22 4.711 331 4.64
SWMU 54 Third Quarter (January 2011) Water Quality Parameters
pH 7.59 7.48 7.4 7.36 7.15 7.53 7.43 7.08 7.4 7.46 7.59 6.09 7.45 7.48
Conductivity (mS/cm) 0.498 0.662 0.762 1.11 0.628 0.305 0.905 0.492 0.674 0.707 0.763 0.595 0.687 0.651
Turbidity (NTU) 8.9 153 19.2 55.6 321 724 26.8 66.7 36.8 1.1 6.8 - 226 0
Dissolved Oxygen (mg/L) 0 0 0 0 7.81 12.01 0 16.65 8.48 6.06 5.09 4.02 7.63 1.66
ORP (mV) 100 33 24 5 121 191 3 104 111 118 101 186 25 61
Temperature (°C) 132 1391 13.26 13.04 13.58 1193 12.73 9.72 9.65 11.16 114 12.86 1153 1291
Dissolved Manganese (mg/L) <0.05 <0.05 0.1 0.05 0.1 0.05 04 0.05 0.2 0.15 0.3 <0.05 0.35 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0 0.609 0 0 0.578 0.158 0 0.401 0.174 0.572 0.158 1.94 0.237 0.241
Sulfate (mg/L) 26.3 28.2 73.7 480 203 4.55 249 415 62.5 72.7 93 37.6 53.9 322
TOC (mg/L) 2.1 1.8 2.39 1.16 1.42 1.94 2.38 1.66 2.78 1.66 6.71 5.09 6.63 1.68
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Table 6-2

Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [samw1 | 2 | 3 | 4 | s | e | 7 | 8 | o | w | u | 1z | 1 14
SWMU 54 Fourth Quarter (April 2012) Water Quality Parameters
pH 5.42 5.19 5.38 5.33 4.99 5.76 5.57 5.38 5.46 5.48 5.59 5.05 5.32 5.5
Conductivity (mS/cm) 0.958 1.12 1.46 0.001 0.891 0.73 1.58 1.21 1.26 1.73 14 1.35 0.981 1.2
Turbidity (NTU) 2.5 4.4 2.4 125 70.1 318 38 34 65.3 30.8 94.7 37 312 36
Dissolved Oxygen (mg/L) 7.36 7.18 2.24 2345 1047 6.49 2.01 7.43 1129 2.83 5.8 9.44 7.1 5.55
ORP (mV) -30 236 225 180 168 132 162 134 145 61 36 267 116 149
Temperature (°C) 1337 12.44 12.02 11.56 20.98 19.09 1257 14.69 14.21 155 14.11 12.67 1552 12.69
Dissolved Manganese (mg/L) <0.05 <0.05 0.1 0.5 <0.05 0.05 04 0.05 0.2 0.1 0.3 <0.05 0.35 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0 1.33 0 0 0.677 0.129 0.231 0.483 0.139 0 0 2.65 0.294 0.386
Sulfate (mg/L) 34.9 34.9 80 432 14 149 69.4 40.1 56 221 104 37.9 354 29.3
TOC (mg/L) 1.8 1.57 1.18 1.82 2.33 5.46 0.99 2.36 3.01 2.4 2.68 2.34 3.51 1.09
SWMU 54 Fifth Quarter (August 2012) Water Quality Parameters
pH 7.08 6.94 6.71 7.05 6.71 747 7.03 6.87 6.84 6.71 7.06 6.61 6.97 7.05
Conductivity (mS/cm) 0.395 0.722 0.644 0.968 0.58 0.363 0.817 0.599 0.752 0.693 0.715 0.665 0.697 0.625
Turbidity (NTU) 4.1 43 19 14 23 0 7.4 19 52 0.8 10.8 48 95 9.2
Dissolved Oxygen (mg/L) 5.34 0 0 0.23 3.96 4.84 0 2.78 0.56 0.4 0 0.33 1.75 0
ORP (mV) 212 65 209 -33 200 134 128 125 -10 47 -22 226 135 -13
Temperature (°C) 13.89 1349 12.93 15.06 13.44 16.52 13.66 13.7 14.09 13.93 13.64 13.71 16.12 14.08
Dissolved Manganese (mg/L) <0.05 <0.05 0.05 0.05 <0.05 0.05 0.05 0.05 0.2 0.05 0.05 <0.05 0.3 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.600 0.190 0.613 3.00 0.728 0.120 3.00 0.581 1.80 0.594 1.80 1.06 0.681 0.214
Sulfate (mg/L) 26.1 95.5 23.8 378 18.0 15.7 186 41.8 87.2 102 97.6 27.0 38.2 31.8
TOC (mg/L) 0.721 2.00 2.00 1.10 2.00 1.00 1.02 2.00 2.00 1.37 2.00 2.00 1.05 2.04
SWMU 54 Sixth Quarter (November 2012) Water Quality Parameters
pH 7.63 7.21 6.97 7.03 6.99 Dry 7.31 7.23 7.23 7.29 7.28 7.6 5.72 73
Conductivity (mS/cm) 0.443 0.62 0.561 1.01 0.612 Dry 0.826 0.628 0.784 0.779 0.698 0.635 0.918 0.6
Turbidity (NTU) 2.9 114 0.2 17 5.5 Dry 46 3.9 277 4.7 2.5 24 35 43
Dissolved Oxygen (mg/L) 1.44 0.86 4.09 1 1.01 Dry 0.56 2.71 1.14 0.38 1.1 0.26 0.95 045
ORP (mV) 148 141 145 72 167 Dry 59 101 -28 43 117 135 209 100
Temperature (°C) 10.03 1343 12.22 11.27 11.21 Dry 10.83 11.98 11.35 13.61 1295 13.99 12.26 10.61
Dissolved Manganese (mg/L) 0.05 0.05 0.05 0.05 0.05 Dry 0.05 0.05 0.2 0.05 0.05 0.1 0.3 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 Dry <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.600 0.327 0.656 3.00 0.944 Dry 1.80 0.403 1.80 0.381 0.600 2.86 0.369 0.600
Sulfate (mg/L) 313 354 229 403 215 Dry 179 60.3 199 151 99.1 49.8 76.7 39.0
TOC (mg/L) 1.96 2.68 3.29 2.93 4.31 Dry 3.72 4.90 6.73 5.55 5.88 3.41 2.00 2.12

