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SECTION 1

Introduction

This Work Plan presents the groundwater remediation to be implemented at Solid Waste
Management Units (SWMUs) 2B (the Line Shack 130-134 Disposal Area) and 2E (the Line
Shack 109 Disposal Area) at Naval Air Station (NAS) Oceana in Virginia Beach, Virginia.
Groundwater remediation will be performed through enhanced, in-situ bioremediation of
chlorinated volatile organic compounds (CVOCs) by indigenous microorganisms. The
remedial design will consist of injecting reagents in two areas at SWMU 2B (around OW2B-
MW01 and OW2B-MW14) and one area at SWMU 2E (around OW2E-MW09). The areas
targeted for remediation were identified based on CVOC concentrations measured in recent
groundwater monitoring events that exceeded drinking water maximum contaminant levels
(MCLs). The CVOCs with detected concentrations greater than their respective MCLs are
trichloroethene (TCE) at OW2B-MWO01 and vinyl chloride (VC) at OW2B-MW14 and OW2E-
MWO09. Cis-1,2-dichloroethene (cis-1,2-DCE) and VC concentrations were slightly greater
than MCLs at OW2B-MW01 in previous monitoring rounds but were less than MCLs in the
most recent event.

The groundwater remediation approach presented in this work plan is consistent with
sampling conducted at SWMU 2B as part of the Final Work Plan for Background Investigation
and Hot Spot Groundwater Remediation Pilot Testing SWMUs 1, 2B, and 24 (CH2M HILL,
February 2003). This Work Plan included a “baseline” sample event to determine baseline
contaminant concentrations at SWMU 2B as input to determining localized groundwater
treatment. Following the initial “baseline” sampling event, it was observed that several of
the monitoring well locations proposed for localized remediation were indicating CVOC
concentrations below their respective MCLs, which would have been the clean up goals if
localized remediation were implemented. As a result, it was determined at the June 2003
Tier I NAS Oceana partnering meeting to implement a quarterly monitoring program to
evaluate contaminant concentrations prior to performing localized remediation. The
groundwater remediation recommendations presented in this work plan for SMWU 2B are
based upon the results of the quarterly groundwater sampling conducted following the
partnering team agreement.

The quarterly groundwater sampling conducted at SWMUs 1 and 24 as part of the Final
Work Plan for Background Investigation and Hot Spot Groundwater Remediation Pilot Testing
SWMUSs 1, 2B, and 24 have indicated that no groundwater treatment is necessary.

SWMU Z2E has historically shown vinyl chloride (VC) in one monitoring well (OW2E-
MWO09) at a concentration (8 ug/L) above it's MCL of 2 ug/L. This concentration of VC
presented a risk to human health slightly above the acceptable risk of 1x10E-04. Since the
VC detection at SWMU 2E was from a groundwater sample event conducted in 2000,
OW2E-MW(09 was sampled again in February 2004 to evaluate the VC concentration to
determine if localized groundwater treatment was necessary. This work plan presents the
recommendations for groundwater treatment at SMWU 2E based upon the results of this
sampling event (VC was detected at 5.9 ug/L).

11
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Chemical-specific applicable or relevant and appropriate regulations (ARARs) for CVOCs in
groundwater at SWMUs 2B and 2E include drinking water MCLs established by the United
States Environmental Protection Agency (USEPA). Consequently, the MCLs can be
considered to be the ultimate remediation goals for the groundwater at these sites.

The overall goal of this groundwater remediation project is to remediate the localized areas
of contamination at SWMUSs 2B and 2E identified above. The specific objectives of the
remedial design at SWMUs 2B and 2E are to:

1. Conduct an initial round of groundwater monitoring prior to injecting reagents to
establish baseline groundwater quality characteristics;

2. Develop injection plans and inject selected reagents into the subsurface of the areas
identified for treatment to enhance bioremediation;

3. Conduct groundwater monitoring at selected intervals to track changes in CVOC
concentrations and other parameters over time, and; :

4. Analyze and interpret monitoring data to evaluate the effectiveness and progress of
bioremediation, and report the results.

This Work Plan is divided into five sections. The remainder of Section 1 describes the site
location and history, site geology and hydrogeology, and the nature and extent of
contamination around the Line Shack 130-134 and 109 areas. Section 2 presents an
evaluation of enhanced bioremediation alternatives and the rationale for the selected
processes. Section 3 presents the approaches for groundwater remediation. Sections 4 lists
references used to prepare this document.

1.1 Location and History of Sites

1.1.1 SWMU 2B

SWMU 2B is located southeast of the main MATWING hangar 122 (Figure 1-1), and
encompasses Line Shacks 130 through 135 and the five aircraft cleaning stations northeast of
Line Shack 130 (Figure 1-2). The locations of existing monitoring wells at SWMU 2B are also
shown on Figure 1-2.

This general area has been used for aircraft maintenance and cleaning. Historically, Naval
personnel disposed of various maintenance and cleaning chemicals that potentially included
waste oil, hydraulic fluid, PD-680, paint stripper, thinner, Turco, naphtha, benzene, toluene,
and derivatives. These chemicals contained various volatile organic compounds (VOCs),
including TCE, and semi-volatile organic compounds (SVOCs). TCE is thought to be the
primary CVOC parent compound released to the environment.

According to the Initial Assessment Study (IAS) (RGH, 1984), disposal of the chemicals near
the Line Shack 400 occurred from 1963 until a hazardous waste recovery program was
initiated in the early 1980s. In the 1980s, an oil water separator system was installed in the
aircraft cleaning area northeast of Line Shack 130 to separate oil from wash water flowing
from the aircraft cleaning area (RGH, 1984).

12



1—INTRODUCTION

Construction, including building of a new corrosion control hangar and extension of the
flight-line was recently completed at SWMU 2B. Much of the ground surface in the vicinity
of the Line Shacks is covered with concrete or asphalt. The limited exposed ground surface
between the buildings, parking areas, and tarmac is grassy and is maintained as mowed
lawn.

11.2 SWMU 2E

SWMU 2E is located in the central area of NAS Oceana (Figure 1-1) and includes Line Shack
109, Building 110, and the surrounding storage yard (Figure 1-3). Line Shack 109 and the
adjacent areas have been used for cleaning and maintaining aircraft, and storing equipment
and materials since 1963. According to the IAS (RGH, 1984), waste chemicals used for
aircraft cleaning and maintenance were discarded on the ground at SWMU 2E. During the
Interim RCRA Facility Investigation (RFI), low concentrations of VOCs were detected in
groundwater at SWMU 2E, but when floating free-phase hydrocarbons were discovered in
2E-MWT1 in January 1993, interim remedial measures were initiated.

The Public Works Department at NAS Oceana implemented interim remedial measures by
initiating a monthly program of removing free-phase hydrocarbons from selected
monitoring wells. The program in currently ongoing, but does not address CERCLA related
contaminants at the site.

The SWMU includes a parking lot west and south of Line Shack 109 and an area of lawn
between First Street and the line shacks. About half of the SWMU is in the flight line. The
developed areas are either covered with asphalt or have been planted with turf grasses and
maintained as lawn.

1.2 Geology and Hydrogeology

Regional geology for NAS Oceana is summarized in Section 1.3.3 of the Final Feasibility
Study for SWMUs 2B, 2C, and 2E, NAS Oceana, Virginia Beach, Virginia (CH2M HILL, March
2002). Site specific geology and hydrogeology are detailed below.

The subsurface at SWMUs 2B and 2E consists of three stratigraphic units. The uppermost
unit is a 4 to 8-foot thick unit of fine sediments, mainly silty clays and silty sands. This is
underlain by a 15- to 20-foot layer of poorly graded fine to medium sand with some silty
lenses. These two units correspond to the Columbia Group sediments. The Columbia Group
is underlain by the Yorktown Formation, which is silty sand interlayered with zones of
cleaner sand. Shells and shell hash indicative of the top of the Yorktown Formation were
typically encountered at approximately 25 feet below ground surface (bgs).

Based on survey and water level data, the groundwater flow in the vicinity of SWMUs 2B
and 2E is generally south to southwest with localized groundwater flow toward nearby
stormwater drainage channels. Figure 1-4 depicts SWMU 2B water table elevation contours
for data collected in December 2000. Figure 1-5 depicts SWMU 2E water table elevation
contours for data collected in December 2000. Historical water level data are tabulated in
Tables 1-1 and 1-2. The estimated average hydraulic gradient across SWMU 2B is between
0.0017 ft/ft and 0.0056 ft/ft. The average hydraulic gradient across SWMU 2E is
approximately 0.00083 ft/ft. The average velocities of horizontal groundwater flow in the

1-3



GROUNDWATER REMEDIATION PLAN

surficial aquifer at SWMUs 2B and 2E are approximately 75 and 40 feet per year,
respectively.

1.3 Nature and Extent of Contamination

1.3.1 Previous Investigations at SWMU 2B

Previous investigations at SWMU 2B include the Round 1 Verification Study, Line Shack
Site Inspection, Interim RFI, Phase I RF], Corrective Measures Study (CMS), Phase III RFI,
Human Health Risk Assessment (HHRA) and Ecological Risk Assessment (ERA). Table 1-3
presents the previous investigations performed at SWMU 2B, the group performing the
work, when the work took place, and the relevant findings/results.

Based upon the results of the HHRA, localized remediation was recommended for
monitoring wells OW2B-MW01, OW2B-MW02, OW2B-MW03, OW2B-MW04, OW2B-
MW05, OW2B-MW13, OW2B-MW14, OW2B-MW17, and OW2B-MW18. The Final Work Plan
for Background Investigation and Hot Spot Groundwater Remediation Pilot Testing SWMUs 1, 2B,
and 24 (CH2M HILL, February 2003) proposed initial testing of SWMU 2B groundwater,
evaluation of analytical results, selection and implementation of an appropriate remediation
alternative, and four rounds of follow up groundwater sampling to determine the
effectiveness of the treatment. However, based on the concentrations of contaminants
observed in the first round of sampling at SWMU 2B (and SWMUs 1 and 24) combined with
historical data indicating that natural attenuation was likely occurring, it was determined
that four rounds of sampling would be completed prior to performing localized remediation
to evaluate if it would be necessary, and if yes, the extent of the effort needed. This
determination was discussed at the June 2003 Tier I NAS Oceana partnering meeting after
the Work Plan had been finalized. The results of these four rounds of sampling are
summarized in Section 1.3.3.

1.3.2 Previous Investigations at SWMU 2E

Previous investigations conducted at SWMU 2E include the Interim RFI, Phase I and
Phase II RFI, CMS, HHRA, and ERA. Table 1-4 presents these investigations, along with
who performed the work, when the work was conducted, and the relevant findings/results.

Based upon the results of the HHRA and the February 2000 sampling event, OW2E-MW09
was identified as the only site well with VOC (VC) contamination at a concentration slightly
exceeding its corresponding MCL of 2 ug/L. Analytical results for several other wells:
OW2E-MWO01, OW2E-MWO04, OW2E-MWO08, and OW2E-MW16 indicated MCL exceedances
for SVOCs that were related to former fuel handling operations at SMWU 2E. These
contaminants are not being evaluated or recommended for action in this work plan since
they are non-CERCLA related compounds. The non-CERCLA compounds were identified
as posing the greatest risk to human health. The VC concentration (8 ug/L) in OW2E-
MWO09 presented a human health risk slightly above the acceptable risk of 1x10E-04 in the
HHRA (CH2M HILL, January 2002).

Based on the results of a product thickness survey conducted as part of the CMS, there are
no free-phase hydrocarbons in OW2E-MW(09. The low concentrations of contaminants at the
SWMU in historical groundwater data indicating that natural attenuation is occurring. One

14



1—INTRODUCTION

additional round of sampling was completed in February 2004 to evaluate if the VC in
OW2E-MWO09 had naturally attenuated to below the MCL or if groundwater treatment were
necessary. The results of this round of sampling and the February 2000 sampling are
summarized in Section 1.3.4.

