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1.0 Introduction

Bering Sea Environmental, LLC. (BSEn) has been contracted by the United States Army Corps
of Engineers (USACE), Baltimore District, to perform Long-Term Monitoring (LTM) and
Monitored Natural Attenuation (MNA) at Solid Waste Management Unit (SWMU) 54 (RAAP-
014), Propellant Burning Ash Disposal Area, at Radford Army Ammunition Plant (RFAAP),
Radford, Virginia (VA). This report provides a description of the groundwater sampling activities
completed and analysis of results from the twenty-first through twenty-fourth quarterly rounds
conducted in 2017 through 2018. Further, this report provides a summary of the sixth year of
sampling.

This work was performed under Contract No. W912QR-13-D-001, Delivery Order No. 0001 in
accordance with the Radford Army Ammunition Plant, Radford, Virginia, Final Master Work
Plan (MWP) (URS, 2003) and with Part IT (D)(11-21) IM of the RFAAP Resource Conservation
and Recovery Act (RCRA) Corrective Action Permit (USEPA, 2000). In order to maintain
consistency with previous LTM and MNA sampling events (i.e., through year 5), the LTM and
MNA activities followed the technical approach, Sampling and Analysis Plan, and quality
assurance/quality control (QA/QC) procedures documented in the Final SWMU 54 MNA Interim
Measures Work Plan (IMWP) (Shaw, 2011a).

1.1 Purpose and Scope

Soil interim measures (IMs) have been completed at SWMU 54 to mitigate the threat of a
contaminant release, migration, and/or exposure to the public and the environment. The IMs
included site preparation, soil excavation, waste characterization and off-site disposal,
confirmation sampling, and site restoration. Detailed information concerning the IMs are
presented in the Final SWMU 54 RCRA Facility Investigation (RF1) / Corrective Measures Study
(CMS) Report (URS, 2008).

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

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

e perchlorate.

Table 1-1 SWMU Groundwater Remedial Goals

Chemical of Interest Groul(lltlilvgv/z}f;:r RG ilgusl:lllv::;g
2,4,6-TNT 0.00782 RG
DNT Mixture 0.000932 RG
RDX 0.0061 RG
Perchlorate 0.0109 RG

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

1.2 Site Description and Background

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

2.1 Topography

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

2.2 Surface Water

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

23 Geology

2.3.1 Regional Geology

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

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

2.3.2 Site-Specific Geology

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

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

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

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

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

24 Hydrogeology

2.4.1 Regional Hydrogeology

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

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

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

2.4.2 Site-Specific Hydrogeology

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

SWMU 54 Cross Section A-A’

A A
[t {#ast)
174 - 1740
1 ,-J-| k1720
-
\ irea A Boundary
N —
ghﬁl_!.ﬂhﬁ
1700+ Sity Sana L 1700
(e ]
Elevation
(feat mazn
sea level)
— =
1380 — = : I 1680
— - - Sand and —
- - Giravel [0-4 It above bedeok)
ra . ra . 2 : —
- = i - v.i . vi
- —— —
1 L = ——— —— - 1650
= ; ra - - r.a L&lﬂnymﬁmﬂdéﬁm 2
= — — LimesinnaTolomn Bedeock
Fa . i i £ -
-
-
1840 = 1640
o 500 600 700 Feal
RCRA Facllity Investigation
Radford Army Ammurition Plant
g [ Job M Radford, Virginia
= w July AP T1IEAE
Pravare by Bwimen s By
13 =5 fretra st
ok T
Bo:fm F"rh;_‘ e Hubmel g JEUE
FIGURE 2-2

BERING SEA ENVIRONMENTAL.LLC

SWMU 54 Cross Section A-A’

_—
RADFORD ARMY AMMUNITION PLANT - SWMU 54 MMA REPORT

Contract No. W912QR-13-D-0001 Task Order 0001
2-5




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

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

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

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

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

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

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

e Alternative One: No Further Action.

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

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

These three alternatives were evaluated using the selection criteria: effectiveness,
implementability, and cost. The site-specific CMO for SWMU 54 is to mitigate further leaching
of explosives constituents from soil to groundwater at levels that would potentially increase
observed concentrations and adversely impact future beneficial use of groundwater, and to
eliminate the potential threats to human health and the environment that exist within materials
found in SWMU 54. Observations from the SWMU 54 soil investigations indicate that the
propellant ash consisted of a black, ashy material that was very evident when encountered.
Therefore, identification and removal of the propellant ash and grossly-contaminated soil was
partially based on visual observations during excavation, with analytical samples collected to
confirm the observations.
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Figure 3-1 SWMU 54 June 5, 2007 Groundwater Contour Map
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Table 3-1 2002 Area A Direct Push Groundwater Analytical Results with Remedial Goals

Sample ID 54DPW1 54DPW2 54DPW3 54GP77 54GP78 54GP78-DUP(DUP-1) 54GP79
Sample Date 12/11/2002 12/11/2002 12/11/2002 10/13/2004 10/11/2004 10/11/2004 10/11/2004
cas  |oN| RG | units| Resut [LQvQ.r| pp, RL | Resuit [LQ,VQ,r| mpL | RL | Resutt [LQ.vQ,r| mpr | RL | Result [LQ,VQr| mpL | Ri | Resut [LQ,VQ,r| mpL | Ri | Resut [LQ,VQr| wmpr | RL | Result [LQ,VQ,r| mpL
Explosives
2,4,6-Trinitrotoluene| 118967 | N | 7.82 | pgL | <72 UR,I 0.73 72 1.5 BBz | 033 33 <21 UR,I 021 2.1 NT NT NT NT
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121824 | ¢ | 61 |pgL| <72 UR,I 1 7.2 <33 UR,I 0.48 33 <21 UR,I 031 2.1 NT NT NT NT
Perchlorate
Perchlorate |14797-73-0| N | 10.9 | pg/L | 5.5 | | 0.54 | EzE | 0.54 | 1 | 2 | | 0.54 | 1 | 3.5 | | 0.1 | 1 | <1 | U | 0.1 | 1 | <1 | U | 0.1 | 1 | < | U | 0.1 |
Sample ID 54GP30 54GPS1 54GP82 54GP83 54GP84 54GP85 54GP86
Sample Date 10/13/2004 10/11/2004 10/11/2004 10/11/2004 10/13/2004 10/14/2004 10/13/2004
CAS C/N| RG | Units| Result |LQ,VQ,r| wmpDL RL Result |LQ,VQ,r| wDL RL Result |LQ,VQ,r| wDL RL Result [LQ,VQ,r| wMDL RL Result (LQ,VQ,r| MDL RL Result |LQ,VQ,r| wDL RL Result [LQ,VQ,r| MDL
Explosives
2,4,6-Trinitrotoluene| 118-967 | N | 7.82 [ pg/L | NT NT NT NT NT NT NT
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121824 | C | 61 |pgL| NT NT NT NT NT NT NT
Perchlorate
Perchlorate  [14797-73-0] N [109 [pg| <t [ v [ o [ 1 | 1 | [ o0 [ + [ <« [ v Jooa | «+ [ <« v Joa [ 1 [ <] v Joe ] 1 [ <« v [ e 1 [ a] v [ o
Sample ID 54GP87 54GW56 54GW57 54GW58 54GW59 54GW59-DUP(DUP-3) 54GW60
Sample Date 10/14/2004 8/18/2004 8/17/2004 8/24/2004 8/18/2004 8/18/2004 8/24/2004
CAS C/N| RG | Units | Result |LQ,VQ,r| wDL RL Result (LQ,VQ,r| wDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL
Explosives
2,4,6-Trinitrotoluene | 118967 | N | 7.82 | pg/lL | NT 160 0.15 13 17 Jg | 00749 | 0.65 15 0.0749 | 0.65 42 Lf | 00749 | 065 11 Jg | 00749 | 065 93 0.0749
DNT mixture* 0.932 ND ND ND U ND ND ND ND
RDX 121824 | € | 61 |pgL | NT 35 Jg 0.164 | 0.65 0.69 0.164 | 0.65 37 0.164 | 0.65 1 0.164 | 0.65 17 0.164 | 0.65 08 0.164
Perchlorate
Perchlorate | 14797-73-0| N | 109 | pg/L | <1 | U | 0.1 | 1| s | | 0.1 | 1 | 2 | | 0.1 | NETE | 0.1 | 1 | 4 | | 0.1 | 1 | 36 | | 0.1 | 1 | 17 | | 0.1 |
Sample ID 54GWol 54GW62 54GW63 54GWod 54GW64-DUP(DUP-9) 54GW65 54GW66
Sample Date 8/24/2004 8/23/2004 8/23/2004 8/23/2004 8/23/2004 8/20/2004 8/20/2004
CAS C/N| RG | Units| Result |LQ,VQ,r| wMpDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result (LQ,VQ,r| MDL RL Result (LQ,VQ,r| wMDL RL Result (LQ,VQ,r| MDL
Explosives
2,4,6-Trinitrotoluene| 118967 | N | 7.82 | pgL | 74 00749 | 0.65 9 00749 | 065 | <0.65 U 0.0749 | 0.65 0.82 Je | 00729 | 065 0.76 Jg | 00749 | 065 3 0.0749 | 0.65 NT
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121824 | € | 61 |pgL | <0.65 U 0.164 | 065 16 0.164 | 065 | <0.65 U 0.164 | 065 0.75 Jg 0.164 | 065 0.73 Jg 0.164 | 0.65 0.7 0.164 | 0.65 NT
Perchlorate
Perchlorate  [14797-73-0) N [ 109 [pgr | 3 | | oo | 1 | s3] [ oo | o | a | v [ oo | 1 | 1| [ oo | o J oo [ B | o0 | 1 | 17 ] | oo | 1 [ o094 [ Bum | 01
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Table 3-1

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

Sample ID 54GW66 54GW67 54GW67 54GW68 54GW69 54GW69 54GW70
Sample Date 8/23/2004 8/20/2004 8/23/2004 8/20/2004 8/20/2004 8/23/2004 8/20/2004
CAS C/N| RG | Units | Result |[LQ,VQ,r| mMDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result | LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL RL Result (LQ,VQ,r| MDL RL
Explosives
2,4,6-Trinitrotoluene | 118-96-7 | N | 7.82 | pg/L | <0.65 U 0.0749 0.65 NT <0.65 U 0.0749 0.65 2.6 J,g 0.0749 0.65 NT 14 0.0749 0.65 <0.65 U 0.0749 0.65
DNT mixture* 0.932 ND ND ND ND ND ND ND
RDX 121-82-4 | C | 6.1 |pg/L | <0.65 U 0.164 0.65 NT <0.65 U 0.164 0.65 <0.65 U 0.164 0.65 NT 0.51 J 0.164 0.65 <0.65 U 0.164 0.65
Perchlorate
Perchlorate 14797-730| N [ 109 [pg | NT | | 059 | Bam | o1 [ 1 | Nr | | | | <« | v | o1 | 1 [ oes [ Bam | o1 [ 1 | N | | | [ 076 | B | o1 | 1
*The results of 2,4-DNT and 2,6-DNT were added together to get the DNT mixture result.
Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

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

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

RL = Reporting Limit

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

TCL = Target Compound List

TIC = Tentatively Identified Compound
LQ = Laboratory Qualifier

VQ = Validation Qualifier

r = Reason Code

=Exceeds RG

= Noncarcinogenic per EPA RBC Table (October 2007)

—

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

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

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

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

N = Sample spike recovery is outside of control limits.

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

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

UL = Not detected, quantitation limit is probably higher.

g = Dual column confirmation imprecision.

1 = LCS recovery failure.

m = MS/MSD recovery failure.

o = Calibration blank contamination.

p = Preparation blank contamination.

s = Serial dilution failure.

w = Field and/or equipment blank contamination.

z = Method blank and/or storage blank contamination.

Contract No. W912QR-13-D-0001 Task Order 0001
3-6




Table 3-2

2003-2004 Area A Groundwater Analytical Results with Remedial Goals

54MW2 54MW3 54MW5 54MW-8 54MW-9 54MW-10 54MW10-DUP(DUP-1)
Sample ID 3/4/2003 3/4/2003 3/4/2003 12/21/2004 12/21/2004 12/21/2004 12/21/2004
SIS CAS C/N RG Units | Result [LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL | RL Result | LQ,VQ,r | MDL | RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL | RL Result | LQ,VQ,r | MDL | RL Result LQ,VQ,r | MDL | RL
Explosives
2,4,6-Trinitrotoluene 118-96-7 N 7.82 pg/L <3.6 U 0.365 3.6 38 0.365 | 3.6 <4.2 U 0.43 4.2 <0.65 U 0.0749 | 0.65 <0.65 U 0.0749 | 0.65 62 015 | 1.3 65 0.15 1.3
DNT mix* 0.932 | pg/L ND ND ND ND ND ND ND
RDX (Hexahydro-l,S,S- 121-82-4 C 6.1 pg/L <3.6 U 0.526 3.6 32 0.526 | 3.6 <4.2 U 0.61 4.2 0.2 JJ.g 0.164 0.65 1.1 J.g 0.164 | 0.65 28 0.164 | 0.65 29 0.164 | 0.65
trinitro-1,3,5-tria
Perchlorate
Perchlorate 14797-73-0 | N 1090 | pg/L 12 0.54 1 59.2 0.54 1 1.6 0.54 1 0.22 B 0.1 1 0.21 B 0.1 1 9.8 0.1 1 9.1 0.1 1
Field Parameters
Dissolved Oxygen - - - mg/L 6.97 5.18 2.88 0.25 2.56 1.25 1.25
Oxidation Reduction Potential - - - mV 159.5 119.0 95.1 215 234 208 208
pH - - - SU 6.37 6.65 7.00 7.20 7.53 7.06 7.06
Conductivity - - - mS 0.191 0.341 0.310 0.627 0.706 0.760 0.760
Temperature - - - °C 16.24 15.97 1291 13.6 13.2 13.8 13.8
Turbidity - - - NTU 0.80 1.93 12.0 4.17 4.13 3.52 3.52
*DNT mixture result is the result of the adding together of 2,4-DNT and 2,6-DNT.
Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

ug/L = micrograms per liter

°C = degrees Celsius

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

mV = millivolt

mS = milliSiemen

ND = Not Detected

NT = Not Tested

NTU = Nephelometric Turbidity Unit
RL = Reporting Limit

SU = Standard Units

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

TCL = Target Compound List

TIC = Tentatively Identified Compound
LQ = Laboratory Qualifier

VQ = Validation Qualifier

r = Reason Code

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

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

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

response factor of 1.

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

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

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

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

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

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

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

CAS C/IN RG Result ‘ LQ,VQ,r| vpL RL Result ‘ LQ,VQ,r | wmpL RL Result | LQ,VQ,r | mpL RL Result | LQ,VQ,r | yvpL RL Result ‘ LQ,VQ,r | vipL RL Result ‘ LQ,VQ,r | mpL RL Result | LQ,VQ,r [ npy RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 N 7.82 <5 U 0.075 5 5.6 0.075 5 0.85 J 0.075 | 5 0.29 J 0075 | 5 <5 U 0.075 | 5 <5 U 0075 | 5 2.1 J 0.075 5
Dinitrotoluene Mixture - C 0.932 <5 <5 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 33 J 0.16 5
Perchlorate (ug/L)
Perchlorate 14797-13-0 | N 109 [ <0 | u | s [0 ] <0 u | [0 [ <o u [ [ o] <0 ] u s ]w] <o ] v [us] o] <0 v [Jusa[wo] <0 ] u [us] w0
Field Parameters
Dissolved Oxygen (mg/L) - - - 11.95 10.29 11.94 10.1 8.94 8.51 8.13
l?g‘:g:ttii;“(ﬁe‘;‘)““i““ - - - 153 159 171 231 32 53 36
pH (SU) - - - 7.86 7.15 7.26 72 7.53 7.65 7.39
Conductivity (mS) - - - 0.44 0.533 0.580 0.557 0.605 0.790 0.733
Temperature (°C) - - - 18.6 17.7 18.3 185 17.1 19.1 16.3
Turbidity (NTU) - - - 447 1.16 0.07 16.6 11.83 235 1031
Second Quarter — March 2007

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

CAS C/N RG Result [LQ,VQ,r| wmDL RL Result LQ,VQ, r MDL RL Result LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result LQ,VQ,r | MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 7.82 <5 U 0.1 5 0.25 11d 0.1 5 <5 U 0.1 5 0.84 Ilg 0.1 5 14 0.1 5 <5 U 0.1 5 6.018 0.1 5
Dinitrotoluene Mixture - 0.932 <5 1.146 <5 <5 <5 <5 0.898
RDX 121-82-4 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0092 | 5 <5 U 0092 | 5 8.1 0092 | s <5 U 0092 | 5 3.87 0.092 5
Perchlorate (ug/L)
Perchlorate 1479730 | N 109 [ <02 | v [ ooe Jo2| 36 [ 0036 | 02 [ <02 U Joos] o2 | 052 | [ 0036 [ 02 | o026 | [ 0036 | 02 | o024 | [ 0036 [ o2 | 20 [ 0036 [ 02
Field Parameters
Dissolved Oxygen (mg/L) - - - 8.06 7.75 6.12 8.38 6.68 6.51 8
Oidation (ﬁ‘{ji)““i"“ - - - 5 4 11 53 17 10 1
pH (SU) - - - 7.63 6.45 6.94 6.51 7.05 7.18 6.88
Conductivity (mS) - - - 0.199 0.183 0.311 0.167 0.267 0.960 0.334
Temperature (°C) - - - 13.44 158 15.22 12.73 13.92 14.43 15.95
Turbidity (NTU) - - - 1.82 0.37 2.13 1.22 13.96 771 3.64
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Table 3-3

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

Fourth Quarter — September 2007

Sample ID S4MW-1 54MW-2 5AMW-3 SAMW-5 54MW-8 S54MW-9 54MW-10
Sample Date 6/5/2007 6/5/2007 6/5/2007 6/5/2007 6/5/2007 6/5/2007 6/5/2007
CAS cN | RG | Resutt | 1LQ,vO,r | MDL | RL | Resut | LO,vQ,r | MpL | RL | Resutt | 1Q,vQ,r | MDL | RL | Resut | LQ,vQ,r | MDL | RL | Resutt | 10, vo,r |MDL| RL | Resut | LO,vQ,r | MDL | RL | Resut |LQ,vQ.r | MDL | RL
Explosives (ug/L)
2,4,6-Trinitrotoluenc 118-96-7 N 7.82 <5 U 01 | s 3.9 J 0.1 5 1 J 01 | 5 | o049 J 01 | s <5 U 01 | s <5 U 01 | s 24 J 0.1 5
Dinitrotoluene Mixture - 0.932 ND ND ND ND ND 0.466 ND
RDX 121-82-4 6.100 <5 U 0092 | 5 <5 U 0.092 5 <5 U 0092 | 5 <5 U 0092 | 5 6.3 0092 | 5 <5 U 0092 | 5 1.6 J 0092 | 3
Perchlorate (ug/L)
Perchlorate 14797-3-0 | N [ 1090 [ <02 U oo [o2 ] 2 | 008 | 02 | os8 | 008 [ 02 | os8 | [ 008 [ 02 ] 07 | 008 [ 02 | 023 | | 008 | 02 | o037 | 008 | 02
Field Parameters
Dissolved Oxygen (mg/L) - -- - 7.57 8.46 5.06 8.44 8.82 5.21 7.35
Patentint (" - - - 297 268 109 236 285 9 187
pH (SU) - - - 7.33 6.78 6.2 6.24 6.9 6.25 6.87
Conductivity (mS) - - - 0.192 0.225 0.003 0.163 0.245 0.003 0.353
Temperature (°C) - - - 13.58 13.48 15.66 21.68 134 15.44 14.51
Turbidity (NTU) - - - 0.48 0.2 0.36 0.67 0.06 1.67 9.37
Fourth Quarter — September 2007
Sample ID SAMW-1 S4MW-2 SAMW-3 SAMW-5 S4MW-8 S4MW-9 54MW-10
Sample Date 9/19/2007 9/19/2007 9/19/2007 9/19/2007 9/18/2007 9/18/2007 9/18/2007
CAS N | RG | Resutt | 10,vo,r | MpL | RL | Reswt | 1o, vo.r | mpL | R | Resurt | 10.vo,r | MpL | RL | Resut | Lo, vor | MpL | RL | Resurt | 1o, vo,r [MDL] RL | Resut | Lo, vo.r | ML | RL | Reswt |ro,vo.r| mpL | ru
Explosives (ug/L)
2,4,6-Trinitrotoluenc 118-96-7 7.82 <5 U 01 | s 0.78 J 0.1 5 12 J o1 | s | o3s 1lg 01 | s <5 U 01 | s <5 U 01 | s 17 0.1 5
Dinitrotoluene Mixture - 0.932 ND ND ND ND ND ND 0.696
RDX 121-82-4 6.100 <5 U 0002 | 5 <5 U 0.092 5 <5 U 0002 | 5 <5 U 0002 | 5 <5 U 0.002| s <5 U 0002 | 5 8 0002 | s
Perchlorate (ug/L)
Perchlorate 14797-3-0 [ N [ 1090 | <02 U [ oo [o2 | os [ oo [ o2 [ o031 [ o008 [ o2 | 034 | [ 008 [ 02 | 037 | [oos] 02 [ <2 [ u Joos|o2]| 29 [ 008 [ 02
Field Parameters
Dissolved Oxygen (mg/L) - -- - 4.03 2.37 6.34 5.53 4.06 3.78 3.89
g;‘tig::ii;“(ﬁ‘\’ji)““i"“ - - - 233 172 205 228 288 237 239
pH (SU) - - - 8.2 7.01 5.67 6.89 6.82 7.11 6.76
Conductivity (mS) - - - 0.487 0.637 0.57 0.647 0.711 0.833 0.844
Temperature (°C) - -- - 19.79 1591 15.6 17.36 14.41 18.05 17.27
Turbidity (NTU) - - - 0.79 2.19 2.02 1.62 0.43 2.19 7.19

Notes:

ug/L = micrograms per liter

°C = degrees Celsius

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

mV = millivolt

mS = milliSiemen

ND = Not Detected

ng/L= nanograms per liter

NT = Not Tested

NTU = Nephelometric Turbidity Unit
RL = Reporting Limit

SU = Standard Units

LQ = Laboratory Qualifier

VQ = Validation Qualifier

r = Reason Code

C = Carcinogenic per EPA RBC Table (October 2007)

N = Noncarcinogenic per EPA RBC Table (October 2007)

=Exceeds RG

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

Data Qualifiers:

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

¢ = calibration failure.

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

1 = LCS recovery failure.

m = MS/MSD recovery failure.
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Table

3-4

2003 Area B Groundwater Analytical Results with Remedial Goals

sumpie ot s o, b T
3/4/2003

RG | Units | ResUIt VL& mpL | mri | Result ngr mpL | mri | Result VL& MDL | RL Resunt |LQ’ VOr| ypL | RL
Explosives
2,4,6-Trinitrotoluene 7.82 | pglL | <54 U 055 | 54 | <42 U 043 | 42 | <36 u | 0365 | 36 <4.8 U 0487 | 48
DNT Mixture 0932 | ugL | ND ND ND ND
RDX (Hexahydro-1,3,5-trinitro-13,5-tria | 6.1 | pg/lL | <5.4 U 079 | 54 | <42 U 0.61 42 | <36 u | o526 | 36 <4.8 U 0701 | 48
Perchlorate
Perchlorate' [109 pgr| <t | v Josa [ 1+ | <o | v Josa | 1 | <o | v Josa | 1 [ « u [ oose |1
Notes: C = Carcinogenic per EPA RBC Table (October 2007) Data Qualifiers:

ug/L = micrograms per liter

°C = degrees Celsius

CAS = Chemical Abstracts Service
MDL = Method Detection Limit

mV = millivolt

mS = milliSiemen

ND = Not Detected

NTU = Nephelometric Turbidity Unit
RL = Reporting Limit

SU = Standard Units

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

N = Noncarcinogenic per EPA RBC Table (October 2007)

=Exceeds RG

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

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

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

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

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

N = Sample spike recovery is outside of control limits.

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

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

UL = Not detected, quantitation limit is probably higher.

g = Dual column confirmation imprecision.

| = LCS recovery failure.

m = MS/MSD recovery failure.

o = Calibration blank contamination.

p = Preparation blank contamination.

s = Serial dilution failure.

w = Field and/or equipment blank contamination.

z = Method blank and/or storage blank contamination.
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Table 3-5 2006-2007 Area B Quarterly Groundwater Monitoring Results with Remedial Goals
First Quarter — November/December 2006
Adjusted 54MW4 54MW6 54MW7
si?nn:l’:enlze CAS C/N | Tap Water 11/30/2006 11/29/2006 12/5/2006
RBC Result |LQ, VQ,r| MDL RL Result |LQ, VQ,r| MDL RL Result |LQ, VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 N 7.82 <5 U 0.075 5 <5 18] 0.075 5 <5 18] 0.075 5
Dinitrotoluene Mixture -- C 0.932 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 8] 0.16 5 <5 U 0.16 5
Perchlorate (ug/L)
Perchlorate | 14797-73-0 [ N | 1090 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10
Field Parameters
Dissolved Oxygen (mg/L) -- - - 9.9 11.63 10.46
Oxidation Reduction Potential (mV) - - - -92 181 170
pH (SU) - - - 7.77 8 7.56
Conductivity (mS) - - - 1.13 0.297 0.729
Temperature (°C) -- - - 15 16.6 15.9
Turbidity (NTU) -- - - 2.66 4.87 591
Second Quarter — March 2007
54MW-4 54MW-6 54MW-7
Si?n“;ll’;e])lze CAS C/N RG 3/27/2007 3/27/2007 3/27/2007
Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL | Resut [LQ,vQ,r| mDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 N 7.82 <5 8] 0.1 5 <5 U 0.1 5 <5 8] 0.1 5
Dinitrotoluene Mixture - C 0.932 <5 <5 <5
RDX 121-82-4 C 6.100 <5 8] 0.092 5 <5 U 0.092 5 <5 8] 0.092 5
Perchlorate (ug/L)
Perchlorate | 14797-73-0 | N | 10.90 <0.2 18] 0.036 0.2 <0.2 U 0.036 0.2 <0.2 18] 0.036 0.2
Field Parameters
Dissolved Oxygen (mg/L) - - - 5.97 8.8 6
Oxidation Reduction Potential (mV) - - - -95 135 -44
pH (SU) - - - 7.16 8.21 7
Conductivity(mS) - - - 1.11 0.314 0.323
Temperature (°C) - - - 15.68 17.77 14.25
Turbidity (NTU) - - - 1.54 31.1 6.59
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Table 3-5

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

Third Quarter — June 2007

Sample ID 54MW4 DUP AVG 54MW-6 54MW-7
Sample Date 6/5/2007 6/5/2007 6/5/2007
CAS C/N RG Result [LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitr 118-96-7 N 7.82 <5 U 0.1 5 <5 U 0.1 5 <5 U 0.1 5
Dinitrotoluene Mixture - C 0.932 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5
Perchlorate (ug/L)
Perchlorate [14797-73:0 ] N [ 1090 [ <02 | u [ 008 [ 02 [ <02 [ U 0.08 0.2 <02 | U 0.08 0.2
Field Parameters
Dissolved Oxygen (mg/L) - -- - 5.15 4.5 7.72
Oxidation Reduction Potential (mV) - -- - 91 76 225
pH (SU) - -- - 6.39 6.03 6.97
Conductivity(mS) - -- - 0.003 0.003 0.302
Temperature (°C) - -- - 14.54 19.28 3.03
Turbidity (NTU) - -- - 0.67 9.96 0.71
Fourth Quarter — September 2007
54MW4 54MW6 54MW7DUP AVG
Sample ID 9/19/2007 9/19/2007 9/19/2007
Sample Date CAS C/N RG Result [LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL RL Result [LQ,VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotol 118-96-7 N 7.82 <5 U 0.1 5 <5 U 0.1 5 <5 U 0.1 5
Dinitrotoluene Mixture -- C 0.932 ND ND ND
RDX 121-82-4 C 6.100 <5 U 0.092 5 <5 U 0.092 5 <5 U 0.092 5
Perchlorate (ug/L)
Perchlorate [14797-730 ] N [ 1090 | <02 | U [ o008 | 02 [ o1 [ 1 0.08 0.2 <02 | U 0.08 0.2
Field Parameters
Dissolved Oxygen (mg/L) -- -- - 4.03 747 4.56
Oxidation Reduction Potential (mV) - - - -1 236 266
pH (SU) - - -- 7.91 8.13 6.97
Conductivity (mS) - - - 1.1 0.267 0.766
Temperature (°C) - - - 16.08 16.69 16.83
Turbidity (NTU) - - — 0.43 437 0.39
Notes: NTU = Nephelometric Turbidity Unit Data Qualifiers:

ug/L = micrograms per liter

°C = degrees Celsius

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

mS = milliSiemen

ND = Not Detected

ng/L = nanogram per liter

See Table 6-3D (December 2006) and Table 6-3E (June 2007) for Total 2,3,7,8-TCDD TEQ Calculations

RL = Reporting Limit

SU = Standard Units

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

detected.

=Exceeds RG
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Table 3-6 2006 New River Surface and Sediment Pore Water Sample Results with Remedial Goals
Surface Water
NR-SW-1 NR-SW-2 NR-SW-3 NR-SW-4 NR-SW-5 NR-SW-6
sf.?n";’fieﬁze 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006
CAS CIN RG Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118967 | C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5
2,4-Dinitrotoluene 121-142 | N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5
2,6-Dinitrotoluene 606-20-2 | N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5
DNT mixture* 0.932 <5 <5 <5 <5 <5 <5
RDX 121-824 | C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5
Perchlorate (ug/L)
Perchlorate [ 14797730 | - 10.900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10
Field Parameters
Dissolved Oxygen (mg/L) - - - 17.05 15.83 14.64 12.93 14.83 15.11
Oxidation Reduction Potential (mV) -- - -- 219 118 47 53 32 35
pH (SU) - - - 8.9 8.1 7.96 7.81 7.67 83
Conductivity (mS) - - - 0.116 0.113 0.118 0.174 0.117 0.155
Temperature (°C) - - - 10.1 9.9 10.1 10.3 10.2 10.4
Turbidity (NTU) - - - 713 137 17.48 9.94 7.66 6.21
Pore Water
NR-PW-1 NR-PW-2 NR-PW-3 NR-PW-4 NR-PW-5 NR-PW-6
si?nigi):enl;)te 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006 11/30/2006
CAS CIN RG Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MbDL RL Result |LQ,VQ,r| MDL RL Result |LQ,VQ,r| MDL RL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118967 | C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5
2,4-Dinitrotoluene 121-142 | N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5
2,6-Dinitrotoluene 606-20-2 | N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5
DNT mixture* 0.932 <5 <5 <5 <5 <5 <5
RDX 121-824 | C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5
Perchlorate (ug/L)
Perchlorate | 14797-13-0 | - 10.900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10
Field Parameters
Dissolved Oxygen (mg/L) - - - 10.38 10.46 122 9.35 10.82 11.34
Oxidation Reduction Potential (mV) -- - -- -109 -174 20 -182 -44 -58
pH (SU) - - - 733 721 747 757 744 72
Conductivity (mS) - - - 0.307 0.344 0.248 0.38 0.553 0.353
Temperature (°C) - - - 12.8 10.7 10.8 10.6 132 119
Turbidity (NTU) - - - 16.35 379 227 4.86 3.63 11.85
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Table 3-6 2006 New River Surface and Sediment Pore Water Sample Results with Remedial Goals (Continued)

Surface Water

NR-SW-7 NR-SW-8 NR-SW-8-DUP(DUP-4) NR-SW-9 NR-SW-10
SSamllﬂeDIl: 12/1/2006 12/1/2006 12/1/2006 12/1/2006 12/1/2006
HHRERas CAS CN RG Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL
Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075
2,4-Dinitrotoluene 121-14-2 N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12
2,6-Dinitrotoluene 606-20-2 N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27
DNT mixture* 0.932 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 18] 0.16 5 <5 18] 0.16 5 <5 18] 0.16 5 <5 18] 0.16
Perchlorate (ug/L)
Perchlorate | 14797-73-0 | - | 10.900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84
Field Parameters
Dissolved Oxygen (mg/L) - -- - 13.13 13.27 13.27 13.76 14.69
Oxidation Reduction Potential (mV) - -- - 10 41 41 51 52
pH (SU) - - - 8.11 7.8 7.8 7.62 7.83
Conductivity (mS) - - - 0.140 0.124 0.124 0.131 0.114
Temperature (°C) - - - 11.7 12.5 12.5 11.8 11
Turbidity (NTU) - - - 148 13.8 13.8 20.5 11.46
Pore Water
NR-PW-6-DUP(DUP-3) NR-PW-7 NR-PW-8 NR-PW-9 NR-PW-10
Ssamll)leI)IDt 11/30/2006 12/1/2006 12/1/2006 12/1/2006 12/1/2006
FE R cas CN RG Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL RL Result | LQ,VQ,r | MDL

Explosives (ug/L)
2,4,6-Trinitrotoluene 118-96-7 C 7.82 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075 5 <5 U 0.075
2,4-Dinitrotoluene 121-14-2 N <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12 5 <5 U 0.12
2,6-Dinitrotoluene 606-20-2 N <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27 5 <5 U 0.27
DNT mixture* 0.932 <5 <5 <5 <5 <5
RDX 121-82-4 C 6.100 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16 5 <5 U 0.16
Perchlorate (ug/L)
Perchlorate | 14797-73-0 | - | 10.900 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84 10 <10 U 1.84
Field Parameters
Dissolved Oxygen (mg/L) - -- - 11.34 9.25 9.74 10.55 10.18
Oxidation Reduction Potential (mV) - -- - -58 -194 -173 -173 -157
pH (SU) - - - 72 7.54 7.36 7.23 7.47
Conductivity (mS) - - - 0.353 0.517 0.660 0.533 0.479
Temperature (°C) - - - 11.9 13 12.9 13.2 13.1
Turbidity (NTU) - - - 11.85 372 5.6 15.87 1.66
*DNT mixture results are obtained by adding together the results of 2,4-DNT and 2,6-DNT

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

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

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

CAS = Chemical Abstracts Service

MDL = Method Detection Limit

mg/L = milligram per liter RBC = USEPA Region III Risk-Based Concentration

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

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

NTU = Nephelometric Turbidity Unit

RL = Reporting Limit BTAG = Biological Technical Assistance Group

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

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

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

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

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

RGs for SWMU 54 groundwater, shown in Table 1-1 of this report, were used at SWMU 54 to
confirm that all COIs were removed from soil to levels that are safe for human health and the
environment. Results from the soil remedial action at SWMU 54 can be found in the approved
Final Interim Measures Completion Report for SWMU 54 (Shaw, 2011b). The groundwater RGs
will be used to compare results from groundwater monitoring wells to assess the progress of the
MNA process.
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4.0 Field Activities

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

The sixth year of groundwater monitoring consisted of four sampling events conducted in
October 2017 (twenty-first quarter), January 2018 (twenty-second quarter), April 2018 (twenty-
third quarter), and July 2018 (twenty-fourth quarter). Multiple wells were removed from the
monitoring network after the ninth and tenth quarters and were not sampled during this sixth
year. As such, monitoring wells that were included in the sixth year monitoring events included
54MW1, 54MW10, 54MW12, and 54MW13, which monitor Area A at SWMU 54. Field
activities were conducted in accordance with the Final SWMU 54 MNA IMWP (Shaw, 2011a).
Copies of the groundwater sample forms are presented in Appendix A.

