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1 Introduction 

This report presents the procedures and results of the Site Investigation (SI) of SWMU 6-. 
Building V-28 Waste Disposal Pit at Naval Station Norfolk (NSN), Virginia. The scope of 
work for this investigation is documented in the NSN Final Work Plan SWMU 
Supplemental Investigation (CH2M HILL, August 1999), and Draft Work Plan for 
Supplemental Investigation at SWMU 6 (CH2M HILL, July 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 III, Contract Task Order 0131. 

The location of SWMU 6 relative to the Base is presented in Figure l-l. The facility and site 
background as well as a summary of previous investigations are presented in Section 1 of 
this report. Section 2 documents field investigation activities including sampling 
methodology and locations. Section 3 provides information on the physical characteristics of 
NSN and SWMU 6. Section 4 presents the SI results, including a characterization of 
environmental media contamination. Section 5 summarizes the SI results and provides 
recommendations for further action. 

1 .I Facility and Site Background 
NSN is located on 4,631 acres of land directly northwest of the City of Norfolk, Virginia. The 
facility is bounded on the north by Willoughby Bay, on the west by the Elizabeth River, and 
on the south and east by the City of Norfolk. Mason Creek f0rms.a portion of the facility’s 
eastern boundary (see Figure l-l). NSN includes approximately 4,000 buildings and an 
airfield. The Base’s western portion is a developed waterfront area that contains piers and 
facilities for loading, unloading, and servicing naval vessels. 

Land use surrounding NSN is industrial and residential. The waterfront ,area south of the 
Base provides shipping facilities for several large industries. Residential land use is located 
to the south and east of the Base. Willoughby Spit, a low-density residential area located 
northeast of the Base, is also used for recreational activities. 

NSN provides shore facilities and logistics support for U.S. military vessels and aircraft. In 
support of the Base’s mission, NSN provides housing; hospital care; recreation, and training 
for military personnel; provides supplies to the fleet; serves as a repair site for aircraft, navy 
vessels, and associated equipment; and is used for the transport, disposal, and recycling of 
wastes generated at the Base and at other federal facilities within a 50-mile radius. 

SWMU 6, the Building V-28 Waste Disposal Pit, is located in the north-central portion of 
NSN, as shown in Figure l-l. The unit consisted of an in-ground tank, located outside the 
former building V-28 Plating Shop. The tank was reportedly 30 gallons, composed of 
fiberglass-reinforced plastic (FRP) or ceramics, and utilized to store rinse water from a 
vibratory finisher and adjacent rinse sink. According to the RCRA Facility Assessment 
(RFA), this rinse water was characterized as dirty water with some nontoxic metal shavings 
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l-INTRODUCTION 

(A. T. Kearney, Inc., March 1992). Additional information was gathered from a former 
facility wastewater handler with knowledge of the V-28 unit. The employee indicated that 
the tank had no outlet and was routinely pumped for wastewater treatment and offsite 
disposal. 

During the Confirmatory Investigation (CH2M HILL, November 1996), the waste disposal 
pit was characterized as 3 ft in diameter and 5 ft deep with a metal cover and contained 
approximately 6 in. of clear water with a slight oily sheen. The unit is no longer active and 
the closure reportedly occurred during basewide UST closure activities. 

1.2 Previous Site Investigations 
This subsection summarizes previous efforts to characterize the site. The results and 
conclusions of previous investigations at SWMU 6 are documented below. 

1.2.1 Radium Decontamination and Close-Out of Building V-28 
As a result of the past manufacturing of luminescent dials, radium contamination was 
found to be present in several rooms and a sanitary sewer pipe in building V-28. In 1994, 
OHM conducted a remedial action at building V-28 (OHM Remediation Services Corp., 
1994) that consisted of the removal of radium-contaminated floor, wall, and ceiling surfaces. 
In addition, the radium-contaminated sanitary sewer piping leading from the second floor 
to underneath the first-floor slab was removed. During the remedial action, radiation air 
monitoring and sampling were conducted until the measurements were below regulatory 
limits. 

1.2.2 Relative Risk Ranking Study 
In 1995, Baker Environmental, Inc., conducted a Relative Risk Ranking (RRR) study that 
included SWMU 6 (Baker Environmental, Inc., January 1996). During the investigation, one 
subsurface soil and one grab groundwater sample were collected utilizing a Geoprobe and 
analyzed for VOCs, SVOCs, metals, and cyanide. Groundwater samples were compared to 
the National Primary Drinking Water Maximum Contaminant Levels (MCLs), and USEPA 
Region III Risk Based Criteria (RBCs) for tapwater. Soil samples were screened against the 
residential soil RBCs. 

Figure l-2 details the sampling locations and exceedances from the RRR study. The soil 
analytical results showed that no metals or organic compounds were detected above the 
residential soil RBCs. However, the groundwater results indicated an RBC exceedance for 
trichloroethene and iron as well as an MCL exceedance for cadmium. In addition, the 
chromium concentration exceeded both the RBC and MCL. 

1.2.3 RCRA Closure Investigation 
A metal plating shop was formerly located in the northwest corner of Building V-28. 
O’Brien & Gere completed a RCRA Closure Investigation of the plating shop in March 1996. 
The investigation identified elevated levels of several metals, including chromium and 
cadmium. In addition, the demolition of the plating shop in 1998 identified elevated levels 
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I-INTRODUCTION 

of metals in the subsurface soils. As a result, the soils were excavated and removed from the 
site. Building V-28 was demolished in 1998. 

1.2.4 Confirmatory Investigation 
A Confirmatory Investigation (CH2M HILL, November 1996) was conducted in 1996 to 
confirm the presence of contamination and potential exposure pathways associated with 
SWMU 6. Groundwater samples were compared to the MCLs, and tapwater RBCs. Soil 
samples were screened against the residential soil RBCs. The sampling locations and 
exceedances of the screening criteria are shown on Figure l-3. 

1.2.4.1 Groundwater 

Ten groundwater samples were collected utilizing a Geoprobe during the Confirmatory 
Investigation and analyzed for VOCs, SVOCs, pesticides/PCBs, and TAL metals and 
cyanide. The analytical results indicated that no pesticides/PCBs were detected in 
exceedance of the screening criteria. However, the organic constituents l,l-dichloroethene, 
bis(2-ethylhexyl)phthalate, and napthalene exceeded the RBCs. The concentrations of 
l,l-dichloroethene and bis(2-ethylhexyl)phthalate also exceeded the MCLs. The metals 
analytical results showed that arsenic, chromium, and cadmium concentrations exceeded 
both the MCLs and RBCs. In addition, beryllium concentrations exceeded the MCLs at one 
location and iron concentrations exceeded the RBCs. However, the dissolved concentrations 
of both beryllium and chromium did not exceed the screening criteria. Furthermore, the 
concentrations of lead exceeded the Federal Action Level at the majority of the sample 
locations. 

I .2.4.2 Soils 

Two subsurface soil samples were collected from SWMU 06 during the Confirmatory 
Investigation. The samples were collected at 6 to 8 ft below ground surface (bgs) and 
approximately 3 ft downgradient of the waste pit. Samples were analyzed for VOCs, 
SVOCs, pesticides/PCBs, metals, and cyanide. There were no exceedances of the residential 
soil RBCs for any of the analyses. 
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2 Site Investigation 

This section outlines the scope and rationale for the field activities conducted in association 
with the SI at SWMU 6. CH2M HILL initiated the SI field activities described in this section 
during September 1999. The SI field activities included the collection and analysis of 
groundwater samples as well as the installation and the subsequent sampling of monitoring 
wells. This section also documents the approaches used during the investigation to 
characterize the site hydrogeology. 

2.1 Investigation Methodology 
Investigation methods implemented for the field investigations are documented below. 

The work plans (CH2M HILL, August 1999, July 2001) document the general approaches 
and sampling rationale used for the investigation. The objectives of the additional 
investigations at SWMU 6 were to (1) characterize the source and downgradient extent of 
VOCs and metals previously detected in the groundwater, (2) evaluate if contaminants 
could reach ecological receptors in Willoughby Bay, (3) better define the groundwater flow 
conditions in the shallow aquifer including assessing the tidal influence on shallow 
groundwater flow, and (4) assess if the deep groundwater has been impacted. 

2.1 .I Direct Push Technology (DPT) 
In September 1999,16 DPT borings were advanced to collect groundwater samples, which 
were analyzed for VOCs and dissolved TAL metals. The DPT data was intended for use as a 
screening tool to guide the placement of permanent monitoring wells. Figure 2-l illustrates 
the DPT boring locations. 

2.1.2 Monitoring Well Installation 
Based on the DPT analytical results, six shallow monitoring wells and one deep monitoring 
well were installed at SWMU 6 to characterize the hydrogeology and extent of groundwater 
contamination at SWMU 6. The wells were also installed in order to assess any potential 
human health or ecological risk associated with groundwater at the site. 

All monitoring wells were installed through 4 %in. ID hollow-stem augers (HSAs). Split 
spoon samples were collected at approximately 5-ft intervals to characterize the lithology of 
the aquifer. All newly installed monitoring wells were constructed of 2-in. ID Schedule 40 
PVC casing and 0.010~in-slot lo-ft screens. The shallow monitoring wells extended from 5 
to 15 ft bgs, and the deep monitoring well was screened from 59 to 69 ft bgs. Figure 2-2 
illustrates the locations of the monitoring wells. 