1.3.3 Summary of SWMU 2B Contamination

Analytical data for SWMU 2B wells collected after 1999 are presented in Table 1-5.
Additional analytical data collected prior to 2000 can be found in the RFI and CMS reports.
The results of the last four rounds of sampling at SWMU 2B are shown on Figure 1-6. These
sample rounds were conducted in place of the four post-remediation sample rounds
proposed in the Final Work Plan for Background Investigation and Hot Spot Groundwater
Remediation Pilot Testing - SWMUs 1,2B, and 24 (CH2M HILL, February 2003). The samples
were collected to assess the extent to which natural attenuation was taking place prior to
selecting a remediation approach. Contaminants found in the groundwater during the last
four rounds of sampling at SWMU 2B at concentrations exceeding MCLs are TCE, cis-1,2-
DCE, and VC (CH2M HILL, 2003). Concentrations of CVOCs exceeded MCLs in only two of
the SWMU 2B wells, OW2B-MW01 and OW2B-MW14.

Figure 1-6 summarizes the results of the groundwater sampling conducted at SMWU 2B in
2003 and 2004. With the exception of OW2B-MW01 and OW2B-MW14, none of the
monitoring wells indicated MCL exceedances in any of the sample events. OW2B-MW04
had a historic groundwater exceedance of an SVOC, bis(2-ethylhexyl)phthalate, which was
evaluated in the groundwater monitoring events. This compound was not detected in the
last two sample rounds and no groundwater remediation is proposed. Based upon the
detections of TCE, cis-1,2-DCE, and VC in OW2B-MW01 in the last four rounds of
monitoring, groundwater remediation is proposed in the vicinity of this monitoring well. In
addition, VC has been detected above its MCL in OW2B-MW14 in each of the monitoring
events and groundwater remediation is recommended in this vicinity as well.

1.3.4 Summary of SWMU 2E Contamination

Analytical data collected at SWMU 2E in 2000 and 2004 are presented in Table 1-6. OW2E-
MWO09 was the only well sampled during these events because it was the only well with
historic organic MCL exceedances of VOCs. Analytical results for sampling efforts prior to
2000 can be found in the RFI and CMS reports. The results of the two most recent rounds of
sampling are shown on Figure 1-7. One CVOC, VC, was detected in groundwater from
OW2E-MWO09 at concentrations slightly greater than the MCL during the 2000 and 2004
sampling events.

1.3.5 Focus of the Work Plan

This work plan has been developed to evaluate localized groundwater remediation in the
vicinity of monitoring wells at SWMUs 2B and 2E based upon the results of recent
groundwater monitoring events. Two monitoring wells at SWMU 2B (OW-2BMWO0land
OW2B-MW14) and one monitoring well at SWMU 2E (OW2E-MW09) require localized
groundwater remdiation to reduce CVOC contaminants in groundwater. The following
sections include a brief technology evaluation and describe the recommended groundwater
treatment in these target areas.
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TABLE 1-1

Historical Water-Table Data for SWMU 2B
SWMUs 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

Measuring | Ground | | reened Water-Table Elevation (ft)
Date Point Surface
Well Installed Elevation Elevation Depth | Interval .
(ft above MSL) (ft above MSL) (f) | (ft BGS) | Sep-88 | Nov-90 | Feb-93 | Mar-94 | May-94 | Dec-00 | Jan-03 | Jul-03 | Nev-03 | Jan-04
2B-MW1 | 4/3/86 21.59* 21.8 19 9-19 13.87 12.37 14.76 15.4 14.45 13.78 14.6 15.32 14.58 14.89
2B-MWID| 12/8/92 21.73 21.7 46 36-46 - - 14.61 15.5 - 12.38 - - - -
| 2B-MW2 | 4/1/86 20.34 18.9 25 15-25 13.17 1225 |. 145 15.39 1374 | - - - - -
2B-MW3 | 4/2/86 19.23 18 20 10-20 13.23 12.04 14.58 - - - - - - -
| 2B-MW4 | 9/2/88 20.93 20.9 19 9-19 13.75 11.75 14.42 15.46 - 13.63 - - 12.71 13.67
2B-MW5 | 9/1/88 21.78 21.8 18 8-18 13.64 12.52 14.36 - - 12.47 13.54 14.84 13.46 13.58
2B-MW5D | 12/10/92 21.76" 21.8 47 37-47 - - 14.42 15.34 13.48 13.06 - - - -
2B-MW6 | 9/6/88 21.01 21 15 5-15 13.62 12.61 14.56 15.76 13.67 - - - - -
2B-MW7 | 6/27/90 20.95 18.7 14 9-14 - 1201 | 13.87 14.43 1329 | 1297 - - - -
2B-MWS | 6/29/90 20.02 18 20 10-20 - 11.76 14.47 15.34 13.62 - - - -
| 2B-MW9 | 6/29/90 22.27 20.5 20 10-20 - 12.61 14.62 15.43 14.01 | 12.59 - - - -
2B-MW10 | 7/11/90 22.07 22.1 18 8-18 - - 14.42 14.98 14.25 13.71 - - - -
2B-MW11 | 7/10/90 22.07 22.1 18 8-18 - - 14.79 - 14.45 13.6 - - - -
2B-MWI12 | 12/4/92 21.29 18.4 22.5 12,5225 - - 14.39 15.39 13.43 12.25 - - - -
2B-MW13 | 12/4/92 20.4 17.9 20 10-20 - - 14.44 15.45 13.54 13.15 14.41 13.27 13.6
2B-MW14 | 12/4/92 20.41 17.4 20 10-20 - - 14.13 14.92 13.4 12.66 14.4 15.7 14.64 14.81
2B-MWI15 | 12/4/92 21.97 19 225 | 1222 - - 14.39 15.35 13.78 13.22 - - - -
2B-MW16 | 1/12/93 21.16 21.2 20 10-20 - - 14.66 15.71 14.13 - - - -
2B-MW17 | 2/28/94 21.66 21.7 24 10-20 - - - 15.56 1439 | 13.39 14.91 16.31 15.21 15.84
2B-MWI18 | 2/24/94 22.75 21 24 10-20 - - - 15.46 14.06 13.45 14.57 16.11 14.86 14.96
2B-MW19 | 2/21/94 18.22 18.2 20 10-20 - - - 15.11 11.38 12.82 - - - -
2B-MW20 | 5/9/94 19.08 19.1 20 | 9.5-19.5 - - - - 13.72 12.65 - - - -
Notes:

(-) Not measured




TABLE 1-2

Historical Water-Table Data for SWMU 2E
SWMUs 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

VICASUTING

Point Ground Total | Screened Water-Table Elevation (ft)
Date R Surface
Well Elevation . Depth | Interval
Installed | 4 Jbove Blevatlon | ") | (#t BGS) | Aug-90 | Jan-93 | Mar-94 | May-94 | Oct-94 | Mar-95 | Dec-00 | Mar-04
wery | (ft above MSL) ue an ar Ay ¢ ar

| 2E-MW1 | 6/28/90 22.52 203 19 9-19 14.6 10.1 1 157 12.86 - - ] 1319 -
2E-MW2 7/6/90 1943 | 19.4 18.5 8-18 14.66 16.66 16.19 | 1423 | 1271 | 1533 - -
@MWS 7/2/90 20.83 18.9 18 8-18 147 1674 | 162 14.25 12,77 15.35 13.07 -
2E-MW4 | 2/22/94 20.69 20.7 22 | 4.5-195 - - 14.7 8.59 |8.69-10.69'| 12.02 12.85 -
2E-MWS | 2/23/94 2037 20.4 23 4-19 - - 15.82 13.94 12.45 15 12.9 -]
| 2EEMW6 | 2/24/94 20.51 20.5 23 4-19 - - ] 1615 14.06 1275 | 1531 - ] -
| 2E-MW7 | 3/12/94 20.94 209 18 | 3-18 - - 16.14 14.19 12.69 15.26 12.93 -
2E-MW8 3/7/94 2043 204 20 T 3-18 - - 15.8 11.26 9.07 - 12,98 12.78 -
| 2E-MW9 [ 9/21/94 20.74 20.7 | 18.5 | 3.5-18.5 - - - - 1241 14.86 1263 | 1544
2E-MW10 | 9/22/94 21.64 214 20 5-20 - - - - 12.9 15.41 13.08 -~
 2E-MWI11 | 9/26/94 20.32 20.3 20 | 520 - - - - 12.85 1542 12.98 -
| 2E-MW12 | 9/23/94 20.6 20.6 20 5-20 - - - - 12.54 1598 | 1271 -
2E-MW13 | 9/26/94 20.35 20.3 20 | 5-20 - - - - 12.47 15.06 12.71 e
2E-MW14D| 3/3/95 2047 205 | s1 41-51 - - - - - 14.8 - -Ff‘
2E-MWI5 | 3/2/95 18.98 19 20 | 10-20 - - - i - 146 | 127 -
2E-MW16 | 3/7/95 17.31 17.3 20 10-20 - - - - - 14.13 12.25 -
Notes:

(-) Not measured
! - Unable to obtain exact measurements so a range was provided



TABLE 1-3

Previous Investigations at SWMU 2B

SWMUs 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

Investigation Completed By |Year Summary of Findings
H Groundwater is contaminated with chlorinated
Round 1 Verification Study CH2M HILL 1986 organic compounds from 2 or more sources.
' ' Groundwater is contaminated with chlorinated
Line Shack Site Inspection CH2M HILL 1988 organic compounds from 2 or more sources.
' | Groundwater is contaminated with chlorinated |
Interim RCRA Facility Investigation  |CH2M HILL 1990 |organic compounds from 2 or more sources.

Defined sources of groundwater contamination
and sources areas through sampling, and defined
the effects of groundwater discharge to surface

Phase I RCRA Facility Investigation  |CH2M HILL 1993 water and sediment quality.
' Further delineated extent of groundwater, soil,

and surface water/sediment contamination and

Corrective Measures Study |CH2M HILL 1995 |determined need for remedial activities.
Performed follow-up sediment sampling to
Phase ITII RCRA Facility Investigation |CH2M HILL 1997  [further characterize sediment contamination at

Only potential scenario resulting in hazards and
risks is future residential use of the shallow

Human Health Risk Assessment CH2M HILL 2000 aquifer groundwater, which is highly unlikely. |
Some small areas that have exceedances of

screening criteria, but these areas are isolated
and not migrating to other areas. No further
Ecological Risk Assessment CH2M HILL 2001 action recommended on the basis of ecological




TABLE 1-4
Previous Investigations at SWMU 2E

SWMUs 2B and 2E Groundwater Remediation Plan

NAS Oceana, Virginia Beach, Virginia

Investigation

Completed By

Year

Summary of Findings

Interim RCRA Facility Investigation

CH2M HILL

1990

Groundwater sampling results indicated that parameters
analyzed either were detected at low levels or were not
detected.

1993

Phase I RCRA Facility Investigation

Phase II RCRA Facility Investigation

CH2M HILL

CH2M HILL

1995

Diesel discovered in one of the wells. Delineated source area
and extent of subsurface free-phase diesel fuel. Determined
nature and extent of dissolved-phase groundwater contaminant
plume,
Characterized extent of free-phase hydrocarbon contamination
and continued to characterize dissolved-phase groundwater
contamination.

Corrective Measures Study

CH2M HILL

1995

Further delineated aerial and vertical extent of dissolved-phase |
|groundwater contaminant plume.

Groundwater Sampling

CH2M HILL

2000

Assessed site-wide groundwater quality and supported the
preparation of the HHRA.

Human Health Risk Assessment

(CH2M HILL

2000

Only potential scenarios resulting in hazards and risks are under
the future residential use of groundwater at the site, which is.
highly unlikely.

Ecological Risk Assessment

CH2M HILL

2001

Complete exposure pathways do not likely exist, therefore
ecological risk is unlikely. No further action recommended

based on ecological considerations.




