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Table 1-1 SWMU 48 & 49 Groundwater Remedial Goals
Chemical of Interest Groundwater RG (ng/L) Groundwater RG Source 0
Carbon Tetrachloride 5.0 MCL
Trichloroethene 5.0 MCL

Notes:

) RGs are also the MCLs listed in the USEPA 2018 Edition of the Drinking Water Standards and Health Advisories (USEPA, 2018).
(M RGs developed and presented in Draft SWMU 48/49 RFI Report (CB&I, 2014a).

pg/L = micrograms per liter
MCL = maximum contaminant level
RG = remedial goal

SWMU = Solid Waste Management Unit

Contract No. W912DR-15-D-0022
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2. PHYSICAL CHARACTERISTICS
21 TOPOGRAPHY

The land surface at SWMU 49 slopes gently from 1,830 ft above mean sea level (amsl) on the
north side of the site to approximately 1,816 ft amsl on the southeast side of the site. The southeast
side ends abruptly at a bluff that rises approximately 120 ft above the Burning Grounds
(SWMU-13) and the New River. In general, the topography is uneven and hummocky with several
small draws and topographic highs.

2.2 SURFACE WATER

SWMU 49 is located on a bluff approximately 120 ft above the New River. Based on topography,

surface water runoff is expected to flow approximately 700 ft south to the New River.

23 GEOLOGY
2.3.1 Regional Geology

SWMU 49 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 Master Work Plan (URS, 2003).

2.3.2 Site-Specific Geology

The lithology of the SWMU 49 subsurface was characterized during the advancement of soil
borings and monitoring well borings at the site. One soil boring (48SB05) was advanced within
SWMU 49 to 37 ft in depth. In addition to 48SB05, two monitoring wells were installed directly
north and south of the target study area: 48MW1 and 48MW?2, respectively. Plan views of lines
A-A’ and B-B’ that run through the adjacent sites of SWMU 48, SWMU 50, and SWMU 59 are
presented on Figures 2-1, with geologic cross sections of A-A’ and B-B’ presented on
Figures 2-2 and 2-3, respectively. Based on the borings, the subsurface geology consists of

alluvium and residual deposits comprised of clay and silt with some sand and gravel overlying
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bedrock. Well 48MW1 was advanced to 154 ft below ground surface (bgs), with the bedrock
elevation encountered at 72 ft bgs. Well 48MW2 was advanced to 133.7 ft bgs, with the bedrock
elevation encountered at approximately 41 ft bgs. Depths to bedrock were directly measured at the
monitoring well borings. Bedrock elevations ranged from approximately 1,745 to 1,776 ft amsl,

with the bedrock surface sloping to the north.

Depth to competent bedrock at the site ranges from approximately 41 to 72 ft bgs. A saprolitic
layer, formed from in situ weathering of the carbonate bedrock, immediately overlies the

competent bedrock. The saprolite is up to 10 ft in thickness.

Bedrock consists of highly fractured interbedded siltstone, limestone, and dolostone of the Elbrook
Formation. The Max Meadows Breccia is evident in outcrops along the slope leading to the river.
In the outcrop along the slope, the tectonic breccias and the limestone and dolostone are highly
weathered with many solution cavities. The unconsolidated sediment immediately overlying the

saprolite consists of alluvial deposits.

Alluvial deposits, consisting primarily of silty sand, overlie channel deposits of fine- to coarse-
grained sand and gravel (river jack). These Paleo-channel deposits rest directly on the saprolite.
Portions of the disposal areas contain fill material to depths of 9 to 10 ft bgs. A more detailed
discussion of the geology and soil at RFAAP is presented in Sections 3.4 through 3.7 of the
RFAAP Master Work Plan (URS, 2003) and in the Facility-Wide Background Study Report (IT
Corporation [IT], 2001).

24 HYDROGEOLOGY
241 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 dimension. The largest groundwater supplies are produced from the carbonate rocks,

especially where they are associated with thick regolith, an important storage reservoir throughout
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the entire area. The regolith serves as a store of recharge that would otherwise be rapidly diverted
to overland flow. It also 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 locality) is one of the

major karstlands in the eastern United States.

Groundwater supplies in the Valley and Ridge Province are generally good quality compared to
surface water supplies (Parsons Engineering Science, Inc. [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.

24.2 Site-Specific Hydrogeology

Monitoring wells installed at SWMU 49 were screened in both the surficial unconsolidated
deposits and in the underlying bedrock. Boring logs and well construction diagrams for the
SWMU 49 study area wells are presented in the SWMU 49 MNA Sampling Baseline Report
(CB&I, 2015). Water levels were measured in the wells to determine the groundwater flow
direction at the site. A groundwater contour map prepared from the Baseline MNA monitoring
completed in January 2015 is provided in Figure 2-4. A steep bluff separates SWMU 49 and
SWMU 13; therefore, no monitoring wells are positioned between these sites. Contour lines shown
on the figure represent lines of equal elevation of the water table; consequently, groundwater flow
direction is always perpendicular to the contour lines and feeds into the New River, which
generally runs south-to-north course, but west-to-east at this location. Groundwater at the site tends
to flow south towards SWMU 13 and appears to discharge to the New River, south of the study
area. Groundwater elevations at SWMU 49 vary minimally from each of the four sampling
quarters, suggesting little seasonal impact on groundwater elevations. Based on the Year Five
groundwater elevations recorded, the flow direction did not change appreciably from quarter to

quarter (see discussion in Sections 4.1.1, 4.2.1, 4.3.1, and 4.4.1).
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3. PREVIOUS INVESTIGATIONS

Seven prior investigations have been conducted at the previously combined study area including
SWMUs 48 and 49. In 1987, a RCRA Facility Assessment was conducted to evaluate potentially
hazardous waste or hazardous constituent releases and implement corrective actions, as necessary
(U.S. Army Toxic and Hazardous Materials Agency [USATHAMA], 1987). In 1992, Dames and
Moore performed a Verification Investigation (VI), which included surface and subsurface soil
sampling and a soil gas survey to characterize the nature and extent of contamination (Dames and
Moore, 1992). In 1996, Parsons conducted an RFI to further delineate the extent of contamination
identified during the 1992 VI sampling (Parsons, 1996). ICF Kaiser Engineers also performed an
RFIin 1998 to further refine the understanding of the nature and extent of contamination identified
during the previous investigations. Additional RFI sampling was conducted by IT/Shaw
Environmental, Inc. in 2002, 2006, 2007, and 2013 to collect sufficient data to complete human
health and ecological risk assessments (CB&I, 2014a).

In 2014, the USEPA and VDEQ approved the Draft SWMU 48/49 RFI Report (CB&I, 2014a),
which developed the CMOs and RGs for the MNA program. Direct push soil borings and the
installation and sampling of new and existing monitoring wells were used to: characterize the
nature and extent of constituents in soil and groundwater at the SWMU 48/49 combined study area,
identify the lateral and vertical extent of impacted soil and chlorinated solvents in groundwater,
and characterize soil lithology and depth to groundwater and bedrock. Details of these
investigations are described in Section 3.0 (Field Investigation Program) of the approved Draft
SWMU 48/49 RFI Report (CB&I, 2014a). Historical data presenting the SWMU 49 COC
concentrations for CT and TCE in the study area wells can be found in Tables 3-1 through 3-5.

WESTON has performed the LTM and MNA at SWMU 49 since October 2019 through the
present, including the seventeenth through twentieth quarterly sampling rounds, for Year Five of
sampling at RFAAP. The nature and extent assessment identified several volatile organic
compounds (VOCs) and metals in groundwater as elevated and contributing to potential future
risks. Two ofthe VOCs associated with potential future industrial and residential risk in the HHRA
(CT and TCE) were present above USEPA’s MCLs (USEPA, 2018) during the multiple

groundwater sampling events at the study area. A comparison of concentrations from the
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mid-1990s to 2019 indicates that the majority of the VOCs are no longer present in these sampled
areas and have broken down through natural processes. Analysis of the groundwater data during
this roughly 20-year period shows that concentrations of CT and TCE plume have changed as
follows: (1) decreased overall, (2) decreased to 1 microgram per liter (ug/L) surrounding the center
of the plume, and (3) decreased at least by one half in the center of the plume. The presence of
daughter products (i.e., chloroform and cis-1,2-dichloroethene [cis-1,2-DCE]) in groundwater at

the study area indicates that limited biological degradation of the chlorinated solvents is occurring.

The HHRA determined that CT and TCE are the primary COCs in groundwater that are
contributing potential future industrial and residential risk at the SWMU 49 study area. Because
the RFI demonstrated that groundwater contamination is present at concentrations associated with

unacceptable human health concerns, CMOs and RGs were developed to address the concerns.

The site-specific CMO for SWMU 49 is to reduce COC concentrations to below RGs/MCLs in
order to avoid adversely impacting future beneficial use of groundwater; and to the extent
practicable, achieve a goal of restoring site groundwater to the most beneficial use. The SWMU 49
groundwater COCs have been identified as CT and TCE. The groundwater RGs (presented in
Table 1-1 of this report) will be used to compare results from groundwater monitoring wells to

assess the progress of the MNA.

Table 3-6 provides the analytical results presented in the SWMU 49 MNA Sampling Baseline
Report (CB&I, 2015). From the 2013 report, the highest concentrations of CT and TCE were
observed in Wells 48MW2 and 48MW?3. The plumes are small, appear to be isolated, and have not
changed in dimension since 2013. Recommendations provided in the SWMU 49 MNA Sampling
Baseline Report called for further monitoring of CT, TCE, and daughter products of these VOCs
within the SWMU. The rationale of continued monitoring is to evaluate the effectiveness of the

MNA processes.
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Table 3-1 COCs Detected in SWMU 48 & 49 Groundwater Samples — 1996 RFI
Sample ID 48MW1 48MW1 48MW2 48MW2 48MW3 48MW3 48MW4
Lurellyie Sample Date 1/20/95 7/20/95 1/19/95 7/19/95 1/20/95 7/21/95 7/27/95
RG Result Lab Q Result Lab Q Result Lab Q Result Lab Q Result Lab Q Result Lab Q Result Lab Q

VOCs (ug/L)

Carbon tetrachloride NT 1 | U NT 92 NT 100 1 U

Trichloroethene NT 17 NT 11 NT 37 1 U

Notes:

pg/L =micrograms per liter (parts per billion) Lab Q = Lab Data Qualifiers

COC = contaminant of concern U = Analyte not detected at the method reporting limit.

NT = Analyte not tested

RFI =RCRA Facility Investigation : Bold outline indicates an RG exceedance.

RG = Remedial Goal

SWMU = Solid Waste Management Unit

VOC = volatile organic compound

Table 3-2 COCs Detected in SWMU 49 Groundwater Samples — 1998 RFI
Sample ID 48MW1-2 48MW2-2 48MW3-2 48MW4-2
Sample Date 4/8/98 4/2/98 4/2/98 4/8/98
Analyte
RG Result Lab Q | Val Q MDL MRL Result LabQ | Val Q MDL MRL Result Lab Q | Val Q MDL MRL Result Lab Q | Val Q MDL MRL

VOCs (ug/L)
Carbon tetrachloride 5 5 | U | U S S 140 S 3 180 S 3 5 U U 3 S
Trichloroethene 5 8J 5 18] 5 33)J 5 5 U U 5 5

Notes:

pg/L = micrograms per liter (parts per billion) Lab Q = Lab Data Qualifiers

COC = contaminant of concern U = Analyte not detected at the method reporting limit.

MDL = Method Detection Limit Val Q = Validation Data Qualifiers

MRL = Method Reporting Limit J = Estimated concentration.

RFI = RCRA Facility Investigation U = Analyte not detected.

RG = Remedial Goal -2 = Sample code signifies the second round of sampling conducted at these four wells. Original samples were collected

SWMU = Solid Waste Management Unit during the 1998 RFI performed by ICF Kaiser.

VOC = volatile organic compound

: Bold outline indicates an RG exceedance.
Shading in the MDL/MRL columns indicates the MDL/MRL is equal to or exceeds a criterion.
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report

Radford Army Ammunition Plant
Radford, Virginia

Table 3-3 COCs Detected in SWMU 49 Groundwater Samples — 2006 Groundwater Data Report
Sample ID 48MW1 48MW2 48MW3 48MW4
Analyte Sample Date 4/13/06 4/13/06 4/13/06 4/11/06
RG Result LabQ | ValQ MDL MRL Result LabQ | ValQ MDL MRL Result LabQ | ValQ MDL MRL Result LabQ | ValQ MDL MRL

VOCs (ug/L)
Carbon tetrachloride 5 1 | U 0.5 1 29.2 0.5 1 51.2 0.5 1 1 U 0.5 1
Trichloroethene 5 5.5 0.5 1 3 0.5 1 7.4 0.5 1 1 U 0.5 1

Notes:

ng/L = micrograms per liter (parts per billion) Lab Q = Lab Data Qualifiers

COC = contaminant of concern U = Analyte not detected at the method reporting limit.

MDL = Method Detection Limit

MRL = Method Reporting Limit : Bold outline indicates an RG exceedance.

RG = Remedial Goal

SWMU = Solid Waste Management Unit

VOC = volatile organic compound

Table 3-4 COCs Detected in SWMU 49 Study Area Groundwater Samples — 2007 RFI
Sample ID 48MW1 48MW?2 48MW3 48MW4 48MW05 48MW06
Sample Date 8/29/07 8/29/07 8/29/07 8/29/07 8/30/07 8/30/07
Analyte
RG Result |Lab Q| Val Q | MDL | MRL |Result| Lab Q | Val Q | MDL | MRL | Result | Lab Q |Val Q| MDL | MRL | Result | Lab Q| Val Q | MDL | MRL |Result|Lab Q| Val Q | MDL | MRL | Result | Lab Q | Val Q | MDL | MRL
VOCs (ug/L)
Carbon tetrachloride 5 1 U 0.29 1 94.6 0.29 1 60.3 0.29 1 1 U 0.29 1 1 U 0.29 1 1 0.29 1
Trichloroethene 5 1.6 0.38 1 11.2 0.38 1 10.1 0.38 1 1 U 0.38 1 1 U 0.38 1 3.7 0.38 1
Sample ID 48MW07 49MWO01 50MWo01 50MW02 59MWO01
Analyte Sample Date 8/30/07 8/29/07 8/30/07 8/30/07 8/29/07
RG Result [Lab Q| Val Q | MDL | MRL | Result |Lab Q | Val Q | MDL | MRL | Result [ LabQ | Val Q | MDL | MRL |Result |Lab Q| ValQ | MDL | MRL | Result | LabQ | ValQ | MDL | MRL

VOCs (ug/L)
Carbon tetrachloride 5 1 U 0.29 1 3.8 0.29 1 1 U 0.29 1 2.7 0.29 1 1 U 0.29 1
Trichloroethene 5 1 U 0.38 1 1 U 0.38 1 1 U 0.38 1 3.4 0.38 1 1 U 0.38 1

Notes:

ug/L = micrograms per liter (parts per billion) Lab Q = Lab Data Qualifiers

COC = contaminant of concern U = Analyte not detected at the method reporting limit.

MDL = Method Detection Limit

MRL = Method Reporting Limit : Bold outline indicates an RG exceedance.

RFI = RCRA Facility Investigation

RG = Remedial Goal

SWMU = Solid Waste Management Unit

VOC = volatile organic compound
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report

Radford Army Ammunition Plant
Radford, Virginia

Table 3-5 VOCs Detected in SWMU 49 Study Area Groundwater Samples — 2013 Supplemental RFI
Sample ID 13MW2 13MW3 13MW4 13MW5 48MW1 48MW2 48MW3
P Sample Date 5/6/13 5/6/13 5/6/13 5/6/13 5/8/13 5/9/13 5/9/13
nalyte
Lab Val Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val
RG Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL
Q Q Q Q Q Q Q Q Q Q Q Q Q Q

VOCs (ug/L)

1,1,1-Trichloroethane NA 0.2 0] 0.123 | 0.2 0.2 0] 0.123 0.2 0.2 U 0.123 | 0.2 0.2 0] 0.123 | 0.2 | 0432 J J 0.123 | 0.2 0.2 0] 0.123 | 0.2 0.2 0] 0.123 | 0.2
1,1-Dichloroethane NA 0.2 0] 0.171 0.2 0.2 0] 0.171 0.2 0.2 U 0.171 | 0.2 0.2 0] 0.171 | 0.2 1.03 0.171 | 0.2 0.2 0] 0.171 | 0.2 0.2 0] 0.171 | 0.2
1,1-Dichloroethene NA 0.5 0] 0.2 0.5 0.5 0] 0.2 0.5 0.5 U 0.2 0.5 0.5 0] 0.2 0.5 0.5 0] 0.2 0.5 0.5 0] 0.2 0.5 0.5 0] 0.2 0.5
Acetone NA 1 0] 0.193 1 1 0] 0.193 1 1 U 0.193 1 1 0] 0.193 1 1 0] 0.193 1 1 0] 0.193 1 1 0] 0.193 1
Carbon tetrachloride 5 0.5 0] 0248 | 0.5 5.63 0.248 0.5 0.5 U 0.248 | 0.5 0.5 0] 0248 | 0.5 0.5 0] 0.248 | 0.5 82.7 0.248 | 0.5 73.1 0.248 | 0.5
Chloroform NA 0.2 U 0.155 | 0.2 | 0.453 J J 0.155 0.2 0.2 U 0.155| 0.2 0.2 0] 0.155| 0.2 0.2 0] 0.155 | 0.2 5.97 0.155 | 02 | 7.89 0.155 | 02
cis-1,2-Dichloroethene NA 0.2 U 0.103 | 0.2 0.2 U 0.103 0.2 0.2 U 0.103 | 0.2 0.2 0] 0.103 | 0.2 | 0.817 J J 0.103 | 0.2 0.2 U 0.103 | 0.2 0.2 0] 0.103 | 0.2
Methylene chloride NA 0.5 U 0.149 | 0.5 0.5 U 0.149 | 05 0.5 U 0.149 | 0.5 0.5 0] 0.149 | 0.5 0.5 0] 0.149 | 0.5 0.5 U 0.149 | 0.5 0.5 0] 0.149 | 0.5
Tetrachloroethene NA 0.5 U 0.193 | 0.5 0.5 U 0.193 0.5 0.5 U 0.193 | 0.5 0.5 0] 0.193 | 0.5 0.5 0] 0.193 | 0.5 0.5 U 0.193 | 0.5 0.5 0] 0.193 | 0.5
Toluene NA 0.2 U 0.122 | 0.2 0.2 U 0.122 | 02 0.2 U 0.122| 0.2 0.2 0] 0.122 | 0.2 2.1 0.122 | 0.2 1.18 0.122 | 0.2 | 0.291 J J 0.122 | 02
Trichloroethene 5 0.2 U 0.161 0.2 1.08 0.161 0.2 1.08 0.161 | 0.2 0.2 U 0.161 | 0.2 1.9 0.161 | 0.2 9.75 0.161 | 0.2 10.7 0.161 | 02

Sample ID 48MW06 49MW01 49MW02 49MW03 49MW04 49MW05 50MW02
Anal Sample Date 5/7/13 5/8/13 5/9/13 5/7/113 5/6/13 5/6/13 5/8/13
nalyte
Lab Val Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val
RG Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL | Result MDL | MRL
"l e | @ "le | o "l el "le e "l el Tl o] e "l e

VOCs (ug/L)

1,1,1-Trichloroethane NA 1.66 0.123 | 0.2 0.2 U 0.123 | 0.2 0.2 0] 0.123 | 02 0.2 U UL [0.123 | 0.2 0.2 0] 0.123 | 02 0.2 U 0.123 | 02 | 0.251 J J 0.123 | 0.2
1,1-Dichloroethane NA 5.86 0.171 | 0.2 0.2 U 0.171 | 0.2 0.2 0] 0.171 | 02 0.2 U UL [0.171 | 0.2 0.2 0] 0.171 | 02 0.2 U 0.171 | 02 | 0.344 J J 0.171 | 0.2
1,1-Dichloroethene NA 0.301 J J 0.2 0.5 0.5 U 0.2 0.5 0.5 0] 0.2 0.5 0.5 U UL 0.2 0.5 0.5 0] 0.2 0.5 0.5 U 0.2 0.5 0.5 0] 0.2 0.5
Acetone NA 1 U 0.193 1 1 U 0.193 1 241 J B |0.193 1 1 U UL |0.193 1 1 0] 0.193 1 1 U 0.193 1 1 0] 0.193 1
Carbon tetrachloride 5 0.5 U 0.248 | 0.5 4.61 0.248 | 0.5 5.36 0.248 | 0.5 0.5 U UL [0.248 | 0.5 | 0.664 J J 0.248 | 0.5 0.5 U 0248 | 0.5 | 0919 J J 0.248 | 0.5
Chloroform NA 0.2 U 0.155| 0.2 | 0.193 J J 0.155| 0.2 7.79 0.155| 02 0.2 U UL [0.155| 0.2 1.25 0.155| 02 0.2 U 0.155| 02 0.2 0] 0.155| 0.2
cis-1,2-Dichloroethene NA 9.21 0.103 | 0.2 0.2 U 0.103 | 0.2 0.2 0] 0.103 | 0.2 0.2 U UL [0.103| 0.2 0.2 0] 0.103 | 02 0.2 U 0.103 | 0.2 | 0.373 J J 0.103 | 0.2
Methylene chloride NA 0.5 U 0.149 | 0.5 0.5 U 0.149 | 0.5 0.5 0] 0.149 | 05 2.3 J L |0.149| 05 0.5 0] 0.149 | 05 0.5 U 0.149 | 05 0.5 0] 0.149 | 05
Tetrachloroethene NA 0.801 J J 0.193 | 0.5 0.5 U 0.193 | 0.5 0.5 0] 0.193 | 0.5 0.5 U UL [0.193 | 05 0.5 0] 0.193 | 0.5 0.5 U 0.193 | 0.5 | 0.255 J J 0.193 | 05
Toluene NA 0.2 U 0.122 | 0.2 | 0.765 J J 0.122| 0.2 1.52 0.122| 02 0.2 U UL [0.122 | 0.2 0.2 0] 0.122| 02 0.2 U 0.122 | 0.2 | 0.726 J J 0.122| 0.2
Trichloroethene 5 6.25 0.161 | 0.2 0.2 U 0.161 | 0.2 | 0.934 J J 0.161 | 02 0.2 U UL |[0.161 | 0.2 0.2 0] 0.161 | 02 0.2 U 0.161 | 0.2 231 0.161 | 0.2
Notes:

ug/L = micrograms per liter (parts per billion) Lab Q = Lab Data Qualifiers

MDL = Method Detection Limit J=Value < MRL and > MDL and is considered estimated.

