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1 Introduction

This Site Investigation (SI) Report presents the results of a field investigation completed
during February, 2002 as well as previous data collected for Site 18 at Naval Station Norfolk
(NSN), Norfolk, Virginia. The 2002 field investigation is described in the Site 18 Additional
Investigation Work Plan (CH2M HILL, September 2001) submitted to Naval Facilities
Engineering Command (NAVFACENGCOM) LANTDIV as part of Navy Contract N62470-
95-D-6007, Navy Comprehensive Long-Term Environmental Action Navy (CLEAN),
District ITI, Contract Task Order - 0131. The general background and physical setting of
NSN is described in Sections 3 and 4 of the Master Project Plan (CH2M HILL, October
1997).

The location of Site 18 relative to the base is presented in Figure 1-1. The site background
and a summary of previous investigations are presented in Section 1 of this report. Section 2
documents field investigation activities including sampling methodology and sample
locations. A summary of the field investigation results including a subsurface
characterization, description of site hydrogeology, a comparison to screening levels, and
data validation results are provided in Section 3. Section 4 provides conclusions and
recommendations.

1.1 Site Background

In 1981, the Department of the Navy initiated the Navy Assessment and Control of
Installation Pollutants (NACIP) Program. The NACIP Program utilized a three-phase
approach to a site study and cleanup. The program encompassed an Initial Assessment
Study (IAS) to identify and assess sites posing a potential threat to human health or the
environment due to contamination from past hazardous materials operations
(Environmental Science and Engineering, February 1983). Site 18 was one area of concern
identified during this study.

Site 18, the Naval Magazine (NM) storage area, was used 1975-1979 to store drums of
hazardous waste, consisting of waste oil, metal plating solutions and sludges, chlorinated
organic acids (including trichloroethene and 1,1,1 trichloroethane), and paint stripping
solutions. The storage area was an open, unpaved yard east of the metal storage buildings
in the NM area. Spillage of waste oil and hazardous wastes occurred in this area. As a result
of a July 1979 spill, a pit was excavated and an existing drainage ditch was widened and
lengthened to channel the waste oil and contaminated runoff into the unlined pit. Oil and
contaminated water were periodically pumped from the pit and transported to a
wastewater treatment plant. Soil in the area of the spill was sampled and found to be
contaminated primarily with chromium and cadmium. Based upon USEPA EP toxicity
testing, the contaminated soil was classified as non-hazardous. A landfill permit was
obtained in October 1980 for the one-time disposal of the contaminated soil. Subsequent to
disposal, the site was regraded and seeded to establish a vegetative cover.
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1 — INTRODUCTION

1.2 Regulatory History

The permit required continuous monitoring of the shallow groundwater and surface water
to determine if contaminant transport was occurring (Environmental Science and
Engineering, Inc., February 1983). The monitoring program was conducted over a period of
55 months. In October 1985, the State Water Control Board agreed to discontinue the
monitoring on the basis that no significant contamination was observed.

In 1995, a RCRA inspection was conducted and concluded that no signs of adverse impacts
or threats to human health or the environment were observed’ therefore, the site was no
longer subject to RCRA inspections. In addition, two surface soil samples were collected
during the 1995 Phase I RRR Study (Baker Environmental, Inc., January 1996). One the basis
of the Phase I RRR Study, Site 18 was determined as a NFA site.

In the fall of 2000, the NSN Partnering Team decided to re-evaluate Site 18 because the
previous NFA determination was based upon a comparison to the industrial soil RBCs. The
site was reassessed in comparison with the residential soil RBCs and the Team
recommended additional investigation during the summer of 2001.

1.3 Summary of Previous Investigations
1.3.1 Landfill Monitoring

Monthly monitoring of the standing water from the pit and the nearby creek was conducted
from February.1980 to April 1982. The analysis of the pit surface water and the creek
samples indicated low levels of cadmium, chromium, cyanide, and phenol contamination
(Environmental Science and Engineering, Inc., February 1983).

1.3.2 1996 Phase | RRR Study

During the 1996 Phase I Relative Risk Ranking (RRR) Study, two surface soil samples were
collected and analyzed for Volatile Organic Compounds (VOCs), Semi-volatile Organic
Compounds (SVOCs), Metals and Cyanide, and Pesticides/Polychlorinated Biphenyls
(PCBs) (Baker Environmental, Inc., January 1996). The soil analytical results show that the
concentrations of arsenic and benzo(a)pyrene were in exceedance of the USEPA Residential
Soil Risk-Based Concentrations (RBCs). However, the benzo(a)pyrene detect did not exceed
the background levels established in the Soil Background Report (CH2M HILL, September
2000). Arsenic was detected in one location at a level that exceeded the background levels.
The sampling locations and comparison criteria exceedances are shown on Figure 1-2.

1.3.3 2001 Supplemental Investigation

CH2M HILL conducted a Supplemental Investigation at Site 18 in 2001, as documented in
the Site Investigation Report for Sites 10, 16, and 18 (CH2M HILL, September 2001). The
purpose of this investigation was to evaluate potential impacts of the site on groundwater.
Three monitoring wells were installed within the estimated boundary of the site and
sampled for VOCs, SVOCs, Total Metals and Cyanide, Dissolved Metals, and Pesticides/
PCBs. The results were compared to the USEPA Tapwater RBCs and EPA Region III
drinking water Maximum Contaminant Levels (MCLs). The sampling locations and

12 WDC023240012.0FB




1 — INTRODUCTION

exceedances are shown on Figure 1-2. The groundwater analytical results from Site 18
showed that there were exceedances of the following volatile organic compounds: cis-1,2-

dichloroethene, trichloroethene, vinyl chloride, and 1,4-dichlorobenzene. In addition, there
were metals exceedances of arsenic, iron, and thallium.

WDC023240012.JFB 13
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2 Field Investigation Activities

This section summarizes the field investigation activities including sample locations and
sampling methods used to complete the February 2002 investigation for Site 18 as described
in the Work Plan (CH2M HILL, September 2001). Refer to the Work Plan for a complete
description of specific sampling techniques/protocols and analytical methods.

2.1 Sampling Methodology

The goal of the sampling efforts described in the Work Plan was to further characterize the

nature and extent of the groundwater contamination detected in the previous investigations
at Site 18.

CH2M HILL coordinated subsurface utility clearances with the Miss Utility group and the
Public Works Center (PWC) at NSN prior to the start of subsurface investigation activities
at the site. CH2M HILL also procured subcontractors at NSN for the following tasks:

(1) hollow stem auger drilling, (2) analytical laboratory work, (3) data validation services,
and (4) investigation derived waste (IDW) disposal.

Investigation derived waste (IDW) including purge water, development water, soil cuttings,
and equipment decontamination water generated during the drilling and sampling
activities was containerized in 55-gallon drums. The 55-gallon drums were properly labeled
and stored at a location designated by NSN and subsequently disposed of following state
and federal waste disposal guidelines.

Each sampling location was horizontally located using a global positioning system (GPS)
following field activities. In addition, the well casing elevations were surveyed at each of
the monitoring wells. All survey data were incorporated into the NSN GIS Data
Management system.

2.2 Sample Locations

The 2002 investigation at Site 18 involved the installation of four monitoring wells and
subsequent collection of groundwater samples. One well (MW04S) was installed upgradient
and two wells (MW06S and MW07S) were installed downgradient of the site. An additional
well was installed in the interior of the site (MWO055) to further evaluate the upgradient
extent of the VOCs previously detected in well MWO03S. The monitoring well locations
(Figure 2-1) were selected based on a review of the existing analytical data.

The monitoring wells were installed at depths ranging from 12.5 to 15 feet below ground
surface (bgs) based upon the depth to first encountered water. The wells were constructed
of 2-inch diameter polyvinyl chloride (PVC) well casings with 10-foot well screens, and
installed using a hollow stem auger (HSA) drill rig with 4%4-inch-inner- diameter auger
stems. The well completion details are provided in Appendix A and the borelogs are

WDC023240012.JFB 2.1




2 — FIELD INVESTIGATION ACTIVITIES

provided in Appendix B. The applicable Standard Operating Procedures (SOPs) for well
installation and

collection of groundwater samples are provided in Volume 2 of the Master Project Plan
(CH2M HILL, October 1997).

Following well installation and development, groundwater samples were collected from the
seven monitoring wells (four new and three pre-existing) and analyzed for TCL VOCs and
TAL Metals (total and dissolved).

22 WDC023240012.JFB
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3 Summary of Investigation Results

This section summarizes the results of the additional field investigation completed at Site 18
as described in the Work Plan (CH2M HILL, September 2001). Additionally, the summary
includes the subsurface characterization, followed by a description of the site hydrogeology,
and a comparison of the analytical groundwater data to the screening levels.

3.1 Subsurface Characterization

This section describes the soil conditions encountered at Site 18. The borelogs are provided
in Appendix B.