Table 1-5
SWMU 2B Monitoring Well Data
SWMU 2B and 2E Groundwater Remeadiation Plan
NAS Oceana, Virginia Beach, Virginia

[Istation ID ] OW2B-MWO1 . OW2B-MWOID_ . OW2B-MwW02 OW2B-MW03 i OW2B-MW04 ]

ngmpleln o || owzBaawos-Rot | owze-Mwor.03A | Ow2BMWO1P-03A | OW2B-MW01-05C | OW2B-MW01-03D | OWZB MWO1-04A | OW2B MWOTD-RU1-F| OW2B-MWO1D-R01 | OW2B-MW02-ROT OW2B-MW02-RO1-P | OW2B-MWO2D-RO1-P | OWZB-MWO3-RO1 | OW2B-MW04-RO1 | OW2B-MWO4-RO1-DUP | OW2B-MW04-03D | CwaB-mwios-0ah | ;@éﬂg{é@j
Sample Date , 02125000 D1/22/03 __otpzos 07/25/03 11/07/03 01727104 02/25/00 02126/00 02/25/00 02125000 02125100 02/25100 02029100 0212000 _ 11/06/03 ot/27104 02/23/00

Chemical Name _

Volatlle Organic Compounds (UGIL)
1,1, - Trichloroethane
1,1-Dichloraethane
1,1-Dichloroethene
1.3-Dichlorobenzene
Acstana
Ben?eg
Chigroethane
Naphthalene .
Tetrachicroethene
Totvene
Frichloroethene

Vinyl chioride
[cis~1,2-Dichlol roethene
rans-1,2-Dichloroethene

SemiAFatila Organic Compounds (UG/L)
Acenaphthylene X
|Fluarene

Naphthalene . .
Phenanthrens

Pyrerqe .
pis(Z-Ethyhexybiphthalate

[Pesticide!Polychlorinated Biphenyls (UGIL) |
Heptachlor epoxide
bota-BHC

Total Metals (UGIL)
lArseric
[Barium
Cadmium
Caloium
Iron
[IMagnesium
[Vianganese
Polassiom
[Sodium
Zinc

Dissolved Metals (UG/L)
Aluminum
Arsenic
Barium .
(Cacium
Iron
Magnesium
IManganese
INicke!
[Potassium
Sodium

[Wet Chemistry (MGiL)
Akalinity

Chioride

Dissovad axygen

Ftane
[Ethone
Ferriciron
Ferrous iron
Methane
Nitrate e
Redox (V)

[Specific conductznce (MS/ICM)




Table 1-5
SWMU 2B Monitoring Well Data
SWMU 2B and 2E Groundwater Remediation Plan
NAS Qceana, Virginia Beach, Virginia

Staionp 0 o OW2B-MWO5 . _ | OwW2B-MWOSD OWeB-MWO7 OW2B-MWo8 OW2B-MWDY OW2B-MW10 OW2B-MW11 OW2B-MW12

Sample D - ] Q\&W&@j)@@om\ DW2B-MWD5-03C | OWZE-MW05-03D | Ow2B-Mwo5P-080 | OWzB-Mwos-04a | OW2B-MWOSP-044 | OW2B-MWOSD-RD1 | OW2B-MW7 | Qw2s-Mwo7-Ro1 OW2BMWOBRD1 | OW2B-MW09-RO1 | OW2B-MWIE-ROT | OWZB-MW11-ROT | OW2B-MW12-R01 | OWZB-MWIZ-RO1 | OWZA-MW12-034 |
[Sample Date 0122103 122103 07/25/03 1107103 1107103 01/26/04 01/26/04 02/21/00 0315084 02/21/00 02025100 02125/00 “ozpoe | oommog | ozetio 02021100 QU2
ChemcalName | _ R B - - IR | I -

Volaflle Organic Compounds (UGL) i B - - _\ i . : b S | — - - - — .
1.1, -Trichioroethane ) [ n ) B

i,

1.1-Dichloroethane
1,1-Dichloroethene
[1.3-Dichforobenzene
Acetone

Bonzene
Chlcroethane
Raptinaire
Tetrachloroethene
Toluene
?richlorq@e___ o
Vinyl chloride
cis-1,2-Dichlroefiene
trans-1,2-Dichlorcethene

Semi-volatile Organic Compoundsqueny [ 4‘ [ e -

\cenaphttnlens NA 3 CNA NA o NA NA

Florene I B . W _NA Na | _ NA Y

Maphthalene | I R .S A NA o NA L NA__|

Phenanthrene L ol NA | Na | e b NA T

Pyene b owa |l _na | NA_ | NA N |

bs-Eiyhexypprtae  f o oNaf 0 NAL NA L} na | T NA B

PesticidelPolychlorinated Biphenyls (UGIL) j,, ¥,,, , N O

Heplachiorepoxde | NA} 0 NA A B NA _ NA Y. B NA | 0.05 U ‘N | Toesu ~_oosuU T oosu 0.05 U 005 U | y T |

bewBHC T — w [ T  NA NA | NA | A 005U [ Na | oosul  oosu “Towsu |~ oosuf  oosu | _oosy 0.05 U | NA |

Total Metals (UGIL) I ] _ ' [ -
S L A _NA_ . Na b NA NA

aiom I NA wae | A | ] na |

Cagmium ] - 1 w0 NA NA ] Na | Na

Calom Qo Na G NA ) NA N NA

gbon o ma | NA P onNA | NA Y

Magnesium . NA o NA o NA o NA_ | \ NA

Manganess 0 NACL O o NA L NA . NA __ Na

Potassium e NA NA NA A

Sodium R PO O, i o NA  wa | na

gine . I "V I SO A LS LTS O T

[Dissotved Metats (UGIL) ~ o _ ) o ’ ) - T B

uminom ' ‘ ' ) :

Arsenic _

Barium e

Galcium o

iSodium ———
Zinc I
Wet Chermistry (MG}
Allalinity .
Chioride ——
Dissolved oxygen — . } NA
Ethare RN ). S E— S - - - : . 5.00E-06 U  NA
Etene - : i - ; : . : : BIB0Es0 — © 1 50008 U 5.00E-06 U NA
Forcion _ . ] 05 U s5U | usu NA
Ferrousiron 05U | Wv*um T I‘W
E NA
_NA_
Na ]
_NA



Table 1-5

SWMLU 2B Monitoring Well Data

SWHU 2B and 2E Groundwater Remediation Plan

NAS Oceana, Virginia Beach, Virginia

OW2B-1W10_

|[Btation 1D - OW2B-MWo5 ) | owszs-mwosD OWZB-MW07 OW2B-MWO8 OW2B-MWO8 OW2ZB-MW11__ | OW2B-MW12

Sample ID OW2BAIWOS03A | OW2B-MWOSP-03A, |-OW2B-MW05-03C | OWIB-MWOS-03D | OWZB-MWOSP-03D || OW2B-MWOE-044 | OW2B-MWOSP.04A | OWZB-MWOSD-ROT | OW2B-MW7 | OwzB-Mwo7-Ro1 | OW2B-Mw08-R01 | OW2B-MW09-RO1 | OW2B-MW10-R01 | OW2B-MW11.RO1 | OW2B-MW1Z-RO1 | OW2B-MWIZ-RO1 | OWZB-MW13-03A
Sample Date 19103 01722108 07:25/03 11/07/03 11/07/03 01/26/04 01/26/04 " 0zr100 03/15/94 02/21/00 02/25/00 02125100 02/28/00 09123100 02/21/00 02/21/00 Q1422008
Chemical Name ' : ) _
Sulfate NA NA NA NA NA NA NA  NA_
Sulfide NA NA NA _NA NA NA  NA A |
[Temperature B NA . NA NA NA NA _NA o NA NA
Total erganic carbon (TOC) NA _NA NA NA NA NA NA _ NAa
Turbicity (NTU) B NA NA NA NA NA NA _ NA NA
pH NA NA NA T NA NA NA - NA NA |
Field Parameters - . e ] , ] _ . , - .
Dissolved Oxygen (MGIL) i ew NA 1.39 0.57 NA 0.49 NA NA NA NA NA NA NA A NA NA 156 |
[Depth to Water (Ft) 8.24 NA" 594 B.32 _NA 8.2 NA NA NA NA NA NA NAT T A NA NA 7.35
Oxidation Redution Patential (ORP) (M) 121 NA -103 22 | NA -122 NA NA NA ] NA NA NA NA | NA NA NA -49
Flow (GPM) ' NA NA 0.043 0.076 NA 0.079 NA NA NA NA NA NA NA_| NA NA NA NA
pH 1 6.93 A 635 6.88 NA 6.54 N NA NA NA NA NA NA NA NA NA 6.57
Salinity (%) B o T Na o 001 NA o NA NA NA NA _ NA NA P NA NA NA NA o
Specific Conductance (MS/CM) -~ ] 0.452 NA 038 029 NA 0.32 NA NA NA NA NA NA “NA NA A NA 0254 |
[Temperature (C) B 14.14 NA 19.6 202 NA 157 NA NA NA NA NA NA NA_ NA_ NA NA 13,79
Turbidity (NTU) 0 NA 0 ) NA 23 NA NA NA NA NA NA NA NA MA NA 17
Volume (GAL) 15 NA 25 NA NA 3 NA NA NA NA NA NA NA NA NA NA 25 |

Notes:

B - possible blank contamination

- E - concentration has exceeded the calibration range
L - reported value may be biased low
J - analyte present, reported value is estimated

NA - not analyzed

R - unrefiable result

U - not detected




SWMU 2B and 2E Groundwater Remediation Flan

Table 1-5
SWMU 2B Monitoring Well Data

NAS Oceana, Virginia Beach, Virginia

Station ID - OWZB-MWA3 : o o OW2ZB-MW14

SamplelD OW2B-MW13-03C | OW2B-MWA3 03D | OW2B-MW13-04A | OW2B-MW14 | OWZB-MW14P | OW2B-MW14-RO1 | OW2B-MW14-03A | OW2B-MW12.03C | OW2B-MW14P-03C | OWZB-Mw14-03D | OW2B-MW14-044 |
Sample Date. 0772503 1106103 01/26/04 03/15/94 03/15/24 02/23/00 01/2293 Orr2503 07/25/03 11/06/03 01/26/04
[Chemical Name - ] o -

Sufate NA NA NA NA f O NA NA NA NA NA NA
Sufide NA NA NA NA | NA _NA NA NA NA NA
Temperature NA NA NA NA NA CNA NA NA NA NA
Total organic carban (TOC) NA NA NA NA | NA B NA NA NA NA NA
Turbirity (NTU) _NA NA NA | A NA NA NA NA NA NA
oH - NA NA NA NA NA ) NA NA NA NA NA
Field Parameters e -

laﬁoived Oxygen (MGIL) 17 0.57 0.74 NA NA NA a 200 | NA 049
Depth to Water (F) 599 713 6.8 NA NA NA 6.01 471 NA 56
Oxidation Reduction Potential (ORF) (MV) 12 % 47 NA NA NA 28 48 NA 47
Flow GPM) 0.052 0.087 0.085 NA NA NA NA 0.048 NA 0.087
pH 573 557 572 NA NA NA 6.29 6.1 NA L 6.21
Salinity (%) ~ 0 0.01 0 NA NA NA 0 0 NA 0
ISpeciic Conductance (MS/CM) B 0.34 0.28 0.26 NA NA “NA 0.338 0.44 NA 036 |
remperature (C) '77 17.32 187 133 N | WA T 16.56 182 NA 14.2
Furbigity (NTU) 13 133 1% NA NA NA 2 47 NA 10
Volume (GAL) N 1.5 4 NA NA NA NA NA 2.5 NA 4

B - possible blank contamination
E - concentration has exceeded the calibration range
L - reported value may be biased low
J - analyte present, reported value is estimated
NA - nat analyzed
R - unreliable result
U - not detected



Table 1-5
SWMU 2B Monitoring Well Data
SWMU 2B and ZE Groundwater Remediation Pian
NAS QOceana, Virginia Beach, Virginia

Station ID__ OWZB-MW13 . 1. o L OW2B-MW14 B -
Iﬁmple (o] - | OW2BMW1S-03C | OW2B-MW1S-03D | OWZB-MW13-04A | OW2B-MW14 | QW2B-MW14P | OW2B-MW14-ROT | OW2B-MW14-03A | OW2BMW14-03C | OW2B MW14P-03C | OW2B-MW14-030 | OwzB w1404 |
Sample Date 07/25/03 11/06/03 01/26/04 03/15/94 03/15/94 02/23/00 01/22/03 07/25/03 07/25/03 11/06/03 01/26/04
Chemical Name ' ~ N

Volatile Organic Compounds {UG/L) T
1,1,1-Trichtoroethane

1,1-Dichloroethane

1,#-Dichlorcethene _

1,3-Dichiorobenzene. - NA NA | NA 10U

Acelone ) su 55U 5y . NA

Benzena 1y L1y 1u NA

Chloroethane Tty 1y 1y CNA

[Naphthalena N 14 14U ooy NA

Tetrachloroethene . 1U 1u 1Uu NA

[Tolugne ) ~ 1U] 10 11U - NA

Trichloroathene o tu 1U 1y NA

Vinyl ehdoride 11U 1U 14 NA

cis-1,2-Dichlorosthane - 1u U g NA

trans-1,2-Dichlorosthene 1U iU NA

ISemi-volatile Organic Compounds (UG/L) e - . ) . .

