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EXECUTIVE SUMMARY 

This Groundwater Monitoring Report presents the findings, conclusions, and 

recommendations of the groundwater investigation conducted at Installation Restoration 

Program (IRP) Site 14, Naval Weapons Station (NAVWPNSTA) Seal Beach, Seal 

Beach, California (Figures 1 and 2). During this investigation, groundwater monitoring 

was conducted at IRP Site 14 in March 2006, August 2006, and October 2006.  

MARRS prepared this report on behalf of the Naval Facilities Engineering Command 

Southwest (NAVFAC SW), in accordance with Delivery Order 021 under MARRS’ 

Indefinite Quantities Contract for Architectural and Engineering (A-E) Services for 

Environmental Services for Potable Water, Groundwater, and Wastewater at 

Navy/Marine Corps Installations at Various locations in California, Nevada, Arizona, and 

New Mexico, contract number N68711-D-99-6620. 

Prior to the start of this investigation, an Ecological Risk Screening (ERS) for Potential 

Impacts to Seal Beach National Wildlife Refuge (SBNWR) from IRP Site 14 was 

conducted (MARRS and GeoSyntec Consultants [GeoSyntec] 2005). The ERS evaluated 

chemicals of ecological concern (COEC) identified during previous investigations at the 

site. The COECs were evaluated for their ability to significantly impact ecological 

receptors in the surface water body associated with the SBNWR adjacent to IRP Site 14. 

These COECs are: 

• Benzene, toluene, and total xylenes 

• Methyl tert-butyl ether (MTBE) 

• Total petroleum hydrocarbons (TPH) as gasoline 

Results of the ERS indicate that previously detected concentrations of the COECs at IRP 

Site 14 did not exceed accepted ecological screening values currently recommended by 

relevant state guidance in the Screening for Environmental Concerns at Sites with 

Contaminated Soil and Groundwater (RWQCB, San Francisco Bay Region 2003) and 

federal guidance from the United States Environmental Protection Agency (USEPA). In 

addition, the groundwater flow velocity in the site vicinity is low (1 to 10 feet/year) 
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suggesting the potential for migration of COEC in groundwater is limited. Based on the 

results of the ERS, additional delineation of the groundwater plume and additional 

groundwater monitoring was recommended to monitor natural attenuation. The 

groundwater investigation work plan (MARRS 2006) prepared for this investigation was 

based on the findings of the ESA. 

Prior to this investigation, groundwater monitoring at the site was conducted from 1999 

through 2002 by Foster Wheeler Environmental Corporation (FWENC). Groundwater 

sampling was first initiated at the site in 1984 (Unites States Geological Survey [USGS] 

1991).  

The purpose and objectives of this groundwater investigation were based on the findings 

and conclusions of the ERS. The primary objectives of the groundwater investigation at 

IRP Site 14 are as follows (MARRS 2006): 

• Determine the lateral extent of the dissolved-phase petroleum hydrocarbon 
plume at IRP Site 14. 

• Determine if the dissolved-phase petroleum hydrocarbon plume at the site 
is stable and if natural attenuation is occurring. 

• Determine if concentrations of COECs along the boundary of IRP Site 14 
and the SBNWR are below the selected ecological risk-based screening 
values. 

The objectives are reflected in the DQOs for IRP Site 14 which are presented in the Final 

Work Plan (MARRS 2006) and included in Appendix A of this report. The following 

presents the findings of this groundwater monitoring investigation based on the 

objectives presented above.  

Determine the Extent of the Dissolved-Phase Petroleum Hydrocarbon Plume 

The lateral extent of the dissolved-phase petroleum hydrocarbon plume at IRP Site 14 has 

been defined. The core of the petroleum hydrocarbon plume is situated around 

monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4. The plume is bounded on all 

sided by monitoring wells and groundwater sampling points (temporary monitoring 

wells) which have continuously yielded groundwater samples with relatively low 
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concentrations of COECs or samples with non-detectable concentrations of COECs. Most 

importantly, all detected concentrations of COECs in monitoring wells bounding the core 

of the petroleum hydrocarbon plume have been below the established ecological risk-

based screening values for the site (MARRS and GeoSyntec 2005). 

The highest concentrations of MTBE have been detected in monitoring well BSW-14-11. 

This is the new monitoring well installed along the boundary between IRP Site 14 and the 

SBNWR. MTBE has been reported in this well at concentrations of 650 µg/l and 580 µg/l 

during the August 2006 and October 2006 monitoring events, respectively. However, 

these concentrations are well below the established ecological risk-based screening value 

for MTBE of 8,000 µg/l.  