Contract No. W912QR-13-D-0001 Task Order 0001
6-20




Table 6-2 Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [samw1 | 2 | 3 | 4 | s | e | 7 | 8 | o | w | u | 1z | 1B | u
SWMU 54 Seventh Quarter (February 2013) Water Quality Parameters
pH 7.85 6.89 6.76 7.52 6.56 7.08 7.4 7.03 7.04 6.69 7.09 6.36 6.96 7.45
Conductivity (mS/cm) 0.465 0.682 0.504 1.01 0.417 0.293 0.474 0.498 0.487 0.542 0.687 0.464 0.37 0.619
Turbidity (NTU) 0 20 9 16 0 443 16 9.2 109 132 2 142 6.8 1.2
Dissolved Oxygen (mg/L) 0.71 1.43 6.97 0.53 9.19 9.28 2.83 5.36 8.28 297 0.58 1.27 8.39 0.47
ORP (mV) -5 156 171 -56 168 72 12 168 194 125 169 168 158 56
Temperature (°C) 12.17 8.28 11.98 12.09 11.18 13.15 1148 9.89 9.74 1122 10.14 1031 7.98 12.26
Dissolved Manganese (mg/L) 0.05 <0.05 0.1 0.05 <0.05 0.05 0.1 0.05 0.2 0.1 0.25 <0.05 0.2 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.600 0.315 0.423 3.00 0.636 0.209 0.205 0.336 0.510 0.477 0.346 1.95 0.501 0.600
Sulfate (mg/L) 271 36.8 25.3 340 155 4.29 342 44.6 117 70.1 120 358 23.1 41.1
TOC (mg/L) 1.19 0.916 1.07 1.35 1.00 1.50 0.791 1.00 2.09 1.14 1.88 1.21 0.683 1.46
SWMU 54 Eighth Quarter (May 2013) Water Quality Parameters
pH 7.38 6.52 7.06 7.51 6.83 7.33 7.41 747 7.95 6.94 7.59 6.78 6.97 7.31
Conductivity (mS/cm) 0.398 0.315 0.499 1.021 0.4 0.494 0.674 0.596 0.521 0.537 0.592 0.665 0.44 0.608
Turbidity (NTU) 1.2 0.2 14 6.2 8.9 7.1 0.5 1.6 52 14 0.3 3.8 0.2 6.4
Dissolved Oxygen (mg/L) 4.13 2.74 3.55 1.05 3.28 1.29 3.24 0.4 7.58 2.43 1.17 2.54 14 4.13
ORP (mV) 122 254.3 273.6 257.1 283.1 128.4 282.7 255.1 244.2 287.8 255.8 292.4 284 296.5
Temperature (°C) 1343 12.22 1331 11.73 122 1348 12.74 1332 11.12 12.89 1242 13.28 12.84 1342
Dissolved Manganese (mg/L) <0.05 0.05 0.05 0.05 <0.05 <0.05 0.05 0.05 0.1 0.05 0.05 <0.05 0.15 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.368 0.988 0.911 3.00 1.60 0.600 1.10 0.600 0.637 0.740 0.647 4.03 1.05 0.543
Sulfate (mg/L) 26.1 24.1 29.0 329 15.7 14.0 137 41.1 96.7 48.8 894 47.6 29.2 37.0
TOC (mg/L) 0.949 1.68 1.36 0.619 1.06 2.41 0.793 1.00 1.38 1.00 0.635 1.36 0.817 0.583
SWMU 54 Ninth Quarter (August 2013) Water Quality Parameters
pH 7.82 6.91 6.75 6.96 6.28 Dry 6.71 6.95 7.12 6.48 7.04 6.36 6.57 6.84
Conductivity (mS/cm) 0.452 0.592 0.617 0.937 0.333 Dry 0.478 0.559 0.419 0.496 0.637 0.491 0.351 0.554
Turbidity (NTU) 3 0 0 0 0 Dry 7.2 0 6.1 0 0 7.0 0 0
Dissolved Oxygen (mg/L) 0.136 0.8 1.69 0.39 6.28 Dry 24 0.67 2.36 0.86 4.65 2.85 6.57 0.52
ORP (mV) 223.2 84 96 -18 129 Dry 86 42 -13 35 68 91 146 50
Temperature (°C) 1451 15.25 15.08 13.22 1549 Dry 13.05 134 13.25 1451 13.46 15.7 13.89 13.21
Dissolved Manganese (mg/L) 0.05 NM <0.05 0.05 0.05 Dry <0.05 <0.05 0.05 <0.05 0.05 0.05 0.15 0.05
Dissolved Ferrous Iron (mg/L) <0.2 NM <0.2 <0.2 <0.2 Dry <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) <0.600 0.326 0.521 <0.600 0.849 Dry <0.600 0.273 0.194 0.206 0.12 4.8 0.591 0.29
Sulfate (mg/L) 26.7 30.8 26.1 322 15.0 Dry 273 38.0 39.2 443 91.8 39.6 233 28.2
TOC (mg/L) 3.32 1.5 1.11 2.7 0.91 Dry 0.822 2.30 4.17 4.28 3.11 327 2.35 3.64
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Table 6-2 Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [samw1 | 2 | 3 | 4 | s | e | 7 | 8 | o | w | u | 1z | 1 14
SWMU 54 Tenth Quarter (November 2013) Water Quality Parameters
pH - 7.45 - - - - - - - 6.89 - NM 7.29 -
Conductivity (mS/cm) - 0.635 - - - - - - - 0.615 - 0.469 0.643 -
Turbidity (NTU) - 0 - - - - - - - 0 - 4.6 0.4 -
Dissolved Oxygen (mg/L) - 2.7 - - - - - - - 2.45 - 1.17 1.32 -
ORP (mV) - 51 -- -- - - - - - 18 - 108 25 -
Temperature (°C) - 14.09 - - - - - - - 15.25 - 14.96 15.96 -
Dissolved Manganese (mg/L) - <0.05 - - - - - - - <0.05 - 0.05 0.05 -
Dissolved Ferrous Iron (mg/L) - <0.2 - - - - - - - <0.2 - <0.2 <0.2 -
Nitrate (mg/L) - 0.25 - - - - - - - 0.670 - 1.1 0.45 -
Sulfate (mg/L) - 29.0 -- -- -- - -- -- - 57.0 - 26.0 39.0 -
TOC (mg/L) -- 2.5 -- -- -- -- -- -- -- 0.68 -- 0.5 <0.50 --
SWMU 54 Eleventh Quarter (February 2014) Water Quality Parameters
pH 8.1 - - - - - - - - 6.89 - 721 721 -
Conductivity (mS/cm) 0.41 - - - - - - - - 0.587 - 0.643 0.481 -
Turbidity (NTU) 0 - - - - - - - - 0 - 3.8 14 -
Dissolved Oxygen (mg/L) 1.32 - - - - - - - - 143 - 0.7 2.09 -
ORP (mV) 127 - - - - - - - - 153 - 150 142 -
Temperature (°C) 12.34 - - - - - - - - 132 - 14.11 12.04 -
Dissolved Manganese (mg/L) <0.05 - - - - - - - - <0.05 - <0.05 0.05 -
Dissolved Ferrous Iron (mg/L) <0.2 - - - - - - - - 0.2 - 0.2 <0.2 -
Nitrate (mg/L) <0.025 - - - - - - - - 0.470 - 3.1 0.44 -
Sulfate (mg/L) 30.00 -- -- -- -- -- -- -- -- 89.0 -- 36.0 31.0 --
TOC (mg/L) 1.00 - - - - - - - - 0.53 - 1.00 <0.50 -
SWMU 54 Twelfth Quarter (May 2014) Water Quality Parameters
pH 7.79 - - - - - - - - 6.93 - NM NM -
Conductivity (mS/cm) 0.469 - - - - - - - - 0.582 - 0.453 0.47 -
Turbidity (NTU) 3 - - - - - - - - 38 - 10 9 -
Dissolved Oxygen (mg/L) 1.65 - - - - - - - - 1.56 - 2.25 1.14 -
ORP (mV) 2223 - - - - - - - - 1274 - 272.1 713 -
Temperature (°C) 16.61 - - - - - - - - 12.81 - 14.61 16.57 -
Dissolved Manganese (mg/L) 0.05 - - - - - - - - 0.1 - 0.1 0.05 -
Dissolved Ferrous Iron (mg/L) 0.2 - - - - - - - - <0.2 - 0.2 0.2 -
Nitrate (mg/L) 0.031 - - - - - - - - 0.330 - 1.6 0.41 -
Sulfate (mg/L) 29.0 -- -- -- -- -- -- -- -- 58.0 -- 31.0 27.0 --
TOC (mg/L) 51.0 -- -- -- -- - - - - 62.0 - <0.50 <0.50 -
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Table 6-2 Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [samwi | 2 | 3 | 4 | s | e | 7 | 8 | o | w | u | 1z | 14
SWMU 54 Thirteenth Quarter (September 2015) Water Quality Parameters
pH 6.7 - - - - - - - - 6.8 - 54 6.69 -
Conductivity (mS/cm) 0471 - - - - - - - - 329 - 0.557 0.529 -
Turbidity (NTU) 0.65 - - - - - - - - 30.7 - 2.66 1.00 -
Dissolved Oxygen (mg/L) 0.75 - - - - - - - - 8.2 - 6.0 6.53 -
ORP (mV) 180 - - - - - - - - 71 - 264 198.0 -
Temperature (°C) 14.14 - - - - - - - - 15.8 - 14.8 14.83 -
Dissolved Manganese (mg/L) 0.087 - - - - - - - - 0.081 - 0.066 0.081 -
Dissolved Ferrous Iron (mg/L) 0 - - - - - - - - 0.11 - 0.07 0.11 -
Nitrate (mg/L) 0.14 - - - - - - - - 0.25 -- 0.92 0.5 -
Sulfate (mg/L) 25 -- -- -- -- -- -- -- -- 23 -- 24 26 -
TOC (mg/L) 4.1 - - - - - - - - 8.1 - 83 13 --
SWMU 54 Fourteenth Quarter (January 2016) Water Quality Parameters
pH 7.60 - - - - - - - - 6.16 - 6.79 7.01 -
Conductivity (mS/cm) 2.8 - - - - - - - - 0.54 - 589.5 324.0 -
Turbidity (NTU) 0.78 - - - - - - - - 0.88 - 5.8 7.99 -
Dissolved Oxygen (mg/L) 9.89 - - - - - - - - 6.70 - 8.6 8.74 -
ORP (mV) 76.2 - - - - - - - - 89.3 - 924 732 -
Temperature (°C) 9.6 - - - - - - - - 12.7 - 124 11.6 -
Dissolved Manganese (mg/L) 0.063 - - - - - - - - 0.054 - 0.030 0.063 -
Dissolved Ferrous Iron (mg/L) 0 - - - - - - - - 0.0 - 0.10 0.05 -
Nitrate (mg/L) 0.15 -- -- -- -- -- -- -- -- 0.45 - 2.5 0.46 -
Sulfate (mg/L) 26 -- -- -- -- -- -- -- -- 76 - 45 20 -
TOC (mg/L) 15 - - - - - - - - 0.97 - 1.8 1.8 -
SWMU 54 Fifteenth Quarter (April 2016) Water Quality Parameters
pH 7.61 -- -- -- -- -- -- -- -- 6.71 -- 6.44 6.77 -
Conductivity (mS/cm) 440 -- -- -- -- -- -- -- -- 602 -- 353 229 -
Turbidity (NTU) 0.3 -- -- -- -- -- -- -- -- 3.74 -- 5.7 1.16 -
Dissolved Oxygen (mg/L) 4 - - - - - - - - 0.61 - 58 6.86 -
ORP (mV) 51 - - - - - - - - 735 - 934 76.8 -
Temperature (°C) 12.01 -- -- -- -- -- -- -- -- 134 -- 14.32 13.52 -
Dissolved Manganese (mg/L) 0.021 - - - - - - - - 0.057 - 0.020 0.025 -
Dissolved Ferrous Iron (mg/L) 0.02 -- -- -- -- -- -- -- -- 0.03 -- 0.04 0.02 -
Nitrate (mg/L) 0.14 -- -- -- -- -- -- -- -- 0.18 -- 1.3 043 -
Sulfate (mg/L) 29 -- -- -- -- -- -- -- -- 83 -- 27 19 -
TOC (mg/L) 42 - - - - - - - - 8.9 - 6.8 0.68 --
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Table 6-2

Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)
|

Well ID [samwi | 2 | 3 | 4 [ s | 6 | 7 ] 8 | 9 | 1w 11 PR 14
SWMU 54 Sixteenth Quarter (July 2016) Water Quality Parameters
pH 6.82 - - - - - - - - 7.39 - 6.32 7.27 --
Conductivity (mS/cm) 619 -- -- -- -- -- -- -- -- 775 -- 499 473.0 -
Turbidity (NTU) 4.62 -- -- -- -- -- -- -- -- 5.36 -- 6.50 0.72 -
Dissolved Oxygen (mg/L) 3.14 - - - - - - - - 0.37 - 4.60 2.09 -
ORP (mV) -10.1 - - - - - - - - 109 - 8.2 12.0 -
Temperature (°C) 16.56 -- -- -- -- -- -- -- -- 13.79 -- 14.33 15.2 -
Dissolved Manganese (mg/L) 0.062 - - - - - - - - 0.048 - 0.033 0.031 -
Dissolved Ferrous Iron (mg/L) 0.14 - - -- -- -- -- -- -- 0.02 -- 0.02 0.00 -
Nitrate (mg/L) 0.15 -- -- -- -- -- -- -- -- 047 -- 0.81 0.60 -
Sulfate (mg/L) 29 - - -- -- -- -- -- -- 93 -- 25 36 -
TOC (mg/L) 0.92 - - - - - - - - 0.58 - 1.2 0.78 -
SWMU 54 Seventeenth Quarter (October 2016) Water Quality Parameters
pH 7.28 - - - - - - - - 591 - 6.34 6.92 -
Conductivity (mS/cm) 474 -- -- -- -- -- -- -- -- 839 -- 579 673 -
Turbidity (NTU) 0.14 - - - - - - - - 322 - 3.02 9.98 --
Dissolved Oxygen (mg/L) 2.60 - - - - - - - - 0.54 - 5.05 3.40 -
ORP (mV) 138.2 - - - - - - - - 69.1 - 304 448 -
Temperature (°C) 1448 -- -- -- -- -- -- -- -- 14.63 -- 15.55 13.10 -
Dissolved Manganese (mg/L) 0.049 - - - - - - - - 0.003 - 0.038 0.061 -
Dissolved Ferrous Iron (mg/L) 0.05 - - - - - -- -- -- 0.52 -- 0.00 0.08 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.26 - 12 0.49 -
Sulfate (mg/L) 30 -- -- -- -- -- -- -- -- 150 -- 41 38 -
TOC (mg/L) 1.5 - - - - - - - - 0.55 - 0.99 1.5 -
SWMU 54 Eighteenth Quarter (January 2017) Water Quality Parameters
pH 7.43 -- -- -- -- -- -- -- -- 7.19 -- 6.70 7.04 -
Conductivity (mS/cm) 486.2 -- -- -- -- -- -- -- -- 854 -- 647.5 740 -
Turbidity (NTU) 0.28 - - - - - - - - 1.39 - 1.04 8.20 -
Dissolved Oxygen (mg/L) 221 - - - - - - - - 1.40 - 5.40 329 -
ORP (mV) 74.8 - - - - - - - - 49 - 75 71 -
Temperature (°C) 12.8 -- -- -- -- -- -- -- -- 12.5 -- 11.8 11.7 -
Dissolved Manganese (mg/L) 0.036 - - - - - - - - 0.069 - 0.040 0.060 -
Dissolved Ferrous Iron (mg/L) 0.00 -- -- -- -- -- -- -- -- 0.04 -- 0.00 0.03 -
Nitrate (mg/L) 0.15 - - -- -- -- -- -- -- 0.38 -- 0.94 0.48 -
Sulfate (mg/L) 31 - - - - - -- -- -- 110 -- 38 42 -
TOC (mg/L) 0.56 - - - - - - - - 1.5 - 1.4 L5 -
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Table 6-2 Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