Acenaphthylene o NA NA | NA 2 U 2 U 1u NA NA NA NA NA T
Fiucrene B NA NA NA 1ul 1U U NA NA NA Na | NA |
Naphthalene . NA NA 5 NA 24 2y 2y NA . _NA ~NA . NA . NA
Phenanthrene . NA NA L NA 1y L) Ty . NA NA NA NA . NA |
Pyrene ) NA _ NA NA 85U 05Ul . o1w o NA . NA Na | na | NA
bis(2-Ethylhexyljphihalate Y Na NA 10 0 NA 5B A ] NA _ NA | " NA NAJ
Pesticide/Polychlcrinated Biphenyls (UGIL) » - i j . -
Heptachior epoxide L NA ~NA . NA NA NA 0.05 U A NA NA NA o NA . A
lbeta-BHC Na | NA NA NA | nA 005U NA  NA NA NA ] NA
Total Metals (UGIL) . , ] . ]
Arsenic ] NA Na | NA _NA NA NA , NA . NA' NA
Barium NA _NA NA NA B NA _ NA NA NA _ NA
Cadmium . o NA ) NA NA | NA NA NA . NA NA NA .
Calcum . NA NA NA NA Na_ | NA [ NA NA NA ‘
Iron ] - NA  Na NA A NA NA NA NA NA
Magnesium NA NA NA NA NA L NA NA . Na NA
|[Manganess _ NA NA NA NA NA NA NA_ NA ONA
Potassum ) NA NA Na | NA NA » NA NA NA . NA :
Sodiom____ NA NA NA | oNa | NA | NA NA NA NA
Zine NA NA NA NA NA NA NA _NA NA |
Dissolved Metals (UGIL) i . - . .

Aluminum ) L NA NA Na | NA NA B 7B NA NA NA ] NA NA
Arsenic y L NA NA | NA NA | o NA n 25 U NA NA . NA | NA | NA
Barium na | NA L NA  NA NA NA NA | na
Calcium - NA NA NA NA NA NA N NA |
ron NA NA . NA NA NA __NA o onNa | NA |
Magnesium - na [ NA Ma NA NA NA NA NA_|
Manganese NA . Na NA | NA NA _NA NA NA
INicke! ) Na [ NA NA Na | NA | NA CNA NA
Polassium - NA NA NA NA NA NA  Na NA |
Sodiun ] NA NA NA NA NA NA NA NA
Zinc B NA . NA NA o NA NA ] NA NA NA
Wet Chemistry (MG/L) ~ N

Alkalinity NA _Na NA NA ] NA NA NA . _ NA
Chioride NA NA NA NA NA NA NA NA
Dissolved oxygen . o NA NA NA . NA NA NA NACl NA
Ethane o ___NA _ NA NA NA _ NA NA NA | _NA
Ethane B - NA NA f NA NA _ NA ; NA | NA M
Ferric iron NA N | NA NA . NA NA | NA NA
Ferrous iron NA NA | NA NA o Na NA NA ) NA
Methane CNA hA NA NA_ NA - NA na | NA_ |
“Nitralgw‘ , ~ NA NA NA NA NA __NA _ NA ~ Na_|
Rerox (MV) N NA . NA _NA NA NA NA NA NA |
Hispecific condustance: (MS/CAM) . N NA . i A . . 0 N N B T T T




Table 1-5

SWMU 2B Monitoring Well Data

SWMU 2B and 2E Groundwater Remedlation Plan

NAS Oceana, Virginia Beach, Virginia

’ Iﬁtg!ion iD . L OW2B-MWO1 . OW2ZB-MWOIL:  owzBMwoz OW2B-MW03 ] OW2B-MWO04 ] H
Sample ID__ OW2ZB-MWO1-R01 ]@vz_a_—wvg&gaﬂ OWZE-MWO1P-03A | OW2B-MW01-03C | OW2B-MW01-03D | OW2B-MwW01-04A | OW2B-MWOTD-RO1-P| OW2B-MWOID-RO1 | OW2B-MWO2-RO1 | OW2B-MW62:RO1-P | OW2B-MW2D-RO1-P | OW2B-MWO3-Ro1 | OWZB-MWO4-ROT | OW2B-MWOA-RO1-DUP | OW2B-MWO4-03D | OWZB-MW0404A owza»Mw@qu
Sample Date 02/25/00 01122403 01422103 07/25/03 11707103 01127/04 02125/60 02/26/00 02(25/00 02125/00 02/25/00 02025/00 02/29/00 02129400 11/06i03 0127104 0212300
Chemical Name - b e _ R
Suffate o Na NA __ NA NA NA NA NA NA
Sulfice: nNa | NA ) NA NA _ NA _NA NA TNA
Temperature NA Na | NA NA NA NA NA NA
Total organic carbon {TOC) NA NA NA NA NA NA NA NA
Turbidity (NTU} NA NA NA | NA __NA NA A NA
o — NA Na | NA NA NA NA NA_ NA
Field Parameters ) ,, _ _ . o - T
Dissolvad Oygen (MG/L) NA 1.64 NA 577 074 | o 271 NA NA NA NA NA NA NA - NA 0.66 025 NA
Depth to Water (Ft) - NA 6.99  _Na 0.27 Y 6.7 A NA NA NA ) NA ot NA NA 8.22 726 NA
Oxidation Reduction Potentiaf ORPY(MY) || NA 12 NA Bl -37 126 NA NA NA NA NA NA_ NA NA -53 a7 | T NA
Flow (GPM) ' ] NA_ NA NA 0.043 0083 | 0.087 NA NA NA NA - NA NA NA NA 0.087 0.083 NA
oH NA 638 | NA 5.4y 5@ 6.23 NA o NA NA NA NA NA NA NA 5.04 578 NA |
Gatinity (%) o NA 0 NA 0 0.01 0 NA B NA NA NA NA NA NA NA 0.02 0 NA

|lsieciié Candustance (MsCM) NA_ 0.278 NA 0.31 0.26 7+ 0.12. NA ) NA NA ~ NA NA NA NA NA 031 042 ) NA
Temparature (C) BN NA 1556 | NA 216 213 157 NA . NA NA, NA NA NA NA NA 224 18.2 NA
[urbidity (NTU)_ - NA | 204 NA 2 0 24 NA NA A NA | NA NA NA NA 53 15 NA_

olume (GAL) NA NA NA 2 25 4 NA NA NA NA NA NA T NA NA i NA T NA NA

Notes:

8- possible blank contamination

E - concentration has exceeded the calibration range .

L - reported valua may be biased low

J - analyle present, reported value is estimated

NA - not analyzed
R - unreliable result
U - not detected



Table 1-6
SWMU 2E Monitoring Well Data
SWMU 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

Istationip” OW2E-MWO1 OW2E-MW03 OW2E-MW04 OW2E-MW05 OW2E-MWO7 OW2E-Mwo8 | OW2E-MW09
[Sample 1D OWZE-MWO1-RO1 | OW2E-MWOSRO1 | OW2E-MWO3-RO1-P | OW2E-MWO4-ROT | OWZE-MWOS-RO1 | OW2E-MWO7-R01 | OW2E MWO7-RO1-P | OW2E-MWO7-RO1-P | OW2E-MWOS-RO1 | OW2E-MWOBROT | OWZE-MV0S.04A |
[Sample Date 03/06/00 03/08/00 03/16/00 03/06/00 03/06/00 03/08/00 03/08/00 03/08/00 03/06/00 03/06/00 03/18/04

Chemical Name

Volatile Organic C

(UGIL)

1,1-Dichloroethane

2-Butanone

4-Methyl-2—pentanor{e )

Acetone

Benzene

Carbon disulfide

Chiorobenzene

Chloromethane

Ethytbenzene

Toluene

Trichl elhen;“

[Viny! chioride

[Xylene, total

cis-1,2-Dichloroethene

trans-1,2-Dichloraethene

Semi-volatile Organic C

(UGIL)

o _Meathuh

10U

1y

oy

NA

ou

1U

NA

14U

A Lx Y

Benzo(a)anthracene

Fluorene

I;E'lanlhrene = )

Pyene
bis(2-Ethylhexyl)phthalate

01y

1V

1y

01U

10U

01U

NA

01U

NA

0048

NA

2uf

NA

1y

NA

01U}

NA

10U

inated Biphi

yls (UGIL)

i y

Dieldrin_

01y

0.1 U

01U

01U

NA

01U

0.1 U4

0.05 U

0.05 UJ

0.05 U

005 U

0.05 U

0.05 UJ

NA

Total Metals “;92&,

Aluminum

Arsenic

Barium

Cadmium

Calcium

Chromium

104 B

583 B

44.6 B

3368

2688

Copper

fron

Lead

[Magnesium

M

Nickel

Page10f 4



Table 1-6
SWMU 2E Monitoring Well Data
SWMU 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

Station ID e . OW2E-MW10 OW2E-MW11  OW2E-MW12 OW2E-MW13 OW2E-MWI5 | =~ OW2E-MW18  OWZEMWAT j
Sample ID -~ . OW2E-MWOIP-04A | OW2E-MW10-R01 | OW2E-MW10-R01-P | OWZE-MW10-R01-P | OW2E-MW11-RO1 | OW2E-MW12-R01 | OW2E-MW13-R01 | OW2E-MW15-RO1 | OW2E-MW16-R01 | OW2E-MW17 | OW2E-MW17P | OW2E-MW17-R?)
Sample Date 03/18/04 03/08/00 03/08/00 03/08/00 03/08/00 03/06/00 03/06/00 03/06/00 03/06/00 03/08/00 03/08/00 03/08/00

Chemical Name

[Volatile Organic Gomy (UGIL)
1,1-Dichlo
[2-Butanone e
4-Methyl-2-pentanone e
Acetone §
Benzene .
Carbon di
Chiorob
Chioromethane
Ethylbenzene
Toluene
Trichloroethene

Vinyl chloride

[Xylene, total
cis-1,2-Dichioroethene
[trans-1,2-Dichloroethene

Semi-volatile Organic Compounds (UG/L) i
j2-Meth t 3 o NA .. twouyl o NA | NA _1ou
Acenaphthylene § NA 1u NA 1R 5U
Benzaf ] NA o1yl NA _01R