Mon.itoring wells were installed and developed in accordance with SOPS described in the 
Master Project Plan (CH2M HILL, October 1997). All monitoring wells were developed by a 
combination of surging and pumping to remove fine-grained material that could enter the 
well screen. The vertical elevations of the ground surface, the top of PVC casing, and the top 
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Z-SITE INVESTIGATION 

of well mount for all new and existing monitoring wells were surveyed using a global 
positioning system (G’S). Appendix A presents the soil boring logs and well construction 
diagrams for the monitoring wells at SWMU 6. 

2.1.3 Monitoring Well Sampling 
The initial round of groundwater sampling was performed in January 2000, and a second 
round was collected in June. Samples were analyzed for VOCs, TAL metals (total and 
dissolved), and cyanide. 

During summer 2001, the Tier I Partnering Team became aware that the waste pit might 
have been used to dispose of radionuclides associated with the manufacture of luminescent 
dials. Additional sampling rounds were conducted in September 2001 and February 2002 to 
determine the presence and speciation of any radionuclides at the site. In addition, the Tier I 
Partnering Team joint scoped the collection of natural attenuation parameters to evaluate if 
the organic contaminants will decay under site conditions. 

During each sampling event, water levels in the wells were recorded. This data, in 
conjunction with survey data, was used to develop groundwater-elevation contour maps. 
Section 3.2 presents a discussion of this data. 
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3 Physical Characteristics 

This section presents general information regarding the environmental setting of NSN, 
including information on climate and meteorology, topography, surface drainage, soils, 
geology, and hydrogeology. 

3.1 Regional and Basewide Physiography, Surface Water 
Hydrology, and Climate 

Four major surface water features surround the greater Norfolk area: the James and 
Elizabeth Rivers and Willoughby and Chesapeake Bays, all of which are tidal. The reported 
lOO-year static water flood elevation throughout the Base is 8.5 ft above mean sea level. 
Portions of the Base adjacent to Willoughby Bay and the Elizabeth River are within the 
loo-year floodplain. 

The upper layer of soils at the Base generally consists of fine sands and silts 20 to 40 ft thick, 
characterized by low-to-moderate permeability. This layer of soils is typically underlain by 
relatively impermeable sediments composed of silt, clay, and sandy clay. Together, these 
strata have a combined thickness of approximately 60 ft. The average permeability of soils in 
the City of Norfolk is less than 2.5 in. per hour. 

The topography of NSN is nearly level. Surface elevations at the site range from sea level to 
heights of 15 ft, found in the central section of the Base. NSN is located in the outer Atlantic 
Coastal Plain Physiographic Province, which is characterized by low elevations and gently 
sloping relief. The Base is underlain by more than 2,000 ft of gently dipping sandy 
sediments, ranging in age from Recent to Lower Cretaceous. 

The uppermost geologic unit is the Columbia Group, which is approximately 60 ft thick and 
composed of Holocene deposits and undifferentiated Pleistocene deposits. Below it lies the 
Chesapeake Group, the uppermost unit of which is the Yorktown Formation. It is capped by 
the Yorktown confining unit that separates the Columbia aquifer from underlying 
Yorktown aquifer. The Chesapeake Group is composed of several additional older 
formations that comprise deeper aquifers and confining units. 

Two significant shallow aquifer systems in the area are the Columbia aquifer, located in the 
upper 20 to 40 ft of the Columbia Group, and the underlying Yorktown Aquifer. 

The Hampton Roads Area has a maritime climate characterized by long temperate summers 
and mild winters. The average annual temperature is 60.7” Fahrenheit (F). July is the 
warmest month, with temperatures averaging 78.7”F, whereas January is the coolest, with 
temperatures averaging 43.1”F. Freezing temperatures are infrequent in the region. 
Precipitation averages 43 in. annually and is evenly distributed throughout the year. A 
slight increase in precipitation occurs between June and August due to the prevalence of 
convective thunderstorms. The average annual snowfall is 8.8 in. Winds are generally in the 
easterly direction and moderate, ranging from 6 to 11 knots. 
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3-PHYSICAL CHARACTERISTICS 

3.2 Site Groundwater Flow 
During each sampling event, water levels in the wells were recorded. These data (Table 3-l), 
in conjunction with survey data, were used in the development of groundwater elevation 
contour maps. Due to the site’s proximity to the Bay, it was expected that groundwater flow 
would be to the northeast. The groundwater contour map for January 2000 (Figure 3-l) 
confirms that the groundwater flow direction is to the northeast towards Willoughby Bay. 
However, the May 2002 (Figure 3-2) groundwater contour map shows that the groundwater 
flow is to the northwest. In addition, the groundwater elevation data from the June 2000, 
September 2001, and March 2002 sampling events also indicate that groundwater flow is to 
the northwest. The difference in groundwater flow direction between the sampling events 
may be attributed to seasonal variations or an unknown influence that has affected the flow 
since January 2000. The gradient at the site is gentle, at 3.2 x 10-3, and groundwater is 
encountered at 4 to 6 ft bgs. A comparison of the groundwater elevation at MWOlD and 
MWOlS indicates that vertical groundwater flow is down into the Yorktown aquifer. 

3.3 Site Geology 
The site’s subsurface is comprised of fine- to medium-granted sands that grade into 
medium- to coarse-grained sands at approximately 5 ft bgs. The confining unit of the 
Yorktown aquifer was encountered at a depth of approximately 50 ft bgs and consisted of 
sandy silts with some shell fragments. Immediately beneath this confining layer, the 
material consisted of dense, silty fine sands. There was little debris observed in the site’s 
soils and therefore, no evidence of the subsurface disposal of solid materials. 
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,, -. Table 3-1 
Groundwater Elevations 

SWMU 6 
Naval Station Norfolk 

Date I I January 2000 I June 2000 I 
1 Groundwater 1 I 

1 Well Number 
.  _ .  I  .  .  

6.95 4.63 2.32 
6.96 NM NM 
6.92 4.64 2.28 
6.99 4.65 2.34 
8.36 5.82 2.54 
8.24 5.69 2.55 
8.28 5.7 2.58 

Depth to 1 Groundwater 1 Depth to 1 Elevation 
Water (ft)’ Elevation (tQAA Water (ft) mAA 

4.56 2.39 4.63 2.32 
5.34 1.62 NM NM 
4.23 2.69 4.5 2.42 
4.79 2.2 4.86 i2.13 
5.9 2.46 6.08 2.28 

5.75 2.49 5.96 2.28 
5.58 2.7 5.96 12.32 

Date March 2002 May 2002 

Groundwater 
TOC elevation Depth to Elevation Depth to Groundwater 

Well Number (VA Water (ft) uv** Water (fty Elevation (tt)*A 

MWOl S 6.95 4.68 2.27 4.54 2.41 MWfU ITI 6~96 NM NM 5.79 1 17 

4.36 2.56 4.19 

I -.-- I . .- 
I I 

‘--- 
t 

I 8.36 i 6.02 i ;:ii 1 5.81 i ii:& 
5.97 I 2.27 I 5.73 I I _.- __-. -.-. I I 

MWOGS I 8.28 1 5.98 1 2.3 1 ii:+; 1 %if 

*Depth to water = feet below measuring point 
MFeet Above Mean Sea Level 
TOC - Top of Casing 
NM - Not Measured 
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I~ 4 Results from Site Investigation 

This section discusses the analytical results of the groundwater samples collected during the 
SI. The results were compared to the MCLs, and tapwater RBCs. A summary of this 
screening is provided below. 

4.1 Analytical Results 

4.1.1 Direct Push Technology Data 
In 1999,16 grab groundwater samples were collected and analyzed for VOCs and dissolved 
metals- The exceedances of the screening criteria are shown in Figure 4-1 and Table 4-1. The 
raw analytical data is provided in Appendix B, Table B-l. 