4.1 Twenty-First Quarter Groundwater Sampling (October 2017)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MW1, 54MW10, 54MW12, and 54MW13 during the twenty-first quarter event. The
twenty-first quarter of groundwater sampling was conducted 30 October through 1 November
2017. Groundwater elevation measurements were collected prior to sampling activities. The
locations of monitoring wells sampled during this quarterly event are provided in Figure 4-1.

4.1.1 Groundwater Elevation Measurements

Water level elevations were collected during each sixth year quarterly event from the four
monitoring wells at SWMU 54 prior to the collection of groundwater samples. Table 4-1
provides the measured depth to water levels (from the top of the casing [TOC]) and groundwater
elevations amsl collected on 30 October 2017. 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 10.5.1 software
and creating a spline interpolated continuous surface based on limited groundwater data. The
surface model was executed using default values in most cases and forces to cover an area
inclusive of all wells using the extent polygon to define the area of interest. Contour lines were
then constructed from the output splined surface at 10-foot and 2-foot intervals, depending on
the site, with zero base contour. The results of the automated processing were then reviewed by
subject knowledge experts and manually adjusted to accurately represent ground conditions.
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Table 4-1 Twenty-First Quarter Groundwater Elevations at SWMU 54

Screen Screen Total Water Level | Elevation Water Level PID
Well Interval Length Depth (ft below TOC (ft amsl;’ Reading
(ft bgs) (ft) (ft) TOC) (ft amsl) (ppm)
54MW1 354488' 20 62 20.04 1707.78 1687.74 0.0
54MW10 12 -27 15 35 13.96 1691.10 1677.14 0.0
54MW12 | 20-30 10 30 24.22 1702.42 1678.20 0.0
54MW13 12 -25 10 25.33 20.66 1698.90 1678.24 0.0

Notes:

amsl = above mean sea level
bgs = below ground surface
St = feet

ppm = parts per million

TOC = top of casing
PID=Photoionization detector

Estimated groundwater flow velocity for Area A was calculated based on parameters used in the
SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft had
a groundwater elevation difference of 10.6 ft, resulting in a calculated hydraulic gradient of 0.020
ft/ft. Using an average K value for Area A of 4.86 feet per day (ft/day) and an estimated effective
porosity of 0.20, the groundwater flow velocity for Area A is approximately 0.48 ft/day [174.62
feet per year (ft/year)].

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

4.1.2 Groundwater Sampling

Groundwater samples were collected from the four monitoring wells between 31 October and 1
November 2017 and analyzed for the analytical suites covering explosives, perchlorate, and RDX
and it’s breakdown by-products hexahydro-1,3,5-dinitroso-5-nitro-1,3,5-triazine (DNX),
hexahydro-1- nitroso-3,5-dinitro-1,2,5-triazine (MNX), and hexhydro-1,3,5-trinitroso-1,3,5-
triazine (TNX). The breakdown by-products of RDX are considered MNA indicators. In addition,
the following indicator parameters were collected: Total Organic Carbon (TOC), Total Inorganic
Carbon (TIC), dissolved ferrous iron, dissolved manganese, chlorate, chloride, chlorite, nitrate,
and sulfate. Water quality parameters collected during low flow sampling included pH,
temperature, specific conductance, dissolved oxygen (DO), oxidation-reduction potential (ORP),
and turbidity. Table 4-2 presents the suite of analytes collected for analysis during the twenty-
first quarterly monitoring event.

Table 4-2 Year 6 Quarterly Monitoring Analytical Suite

MNA Water

Well/Sample ID | Frequency | Explosives | Perchlorate RDX MNA Indicator Quality
Parameters
Parameters | Parameters

54MW1 Quarterly X X X X X
54MW10 Quarterly X X X X X
54MW12 Quarterly X X X X X
54MW13 Quarterly X X X X X
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Figure4-1 SWMU 54 Monitoring Well Sample Locations
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Figure 4-2 SWMU 54 October 2017 (21st Quarter) Groundwater Contour Map
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Groundwater samples were collected via low-flow bladder pumps to obtain representative
groundwater samples and to minimize investigative derived waste (IDW) purge water. The
following procedures were followed during all quarterly groundwater monitoring events:

I.

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

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

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

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

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

Based on the DO data collected during the twenty-first quarterly monitoring event, groundwater
within Area A exhibits aerobic conditions (i.e., DO >1 parts per million [ppm]). The DO levels
ranged from a low of 5.71 milligrams per liter (mg/L) at monitoring well 54MW13 to a high of
8.60 mg/L at monitoring well 54MW10. ORP measurements ranged from a low of 45.6 millivolts
(mV) in monitoring well 54MW10 to a high of 97.4 mV at monitoring well 54MW12.
Measurements of pH ranged from a low of 6.49 standard units at monitoring well 54MW12 to a
high of 7.23 at monitoring well 54MWI1. The pH levels were generally in agreement with
measurements observed during the twentieth quarterly monitoring event. Measurements of
specific conductance ranged from a low of 462.3 microsiemens per centimeter (uS/cm) at
monitoring well 54MW 10 to a high of 577.5 uS/cm at monitoring well 54MW12.
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Table 4-3 Twenty-First Quarter Water Quality Parameters at SWMU 54

Well ID pH Conductivity Turbidity Dissolved Oxygen ORP Temperature
(1nS/cm) (NTU) (mg/L) (mV) °C)

54MW1 7.23 468.6 0.17 7.98 63.6 14.2
54MW10! 6.71 462.3 0.80 8.60 45.6 14.9
54MW12 6.49 5717.5 8.75 6.43 97.4 12.7
54MW13 6.68 537.5 0.74 5.71 88.3 14.6
Notes:

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

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

NTU - nephelometric turbidity unit ORP — Oxygen reduction potential

mg/L - milligrams per liter

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

4.1.3 Quality Control Samples

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

One duplicate sample was collected during the twenty-first monitoring event (rate of 10 percent)
at 54MW10 (duplicate as 54TM10) and analyzed for the same suite of compounds as the parent
sample. Further, one matrix spike/matrix spike duplicate (MS/MSD) [at a rate of 5 percent]) was
collected at monitoring well 54MW 12 (54MW 12 MS/MSD) and analyzed for the same suite of
compounds as the parent sample.

One equipment rinse blank (103117R1) was collected during the twenty-first quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into
clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the monitoring well samples. Finally, one IDW purge water sample
(54ADWO01) was collected and analyzed for pH, chemical oxygen demand (COD), and total
metals for disposal of IDW purge water per the RFAAP SWMU 54 MNA IMWP. Results of the
QA/QC samples are presented in the raw analytical data package provided in Appendix B.

4.2  Twenty-Second Quarter Groundwater Sampling (January 2018)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MW1, 54MWI10, 54MW12, and 54MW13 between 29 and 30 January 2018.
Groundwater elevation measurements were collected prior to sampling activities. The locations
of monitoring wells sampled during this quarterly event are provided in Figure 4-1.
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4.2.1 Groundwater Elevation Measurements

Table 4-4 provides the measured depth to water levels (from TOC) and groundwater elevations
collected on 29 January 2018 during the eighteenth quarter monitoring event. Figure 4-3 presents
a groundwater elevation contour map developed from the elevation data collected during the
quarter.

Estimated groundwater flow velocity for Area A was calculated based on parameters used in the
SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft had
a groundwater elevation difference of 12.94 ft, resulting in a calculated hydraulic gradient of
0.024 ft/ft. Using an average K value for Area A of 4.86 ft/day and an estimated effective porosity
of 0.20, the groundwater flow velocity for Area A is approximately 0.58 ft/day (213.2 ft/year).

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

Screen Screen Total Water Level | Elevation Water Level PID
Well Interval | Length Depth (ft below TOC (ft amsl) Readings
(ft bgs) (ft) (ft) TOC) (ft amsl) (ppm)
54MW1 | 34.8-54.8 20 62 20.41 1707.78 1687.37 PID =0.0
54MW10 12-27 15 35 16.67 1691.10 1674.43 PID =0.0
54MW12 20 - 30 10 30 25.95 1702.42 1676.47 PID =0.0
54MW13 12-25 10 25.33 22.46 1698.90 1676.44 PID =0.0

Notes:

amsl = above mean sea level
bgs = below ground surface

St =feet

ppm = parts per million

TOC = top of casing

PID = Photoionization detector

4.2.2 Groundwater Sampling

Groundwater samples were collected from monitoring wells 54MW 1, 54MW10, 54MW12, and
54MW13 between 29 — 30 January 2018. The twenty-second quarter monitoring samples were
tested for the same analytes as the twenty-first quarter, which are presented in Table 4-2.
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Figure 4-3 SWMU 54 January 2018 (22nd Quarter) Groundwater Contour Map
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Groundwater samples were collected applying the same method and approach used during the
twenty-first quarterly monitoring event: specifically, via low-flow bladder pumps. The sample
procedures are provided below.

I.

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

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

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

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

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

Based on the DO data collected during the twenty-second quarterly monitoring event,
groundwater within Area A exhibit both aerobic and anaerobic conditions. The DO levels ranged
from a low of 0.53 mg/L at monitoring well 54MW1 to a high of 8.45 mg/L at monitoring well
54MW12. ORP measurements ranged from a low of 45.9 mV at monitoring well 54MW10 to a
high of 83.2 mV at monitoring well 54MW12. Measurements of pH ranged from a low of 6.57
standard units at monitoring well 54MW 12 to a high of 7.46 at monitoring well 54MW 1. The pH
levels were generally more neutral than observed during the twenty-first quarterly monitoring
event, but is likely due to the colder weather during the twenty-second quarterly monitoring
event. Measurements of specific conductance ranged from a low of 438.4 uS/cm in monitoring
well 54MW1 to a high of 734.0 uS/cm observed at monitoring well 54MW10.
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Table 4-5 Twenty-Second Quarter Water Quality Parameters at SWMU 54

Well ID pH Conductivity Turbidity Dissolved ORP Temperature

(1uS/cm) (NTU) Oxygen (mg/L) (mV) (°C)

54MW1 7.46 4384 0.32 0.53 69.0 13.0

54MW10 7.14 734 0.92 0.95 45.9 12.5

54MW12 6.57 531.7 2.17 8.45 83.2 10.4

54MW13 7.0 640.2 7.34 4.51 753 12.0

Notes:

mg/L - milligrams per liter mV - millivolts

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

NTU - nephelometric turbidity unit ORP — Oxygen reduction potential

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

4.2.3 Quality Control Samples

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

One duplicate sample was collected at 54MW 10 (duplicate as 54TM10) and analyzed for the
same suite of compounds as the parent sample. Further, one MS/MSD was collected at
monitoring well 54MW 12 (54MW 12 MS/MSD) and analyzed for the same suite of compounds
as the parent sample.

One equipment rinse blank (013018R1) was collected during the twenty-second quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into
clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the monitoring well samples. Finally, one IDW purge water sample
(54ADWO1) was collected and analyzed for pH, COD, and total metals. Results of the QA/QC
samples are presented in the raw analytical data package provided in Appendix B.

4.3 Twenty-Third Quarter Groundwater Sampling (April 2018)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MW1, 54MW10, 54MW 12, and 54MW 13 from 30 April to 1 May 2018. Groundwater
elevation measurements were collected prior to sampling activities. The locations of monitoring
wells sampled during this quarterly event are provided in Figure 4-1.

4.3.1 Groundwater Elevation Measurements

Table 4-6 provides the measured depth to water levels (from TOC) and groundwater elevations
collected on 30 April 2018 during the quarterly monitoring event. Figure 4-4 presents a
groundwater elevation contour map developed from the elevation data collected during the
quarter.
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Estimated groundwater flow velocity for Area A was calculated based on parameters used in the
SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft had
a groundwater elevation difference of 12.29 ft, resulting in a calculated hydraulic gradient of
0.023 ft/ft. Using an average K value for Area A of 4.86 ft/day and an estimated effective porosity
of 0.20, the groundwater flow velocity for Area A is approximately 0.55 ft/day (202.5 ft/year).

Table 4-6 Twenty-Third Quarter Groundwater Elevations at SWMU 54
Water
Screen Elevation Water PID
Well Interval SO Total Depth Level TOC Level (ft Readings
Length (ft) (ft) (ft below
(ft bgs) (ft amsl) amsl) (ppm)
TOC)
54MW1 34.8-54.8 20 62 17.94 1707.78 1689.84 PID =0.0
54MW10 12 -27 15 35 13.55 1691.10 1677.55 PID =0.0
54MW12 20 -30 10 30 22.17 1702.42 1680.25 PID =0.0
54MW13 12-25 10 25.33 18.68 1698.90 1680.22 PID =0.0

Notes:

amsl = above mean sea level
bgs = below ground surface

ft = feet

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

4.3.2 Groundwater Sampling

Groundwater samples were collected from monitoring wells 54MW 1, 54MW10, 54MW12, and
54MW13 between 30 April and 1 May 2018. The twenty-third quarter monitoring samples were
tested for the same analytes as the previous two quarters, which are presented in Table 4-2.

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

1.

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

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

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

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

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

Based on the DO data collected during the twenty-third quarterly monitoring event, groundwater
within Area A exhibited aerobic groundwater conditions. The DO levels ranged from a low of
4.37 mg/L at monitoring well 54MW 10 to a high of 6.5 mg/L at monitoring well 54MW12. ORP
measurements ranged from a low of 50.0 mV at monitoring well 54MW10 to a high of 204.7 mV
at monitoring well 54MW12. Measurements of pH ranged from a low of 6.68 standard units at
monitoring well 54MW12 to a high of 7.59 at monitoring well 54MW 1. The pH levels were
lower than the measurements observed during the twenty-second quarterly monitoring event.
Measurements of specific conductance ranged from a low of 441.6 uS/cm in monitoring well
54MW1 to a high of 584.0 uS/cm observed at monitoring well 54MW12. These values are
generally in agreement with those observed during the twenty-first quarterly event but are
significantly lower than those observed in during the twenty-second quarterly monitoring event
with the exception of those observed at 54MW1.

Table 4-7 Twenty-Third Quarter Water Quality Parameters at SWMU 54

Well ID pH Conductivity Turbidity D(l)s;;;;d ORP Tem[zerature

(nS/cm) (NTU) L) (mV) (°C)

54MW1 7.59 441.6 0.59 5.28 63.8 13.6

54MW10 6.87 553.7 0.78 4.37 50.0 13.1

54MW12 6.68 584.0 104 6.5 204.7 124

54MW13 6.76 520.0 3.15 6.18 73.5 134

Notes:

mg/L - milligrams per liter mV - millivolts

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

NTU - nephelometric turbidity unit ORP — Oxygen reduction potential

Copies of the COC forms are provided in Appendix B along with the raw analytical data
packages.
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Figure 4-4 SWMU 54 April 2018 (23rd Quarter) Groundwater Contour Map
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4.3.3 Quality Control Samples

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

One duplicate sample was collected at 54MW 10 (duplicate as 54TM10) and analyzed for the
same suite of compounds as the parent sample. Further, one MS/MSD was collected at
monitoring well 54MW 12 (54MW 12 MS/MSD) and analyzed for the same suite of compounds
as the parent sample.

One equipment rinse blank (050118R1) was collected during the twenty-third quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into
clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the monitoring well samples. Finally, one IDW purge water sample
(54ADWO1) was collected and analyzed for pH, COD, and total metals. Results of the QA/QC
samples are presented in the raw analytical data package provided in Appendix B.

4.4 Twenty-Fourth Quarter Groundwater Sampling (July 2018)

Groundwater elevation measurements and groundwater samples were collected from monitoring
wells 54MW1, 54MW10, 54MW 12, and 54MW 13 from 30 July to 2 August 2018. Groundwater
elevation measurements were collected prior to sampling activities. The locations of monitoring
wells sampled during this quarterly event are provided in Figure 4-1.

4.4.1 Groundwater Elevation Measurements

Table 4-8 provides the measured depth to water levels (from TOC) and groundwater elevations
collected on 30 July 2018 during the quarterly monitoring event. Figure 4-5 presents a
groundwater elevation contour map developed from the elevation data collected during the
quarter.

Estimated groundwater flow velocity for Area A was calculated based on parameters used in
the SWMU 54 RFI/CMS Report (URS, 2008). The Area A flow path of approximately 538.4 ft
had a groundwater elevation difference of 14.521 ft, resulting in a calculated hydraulic gradient
of 0.026 ft/ft. Using an average K value for Area A of 4.86 ft/day and an estimated effective
porosity of 0.20, the groundwater flow velocity for Area A is approximately 0.64 ft/day (234.1
ft/year).
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Table 4-8 Twenty-Fourth Quarter Groundwater Elevations at SWMU 54

war | e | Sonen | Tommopn Vel Bonton | waertowt| i
(ft bgs) (ft) TOC) (ft amsl) (ppm)

54MW1 34.8-54.8 20 62 19.53 1707.78 1688.25 PID =0.0

54MW10 12-27 15 35 17.06 1691.10 1674.04 PID =0.0

54MW12 20-30 10 30 25.61 1702.42 1676.81 PID =0.0

54MW13 12-25 10 25.33 22.11 1698.90 1676.79 PID =0.0

Notes:

amsl = above mean sea level
bgs = below ground surface

ft = feet

ppm= parts per million

TOC = top
PID = Pho

of casing
toionzation detector

4.4.2 Groundwater Sampling

Groundwater samples were collected from monitoring wells 54MW1, 54MW 10, 54MW12, and
54MW13 from 30 July to 2 August 2018. The twenty-fourth quarter monitoring samples were
tested for the same analytes as the previous three quarters, which are presented in Table 4-2.

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

I.

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

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

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

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

Table 4-9 presents a summary of the final (stabilized) water quality readings for each
well from the twenty-fourth quarter.
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Based on the DO data collected during the twenty-fourth quarterly monitoring event,
groundwater within Area A indicated both aerobic and anaerobic groundwater conditions. The
DO levels ranged from a low of 0.78 mg/L at monitoring well 54MW10 to a high of 9.17 mg/L
at monitoring well 54MW12. These values ranged from significantly lower than those observed
during the two previous quarterly monitoring events (54MW10 and 54MW13) to significantly
higher than those observed during the two previous quarterly monitoring events (54MW1 and
54MW12). ORP measurements ranged from a low of -19.9 mV at monitoring well 54MW 10 to
a high of 2.9 mV at monitoring well 54MW12. Measurements of pH ranged from a low of 6.06
standard units at monitoring well 54MW 12 to a high of 6.87 at monitoring well 54MW 1. The pH
levels were generally in agreement with measurements observed during the previous three
quarterly monitoring events. Measurements of specific conductance ranged from a low of 375.6
uS/cm in monitoring well 54MWI12 to a high of 629 uS/cm observed at monitoring well
54MW10. These values were generally lower than values observed during the three previous
quarterly monitoring events.

Table 4-9 Twenty-Fourth Quarter Water Quality Parameters at SWMU 54
. . ‘s Dissolved
Well ID pH Co(r:ldsl;g:)flty Ttl;‘ll;gl)ty Oxygen ((I)nltll; Tem{)oe(l:‘;lture
(mg/L)

54MW1 6.87 390.9 0.3 6.96 0.5 14
54MW10 6.56 629 0.89 0.78 -19.9 14.7
54MW12 6.06 375.6 39.5 9.17 2.9 15.6
54MW13 6.55 549 2.03 3.42 0.7 16

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

mV - millivolts

°C - degrees Celsius
ORP — Oxygen reduction potential

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

4.4.3 Quality Control Samples

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

One duplicate sample was collected at 54MW 10 (duplicate as 54TM10) and analyzed for the
same suite of compounds as the parent sample. Further, one MS/MSD was collected at
monitoring well 54MW 12 (54MW 12 MS/MSD) and analyzed for the same suite of compounds
as the parent sample.

One equipment rinse blank (071017R 1) was collected during the twenty-fourth quarterly
monitoring event by pouring de-ionized water over a decontaminated bladder pump and into

clean laboratory supplied bottles. The rinse blank was collected and analyzed for the same suite
of compounds as the parent samples. Finally, one IDW purge water sample (S4ADWO1) was
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collected and analyzed for pH, COD, and total metals. Results of the QA/QC samples are
presented in the raw analytical data package provided in Appendix B.
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Figure4-5 SWMU 54 July 2018 (24th Quarter) Groundwater Contour Map
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5.0  Chemical Analytical Results

5.1 Selection of Comparison Criteria

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

5.2 Twenty-First Quarter Groundwater Results (October 2017)

Four (4) groundwater monitoring wells were sampled during this quarterly monitoring event
including wells 54MW1, 54MW 10, 54MW 12, and 54MW 13, with a duplicate sample collected
from monitoring well 54MW10. Samples were submitted for explosives, perchlorate, RDX
breakdown by-products (DNX, MNX and TNX), and MNA indicator parameter analyses.
Detected constituents are summarized in Table 5-1, while the complete results are presented in
Table 5-2. Sample locations are provided in Figure 4-1. The complete laboratory analytical
reports are included in Appendix B-2.

Explosives

Four explosives were detected in groundwater samples including 2,4,6-TNT, 2-amino-4,6-
dinitrotoluene (2ADNT), 4-amino-2,6-dinitrotoluene (4ADNT), and RDX. All four explosives
were detected in monitoring wells 54MW10, 54MW12, and 54MW13. No explosives were
detected in monitoring well 54MW 1.

The explosive 2,4,6-TNT was detected at monitoring well 54MW 10 at a concentration of 11.2
micrograms per liter (ug/L) and 9.8 ng/L (field duplicate 54TM10); at monitoring well 54MW 12
at a concentration of 39 pg/L; and at monitoring well 54MW 13 at concentrations of 3.0 pug/L.
The concentrations of 2,4,6-TNT at monitoring wells 54MW 10 and 54MW 12 exceeded the RG
of 7.82 ng/L.

The explosive 2ADNT was detected at monitoring well 54MW 10 at a concentration of 2.1 pg/L
and 2.0 pg/L (field duplicate 54TM10), and at monitoring well 54MW 13 at a concentration of
0.52 pg/L. An RG has not been established for 2ADNT.

The explosive 4ADNT was detected at monitoring well 54MW 10 at concentrations of 1.9 pg/L
and 1.7 pg/L (field duplicate 54TM10); at monitoring well 54MW 12 at a concentration of 2.7
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ug/L; and at monitoring well 54MW 13 at concentrations of 0.34 ug/L. An RG has not been
established for 4ADNT.

RDX was detected at monitoring well 54MW 10 at concentrations of 1.8 ug/L and 1.6 pg/L (field
duplicate 54TM10); at monitoring well 54MW12 at a concentration of 14 pg/L; and at
monitoring well 54MW13 at a concentration of 0.48 ug/L. The detection at 54MW 12 exceeds
the RG of 6.1 pg/L. No RDX breakdown by-products (DNX, MNX, and TNX) were detected at
any of the monitoring wells during this quarterly monitoring event.

The monitoring wells with detected concentrations of explosives are typically the same wells
with observed hits recorded during previous sampling rounds. The monitoring well locations
(54MW12 and 54MW13) where 2,4,6-TNT exceed the RG are provided in Figure 5-1.

Perchlorate

Perchlorate was detected in four groundwater samples collected from monitoring wells
54MW10, 54MW12, and 54MW13 during this quarterly monitoring event. Perchlorate was
detected at monitoring well 54MW10 at concentrations of 0.23 pg/L and 0.21 pg/L (field
duplicate 54TM10); at monitoring well 54MW 12 at a concentration of 1.4 pg/L; and monitoring
well 54MW 13 at a concentration of 0.2 ng/L. All four detections were well below the RG of 10.9

png/L.

Miscellaneous Analytes

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

Observed concentrations of TOC in the four monitoring wells ranged from an estimated low of
1.2 mg/L (54MW12) to an estimated high of 2.6 mg/L (54MW10), while the concentrations of
TIC ranged from a low of 56 mg/L (54MW10) to a high of 86 mg/L (54MW12). Dissolved
ferrous iron concentrations ranged from a low of 0.0 mg/L (non detect) (54MW1, 54MW10 and
field duplicate 54TM 10, and 54MW13) to a high 0of 0.72 mg/L (54MW12). Dissolved manganese
concentrations ranged from a low of 0.032 mg/L (54MW13) to a high of 0.21 mg/L (54MW1).
Chloride concentrations ranged from an estimated low of 3.4 mg/L (54MW1) to a high of 7.1
mg/L (54MW 10, field duplicate 54TM10). Detected concentrations of nitrate ranged from an
estimated low of 0.0 mg/L (non detect) (54MW1) to a high of 0.86 mg/L (54MW12). Sulfate
concentrations ranged from a low of 29.0 mg/L (54MW13) to a high of 38.0 mg/L (54MW10
and field duplicate 54TM10). The MNA indicator parameters chlorate and chlorite went
undetected during this quarterly monitoring event. Table 5-2 presents the MNA indicator
parameters sample results. A more detailed discussion of the MNA results is provided in Section
6.0.
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Table 5-1

SWMU 54 Summary of Twenty-First Quarter Groundwater Samples

Analyte Units | RG UL # of Detections # of Samples® Mmlmun'l Max1mun'1 Location of Maximum
Exceedances Concentration Concentration
Explosives
1,3-Dinitrobenzene pg/L na na 0 5 ND ND na
2,4,6-Trinitrotoluene pg/L | 7.82 3 4 5 3.0 39.0 54MW12
DNT Mixture* pg/L | 0.932 0 0 5 ND ND na
2,4-Dinitrotoluene pg/L na na 0 5 ND ND na
2,6-Dinitrotoluene pg/L na na 0 5 ND ND na
2-Amino-4,6-dinitrotoluene pg/L na na 3 5 0.52 2.1 54MW10
2-Nitrotoluene pg/L na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene pg/L na na 4 5 0.34 2.7 54MW12
RDX png/L 6.1 1 4 5 0.48 14.0 54MW12
DNX pg/L na na 0 5 ND ND na
MNX ng/L na na 0 5 ND ND na
TNX pg/L na na 0 5 ND ND na
Perchlorate pg/L | 109 0 4 5 0.2 1.4 54MW12
Chlorate pg/L na na 0 5 ND ND na
Chlorite pg/L na na 0 5 ND ND na
Chloride mg/L| na na 5 5 34 7.1 3 4TM12 ‘fﬂ%‘i g;lphcate
Nitrate (as N) mg/L na na 4 5 ND 0.86 54MW12
Sulfate mg/L na na 5 5 29 38 fiill\)/ﬁz/altg anle\? le (l)c)l
Total Inorganic Carbon mg/L na na 5 5 56 86 54MW12
Total Organic Carbon mg/L na na 5 5 1.2 2.6 54MW10
Notes:

! One sample was a duplicate
na = not applicable
ND = non detect

*DNT Mixture is combined results of 2,4-Dinitrotoluene and 2,6-Dinitrotoluene
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Table 5-2

SWMU 54 Detected Analytes in Twenty-First Quarter Groundwater Samples

Sample ID 54MW1 54MW10 54TM10 (Field Duplidate 54MW10)
Date Collected 10/31/2017 10/31/2017 10/31/2017
Remedial
Analyte Units | Goals ® |Result |[LabQ | ValQ | RL | MDL |Result|LabQ|ValQ | RL | MDL |Result|LabQ|ValQ| RL | MDL

Explosives
1,3-Dinitrobenzene png/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2,4,6-Trinitrotoluene png/L 7.82 0.1 U 0.2 0.08 | 11.2 0.2 0.08 9.8 0.2 0.08
DNT Mixture* pg/L 0.932 0.2 U 0.2 0.08 0.2 U 0.2 0.08 0.2 U 0.2 0.08

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

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2-Amino-4,6-dinitrotoluene | pg/L na 0.1 U 0.2 0.08 2.1 0.2 0.08 2.0 0.2 0.08
2-Nitrotoluene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
4-Amino-2,6-dinitrotoluene | pg/L na 0.1 U 0.2 0.08 1.9 0.2 0.08 1.7 0.2 0.08
RDX pg/L 6.1 0.1 U 0.2 0.08 1.8 0.2 0.08 1.6 0.2 0.08
DNX pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
MNX pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
TNX pg/L na 0.1 U UJ 0.2 0.08 0.1 U UJ 0.2 0.08 0.1 U [SA) 0.2 0.08
Misc.
Perchlorate png/L 10.9 0.1 U 0.2 0.05 | 0.23 0.2 0.05 | 0.21 0.2 0.05
Chlorate pg/L na 10 U 10 3.1 10 U 10 3.1 10 U 10 3.1
Chlorite pg/L na 10 U 10 2.1 10 U 10 2.1 10 U 10 2.1
Chloride mg/L na 34 J 4 1.1 7 4 1.1 7.1 4 1.1
Nitrate (as N) mg/L na 0.15 U 0.4 0.08 | 0.34 J 0.4 0.08 | 0.34 J 0.4 0.08
Sulfate mg/L na 31 5 1.3 38 5 1.3 38 5 1.3
Total Inorganic Carbon mg/L na 57 3 0.5 56 3 0.5 58 3 0.5
Total Organic Carbon mg/L na 1.6 J 3 0.5 2.6 J 3 0.5 2 J 3 0.5
MNA
Dissolved Fe?* mg/L na 0.00 0.00 0.00
Dissolved Mn mg/L na 0.21 0.044 0.044
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Table 5-2 SWMU 54 Detected Analytes in Twenty-First Quarter Groundwater Samples (Continued)

Sample ID 54MW12 54MW13
Date Collected 11/1/2017 10/31/2017
Remedial
Analyte Units | Goals® | Result |[LabQ| ValQ | RL |MDL| Result |[LabQ|ValQ | RL | MDL

Explosives
1,3-Dinitrobenzene pg/L na 0.1 U 0.2 | 0.08 0.1 U 0.2 0.08
2,4,6-Trinitrotoluene pg/L 7.82 39 0.2 | 0.08 3 0.2 0.08
DNT Mixture* pg/L 0.932 0.2 U 0.2 | 0.08 0.2 U 0.2 0.08

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

2,6-Dinitrotoluene pg/L na 0.1 U 0.2 [ 0.08 0.1 U 0.2 0.08
2-Amino-4,6-
dinitrotoluene ug/L na 3.6 U 0.2 | 0.08 0.52 0.2 | 0.08
2-Nitrotoluene pg/L na 0.1 U 0.2 | 0.08 0.1 U 0.2 0.08
4-Amino-2,6-
dinitrotoluene ne/L na 27 18 | 18 | 034 02 | 0.08
RDX pg/L 6.1 14 0.2 | 0.08 0.48 0.2 0.08
DNX pg/L na 0.1 U 0.2 [ 0.08 0.1 U 0.2 0.08
MNX pg/L na 0.1 U 0.2 [ 0.08 0.1 U 0.2 0.08
TNX pg/L na 0.1 U uJ 0.2 [ 0.08 0.1 U uJ 0.2 0.08
Misc.
Perchlorate pg/L 10.9 1.4 0.2 | 0.05 0.2 0.2 0.05
Chlorate pg/L na 10 U 10 3.1 10 U 10 3.1
Chlorite png/L na 10 U 10 2.1 10 U 10 2.1
Chloride mg/L na 5.8 4 1.1 5.6 M 4 1.1
Nitrate (as N) mg/L na 0.86 M 0.4 | 0.08 0.45 M J 0.4 0.08
Sulfate mg/L na 37 M 5 1.3 29 5 1.3
Total Inorganic Carbon | mg/L na 86 3 0.5 71 3 0.5
Total Organic Carbon mg/L na 1.2 J 3 0.5 2.2 J 3 0.5
MNA
Dissolved Fe?* mg/L na 0.72 0.00
Dissolved Mn mg/L na 0.051 0.032
Notes: Date Qualifiers:
(1) Remedial Goals developed in SWMU 54 RFI/CMS Report, Final Document (URS, J = Estimated value.
2008). Exceedances denoted by bold font. M = Matrix Spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
ug/L = micrograms per liter (parts per billion) U = Analyte concentration was not above the detection level.