Fuorene N 3 NA 14 i NA iR

10U Y 10U wul  NA |
iy tu | woul 10U 1y

01U | 01U 10Uy 10u 0.05 U
1u 1v 10U ~Tou 01U

NA ] 2U __NA 2R
Phenanthrene . . NA v NA . 1R :
Pyrene ] . ; NA 01Ul NA __ 0AR}. 05U ] 05U

2u 2U 10U 106U 01U
10 _10u 10U 005 Uj
0.1 UJ woul  1ou 0.05 U

ois(2-Ethylhexyl)phthal NA oy T NA NA | 2B 10U 10U wul  10u] NA

[Pesticide/Polychlorinated Biphenyls (UGIL) ) - B
Dieldrin i A 01U NA NA | 01U Toau 01U ] 3 NA A NA
bete-BHC o NA oosu| NA NA | 0.05 U | 005U 005U 0054 | 0.05 U NA Tna | NA

Total Metals (UGIL)

Alurninum _ __NA
Arsenic o NA
Barium _ NA
Cadmium NA
Calcium NA
Chromium . NA
Copper. _ _NA_
pom NA
Lead } ] NA
Magnesium - NA
Manganese NA |
Nickel NA
Potassium e NA
Selenium _ NA
lSudium o NA
Ilvanai NA

Page 2 of 4



Table 1-6
SWMU 2E Monitoring Well Data
SWMU 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

[stationip~

OW2E-MWO1

OW2E-MW03

OW2E-MW04

OWZE-MWO05

OW2E-MW07

OW2E-MW08

QW2E-MW09

| Sample ID ]

OW2E-MWO01-R01

OW2EMW03-ROT | OWZE-MWO3-RO1-P

OW2E-MW04-R01

OW2E-MWO05-R01

OW2E-MWO7-RO1

OW2E-MWO7-R01-P

OW2E-MWO7-RO1-P

OW2E-MW08-R01

OW2E-MW09-RO1

OW2E-MWO09-04A

Sample Date

03/06/00

03/08/00

03/18/00

03/06/00

03/06/00

03/08/00

03/08/00

03/08/00

03/06/00

03/06/00

03/18/04

Chemical Name

Zing

1.7 B

93 B

9.18B

134 8

818

NA

103 B

122 B

Dissolved Metals (UG/L)

Aluminum

Arsenic

[Barium

Cadmium

Calcium

[Chromium

iCopper

Magnesium

M

INickel

Py

Selenium

Sodium

Zinc

Wet Chemistry (MG/L)

Alkalinity

Chioride

Dissolved oxygen
Ethane

Ethene
Ferric iran

Ferraus iron

Methane

Redox (MV)
ISpecific (MS/CM)

Sulfate

Sufiide

T

Total organic carimn (TOC)

Turbidity (NTU)

[eH
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Table 1-6

SWMU 2E Monitoring Well Data
SWMU 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

{Istation ID ] OW2E-MW10 OW2E-MW11 OW2E-MW12 | OW2E-MWI3 | -OW2E-MW15 OW2E-MW18 B OW2E-MW17
Eample D OW2E-MWOIP-04A | OW2E-MW10-R01 | OW2E-MW10-R01-P | OW2E-MW10-R01-P | OW2E-MW11-R01 | OW2E-MW12-R01 | OW2E-MW13-R01 [ OW2E-MW15-R01 | OW2E-MW16-R01 | OW2E-MW17 | OW2E-MW1{7P | OW2E-MW17-R2
Sample Date 03/18/04 03/08/00 03/08/00 03/0B/0D. 03/08/00 03/06/0D, 03/05/00 03/06/00 03/0B/00 03/06/00. 03/08/00 03/08/00
Chemical Name L I T T S P - L
Zinc NA 128 NA NA 8B 1978 - NA NA
IDissolved Metals (UG/L) 3
Alumi o NA 112 B NA o Na ]
[Arsenic NA NA
[Barium ] NA NA
Cadmium NA | o NA ]
Calcium NA NA
IChromium W _NA NA
Copper NA NA
ron NA | NA |
M, NA NA
'ﬁanganese ] NA NA
Nickel NA ] NA
Potassium NA NA
|§eienium NA NA
Sodium _ NA NA
Vanadium o _ NA 24U NA NA
Zine NA 89 B _NA NA
Wet Chemistry (MG/L) -
Alkalinity NA NA
Chioride . ___NA NA
Dissolved oxygen NA NA
Ethane NA NA
Eth NA NA_|
Ee}ric iron NA NA
Ferrous iron __NA ___NA
NA NA
NA NA
| {MS/CM) NA NA
] NA _ Na_ |
NA NA
. . NA ___NA
[Total organic carbon (TOC) NA NA
Turbidity (NTU) _NA NA
H NA NA

Page 4 of 4
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SECTION 2

Remediation Processes and Selection

CVOC concentrations in the areas identified as “hot spots” at SWMUs 2B and 2E, while
elevated compared to regulatory required cleanup goals (such as MCLs), are not
particularly high compared to levels found at many other CVOC contaminated sites in the
U.S. Levels of contamination influence the appropriateness and selection of remediation
alternatives. Emerging remediation technologies such as in situ chemical oxidation and in
situ chemical reduction have been shown to be potentially effective for CVOC remediation,
and may eventually prove to provide viable alternatives for remediating sites where
bioremediation approaches may not be feasible because contaminant levels are excessive. In
situ chemical oxidation and chemical reduction are defined in Table 2-1, along with in situ
bioremediation. These chemical technologies were briefly considered here, but they tend to
be relatively expensive compared to bioremediation, have associated implementation issues,
and generally were not considered to be warranted for the moderate contaminant
concentrations present. Consequently, remediation process screening focused primarily on
biological methods.

CVOCs such as TCE, 1,2-DCE, and VC are known to degrade via aerobic (under certain
conditions) and anaerobic biological processes. These processes are discussed below,
followed by a summary of the selection rationale.

2.1 Aerobic Biodegradation of CVOCs

Two aerobic biodegradation processes are aerobic respiration and cometabolism. Aerobic
respiration involves direct oxidation of organic compounds by microorganisms as the
primary substrate used for energy and cell growth. During cometabolism, a nonspecific
enzyme is produced to metabolize a primary substrate, which fortuitously initiates
transformation of another compound. Tetrachloroethene (PCE) and TCE are not amenable
to degradation by aerobic respiration. VC is readily biodegraded by aerobic respiration.
1,2-DCE is also reported to be amenable to aerobic respiration, but may not be as susceptible
as VC. TCE, 1,2-DCE, and VC are amenable to aerobic cometabolism, although PCE is not.

Enhanced aerobic bioremediation by direct oxidation is implemented by adding oxygen to
the subsurface to create aerobic conditions. Oxygen can be added to groundwater by air
sparging, injecting oxygenated water (aerated with air or supersaturated with pure oxygen),
or by adding a chemical, such as hydrogen peroxide (H20), which breaks down to release
oxygen. While these methods require continuous or intermittent injection to maintain
aerobic conditions, “time-release” oxygen source products have been developed and are
marketed for the purpose of enhancing aerobic biodegradation. These include Oxygen
Release Product (ORC®), a magnesium peroxide (MgO,) product sold by Regenesis, and
PermeOx® Plus, a calcium peroxide product sold by FMC. When injected into the
subsurface, these products release oxygen to groundwater over time (typically around

6 months), and, therefore, do not require continuous or frequent operation of fixed injection
equipment, which can create high O&M costs and interfere with site activities.
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GROUNDWATER REMEDIATION PLAN

Enhanced aerobic bioremediation by cometabolism typically involves addition of both
oxygen and a primary substrate to the subsurface. Primary substrates shown to enhance
biotransformation of aliphatic CVOCs include methane, phenol, toluene, propane, butane,
and others. The oxygen source and primary substrate chemical are normally injected on a
continuous or pulsed basis. Because of the need for routine operation of injection
equipment, higher oxygen requirements (due to the primary substrate), the potential for
regulatory issues associated with some primary substrates, and the greater complexity of
the cometabolic process (relative to direct oxidation), aerobic cometabolism was not
considered further in this screening process.

2.2 Anaerobic Biodegradation of CVOCs

Biological reductive dechlorination (RD) is a naturally-occurring, microbially-mediated,
anaerobic process in which chlorine atoms on a parent CVOC molecule are sequentially
replaced with hydrogen. In the RD process, electrons are transferred from an electron donor
source to the CVOC compound, which functions as the electron acceptor. Therefore, an
external electron donor source is required for the reaction to occur. Potential electron donor
sources include biodegradable organic co-contaminants, native organic matter, or substrates
intentionally added to the subsurface. Deeply anaerobic (reducing) conditions are required
for RD of many CVOCs, and competing electron acceptors such as dissolved oxygen,
nitrate, nitrite, Mn(IV), Fe(Ill), and sulfate must be depleted.

The principal anaerobic biodegradation pathway for RD of chlorinated ethenes is:
PCE — TCE — ¢i5-1,2-DCE — VC — ethene

The transformation rates for each step vary but tend to become slower with progress along
the breakdown sequence, often resulting in accumulation of 1,2-DCE and VC. Further
breakdown from 1,2-DCE and VC to ethene varies and is based on site specific conditions.
In some cases where RD “stalls” at cis-1,2-DCE, bioaugmentation (inoculation with a culture
of dechlorinating microorganisms) may facilitate complete dechlorination of CVOCs to
innocuous end products). Complete dechlorination has been occurring (see Sections 2.3, 2.4,
and 2.5) and is expected to continue at SWMUs 2B and 2E. '

Enhanced anaerobic bioremediation of CVOCs is implemented by adding a suitable
substrate to the subsurface. The introduced substrate serves two purposes: (a) depleting
competing electron acceptors and creating strongly reducing conditions, and (b) providing
an electron donor source for RD. Enhanced anaerobic bioremediation of CVOCs has been
demonstrated in laboratory studies and/ or field applications using a wide variety of
substrates. Substrate types can be categorized as soluble or insoluble.

Soluble substrates include benzoate, lactate, acetate, propionate, butyrate, methanol,
ethanol, sucrose, molasses, and hydrogen (Hb»). These substrates are water-soluble, degrade
rapidly, and are transported with groundwater flow. Continuous or frequent injections are
necessary to maintain the substrate levels in the target zone.

The most commonly used insoluble substrates are Hydrogen Release Compound (HRC®)
and vegetable oil. HRC is a patented “time-release” substrate sold by Regenesis (San
Clemente, CA) for the purpose of enhancing RD. After injection into an aquifer, HRC
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2—REMEDIATION PROCESSES AND SELECTION

hydrolyzes into lactate over time, which is further transformed into lower molecular weight
organic acids and H. HRC can be applied as a viscous liquid using direct-push
technologies, and may serve as an electron donor source for 6 months to 1 year. Vegetable
oil is injected as an emulsified liquid, which dissolves over time into the groundwater,
providing a source of dissolved organic carbon and hydrogen for RD. Vendors estimate that
vegetable oil may serve as an electron donor for at least 1 year to as much as 3 years
depending on site specific conditions. There are at least two suppliers of emulsified
vegetable oil products for this type of application, and they can be applied via DPT points.

It is also possible to prepare a vegetable oil emulsion in combination with a water soluble
substrate, such as lactate. In concept, injecting a combination of soluble and insoluble
substrates could provide the desirable features of both types. The soluble substrate should
provide rapid initial depletion of competing electron acceptors as well as elevated electron
donor availability to stimulate RD, whereas the insoluble substrate should provide a
continuous, long-term source of electron donors to sustain RD over time without frequent
injection. The soluble/insoluble substrate combination can be applied by formulating the oil
emulsion with lactate and/ or by injecting a aqueous solution of lactate after the oil emulsion
as a “chase” to promote more extensive distribution of the vegetable oil.

2.3 SWMU 2B Alternative Selection

The localized areas of contamination at SWMU 2B are located around monitoring wells
OW2B-MWO01 and OW2B-MW14. Remediation alternative selection for both locations is
summarized in the following sections.