4.1 .l .l Volatile Organic Compounds 

The groundwater analytical results for organic compounds indicate that there were RBC or 
MCL exceedances of 1,l dichloroethene (1,l DCE), trichlorethene(TCE), vinyl chloride, 
chloroethane, tetrachloroethene (ICE), and 1,4 dichlorobenzene. The results are 
summarized below: 

l 1,l DCE concentrations exceeded the RBC limit of 0.044 pg/L in the majority of the grab 
g:roundwater samples collected northwest of SWMU 6 (DW02, DW04, DW05, DWOS, 
and DWO9). 

l TCE concentrations exceeded the RBC limit of 0.026 pg/L in all grab groundwater 
samples (with the exception of DW16 located slightly upgradient of SWMLJ 6). In 
addition, the TCE levels exceeded the MCL of 5 pg/L in the four downgradient samples 
collected closest to SWMU 6 (DW02, DW03, DW04, and DW05). 

l Vinyl Chloride was detected in DW08 at 1.6 hg/L and DWO9 at 11 pg/L exceeding the 
RBC of 0.015 ug/L for each sample and the MCL of 5 pg/L in DWO9. 

l PCE in DW07 and DW12 exceeded the RBC of 0.36 pg/L at levels of 1.1 yg/L and 
0.85 l-kg/L, respectively. 

l Isolated exceedances in grab groundwater samples collected at SWMU 6 include 
chloroethene and 1,4-dichlorobenzene. Chloroethane was detected at 4.8 pg/L in DWO9 
exceeding the RBC of 3.6 pg/L. 14Dkhlorobenzene exceeded the RBC of 0.47 pg/L in 
DWOl at 1.4 pg/L 

4.1 .1.2 TAL Dissolved Metals 

The dissolved metals results showed that there were exceedances of the screening criiteria 
for the following constituents: arsenic, antimony, cadmium, and chromium. The results are 
summarized below: 

4-1 



4-RESULTS FROM SITE INVESTIGATION 

l The concentration of antimony exceeded the RBC (15 &L) and MCL (6 p&L) with a 
range of 11 yg/L to 218 pg/L at four locations north and east of SWMU 6. 

l The concentration of cadmium at location DW07 exceeded the RBC (18 yg/L) and MCL 
(5 ug/L) with a value of 31.4 ug/L- 

l Chromium concentrations exceeded both the RBC (110 ug/L) and MCL (100 pg/L) at 
four locations with a range of 158 ug/L to 1440 ug/L. The exceedances occurred within 
one pocket located north of SWMU 6, proximal to the sewer line. 

l Arsenic concentrations exceeded the RBC (0.045 pg/L) at seven locations throughout the 
site with a range of 2.8J ug/L to 10.1 pg/L. The arsenic concentration at DW16 also 
exceeded the MCL of 10 pg/L. 

4.1.2 Monitoring Well Data 
Two rounds of monitoring well data were collected in January 2000 (Round 1) and June 
2000 (Round 2) and the groundwater samples were analyzed for VOCs, TAL metals (total 
and dissolved), and cyanide. Additional sampling rounds were conducted in September 
2001 (Round 3) and March 2002 (Round 4) for natural attenuation parameters and 
radionuclides. The exceedances are summarized in Figure 42 and Table 4-2. The raw 
analytical data is provided in Appendix B, Table B-2. 

4.1.2.1 Volatile Organic Compounds 

The groundwater analytical results for organic compounds indicate that there were RBC or 
MCL exceedances of 1,l dichloroethene (1,l DCE), trichlorethene(TCE), bromodichloro- 
methane, vinyl chloride, chloroethane, chloroform, tetrachloroethene (PCE), ethylbenzene, 
benzene, and 1,4 dichlorobenzene. 

The most widespread VOC contamination was associated with three organic compounds: 
1,l DCE, TCE, and vinyl chloride. Each was detected above its respective RBC in at least five 
of the seven wells sampled. These constituents were also detected above their RBCs in two 
of the three farthest downgradient wells during at least one sampling round. However, the 
only organic compound that exceeded the MCL in the downgradient wells was vinyl 
chloride at MWO3S. 

A comparison between the rounds of sampling indicates that the overall levels of VOCs 
decreased over time in downgradient wells MWOlS, MWO2S, MWO3S, and MWO4S. 
However, the VOC concentrations at MWO5S and MWO6S (the monitoring wells located 
closest to SWMU 6) tended to remain relatively consistent between sampling rounds. A 
summary of the exceedances for each parameter is provided below: 

l Rounds 1 and 2 indicate 1,l DCE concentrations exceeding the RBC limit of 0.044 ug/L 
in each monitoring well sample with the exception of NBWOG-MWOlS located directly 
north of SWMU 6. Results from Round 4 indicate 1,l DCE concentrations of 0.33 pg/L at 
MWO5S and 7.2 pg/L at MWOGS exceeding the RBC of 0.044 pg/L in each location and 
the MCL of 7 pg/L in MWO6S. 

l TCE concentrations exceeded the RBC of 0.026 yg/L or the MCL of 5 pg/L in MWO3S, 
MIVO4S, MWOSS, and MWOGS during the first two rounds of sampling. The fourth 
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. 

round of samplings indicated RBC exceedances in MWO4S, MWO5S, and MWOGS at 
concentrations of 0.35 pg/L, 1.8 pg/L, and 2.2 pg/L, respectively. 

Vinyl chloride detections exceeded the RBC of 0.015 pg/L or the MCL of 2 pg/L in aII 
groundwater samples with the exception of MWO5S and MWOlD. Vinyl chloride 
concentrations at MWOlS and MWO2S exceeded the RBC with levels of 0.15 ug/L, and 
0.46 pg/L during the first round of sampling only. Detections of vinyl chloride at 
MWO3S, MWO4S, and MWOGS exceed both the RBC and MCL in one or more rounds of 
sampling. 

Chloroform was detected in MWOlD (Round l), MWO5S (Round 2), and MW04S(Round 
4) at concentrations of 9.9 pg/L, .21 ug/L, and 2.4 pg/L exceeding the RBC of 0.1!5 pg/L. 

PCE was detected during the second round of sampling in MWO4S at 1 pg/L and. in 
MWO5S during the second and fourth rounds of sampling at 5.5 yg/L and 1.9 pg/L 
exceeding the RBC of 0.63 pg/L or the MCL of 5 pg/L. 

Isolated exceedances include chloroethane, bromodichloromethane, ethylbenzene, 
benzene, and dichlorobenzene. Chloroethane was detected at 11 pg/L and 3.8 pg/L in 
MWO3S during the first and second rounds of sampling exceeding the RBC of 3.6 pg/L. 
Eromodichloromethane was detected at 0.6 ug/L in MWO4S exceeding the RBC of 
0.17 pg/L. Ethylbenzene was detected during the first round of sampling in MWO3S at 
13 pg/L exceeding the RBC of 3.3 yg/L. Round one sampling at MWO3S also indicated 
detections of benzene (2 pg/L) exceeding the RBC of 0.32 pg/L and 1,4 dichlorobenzene 
(:30 pg/L) exceeding the RBC of 0.47 pg/L. 

4;; .2,,2 TAL Dissolved Metals 

The groundwater analytical results for dissolved metals showed exceedances of the 
screening criteria for antimony, cadmium, chromium, and thaIhum. A data comparison of 
Rounds 1 and 2 data indicates that the dissolved metals concentrations tended to increase at 
downgradient wells MWOlS, MWO4S, and MWO5S. However, the dissolved metals 
concentrations at MWO3S remained relatively consistent and those at MWO2S tended to 
decrease between the sampling rounds. A summary of the dissolved metals data is provided 
below: 

l Antimony exceeded the RBC (15 pg/L) and MCL (6 pg/L) at MWO5S during both 
Round 1 and 2 with concentrations of 10.4J ug/L and 21.9 pg/L, respectively. 

l Cadmium exceeded the MCL (5 yg/L) at one location (MWO4S) in Round 1 and two 
locations (MWO4S and MWO5S) in Round 2. The cadmium concentrations rangedi from 
5.6 to 25.7 pg/L. The highest concentration of cadmium at MWO4S also exceeded the 
RBC of 18 pg/L. 

l Chromium exceeded the RBC (110 kg/L) and MCL (100 pg/L) at MWO5S in Round 2 
and MWOlD in Round 1 with concentrations of 115 pg/L and 128 pg/L, respectively. 

l Thallium exceeded the RBC (2.6 ug/L) and MCL (2 yg/L) at MWO2S, MWO3S, and 
MWO5S with concentrations of 4.8 pg/L, 5.3 ug/L, and 5.5 yg/L, respectively. ThaIhum, 
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although detected above the screening criteria at three locations in Round 1, was not 
detected in any groundwater samples during Round 2. 

4.1.2.3 TAL Total Metals 

The groundwater analytical results for total metals indicated exceedances of the screening 
criteria for antirnony, cadmium, chromium, lead, and thallium. A data comparison of 
Rounds 1 and 2 indicates that the total metals concentrations tended to increase at 
downgradient wells MWOlS, MWO4S, and MWO5S. However, the total metals 
concentrations at MWOGS remained relatively consistent and the concentrations at MWO2S 
and MWO3S tended to decrease between the sampling rounds. In addition, zinc and lead 
exceedances were observed in the total metals but not the dissolved metals analysis, 
indicating that these constituents may be the result of suspended solids and are not site 
related. A summary of the total metals data is provided below: 

l Antimony exceeded the RBC (15 pg/L) and MCL (6 pg/L) at MWO5S during both 
Round 1 and 2 with concentrations of 7.9J pg/L and 22.7 ug/L, respectively. 

l Cadmium exceeded the MCL (5 kg/L) at MWO4S in Round 1 and Round 2 with 
concentrations of 7.6 ug/L and 25.7 pg/L, respectively. The Round 2 concentration also 
exceeded the RBC of 18 pg/L. 

l Chromium exceeded the RBC (110 pg/L) and MCL (100 pg/L) at MWO5S in Round 2 
with a concentration of 136 pg/L. An RBC exceedance was also observed at MWOlD in 
Round 1 with a concentration of 128 pg/L. Hexavalent chromium samples were also 

. collected during Round 1. Hexavalent chromium was only detected in MWO5S with a 
concentration of 120 pg/L that slightly exceeded the RBC of 110 ug/L. 

l Lead exceeded the Federal Action Level (15 pg/L) at MWO2S (51.6 pg/L) in Round 1 but 
was nondetect in Round 2. 

l Thallium exceeded the RBC (2.6 yg/L) and MCL (2 yg/L) at MWO3S with a 
concentration of 4.9J pg/L. However, thallium was not detected in any groundwater 
samples during Round 2. 