MRL = Method Reporting Limit U = Analyte not detected at the method reporting limit.

NA = not applicable Val Q = Validation Data Qualifiers

RFI = RCRA Facility Investigation B = Blank contamination. Value detected in sample and associated blank.

RG = Remedial Goal developed for carbon tetrachloride and trichloroethene in CB&I, 2014. J = Estimated concentration.

SWMU = Solid Waste Management Unit K = Estimated concentration bias high.

VOC = volatile organic compound L = Estimated concentration bias low.

UL = Estimated concentration non-detect bias low
: Bold outline indicates an RG exceedance.
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report

Radford Army Ammunition Plant
Radford, Virginia

Table 3-6  Analytes Detected in Baseline Monitoring (Continued)
Sample ID 48MWO07 49MW01 49MW02 49MW03 49MW04 49MW05 50MW02
Sample Date 1/29/15 1/28/15 1/27/15 1/28/15 1/26/15 1/26/15 1/27/15
Analyte
RG Result|Lab Q| Val Q | MDL | MRL |Result (Lab Q| Val Q | MDL | MRL [Result|Lab Q| Val Q | MDL | MRL |Result|Lab Q| Val Q | MDL | MRL |Result|Lab Q| Val Q | MDL | MRL [Result|Lab Q| Val Q | MDL | MRL |Result|Lab Q| Val Q | MDL | MRL
VOCs (ug/L)
1,1,1-Trichloroethane NA 0.5 0] 0.25 0.5 |0.262 J J 0.25 0.5 1 0] 0.5 1 0.5 U 0.25 0.5 0.5 0] 0.25 0.5 1 U 0.5 1 0.5 0] 0.25 0.5
1,1-Dichloroethane NA 0.5 0] 0.25 0.5 0.5 U 0.25 0.5 1 0] 0.5 1 0.5 U 0.25 0.5 0.5 0] 0.25 0.5 1 U 0.5 1 0.313 J J 0.25 0.5
Acetone NA 5 0] 2.5 5 5 U 2.5 5 14 XDJ B 5 10 5 U 2.5 5 5 0] 2.5 5 18.6 DJ B 5 10 5 XU 2.5 5
Bromoform NA 0.5 XU 0.25 0.5 0.5 U 0.25 0.5 1 0] 0.5 1 0.5 U 0.25 0.5 0.5 0] 0.25 0.5 1 U 0.5 1 0.5 0] 0.25 0.5
Bromomethane NA 1 0] 0.5 1 1 U 0.5 1 2 0] 1 2 1 U 0.5 1 1 0] 0.5 1 2 U 1 2 1 0] 0.5 1
Carbon tetrachloride 5 0.5 XU 0.25 0.5 4.97 X J 0.25 0.5 5.05 D 0.5 1 0.5 XU 0.25 0.5 | 0.662 J J 0.25 0.5 1 U 0.5 1 1.62 0.25 0.5
Chloroform NA 0.5 U 0.25 0.5 | 0.404 J J 0.25 0.5 1.55 DJ J 0.5 1 0.5 U 0.25 0.5 1.46 0.25 0.5 1 U 0.5 1 0.5 0] 0.25 0.5
cis-1,2-Dichloroethene NA 0.5 U 0.25 0.5 0.5 U 0.25 0.5 1 U 0.5 1 0.5 U 0.25 0.5 0.5 0] 0.25 0.5 1 U 0.5 1 0.384 J J 0.25 0.5
Dibromochloromethane NA 0.5 U 0.25 0.5 0.5 U 0.25 0.5 1 XU 0.5 1 0.5 U 0.25 0.5 0.5 U 0.25 0.5 1 U 0.5 1 0.5 XU 0.25 0.5
Ethylbenzene NA 0.5 U 0.25 0.5 0.262 J J 0.25 0.5 1.13 DJ J 0.5 1 0.5 U 0.25 0.5 0.5 U 0.25 0.5 1 U 0.5 1 0.5 U 0.25 0.5
m- & p-Xylene NA 1 U 0.5 1 0.69 J J 0.5 1 4.06 D 1 2 1 U 0.5 1 1 0] 0.5 1 2 U 1 2 0.804 J J 0.5 1
0-Xylene NA 0.5 U 0.25 0.5 |0.544 J J 0.25 0.5 291 D 0.5 1 0.296 J J 0.25 0.5 0.5 0] 0.25 0.5 1 U 0.5 1 0.542 J J 0.25 0.5
Tetrachloroethene NA 0.5 U 0.25 0.5 0.5 U 0.25 0.5 1 U 0.5 1 0.5 U 0.25 0.5 0.5 U 0.25 0.5 1 U 0.5 1 0311 J J 0.25 0.5
Trichloroethene 5 0.5 U 0.25 0.5 0.5 U 0.25 0.5 | .0501 DJ J 0.5 1 0.5 U 0.25 0.5 0.5 0] 0.25 0.5 1 U 0.5 1 2.08 0.25 0.5
Miscellaneous (ug/L)
Total Organic Carbon NA NT 2500 U 1250 | 2500 | 2500 U 1250 | 2500 | NT 2500 0] 1250 | 2500 | NT 2500 0] 1250 | 2500
Chloride NA NT 6030 170 330 | 3450 170 330 NT 5160 170 330 NT 7270 170 330
Nitrate (as N) NA NT 303 33 100 | 47.6 J J 33 100 NT 249 J J 33 100 NT 2060 33 100
Sulfate NA NT 1000 U 330 | 1000 | 26600 330 | 1000 | NT 53600 330 | 1000 | NT 73200 330 | 1000
Methane NA NT 2 U 1 2 1.54 J J 1 2 NT 2 U 1 2 NT 2 U 1 2
Ethene NA NT 2 U 1 2 1.4 J J 1 2 NT 2 U 1 2 NT 2 U 1 2
Notes:
ug/L = micrograms per liter (parts per billion) Lab Q = Lab Data Qualifiers
CCV = Continuing Calibration Verification D = Sample was run at a dilution.
ICV = Initial Calibration Verification J=Value <MRL and > MDL and is considered estimated.
MDL = Method Detection Limit N = Matrix Spike/Matrix Spike Duplicate accuracy and/or precision were outside criteria
MRL = Method Reporting Limit U = Analyte not detected at the method reporting limit.
NA = not applicable X = The associated ICV/CCV exceeded the upper control limit.
NT = Analyte not tested Val Q = Validation Data Qualifiers
RG = Remedial Goal developed for carbon tetrachloride and trichloroethene in CB&I, 2014. B = Blank contamination. Value detected in sample and associated blank.
VOC = volatile organic compound J = Estimated concentration.
: Bold outline indicates an RG exceedance.
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report
Radford Army Ammunition Plant
Radford, Virginia

411 Groundwater Elevation Measurements

Water level elevations were collected during each Year Five quarterly event from the
15 monitoring wells at SWMU 49 prior to the collection of groundwater samples. Table 4-2
provides the measured depth to water (DTW) levels (from the top of the casing) and groundwater
elevations amsl collected on 15 October 2019. 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 collected
in the field. The surface model was executed using default values in most cases and forced 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-ft and 2-ft 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.

41.2 Groundwater Sampling

Groundwater samples were collected from 11 of the 15 POC monitoring wells from 15 through
17 October 2019 and analyzed for the analytical suites covering TCL VOCs and the dissolved
gases methane, ethane, and ethene. In addition, the following indicator parameters were collected:
TOC, dissolved ferrous iron, chloride, nitrate, and sulfate. Water quality parameters collected
during low flow sampling included pH, temperature, specific conductivity, DO, ORP, and
turbidity. These parameters are discussed in Section 6.2 regarding the potential for biodegradation
in the groundwater at SWMU 49. Table 4-1 presents the suite of analytes collected for analysis

during the seventeenth quarterly monitoring event.

Groundwater samples were collected via low-flow peristaltic pumps to obtain representative
groundwater samples and to minimize investigation-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.
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report
Radford Army Ammunition Plant
Radford, Virginia

2. During the water level sweep, DTW and total depth measurements were recorded to
determine the amount of water in the well casing and sand pack. Only approximate total
well depths were measured during the quarterly events to confirm that the total depths were
consistent with the data from the previous reports.

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

4. 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 specific conductivity. Turbidity was measured using a Hach 2100Q
turbidity meter, whereas concentrations of dissolved ferrous iron were measured in the
field using a Hach DR900 test kit via Method 8146.

5. The groundwater flow rate was maintained 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-2 along with the raw analytical data packages.

Table 4-3 presents a summary of the final (stabilized) water quality readings for each well from
the seventeenth quarter. Based on the seventeenth quarter DO data, aerobic groundwater
conditions are prominent in all 11 monitoring wells at SWMU 49 (i.e., DO >1 parts per million
[ppm]). The DO levels ranged from a low of 6.6 milligrams per liter (mg/L) at monitoring well
13MW4 to a high of 69.3 mg/L at monitoring well 13MW2. ORP measurements ranged from a
low of 42.9 millivolts (mV) in monitoring well 48MW1 to a high of 76.8 mV at monitoring well
49MW04. Measurements of pH ranged from a low of 6.94 standard units (SU) at monitoring well
50MWO02 to a high of 7.65 at monitoring well 49MWOI1. As evidenced in Table 4-3, all pH
measurements were below 8.0. Measuring the suitability of the groundwater to support microbial
species is accomplished via pH readings. Microbial activity tends to be reduced outside of pH
range of 5 to 9, and anaerobic microorganisms are typically sensitive to pH extremes (Interstate
Technology and Regulatory Council [ITRC], 1999). Measurements of specific conductivity ranged
from a low of 432 microsiemens per centimeter (LS/cm) at monitoring well 48MW1 to a high of

799 uS/cm at monitoring well 48MWO06.
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41.3 Quality Control Samples

Quality control (QC) samples including a duplicate sample, trip blank, and matrix spike/matrix

spike duplicate (MS/MSD) blanks were collected during the seventeenth monitoring event.

Two duplicate samples were collected during the seventeenth monitoring event at 48MW3
(duplicate as 48TM3) and 13MW3 (duplicate as 13TM3) and analyzed for the same full suite of
compounds as the parent sample. Further, one MS/MSD was collected at monitoring well 13MW2

and analyzed for the same full suite of compounds as the parent sample.

In previous sampling years, one equipment rinse blank was collected during each quarter.
However, as only disposable equipment (disposable tubing with a peristaltic pump) was utilized

during the sampling, no equipment rinse blanks were warranted.

One IDW purge water sample (49IDW) was collected and analyzed for pH, chemical oxygen
demand (COD), and total metals. All collected purge water for all events was taken to the ACD
area for storage and deposited in a 55-gallon drum labeled 48/49 with Radford AAP providing

subsequent disposal.

Results of the quality assurance (QA)/QC samples are presented in the raw analytical data package
provided in Appendix B-2.

4.2 EIGHTEENTH QUARTER GROUNDWATER SAMPLING

Groundwater elevation measurements and samples were collected from all 15 POC monitoring
wells. The eighteenth quarter of groundwater sampling was conducted from 28 through
30 January 2020. 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.

421 Groundwater Elevation Measurements

Water level elevations were collected during each Year Five quarterly event from the
15 monitoring wells at SWMU 49 prior to the collection of groundwater samples. Table 4-4

provides the measured DTW levels (from the top of the casing) and groundwater elevations amsl
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collected on 28 January 2020. Figure 4-3 presents a groundwater elevation contour map developed

from the elevation data collected during this quarterly monitoring event.

4.2.2 Groundwater Sampling

Groundwater samples were collected from all 15 POC monitoring wells from 28 through
30 January 2020. The eighteenth quarter monitoring samples were tested for the same analytes as
the seventeenth quarter, which are presented in Table 4-1. In addition, the same MNA indicator
parameters were collected in the eighteenth quarter as were collected in the seventeenth quarter:
TOC, dissolved ferrous iron, chloride, nitrate, and sulfate. Water quality parameters collected
during low flow sampling included pH, temperature, specific conductivity, DO, ORP, and
turbidity. These parameters are discussed in Section 6.2 regarding the potential for biodegradation

in the groundwater at SWMU 49.

Groundwater samples were collected applying the same method and approach used during the

seventeenth quarterly monitoring event: specifically, via low-flow peristaltic pumps.

Table 4-5 presents a summary of the final (stabilized) water quality readings for each well from
the eighteenth quarter. Based on the eighteenth quarter DO data, aerobic groundwater conditions
existat SWMU 49 (i.e., DO >1 ppm). The DO levels ranged from a low of 2.26 mg/L at monitoring
well 49MWO04 to a high of 10.88 mg/L at monitoring well 4§MWO07. ORP measurements ranged
from a low of 39.5 mV in monitoring well 48MWO07 to a high of 126.5 mV at monitoring well
48MWO06. Measurements of pH ranged from a low of 6.74 SU at monitoring well 13MWS5 to a
high of 7.87 SU at monitoring well 48MWO07. Measurements of specific conductivity ranged from
a low of 190 uS/cm at monitoring well 48MWO07 to a high of 764 uS/cm at monitoring well
49MWO5. Copies of the CoC forms are provided in Appendix B-2 along with the raw analytical
data packages.

4.2.3 Quality Control Samples

QC samples including a duplicate sample, trip blank, and MS/MSD blanks were collected during

the eighteenth monitoring event.
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Two duplicate samples were collected during the eighteenth monitoring event at 48MW3
(duplicate as 48TM3) and 13MW3 (duplicate as 13TM3) and analyzed for the full suite of
compounds as the parent sample. Further, one MS/MSD was collected at monitoring well 13MW2

and analyzed for the same full suite of compounds as the parent sample.

In previous sampling years, one equipment rinse blank was collected during each quarter.
However, as only disposable equipment was utilized during the sampling, no equipment rinse

blanks were warranted.
One IDW purge water sample (49IDW) was collected and analyzed for pH, COD, and total metals.

4.3 NINETEENTH QUARTER GROUNDWATER SAMPLING

Groundwater elevation measurements were collected from all 15 POC monitoring wells, whereas
samples were collected from 11 of the 15 wells. The nineteenth quarter of groundwater sampling
was conducted 27 through 30 April 2020. 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

Water level elevations were collected during each Year Five quarterly event from the
15 monitoring wells at SWMU 49 prior to the collection of groundwater samples. Table 4-6
provides the measured DTW levels (from the top of the casing) and groundwater elevations amsl
collected on 27 April 2020. Figure 4-4 presents a groundwater elevation contour map developed

from the elevation data collected during this quarterly monitoring event.

43.2 Groundwater Sampling

Groundwater samples were collected from 11 of the 15 POC monitoring wells from 27 through
30 April 2020. The nineteenth quarter monitoring samples were tested for the same analytes as the
seventeenth and eighteenth quarters, which are presented in Table 4-1. In addition, the following
MNA indicator parameters were collected: TOC, dissolved ferrous iron, chloride, nitrate, and

sulfate. Water quality parameters collected during low flow sampling included pH, temperature,
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specific conductivity, DO, ORP, and turbidity. These parameters are discussed in Section 6.2

regarding the potential for biodegradation in the groundwater at SWMU 49.

Groundwater samples were collected applying the same method and approach used during the
seventeenth and eighteenth quarterly monitoring events: specifically, via low-flow peristaltic

pumps.

Table 4-7 presents a summary of the final (stabilized) water quality readings for each well from
the nineteenth quarter. Based on the nineteenth quarter DO data, anaerobic and aerobic
groundwater conditions exist at SWMU 49 (i.e., DO >1 ppm). The DO levels ranged from a low
of 0.18 mg/L at monitoring well 48MWO06 to a high of 12.87 mg/L at monitoring well 13MW2.
ORP measurements ranged from a low of 85.2 mV in monitoring well 48MWO06 to a high of
112.8 mV at monitoring well 49MWO04. Measurements of pH ranged from a low of 6.79 SU at
monitoring well 13MW4 to a high of 7.68 SU at monitoring well 4§MW1. Measurements of
specific conductivity ranged from a low of 252.9 uS/cm at monitoring well 13MW4 to a high of
678 uS/cm at monitoring well 48MW3. Copies of the CoC forms are provided in Appendix B-2

along with the raw analytical data packages.

4.3.3 Quality Control Samples

QC samples including a duplicate sample, trip blank, and MS/MSD blanks were collected during

the nineteenth monitoring event.

Two duplicate samples were collected during the nineteenth monitoring event at 48MW3
(duplicate as 48TM3) and 13MW3 (duplicate as 13TM3) and analyzed for the same full suite of
compounds as the parent sample. Further, one MS/MSD was collected at monitoring well 13MW2

and analyzed for the same full suite of compounds as the parent sample.

In previous sampling years, one equipment rinse blank was collected during each quarter.
However, as only disposable equipment was utilized during the sampling, no equipment rinse

blanks were warranted.

One IDW purge water sample (49IDW) was collected and analyzed for pH, COD, and total metals.
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Results of the QA/QC samples are presented in the raw analytical data package provided in
Appendix B-2.

44 TWENTIETH QUARTER GROUNDWATER SAMPLING

Groundwater elevation measurements were collected from all 15 POC monitoring wells, whereas
samples were collected from 11 of the 15 wells. The twentieth quarter of groundwater sampling
was conducted from 20 through 23 July 2020. 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.

441 Groundwater Elevation Measurements

Water level elevations were collected during each Year Five quarterly event from the
15 monitoring wells at SWMU 49 prior to the collection of groundwater samples. Table 4-8
provides the measured DTW levels (from the top of the casing) and groundwater elevations amsl
collected on 20 July 2020. Figure 4-5 presents a groundwater elevation contour map developed

from the elevation data collected during this quarterly monitoring event.