2.3.1 Target Area OW2B-MWO01

CVOC contamination at OW2B-MWO01 primarily consists TCE, cis-1,2-DCE, and VC (Figure
1-6). Since CVOC-based cleaning compounds such as TCE have been used in this area, it is

likely that TCE was released to the subsurface, and anaerobically degraded to cis-1,2-DCE
and VC.

Since TCE is not biodegradable under aerobic conditions without co-metabolism, and
groundwater studies indicate that a limited amount of RD is occurring, in-situ enhanced
anaerobic bioremediation has been selected for groundwater remediation at the OW2B-
MWO01 target area.

HRC has been selected as an time-release soluble substrate mixture to enhance RD because
of its long-term, slow-release characteristics, and may require less remediation time
compared to other time release electron donor options (such as emulsified oil). Enhanced
anaerobic bioremediation using HRC has been successfully implemented at a wide variety
of sites.

2.3.2 Target Area OW2B-MW14

VCis the principal CVOC detected at monitoring well OW2B-MW14. Although VC is a RD
daughter product of PCE, TCE, and DCE, the concentrations of these CVOCs are below
MClLs. Groundwater CVOC data suggest that RD has occurred, but that intrinsic (naturally-

WDC030790019.ZIP/KTM 2.3



GROUNDWATER REMEDIATION PLAN

occurring) bio-reduction of VC to ethene is not occurring quickly enough to prevent and
accumulation of VC.

In situ enhanced aerobic bioremediation offers the potential for accelerating biodegradation
of VC, with the side benefit of reducing concentration of dissolved iron and manganese.
Therefore, in-situ enhanced aerobic bioremediation has been selected for the groundwater
remediation at the OW2B-MW14 target area. Use of a time-release oxygen product has been
selected to preclude continuous/frequent injection and the need for fixed injection facilities,
which would interfere with site activities. This plan assumes that ORC will be used as the
time-release oxygen source, but PermeOx Plus could be substituted.

2.4 SWMU 2E Alternative Selection

VC is the principal CVOC detected at monitoring well OW2E-MW09. Although VC is a RD
daughter product of PCE, TCE, and DCE, the concentrations of these CVOCs are below
MCLs. For reasons similar to those discussed for the OW2B-MW14 target area, in situ
enhanced aerobic bioremediation using a time-release oxygen product (ORC assumed) has
been selected for groundwater remediation at the SWMU 2E target area.

A baseline groundwater sampling event will be conducted prior to the injection of ORC to
confirm current geochemistry and VC concentrations, and quantify additional parameters
including total petroleum hydrocarbons. TPH represents an electron donor source that will
exert an oxygen demand, which is a consideration in the ORC quantity calculations. The
oxygen demand created by site hydrocarbon contamination may interfere with remediation
of CVOCs. Consequently, site hydrocarbon contamination has been addressed as part of the
reagent calculation for SWMU 2E.
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TABLE 2-1

In-Situ Remediation Technology Overview
SWMUs 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

Remediation Technology

Description

Chemical Oxidation

An oxidizing agent such as hydrogen peroxide, potassium permanganate, or
Fenton's reagent is injected into the subsurface to chemically oxidize CVOCs to

Hzo, COz, and CT.

Chemical Reduction

A reducing agent such as zero valent iron or a reduced sulfur compound is injected
into the subsurface to chemically reduce CVOCs to less chlorinated or completely
dechlorinated products.

Enhanced Bioremediation

Anaerobic - A substrate such as HRC, lactate, vegetable oil, etc. is injected into the
subsurface to promote biological reductive dechlorination of CVOCs.

Aerobic (direct oxidation) - An oxygen source such as 02, H202, or ORC is
injected into the subsurface to promote aerobic biodegradation of CVOCs.

Aerobic (cometabolic) - An oxygen source and a suitable primary substrate such as
methane, phenol, toluene, etc. are injected into the subsurface to promote aerobic
cometabolism of CVOCs.




SECTION 3

Groundwater Remediation Approach

3.1 Introduction

This groundwater remedial design includes remedial action at SWMUs 2B and 2E. In the
target area around monitoring well OW2B-MW01 (SWMU 2B), enhanced anaerobic
biodegradation using HRC will be implemented. The reagent will be injected to serve as an
electron donor in order to accelerate biological reductive dehalogenation of TCE, 1,2-DCE,
and VC. In the target areas around monitoring wells OW2B-MW14 (SWMU 2B) and OW2E-
MW09 (SWMU 2E) , enhanced aerobic biodegradation using ORC will be implemented.
ORC will be injected to increase dissolved oxygen, and accelerate aerobic biological
oxidation of VC.

Remedial action activities include:

1. establishing a groundwater monitoring network comprised of both existing and new
monitoring wells;

2. performing an initial round of groundwater monitoring prior to reagent injection to
establish baseline groundwater characteristics (CVOC and geochemical conditions) and
confirm treatment reagent quantity calculations;

3. injecting ORC or HRC into the subsurface to enhance biodegradation of CVOCs;

4. conducting groundwater monitoring over the well network at selected intervals to track
remediation progress, and;

5. analyzing the data to evaluate the effectiveness and progress of bioremediation, and
reporting results.

3.2 SWMU 2B Remediation
3.21 OW2B-MWO01 Target Area

The following subsections present the reagent specifications, injection grid design, injection
amounts, and injection methodologies for HRC application in the OW2B-MWO01 target area.

3.2.1.1 Design Grid and Rationale

HRC will be injected directly into the aquifer matrix in a grid pattern encompassing an area
intended to cover the horizontal extent and vertical depth of the contamination. The exact
extent of contamination surrounding OW2B-MWO01 is unknown since the well is not located
in close proximity to other existing monitoring wells and depth specific sampling has not
been conducted. However, historic CVOC concentrations are relatively low and do not
exceed MCLs in OW2B-MWO01D. Thus, the treatment grid is designed to encompass the area
surrounding the target well only. Emulsion will be injected into the aquifer from 7 to 20 feet
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GROUNDWATER REMEDIATION PLAN

bgs to encompass the expected vertical extent of contamination. The target treatment area is
approximately 45-feet wide be 45 feet long (Figure 3-1).

The target area treatment grid (Figure 3-2) will consist of 14 injection points (3 or 4 points
per row with 4 rows). Injection point spacing is approximately 15 feet within cross-gradient
rows and 15 feet between rows (with-gradient) . The estimated radius of influence for each
injection is approximately 7 to 10-feet. The HRC Grid Design worksheet developed by
Regenesis was used as guidance in selecting the injection point spacing and HRC injection
rates. The completed worksheet, including the aquifer characteristics and design
concentrations modeled, is presented in Appendix A.

3.2.1.2 HRC Application Rate

The recommended HRC injection quantity is approximately 4 pounds per foot of injection
(Ib/ft). Given the injection point spacing, the injection rate (Ib/ft), and the depth of injection,
the estimated total initial application amount of HRC required in the target area is:

OW2B-MW01 Target Area - (14 injection points) x (4 Ibs HRC/ injection) x (13 ft) =728
Ibs of HRC.

3.2.1.3 HRC Application Method

Prior to injection HRC will be heated to a recommended minimum temperature of 105 °F to
reduce its viscosity, which will facilitate dispersion in the subsurface. A direct push
hydraulic rig will be used to inject HRC into the subsurface. Drive rods will be pushed to
the target depth of approximately 20-feet bgs and the HRC injected as the rods are
withdrawn. The estimated radius of injection is 7 to 10 feet. At each location, HRC will be
injected beginning at 20 feet bgs to 7 feet bgs or to the top of the water table.

3.2.2 OW2B-MW14 Target Area

The following subsections present the injection grid design, application rates, and injection
methods for ORC application around the OW2B-MW14 target area. ORC is supplied by
Regenesis Bioremediation Products.

3.2.2.1 ORC Design Grid and Rationale

An ORC/water slurry mixture will be injected directly into the aquifer matrix in a grid
pattern over an area intended to cover the aerial extent and the vertical depth of the
contamination. The exact extent of contamination surrounding OW2B-MW14 is unknown
since the well is not located in close proximity to other existing monitoring wells and depth
specific sampling has not been conducted. However, CVOC concentrations are relatively
low compared to MCLs. Thus, the treatment grid is designed to encompass the area
surrounding the target well only. ORC will be injected into the aquifer from 6 feet bgs or the
top of the water table to 20 feet bgs, to encompass the expected vertical extent of
contamination. The target treatment area is approximately 45 feet wide by 45 feet long
(Figure 3-1).

CVOC and geochemical data from monitoring well OW2B-MW14 were used to represent
conditions in the surrounding area. The ORC Grid Design worksheet developed by
Regenesis was used as guidance in selecting the injection point spacing and ORC injection
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3—GROUNDWATER REMEDIATION APPROACH

rates. The completed worksheet, including the aquifer characteristics and design
concentrations modeled, is presented in Appendix A. As shown in Figure 3-3, 13 injection
points will be used to cover this area. Injection point spacing is approximately 15 feet within
cross-gradient rows and 15 feet between rows (with-gradient).

3.2.2.2 ORC Application Rate

The recommended ORC injection amount in the target area is approximately 3.0 Ib/ft of
well depth. Regenesis recommends using a minimum of 3.0 Ib/ft. Given the injection point
spacing and injection rate (Ib/ft), the estimated total initial application amount of ORC
required for each target area is:

Target Area - (13 injection points) x (3 Ibs ORC/ft of depth) x (14 ft depth/injection
point) = 546 Ibs of ORC.

3.2.2.3 ORC Application Method

ORC will be applied as a 30 percent ORC/water slurry mixture. A direct push hydraulic rig
will be used to inject ORC into the subsurface. Drive rods will be pushed to the target depth
of 20-feet bgs and the ORC slurry injected as the rods are withdrawn. The estimated radius
of injection is 7 to 10 feet. At each location, ORC will be injected beginning at 20 feet bgs and
injecting upward to 6 feet bgs or to the top of the water table.

3.3 Remediation at SWMU 2E

The following subsections present the injection grid design, application rates, and injection
methods for ORC application in the SWMU 2E CVOC remediation target area.

3.3.1 ORC Design Grid and Rationale

An ORC/water slurry mixture will be injected directly into the aquifer matrix in a grid
pattern over an area intended to cover the aerial extent and the vertical depth of the
contamination. The exact extent of contamination surrounding OW2B-MW14 is unknown
since the well is not located in close proximity to other existing monitoring wells and depth
specific sampling has not been conducted. However, CVOC concentrations are relatively
low compared to MCLs. Thus, the treatment grid is designed to encompass the area
surrounding the target well only. ORC will be injected into the aquifer from 5 feet bgs (or
the top of the water table) to 20 feet bgs, to encompass the expected vertical extent of
contamination. The target area is approximately 45 feet wide by 45 feet long (Figure 3-4).

CVOC and geochemical data from monitoring well OW2E-MW09 were used to represent
conditions in the surrounding area. The ORC Grid Design worksheet developed by
Regenesis was used as guidance in selecting the injection point spacing and ORC injection
rates. The completed worksheet, including the aquifer characteristics and design
concentrations modeled, is presented in Appendix A. As shown in Figure 3-5, 13 injection
points will be used to cover this area. Injection point spacing is approximately 15 feet within
cross-gradient rows and 15 feet between rows (with-gradient).
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3.3.2 ORC Application Rate

The recommended ORC injection amount in the target areas is approximately 3.0 Ib/ ft of
well depth. This quantity was calculated based on CVOC concentrations and a conservative
estimate of TPH contamination at OW2E-MW09. Regenesis recommends using a minimum
of 3.0 1b/ ft.

Given the injection point spacing and injection rate (Ib/ft), the estimated total initial
application amount of ORC required for each target area is:

Target Area - (13 injection points) x (3 Ibs ORC/ft of depth) x (14.75 ft depth/injection
point) = 576 Ibs of ORC.