The subsurface soil at Site 18 is generally characterized by fine to medium grained sands
with minor amounts of silt. A fill layer consisting of sand with some debris (wood, glass,
and coal fragments) was observed at the surface in the central and western portions of the
site during the installation of wells MW01S, MWO02S, and MWO03S. This fill layer ranges
from 1 to 3 feet in thickness and is underlain by what appears to be native soil. No
significant amounts of fill material were observed at the eastern edge of the site proximal to
well MWO05S or in the upgradient and downgradient monitoring well locations (MW04S,
MW06S, MW07S).

3.2 Hydrogeology

Groundwater at the site occurs at a depth of 5.66 to 2.88 feet bgs. As shown in Figure 3-1,
the groundwater flow across the site trends in a northeasterly direction towards the creek
located at the northern boundary of the site. In addition, the wells installed downgradient
of the site (on the northeast side of the creek) show that groundwater flow in this area is
also to the northeast, away from the creek.

3.3 Comparison to Screening Levels

3.3.1 Comparison of the Data to Human Health Risk Criteria

To provide a qualitative assessment of the human health risks, the constituents detected in
the groundwater samples from the additional field investigation were compared to MCLs,
and USEPA RBCs for tap water. Constituents detected in the 1996 surface soil samples are
compared to the USEPA Residential Soil RBCs.

Groundwater

As discussed in Section 2, four monitoring wells were installed; one upgradient of the site
(MW04S), two downgradient (MW06S and MW07S), and one upgradient of the area of
highest concentrations of VOCs (MWO05S). Following installation and development, the new
and pre-existing monitoring wells were sampled for VOCs, Total Metals, and Dissolved
Metals. The groundwater analytical results are provided in Appendix C, Table C-1. In

WDC023240012.JFB ’ 31




3—SUMMARY OF INVESTIGATION RESULTS

addition, the QA /QC results for groundwater analyses are provided in Appendix C,
Table C-2.

The groundwater exceedances for the 2002 (Round 02) data are listed in Table 3-1 and
presented on Figure 3-2. The 2002 analytical results are summarized below:

e The groundwater analytical results for VOCs indicate that there were MCL and RBC
exceedances of cis-1,2-dichloroethene and vinyl chloride as well as a RBC exceedance of
trichloroethene at well MW03S. However, no other VOC exceedances were observed in
this round of data. In addition, these constituents were not detected in the down-
gradient wells, indicating that the extent of the VOCs is limited to the close proximity of
MWO03S.

¢ The metals analytical results showed that exceedances of the MCLs and RBCs for the
total and dissolved concentrations of arsenic and thallium were observed in the
monitoring wells (MWO01S, MW02S, MWO03S) located within the site interior. The data
from interior well MWO055 only showed a MCL and RBC exceedance for dissolved
thallium, with no detection of total thallium. In addition, interior wells MWO01S and
MWO02S showed iron concentrations (total and dissolved) in exceedance of the RBCs.

» Downgradient well MW06S demonstrated a MCL exceedance for total antimony as well
as MCL and RBC exceedances for thallium (total and dissolved). However, there were
no exceedances observed in downgradient well MW(7S.

e The metals analytical results for the upgradient monitoring well (MW04S) demonstrated
MCL and RBC exceedances of dissolved arsenic, antimony, and thallium. The presence
of these constituents in the upgradient well indicates that they are not likely to be site
related and may be attributable to background conditions.

Surface Soil

The soil screening values and analytical results for the two surface soil samples collected in
1996 are provided in Table 3-2 and shown in Figure 1-2. The soil analytical results show the
concentrations of arsenic and benzo(a)pyrene were in exceedance of the RBCs. However,
only the arsenic concentration at one location exceeded the soil background levels
established for the facility (CH2M HILL, September 2000).

3.3.2 Comparison of the Data to Ecological Risk Criteria

As a further evaluation of the site, the surface soil and both rounds of groundwater data
were screened to qualitatively evaluate potential risks to ecological receptors. The ecological
screening values used were based on USEPA Region III Biological Technical Assistance
Group (BTAG) screening values (USEPA, August 1995) and additional screening values
available in the literature.

Groundwater

As shown in Table 3-3, the undiluted groundwater concentrations were compared with
surface water screening values. No detected organic chemical exceeded the screening values
(two detected organics lacked screening values). However, the concentrations of aluminum,
cadmium, iron, lead, manganese, and selenium exceeded screening values in at least one

32 WDC023240012.JFB



3— SUMMARY OF INVESTIGATION RESULTS

total or dissolved sample. In addition, the maximum dissolved concentrations of aluminum,
lead, and selenium were found in the upgradient well. The one exceedance for cadmium
(total sample) was of low magnitude (HQ of 1.17) and cadmium did not exceed the
screening criteria in dissolved samples. Iron and manganese exceeded screening values in
wells MWO01S (both rounds), MW02S (both rounds), and MWO3S (round 1 only) for both
dissolved and total samples. Manganese also exceeded screening values for both dissolved
and total samples in the upgradient well, although the magnitude of these exceedances
were lower than for on-site wells.

Surface Soil

The soil screening values and analytical results for the two surface soil samples collected in
1996 are provided in Table 3-4. The metals soil screening values were exceeded for
aluminum, chromium, iron, mercury, and vanadium. However, of these metals, only

- mercury exceeded the background levels established for the facility (CH2M HILL,
September 2000).

The results of the organic chemical screening showed that the following PAHSs exceeded
their individual screening values: benzo(a)anthracene, benzo(a)pyrene,

“benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, fluoranthene,
indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene. However, of these compounds, only
benzo(b)fluoranthene exceeded the background levels (CH2M HILL, September 2000). In
addition, while a number of individual PAHs exceeded in sample NB0751, the total PAH
concentration did not exceed the screening value.

3.3.3 Comparison of the 2001 and 2002 Groundwater Data

This section provides a comparison of the 2001 (Round 01) and 2002 (Round 02) data
collected from monitoring wells MWO01S, MWO02S, and MWO03S. The groundwater
exceedances for both rounds of data are listed in Table 3-1 and presented on Figure 3-2.

The analytical data indicate that the concentrations of organic compounds in the
groundwater were significantly lower in the 2002 data. Specifically, the concentrations of
trichloroethene, vinyl chloride, and cis-1,2-dichloroethene at MW03S decreased. Further,
the concentration of trichloroethene dropped below the MCL in 2002. In addition, the 1,4~
dichlorobenzene level at MWO02S exceeded the RBCs in the 2001 data but was not detected
in 2002.

The metals analytical data shows the concentrations of arsenic were lower (with the
exception of total arsenic at MWO03S) in the 2002 data. In addition, the iron and manganese
levels remained consistent between the rounds. However, the thallium concentrations
tended to increase at wells MW01S and MW02S.
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Table 3-1

Groundwater Exceedances of the MCLs, and RBCs

Site 18

Naval Station Norfolk

Ismion 1D RBC-Tap MOL- NBS18-MWO01S NBS18-MW02S NBS18-MW03S NBS18-MWO04S NBS18-MW05S8 NBS18-MW06S NBS18-MWQ7S
!Sample iD ) d @ NBS18-MWO015-R01 | NBS18-MWO1S-R02 | NBS18-MWO02S-P-R01 | NBS18-MWO02S-R01 | NBS18-MWO2S-P-R02 | NBS18-MWO02S-R02 | NBS18-MWO3S-RO1 | NBS18-MWO3S-R02 | NBS18-MWO04S-R02 | NBS18-MWOSS-R02 | NBS18-MWO6S-R02 | NBS18-MW075-R02
ﬂSample Date 06/08/01 02/26/02 06/08/01 06/08/01 02/26/02 02/26/02 06/08/01 02/26/02 02/26/02 02/26/02 02/27/02 02/27/02
Chemical Name

Volatile Organic Compounds (UGAL)

1,4-Di 0.47 75 10U 10U 10U 10U v 33U 20 U 10U 10U 10 U 1ou
Trichloroethene 0.026] 5§ nou U 1ou 10U 10U 10U 10U U 1oy oy
[Vinyl chioride 0.015 24 10U ou iou tou 10U 100 ou 10U 10U Hou
fcis-1,2-Dichl i 61 70] 10U 00U 10U ouU 0y 0y 10U 10U ou 10U
rotal Metats (UGR)

Antimony 15] 43U

Arsenic 0.045] 258

ron 11,000 574

[Thallium 2.6 79U

iDissolved Metals (UG/L}

Antimony 15 29U 430V 344 29 43U 43U 29U 43U 43U 43U 43U
Arsenic 0.045] 1 y 218 18U 18U 18U

ron 11,000 3,600 357 447 245 Y 2768 1138
fThallivm 2.6} 2| 55U 55U 55U 7.9 U 79 U 55 U 79U 79U
Notes:

U - Not D d. The d number i appi sample y to be d d. Each ing has been assigned a ref number listed in parantheses in the column header. The reference number is used to identify

B - Not detected substantially above the level reported in faboratory or field blanks - Possible blank contamination.

J - Analyte Present. Reported value may not be accurate or precise.