44.2 Groundwater Sampling

Groundwater samples were collected from 11 of the 15 POC monitoring wells from 20 through
23 July 2020. The twentieth quarter monitoring samples were tested for the same analytes as all
previous quarters, which are presented in Table 4-1. In addition, the following MNA indicator
parameters were collected: TOC, dissolved ferrous iron, chloride, nitrate, and sulfate. Water
quality parameters collected during low flow sampling included pH, temperature, specific
conductivity, DO, ORP, and turbidity. These parameters are discussed in Section 6.2 regarding the
potential for biodegradation in the groundwater at SWMU 49.

Groundwater samples were collected applying the same method and approach used during the

nineteenth quarterly monitoring event: specifically, via low-flow peristaltic pumps.

Table 4-9 presents a summary of the final (stabilized) water quality readings for each well from
the twentieth quarter. Based on the twentieth quarter DO data, aerobic groundwater conditions

exist at SWMU 49 (i.e., DO >1 ppm) at all but one monitoring well (48MWO06). The DO levels
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ranged from a low of 0.72 mg/L at monitoring well 48MWO06 to a high of 7.75 mg/L at monitoring
well 48MW2. ORP measurements ranged from a low of 47.8 mV in monitoring well 49MWO02 to
a high of 186.0 mV at monitoring well 13MW2. Measurements of pH ranged from a low of
6.68 SU at monitoring well 13MW4 to a high of 7.79 SU at monitoring well 48MWI1.
Measurements were recorded continuously for temperature, pH, DO, ORP, turbidity, and specific
conductivity. Turbidity was measured using a Hach 2100Q turbidity meter, whereas concentrations

of dissolved ferrous iron were tested in the field using a Hach DR900 test kit via Method 8146.

4.4.3 Quality Control Sampling

QC samples including a duplicate sample, trip blank, and MS/MSD blanks were collected during

the twentieth monitoring event.

Two duplicate samples were collected during the twentieth monitoring event at 48MW3 (duplicate
as 48TM3) and 13MW3 (duplicate as 13TM3) and analyzed for the full suite of compounds as the
parent sample. Further, one MS/MSD was collected at monitoring well 13MW2 and analyzed for

the full suite of compounds as the parent sample.

In previous sampling years, one equipment rinse blank was collected during each quarter.
However, as only disposable equipment was utilized during the sampling, no equipment rinse

blanks were warranted.
One IDW purge water sample (49IDW) 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-2.
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Table 4-1 SWMU 49 Year Five Quarterly Monitoring Analytical Suite

Dissolved Gases

Well ID Frequency TCL VOCs (Methane, Ethane, MNA Indicator | Water Quality
Parameters Parameters
Ethene)

13MW2 Quarterly X X X X
13MW3 Quarterly X X X X
13MW4 Quarterly X X X X
13MW5 Annual X X X X
48MW1 Quarterly X X X X
48MW2 Quarterly X X X X
48MW3 Quarterly X X X X
48MW06 Quarterly X X X X
48MW07 Annual X X X X
49MWO01 Quarterly X X X X
49MW02 Quarterly X X X X
49MWO03 Annual X X X X
49MW04 Quarterly X X X X
49MWO05 Annual X X X X
50MWwW02 Quarterly X X X X

Notes:

ID = identification

MNA = monitored natural attenuation

SWMU = Solid Waste Management Unit

TCL = target compound list

VOC = volatile organic compound
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Table 4-5 SWMU 49 Eighteenth Quarter Water Quality Parameters
Specific Dissolved ‘1.
Well ID Tem?oecl‘;l ture Conlc,luctivity pH Oxygen (?nli,l; Ttl;l,i}gl)ty
(nS/cm) (mg/L)

48MW07 11.15 190 7.87 10.88 39.5 31.2
13MW5 11.75 491 6.74 7.60 65.9 6.86
49MW03 11.58 357 7.37 6.74 79.4 62.4
49MW05 11.97 764 6.93 3.82 88.7 30.5
48MW06 6.72 521 7.07 3.57 126.5 353
48MW1 10.74 537 7.32 4.14 107.9 37.2
48MW2 11.59 454 7.21 6.94 88.7 NA
48MW3 11.58 357 7.37 6.74 79.4 62.4
49MW01 11.06 464 7.60 6.52 73.0 NA
49MW02 11.59 454 7.21 6.94 88.7 NA
50MW02 10.97 670 7.09 5.50 54.6 463
13MW2 14.51 679 6.93 5.38 84.7 8.95
13MW3 12.73 597 7.01 5.62 79.4 3.42
13MW4 13.08 319 6.76 9.25 74.5 7.26
49MW04 13.19 645 7.49 2.26 93.1 1.79

Notes:

°C = degrees Celsius NA =not available

uS/cm = microsiemens per centimeter NTU = Nephelometric Turbidity Unit

ID = identification ORP = oxidation-reduction potential

mg/L = milligrams per liter pH = corrosivity/hydrogen ion concentration

mV = millivolts SWMU = Solid Waste Management Unit
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Table 4-7 SWMU 49 Nineteenth Quarter Water Quality Parameters
Specific Dissolved ‘1.
Well ID Tem{’oecr;‘t“re Conlc)luctivity pH Oxygen ((I)nlig T‘(‘;l,’[‘g‘)ty
(nS/cm) (mg/L)
48MW06 13.6 796 6.85 0.18 85.2 39.36
48MW1 14.3 386.2 7.68 5.81 92.8 0.37
48MW2 15.8 387.2 7.35 7.52 111.9 435.6
48MW3 12.1 678 7.12 5.93 96.8 0.83
49MWO01 14.6 358 7.59 5.46 100.7 180.7
49MW02 13.3 531 7.32 2.63 97.8 153.2
50MW02 12.3 615 6.99 8.41 95.1 210
13MW2 14.2 550 7.05 12.87 110.8 7.51
13MW3 12.9 418.0 6.91 6.93 109.3 1.25
13MW4 13.2 252.9 6.79 7.40 88.9 41.93
49MW04 14.4 485.3 7.38 6.09 112.8 -0.62
Notes:

°C = degrees Celsius
wS/cm = microsiemens per centimeter
ID = identification

mg/L = milligrams per liter
ORP = oxidation-reduction potential

pH = corrosivity/hydrogen ion concentration
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Table 4-9 SWMU 49 Twentieth Quarter Water Quality Parameters
Specific Dissolved .
Well ID Tem?fg‘t““’ ConI(,luctiVity pH Oxygen (?nRVP) T‘(‘;l;g‘)ty
(uS/cm) (mg/L)
48MW06 14.50 864.0 7.58 0.72 118.5 37.76
48MW1 17.70 579.0 7.79 3.59 142.0 48.35
48MW2 14.80 492.4 7.28 7.75 159.1 90.23
48MW3 14.70 682.0 7.01 3.02 169.2 4.00
49MWO01 15.30 458.0 7.75 5.19 170.4 175.2
49MW02 13.42 517.0 7.34 7.14 47.8 290.0
50MW02 14.40 630.0 7.01 4.97 124.0 70.23
13MW2 17.60 775.0 6.97 7.15 186.0 69.32
13MW3 18.40 619.0 6.83 4.12 163.1 2.90
13MW4 15.40 429.5 6.68 2.49 133.2 16.45
49MW04 18.90 647.0 9.2 431 171.3 1.54
Notes:
°C = degrees Celsius mV = millivolts
uS/cm = microsiemens per centimeter NTU = Nephelometric Turbidity Unit
Fe = ferrous iron ORP = oxidation-reduction potential
ID = identification pH = corrosivity/hydrogen ion concentration
mg/L = milligrams per liter SWMU = Solid Waste Management Unit
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5. CHEMICAL ANALYTICAL RESULTS
5.1 SELECTION OF COMPARISON CRITERIA

The chemical data collected during the Year Five MNA groundwater monitoring investigation
were compared to RGs selected in the approved Draft SWMU 48/49 RFI Report (CB&I, 2014a).
Tables 5-1 through 5-8 present the analytical results and summaries of the seventeenth through
twentieth quarterly monitoring data, including number of results that exceeded the RGs, frequency
of detection, the minimum and maximum detected concentrations, and the location of the

maximum concentration.

5.2 SEVENTEENTH QUARTER GROUNDWATER RESULTS

Eleven groundwater monitoring wells were sampled during this quarterly monitoring event
including wells 13MW2, 13MW3, 13MW4, 48MW1, 48MW2, 48MW3, 48MW06, 499MWO1,
49MWO02, 499MW04, and 50MWO02, whereas two duplicate samples were collected from
monitoring wells 48MW3 (duplicate as 48TM3) and 13TW3 (duplicate as 13TM3). Sample

locations are provided in Figure 4-1.

Samples were submitted for TCL VOCs, and MNA indicator parameter analyses, including
dissolved gases (methane, ethane, and ethene) and dissolved iron (Fe). A summary of detected
constituents is summarized in Table 5-1, and a subset of the results, consistent with the reporting
in previous SWMU 49 LTM reports, is presented in Table 5-2. The CT plume is shown in
Figure 5-1 and the TCE plume is shown in Figure 5-2 The potential for biodegradation in the
groundwater at SWMU 49 is discussed in Section 6.2.

TCL VOCs

Six VOCs were detected in groundwater samples including 1,1,1-trichloroethane (1,1,1-TCA),
1,1-dichloroethane (1,1-DCA), CT, chloroform, cis-1,2-DCE, and TCE. Eight of the eleven
monitoring wells had one or more detections of the VOCs listed above; monitoring wells

49MWO02, 49MW04, and 13MW?2 did not have any detections of VOC:s.

The VOC 1,1,1-TCA was detected at monitoring well 48MWO06 at an estimated concentration of
0.43 pg/L. An RG for 1,1,1-TCA has not been established for SWMU 49. However, the USEPA
MCL for 1,1,1-TCA is 200 pg/L (USEPA, 2018).
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The VOC 1,1-DCA was detected in two monitoring wells, 488MWO06 and 48MW 1, at an estimated
concentration of 3.3 pug/L (48MWO06) and a concentration of 0.76 ug/L (48MWI1). An RG for
1,1-DCA has not been established for SWMU 49. There is no USEPA MCL for 1,1-DCA
(USEPA, 2018); however, the Tapwater regional screening level (RSL) is 2.8 pg/L
(USEPA, 2020).

The VOC CT was detected at five monitoring wells including 48MW2, 48MW3 (and field
duplicate 48TM3), 13MW3 (and field duplicate 13TM3), 49MWO01, and SOMWO02. Two wells
contained CT concentrations that exceeded the RG of 5 pg/L: monitoring wells 48MW?2 (63 ng/L)
and 48MW3 (88 pg/L) (and field duplicate 13TM3 at 91.0 pg/L). The range of concentrations
detected during this quarter went from a low of an estimated value of 2.0 ug/L (50MWO02) to a
high of 91 pg/L (field duplicate 13TM3). The CT plume is shown on Figure 5-1; the size of the
area still exceeding the RG of 5 ng/L is estimated at 3.5 acres. The RG exceedance area presented
on Figure 5-1 was estimated based on triangulation of CT concentrations in the wells to establish
the area above the RG of 5 ug/L. This methodology was used to estimate the RG exceedance area

for all contaminants of concern for each quarterly event.

The VOC chloroform was detected in four monitoring wells including 48MW2, 48MW3 (and field
duplicate 48TM3), 499MWO1, and 13MW3(and field duplicate 13TM3). Concentrations ranged
from an estimated low of 0.44 ug/L (49MWO01) to a high of 12.0 ug/L (48MW3 and field duplicate
48TM3). An RG for chloroform has not been established for SWMU 49. However, the USEPA
MCL for chloroform is 80 pg/L (USEPA, 2018).

The VOC cis-1,2-DCE was detected in two monitoring wells, 48MW06 and 48MW1, at an
estimated concentration of 5.7 ug/L at 48MWO06 and a concentration of 0.55 pg/L at 488MW1. An
RG for cis-1,2-DCE has not been established for SWMU 49. However, the USEPA MCL for
cis-1,2-DCE is 70 pg/L (USEPA, 2018).

The VOC TCE was detected at seven monitoring wells including 48MWO06, 48MW 1, 48MW2,
48MW3 (and field duplicate 48TM3), SOMWO02, 13MW3 (and field duplicate 13TM3), and
13MW4. Monitoring wells 48MW2 and 48MW3 (and associated field duplicate 48TM3)

contained a concentration of TCE that exceeded the RG of 5 pg/L. The range of concentrations
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detected during this quarter went from an estimated low of 0.63 ng/L (13MW3 and field duplicate
13TM3) to a high of 15.0 pg/L (48MW3 and field duplicate 48TM3). The TCE plume is shown
on Figure 5-2; the size of the area still exceeding the RG of 5 pug/L is estimated at 1 acre.

Miscellaneous Analytes

Groundwater samples were also analyzed for MNA indicators (TOC, dissolved ferrous iron,
dissolved gases, chloride, nitrate, and sulfate) for the purposes of evaluating the effectiveness of

the MNA process.

Observed levels of TOC from all monitoring wells ranged from an estimated value of 0.60 ng/L
(49MWO01) to an estimated high of 0.93 mg/L (48MW?2). Dissolved ferrous iron levels ranged
from a low of 0.0 mg/L (non-detect) (six wells) to a high of 0.25 mg/L (50MWO02). Chloride
concentrations ranged from a low estimated value of 2.1 mg/L (48MW?2) to an estimated high of
6.3 mg/L. (49MWO04). Detected concentrations of nitrate ranged from an estimated low of
0.15 mg/L (48MWO06 and 13MW?2) to a high of 5.8 mg/L. (48MW3 and associated field duplicate
48TW3). Sulfate concentrations ranged from a low 0f 0.99 mg/L (49MWO01) to a high 0f 99.0 mg/L
(13MW3 and associated field duplicate 13TW3). Methane was detected in one monitoring well
(49MWO01) at a concentration of 1.5 pg/L. Ethane and ethene went undetected during this quarterly

monitoring event. Table 5-2 presents the MNA indicator parameters sample results.

5.3 EIGHTEENTH QUARTER GROUNDWATER RESULTS

The eighteenth quarter monitoring event served as the annual event for the Year Five MNA
sampling. As such, all 15 POC monitoring wells were sampled including wells 13MW2, 13MW?3,
13MW4, 13MWS5, 48MWI1, 48MW2, 48MW3, 48MW06, 48MW07, 499MWO01, 49MWO02,
49MWO03, 499MW04, 499MWO05, and SOMWO02. Two duplicate samples were collected from
monitoring wells 48MW3 (duplicate as 48TM3) and 13MW3 (duplicate as 13TM3). Sample
locations are provided in Figure 4-1. (Note: both annual and quarterly wells were sampled during

this monitoring event.)

Samples were submitted for TCL VOC, dissolved gases (methane, ethane, and ethene), and MNA
indicator parameter analyses. A summary of detected constituents is summarized in Table 5-3,

and a subset of the results, consistent with the reporting in previous SWMU 49 LTM reports, is
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presented in Table 5-4. The CT plume is shown in Figure 5-3 and the TCE plume is shown in
Figure 5-4. The potential for biodegradation in the groundwater at SWMU 49 is discussed in
Section 6.2.

TCL VOCs

Six VOCs were detected in groundwater samples including 1,1,1-TCA, 1,1-DCA, CT, chloroform,
cis-1,2-DCE, and TCE. Eight monitoring wells had one or more detected concentrations of the
VOC:s listed above. Monitoring wells 48MWO07 (up gradient well), 13MWS5, 49MWO03, 49MWO05,
49MWO02, 13MW2, and 13MW4 did not have detected concentrations of VOCs.

The VOC 1,1,1-TCA was detected in monitoring well 48MW1 at an estimated concentration of
0.32 pg/L. 1,1,1-TCA was not detected in monitoring well 48MW1 during the seventeenth quarter
but was detected at 48MWO06 at an estimated concentration of 0.43 pg/L. 48MWO06 did not have
any detection of 1,1,1-TCA in the eighteenth quarter. An RG for 1,1,1-TCA has not been
established for SWMU 49. However, the USEPA MCL for 1,1,1-TCA is 200 pg/L
(USEPA, 2018).

The VOC 1,1-DCA was detected at two monitoring wells, 48MWO06 and 48MWI, at
concentrations 1.3 pg/L (48MWO06) and an estimated concentration of 0.86 pug/L (48MW1). The
1,1-DCA concentrations in 48MWO06 and 48MW1 represent a slight decrease based on the
seventeenth quarter monitoring event. An RG for 1,1-DCA has not been established for
SWMU 49. There is no USEPA MCL for 1,1-DCA (USEPA, 2018); however, the Tapwater RSL
is 2.8 pg/L (USEPA, 2020).

The VOC CT was detected at six monitoring wells including 48MW2, 48MW3 (and associated
field duplicate 48TM3), 49MWO01, SOMWO02, 13MW3 (and associated field duplicate 13TM3),
and 499MWO04. Two wells contained CT concentrations that exceeded the RG of 5 ug/L including
monitoring wells 48MW?2 (21 pg/L) and 48MW3 (78 ng/L) (73 pg/L in field duplicate 48TM3);
this represents a slight decrease in concentrations in both wells in comparison to the seventeenth
quarter monitoring event. The size of the area still exceeding the RG of 5 ug/L reduced slightly
from the seventeenth quarter and is estimated at 3 acres. The range of concentrations detected

during this quarter went from a low of an estimated value of 0.6 ug/L. (49MWO04) to a high of
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78 ng/L (48MW3) (Figure 5-3). Compared to the seventeenth quarter monitoring results, the
detected concentrations of CT decreased in five wells (48MW2, 48MW3, 49OMWO01, 49MWO04,
and 5S0MWO02), and increased in one well (13MW3) during this quarterly event.

Chloroform was detected in four monitoring wells, 48MW2, 48MW?3 (and field duplicate 48TM3),
49MWO1, and 13MW3 (and field duplicate 13TM3), at concentrations ranging from a low of
0.38 ng/L (49MWO1 and field duplicate 13TM3) to a high of 13.0 pug/L (48MW3 and field
duplicate 48TM3). Compared to the seventeenth quarter monitoring results, the detected
concentration of chloroform in 49MWO1 decreased slightly, but increased in 48MW3. An RG for
chloroform has not been established for SWMU 49. However, the USEPA MCL for chloroform is
80 ng/L (USEPA, 2018).

The VOC cis-1,2-DCE was detected in two monitoring wells, 48MWO06 and 48MWI1, at a
concentration of 2.3 pg/L and an estimated concentration of 0.76 pg/L, respectively. When
compared to the seventeenth quarter monitoring results, concentrations in 48MWO06 decreased
slightly, while 48MW1 increased slightly. An RG for cis-1,2-DCE has not been established for
SWMU 49. However, the USEPA MCL for cis-1, 2-DCE is 70 pg/L (USEPA, 2018).

The VOC TCE was detected at seven monitoring wells including 48MWO06, 48MW 1, 48MW2,
48MW3 (and field duplicate 48TW3), SOMWO02, 13MW3 (and field duplicate 13TW3), and
13MW4. Monitoring well 48MW3 contained a concentration of TCE that exceeded the RG of
5 ug/L (15.0 pg/L in 48MW3 and 14.0 pg/L in field duplicate 48TM3). The size of the area still
exceeding the RG of 5 pg/ is estimated at 1 acre. The range of concentrations detected during this
quarter went from an estimated value of 0.72 pg/L (field duplicate 13TW3) to a high of 15.0 pg/L
(48MW3) (Figure 5-4). When compared to the previous quarter sampling results, concentrations
in wells SOMWO02,48MW 1, 48MW2, and 48MWO06 decreased during this quarterly event, whereas
concentrations in wells 13MW4 and 13MW3 increased, and concentrations at 48MW3 remained

stable.
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Miscellaneous Analytes

Groundwater samples were also analyzed for MNA indicators (TOC, dissolved ferrous iron,
dissolved gases, chloride, nitrate, and sulfate) for the purposes of evaluating the effectiveness of

the MNA process.