3.3.3 ORC Application Method

ORC will be applied as a 30 percent ORC/water slurry mixture. A direct push hydraulic rig
will be used to inject ORC into the subsurface. Drive rods will be pushed to the target depth
of 20-feet bgs and the ORC slurry injected as the rods are withdrawn. The estimated radius
of injection is 7 to 10 feet. At each location, ORC will be injected beginning at 20 feet bgs and
moving upward to 5 feet bgs or to the top of the water table.

3.4 Groundwater Monitoring, Sampling, and Analysis

Bioremediation effectiveness will be monitored by collecting and analyzing groundwater
samples from an established monitoring well network prior to, and throughout the duration
of, the treatability study. Table 3-1 summarizes the wells that comprise the groundwater
monitoring network for SWMUs 2B and 2E. Because of the low CVOC levels in the target
areas, groundwater performance monitoring will be conducted at the single existing well in
each area. The depths and screen specifications for each of the monitoring wells are
presented in Table 3-1. The following subsections describe monitoring well installation,
groundwater monitoring frequency, and groundwater sampling and analysis.

3.41 Groundwater Monitoring Frequency

Five rounds of groundwater sampling are planned to monitor remediation performance.
Sampling will be conducted prior to injection (baseline), and then at 2, 4, 8, and 12 months
after injection of the reagents. Baseline sampling will establish current geochemistry and
contaminant concentrations. At SWMU 2E, additional parameters will be measured during
baseline sampling including total petroleum hydrocarbons (TPH).

The monitoring times were selected to assess short term and long term effects of substrate
injection on geochemistry and CVOC concentrations. However, the monitoring schedule
may be modified, if appropriate, based on the interim results.

3.4.2 Groundwater Sampling and Analysis

Groundwater samples will be analyzed using a combination of offsite analytical laboratory
analyses, field test kits and field instruments. Table 3-2 summarizes the analyses that will be
conducted on groundwater samples. Method reporting limits (MRL) will be equal to or less
than those for the January 2004 groundwater sampling event. Laboratory detection limits
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shall be low enough to detect low level VOC concentrations and determine if the CVOCs are
below MCLs.

Quality Assurance and Quality Control (QA/QC) samples will be collected at the frequency
outlined in Table 3-3. QC samples include field duplicates, matrix spike, matrix spike
duplicates, field blanks, trip, blanks, and equipment blanks.

3.5 Data Analysis, Interpretation, and Reporting

Technical memoranda will be prepared and submitted to the Navy following each post-
injection monitoring event. The interim memoranda following the first three events will
briefly document field activities and monitoring data for the most recent interval and
provide a brief discussion of treatability study progress to date. The final technical
memorandum will include a comprehensive discussion of the data and treatment
effectiveness at the site, including whether RAOs were achieved, and provide
recommendations regarding a recommendation for site closeout under CERCLA, or
additional monitoring and/or remedial activities, as appropriate.
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TABLE 3-1

Monitoring Well Network

SWMU 2B Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

‘Total Depth | Depth of Screened Interval

Sampling Point (ft bgs) (ft bgs)

Relative Location

OW2E-MWO9 ~ [Treatment Area 185 3 5-18.5




TABLE 3-2
Monitoring Parameters

SWMUs 2B and 2E Groundwater Remediation Plan
NAS QOceana, Virginia Beach, Virginia

OW2B-MW01 OW2B-MW14 OW2E-MW09
Parameter Method (anaerobic) (aerobic) (aerobic)
VOCs EPA 8260B X X X
Methane, Ethane, Ethene EAP RS Kerr Lab SOP-147 X
Temperature Field test X X X
Dissolved oxygen Field test X X X
pH Field test X X X
ORP Field test X X X
Turbidity EPA 180.1 X X X
Conductivity Field test X X X
Alkalinity EPA 310.1 X X X
Nitrate EPA 300.0 X X X
1Ferrous Iron (or dissolved iron) [Field test (or EPA 200.7%) X X X
Sulfate EPA 300.0 X X X
Sulfide Field test X
Chloride EPA 300.0 X X X
Total organic carbon EPA 9060 X X X
VFAs HPLC method X

*Field -filtered samples




TABLE 3-3

Quality Control Sampling Frequency

SWMUs 2B and 2E Groundwater Remediation Plan
NAS Oceana, Virginia Beach, Virginia

QC Samples ) Collection Frequency
Field Duplicates 10% O.f total samples collected or one duplicate per day per sampling event, which|
every is more frequent
Field Blanks One per sampling event
Matrix Spikes 5% of total samples collected
Matrix Spike Duplicates {5% of total samples collected
Equipment Blanks One per day per sampling event
Trip Blanks One set per cooler containing samples collected for VOC analysis
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Page 1 of 2

Site Name: SWMU 2B
Location: MW-01
Consultant: CH2M HILL

HRC Design Software for Plume Area/Grid Treatment
Regenesis Technical Support: USA (949) 366-8000, www.regenesis.com

Site Conceptual Model/Extent of Plume Requiring Remediation
Width of plume {intersecting gw flow direction}

Length of plume {parallel to gw flow direction)

Depth to contaminated zone

Thickness of contaminated saturated zone

Nominal aquifer soil {gravel, sand, silty sand, silt, clay)
Total porosity

Hydraulic conductivity

Hydraulic gradient

Seepage velocity

Treatment Zone Pore Volume

451t
45|ft = 2,025 |
7|t
131t
siity sand
0.3 Eff. porosity: 0.25
2|t/day = . 7.1E-04
0.0017|ft/ft
50|ftlyr = 0.014
7,898 |ft* 59,081

Contaminant

Stoich. (wt/wt)

Injection spacing within rows (ft)

2B MW01 HRC.xls, 04/30/2004

Dissolved Phase Electron Donor Demand Conc {mg/L} Mass (Ib) contam/H,
Tetrachloroethene {PCE} 0.02 0.0 20.7
Trichloroethens {TGE) 0.02 0.0 21.9
cis-1,2-dichloroethene (DCE} 0.02 0.0 24.2
Vinyt Chioride (VC) 0.02 0.0 31.2
Carbon tetrachioride 0.00 0.0 19.2
Chioroform 0.00 0.0 19.9
1,1,1-Trichloroethane {TCA) 0.00 0.0 22.2
1,1-Dichlorochicroethane (DCA) 0.00 0.0 247
Hexavalent Chromium 0.00 0.0 17.3
User added, also add stoichiometric demand 0.00 0.0 0.0
Jser added, also add stoichiometric demand 0.00 0.0 0.0
Sorbed Phase Electron Donor Demand i
Soif bulk density 1.76|g/em® = | 110]
Fraction of organic carbon: foc 0.005|range: 0.0001 o 0.01
(Values are estimated using Soil Conc=foc*Koc*Cgw) Koc Contaminant Stoich. (wt/wt)
(Adjust Koc as nec. to provide realistic estimates) (L/kg) Conc (mg/kg) Mass (Ib) contam/H,
Tetrachloroethene (PCE) 263 0.03 0.1 20.7
Trichloroethene (TCE) 107 0.01 0.0 21.9
cis-1,2-dichloroethene (DCE) 80 0.01 0.0 24.2
Vinyl Chloride (VC) 2.5 0.00 0.0 31.2
Carbon tetrachloride 110 0.00 0.0 19.2
Chloroform 34 0.00 0.0 19.9
1,1,1-Trichloroethane (TCA) 183 0.00 0.0 22.2
1,1-Dichlorochloroethane (DCA) 183 0.00 0.0 24.7
User added, also add stoichiometric demand 0 0.00 0.0 0.0
User added, also add stoichiometric demand 0 0.00 0.0 0.0
Electron Acceptor Stoich. (wt/wt)

Competing Electron Acceptors Conc (mg/L) Mass (Ib) elec acceptor/H,
Oxygen 0.08 0 8.0
Nitrate 0.50 0 12.4
Est. Mn reduction demand {potential amt of Mn2+ formed) 0.17 0 27.5
Est. Fe reduction demand (potential amt of Fe2+ formed} 4.43 2 55.9
Estimated suifate reduction demand 30.00 15 12.0
Microbial Demand Factor 3}Recommend 1-4x
Safety Factor 2|Recommend 1-4x
Injection Point Spacing and Dose:

15.0] # points per row: | 3|




Injection spacing between rows (ft)

15.0

Advective travel time bet. rows (days)

1103

Minimum req. HRC dose per foot (Ib/ft)

Page 2 of 2

# of rows:

W

Total # of points:

Project Summary
Number of HRC delivery points {adjust as nec. for site)}

HRC Dose in Ib/foot (adjust as nec. for site}

4.0

<-Minumum Dose Ovaerride

Total Regenesis Material Cost

Corresponding amount of HRC per point (Ib) 52
Number of 30 Ib HRC Buckets per injection point 1.7
Total Number of 30 b Buckets 16
Total Amt of HRC (Ib) 480
HRC Cost $ 8.00
Total Material Cost $ 3,840
Shipping and Tax Estimates in US Dollars
Sales Tax rate: 0% 3 -
Total Matl. Cost $ 3,840
Shipping of HRC (call for amount) $ -

$ 3,840

2B MwW01 HRC.xls, 04/30/2004
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STANDARD OPERATING PROCEDURE

Low-Flow Groundwater Sampling from
Monitoring Wells

LowFlow

Purpose and Scope

This procedure presents general guidelines for the collection of groundwater
samples from monitoring wells. Low-flow purging and sampling procedures are
specifically addressed. Operations manuals should be consulted for specific
calibration and operating procedures.

Equipment and Materials

e o & & o & o

Flow-through cell with inlet/outlet ports for purged groundwater and
watertight ports for each probe

Meters to monitor pH, specific conductance, turbldlty, dissolved oxygen, Eh,
and temperature measurements (e.g., Horiba®U-22 or similar)
Water-level indicator

In-line disposable 0.45n filters (QED® FF8100 or equivalent)
Adjustable-rate, positive-displacement pump or peristaltic pump
Generator '

Disposable polyethylene tubing

Plastic sheeting

Well-construction information

Calibrated bucket or other container and watch with second indicator to
determine flow rate

Sample containers

Shipping supplies (labels, coolers, and ice)

Field book

Procedures and Guidelines

A.

Setup and Purging

1. For the well to be sampled, information is obtained on well location,
diameter(s), depth, and screened interval(s), and the method for
disposal of purged water.

2. Instruments are calibrated according to manufacturer's instructions.
3. The well number, site, date, and condition are recorded in the field
logbook.

QC and revision 3/15/00 6.3-1



10.

11.

LowFlow
QC and revision 3/15/00

Plastic sheeting is placed on the ground, and the well is unlocked and
opened. All decontaminated equipment to be used in sampling will be
placed only on the plastic sheeting until after the sampling has been
completed.

Water level measurements are collected in accordance with SOP Water
Level Measurements. Do not measure the depth to the bottom of the
well at this time; this reduces the possibility that any accumulated
sediment in the well will be disturbed. Obtain depth to bottom
information from well installation log.

Sampling equipment is cleaned and decontaminated before sampling
in accordance with SOP Decontamination of Personnel and Equipment.

Lay out polyethylene sheeting and place all equipment on the sheeting.
To avoid cross-contamination, do not let any downhole equipment
touch the ground surface.

Attach and secure the polyethylene tubing to the low-flow pump.
Lower the pump slowly into the well and set it at approximately the
middle of the screen. Place the pump intake at least 2 feet above the
bottom of the well to avoid mobilization of any sediment present in the
bottom. Preferably, the pump should be in the middle of the screen.
Start purging the well at 0.2 to 0.5 liters per minute. Avoid surging.
Purging rates for more transmissive formations could be started at 0.5
to 1 liter per minute.