4.1.2.4 Natural Attenuation 

Natural attenuation parameters (methane/ethane/ethene, Total Organic Carbon (TOC), 
ferrous iron, nitrate, sulfate, sulfide, chloride, and alkalinity) were collected during 
Rounds 3 and 4 of the SI in an effort to determine if biodegradation of the organic chemicals 
is occurring at the site. 

The natural attenuation parameters are shown in Table 43 and discussed below: 

l During the biodegradation of chlorinated hydrocarbons chloride is released into the 
groundwater. The concentration of chloride progressively increases downgradient of 
SWMU 6. The wells closest to SWMU 6 (MSVOS and MW06) showed a chloride 
concentration range of 15.9 to 21.4 mg/L; however, the wells furthest downgradient of 
the waste pit (MWOl, MW02, MW03) had a chloride concentration range of 832 to 
288 mg/L. In addition, the downgradient wells demonstrated a significant increase in 
chloride between the sampling rounds. However, due to the location of the high 
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chloride levels proximal to the bay, any increase in chloride from biodegradation cannot 
be differentiated from the potential impact of saltwater intrusion. 

l The pH of groundwater has an effect on the presence and activity of microbes in the 
groundwater. The pH at the site ranges from 7.01 to 8.82 and is within the optimal range 
for biodegradation. 

l The Oxidation-Reduction Potential (ORE) indicates the tendency of a solution to accept 
or transfer electrons (a necessary process in the biodegradation of organic compounds). 
The ORE at the site is relatively low with measurements ranging from -264 to 178 mV, 
indicating that the reductive potential favors biodegradation. 

l Dissolved oxygen (DO) is used by microbes for the biodegradation of organic carbon. 
DO fluctuates across the site and between sampling rounds indicating that no clear 
trend can be established with regard to the DO levels impacting biodegradation. 

l Once the DO has been depleted by microbial activity, nitrate may be used for 
biodegradation. For reductive biodegradation the nitrate levels must be less than 
1 mg/L. Nitrate levels are consistently below this level indicating that conditions are 
favorable for biodegradation. 

0 Ferrous iron, sulfate, and organic carbon are fuel sources for the biodegradation process. 
The concentrations of organic carbon and ferrous iron are too low and the concentration 
of sulfate is too high to support the microbial breakdown of organics at the site. 

l Ethane, ethene, and carbon dioxide are the end daughter products of the breakdown of 
chlorinated organic compounds. The relatively low levels of these parameters ind.icate 
little biodegradation of the organic constituents at the site. 

l The presence of methane in groundwater indicates the biodegradation of hydrocarbons. 
The methane levels fluctuate across the site and no clear trend can be established. 

There is some evidence that natural attenuation is occurring at the site. The pH, ORP, and 
nitrate measurements indicate that conditions may be favorable for biodegradation. In 
addition, the concentrations of daughter products such as vinyl chloride and chloroethane 
are elevated in the downgradient samples. It is likely that natural attenuation is occurring at 
the site from a combination of biodegradation, dilution, and dispersion of the VOC 
contaminant plume. 

4.1.2.5 Radionucfides 

Radionuclide samples were collected in Round 3 and 4 of the SI. Based upon the previous 
information, the radionuclides at the site may have originated from the manufacture of 
luminescent dials. The most prevalent radioactive materials used in this process are radium 
and tritium. The Round 3 sampling consisted of tritium and gross alpha-beta testing. The 
gross alpha-beta testing was used to determine the bulk presence of radioactive material but 
not the speciation. However, tritium is not detected by the gross alpha beta screening; 
therefore, specific tests were conducted for tritium. The Round 3 testing results showed that 
no tritium or gross alpha radiation was present at the site. However, gross beta levels were 
detected in all of the shallow monitoring wells (with the exception of MWOlS) with a range 
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of 2.8 pCI/L to 16.1 pCI/L. These levels are below the MCL level of 50 pCI/L for beta 
activity. 

As a result of the Round 3 testing it was concluded that tritium was not present at the site. 
However, the gross beta detects indicated that some radionuclides were present. Therefore, 
in Round 4 gross alpha-beta tests were again conducted to determine the consistency of the 
activity at the site. Because tritium was not detected at the site, it is likely that any 
radioactive material disposed as a result of the manufacture of luminescent dials would 
consist of radium. Therefore, total radium and radium 228 were analyzed to evaluate the 
presence and speciation of any radium at the site. The analytical results for Round 4 again 
show no detections for gross alpha activity. In addition, no radium 228 was detected at the 
site. Total radium was detected at 0.59J pCI/L at well MWO2S and gross beta levels were 
detected in all of the shallow monitoring wells with a range of 6.2 pCI/L to 20.4 pCI/L. 
However, the gross beta activity levels were below the MCL of 50 pCI/L. Currently, there is 
no RBC or MCL standard for total radium; therefore, the results were compared to the 
Virginia Groundwater Standard (VAGS). The total radium detect was well below the VAGS 
of 5pCI/L. 
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Table 4-l 
Direct Push Exceedances 

SWMU 6 
Naval Station Norfolk 

B - Possible blank contamination. 
J - Analyte Present. Reported value may not be accurate or precise. 

U - Not detected 
R - Unreliable result 

Reported value may be biased low. 

Shaded ceils represent exceedances of one or more of the screening criteria. 
Each screening criterion has been assigned a reference number listed in parantheses in the column header. The reference number 
is used to identify specific criteria exceeded in a particular sample. 



Table 4-1 
Direct Push Exceedances 

SWMU 6 
Naval Station Norfolk 

~~ RBC-Tap (1) 

Chemical Name 11 

Volatile Organic Compounds (W/L) 

t,l-Dichloroethene 

Notes: 

J - Analyte Present. Reported value may not be accurate or precise. 
U - Not detected 
R -Unreliable result 

Reported value may be biased low. 

B - Possible blank contamination. Shaded cells represent exceedances of one or more of the screening criteria. 
Each screening criterion has been assigned a reference number listed in parantheses in the column header. The reference number is 

used to identify specific criteria exceeded in a particular sample. 

MCL- 
Groundwatel 

(2) 

NBWOG-DW13 NBWOG-DW14 NBWOG-DW15 NBWOG-DWl6 

NBWOG-DW13 NBWOG-DWt4 NBWOG-DW14P NBWOG-DWI5 NBW06-DW16 
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Table 4-2 
Monitoring Well Exceedances 

SWMU 6 
Naval Station Norfolk 

if5tation ID 

Sample ID 

Sample Date 

Chemical Name 

NBWOG-MWOI D I NBWOG-MWOlS ~~ I NBWOB-MWOPS I NBWOG-MW03S 

02 1 NBWOG-MWOZS-ROt 1 NBW06MWOZS-R02 1 NBWOGMW03.SP-R01 1 NBWOG-MW03S-ROl 1 NBW06-MW03S-P-R02 1 NBW06.MW03S-R02 1 RBC-Tap (1) MCL-Groundwater (2) NBWOG-MWOIDROI 1 NBWOG-MWOlDR02 NBWOG-MWOIS-ROl NBWOG-MWOIS-R 

01107100 I Ow19/00 01107100 OWlQ/OO 1 01/0?/00 owl 9/00 01/07/00 I 01/07/00 I 06/19/00 I 06/19/00 

I I I I I I 

Notes: 

NA - Not Analyzed 

J - Analyte Present. Repotted vlaue may not be accurate or precise. 

L - Reported value may be biased low. Actual value expected to be higher. 

U - Not Detected. 

B - Possible blank contatination 

R - Unreliable result. 

Shaded cells represent exceedancee of one or more of the screening criteria. 

Each screening cdtedon has been assigned a reference number listed in parantheses in the 

colurm header. The reference nur&er is used to identify specific criteria exceeded in a 

particular sample. 
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Table 4-2 
Monitoring Well Exceedances 

SWMU 6 

Naval Station Norfolk 

Station ID 

Sample ID 

I 

Sample Date 

Chemical Name 

I NBWOGMWO4S I 
RBC-Tap (1) YCL-Groundwater (2) 

NBWOGMW05S 

NBWO6-MW03SP-R04 NBWOCMW03SA04 NBWOG-MWO4S-ROl NBW06-MW04SeR02 1 NBW06.MWO4S-R04 NBWffi-MW05S-ROl NBWOG-MWffiS-RM NBW06-MW05S-R04 

03/l l/02 03/l l/O2 01/07/00 06/19/00 I 03/l l/02 01/07/00 06/19/00 03/l 1102 

I I I 

NA - Not Analyzed 

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

L - Reported value may be biased low. Actual value expected to be higher. 

U - Not Detected. 

B - Possible blank co&mination 

R - Unreliable result. 

Shaded cells represent exceedances of one or more of the screening criteria. 