TOC was only detected in one of the 15 monitoring wells at an estimated value of 0.88 mg/L
(48MWO06). Dissolved ferrous iron levels ranged from a low of 0.0 mg/L (non-detect) (five wells),
to a high of 0.34 mg/L (48MWO03). Chloride concentrations ranged from an estimated low of
1.2 mg/L (48MWO07) to a high of 9.6 mg/L (48MWO06). Detected concentrations of nitrate ranged
from an estimated low of 0.88 mg/L (49MWOI1) to a high of 5.9 mg/L (48MW3). Sulfate
concentrations ranged from an estimated low of 0.88 mg/L (49MWO1) to a high of 110 mg/L
(13MW3 and field duplicate 13TW3). Methane was detected in two monitoring wells, 48MW2
and 499MWO02, at concentrations of 1.3 pg/L and 0.88 pg/L, respectively. Ethane and ethene went
undetected during this quarterly monitoring event. Table 5-4 presents the MNA indicator

parameters sample results.

5.4 NINETEENTH QUARTER GROUNDWATER RESULTS

Eleven monitoring wells were sampled during the nineteenth quarter monitoring event including
wells 13MW2, 13MW3, 13MW4, 48MW1, 48MW2, 48MW3, 48MW06, 499MWO01, 49MW02,
49MW04, and 5S0MWO02. Two duplicate samples were collected from monitoring wells 48MW3
(duplicate as 48TM3) and 13MW3 (duplicate as 13TM3). Sample locations are provided in
Figure 4-1.

Samples were submitted for TCL VOC, dissolved gases (methane, ethane, and ethene), and MNA
indicator parameter analyses. A summary of the detected constituents is summarized in Table 5-5,
and a subset of the results, consistent with the reporting in previous SWMU 49 LTM reports, is
presented in Table 5-6. The CT plume is shown in Figure 5-5 and the TCE plume is shown in
Figure 5-6. The potential for biodegradation in the groundwater at SWMU 49 is discussed in
Section 6.2.
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TCL VOCs

Seven VOCs were detected in groundwater samples including 1,1,1-TCA, 1,1-DCA, CT,
chloroform, cis-1,2-DCE, PCE, and TCE. Ten monitoring wells had one or more detected
concentrations of the VOCs listed above. Monitoring well 49MWO02 did not have detected

concentrations of VOCs.

The VOC 1,1,1-TCA was detected at monitoring well 48MWO06 at an estimated concentration of
0.84 pg/L. The concentration of 1,1,1-TCA in this quarter is double the concentration of
1,1,1-TCA detected at 48MWO06 in the seventeenth quarter. 1,1,1-TCA was not detected in
48MWO06 in the eighteenth quarter. The concentrations were generally in agreement with levels
observed during the seventeenth and eighteenth quarterly monitoring events at monitoring wells
48MW1 and S0MWO02, but concentrations are increasing slightly each quarter at monitoring well
48MWO06. An RG for 1,1,1-TCA has not been established for SWMU 49. However, the USEPA
MCL for 1,1,1-TCA is 200 pg/L (USEPA, 2018).

The VOC 1,1-DCA was detected at monitoring wells 48MW06, 48MW1, and 50MWO02 at
concentrations ranging from an estimated low value of 0.35 pg/L (S0MWO02) to a high of 5.2 pg/L
(48MWO06). These concentrations are slightly higher than concentrations observed during the
seventeenth and eighteenth quarterly monitoring events. An RG for 1,1-DCA has not been
established for SWMU 49. There is no USEPA MCL for 1,1-DCA (USEPA, 2018); however, the
Tapwater RSL is 2.8 ng/L (USEPA, 2020).

The VOC CT was detected at seven monitoring wells including 48MW2, 48MW3 (and field
duplicate 48TM3), 499MWO1, SOMWO02, 13MW2, 13MW3 (and field duplicate 13TM3), and
49MWO04. Two wells contained CT concentrations that exceeded the RG of 5 pg/L including
monitoring wells 48MW2 (33 pg/L) and 48MW3 (64 ng/L) (63 pg/L in field duplicate 48MW3).
These wells had elevated concentrations that exceeded the RG during the seventeenth and
eighteenth quarterly monitoring events as well. The size of the area still exceeding the RG of
5 ng/L is estimated at 3 acres. The range of concentrations detected during this quarter was from
a low of 0.33 pg/L (13MW?2) to a high of 64 ng/LL (48MW3) (Figure 5-5). Compared to the
seventeenth and eighteenth quarterly monitoring results, the detected concentrations of CT in

monitoring well 48MW3 has fluctuated each quarter as much as 24 pg/L, whereas monitoring
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wells 48MW2, 4OMWO01, 50MWO02, and 13MW3 saw slight fluctuations. Monitoring well
13MW?2 did not have detections of CT during the seventeenth and eighteenth quarterly monitoring
events but did for the nineteenth quarter (0.33 pg/L).

Chloroform was detected in five monitoring wells including 48MW2, 48MW3 (and field duplicate
48TM3), 49MWO1, S0MWO02, and 13MW3 (and field duplicate 13TM3). Concentrations ranged
from an estimated value of 0.37 pg/L (13MW3) to a high of 12.0 png/L (48MW3 and field duplicate
48TM3). Compared to the seventeenth and eighteenth quarter monitoring results, the detected
concentrations of chloroform have been stable at 48MW3, ranging between 12.0 pg/L and
13.0 pg/L. An RG for chloroform has not been established for SWMU 49. However, the USEPA
MCL for chloroform is 80 ug/L (USEPA, 2018).

The VOC cis-1,2-DCE was detected in three monitoring wells including 48MWO06, 48MW 1, and
50MWO02. Concentrations ranged from an estimated low of 0.5 pg/L (50MWO02) to a high of
8.3 ug/L (48MWO06). There were modest fluctuations in the concentrations in monitoring wells
48MWO06 and 48MW 1 during all three quarterly monitoring events. However, cis-1,2-DCE was
not detected at SOMWO2 during the seventeenth and eighteenth sampling quarters. An RG for
cis-1,2-DCE has not been established for SWMU 49. However, the USEPA MCL for
cis-1, 2-DCE is 70 ng/L (USEPA, 2018).

The VOC PCE was detected in monitoring well 48MWO06 at an estimated concentrations of
0.82 ng/L. The concentration at 48MWO06 was the first seen in all three quarters of the Year Five
sampling event. PCE was last detected at 48MWO06 during the sixteenth sampling quarter at a
concentration of 0.37 ug/L. An RG for PCE has not been established for SWMU 49. However, the
USEPA MCL for PCE is 5 pg/L (USEPA, 2018).

The VOC TCE was detected at seven monitoring wells including 48MWO06, 48MW1, 48MW2,
48MW3 (and field duplicate 48TM3), SOMWO02, 13MW3 (and field duplicate 13TM3), and
13MW4. Monitoring wells 48MWO06 (5.4 pg/L) and 48MW3 (and field duplicate 13TM3)
(12.0 png/L) contained concentrations of TCE that exceeded the RG of 5 pug/L. The size of the area
still exceeding the RG of 5 ug/L is estimated at 0.60-acre. The range of concentrations detected

during this quarter went from an estimated low of 0.56 (13MW4) to a high of 12.0 pg/L (48MW3)
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(Figure 5-6). In general, the wells with detections of TCE and the concentrations are consistent
with quarters seventeen and eighteen. However, the concentrations in monitoring well 48MW06

increased from 1.6 pg/L to 5.4 ng/L from quarter eighteen to quarter nineteen.

Miscellaneous Analytes

Groundwater samples were also analyzed for MNA indicators (TOC, dissolved ferrous iron,
dissolved gases, chloride, nitrate, and sulfate) for the purposes of evaluating the effectiveness of

the MNA process.

Observed levels of TOC in the 11 monitoring wells ranged from an estimated low of 0.5 mg/L
(13MW3) to a high of 6.3 mg/L (49MWO04). The seventeenth and eighteenth quarterly monitoring
events had TOC detections ranging from 0.60 pg/L to 0.93 mg/L. Dissolved ferrous iron
concentrations ranged from a low of 0.0 mg/L (non-detect) (six wells) to a high of
0.28 mg/L (48MW?2). Chloride concentrations ranged from an estimated low of 1.7 mg/L
(49MWO02) to a high of 8.4 mg/L (48MWO06). Detected concentrations of nitrate ranged from an
estimated low of 0.26 mg/L (13MW?2) to a high of 6.2 mg/L (48MW3 and field duplicate 48TM3).
Sulfate concentrations ranged from an estimated low of 1.1 mg/L (49MWO01) to a high of 190 mg/L
(48MW06). Methane concentrations ranged from an estimated low of 0.37 mg/L (49MWO02) to a
high of 2.6 mg/L (50MWO02). Ethene and ethane went undetected during this quarterly monitoring

event. The MNA indicator parameters are presented in Table 5-6.

5.5 TWENTIETH QUARTER GROUNDWATER RESULTS

Eleven monitoring wells were sampled during the sixteenth quarter monitoring event including
wells 13MW2, 13MW3, 13MW4, 48MW1, 48MW2, 48MW3, 48MW06, 499MWO01, 49MW02,
49MWO04, and S0MWO02. Two duplicate samples were collected from monitoring wells 48MW3
(duplicate as 48TM3) and 13MW3 (duplicate as 13TM3). Sample locations are provided in
Figure 4-1.

Samples were submitted for TCL VOC, dissolved gases (methane, ethane, and ethene), and MNA
indicator parameter analyses. A summary of detected constituents is summarized in Table 5-7,
and a subset of the results, consistent with the reporting in previous SWMU 49 LTM reports, is
presented in Table 5-8. The CT plume is shown in Figure 5-7 and the TCE plume is shown in
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Figure 5-8. The potential for biodegradation in the groundwater at SWMU 49 is discussed in
Section 6.2.

TCL VOCs

Seven VOCs were detected in groundwater samples including 1,1,1-TCA, 1,1-DCA, CT,
chloroform, cis-1,2-DCE, PCE, and TCE. Ten monitoring wells had one or more detected
concentrations of the VOCs listed above. Monitoring well 499MWO02 did not have detected
concentrations of VOCs. The VOC 1,1,1-TCA was detected at monitoring wells 48MWO06 and
48MW 1 at estimated concentrations of 0.8 pg/L and 0.33 pg/L, respectively. The fluctuations that
have taken place during the Year Five MNA sampling events have been minimal and limited to
monitoring wells 48MW06 and 48MW1. An RG for 1,1,1-TCA has not been established for
SWMU 49. However, the USEPA MCL for 1,1,1-TCA is 200 pg/L (USEPA, 2018).

The VOC 1,1-DCA was detected at three monitoring wells including 48MW06, 48MW 1, and
50MWO02. Concentrations ranged from an estimated value of 0.41 pg/L (50MWO02) to a high of
4.4 ng/L (48MWO06). With the exception of 48MWO06, the concentrations of 1,1-DCA in these
wells fluctuated only slightly during the four quarterly monitoring events. Well 48MWO06
fluctuated from low values of 1.3 pug/L in the eighteenth quarter, and to a high of 5.2 pg/L in the
seventeenth quarter. An RG for 1,1-DCA has not been established for SWMU 49. There is no
USEPA MCL for 1,I-DCA (USEPA, 2018); however, the Tapwater RSL is 2.8 pg/L
(USEPA, 2020).

The VOC CT was detected at seven monitoring wells including 48MW2, 48MW3 (and associated
field duplicate 48TM3), 49MWO01, SOMWO02, 13MW2, 13MW3 (and associated field duplicate
13TM3), and 49MWO04. Three wells contained CT concentrations that exceeded the RG of 5 pg/L
including monitoring wells 48MW2 (24 pg/L), 48MW3 (65 pg/L) and field duplicate 48TM3
(67 ug/L), and 13MW3 (5.4 ng/L) and field duplicate 13TM3 (5.2 pug/L). Monitoring wells
48MW2 and 48MW3 had elevated concentrations that exceeded the RG during all four quarterly
monitoring events; however, the exceedance at 13MW3 above the RG was only observed in the
twentieth quarter. The size of the area still exceeding the RG of 5 ng/L is estimated at 3.5 acres.
The range of concentrations detected during this quarter was from a low estimated value of

0.96 ng/L (13MW?2) to a high of 67 ng/L (field duplicate 48TM3) (Figure 5-7). All four quarterly
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monitoring results were relatively stable in monitoring wells 48MW2, 13MW3, 4OMWO04,
49MWO01, and 50MWO02, whereas well 48MW3 had fluctuations ranging from 64 pg/L to 88 ug/L.
Monitoring well 13MW?2 did not have detections of CT during the seventeenth and eighteenth

quarterly monitoring events but did for the nineteenth and twentieth quarters.

Chloroform was detected in four monitoring wells including 48MW2, 48MW?3 (and field duplicate
48TM3), 499MWO1, and 13MW3 (and field duplicate 13TM3). Concentrations ranged from an
estimated value of 0.57 pg/L (field duplicate 13TM3) to a high of 15.0 pg/L (48MW3). All four
quarterly monitoring results were relatively stable in monitoring well 48MW3. Wells 50MW02
(undetected in the twentieth quarter), 48MW2, and 13MW3 included quarterly fluctuations from
non-detect to a high of 3.3 pug/L in the twentieth quarter at monitoring well 48MW2. An RG for
chloroform has not been established for SWMU 49. However, the USEPA MCL for chloroform is
80 ng/L (USEPA, 2018).

The VOC cis-1,2-DCE was detected in three monitoring wells including 48MW06, 48MW 1, and
50MWO02. Concentrations ranged from an estimated low of 0.36 pg/L (S0OMWO02) and to a high of
8.4 ng/L (48MWO06). The concentrations in monitoring well 48MWO06 fluctuated in the
seventeenth, eighteenth, and nineteenth quarters (2.3 pg/L to 8.3 pg/L), with a high of 8.4 ug/L in
the twentieth quarter. Concentrations in wells 48MW1 and S0MWO02 fluctuated minimally. An RG
for cis-1,2-DCE has not been established for SWMU 49. However, the USEPA MCL for
cis-1, 2-DCE is 70 pg/L (USEPA, 2018).

The VOC PCE was detected in monitoring well 48MWO06 at an estimated concentration of
0.82 pg/L. Sampling results showed PCE detections in monitoring well 48MWO06 in the eighteenth
and nineteenth quarters, at concentrations of 0.82 ug/L in both quarters. An RG for PCE has not
been established for SWMU 49. However, the USEPA MCL for PCE is 5 pg/L (USEPA, 2018).

The VOC TCE was detected at seven monitoring wells, including 48MW06, 48MW 1, 48MW2,
48MW3 (and field duplicate 48TM3), SOMWO02, 13MW3 (and field duplicate 13TM3), and
13MW4. Monitoring wells 48MW3 (and field duplicate 48TM3) and 48MWO06 contained
concentrations of TCE that exceeded the RG of 5 ug/L, at 15 pg/L and 5.6 pg/L, respectively. The
size of the area still exceeding the RG of 5 pg/L is estimated at 0.60-acre. The range of
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concentrations detected during this quarter went from an estimated low of 0.98 pg/L (13MW4) to
a high of 15 pg/L (48MW3 and field duplicate 48TM3) (Figure 5-8). TCE was detected all four
quarters in monitoring wells 48MW06, 48MW1, 48MW2, 48MW3, 50MWO02, 13MW3, and
13MW4, all with relatively stable concentrations and only minor fluctuations, most of which were

seen in the seventeenth and twentieth quarters with slight increases.

Miscellaneous Analytes

Groundwater samples were analyzed for MNA indicators (TOC, dissolved ferrous iron, dissolved
gases, chloride, nitrate, and sulfate) for the purposes of evaluating the effectiveness of the MNA

process.

TOC was detected in only one of the 11 monitoring wells (13MW?2) at 0.91 mg/L. Estimated values
at monitoring wells 49M W04 and 48MWO06 were 0.85 ng/L and 0.82 pg/L, respectively. Dissolved
ferrous iron levels ranged from a low of 0.0 mg/L (non-detect) (3 wells) to a high of 0.31 mg/L
(48MWO02). Chloride concentrations ranged from an estimated low of 4.2 mg/LL (48MW?2) to a
high of 17.0 mg/L (48MW06). Detected concentrations of nitrate ranged from an estimated low of
0.18 mg/L (49MWO02) to a high of 5.4 mg/L (48TW3). Sulfate concentrations ranged from an
estimated low of 1.5 mg/L (non-detect) (49MWO1), to a high of 130 mg/L (48MWO06). Methane
concentrations ranged from an estimated low of 0.3 mg/L (50MWO02) to a high of 0.77 mg/L
(49MWO02). Ethene and ethane went undetected during this quarterly monitoring event. The MNA

indicator parameter sample results are provided in Table 5-8.

5.6 YEAR FIVE SAMPLE RESULTS

This section discusses the results from the Year Five MNA sampling. Samples collected were
analyzed for the full suite of analytical parameters described in Table 4-1 (TCL VOCs and MNA

indicator parameters including dissolved gases [methane, ethane, and ethene] and dissolved Fe).

5.6.1 Carbon Tetrachloride

The VOC CT was detected in five monitoring wells during the seventeenth quarterly monitoring
events, six wells during the eighteenth event, and seven wells during the nineteenth and twentieth
events. CT was detected in wells 48MW2, 48MW3, SOMWO02, 13MW3, and 49MWO04 in all four
quarters. Monitoring wells 499MWO01 and 13MW2 were non-detect for CT in the seventeenth
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quarter and 13MW2 was non-detect in the eighteenth quarter. The highest concentrations were
consistently detected at monitoring wells 48MW2 and 48MW3, with the highest levels observed
at 488MW3. Concentrations detected in these two wells exceeded the RG of 5 pg/L in each quarter.
In general, the concentrations detected at 48MW2 and 48MW3 were variable from quarter to
quarter with no clear increasing or decreasing trend, consistent with Years Two, Three, and Four
MNA sampling results. Concentrations detected in monitoring well 13MW3 fluctuated each
quarter from 3.5 pg/L (nineteenth quarter) to a high of 5.4 pg/L (twentieth quarter). The twentieth
quarter observed detection at 13MW3 was the only one that exceeded the RG of 5 pg/L in
Year Five. This is consistent with Year Four results, in that an exceedance of the RG is noted in
the summer sampling month. The remaining wells with observed detections were well below the
RG and, in general, had concentrations that were relatively steady, with minor fluctuations,
throughout the Year Five MNA sampling. Figures 5-9 through 5-12 depict the concentrations at
these sampling locations throughout Year Five quarterly sampling. Figure 5-13 provides a time

series plot of CT concentrations dating back to samples collected in 1996.

5.6.2 Trichloroethene

The VOC TCE was detected in seven monitoring wells during all four quarterly monitoring events.
The wells included 48MWO06, 48MW 1, 48MW2, 48MW3, SOMWO02, 13MW3, and 13MW4. The
highest concentrations were consistently detected at monitoring wells 48MW3 and 48MW2, with
the highest levels observed at 48MW3. Concentrations detected in 48MW3 exceeded the RG of
5 ug/L in all four quarters (ranging from 12.0 pg/L to 15.0 pg/L) and 48MWO06 had detected
concentrations of 5.4 pug/L and 5.6 pg/L in the nineteenth and twentieth quarters, respectively,
which exceeded the RG. In general, the concentrations detected in all seven monitoring wells were
variable from quarter to quarter with no clear increasing or decreasing trend. Figures 5-9
through 5-12 depict the concentrations at these sampling locations throughout Year Five of
quarterly sampling. Figure 5-14 provides a time series plot of TCE concentrations dating back to

samples collected in 1996.
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5.7 LABORATORY ANALYSIS, DATA VALIDATION, AND REPORTING

The Year Five MNA sampling for SWMU 49 was collected quarterly in October 2019,
January 2020, April 2020, and July 2020. 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. A summary of samples and

analyses is included in Table 5-9. Analytical methods are provided in Table 5-10.

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. The trip blanks were packed in the coolers with the VOC and

methane/ethane/ethene samples.

The analytic data were reviewed for consistency with the test methods as noted in Table 5-10 and
the Project QAPP (Radford Army Ammunitions Plant, Virginia — 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 (USEPA, 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 were flagged, where appropriate, in accordance with the National Functional

Guidelines and the project QAPP. A data quality summary is provided below.