SWMU 54 Nineteenth Quarter (April 2017) Water Quality Parameters

pH 7.65 - - - - - - - - 6.88 - 6.70 6.97 -
Conductivity (mS/cm) 0.443 - - - - - - - - 0.614 - 0.627 0.474 -
Turbidity (NTU) 0.25 - - - - - - - - 0.71 - 1.92 14.2 -
Dissolved Oxygen (mg/L) 8.38 - - - - - - - - 32 - 5.39 4.74 -
ORP (mV) 91.0 - - - - - - - - 57.3 - 93.4 77.5 -
Temperature (°C) 13.1 - - - - - - - - 13.80 - 13.1 14 -
Dissolved Manganese (mg/L) 0.049 - -- -- -- -- -- -- -- 0.039 -- 0.036 0.067 -
Dissolved Ferrous Iron (mg/L) 0.00 - - - - -- -- -- -- 0.04 -- 0.02 0.14 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.3 - 1 0.44 -
Sulfate (mg/L) 33 - - - - - - - - 65 - 47 30 -
TOC (mg/L) 33 - - - - - - - - 6.9 - 6.7 44 -
SWMU 54 Twentieth Quarter (July 2017) Water Quality Parameters

pH 7.43 - - - - - - - - 7.00 - 6.63 7.00 -
Conductivity (mS/cm) 468 -- -- -- -- -- -- -- -- 740 -- 505 600 -
Turbidity (NTU) 0.52 - - - - - - - - 0.52 - 0.71 1.36 -
Dissolved Oxygen (mg/L) 0.69 - - - - - - - - 0.83 - 0.11 0.01 -
ORP (mV) 116.5 - - - - - - - - 24.1 - 85.5 15.5 -
Temperature (°C) 14.8 - - - - - - - - 14.9 - 13.7 14.8 -
Dissolved Manganese (mg/L) 0.031 - - - - - - - - 0.060 - 0.073 0.084 -
Dissolved Ferrous Iron (mg/L) 0.00 - - - - -- -- -- -- 0.05 -- 0.07 0.08 -
Nitrate (mg/L) 0.15 - - - - -- -- -- -- 0.10 -- 0.75 0.56 -
Sulfate (mg/L) 28 - - - - - - - - 110 - 32 32 -
TOC (mg/L) 0.71 - - - - - - - - 2.6 - 1.5 1.9 -
SWMU 54 Twenty-First Quarter (October 2017) Water Quality Parameters

pH 7.23 - - - - - - - - 6.71 - 6.49 6.68 -
Conductivity (mS/cm) 468.6 - - - - - - - - 462.3 - 571.5 537.5 -
Turbidity (NTU) 0.17 - - - - - - - - 0.8 - 8.75 0.74 -
Dissolved Oxygen (mg/L) 7.98 - - - - - - - - 8.60 - 6.43 571 -
ORP (mV) 63.6 - - - - - - - - 45.6 - 97.4 88.3 -
Temperature (°C) 14.2 - - - - - - - - 14.9 - 12.7 14.6 -
Dissolved Manganese (mg/L) 0.21 - - - - - - - - 0.044 - 0.051 0.032 -
Dissolved Ferrous Iron (mg/L) 0.00 - - - - - - - - 0.00 - 0.07 0.00 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.34 - 0.86 0.45 -
Sulfate (mg/L) 31 - - - - -- -- -- -- 38 -- 37 29 -
TOC (mg/L) 2.6 - - - - - - - - 2.6 - 1.2 22 -
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Table 6-2 Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [ssmwi| 2 | 3 | 4 [ s | e | 7] 8 | o | w | n [ 12 | 1B | 14
SWMU 54 Twenty-Second Quarter (January 2018) Water Quality Parameters

pH 7.46 -- -- -- -- -- -- -- -- 7.14 -- 6.57 7.00 -
Conductivity (mS/cm) 438.4 -- -- -- -- -- -- -- -- 734 -- 531.7 640.2 -
Turbidity (NTU) 0.32 - - - - - - - - 0.92 - 2.17 7.34 -
Dissolved Oxygen (mg/L) 0.53 - - - - - - - - 0.95 - 8.45 4.51 -
ORP (mV) 69 - - - - - - - - 459 - 83.2 75.3 -
Temperature (°C) 13 -- -- -- -- -- -- -- -- 12.5 -- 10.4 12 -
Dissolved Manganese (mg/L) 0.038 - - - - - - - - 0.000 - 0.000 0.064 -
Dissolved Ferrous Iron (mg/L) 0.02 -- -- -- -- -- -- -- -- 0.00 -- 0.00 0.26 -
Nitrate (mg/L) 0.15 -- -- -- -- -- -- -- -- 0.15 -- 14 0.33 -
Sulfate (mg/L) 25 - - - -- -- -- -- -- 98 -- 46 34 -
TOC (mg/L) 6.5 - - - - - - - - 3.7 - 13 10 -
SWMU 54 Twenty-Third Quarter (April 2018) Water Quality Parameters

pH 7.59 -- -- -- -- -- -- -- -- 6.87 -- 6.68 6.76 -
Conductivity (mS/cm) 441.6 - - - - - - - - 553.7 - 584 520 -
Turbidity (NTU) 0.59 -- -- - -- -- -- -- -- 0.78 -- 10.4 3.15 -
Dissolved Oxygen (mg/L) 528 - - - - - - - - 4.37 - 6.5 6.18 -
ORP (mV) 63.8 - - - - - - - - 50 - 204.7 735 -
Temperature (°C) 13.6 -- -- -- -- -- -- -- -- 13.1 -- 124 134 -
Dissolved Manganese (mg/L) 0.024 - - - -- -- -- -- -- 0.11 -- 0.046 0.032 -
Dissolved Ferrous Iron (mg/L) 0.00 -- -- -- -- -- -- -- -- 0.00 -- 0.06 0.00 -
Nitrate (mg/L) 0.2 -- -- -- -- -- -- -- -- 0.68 -- 1.2 0.62 -
Sulfate (mg/L) 28 -- -- -- -- -- -- -- -- 47 -- 41 30 -
TOC (mg/L) 15 - - - - - - - - 15 - 0.72 15 -
SWMU 54 Twenty-Fourth Quarter (July 2018) Water Quality Parameters

pH 6.87 -- -- -- -- -- -- -- -- 6.56 -- 6.06 6.55 -
Conductivity (mS/cm) 390.9 -- -- -- -- -- -- -- -- 629 -- 375.6 549 -
Turbidity (NTU) 0.3 - - - - - - - - 0.89 - 39.5 2.03 -
Dissolved Oxygen (mg/L) 6.96 - - - - - - - - 0.78 - 9.17 342 -
ORP (mV) 0.5 - - - - - - - - -19.9 - 2.9 0.7 -
Temperature (°C) 14 -- -- -- -- -- -- -- -- 14.7 -- 15.6 16 -
Dissolved Manganese (mg/L) 0.041 - - - - - - - - 0.121 - 0.039 0.143 -
Dissolved Ferrous Iron (mg/L) 0.00 -- -- -- -- -- -- -- -- 0.03 -- 0.04 0.00 -
Nitrate (mg/L) 0.2 -- -- -- -- -- -- -- -- 0.19 -- 1.6 043 -
Sulfate (mg/L) 26 -- -- -- -- -- -- -- -- 100 -- 40 32 -
TOC (mg/L) 15 - - - - - - - - 15 - 15 15 -
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Table 6-2

Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [ssmwi| 2 | 3 | 4 [ s | e | 7] 8 | o | w | n [ 12 | 1B | 14
SWMU 54 Twenty-Fifth Quarter (October 2018) Water Quality Parameters

pH 7.39 - - - - - - - - 6.89 - 6.41 6.63 --
Conductivity (mS/cm) 374.1 -- -- -- -- -- -- -- -- 707 -- 372.6 220 -
Turbidity (NTU) 0.34 - - - - - - - - 0.56 - 28.90 10.90 -
Dissolved Oxygen (mg/L) 8.05 - - - - - - - - 2.68 - 5.84 55 -
ORP (mV) -34.5 - - - - - - - - 71.7 - 118.5 110.4 --
Temperature (°C) 133 -- -- -- -- -- -- -- -- 154 -- 14.7 14.8 -
Dissolved Manganese (mg/L) 0.22 -- -- -- -- -- -- -- -- 0.024 -- 0.045 0.024 -
Dissolved Ferrous Iron (mg/L) 0.00 -- -- -- -- -- -- -- -- 0.00 -- 0.16 0.00 -
Nitrate (mg/L) 0.2 -- -- -- -- -- -- -- -- 0.62 -- 2 0.41 -
Sulfate (mg/L) 28 - - - -- -- -- -- -- 61 -- 32 16 -
TOC (mg/L) L5 - - - - - - - - 0.81 - 1 L5 --
SWMU 54 Twenty-Sixth Quarter (February 2019) Water Quality Parameters

pH 7.14 - - - - - - - - 6.57 - 6.46 6.28 -
Conductivity (mS/cm) 471.5 -- -- -- -- -- -- -- -- 566.6 -- 532.6 267.6 -
Turbidity (NTU) 0.32 - - - - - - - - 0.26 - 6.2 8.99 -
Dissolved Oxygen (mg/L) 3.02 - - - - - - - - 0.11 - 1.39 8.02 -
ORP (mV) 10.3 - - - - - - - - 45.7 - 102.1 79.3 -
Temperature (°C) 13.7 -- -- -- -- -- -- -- -- 13.5 -- 13.2 13.1 -
Dissolved Manganese (mg/L) 0.029 - - - - - - - - 0.04 - 0.046 0.045 -
Dissolved Ferrous Iron (mg/L) 0.02 -- -- -- -- -- -- -- -- 0.05 -- 0.06 0.14 -
Nitrate (mg/L) 0.2 -- -- -- -- -- -- -- -- 1.1 -- 2 0.48 -
Sulfate (mg/L) 25 -- -- -- -- -- -- -- -- 31 -- 43 15 -
TOC (mg/L) L5 - - - - - - - - 0.72 - 23 L5 -
SWMU 54 Twenty-Seventh Quarter (April 2019) Water Quality Parameters

pH 7.33 - - - - - - - - 6.52 - 5.8 6.34 --
Conductivity (mS/cm) 372.8 - - - - - - - - 402.4 - 324.6 270.4 -
Turbidity (NTU) 0.28 - - - - - - - - 1.19 - 46.7 10.17 -
Dissolved Oxygen (mg/L) 84 - - - - - - - - 4.32 - 6.77 59 -
ORP (mV) 62.1 - - - - - - - - 89.7 - 118.3 116.6 --
Temperature (°C) 13.2 -- -- -- -- -- -- -- -- 12.2 -- 14.2 14.3 -
Dissolved Manganese (mg/L) 0.023 - - - - - - - - 0.00 - 0.085 0.04 -
Dissolved Ferrous Iron (mg/L) 0.00 -- -- -- -- -- -- -- -- 0.00 -- 0.21 0.02 -
Nitrate (mg/L) 0.2 -- -- -- -- -- -- -- -- 2 -- 2.5 0.58 -
Sulfate (mg/L) 27 -- -- -- -- -- -- -- -- 30 -- 56 41 -
TOC (mg/L) 1.4 - - - - - - - - L5 - 0.84 L5 --

Contract No. W912QR-13-D-0001 Task Order 0001
6-27




Table 6-2

Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [ssmwi| 2 | 3 | 4 | s | e | 7] 8 | 9o | w | nu | n 3 | 1
SWMU 54 Twenty-Eighth Quarter (July 2019) Water Quality Parameters

pH 7.49 - - - - - - - - 6.9 - 6.54 7.01 -
Conductivity (mS/cm) 479.5 - - - - - - - - 570.1 - 470.5 577 -
Turbidity (NTU) 0.21 -- -- -- -- -- -- -- -- 1.71 -- 2.58 1.82 -
Dissolved Oxygen (mg/L) 3.54 - - - - - - - - 533 - 4.29 6.24 -
ORP (mV) 212.5 - - - - - - - - 79 - 238.7 225.1 -
Temperature (°C) 14.7 -- -- -- -- -- -- -- -- 153 -- 15.2 18.1 -
Dissolved Manganese (mg/L) 0.035 - - - - - - - - 0.026 - 0.04 0.038 -
Dissolved Ferrous Iron (mg/L) 0.07 - - - - - - - - 1.71 - 2.58 1.82 -
Nitrate (mg/L) 0.2 - - - - - - - - 0.46 - 0.84 0.5 -
Sulfate (mg/L) 26 - - - - -- -- -- -- 65 -- 23 31 -
TOC (mg/L) 1.5 - - - - - - - - 1.5 - 1.5 1.5 -

Notes:

-- = Wells eliminated from monitoring program
°C = degrees Celsius
mg/L =- milligrams per liter

mS/cm = milliseimens per centimeter
NM = not measured

NTU = Nephelometric Turbidity Unit mV — millivolts
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Figure 6-4 SWMUS54: Specific Conductivity
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1. Specific conductivity was not measured at 54MW 1 during Quarter 10.
2. Specific conductivity readings for quarters 13, 14, and 19 for all four wells were not used due to possible unit entry error.
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Figure 6-5

SWMUS54: 54MW10 Ferrous Iron, Dissolved Manganese, Nitrate, and Sulfate Concentrations
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Figure 6-6 SWMUS54: 54MW12 Ferrous Iron, Dissolved Manganese, Nitrate, and Sulfate Concentrations
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Figure 6-7 SWMUS54: 54MW13 Ferrous Iron, Dissolved Manganese, Nitrate, and Sulfate Concentrations
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Figure 6-8 SWMUS54: 54MW10 TOC, DO, and ORP Concentrations
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Figure 6-9 SWMUS54: 54MW12 TOC, DO, and ORP Concentrations
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Figure 6-10 SWMUS54: 54MW13 TOC, DO, and ORP Concentrations
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7.0 Summary and Conclusions

This report covers seven years of groundwater monitoring. Fourteen (14) groundwater monitoring
wells were sampled on a quarterly basis for over 2 years (nine quarters) at SWMU 54. After the
ninth and tenth quarters, the monitoring program was reduced to the three wells (54MW10,
54MW12, and 54MW13), which have had COI concentrations above RGs, and an upgradient well
(54MW1). Samples collected during the first twelve quarters were analyzed for explosives,
perchlorate, and MNA indicators. During quarters 10 through 28, samples were also analyzed for
RDX breakdown products. Sample results were compared to RGs and evaluated to determine
whether MNA is occurring at the SWMU. This report presents and summarizes the analytical
results of the first seven years (twenty-eight quarters) of monitoring.