Each screening criterion has been assigned a reference nundsr listed in parentheses in the 

column header. The reference number is used to identify specific cn’teda exceeded in a 

patticularsmpla 
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Table 4-2 
Monftorfng Well Exceedances 

SWMU 6 
Naval Station Norfolk 

Volatile Organic Compounds (UGA) 

1 .l-Dichloroethene 

1,4-Dichlorobenzene 

Benzene 

Bromodichforomethane 

Chtoroethane 

Chloroform 

Ethylbenzene 

Tetrachloroethene 

Trichforoethene 

Vim4 chloride 

Total Metals (K/L) 

Antimony 

Arsenic 

Cadmium 

Chromfum 

Chromium (hexavalent) 

-cad 

Thallium 

lfoissoived Metals (UGIL) 

RBGTap (1) MCL-Groundwater (2) 

NBWOG-MWO6S 

NBWOGMWOGS-ROl NBW06-MW06SR02 NBW06MWO6SR04 

01/07/00 06/20/00 03/l l/O2 

0.47 75 lli 1u NA 

0.32 5 1u 1u 1u 

0.17 80 1u 1u 1u 

3.6 _- 1u 1 UJ IU 

0.15 a0 1u 1u 1u 

3.3 700 1u 1u 1u 

I t t t 

151 61 2.4 U NA 

0.045 10 2.9 u 1.5 u NA 

18 5 3.4 u 3.6 u NA 

110 100 2.2 u 9.3 NA 

0.11 0.01 u NA NA 

__ 15 1.6 U 1.3 u NA 

2.6 2 3.8 u 5.9 B NA 

I 
15 6 1.4 u 2.4 U NA 

0.045 10 2.9 u 2.7 B NA 

la 5 3.4 u 3.8 u NA 

110 100 38 3.9 u NA 

2.6 2 3.8 u 58 NA 

NA - Not Analyzed Shaded cells represent exceedances of one or more of the screening criteria. 

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

L - Reported value may ba biased low. Actual value expected to ba higher. 

U - Not Detected. 

B - Possible blank co&tin&m 

R - Unreiiabfe result. 

Each screening criterion has been assigned a reference number listed in paw-theses in the column header. 

The reference number is used to identify specific criteria exceeded in a particular sample. 
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CT0 131 
Table 4-3 

Natural Attenuation Parameters 
SWMU 6 

Naval Station Norfolk 

Notes: 

NA-UotAnSyzed 

J - Anal@ Present Repoted viaue may not be accurate or precise. 

L - Reported value may be biased low. Actual value expected to be higher. 

U-Not Oetected. 

B-Possible blank contamination 

R - Unreliable rerun 

NBWO6-MWOlS I I NBWO6-MW02S I I NBWlJHlWO3S I NBWOEMWO4S I I NBWOGMW05S I NBWO6-MWO6S 
neid Parameter BWOE-hlWOlS-RW 1 1 ta3wo64woism4 1 

1 
~N~~WO~-MWO~S-RO~ 1 1 NBWO6-MWOZS-R94 
1 09/19/2001 

1 1 t4Bw0644wo3a4303 1 /NBW~~-MW~~S-RO~ 
I I 

I I 03/11/2002 I 1 09/19/2001 
1 [ NBWOGMWlklS-RM 1 1 NBWll6MWlklS-RW 1 1 NBW~~-MW~~S-R~~ 1 INBWO~GMW~~S-~04 

1 o3fl1mo2 
1 1 NBWO6-MWOSSRO3 1 1 NBWO6-MWOSS-RO4 

O9/i9/2001 03/i1/2002 03/11/2002 o9m/2001 (13/11/2002 09/19/2901 I 1 I 09/19/2001 03/11/2002 
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5 Conclusions and Recommendations 

This section presents the SI conclusions and provides recommendations. The results of the 
SI are summarized below: 

l The monitoring welI analytical results for organic compounds indicate that there were 
RBC or MCL exceedances of 1,1 DCE, TCE, bromodichloromethane, vinyl chloride, 
chloroethane, chloroform, PCE, ethylbenzene, benzene, and 1,4 dichlorobenzene. The 
most widespread VOC contamination was associated with three organic compounds; 
1,l DCE, TCE, and vinyl chloride. Each of these constituents was detected above its 
respective RBCs in at least five of the seven wells sampled. These constituents were also 
detected above their RBCs in two of the three furthest downgradient wells during at 
least one sampling round. However, the only organic compound that exceeded the MCL 
in the downgradient wells was vinyl chloride at MWO3S. 

l A comparison between the rounds of sampling indicates that the overall levels of VOCs 
decreased over time in downgradient wells MWOlS, MWO2S, MW03S, and MWO4S. 
However, the VOC concentrations at MWO5S and MWOGS (the monitoring wells located 
closest to SWMU 6) tended to remain relatively consistent between sampling rounds. 

l The monitoring well analytical results for metals showed exceedances of the screening 
criteria for antimony, cadmium, chromium, lead, and thallium. In addition, hexavalent 
chromium samples were collected in Round 1 and a slight RBC exceedance was 
observed at MWO5S. A data comparison of Rounds 1 and 2 indicates that the to&l metals 
concentrations tended to increase at downgradient wells MWOlS, MWO4S, and MWO5S. 
However, the total metals concentrations at MWOGS remained relatively consistent and 
the concentrations at MW02S and MW03S tended to decrease between the sampling 
rounds. In addition, lead exceedances were observed in the total metals but not the 
dissolved metals analysis, indicating that this constituent may be the result of 
suspended solids and is not site related. 

l Exceedances of the screening criteria for 1,l DCE, chloroform, and chromium were 
observed in deep well MWOlD, indicating the possible transport of contaminants from 
the shallow to the deep aquifer. 

l There is some evidence that natural attenuation is occurring at the site. The pH, ORP, 
and nitrate measurements indicate that conditions may be favorable for biodegraldation. 
In addition, the concentrations of daughter products such as vinyl chloride and 
chloroethane are elevated in the downgradient samples. It is likely that natural 
attenuation is occurring at the site from a combination of biodegradation, dilution, and 
dispersion of the VOC contaminant plume. 

l Groundwater samples were analyzed for tritium, total radium, radium 228, and gross 
alpha-beta activity. The analytical results showed that there were no detects of radium 
228, gross alpha activity, or tritium. Total radium was detected at well MW02S and gross 
beta levels were detected in all of the shallow monitoring wells. However, the gross beta 
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5 - CONCLUSIONS AND RECOMMENDATIONS 

activity levels were below the MCL. Currently, there is no RBC or MCL standard for 
total radium, therefore, the results were compared to the Virginia Groundwater 
Standard (VAGS). The total radium detect was well below the VAGS. Based on the 
analytical results, there is no evidence of the disposal of radionuclides at the site. 

The analytical data indicates that the concentrations of several metals and organic 
compounds exceed the screening criteria. However, based upon the historical knowledge 
and interview with the former waste handler, it is unlikely that the SWMU 6 waste tank is 
the source of the organic contaminants observed at the site. Furthermore, the metals 
concentrations exhibit a random pattern not indicative of a common source. Finally, there is 
no evidence of soil contamination proxirnaI to the tank and no indication that radionuclides 
were disposed at the site. Therefore, SWMU 6 is recommended for no further action and it is 
proposed that a Close-Out report be generated for the site. 
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PROJECT NUMBER WELL NUMBER 

154408.FI.FI NBW06-MWOlD SHEET t OF 1 

WELL COMPLETION DIAGRAM 

3OJECT : CTO-131 

BILLING CONTRACTOR : Parratt Wolff 

LOCATION : V-28 

RILLING METHOD AND EQUIPMENT USED : Hollow Stem Auger/Mud Rotary 

ATERLEVELS: START : 1 l/17/99 END : 1 t/22/99 LOGGER : M. Louth 

I- Ground elevation at well 

2- Top of casing elevation 

3- Wellhead protection cover type Flushmount 

a) drain tube? No 
b) concrete pad dimensions 2’ diameter 

4- Dia./type of well casing 2” PVC Sch. 40 

5- Dia./type surface casing 3” steel 

6- Type/slot/size of screen 

7- Type screen filter 

a) Quantity used 

B- Type of seal 

a) Quantity used 

2” PVC 10 Slot 

DSI #l Sand 

6 Bags 

DSI Bentonite 

i/2 bag 

9- Grout 

a) Grout mix used 
b) Method of placement 

c) Vol.of surface casing grout 

d) Vol. of well casing grout 

Portland Cement 
Tremie 

25 gallons 

50 gallons 

Development method 

Development time 

Surge/Pump 

1 hour 

Estimated purge volume 

Comments 

Clear 

75 gallons 
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PROJECT NUMBER BORING NUMBER 

154408.FI.FI NBW06-MWOl D SHEET 2 OF 2 

SOIL BORING LOG 

PROJECT : Norfolk Naval Base LOCATION : V-28 

ELEVATION : DRILLING CONTRACTOR : Parratt Wolff 

DRILLING METHOD AND EQUIPMENT USED : 

WATER LEVELS : START : 11117i99 END : 1 l/21/99 LOGGER : M. Louth 

EPTN BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS 

INTERVAL (FT) PENETRATION 

RECOVERY (IN) TEST SOIL NAME, USCS GROUP SYMBOL. COLOR, DEPTH OF CASING, DRILLING RATE, 
#iTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS, 

6”-6”6’-6” OR CONSISTENCY, SOIL STRUCTURE. TESTS, AND INSTRUMENTATION. 