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.
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5.71 Precision

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

was performed at a frequency of 5% of field samples.

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.

Laboratory Duplicates

Laboratory duplicate analysis was performed at a frequency of 10% of laboratory samples, for
inorganic analyses. Most RPDs were within control limits. There were no laboratory duplicate

exceedances.

Matrix Spike/Matrix Spike Duplicate RPD

In instances where MS/MSD RPDs were above the laboratory acceptance criteria and the
associated results were not detected no data were qualified. Table 5-14 lists matrix spike/matrix

spike duplicate RPD exceedances.

5.7.2 Accuracy

Accuracy was measured from laboratory QC sample percent recoveries including LCS, MS, MSD,
and surrogates. Accuracy was also evaluated by determining whether any deviations to method or
laboratory requirements for IS, 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 LCS recoveries were within control limits. Table 5-15 lists laboratory control sample

exceedances.

MS/MSD analysis was performed at a frequency of 5% of field samples.
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Most recoveries were within control limits. Table 5-16 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.
Parent samples only were qualified.

Post Digestion Spike (PDS) Recovery Exceedances

Most recoveries were within control limits. There were no PDS recovery exceedances.

Serial Dilution %D

Most recoveries were within control limits. Table 5-17 lists the Serial Dilution difference

exceedances.

Surrogates

All surrogate recoveries were within control limits. There were no surrogates that exceeded

acceptance criteria.

Internal Standards

There were no internal standards outside control limits.

Calibration Verification

Some calibration results were outside control limits. Table 5-18 summarizes calibration

exceedances.

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 detection

limits and limits of detection attained were below the specified limits of quantitation (LOQs). All

Contract No. W912DR-15-D-0022 5-16 1/25/2022
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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 data set was 100% complete with no omissions or rejections with respect to analysis. The

information fulfilled the data quality objectives of this investigation.

5.7.6  Sensitivity

Sensitivity was measured by evaluating whether the LOQ was less than remedial goals for
constituents with RGs, and less than the regulatory criteria for those constituents without RGs. All

nominal LOQs were below the regulatory criteria.

Additionally, sensitivity was evaluated by determining whether method blank, trip blank, and
rinsate blank results were less than the LOQs. 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 trip blank was included with each cooler for samples to be analyzed for VOCs and dissolved

gases (methane, ethane and ethene).
One rinsate blank was analyzed for each sample date.

Table 5-19 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.

Reporting Limits

Nominal reporting limits, before adjustments for dilutions, were below the regulatory criteria noted

in the project QAPP.
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5.7.7 Data Usability Summary

In summary, all data was considered usable with the qualifications discussed above. The
completeness goals for the project were met. The data was considered of good quality for the
project goals and no J-flagged results affected the overall conclusions as to whether MNA is

occurring.

Low MS/MSD (Table 5-16) and PDS % recoveries indicate that the associated results may be

biased low for the associated samples.

The RPD for laboratory duplicate and field duplicate exceedance indicate that the associated

results were estimated or non-detected estimated for the associated samples.

This Data Quality Assessment was prepared by Validata Chemical Services, Inc. (Validata).
Validata has provided data validation services since 1990 with completion of over
350 environmental chemistry data validation contracts for all business sectors including
35 USACE and 252 additional DoD contracts. Validata has been audited by the USEPA Quality
Assurance Section and the US Navy Environmental Project Management Group and was approved
as a data validation service by both agencies. Data validation reports are presented in

Appendix B-1.
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Table 5-2 SWMU 49 Detected Analytes In Seventeenth Quarter Groundwater Samples
48TW3
Sample ID 48MW06 48MW1 48MW2 48MW3 (Field Duplicate of 48MW3) 49MWO01
Date Collected 10/15/2019 10/16/2019 10/16/2019 10/16/2019 10/16/2019 10/16/2019
Remedial

Analyte Units | Goals ¥ | Result | Lab Q (ValQ| LOQ |LOD |Result [LabQ | ValQ | LOQ | LOD | Result |LabQ | ValQ | LOQ | LOD | Result |Lab Q| ValQ | LOQ | LOD | Result | Lab Q |Val Q| LOQ | LOD |Result | Lab Q |Val Q| LOQ | LOD
VOCs
1,1,1-Trichloroethane | pg/L | NA 0.43 J 0.2 0.1 | 06 U J 02 | 0.1 0.6 U 02 | 0.1 0.6 U 02 | 0.1 | 06 U 02 | 0.1 0.6 U ur | 02 | o1
1,1-Dichloroethane ng/L | NA 33 0.2 0.1 | 0.76 J J 02 | 0.1 0.6 U 02 | o.1 0.6 U 02 [ 01| 06 U 02 | 0.1 0.6 U uJ | 02 | o1
Acetone pg/L | NA 10 U (S]] 0.2 0.1 10 U ur | 02| o1 10 U ur | 02| ol 10 U (S]] 02 | 0.1 10 U 02 | 0.1 10 U ur | 02 | o1
Bromoform ng/L | NA 1 U 0.2 0.1 1 U 02 | 0.1 1 U 02 | o.1 1 U 02 | 0.1 1 U 02 | 0.1 1 U 02 | 0.1
Bromomethane ng/L | NA 2 U uJ 0.2 0.1 2 U Ul | 02 | o1 2 U uJ | 02 | 0.1 2 U uJ 02 | 0.1 2 U 02 | 0.1 2 U uJ | 02 | o1
Carbon tetrachloride ng/L 5 0.6 U 0.2 0.1 | 06 U Ul | 02 | o1 63 02 | o.1 88 02 |01 | 91 02 | 0.1 3.5 J 02 | 0.1
Chloroform pg/L | NA 0.6 U 0.2 0.1 | 06 U ur | 02| o1 6.1 02 | 0.1 12 02 | 0.1 12 02 | 01 | 044 J ur | 02 | o1
cis-1,2-Dichloroethene | ug/L | NA 5.7 0.2 0.1 | 0.55 J J 02 | 0.1 0.6 U 02 | 0.1 0.6 U 02 [ 01| 06 U 02 | 0.1 0.6 U uJ | 02 | o1
Dibromochloromethane | ug/L | NA 0.6 U 0.2 0.1 | 06 U 02 | 0.1 0.6 U 02 | o.1 0.6 U 02 [ 01| 06 U 02 | 0.1 0.6 U 02 | 0.1
Ethylbenzene pg/L | NA 0.6 U 0.2 0.1 | 06 U 02 | 0.1 0.6 U 02 | 0.1 0.6 U 02 | 0.1 | 06 U 02 | 0.1 0.6 U 02 | 0.1
m & p-Xylene ng/L | NA 12 U 0.2 0.1 | 12 U 02 | 0.1 1.2 U 02 | o.1 1.2 U 02 [ 01| 12 U 02 | 0.1 12 U 02 | 0.1
o0-Xylene pg/L | NA 0.6 U 0.2 0.1 | 06 U 02 | 0.1 0.6 U 02 | 0.1 0.6 U 02 | 0.1 | 06 U 02 | 0.1 0.6 U 02 | 0.1
Tetrachloroethene ng/L | NA 0.6 U 0.2 0.1 | 06 U J 02 | 0.1 0.6 U 02 | o.1 0.6 U 02 [ 01| 06 U 02 | 0.1 0.6 U uJ | 02 | o1
Trichloroethene ng/L 5 3.1 0.2 01 | 1.7 J 02 | 0.1 6.5 02 | 0.1 15 02 | 01| 15 02 | 0.1 0.6 U ur | 02 | o1
\Miscellaneous
Ethane ng/L | NA 0.7 U 0.2 0.1 | 07 U 02 | 0.1 0.7 U 02 | o.1 0.7 U 02 |01 | 07 U 02 | 0.1 0.7 U 02 | 0.1
Ethene pg/L | NA 1 U 0.2 0.1 1 U 02 | 0.1 1 U 02 | 0.1 1 U 02 | 0.1 1 U 02 | 0.1 1 U 02 | 0.1
Methane ng/L | NA 0.6 U 0.2 0.1 | 06 U 02 | 0.1 0.6 U 02 | o.1 0.6 U 02 [ 01| 06 U 02 | 0.1 0.6 U 02 | 0.1
Chloride mg/L | NA 3.6 Y 0.2 0.1 | 35 J 02 | 0.1 2.1 J 02 | 0.1 2.4 J 02 | 01 | 27 J J 02 o1 5.7 J 02 | 0.1
Nitrate (as N) mg/L | NA 0.2 J 0.2 0.1 | 1.3 J 02 | 01 | 078 02 | o.1 5.8 02 |01 | 58 02 | 01 | 034 J J 02 | 0.1
Sulfate mg/L | NA 46 M 0.2 0.1 | 45 M J 02 | 0.1 6.2 02 | o.1 27 02 | 01 | 27 J 02| 01 | 09 J Uy | 02 | o1
Total Organic Carbon | mg/L | NA 1.5 U 0.2 01 | 15 U 02 | 01 | 093 J 02 | 0.1 1.5 U U 02 | 01| 15 U U | 02 ] o1 0.6 J 02 | 0.1
MNA
Dissolved Fe?* ImgL| NA | 022 | | | | | 0.00 | | | | 011 | | | | 0.00 | | | | 0.00 | | | 015 |

Notes:

(1 Remedial Goals developed in Draft SWMU 48/49 RFI Report (CB&I, 2014a).

Exceedances denoted by bold font.
ug/L = micrograms per liter (parts per billion)

Fe?" = dissolved ferrous iron
MDL = Method Detection Limit

mg/L = milligrams per liter (parts per million)

MNA = monitored natural attenuation

NA = not applicable; remedial goal not established for analyte at SWMU 49

RL = Reporting Limit
SWMU = Solid Waste Management Unit
VOC = volatile organic compound

Contract No. W912DR-15-D-0022
Delivery Order W912DR18F0492

Lab Q = Lab Data Qualifiers
Val Q = Validation Data Qualifiers

J = Estimated value.
H = The sample or analyte was analyzed and reported past the hold time.
M = Matrix Spike (MS) and/or Matrix Spike Duplicate (MSD) recovery outside acceptance limits.
U = Analyte concentration was not above the detection level.
Y = A Relative Percent Difference (RPD) exceedance between a Laboratory Control Sample (LCS)and a Laboratory Control Sample Duplicate (LCSD), between an MS and an MSD, or between a parent sample
and a duplicate sample.
Z = continuing calibration verification (CCV) or initial calibration verification (ICV) failure for the associated analyte.
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Table 5-2 SWMU 49 Detected Analytes In Seventeenth Quarter Groundwater Samples (Continued)
13TW3
Sample ID 49MWO02 50MW02 13MW2 13MW3 (Field Duplicate of 13MW3) 13MW4 49MW04
Date Collected 10/16/2019 10/16/2019 10/15/2019 10/15/2019 10/15/2019 10/15/2019 10/15/2019
Remedial Lab | Val Lab |Val Lab | Val Lab | Val Lab | Val Lab |Val Lab | Val

Analyte Units | Goals® |Result| Q | Q |LOQ |LOD|Result| Q | Q |LOQ |LOD|Result| Q | Q |LOQ|LOD | Result | Q | Q |[LOQ|LOD| Result | Q | Q | LOQ | LOD [Result| Q [ Q | LOQ |LOD| Result | Q | Q [LOQ | LOD
VOCs
1,1,1-Trichloroethane | pg/L | NA 06 | U 02 01| 06 | U 02 (01| 06 | U 02 01| 06 |U 02 01| 06 |U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
1,1-Dichloroethane ngL | NA 06 | U 02 |01| 06 | U 02 (01| 06 | U 02 01| 06 | U 02 01| 06 | U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
Acetone ngL | NA 100 | U |urfo2]o01| 10 | U |uJ|o2]01| 10 | U|UI|02]o01 10 | U |UI| 0201 100 | U |UuTl| 02 0.1 10 | U |ul|l 02 | 01 10 U 02 | o1
Bromoform ngL | NA 1 U 02 [ 01| 1 U 02 (01| 1 U 02 | 0.1 1 U 02 | 0.1 1 U 0.2 0.1 1 U 02 | 0.1 1 U 02 | 0.1
Bromomethane ngL | NA 2 | Uu|urfo2lo1| 2 U |UI| 02 |01 2 U |Uur| o2 | o1 2 U |UI| 02|01 2 U |[Uur| 02 0.1 2 U |ur| 02 | o1 2 U 02 | 0.1
Carbon tetrachloride | pg/L 5 06 | U 02 |01 | 2 02 (01| 06 | U 02 | 01 | 42 02 | 01 | 42 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | o1
Chloroform ngL | NA 06 | U 02 01| 06 | U|U|o02|01]| 06 |U 02 01 | 051 | 7 |U/|[02]|01] 049 | I 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
cis-1,2-Dichloroethene | ng/L | NA 06 | U 02 01| 06 | U 02 01| 06 | U 02 01| 06 |U 02 01| 06 |U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
Dibromochloromethane| pg/L | NA 06 | U 02 [01| 06 | U 02 (01| 06 | U 02 01| 06 | U 02 01| 06 | U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
Ethylbenzene ngL | NA 06 | U 02 01| 06 | U 02 01| 06 | U 02 01| 06 |U 02 01| 06 |U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
m & p-Xylene ngL | NA 12 | U 02 |01| 12 | U 02 (01| 12 | U 02 | 0.1 12 | U 02 | 0.1 12 | U 0.2 0.1 12 | U 02 | 0.1 1.2 U 02 | 0.1
0-Xylene ngL | NA 06 | U 02 |01| 06 | U 02 (01| 06 | U 02 01| 06 | U 02 01| 06 | U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
Tetrachloroethene ngL | NA 06 | U 02 01| 06 | U 02 01| 06 | U 02 01| 06 |U 02 01| 06 |U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | o1
Trichloroethene ng/L 5 06 | U 02 [ 01| 17 02 (01| 06 | U 02 | 01 | 064 | I 02 | 01 | 063 | I 0.2 01 | 072 | 1] 02 | 0.1 0.6 U 02 | 0.1
\Miscellaneous
Ethane ngL | NA 07 | U 02 01| 07 | U 02 (01| 07 | U 02 (01| 07 | U j07[02]01] 07 |U 0.2 0.1 07 | U 02 | 0.1 0.7 U 02 | 0.1
Ethene ngL | NA 1 8] 02 |01 1 8] 02 |01 ]| 1 U 02 | 0.1 1 Ul 1]02]01 1 8] 0.2 0.1 1 U 02 | 0.1 1 U 02 | 0.1
Methane ngL | NA 1.5 02 01| 06 | U 02 01| 06 | U 02 01| 06 | U 06| 02]|01] 06 | U 0.2 0.1 06 | U 02 | 0.1 0.6 U 02 | 0.1
Chloride mgL| NA 19 | 1 02 [ 01| 66 02 (01| 36 | Y 02 | 01 | 3.6 36| 02| 01 | 36 0.2 0.1 3.6 02 | 0.1 6.3 02 | 0.1
Nitrate (as N) mgL| NA | 026 | J 02 |01 1.9 02 01| 02 | J 02 | 0.1 1.6 16| 02 | 0.1 1.6 0.2 01 | 015 | J 02 | 01 | 065 02 | 0.1
Sulfate mgL| NA 32 02 01| 61 02 (01| 46 | M 02 | 0.1 99 99 | 02 | 0.1 99 0.2 0.1 63 02 | 0.1 51 02 | 0.1
Total Organic Carbon |mg/L| NA 15 | U 02 01| 15 | U 02 (01| 15 | U 02 | 0.1 15 | U |[15] 02| 01 15 | U 0.2 0.1 15 | U 02 | 0.1 1.5 U 02 | o1
MNA
Dissolved Fe?* ImgL| NA [oo0 | | | | Joas | | | | Jooo | [ ] | 008 | 008 | | | | 000 | | | | 0.00 | |

Notes:

(1 Remedial Goals developed in Draft SWMU 48/49 RFI Report (CB&I, 2014a).

Exceedances denoted by bold font.
pg/L = micrograms per liter (parts per billion)
Fe?* = dissolved ferrous iron

MDL = Method Detection Limit
mg/L = milligrams per liter (parts per million)
MNA = monitored natural attenuation
NA = not applicable; remedial goal not established for analyte at SWMU 49

RL = Reporting Limit

SWMU = Solid Waste Management Unit
VOC = volatile organic compound

Contract No. W912DR-15-D-0022
Delivery Order W912DR18F0492
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Lab Q = Lab Data Qualifiers

Val Q = Validation Data Qualifiers
J = Estimated value.
H = The sample or analyte was analyzed and reported past the hold time.
M = Matrix Spike (MS) and/or Matrix Spike Duplicate (MSD) recovery outside acceptance limits.
U = Analyte concentration was not above the detection level.
Y = A Relative Percent Difference (RPD) exceedance between a Laboratory Control Sample (LCS)and a Laboratory Control Sample Duplicate (LCSD), between an MS and an MSD, or between a parent sample

and a duplicate sample.

Z = continuing calibration verification (CCV) or initial calibration verification (ICV) failure for the associated analyte.
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Table 5-3 SWMU 49 Summary of Detected Constituents in Eighteenth Quarter Groundwater Samples
Analyte Units | RG Exi:efdlzl?ces Detic(gons Sarfn;?lfes(‘) C(i\lll[;::llil:lrl:tlilon C(I)\::::tl:‘::lilon Location of Maximum
VOCs
1,1,1-Trichloroethane pg/L | NA NA 1 17 ND 0.32 48MW1
1,1-Dichloroethane pg/L | NA NA 2 17 ND 1.3 48MWO06
Acetone pug/L | NA NA 0 17 ND ND NA
Bromoform pg/L | NA NA 0 17 ND ND NA
Bromomethane pg/L | NA NA 0 17 ND ND NA
Carbon tetrachloride pg/L 5 3 8 17 ND 34.0 48MW3
Chloroform pg/L | NA NA 6 17 ND 7.3 48MW3
cis-1,2-Dichloroethene pg/L | NA NA 2 17 ND 23 48MWO06
Dibromochloromethane | pg/L | NA NA 0 17 ND ND NA
Ethylbenzene pg/L | NA NA 0 17 ND ND NA
m- & p-Xylene pg/L | NA NA 0 17 ND ND NA
0-Xylene pg/L | NA NA 0 17 ND ND NA
Tetrachloroethene pg/L | NA NA 0 17 ND ND NA
Trichloroethene pg/L 5 1 8 17 ND 15 48MW3
Miscellaneous
Chloride mg/L | NA NA 17 17 1.2 9.6 48MW06
Ethane pg/L | NA NA 0 17 ND ND NA
Ethene pg/L | NA NA 0 17 ND ND NA
Methane pg/L | NA NA 2 17 ND 1.3 48MW2
Nitrate (as N) mg/L | NA NA 17 17 0.29 6.2 48TM3 (field duplicate of 48MW3)
Sulfate mg/L | NA NA 17 17 0.88 110 13MW3 (and field duplicate 13TM3)
Total Organic Carbon mg/L | NA NA 1 17 ND 0.88 48MWO06

Notes:

(M Includes one duplicate sample

ug/L = micrograms per liter
mg/L = milligrams per liter

Contract No. W912DR-15-D-0022

Delivery Order W912DR18F0492
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NA =not applicable
ND = non-detect
RG = Remedial Goal