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

MDL = Method Detection Limit

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

RL = Reporting Limit

Lab Q = Lab Data Qualifiers

Val Q = Validation Data Qualifiers
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Figure 5-1 SWMU 54 October 2017 Groundwater Sample Results Exceeding RGs
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53 Twenty-Second Quarter Groundwater Results (January 2018)

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

Explosives

Four explosives were detected in groundwater samples including 2,4,6-TNT, 2ADNT, 4ADNT,
and RDX. The explosive RDX was only detected at monitoring well 54MW 12 while 2,4,6-TNT,
2ADNT, and 4ADNT were detected at monitoring wells 54MW 10 (field duplicate 54TM10),
54MW12, and 54MW13. 2,4,6-TNT, 2ADNT, and 4ADNT were qualified as estimated values
at monitoring well 54MW10 (field duplicate 54TM10). No explosives were detected in
monitoring well 54MW1.

The explosive 2,4,6-TNT was detected at monitoring well 54MW 10 (field duplicate 54TM10) at
an estimated concentration of 1.5 pg/L. At monitoring well 54MW12 2,4,6-TNT was detected at
a concentration of 22.3 ug/L; and at monitoring well 54MW13 at a concentration of 4.4 ug/L.
The concentration of 2,4,6-TNT at monitoring well 54MW 12 exceeds the RG of 7.82 pg/L.

The explosive 2ADNT was detected at monitoring well 54MW 10 (field duplicate 54TM10) at
an estimated concentration of 1.0 pg/L; at monitoring well 54MW12 at a concentration of 4.5
pg/L; and at monitoring well 54MW 13 at a concentration of 1.5 pg/L. An RG has not been
established for 2ADNT.

The explosive 4ADNT was detected at monitoring well 54MW 10 (field duplicate 54TM10) at
an estimated concentration of 0.7 pg/L; at monitoring well 54MW 12 at a concentration of 2.3
pg/L; and at monitoring well 54MW 13 at a concentration of 1.0 ug/L. An RG has not been
established for 4ADNT.

RDX was detected in only one sample; monitoring well 54MW12 at a concentration of 13.4
png/L, which exceeds the RG of 6.1 pg/L. No RDX breakdown by-products (DNX, MNX, and
TNX) were detected at any of the monitoring wells during this quarterly monitoring event.

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

Perchlorate was detected in three groundwater samples collected from monitoring wells
54MW10, 54MW 12, and 54MW 13. Perchlorate was detected at monitoring well 54MW 10 (field
duplicate 54TM10) at an estimated concentration of 0.096 pg/L; at monitoring well 54MW 12 at
a concentration of 1.9 pg/L; and at monitoring well 54MW 13 at a concentration of 0.25 ug/L.
All three detections are well below the RG of 10.9 pg/L.

Miscellaneous Analytes

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

Observed concentrations of TOC in the four monitoring wells ranged from an estimated low of
3.7 mg/L (54MW10) to a high of 13.0 mg/L (54MW12), while the concentrations of TIC ranged
from a low of 48.0 mg/L (54MW1) to a high of 74.0 mg/L (54MW13). Dissolved ferrous iron
concentrations ranged from a low of 0.0 mg/L (non detect) (54MW10 and 54MW12) to a high
of 0.26 mg/L (54MW13). Dissolved manganese concentrations ranged from a low of 0.00 mg/L
(non-detect) (54MW10 and 54MWI12) to a high of 0.064 mg/L (54MW13). Chloride
concentrations ranged from an estimated low of 1.8 mg/L (54MW1) to a high of 4.3 mg/L
(54MW13). Detected concentrations of nitrate ranged from a low of 0.0 mg/L (non detect)
(54MW1 and 54MW10) to a high of 1.4 mg/L (54MW 12). Sulfate concentrations ranged from a
low of 25.0 mg/L (54MW1) to a high of 98.0 mg/L (54MW10). The MNA indicator parameter
chlorate was detected in 54MW 10 at a concentration of 11 pg/LL and went undetected in the
remaining wells. The MNA indicator parameter of chlorite went undetected during this quarterly
monitoring event. Table 5-4 presents the MNA indicator parameters sample results. A more
detailed discussion of the MNA results is provided in Section 6.0.
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Table 5-3 SWMU 54 Summary of Twenty-Second Quarter Groundwater Samples
# of RG . Minimum Maximum Location of
. Exceedances OIS # of Samples® Concentration Concentration Maximum
Explosives (ug/L)
1,3-Dinitrobenzene na na 0 5 ND ND na
2,4,6-Trinitrotoluene 7.82 1 3 5 1.5 22.3 54MW12
DNT Mixture 0.932 0 0 5 ND ND na
2,4-Dinitrotoluene na na 0 5 ND ND na
2,6-Dinitrotoluene na na 0 5 ND ND na
2-Amino-4,6-dinitrotoluene na na 3 5 1.0 4.5 54MW12
2-Nitrotoluene na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene na na 3 5 0.7 2.3 54MW12
RDX 6.1 1 1 5 ND 13.4 54MW12
DNX na na 0 5 ND ND na
MNX na na 0 5 ND ND na
TNX na na 0 5 ND ND na
Misc. (ug/L)
Perchlorate 10.9 0 3 5 0.25 1.9 54MW12
Chlorate na na 1 5 ND 11.0 54MW10
Chlorite na na 0 5 ND ND na
Chloride na na 5 5 1.8 4.3 54MW13
Nitrate (as N) na na 3 5 0.1 1.4 54MW12
Sulfate na na 5 5 25 98 54MW10
Total Inorganic Carbon na na 5 5 48 74 54MW13
Total Organic Carbon na na 5 5 3.7 13 54MW12
Notes:

! One sample was a duplicate
na = not applicable
ND = non detect
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Table 5-4 SWMU 54 Detected Analytes in Twenty-Second Quarter Groundwater Samples
Sample ID 54MW1 54MW10 54TM10 (Field Duplicate S4MW10)
Date Collected 1/29/2018 1/29/2018 1/29/2018
Remedial
Analyte Units | Goals ® |Result [LabQ|ValQ| RL | MDL |Result|LabQ|ValQ| RL | MDL |Result|LabQ|ValQ| RL | MDL
Explosives
1,3-Dinitrobenzene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2,4,6-Trinitrotoluene pg/L 7.82 0.1 U 0.2 0.08 0.1 U uJ 0.2 0.08 1.5 J 0.2 0.08
DNT Mixture pg/L 0.932 0.2 U 0.2 0.08 0.2 U 0.2 0.08 0.2 U 0.2 0.08
2,4-Dinitrotoluene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2,6-Dinitrotoluene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2-Amino-4,6-dinitrotoluene | pg/L na 0.1 U 0.2 0.08 0.1 U UJ 0.2 0.08 1 J 0.2 0.08
2-Nitrotoluene pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
4-Amino-2,6-dinitrotoluene | pg/L na 0.1 U 0.2 0.08 0.1 U UJ 0.2 0.08 0.7 J 0.2 0.08
RDX pg/L 6.1 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.64 | 0.64
DNX pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
MNX pg/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
TNX pg/L na 0.1 U UJ 0.2 0.08 0.1 U uUJ 0.2 0.08 0.1 U uUJ 0.2 0.08
Misc.
Perchlorate png/L 10.9 0.1 U 0.2 0.05 0.1 U 0.2 0.05 | 0.096 J 0.2 0.05
Chlorate pg/L na <10 U 10 5.3 11 10 5.3 <10 U 10 5.3
Chlorite pg/L na <10 U 10 7.9 <10 U 10 7.9 <10 U 10 7.9
Chloride mg/L na 1.8 J 4 1.1 4 4 1.1 3.6 J 4 1.1
Nitrate (as N) mg/L na 0.15 U 0.4 0.08 | 0.15 U UJ 0.4 0.08 0.1 J J 04 | 0.08
Sulfate mg/L na 25 5 1.3 98 M 15 3.9 86 15 3.9
Total Inorganic Carbon mg/L na 48 3 0.5 73 3 0.5 60 3 0.5
Total Organic Carbon mg/L na 6.5 3 0.5 3.7 J 3 0.5 12 J 3 0.5
MNA
Dissolved Fe+ mg/L na 0.02 0.0 0.0
Dissolved Mn mg/L na 0.038 0.00 0.00
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Table 5-4 SWMU 54 Detected Analytes in Twenty-Second Quarter Groundwater Samples (Continued)

Sample ID 54MW12 54MW13
Date Collected 1/30/2018 1/29/2018
Remedial
Analyte Units | Goals® | Result |LabQ | ValQ | RL MDL Result |LabQ | ValQ | RL MDL

Explosives
1,3-Dinitrobenzene png/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2,4,6-Trinitrotoluene ng/L 7.82 22.3 0.2 0.08 4.4 0.2 0.08
DNT Mixture ng/L 0.932 0.2 U 0.2 0.08 0.2 U 0.2 0.08

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

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2-Amino-4,6-dinitrotoluene | pg/L na 4.5 0.2 0.08 1.5 0.2 0.08
2-Nitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
4-Amino-2,6-dinitrotoluene | ng/L na 23 1.8 1.8 1.0 0.2 0.08
RDX png/L 6.1 134 0.8 0.32 0.91 U 0.91 0.91
DNX png/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
MNX png/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
TNX pg/L na 0.1 U Ul 0.2 0.08 0.1 U Ul 0.2 0.08
Misc.
Perchlorate ng/L 10.9 1.9 J 0.2 0.05 0.25 0.2 0.05
Chlorate ng/L na <10 U 10 5.3 <10 U 10 5.3
Chlorite png/L na <10 U 10 7.9 <10 U 10 7.9
Chloride mg/L na 3.9 J 4 1.1 4.3 4 1.1
Nitrate (as N) mg/L na 1.4 0.4 0.08 0.33 J 0.4 0.08
Sulfate mg/L na 46 M 5 1.3 34 5 1.3
Total Inorganic Carbon mg/L na 54 3 0.5 74 3 0.5
Total Organic Carbon mg/L na 13 3 0.5 10 3 0.5
MNA
Dissolved Fe?* mg/L na 0.0 0.26
Dissolved Mn mg/L na 0.00 0.064

Notes: Date Qualifiers:

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

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

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

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

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

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

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

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

Lab Q = Lab Data Qualifiers
Val Q = Validation Data Qualifiers
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Figure 5-2  SWMU 54 January 2018 Groundwater Sample Results Exceeding RGs
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54 Twenty-Third Quarter Groundwater Results (April 2018)

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

Explosives

Four explosives were detected in groundwater samples including 2,4,6-TNT, 2ADNT, 4ADNT,
and RDX. Only 2,4,6-TNT was detected in three of the four monitoring wells 54MW10,
54MW 12, and 54MW13. The explosive, 2ADNT, was detected in 54MW10 and 54MW 12 while
4ADNT was detected in 54MW10 and 54MW13. RDX was only detected at monitoring well
54MW12. No explosives were detected in monitoring well 54MW 1.

The explosive 2,4,6-TNT was detected at monitoring well 54MW 10 at concentrations of 0.67
ug/L and 0.63 ng/L (field duplicate, 54TM10); at monitoring well 54MW12 at a concentration
of 52.3 pg/L; and at monitoring well 54MW13 at a concentration of 2 pg/L. Only the
concentration of 2,4,6-TNT detected at monitoring well 54MW12 exceeds the RG of 7.82 ug/L.

The explosive 2ADNT was detected at monitoring well 54MW 10 at a concentration of 0.91 pg/L
and 1.1 pg/L (field duplicate, 54TM10); at monitoring well 54MW 12 at a concentration of 5.6
ug/L. An RG has not been established for 2ADNT.

The explosive 4ADNT was detected at monitoring well 54MW 10 at a concentration of 0.79 pg/L
and 0.8 ug/L (field duplicate, 54TM10); and at monitoring well 54MW 13 at a concentration of
0.76 ng/L. An RG has not been established for 4ADNT.

RDX was detected at monitoring well 54MW12 at a concentration of 33.3 pg/L. The
concentration of RDX detected at monitoring well 54MW 12 exceeds the RG of 6.1 pug/L.

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

Perchlorate

Perchlorate was detected in four groundwater samples collected from monitoring wells
54MW10, 54TM10 (field duplicate), 54MW12, and 54MW13. Perchlorate was detected at
monitoring well 54MW10 at a concentration of 0.5 pg/L and 0.48 pg/L (field duplicate,
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54TM10); at monitoring well 54MW 12 at a concentration of 2.8 pg/L; and at monitoring well
54MW 13 at a concentration of 0.33 pg/L. All four detections are below the RG of 10.9 pg/L.

Miscellaneous Analytes

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

Observed TOC concentrations in the four monitoring wells ranged from a low of 0.0 mg/L (non-
detect) (54MW1, 54MW10, and 54MW13) to a high of 0.72 mg/L (54MW12), while the
concentrations of TIC ranged from a low of 56.0 mg/L (54MW1) to a high of 85.0 mg/L
(54MW12). Dissolved ferrous iron concentrations ranged from a low of 0.00 mg/L (54MW1) to
a high of 0.06 mg/L (54MW12). Dissolved manganese concentrations ranged from a low of 0.024
mg/L (54MW1) to a high of 0.11 mg/L (54MW10). Chloride concentrations ranged from an
estimated low of 2.3 mg/L (54MW1) to a high of 5.5 mg/L (54MW10). Detected concentrations
of nitrate ranged from an estimated low of 0.2 mg/L (54TM1) to a high of 1.2 mg/L (54MW12).
Sulfate concentrations ranged from a low of 28.0 mg/L (54MW1) to a high of 47.0 mg/L
(54MW10). The MNA indicator parameters chlorate and chlorite went undetected during this
quarterly monitoring event. Table 5-6 presents the MNA indicator parameters sample results. A
more detailed discussion of the MNA results is provided in Section 6.0.
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Table 5-5

SWMU 54 Summary of Twenty-Third Quarter Groundwater Samples

Analyte Units RG | #of RG Exceedances # of Detections # of Samples C;\:ilelill::‘l:tlilon C(l)\fc‘:lilltl:'gltlilon Location of Maximum

Explosives
1,3-Dinitrobenzene pg/L na na 0 5 ND ND na
2,4,6-Trinitrotoluene pg/L 7.82 1 4 5 0.63 523 54MW12
DNT Mixture* pg/L 0.932 0 0 5 ND ND na

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

2,6-Dinitrotoluene pg/L na na 0 5 ND ND na
2-Amino-4,6-dinitrotoluene pg/L na na 3 5 0.91 5.6 54MW12
2-Nitrotoluene pg/L na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene pg/L na na 3 5 0.76 0.80 54TM10
RDX pg/L 6.1 1 1 5 na 333 54MW12
DNX pg/L na na 0 5 ND ND na
MNX pg/L na na 0 5 ND ND na
TNX pg/L na na 0 5 ND ND na
Misc.
Perchlorate pg/L 10.9 0 4 5 33 2.8 54MW12
Chlorate pg/L na na 0 5 ND ND na
Chlorite pg/L na na 0 5 ND ND na
Chloride mg/L na na 5 5 23 55 54MW10
Nitrate (as N) mg/L na na 5 5 0.2 1.2 54MW12
Sulfate mg/L na na 5 5 28 47 54MW10
Total Inorganic Carbon mg/L na na 5 5 56 85 54MW12
Total Organic Carbon mg/L na na 1 5 ND 0.72 54MW12

Notes:

! One sample was a duplicate
na = not applicable
ND = non detect
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Table 5-6

SWMU 54 Detected Analytes in Twenty-Third Quarter Groundwater Samples

54TM10
Sample ID 54MW1 54MW10 (Field Duplicate 54MW10)
Date Collected 5/1/2018 4/30/2018 4/30/2018
Remedial
Analyte Units | Goals ” | Result | LabQ | ValQ RL MDL | Result | LabQ | ValQ RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene pg/L na 0.1 U ul 0.2 0.08 0.1 U ul 0.2 0.08 0.1 U ul 0.2 0.08
2,4,6-Trinitrotoluene pg/L 7.82 0.1 U ul 0.2 0.08 0.67 J 0.2 0.08 0.63 J 0.2 0.08
DNT Mixture pg/L 0.932 0.2 U U 0.2 0.08 0.2 U 0.2 0.08 0.2 U 0.2 0.08

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

2,6-Dinitrotoluene pg/L na 0.1 U U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2-Amino-4,6-dinitrotoluene pg/L na 0.1 U U 0.2 0.08 0.91 0.2 0.08 1.1 0.2 0.08
2-Nitrotoluene pg/L na 0.1 U U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
4-Amino-2,6-dinitrotoluene pg/L na 0.1 U U 0.2 0.08 0.79 0.2 0.08 0.8 0.2 0.08
RDX pg/L 6.1 0.1 U U 0.2 0.08 0.78 U 0.78 0.78 0.71 U 0.71 0.71
DNX pg/L na 0.1 U U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
MNX pg/L na 0.1 U U 0.2 0.08 0.1 U 0.2 0.08 0.1 U 0.2 0.08
TNX pg/L na 0.1 U ul 0.2 0.08 0.1 U ul 0.2 0.08 0.1 U ul 0.2 0.08
Misc.
Perchlorate pg/L 10.9 0.1 U 0.2 0.050 0.5 0.2 0.05 0.48 0.2 0.05
Chlorate pg/L na 10 U 10 5.7 10 U 10 5.7 10 U 10 5.7
Chlorite pg/L na 10 U 10 5.3 10 U 10 5.3 10 U 10 5.3
Chloride mg/L na 23 J 3.0 1 5.5 3.0 1 52 3.0 1
Nitrate (as N) mg/L na 0.2 J 0.4 0.12 0.68 J 0.4 0.12 0.67 0.4 0.12
Sulfate mg/L na 28 3.0 0.8 47 M 3.0 0.8 47 3.0 0.8
Total Inorganic Carbon mg/L na 56 3.0 0.50 73 3.0 0.5 74 3.0 0.5
Total Organic Carbon mg/L na 1.5 U 3.0 0.50 1.5 U 3.0 0.5 1.5 U 3.0 0.5
MNA
Dissolved Fe?" mg/L na 0.0 0.00 0.00
Dissolved Mn mg/L na 0.024 0.110 0.110
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Table 5-6 SWMU 54 Detected Analytes in Twenty-Third Quarter Groundwater Samples (Continued)

Sample ID 54MW12 54MW13
Date Collected 5/1/2018 4/30/2018
Remedial
Analyte Units | Goals ® | Result | LabQ | ValQ RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene pg/L na 0.1 U uJ 0.2 0.08 0.1 8} uJ 0.2 0.08
2,4,6-Trinitrotoluene ng/L 7.82 523 J 0.2 0.08 2 J 0.2 0.08
DNT Mixture png/L 0.932 0.2 U 0.2 0.08 0.2 U 0.2 0.08

2.4-Dinitrotoluene pg/L na 0.1 9] 0.2 0.08 0.1 8] 0.2 0.08

2,6-Dinitrotoluene pg/L na 0.1 9] 0.2 0.08 0.1 8] 0.2 0.08
2-Amino-4,6-dinitrotoluene | pg/L na 5.6 0.2 0.08 0.1 U 0.2 0.08
2-Nitrotoluene pg/L na 0.1 9] 0.2 0.08 0.1 8] 0.2 0.08
4-Amino-2,6-dinitrotoluene | ng/L na 2.5 U 2.5 2.5 0.76 0.2 0.08
RDX ng/L 6.1 333 0.2 0.08 0.96 U 0.96 0.96
DNX ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
MNX png/L na 0.1 6] 0.2 0.08 0.1 6] 0.2 0.08
TNX pg/L na 0.1 U uJ 0.2 0.08 0.1 U uJ 0.2 0.08
Misc.
Perchlorate ng/L 10.9 2.8 0.2 0.05 0.33 0.2 0.05
Chlorate ng/L na 10 U 10 5.7 10 U 10 5.7
Chlorite ng/L na 10 U uJ 10 53 10 9] 10 53
Chloride mg/L na 5.1 3.0 1 4.9 3.0 1
Nitrate (as N) mg/L na 1.2 0.4 0.12 0.62 0.4 0.12
Sulfate mg/L na 41 M 3.0 0.8 30 3.0 0.8
Total Inorganic Carbon mg/L na 85 3.0 0.5 70 3.0 0.5
Total Organic Carbon mg/L na 0.72 J 3.0 0.5 1.5 U 3.0 0.5
MNA
Dissolved Fe?* mg/L na 0.06 0.00
Dissolved Mn mg/L na 0.046 0.032
Notes: Date Qualifiers:
(1) Remedial Goals developed in SWMU 54 RFI/CMS Report, Final Document (URS, B = Analyte detected in associated Method Blank.
2008). Exceedances denoted by bold font. J = Estimated value.
ug/L = micrograms per liter (parts per billion) M = Matrix Spike and/or Matrix Spike Duplicate recovery outside
mg/L = milligrams per liter (parts per million) acceptance limits.
MDL = Method Detection Limit P = Concentration of analyte differs more than 40% between primary and
na = not applicable; remedial goal not established for analyte at SWMU 54 confirmation analysis.
ND = non detect U = Analyte concentration was not above the detection level.
RL = Reporting Limit Y = Replicate/Duplicate precision outside acceptance limits.

Lab Q = Lab Data Qualifiers
Val Q = Validation Data Qualifiers
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Figure 5-3
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5.5 Twenty-Fourth Quarter Groundwater Results (July 2018)

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

Explosives

Four explosives were detected in groundwater samples including 2,4,6-TNT, 2ADNT, 4ADNT,
and RDX. 2,4,6-TNT and 2ADNT were detected in monitoring wells 54MW 10, 54MW 12, and
54MW13; 4ADNT was detected in monitoring well 54MW13; and RDX was detected in
monitoring wells 54MW10 and 54MW12. No explosives were detected in monitoring well
54MW1.

The explosive 2,4,6-TNT was detected at monitoring well 54MW10 at a concentration of 3.5
ug/L and 3.3 pg/L (field duplicate, 54TM10); at monitoring well 54MW 12 at a concentration of
29.7 ng/L; and at monitoring well 54MW 13 at a concentration of 10.9 pg/L. The concentration
0f2,4,6-TNT detected at monitoring wells 54MW 12 and 54MW 13 exceeds the RG of 7.82 ug/L.

The explosive 2ADNT was detected at monitoring well 54MW 10 at estimated concentrations of
1.1 pg/L and 0.86 pg/L (field duplicate, 54TM10); at monitoring well 54MW 12 at an estimated
concentration of 4.2 ug/L; and at monitoring well 54MW 13 at a concentration of 1.5 ug/L. An
RG has not been established for 2ADNT.

The explosive 4ADNT was detected at monitoring well 54MW 13 at a concentration of 0.1 ug/L.
An RG has not been established for 4ADNT

RDX was detected at monitoring well 54MW 10 at estimated concentrations of 4.4 pg/L and 5.5
ug/L (field duplicate, 54TM10); and at monitoring well 54MW 12 at an estimated concentration
of 8.2 ug/L. The concentrations of RDX detected at monitoring well 54MW 12 exceeds the RG
of 6.1 ng/L.

The monitoring wells with detected concentrations of explosives are typically the same wells
with hits recorded during previous sampling rounds. The monitoring well locations where 2,4,6-
TNT (54MW12 and 54MW13) exceeds the RGs are provided in Figure 5-4.

Perchlorate

Perchlorate was detected in two groundwater samples collected from monitoring wells 54MW 12,
and 54MW13. Perchlorate was detected at monitoring well 54MWI12 at an estimated
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concentration of 1.7 pg/L; and at monitoring well 54MW 13 at an estimated concentration of 0.45
ug/L. Both detections are below the RG of 10.9 pg/L.

Miscellaneous Analytes

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

TOC went undetected in all four monitoring wells, while the concentrations of TIC ranged
from a low of 59.0 mg/L (54MW1) to a high of 86.0 mg/L (54MW 13). Dissolved ferrous iron
concentrations ranged from a low of 0.0 mg/L (non-detect) (54MW1) to a high of 0.04 mg/L
(54MW12). Dissolved manganese concentrations ranged from a low of 0.039 mg/L (54MW12)
to a high of 0.143 mg/L (54MW 13). Chloride concentrations ranged from an estimated low of
2.2 mg/L (54MW1) to a high of 4.6 mg/L (54MW13). Detected concentrations of nitrate
ranged from an estimated low of 0.19 mg/L (54MW10) to a high of 1.6 mg/L (54MW12).
Sulfate concentrations ranged from a low of 26.0 mg/L (54MW1) to a high of 100.0 mg/L
(54MW10). The MNA indicator parameters chlorate and chlorite went undetected during this
quarterly monitoring event. Table 5-8 presents the MNA indicator parameters sample results.
A more detailed discussion of the MNA results is provided in Section 6.0.
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Table 5-7 SWMU 54 Summary of Twenty-Fourth Quarter Groundwater Samples
RG Exceedances | #OrDetectins | #orsamples® | JCUNRE | copcentratin | Maximum

Explosives (ug/L)
1,3-Dinitrobenzene na na 0 5 ND ND na
2,4,6-Trinitrotoluene 7.82 2 4 5 33 29.7 S54AMW12
DNT Mixture* 0.932 0 0 5 ND ND na

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

2,6-Dinitrotoluene na na 0 5 ND ND na
2-Amino-4,6-dinitrotoluene na na 4 5 0.86 42 54MW12
2-Nitrotoluene na na 0 5 ND ND na
4-Amino-2,6-dinitrotoluene na na 1 5 0.1 0.1 54MW13
RDX 6.1 1 3 5 4.4 8.2 S54AMW12
DNX na na 0 5 ND ND na
MNX na na 0 5 ND ND na
TNX na na 0 5 ND ND na
Misc.
Perchlorate 10.9 0 2 5 0.45 1.7 S54AMW12
Chlorate na na 0 5 ND ND na
Chlorite na na 0 5 ND ND na
Chloride na na 5 5 2.2 4.6 54MW13
Nitrate (as N) na na 4 5 0.19 1.6 54MW12
Sulfate na na 5 5 26 100 54MW10
Total Inorganic Carbon na na 5 5 59 86 54MW13
Total Organic Carbon na na 0 5 ND ND na

Notes:

! One sample was a duplicate
na = not applicable

ND = non detect
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Table 5-8 SWMU 54 Detected Analytes in Twenty-Fourth Quarter Groundwater Samples

54TM10
Sample ID 54MW1 54MW10 (Field Duplicate 54MW10)
Date Collected 7/31/2018 7/30/2018 7/30/2018
Remedial
Analyte Units | Goals ® | Result | LabQ | ValQ RL MDL | Result | LabQ | ValQ RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2,4,6-Trinitrotoluene ng/L 7.82 0.1 U 0.2 0.081 3.5 0.2 0.08 3.3 0.2 0.08
DNT Mixture ng/L | 0.932 0.2 U 0.2 0.081 0.2 U 0.2 0.08 0.2 U 0.2 0.08

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

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2-Amino-4,6-dinitrotoluene | ng/L na 0.1 U 0.2 0.081 1.1 J 0.2 0.08 0.86 ] 0.2 0.08
2-Nitrotoluene ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.08 0.1 U 0.2 0.08
4-Amino-2,6-dinitrotoluene | ng/L na 0.1 U 0.2 0.081 0.1 U 1.6 1.6 0.1 U 1 1
RDX ng/L 6.1 0.1 U 0.2 0.081 4.4 J 0.2 0.08 5.5 J 0.2 0.08
DNX ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.08 0.1 U 0.2 0.08
MNX ng/L na 0.1 U 0.2 0.081 0.1 U 0.2 0.08 0.1 U 0.2 0.08
TNX ng/L na 0.1 U UJ 0.2 0.081 0.1 U Ul 0.2 0.08 0.1 U UJ 0.2 0.08
Misc.
Perchlorate ng/L 10.9 0.1 U 0.2 0.05 0.22 uJ 0.2 0.05 0.27 uJ 0.2 0.05
Chlorate ng/L na 10 U 10 7.1 10 U 10 7.1 10 U 10 7.1
Chlorite ng/L na 10 U 10 6.4 10 U 10 6.4 10 U 10 6.4
Chloride mg/L na 22 J 3 1 4 3 1 4.1 3 1
Nitrate (as N) mg/L na 0.2 U 0.4 0.12 0.19 J J 0.4 0.12 0.25 J J 0.4 0.12
Sulfate mg/L na 26 3 0.8 100 15 4 93 15 4
Total Inorganic Carbon mg/L na 59 3 0.5 82 3 0.5 79 3 0.5
Total Organic Carbon mg/L na 1.5 U 3 0.5 1.5 U 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe* mg/L na 0.0 0.03 0.03
Dissolved Mn mg/L na 0.041 0.121 0.121
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Table 5-8 SWMU 54 Detected Analytes in Twenty-Fourth Quarter Groundwater
Samples (Continued)

Sample ID 54MW12 54MW13
Date Collected 7/31/2017 7/31/2017
Remedial
Analyte Units | Goals ® | Result | LabQ | ValQ RL MDL | Result | LabQ | ValQ RL MDL

Explosives
1,3-Dinitrobenzene pg/L na 0.1 U 02 0.08 0.1 U 0.2 0.08
2,4,6-Trinitrotoluene ng/L 7.82 29.7 0.2 0.08 10.9 0.2 0.08
DNT Mixture ng/L | 0932 0.2 9] 0.2 0.08 0.2 U 0.2 0.08

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

2,6-Dinitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
2-Amino-4,6-dinitrotoluene | pg/L na 42 ] 0.2 0.08 1.5 0.2 0.08
2-Nitrotoluene ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
4-Amino-2,6-dinitrotoluene | pg/L na 0.1 U 24 24 0.1 1.6 1.6
RDX ng/L 6.1 8.2 J 0.2 0.08 0.1 u 0.2 0.08
DNX ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
MNX ng/L na 0.1 U 0.2 0.08 0.1 U 0.2 0.08
TNX ng/L na 0.1 U uJ 0.2 0.08 0.1 U uJ 0.2 0.08
Misc.
Perchlorate ng/L 10.9 1.7 J 0.2 0.05 0.45 J 0.2 0.05
Chlorate ng/L na 10 U 10 7.1 10 U 10 7.1
Chlorite ng/L na 10 9] 10 6.4 10 U 10 6.4
Chloride mg/L na 2.6 M 3 1 4.6 3 1
Nitrate (as N) mg/L na 1.6 0.4 0.12 0.43 0.4 0.12
Sulfate mg/L na 40 M 3 0.8 32 3 0.8
Total Inorganic Carbon mg/L na 62 3 0.5 86 3 0.5
Total Organic Carbon mg/L na 1.5 U 3 0.5 1.5 U 3 0.5
MNA
Dissolved Fe?* mg/L na 0.04 0.00
Dissolved Mn mg/L na 0.039 0.143
Notes: Date Qualifiers:
(1) Remedial Goals developed in SWMU 54 RFI/CMS Report, Final Document (URS, B = Analyte detected in associated Method Blank.
2008). Exceedances denoted by bold font. J = Estimated value.
ug/L = micrograms per liter (parts per billion) M = Matrix Spike and/or Matrix Spike Duplicate recovery outside acceptance
mg/L = milligrams per liter (parts per million) limits.
MDL = Method Detection Limit P = Concentration of analyte differs more than 40% between primary and
na = not applicable; remedial goal not established for analyte at SWMU 54 confirmation analysis.
ND = non detect U = Analyte concentration was not above the detection level.
RL = Reporting Limit Y = Replicate/Duplicate precision outside acceptance limits.

Lab Q = Lab Data Qualifiers
Val Q = Validation Data Qualifiers
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Figure 5-4 SWMU 54 July 2018 Groundwater Sample Results Exceeding RGs
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5.6 Year One Through Year Six Sample Results

Samples collected during the first two years were analyzed for explosives, perchlorate, and MNA
indicators. The Year 2 MNA Report (CB&I, 2013) recommended elimination of the wells with
no COI exceedances for the first two years, based on criteria established in the MNA work plan.
The ninth quarter of sampling occurred prior to regulatory approval of the MNA report, and the
original parameters were included in that sampling event. After approval of the Year 2 report,
the sampling plan was modified to include RDX MNA indicators in the analytical suite, and
reduce the sampling program from 14 monitoring wells to three wells with COI exceedances
(54MW10, 12, and 13), and an upgradient well (54MW 1) to monitor background conditions.
There have been no further modifications to the sampling plan.

Multiple wells were removed from the monitoring network after the ninth and tenth quarters and
therefore were not sampled during the third through sixth years. Monitoring wells that were
included in these yearly events included 54MW1, 54MW10, 54MW 12, and 54MW13, which
monitor Area A at SWMU 54. This section discusses the results from the first six years (twenty-
four quarters) of MNA sampling at these wells. The sixth year of sampling did not change from
years three through five and included the analyses of explosives, perchlorate, RDX, RDX
breakdown by-products (DNX, MNX and TNX), MNA indicator parameters, and water quality
parameters.