The measurement probes are inserted into the flow-through cell. The
purged groundwater is directed through the cell, allowing
measurements to be collected before the water contacts the atmosphere.
The initial field parameters of pH, specific conductance, dissolved
oxygen, Eh, turbidity, and temperature of water are measured and
recorded in the field logbook.

The water level should be monitored during purging, and, ideally, the
purge rate should equal the well recharge rate so that there is little or
no drawdown in the well (i.e., less than 0.5 feet). The water level
should stabilize for the specific purge rate. There should be at least 1
foot of water over the pump intake so there is no risk of the pump
suction being broken, or entrainment of air in the sample. Record
adjustments in the purge rate and changes in depth to water in the
logbook. Purge rates should, if needed, be decreased to the minimum
capabilities of the pump (0.1 to 0.2 liters per minute) to avoid affecting
well drawdown.

During purging, the field parameters are measured frequently (every 3
to 5 minutes) until the parameters have stabilized. Field parameters are
considered stabilized when measurements meet the following criteria:

e pH: within 0.1 pH units

* Specific conductance: within 3 percent

6.3-2



e Dissolved oxygen: within 10 percent

e Turbidity: within 10 percent or as low as practicable given

sampling conditions

e FEh: within 10 mV

B. Sample Collection

Once purging has been completed, the well is ready to be sampled. The
elapsed time between completion of purging and collection of the
groundwater sample from the well should be minimized. Typically, the
sample is collected immediately after the well has been purged, but this is also
dependent on well recovery.

Samples will be placed in bottles that are appropriate to the respective analysis
and that have been cleaned to laboratory standards. Each bottle typically will
have been previously prepared with the appropriate preservative, if any.

The following information, at a minimum, will be recorded in the logbook:

L.

Sample identification (site name, location, and project number; sample
name/number and location; sample type and matrix; whether the sample
is filtered or not; time and date; sampler's identity)

Sample source and source description

Field observations and measurements (appearance, volatile screening, field
chemistry, sampling method), volume of water purged prior to sampling,
number of well volumes purged, and field parameter measurements

Sample disposition (preservatives added; laboratory sent to, date and time
sent; laboratory sample number, chain-of-custody number, sample bottle
lot number)

The steps to be followed for sample collection are as follows:

1.

LowFlow
QC and revision 3/15/00

The cap is removed from the sample bottle, and the bottle is tilted
slightly.

The sample is slowly discharged from the pump so that it runs down
the inside of the sample bottle with a minimum of splashing. The
pumping rate should be reduced to approximately 100 ml per minute
when sampling VOCs.

Samples may be field filtered before transfer to the sample bottle.
Filtration must occur in the field immediately upon collection.
Inorganics, including metals, are to be collected and preserved in the
filtered form as well as the unfiltered form. The recommended method
is through the use of a disposable in-line filtration module (0.45-micron
filter) using the pressure provided by the pumping device for its
operation.

6.3-3



Samples for analysis for volatile organic compounds should be
collected first, if such samples are required.

Adequate space is left in the bottle to allow for expansion, except for
VOC vials, which are filled to overflowing and capped.

The bottle is capped, then labeled clearly and carefully following the
procedures in SOP Packaging and Shipping Procedures.

Samples are placed in appropriate containers and, if necessary, packed
with ice in coolers as soon as practical.

C. Additional remarks

1.

If the well goes dry during purging, wait until it recovers sufficiently to
remove the required volumes to sample all parameters. It may be
necessary to return periodically to the well but a particular sample (e.g.,
large amber bottles for semivolatile analysis) should be filled at one
time rather than over the course of two or more visits to the well.

It may not be possible to prevent drawdown in the well if the water-
bearing unit has sufficiently low permeability. If the water level was in
the screen to start with, do not worry about it because there is no
stagnant water in the riser above the screen to begin with.

If the water level in the well is in the riser above the screen at the
beginning of purging, then be sure you pump out sufficient volume
from the well to remove the volume of water in the riser above the
screen. For a 2-inch diameter well, each foot of riser contains 0.163
gallons; for a 4-inch riser, each foot of riser contains 0.653 gallons; for a
6-inch riser, each foot of riser contains 1.47 gallons.

Alternatively, the water in the riser above the screen can be removed by
lowering the pump into the well until the pump intake is just below the
water level, starting the pump, running it at a low rate, and slowly
lowering the pump as the water level in the riser declines. This
approach can be terminated when the water level reaches the top of the
screen, at which time the stagnant water in the riser has been removed.
This may not be a practical approach for dedicated sampling
equipment. As with typical low-flow sampling, the flow rate should be
kept as low as practicable.

Nondedicated sampling equipment is removed from the well, cleaned,
and decontaminated in accordance with SOP Decontamination of
Personnel and Equipment. Disposable polyethylene tubing is disposed of
with PPE and other site trash.

IV. Attachments

None.

LowFlow
QC and revision 3/15/00
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V. Key Checks and Preventative Maintenance

Maintain field equipment in accordance with the manufacturer’s recommendations.
This will include, but is not limited to:

. Inspect sampling pump regularly and replace as warranted

. Inspect quick-connects regularly and replace as warranted

J Verify battery charge, calibration, and proper working order of field
measurement equipment prior to initial mobilization and daily during field
efforts -

Other key issues:

e Avoid stirring up sediment from the bottom of the well
e Maintain flow rate as low as practicable

e Impose as little drawdown as possible

LowFlow
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STANDARD OPERATING PROCEDURE

Groundwater Sampling from Monitoring Wells

I.  Purpose and Scope

This procedure presents general guidelines for the collection of groundwater
samples from monitoring wells. The procedure does not address purging and
sampling using “low-flow” techniques (see SOP Low-Flow Groundwater Sampling
from Monitoring Wells). Operations manuals should be consulted for specific
calibration and operating procedures.

IIl. Equipment and Materials

Probe box with inlet/outlet ports for purged groundwater and watertight ports
for each probe

pH meter: Orion® Model SA250 or equivalent

Temperature/conductivity meter: YSI° Model 33 or equivalent

Dissolved oxygen meter: YSI® Model 57 or equivalent

In-line disposable 0.45p filters: QED® FF8100 or equivalent

Bailer, teflon or stainless steel

Peristaltic pump, bladder pump, or submersible sampling pump with tubing,
support cables, and power supply (may not be required if well yield is low)

lll. Procedures and Guidelines

A.

MWSamp..doc

Setup and Purging

1.

QC and revision 1/30/97

For the well to be sampled, information is obtained on well location,
diameter(s), depth, and screened interval(s), and the method for
disposal of purged water.

A pump will be used for well purging if the well yield is adequate;
otherwise, a bailer may be used.

Instruments are calibrated according to manufacturer's instructions.

The well number, site, date, and condition are recorded in the field
logbook.

Plastic sheeting is placed on the ground, and the well is unlocked and
opened. All decontaminated equipment to be used in sampling will be

6.1-1



placed only on the plastic sheeting until after the sampling has been
completed.

6. Water level measurements are collected in accordance with SOP Water
Level Measurements, and the total depth of the well is measured.

7. The volume in gallons of water in the well casing or sections of
telescoping well casing is calculated as follows:

0.052 (n r'h) = 0.163 (r'h) = gallons
where: T =3.14

r = Radius of the well pipe in inches
h = height of water in well in feet

The volume of water in typical well caSingé may be calculated as
follows:

2-inch diameter well:
0.163 gal/ft x ____(linear feet of water ) = gallons

4-inch diameter well:
0.653 gal/ft x ____ (linear feet of water ) = gallons

6-inch diameter well:
1.469 gal/ftx ___ (linear feet of water ) = gallons

The initial field parameters of pH, specific conductance, and
temperature of water are measured and recorded in the field logbook.
The measurement probes are inserted into the probe box. The purged
groundwater is directed through the box, allowing measurements to be
collected before the water contacts the atmosphere.

8. Sampling equipment is cleaned and decontaminated prior to sampling
in accordance with SOP Decontamination of Personnel and Equipment.

9, If a bailer is being used, it is removed from either its protective
covering or the well casing and attached to a cord compatible with
constituents and long enough to reach the bottom of the well. If a
sampling pump is being used, the airline, discharge line, and support
cable or rope is attached to the pump. The support line should bear the
weight of the pump. If the well is purged using dedicated tubing, it is
lowered into the well to the top of the screened zone.

10. The sampling device is lowered to the well interval from which the
sample is to be collected. The pump intake will be placed above the top
of the screen, where possible. If a bailer is being used, it is allowed to
fill with a minimum of surface disturbance to prevent sample water
aeration. When the bailer is raised, the bailer cord must not touch the
ground.

During purging, the field parameters are measured at least once for

each well volume. In productive wells, the well purging end point is

MWSamp..doc
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determined using the field measurements. In nonproductive wells,
the well is repeatedly bailed dry to obtain a minimum of three well
volumes, then allowed to recover before sampling.

12. Three to five well volumes are purged (more may be purged if
parameters do not stabilize). Purging is stopped when field parameters
have stabilized over three consecutive well volumes. Field parameters
are considered stabilized when pH measurements agree within 0.5
units, temperature measurements agree within 1°C, and specific
conductance and dissolved oxygen measurements agree within 10
percent. '

B. Sample Collection

Once purging has been completed, the well is ready to be sampled. The
elapsed time between completion of purging and collection of the ground-
water sample from the well should be minimized. Typically, the sample is
collected immediately after the well has been purged, but this is also
dependent on well recovery.

Samples will be placed in bottles that are appropriate to the respective analysis
and that have been cleaned to laboratory standards. Each bottle typically will
have been previously prepared with the appropriate preservative, if any.

The following information, at a minimum, will be recorded in the log book:

1. Sample identification (site name, location, and project number; sample
name/number and location; sample type and matrix; time and date;
sampler's identity)

2. Sample source and source description

3. Field observations and measurements (appearance, volatile screening, field
chemistry, sampling method), volume of water purged prior to sampling,
number of well volumes purged, and field parameter measurements

4. Sample disposition (preservatives added; laboratory sent to, date and time
sent; laboratory sample number, chain-of-custody number, sample bottle
lot number)

5. Additional remarks

The steps to be followed for sample collection are as follows:

1. All VOC samples will be collected first.

2. The cap is removed from the sample bottle, and the bottle is tilted
slightly.

3. The sample is slowly poured from the bailer or discharged from the

pump so that it runs down the inside of the sample bottle with a
minimum of splashing. The pumping rate should be reduced to
approximately 100 ml per minute when sampling VOCs. Samples may

MWSamp..doc
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be field filtered before transfer to the sample bottle. Filtration must
occur in the field immediately upon collection. Inorganics, including
metals, are to be collected and preserved in the filtered form as well as
the unfiltered form. The recommended method is through the use of a
disposable in-line filtration module (0.45 micron filter) using the
pressure provided by the pumping device for its operation. When a
bailer is used, filtration may be driven by a peristaltic pump.

4. VOC samples from wells purged using dedicated tubing and a sampling
pump will be collected using a bailer

5. Adequate space is left in the bottle to allow for ékpansion, except for
VOC vials, which are filled to overflowing and capped.

6.  The bottle is capped, then labeled clearly and carefully.

7. Samples are placed in appropriate containers and, if necessary, packed
with ice in coolers as soon as practical.

8. If the sampler is dedicated, it is returned to the well and the well is
capped and locked. Nondedicated samplers are cleaned and
decontaminated in accordance with SOP Decontamination of Personnel
and Equipment. '

IV. Attachments

None.

V. Key Checks and Preventative Maintenance

- Maintain field equipment in accordance with the manufacturer’s recommendations.
This will include, but is not limited to:

J Inspect sampling pump regularly and replace as warranted

. Bring supplies for replacing the bladder if using a positive-displacement
bladder pump '

. Inspect tubing rggularly and replace as warranted

° Inspect air/ samlzﬂe line quick-connects regularly and replace as warranted

. Verify battery charge, calibration, and proper working order of field
measurement equipment prior to initial mobilization and daily during field
efforts

MWSamp..doc
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