SWMU = Solid Waste Management Unit
VOC = volatile organic compound
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Table 5-4 SWMU 49 Detected Analytes in Eighteenth Quarter Groundwater Samples (Continued)
48TW3
Sample ID 48MW2 48MW3 (Field Duplicate of 48MW3) 49MWO1 49MW02 50MW02
Date Collected 1/30/20 1/30/20 1/30/20 1/30/20 1/29/20 1/30/20
Remedial Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val
Analyte Units | Goals ® | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD
VOCs
1,1,1-Trichloroethane ng/L NA 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096
1,1-Dichloroethane pg/L NA 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
Acetone ng/L NA 10 U 0.19 | 0.096 | 10 U 0.19 | 0.096 | 10 U 0.19 | 0.096 | 10 U 0.19 | 0.096 | 10 U 0.19 | 0.096 | 10 U 0.19 | 0.096
Bromoform ng/L NA 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096
Bromomethane ng/L NA 2 U | UJ | 019 |0.09 2 U | Ul | 0.19 |0.09 2 U | UI | 019 |0.09 2 U | Ul | 019 |0.09 2 U | UI | 019 |0.09 2 U | Ul | 019 |0.09
Carbon tetrachloride ng/L 5 21 0.19 | 0.096 | 78 0.19 | 0.096 | 73 0.19 | 0.09 | 2.5 0.19 | 0.09 | 0.6 U 0.19 [ 0.09 | 1.1 0.19 | 0.096
Chloroform ng/L NA 35 0.19 | 0.096 | 13 U | 019 | 009 | 13 0.19 | 0.096 | 0.38 J U | 019 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
cis-1,2-Dichloroethene ng/L NA 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096
Dibromochloromethane | pg/L NA 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096
Ethylbenzene ng/L NA 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
m & p-Xylene ng/L NA 12 U 0.19 | 0.09 | 12 U 0.19 | 0.09 | 12 U 0.19 | 0.09 | 12 U 0.19 | 0.09 | 12 U 0.19 | 0.09 | 12 U 0.19 | 0.096
0-Xylene pg/L NA 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
Tetrachloroethene ng/L NA 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096
Trichloroethene ng/L 5 2.6 0.19 | 0.096 | 15 0.19 | 0.096 | 14 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 1.3 0.19 | 0.096
Miscellaneous
Ethane ng/L NA 0.7 U 0.19 | 0.09 | 0.7 U 0.19 | 0.09 | 0.7 U 0.19 | 0.096 | 0.7 U 0.19 | 0.09 | 0.7 u 0.19 | 0.096 | 0.7 U 0.19 | 0.096
Ethene ng/L NA 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096
Methane ng/L NA 1.3 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.09 | 0.6 U 0.19 | 0.096 | 0.88 0.19 | 0.09 | 0.6 U 0.19 | 0.096
Chloride mg/L NA 1.9 J 0.19 | 0.096 | 1.7 J 0.19 | 0.09 | 2.6 J 0.19 | 0.096 | 5.4 0.19 | 0.096 | 1.7 J 0.19 | 0.096 | 9.5 0.19 | 0.096
Nitrate (as N) mg/L NA 0.75 0.19 | 0.096 | 0.71 0.19 | 0.096 | 62 0.19 | 0.096 | 037 J 0.19 | 0.096 | 0.29 J 0.19 | 0.096 2 0.19 | 0.096
Sulfate mg/L NA 4 0.19 | 0.09 | 3.7 0.19 | 0.096 | 28 J | 0.19 | 0.096 | 0.88 J 0.19 | 0.09 | 17 0.19 | 0.096 | 68 0.19 | 0.096
Total Organic Carbon | mg/L NA 1.5 U 0.19 | 0.096 | 1.5 U 0.19 | 0.096 | 1.5 U 0.19 | 0.096 | 1.5 U 0.19 | 0.096 | 1.5 U 0.19 | 0.096 | 1.5 U 0.19 | 0.096
MNA
Dissolved Fe?* |mgL | ~Na | 034 | | | | 004 | | | | 0.03 | | | 030 | | | 000 | | | | 017 | |

Notes:

() Remedial Goals developed in Draft SWMU 48/49 RFI Report (CB&I, 2014a).
@ Groundwater well sampled annually in January.

Exceedances denoted by bold font.

ng/L = micrograms per liter (parts per billion)

Fe?* = dissolved ferrous iron

MDL = Method Detection Limit

mg/L = milligrams per liter (parts per million)

MNA = monitored natural attenuation

NA = not applicable; remedial goal not established for analyte at SWMU 49
RL = Reporting Limit

SWMU = Solid Waste Management Unit

VOC = volatile organic compound

Lab Q = Lab Data Qualifiers

Val Q = Validation Data Qualifiers

H = The sample or analyte was analyzed and reported past the hold time.

J = Estimated value.

M = Matrix Spike (MS) and/or Matrix Spike Duplicate (MSD) recovery outside acceptance limits.

Q =LCS outside acceptable limits.

U = Analyte concentration was not above the detection level.

Y = A Relative Percent Difference (RPD) exceedance between a Laboratory Control Sample (LCS)and a Laboratory Control Sample Duplicate (LCSD), between an MS and an MSD, or between a parent sample
and a duplicate sample.

Z = continuing calibration verification (CCV) or initial calibration verification (ICV) failure for the associated analyte.
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report

Radford Army Ammunition Plant
Radford, Virginia

Table 5-4 SWMU 49 Detected Analytes in Eighteenth Quarter Groundwater Samples (Continued)
13TW3
Sample ID 13MW2 13MW3 (Field Duplicate of 13MW3) 13MW4 49MW04
Date Collected 1/29/20 1/28/20 1/28/20 1/28/20 1/28/20
Remedial Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val
Analyte Units Goals @ Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD
VOCs
1,1,1-Trichloroethane ug/L NA 0.6 U 0.19 | 0.096 0.6 U 0.6 U 0.6 U 1 0.29 0.6 U 1 0.29 0.6 U 1 0.29
1,1-Dichloroethane ug/L NA 0.6 U 0.19 | 0.096 0.6 U 0.6 U 0.6 U 1 0.3 0.6 U 1 0.3 0.6 U 1 0.3
Acetone ug/L NA 10 U 0.19 | 0.096 10 U 10 U 10 U 20 4 10 U 20 4 10 U 20 4
Bromoform ng/L NA 1 U 0.19 | 0.096 1 U 1 U 1 U 2 0.4 1 U 2 0.4 1 U 2 0.4
Bromomethane ng/L NA 2 U uJ 0.19 | 0.096 2 U 2 U 2 U uJ 4 0.9 2 U uJ 4 0.9 2 U 4 0.9
Carbon tetrachloride ug/L 5 0.6 U 0.19 | 0.096 4.6 4.6 4.6 1 0.3 0.6 U 1 0.3 0.6 J 1 0.3
Chloroform ug/L NA 0.6 U 0.19 | 0.096 0.41 J 0.41 J 0.38 J 1 0.3 0.6 U 1 0.3 0.6 U 1 0.3
cis-1,2-Dichloroethene ug/L NA 0.6 U 0.19 | 0.096 0.6 U 0.6 U 0.6 U 1 0.3 0.6 U 1 0.3 0.6 U 1 0.3
Dibromochloromethane | pg/L NA 0.6 U 0.19 | 0.096 0.6 U 0.6 U 0.6 U 1 0.3 0.6 U 1 0.3 0.6 U 1 0.3
Ethylbenzene ng/L NA 0.6 U 0.19 | 0.096 0.6 U 0.6 U 0.6 U 1 0.3 0.6 U 1 0.3 0.6 U 1 0.3
m & p-Xylene ug/L NA 1.2 U 0.19 | 0.096 1.2 U 1.2 U 1.2 U 2 0.7 1.2 U 2 0.7 1.2 U 2 0.7
o-Xylene ug/L NA 0.6 U 0.19 | 0.096 0.6 U 0.6 U 0.6 U 1 0.26 0.6 U 1 0.26 0.6 U 1 0.26
Tetrachloroethene ug/L NA 0.6 U 0.19 | 0.096 0.6 U 0.6 U 0.6 U 1 0.27 0.6 U 1 0.27 0.6 U 1 0.27
Trichloroethene ug/L 5 0.6 U 0.19 | 0.096 0.79 J 0.79 J 0.72 J 1 0.3 0.83 J 1 0.3 0.6 U 1 0.3
Miscellaneous
Ethane ng/L NA 0.7 U 0.19 | 0.096 0.7 U 0.8 0.4 0.8 0.4 0.8 0.4 0.7 U 0.8 0.4 0.7 U 0.8 0.4
Ethene ug/L NA 1 U 0.19 | 0.096 1 U 1.1 0.5 1.1 0.5 1.1 0.5 1 U 1.1 0.5 1 U 1.1 0.5
Methane ng/L NA 0.6 U 0.19 | 0.096 0.6 U 0.7 0.3 0.7 0.3 0.7 0.3 0.6 U 0.7 0.3 0.6 U 0.7 0.3
Chloride mg/L NA 35 0.19 | 0.096 4.7 3 1 3 1 3 1 5.5 3 1 6 3 1
Nitrate (as N) mg/L NA 0.65 0.19 | 0.096 1.9 0.4 0.12 0.4 0.12 0.4 0.12 0.78 0.4 0.12 0.46 0.4 0.12
Sulfate mg/L NA 54 M 0.19 | 0.096 110 15 4 15 4 15 4 29 3 0.8 55 3 0.8
Total Organic Carbon mg/L NA 1.5 U 0.19 | 0.096 1.5 U 3 0.5 3 0.5 3 0.5 1.5 U 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe?* |mgL | NA 0.00 | | | 0.00 | | 0.00 | | | 005 | ] 0.00 | | |

Notes:

() Remedial Goals developed in Draft SWMU 48/49 RFI Report (CB&I, 2014a).
@ Groundwater well sampled annually in January.

Exceedances denoted by bold font.

pg/L = micrograms per liter (parts per billion)

Fe?" = dissolved ferrous iron

MDL = Method Detection Limit

mg/L = milligrams per liter (parts per million)

MNA = monitored natural attenuation

NA = not applicable; remedial goal not established for analyte at SWMU 49
RL = Reporting Limit

SWMU = Solid Waste Management Unit

VOC = volatile organic compound

Lab Q = Lab Data Qualifiers

Val Q = Validation Data Qualifiers

H = The sample or analyte was analyzed and reported past the hold time.

J = Estimated value.

M = Matrix Spike (MS) and/or Matrix Spike Duplicate (MSD) recovery outside acceptance limits.

Q =LCS outside acceptable limits.

U = Analyte concentration was not above the detection level.

Y = A Relative Percent Difference (RPD) exceedance between a Laboratory Control Sample (LCS)and a Laboratory Control Sample Duplicate (LCSD), between an MS and an MSD, or between a parent sample
and a duplicate sample.

Z = continuing calibration verification (CCV) or initial calibration verification (ICV) failure for the associated analyte.
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report

Radford Army Ammunition Plant
Radford, Virginia

Table 5-5 SWMU 49 Summary of Detected Constituents in Nineteenth Quarter Groundwater Samples
Analyte Units RG Exﬁe::efdl;(];ces # of Detections | # of Samples" C(Zl[izill:;'l:trilon C(I)\;[::lilltr::zlon Location of Maximum

VOCs
1,1,1-Trichloroethane ng/L NA NA 1 13 ND 0.84 48MWO06
1,1-Dichloroethane ng/L NA NA 3 13 0.35 5.2 48MWO06
Acetone pg/L NA NA 0 13 ND ND NA
Bromoform pg/L NA NA 0 13 ND ND NA
Bromomethane pg/L NA NA 0 13 ND ND NA
Carbon tetrachloride ng/L 5 3 9 13 0.33 64.0 13MW2
Chloroform ng/L NA NA 6 13 0.32 12.0 48MW3 (and field duplicate 48TM3)
cis-1,2-Dichloroethene pg/L NA NA 3 13 0.5 8.3 48MW06
Dibromochloromethane | pg/L NA NA 0 13 ND ND NA
Ethylbenzene ug’l | NA NA 0 13 ND ND NA
m- & p-Xylene pg/L NA NA 0 13 ND ND NA
0-Xylene pg/L NA NA 0 13 ND ND NA
Tetrachloroethene pg/L NA NA 1 13 ND 0.82 48MWO06
Trichloroethene ng/L 5 3 8 13 0.66 12.0 48MW?3 (and field duplicate 48TM3)
\Miscellaneous
Chloride mg/L NA NA 12 13 1.7 8.4 48MWO06
Ethane ng/L NA NA 13 ND ND NA
Ethene ng/L NA NA 13 ND ND NA
Methane pg/L NA NA 1 13 ND 2.6 50MW02
Nitrate (as N) mg/L NA NA 12 13 0.13 5.1 48MWO06
Sulfate mg/L NA NA 12 1.1 4.4 190.0 48MWO06
Total Organic Carbon mg/L NA NA 9 13 0.59 6.3 49MW04

Notes:

(M Includes one duplicate sample

pg/L = micrograms per liter
mg/L = milligrams per liter
NA =not applicable
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report
Radford Army Ammunition Plant
Radford, Virginia

Table 5-6 SWMU 49 Detected Analytes in Nineteenth Quarter Groundwater Samples
48TW3
Sample ID 48MW06 48MW1 48MW2 48MW3 (Field Duplicate of 48MW3) 49MWO01
Date Collected 4/29/2020 4/29/2020 4/29/2020 4/30/2020 4/20/2020 4/29/2020
Remedial Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val

Analyte Units | Goals ® | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD | Result Q Q LOQ | LOD
VOCs
1,1,1-Trichloroethane ng/L NA 0.84 J 0.19 | 0.096 0.6 U 0.19 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
1,1-Dichloroethane ng/L NA 5.2 0.19 | 0.096 | 0.79 J 0.19 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Acetone ng/L NA 10 U uJ 0.19 | 0.096 10 U uJ 0.19 0.096 10 U 0.19 | 0.096 10 U 0.19 | 0.096 10 U 0.19 | 0.096 10 U 0.19 | 0.096
Bromoform ng/L NA 1 U 0.19 | 0.096 1 U 0.19 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096
Bromomethane ng/L NA 2 U uJ 0.19 | 0.096 2 U uJ 0.19 0.096 2 U 0.19 | 0.096 2 U 0.19 | 0.096 2 U 0.19 | 0.096 2 U 0.19 | 0.096
Carbon tetrachloride ng/L 5 0.6 U 0.19 | 0.096 0.6 U 0.19 0.096 33 0.19 | 0.096 64 0.19 | 0.096 63 0.19 | 0.096 3.1 0.19 | 0.096
Chloroform ng/L NA 0.6 U 0.19 | 0.096 0.6 U U 0.19 0.096 3.6 0.19 | 0.096 12 0.19 | 0.096 12 0.19 | 0.096 | 0.39 J 0.19 | 0.096
cis-1,2-Dichloroethene ug/L NA 8.3 0.19 | 0.096 | 0.58 J 0.19 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Dibromochloromethane | pg/L NA 0.6 U 0.19 | 0.096 0.6 U 0.19 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Ethylbenzene ng/L NA 0.6 U 0.19 | 0.096 0.6 U 0.19 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
m & p-Xylene ng/L NA 1.2 U 0.19 | 0.096 1.2 U 0.19 0.096 1.2 U 0.19 | 0.096 1.2 U 0.19 | 0.096 1.2 U 0.19 | 0.096 1.2 U 0.19 | 0.096
0-Xylene ng/L NA 0.6 U 0.19 | 0.096 0.6 U 0.19 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Tetrachloroethene ng/L NA 0.82 J 0.19 | 0.096 0.6 U 0.19 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Trichloroethene ng/L 5 5.4 0.19 | 0.096 1.5 0.19 0.096 2.9 0.19 | 0.096 12 0.19 | 0.096 12 0.19 | 0.096 0.6 U 0.19 | 0.096
Miscellaneous
Ethane ng/L NA 0.7 U 0.19 | 0.096 0.7 U 0.19 0.096 0.7 U 0.8 0.4 0.7 U 0.8 0.4 0.7 U 0.8 0.4 0.7 U 0.8 0.4
Ethene ng/L NA 1 U 0.19 | 0.096 1 U 0.19 0.096 1 U 1.1 0.5 1 U 1.1 0.5 1 U 1.1 0.5 1 U 1.1 0.5
Methane ug/L NA 0.73 0.19 | 0.096 0.6 U 0.19 0.096 1.1 0.7 0.3 0.6 U 0.7 0.3 0.6 U 0.7 0.3 0.6 U 0.7 0.3
Chloride mg/L NA 8.4 0.19 | 0.096 3.5 0.19 0.096 2.3 J 3 1 2.7 J 3 1 2.6 J 3 1 5.5 3 1
Nitrate (as N) mg/L NA 5.1 0.19 | 0.096 1.7 0.19 0.096 0.93 0.4 0.12 6.2 0.4 0.12 6.2 0.4 0.12 0.38 J 0.4 0.12
Sulfate mg/L NA 190 0.19 | 0.096 47 0.19 0.096 6.1 3 0.8 29 3 0.8 28 3 0.8 1.1 J 3 0.8
Total Organic Carbon mg/L NA 1.3 J U 0.19 | 0.096 1.5 U U 0.19 0.096 0.62 J 3 0.5 1.5 U 3 0.5 1.5 U 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe?* mg | ~Na | 019 | | | | | 000 | ] | 028 | | | | | 000 | | | | 000 | | | | | 018 | | |

Notes:

() Remedial Goals developed in Draft SWMU 48/49 RFI Report (CB&I, 2014a). Lab Q = Lab Data Qualifiers

Exceedances denoted by bold font. Val Q = Validation Data Qualifiers

pg/L = micrograms per liter (parts per billion) J = Estimated value.

ID = identification M = Matrix Spike and/or Matrix Spike Duplicate recovery outside acceptance limits.

MDL = Method Detection Limit U = Analyte concentration was not above the detection level.

mg/L = milligrams per liter (parts per million) Z = Calibration criteria exceeded.