Based on contaminant concentrations and biological indicator parameters measured in
groundwater at SWMU 54, MNA processes are reducing the concentrations of 2,4,6-TNT and
RDX. These processes include biodegradation and to a lesser extent sorption, dilution, dispersion,
and chemical stabilization. The data also suggest that the MNA processes are preventing
downgradient plume expansion and decreasing nitroaromatic and perchlorate mass.

In summary, the following conclusions and recommendations are made regarding the potential for
MNA in contaminated groundwater at SWMU 54:

e Presence of 2,4,6-TNT daughter products 2ADNT and 4ADNT is further evidence that
biological degradation has occurred, which may be aiding in removing mass in the
groundwater.

e Identification of RDX breakdown products DNX, MNX, and TNX indicate active
degradation of RDX, although breakdown products were less prevalent during the year
four monitoring period and not detected during the year five through seven monitoring
periods. RDX concentrations at monitoring wells 54MW10 and 54MW13 are consistently
below the RG of 6.1 pg/L in the seventh year monitoring period and there was only one
detection above the RG at 54MW12 of 13.5 pg/L observed in quarter 26.

e All perchlorate concentrations in the third through seventh years of monitoring are below
the RG and showed a steady decline in concentrations during this five year period with the
exception of monitoring well 54MW10 in which the perchlorate concentrations in year
seven increased only slightly but still remained well below the RG of 10.9 pg/L .

e [t is recommended that 1,3-Dinitrobenzene be removed from the sampling program due to
the absence of detections for three consecutive years. Perchlorate is also recommended for
removal from the sampling program as it has not been detected above its RG of 10.9 pg/L
since May 2013.

Observed concentrations of DO (0.11 mg/L to 8.4 mg/L) and ORP (-34.5 mV to 238.7 mV) during
Year Seven indicate both aerobic and anaerobic conditions exist at SWMU 54. However, aerobic
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conditions were determined to be more prevalent. While TNT has been known to be degraded
under a variety of conditions (aerobic and anaerobic), further degradation of 2ADNT, 4ADNT,
and reduction of RDX and perchlorate is more favorable under anaerobic conditions (Spain, 1995).
DO and ORP data suggest that well 54MWI10 is still steadily approaching more favorable
anaerobic condtions, and wells 54MW12 and 54MW13 are approaching more favorable anaerobic
conditons, just not quite as steadily as 54MW10. It is also noted that there is a direct correlation
between ORP values and 2,4,6-TNT and RDX concentrations at monitoring well 54AMW12.

The source removal efforts at SWMU 54 appear to have been effective in significantly lowering
the site-wide COls in groundwater. This is evident by the fact that eleven of the fourteen
monitoring well locations (54MW1 through 54MW9, 54MWI11, and 54MW14) had observed
concentrations below site selected RGs for eight consecutive quarters for 2,4,6-TNT, DNT
mixture, RDX, and perchlorate. As recommended in the Final SWMU 54 MNA IMWP (Shaw,
2011a), and SWMU 54 MNA Sampling Year 2 Report (CB&I, 2013) these wells were removed
from the MNA sampling program after the ninth and tenth quarters.

Historic pore water samples PW-1, PW-3, PW-5, PW-8, and PW-9 from the New River sediments
directly downgradient from SWMU54 had no detections of explosives or perchlorate in two years
of sampling, indicating no measurable influence of contaminated groundwater on the New River.
As recommended in the Final SWMU 54 MNA IMWP (Shaw, 2011a) and SWMU 54 MNA
Sampling Year 2 Report (CB&I, 2013), the pore water sample locations were removed from the
MNA sampling program after quarter nine (August 2013).

Explosives concentrations through twenty-eight quarters of groundwater monitoring indicate that
limited biodegradation at well locations 54MW10, 54MW12, and 54MW13 (SWMU 54 Area A
wells) is occurring. Based on the localized distribution of elevated constituents and the generally
declining concentrations site-wide and the fact that groundwater is bounded within RFAAP by the
New River and its use can be controlled by RFAAP, an active groundwater remedy at SWMUS54
does not appear necessary at this time. However, the twenty-third quarter of sample collection
included the fourth most elevated concentrations of explosive COIs reported at monitoring well
54MW12, warranting continued monitoring. Further, the twenty-sixth quarter of sample collection
included the highest concentration of 2,4,6-TNT at 54MW12 in all 28 quarters. The sharp increase
in explosive concentrations at 54MW12 during the twenty-third and twenty-sixth quarters occurred
under aerobic conditions. Biodegradation is not as effective under aerobic conditions to reduce
explosives and perchlorates concentrations. As a result of the subsurface biochemistry, the
decreased biological activity may have led to an increase in the explosives and perchlorate
concentrations during this period.

The direction and speed of groundwater flow is consistent across all reporting periods and the
current network of groundwater monitoring wells is adequate for future groundwater monitoring
events. It is our recommendation that groundwater monitoring continues on a quarterly basis at
well locations 54MW10, 54MW12, and 54MW13. In addition to monitoring wells 54MW10,
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54MW12, and 54MW13, monitoring well 54MW 1 will continue to be monitored as an upgradient
well, despite meeting the criteria for being removed from the network.
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Field Sampling Logs
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5(//)?60/02 /OEé//& Purge/Sample Equipment Water-quality Equipment

Samplers' [nitials Time

W\P/W /33? { ) Peristaltic: Water-level Meter: Keck 200

Casing Diameter (in) Casing Stickup (ft)

fa-)

2" (¥ Bladder: Geotech 1.66 x 18 Oil-water Interface Meter:
Initial Water Level (ft{Total Well Depth
btoc) (ft-btoag YSI Pro Plus
O?(Q 0¢ 0 { ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level Screened Interval Fe/M
(ft-btoc) (ft-btoc) e/ Mn:
LI 0-30 Hach DR900
Purge Volume Sample Dept|
(liters) o _ M {ft-btoc) .
£ [ 02 Turbldity Meter: Hach 2100Q
Depth to Water| Pumping Rate ﬁlﬂ- Cond. D Turb.
{ft) {I/min) Purge Volume (liters) °GI°F {uS/cm) %/@ ORP (mV)| (NTU)

/40 J25mlmin /5.0 335»(4001‘7 (.7 oS- 0)/02.
/] 14 13308 |63 | 6.3¢ |i#a.4|70.0
/Y b [ 7 1538|634 | 043 | /338|227
Y21 /4T 534 637 16.32 |/4.8|59.3
m /4.7 Ble]|0395.7¢ |/578] 335
/43) | /7 13220 il B 8Y |85 28,5

NFuII Sample Suite Obtained Condmon of Well, Remarks‘\ct#(j:ﬁ /0/50
I ok lovodts

( ) Partlal Sample Suite Obtained

.sx; fit .
{ ) No Sample Obtained / ch 7C/M ?’?&fﬁ/(ja/ /(%-/@’Idi_
,0!03 Ivea (4 /ﬂﬂ:fp/ Calorro
QCSamples: FD FS RB AB m@ MNE (DVE [ THY “ToC. =
See COC for analyses requested. w Sampler's W
Sample 1D: 5 /i) /2 Qc Sample 1D : SN /A (D
Protective Level Dermal¥D/ C B A Sample Time: /% 3,7 Checked by®
Respiratory: D/ C B A ( ) Metals Sample Filtered Filter |Date: /37 25 //0%

- Ot mgle
/Y/,L OO(‘ISMGQV/L/



BR et

LOW-FLOW GROUNDWATER SAMPLING DATA SHEET page_/ _of 2

Date

ID
5 L/MLUB / 0’ 9127// Y Purge/Sample Equipment Water-quality Equipment

Samplers' Initials Time

G D
QP,V((V?—T'P { ) Peristaltic: Water-level Meter: Keck 200

Casing Didmeter (in) [Casing Stickup (ft)

2" (x) Bladder: Geotech 1,66 x 18 Oll-water Interface Meter:
Initial Water Level (ft{Total Well Depth
YSI Pro Plus

btoc) (ft-btoc) .
/’—}- /0 &s ' 53 { ) Other: Parameter Meter(s): T Cond pH DO ORP NTU

Final Water Level Screened Interval
(ft-btoc) (ft-btoc) | Fe/Mn:

/9.4 LY-D Hach DR900
Purge Volume Sample Depth
(liters) (ft-btoc)

/M 4(-/ Turbidity Meter; Hach 2100Q

0 Li

Depth to Water| Pumplng Rate Temp. Cond. DO Tutb,

Time (ft) {I/min}) Purge Volume (liters) °C/°F {uS/cm) pH %/mg/L_[ORP (mv)| (NTU)

¢J0 /2Smtfrarf /S.] [24718|4,.85 (547 199 2.1
1425 143 24<.3|uw3|5-3) |91.3 322
13 [4.9 U370 ltdf |5 Y00 1855|370
)Y35 (4% 12230663 /.99 |99.] |26.3
2% /%3 130.]| bl |5 J [f3.4 /7.6
[YYS /4.8 | L0 6.03|5 S8 Yp.Y /6.9

N Full Sample Suite Obtained Condition of Well, Remarks! /0/5'6

( ) Partial Sample Suite Obtained /qu W /V ’_ﬂu&v / )
9, i C/ /[/ L, OQ #‘d&' CAlriclr

{ ) No Sample Obtained /[()SILLL@ &4-@

QC Samples: FD FS RB AB MS/MSD /me /TW _

See COC for analyses requested. Sampler s Slgnaturﬁﬂu/

Sample ID: 5YMu))3_ QcSampleD: A//A

Protective Level Dermal// C B A Sample Time: / Checked by: - -

Respiratory: C B A ( ) Metals Sample Filtered Filter [Date: /{_)'d,zf?/( X

e

ja,: 0405 N-a/LL/
M= 6«03‘7‘&!}/@



R

LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

log

Pu::Zof_L

Date

2 Yl

L/ Y//9

Purge/Sample Equipment

Water-quality Equipment

Samplers' Initials Timé

S/pr7

/34

( ) Perlstaltlc:

Water-level Meter: Keck 200’

Casing Diameter (in)

/"

Casing Stickup‘: (ft)

(¥ Bladder: Geotech 1.66 x 18

Oll-water Interface Meter:

Initial Water Level (ft

btoc) / 7 07

Total Well Depth

(ft-btoc) é & -

{ ) Other:

YSI Pro Plus

Parameter Meter(s): T Cond pH DO ORP NTU

Final Water Level
{ft-btoc)