5.6.1 Groundwater
Explosives

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

During the fifth year of sampling the number of detected analytes was reduced once more to four
compounds including 2,4,6-TNT, 2ADNT, 4ADNT, and RDX. The LOD and LOQ for 2.,4,6-
TNT, 2ADNT, 4ADNT, RDX, and RDX breakdown products during quarters 17 through 20 was
0.1 pg/L and 0.2 pg/L, respectively. The explosive 2,4,6-TNT was detected at concentrations
above the RGs at monitoring wells 54MW12 and 54MW 13 while RDX was detected above the
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RGs only at monitoring well 54MW 12. The explosive 2,4,6-TNT was detected above the RG at
monitoring well 54MW12 during all four quarters (17-20) and at monitoring well 54MW13
during two sampling quarters (17 and 20) while RDX was detected above the RG only during
the nineteenth quarter at monitoring well 54MW12. During the sixth year of sampling the
number of detected analytes remained at four compounds including 2,4,6-TNT, 2ADNT,
4ADNT, and RDX. The LOD and LOQ for 2,4,6-TNT, 2ADNT, 4ADNT, RDX, and RDX
breakdown products during quarters 21 through 24 was 0.1 pg/L and 0.2 pg/L, respectively. The
explosive 2,4,6-TNT was detected at concentrations above the RGs at monitoring wells
54MW10, 54MW12 and 54MW 13 while RDX was detected above the RGs only at monitoring
well 54MW12. The explosive 2,4,6-TNT was detected above the RG at monitoring well
54MW12 during all four quarters (21-24), at monitoring well 54MW10 during one sampling
quarter (21), and at monitoring well 54MW 13 during two sampling quarters (21 and 24). RDX
was detected above the RG during all four quarters (21-24) at monitoring well 54MW 12. Figures
5-5 through 5-8 depict time line series plots of concentrations at these sampling locations
throughout the twenty-four quarters of sampling.

The explosive 2,4,6-TNT was detected at monitoring well 54MW10 above the RG during the
tenth, eleventh, twelfth, sixteenth, and again during the twenty-first quarterly monitoring events
(See Figure 5-6). Monitoring well 54MW12 has had detectable concentrations of 2,4,6-TNT
above the RG during all sampling events, with the exception of quarters six, seven, and sixteen.
Quarters eight and fourteen recorded the highest concentrations of 2,4,6-TNT at 108 pg/L and
110 pg/L, respectively (See Figure 5-7). 2,4,6-TNT concentrations at 54MW 13 have typically
been below the RG with the exception of the fifth, tenth, sixteenth, seventeenth, twentieth,
twenty-first, and twenty-fourth quarters of sampling where it exceeds the RG. The detected
concentration in the sixteenth quarter was the highest value recorded to date at this monitoring
well (Figure 5-8).

Concentrations of RDX exceeds the RG in monitoring well 54MW 10 during the fifth, tenth,
twelfth, and sixteenth quarters. Monitoring well 54MW 12 had detectable concentrations of RDX
above the RG during seven of the first twelve quarters of sampling, and only one detection above
the RG during year four (fourteenth quarter) and year five (nineteenth quarter) of sampling.
During year six however, there were two detections above the RG, once during the twenty-first
quarter and once during the twenty-fourth quarter. It would appear that elevated concentrations
of RDX at 54MW 12 are cyclic with periods of lower concentrations in between. Historically,
monitoring well 54MW 13 has not had a detection of RDX above the RG through the first sixteen
quarters of sampling; this trend continued during the year five and year six monitoring events.
Further, when compared to historic concentrations, the year six RDX concentrations appear to
decrease.

DNX was detected once during the year four monitoring event. Monitoring well 54MW 12 had
an estimated concentration of 0.72 pg/L, which was fairly consistent with previous detections.
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The only other detections of DNX at 54MW 12 occurred during the tenth and twelfth quarters,

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

Many of the intermediate and end-products of RDX degradation are relatively short-lived in the
environment, and accumulation of these would not be expected. Studies on the fate and transport
of explosives in the environment state that the nitroso intermediates of RDX (DNX, MNX, and
TNX) have rarely been observed in the field at the few sites where analyses have been conducted
for them (Brannon and Pennington, 2002). Many of these intermediates are observed only
transiently due to their susceptibility to rapid mineralization, typically persisting only on the scale
of several hours to several days. Significant observations of the final end-products are also not
expected. Hydrazines, dimethylhydrazines, and methanol are not likely to accumulate in the
environment, particularly at the low concentrations they would be produced as end-products,
because these compounds biodegrade very rapidly. Therefore, the observation of intermediate
and end-products of RDX biodegradation (DNX, MNX, and TNX), even at low concentrations,
would be considered strong presumptive evidence of active and ongoing degradation processes.
The 2,4,6-TNT degradation intermediaries 2ADNT and 4ADNT have been detected with
regularity at monitoring wells 54MW10, 54MW12, and 54MW13; the exceptions being the
fourteenth quarter when 4ADNT went undetected in monitoring wells 54MW12 and 54MW 13,
the twentieth quarter when 4ADNT went undetected in monitoring well 54MW 10, the twenty-
first quarter when 2ADNT went undetected in monitoring well 54MW 12, the twenty-second
quarter when both 2ADNT and 4ADNT went undetected in monitoring well 54MW 10, the
twenty-third quarter when 2ADNT went undetected in monitoring well 54MW13 and 4ADNT
went undetected in monitoring well 54MW 12, and the twenty-fourth quarter when 4ADNT went
undetected in monitoring wells 54MW10 and 54MW12.

Analysis of the historic and recent data for monitoring wells 54MW10, 54MW12, and 54MW 13
shows a correlation in 2,4,6-TNT concentration spikes with increasing concentrations of both
2ADNT and 4ADNT, indicating a limited transformation process from 2,4,6-TNT (Figures 5-
10 through 5-12, respectively). 2,4,6-TNT degradation leading to amino-DNTs is likely
occurring at localized zones within the soil matrix where the conditions are more favorable.

Perchlorate

Site-wide perchlorate concentrations have typically been steady and below the RG with the
exception of the concentrations detected at 54MW 12 during the fourth and eighth quarters. These
spikes were reported as correlating with peaks in 2,4,6-TNT concentration. During the fourth and
fifth years of monitoring, monitoring well 54MW12 continued to exhibit the highest
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concentrations, with the exception of the sixteenth quarter when the greatest values were detected
at monitoring well 54MW10.

A summary of these results are provided in Table 6-1.

5.7  Lab Analysis, Data Validation, and Reporting

The RFAAP, VA LTM Year 6 sampling effort was collected, quarterly, in October 2017, January
2018, April 2018 and July 2018. Groundwater samples were collected in accordance with the
Quality Assurance Project Plan (QAPP), revised August 2015. Documentation pertaining to COC
and sample condition was filed in field and laboratory records. Table 5-9 summarizes the
samples and analyses of the RFAAP, VA LTM Year 6 sampling effort.

Table 5-9 Summary of Samples and Analyses

Chloride
Sampling Data Nitrate OXE - (il
Matrix Explosives | Metals | TIC Chlorite
Event ID Packages Sulfate
pH COD | Perchlorates
131939
goc;‘;ber 131996 GW X X X | x X
132034
133793
January 133830
2018 133866 GW X X X X X
133905
133920
135772
. 135809
April 2018 135858 GW X X X X X
135900
138178
138217
July 2018 138260 GW X X X X X
138308
Notes:
COD = chemical oxygen demand
TIC = total inorganic carbon
TOC = total organic carbon

Analytical methods are shown in Table 5-10.
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Table 5-10  Analytical Methods
Analysis Analytes Method
Chloride
Anions Nitrate USEPA SW-846 Method 9056A
Sulfate
pH pH USEPA SW-846 Method 9040
Explosives Numerous USEPA SW-846 Method 8330B
Metals Numerous USEPA SW-846 Method 6010C
USEPA SW-846 Method 7470A (Mercury)
TOC / TIC FOCC USEPA SW-846 Method 9060A
COD COD USEPA SW-846 Method 410.4
Chlorate / Chlorite Chlorate USEPA SW-846 Method 300.1
Chlorite
Perchlorates Perchlorates USEPA SW-846 Method 6850

The samples were placed into coolers with ice at the time of collection. The COC forms were
completed as the samples were packaged into coolers for transport. Trip blanks, temperature
blanks, and ice were added as required. All coolers were shipped to the main laboratory, CT
Laboratories in Baraboo, Wisconsin; this lab then repacked samples as necessary and shipped to

the subcontractor labs (SGS Accutest in Orlando, Florida; Microbac Laboratories in Marietta,
Ohio; Summit Environmental Technologies in Cuyahoga Falls, Ohio; and Eurofins/Eaton
Analytical in South Bend, Indiana).

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

Application of Data Flags

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

Qualifier Description

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

M Matrix effect: The concentration is estimated due to a matrix effect.
Estimated: The analyte was positively identified, but the quantitation is an estimate due to

I discrepancies in meeting certain analyte-specific QC criteria.

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

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

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

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

U3 The analyte was not detected; however, the result is estimated due to discrepancies in

meeting certain analyte-specific QC criteria.

Preservation, Temperature, and Hold Time

All sample preservation requirements were met.

Most sample analyses were within holding time, with the exceptions noted in Table 5-12:

Table 5-12  Holding Time Exceedances

Sampling Event Analysis Analytes Result Samples Qualifiers
October/Novemb Technical
er 2017 pH All compounds holding time 54ADWO1 J
January/February Technical
3018 pH All compounds holding time 54ADWO1 J
April/May 2018 H All compounds Technical 54ADWOI ]
P Y p p holding time
July/August 2018 H All compounds Technical S4ADWO1 ]
yiAug p p holding time
Notes:

J = estimated
UJ = non-detected estimated

5.7.1 Precision

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

Field Duplicates

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

Sample Analyte Flag RPD
(October/November 2017) No exceedances
HMX
(January/February 2018) 2-Amino-4,6-dinitrotoluene
54MW10 4-Amino-2,6-dinitrotoluene | J/UJ >20
54TM10 2,4,6-Trinitrotoluene

Nitrate as N
Total organic carbon

(May 2018)
54MW10 1,3,5-Trinitrobenzene J >20
54TM10
(July/August 2018) .
SAMW10 Nitrate as N J 525
54TM10

(July/August 2018)
54MW10
54TM10

RDX
2-Amino-4,6-Dinitrotoluene

Notes:
J = estimated
UJ = non-detected estimated

Laboratory Duplicates

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

Sample/Method Analyte Flag RPD

(October/November 2017) No exceedances
(January/February 2018)

No exceedances

(April/May 2018) ,
54ADWO1/Metals Aluminum J >36
(July/August 2018) No exceedances

Notes:
J = estimated

Matrix Spike/Matrix Spike Duplicate RPD

MS/MSD analyses were run at a frequency of 5% of field samples. All results were within control
limits. Table 5-15 lists matrix spike/matrix spike duplicate RPD exceedances.

Table 5-15 MS/MSD RPD Exceedances

Sample/Method Analyte Flag RPD
(October/November 2017)
54MW 12/Explosives HMX I =20
(January/February 2018) No exceedances
Aluminum
Barium
(April/May 2018) Calcium
54ADWO1/Metals Iron oy =20
Magnesium
Silver

(July/August 2018) No exceedances

Notes:
J = estimated
UJ = non-detected estimated

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 internal standard, initial calibration verification (ICV),
and continuing calibration verification (CCV) recoveries were noted in the case narrative(s).

Laboratory Control Sample/Matrix Spike/Matrix Spike Duplicate Recovery

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

Most recoveries were within control limits. Table 5-16 lists the LCS recovery exceedances.
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Table 5-16 LCS Recovery Exceedances

Method Analyte Flag Qualified Samples
54MW13
54TM10

(OCtOngN (;(\)/;:imgser 2017) TNX U3 SAMWI

Xplosty 54MW10
54AMW12
54MW10
54TM10

J anuarg)/(F(;br}?ry 2018) TNX Ul SAMWI13
plostves 54MW1
54MW12

54MW10

54MW13

(g[afozs? legs) TNX uJ S4TMI0

Xplosty 54MW12
54MW 1
54MW10
54TM10

Julyg;ufusitvzom) TNX uJ S4MW1
plostves 54MW12
54MW13
54MW10
(July/August 2018) 54TM10
Perchlorate Perchlorate J 54MW12
54MW13
Notes:
J = estimated

UJ = non-detected estimated

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

Most recoveries were within control limits. Table 5-17 presents MS/MSD recoveries outside
control limits. The data for the parent sample was flagged as indicated on the table. If no flag
was indicated, the data were not flagged. Data was not flagged in cases where the parent sample
concentration was greater than four times the spike concentration.

Only parent samples were qualified.
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Table 5-17

MS/MSD Recovery Exceedances

Sample ID Analyte Recovery Parent Flag
(October/November 2017) HMX Low I
54MW12
(October/November 2017) 2,4,6-Trinitrotoluene Hish I
54MW12 &
(October/November 2017) Nitroglycerin
SAMW12 Very Low R
(October/November 2017) Perchlorate L I
54MW12 oW
(October/November 2017) Nitrate as N Hich I
54MW13 (945062) &
(October/November 2017) Chemical oxygen demand Lo I
54ADWO1 W
(January/February 2018) Chemical oxygen demand Lo ]
54ADWO1 W
RDX
(January/February 2018) 1,3,5-Trinitrobenzene High J
54MW12
Perchlorate
(January/February 2018)
SAADWOI Mercury Low ul
Aluminum
Barium
(April/May 2018) Calcium .
S4ADWOI Tron High I
Magnesium
Manganese
(April/May 2018)
SAADWO1 Mercury Low J
(April/May 2018) .
SAMW12 Chlorite Low ul
Arsenic
Barium
Cadmium
(July/August 2018) Cobatt Low I
54ADWO1 PP
Lead
Nickel
Thallium
Zinc
(July/August 2018) Aluminum High J
54ADWO1 Iron
(July/August 2018) RDX
SAMW12 2-Amino-4,6- Low yal
Dinitrotoluene
Notes:
J = estimated

UJ = non-detected estimated
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Surrogates

All surrogate recoveries were within control limits. Table 5-18 presents surrogates that exceeded
acceptance criteria.

Table 5-18  Surrogate Recovery Exceedances

Method Sample ID Surrogate Recovery Qualifiers

None

Internal Standards

There were no internal standards outside control limits.

Calibration Verification

Some calibration results were outside control limits. Table 5-19 summarizes calibration

exceedances.
Table 5-19  Calibration Exceedances
Sampling Event Analysis Analytes Result Samples Qualifiers
54MW13
54TM10
October November | Explosives X ICV High SAMW1 uJ
y 54MW10
54MW12
54MW10
. 54TM10
fanuary (/)Flegbmary Explosives PETN é(é\\’/%gi SAMW13 uJ
& 54MW1
54MW 12
54MW10
246 54MW13
April/May 2018 Explosives Trini t; ; luen ICV High 54TM10 J/uJ
otofuene 54MW12
54MW 1
. . 1,3- .
April/May 2018 Explosives Dinitrobenzene CCV High 54MW10 ulJ
L3 54MW13
Dinitrobenzene SATM10
April/May 2018 Explosives is. CCV High SAMW12 ul
Dinitroaniline S4MWI
July/August 2018 No exceedances
Notes:
J = estimated

UJ = non-detected estimated
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5.7.3 Representativeness

The data deliverables were consistent with the site conditions of the work plan. Samples were
collected from locations specified in the approved work plan.

5.7.4 Comparability

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

5.7.5 Completeness

Completeness was measured as the number of usable results versus the total number of results.
The explosives result in one sample was rejected (unusable) due to extremely low MS/MSD
percent recoveries. The data set completeness was calculated as 99.97%. The information
fulfilled the data quality objectives of this investigation.

5.7.6 Sensitivity

Sensitivity was measured by evaluating whether the Practical Quantitation Limit (PQL) was less
than the regulatory criteria. All nominal PQLs were below the regulatory criteria.

Additionally, sensitivity was evaluated by determining whether method blank, trip blank, and
rinsate blank results were less than the PQL. Some analytes were detected in some blanks, leading
to qualification of sample results.

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

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

Table 5-20 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.
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Table 5-20  Blank Flags

Sample Event Type of Blank Method Analyte Samples Qualified Flag

October/November Selenium

2017 Method Metals Nickel 54ADWO1 U

January/February
2018 No exceedances

May 2018 Method Metals Copper 54ADWO1 U
Cadmium

July/August 2018 Method Metals Silver 54ADWO1 U
Vanadium

54MW10
July/August 2018 Method Perchlorate Perchlorate SATMI10 U

Notes:
U = non-detected

Reporting Limits

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

Data Usability Summary

In summary, all data was considered usable with the qualifications discussed above. Although
one explosives result was rejected due to extremely low MS/MSD percent recoveries, the
completeness goals for the project were met and all sample data is usable as qualified for making
project decisions and assessments. The data was considered of good quality for the project goals.

This Data Quality Assessment was prepared by: Pei Geng, LDC, Inc.

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

Ms. Geng, Senior Chemist/Project Manager, has over 20 years of data validation experience and
27 years of overall laboratory and data validation experience. She holds a Master of Science
degree in Chemistry from Sam Houston University.”
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Figure 5-5 SWMU 54: 54MW1 Explosives Concentrations Q1 through Q24
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Figure 5-6 SWMU 54: 54MW10 Explosives Concentrations Q1 through Q24
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Figure 5-7 SWMUS54: 54MW12 Explosives Concentrations Q1 through Q24
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Figure 5-8 SWMU 54: 54MW13 Explosives Concentrations Q1 through Q24
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Figure 5-9 SWMU 54: 54MW1 2,4,6-TNT to Amino-DNT Correlation
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Figure 5-10 SWMU 54: 54MW10 2,4,6-TNT to Amino-DNT Correlation
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Figure 5-11 SWMU 54: 54MW12 2,4,6-TNT to Amino-DNT Correlation
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Figure 5-12 SWMU 54: 54MW13 2,4,6-TNT to Amino-DNT Correlation
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6.0  MNA Evaluation of SWMU 54

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

6.1 First Line of Evidence: Occurrence of Contaminant Trends

The first line of evidence consists of evaluating contaminant and daughter product concentrations
for a downward trend in monitoring wells over time. SWMU 54 contains 14 wells (54MW1,
54MW2, 54MW3, 54MW4, 54MWS5, 54MW6, 54MW7, 54MW8, 54MW9, 54MWI10,
54MWI11, 54MW12, 54MW 13, and 54MW 14), which targeted areas of potential nitroaromatic
and perchlorate contamination. The target wells were reduced after the ninth and tenth quarters
to 54AMW1 (background), 54MW10, 54MW12, and 54MW 13. Historical trends and the results
of quarterly groundwater sampling are discussed below, and the data is provided in Table 6-1.

2,4,6-TNT. 2,4,6-TNT was detected above the RG of 7.82 pg/L in wells 54MW10, 54MW 12,
and 54MW 13 during the year six monitoring period. Seven detections, including field duplicates,
at these wells exceed the RG, including four at 54MW12 (quarters 21 through 24), and two at
54MW13 (quarters 21 and 24).

2,4,6-TNT concentrations have fluctuated in ground monitoring wells 54MW 10, 54MW12, and
54MW 13 during the twenty-four quarterly monitoring events. At monitoring well 54MW 10, the
2,4,6-TNT concentration went from undetected in quarter nine to the highest concentration
recorded (50 pg/L in quarter 10) in this well during the five years of monitoring. The following
five quarters of sampling (quarters 11 — 15) saw concentrations decline dramatically until a spike
was observed during the sixteenth quarter. The concentration spike of 24.2 ng/L at 54MW10
exceeds the RG. Concentrations declined dramatically during quarters 17-20 of sampling, until
quarter 21 when concentrations spiked to 11.2 pg/L. The following three quarters (quarters 22-
24) levels again receeded, reaching a low of 0.67 pg/L during the twenty-third quarter and
slightly elevating to 3.5 pg/L during the twenty-fourth quarter. Monitoring well 54MW12
experienced the third highest detected concentration of 2,4,6-TNT during the year five
monitoring period when a concentration of 78.6 ng/L was detected during the nineteenth quarter.
The concentrations detected in 54MW 12 in the remaining quarters, including quarters 21-24,
were similar to historic concentrations. Monitoring well 54MW 13 experienced the three high
detections of 2,4,6-TNT during the year five monitoring period when two detections (8 pg/L and
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8.5 nug/L [field duplicate, 54TM13]) were observed during the seventeenth quarter, and one
detection (8.2 pg/L) was observed during the twentieth quarter. The two highest detections,
however, happened during the year six monitoring period when levels spiked to 39 pg/L during
the twenty-first quarter and to 10.9 pg/L during the twenty-fourth quarter. During the interim
quarters, the levels returned to levels similar to historic concentrations.

DNT Mixture. Previous reports noted that DNT was detected in the fourth, tenth, eleventh and
twelfth quarters of sampling at monitoring wells 54MW10, 54MW12 and 54MW13, yet the
combined concentrations of 2,4- DNT and 2,6-DNT did not exceed the RG 0f 0.932 pg/L. During
year six, neither 2,4-DNT nor 2,6-DNT were detected in any wells. Therefore, the combined
concentrations of 2,4-DNT and 2,6-DNT do not exceed the RG in any of the four wells sampled.

RDX. RDX was detected above the RG of 6.1 pg/L during every quarter in one monitoring well
(54MW12) during the year six monitoring period. RDX concentrations have fluctuated in
monitoring wells 54MW10 and 54MW 12 during the first sixteen quarterly sampling events. At
monitoring well 54MW 10, a sharp increase in RDX concentrations was observed from 2.23 pg/L
in the ninth quarter to 21 ug/L in the tenth quarter. The tenth quarter concentration was the highest
concentration reported in this well during the twenty-four quarters of sampling. Concentrations
decreased during the next ten quarters of sampling (quarters 11 through 20) in 54MW10;
however, during the twelfth and sixteenth quarters, RDX concentrations exceeded the RG.
Concentrations, again, decreased during the next four quarters of sampling (quarters 21 through
24) in 54MW 10. Monitoring well 54MW 12 had eight reported concentrations of RDX above the
RG of 6.1 pg/L in the first sixteen quarters of sampling. During the year five monitoring period,
concentrations continued to remain below the RG, with the exception of the nineteenth quarter,
when concentrations spiked to 51.4 pg/L. This concentration is the highest concentration
observed at this well during all twenty-four quarters of sampling. However, in the twentieth
quarter, the concentration fell below the detection limit of 0.1 pg/L. During the year six
monitoring period, concentrations rose dramatically above the RG for all four quarters of
sampling at monitoring well 54MW 12 (14 pg/L during quarter 21, 13.4 ng/L during quarter 22,
33.3 pg/L during quarter 23, and 8.2 pg/L during quarter 24).

No RDX breakdown by-products (DNX, MNX, or TNX) were detected during the year six
monitoring period. Historically, RDX breakdown by-products have been observed in monitoring
wells 54MW 10, 54MW 12 and 54MW 13. These detections were observed in quarters ten through
twelve. The highest total concentrations were observed in monitoring well 54MW 10 during the
tenth quarter when a spike in the RDX occurred. Thereafter, the RDX by-products concentrations
steadily decreased. Similar correlations with RDX concentrations were observed in monitoring
well 54MW12 and 54MW13. The highest concentrations of DNX, MNX and TNX were
identified in 54MW12 and 54MW 13 during the eleventh and tenth quarters, respectively, which
coincides with the highest RDX concentrations recorded in these wells during that time period.
There was no DNX, MNX, or TNX detected in well 54MW 12 during quarters 21-24, when the
spike of RDX was observed.
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Amino DNT. As 2,4,6-TNT is biologically degraded, the two daughter products 2ADNT and
4ADNT are formed. During the year six monitoring period, the by-product 2ADNT was detected
in monitoring wells 54MW 10, 54MW 12, and 54MW13 during all four quarters (quarters 21 —
24), with the exceptions of 54MW10 during the twenty-second quarter, 5S4MW 12 during the
twenty-first quarter, and 54MW13 during the twenty-third quarter. During the year six
monitoring period, the by-product 4ADNT was detected in all three monitoring wells with the
exception of 54MW 10 during the twenty-second and twenty-fourth quarters (including the field
duplicate, 54TM10 during the twenty-fourth quarter) and 54MW12 during the twenty-fourth
quarter. There is good correlation of 2ADNT and 4ADNT concentrations with 2,4,6-TNT
concentrations; that is, as 2,4,6-TNT concentrations increase or decrease, a corresponding
increase or decrease of 2ADNT and 4ADNT is observed. The increased presence of 2ADNT and
4ADNT along with the increasing concentrations of 2,4,6-TNT continue to suggest biological
degradation of 2,4,6-TNT is occurring at these locations.

Perchlorate. Perchlorate concentrations at monitoring wells 54MW 10 and 54MW 13 continued
to remain well below the RG of 10.9 pg/L during year six of monitoring, and consistent with
concentrations observed through the first five years of monitoring. Monitoring well 54MW12
continued to have the highest observed concentrations of perchlorate at SWMU 54 during year
six of monitoring, but at concentrations below the RG. Concentrations decreased during the year
four monitoring event; this trend first was observed after the ninth quarterly sample event.
However, one exception was observed during the fourteenth quarter when the concentration
spiked to 8.85 pg/L. The fifteenth and sixteenth quarters saw a return to lower concentrations
and a decreasing trend in perchlorate concentrations. During the year five monitoring,
concentrations steadily rose through quarters seventeen to nineteen from 1.6 pg/L to 4.3 ng/L,
though none of the concentrations are above the RG. The twentieth quarter saw a return to a
lower concentration of 1.1 pg/L. During the year six monitoring, concentrations fluctuated from
1.4 pg/L (quarter 21) to 2.8 pg/L (quarter 23) and back down to 1.7 pug/L (quarter 24).
Historically, monitoring well 54MW 12 has had two detected concentrations above the RG: the
first in the fourth quarter sampling event and again in the eighth quarter.

Chloride, chlorate, and chlorite are daughter products of perchlorate degradation. At SWMU 54,
chloride is present within the groundwater system, including monitoring well 54MW1
(background). Based on the chloride background concentrations through year three of
monitoring, a determination that any measureable change exists due to perchlorate reduction
could not be established. However, while chloride was detected at monitoring well 54MW1
during all of the year four monitoring events, the concentrations detected at wells 54MW 10,
54MW12, and 54MW 13 during the same period were all slightly higher than the concentrations
in 54MW 1. During the year five monitoring event, chloride was detected at monitoring well
54MW1 during quarters seventeen through nineteen but was not detected during quarter twenty.
The concentrations detected at wells 54MW 10, 54MW 12, and 54MW 13 from quarter seventeen
through quarter nineteen were all slightly higher than the concentrations in 54MW1. During
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quarter twenty of the monitoring event, chloride was not detected in 54MW 10, but it was detected
in monitoring wells 54MW12 and 54MW 13 at concentrations similar to previous sampling
quarters. During the year six monitoring event, chloride was detected at all wells, including
54MW1 (background). While chloride was detected at monitoring well 54MW 1 during all of the
year six monitoring events, the concentrations detected at wells 54MW10, 54MW12, and
54MW13 during the same period were all slightly higher than the concentrations in
54MW 1.Chlorate and chlorite were not detected during the year six monitoring period with the
exception of a detection at monitoring well 54MW 10 during quarter twenty-two (11 pg/L). This
may suggest that chlorate and chlorite have been exhausted in the system and only residual
amounts of chloride are being produced as perchlorate concentrations diminish.

The time series plots (Figures 5-7 and 5-8) show a large degree of variability in 2,4,6-TNT
concentrations in wells 54MW12 and 54MW13. As such, Mann-Kendall tests were run for both
monitoring wells. The results indicated no trend in either 54MW 12 or 54MW13. While the 2,4,6-
TNT concentrations have shown variability over time, the first line of evidence indicates that the
presence of daughter products, 2ADNT and 4ADNT, suggest that natural attenuation via
biological degradation of 2,4,6-TNT is occurring at SWMU 54. Overall decreasing trends in
RDX and perchlorate suggest natural attenuation of RDX and perchlorate is occurring.

The contaminant concentrations for 2,4,6-TNT, RDX, and perchlorate for the three impacted
wells were plotted together to assess a possible correlation between the spike timing among the
three wells; none was apparent. However, there were correlations in all three wells with regard
to 2,4,6-TNT, RDX, and perchlorate spikes in that spikes in a given contaminant generally
included spikes in the other two contaminants in each well. Contaminant concentrations for 2,4,6-
TNT, RDX, and perchlorate were plotted against groundwater elevation to determine if the large
spike seen in monitoring wells 54MW10, 54MW12, and 54MW 13 may be related to water level
changes. Figures 6-1, 6-2, and 6-3 demonstrate there is no correlation between the contaminant
concentrations at all three wells and groundwater elevation. However, at monitoring well
54MW 10, when groundwater elevation rises, contaminant concentrations appear to decrease and
when groundwater elevation rises at monitoring well 54MWI12, so do contaminant
concentrations. However, at monitoring well 54MW 13, contaminant concentrations rise and fall
with no relation to groundwater elevation. Additionally, Mann-Kendall tests were run for
monitoring wells 54MW10, 54MW12, and 54MW 13 to track the trend of perchlorate and the
perchlorate biodegradation product of chloride. The results indicated no trend in any of the wells
for perchlorate; however, there is significant evidence of an overall decreasing trend for chloride
at all three wells.
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Table 6-1

Analytical Results for Groundwater Performance Monitoring at SWMU 54

Parameter Remediation | July2011 |October2011 |January2012| April2012 | August2012 | November February May 2013 August 2013 | November February May 2014 September January April 2016 July 2016 October January April 2017 July 2017 | October 2017 January April 2018 July 2018
Goal (RG) Q1) Q2) Q3) (Q4) Q5) 2012 (Q6) 2013 (Q7) (Q8) (Q9) 2013 (Q10) | 2014 (Q11) (Q12) 2015 (Q13) | 2016 (Q14) (Q15) (Q16) 2016 (Q17) | 2017 (Q18) (Q19) (Q20) (Q21) 2018 (Q22) (Q23) (Q24)

54MwW1

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND
RDX 6.1 ND ND ND ND ND ND ND ND ND -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND
11\)/[1?);1;“” 0.932 ND ND ND ND ND ND ND ND ND -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perchlorate 10.9 ND ND ND ND ND ND ND ND ND -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND
54MW2

2,4,6-TNT 7.82 2.1 0.9 2.08 2.66 ND ND ND 0.749 0.974 0.46 - -- -- -- - - - - - - - - - -
RDX 6.1 0.572 ND ND 0.384 ND ND ND ND ND 0.075 -- - -- -- -- - - - - - - - - -
o ure 0.932 ND ND ND ND ND ND ND ND ND ND - - - - - - - - - - . - - -
Perchlorate 10.9 3.07 0.547 1.91 4.02 ND 0.842 1.41 1.82 1 0.26 - - - - - - - - - - - - - -
54MW3

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND -- -- -- - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
o ure 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - . - - -
Perchlorate 10.9 0.53 0.18 ND ND 0.405 0.303 0.309 0.59 0.446 - - - - -- - - - - - - - - - -
54MwW4

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
o ure 0.932 ND ND ND ND ND ND ND ND ND - - . - - - - - - - - . - - -
Perchlorate 10.9 ND ND ND ND ND 0.141 ND ND ND - - - - - - - - - - - - - - -
54MW5

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND -- -- -- - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - -- -- - - - - - - - - - - - -
o ure 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - ~ - . - - -
Perchlorate 10.9 0.311 0.393 0.313 0.301 0.42 0.28 0.255 0.309 0.389 - - - - - - - - - - - - - - -
54MW6

2,4,6-TNT 7.82 ND ND ND ND ND Dry ND ND Dry - - - - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND Dry ND ND Dry - - - - - - - - - - - - - - -
o ure 0.932 ND ND ND ND ND Dry ND ND Dry - - - - - - - - - - - . - - -
Perchlorate 10.9 ND 0.127 0.159 ND 0.175 Dry 0.16 0.171 Dry - - - - - - - - - - - - - - -
54MWwW7

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
e ure 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - . - - -
Perchlorate 10.9 0.321 ND ND 0.365 ND 0.103 0.162 0.103 0.37 - -- - - - - - - - - - - - - -
54MW8

2,4,6-TNT 7.82 0.928 0.433 ND 0.301 ND ND ND ND ND - - - - - - - - - - - - - - -
RDX 6.1 0.761 0.567 0.493 ND ND ND ND ND ND - - - - - - - - - - - - - - -
e ure 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - . - - -
Perchlorate 10.9 ND 0.408 0.355 0.388 0.392 0.286 0.484 0.118 0.334 - - - -- - - - - - - - - - - —
54MW9

2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
o ure 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - . - - -
Perchlorate 10.9 ND 0.229 0.262 0.217 ND ND 1.07 0.923 0.327 -- - - - - - - - - - - - - - -
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Table 6-1 Analytical Results for Groundwater Performance Monitoring at SWMU 54 (Continued)
Parameter Remediation | July2011 |October2011 |January2012| April2012 | August2012 | November February May 2013 August 2013 | November February May 2014 September January April 2016 July 2016 October January April 2017 July 2017 | October 2017 | January April 2018 July 2018
Goal (RG) Q1) Q2) Q3) (Q4) Q5) 2012 (Q6) 2013 (Q7) (Q8) (Q9) 2013 (Q10) | 2014 (Q11) (Q12) 2015 (Q13) | 2016 (Q14) (Q15) (Q16) 2016 (Q17) | 2017 (Q18) (Q19) (Q20) (Q21) 2018 (Q22) (Q23) (Q24)
54MW10
2,4,6-TNT 7.82 0.305 5.84 4.05 ND 9.17 1.59 1.88 0.637 ND 50 13 11 6.6 4.1 2.7 24.2 1.6 42 1 0.44 11.2 ND 0.67 35
RDX 6.1 ND 3.24 2.95 ND 7.84 1.35 2.36 1.29 2.23 21 5.3 8.7 2.1 3.1 1.8 6.6 0.4 1.1 ND 0.76 1.8 0.1 ND 44
11\)/[1?;1;“” 0.932 ND ND ND ND ND ND ND ND ND 0.2 0.068 0.13 ND ND ND ND ND ND ND ND ND ND ND ND
Perchlorate 10.9 ND 0.325 0.258 ND 3.74 0.344 0.832 0.835 0.365 2.3 0.42 0.44 ND 0.326 0.082 .84 0.12 0.1 0.24 0.2 0.23 ND 0.5 0.22
54MwW11
2,4,6-TNT 7.82 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
RDX 6.1 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
DNT 0.932 ND ND ND ND ND ND ND ND ND - - - - - - - - - - - - - - -
Mixture
Perchlorate 10.9 ND ND 0.239 ND ND ND 0.263 0.43 0.132 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
54MwW12
2,4,6-TNT 7.82 15.9 16.1 19.4 48 10.1 7.62 6.29 108 65.9 17 29 10 11 110 11 7.4 10.6 28.1 78.6 8.7 39 22.3 52.3 29.7
RDX 6.1 ND 9.77 13.2 18.4 1.95 6.59 3.79 25 14.6 0.54 8.7 2 3.9 30 0.62 37 6 4.8 51.4 ND 14 13.4 333 8.2
11\)/11?);1;ure 0.932 ND ND ND 0.381 ND ND ND ND ND 0.2 0.31 0.93 ND ND ND ND ND ND ND ND ND ND ND ND
Perchlorate 10.9 ND 0.726 10.5 22.8 2 531 2.98 22.7 9.88 1.1 4 1.7 0.737 8.85 1.2 .56 1.6 2.9 43 1.1 1.4 1.9 2.8 1.7
54MW13
2,4,6-TNT 7.82 ND 4.09 0.699 0.979 9.4 0.843 0.318 491 3.81 9.8 2.5 5.8 54 1.4 0.79 13.9 8 5.9 1.8 8.2 3 4.4 2 10.9
RDX 6.1 ND 2.59 0.614 1.14 4.77 0.855 0.642 32 1.46 4 0.88 2.5 2.6 0.54 0.17 .86 0.7 ND 1 ND 0.48 ND ND ND
11\)/[1?;“6 0.932 ND ND ND ND ND ND ND ND ND 0.11 ND 0.099 ND ND ND ND ND ND ND ND ND ND ND ND
Perchlorate 10.9 ND 0.244 0.206 0.243 0.627 0.308 0313 0.64 0.477 0.43 0.32 0.37 0.270 0.216 0.18 .33 0.21 0.29 0.23 0.45 0.2 0.25 0.33 0.45
S54MwW14
2,4,6-TNT 7.82 0.928 ND ND ND ND ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- -- -- -- --
RDX 6.1 0.761 ND ND ND ND ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- - -- -- --
DNT 0.932 ND ND ND ND ND ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- - -- -- --
Mixture
Perchlorate 10.9 ND ND 0.215 0.181 0.214 0.24 ND ND 0.195 0.456 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Notes:
All units are ug/L
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Figure 6-1 SWMU54: 54MW10 Contaminant Concentratio to Groundwater Elevation Correlation
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Figure 6-2

SWMU54: 54MW12 Contaminant Concentration to Groundwater Elevation Correlation
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Figure 6-3

SWMU54: 54MW13 Contaminant Concentration to Groundwater Elevation Correlation
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6.2 Second Line of Evidence: Geochemical Conditions

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

02 >NOs3 >Fe >ClOs4>S04?2 >CO2

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

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

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

DO concentrations during the first sixteen quarterly monitoring events (early 2011 to July 2016)
ranged from 0.0 to 7.81 mg/L indicating both anaerobic and aerobic conditions were present at the
site. During the year six monitoring period DO values ranged from 0.53 mg/L (54MW1) to 9.17
mg/L (54MW12). In wells where biological degradation products were observed (54MW10,
54MW12, and 54MW13), the DO concentrations (between 0.78 and 9.17 mg/L [54MW12])
indicate that while anaerobic conditions are at times present, aerobic conditions appear to be
favored (Table 6-2). TNT has been known to be reduced under a variety of conditions (aerobic
and anaerobic); however, further reduction of TNT breakdown products, including 2ADNT and
4ADNT, and reduction of RDX and perchlorate is more favorable under anaerobic conditions
(Spain, 1995).