L - Analyte Present. Reported value may be biased high. Actual value is expected to be lower.

R - Unreiiable result.
NA - Not Analyzed.

specific criteria exceeded in a particutar sample.

AAD T 2 oA



Table 3-2
Surface Soil Exceedances of Residential Soil RBCs

Site 18
Naval Station Norfolk
[ Chemical Soil Residential RBC Background NB07S1 NB07S2
|holatiles {ug/kg)
| Acetone 7.8x10° NA
[| 2-Butanone NA NA
[l Semivolatiles (ug/kg)
| Anthracene 2.3x107 491
Il Benzo(a)anthracene 870 490
it Benzo(a)pyrene 87 490
il Benzo(b)flouranthene 870 NA
it Benzo(g,h,i)perylene NA NA
Benzo(k)fluoranthene 87x10° NA
Chrysene 87x10" 621
I Fluoranthene 3.4x10° 950
{f Indeno(1,2,3-cd)pyrene 870 401
|FPhenanthrene NA 660
I Pyrene NA 830
Pesticide/PCBs (ug/kg) it
4,4-DDE NA 4 67 35U |
4,4-DDT NA 4 47 3.9 4‘
Metals (mg/kg) ]
Aluminum 7.8x10* 14,213 2520 2480
it Arsenic 0.43 17.1 1.2
Cadmium . NA 0.2 0.75 053 U
t Calcium NA 25,771 37400 530
Chromium 230 23 6.7 2.8
It Copper NA 53 8.6 27U
| Iron 47x10* 24,680 5400 1980
| Lead NA 125 40.4 6.1
ft Magnesium NA 7,970 567 530 U
Il Manganese 16x10° 157 66.9 15,2
ft Mercury NA 0.1 0.56 0.16 |l
| Nickel 16%10° 19 5.2 42U |
I Vanadium 550 68 8.9 53Ul
L zinc 23x10° o7 39.5 72|

NA - Not applicable.
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Table 3-3

Groundwater Exceedances of Ecological Screening Criteria

Site 18
[Istation ID Screeing NBS18-MWO1S NBS18-MW02S NBS18-MWO03S NBS18-MW04S NBS18-MW05S NBS18-MW0BS NBS18-MWO07S
{lSample ID Value || NBS18-MWO1S-ROT | NBS18-MWO1S-R02 | NBST B MWO2S-P-ROT | NBS18-MW02S-R01 | NBS18-MW02S-P-R02 | NBS18-MW02S-R02 | NBS18-MWO03S-ROT | NBST8-MWO3S-R02 | NBS18-MWO04S-R02 | NBS18-MW05S-R02 | NBS18-MWO06S-R02 | NBS18-MW07S-R02
[Sampie Date - 06/08/01 02/26/02 06/08/01 06/08/01 02/26/02 02/26/02 06/08/01 02/26/02 02/26/02 - 02/26/02 02/27/02 02/27/02
liinorganics {(UGL)
TIAluminum 87.01 669U 268 B 113 B 1128 1148 139 B 132 B 348 B 163 B
{Antimony 300 290U 430U 290 U 290 U 430U 430U 290U 480 J 430U 230U 8.10J 430U
HArsenic 150 54.1 364 267 243 164 174 6.00 J 20.4 250 B 1.80 U 180U 2508
[Barium 1,0004 977 7294 #.0J 384J 39.7J 398 4 313 294 J 7124 395 J 629 J 796 J
RCadmium 231 026 U 034U 026 U 026U 034U 034y 045 B 0.85 J 034U 0.34 J 034U
liCalcium - 0 78,000 71,500 46,700 44,100 49,500 50,100 72,000 57,900 45,000 79,400 16,100 5,580
[iChromium 14 065 U 130U 072 B 065U 130U 130U 0.65 U 4304 130U 130U 1804 130U
{iCobalt 23.08 0618 140 J 0.58 U 0878 087U 087 U 2008 1.80 J 134 J 087U 2104 4204
liCopper 8.70] 120U 1.20 UL 120U 120U 1.20 UL 1.20 UL 120U 130 L 1.20 UL 120 UL 1.20 UL 1.20 UL
{iCyanide 5.2 100U NA 160 J 100U NA NA 1.60 J NA NA NA NA NA
firon 1, 574 271 B 141 B 141 B
litead 287 1.60 UJ 150 U 1.60 UJ 1.60 UJ 150 U 150U 1.60 UJ 150 U 250 J 150 U 150U 150U
{Magnesium - 7,100 6,790 6,910 6,490 7,680 7,690 12,700 10,600 5,720 4950 J 2980 J 3,760 J
liManganese 12 : : 114 ] 9.10J 497 108
iMercury 091 0.10 UL 0.23 0.10 UL 0.10 UL 010U 0.10 U 0.10 UL 012 J 0.10 U 0.10 U 010U 010U
iNickel 48. 130 U 2.60 J 2008 130U 130U 1704 4008 2704 1474 140 J 2004 2604
Potassium - 7,130 5,030 5,160 4,840 J 4,620 J 4,620 J 2,140 J 1,740 B 39104 2,100 B 21108 24304
ISelenium 5.000 450 UL 370U 450 UL 450 UL 370U 370U 450 UL 370U 370U 376U
[Sodium - 23,200 19,600 6,590 6,300 5870 5870 8,780 8,260 57,700 6,250 4,450 J 45404
IThallium 40.0] 550 U 960 J 550 U 550 U 780U 109 550 J 790U 7.90 U 790U 8.30 J 790U
lVanadium 10,000} 088U 210 088U 088 U 100U 1.00U 088 U 350 J 1.00 U 100U 1204 1.00U
Ipissolved Metals (UGIL)
[iAluminum 87.01 669 U 131 B 669 U 670 B 489B 4768 669 U 596 B 3368 146 B
HAntimony 30.04 290U 430U 3404 2904 430U 430U 290U 430U 6.00J 430U 430U
llArsenic 150 50.9 33.0 28.0 230 172 160 6.90J 2108 240 - 180U 1.80 U
HBarium 1,000 970 7304 4734 3984 407J 3824 3104 2454 7294 3584 54.8 J
licadmium 2.1 0.26 U 034 U 0.26 U 026 U 034 U 034 U 0288 160 J 093 J 034U 0354
IiCalcium - 76,800 82,200 54,600 45,900 51,600 48,200 71,900 55,400 44,700 74,400 6,640
HChromium 11.04 0.65 U 130U 065U 065U 130U 130U 065U 130U 1704 130U 130U 130U
HiCobalt . 23 1108 0.87 U 0928 1208 087 U 087U 200U 0884 1394 220J 160 J 3704
Hiron 1, 357 47 245U 2768 113B
lLead 23 1.60 U 150 U 1.60 UJ 1.60 UJ 150 U - 150U 1.60 UJ 150 U 150U 150 U 150U
liMagnesium - 6,990 7,090 8,020 6,780 7,970 7,480 12,600 10,100 5,830 4630 J 3,030 3,780 J
IIManganese 12 : 109 770 520 109
Mercury 0.77 0.10 UL 0.15 J 0.10 UL 0.10 UL 0.10 U 0.10U 0.0 UL 010U 010U 010U 0.10U 010U
[iNickel 48.6) 130U 1304 130U 150 B 2004 130U 2508 250 J 1534 130U 150 J 230J
HPotassium - | 7,020 5,360 6,010 5,080 4,790 J 4490 J 2120 J 1,490 B 4,020 J 2150 B 2210 J 26104
iSelenium 4,60} 450 UL 370y 450 UL 450 UL 370U 370U 450 UL 370U 370U 370U
IISodium - I 22,900 20,500 7,680 6,290 5,950 5,570 8570 7,850 58,100 5910 4530 J 5,040
HThalium 40.04 5.50 U 10.4 550 U 550 U 790U 790U 550 U 790U 9.30 J 9904 9.90 J 790U
iVanadium 10,000 0.88 U 120 J 0.88 U 0.88 U 1.00 U 100U 0.88 U 100U 100U 100U 100U 1.00 U
Zinc 1 4108 7808 4008 760 B 500 B 450 B 2078 1328 340 463 8908 1148
Pesticide/Polychiorinated Biphenyls (UG/L)
IINo Detections
lisemivolatile Organic Compounds (UG/L)
HAcenaphthene 520f] 1004 NA 100U 10.0U NA NA 100 U NA NA NA NA NA
liCaprotactam - 0 100U NA 1.00J 100U NA NA 100U NA NA NA NA NA
{iNaphthalene 100} 1.00 J NA 100U 100U NA NA 100U NA NA NA NA NA
Volatile Organic Compounds (UG/L) )
1,1,2-Trichloro-1,2 2-trifluoroethane(Freon-113) -~ 100 U 100 U 100U 100U 100U 100U 2104 30.0 100U 100U 100U 100U
1,1-Dichloroethane 1, 100U 100U 100U 100U 100U 100U 4704 4704 100 U 100 U 10.0U 100U
1 4-Dichlorobenzene 769 100U 100 U 100U 1104 100U 100U 330U 200U 100U 100U 100U 100U
Dichiorodifluoromethane{Freon-12) 1,100) 100U 100U 100U 100U 100U 100U 3904 200 U 100 U 100U 100U 100U
[iTrichloroethene 21,900}t 100 U 100U 100U 100U 100U 100 U 9.80 J 490 J 100 U 100 U 100U 100U
IVinyl chloride 1,160]] 10.0 U 100U 100U 100U 100U 100U 130 68.0 100U 100U 100U 100U
Jlcis-1,2-Dichloroethene 1,160 100 U 10.0 U 100U 100U 100U 100U 450 340 10.0 U 10.0 U 10.0 U 100 U