21.Y3

Screened Interval

"5 3543

Purge Volume

Sample Depth

(ft-btock)j 69

Fe/Mn:
Hach DR900

Turbldity Meter: Hach 21000

[hters}/\/ g M

Time Depth{tf:}Water PuTn'/ﬂmnﬁ:a‘e Purge Volume (liters) ﬁ ;:;/:?1;: pH x/%a'? ORP (mV) &"T'ﬂ}
Y358 260 m{fmip /S & _|G18[720 |/ 57 17.7|3.4
f403 /3.7 |¥R37.60 |2./12 |753 o2
17 /3.Y |YR7/3 |2H B7.5 |647
/413 /3.5 «mi[707 |2 lguy|o.3s
149 /3.9 |Y728 700 |4250.3 [puk
1923 /3.8 |en 7.0 |2.w o1 |p.w
[YL¥ /3.7 |46 201 |3 93] 3. |0 %
/33 13.¥ 12| 70512.% |97 0.3
/43¥ /3.7 197151714 | 3.02] £5.310.34
M}uu sample Suite Obtained Condition of Well, Remark&ﬂmw /5/ 30
( ) Partial Sample Suite Obtained @Wm @ }\g g 35(6’ %c&&ré}ﬁ'ﬂ
( } No Sample Obtained \2‘4%3&@ 7 M /d’u Afa-ﬁa /C'k(: ds
QCSan;ples:"FD £S th AB MS/MSD %j%;%ﬂ’& Cﬁ;::::b/ -
Respiratory: /0 Cs8 A ()MetalsSample Filtered filter [Date: o2 /¢///9

~

Fe 0.0amgl-
/‘% g O, D.Z?ﬂﬁ/f-/




R

LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

Log Book ¥,

sl

e Y

D Date
5 qﬂ%U/ 0 /79;/ 61—/ / / (7 Purge/Sample Equipment Water-quality Equipment
Samplers' Initials ~ [Time®

MS/W /002/ { ) Peristaltic: Water-level Meter: Keck 200
Casing Diameter (in) |Casing Stickup (ft)

(X Bladder: Geotech 1.66 x 18

Oll-water Interface Meter:

Total Well Depth

(ft—btoc)\_g 5

Initial Water Level (ft

LAY,

{ ) Other:

YSI Pro Plus

Parameter Meter({s): T cond pH DO ORP NTU

Screened Interval

(ft-btoc) /02’ 2 7

Final Water Level

(ft-btoc) L/‘ S 3

Sample Depth

(ft-btoc) Q{;

Purge Volume

Fe/Mn:
Hach DRS00

Turbldity Meter: Hach 21000

“9.S gof

Time Demh(tft:)wam'r Pmﬂe Purge Volume (liters) ﬁ: (E:/Trjt'\) pH %/‘uﬁ ORP (mV) (Ta‘nlrrg)
047 A /2.9 %3 [0, 3200 |98¥]3.73
/0532 ROMY i /3.7 1832|700 | 0.07 | & 2|/.0%
/087 (371751 6.57] 002 30,09
/1o /3.6 679 |G 75|0.02 |43/ |0.49
i /3. |5779) 6.6l 0.7/ | %4, 510.4/
MR /3.8 1567.0|6.57| 0.03| Y4703
M7 (3.8 [S66.844.57|0./] | 7024
MFUII Sample Suite Obtained Condition of Well, aemarasm;(ﬁ /0 /020
( ) Partial Sample Suite Obtained QMWMJ /6 Yl D0 hlovaty
( ) No Sample Obtained \-D"‘.dm’}’gfﬁ @P/0Y¢ z[ﬁ,{afj(vc/ CA S
QC Samples:/FQ FS RB AB MS/MSD &O(OM C’A/"”"‘a—/‘-ﬁ’ %’@/ Nitraty
e A T T R o~
-:Zimﬁw - _ g : 2 ﬁ"&fﬁﬂ?i&ﬁi’nﬁemd Filter lc):::k eg‘z;:t./// e

Fe: 0.05 myle
/;7,L . &{OL/O"MJ/(/



R

LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

need o]

D Date
%) /
N, S//mwa? 07 / 5 / 7 Purge/Sample Equipment Water-quality Equipment
Samplers' Initials Time
bﬁmLC/W 9 910 { ) Peristaltic: Water-level Meter: Keck 200’
Casing Diameter {in) |Casing Stickup (ft)
2" (X) Bladder: Geotech 1.66 x 18 Oll-water Interface Meter:
Initial Water Level (ft|Total Well Depth
btoc) (ft-btoc) - YSI Pro Plus
029? g 55 (30 { ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level Screened Interval Fe/M
(ft-btoc ! (ft-btoc) e/vin:
Ba 2, 6l6-3D Hach DR900

Purge Volume Sample Depth

(litersh_ t-btoc) ?
i [;2 Turbidity Meter: Hach 2100Q
Depth to Water| Pumping Rate Temp. Cond. D Turb,
Time (ft) (I/min) Purge Volume (liters) ﬁ F {p1S/cm) pH %ﬁ ORP (mV)| (NTU)

/3.1 Isis.els g |83 |65/ 4

[60>

/3.3 % Sley) |4 129 RS

Jooy /3.3 |YSLNG| [ 7 |75.7 |17.6
/015 /3.3 663.6|6:G | (/S [77.3 |/2.5
[ory /3.3 5194 b. Y| Yo 578 |Fde
BT /3. 15324 b Yol 3T lo2. | |b.25
MFUIISampIe Suite Obtained Condition of Well, Remarks(ﬁmﬁ /0 50

Partial Sample Suite Obtained r é’\;@
F QM @ %’ 7 ’ffgc/c}{ég’
{ ) No Sample Obtained dX' MC{L/(J'}/ /—fﬂ_,fp//[/ﬁzzfy /
QCSamples: FD_FS RB AB @D &p/mw a{'[mla:&’ / ﬂA/ 51")"{3

See COC for analyses requested,

PUA/DMY STV

|Sampler's Slgfafure:

Sample 10; S ¢/ /) / A

ac sample 10 : LY/ /] @/(?e?-*f

Protective Level Dermal, C B A

Sample Time: /0029' Checked'by:

Respiratory: 70/ C B A
A

Oate: & /S // ’J'_

{ ) Metals Sample Filtered Filter




R

LOW-FLOW GROUNDWATER

SAMPLING DATA SHEET

Log Book #,

Page of.

2"

(%) Bladder: Geotech 1.66 x 18

ID Date
5(//7)“.)/3 5?,/(_///% Purge/Sample Equipment Water-quality Equipment
Samplers' Initials Time

//77_/ /0?\3/ { ) Peristaltic: Water-level Meter: Keck 200
Casing Difmeter (in) |Casing Stickup (ft)

Oil-water Interface Meter:

Initial Water Level (ft{Total Well Depth

Sample Depth

(ft-btoc) & %

Purge Volume

btoc) {ft-btoc) YSI Pro Pl
> /)? 77 * 0?5- 53 ( ) Other: Parameter Meter(s): T Cond p:l?O ORll’lNSTU
Final Water Leve| Screened Interval Fe/Mn:
(ft-btoc) {ft-btoc) :
OC/X 770 IY-5D Hach DR900

Turbidity Meter: Hach 21000

(liters)Ng\ M
¢ i

sample1D: AV (D /4

Qc Sample ID :

Time Depm(tft:)water Puna;::fn?ate Purge Volume (iiters) (.g;j't (::/nc:n) pH x/u‘i@ ORP (mV) (Trfiﬂ)
244 [l fmin /3.3 (30151007 292 174 |/5.0
2949 [3.2 55 81608 | R.24 |73.7 120 .
/R5Y /3.2 |LSY6./6 | 799 |69.3 |40,
/359 (3. L |28E36. 22777 |70.¥ /ST
130\ /3] 124 162717 S /55| /35
137 /3. [ 76l 8702 [72.3 9.7
}6 Full Sample Suite Obtained Condltmn of Well, Remarks y&ﬁ,«ﬁ /0/5 [o)
{ ) Partial Sample Suite Obtained % Q/Cﬁ lora o
() No Sample Obtained tpw U\DJ;& /04’ #2 ;['/;;C},/;ZC/' , Hato JChLenole
QC Samples: FD FS RB AB  MS/MSD &p/m/ww cA/m'a:(ﬂ/ Wm
See COC for analyses requested, M/VX /ﬂ/v 4 W ¥ Sampler's Slgnatu[re7L)\ ”Q‘

Sample Time: /2 /p

Checked by:

Protective Level Dermal) C B A
Respiratory: C B A

{ ) Metals Sample Filtered

Filter

Date: 7/ V// 7

=

- O L%mgll
"

/}7/L¢0/645 mg/



R

LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

Log Book

Page of

D Date
56/” W / ‘5//// CI Purge/Sample Equipment Water-quality Equipment
ngpiers' Initials Time @ _

T /K/q 06 O { ) Peristaltic: Water-level Meter: Keck 200

Casing Diameter (in)

/
e {7

Casing Stickup (ft}

(% Bladder: Geotech 1.66x 18

Oll-water Interface Meter:

Initial Water Level (ft

bloc}’ é‘ L’ (

Total Well Depth

(ft-btoc) é’z |

{ ) Other:

YSI Pro P}

us

Parameter Meter(s): T Cond pH DO ORP NTU

Final Water Level
(ft-btoc)

Screened Interval

(ft-btoc)}l. 3’ 9_/ ‘?

Purge Volume

Sample Depth

Fe/Mn:
Hach DR900

i (fbied 3 6 Turbldity Meter: Hach 21000

Depth to Water| Pumping Rate Temp. Cond. DO Tutb,
Time {ft) {I/min) Purge Volume (liters) | °C/°F (us/em) | pH _x@ ORP (mv)| (nTU)
3L 25Dl | yin 13.% 3925 Fao | 749 |s2.9|2%5
Y29 ' 13.2 |372.0| F.03| %95 | ¢e.3] 0,00
%33 (3.2 | 3729 Liw| 89 [vo.( |0.25
333 13,3 [37a.5|h25| B.90 [64.3 5 95
43 13, 3 |3Fs] 131 [ 8.59 [La.8 0,33
345 3o 3749 133 THO b [o.2%

{ ) Full Sample Suite Obtained

{ ) Partial Sample Sulte Obtained

Condition of Well, Remarks: 5 Y ffﬂ

ST TImE = 824

{ ) No Sample Obtained

SAMPLE ame=g4 9

QCSamples: FDO FS RB AB MS/MSD

038 = )5 /30

“ctuggt= 10 36 ~ 8:23

My o002
Fe 20,00

Sampler's Signature:

See COC for analyses requested.