W) MINERALOGY. 

_ 46-48 241 19 32-38-41-58 same as above : (1424) 

(79) - 

- 

50 - 

- 

_ 52-54’ 24l18 20 

55 : 54-56 24ll8 21 

- 
_ 56-58 2408 22 

_ 58-80’ 24122 23 

60 - 
_ 60-62 24122 24 

- 
_ 62-64’ 2422 25 

65 1 64-66 

- 

9-13-21-36 fine sandy sitt with shell fragments; tan; dense; I(1220 11/21/99) 

(34) moist; firm; trace clay lenses 

12-21-27-35 fine sandy sift with shell fragments; tan-brown; : (1230) 

(48) dense; moist; firm; trace clay lenses; Crew mixed new mud needed for drilling 

15-28-20-25 5656.5 - same as above: 56.568 - fine sandy silt (5 1 (1300) 

(48) green-gray/blue; little to no shells; wet; md.dense 

8-13-29-33 fine sandy silt (SM); greenish gray/blue; little I(l348) 

(33) to trace shells and gravel 

1 O-20-31 -43 silty fine sand (SM); greenish gray/blue; trace to : (1400) 

(51) no shells; moderate dense; wet 

7-17-21-38 same as above I(l435) 

(38) 
24122 26 g-21-28-26 same as above - (1446) - 

(49) - crew takes break: bore hole losing water 

_ 66-68 241 27 27-34-44-50 silly fine sand (SM); greenish gray/blue; trace _ from mud tub 

(78) shellls; m. dense; wet - 

- 

70 - 

- 

75 - 
- 

End of boring - 
well set at 68’ bgs with screen 58-68’ bgs - 
Roller bit borehole 5 7/8” diameter - 

- 

- 

- 

- 

- - 

- 

80 - - 

- 

- 

- - 

85 1 
- 

- 

- 
- 
- 
- 

- 
- 

- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 

- 
- 
- 

- 



PROJECT NUMBER WELL NUMBER 

154408.FI.FI NBWOG-MWOl S SHEET 1 

WELL COMPLETION DIAGRAM 

L 

3 

3b\ \ /2 ‘\ 

IOJECT : CTO-131 
3ILLING CONTRACTOR : Parratt Wolff 

LOCATION : V-28 

?tLLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 
ATER LEVELS : START : 1 l/23/99 END : 1 I/23/99 LOGGER : M. Louth 

1 - Ground elevation at well 

2- Top of casing elevation 

3- Wellhead protection cover type Flushmount 
a) drain tube? 
b) concrete pad dimensions 2’ Diameter 

4- Dia./type of well casing 2” PVC Sch. 40 

5- Type/slot size of screen 2’ PVC Sch. 40/10 Slot 

6- Type screen filter 

a) Quantity used 

7- Type of seal 
a) Quanttty used 

8- Grout 
a) Grout mix used 
b) Method of placement 
c) Vol. of well casing grout 

DSI #l Filter Sand 

5 bags 

DSI 3/8” Bentonite Chips 
112 bag 

Portland Cement 

Development method 

Development time 

Estimated purge volume 

Comments Clear 

Surge/Pump 

45 min. 

55 gal 



PROJECT NUMBER BORING NUMBER 

154408.Fl.FI NBWOG-MWOl S SHEET 1 OF 1 

SOIL BORING LOG 

PROJECT : CTO-131 LOCATION : V-28 

ELEVATION : DRILLING CONTRACTOR : Parratl Wolff 
DRILLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 

WATER LEVELS : START : 11/23/99 END : 11/23/99 LOGGER : M: Louth 

EPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION I COMMENTS 

INTERVAL (FT) PENETRATION 

I 

IRECOVERY (IN) 
#/TYPE 

TEST 
RESULTS 
6”-6”-6”& 

(N) 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY. 

OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY. 

see boring log for NBWO&MWOiS 

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, 

TESTS, AND INSTRUMENTATION. 
OVM (ppm): Breathing Zone Above Hole 

Well set at 13’ bgs 
with screen from 3-13’ bgs 

- 

WDC0300SO004.ZlP/KTM 



PROJECT NUMBER WELL NUMBER 

NBWOG-MWOZS SHEET 1 1 OF 1 

WELL COMPLETION DIAGRAM 

3 

3b\ \ /2 ‘\ 

?OJECT : CTO-131 
RILLING CONTRACTOR : Parratt Wolff 

LOCATION : V-28 

RILLING METHOD AND EQUtPMENT USED : Hollow-Stem Auger 
ATER LEVELS : START : 1 l/20/99 END : 1 l/23/99 LOGGER : M. Louth 

l- Ground elevation at well 

2- Top of casing elevation 

3- Weilhead protection cover type Flushmount 
a) drain tube? 
b) concrete pad dimensions 2’ Diameter 

4- Dia./type of well casing 2” PVC Sch. 40 

5- Type/slot size of screen 2” PVC Sch. 40/10 Slot 

6- Type screen filter 

a) Quantity used 

DSI #l Filter Sand 

5 bags 

7- Type of seal 
a) Quantity used 

DSI 3/8” Bentonite Chips 
l/2 bag 

8- Grout 
a) Grout mix used 
b) Method of placement 
c) Vol. of well casing grout 

Portland Cement 

Development method Surge/Pump 

Development time 45 min. 

Estimated purge volume 55 gal 

Comments 



PROJECT NUMBER BORING NUMBER 

154408.FI.FI NBWOG-MWOPS SHEET 1 OF 1 

SOIL BORING LOG 

25 - 

JTERVl 

2-4 

m 

ECOVE 

24114 

241 

241 

PENETRATION 

TEST 
RESULTS 
6”-6”-6”-6” 

W) 

7-6-9-l 1 
(17) 

4-4-5-7 
(9) 

4-5-5-6 
W) 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
tiOISTURE CONTENT, RELATIVE DENSITY, 

2R CONSISTENCY, SOIL STRUCTURE, 
IrllNERALOGY. 
1' concrete 

,e to medium sand (SW); tan; well sorted; moist 
tip 

ould not get auger through concrete: will 
ckhammer 

edium to coarse sand (SW); trace silt; tan 
ose: moist to wet 

edium to coarse sand (SW); trace silt; tan-gray 
ose; saturated; gray clay at tip 

nd of boring 
fell set at 13’ bgs with screen from 513’ bgs 

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, 

TESTS, AND INSTRUMENTATION. 
lVh4 (ppm): Breathing Zone Above Hole 

‘ID 0 ppm (1420) 

‘IDOppm(1115) 

‘ID 0 ppm (1130) 

WDC030060004.ZIP/KTM 



154408.FI.FI SHEET 1 

WELL COMPLETION DIAGRAM 

,,- . 

L 

iE - 

3 

3b\ \ /2 ‘\ 

0JECT : CTO-131 
IILLING CONTRACTOR : Parratt Wolff 

LOCATION : V-28 

IILLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 
4TER LEVELS : START : 1 l/22/99 END : 1 l/22/99 LOGGER : M. Louth 

I- Ground elevation at well 

2- Top of casing elevation 

3- Wellhead protection cover type 
a) drain tube? 
b) concrete pad dimensions 

4- Dia./type of well casing 

5- Type/slot size of screen 

6- Type screen filter 

a) Quantity used 

7- Type of seal 
a) Quantity used 

8- Grout 
a) Grout mix used 
b) Method of placement 
c) Vol. of well casing grout 

Development method 

Development time 

Flushmount 

2’ Diameter 

2” PVC Sch. 40 

2’ PVC Sch. 40/10 Slot 

DSI #I Filter Sand 

5 bags 

DSI 3/8” Bentonite Chips 

Portland Cement 

Surge/Pump 

Estimated purge volume 

Comments 



PROJECT NUMBER BORING NUMBER 

154408.Fl.Fl NBWOG-MW03S SHEET 1 OF 1 

SOIL BORING LOG 

PROJECT : CTO-131 LOCATION : V-28 

ELEVATION : DRtLLING CONTRACTOR : Parratt Wolff 
DRILLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 

WATER LEVELS : START : 11/22/99 END : 1 l/22/99 LOGGER : M. Louth 

EPTH 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, DRlLLlNG FLUID LOSS, 

lj”4y~fj”-~ OR CONSISTENCY. SOIL STRUCTURE, TESTS, AND INSTRUMENTATION. 