NA = not applicable; remedial goal not established for analyte at SWMU 49

ND = non-detect

RL = Reporting Limit

SWMU = Solid Waste Management Unit

VOC = volatile organic compound
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report
Radford Army Ammunition Plant
Radford, Virginia

Table 5-6  SWMU 49 Detected Analytes in Nineteenth Quarter Groundwater Samples (Continued)
13TW3
Sample ID 49MW02 50MW02 13MW2 13MW3 (Field Duplicate of 13MW3) 13MW4 49MW04
Date Collected 4/30/2020 4/30/2020 4/27/2020 4/27/2020 4/27/2020 4/27/2020 4/27/2020
Remedial Lab | Val Lab |Val Lab | Val Lab | Val Lab | Val Lab | Val Lab | Val

Analyte Units | Goals® |Result | Q | Q |[LOQ[LOD | Result | Q | Q |[LOQ [LOD | Result | Q | Q [LOQ |LOD | Result | Q | Q [LOQ |LOD |Result| Q | Q [LOQ| LOD | Result | Q | Q |[LOQ | LOD [Result| Q | Q [LOQ| LOD
VOCs
1,1,1-Trichloroethane png/L NA 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 |0.096 0.6 U 0.19 10.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
1,1-Dichloroethane pg/L NA 0.6 U 0.19]0.096 | 0.35 J 0.19 [0.096| 0.6 U 0.19 |0.096| 0.6 U 0.19 [0.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
|Acetone png/L NA 10 U | UJ |0.19]0.096 10 U |UJ| 0.19 |0.096 10 U | UJ | 0.19 {0.096 10 U | UJ | 0.19 [0.096 10 U | UJ | 0.19 | 0.096 10 U | UJ | 0.19 | 0.096 10 U 0.19 | 0.096
Bromoform pg/L NA 1 U 0.19 ] 0.096 1 U 0.19 |0.096 1 U 0.19 |0.096 1 U 0.19 |0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096
Bromomethane ng/L NA 2 U | UJ |0.19]0.096 2 U |UJ| 0.19 |0.096 2 U | UJ | 0.19 |0.096 2 U | UJ | 0.19 |0.096 2 U | UT|0.19 | 0.096 2 U | UJ | 0.19 | 0.096 2 U 0.19 | 0.096
ICarbon tetrachloride png/L 5 0.6 U 0.1910.096 | 0.68 J 0.19 10.096| 0.33 J 0.19 |0.096 3.5 0.19 |0.096| 4.4 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Chloroform pg/L NA 0.6 U 0.1910.096| 0.6 U | U 0.19 [0.096| 0.6 U 0.19 10.096| 0.37 J U | 0.19 |0.096| 0.43 J 0.19 | 0.096 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
cis-1,2-Dichloroethene | pg/L NA 0.6 U 0.19 | 0.096 0.5 J 0.19 | 0.096 0.6 U 0.19 |0.096 0.6 U 0.19 10.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Dibromochloromethane | pg/L NA 0.6 U 0.1910.096| 0.6 U 0.19 [0.096| 0.6 U 0.19 |0.096| 0.6 U 0.19 [0.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
[Ethylbenzene png/L NA 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 |0.096 0.6 U 0.19 10.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
m & p-Xylene pg/L NA 1.2 U 0.1910.096| 1.2 U 0.19 |0.096 1.2 U 0.19 |0.096| 1.2 U 0.19 [0.096| 1.2 U 0.19 | 0.096 1.2 U 0.19 | 0.096 | 1.2 U 0.19 | 0.096
0-Xylene pg/L NA 0.6 U 0.1910.096| 0.6 U 0.19 [0.096| 0.6 U 0.19 |0.096| 0.6 U 0.19 [0.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 | 0.6 U 0.19 | 0.096
Tetrachloroethene png/L NA 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 |0.096 0.6 U 0.19 10.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Trichloroethene pg/L 5 0.6 U 0.19]0.096| 1.4 0.19 [0.096| 0.6 U 0.19 10.096| 0.66 J 0.19 [0.096| 0.85 J 0.19 | 0.096 0.72 J 0.19 | 0.096 | 0.6 U 0.19 | 0.096
\Miscellaneous
Ethane pg/L NA 0.7 U 0.1910.096 | 0.7 U 0.19 [0.096| 0.7 U 0.19 |0.096| 0.7 U 0.19 [0.096| 0.7 U 0.19 | 0.096 0.7 U 0.19 | 0.096 | 0.7 U 0.19 | 0.096
[Ethene png/L NA 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 |0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096 1 U 0.19 | 0.096
Methane png/L NA 0.37 J 0.19 | 0.096 2.6 0.19 | 0.096 0.6 U 0.19 |0.096 0.6 U 0.19 10.096| 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096 0.6 U 0.19 | 0.096
Chloride mg/L NA 1.7 J 0.1910.096| 7.9 0.19 [0.096| 4.4 0.19 |0.096| 3.6 0.19 [0.096| 4.5 0.19 | 0.096 3.6 0.19 | 0.096 | 6.2 0.19 | 0.096
Nitrate (as N) mg/L NA 0.31 J 0.19 | 0.096 2.4 0.19 [0.096| 0.26 J 0.19 |0.096 1.6 0.19 10.096| 1.6 0.19 | 0.096 0.15 J 0.19 | 0.096 | 0.44 0.19 | 0.096
Sulfate mg/L NA 17 M 0.19 1 0.096 68 0.19 10.096 39 M 0.19 10.096 99 0.19 10.096 82 0.19 | 0.096 63 0.19 | 0.096 54 0.19 | 0.096
Total Organic Carbon | mg/L NA 1.5 U 0.1910.096 | 0.59 J 0.19 [0.096| 0.71 J 0.19 |0.096| 1.5 U 0.19 [0.096| 2.6 J 0.19 | 0.096 1.5 U 0.19 | 0.096 | 6.3 0.19 | 0.096
IMNA
Dissolved Fe?* |mgL| NA | 0.00 | 0.22 | 0.00 | | | 003 | | | 002 | | | 0.00 | | 000 | |
Notes:
(M Remedial Goals developed in Draft SWMU 48/49 RFI Report (CB&I, 2014a). Lab Q = Lab Data Qualifiers
Exceedances denoted by bold font. Val Q = Validation Data Qualifiers
ng/L = micrograms per liter (parts per billion) J = Estimated value.
ID = identification M = Matrix Spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
MDL = Method Detection Limit U = Analyte concentration was not above the detection level.
mg/L = milligrams per liter (parts per million) Z = Calibration criteria exceeded.
NA = not applicable; remedial goal not established for analyte at SWMU 49
ND = non-detect
RL = Reporting Limit
SWMU = Solid Waste Management Unit
VOC = volatile organic compound
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SWMU 49 Monitored Natural Attenuation Sampling Year Five Report

Radford Army Ammunition Plant
Radford, Virginia

Table 5-7 SWMU 49 Summary of Detected Constituents in Twentieth Quarter Groundwater Samples
# of RG Minimum Maximum

Analyte Units RG Exceedances | # of Detections | # of Samples') | Concentration | Concentration Location of Maximum
VOCs
1,1,1-Trichloroethane pe/L NA NA 2 13 0.33 0.8 48MW06
1,1-Dichloroethane pg/L NA NA 3 13 0.41 4.4 48MW06
Acetone pg/L NA NA 0 13 ND ND NA
Bromoform png/L NA NA 0 13 ND ND NA
Bromomethane pg/L NA NA 0 13 ND ND NA
Carbon tetrachloride pg/L 5 5 9 13 0.96 67 48TM3 (field duplicate of 48MW3)
Chloroform pg/L NA NA 6 13 0.57 15 48MW3
cis-1,2-Dichloroethene | Hg/L NA NA 3 13 0.36 8.4 48MW06
Dibromochloromethane| Hg/L NA NA 0 13 ND ND NA
Ethylbenzene pg/L NA NA 0 13 ND ND NA
m- & p-Xylene png/L NA NA 0 13 ND ND NA
0-Xylene ng/L NA NA 0 13 ND ND NA
Tetrachloroethene pg/L NA NA 1 13 ND 0.82 48MWO06
Trichloroethene pg/L 5 3 9 13 0.98 15 48MW3 and field duplicate of 48MW3
WMiscellaneous
Chloride mg/L NA NA 13 13 4.2 17.0 48MW06
Ethane ng/L NA NA 0 13 ND ND NA
Ethene pg/L NA NA 13 ND ND NA
Methane ng/L NA NA 13 0.3 0.77 49MW02
Nitrate (as N) mg/L NA NA 13 13 0.18 5.4 48MW3
Sulfate mg/L NA NA 12 13 ND 130 48MWO06
Total Organic Carbon | mg/L NA NA 1 13 ND 0.91 13MW2

Notes:

(M Includes one duplicate sample
pg/L = micrograms per liter

mg/L = milligrams per liter
NA =not applicable
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Table 5-9 Summary of Sample and Analyses
Methane | Chloride COD
Sampling Event | Data Packages | Matrix | TCL VOCs | Ethane | Nitrate | Metals® | TOC pH
Ethene | Sulfate
October 2019 148990 GW X X X X X X
January 2020 151102 GW X X X X X X
151051
January 2020 151081 GW X X X X
. 152873
X
April 2020 152962 GW X X X X X
April 2020 152924 GW X X X X
July 2020 155089 GW X X X X X X
155037
July 2020 155089 GW X X X X
Notes:
(@ Ferrous iron was analyzed for groundwater samples while total metals were only analyzed for IDW samples.
COD = chemical oxygen demand
GW = groundwater
ID = identification
IDW = investigation-derived waste
pH = corrosivity/hydrogen ion concentration
TCL = target compound list
TOC = total organic carbon
VOC = volatile organic compound
Table 5-10 Analytical Methods
Analysis Analytes Method
USEPA SW-846 Method
VOCs Numerous 8260C
, Methane | (;gppA SW-846 Method
Dissolved Gases | Ethane 8015/RSK-175
Ethene
, Chloride | {;gEpA SW-846 Method
Anions Nitrate 9056A
Sulfate
USEPA SW-846 Method
Notes:
TOC = total organic carbon
USEPA = U.S. Environmental Protection Agency
VOC = volatile organic compound
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Table 5-11 Data Qualifiers
Qualifier Description
Rejected: The result is rejected due to deficiencies in the analytical system or the inability to meet
R 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
I discrepancies in meeting certain analyte-specific QC criteria.
Estimated: The analyte was positively identified, but the quantitation is an estimate, possibly biased
T+ . . S . . . o
high, due to discrepancies in meeting certain analyte-specific QC criteria.
Estimated: The analyte was positively identified, but the quantitation is an estimate, possibly biased
J- 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.
The analyte was not detected; however, the result is estimated due to discrepancies in
ul meeting certain analyte-specific QC criteria.
Table 5-12 Holding Time Exceedances
Sampling Event Analysis Analytes Result Samples Qualifiers
48MWO06, 13MW?2,
49MWO04, 13MW3,
October 2019 Dissolved All Technical 13TW3, 13MW4, ul
Gasses compounds holding time 49EQB-48MW2, J
48MW3, 48TW3,
49MWO02 and 48MW1
Technical All samples except
October 2019 Anions Nitrate holding time () 49MWO01, 50MWO02 uJ
ocing fme and 48MW?2.
All Technical uJ
January 2020 pH compounds holding time 1) 49MWO02 and 48MW2 ]
13MW3, 13MW4,
13MWS5, 13TW3,
January 2020 Dissolved All Technical 48MWO06, 48MWO07, uJ
y Gasses compounds holding time 49MWO02, J
49MWO03, 49MW04
and 499MWO05
April 2020 No exceedances
July 2020 No exceedances
Notes:

() The holding time for pH analysis is only minutes, therefore, this is expected. The data are still usable for their

intended purpose.

ID = identification
J = estimated

UJ = non-detected estimated
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Table 5-13 Field Duplicate Precision Exceedances

Sampling Event Analyte Flag RPD
(October 2019) No exceedances
(January 2020) No exceedances
(April 2020) L1- Jul >20
P Dichloroethene =
(July 2020) No exceedances

Notes:

> = greater than or equal to
ID = identification

J = estimated

RPD = relative percent difference
UJ = non-detected estimated

Table 5-14 MS/MSD RPD Exceedances
Sampling Event/
Sample ID Analyte Flag | RPD
(October 2019) .
13MW2 Chloride J >10
(January 2020)
A9IDW No exceedances
Bromomethane
(April 2020) 1,2-Dibromo-3-chloropropane ur | >0
13MW2 2-Butanone =
4-Methyl-2-pentanone
(July 2020) Sl'llfate ] >70
13MW2 Nitrate

Notes:

> = greater than or equal to
ID = identification

J = estimated

MS/MSD = matrix spike/matrix spike duplicate

RPD = relative percent difference
UJ = non-detected estimated

Table 5-15 LCS Recovery Exceedances

Sampling Event Analyte Flag Recovery
(October 2019) No exceedances
(January 2020) No exceedances
(April 2020) Bi(’)‘;](?rir(l);?lr;e uJ >50
(July 2020) 1,4-Dioxane uJ >20
Notes:

> = greater than
> = greater than or equal to
ID = identification

Contract No. W912DR-15-D-0022
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Table 5-16 MS/MSD Recovery Exceedances
Sample ID Analyte Recovery | Parent Flag
(October 2019) No exceedances
(January 2020) Aluminum .
49IDW Iron High !
(January 2020) .
49IDW COD High J
Barium
Cadmium
(April 2020) Cfgfjr Low ul
49IDW . J
Magnesium
Manganese
Thallium vanadium
(July 2020) Aluminum .
IDW-48/49 Iron high !
Notes:

COD = chemical oxygen demand

ID = identification

J = estimated

UJ = non-detected estimated

Table 5-17 Serial Dilution

Sample ID Analyte Recovery Parent Flag
(October/November 2019) No exceedances
(January 2020) Hich ]
491IDW fron s
Aluminum
) Calcium
(April 2020) Iron High J
49IDW Magnesium
Manganese
(July 2020) Aluminum High ]
IDW-48/49 Iron
Notes:
ID = identification
J = estimated
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Table 5-18 Calibration Exceedances

Sampling Event | Analysis Analytes Result Samples Qualifiers
October 2019 No exceedances
48MWO07, 13MWS5, 13MW4,
CCV 13MW3, 13TW3, 49MW04,
January 2020 VOCs Bromomethane low 4SMW06, 49MWO5, 13MW2. uJ
49MWO03 and 499MW02
April 2020 No exceedances
. . ICV
July 2020 VOCs | dichlorodifluoromethane Low 13MW2 ul
ICV
July 2020 VOCs bromomethane High 13MW2 Ul
Notes:
CCV = continuing calibration verification UJ = non-detected estimated
ICV = initial calibration verification VOC = volatile organic compound
Table 5-19 Blank Flags
. Samples
Sampling Event | Type of Blank Method Analyte Qualified Flag
October 2019 No exceedances
49EQB-
Rinsate/ 49MWO3
January 2020 Equioment VOCs Chloroform 13MW3 U
quip 13TW3
49MWO01
April 2020 No exceedances
. Bromodichloromethane 13MW3
July 2020 Trip VOCs Chloroform 13TW3 U
Notes:
U = non-detected
VOC = volatile organic compound
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Figure 5-9 SWMU 49 Seventeenth Quarter CT and TCE Concentrations
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Figure 5-10 SWMU 49 Eighteenth Quarter CT and TCE Concentrations
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Figure 5-11 SWMU 49 Nineteenth Quarter CT and TCE Concentrations
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Figure 5-12 SWMU 49 Twentieth Quarter CT and TCE Concentrations
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Figure 5-13 SWMU 49 CT Concentration Trends
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Figure 5-14 SWMU 49 TCE Concentration Trends
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6. MNA EVALUATION OF SWMU 49

This section presents and summarizes the results for the Year Five MNA sampling. Eleven
monitoring wells were sampled in the SWMU 49 study area for four quarters, whereas four wells
were sampled on an annual basis during the Year Five MNA monitoring. Sample results were
evaluated to determine whether MNA is continuing to occur at the site. Consistent with the TCL
VOC results from the sampling event in May 2013 and the baseline sampling conducted in
January 2015, the highest concentrations of CT were observed in wells 48MW2 and 48MW3,
where the center of the plume is located. TCE concentrations detected at 48MW2, where
historically high concentrations had been detected, were below the RG of 5 pg/L in three of the
four quarters, except for the seventeenth quarter. During the Year Four sampling year, all
concentrations of TCE at 48MW2 were below the RG of 5 pg/L. Conversely, TCE concentrations
in 48MW3 were above the RG in all four quarters of Year Five. Further, well 48MWO06 contained
a TCE concentration during the nineteenth quarter of MNA sampling slightly above the RG, and
the remaining quarters were well below the RG. This detection pattern was also noted in Year Four
during the fifteenth quarter. Monitoring well 48MWO06 is located up gradient from 48MW2 and
48MW3.

Based on the Year Five MNA results, the CT and TCE plumes changed only slightly from quarter
to quarter (seasonally) (Figures 5-1 through 5-8). There were modest changes in all four quarters.
In general, the CT and TCE plumes were centered on monitoring wells 48MW3/48MW?2 and
48MWO06/48MW 3, respectively. These trends continued throughout the year. TCE continued the
trend since Year Two and generally remained undetected at monitoring well 13MW2, except for
nineteenth quarter (0.33 pg/L). In all quarterly events during the Year Five MNA monitoring,
detections of CT were found down gradient at well 13MW3 (ranging from 3.5 pg/L to 5.4 pg/L),
which is next to the New River. As has been the recent trend, TCE was detected down gradient at

monitoring wells 13MW3 and 13MW4 (well below the RG).

6.1 FIRST LINE OF EVIDENCE: OCCURRENCE OF CONTAMINANTS

The first line of evidence consists of evaluating contaminant and daughter product concentrations
in monitoring wells over time. The VOC CT reduces to form chloroform, and TCE will be reduced
to form cis-1,2-DCE, among other by-products. Both CT and TCE attenuate more favorably under
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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 tolerable of anaerobic microbial activities. Further, DO values
higher than 8 mg/L were considered biased high given their relative magnitude to oxygen solubility

at field temperatures which primarily included DO measurements from the October 2019 event.

DO levels during the four quarterly monitoring events (October 2019 to July 2020) of Year Five
ranged between 0.18 and 71.4 mg/L indicating both anaerobic and aerobic conditions were present
at the site. In wells where CT degradation products were observed (48MW2, 49MWO01, S0MWO02,
13MW2, 13MW3, and 499MWO04), DO levels (between 2.26 and 71.4 mg/L) indicate aerobic
conditions (Table 6-2) are present. In wells where TCE degradation products were observed
(48MW06, 48MW1, and 50MWO02), DO levels ranged between 0.18 and 8.41 mg/L indicating
aerobic conditions are in place. Historically, anaerobic and aerobic conditions have been in flux

with aerobic conditions most prevalent.

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, whereas ORP values less than -200 mV correspond to highly

reducing, anaerobic conditions.

ORP levels recorded during the Year Five MNA sampling ranged from 37.5 to 186.0 mV
indicating both anaerobic and aerobic conditions were present at the site. Seventeenth quarter
values ranged from 37.5 to 76.8 mV; eighteenth quarter values ranged up slightly higher from
39.5 to 126.5 mV; nineteenth quarter values ranged even higher from 85.2 to 112.8 mV; and the
twentieth quarter values ranged from 47.8 to 186.0 mV. Aerobic conditions remain most prevalent
(Table 6-2). Further, with a few minor exceptions, the ORP values and DO readings for quarters
seventeenth through twentieth showed a clear correlation whereby ORP values demonstrating

aerobic conditions were confirmed with DO readings.
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pH

The pH for optimum microbial activity ranges from 5 to 9 SU. Microbial activity may decrease at
lower pH values. The pH measured in well 49MWO04 measured an outlier of 9.2 SUs during the
twentieth quarter; however, this is an outlier. All other pH measurements during Year Five ranged
between 6.68 and 7.87 SUs, within this optimal pH range (Table 6-2). In general, the pH

environment at SWMU 49 is suitable for microbial activity.

Nitrate

Following oxygen, microorganisms preferentially use nitrate (NO3-) as a terminal electron
acceptor. Depressed nitrate concentrations may indicate nitrate-reducing conditions which
promote the degradation of CT forming breakdown by-products. Nitrate levels during Year Five
of MNA sampling were generally low (a calculated average of all measurements is <l mg/L) with
concentrations ranging from 0.15 to 6.2 mg/L; very similar to the Years One through Four of MNA
sampling. The highest levels of nitrate were observed at 48MW3 during all four quarters ranging

from 5.4 mg/L to 6.2 mg/L.

Ferrous Iron

Ferric iron is reduced to soluble ferrous iron in the groundwater where iron- reducing bacteria
facilitate activity. An increase in ferrous iron concentrations is indicative of iron-reducing
conditions and can be used to determine the potential for contaminant precipitation or
coprecipitation and for geochemical modeling. Biological reduction of CT is favored in iron-
reducing conditions and therefore, elevated levels of ferrous iron are an indicator of favorable
groundwater conditions. Ferrous iron concentrations for all wells during Year Four of MNA
monitoring ranged between 0.0 mg/L (non-detect) and 2.43 mg/L, indicating that iron-reducing
conditions are improving slightly from the first (concentrations ranged from 0.0 [non-detect] and
1.06 mg/L) and second (concentrations ranged from 0.0 [non-detect] and 2.31 mg/L) years of
MNA monitoring. Year Three ferrous iron concentrations were very similar to those of Year Four.

Year Five iron levels ranged from 0.00 (non-detect) to 0.34 mg/L.
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Sulfate

After DO and nitrate have been depleted in the microbiological treatment zone, sulfate may be
used as an electron acceptor for anaerobic biodegradation. This process is termed ‘“sulfate
reduction” and results in the production of sulfide. At higher concentrations sulfate (and nitrate)
may compete with the reductive pathway. Relative amounts of sulfate provide additional lines of
evidence of reducing conditions in the aquifer and provide data on changing aquifer conditions.
However, reductive dechlorination still occurs in plumes with high concentrations of sulfate
(USEPA, 1998). Sulfate concentrations were measured in the groundwater during each of the Year
Five MNA sampling events and were found to range between 0.88 mg/L and 190 mg/L. Sulfate
levels at monitoring wells where CT and chloroform were detected (13MW3, 48MW2, 48MW3,
49MWO01, and 50MWO02) had concentrations ranging between 0.88 mg/L and 110 mg/L, very

similar to the MNA sampling results from Year Two through Four.

Total Organic Carbon (TOC)

TOC concentrations greater than 20 mg/L are considered adequate to support microbial activity.