Sample ID: . ac Sample ID :

Protective LevelDermal: D C B A Sample Time: Checked by:
Respiratory: D CB A ( ) Metals Sample Filtered Filter |Date:




R

LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

Log Book §

Page of

Date

lDS GMWNZ| B /457

Purge/Sample Equipment

Water-quality Equipment

samplers' Initials Time

Preskm | 1256

{ ) Peristaltic:

Water-level Meter: Keck 200

Casing Diameter (in) |Casing Stickup (ft)

{x) Bladder: Geotech 1.66 x 18

Oil-water Interface Meter:

Al

Purge Volume Sample Depth

1"
Initial Water Level {ftiTotal Well Depth
btoc), (ft-btoc) YSI Pro Plus
Z ) ! 8C1 30 : ( ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level Screened Interval
(f-btoc) (ivbtoc) Fe/Mn:
¥4 0~ X2 Hach DR900

(liters) (ft-btoc) ‘
o = Turbldity Meter: Hach 2100Q
Depth te Water| Pumplng Rate Temp. Cond. Do Turb.
Time {ft) (/min),__| Purge Volume (iiters) | °C/°F | (us/cm) | _pH x@ ORP (mv)| (NTU)
1oy 150 le ™ 15. 0 | 334 S| 323 |142.1 | Fle
12T 4.5 |49.i | 534 | 79 |i351 |2
234 4y |Bo5.1|55) | 722 |130.5102
137 M. 2R 354|564 ]| F.01 [1957[726
24 1.3 |326.571833| 4,90 1214 | S5.
149 4.2 |3U.]5.80 | 6.3F |115.3 |t
( ) Full Sample Suite Obtained Condition ofIWell, Remarks: 9?/#’{ 23 ’ o/.f)a
) START % _
{ ) Partlal Sample Suite Obtained . mn . 0,0$6
{ ) No Sample Obtained
; Fe = 0.2]
QC Samples: FD FS RB A8 MS/MSD
See COC for analyses requested. Sampler's Signature:
Sample [D: - QC Sample 1D :
Protective Level Dermal: D C B A Sample Time: Checked by:
Respiratory: D CB A { ) Metals Sample Filtered Filter [Date:

@



R

LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

Log Book #,

Page of

Date

lz‘//lf/w)}

V3/ 19

Purge/Sample Equipment

Water-quality Equipment

Time

)/ ]

Samplers' Initials

PR/

{ ) Peristaltic:

Water-level Meter: Keck 200"

2"

Casing Diameter (in) |Casing Stickup (ft)

(%) Bladder: Geotech 1.66 x 18

Oll-water Interface Meter:

btoc:l/Q. q I

Initial Water Level! (ft{Total Well Depth

(ft-bmc)?sL 3 3

{ ) Other:

YSI Pro Plus

Parameter Meter(s): T cond pH DO ORP NTU

Final Water Level
(ft-btoc, ' {ft-btoc)

1245

Screened Interval

Fe/Mn:
Hach DRS00

Purge Volume Sample Depth

[““2 aal

(ft-btoc) ZH
]

Turbidity Meter: Hach 21000

Depth to Water| Pumplng Rate Temp. Cond. DO Turb.
Time (f) (/min) | Purge Volume (liters) | °C/F | (us/em) | pH | /6D |ore mv)| (vtu)
li4le 130 mb)mf IS.F |211.2] 6.3\ | .08 |us,3 [/9.3
151 (4.5 |2685| bD\ | 25185 |Yl.2
1617 M. |3 6] 628 (.20 |i124.5| 40.Y
2ol M5 (2t 28 (.2 123422
1.2 )
18000 4.1 6" .20 00F | 07| )52
21 .3 | 2704 .24] 5.30| . to] )0, 1F
( ) Full Sample Suite Obtained Condition ofIWeIl, Remarks: gcﬂ",'z‘,\ / 0/ 5 6
{ ) Partial Sample Suite Obtained il 5(0‘[,://40
artlal Sample Suite Obtaine: SR\V\M TWWE m o)
_ AE) te: 002
{ ) No Sample Obtained m“ - O.OL{O
QCSamples: FD FS RB AB MS/MSD
See 0OC for analyses requested. Sampler's Signature:
Sample ID: . QC Sample D :
Protective Level Dermal: D C 8 A Sample Time: Checked by:
Respiratory: D CB A ( ) Metals Sample Filtered Filter |Date:




R

LOW-FLOW GROUNDWATER

SAMPLING DATA SHEET

Log Book #
Page

of

(x) Bladder: Geotech 1.66 x 18

ID Date
SL/M W)O L//}O// 6}' Purge/Sample Equipment Water-quality Equipment
Samplers' Initials Time

e
P /'ﬂ //f/’? © 7 90 ( ) Peristaltic: Water-level Meter: Keck 200"
Casing Diameter (in) C?,sing Stickup (ft)

Oll-water Interface Meter:

/7
2 (7

Initial Water Level (ft{Total Well Depth

Purge Volume Sample Depth

titers) - SL% V(fbbtﬂc} 7 Z

btoc) {ft-btoc) YSI Pro Plus
/L/' 5 ‘1 3 5 . ( ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level Screened Interval Fe/M
(ft-btoe) . ° (ft-btoc) e/Ivin;
Yo% | )2-27 Hach DR900

Turbldity Meter: Hach 21000

Depth to Water| Pumping Rate Temp. Cond. Do Turb,
Time (ft) {1/min} Purge Volume (liters) | °C/°F (us/em) | pH %ATER | ORP (mV)| (NTU)
0923 278l Joi 28 |59( |66|560 |9 |32
2% 12 b |24 |, 30| 490 (272 |248
09%% R4 155 || 4 b 37.8[2 LY
0933 2.3 | 4443|052 | 43l [$0.9 [2.%9
pa {% 120 %) [oYF | 40 [843 |9 1y
0448 A& |4l [Lbst| A4y %thl.(‘?S
099% 122 |yoL.Y| b5 432 | %9F| 119

( ) Full Sample Suite Obtained

( ) Partial Sample Suite Obtained

{ ) No Sample Obtained

QCSamples: FD FS RB AB MS/MSD

Steld e q2)
11 bucket 10927

Condition ofEWell, Remarks: 5 @7‘7‘7‘[}5 / O/ ZO

Pu)m : QWML/MU‘W

See 0OC for analyses requested. Sampler's Signature:
Sample ID: . QcC Sample (D :
Protective Level Dermal: D C B A Sample Time: Checked by:
Respiratory: D CB A ( ) Metals Sample Filtered Filter |Date:

. ; & oo

A5y [e :
S(kmp\xm:') U
My = o




R

Log Book #
LOW-FLOW GROUNDWATER SAMPLING DATA SHEET Page ____of
10 Date
EQM W i 7/ 3c3/} 9’ Purge/Sample Equipment Water-quality Equipment

Samplers' Initials

028

( ) Peristaltic:

Water-level Meter: Keck 200’

Casing Diameter (in) [Casing Stickup (ft)

2 4

(X} Bladder: Geotech 1.66 x 18

Ofl-water Interface Meter:

Initial Water Level (ft{Total Well Depth

AL

btoc) (ft-btoc) /- YSI Pro Plus
[ CI g & 5 (92 ( ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level  |Screened Interval Fe/M
(ft-btoc) _ ° {fefatog) o e/Mn:
9 4 %Ef 3 5.17"3 Hach DR900

Puré?e Volume Sample Depth
(liters) {ft-btoc) i
Turbldity Meter: Hach 21000
Depth to Water| Pumping Rate Temp. Cond, po Tuth,
Time (ft) {I/min) Purge Volume (liters) °c/°F {uS/cm) pH ’f/mg/l. ORP (mV)| (NTU)
056 17,7 [445.27, 9 .85 3eg &
el 14,8 [4s0.0 748 S202%8 ©
X .6 |476.6] 748 4.3 |85 <
1! 14.7 (4794 744| 2.99|220.5] ©
¢ 4.7 1480\ 7.49 3.70| 2ks|eny
\(z) \H.7 |9728]7.49| 3.89| 21502 )

( ) Full Sample Suite Obtained

Condition of Well, Remarks: Qc -/vf;,ﬁ

( ) Partial Sample Sulte Obtained

{ ) No Sample Obtained

Stg 1252

QCSamples: FD_FS RB AB MS/MSD

SamPle |22

://5/33 |o/20
M” ic),O'gS

Fez ©.,07

See COC for analyses requested. Sampler's Signature:
Sample 10; QC Sample 10 :

Protective LevelDermal: D C B A Sample Time: Checked by:
Respiratory: D CB A ( ) Metals Sample Filtered Filter |Date:

/,UN’\’*'Q '('MQ*%(
| o welleval,

F 5em

ﬂaf_’) (.70, fu-y)};,5

&‘(‘44”3 ‘(’/ajgﬂ,r



R

Log Boak #
LOW-FLOW GROUNDWATER SAMPLING DATA SHEET Page____ of
1D Date
§9Mw (} 7/27//?’ Purge/Sample Equipment Water-quality Equipment
Samplers' Initials Time ;
14/7 ( ) Peristaltic: Water-level Meter: Keck 200’
Casing Diameter (in) [Casing Stickup {ft)
2" (%) Bladder: Geotech 1.66 x 18 Ofl-water Interface Meter:
Initial Water Level (ft{Total Well Depth
btoc) (ft-btoc) YSI Pro Plus
2 S . ( ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level Screened Interval
(f-btoc) {ft-btoc) Fe/Mn:
21.83 Hach DR900
Purge Volume Sample Depth
(liters) (ft-btoc) )
o B 2—‘)‘ Turbldity Meter: Hach 21000
Depth to Water| Pumpling Rate Temp. Cond. Do Turb,
Time (] (I/min) Purge Volume (liters} | °C/°F {us/cm) | pH x/@ ORP (mV)| (NTU)
4339 | QU4 | 192wy 9.8 lws#| as] .03 |t3.8] 3.0
144y g4 |49 |[F02] F.20|2052| /. ¥
RN it:G | 9551] F.03 (7] |256.3]%.04
4.5 (2.5t ARl (b |Ashd|s. 3%
1457 17.7 |S6e]| 7.0 6.3 3|243)|3 2/
1 § o 17.9 |5734 7.9 | ¢, a0 2344 2,4
509 18] |8774 7.0l 6.24|225) 1.Q2
() Fult Sample Suite Obtained Condition of Well, Remarks:  #< -/"":\Q‘) . ; O/ bX%
{ ) Partial Sample Suite Obtained . .
{ ) No Sample Obtained i \L‘ (3 F¢ 0.0 q
QCsamples: FD _FS RB AB MS/MSD Supmble T're 1876
See 0OC for analyses requested. Sampler's Signature:
Sample (D: Qc Sample 10 :
Protective LevelDermal: D C B A Sample Time: Checked by:
Respiratory: D CB A ( ) Metals Sample Filtered Filter |Date:
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LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

Log Book ¥,
Page

of

——

113

{ ) Peristaltic:

1D Date
SL/MW l O 7/2 9 / ! é’ Purge/Sample Equipment Water-quality Equipment
Samplers' Initials Time

Water-level Meter: Keck 200°

Casing Diameter (in) |Casing Stickup (ft}

b

(% Bladder: Geotech 1.66 x 18

Oil-water Interface Meter:

Total Well Depth

{ft-btoc) } 5

Initizl Water Level (ft

btoc) l A fbb}

YSI Pro Plus

{ ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level  |Screened Interval
(ft-btac) (ft-btoc) 27 Fe/Mn:
3+ | I T Hach DR900

Purge Volume Sample Depth
(fiters) (it-btoc) 2,7~ ,

Turbldity Meter: Hach 21000

Depth to Water| Pumping Rate Temp. Cond, Do Tutb,

Time {ft) {I/min}) Purge Volume (liters) °C/°F {uS/cm) pH %@) ORP (mV)| (NTU)
15T [ .24 |dwowm|m 5.8 |40 L7 219 |8e3.5]3.20
1204 1,2 | Hs| & 4.9( 133U Qu
1201 I5.3 [R37 | F%| 435 | TH LT
12514 5.2 | 94517.0%|5. 27 | T8 [4S
[2:19 53 | (30](98] 5.0 |F3.4/[.1Y
V224 1£.2 (G117 | 6.94 8.6 2| QA L. 74
1229 15.3 |$834 6.7| 5,9z /L7 1.
(234 15.3 (57836 90| §, ¢ Y31 1.57
23214 15. 3 [S70,) 6.9 5.32[ 7.0 .7

{ ) Full Sample Suite Obtained

Condition of Well, Remarks:

setfiagil °% 1o

Mn

-

0.026

-
{ ) Partial Sample Suite Obtained s‘hﬁr .]- -‘ % / 5 7 ()
Ce = ©- 1
( ) No Sample Obtained
QCSamples: FDO FS RB AB MS/MSD
See COC for analyses requested, Sampler’s Signature:
Sample (O: - QcC Sample 10 :
Protective LevelDermal: D C B A Sample Time: Checked by:
Respiratory: D CB A { } Metals Sample Filtered Filter |Date:
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LOW-FLOW GROUNDWATER SAMPLING DATA SHEET

Log Book #

Page of

S4mey 2

Date

T/ /14

Purge/Sample Equipment

Water-quallty Equipment

Samplers' Initials

Time

{ ) Peristaltic:

Water-level Metar: Keck 200'

Casing Diameter (in)

Casing Stickup (ft)

(% Bladder: Geotech 1.66 x 18

Ofl-water Interface Meter:

Purge Volume

[Iiters}l '5 %,

Sample Depth

(ft-btoc) va 8

2"
Initial Water Level (ft{Total Well Depth
btoc) (ft-btoc) YSI Pro Plus
ZL[ . q T } O ( ) Other: Parameter Meter(s): T Cond pH DO ORP NTU
Final Water Level Screened Interval Fe/M
(ft-btac) (fbtoc) &/ vn:
ual | 2o Hach DR900

Turbldity Meter: Hach 21000

( ) Partial Sample Suite Obtained

( ) No Sample Obtained

sf b Arme

QCSamples: FD FS RB AB MS/MSD

Depth to Water | Pumping Rate Temp. Cond. oo Turb,
Time (ft) {I/min) Purge Volume (liters) °C/°F {S/cm) pH %/@ ORP (mV)| (NTU)
258 | s |V almn bt |922[6.39] 440 |225.¢).
G:03 .3 |4Hg| 652 |40 |ass. 4] 2.37
2,08 5. X |461.3]6-52|39F |[2M.8|5 a0
93 153 | 428|652 | Y.q%k |43 39F
PE S, 2 47,5l k54| 4.29 | 2353 258
( ) Full Sample Suite Obtained Condition of Well, Remarks: ¢ TS lo/5o

§52an Ho= 004D

Smpl e P20

Fo 20,

Sampler's Signature:

See OOC for analyses requested.