N MINERALOGY. OVM (ppm): Breathing Zone Above Hole 
Concrete to lo” 

- 
1-3’ 24116 1 5-7-l 1-13 silty-medium sand (SM); tan; loose; dry PID 0 ppm (6825) 

- (1’3) 

- - 

Could not get auger through concrete: will - 
jackhammer 

5- 
5-7 2416 2 23-34-21-11 medium sand (SW) with some sitt; tan-brown - PID 0 ppm (0840) 

(55) loose; moist to wet - Water table at 5.5’ bgs 

- 

- - 

- 

10 - 
10-12 24118 3 5-5-5-6 medium sand (SW) with some sib gray; loose - PID 0 ppm (0855) 

- (10) saturated 

End of boring 
- Well set at 13’ bgs with screen from 3-13’ bgs 

- - 

15 - - 

- 

- 

- 

20 _ - 

- 

- 

25 - - 

- 

- 

WDC030060004.ZIP/KTM 
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PROJECT NUMBER WELL NUMBER 

154408.FI.FI NBWOG-MW04S SHEET 1 

WELL COMPLETION DIAGRAM 

PROJECT : CTD-131 LOCATION : V-28 

3 

3b\ \ /2 ‘\ 

3ILLING CONTRACTOR : Parratt Wolff 
3ILLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 
ATER LEVELS : START : 1 l/22/99 END : 1 l/22/99 LOGGER : M. Louth 

1 - Ground elevation at well 

2- Top of casing elevation 

3- Wellhead protection cover type 
a) drain tube? 
b) concrete pad dimensions 

4- Dia./type of well casing 

5- Type/slot size of screen 

6- Type screen filter 

a) Quantity used 

7- Type of seal 
a) Quantity used 

8- Grout 
a) Grout mix used 
b) Method of placement 
c) Vol. of well casing grout 

Development method 

Development time 

Flushmount 

2’ Diameter 

2” PVC Sch. 40 

2” PVC Sch. 40/10 Slot 

DSI #1 Filter Sand 

6 bags 

DSI 8k3” Bentonite Chips 
l/2 bag 

Portland Cement i 

Surge/Pump 

Estimated purge volume 

Comments 



PROJECT NUMBER BORING NUMBER 

154408.FI.FI NBWOG-MW04S SHEET 1 OF I 

SOIL BORING LOG 

PROJECT : CTO-131 LOCATION : V-28 

ELEVATION : DRILLING CONTRACTOR : Parratl Wolff 

DRILLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 
bv*l-FFI I F\,l=I Q. START . 11199 l=Nl-l .I ll~ct I OGGFR . M I ottth 

..,..L.. LL.L...#. -., . . . . . . .,I_ -. - . . - - -__--.. . -_-... 

EPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS 

INTERVAL (FT) PENETRATION 

RECOVERY (IN) TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

#il-YPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS, 

6”-6”-6”6 OR CONSISTENCY, SOIL STRUCTURE, TESTS. AND INSTRUMENTATION. 

WI MINERALOGY. OVM (ppm): Breathing Zone Above Hole 

_ 0.5-2.5 24/12 1 5-6-6-10 fine sandy silt (SM); tan-brown; loose; odor; dry _ PID - 3.1 ppm/O.5 ppm (1015) 
(12) 

- - 

- 

5- - 
5-7’ 24/18 2 5-6-7-7 medium to coarse sand (SW); trace silt; tan PID 2.2 ppm/O.5 ppm (1035) 

(13) loose; moist to wet at tip - - 

- - 

- 

- 

10 - 
1 O-l 2’ 24120 3 2-3-4-l 2 medium to coarse sand (SW); tan-gray; loose PID 0.9 ppm/O.2 ppm (1049) 

(7) saturated 

- 

15 - 
15-17 24f16 4 4-3-4-6 medium to coarse sand (SW); tan-gray; loose; - PID 0.5 ppmfO.0 ppm (1058) 

(7) saturated 

End of boring 
Well set at 15 bgs 
with screen 5-15’ bgs 

- 

20 _ - 

- 

- - 

- 

- 

25 - - 

- 

- 

- 

W DC030060004.ZIP/KTM 



PROJECT NUMBER WELL NUMBER 

NBWOG-MW05S SHEET 1 1 OF 1 

WELL COMPLETION DIAGRAM 
1 . 

PROJECT : CTO-131 
DRILLING CONTRACTOR : Parratt Wolff 

4 

LOCATION : V-28 

DRILLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 
WATER LEVELS : START : 1 l/22/99 END : 1 l/W99 LOGGER : M. Louth 

6 

1 - Ground eletiation at well 

2- Top of casing elevation 

3- Wellhead protection cover type Flushmount 
a) drain tube? 
b) concrete pad dimensions 2’ Diameter 

4- Dia./type of well casing 

5 Type/slot size of screen 

6- Type screen filter 

a) Quantity used 

7- Type of seal 
a) Quantity used 

8- Grout 
a) Grout mfx used 
b) Method of placement 
c) Vol. of well casing grout 

Development method 

Development time 

2” PVC Sch. 40 

2” PVC Sch. 40/10 Slot 

DSI #l Filter Sand 

8 bags 

DSI 3/8’ Bentonite Chips 
l/2 bag 

Portland Cement 

Surge/Pump 

Estimated purge volume 

Comments 



PROJECT NUMBER BORING NUMBER 

154408.FI.FI NBWOG-MW05S SHEET 1 OF 1 

SOIL BORING LOG 

PROJECT : CTO-131 LOCATION : V-28 

ELEVATION : DRILLING CONTRACTOR : Par&f Wolff 

DRILUNG METHOD AND EQUIPMENT USED : Hollow-Stem Auoer 

fATER LE 

EPTH BEL 

:VELS : START 

RECOVE 

-L 
1.5-2.5 24120 

24120 

24122 

24120 

yNJ- 
TYPE 

STANDARD 

PENETRATION 

TEST 
RESULTS 
6”-6”4j’-@ 

W) 

2-3-4-7 
(7) 

3-3-2-5 
(5) 

3-10-13-16 
(23) 

6-10-12-l 1 
(22) 

i/22/99 ” END : 1 l/22/99 :1 .~_~~ 
CORE DESCRIPTION 

LOGGER I M. Louth 

I DEPTH OF CASING. DRILLING RATE, 
DRILLING FLUID LOSS, 

SOIL NAME, USCS GROUP SYMBOL. COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY. 

DR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY. 

ayey silt (ML); tan brown gray; firm; dry 

edium sand (SW); some silt; tan 
lose; moist to wet at tip 

redlum to coarse sand (SW); tan; loose 
&rated 

redium to coarse sand (SW); tan-gray; loose; 
sturated 

nd of boring 
lell set at 15’ bgs 
‘ith screen 5-15’ bgs 

TESTS, AND INSTRUMENTATION. 
IVM (ppm): Breathing Zone Above Hole 

‘ID - 0.8 pptiO.3 ppm (1315) 

‘ID 0.0 ppm/O.O ppm (1340) 
Vater table at 6.8’bgs 

‘ID 0.0 ppmIO.0 ppm (1355) 

‘ID 0.0 pptiO.0 ppm (1406) 

WDC030060004.ZlP/KTM 



PROJECT NUMBER WELL NUMBER 

154408.FI.FI NBWOG-MWOGS SHEET 1 OF 1 

WELL COMPLETION DIAGRAM 

PROJECT : CTO-131 
DRILLING CONTRACTOR : Parratt Wolff 

LOCATION : V-28 

DRILLING METHOD AND EQUIPMENT USED : Hollow-Stem Auger 
.crA.RT . 1,137/99 FNl3. 11137iRF) 

1 - Ground elevation at well 

2- Top of casing elevation 

3- Wellhead protection cover type Flushmount 
a) drain tube? 
b) concrete pad dimensions 2’ Diameter 

4- Dia./type of well casing 2” PVC Sch. 40 

5 Type/slot size of screen 2” PVC Sch. 40/10 Slot 

6- Type screen filter 

a) Quantity used 

7- Type of seal 
a) Quantity used 

8- Grout 
a) Grout mix used 
b) Method of placement 
c) Vol. of well casing grout 

DSI #1 Filter Sand 

6 bags 

DSI 3/8” Bentonite Chips 
3/4 bag 

Portland Cement 

Development method 

Development time 

Surge/Pump 

Estimated purge volume 

Comments 

,. 

_,_(,_. ._ , “ ”  , . . .  _“.^ ; . .  - . -  . . I  _; , .  
“.‘i; “~ . ; . .  . -_  ._ .  . I  ‘ . . . ,  - . - .  - . -  - . - - _ -  --~ .  . . - -  



PROJECT NUMBER BORING NUMBER 

154408.FI.FI NBWOG-MWOGS SHEET 1 OF 1 

SOIL BORING LOG 

PROJECT : CTO-131 LOCATION : V-28 

ELEVATION : DRILLING CONTRACTOR : Parratt Wolff 

DRILLlNG METHOD AND EQUIPMENT USED : Hollow-Stem Auger 

WATER LEVELS : START : 1 l/22/99 END : 1 l/29/99 LOGGER : M. Louth 

tPTH BELOW SURFACE (F-l-) STANDARD CORE DESCRIPTION COMMENTS 

INTERVAL (m PENETRATION 

RECOVERY (IN) TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

#/TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSIN. DRILLING FLUID LOSS, 
6”6”-6?6” OR CONSISTENCY, SOIL STRUCTURE, TESTS, AND INSTRUMENTATION. 