For the Year Five MNA monitoring, TOC levels ranged from 0.00 mg/L (non-detect) to 6.3 mg/L,
suggesting a still unfavorable environment. TOC levels during the Year One MNA sampling
ranged from 0.0 (non-detect) to 34 mg/L. TOC levels during the Year Two MNA sampling ranged
from 0.0 (non-detect) to 6.0 mg/L, a notable decrease in TOC concentrations from Year One. TOC
levels recorded during Year Three monitoring, however, increased from the Year Two high of

6.0 to 13 mg/L. TOC levels during Year Four ranged from 0.00 mg/L (non-detect) to 3.7 mg/L.

Specific Conductivity

Specific conductivity is the indirect measure of the presence of dissolved solids such as chloride,
nitrate, sulfate, and Fe, all degradation by-products. Figure 6-9 provides a time series plot of CT
and chloroform concentrations relative to specific conductivity readings for 48MW2 and 48MW3
for monitoring Years One through Five. Figure 6-10 provides a time series plot of TCE and
cis-1,2-DCE concentrations relative to specific conductivity readings for 48MW2 and 48MW3 for
monitoring Years One through Five. As with MNA Year Two, Three, and Four results, data
suggest that TCE and CT contaminants 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. Data also suggest that organic compounds do not carry current and therefore
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have almost no conductivity (USACE, 1999). No direct trend in specific conductivity from

Years One through Five are evident.

Figures 6-11 and 6-12 provide time series plots of MNA indicators sulfate, nitrate, chloride, TOC,
ethene, and methane in source wells 48MW2 and 48MW3 for monitoring Years One through Five.
Sulfate concentrations are trending lower in monitoring well 48MW2 and relatively stable in
monitoring well 48MW3. Nitrate concentrations remain relatively stable in both monitoring wells
48MW2 and 48MW3. Chloride concentrations in both monitoring wells are trending slightly lower
and appear to be leveling off, while TOC concentrations continue to fluctuate. Neither methane

nor ethene were detected during Year Five in either well.

Figure 6-13 provides a time series plot of water quality parameters DO, Fe, and ORP in 48MW2
and 48MW3 for monitoring Years One through Five. The time series plot shows that the individual
trends for DO, Fe, and ORP are relatively consistent in monitoring wells 48MW2 and 48§MW3.
Year Five observed a shift in the trend in that DO in monitoring well 48MW3 reversed the course
observed in monitoring well 48MW?2 with a spike in DO levels above those in 48MW?2 in the
fourteenth quarter. The DO measurements at all wells including 48MW2 and 48MW3 during the

October 2019 event indicate DO levels that appear to be inaccurate.

Once again, monitoring wells 13MW2 and 48MW3 appear to carry more of the dissolved solids
with high conductivity readings ranging from 623 to 850 uS/cm, and 586 to 737 uS/cm,
respectively. In addition, monitoring well 48MWO06 also appears to carry more of the dissolved
solids due to the highest conductivity readings ranging from 671 to 1017 uS/cm. Biodegradation
consumes sulfate and nitrate and produces alkalinity. The sulfate and nitrate concentrations at
48MWO06 fluctuate slightly with a declining trend. While the sulfate and nitrate concentrations at
13MW2 and 48MW3 fluctuate slightly, there is no obvious declining trend. Chloride is the ion
that is formed during dechlorination that takes place in an anaerobic reduction zone; chloride
concentrations are fluctuating among all wells; however, there appears to be a slight decreasing
trend at 13MW2, 13MW4, and 48MWO06. While anaerobic conditions prevailed at 48MW3 with
steady DO readings below 1 mg/L during Year Two monitoring, aerobic conditions prevailed

during Year Five monitoring with DO readings ranging from 3.13 to 11.97 mg/L.
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Monitoring well 48MW?2 maintained aerobic conditions during all four quarters of Year Five
monitoring. Sulfide is a waste product created when sulfate-reducing bacteria generate usable
energy under anaerobic conditions; historical data show that the sulfate concentrations are on the
decline, though the concentrations increased slightly in Year Four when conditions were more
aerobic. The mineralization of chlorinated solvents under aerobic conditions will ultimately yield
carbon dioxide, water, and chloride. Therefore, chloride concentrations are also impacted by more
aerobic conditions and would be increasing; however, chloride concentrations are on a declining
trend but also increased slightly in the final three quarters of Year Four. Nitrate concentrations
appear to be trending up slightly at 48MW2. Methane, ethane, and ethene went undetected in all
four quarters at 48MW2.
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Table 6-1 SWMU 49 Carbon Tetrachloride and TCE Quarterly Concentrations

Parameter Units |Remediation | October 2019 | January 2020 | April 2020 | July 2020
Goal (RG) Q17) (Q18) (Q19) (Q20)
13MW2
Carbon tetrachloride ug/L 5 ND ND 0.33 ND
Trichloroethene pg/L 5 ND ND ND ND
13MW3
Carbon tetrachloride ug/L 5 4.2 4.6 3.5 5.4
Trichloroethene pg/L 5 0.64 0.79 0.66 1.2
13MW4
Carbon tetrachloride pg/L 5 ND ND ND ND
Trichloroethene pg/L 5 0.72 0.83 0.56 0.98
13MW5
Carbon tetrachloride ug/L 5 A ND A A
Trichloroethene ug/L 5 A ND A A
48MW06
Carbon tetrachloride ug/L 5 ND ND ND ND
Trichloroethene ug/L 5 3.1 1.6 54 5.6
48MWO07
Carbon tetrachloride ug/L 5 A ND A A
Trichloroethene pg/L 5 A ND A A
48MW1
Carbon tetrachloride ug/L 5 ND ND ND ND
Trichloroethene pg/L 5 1.7 2.7 1.5 1.6
48MW2
Carbon tetrachloride pg/L 5 63 21 33 24
Trichloroethene pg/L 5 6.5 2.6 2.9 2.8
48MW3
Carbon tetrachloride pg/L 5 88 78 64 65
Trichloroethene ug/L 5 15 15 12 15
49MWO01
Carbon tetrachloride ug/L 5 3.5 2.5 3.1 2.8
Trichloroethene ug/L 5 ND ND ND ND
49MW02
Carbon tetrachloride ug/L 5 ND ND ND ND
Trichloroethene pg/L 5 ND ND ND ND
49MW03
Carbon tetrachloride ug/L 5 A ND A A
Trichloroethene pg/L 5 A ND A A
49MW04
Carbon tetrachloride pg/L 5 ND 0.6 0.4 1.1
Trichloroethene ug/L 5 ND ND ND ND
49MWO05
Carbon tetrachloride ug/L 5 A ND A A
Trichloroethene ug/L 5 A ND A A
50MWO02
Carbon tetrachloride ug/L 5 2 1.1 0.68 1.8
Trichloroethene pg/L 5 1.7 1.3 14 1.8
Notes:
RG exceedances denoted by bold font.
png/L = micrograms per liter ND = non-detect TCE = trichloroethene
A = sampled annually SWMU = Solid Waste Management Unit
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Table 6-2  Water Quality Parameters for Groundwater Performance Monitoring at SWMU 49
Well ID 48MWO07 | 13MW5 | 499MWO03 | 499MWO05 | 48MW06 | 48MW1 | 48MW2 | 48MW3 | 499MWO01 | 49MWO02 | 50MW02 | 13MW2 13MW3 13MW4 | 499MW04
SWMU 49 Seventeenth Quarter (October 2019) Water Quality Parameters
Temperature (°C) - - - - 14.73 13.33 13.39 12.87 12.75 13.42 13.22 16.22 17.28 17.41 16.58
Specific Conductivity (mS/cm) - - - - 799 432 463 662 437 517 630 676 647 533 592
pH - - - - 7.13 7.61 7.33 7.15 7.49 7.34 6.94 6.98 7.02 7.22 7.65
Dissolved Oxygen (mg/L) - - - - 45.7 26.8 63.2 29.5 44.6 714 61.2 52.9 22.4 6.6 36.3
ORP (mV) - - - - 56.9 42.9 64.1 43.5 43.5 47.8 61.2 69.3 37.5 384 76.8
Turbidity (NTU) - - - - 79.1 5.63 118 12.2 113 290 44.7 2.69 2.27 1.27 0.32
Dissolved Ferrous Iron (mg/L) --- --- --- --- 0.22 0.00 0.11 0.00 0.15 0.00 0.25 0.00 0.08 0.00 0.00
Nitrate (mg/L) - - - - 0.2 1.3 0.78 5.8 0.34 0.26 1.9 0.2 1.6 0.15 0.65
Sulfate (mg/L) - - - - 46 45 6.2 27 0.99 32 61 46 99 63 51
TOC (mg/L) - - - - ND ND 0.93 ND 0.6 ND ND ND ND ND ND
SWMU 49 Eighteenth Quarter (January 2020) Water Quality Parameters
Temperature (°C) 11.15 11.75 11.58 11.97 6.72 10.74 11.59 11.58 11.06 11.59 10.97 14.51 12.73 13.08 13.19
Specific Conductivity (mS/cm) 190 491 357 764 521 537 454 357 464 454 670 679 597 319 645
pH 7.87 6.74 7.37 6.93 7.07 7.32 7.21 7.37 7.6 7.21 7.09 6.93 7.01 6.76 7.49
Dissolved Oxygen (mg/L) 10.88 7.6 6.74 3.82 3.57 4.14 6.94 6.74 6.52 6.94 5.5 5.38 5.62 9.25 2.26
ORP (mV) 39.5 65.9 79.4 88.7 126.5 107.9 88.7 79.4 73 88.7 54.6 84.7 79.4 74.5 93.1
Turbidity (NTU) 31.2 6.86 624 30.5 353 37.2 NA 624 NA NA 463 8.95 3.42 7.26 1.79
Dissolved Ferrous Iron (mg/L) 0.07 0.02 0.25 0.16 0.08 0.00 0.34 0.04 0.30 0.00 0.17 0.00 0.00 0.05 0.00
Nitrate (mg/L) 1.1 0.6 1 0.29 1.1 1.8 0.75 0.75 0.71 0.37 0.29 0.65 1.9 0.78 0.46
Sulfate (mg/L) 1.5 52 2.6 92 76 56 4 3.7 3.7 0.88 17 54 110 29 55
TOC (mg/L) ND ND ND ND 0.88 ND ND ND ND ND ND ND ND ND ND
SWMU 49 Nineteenth Quarter (April 2020) Water Quality Parameters
Temperature (°C) - - - - 13.6 143 15.8 12.1 14.6 133 123 14.2 12.9 13.2 14.4
Specific Conductivity (mS/cm) - - - - 796 386.2 387.2 678 358 531 615 550 418 252.9 485.3
pH - - - - 6.85 7.68 7.35 7.12 7.59 7.32 6.99 7.05 6.91 6.79 7.38
Dissolved Oxygen (mg/L) - - - - 0.18 5.81 7.52 5.93 5.46 2.63 8.41 12.87 6.93 7.4 6.09
ORP (mV) - - - - 85.2 92.8 111.9 96.8 100.7 97.8 95.1 110.8 109.3 88.9 112.8
Turbidity (NTU) - - - - 39.36 0.37 435.6 0.83 180.7 153.2 210 7.51 1.25 41.93 -0.62
Dissolved Ferrous Iron (mg/L) --- --- --- --- 0.19 0.00 0.28 0.00 0.18 0.00 0.22 0.00 0.03 0.00 0.00
Nitrate (mg/L) - - - - 5.1 1.7 0.93 6.2 0.38 0.31 2.4 0.26 1.6 0.15 0.44
Sulfate (mg/L) - - - - 190 47 6.1 29 1.1 17 68 39 99 63 54
TOC (mg/L) - - - - 1.3 ND 0.62 ND ND ND 0.59 0.71 ND ND 6.3
SWMU 49 Twentieth Quarter (July 2020) Water Quality Parameters
Temperature (°C) - - - - 14.5 17.7 14.8 14.7 15.3 13.42 14.4 17.6 18.4 15.4 18.9
Specific Conductivity (mS/cm) - - - - 864 579 492.4 682 458 517 630 775 619 429.5 647
pH - - - - 7.58 7.79 7.28 7.01 7.75 7.34 7.01 6.97 6.83 6.68 9.2
Dissolved Oxygen (mg/L) - - - - 0.72 3.59 7.75 3.02 5.19 7.14 4.97 7.15 4.12 2.49 431
ORP (mV) - - - - 118.5 142 159.1 169.2 170.4 47.8 124 186 163.1 133.2 171.3
Turbidity (NTU) - - - - 37.76 48.35 90.23 4 175.2 290 70.23 69.32 2.9 16.45 1.54
Dissolved Ferrous Iron (mg/L) --- --- --- --- 0.22 0.06 0.31 0.08 0.18 0.00 0.23 0.00 0.05 0.03 0.00
Nitrate (mg/L) - - - - 3.2 2.1 0.73 53 0.26 0.18 2.2 0.32 1.5 0.72 0.4
Sulfate (mg/L) - - - - 130 65 5.8 25 1.5 16 62 51 15 28 54
TOC (mg/L) - - - - ND ND ND ND ND ND ND 0.91 ND ND ND
Notes:

°C = degrees Celsius

mg/L = milligrams per liter

mS/cm = millisiemens per centimeter
mV = millivolt

Aerobic/Anaerobic Indicators:

DO = anaerobic < 1 mg/L > aerobic

NA = not applicable
ND = non-detect

NTU = Nephelometric Turbidity Unit

SWMU = Solid Waste Management Unit

ORP = highly reducing, anaerobic conditions < -200 mV < mildly reducing anaerobic +50 mV > aerobic
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Figure 6-1 SWMU 49 Seventeenth Quarter CT to Chloroform Correlation
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Figure 6-2 SWMU 49 Seventeenth Quarter TCE to cis-1,2-DCE Correlation
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Figure 6-3 SWMU 49 Eighteenth Quarter CT to Chloroform Correlation
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Figure 6-4 SWMU 49 Eighteenth Quarter TCE to cis-1,2-DCE Correlation
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Figure 6-5 SWMU 49 Nineteenth Quarter CT to Chloroform Correlation
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Figure 6-6 SWMU 49 Nineteenth Quarter TCE to cis-1,2-DCE Correlation
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Figure 6-7 SWMU 49 Twentieth Quarter CT to Chloroform Correlation
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Figure 6-8 SWMU 49 Twentieth Quarter TCE to cis-1,2-DCE Correlation
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Figure 6-9 CT and Chloroform Concentration Trends Relative to Specific Conductivity 48MW2 and 48MW3
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Figure 6-10 TCE and cis-1, 2-DCE Concentration Trends Relative to Specific Conductivity 48MW2 and 48MW3
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Figure 6-11 48MW2 MNA Indicators Years One, Two, Three, Four, and Five

48MW2 Monitored Natural Attenuation Indicators
25 0.6
==fe==Sulfate
== Nitrate - 0.5
20 === Chloride
=0==TOC
= =¢=—Ethene
W == Methane - 04
£ =
S~
§15 2
° e
s 2
< - 0.3 for
]
— ©
% =
= - 0.2
2
)
g A /\ Al
3 s A R
V v—{ v - 01
0 i T |’| |.| |§ T . T {I . |M' 0
“ © © © © A A A A S S S S O O o &) Q Q Q
F FIX FIPFIEPIILIENR &L e
Contract No. W912DR-15-D-0022 6-21 1/25/2022

Delivery Order W912DR18F0492

\\fsfed02\1494\Radford AAP\Env_Munitions_Services\SWMUs\SWMU Annual Reports\2020 Reports\SWMU 49 Report\Final\Fnl_RFAAP_SWMU49_LTMRpt_Year5.docx



SWMU 49 Monitored Natural Attenuation Sampling Year Five Report
Radford Army Ammunition Plant

Radford, Virginia

Figure 6-12 48MW3 MNA Indicators Years One, Two, Three, Four, and Five
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Figure 6-13 Water Quality Parameters 48MW2 and 48MW3 Years One, Two, Three, Four, and Five
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7. SUMMARY AND CONCLUSIONS

Eleven groundwater monitoring wells were sampled on a quarterly basis during the Year Five
MNA monitoring at SWMU 49, and four more were sampled on an annual basis at the beginning
of the year. The four quarters of sample data suggest that CT and TCE concentrations are fairly
stable at SWMU 49 with relatively mild fluctuations, however, CT and TCE remain in exceedance
of the remedial goals. The CT contaminant plume remains centered around monitoring wells
48MW2 and 48MW?3, although detections were observed downgradient along the New River at
I13MW3 during all four quarters. TCE was detected in all four quarters at monitoring wells
48MWO06, 48MW1 (located adjacent to 48MWO06), and SOMWO?2 all well below the RG, however,
at 48MW3 detections of TCE were above the RG during all four quarters in Year Five. Further,
TCE was detected in all four quarters at monitoring wells 13MW3 and 13MW4, which are located

down gradient and adjacent to the New River.

Based on the presence of chloroform in wells where CT was observed, it appears that the VOC
is continuing to degrade. Chloroform was not detected in any wells where CT went undetected.
Chloroform went undetected in 49MW04 where CT was detected all four quarters (0.26 pg/L to
0.78 ng/L). The data suggests that MNA processes may still be decreasing mass; as such, the CT
plume does not appear to be expanding. The CT plume does fluctuate between 3.5 in quarters
seventeen and twenty to 3.0 acres in quarters eighteen and nineteen, however, as demonstrated in
the quarterly shifts in the size of the area still exceeding the RG. The data suggest that the
correlation of cis-1,2-DCE to TCE is not as prevalent as an indicator of degradation. However,
TCE levels remained consistent at all wells with observed concentrations suggesting that the plume
is not expanding. As with the CT plume, the TCE plume decreased from 1.0 acres in quarters
seventeen and eighteen to 0.6 acres in quarters nineteen and twenty, however, as demonstrated by
the size of the area, still exceeds the RG. A notable trend at monitoring wells 48MW2 and 48MW3
where the TCE and CT concentrations mirror each other and are trending in consistent patterns at

each well (refer to Figures 6-9 and 6-10).

In summary, the following conclusions and recommendations are made regarding the potential for
MNA in contaminated groundwater at SWMU 49:

Presence of chloroform suggests that degradation is occurring, which may be aiding
in removing CT mass in the groundwater.
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The breakdown product, cis-1,2-DCE, is present at the site, although no substantive
correlation continues to exist with TCE. TCE concentrations remain relatively stable
across the site, although there were slight fluctuations at 4§MW3 and 48M W06,
suggesting that TCE continues to remain present on site, while there is some
breakdown.

Geochemical parameters also indicate that groundwater conditions are primarily
aerobic (based on DO and ORP levels) and that pH and TOC levels are adequate to
promote microbial degradation. Overall ferrous iron, nitrate, and sulfate
concentrations do not appear to favor conditions to support degradation. However,
conditions still appear to be trending toward a favorable environment for microbial
degradation.

Based on the MNA results presented in the SWMU 49 MNA Sampling Baseline
Report (CB&I, 2015), other MNA processes including sorption, dilution, dispersion,
and chemical stabilization are occurring in groundwater at the SWMU 49 study area.
Conditions appear favorable that these processes will not significantly change or
diminish and will continue to contribute to attenuation of the contaminants at

SWMU 49.

Because the groundwater flow pattern is consistent with the historical pattern, the
monitoring well network appears adequate to monitor MNA at SWMU 49.

The following constituents were approved to be removed from the sampling program
per the March 10, 2020, Department of Environmental Quality approval letter of the
Final SWMU 49 Monitored Natural Attenuation Sampling Year Four Report,
February 2020 due to the absence of detections for two consecutive years (July 2017
through July 2019). However, they were inadvertently carried over into the Year Five
Report field effort. They went undetected again for another year, confirming the
earlier recommendation and approval to remove them. Consistent with the

March 10, 2020, approval, note that the following constituents will be not monitored
in future efforts.

Acetone

Bromoform
Bromomethane
Dibromochloromethane
Ethylbenzene

m- & p-Xylene
o-Xylene

@ o Ao oW

Based on the consistency of the data and the fact that quarterly monitoring has been
conducted for a full 5 years, it is our recommendation that groundwater monitoring be
reduced to a semiannual basis (October and April) at the fifteen monitoring well
locations. Semiannual monitoring would provide sufficient data for continued
assessment of contaminant concentrations and MNA performance. It is also
recommended that the analytical suite of TCL VOC:s, dissolved gases, and MNA
indicator parameters continue to be tested.
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