Sample [D: QCSample 1D :

Protective LevelDermal: D C B A Sample Time: Checked by:
[Respiratory: D CB A ( } Metals Sample Filtered Fllter |Date:
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LABORATORY DATA CONSULTANTS, INC.

2701 Loker Ave. West, Suite 220, Carlsbad, CA 92010 Bus: 760-827-1100 Fax: 760-827-1099
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Bering Sea Environmental December 20, 2018
3601 C Street. Suite 1000-31

Anchorage, AK 99503

ATTN: Ms. Sarah Skrobialowski

SUBJECT: Radford Army Ammunition Plant, VA, Data Validation
Dear Ms. Skrobialowski,

Enclosed are the final validation reports for the fractions listed below. These SDGs were received on
November 27, 2018. Attachment 1 is a summary of the samples that were reviewed for each
analysis.

LDC Project #43809:

SDG # Fraction

14064 3/FA58898/434867 Volatiles, Metals, Wet Chemistry, Explosives, Methane, Ethane,
140674/FA59008/434866 Ethene, Explosives, Methane, Ethane & Ethene, Perchlorate
140724/FA59028/434868

140758

The data validation was performed under Stage 2B validation guidelines. The analyses were
validated using the following documents and variances, as applicable to each method:

] SWMU 49 Monitored Natural Attenuation Ground Monitoring Work Plan for Radford
Army Ammunition Plant, Virginia; October 2014

° SWMU 54, RAAP-14 Monitored Natural Attenuation Interim Measures Work Plan for
Radford Army Ammunition Plant, Virginia; April 2011

° U.S. Department of Defense Quality Systems Manual for Environmental Laboratories,
Version 5.0, July 2013

° USEPA, National Functional Guidelines for Superfund Organic Methods Data Review,
October 2013

° USEPA, National Functional Guidelines for Inorganic Superfund Data Review, August
2014

° EPA SW 846, Third Edition, Test Methods for Evaluating Solid Waste, update 1, July
1992; update A, August 1993; update I, September 1994; update 1I1B, January 1995;
update lll, December 1996; update IlIA, April 1998; IlIB, November 2004; update IV,
February 2007; update V, July 2014

Please feel free to contact us if you have any questions.
Sincerely,
P,z* @«/:j

Pei Geng
Project Manager/Senior Chemist

L:\Bering Sea Group\Radford\43809COV.wpd ADV



3,319 pages-ADV

Attachment 1

EDD Stage 2B

LDC #43809 (Bering Sea Environmental-Anchorage, AK / Radford Army Ammunition Plant, VA)

(3) Metals Methane CI,SO, [Chlorate
DATE DATE VOA [(6010C | Expl. | Ethane | CLO, | NO,-N |Chlorite| COD pH TIC TOC
LDC SDG# REC'D DUE |(8260C) |/7470A) |(8330B) | Ethene | (6850) [(9056A) | (300.1) | (410.4) |(9040C) | (9060A) | (9060A)
Matrix: Water/Soil Wls|wW|[s|w|S|[W|S|W|S[wW|S|W|[S|W[s|w|[s|w|s[w|S[w]|]S[W]|S|W][S|W[s|W S
A |[140643/FA58898 | 11/27/18 |12/18/18 ( - | - [ - | - |3 |0 |- |- 3|0 |3 |03 |]O(f-]-[-]-3]|]0]|3 (O
1434867
B |140674/FA59008 | 11/27/18 | 12/18/18 |5 (0 | - |- |1 O |4 |JO|1]JO (5|01 |O]|-(f[-]-|-]1]0]5]O
/434866
C | 140724/FA59028 | 11/27/18 | 12/18/18 | 6 [0 |1 [0 |2 (0O |5 |0 2|07 ]O0(2]|]O0O|1|O|1|[O]2|0]|7]O
/434868
D 140758 11/27/18 (121818 |5 |0 |1 |0 |- -[4]Of-|-]14fO0]-[-]1]Jof1]O0f-]-]4]0O
[lotal JIPG 160|206 )]0 (f13]0f[6]O0O]|19f0 |6 [0]2]0|2]|]0f6]0([19]0 ofo]JoJoJo]JofoOo]oO 97

Shaded cells indicate Stage 4 validation (all other cells are Stage 2B validation). These sample counts do not include MS, MSD, or DUP's.

L:\Bering Sea Group\Radford\43809ST.wpd




LDC Report# 43809A6

Laboratory Data Consultants, Inc.

Project/Site Name:
LDC Report Date:
Parameters:
Validation Level:

Laboratory:

Data Validation Report

Radford Army Ammunition Plant, VA
December 13, 2018

Wet Chemistry

Stage 2B

CT Laboratories LLC/Eurofins

Sample Delivery Group (SDG): 140643/434867

Laboratory Sample Collection
Sample Identification Identification Matrix Date
54MW10 202448 Water 10/29/18
54MW10 202458 Water 10/29/18
54TM10 202470 Water 10/29/18
54TM10 202471 Water 10/29/18
54MW13 202472 Water 10/29/18
54MW13 202473 Water 10/29/18
54MW10MS 202448MS Water 10/29/18
54MW10DUP 202448DUP Water 10/29/18
54MW13MS 202473MS Water 10/29/18
54MW13DUP 202473DUP Water 10/29/18

VALOGIN\BERING SEA GROUP\RADFORD43809A6_BE3.DOC



Introduction

This Data Validation Report (DVR) presents data validation findings and results for the
associated samples listed on the cover page. Data validation was performed in
accordance with the SWMU 54 (RAAP-14) Monitored Natural Attenuation Interim
Measures Work Plan for Radford Army Ammunition Plant, Virginia (April 2011), the U.S.
Department of Defense (DoD) Quality Systems Manual (QSM) for Environmental
Laboratories, Version 5.0 (July 2013), and a modified outline of the USEPA National
Functional Guidelines (NFG) for Inorganic Superfund Data Review (August 2014).
Where specific guidance was not available, the data has been evaluated in a
conservative manner consistent with industry standards using professional experience.

The analyses were performed by the following methods:

Chloride, Sulfate, and Nitrate as Nitrogen by Environmental Protection Agency (EPA)

SW 846 Method 9056A
Total Inorganic Carbon and Total Organic Carbon by EPA SW 846 Method 9060A

Chlorate and Chlorite by EPA Method 300.0

All sample results were subjected to Stage 2B data validation, which comprises an
evaluation of quality control (QC) summary results.

VALOGIN\BERING SEA GROUP\RADFORD\43808A6_BE3.DOC



The following are definitions of the data qualifiers utilized during data validation:

J

uJ

NA

(Estimated): The compound or analyte was analyzed for and positively identified
by the laboratory; however the reported concentration is estimated due to non-
conformances discovered during data validation.

(Non-detected): The compound or analyte was analyzed for and positively
identified by the laboratory; however the compound or analyte should be
considered non-detected at the reported concentration due to the presence of
contaminants detected in the associated blank(s).

(Non-detected estimated): The compound or analyte was reported as not
detected by the laboratory; however the reported quantitation/detection limit is
estimated due to non-conformances discovered during data validation.

(Rejected): The sample results were rejected due to gross non-conformances
discovered during data validation. Data qualified as rejected is not usable.

(Not Applicable): The non-conformance discovered during data validation
demonstrates a high bias, while the affected compound or analyte in the
associated sample(s) was reported as not detected by the laboratory and did not
warrant the qualification of the data.

A qualification summary table is provided at the end of this report if data has been
qualified. Flags are classified as P (protocol) or A (advisory) to indicate whether the flag
is due to a laboratory deviation from a specified protocol or is of technical advisory
nature.

VALOGIN\BERING SEA GROUP\RADFORD\43809A6_BE3.DOC



I. Sample Receipt and Technical Holding Times

All samples were received in good condition.

All technical holding time requirements were met.

Il. Initial Calibration

All criteria for the initial calibration of each method were met.
lll. Continuing Calibration

Continuing calibration frequency and analysis criteria were met for each method when
applicable.

IV. Laboratory Blanks

Laboratory blanks were analyzed as required by the methods. No contaminants were
found in the laboratory blanks.

V. Field Blanks
No field blanks were identified in this SDG.
VI. Matrix Spike/Matrix Spike Duplicates

Matrix spike (MS) sample analysis was performed on an associated project sample.
Percent recoveries (%R) were within QC limits.

VII. Duplicate Sample Analysis

Duplicate (DUP) sample analysis was performed on an associated project sample.
Results were within QC limits.

VIIi. Laboratory Control Samples

Laboratory control samples (LCS) were analyzed as required by the methods. Percent
recoveries (%R) were within QC limits.

IX. Field Duplicates

Samples 54MW10 and 54TM10 and samples 54MW10 and 54TM10 were identified as
field duplicates. No results were detected in any of the samples with the following
exceptions:

VALOGIN\BERING SEA GROUP\RADFORD\43809A6_BE3.DOC



Concentration (mg/L)
Analyte 54MW10 54TM10 RPD (Limits) Flag AorP
Total inorganic carbon 87 86 1 (=20) - -
Total organic carbon 0.81 0.80 1 (20) - -
Concentration (mg/L)
Analyte 54MW10 54TM10 RPD (Limits) Flag AorP
Chiloride 49 4.1 18 (<20) J (all detects) A
Nitrate as N 0.62 0.55 12 (s20) J (all detects) A
Sulfate 61 67 9 (s20) - -

X. Sample Result Verification

All analytes reported below the limit of quantitation (LOQ) and above the method
detection limit (MDL) were qualified as follows:

Sample Analyte Flag AorP
All samples in SDG All analytes reported below the J (all detects) A
140643/434867 LOQ and above the MDL.

Raw data were not reviewed for Stage 2B validation.
Xl. Overall Assessment of Data

The analysis was conducted within all specifications of the methods. No results were
rejected in this SDG.

Due to field duplicate RPD and results below the LOQ and above the MDL, data were
qualified as estimated in three samples.

The quality control criteria reviewed, other than those discussed above, were met and are
considered acceptable. Sample results that were found to be estimated (J) are usable for
limited purposes only. Based upon the data validation all other results are considered
valid and usable for all purposes.