W) MINERALOGY. OVM (ppm): Breathing Zone Above Hole 
concrete 

_ 0.5-2.5 24112 1 5-6-l I-23 silty medium sand (SM); tan-brown; medium loose _ PID - 0 ppm (1510) 
(17) dly 

concrete refusal; need to jackhammer another 
hole; moved over 5 ft west 

_ 

5- - 
5-7 24/16 2 4-4-4-3 fine to medium sand (SW); tan; loose; PID 0.0 ppm (1015) 

- (8) moist to wet at tip - Water table at 6.8’bgs 

- - 

- - 

- - 

10 - 
10-12 24124 3 4-7-i 2-l 2 medium to coarse sand (SW); gray-tan; loose - PID 0.0 ppm (1035) 

saturated - (1% 

- 

- 

15 - 
15-17 241 4 3-2-5-4 medium sand with trace fines (SW); gray-tan; loose; - PID 0.0 ppm (1055) 

saturated - - (7) 

End of boring - 
Well set at 15’bgs 
with screen 5-15’ bgs - 

- 

20 - - 

- 

- 

- - 

25 - - 

- 

- 

- 

WDC030060004.ZIP/KTM 





Station ID 

Sample ID 

Sample Date 

,Chemical Name 

’ NBWDgDWO, NEW53DWOZ NBWOGDW03 NBWGSDW04 NBWOGDWOS NBW(IS-DWOe NBWOMIW07 NBWOSDWOB i,BWoMlWOs NBWOG-DWIO NBWOG-DW,, NBWOS-DWIZ NBWOBDWtS NBWOGDW14 

NBWOE-DWOI NBWOGDWM NBWOG-DW03 NBW’X-DWW NBWOB-DWOS NBW06.DW06 NBWtX-DW‘V NBWOGDWOB NBWCSDWOS NBWC+.-DW10 NBWOG-DW,, NBWO+DW,,P NBWOBDWlZ NBWOBDWlS “BWO.5-DWl‘lBW06-DW,4 

09129/99 09,*9199 09iz9l9S OBi2Slss 09/29/94 09/30/99 09/30/99 09/30/9!3 09/30/99 cw3wss 1cm1/99 1 o/01,*9 ,0/0,,99 ,0/0,/99 lo/O,/99 ,WOV99 

I I I 

,u 1" 1tJ 1 1" 1" 1" 1" 1" 1" 1 1" 1 1" 1 1uI ,u ," 1" 1u 

1 ” 1 0.23 B 1 1” 1 1” 1 1” 1 0.2 B 1 1 ” 1 0.14 B 1” 

1” I tu I 

1 

1” 1” 1” 1” 1” 1” 1” 1” 

- 
7.9 B 7.28 1 4.8 B 1 5.5 B 1 6 B 1 368 1 4.5 B 





Tab& B-2 
Monifodng W.zff Analytical Resuns 

‘\ SWMU 6 

Naval smn Norfolk 

NBWffi-MWOlD-RO2 NBWO6-MWOlS-ROl NBWffi-MWOIS-RO2 NBWOS-MWOIS-RO3 NBWOGMWOlS-RO4 NBWO6-MWOZS-ROl NBWO64WOZSRO2 Ni3WOS-MWO2S-R03 NBWOS-MWOZS-RO4 NBWCG-MW‘GS-P-R01 NBWOGMWmS-RO, 

NA 1 NA 1 

NA 1 

1.6U 1 

NA 

..- 
NA 1 NA 

Page t Of 4 



TaMe B-2 

Mmitodng Weft Analytical Results 
SWMUB 

Naval Station Nodok 

II NBWCE-MWOID 
, 

NBWOS-MWOlS NBWOSMWO2S NBWOG-MWOS 

k NBWO6-MWOID-ROl NBWO6-MWOlD.RM NBWOGMWOIS-ROt NBWOSMWOlS-RO2 NBW’X-MWOfS-RM NEfWO&MWOtS-RW NBWO&MWCQS-ROt NBWCS-MWOLS-A02 1 NBWCSMWO2S-RO3 NBWO6-MWO2SR&t NBWC”Z-MW03S-P-R01 NBWE-MW03S.ROI NBWOSMWMS-P-R02 N8WO6-MWO33-RO2 NBWW-MW03S-RO3 NBWOG-MWMS-P-R04 NBWOSMWU3S-RO4 

01107/w 06/l Q/o0 01/07/00 Cal Q/o0 I 09/l 9101 Owl/O2 01/07/cnl 06/19/00 I 09/t 9,Ol a3ittm 01,07,00 ot,o7,00 06lt9,oQ 084t9,w 09,t9,01 0311102 03/11/02 

hemical Name [ I 
n II I I I I I I 

,2” I 221, I NA 

NA 1 NA 1 NA 

3.8 u 4.5 u 4.5 u NA 1 NA NA I NA I NA 

52.3 B NA 1 3.3 B 8.9B 1 6.1 B 9.5 6 1 NA 1 NA 1 NA 

NA 1 NA 

NA 1 NA 

NA 1 NA 

I NA 

NA 
-EL 

NA 

0.01 u 

NA 
NA 

NA 

NA 
NA 

-.---EL 

NA 

u - 
-!%.- 

NA 

-!!!L 

L 

I NA 1 

NA NA 1 

NA 1 NA 

NA 1 NA ] NA 1 NA 1 NA 0.1 u I 0.1 u 

N A 

NA 

Notes: 

NA - Not Anatyzed 

J - Analyta Present Reported vla~ may not be accurate or precise. 

L - R@Cffed value may be biased low. Achfaf value expected to be hi@?r 

U-Not Defected. 

B _ PossiMe blank ccnfamination 

R _ Uwfiabfe result. 

Shaded calls rewese”t detected constifuenfs. 

WDC030060004.ZIP PxJe2clf‘f 



Table B-2 

Monitoting Weft An&did Results 

SWMU 6 

Nawf Statim NodoiL 

&Diihtorotmnzene 

.2-Dichforoethane 

1,2-Dichloropropane IU IU 1 NA 1 IU IU 1 tu 1 NA 1 IU IU 1 tu 

/-Dichforobenzene 

tl-l)ifhbrofmnzene 

-Beta”““* 

I IU 1 IU I NA 1 NA 1 NA IU 

1 

1 I tu 1 NA 1 NA 1 IU 1 tu 1 NA If 

IU fU NA 1 tiA 1 NA 1 IU 1 1u 1 NA 1 NA 1 fU 1” NA 1 NA 

I 5 IIR I NA 1 mtt I ntral ?J* I Nb I 

I tu I 1” I NA 1 

Chlorcbenzene 

Chloroethane 

Chloroform 

IU IU NA 1 NA 

1u 1 UJ NA 1 NA 

tu tu NA 1 NA 

itwomcchtoromethane I tu 1 1u 1 NA 1 NA 1 IV 1 IV 1 IU 1 NA 1 IU 1 IU 1 NA 1 ttJ 

NA 1 NA 1 NA 1 NA 1 2u 1 NA 1 NA 1 NA 1 2u 1 NA 1 NA 1 NA 1 2u 

them I NA I NA 1 NA 

lhylbenzene IU 1 IV 1 NA 
I A?!!- 

NA 

efhane I NA 1 NA 1 NA NA 

2u I 

1 

NA 1 NA 2u 2u 1 

NA 1 NA 3.4 u 3.8 U NA 3.4 u 3.8 U 

NA 1 

1 

1 

[ 

NA NA 

chromium (hexavafent) 

NA 

NA ’ ..W” , .- , ..- 

WDC03-.ZIP page3of4 



Table B-2 
Monitoring Well AnalyfCal Results 

SWMU 6 
Naval Station Norfolk 

NBWOSMWOG NBWOG-MWO5S NBWW-MWOEiS 

NBWCCMWO4SROl NBWOS-MWWS-RM NBWOCMWO4SP-R03 NBWffi-MWGfS-RW NBWOSMWO4S-RO4 NBWOCMW05SROt NBWO&MWO5$R02 NBWOfSMWOSS-RI% NBWDX4WO5S-RO4 NBWOG-MWOSROI NBWOS-MWOSS-R02 NBWffi-MWOS-RM NBWO&MWO6S-RO4 

I I I I I I I I I I I I I 

I NA 1 NA 1 NA 1 NA 1 IU 1 NA 1 NA 1 NAl tuJ NA 1 NA 1 NA 1 IU 

mane I NA 1 NA 1 0.002uI NA 1 NA 1 0.002ul 

N&s: 

NA - Not Anafyzed 

J - Anatyie Present Repotted vfaue may not 

L _ Repwtedvalue may be biased low. Acta 

U. Not Detected. 

B - Possiwe bfank ~o”tamf~tf~,t 

R - Unreliabte result. 

Shaded celts represent detected constituen& 

PgerlOf4 


	Contents
	List of Appendixes
	List of Tables
	Table 3-1
	Table 4-1
	Table 4-2
	Table 4-3

	List of Figures
	Figure 1-1
	Figure 1-2
	Figure 1-3
	Figure 2-1
	Figure 2-2
	Figure 3-1
	Figure 3-2
	Figure 4-1
	Figure 4-2


	Introduction
	Site Investigation
	Physical Characteristics
	Results from Site Investigation
	Conclusions and Recommendations
	References
	Appendixes
	Appendix A Soil Boring Logs and Well Construction Details
	Appendix B Analytical Data