Furthermore, detected concentrations of MTBE in monitoring well MW-05-04, sampled 

as part of IRP Site 5, are most likely attributed to IRP Site 14. Although concentrations 

have increased during each sampling event at IRP Site 5, the highest reported 

concentration in this monitoring well is 50 µg/l, significantly less than the established 

ecological risk-based screening value for MTBE of 8,000 µg/l.  

Determine if the Dissolved-Phase Petroleum Hydrocarbon Plume at the Site Stable 

and if Natural Attenuation Occurring 

Natural attenuation is occurring at IRP Site 14. This is supported by both direct evidence 

and indirect evidence.  

Direct evidence is provided by the results of statistical trend analysis using the Mann-

Kendall (S) statistical test. In summary, results indicate that there are no increasing 

concentration trends for any COECs in any monitoring well at the site. Time series 

concentration graphs are presented in Appendix G and statistical calculations are 

presented in Appendix H. 

Concentrations of TPH as gasoline, MTBE, and BTEX are decreasing in monitoring 

wells BSW-14-2 and BSW-14-3, situated within the core of the petroleum hydrocarbon 

plume. Concentrations of MTBE, ethyl benzene and total xylenes are decreasing in 
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monitoring well BSW-14-4 with no trends exhibited for TPH as gasoline, benzene, and 

toluene.  

Concentrations of MTBE have also been decreasing in boundary well BSW-14-8. MTBE 

has decreased from a reported high of 200 µg/l in 2002 to 8.8 µg/l in October 2006. 

COECs have not been detected in boundary well BSW-14-9 since November 1999. 

Indirect evidence for natural attenuation occurring at IRP site 14 is provided by an 

evaluation of geochemical data. Geochemical data such as dissolved oxygen 

concentrations, oxidation-reduction potential, ferrous iron and sulfate concentrations, as 

well as hydrogen sulfide and methane concentrations all indicate that natural attenuation 

is occurring at the site. The primary mechanisms in which natural attenuation is occurring 

are oxidation-reduction, iron and sulfate reduction, and methanogenesis. Data also 

indicates that natural attenuation is occurring under anaerobic conditions. In summary, 

the data indicates that natural is occurring within the core of the petroleum hydrocarbon 

around monitoring wells  BSW-14-2, BSW-14-3, and BSW-14-4. Graphs of the 

concentrations and measurements of the geochemical parameters plotted against 

concentrations of TPH as gasoline, MTBE and benzene are provided in Appendix I. A 

discussion of indirect evidence for natural attenuation is presented in Section 5.3.3 of the 

report.  

Determine if Concentrations of COECs along the boundary of IRP Site 14 and the 

SBNWR below the selected ecological risk-based screening values 

All concentrations of COPS in monitoring wells BSW-14-1, BSW-14-8, BSW-14-9, and 

BSW-14-11, situated near or on the boundary between IRP Site 14 and the SBNWR are 

below the established ecological risk-based screening values. In fact, MTBE has never 

exceeded the established ecological risk-based screening value of 8,000 µg/l in any of the 

monitoring wells at IRP Site 14. TPH as gasoline and BTEX have only exceeded their 

established ecological risk-based screening values of 0.5 µg/l, 46 µg/l, 130 µg/l, 290 µg/l, 

and 13 µg/l, respectively, in monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4 

situated within the core of the petroleum hydrocarbon plume. 
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RECOMMENDATIONS FOR IRP SITE 14 

Based on the conclusions presented above, and the DQO Decision Rules (Step 5) 

(MARRS 2006), a recommendation of no further action is made for IRP Site 14. 
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1.0 INTRODUCTION 

This Groundwater Monitoring Report presents the findings, conclusions, and 

recommendations of the groundwater investigation conducted at Installation Restoration 

Program (IRP) Site 14, Naval Weapons Station (NAVWPNSTA) Seal Beach, Seal 

Beach, California (Figures 1 and 2). During this investigation, groundwater monitoring 

was conducted at IRP Site 14 in March 2006, August 2006, and October 2006. Prior to 

the start of this investigation, an Ecological Risk Screening (ERS) for Potential Impacts 

to Seal Beach National Wildlife Refuge (SBNWR) from IRP site 14 was conducted 

(MARRS Services, Inc. [MARRS] and GeoSyntec Consultants [GeoSyntec] 2005). The 

purpose and objectives of this groundwater investigation were based on the findings and 

conclusions of the ERS. Prior to the ERS and this investigation, groundwater monitoring 

at the site was conducted from 1999 through 2002 by Foster Wheeler Environmental 

Corporation (FWENC). Groundwater sampling was first initiated at the site in 1984 