The increase in concentrations of explosive constituents at 54MW12 during quarters twenty-one
through twenty-four, took place under aerobic conditions. Under aerobic conditions,
biodegradation is not as effective in the reduction of explosives and perchlorates. As a result of
the subsurface biochemistry, the decreased biological activity may have led to an increase in the
explosives and perchlorate concentrations during the years six monitoring period. This trend was
also noticed during the ninth, tenth, and fourteenth quarterly monitoring events.
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Oxidation-Reduction Potential (ORP). ORP values indicate the groundwater’s reductive potential
and are used to confirm the DO measurements in groundwater. ORP values less than +50 mV
typically correspond to mildly reducing, anaerobic conditions, while ORP values less than -200
mV correspond to highly reducing, anaerobic conditions. As mentioned previously, TNT reduction
can occur in aerobic systems, but the reduction of TNT breakdown products, RDX, and perchlorate
are favored under anaerobic conditions (generally observed when ORP values are between -100
mV and 0 mV).

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

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

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

The year six ORP readings ranged from -19.9mV (54MW10) to 204.7 mV (54Mw12) indicating
both anaerobic and aerobic conditions were present at SWMU 54. The data suggest once again
that aerobic conditions continue to be more prevalent at the site.

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

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

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

Ferrous Iron. Ferric iron is reduced to soluble ferrous iron in the groundwater where iron-
reducing bacteria have been active. An increase in ferrous iron concentrations is indicative of iron-
reducing conditions. Biological reduction of TNT is favored in nitrate-reducing conditions and
therefore, elevated concentrations of ferrous iron are an indicator of favorable groundwater
conditions for TNT degradation. However, the degradation of TNT breakdown products, 2ADNT
and 4ADNT, RDX, and perchlorate are favored in iron-reducing conditions. Ferrous iron
concentrations for all wells during the four previous years of monitoring have been less than 0.2
mg/L (non-detect) or equal to 0.2 mg/L indicating that iron-reducing conditions are not present at
this time, or that the iron has been reduced previously. During the year six monitoring events,
ferrous iron concentrations for all wells was less than 0.2 mg/L with the exception of monitoring
well 54MW13 during quarter twenty-two, when concentrations increased to 0.26 mg/L, and then
decreased to 0.0 mg/L. (non-detect) during quarter twenty-three.

Sulfate. Biological degradation of TNT breakdown products, 2ADNT and 4ADNT, RDX, and
perchlorate actively occurs under sulfate-reducing conditions. Sulfate concentrations greater than
20 pg/L may cause competitive exclusion (USEPA, 2008). Sulfate concentrations were measured
in the groundwater during each of the first twelve quarterly monitoring events and were found to
generally be greater than 20 mg/L (ranging from 15.0 to 403 mg/L), indicating that biological
degradation of 2ADNT and 4ADNT may be inhibited at SWMU 54 (Table 6-2). During the fourth
year of monitoring, sulfate concentrations were slightly lower (ranging from 19 to 93 mg/L), but
again suggested inhibition of biological degradation of the 2,4,6-TNT by-products 2ADNT and
4ADNT. During the fifth year of monitoring, sulfate concentrations were found to be greater than
20 mg/L (ranging from 28.0 to 150.0 mg/L), again indicating that biological degradation of
2ADNT and 4ADNT are inhibited at SWMU 54. During the sixth year of monitoring, sulfate
concentrations were again greater than 20 mg/L (ranging from 25.0 to 100.0 mg/L), once again
indicating that biological degradation of 2ADNT and 4 ADNT are inhibited at SWMU 54.
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Total Organic Carbon (TOC). Organic carbon is a required source of reduced carbon and energy
needed to sustain microbial degradation of nitroaromatics and perchlorate. TOC concentrations
greater than 20 mg/L are considered adequate to support microbial activity. For the majority of the
first three years of monitoring, TOC concentrations were found to be considerably lower than what
is considered adequate to support microbial activity. TOC concentrations during this time frame
ranged from less than 0.50 (non-detect) to 7.47 mg/L (Table 6-2). However, measured TOC
concentrations during the twelfth quarter exceeded 20 mg/L in monitoring wells 54MW1 (51.0
mg/L) and 54MW10 (63.0 mg/L). The year four and five TOC results, however, again indicated
low concentrations considered inadequate to support microbial activity. The range of TOC during
the year four and five monitoring periods ranged from 0.3 mg/L to 8.9 mg/L. This trend continued
throughout the year six monitoring events, with concentrations ranging from 0.72 mg/L to 13
mg/L.

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

Monitoring wells 54MW10, 54MW12, and 54MWI13 all appear to have similar specific
conductivity activity according to Figure 6-4. Additionally, Figures 6-5, 6-6, and 6-7, demonstrate
that Fe and dissolved Mn have been reduced to concentrations at or very near zero at all three
wells. Overall, there are sulfate reducing conditions at all three wells which is indicative of
biodegradation of 2 ADNT, 4ADNT, RDX and perchlorate. Nitrate concentrations at 54MW10
and 54MW 13 have always been at or slightly above zero while nitrate reducing conditions are
currently present at 5S4AMW12.

Figures 6-8, 6-9, and 6-10 demonstrate that ORP conditions at monitoring well 54MW 10 support
mildly anaerobic conditions; at monitoring wells 54MW12 and 54MW 13, ORP is declining overall
and beginning to support mildly reducing anaerobic conditions. DO conditions at all three wells
are borderline anaerobic. Data suggests that conditions at the wells appears to be improving to be
more favorably anaerobic. TOC conditions at 54MW 10 fluctuate between inadequate and adequate
conditions. Since quarter seventeen and continuing through quarter twenty-four, TOC
concentrations have remained below 20 mg/L which is considered inadequate. Meanwhile,
conditions at monitoring wells 54MW12 and 54MW13 have consistently been considered
inadequate and have remained so since quarter one. TOC concentrations at 54MW12 and
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54MW13 have ranged between <0.5 mg/L and 13 mg/L; considered inadequate for sustaining
microbial degradation of nitroaromatics and perchlorate.

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

Well ID [samwi | 2 | 3 | 4 [ s | 6 [ 7 | 8 | o | w | n [ 1z | 1B [ u
SWMU 54 First Quarter (July 2011) Water Quality Parameters
pH 7.7 6.36 6.86 7.19 6.36 7.33 6.6 6.98 6.29 7.13 7.14 6.67 6.75 7.23
Conductivity (mS/cm) 0.357 0.526 0.491 0.949 0.371 0.449 0.419 0.544 0.535 1.68 0.651 0.568 0.676 0.582
Turbidity (NTU) 5.6 0 1.5 1.9 3 0.2 0 4.6 6 89.8 62.6 100 94 16.9
Dissolved Oxygen (mg/L) 4.86 2.35 4.71 0 4.87 0.68 3.91 3.53 1.23 0.51 0 3.52 0.9 1.06
ORP (mV) 130 178 121 -18 178 110 170 134 198 67 96 152 29 73
Temperature (°C) 14.12 17.07 19.82 15.52 19.88 19.32 18.87 17.86 14.3 25.19 14.94 18.38 20.09 23.76
Dissolved Manganese <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.1 <0.05 0.2 <0.05 0.05 <0.05 0.65 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 25.2 1.09 0.967 0 0.613 0 0.119 0.639 0.233 0 0 2.79 0.439 0.242
Sulfate (mg/L) 271 39.8 23.6 329 15.1 27.4 61.5 40 62.2 167 93.6 38.1 38.8 33.6
TOC (mg/L) 39 3.51 7.26 2.51 6.14 1.95 3.17 6.05 5.1 1.61 5.97 2.64 2.55 6.73
SWMU 54 Second Quarter (October 2011) Water Quality Parameters
pH 7.49 7.02 7.05 7.27 6.78 7.49 7.3 7.09 7.2 6.83 7.31 6.7 7.05 7.16
Conductivity (mS/cm) 0.432 0.56 0.674 0.912 0.502 0.305 0.734 0.541 0.562 0.677 0.654 0.523 0.831 0.568
Turbidity (NTU) 164 167 160 81.1 231 107 155 104 79.9 236 685 69 - 157
Dissolved Oxygen (mg/L) 0 0 0 2.44 2.68 3.8 0.1 0.05 0.06 0 0 1.72 0.37 0
ORP (mV) 102 117 107 -15 143 122 66 151 146 82 -13 144 126 73
Temperature (°C) 18.04 14.77 14.16 14.32 15.48 13.18 18.01 14.94 14.75 14.75 13.73 14.81 14.63 14.93
Dissolved Manganese (mg/L) <0.05 <0.05 0.1 0.05 0.1 0.05 0.4 0.05 0.2 0.15 0.3 <0.05 0.35 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0 0.394 0.357 0 0.568 0.167 0 0.514 0.184 0.388 0 2 0.21 0.202
Sulfate (mg/L) 271 27 44.4 210 174 7.06 216 399 46.9 96.7 119 31.8 90.2 34.1
TOC (mg/L) 39 3.2 3.22 1.38 1.88 2.68 1.31 7.47 6.78 6.98 3.22 4.71 3.31 4.64
SWMU 54 Third Quarter (January 2011) Water Quality Parameters
pH 7.59 7.48 7.4 7.36 7.15 7.53 7.43 7.08 7.4 7.46 7.59 6.09 7.45 7.48
Conductivity (mS/cm) 0.498 0.662 0.762 1.11 0.628 0.305 0.905 0.492 0.674 0.707 0.763 0.595 0.687 0.651
Turbidity (NTU) 8.9 15.3 19.2 55.6 32.1 72.4 26.8 66.7 36.8 1.1 6.8 - 226 0
Dissolved Oxygen (mg/L) 0 0 0 0 7.81 12.01 0 16.65 8.48 6.06 5.09 4.02 7.63 1.66
ORP (mV) 100 33 24 5 121 191 3 104 111 118 101 186 25 61
Temperature (°C) 13.2 13.91 13.26 13.04 13.58 11.93 12.73 9.72 9.65 11.16 114 12.86 11.53 1291
Dissolved Manganese (mg/L) <0.05 <0.05 0.1 0.05 0.1 0.05 0.4 0.05 0.2 0.15 0.3 <0.05 0.35 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0 0.609 0 0 0.578 0.158 0 0.401 0.174 0.572 0.158 1.94 0.237 0.241
Sulfate (mg/L) 26.3 28.2 73.7 480 20.3 4.55 249 415 62.5 72.7 93 37.6 53.9 322
TOC (mg/L) 2.1 1.8 2.39 1.16 1.42 1.94 2.38 1.66 2.78 1.66 6.71 5.09 6.63 1.68
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Table 6-2

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

Well ID [samw1 | 2 [ 3 | 4 | s | 6 | 7 | 8 | o [ 1w | n | 1 | B3 [ u
SWMU 54 Fourth Quarter (April 2012) Water Quality Parameters
pH 5.42 5.19 5.38 5.33 4.99 5.76 5.57 5.38 5.46 5.48 5.59 5.05 5.32 5.5
Conductivity (mS/cm) 0.958 1.12 1.46 0.001 0.891 0.73 1.58 1.21 1.26 1.73 14 1.35 0.981 1.2
Turbidity (NTU) 2.5 4.4 2.4 125 70.1 318 38 34 65.3 30.8 94.7 37 312 36
Dissolved Oxygen (mg/L) 7.36 7.18 2.24 2345 10.47 6.49 2.01 7.43 11.29 2.83 5.8 9.44 7.1 5.55
ORP (mV) -30 236 225 180 168 132 162 134 145 61 36 267 116 149
Temperature (°C) 13.37 12.44 12.02 11.56 20.98 19.09 12.57 14.69 14.21 155 14.11 12.67 15.52 12.69
Dissolved Manganese (mg/L) <0.05 <0.05 0.1 0.5 <0.05 0.05 0.4 0.05 0.2 0.1 0.3 <0.05 0.35 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0 1.33 0 0 0.677 0.129 0.231 0.483 0.139 0 0 2.65 0.294 0.386
Sulfate (mg/L) 349 349 80 432 14 14.9 69.4 40.1 56 221 104 379 35.4 29.3
TOC (mg/L) 1.8 1.57 1.18 1.82 2.33 5.46 0.99 2.36 3.01 2.4 2.68 2.34 3.51 1.09
SWMU 54 Fifth Quarter (August 2012) Water Quality Parameters
pH 7.08 6.94 6.71 7.05 6.71 7.47 7.03 6.87 6.84 6.71 7.06 6.61 6.97 7.05
Conductivity (mS/cm) 0.395 0.722 0.644 0.968 0.58 0.363 0.817 0.599 0.752 0.693 0.715 0.665 0.697 0.625
Turbidity (NTU) 4.1 43 19 14 23 0 7.4 19 5.2 0.8 10.8 48 95 9.2
Dissolved Oxygen (mg/L) 5.34 0 0 0.23 3.96 4.84 0 2.78 0.56 0.4 0 0.33 1.75 0
ORP (mV) 212 65 209 -33 200 134 128 125 -10 47 222 226 135 -13
Temperature (°C) 13.89 13.49 12.93 15.06 13.44 16.52 13.66 13.7 14.09 13.93 13.64 13.71 16.12 14.08
Dissolved Manganese (mg/L) <0.05 <0.05 0.05 0.05 <0.05 0.05 0.05 0.05 0.2 0.05 0.05 <0.05 0.3 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.600 0.190 0.613 3.00 0.728 0.120 3.00 0.581 1.80 0.594 1.80 1.06 0.681 0.214
Sulfate (mg/L) 26.1 95.5 23.8 378 18.0 15.7 186 41.8 87.2 102 97.6 27.0 38.2 31.8
TOC (mg/L) 0.721 2.00 2.00 1.10 2.00 1.00 1.02 2.00 2.00 1.37 2.00 2.00 1.05 2.04
SWMU 54 Sixth Quarter (November 2012) Water Quality Parameters
pH 7.63 7.21 6.97 7.03 6.99 Dry 7.31 7.23 7.23 7.29 7.28 7.6 5.72 7.3
Conductivity (mS/cm) 0.443 0.62 0.561 1.01 0.612 Dry 0.826 0.628 0.784 0.779 0.698 0.635 0.918 0.6
Turbidity (NTU) 29 114 0.2 17 5.5 Dry 46 3.9 277 4.7 2.5 2.4 35 43
Dissolved Oxygen (mg/L) 1.44 0.86 4.09 1 1.01 Dry 0.56 2.71 1.14 0.38 1.1 0.26 0.95 0.45
ORP (mV) 148 141 145 72 167 Dry 59 101 -28 43 117 135 209 100
Temperature (°C) 10.03 13.43 12.22 11.27 11.21 Dry 10.83 11.98 11.35 13.61 12.95 13.99 12.26 10.61
Dissolved Manganese (mg/L) 0.05 0.05 0.05 0.05 0.05 Dry 0.05 0.05 0.2 0.05 0.05 0.1 0.3 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 Dry <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.600 0.327 0.656 3.00 0.944 Dry 1.80 0.403 1.80 0.381 0.600 2.86 0.369 0.600
Sulfate (mg/L) 31.3 35.4 229 403 21.5 Dry 179 60.3 199 151 99.1 49.8 76.7 39.0
TOC (mg/L) 1.96 2.68 3.29 2.93 4.31 Dry 3.72 4.90 6.73 5.55 5.88 3.41 2.00 2.12

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

6-16




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

Well ID [samw1 | 2 [ 3 | 4 | s | 6 | 7 | 8 | o [ 1w | n | 1 | B3 [ u
SWMU 54 Seventh Quarter (February 2013) Water Quality Parameters
pH 7.85 6.89 6.76 7.52 6.56 7.08 7.4 7.03 7.04 6.69 7.09 6.36 6.96 7.45
Conductivity (mS/cm) 0.465 0.682 0.504 1.01 0.417 0.293 0.474 0.498 0.487 0.542 0.687 0.464 0.37 0.619
Turbidity (NTU) 0 20 9 16 0 44.3 16 9.2 10.9 13.2 2 14.2 6.8 1.2
Dissolved Oxygen (mg/L) 0.71 1.43 6.97 0.53 9.19 9.28 2.83 5.36 8.28 2.97 0.58 1.27 8.39 0.47
ORP (mV) -5 156 171 -56 168 72 12 168 194 125 169 168 158 56
Temperature (°C) 12.17 8.28 11.98 12.09 11.18 13.15 11.48 9.89 9.74 11.22 10.14 10.31 7.98 12.26
Dissolved Manganese (mg/L) 0.05 <0.05 0.1 0.05 <0.05 0.05 0.1 0.05 0.2 0.1 0.25 <0.05 0.2 <0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.600 0.315 0.423 3.00 0.636 0.209 0.205 0.336 0.510 0.477 0.346 1.95 0.501 0.600
Sulfate (mg/L) 271 36.8 253 340 155 4.29 34.2 44.6 117 70.1 120 35.8 23.1 41.1
TOC (mg/L) 1.19 0.916 1.07 1.35 1.00 1.50 0.791 1.00 2.09 1.14 1.88 1.21 0.683 1.46
SWMU 54 Eighth Quarter (May 2013) Water Quality Parameters
pH 7.38 6.52 7.06 7.51 6.83 7.33 7.41 7.47 7.95 6.94 7.59 6.78 6.97 7.31
Conductivity (mS/cm) 0.398 0.315 0.499 1.021 0.4 0.494 0.674 0.596 0.521 0.537 0.592 0.665 0.44 0.608
Turbidity (NTU) 1.2 0.2 1.4 6.2 8.9 7.1 0.5 1.6 5.2 1.4 0.3 3.8 0.2 6.4
Dissolved Oxygen (mg/L) 4.13 2.74 3.55 1.05 3.28 1.29 3.24 0.4 7.58 2.43 1.17 2.54 1.4 4.13
ORP (mV) 122 254.3 273.6 257.1 283.1 128.4 282.7 255.1 244.2 287.8 255.8 292.4 284 296.5
Temperature (°C) 13.43 12.22 13.31 11.73 12.2 13.48 12.74 13.32 11.12 12.89 12.42 13.28 12.84 13.42
Dissolved Manganese (mg/L) <0.05 0.05 0.05 0.05 <0.05 <0.05 0.05 0.05 0.1 0.05 0.05 <0.05 0.15 0.05
Dissolved Ferrous Iron (mg/L) <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) 0.368 0.988 0.911 3.00 1.60 0.600 1.10 0.600 0.637 0.740 0.647 4.03 1.05 0.543
Sulfate (mg/L) 26.1 24.1 29.0 329 15.7 14.0 137 41.1 96.7 48.8 89.4 47.6 29.2 37.0
TOC (mg/L) 0.949 1.68 1.36 0.619 1.06 2.41 0.793 1.00 1.38 1.00 0.635 1.36 0.817 0.583
SWMU 54 Ninth Quarter (August 2013) Water Quality Parameters
pH 7.82 6.91 6.75 6.96 6.28 Dry 6.71 6.95 7.12 6.48 7.04 6.36 6.57 6.84
Conductivity (mS/cm) 0.452 0.592 0.617 0.937 0.333 Dry 0.478 0.559 0.419 0.496 0.637 0.491 0.351 0.554
Turbidity (NTU) 3 0 0 0 0 Dry 7.2 0 6.1 0 0 7.0 0 0
Dissolved Oxygen (mg/L) 0.136 0.8 1.69 0.39 6.28 Dry 2.4 0.67 2.36 0.86 4.65 2.85 6.57 0.52
ORP (mV) 223.2 84 96 -18 129 Dry 86 42 -13 35 68 91 146 50
Temperature (°C) 14.51 15.25 15.08 13.22 15.49 Dry 13.05 134 13.25 14.51 13.46 15.7 13.89 13.21
Dissolved Manganese (mg/L) 0.05 NM <0.05 0.05 0.05 Dry <0.05 <0.05 0.05 <0.05 0.05 0.05 0.15 0.05
Dissolved Ferrous Iron (mg/L) <0.2 NM <0.2 <0.2 <0.2 Dry <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate (mg/L) <0.600 0.326 0.521 <0.600 0.849 Dry <0.600 0.273 0.194 0.206 0.12 4.8 0.591 0.29
Sulfate (mg/L) 26.7 30.8 26.1 322 15.0 Dry 27.3 38.0 39.2 44.3 91.8 39.6 233 28.2
TOC (mg/L) 3.32 1.5 1.11 2.7 0.91 Dry 0.822 2.30 4.17 4.28 3.11 3.27 2.35 3.64
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Table 6-2

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

Well ID [samw1 | 2 [ 3 | 4 | s | 6 | 7 | 8 | o [ 1w | n | 1 | B3 [ u
SWMU 54 Tenth Quarter (November 2013) Water Quality Parameters
pH - 7.45 - - - - - - - 6.89 - NM 7.29 -
Conductivity (mS/cm) - 0.635 - - - - - - - 0.615 - 0.469 0.643 -
Turbidity (NTU) - 0 - - - - - - - 0 - 4.6 0.4 -
Dissolved Oxygen (mg/L) - 2.7 - - - - - - - 245 - 1.17 1.32 -
ORP (mV) - 51 - - - - - - - 18 - 108 25 -
Temperature (°C) - 14.09 - - - - - - - 15.25 - 14.96 15.96 -
Dissolved Manganese (mg/L) - <0.05 - - - - - - - <0.05 - 0.05 0.05 -
Dissolved Ferrous Iron (mg/L) - <0.2 - - - - - - - <0.2 - <0.2 <0.2 -
Nitrate (mg/L) - 0.25 - - - - - - - 0.670 - 1.1 0.45 -
Sulfate (mg/L) - 29.0 - - - - - - - 57.0 - 26.0 39.0 -
TOC (mg/L) - 2.5 - - - - - - - 0.68 - 0.5 <0.50 -
SWMU 54 Eleventh Quarter (February 2014) Water Quality Parameters
pH 8.1 - - - - - - -- - 6.89 - 7.21 7.21 --
Conductivity (mS/cm) 0.41 - - - - - - -- - 0.587 - 0.643 0.481 --
Turbidity (NTU) 0 - - - - - - - - 0 - 3.8 14 -
Dissolved Oxygen (mg/L) 1.32 - - - - - - - - 1.43 - 0.7 2.09 -
ORP (mV) 127 - - - - - - - - 153 - 150 142 -
Temperature (°C) 12.34 - - - - - - - - 13.2 - 14.11 12.04 -
Dissolved Manganese (mg/L) <0.05 - - - - - - - - <0.05 - <0.05 0.05 -
Dissolved Ferrous Iron (mg/L) <0.2 - - - - - - - - 0.2 - 0.2 <0.2 -
Nitrate (mg/L) <0.025 - - - - - - - - 0.470 - 3.1 0.44 -
Sulfate (mg/L) 30.00 - - - - - - - - 89.0 - 36.0 31.0 -
TOC (mg/L) 1.00 - - - - - - -- - 0.53 - 1.00 <0.50 --
SWMU 54 Twelfth Quarter (May 2014) Water Quality Parameters
pH 7.79 - - - - - - - - 6.93 - NM NM -
Conductivity (mS/cm) 0.469 - - - - - - - - 0.582 - 0.453 0.47 -
Turbidity (NTU) 3 - - - -- - - - - 3.8 - 10 9 -
Dissolved Oxygen (mg/L) 1.65 - - - - - - - - 1.56 - 2.25 1.14 -
ORP (mV) 2223 - - - - - - - - 127.4 - 272.1 71.3 -
Temperature (°C) 16.61 - - - - - - - - 12.81 - 14.61 16.57 -
Dissolved Manganese (mg/L) 0.05 - - - - - - - - 0.1 - 0.1 0.05 -
Dissolved Ferrous Iron (mg/L) 0.2 - - - - - - - - <0.2 - 0.2 0.2 -
Nitrate (mg/L) 0.031 - - - - - - - - 0.330 - 1.6 0.41 -
Sulfate (mg/L) 29.0 - - - - - - - - 58.0 - 31.0 27.0 -
TOC (mg/L) 51.0 - - - - - - - - 62.0 - <0.50 <0.50 -
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Table 6-2 Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

Well ID [samw1 | 2 [ 3 | 4 | s | 6 | 7 | 8 | o [ 1w | n | 1 | B3 [ u
SWMU 54 Thirteenth Quarter (September 2015) Water Quality Parameters
pH 6.7 - - - - - - - - 6.8 - 5.4 6.69 -
Conductivity (mS/cm) 0.471 - - - - - - - - 329 - 0.557 0.529 -
Turbidity (NTU) 0.65 - - - - - - - - 30.7 - 2.66 1.00 -
Dissolved Oxygen (mg/L) 0.75 - - - - - - - - 8.2 - 6.0 6.53 -
ORP (mV) 180 - - - - - - - - 71 - 264 198.0 -
Temperature (°C) 14.14 - - - - - - - - 15.8 - 14.8 14.83 -
Dissolved Manganese (mg/L) 0.087 - - - - - - - - 0.081 - 0.066 0.081 -
Dissolved Ferrous Iron (mg/L) 0 - - - - - - - - 0.11 - 0.07 0.11 -
Nitrate (mg/L) 0.14 - - - - - - - - 0.25 -- 0.92 0.5 -
Sulfate (mg/L) 25 - - - - - - - - 23 - 24 26 -
TOC (mg/L) 4.1 - - - - - - - - 8.1 - 83 13 -
SWMU 54 Fourteenth Quarter (January 2016) Water Quality Parameters
pH 7.60 - - - - - - -- - 6.16 - 6.79 7.01 --
Conductivity (mS/cm) 2.8 - - - -- - - - - 0.54 - 589.5 324.0 --
Turbidity (NTU) 0.78 - - - - - - - - 0.88 - 5.8 7.99 -
Dissolved Oxygen (mg/L) 9.89 - - - - - - - - 6.70 - 8.6 8.74 -
ORP (mV) 76.2 - - - - - - - - 89.3 - 924 73.2 -
Temperature (°C) 9.6 - - - - - - - - 12.7 - 12.4 11.6 -
Dissolved Manganese (mg/L) 0.063 - - - - - - - - 0.054 - 0.030 0.063 -
Dissolved Ferrous Iron (mg/L) 0 - - - - - - - - 0.0 - 0.10 0.05 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.45 - 2.5 0.46 -
Sulfate (mg/L) 26 - - - - - - - - 76 - 45 20 -
TOC (mg/L) 1.5 - - - - - - - - 0.97 - 1.8 1.8 -
SWMU 54 Fifteenth Quarter (April 2016) Water Quality Parameters
pH 7.61 - - - - - - - - 6.71 - 6.44 6.77 -
Conductivity (mS/cm) 440 - - - - - - - - 602 - 353 229 -
Turbidity (NTU) 0.3 - - - - - - - - 3.74 - 5.7 1.16 -
Dissolved Oxygen (mg/L) 4 - - -- - - -- - -- 0.61 -- 5.8 6.86 -
ORP (mV) 51 - - - - - - - - 73.5 - 93.4 76.8 -
Temperature (°C) 12.01 - - -- - - -- - -- 134 -- 14.32 13.52 -
Dissolved Manganese (mg/L) 0.021 - - -- - - -- - -- 0.057 -- 0.020 0.025 -
Dissolved Ferrous Iron (mg/L) 0.02 - - -- - - -- - -- 0.03 -- 0.04 0.02 -
Nitrate (mg/L) 0.14 - - -- - - -- - -- 0.18 -- 1.3 0.43 -
Sulfate (mg/L) 29 - - - - - - - - 83 - 27 19 -
TOC (mg/L) 42 - - - - - - - - 8.9 - 6.8 0.68 -
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Table 6-2