V:ALOGIN\BERING SEA GROUP\RADFORD\43809A6_BE3.DOC



Radford Army Ammunition Plant, VA
Wet Chemistry - Data Qualification Summary - SDG 140643/434867

Sample Analyte Flag AorP Reason
54MW10 Chloride J (all detects) A Field duplicates (RPD)
54TM10 Nitrate as N J (all detects)
54MW10 All analytes reported below the J (all detects) A Sample result verification
54TM10 LOQ and above the MDL.
54MW13

Radford Army Ammunition Plant, VA .
Wet Chemistry - Laboratory Blank Data Qualification Summary - SDG
140643/434867

No Sample Data Qualified in this SDG

Radford Army Ammunition Plant, VA
Wet Chemistry - Field Blank Data Qualification Summary - SDG 140643/434867

No Sample Data Qualified in this SDG

VALOGIN\BERING SEA GROUP\RADFORD\43809A6_BE3.DOC



LDC #:__43809A6 VALIDATION COMPLETENESS WORKSHEET Date:12-12- 18

SDG #:__140643/434867 Stage 2B Page._{ of |
Laboratory: CT Laboratories LLC/Eurofins Reviewer:
2nd Reviewer:

METHOD: (Analyte)__Chloride, Nitrate-N, Sulfate (EPA SW846 Method 9056A), TIC, TOC (EPA SW846 Method 9060A),
Chlorate, Chlorite (EPA Method 300.9)

300.0 amh
The samples listed below were reviewed for each of the following validation areas. Validation findings are noted in attached
validation findings worksheets.

Validation Area Comments
. Sample receipt/Technical holding times A
il Initial calibration A
11l. | Calibration verification A
IV | Laboratory Blanks A
V__| Field blanks N
VI. | Matrix Spike/Matrix Spike Duplicates A M S
VIiL. Duplicat:e sample analysis A D U P
VIIi. | Laboratory control samples A LCS
IX. | Field duplicates SW | D= 143 ’ D= J+4
X. Sample result verification N
Xl. | Overall assessment of data A
Note: A = Acceptable ND = No compounds detected D = Duplicate SB=Source blank
N = Not provided/applicable R = Rinsate TB = Trip blank OTHER:
SW = See worksheet FB = Field blank EB = Equipment blank
Client ID Lab ID Matrix Date
1 54MW10 202448 Water 10/29/18
2 54MW10 202458 Water 10/29/18
3 54TM10 202470 Water 10/29/18
4 54TM10 202471 Water 10/29/18
5 54MW13 202472 Water 10/29/18
6 54MW13 202473 Water 10/29/18
7 54MW10MS 202448MS Water 10/29/18
8 54MW10DUP 202448DUP Water 10/29/18
9 54MW13MS 202473MS Water 10/29/18
10 |5UMWTS DUP go2u13DUl Water 10/24/18
11
12
13 | PBW
Notes:

L:\Bering Sea Group\Radford\43809A6W.wpd 1



Loc# H3509A06

VALIDATION FINDINGS WORKSHEET
Sample Specific Analysis Reference

All circled methods are applicable to each sample.

Page._| of | _

Reviewer:
2nd reviewer:

L Sample 1D | Matrix_ Parameter
(3.5 W pH TDS CI F NO, NO, SO, PO, ALK CN" NH, TKN (TOC)CR® CIO,
2.4.06 [ oH TDSCDF 0D N0, 0,)PO, ALK CN° NH, TKN TOC CR® CIO,
ac 7.9 pH_TDS Cl F_NO; NO, SO, PO, ALK CN' NH, TKN(TOC)CR® IO,
L] | pH_TDSCDF QO No, O PO, ALK CN' NH, TKN TOG CR® CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN- NH, TKN TOC CR* ClO,
pH TDS CI F NO, NO, SO, PO, ALK CN- NH, TKN TOC CR* CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN" NH, TKN TOC CR* CIO,
pH TDS Cl F NO, NO, SO, PO, ALK CN° NH, TKN TOC CR* CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN- NH, TKN TOC CR* ClO,
pH TDS CI F NO, NO, SO, PO, ALK CN" NH, TKN TOC CR* CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR* ClO,
pH TDS CI F NO, NO, SO, PO, ALK CN" NH, TKN TOC CR* CIO,
pH TDS Cl F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR®* CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN" NH, TKN TOC CR* CIO,
pH TDS Cl F NO, NO, SO, PO, ALK CN- NH, TKN TOC CR® CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR® CIO,
pH TDS ClI F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR® CIO,
pH TDS ClI F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR®* CIO,
pH TDS Cl F NO; NO, SO, PO, ALK CN" NH, TKN TOC CR® CIO,
pH TDS Cl F NO, NO, SO, PO, ALK CN° NH, TKN TOC CR* ClO,
pH TDS Cl F NO, NO, SO, PO, ALK CN" NH, TKN TOC CR® CIO,
pH TDS Cl F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR* CIO,
pH TDS ClI F_NO, NO, SO, PO, ALK CN' NH, TKN TOC CR® CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN" NH, TKN TOC CR* CIO,
pH TDS ClI F NO, NO, SO, PO, ALK CN' NH; TKN TOC CR® CIO,
pH TDS CI F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR® CIO,
pH TDS Cl F NO, NO, SO, PO, ALK CN' NH, TKN TOC CR® CIO,
pH TDS Cl F_NO, NO, SO, PO, ALK CN' NH, TKN TOC CR® CIO,
pH TDS CILE NO. NO. SO, PO, ALK CN- NH. TKN TOC CR®* CIO,

Comments:

METHODS.6



LDC#: 43809A6 VALIDATION FINDINGS WORKSHEET Page:_j of |_

Field Duplicates Reviewer_ M
2nd Reviewer:

Inorganics, Method_See Cover

Concentration (mg/L)

Qualification

Analyte 1 3 RPD (<20) (Parent only)
Totan Inorganic Carbon 87 86 1
Total Organic Carbon 0.81 0.80 1

V:\FIELD DUPLICATES\Field Duplicates\FD_inorganic\2018\43809A6.WPD

Concentration (mg/L)

Qualification
Analyte 2 4 RPD (<10) (Parent only)
Chloride 4.9 4.1 18 JIUJIA
(all dets)
Nitrate as N 0.62 0.55 12 JIUJIA
(all dets)
Sulfate 61 67 9

V:\FIELD DUPLICATES\Field Duplicates\FD_inorganic\2018\43809A6.WPD



LDC Report# 43809A40

Laboratory Data Consultants, Inc.

Project/Site Name:
LDC Report Date:
Parameters:
Validation Level:

Laboratory:

Data Validation Report

Radford Army Ammunition Plant, VA
December 17, 2018

Explosives

Stage 2B

CT Laboratories LLC/SGS North America, Inc.

Sample Delivery Group (SDG): 140643/FA58898

Laboratory Sample Collection
Sample Identification Identification Matrix Date
54MW10 202448/FA58898-1 Water 10/29/18
54TM10 202470/FA58898-2 Water 10/29/18
54MW13 202472/FA58898-3 Water 10/29/18
54MW10MS 202448MS/FA58898-1MS Water 10/29/18
54MW10MSD 202448MSD/FA58898-1MSD | Water 10/29/18

VALOGIN\BERING SEA GROUP\RADFORD\43809A40_BE3.DOC




Introduction

This Data Validation Report (DVR) presents data validation findings and results for the
associated samples listed on the cover page. Data validation was performed in
accordance with the SWMU 54 (RAAP-14) Monitored Natural Attenuation Interim
Measures Work Plan for Radford Army Ammunition Plant, Virginia (April 2011), the U.S.
Department of Defense (DoD) Quality Systems Manual (QSM) for Environmental
Laboratories, Version 5.0 (July 2013), and a modified outline of the USEPA National
Functional Guidelines (NFG) for Superfund Organic Methods Data Review (October
2013). Where specific guidance was not available, the data has been evaluated in a
conservative manner consistent with industry standards using professional experience.

The analyses were performed by the following method:
Explosives by Environmental Protection Agency (EPA) SW 846 Method 8330B

All sample results were subjected to Stage 2B data validation, which comprises an
evaluation of quality control (QC) summary results.

The following are definitions of the data qualifiers utilized during data validation:

J (Estimated): The compound or analyte was analyzed for and positively identified
by the laboratory; however the reported concentration is estimated due to non-
conformances discovered during data validation.

u (Non-detected): The compound or analyte was analyzed for and positively
identified by the laboratory; however the compound or analyte should be
" considered non-detected at the reported concentration due to the presence of
contaminants detected in the associated blank(s).

uJ (Non-detected estimated): The compound or analyte was reported as not
detected by the laboratory; however the reported quantitation/detection limit is
estimated due to non-conformances discovered during data validation.

R (Rejected): The sample results were rejected due to gross non-conformances
discovered during data validation. Data qualified as rejected is not usable.

NA (Not Applicable): The non-conformance discovered during data validation
demonstrates a high bias, while the affected compound or analyte in the
associated sample(s) was reported as not detected by the laboratory and did not
warrant the qualification of the data.

A qualification summary table is provided at the end of this report if data has been
qualified. Flags are classified as P (protocol) or A (advisory) to indicate whether the flag
is due to a laboratory deviation from a specified protocol or is of technical advisory
nature.

VALOGIN\BERING SEA GROUP\RADFORD\43809A40_BE3.DOC



I. Sample Receipt and Technical Holding Times

All samples were received in good condition and cooler temperatures upon receipt met
validation criteria.

All technical holding time requirements were met.
Il. Initial Calibration and Initial Calibration Verification
An initial calibration was performed as required by the method.

For compounds where average calibration factors were utilized, percent relative
standard deviations (%RSD) were less than or equal to 15.0%.

In the case where the laboratory used a calibration curve to evaluate the compounds, all
coefficients of determination (r?) were greater than or equal to 0.990.

The percent differences (%D) of the initial calibration verification (ICV) standard were
less than or equal to 20.0% for all compounds.

lll. Continuing Calibration

Continuing calibration was performed at required frequencies.

The percent differences (%D) were less than or equal to 20.0% for all compounds.
IV. Laboratory Blanks

Laboratory blanks were analyzed as required by the method. No contaminants were
found in the laboratory blanks.

V. Field Blanks
No field blanks were identified in this SDG.
VI. Surrogates

Surrogates were added to all samples as required by the method. All surrogate
recoveries (%R) were within QC limits.

VII. Matrix Spike/Matrix Spike Duplicates
Matrix spike (MS) and matrix spike duplicate (MSD) sample analysis was performed on

an associated project sample. Percent recoveries (%R) were within QC limits with the
following exceptions:

VALOGIN\BERING SEA GROUP\RADFORD\43809A40_BE3.DOC



Spike ID MS (%R) MSD (%R)
(Associated Samples) Compound (Limits) (Limits) Flag AorP
54MW10MS/MSD DNX 150 (66-127) - NA -
(54MW10) TNX 150 (60-127) -

Relative percent differences (RPD) were within QC limits with the following exceptions:

Spike ID RPD
(Associated Samples) Compound (Limits) Flag AorP
54MW10MS/MSD DNX 34 (s20) NA -
(54MW10)

VIIl. Laboratory Control Samples

Laboratory control samples (LCS) were analyzed as required by the method. Percent
recoveries (%R) were within QC limits.

IX. Field Duplicates

Samples 54MW10 and 54TM10 were identified as field duplicates. No results were
detected in any of the samples with the following exceptions:

Concentration (ug/L)
Compound 54MW10 54TM10 RPD (Limits) Flag AorP
HMX 0.93 0.88 6 (<20) - -
RDX 1.4 _0.88 o ﬂo\ 6 52701) J (all detects) A
3,5-Dinitroaniline 0.10U 0.27 92 (20) Uy .: a(lrlalrl‘ gr?-tde(e::z)cts) A
2-Amino-4,6-Dinitrotoluene 0.59 0.52 13 (<20) - -
4-Amino-2,6-Dinitrotoluene 0.37 0.24 43 (<20) J (all detects) A
1,3,5-Trinitroben