WDC023240012.JFB
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Table 3-4
Surface Soil Exceedances of Ecological Screening Criteria
Site 18
Naval Station Norfolk

Chemical Soil Screening Value Background NB07S81 NB0782
Volatiles {ug/kg)
Acetone NA NA 11 U 74
2-Butanone NA NA 11U 16
Semivolatiles (ug/kg) “
Anthracene 100 491 52J 350 U
Benzo{a)anthracene 100 490 ’ 350 U
Benzo(a)pyrene 100 490 - 350 U
Benzo(b)flouranthene 100 NA 6 350 U
Benzo(g,hi)perylene 100 NA | 350 U
Benzo(K)fluoranthene - 100 NA 350 U
Chrysene 100 621 v ' 350 U
Fluoranthene 100 950 - 350U
Indeno(1,2,3-cd)pyrene 100 401 = ] 350 U
Phenanthrene 100 . 660 ) 350 U
Pyrene 100 830 T 350 U
PAH, total 4100 NA 3432 1925 U
Pesticide/PCBs (ug/kg) .
4,4-DDE 100 4 67 35U
4,4-DDT 100 4 47 3.9
Metals (mg/kg)
Aluminum 50 14,213
Arsenic 60 RIA .
Cadmium 40 0.2 0.75 053 U |i
Calcium NA 25,771 37400 530
Chromium 0.4 23
Copper 50 53 8.6 27U

| lon 200 24,680 :
Lead 50 125 40.4 6.1
Magnesium NA 7,970 567 530 U |f
Manganese 500 157
Mercury 0.1 0.1
Nickel 30 19
Vanadium 2.0 68
Zinc 50 97
Notes:

U - Not Detected. The associated number indicates app

ecessary to be detected.

J - Analyte Present. Reported value may not be accurate or precise.

NA - Not applicable.
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Figure 3-1
LEGEND A Site 18 - Ground Water Contour Map

S Momtonng Well N Naval Station Norfolk
[ Site Boundary 0 50 100 Feet Norfolk, Virginia
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Criteria

NBS18-MWO03S Results in ug/L
. Exceedod v NBS18-MWO07S
RO1  RO2 - 2
Trichloroethene MCL/RBC-Tap 98J 49J
Vinyl Chioride MCL/RBC-Tap 130 68
cis-1,2-Dichloroethene MCL/RBC-Tap 450 340
Total Arsenic MCL/RBC-Tap 6J 20.4 2 > Criteria T
Total Thallium MCL/RBC-Tap 55 ND [ H Results in —‘
Dissolved Arsenic RBC-Tap 69J ND RESIEMY08S Exceeded u£
RO1 R0O2
Total Antimony MCL NA  8.1J
Total Thallium MCL/RBC-Tap NA  8.3J ‘
Dissolved Thallium MCL/RBC-Tap NA 9.9J
Criteria §
NBS18-N!W.O2S e Resl{lts in ug/L o
] RO1  RO2
1,4-Dichlorobenzene RBC-Tap 1.1 ND
[ ™~ Total Arsenic MCLURBC-Tap  26.7 174
Total lron RBC-Tap 40200 45500
Total Thallium MCL/RBC-Tap ND 10.9
Dissolved Arsenic MCL/RBC-Tap 28 17.2
Dissolved Iron RBC-Tap 47000 47200
—
- Criteria 5
\‘—\“\_ﬁ_ NBS18-MWO05S Exbasdan Results in ug/L

RO1 RO2
Dissolved Thallium MCL/RBC-Tap NA 9.9J

‘NBS1B-MWOTS el Results in ugiL ]
RO1  RO2 ‘
| Total Arsenic MCURBC-Tap 541 364 ‘
‘ Total Iron RBC-Tap 55100 55500
Total Thallium MCL/RBC-Tap ND  96J
| Dissolved Arsenic MCL/RBC-Tap 509 33
Dissolved Iron RBC-Tap 54400 57900
L Dissolved Thallium MCL/RBC-Tap ND 104 ‘
basw-r«woas S e
RO1 ROZ
Dissolved Antimony MCL/RBC-Tap NA 6J
| DissovedArsenic  MCLRBC-Tap NA 24
|jssolved Thallium MCL/RBC-Tap NA 9.3J
LEGEND Figure 3-2
& Monitoring Wells Site 18
A/ Roads . . g
A/ Water Features N Groundwater Sampling Locations and Exceedances
3 site Boundary Naval Station Norfolk
RO1 = 2001 0 50 100 Feet Norfolk, Virginia
R02 = 2002 BRI
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4 Conclusions and Recommendations

The goal of the 2002 investigation was to further characterize the extent of groundwater
contamination detected during previous investigations at Site 18, Naval Station Norfolk.

A comparison of the groundwater analytical results from the 2002 investigation to the
MCLs and RBCs was conducted to provide a qualitative assessment of human health risks.
The results show that there were exceedances of cis-1,2-dichloroethene, trichloroethene, and
vinyl chloride at MW03S. However, no other VOC exceedances were observed during the
2002 event. In addition, these constituents were not detected in the downgradient wells,
indicating that the extent of the VOCs is limited to the close proximity of MW03S.

The 2002 metals analytical results for groundwater showed exceedances for the total and
dissolved concentrations of arsenic, iron, and thallium in the monitoring wells within the
site interior (MWO01S, MW02S, MWO03S). However, the data from interior well MWO055 only
showed an exceedance for dissolved thallium. The upgradient monitoring well (MW04S)
demonstrated exceedances of the dissolved concentrations of arsenic, antimony, and
thallium. The presence of these constituents in the upgradient well indicates that they are
not likely to be site related and may be attributable to background conditions.
Downgradient well MW065 demonstrated exceedances for total antimony, and thallium
(total and dissolved). There were no exceedances in downgradient well MW07S.

A comparison of the surface soil analytical results to the residential soil RBCs showed that
there were exceedances of arsenic and benzo(a)pyrene. However, only the arsenic concen-
tration at one location exceeded the soil background levels established for the facility.

As a further evaluation of the site, the surface soil and both rounds of groundwater data
were screened against USEPA Region III BTAG screening values (and additional screening
values available in the literature) to qualitatively evaluate potential risks to ecological
receptors. Soil screening values were exceeded for aluminum, chromium, iron, mercury,
vanadium, and a number of PAHs. However, of these metals, only mercury exceeded the
background levels established for the facility. The results of the surface soil organic
chemical screening showed that a number of PAHs exceeded their individual screening
values, however, only benzo(b)fluoranthene exceeded the background soil levels. In
addition, the total concentration of PAHSs did not exceed the screening value. The undiluted
groundwater concentrations were compared with surface water screening values. No
detected organic chemical exceeded screening values. However, aluminum, cadmium, iron,
lead, manganese, and selenium exceeded screening values in at least one total or dissolved
sample.

A comparison of the 2001 and 2002 analytical data indicates that the concentrations of
organic compounds in the groundwater were significantly lower in the 2002 data. Only one
well, MWO03S, showed concentrations of organic compounds exceeding the screening
criteria in the 2002 data. Specifically, the concentrations of trichloroethene, vinyl chloride,
and cis-1,2-dichloroethene at MWO03S decreased. The metals analytical data show that,
overall, the concentrations of arsenic were lower in the 2002 data. In addition, the iron
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4— CONCLUSIONS AND RECOMMENDATIONS

levels remained consistent between the rounds. However, the thallium concentrations
tended to increase at wells MWO01S and MWO02S.

Due to the levels of VOCs at MW(3S as well as the concentrations of metals across the site,
it is recommended that an expanded Site Investigation be conducted. In order to generate
sufficient data for additional site characterization, it is recommended that additional soil,
sediment, groundwater, and surface water sampling be conducted. The proposed sampling
locations are shown on Figure 4-1 and include: ‘

42

The screening of site soils to delineate the extent of the VOC contamination.

The collection of five surface water and sediment samples from the creek north of the
site to evaluate the potential of the contaminants detected in MWO03S to discharge into
the creek.

The collection of six surface and subsurface soil samples within the site interior to
evaluate the current site conditions and provide data for use in the risk assessments. In
addition, three surface soil samples, collected between the site and the creek, are
recommended to evaluate the impact of overland flow into the creek.