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

Well ID [samwi | 2 | 3 | 4 [ s [ 6 | 7 ] 8 | o | 1o | n 2 [ B3 [ u
SWMU 54 Sixteenth Quarter (July 2016) Water Quality Parameters
pH 6.82 - - - - - - - - 7.39 - 6.32 7.27 -
Conductivity (mS/cm) 619 -- - - -- - - -- - 775 -- 499 473.0 -
Turbidity (NTU) 4.62 - - - - - - - - 5.36 - 6.50 0.72 -
Dissolved Oxygen (mg/L) 3.14 -- - - -- - - -- - 0.37 -- 4.60 2.09 -
ORP (mV) -10.1 - - - - - - - - 109 - 8.2 12.0 -
Temperature (°C) 16.56 - - - - - - - - 13.79 - 14.33 15.2 -
Dissolved Manganese (mg/L) 0.062 -- - - -- - - -- - 0.048 -- 0.033 0.031 -
Dissolved Ferrous Iron (mg/L) 0.14 - - - - - - - - 0.02 - 0.02 0.00 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.47 - 0.81 0.60 -
Sulfate (mg/L) 29 - - - - - - - - 93 - 25 36 -
TOC (mg/L) 0.92 - - - - - - - - 0.58 - 1.2 0.78 -
SWMU 54 Seventeenth Quarter (October 2016) Water Quality Parameters
pH 7.28 - - - - - - - - 591 - 6.34 6.92 -
Conductivity (mS/cm) 474 -- - - -- - - -- - 839 -- 579 673 -
Turbidity (NTU) 0.14 - - - - - - - - 3.22 - 3.02 9.98 -
Dissolved Oxygen (mg/L) 2.60 -- - - -- - - -- - 0.54 - 5.05 3.40 -
ORP (mV) 138.2 - - - - - - - - 69.1 - 304 44.8 --
Temperature (°C) 14.48 -- - - -- - - -- - 14.63 -- 15.55 13.10 -
Dissolved Manganese (mg/L) 0.049 -- - - -- - - -- - 0.003 -- 0.038 0.061 -
Dissolved Ferrous Iron (mg/L) 0.05 -- - - -- - - -- - 0.52 -- 0.00 0.08 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.26 - 1.2 0.49 -
Sulfate (mg/L) 30 - - - - - - - - 150 - 41 38 -
TOC (mg/L) 1.5 - - - - - - - - 0.55 - 0.99 1.5 -
SWMU 54 Eigh h Quarter (Je 'y 2017) Water Quality Parameters
pH 7.43 - - - - - - - - 7.19 - 6.70 7.04 -
Conductivity (mS/cm) 486.2 -- - - -- - - -- - 854 -- 647.5 740 -
Turbidity (NTU) 0.28 - - - - - - - - 1.39 - 1.04 8.20 -
Dissolved Oxygen (mg/L) 2.21 -- - - -- - - -- - 1.40 -- 5.40 3.29 -
ORP (mV) 74.8 - - - - - - - - 49 - 75 71 -
Temperature (°C) 12.8 - - - - - - - - 12.5 - 11.8 11.7 -
Dissolved Manganese (mg/L) 0.036 -- - - -- - - -- - 0.069 -- 0.040 0.060 -
Dissolved Ferrous Iron (mg/L) 0.00 - - - - - - - - 0.04 - 0.00 0.03 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.38 - 0.94 0.48 -
Sulfate (mg/L) 31 - - - - - - - - 110 - 38 42 --
TOC (mg/L) 0.56 - - - - - - - - 1.5 - 1.4 1.5 -
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Table 6-2

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

SWMU 54 Nineteenth Quarter (April 2017) Water Quality Parameters

pH 7.65 - - - - - - - - 6.88 - 6.70 6.97 -
Conductivity (mS/cm) 0.443 - - - - - - - - 0.614 - 0.627 0.474 -
Turbidity (NTU) 0.25 - - - - - - - - 0.71 - 1.92 14.2 -
Dissolved Oxygen (mg/L) 8.38 -- - -- - - -- - - 32 -- 5.39 4.74 -
ORP (mV) 91.0 - - - - - - - - 573 - 93.4 71.5 -
Temperature (°C) 13.1 -- - -- - - -- - - 13.80 -- 13.1 14 -
Dissolved Manganese (mg/L) 0.049 -- - -- - - -- - - 0.039 -- 0.036 0.067 -
Dissolved Ferrous Iron (mg/L) 0.00 -- - -- - - -- - - 0.04 -- 0.02 0.14 -
Nitrate (mg/L) 0.15 -- - -- - - -- - - 0.3 -- 1 0.44 -
Sulfate (mg/L) 33 - - - - - - - - 65 - 47 30 -
TOC (mg/L) 33 - - - - - - - - 6.9 - 6.7 4.4 -
SWMU 54 Twentieth Quarter (July 2017) Water Quality Parameters

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

pH 7.23 - - - - - - - - 6.71 - 6.49 6.68 -
Conductivity (mS/cm) 468.6 - - - - - - - - 462.3 - 571.5 537.5 -
Turbidity (NTU) 0.17 - - - - - - - - 0.8 - 8.75 0.74 -
Dissolved Oxygen (mg/L) 7.98 -- - -- - - -- - - 8.60 -- 6.43 5.71 -
ORP (mV) 63.6 - - - - - - - - 45.6 - 97.4 883 -
Temperature (°C) 14.2 -- - -- - - -- - - 14.9 -- 12.7 14.6 -
Dissolved Manganese (mg/L) 0.21 -- - -- - - -- - - 0.044 -- 0.051 0.032 -
Dissolved Ferrous Iron (mg/L) 0.00 -- - -- - - -- - - 0.00 -- 0.07 0.00 -
Nitrate (mg/L) 0.15 - - - - - - - - 0.34 - 0.86 0.45 -
Sulfate (mg/L) 31 - - - - - - - - 38 - 37 29 -
TOC (mg/L) 2.6 - - - - - - - - 2.6 - 1.2 2.2 -
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Table 6-2 Water Quality Parameters for Groundwater Performance Monitoring at SWMU 54 (Continued)

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

pH 7.46 - - - - - - - - 7.14 - 6.57 7.00 -
Conductivity (mS/cm) 438.4 - - - - - - - - 734 - 531.7 640.2 -
Turbidity (NTU) 0.32 - - - - - - - - 0.92 - 2.17 7.34 -
Dissolved Oxygen (mg/L) 0.53 - -- -- - - - - -- 0.95 -- 8.45 4.51 -
ORP (mV) 69 - - - - - - - - 459 - 83.2 75.3 -
Temperature (°C) 13 - -- -- - - - - -- 12.5 -- 10.4 12 -
Dissolved Manganese (mg/L) 0.038 - -- -- - - - - -- 0.000 -- 0.000 0.064 -
Dissolved Ferrous Iron (mg/L) 0.02 - -- -- - - - - -- 0.00 -- 0.00 0.26 -
Nitrate (mg/L) 0.15 - -- -- - - - - -- 0.15 -- 1.4 0.33 -
Sulfate (mg/L) 25 - - - - - - - - 98 - 46 34 -
TOC (mg/L) 6.5 - - - - - - - - 3.7 - 13 10 -
SWMU 54 Twenty-Third Quarter (April 2018) Water Quality Parameters

pH 7.59 - - - - - - - - 6.87 - 6.68 6.76 -
Conductivity (mS/cm) 441.6 - - - - - - - - 553.7 - 584 520 -
Turbidity (NTU) 0.59 - - - - - - - - 0.78 - 10.4 3.15 -
Dissolved Oxygen (mg/L) 5.28 - -- -- - - - - -- 4.37 -- 6.5 6.18 -
ORP (mV) 63.8 - - - - - - - - 50 - 204.7 73.5 -
Temperature (°C) 13.6 - - - - - - - - 13.1 - 12.4 13.4 -
Dissolved Manganese (mg/L) 0.024 - - - - - - - - 0.11 - 0.046 0.032 -
Dissolved Ferrous Iron (mg/L) 0.00 - - - - - - - - 0.00 - 0.06 0.00 -
Nitrate (mg/L) 0.2 - - - - - - - - 0.68 - 1.2 0.62 -
Sulfate (mg/L) 28 - - - - - - - - 47 - 41 30 -
TOC (mg/L) 1.5 - - - - - - - - 1.5 - 0.72 1.5 -
SWMU 54 Twenty-Fourth Quarter (July 2018) Water Quality Parameters

pH 6.87 - - - - - - - - 6.56 - 6.06 6.55 -
Conductivity (mS/cm) 390.9 - - - - - - - - 629 - 375.6 549 -
Turbidity (NTU) 0.3 - - - - - - - - 0.89 - 395 2.03 -
Dissolved Oxygen (mg/L) 6.96 - -- -- - - - - -- 0.78 -- 9.17 3.42 -
ORP (mV) 0.5 - - - - - - - - -19.9 - 2.9 0.7 -
Temperature (°C) 14 - -- -- - - - - -- 14.7 -- 15.6 16 -
Dissolved Manganese (mg/L) 0.041 - -- -- - - - - -- 0.121 -- 0.039 0.143 -
Dissolved Ferrous Iron (mg/L) 0.00 - -- -- - - - - -- 0.03 -- 0.04 0.00 -
Nitrate (mg/L) 0.2 - - - - - - - - 0.19 - 1.6 0.43 -
Sulfate (mg/L) 26 - - - - - - - - 100 - 40 32 -
TOC (mg/L) 1.5 - - - - - - - - 1.5 - 1.5 1.5 -

Notes:

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

mS/cm = milli.
NM = not measured

per centimeter

NTU = Nephelometric Turbidity Unit mV — millivolts
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Figure 6-4 SWMUS54: Specific Conductivity
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Notes:
1. Specific conductivity was not measured at 54MW 1 during Quarter 10.

2. Specific conductivity readings for quarters 13, 14, and 19 for all four wells were not used due to possible unit entry error.
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Figure 6-5 SWMUS54: 54MW10 Ferrous Iron, Dissolved Manganese, Nitrate, and Sulfate Concentrations
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Figure 6-6

SWMU54: 54MW12 Ferrous Iron, Dissolved Manganese, Nitrate, and Sulfate Concentrations
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Figure 6-7 SWMU54: 54MW13 Ferrous Iron, Dissolved Manganese, Nitrate, and Sulfate Concentrations
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Figure 6-8

SWMU54: 54MW10 TOC, DO, and ORP Concentrations
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Figure 6-9 SWMU54: 54MW12 TOC, DO, and ORP Concentrations
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Figure 6-10 SWMU54: 54MW13 TOC, DO, and ORP Concentrations
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7.0 Summary and Conclusions

This report covers six years of groundwater monitoring. Fourteen (14) groundwater monitoring
wells were sampled on a quarterly basis for over 2 years (nine quarters) at SWMU 54. After the
ninth and tenth quarters, the monitoring program was reduced to the three wells (54MW10,
54MW12, and 54MW13), which have had COI concentrations above RGs, and an upgradient well
(54MW1). Samples collected during the first twelve quarters were analyzed for explosives,
perchlorate, and MNA indicators. During quarters 10 through 24, samples were also analyzed for
RDX breakdown products. Sample results were compared to RGs and evaluated to determine
whether MNA is occurring at the SWMU. This report presents and summarizes the analytical
results of the first six years (twenty-four quarters) of monitoring.

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

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

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

e Identification of RDX breakdown products DNX, MNX, and TNX indicate active
degradation of RDX, although breakdown products were less prevalent during the year
four monitoring period and not detected during the year five and six monitoring periods.
RDX concentrations at monitoring wells 54MW10 and 54MW 13 are consistently below
the RG of 6.1 mg/L in the sixth year monitoring period.

e All perchlorate concentrations in the third, fourth, fifth, and sixth years of monitoring are
below the RG and showed a steady decline in concentrations during this four year period.

Observed concentrations of DO (0.78 mg/L to 9.17 mg/L) and ORP (-19.9 mV to 204.7 mV) during
year six indicate both aerobic and anaerobic conditions exist at SWMU 54. However, aerobic
conditions were determined to be more prevalent. While TNT has been known to be degraded
under a variety of conditions (aerobic and anaerobic), further degradation of 2ADNT, 4ADNT,
and reduction of RDX and perchlorate is more favorable under anaerobic conditions (Spain, 1995).
DO and ORP data suggest that well 54MW 10 is steadily approaching more favorable anaerobic
condtions, and wells 54MW 12 and 54MW 13 are approaching more favorable anaerobic conditons,
just not quite as steadily as 54MW 10. It is also noted that there is a direct correlation between ORP
values and 2,4,6-TNT and RDX concentrations at monitoring well 54MW12.
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The source removal efforts at SWMU 54 appear to have been effective in significantly lowering
the site-wide COIls in groundwater. This is evident by the fact that eleven of the fourteen
monitoring well locations (54MW1 through 54MW9, 54MW11, and 54MW14) had observed
concentrations below site selected RGs for eight consecutive quarters for 2,4,6-TNT, DNT
mixture, RDX, and perchlorate. As recommended in the Final SWMU 54 MNA IMWP (Shaw,
2011a), and SWMU 54 MNA Sampling Year 2 Report (CB&I, 2013) these wells were removed
from the MNA sampling program after the ninth and tenth quarters.

Historic pore water samples PW-1, PW-3, PW-5, PW-8, and PW-9 from the New River sediments
directly downgradient from SWMUS54 had no detections of explosives or perchlorate in two years
of sampling, indicating no measurable influence of contaminated groundwater on the New River.
As recommended in the Final SWMU 54 MNA IMWP (Shaw, 2011a) and SWMU 54 MNA
Sampling Year 2 Report (CB&I, 2013), the pore water sample locations were removed from the
MNA sampling program after quarter nine (August 2013).

Explosives concentrations through twenty-four quarters of groundwater monitoring indicate that
limited biodegradation at well locations 54MW10, 54MW12, and 54MW13 (SWMU 54 Area A
wells) is occurring. Based on the localized distribution of elevated constituents and the generally
declining concentrations site-wide and the fact that groundwater is bounded within RFAAP by the
New River and its use can be controlled by RFAAP, an active groundwater remedy at SWMU54
does not appear necessary at this time. However, the twenty-third quarter of sample collection
included the fourth most elevated concentrations of explosive COIs reported at monitoring well
54MW12, warranting continued monitoring. The sharp increase in explosive concentrations at
54MW 12 during the twenty-third quarter occurred under aerobic conditions. Biodegradation is not
as effective under aerobic conditions to reduce explosives and perchlorates concentrations. As a
result of the subsurface biochemistry, the decreased biological activity may have led to an increase
in the explosives and perchlorate concentrations during this period.

The direction and speed of groundwater flow is consistent across all reporting periods and the
current network of groundwater monitoring wells are adequate for future groundwater monitoring
events. It is our recommendation that groundwater monitoring continues on a quarterly basis at
well locations 54MW10, 54MW12, and 54MW13. In addition to monitoring wells 54MW 10,
54MW12, and 54MW 13, monitoring well 54MW 1 will continue to be monitored as an upgradient
well, despite meeting the criteria for being removed from the network.
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Bering Sea Environmental January 9, 2018
3601 C Street. Suite 1000-31

Anchorage, AK 99503

ATTN: Ms. S. Julia Liu, P.E.

SUBJECT: Radford Army Ammunition Plant, VA, Data Validation

Dear Ms. Julia Liu,

Enclosed are the final validation reports for the fractions listed below. These SDGs were received on December
8, 2017. Attachment 1 is a summary of the samples that were reviewed for each analysis.

LDC Project #40025:

SDG # Fraction
131939/FA49005/401896 Volatiles, Metals, Explosives, Methane, Ethane, Ethene,
131996/FA49042/401969 Perchlorate, Wet Chemistry

132034, 132074

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

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

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

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

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

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

° EPA SW 846, Third Edition, Test Methods for Evaluating Solid Waste, update 1, July 1992;

update IlIA, August 1993; update Il, September 1994; update IIB, January 1995; update lll,
December 1996; update IlIA, April 1998; 1lIB, November 2004; update IV, February 2007;
update V, July 2014

Please feel free to contact us if you have any questions.

Sincerely,

@@F

Pei Geng
Project Manager/Senior Chemist

V:\LOGIN\Bering Sea Group\Radford\40025COV.wpd UL SF / +EDD
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Attachment 1

EDD Stage 2B

LDC #40025 (Bering Sea Environmental-Anchorage, AK / Radford Army Ammunition Plant, VA)

(3) Metals Methane CI,SO, [Chlorate
DATE DATE VOA [(6010C | Expl. | Ethane | CLO, | NO,-N |Chlorite| COD pH TIC TOC

DC SDG# REC'D DUE |(8260C) |/7470A) |(8330B) | Ethene | (6850) [(9056A) | (300.1) | (410.4) |(9040C) | (9060A) | (9060A)
Matrix: Water/Soil Wls|wW|[s|w|S|[W|S|W|S[w|S|W|[S|W[s|w|[s|w|Ss[w|]S[w]|]S[W]|S|W[S|W[s|W WS
A [131939/FA49005/| 12/08/17 |01/03/18 ( - | - (1 ]JO |5 |0 | -|-|5|0]|]5|]0[5]|]0f1]O0(|1]O0O|5|0]|5(0O

401896
B |131996/FA49042/| 12/08/17 |01/03/18 |7 (O | - |- |1 O |6 |JO|1]JO(f(7]O|1]|O]|-(f--|-]1]0]7]O

401969
C 132034 12/08/17 [ 01/03/18 - -1-1- -1-15 - -1-1-1{-1-1-1-15
D 132074 12/08/17 [ 01/03/18 1101 - |- - |- -[-11]Jo0f{1]0f-1]1-1[1
otal JIPG 160|206 )]0 f13]0f6]O]|19/0)|6[O0O]2]O0|2]|]0f6]|]O(18]0]JO|JO]J]OfO]JO[fO]JO]O]O 0 |96

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

V:\LOGIN\Bering Sea Group\Radford\40025ST.wpd




LDC Report# 40025A4b

Laboratory Data Consultants, Inc.
Data Validation Report

Project/Site Name: Radford Army Ammunition Plant, VA
LDC Report Date: January 4, 2018

Parameters: Metals

Validation Level: Stage 2B

Laboratory: ‘ CT Laboratories

Sample Delivery Group (SDG): 131939

Laboratory Sample Collection
Sample ldentification Identification Matrix Date
54ADWO01 945067 Water 10/31/17
54ADWO1MS 945067MS Water 10/31/17
54ADWO1MSD 945067MSD Water 10/31/17
54ADWO01DUP 945067DUP Water 10/31/17

VALOGIN\BERING SEA GROUP\RADFORD\40025A4B_BE3.DOC



Introduction

This Data Validation Report (DVR) presents data validation findings and results for the
associated samples listed on the cover page. Data validation was performed in
accordance with the SWMU 54 (RAAP-14) Monitored Natural Attenuation Interim
Measures Work Plan for Radford Army Ammunition Plant, Virginia (April 2011), the
SWMU 49 Monitored Natural Attenuation Ground Monitoring Work Plan for Radford
Army Ammunition Plant, Virginia (October 2014), the U.S. Department of Defense
(DoD) Quality Systems Manual (QSM) for Environmental Laboratories, Version 5.0 (July
2013), and a modified outline of the USEPA National Functional Guidelines (NFG) for
Inorganic Superfund Data Review (August 2014). Where specific guidance was not
available, the data has been evaluated in a conservative manner consistent with
industry standards using professional experience.

The analyses were performed by the following methods:

Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, Calcium, Chromium,
Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Nickel, Potassium, Selenium,
Silver, Sodium, Thallium, Vanadium, and Zinc by Environmental Protection Agency
(EPA) SW 846 Method 6010C

Mercury by EPA SW 846 Method 7470A

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

VALOGIN\BERING SEA GROUP\RADFORD\40025A4B_BE3.DOC



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

J

uJ

NA

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

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

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

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

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

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

VALOGIN\BERING SEA GROUP\RADFORD\40025A4B_BE3.DOC



I. Sample Receipt and Technical Holding Times

All samples were received in good condition.

All technical holding time requirements were met.

ll. Instrument Calibration

Initial and continuing calibrations were performed as required by the methods.

The initial calibration verification (ICV) and continuing calibration verification (CCV)
standards were within QC limits.

lll. ICP Interference Check Sample Analysis

The frequency of interference check sample (ICS) analysis was met. All criteria were
within QC limits.

IV. Laboratory Blanks

Laboratory blanks were analyzed as required by the methods. No contaminants were
found in the laboratory blanks with the following exceptions:

Maximum Associated
Blank ID Analyte Concentration Samples
ICB/CCB Aluminum 8.88 ug/L All samples in SDG 131939
Selenium 3.12 ug/L
Potassium 97.00 ug/L
Sodium 145.00 ug/L
Cobalt 1.02 ug/L
Nickel 1.46 ug/L

Data qualification by the laboratory blanks was based on the maximum contaminant
concentration in the laboratory blanks in the analysis of each analyte. The sample
concentrations were either not detected or were significantly greater (>5X blank
contaminants) than the concentrations found in the associated laboratory blanks with
the following exceptions:

Reported Modified Final

Sample Analyte Concentration Concentration
54ADWO01 Selenium 3.5 ug/L 6.5U ug/L
Nickel 5.2 ug/L 5.2U ug/L

V. Field Blanks

No field blanks were identified in this SDG.

VALOGIN\BERING SEA GROUP\RADFORD\40025A4B_BE3.DOC



VI. Matrix Spike/Matrix Spike Duplicates

Matrix spike (MS) and matrix spike duplicate (MSD) sample analysis was performed on
an associated project sample. Percent recoveries (%R) were within QC limits. Relative
percent differences (RPD) were within QC limits.

VIl. Duplicate Sample Analysis

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

VIII. Serial Dilution

Serial dilution analysis was performed on an associated project sample. Percent
differences (%D) were within QC limits with the following exceptions: -

) Associated
Diluted Sample Analyte %D (Limits) Samples Flag AorP
54ADWO1 Calcium 16 (210) All samples in SDG J (all detects) A
Magnesium 17 (10) 131939 J (all detects)

IX. Laboratory Control Samples

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

X. Field Duplicates
No field duplicates were identified in this SDG.
XI. Sample Result Verification

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

Sample : Analyte Flag AorP

All samples in SDG 131939 All analytes reported below the LOQ and above J (all detects) A
the MDL.

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

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

VALOGIN\BERING SEA GROUP\RADFORD\40025A4B_BE3.DOC



Due to serial dilution %D and results below the LOQ and above the MDL, data were
qualified as estimated in one sample.

Due to laboratory blank contamination, data were qualified as not detected in one
sample.

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

valid and usable for all purposes.

VALOGIN\BERING SEA GROUP\RADFORD\40025A4B_BE3.DOC



Radford Army Ammunition Plant, VA
Metals - Data Qualification Summary - SDG 131939

and above the MDL.

Sample Analyte Flag AorP Reason
54ADWO01 Calcium J (all detects) A Serial dilution (%D)
Magnesium J (all detects)
54ADWO01 All analytes reported below the LOQ J (all detects) A Sample result verification

Radford Army Ammunition Plant, VA

Metals - Laboratory Blank Data Qualification Summary - SDG 131939

Modified Final
Sample Analyte Concentration AorP
54ADWO01 Selenium 6.5U ug/L A
Nickel 5.2U ug/L

Radford Army Ammunition Plant, VA
Metals - Field Blank Data Qualification Summary - SDG 131939

No Sample Data Qualified in this SDG

VALOGIN\BERING SEA GROUP\RADFORD\40025A4B_BE3.DOC




LDC #:___40025A4b VALIDATION COMPLETENESS WORKSHEET Date:_{ 2] 20|11

SDG#__ 131939 Stage 2B ,, Page:_ fof|
Laboratory: CT Laboratories Reviewer:_ATl
2nd Reviewer:_g/S

METHOD: Metals (EPA SW 846 Method 6010C/7470A)

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

Validation Area Comments

1. Sample receipt/Technical holding times

il. | Instrument Calibration

1. ICP Interference Check Sample (ICS) Analysis

IV. | Laboratory Blanks

V. | Field Blanks

-y

2

VI. | Matrix Spike/Matrix Spike Duplicates

N

/]

:

VIl. | Duplicate sample analysis

VIiI. | Serial Dilution

LS

1X. Laborétory control samples

X. Field Duplicates

XI. | Sample Result Verification

%zz$g¥$zg$¥i

XL Ouerall Assessment of Data

Note: A = Acceptable ND = No compounds detected D = Duplicate ) SB=Source blank
N = Not provided/applicable R = Rinsate TB = Trip blank OTHER:
SW = See worksheet FB = Field blank EB = Equipment blank
Client ID Lab ID Matrix Date
1 54ADWO1 ) 945067 Water 10/31/17
2 54ADWO1TMS 945067MS Water 10/31/17
3 54ADWO01DUP ‘ 945067DUP Water 10/31/17
4 |SupADWorMD QU067 MSD N J
5
6
7
8
9
10
11
12
13
Lid
Notes:

L.:\Bering Sea Group\Radford\40025A4bW.wpd 1



LoC #_dD725A L{b

VALIDATION FINDINGS WORKSHEET
Sample Specific Element Reference

Page:_Lof J_

Reviewer:

All circled elements are applicable to each sample.

2nd reviewer,_«{%

|Sample ID |

Target Analyte List (TAL) ____

Al, Sh, As, Ba, Be, Cd, Ca, Cr, Co, Cu,

EgiiciEe)AgNa)

e

Fe, Pb, Mg. Mn, Hg, Ni, K, Se, Ag, Na, T, V, Zn, Mo, B, Sn, Ti, U,

D)WY (Tfr, k) Mo, B, n, Ti

Al, Sb, As, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,

Al, Sb, Ao,

Ba, Be, Cd Ca, Cr, Co, Cu, Fe Pb, Mg, Mn, Hg, Ni, Kée,Ag, Na, TI,V Zn, Mo, B, Sn, Ti, U,

. As, Ba, Be, Cd, Ca, Cr, Co, Cu,

NN
, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U, ‘

, As, Ba, Be, Cd, Ca, Cr, Co, Cu,

, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, TI, V, Zn, Mo, B, Sn, Ti, U,

As, Ba, Be, Cd, Ca, Cr, Co, Cu,

¢, I°b, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,

Al,8Sb, As, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, T|, V, Zn, Mo, B, Sn, Ti, U
Al §b, /s, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
Al, b, /s, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U
| Al b, As, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, T, V, Zn, Mo, B, Sn, Ti, U,
Al $h, s, Ba, e, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, T, V, Zn, Mo, B, Sn, Ti, U,
| Al 5, As, Ba, Be, Cd, Ca, Cr, Co, Cu, e, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl V, Zn, Mo, B, Sn, Ti, U,
Al, & As, Ba, Be, Cd, Ca, Cr, Co, Cu, e, I°b, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
Al, 8, /s, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
| AL Sb, "+, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, b, Mg, Mn, Hg, Ni, K, Se, Ag, Na, TI, V/, Zn, Mo, B, Sn, Ti, U,
Al ¢35, v, Ba, Be, Cd, Ca, Cr, Co, Cu, IFe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
Al &5, A, Ba, 3e, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
AL Y5 s, Ba, 3¢, Cd, Ca, Cr, Co, Cu, Fe, b, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
! Al UY, s, Ba, Be, Cd, Ca, Cr, Co, Cu, e, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U
Al, £5. A5, Ba, 3¢, Cd, Ca, Cr, Co, Cu, e, I°b, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
Al, €4, /w5, Ba, Be, Cd, Ca, Cr, Co, Cu, i'e, ’b, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
Al, €b, »s, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Ti, V, Zn, Mo, B, 8n, Ti, U,
AL $h. A5, Ba, 13e, Cd, Ca, Cr, Co, Cu, e, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
I S An-iysizn Mnthod
ICP . 3¢, Cd, Ca, Cr, Co, Cu, "¢, Pb, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U
ICP-MS *, Cd, Ca, Cr, Co, Cu, e, b, Mg, Mn, Hg, Ni, K, Se, Ag, Na, Tl, V, Zn, Mo, B, Sn, Ti, U,
GEAA Be.Cd Ca Cr.Co _Cu o ’h_Ma Mn Hg Ni K Se Ag Na TI \/ Zn Mo B Sn Ti LI
Comments:___Mercury by (/7 7 if perfcrmed

ELEMENTS. wp !



LDC #:__40025A4b VALIDATION FINDINGS WORKSHEET . Page:_1_of_1

PB/ICB/CCB QUALIFIED SAMPLES Reviewer:__ATL
METHOD: Trace metals (EPA SW 864 Method 6010B/6020/7000) Soil preparation factor applied:__NA 2nd Reviewer: « A5
Sample Concentration units, unless otherwise noted:__ug/L Associated Samples:__ All

Analyt;“ Maximum" Maximul_r]l Maximuﬂ‘ Action
PB*® PB® ICB/CCB? Level 1
(mg/Kg) | (uglL) (ugll)
Al 8.88 44.4
Se 3.12 15.6 3.5/6.5
K 97.00 485
Na 145.00 725
Co 1.02 5.1
Ni 1.46 7.3 5.2

Samples with analyte concentrations within five times the associated ICB, CCB or PB concentration are listed above with the identifications from the Validation Completeness Worksheet. These sample results were
qualified as not detected, "U".

Note: a- The listed analyte concentration is the highest ICB, CCB, or PB detected in the analysis of each element.

40025A4b.wpd



LDC #:__40025A4b VALIDATION FINDINGS WORKSHEET Page:_1_of1

ICP Serial Dilution Reviewer:_ ATL

2nd Reviewer:_, [g

METHOD: Trace Metals (EPA SW 846 Method 6010/6020/7000)

ase see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".

If analyte concentrations were > 50X the MDL (ICP) ,or >100X the MDL (ICP/MS), was a serial dilution analyzed?
Were ICP serial dilution percent differences (%D) <10%?

Is there evidence of negative interference? If yes, professional judgement will be used to qualify the data.

L IV ONLY:
Were recalculated results acceptable? See Level IV Recalculation Worksheet for recalculations.
# Diluted Sample ID Matrix Analyte %D (Limits) Associated Samples Qualifications
1 W Ca 16 ( <10%) all JIUJ/A (detect)
1 W Mg 17 (<10%) All JIUJ/A (detect)

—————————————— ——————————————————————————— ——————————— |

Comments:

40025A4b.wpd



LDC Report# 40025A6

Laboratory Data Consultants, Inc.
- Data Validation Report

ProjectISite' Name: Radford Army Ammunition Plant, VA
LDC Report Date: January 4, 2018

Parameters: Wet Chemistry

Validation Level: Stage 2B

Laboratory: CT Laboratories/Eurofins

Sample Delivery Group (SDG): 131939/402896

Laboratory Sample Collection
Sample Identification Identification Matrix Date
54MW13 945051/3812702 Water - 10/31/17
54MW13 945062 Water 10/31/17
103117R1 945065/3812703 Water 10/31/17
103117R1 ' 945066 Water 10/31/17
54ADWO01 945067 Water 10/31/17
54TM10 945068/3812704 Water 10/31/17
54TM10 945069 Water 10/31/17
54MWA1 | 945070/3812705 Water 10/31/17
54MW1 945071 Water 10/31/17
54MW10 945072/3812706 Water 10/31/17
54MW10 , 945073 Water 10/31/17
54MW13MS 945062MS Water 10/31/17
54MW13MSD 945062MSD Water 10/31/17
54MW13DUP 945062DUP Water 10/31/17
54ADW01MS 945067MS Water 10/31/17
54ADWO0O1MSD 945067MSD Water 10/31/17
54ADWO01DUP 945067DUP Water 10/31/17

VALOGIN\BERING SEA GROUP\RADFORD\40025A6_BE3.DOC



Introduction

This Data Validation Report (DVR) presents data validation findings and results for the
associated samples listed on the cover page. Data validation was performed in
accordance with the SWMU 49 Monitored Natural Attenuation Ground Monitoring Work
Plan for Radford Army Ammunition Plant, Virginia (October 2014), the SWMU 54
(RAAP-14) Monitored Natural Attenuation Interim Measures Work Plan for Radford
Army Ammunition Plant, Virginia (April 2011), the U.S. Department of Defense (DoD)
Quality Systems Manual (QSM) for Environmental Laboratories, Version 5.0 (July
2013), and a modified outline of the USEPA National Functional Guidelines (NFG) for
Inorganic Superfund Data Review (August 2014). Where specific guidance was not
available, the data has been evaluated in a conservative manner consistent with
industry standards using professional experience.

The analyses were performed by the following methods:

Chloride, Sulfate, and Nitrate as Nitrogen by Environmental Protection Agency (EPA)
SW 846 Method 9056A

Chlorate and Chlorite by EPA Method 300.1

Chemical Oxygen Demand by EPA Method 410.4

pH by EPA SW 846 Method 9040C

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

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

VALOGIN\BERING SEA GROUP\RADFORD\40025A6_BE3.DOC



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

J

uJ

NA

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

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

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

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

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

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

VALOGIN\BERING SEA GROUP\RADFORD\40025A6_BE3.DOC



l. Sample Receipt and Technical Holding Times
All samples were received in good condition.

All technical holding time requirements were met with the following exceptions:

Total Time From Required Holding Time
Sample Collection From Sample Collection
Sample Analyte Until Analysis Until Analysis Flag AorP
54ADWO1 pH 68.50 hours 48 hours J (all detects) P

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

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

IV. Laboratory Blanks

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

V. Field Blanks

No field blanks were identified in this SDG.

V1. Matrix Spike/Matrix Spike Duplicates

Matrix spike (MS) and matrix spike duplicate (MSD) sample analysis was performed on

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

Spike ID MS (%R) MSD (%R)
(Associated Samples) Analyte (Limits) (Limits) Flag AorP
54MW13MS/MSD Nitrate as N 131 (80-120) 122 (80-120) J (all detects) A
(54MW13 (945062))
54ADWO1MS/MSD Chemical oxygen demand 74 (80-120) - J (all detects) A
(54ADWO01)

Relative percent differences (RPD) were within QC limits.

VALOGIN\BERING SEA GROUP\RADFORD\40025A6_BE3.DOC



VII. Duplicate Sample Analysis

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

VIIl. Laboratory Control Samples

Laboratory control samples (LCS) were analyzed as required by the methods. Percent

recoveries (%R) were within QC limits.