The installation and sampling of a deep and intermediate monitoring well proximal to
MWO03S. The intermediate well would be installed to the top of the confining unit
(between the Columbia and Yorktown aquifers) to evaluate contamination throughout
the entire thickness of the shallow aquifer. The deep monitoring well would be installed
in the Yorktown aquifer to evaluate the potential transport of contaminants from the
shallow to the deep aquifer.

The collection of nine groundwater samples from the pre-existing and newly installed
monitoring wells to evaluate natural attenuation and provide data on the current VOC
and metals concentrations.

WDC023240012.JFB
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NBO7S1

&® MW04S

NBO7S2

® MW06S

LEGEI\!D. . @ Proposed Surface Soil Samples .

& Existing Monitoring Wells . A : _ Figure 4-1
1996 Baker RRR Study, @ Proposed Deep Monitoring Well Site 18 - Proposed Sampling Locations
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Appendix A
Well Construction Details




NBS18-MW04S  sHeeT 1 OF 1
I £TO 131

WELL COMPLETION DIAGRAM

PROJECT : Naval Staion Norfoik LOCATION : Site 18

DRILLING CONTRACTOR : Parratt Wolf

DRILLING METHOD AND EQUIPMENT USED : HSA Rig

WATER LEVELS : START : 02/21/02 END :02/21/02 LOGGER : B Francisco

1- Ground elevation at well

2- Top of casing elevation

a) vent hole?

3- Wellhead protection cover type  Stick- up casing
a) weep hole?
b) concrete pad dimensions 2' diameter

4- Dia.type of well casing 2"PVC

5- Type/siot size of screen 10 Slot PVC

6~ Type screen filter industrial Quartz
a) Quantity used 5.5 bags

VVVVVVV 7- Type of seal Enviro Plug bentenite

a) Quantity used .5 bags

8- Grout
a) Grout mix used Pakmix concrete

b} Method of placement
c) Vol. of well casing grout

Development method

Development time

Estimated purge volume

Comments

ABOVDIAG1_NBS18-MWO04S xis WDC023240012.JFB




JPROJECT NUMBER

CTO 131

WELL NUMBER

NBS18-MWO05S  skeeT 1

OF 1

CHMHILL

= WELL COMPLETION DIAGRAM

PROJECT : Naval Staion Norfolk LOCATION : Site 18

DRILLING CONTRACTOR : Parratt Wolf

DRILLING METHOD AND EQUIPMENT USED : HSA Rig

WATER LEVELS : START : 02/21/02

END :02/21/02

LOGGER : B Francisco

1- Ground elevation at well

2- Top of casing elevation

a) vent hole?

3- Wellhead protection cover type

Stick- up casing

a) weep hole?

b) concrete pad dimensions

2' diameter

4- Dia.ftype of well casing

2" PVC

5- Type/slot size of screen

10 Slot PVC

6- Type screen filter

Industrial Quartz

a) Quantity used

5 bags

7- Type of seal

Enviro Plug bentenite

a) Quantity used

.5 bags

8- Grout
a) Grout mix used

Pakmix concrete

b) Method of placement

c) Vol. of well casing grout

Development method

Development time

Estimated purge volume

Comments

ABOVDIAG1_NBS18-MWO05S.xis
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[PROJECT NUMBER WELL NUMBER
CTO 131 NBS18-MW06S  sHeeT 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT : Naval Staion Norfolk LOCATION : Site 18

DRILLING CONTRACTOR : Parratt Wolf

DRILLING METHOD AND EQUIPMENT USED : HSA Rig

WATER LEVELS : START : 02/21/02 END :02/21/02 LOGGER : B Francisco

1- Ground elevation at well

2- Top of casing elevation
a) vent hole?

3- Wellhead protection cover type Stick- up casing
a) weep hole?

y%/ b) concrete pad dimensions  2' diameter pad
/%5 4- Diaftype of well casing 2PVC
_
.
f/ 5- Type/siot size of screen 10 Siot PVC
6- Type screen filter Industrial Quartz
a) Quantity used 4.5 bags
7- Type of seal Enviro Plug bentenite
a) Quantity used .5 bags
8- Grout
a) Grout mix used Pakmix concrete

b) Method of placement
¢} Vol. of well casing grout

Development method

Development time

Estimated purge volume

Comments

ABOVDIAG1_NBS18-MWOES. xis WDC023240012.JFB




[PROJECT NUMBER WELL NUMBER
CTO 131 NBS18-MWO7S  sHeet 1t OF 1

_ WELL COMPLETION DIAGRAM

PROJECT :  Naval Staion Norfolk LOCATION : Site 18

DRILLING CONTRACTOR : _Parratt Wolf

DRILLING METHOD AND EQUIPMENT USED : HSA Rig

WATER LEVELS : START : 02/22/02 END :02/22/02 LOGGER : D Holloway

1- Ground elevation at wel

2- Top of casing elevation
a) vent hole?

3- Weilhead protection cover type  Stick- up casing
a) weep hole?
b) concrete pad dimensions  2' diameter pad

4- Dia./type of well casing 2"PVC

5- Type/slot size of screen 10 Siot PVC

6~ Type screen filter Industrial Quartz
a) Quantity used 5 Bags

7- Type of seal Enviro Piug bentenite
a) Quantity used .5 bags

8- Grout
a) Grout mix used Pakmix concrete

b} Method of placement
c) Vol. of well casing grout

Development method

Development time

Estimated purge volume

Comments

ABOVDIAG1_NBS18-MWO7S.xls WODC023240012.JFB
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|PrROJECT NUMBER |BORING NUMBER
CTO 131 NBS18-MW04S SHEET 1 OF 1

CH2pAaHILL

< SOIL BORING LOG

PROJECT : Naval Station Norfolk LOCATION:  Site 18: Naval Station Norfolk
ELEVATION : DRILLING CONTRACTOR : Parratt Wolf
DRILLING METHOD AND EQUIPMENT USED : Hollow-stem Auger Rig
WATER LEVELS : START : 02/21/2002 END : 2/21/2002 LOGGER : Ben Francisco
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS
INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST SOIL NAME, USCS GROUP SYMBOL, COLCR, DEPTH OF CASING, DRILLING RATE,
#TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS,
6"-6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS, AND INSTRUMENTATION.
{N) MINERALOGY. (OVM {ppm): Breathing Zone Above Hole
_ 0-2'- fine to medium grained SAND with little sift (SW); _JPID= Oppm
| o2z 15° 1 (10Y4/1)-dark greenish gray; moist; medium dense. _|Brick fragments observed 1"bgs
5 __ —
_} 57 15" 2 iS‘-T- Same as above (SW). _{PID=0
_ Color change; (5Y7/3)-paie yeliow; saturated; loose. |
10 10™-11"- same as above (SW). _JPID=0
_ (Color change; (10Y6/1); greenish gray, saturated; loose. ]
10-12' 18" 3 _
_ Boring terminated at 13.5' bgs. Monitoring well instalied at this _
15 | location .
20 __ —]
25 __ —
30 __ —
3B __ —
40 __ ]

WDC023240012.JFB




JPROJECT NUMBER

CTO 131

BORING NUMBER

NBS18-MWO05S

SHEET 1 OF 1

LEI2INEL
- SOIL BORING LOG
PROJECT : Naval Station Norfolk LOCATION : Site 18: Naval Station Norfolk
ELEVATION : DRILLING CONTRACTOR : Parratt Woif
DRILLING METHOD AND EQUIPMENT USED : Hollow-stem Auger Rig
WATER LEVELS : START : 02/21/2002 END : 2/21/2002 LOGGER : Ben Francisco
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS
INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
H#/TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS,
6°-6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS, AND INSTRUMENTATION.
(N) MINERALOGY. OVM (ppm):  Breathing Zone  Above Hole
| 0-2'- fine to medium grained SAND with little fines (SW); _|P1D=Oppm
I o2 15" 1 (2.5Y4/3)-olive brown; moist; medium dense.
_| 24 12" 2 2-4' Same as above; Saturated; medium dense. _jPID=0
5 __ __[Water Table at 4' bgs
_| 4¢ 15" 3 4-8' Same as above. _IPip=0
_ Color change to {2.5Y6/4)- Light yellow brown, saturated; loose
| ©& 8" 4 6-8"- Same as above. _JPiD=19
10 __| 810 5" 5 8-10"- Same as above. PID=19
: 10-12 12" 6 10-12- Same as above. D=0
_ Boring terminated at 13.5' bgs. Monitoring well installed at this location
15
20 __
25
30 __
35
40 |

WDC023240012.JFB




[PROJECT NUMBER |BORING NUMBER

CTO 131 NBS18-MW06S SHEET 1 OF 1
CR2nAMILL
PROJECT : Naval Station Norfolk LOCATION:  Site 18: Naval Station Norfolk
ELEVATION : DRILLING CONTRACTOR : Parratt Wolf
DRILLING METHOD AND EQUIPMENT USED : Hollow-stem Auger Rig
WATER LEVELS : START : 02/21/2002 END : 2/21/2002 LOGGER : Ben Francisco
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS
INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST SOH. NAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
#TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS,
6"-6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS, AND INSTRUMENTATION,
(N} MINERALOGY. OVM {ppm):  Breathing Zone  Above Hole
i 0-1.5 - fim to medium grained SAND with trace fines (SW) _jPID=0.8ppm _
_{ o2 15" 1 (2.5Y7/6) yellow; moist, medium dense. _|1” of top soil at surface _
. 1.5-2' - medium grained SAND with trace fines (SP) _ ]
_ (10Y6/1)- Greenish gray; moist; medium dense. _fwater table observed at 3.5' bgs .
5 __ — —_
_t 57 22" 2 5-7- Same as above; saturated _IpiD=3.1 i
_ Color change to (2.5Y7/4)- pale yeliow at 6' bgs _ _
10 __ — —
1012 10" 3 10-12' Same as above; _}PiD=0.8ppm -
— Color Change to (2.5Y7/2)- Light gray- saturated; loose. _ -
15 _ ]
20 __ — ]
25 — —
30 __ i —
35 __ —_ —
40 __ _ |

WDC023240012.JF8




[PROJECT NUMBER

|BORING NUMBER

CTO 131 NBS18-MWQ7S SHEET 1 OF 1
v CM2naHILL
SOIL BORING LOG
PROJECT Naval Station Norfolk LOCATION :  Site 18: Naval Station Norfolk
ELEVATION : DRILLING CONTRACTOR : Parratt Wolf
DRILLING METHOD AND EQUIPMENT USED : Hollow-stem Auger Rig
WATER LEVELS: START : 02/22/2002 END : 2/22/2002 LOGGER : D Holloway
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS
INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
#TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS,
6"-6"-6"-6" OR CONSISTENCY, SOl STRUCTURE, TESTS, AND INSTRUMENTATION,
(N) MINERALOGY., OVM (ppm).  Breathing Zone  Above Hole
I o2 12° 1 0-2'- Fine to medium grained SAND with little fines (SW) _PID=15
_ (2.5Y3/3) dark olive brown; Moist; medium density. _[Water table observed at 2.5' bgs
5 __ _
_| 57 24" 2 5-6.5"- Sandy SILT, very soft (ML)} _IPiD=1.1
_ (2.5Y3/2) very dark grayish brown; very moist. _{high organic content
_ 6.5-7' fine to medium grained SAND. _
_ (10Y6/1) greenish gray; very moist; medium density sand. »
10 _ —
- 10-12 18" 3 10-12° Medium to coarse grained SAND; : PID=0
_ (2.5Y7/2) Iight gray; saturated; loose. |
_ End of boring at 12.5' bgs. Monitoring well installed at this location.
15 —
20 __ _
25 . -
30 __ —_
35 __ |
40 __ —
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Appendix C
Groundwater Analytical Data




Table C-1

Groundwater Analytical Results

Site 18
Navai Station Norioik

[istation ID NBS18-MWO1S NBS18-MW02S NBS18-MW03S NBS18-MW04S NBS18-MW05S NBS18-MWO0SS NBS18-MWO7S
llsample 1D NBS18-MWO1S-RO1 | NBS18-MWO1S-R02 | NBS18-MWO2S-P-RO1 | NBS18-MW02S-R01 | NBS18-MW02S-P-R02 | NBS18-MWO02S-R02 | NBS18-MWO03S-RO! | NBS18-MWO3S-R02 | NBS1B.MWO4S-R02 | NBS18-MWOSS-R02 | NBS18-MWOSS-ROZ | NBS18-MWO7S-RO2
lisample Date 06/08/01 02/26/02 06/08/01 06/08/01 02/26/02 02/26/02 06/08/01 02/26/02 02/26/02 02/26/02 02/27/02 02/27/02
lichemical Name
[Volatile Organic Compounds (UGL)
11 1,1-Frichi 10U 10U 10U 10U 10U 10U BU 20U ou 10Uy 10U 10U
227 10U 10U 10U 10U 10U 100 33U 20U 10U 10U 10y 10U
1h.1.2-Trichloro-1,2,2-trifluoroethane(Freon-113) 10U 10U 10U 0y 10U 10U 10U 10U 10U 10U
#h,1,2-Trichloroethane 10U 10U 10U 10U 10U 10U BU 20U 10U ou 10U 10U
1, 1-Dichloroethane 10U 10U 10U 10U 10U 10U ; 10U 10U 10U 10u
Ih.1-0 10U iou 10U 10U 10U 10U a3u 20U 10U 10U 100 10U
1,247 100 w0y 16U 10U 10U 10U 33U 20U 10U 10U 10U 10y
{h.2-Dibromo-3-chloropropane 10U 10R 10U 10U 10R 10R 33U 20R 10R 10R 10R 10A
[.20i 10U 10U 10U 10U 10U 10U 33U ~ 20u 10U 10U 10U 10U
[.2-Di 0U 10U 10y 10U 10U 10U E 20U 10U 10U 10U 10U
bt .2-Dicn 0y oy 10U 10U 10U 10y 33U 204 10U 10U 10U 10U
[ 2-Dichloropropane 10U 10U 0y 10u 10U 10U 38U 20 U 10y 10U 10U 10U
.30 10U 10U 10U 10U 10U 33U 20U 10U 10U 10U 0y
1,40 10U 10U 10U 10U 10U 33U 20U 10U 10U 10U 10U
B 10 UJ 10U 10 Ud 10 Ud 10U 10U 3304 20U 10y 10U 10U 10U
o 10Ud 10U 10 UJ 10Ul 10U 10y 33 Ud 20U 0y 10U 10U 10U
4-Methyl-2-pentanone 10U 10U 10y 10U 10U 10U BU 20U 10U 10U 10U 10U
lacetone 258 118 268 328 10U 10U 208 20U 188 168 10U 168
{iBenzene 10U 10U 10U 10U 10U 10U BU 200 10U 10U 10U 10U
i 10U 10U 10U v wu | 10U 33U 20U 10U 10U 10U 10U
B 10U 10U 10U 10U 10U 10U 33U 20U 10U 10U 10U 10U
e 10 UJ i0u 10Ud 10 Ug 10U 10U 33 Ud 20U 10U 10U 00U 10U
iCarbon disulfide 10u 10U 10U 10U w0u 10U 33U 20U 10U 10U 10U 10U
iCarbon ik 10U 10U 10U 10U 10U 10U 33U 200 10U 0y 10U 10U
i 0y 10Uy 10Uy 10U 10U 10U 33U 20U 10U 10U 10U [
Chioroethane 10U 10U 10y 10U 10U 10U 33U 20U 10U 10U 10U 10U
iChioroform 10U 10U 10U 10U 10U 10U 33U 20U 10U 10U 10U 10U
Chioromethane 10U 10U 10U 10U 10U 10U BU 20U 10U 10U 10U 10U
Cumene 10U 10U 10U oy 10U 10U BU 20U 10U 10y 10U 10U
oyclohexane 10U 10U 10U 10U 10U 10y 33U 200 10U 10U 10U 10U
D 10U 10U 10U 10U 10U 10U 3y 204 10U 10U 10U 10U
Dichforodif Freon-12) 10U 0u 10U 10U 10y 10U 20U 10U 10U 10U 10U
[Ethyibenzens 10U 10U 0y w0y 10U 10U 33U 200 10U 10U 10U 10U
Mothyt acetate w0y 10U 10U 10U 10U 0u 33U 20U 0y iou 10U 10U
pMethyk-tert-butyl ether (MTEE) 10Uy 10U 10U 10U 10U 10U 38U 20U 10U 10U 10U 10U
[Methytcycioh 0y 148 10U 10U 10U 10U 33U 418 118 10U 10U 10U
IMethytens chioride 10U 10U 10U 10U 10U 10U ) 33U 20U 10U 0u 10U 10U
fistyrene 10U 10y tou 10U oy 10U BU 20U 10U 10U 10U 10U
firetrachioroethene 10U 10U ou 10U 10U 10y By 20U 10U 10U [ 10U
Hroluene 10U 148 10U 10U 10U 1B BY 298 10U 10U 10U 10U
{iTrichioroethene 10U 10U 10U 10U 10U 100 oy 10U 10U 10y
fiTrichlorofiucromethane(Freon-11) 10U 10U 10U 10U 10U 10U 33U 20U iou w0y 00 10u
iVinyl chioride 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
bylone, total 10U 10U 10U 10U 10U 0y 33U 20U 10U 10U 0y w0y
keis-1,2-Dichlorosthene 10U 10U 10U 10U 10U 10U 10U 10U 10U 10y
is-1.3-Di D 10U 10U 10U 10U 10U 10U By 20U 10U 10U 10U 10U
krans-1,2-Dichloroethene 10U 10U 10U 10U 10y 10U [y 20U 10U 10U 10U 104
trans-1,3-Dichloropropene 10U 10U 10U 10U 10U 10U 33U 20U 10U 10U 10U 10U
Hsemi-volatile Organic C (UGA)
[i1,3-Biphenyt 10U NA 10u 10U NA NA 10U NA NA NA NA NA
[2.2-Oxybis(1-chic 10U NA 10U 10U NA NA 10U NA NA NA NA NA
B 4,5 Trichlorophenat 254 NA 5y 250 NA NA 250 NA NA NA NA NA
[2.4,6-Trichtorophenot 10U NA 10U 10U NA NA 10U NA NA NA NA NA
4-Dichlorophenol oy NA 10U 10U NA NA 10U NA NA NA NA NA
lb.a-Di 10U NA 10U 10U NA NA 10U NA NA NA NA NA
#,4-Dinitrophenot BU NA 25U 254 NA NA 25U NA NA NA NA NA
12.4-Dini 10U NA 10U 10U NA NA 10y NA NA NA NA NA
b 6-Dinitrotoluene 10U NA 10U 10U NA NA 10U NA NA NA NA NA
ol 10U NA 10U 10U NA NA 10U NA NA NA NA NA
[2-Criorophenol 10U NA 10U 10U NA NA 0U NA NA NA NA NA
Methylnaphth 10U NA oy 10U NA NA 10U NA NA NA NA NA
Methylphenol 10y NA 10y 10U NA NA 10U NA NA NA NA NA
[2-Nitroaniline 250 NA 25U 25U NA NA 25U NA NA NA NA NA
le-nitrophenct 10U NA 10U 10U NA NA 10U NA NA NA NA NA
IB.3-Dich 10U NA 10U 10U NA NA 10U NA NA NA NA NA
lls-Nitroanitine 250 NA BU 25U NA NA 25U NA NA NA NA NA
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Table C-1
Groundwater Analytical Results
Site 18
Naval Station Norfolk