IX. Field Duplicates

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

Concentration (mg/L)

Analyte 54TM10 (945068) 54MW10 (945072) RPD (Limits) Flag AorP
Total organic carbon 2.0 26 26 (<50) -
Total inorganic carbon 58 56 4 (s50) - -

Concentration (mg/L)

Analyte » 54TM10 (945069) 54MW10 (945073) RPD (Limits) Flag AorP
Chloride 7.1 7.0 1 (s50) - -
Nitrate as N 0.34 0.34 0 (<50) - -
Sulfate 38 38 0 (<50) - -

X. Sample Result Verification

All analytes reported below the limit of quantitation (LOQ) and

detection limit (MDL) were qualified as follows:

above the method

Sample

Analyte

Flag

AorP

All samples in SDG
131939/402896

All analytes reported below the
LOQ and above the MDL.

J (all detects)

Raw data were not reviewed for Stage 2B validation.

VALOGIN\BERING SEA GROUP\RADFORD\40025A6_BE3.DOC



XI. Overall Assessment of Data

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

Due to technical holding time, MS/MSD %R, and results below the LOQ and above the
MDL, data were qualified as estimated in eleven samples.

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

VALOGIN\BERING SEA GROUP\RADFORD\40025A6_BE3.D‘OC



Radford Army Ammunition Plant, VA
Wet Chemistry - Data Qualification Summary - SDG 131939/402896

Sample Analyte Flag AorP Reason
54ADWO01 pH J (all detects) P Technical holding times
54MW13 (945062) Nitrate as N J (all detects) A Matrix spike/Matrix spike

duplicate (%R)

54ADWO1 Chemical oxygen demand J (all detects) A Matrix spike/Matrix spike
duplicate (%R)

54MW13 All analytes reported below the J (all detects) A Sample result verification
54MW13 LOQ and above the MDL.
103117R1
103117R1
54ADWO1
54TM10
54TM10
54MWA1
54MW1
54MW10
54MW10

Radford Army Ammunition Plant, VA
Wet Chemistry - Laboratory Blank Data Qualification Summary - SDG
131939/402896

No Sample Data Qualified in this SDG

Radford Army Ammunition Plant, VA
Wet Chemistry - Field Blank Data Qualification Summary - SDG 131939/402896

No Sample Data Qualified in this SDG

V:ALOGIN\BERING SEA GROUP\RADFORD\40025A6_BE3.DOC



LDC #:__40025A6 VALIDATION COMPLETENESS WORKSHEET Date: ] 2] 24 ’i"(

SDG #:.__131939/402896 Stage 2B Page:_Jof |
Laboratory: CT Laboratories/Eurofins Reviewer:
2nd Reviewer:

METHOD: (Analyte)_Chloride, Nitrate-N, Sulfate (EPA SW846 Method 9056A), Chlorate, Chlorite (EPA Method 300.1), COD
(EPA Method 410.43, pH (EPA SW846 Method 9040C), TIC, TOC (EPA SW846 Method 9060A)

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

__Validation Area Comments
I Sample receipt/Technical holding times /A’ /Ql)(/
Il | Initial calibration A

1. Calibration verification

V Field blanks

A
IV | Laboratory Blanks ‘A )
N

VI._| Matrix Spike/Matrix Spike Duplicates W { Ied 2\ ( LhH)Frvm SPG 4 {32614 (49AD WO MSVMSD)

VII. | Duplicate sample analysis -A/ 1}] ]S xb ( {MMM)(/O lDUP) !

VIII. | Laboratory control samples 10( LC\S .

IX. | Field duplicates Sw/ Q Gy JD)Y, (7, H>

X. Sample result verification N
X1 Querall assessment of data ) A’
Note: A= Acceptable ND = No compounds detected D = Duplicate SB=Source blank
N = Not provided/applicable R = Rinsate TB = Trip blank OTHER:
SW = See worksheet FB = Field blank EB = Equipment blank
Client ID ) Lab ID Matrix Date

1 | samwi3 . o 2919707 || 945051 Water 1013117
2 | 54MW13 ' 945062 Water 10/31/17
3 103117R1 29172703 ]| 945065 Water 10/31/17
4 | 103117R1 ‘ 945066 Water 10/31/17
5 | 54ADWO1 945067 Water 10/31/17
6 A 54TM10 29127704 | | 945068 Water 10/31/17
7 A54TM10 ! 945069 Water 10/31/17
8 | 54Mw1 3212705 | | 945070 Water 10/31/17
9 | 54Mw1 l 945071 Water 10/31/17
10 4 54MW10 29127061 | 945072 Water 10/31/17
11_k54MW10 ' 945073 Water 10/31/17
12| 5aMW13Ms ‘ 945062MS Water 10/31/17
13 | 54MW13DUP 945062DUP Water 10/31/17
14 | 54ADWO1MS | 945067Ms Water 10/31/17
15 | 54ADWO01DUP 945067DUP Water 10/31/17
16 | SUMWIAMS JUsDELIMSD |
1 SUADWOIMSD qusigIMsD WV v

L\Bering Sea Group\Radford\40025A6W.wpd 1



VALIDATION FINDINGS WORKSHEET
Sample Specific Analysis Reference

All circled methods are applicable to each sample.

Page:_ 1 of 1
Reviewer: _—mz .

2nd reviewer.__Jz»

Parameter

pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN@Cr6+ clo, (7] @ Clon @)

pH TDS(WFG\!H NO, €0.)0-PO,

Alk CN NH, TKN TOC Cré+ ClO,

@TDS Cl F NO, NO, SO, O-PO,

Alk CN NH, TKN TOC Cré+ CloC0D )

pH TDS Cl F NO,

NO,

S0, O-PO,

Alk CN NH, TKN TOC Cr6+ CIO,

pH TDS CI F NO, NO, SO, 0-PO,

Ak CN NH, TKN TOC Cré+ CIO,

Comments:

QC,__ |pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
1512416 |pH TDS @F @9} NOL@O-PQ Alk CN NH, TKN TOC Cré+ CIO,
;f pH/TDS CI F NO, NO, SO, 0-PO, Alk CN NH; TKN TOC Cré+ m@)
[Y 7 |pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ 0104?5]3)
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO, —
pH TDS Cl F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS CI F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS Cl F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS CI F NO; NO, SO, 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS Cl F NO; NO, SO, 0-PO, Alk CN NH; TKN TOC Cr6+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ ClO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO; NO, SO, 0-PO, Alk CN NH; TKN TOC Cr6+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cr6+ ClO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH; TKN TOC Cr6+ CIO,
DHM NQ. SO, 0-PO, Alk CN NH. TKN TOC Cr6+ CIO

WC TAL.wpd



LDC # YN 2SH L

VALIDATION FINDINGS WORKSHEET
Technical Holding Times

All circled dates have exceeded the technical holding time.
Were all samples preserved as applicable to each method ?

Y N NA

Y. _N_N/A Were all cooler temperatures within validation
pH_(epAgouaC)

Method:

criteria?

Page:_ 1 of 1

Reviewer: :zﬂZg
2nd reviewer.__\&b

Parameters:

water

Technical b

Sampling

_Sample ID||____date |

15130
10!3)1!’!

1 psap

Analysis

Total
Time

12:00
19317

63,50 furs

JIVIJP(defec

)

Analysis

__Qualifier | ___date

Total

WetHT.wpd



VALIDATION FINDINGS WORKSHEET Page:_1 of1

Matrix Spike/Matrix Spike Duplicates Reviewer.__ ATL
2nd Reviewer:_, }&

LDC #: 40025A6

METHOD: Inorganics, EPA Method__See cover

Was a matrix spike analyzed for each matrix in this SDG?

ase see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".
N N/A
N/A Were matrix spike percent recoveries (%R) within the control limits of 75-125? If the sample concentration exceeded the spike concentration by a factor

Y
P of 4 or more, no action was taken.
()N N/A Were all duplicate sample relative percent differences (RPD) < 20% for water samples and <35% for soil samples?

LEVEL [V ONLY: :
Y - Were recalculated results acceptable? See Level |V Recalculation Worksheet for recalculations.

MS MSD
# MS/MSD ID Matrix Analyte %Recovery %Recovery RPD (Limits) | Associated Samples Qualifications
12/16 w NO3-N 131 (80-120) 122 (80-120) ‘ 2 4791 Jdet/A (detect=2-+4+4>
14/17 W COD 74 (80-120) 5 JIUJ/A (detect)
——————— |
Comments:

40025A6.wpd



LDC# 40025A6 VALIDATION FINDINGS WORKSHEET Page:_1__of 1__
Field Duplicates Reviewer.___ATL
2nd Reviewer:__~}£-
Inorganics: Method__See Cover
Concentration (mg/L)
RPD
Analyte 6 10 (<50)
Total Organic Carbon 2.0 2.6 26
Total Inorganic Carbon 58 56 4
Concentration (mg/L)
— RPD
Analyte 7 11 (<50)
Chloride 71 7.0 1
Nitrate as N 0.34 0.34 0
Sulfate 38 38 0

V:\FIELD DUPLICATES\Field Duplicates\FD_inorganic\éO17\40025A6.wpd



'LDC Report# 40025A40

- Laboratory Data Consultants, Inc.
Data Validation Report

Project/Site Name: Radford Army Ammunition Plant, VA
LDC Report Date: December 29, 2017 |
Parameters: Explosives

Validation Level: - Stage 2B

Laboratory: CT Laboratories/Accutest Laboratories

Sample Delivery Group (SDG): 131939/FA49005

Laboratory Sample Collection
Sample Identification Identification Matrix Date
54MW13 945051/FA49005-1 Water 10/31/17
103117R1 945065/FA49005-2 Water 10/31/17
54TM10 945068/FA49005-3 Water 10/31/17
54MW1 945070/FA49005-4 Water 10/31/17
54MW10 945072/FA49005-5 Water 10/31/17

V:ALOGIN\BERING SEA GROUP\RADFORD\40025A40_BE3.DOC



Introduction

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Associated
Date Column Compound %D Samples Flag AorP
10/12/17 | Signal 1 TNX 34.1 All samples in SDG UJ (all non-detects) A
Tetryl 62.8 131939/FA49005 UJ (all non-detects)
Signai 2 TNX 347 UJ (all non-detects)
Tetryl 83.1 UJ (all non-detects)
111317 Signal 1 TNX 37.7 All samples in SDG UJ (all non-detects) A
| Signal 2 TNX 377 131939/FA49005 UJ (all non-detects)

lll. Continuing Calibration

Continuing calibration was performed at required frequencies.

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

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

V. Field Blanks

No field blanks were identified in this SDG.
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VI. Surrogates

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

VII. Matrix Spike/Matrix Spike Duplicates

The laboratory has indicated that there were no matrix spike (MS) and matrix spike
- duplicate (MSD) analyses specified for the samples in this SDG, and therefore matrix
spike and matrix spike duplicate analyses were not performed for this SDG.

VIIl. Laboratory Control Samples

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

LCSID
(Associated Samples)

Compound

%R (Limits)

Flag

AorP

LCS OP67519
(All samples in SDG
131939/FA49005)

TNX

58 (60-126)

UJ (all non-detects)

IX. Field Duplicates

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

Concentration (ug/L)

54MW10

Compound 54TM10 RPD (Limits) Flag AorP
HMX 24 28 15 (s20)
RDX 1.6 1.8 12 (s20)
2-Amino-4,6-Dinitrotoluene 20 2.1 5 (s20)
4-Amino-2,6-Dinitrotoluene 1.7 1.9 11 (s20)
1,3,5-Trinitrobenzene 2.7 2.9 7 (20)
2,4,6-Trinitrotoluene 9.8 11.2 13 (s20)

X. Compound Quantitation

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

Compound

Flag

AorP

All samples in SDG
131939/FA49005

All compounds reported below the
LOQ and above the MDL.

J (all detects)

Raw data were not reviewed for Stage 2B validation.

XI. Target Compound ldentifications

Raw data were not reviewed for Stage 2B validation.

XIl. Overall Assessment of Data

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

Due to ICV %D, LCS %R, and results below the LOQ and above the MDL, data were

qualified as estimated in five samples.

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

valid and usable for all purposes.
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Radford Army Ammunition Plant, VA
Explosives - Data Qualification Summary - SDG 131939/FA49005

Sample Compound Flag AorP Reason

54MW13 TNX UJ (all non-detects) A Initial calibration verification
103117R1 Tetryl UJ (all non-detects) (%D)

54TM10
54MW1
54MW10

54MW13 TNX UJ (all non-detects) A Laboratory control samples
103117R1 (%R)

54TM10
54MWA1
54MW10

54MW13 | All compounds reported J (all detects) A Compound quantitation
103117R1 below the LOQ and above the
54TM10 MDL.

54MW1
54MW10

Radford Army Ammunition Plant, VA
Explosives - Laboratory Blank Data Qualification Summary - SDG
131939/FA49005

No Sample Data Qualified in this SDG

Radford Army Ammunition Plant, VA
Explosives - Field Blank Data Qualification Summary - SDG 131939/FA49005

No Sample Data Qualified in this SDG
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LDC #:___40025A40 VALIDATION COMPLETENESS WORKSHEET Date:_/ 2/2//17

SDG #:___131939/FA49005 Stage 2B Page:__’_of
Laboratory:_CT Laboratories/Accutest Laboratories Reviewer:
’ ’ 2nd Reviewer: .

METHOD: HPLC Explosives (EPA SW 846 Method 8330B)

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

_ Validation Area : Comments
l. Sampile receipt/Technical holding times AN
1. | Initial calibration/iCV A G % WO - 1S . (¥ yeN = 720
ill. | Continuing calibration A ' aeN £ ZO
IV. | Laboratory Blanks A
V. Field blanks
VI. Surrogate spikes
VII. | Matrix spike/Matrix spike duplicates ~) w
VIIl. | Laboratory control samples S LS
IX. | Field duplicates 6\/3 D= 3! ‘9/
X. | Compound quantitation RL/LOQ/LODs kN
Xl. | Target compound identification . : N
X1 Querall assessment of data P‘
Note: A = Acceptable ND = No compounds detected D = Duplicate SB=Source blank
N = Not provided/applicable R = Rinsate TB = Trip blank ~ OTHER:
SW = See worksheet FB = Field blank EB = Equipment blank
Client ID - S Jab Lab ID Matrix Date
1+ 54MW13 F A4dooy — | 945051 Water 10/31/17
2’ 103117R1 - * 945065 Water 10/31/17
s st 0 > 945068 Water 10/31/17
4 | samwi 4 945070 Water 10/31/17
:5\‘ 54MW10 O g 945072 Water 10/31/17
6
7
8
9.
10
11
Notes:
0PL19 12
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GC _/ HPLC

VALIDATION FINDINGS WORKSHEET

METHOD:
8310 8330 8151 8141 8141(cony) 8021B

A. Acenaphthene A. HMX A.24D A. Dichlorvos X. EPN V. Benzene

B. Acenaphthylene B. RDX B. 2,4-DB B. Mevinphos Y. Azinphos-methyl CC. Toluene

C. Anthracene C. 1,3,5-Trinitrobenzene C.245T C. Demeton-O Z. Coumaphos EE. Ethyl Benzene
D. Benzo(a)anthracene D. 1,3-Dinitrobenzene D.2,4,5-TP D. Demeton-S AA. Parathion S§SS. O-Xylene

E. Benzo(a)pyrene E. Tetryl E. Dinoseb E. Ethoprop BB. Trichloronate RRR. MP-Xylene

F. Benzo(b)fluoranthene F. Nitrobenzene F. Dichlorprop F. Naled CC. Trichlorinate GG. Total Xylene
G. Benzo(g,h,i)perylene 1 G. 2.4.6-Trinitrotoluene G. Dicamba G. Sulfotep DD. Trifluralin

H. Benzo(k)fluoranthene H. 4-Amino-2,6-dinitrotoluene H. Dalapon H. Phorate EE. Def 8315A
I. Chrysene I. 2-Amino-4,6-dinitrotoluene I. MCPP L. Dimethoate FF. Prowl A. Formaldehyde
J. Dibenz(a,h)anthracene J. 2,4-Dinitrotoluene J. MCPA J. Diazinon GG. Ethion B. Acetaldehyde

'K. Fluoranthene K. 2,6-Dinitrotoluene K. Pentachlorophenol K. Disulfoton HH. Farﬁphur C. Benzaldehyde

L. Fluorene L. 2-Nitrotoluene L. 2,4,5-TP (silvex) L. Parathion-methyl Il. Phosmet D. Butyraldehyde
M. Indeno(1,2,3-cd)pyrene M. 3-Nitrotoluene M. Silvex M. Ronnel JJ. Tetrachlorvinphos

N. Naphthalene N. 4-Nitrotoluene N. Dichloroprop KK. Demeton (total)

N. Malathion

O. Phenanthrene 0. Nitroglycerin 0. 0. Chlorpyrifos
P. Pyrene P. Picric acid P. P. Fenthion
Q. Q. 2,4-Dinitrophenol Q. Q. Parathion-ethyl
R R. 3,5-Dinitroaniline R. Trichlornate
S. S. 2-Nitrophenol S. Mérphos

T. 4-Nitrophenol T. Stirofos

U. Picramic acid U. Tokuthion

V. PETN V. Fensulfothion

W. Bolstar
Notes:
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Page: _[of_)

LDC#__ 40039 AL}O VALIDATION FINDINGS WORKSHEET
initial Calibration Verification Reviewer:  FT
K : 2nd Reviewer: ‘

METHOD: _ GC HPLC

Please see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".

at type of initial calibration verification calculation was performed? __ %D or __ %R
N/A Was an initial calibration verification standard analyzed after each ICAL for each instrument?

Y IN| N/A Did the initial calibration verification standards meet the %D / %R validation criteria of <20.0% / 80-120%?
Detector/ %D
# Date Standard ID Column Compound (Limit < 20.0) Associated Samples Qualifications
2l e Sianal | TH% 24.) o A [uV/A VD
J E | (2.¥
Sonal 2 TN ¥ 247
N e £3-]
Wyl | 1en Sioynal | Tw X 317 o A [ud/A NY
sx'fpa\ 2- | TNX 317 A Nl

ICV-gc.wpd



LDC #__ Hoo ‘rfﬁ\q\j VALIDATION FINDINGS WORKSHEET Page: __lof _/
Laboratory Control Samples (LCS) Reviewer._ FT

2nd Reviewer: g

METHOD: _ GC _/HPLC
fease see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".
N N/A Were a laboratory control samples (LCS) and laboratory control sample duplicate (LCSD) analyzed for each matrix in this SDG?
Y N} N/A Were the LCS percent recoveries (%R) and relative percent differences (RPD) within the QC limits?

Level IV/D Only

Y_N NA Was an LCS analyzed every 20 samples for each matrix or whenever a sample extraction was performed?
LCS LcsD
# LCS/LCSD ID Compound %R (Limits) %R (Limits) RPD (Limits) Associated Samples Qualifications
oPLI5 1A -\ehH | T NX 9% (Lol ( ) ( ) AN Ay v W

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

~{1 -~~~ {~]~]~|~KH|~]|~]~~]~ I~~~ KI~]~
R B N T N N RN | B RN BN BN U N S B | A

LCS_r1.wpd



Lpc #_ YoozpsA4(

VALIDATION FINDINGS WORKSHEET

Field Duplicates

Page:]_

Reviewer.__F ,
2nd reviewer:
:_ GC V HPLC
Were field duplicate pairs identified in this SDG?
Were target compounds detected in the field duplicate pairs?
) Concentration ( ) %RPD Qualification
Compound *3 ,L Limit (<_2-C_%) (Parent only)
> g
A 2.4 2.4 s
B |-l |- Iz
T 2.0 2.1 5
H |- 1.9 \
C 37 27 71
Concentration ( uo, L ) %RPD Qualification
Compound d — Limit (<_20 %) (Parent only)
3 5
G 19 N 1%
Concentration ( ) %RPD Qualification
Compound Limit (< %)) (Parent only)
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LDC Report# 40025A87

Laboratory Data Consultants, Inc.
Data Validation Report

Project/Site Name:
LDC Report Date:
Parameters:

Validation Level:

Radford Army Ammunition Plant, VA
December 29, 2017
Perchlorate

Stage 2B

Laboratory: CT Laboratories/Accutest Laboratories
Sample Delivery Group (SDG): 131939/FA49005
Laboratory Sample Collection
Sample Identification Identification Matrix Date

54MW13 945051/FA49005-1 Water 10/31/17
103117R1 945065/FA49005-2 Water 10/31/17
54TM10 945068/FA49005-3 Water 10/31/17
54MW1 945070/FA49005-4 Water 10/31/17
54MW10 945072/FA49005-5 Water 10/31/17
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Introduction

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

The analyses were performed by the following method:
Perchlorate by Environmental Protection Agency (EPA) SW 846 Method 6850

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

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

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

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

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

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

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

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

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

All technical holding time requirements were met.

Il. LC/MS Instrument Performance Check

Instrument performance check was performed prior to initial calibration.
All perchlorate ion signal to noise ratio requirements were met.

lll. Initial Calibration and Initial Calibration Verification

An initial calibration was performed as required by the method.

A curve fit, based on the initial calibration, was established for quantitation. The
coefficient of determination (r?*) was greater than or equal to 0.990.

The isotope ratios were within QC limits.

The percent differences (%D) of the initial calibration verification (ICV) standard were
less than or equal to 15.0%.

IV. Continuing Calibration
Continuing calibration was performed at the required frequencies.
The percent differences (%D) were less than or equal to 15.0%.

The percent differences (%D) of the limit of detection verification (LODV) standard were
less than or equal to 30.0%.

The isotope ratios were within QC limits.
V. Laboratory Blanks

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

VI. Field Blanks

No field blanks were identified in this SDG.
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VII. Matrix Spike/Matrix Spike Duplicates

Matrix spike (MS) and matrix spike duplicate (MSD) sample analysis was performed on
an associated project sample. Percent recoveries (%R) were not within QC limits. No
data were qualified since there were no associated samples in this SDG. Relative
percent differences (RPD) were within QC limits.

VIIl. Laboratory Control Samples

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

IX. Field Duplicates

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

Concentration (ug/L)

Compound 54TM10 - 54MW10 RPD (Limits) Flag AorP

Perchlorate 0.21 0.23 9 (s20)

X. Internal Standards
All internal standard recoveries (%R) were within QC limits.
XI. Compound Quantitation

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

Sample Compound Flag ' AorP
All samples in SDG All compounds reported below the J (all detects) A
131939/FA49005 LOQ and above the MDL.

Raw data were not reviewed for Stage 2B validation.
XIl. Target Compound Identifications

Raw data were not reviewed for Stage 2B validation.
XIil. System Performance

Raw data were not reviewed for Stage 2B validation.

VALOGIN\BERING SEA GROUP\RADFORD\40025A87_BE3.DOC



XIV. Overall Assessment of Data

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

Due to results below the LOQ and above the MDL, data were qualified as estimated in
five samples.

The quality control criteria reviewed, other than those discussed above, were met and
are considered acceptable. Sample results that were found to be estimated (J) are
usable for limited purposes only. Based upon the data validation all other results are
considered valid and usable for all purposes.
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Radford Army Ammunition Plant, VA
Perchlorate - Data Qualification Summary - SDG 131939/FA49005

Sample Analyte Flag AorP Reason
54MW13 All compounds reported below the J (all detects) A Compound quantitation
103117R1 LOQ and above the MDL. )
54TM10
54MW1
54MW10

Radford Army Ammunition Plant, VA
Perchlorate - Laboratory Blank Data Qualification Summary - SDG
131939/FA49005

No Sample Data Qualified in this SDG

Radford Army Ammunition Plant, VA
Perchlorate - Field Blank Data Qualification Summary - SDG 131939/FA49005

No Sample Data Qualified in this SDG
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LDC #:__40025A87 VALIDATION COMPLETENESS WORKSHEET Date: /&/4 / 7

SDG #.__131939/FA49005 Stage 2B Page:_( of _/
Laboratory: CT Laboratories/Accutest Laboratories Reviewer:
: . : 2nd Reviewer:

METHOD LC/MS Perchlorate (EPA SW846 Method 6850)

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

Validation Area " Comments
. Sample receipt/Technical holding times : A/ A
1. LC/MS Instrument performance check
. | Initial calibrationCV A A 0-34—?59—’*9" ZENL
- = V p
IV. | Continuing calibration A (A EN L00Y £30
V. Laboratory Blanks A
VI. | Field blanks N
VII. | Surrogate spikes N /
w 10 (% |
VIIl. | Matrix spike/Matrix spike duplicates S FALQOG ~ M bR o HoevOe ol
. ’ V-~
IX. | Laboratory control samples P V@D
X. Interference check sample A ._‘-'- 50
. . -~
XI. | Field duplicates SJ D = ‘b) 9
XIl. | Internal standards A
Xlll. | Compound quantitation RL/LOQ/LODs N
XIV. | Target compound identification N
XV. | System performance » N
XVI | Overall assessment of data . k
Note: A = Acceptable ND = No compounds detected D = Duplicate SB=Source blank
N = Not provided/applicable R =Rinsate TB = Trip blank OTHER:
SW = See worksheet FB = Field blank EB = Equipment blank
Client ID swe b {LabiD ‘ Matrix Date _
1* | samwi3 ' :  FA 19006~ | 945051 Water 10/31/17
2’- 103117R1 ' - % 945065 Water 10/31/17
3+ 54TM10 D k - 3 945068 Water 10/31/17
4 lsamw1 -4 945070 Water 10/31/17
X
5 | s4amwi10 % - 945072 Water 10/31/117
6
7
8
Notes:
" oPL11v » “
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LDC #: 400}‘5#\67 VALIDATION FINDINGS WORKSHEET Page:_Lof__7
Field Duplicates Reviewer: FE

2nd reviewer

METHOD: LCMS Perchlorate (EPA Method 6850)
N _N/A Were field duplicate pairs identified in this SDG?
N _N/A Were target compounds identified in the field duplicate pairs?

c tration (| l% L,
— RPD QUAL
Compound 3 ) (< 20 %)

Pet dnovaur 0.2\ 0.27% |

Caoncentration ( )

RPD QUAL
Compound (< %)

FLDUP2 QUAL.wpd



LDC Report# 40025B1

Laboratory Data Consultants, Inc.
Data Validation Report

Project/Site Name: Radford Army Ammunition Plant, VA
LDC Report Date: December 29, 2017

Parameters: Volatiles

Validation Level: Stage 2B

Laboratory: CT Laboratories

Sample Delivery Group (SDG): 131996

Laboratory Sample Collection
Sample Identification Identification Matrix Date
48MWO06 945926 Water 11/01/17
13MW3 945928 Water 11/01/17
13MW4 945930 Water 11/01/17
49MW04 945932 Water 11/01/17
13MW2 945934 Water 11/01/17
49TMO1 945936 Water 11/01/17
110117T1 945938 Water 11/01/17
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Introduction

This Data Validation Report (DVR) presents data validation findings and results for the
associated samples listed on the cover page. Data validation was performed in
accordance with the SWMU 49 Monitored Natural Attenuation Ground Monitoring Work
Plan for Radford Army Ammunition Plant, Virginia (October 2014), the U.S. Department
of Defense (DoD) Quality Systems Manual (QSM) for Environmental Laboratories,
Version 5.0 (July 2013), and a modified outline of the USEPA National Functional
Guidelines (NFG) for Superfund Organic Methods Data Review (October 2013). Where
specific guidance was not available, the data has been evaluated in a conservative
manner consistent with industry standards using professional experience.

The analyses were performed by the following method:

Volatile Organic Compounds (VOCs) by Environmental Protection Agency (EPA) SW
846 Method 8260C

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

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

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

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

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

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

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

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

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

All technical holding time requirements were met.

Il. GC/MS Instrument Performance Check

A bromofluorobenzene (BFB) tune was performed at 12 hour intervals.
All ion abundance requirements were met.

lll. Initial Calibration and Initial Calibration Verification

An initial calibration was performed as required by the method.

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

In the case where the laboratory used a calibration curve to evaluate the compounds, all
coefficients of determination (r2) were greater than or equal to 0.990.

Average relative response factors (RRF) for all compounds were within validation
criteria.

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

IV. Continuing Calibration
Continuing calibration was performed at the required frequencies.

The percent differences (%D) were less than or equal to 20.0% for all compounds with
the following exceptions:

Associated
Date Compound %D Samples Flag A orP

11/06/17 Bromomethane 27.24 All samples in SDG UJ (all non-detects) A
131996

The percent differences (%D) of the ending continuing calibration verifications (CCVs)
were less than or equal to 50.0% for all compounds.

All of the continuing calibration relative response factors (RRF) were within validation
criteria. .
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V. Laboratory Blanks

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

VL. Field Blanks
Sample 110117T1 was identified as a trip blank. No contaminants were found.
VII. Surrogates

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

VIII. Matrix Spike/Matrix Spike Duplicates

Matrix spike (MS) and matrix spike duplicate (MSD) sample analysis was performed on
an associated project sample. Percent recoveries (%R) were not within QC limits. No
data were qualified since there were no associated samples in this SDG. Relative
percent differences (RPD) were within QC limits.

IX. Laboratory Control Samples

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

X. Field Duplicates

Samples 48MWO06 and 49TMO1 were identified as field duplicates. No results were
detected in any of the samples with the following exceptions:

Concentration (ug/L)
Compound 48MWO06 49TMO01 RPD (Limits) Flag AorP

1,1,1-Trichloroethane 0.30 0.22 31 (<50)
1,1-Dichloroethane 25 2.6 4 (<50)
Benzene 0.27 0.29 7 (s50)
cis-1,2-Dichloroethene 3.1 3.3 6 (<50)
Tetrachloroethene 15 14 7 (s50)
Trichloroethene 23 23 0 (<50)

4
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XI. Internal Standards
All internal standard areas and retention times were within QC limits.
XIl. Compound Quantitation

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

Sample Compound Flag AorP
All samples in SDG 131996 All compounds reported below the J (all detects) A

LOQ and above the MDL.

Raw data were not reviewed for Stage 2B validation.
XIil. Target Compound Identifications

Raw data were not reviewed for Stage 2B validation.
XIV. System Performance

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

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

Due to continuing calibration %D and results below the LOQ and above the MDL, data
were qualified as estimated in seven samples.

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

Volatiles - Data Qualification Summary - SDG 131996

Sample

Compound

Flag

AorP

Reason

48MW06
13MW3
13MwW4
49MW04
13MW2
49TMO1
11011771

Bromomethane

UJ (all non-detects)

Continuing calibration
(%D)

48MWO06
13MW3
13MW4
49MW04
13MW2
49TMO1
110117T1

All compounds reported below the

LOQ and above the MDL.

J (all detects)

Compound quantitation

Radford Army Ammunition Plant, VA

Volatiles - Laboratory Blank Data Qualification Summary - SDG 131996

Radford Army Ammunition Plant, VA

No Sample Data Qualified in this SDG

Volatiles - Field Blank Data Qualification Summary - SDG 131996

V:ALOGIN\BERING SEA GROUP\RADFORD\40025B1_BE3.DOC
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LDC #:__40025B1 VALIDATION COMPLETENESS WORKSHEET Date: /‘2/25//7

SDG #.__ 131996 Stage 2B Page:_(_of__;
Laboratory: CT Laboratories , : , Reviewer:
2nd Reviewer:

METHOD: GC/MS Volatiles (EPA SW 846 Method 8260C) !

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

Validation Area Comments
I. - | Sample receipt/Technical holding times . A /A
11. GC/MS Instrument performance check ‘ A
i | Initial calibration/ICV___ A A % po£g8 (% \A £ 20
IV. | Continuing calibration /C/\OS\' W ceN \‘DV“) l dad £ 20
. ! )
V. Laboratory Blanks A
VI. | Field blanks W) ™ =7
VII. | Surrogate spikes . . A L
VIII. | Matrix spike/Matrix spike duplicates 6\&3 "*“b N\‘N D - MS /0 (0/0@ t ’/D (LPP "'0 M‘fc (/Qv; \
IX. | Laboratory control samples A \ﬁp ot /
X. | Field duplicates S D= \b
Xl. | Internal standards A
Xll. | Compound quantitation RL/LOQ/LODs N
XHi. -] Target compound identification , N
XIV. | System performance N
XV. | Overali assessment of data . L\
Note: A = Acceptable ND = No compounds detected D = Duplicate SB=Source blank
N = Not provided/applicable R = Rinsate TB = Trip blank OTHER:
SW-= See worksheet FB = Field blank EB = Equipment blank
Client b _ _ » Lab ID | Matrix Date
¥ | asmwos 0 | i | oas026 Water 11101117
2+ 13MW3 945928 Water 11/01/17
3‘. 13MW4 945930 Water 11/01/17
‘: 49MWO04 , 945932 Water 11/01/17
3- 13MwW2 . 945934 Water 11/01/17
g- 49TMO1 \7 945936 Water 11/01/17
7 ] 11011711, ‘\:@ ' 945938 Water 11/01/17
. .
[e]
Notes:
\anoy . ' |
|
||

L:\Bering Sea Group\Radford\40025B1W.wpd 1



METHOD: VOA

TARGET COMPOUND WORKSHEET

A. Chloromethane

AA. Tetrachloroethene

AAA. 1,3,5-Trimethylbenzene

AAAA. Ethyl tert-butyl ether

A1. 1,3-Butadiene

B. Bromomethane

BB. 1,1,2,2-Tetrachloroethane

BBB. 4-Chlorotoluene

BBBB. tert-Amyl methyl ether

B1. Hexane

C. Vinyl choride

CC. Toluene

CCC. tert-Butylbenzene

CCCC. 1-Chlorohexane

C1. Heptane

D. Chloroethane

DD. Chlorobenzene

DDD. 1,2,4-Trimethylbenzene

DDDD. Isopropy! alcohol

D1. Propylene

E. Methylene chloride

EE. Ethylbenzene

EEE. sec-Butylbenzene

EEEE. Acetonitrile

E1. Freon 11

F. Acetone

FF. Styrene

FFF. 1,3-Dichlorobenzene

FFFF. Acrolein

F1. Freon 12

G. Carbon disulfide

GG. Xylenes, total

GGG. p-Isopropyltoluene

GGGG. Acrylonitrile

G1. Freon 113

H. 1,1-Dichloroethene

HH. Vinyl acetate

HHH. 1,4-Dichlorobenzene

HHHH. 1,4-Dioxane

H1. Freon 114

1. 1,1-Dichloroethane

1l. 2-Chloroethyivinyl ether

fll. n-Butylbenzene

Hil. isobuty! alcoho!