fistation ID NBS18-MWO01S NBS18-MW02S NBS18-MW03S NBS18-MW04S NBS18-MWO05S NBS18:MW06S NES18-MWO7S
jisample ID NBS18-MWO1S-RO1 | NBS18MWO1S-R02 | NBS18-MWO2S-P-RO1 | NBS1E-MWO2S-RO1 | NBS18-MWO02S-P-R02 | NBS18:MWO025-R02 | NBS18-MWO3S-RO1 | NBS18-MW03S-R02 | NBSTBMWO4S-R02 | NBS1BMWOSS-R02 | NBS1E-MWOSS-R02 | NES1BMWO7S-RO2
isample Date 06/08/01 02/26/02 06/08/01 06/08/01 02196/02 02/28/02 06/08/01 02/26/02 02/26/02 02/26/02 022702 02127/02
fchemical Name
4,6-Dinitro-2-methyiphenof 254 NA %Y 25U NA NA 25y NA NA NA NA NA
4-Bromophenyl-phenylether 10y NA 10U 100 NA NA 10U NA NA NA NA NA
4-Chioro-3-meth ] 10U NA 10U 10U NA NA oy NA NA NA NA NA
4-Chioroaniline 10y NA 10y 10U NA NA 10U NA NA NA NA NA
4-Chiorophenyl-phenylether 10U NA oy 10U NA NA 10U NA NA NA NA NA
4-Methylphenol 10U NA 10U 10U NA NA 10U NA NA NA NA NA
4-Nitroanitine %Y NA 25U 25 U NA NA XY NA NA NA NA NA
4-Nitrophenol 25U NA 25U 25U NA NA 25U NA NA NA NA NA
p NA YY) 10U NA NA 10U NA NA NA NA NA
Acenaphthy 10U NA 100 10U NA NA 10U NA NA NA NA NA
10U NA 10U 10U NA NA 10U NA NA NA NA NA
A 10U NA 10U 10U NA NA 10y NA NA NA NA NA
Atrazine 10U NA 10U 10U NA NA 10U NA NA NA NA NA
3 10U NA 10y 10Uy NA NA 10U NA NA NA NA NA
e 10U NA 10U 10y NA NA 10U NA NA NA NA NA
I 10U NA tou 10U NA NA 10y NA NA NA NA NA
[Benzotyft 10U NA 10U 0y NA NA 10U NA NA NA NA NA
Enzo(g,h,i)perylane 10y NA 10U 10Uy NA NA 10U NA NA NA NA NA
10U NA 10U 10y NA NA 10U NA NA NA NA NA
3 p 10U NA 10U 10y NA NA 10U NA NA NA NA NA
ICaprotactam 10U NA 10U NA NA 10U NA NA NA NA NA
Carbazole 10U NA 0y 10U NA NA 10U NA NA NA NA NA
Chiysene 10U NA 10U 10U NA NA 10U NA NA NA NA NA
Di- 10y NA - 10U 10U NA NA w0y NA NA NA NA NA
i-n-octylp 10y NA 10U 10U NA NA 0y NA NA NA NA NA
Dibenz(ahjanthracens 10y NA 10U 10y NA NA 0y NA NA NA NA NA
Dibenzofuran 10U NA 10U 10U NA NA 0y NA NA NA NA NA
iethylph 10U NA 10y 10y NA NA 10U NA NA NA NA NA
Dimethyl 10y NA 10U 10y NA NA 10U NA NA NA NA NA
10U NA 10y 10U NA NA 10U NA NA NA NA NA
Fluorene 10y NA 10U 10U NA NA 10y NA NA NA NA NA
10U NA 10y 10U NA NA 10U NA NA NA NA NA
3 10U NA 10U 10U NA NA 10U NA NA NA NA NA
y 10U NA 10U 10U NA NA 100 NA NA NA NA NA
10U NA 10y 10U NA NA 10U NA NA NA NA NA
123 10U NA 10U 10U NA NA 10U NA NA NA NA NA
fisophorone 10U NA 10U 10U NA NA 10U NA NA NA NA NA
NA 10U 10U NA NA 10U NA NA NA NA NA
10U NA 10U 10U NA NA 10U . NA NA NA NA NA
p 25U NA 25U 25U NA NA 25U NA NA NA NA NA
10U NA 10U 10y NA NA 10U NA NA NA NA NA
Phenol 10U NA ou 10U NA NA 10y NA NA NA NA NA
Pyrene 100 NA 100 10y NA NA 10U NA NA NA NA NA
bis(2-Chioroethoxy 10U NA 10U 10U NA NA 10y NA NA NA NA NA
bis(2-C 104y NA 10U 10U NA NA 10U NA NA NA NA NA
bis(2-Ethyth 18 NA 28 18 NA NA 10U NA NA NA NA NA
n-Nitroso-di-n-propylamine 10U NA 10U 10U NA NA 10U NA NA NA NA NA
3 i 10U NA 10y 10Uy NA NA 10U NA NA NA NA NA
Y inated Biphenyls (UGL)
4,4-0DD 01U NA 01U 01y NA NA o1y NA NA NA NA NA
4.4-DDE 01y NA o1y 01U NA NA 01U NA NA NA NA NA
4,4-0DT 01U NA 01y 01y NA NA 01Uy NA NA NA NA NA
Aldrin 005U NA 005U 005U NA NA 005U NA NA NA NA NA
Arocton- 1016 i NA iU iU NA NA 1y NA NA NA NA NA
Avoctor-1221 2y NA 2y 2y NA NA 2u NA NA NA NA NA
Arocior-1232 1Y NA 1u 1y NA NA 1u NA NA NA NA NA
Aroctor-1242 1y NA 1U 1u NA NA 1y NA NA NA NA NA
Aroclor-1248 1 NA 10 1y NA NA 1y NA NA NA NA NA
Aroctor-1254 1u NA 1y 1y NA NA 1u NA NA NA NA NA
Jaroctor-1260 1U NA 1u 1y NA NA 1u NA NA NA __NA NA
Dieldrin 01U NA 01Uy 0ty NA NA 01y NA NA NA NA NA
e i 005U NA 005 U 005U NA NA 005y NA NA NA NA NA
3 " 01y NA o1y 01y NA NA 01U NA NA NA NA NA
fe sultate 01U NA 01y 01y NA NA 01y NA NA NA NA NA
fEEnarin 01Uy NA 01y 01U NA NA 01y NA NA NA NA NA
fEndsin atdehyde 01y NA 01U 01U NA NA 0ty NA NA NA NA NA
Endrin ketone 01U NA 0ty 01y NA NA oty NA NA NA NA NA
Heptachior 005U NA 005U 005U NA NA 0.05U NA NA NA NA NA
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Table C-1