1. 2-Nitropropane

J. 1,2-Dichloroethene, total

JJ. Dichlorodifluoromethane

JJ4J. 1,2-Dichlorobenzene

JJJJ. Methacrylonitrile

J1. Dimethyl disulfide

K. Chloroform

KK. Trichlorofluoromethane

KKK. 1,2,4-Trichlorobenzene

KKKK. Propionitrile

K1. 2,3-Dimethyl pentane

L. 1,2-Dichloroethane

LL. Methyl-tert-butyl ether

LLL. Hexachlorobutadiene

LLLL. Ethyl ether

L1. 2,4-Dimethyl pentane

M. 2-Butanone

MM. 1,2-Dibromo-3-chloropropane

MMM. Naphthalene

MMMM. Benzy! chloride

Mt. 3,3-Dimethyl pentane

N. 1,1,1-Trichloroethane

NN. Methyl ethyl ketone

NNN. 1,2,3-Trichlorobenzene

NNNN. lodomethane

N1. 2-Methylpentane

0. Carbon tetrachloride

00. 2,2-Dichloropropane

000. 1,3,5-Trichlorobenzene

0000.1,1-Difluoroethane

0O1. 3-Methylpentane

P. Bromodichloromethane

PP. Bromochloromethane

PPP. trans-1,2-Dichloroethene

PPPP. Tetrahydrofuran

P1. 3-Ethylpentane

Q. 1,2-Dichloropropane

QQ. 1,1-Dichloropropene

QQQ. cis-1,2-Dichloroethene

QQQAQ. Methyl acetate

Q1. 2,2-Dimethylpentane

R. cis-1,3-Dichloropropene

RR. Dibromomethane

RRR. m,p-Xylenes

RRRR. Ethyl acetate

R1. 2,2,3- Trimethylbutane

S. Trichloroethene

SS. 1,3-Dichloropropane

SSS. o-Xylene

S88SS. Cyclohexane

S1. 2,2,4-Trimethylpentane

T. Dibromochloromethane

TT. 1,2-Dibromoethane

TTT. 1,1,2-Trichloro-1,2,2-triflucroethane

TTTT. Methylcyclohexane

T1. 2-Methylhexane

U. 1,1,2-Trichloroethane

UU. 1,1,1,2-Tetrachloroethane

UUU. 1,2-Dichiorotetrafiuoroethane

UUUU. Allyl chloride

U1. Nonanal

V. Benzene

VV. Isopropylbenzene

VVV. 4-Ethyitoluene

VVVV. Methyl methacrylate

V1. 2-Methylnaphthalene

W. trans-1,3-Dichloropropene

WW. Bromobenzene

WWW. Ethanol

WWWW. Ethyl methacrylate

W1. Methanol

X. Bromoform

XX. 1,2,3-Trichloropropane

XXX. Di-isopropyl ether

XXXX. cis-1,4-Dichloro-2-butene

X1. 1,2,3-Trimethylbenzene

Y. 4-Methyl-2-pentanone

YY. n-Propylbenzene

YYY. tert-Butanol

YYYY. trans-1,4-Dichloro-2-butene

Y1.

Z. 2-Hexanone

ZZ. 2-Chlorotoluene

ZZZ. tert-Butyl alcohol

ZZZZ. Pentachloroethane

Z1.

COMPNDL_VOA_Long list.wpd




LDC #:_ 40025 » ' ‘ VALIDATION FINDINGS WORKSHEET ' : Page:__(_of___/_
Continuing Calibration Reviewer: Fi

2nd Reviewer:

METHOD: GC/MS VOA (EPA SW 846 Method 8260C)

Ptease see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".

Was a continuing calibration standard analyzed at least once every 12 hours for each instrument?

Were percent differences (%D) and relative response factors (RRF) within method criteria for all CCC's and SPCC' s ?
N/A Were all %D and RRFs within the validation criteria of <20 %D and >0.05 RRF ?

Finding %D Finding RRF )
# Date Standard ID Compound (Limit: <20.0%) (Limit: >0.05) Associated Samples Qualifications
VAN CenN s 3724 Al Aw /A ¢ MO)

0]

CONCAL.wpd



Lpck: ko0 Kp )

METHOD: GCMS VOA Method 8260C

VALIDATION FINDINGS WORKSHEET
Field Duplicates

Page:_/of_

Reviewe

2nd Reviewer:

7/

Concentration (ug/L) (<50)
Compound 1 6 RPD

N 0.30 0‘.22 31
| 2.5 2.6 4
\" 0.27 0.29 7
QQQ 3.1 33 6
AA 15 14 7
S 2.3 2.3 0

V:\FIELD DUPLICATESField Duplicates\FD_Organics\2017\40025B1.wpd



LDC Report# 40025B6

Laboratory Data Consultants, Inc.
Data Validation Report

Project/Site Name: Radford Army Ammunition Plant, VA
LDC Report Date: January 4, 2018

Parameters: Wet Chemistry

Validation Level: Stage 2B

Laboratory: CT Laboratories/Eurofins

Sample Delivery Group (SDG): 131996/401969

: Laboratory Sample Collection
Sample Identification Identification Matrix Date
48MWO06 945926 Water 11/01/17
48MWO06 945927 Water 11/01/17
13MW3 945928 Water 11/01/17
13MW3 945929 Water 11/01/17
13MW4 . 945930 Water 11/01/17
13MW4 945931 Water 11/01/17
49MW04 945932 Water 11/01/17
49MWO04 945933 Water 11/01/17
13MW2 945934 Water 11/01/17
13MW?2 945935 Water 11/01/17
49TMO01 945936 Water 11/01/17
49TMO01 945937 Water 11/01/17
54MW12 945939/3813485 Water 11/01/17
54MW12 945940 Water 11/01/17
54MW12MS 945939MS Water 11/01/17
54MW12DUP 945939DUP Water 11/01/17
54MW12MS 945940MS Water 11/01/17
54MW12MSD 945940MSD Water 11/01/17
54MW12DUP 945940DUP Water 11/01/17
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Introduction

This Data Validation Report (DVR) presents data validation findings and results for the
associated samples listed on the cover page. Data validation was performed in
accordance with the SWMU 49 Monitored Natural Attenuation Ground Monitoring Work
Plan for Radford Army Ammunition Plant, Virginia (October 2014), the SWMU 54
(RAAP-14) Monitored Natural Attenuation Interim Measures Work Plan for Radford
Army Ammunition Plant, Virginia (April 2011), the U.S. Department of Defense (DoD)
Quality Systems Manual (QSM) for Environmental Laboratories, Version 5.0 (July
2013), and a modified outline of the USEPA National Functional Guidelines (NFG) for
Inorganic Superfund Data Review (August 2014). Where specific guidance was not
available, the data has been evaluated in a conservative manner consistent with
industry standards using professional experience.

The analyses were performed by the following methods:

Chloride, Sulfate, and Nitrate as Nitrogen by Environmental Protection Agency (EPA)
SW 846 Method 9056A

Chlorate and Chlorite by EPA Method 300.1

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

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

V:\LOGIN\BERING SEA GROUP\RADFORD\40025B6_BE3.DOC



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

J

uJ

NA

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

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

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

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

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

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

All samples were received in good condition.

All technical holding time requirements were met.

Il. Initial Calibration

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

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

IV. Laboratory Blanks

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

V. Field Blanks

No field blanks were identified in this SDG.

VI. Matrix Spike/Matrix Spike Duplicates

Matrix spike (MS) and matrix spike duplicate (MSD) sample analysis was performed on
an associated project sample. Percent recoveries (%R) were within QC limits. Relative
percent differences (RPD) were within QC limits.

VIl. Duplicate Sample Analysis

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

VIIl. Laboratory Control Samples

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

IX. Field Duplicates

Samples 48MWO06 and 49TMO01 were identified as field duplicates. No results were
detected in any of the samples with the following exceptions:

VALOGIN\BERING SEA GROUP\RADFORD\40025B6_BE3.DOC



Concentration (mg/L)

Analyte 48MWO06 (945926) 49TMO01 (945936) RPD (Limits) Flag AorP

Total organic carbon 2.6 0.74 111 (£50) J (all detects) A

Concentration (mg/L)

Analyte 48MWO06 (945927) 49TM01 (945937) RPD (Limits) Flag AorP
Chloride 11 11 0 (=50) - -
Nitrate as N 3.1 3.2 3 (<50) - -
Sulfate 140 140 0 (<50) - -

X. Sample Result Verification

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

Sample Analyte Flag AorP
All samples in SDG All analytes reported below the ~J (all detects) A

131996/401969 LOQ and above the MDL.

Raw data were not réviewed for Stage 2B validation.
XI. Overall Assessment of Data

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

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

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

Wet Chemistry - Data Qualification Summary - SDG 131996/401969

Sample

Analyte

Flag

AorP

Reason

48MWO06 (945926)
49TMO1 (945936)

Total organic carbon

J (all detects)

Field duplicates (RPD)

48MW06
48MWO06
13MW3
13MW3
13MW4
13MW4
49MW04
49MW04
13MW2
13MW2
49TMO1
49TMO1
54MW12
54MW12

All analytes reported below the

LOQ and above the MDL.

J (all detects)

Sample result verification

Radford Army Ammunition Plant, VA

Wet Chemistry
131996/401969

Radford Army Ammunition Plant, VA

- Laboratory Blank Data Qualification Summary -

No Sample Data Qualified in this SDG

SDG

Wet Chemistry - Field Blank Data Qualification Summary - SDG 131996/401969

VALOGIN\BERING SEA GROUP\RADFORD\40025B6_BE3.DOC
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LDC #:__40025B6 VALIDATION COMPLETENESS WORKSHEET Date: Q’l“}lh?

SDG #:__131996/401969 Stage 2B Page:_[of 2.
Laboratory: CT Laboratories/Eurofins ' Reviewer:
: 2nd Reviewer:__p

METHOD: (Analyte)_Chloride, Nitrate-N, Sulfate (EPA SW846 Method 9056A), Chlorate, Chlorite (EPA Method 300.1) TIC,
TOC (EPA SW846 Method 9060A)

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

—Validation Area Comments

. Sample receipt/Technical holding times

1l Initial calibration

11 Calibration verification

IV | Laboratory Blanks

V Field blanks

VI. | Matrix Spike/Matrix Spike Duplicates

(1s6) {12, 20)
11,19

LCS

(11D, (2,12)

VII. | Duplicate sample analysis

VIil. | Laboratory control samples

IX. ] Field duplicates

X. | Sample result verification

S

X| Querall assessment of data

Note: A = Acceptable ND = No cbmpounds detected D= 'Duplicate SB=Source blank
N = Not provided/applicable -R=Rinsate _ TB = Trip blank - OTHER:
SW =:See worksheet FB = Field blank EB = Equipment blank
Client ID ' ‘ ' - ' Lab ID L Matrix Date
1 ~]48MW06 ) o ’ | 945926 Water 11/01/17
2 148MW06 ' 945927 Water 11/01/17
3 13MW3 : ) 945928 Water 11/01/17
4 13MW3 945929 Water 11/01/17
5 13MwW4 945930 Water 11/01/17
6 13MW4 5 - | 945931 Water 11/01/17
7 49MWO04 945932 Water 11/01/17
8 49MWO04 945933 Water 11/01/17
9 13MW2 945934 Water ) 11/01/17
10 13MW2 - 945935 Water 11/01/17
11 A 49TMO1 945936 Water 11/01/17
12 . 49TMO1 945937 : Water 11/01/17
13 | samwi2 3813U9S || eases Water 11/01/17
14 54MW12 ’ 945940 Water 11/01/17
15 | 54MW12MS 945939MS Water 11/01/17
16 | 54MW12MSD 945939MSD Water 11/01/17

L:\Bering Sea Group\Radford\40025B6W.wpd 1



LDC #:__40025B6

SDG #:__131996/401969
Laboratory: CT Laboratories/Euroﬁns

Stage 2B

VALIDATION COMPLETENESS WORKSHEET

Date:_b/ [()?,hSZ
Page: ZofZ_

Reviewer:

2nd Reviewer:_~[Z

METHOD: (Analyte)_Chloride, Nitrate-N, Sulfate (EPA SW846 Method 9056A), Chiorate, Chiorite (EPA Method 300.1) TIC,
TOC (EPA SW846 Method 9060A) _

Client ID Lab ID Matrix Date
17__| 54MW12DUP 945939DUP Water 11/01/17
18 | 54MW12MS 945940MS Water 11/01/17
19 [ 54MW12DUP - - 945940DUP | water 11/01/17
20 | SEMWIZMSD qUSAUIMID \/ v
21
Notes:

L:\Bering Sea Group\Radford\40025B6W.wpd



LoC #_dWw2s P VALIDATION FINDINGS WORKSHEET Page._ 1 of 1
Sample Specific Analysis Reference Reviewer__ ATl
2nd reviewer.__p
All circled methods are applicable to each sample.
| Sample ID Parameter _
1% pH TDS CI F NO, NO, SO, O-PO, Alk CN NH, TKN@Cr& clo, (C'[Tf) m ﬁa
2,57, 9llpH TDS CI F NO, NO, SO, O-PO, Alk CN NH; TKN@Cr& cio,
2,4,6.8,10pH TDS € CDF @p\) NO, (S0 O-PO, Alk CN NH, TKN TOC Cré+ clo,
12,14 |pH TDS f(\)r-' @ NO, SO 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
W | pH TDS Cl F NOg NO, SO 0-PO, Alk CN NH, TKNMI’6+ CIO4@
pH TDS CI F_NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cr6+ CIO,
(RC.__ |pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH; TKN TOC Cr6+ CIO,
IS.16 |pH TDS Cl F_NO, NO, SO, 0-PO, Al CN NH, TKN TOC cr6+ cio, (107) (TI02)
19 3 [, 20| pH TDS(C) F @ NO, (§0,)0-PO, Alk CN NH, TKN TOC Cré+ CIO, —
[1,15 16 |pH TDS CI F NO, NO, SO, 0-PO, Ak CN NH; TKN@Cr6+ clo,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ ClO,
pH TDS CI F_NO, NO, SO, 0-PO, Alk CN NH; TKN TOC Cré+ CIO,
pH TDS CI F_NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS CI F NO; NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS CI F_NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F_NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F_NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH; TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS Cl F_NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cré+ CIO,
pH TDS CI F NO, NO, SO, 0-PO, Alk CN NH, TKN TOC Cré6+ CIO,
pH TDS Cl F NO, NO, SO, O-PO, Alk CN NH, TKN TOC Cr6+ CIO,
pH TDS CLE NO._NO. SO, Q-PQ. Alk CN NH. TKN TQC Cr+ ClO
Comments:
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LDC# 40025B6 VALIDATION FINDINGS WORKSHEET Page:_1__of 1__
Field Duplicates Reviewer.__ATL

2nd Reviewer.__, p

inorganics: Method__See Cover

Concentration (mg/L)
RPD Qualifier
Analyte 1 11 (<50) (parent only)
Total Organic Carbon 26 0.74 111 Jdet/A
Concentration (mg/L)
RPD
Analyte 2 12 (<50)
Chiloride 11 11 0
Nitrate as N 3.1 3.2 3
Sulfate 140 140 0

V:\FIELD DUPLICATES\Field Duplicates\FD_inorganic\2017\40025B6.wpd



LDC Report# 40025B40

Laboratory Data Consultants, Inc.
Data Validation Report

Project/Site Name: Radford Army Ammunition Plant, VA
LDC Report Date: December 29, 2017

Parameters: Explosives

Validation Level: Stage 2B

Laboratory: CT Laboratories/Accutest Laboratories

Sample Delivery Group (SDG): 131996/FA49042

Laboratory Sample v Collection
Sample ldentification Identification Matrix Date
54MW12 945939/FA49042-1 Water 11/01/17
54MW12MS 945939MS/FA49042-1MS Water 11/01/17
54MW12MSD 945939MSD/FA49042-1MSD | Water 11/01/17
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Introduction

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Associated
Date Column Compound %D Samples Flag A orP
10/12/17 Signal 1 TNX 34.1 All samples in SDG UJ (all non-detects) A
Tetryl 62.8 131996/FA49042 UJ (all non-detects)
Signal 2 TNX 34.7 UJ (all non-detects)
Tetryl 83.1 UJ (all non-detects)
1113117 Signal 1 TNX 37.7 All samples in SDG UJ (all non-detects) A
Signal 2 TNX 377 131996/FA49042 UJ (all non-detects)

lll. Continuing Calibration

Continuing calibration was performed at required frequencies.

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

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

V. Field Blanks

No field blanks were identified in this SDG.
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VI. Surrogates

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

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

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

Spike ID MS (%R) MSD (%R)

(Associated Samples) Compound (Limits) (Limits) Flag AorP
54MW12MS/MSD HMX 73 (80-115) 24 (80-115) J (all detects) A
(54MW12)
54MW12MS/MSD DNX 174 (66-127) - NA -
(54MW12)
54MW12MS/MSD 2,4,6-Trinitrotoluene 154 (50-145) - J (all detects) A
(54MW12)
54MW12MS/MSD Nitroglycerin 0 (50-150) - R (all non-detects) A
(54MW12)

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

Spike ID RPD
(Associated Samples) Compound (Limits) Flag AorP
54MW12MS/MSD HMX 25 (520) J (all detects) A
(54MW12)
54MW12MS/MSD DNX 67 (<20) NA A
(54MW12)
54MW12MS/MSD Nitroglycerin 200 (=20) NA -
(54MW12)

VIIl. Laboratory Control Samples

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

(Associated Samples) Compound %R (Limits) Flag AorP
LCS OP67540 TNX 58 (60-126) UJ (all non-detects) A
(All samples in SDG
131996/FA49042)

IX. Field Duplicates
No field duplicates were identified in this SDG.
X. Compound Quantitation

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

Sample Compound Flag AorP
All samples in SDG All compounds reported below the J (all detects) A
131996/FA49042 LOQ and above the MDL.

Raw data were not reviewed for Stage 2B validation.

XI. Target Compound Identifications

Raw data were not reviewed for Stage 2B validation.

XIl. Overall Assessment of Data

The analysis was conducted within all specifications of the method.
Due to MS/MSD %R, data were’rejected in one sample.

Due to ICV %D, MS/MSD %R and RPD, LCS %R, and results below the LOQ and
above the MDL, data were qualified as estimated in one sample.

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

Explosives - Data Qualification Summary - SDG 131996/FA49042
Sample Compound Flag AorP Reason
54MW12 TNX UJ (all non-detects) A Initial calibration verification
Tetryl UJ (all non-detects) (%D)
54MW12 HMX J (all detects) A Matrix spike/Matrix spike
2,4,6-Trinitrotoluene J (all detects) duplicate (%R)
54MW12 Nitroglycerin R (all non-detects) A Matrix spike/Matrix spike
duplicate (%R)
54MW12 HMX J (all detects) A Matrix spike/Matrix spike
duplicate (RPD)
54MW12 TNX UJ (all non-detects) A Laboratory control samples
(%R)
54MW12 All compounds reported J (all detects) A Compound quantitation
below the LOQ and above the
MDL.

Radford Army Ammunition Plant, VA
Explosives - Laboratory Blank Data Qualification
131996/FA49042

No Sample Data Qualified in this SDG

Radford Army Ammunition Plant, VA

Explosives - Field Blank Data Qualification Summary - SDG 131996/FA49042

No Sample Data Qualified in this SDG
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LDC #:__40025B40 VALIDATION COMPLETENESS WORKSHEET Date:_/ ”/ i //7

SDG #:_131996/FA49042 Stage 2B Page:_/ of 7
Laboratory: CT Laboratories/Accutest Laboratories Reviewer: v
2nd Reviewer:

METHOD: HPLC Explosives (EPA SW 846 Method 8330B)

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

Validation Area . Comments
. Sample receipt/Technical holding times ﬁv / A
II.__| Initial calibration/ICV D/ 9*’ 0/ s B) =« & (¥ \N & 2
IIl. | Continuing calibration A - ’ o & W
V. | Laboratory Blanks ' /> ‘
V. Field blanks M
V1. | Surrogate spikes - A
VII. | Matrix spike/Matrix spike duplicates 6VJ
VIH. | Laboratory control samples .S‘-'\—j \-G/)
IX. | Field duplicates A
X. Compound quantitation RL/LOQ/LODs N
Xl. | Target compound identification N
LXU 1 Overall assessment of data A
Note: A = Acceptable ND = No compounds detected D = Duplicate SB=Source blank
N = Not provided/applicable R = Rinsate TB = Trip blank * OTHER:
SW = See worksheet FB = Field blank EB = Equipment blank
Client ID Sulo 1D Lab ID Matrix Date
1__ | 54Mw12 pAYqod) ~1 945939 Water 11/01/17
2__|54mwi2ms ‘ -1 M> [o45930Mms Water 11/01/17
3 54MW12MSD - Y MOD | 945939MSD Water 11/01/17
4
5
6
7
8
9
10
11
Notes:
0?6774V
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VALIDATION FINDINGS WORKSHEET

METHOD: ___ GC__ HPLC
8310 8330 8151 8141 8141 (cony) 8021B
A. Acenaphthene A. HMX A. 24D A. Dichlorvos X. EPN \'A Benzene
B. Acenaphthylene B. RDX B. 2,4-DB B. Mevinphos Y. Azinphos-methyl CC. Toluene
C. Anthracene C. 1,3,5-Trinitrobenzene C.24,5T C. Demeton-O Z. Coumaphos EE. Ethyl Benzene
D. Benzo(a)anthracene D. 1,3-Dinitrobenzene D. 2,4,5-TP D. Demeton-S AA. Parathion SSS. O-Xylene
E. Benzo(a)pyrene E. Tetryl E. Dinoseb E. Ethoprop BB. Trichloronate RRR. MP-Xylene
F. Benzo(b)fluoranthene F. Nitrobenzene F. Dichlorprop F. Naled CC. Trichlorinate GG. Total Xylene
G. Benzo(g,h,i)perylene G. 2.4.6-Trinitrotoluene G. Dicamba G. Sulfotep DD. Trifluralin
H. Benzo(k)fluoranthene H. 4-Amino-2,6-dinitrotoluene H. Dalapon H. Phorate EE. Def 8315A
I. Chrysene I. 2-Amino-4,6-dinitrotoluene . MCPP I. Dimethoate FF. Prowl A. Formaldehyde
J. Dibenz(a,h)anthracene J. 2,4-Dinitrotoluene J. MCPA J. Diazinon GG. Ethion B. Acetaldehyde
K. Fluoranthene K. 2,6-Dinitrotoluene K. Pentachlorophenol K. Disulfoton HH. Fahphur C. Benzaldehyde
L. Fluorene L. 2-Nitrotoluene L. 2,4,5-TP (silvex) L. Parathion-methyl il. Phosmet D. Butyraldehyde
M. Indeno(1,2,3-cd)pyrene M. 3-Nitrotoluene M. Silvex M. Ronnel JJ. Tetrachlorvinphos
N. 4-Nitrotoluene N. Dichloroprop KK. Demeton (total)

N. Naphthalene

N. Malathion

O. Phenanthrene 0. Nitroglycerin 0. O. Chlorpyrifos
P. Pyrene P. Picric acid P. P. Fenthion
Q Q. 2,4-Dinitrophenol Q Q. Parathion-ethyl
R. R. 3,5-Dinitroaniline R. Trichlornate
S. S. 2-Nitrophenol S. Mermphos

T. 4-Nitrophenol T. Stirofos

U. Picramic acid U. Tokuthion

V. PETN V. Fensulfothion

W. Bolstar
Notes:
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LDC #__ {0025 B¥0 VALIDATION FINDINGS WORKSHEET Page:_/ of

Initial Calibration Verification Reviewer,. FT
2nd Reviewer:

METHOD: __ GC _I/HPLC

Please see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".
Vhat type of initial calibration verification calculation was performed? __ %D or __ %R
N, N/A Was an initial calibration verification standard analyzed after each ICAL for each instrument?
Yé;z N/A Did the initial calibration verification standards meet the %D / %R validation criteria of <20.0% / 80-120%7?

Detector/ %D
# Date Standard ID Column Compound (Limit < 20.0) Associated Samples Qualifications
plizlv7 e Stanal | TNY 24.1 a Mw/A 0
\) E ‘O Y2 'g 1
Stana 1. TX 3477 \
Q F g%‘ \ J’ [t
Whh7l e Sional) T 237 aul Juws/n WY
%\'%"M\' z Tw X 217 \ N

ICV-gc.wpd



LDC #: LtQQ')K \’?'-lo VALIDATION FINDINGS WORKSHEET
Matrix Spike/Matrix Spike Duplicates

METHOD: __ GC _(HPLC _
lease see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".

Were a matrix spike (MS) and matrix spike duplicate (MSD) analyzed for each matrix in this SDG?

Was an MS/MSD analyzed every 20 samples for each matrix or whenever a sample extraction was performed?
Were the MS/MSD percent recoveries (%R) and relative percent differences (RPD) within QC limits?

Page:_[of _/
Reviewer: %Z
2nd Reviewer:

: MS MSD .
# MS/MSD ID Compound %R (Limits) %R (Limits) RPD (Limits) Associated Samples

Qualifications

2+.2 A B DN | 24 (popg) ( ) \ RTRY/\ D

DNX N+ WP ( ) ( ) daw /A NP

G 1% (90-\457 ( ) ( ) J DX

& 0 (0 ( ) ( ) \/R/A NP

N ( ) ( [ 25 (20 ) | g S DA
DN X ( ) ( | LT« ) - 2727

B ( ) ( [ 200 U ND

( ) ( ) ) '

~ ]~ ]~ |~
~

—_~ ]~ |~~~ |~
—~ |- | — |-

~ e~~~ ]|~} ~
~ |~ |~ |-~ |- -
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LDC #_ 400K WY 7 VALIDATION FINDINGS WORKSHEET Page:iof /

Laboratory Control Samples (LCS) Reviewer. FT

2nd Reviewer:#

METHOD: __ GC %PLC

lease see qualifications below for all questions answered "N". Not applicable questions are identified as "N/A".
Were a laboratory control samples (LCS) and laboratory control sample duplicate (LCSD) analyzed for each matrix in this SDG?
Were the LCS percent recoveries (%R) and relative percent differences (RPD) within the QC limits?

Level IVID Only
Y NN/ Was an LCS analyzed every 20 samples for each matrix or whenever a sample extraction was performed?

LCS LCSD
# LCS/LCSD ID Compound %R (Limits) %R (Limits) RPD (Limits) Associated Samples Qualifications
Of(1540-1es | THNX 59 (Lo~} ( ) ( ) AN Afuyfp NO

( ) ( ) ( )
( ) ( ) ( )

~ I~~~ }~]~ K]~~~ ~]~ 1~~~ K|~
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LDC Report# 40025B51

Laboratory Data Consultants, Inc.
Data Validation Report

Project/Site Name: Radford Army Ammunition Plant, VA
LDC Report Date: December 29, 2017

Parameters: " Methane, Ethane, & Ethene
Validation Level: Stage 2B

Laboratory: CT Laboratories

Sample Delivery Group (SDG): 131996

Laboratory Sample Collection
Sample ldentification Identification Matrix Date
48MWO06 945926 Water 11/01/17
13MW3 945928 Water 11/01/17
13MW4 945930 Water 11/01/17
49MW04 945932 Water 11/01/17
13MW2 945934 Water 11/01/17
49TMO1 945936 Water 11/01/17

VALOGIN\BERING SEA GROUP\RADFORD\40025B851_BE3.DOC



Introduction

This Data Validation Report (DVR) presents data validation findings and results for the
associated samples listed on the cover page. Data validation was performed in
accordance with the SWMU 49 Monitored Natural Attenuation Ground Monitoring Work
Plan for Radford Army Ammunition Plant, Virginia (October 2014), the U.S. Department
of Defense (DoD) Quality Systems Manual (QSM) for Environmental Laboratories,
Version 5.0 (July 2013), and a modified outline of the USEPA National Functional
Guidelines (NFG) for Superfund Organic Methods Data Review (October 2013). Where
specific guidance was not available, the data has been evaluated in a conservative
manner consistent with industry standards using professional experience.

The analyses were performed by the following method:
Methane, Ethane, and Ethene by Method RSK-175

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

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

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

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

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

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

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

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

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

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

A curve fit, based on the initial calibration, was established for quantitation. The
coefficient of determination (r?) was greater than or equal to 0.990.

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

lll. Continuing Calibration

Continuing calibration was performed at required frequencies.

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

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

V. Field Blanks

No field blanks were identified in this SDG.

VI. Matrix Spike/Matrix Spike Duplicates

Matrix spike (MS) and matrix spike duplicate (MSD) sample analysis was performed on
an associated project sample. Percent recoveries (%R) were within QC limits. Relative
percent differences (RPD) were within QC limits.

VIl. Laboratory Control Samples

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

VIII. Field Duplicates

Samples 48MWO06 and 49TMO01 were identified as field duplicates. No results were
detected in any of the samples with the following exceptions:
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Concentration (ug/L)

Compound 48MWO06 49TMO01 RPD (Limits) Flag AorP

Methane 45 0.60U 153 (s35) J (all detects) A
UJ (all non-detects)

IX. Compound Quantitation

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

Sample Compound Flag AorP

All samples in SDG 131996 All compounds reported below the J (all detects) A
LOQ and above the MDL.

Raw data were not reviewed for Stage 2B validation.
X. Target Compound Identification

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

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

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

The quality control criteria reviewed, other than those discussed above, were met and
are considered acceptable. Sample results that were found to be estimated (J) are
usable for limited purposes only. Based upon the data validation all other results are
considered valid and usable for all purposes.
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Radford Army Ammunition Plant, VA
Methane, Ethane, & Ethene - Data Qualification Summary - SDG 131996

Sample Analyte Flag AorP Reason
48MWO06 Methane J (all detects) A Field duplicates (RPD)
49TMO1 UJ (all non-detects)
48MW06 All compounds reported below the J (all detects) A Compound quantitation
13MW3 LOQ and above the MDL.
13MW4
49MW04
13MW2
49TMO1

Radford Army Ammunition Plant, VA

Methane, Ethane, & Ethene - Laboratory Blank Data Qualification Summary - SDG
131996

No Sample Data Qualified in this SDG

Radford Army Ammunition Plant, VA

Methane, Ethane, & Ethene - Field Blank Data Qualification Summary - SDG
131996

No Sample Data Qualified in this SDG
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LDC #__ 40025851 VALIDATION COMPLETENESS WORKSHEET Date: /*A 3/ 17

SDG #:__131996 Stage 2B Page:_/ of
Laboratory: CT Laboratories Reviewer.__—f")
2nd Reviewer:

METHOD: GC Methane-Ethane-Ethene (Method RSK-175)

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

Validation Area Comments

. Sample receipt/TechnicaI holding times A | A

.| Initial calibration/ICV AA LY yed = 20

ill. | Continuing calibration A aaV £ 20)

V. | Laboratory Blanks A

V. Field blanks ’\)

VI | Matrix spike/Matrix spike duplicates A HEMWN B> MO 10

VIil. | Laboratory control samples Aa V@7

Viil. | Field duplicates o D = | Lo

1X. | Compound quantitation RL/LOQ/LODs N

X. | Target compound identification N

XI. Overail assessment of data A
Note: A = Acceptable - ) ND = No compounds detected D = Duplicate _ * SB=Source blank

N = Not provided/applicable R = Rinsate TB =Trip blank . OTHER:
SW = See worksheet . - FB = Field blank EB = Equipment blank
Client ID ‘ | Lab ID Matrix Date
11. 48MW06 945926 Water 11/01/17
2+ 13MW3 945928 Water 11/01/17
; 13MW4 945930 Water 11/01/17
4+ 49MW04 945932 Water 11/01/17
5 13MW2 945934 Water 11/01/17
6 49TMO1 945936 Water 11/01/17
7
8
9
10
11
12
Notes:
41089
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Loc #_ 10075 bs / VALIDATION FINDINGS WORKSHEET Page._/. of_‘_/

Field Duplicates Reviewer:_ E
2nd reviewer:
]ETHOD: C __ HPLC . : i

YI[N N/A Were field duplicate pairs identified in this SDG?
Yg N _N/A Were target compounds detected in the field duplicate pairs?

Concentration ( uﬂ_ / L) %RPD, f'-' 7 Qualification
Compound 4 Limit (< _ﬂ; %) (Parent only)
! (v bS
e thane. 4.9 0. (oY \‘5’9L Jfur/n
Concentration ( ) %RPD Qualification
Compound i Limit (< %) ) (Parent only)
Concentration ( ) . %