Groundwater Analytical Resulis

Site 18

Naval Station Norfolk

NBS18-MW04S

ﬂglaﬁon 1D NBS18-MWO01S NBS18-MW02S NBS18-MWO03S NBS18-MWO5S NBS18-MW0SS NBS18-MW07S
IlSampIe D NBS18-MWO1S-R01 | NBS18-MWO01S-R02 | NBS18-MW02S-P-R01 | NBS18-MW02S-R01 NBS18-MW02S-P-R02 | NBS18-MW02S-R02 | NBS18-MW03S-R0t | NBS18-MWO03S-R02 | NBS18-MWO04S-R02 | NBS18-MW05S-R02 | NBS18-MW0S-R02 | NBS18-MW07S-R02
@mple Date 06/08/01 02/26/02 06/08/01 06/08/01 02/26/02 02/26/02 06/08/01 02/26/02 02/26/02 02/26/02 02/27/02 02/27/02
[Chemical Name
Heptachlor epoxide 005U NA 005U 0.05U NA NA 005U NA NA NA NA NA
F 05U NA 05U 05U NA NA 05U NA NA NA NA NA
Hvoxap 5U NA 5U 5U NA NA 5U NA NA NA NA NA
aipha-BHC 005U NA 0.05U 0.05 U NA NA 0.05U NA NA NA NA NA
alpha-Chiordane 005U NA 005U 0.05 U NA NA 005U NA NA NA NA NA
peta-BHC 005U NA 0.05 U 0.05 U NA NA 005U NA NA NA NA NA
deita-BHC 0.05 U NA 0.05U 0.05 U NA NA 005U NA NA NA NA NA
lgamma-BHC (Lindane) 0.05U NA 0.05U 0.05 U NA NA 0.05 U NA NA NA NA NA
lgamma-Chlordans 005U NA 0.05 U 005U NA NA 005U NA NA NA NA NA
ITotat Metals (UGA)
i 66.9 U 268 B 1138 1128 139 B . 348 8 ol 163 B
jAntimony 28U 43U 29U 29U 43U 43U 43U Jir] 434U
Atsenic i . : 7 7 : = ‘ . 258 18U 18U 258
[Barium ; L 4 3 5 . ol . ash
Iberyllium 013U a1t u 0.18 B 0.13 U 011y 0ty 0.13 U 011U 033 B LAY 0ty 0138
ICadmium 026U 034 U 0.26 U 026 U 034 U 034 U 045 8B : 034U 0.34 U
Calcium X e 4

Chromium 065U 134 0728 0.65U 13U 13u 085U 130 13U 13U
Cobalt 0618 058U 0.87 B 087U 087U 28 087y -

iCopper 12y 1.2 UL 12U 12U 1.2UL 12 UL 120 - 1.2 UL 12 UL 12 UL 1.2 UL
ICyanide 10U NA 10U NA NA NA NA NA NA NA

ron e b 271 8 141 B 141 8
i cad 1.6 WJ 15U 1.6 UJ 1.6 UJ 15U is5U 1.6 W 154 15U 1540 15U
Mercury 0.1 UL 0.1 UL 01 UL 01U 01U 0.1 UL 01U [ XNY] 01U 01U
Nicket 13V 2B 13U 13U 4B

i S0 5ie 1,740 8 2,100 8 21108

#Seleni 4.5 UL 370 4.5 Ut 4.5 UL 37U 37U 4.5 UL 37U 370 37U
ﬂSilvel 081U 0.87 U 0.81 U 081U 097 U 0.87 U 0.8t U 0.97 U 097 U 0.97 U 097 U 0.87 U
Hiscdivm L ] 6L : i £ BN i ;
ﬂl’hallium 55U 55U 55U 79U 79U 784 79V 78U
E 088U 088 U 0.88 U 1U 1U 0.88 U 14U 1V 2 1U
fizine 38U 87B 488 38U 468 478B 1068 1268 4058 838 988 1238
Dissolved Metals (UGA.)

jAntimony

Arsenic
#Barium

Boryllium

KCadmium

Calcium

IChromium

ICobatt

iCopper

ron

¥ ead

Mercury

Nickel

Potassium
fisiver
nSodium
Hrhalium

iZine

Notes:

U - Not D The PProxi sample ¢ Y to be d

B - Not detected substantially above the level reported in laboratory or field blanks - Possible blank contamination.
J - Analyte Present. Reported value may not be accurate or precise.
L - Analyte Present. Reported value may be biased high. Actual value is expected to be lower.

R - Unreliable result.
NA - Not Analyzed.
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Table C-2

~cilin b

QA-QC Analytical Results

Site 18

Naval Station Norfolk

Station ID NSN-QC
Sample ID NBS18-EB022602 | NBS18-FB022602 | NBS18-TB022602 | NBS18-TB022702
Sample Date 02/26/02 02/26/02 02/26/02 02/27/02
Chemical Name
[Volatile Organic Compounds (UG/L)
1,1,1-Trichloroethane NA 10U 10U 10U
1,1,2,2-Tetrachloroethane NA 10U wou 10U
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) NA 10v 10U 00U
1,1,2-Trichloroethane NA 10U 10U 10U
1,1-Dichloroethane NA 10U 10U 10U
1,1-Dichloroethene NA 10U 10U 10U
1,2,4-Trichlorobenzene NA 10U 10U 10U
1,2-Dibromo-3-chloropropane NA 10R 10 R 10 R
1,2-Dibromoethane NA 10U 10U 10U
1,2-Dichlorobenzene NA 10U 10U 10U
1,2-Dichloroethane NA 10U 10U 10U
'1,2-Dichloropropane NA 10U 10U 10U
1,3-Dichlorobenzene NA 1nou 10U 10U
1,4-Dichlorobenzene NA 10U 10U 10U
lo-Butanone NA 10U 10U 10U
b-Hexanone NA 10U 10 U 10U
l4-Methyl-2-pentanone NA
etone NA
|iBenzene NA
llBromodichioromethane NA 10U 10U 10U
IBromoform NA 10U 10U 10 U
IIBromomethane NA 10U 10U 10U
[lcarbon disuifide NA 10U wou 10U
flcarbon tetrachloride NA 10U 10U 10U
[ichiorobenzene NA 10U 10U 10U
lichioroethane NA 10U 10U 10U
llchtorotorm NA 10U 10U 10U
fichioromethane NA 10U 10U ou
lcumene NA 10U 10U 10U
licyciohexane NA 10U 10U 10U
“Dibromochloromethane NA 10U 10U 10U
loichtorodifiuoromethane(Freon-12) NA 10U 10U 10U
l[Ethyibenzene NA 10U 10U 10U
{Methyl acetate NA 10U 10U 10U
IIMethyt-tert-butyl ether (MTBE) NA 10U 10U 10U
Imethyicyciohexane NA 10U 10U 10U
[Metnylene chioride NA 10U
Istyrene NA 10U 10U 10U
[Tetrachloroethene NA 10U 10U 10U
Toluene NA 10U 10U 10U
iTrichloroethene NA 10U 10U 10U
Trichiorofluoromethane(Freon-11} NA 10U 10U iou
Vinyl chioride NA 10U 10U 10U
[Xylene, total NA 10U 10 U 10 U
Hleis-1,2-Dichloroethene NA 10U 10U 10U
lcis-1,3-Dichloropropene NA 10U 10U 10U
fftrans-1,2-Dichlorosthene NA 10U 10U 10 U
Jirans-1,3-Dichioropropene NA 10U 10U 10U

WDC023240012.JFB
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Table

c-2

QA-QC Analytical Results

Site

18

Naval Station Norfolk

Station ID NSN-QC

Sample ID NBS18:EB022602 | NBS18-FBO22602 | NBS18-TB022602 | NBS18-TB022702
Sample Date 02/26/02 02/26/02 02/26/02 02/27/02
IChemical Name

[Total Metals (UG/L)

[Aluminum NA NA NA
IAntimony NA NA NA

rsenic NA NA NA

Barium NA NA NA
IBerylium NA NA NA
ICadmium NA NA NA
Calcium NA NA NA
[Chromium NA NA NA
iCobalt NA NA NA
iCopper NA NA NA
tliron NA NA NA
[lLead NA 15 U NA NA
iMagnesium NA NA NA
{Manganese NA NA NA
HIMercury NA 01U NA NA
{[Nickel NA 13U NA NA
{pot NA NA NA
||Selenium NA NA NA
llsitver NA 097 U NA NA
Sodium NA 328 U NA NA
Thatlium NA 79U NA NA
Vanadium NA NA
Zinc NA NA
Dissolved Metals (UGIL)

JAluminum NA NA
Antimony NA NA

rsenic 18U NA NA NA

Barium NA NA NA
HBeryltium 011U NA NA NA
llcadmium 034U NA NA NA
Hcatcium NA NA NA
lichromium 13U NA NA NA
licoban 087 U NA NA NA
icopper 12U NA NA NA
lron . 245U NA NA NA
lLead 15U NA NA NA
fiMagnesium NA NA NA
“Manganese NA NA NA
IIMercury 01U NA NA NA
[Invicket 13U NA NA NA
lpotassium NA NA NA
llsetenium 37U NA NA NA
lsitver 097U NA NA NA
lIsodium 328U NA NA NA
{hatlium 79U NA NA NA
[vanadium NA NA NA
lizinc NA NA NA
Notes:

Shaded Cells Represent Detected Compounds

R - Unrefiable result
U - Not Detected

J - Analyte Present. Reported value may not be accurate or precise

WDC023240012.JFB
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