(Unites States Geological Survey [USGS] 1991). MARRS prepared this report on behalf 

of the Naval Facilities Engineering Command Southwest (NAVFAC SW), in accordance 

with Delivery Order 021 under MARRS’ Indefinite Quantities Contract for Architectural 

and Engineering (A-E) Services for Environmental Services for Potable Water, 

Groundwater, and Wastewater at Navy/Marine Corps Installations at Various locations in 

California, Nevada, Arizona, and New Mexico, contract number N68711-99-D-6620. 

1.1 PURPOSE 

The purpose of this additional groundwater investigation at IRP Site 14 was to fill data 

gaps and to further delineate the extent of the petroleum hydrocarbon plume at the site. 

The groundwater data collected from this investigation has been used to assess 

contaminant concentration trends, and to assess if natural attenuation is occurring at the 

site or if site conditions are favorable for natural attenuation to occur.  

In summary, the ERS conducted prior to the start of this groundwater monitoring 

evaluated chemicals of ecological concern (COECs) identified during previous 

investigations at the site. The COECs were evaluated for their ability to significantly 
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impact ecological receptors in the surface water body associated with the SBNWR 

adjacent to IRP Site 14. These COECs are: 

• Benzene, toluene, and total xylenes 

• Methyl tert-butyl ether (MTBE) 

• Total petroleum hydrocarbons (TPH) as gasoline 

Results of the ERS indicate that previously detected concentrations the COECs at IRP 

Site 14 did not exceed accepted ecological screening values currently recommended by 

relevant state guidance in the Screening for Environmental Concerns at Sites with 

Contaminated Soil and Groundwater (RWQCB, San Francisco Bay Region 2003) and 

federal guidance from the United States Environmental Protection Agency (USEPA). In 

addition, the groundwater flow velocity in the site vicinity is low (1 to 10 feet/year) 

suggesting the potential for migration of COECs in groundwater is limited. Based on the 

results of the ERS, additional delineation of the groundwater plume and additional 

groundwater monitoring was recommended to monitor natural attenuation and to 

establish rates of biodegradation. The work plan (MARRS 2006) prepared for this 

investigation was based on the findings of the ESA  

1.2 SCOPE 

This report presents data collected during the three groundwater monitoring events 

conducted in March 2006, August 2006, and October 2006, and also evaluates historical 

data. Using the decision rules established in the Final Work Plan (MARRS 2006), this 

report evaluates the data and makes recommendations. The technical approach used for 

data collection and evaluation is based on the data quality objectives (DQOs) developed 

in the Final Work Plan (MARRS 2006) in accordance with the United States 

Environmental Protection Agency (U.S. EPA) seven-step DQO process (U.S. EPA 1994). 

The DQO table is presented in Appendix A. 

The following activities were conducted during this groundwater monitoring 

investigation: 
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March 2006: Installation, sampling, and abandonment of six temporary groundwater 

monitoring wells (IRP-14-TMW-1 through IRP-14-TMW-6), and sampling of existing 

monitoring wells BSW-14-1 through BSW-14-9. 

August 2006: Installation, sampling, and abandonment of four temporary groundwater 

monitoring wells (IRP-14-TMW-7 through IRP-14-TMW-10), sampling of existing 

monitoring wells BSW-14-1 through BSW-14-9, and installation and sampling of two 

new groundwater monitoring wells (BSW-14-10 and BSW-14-11). 

October 2006: Sampling of monitoring wells BSW-14-1 through BSW-14-11. 

1.3 REPORT ORGANIZATION 

This groundwater monitoring report is organized as follows: 

• Section 1 summarizes the scope and purpose of the groundwater 
investigation 

• Section 2 provides a site description and background information 

• Section 3 provides a description of field activities 

• Section 4 is a summary of the field events 

• Section 5 provides a data evaluation 

• Section 6 presents the conclusions and recommendation 

• Section 7 presents the references cited in this report 
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2.0  SITE DESCRIPTION AND BACKGROUND 

This section provides a summary of both regional and site-specific background 

information for NAVWPNSTA Seal Beach, including the location, history, physical 

setting, and previous investigations.  

2.1 SITE BACKGROUND AND SETTING 

NAVWPNSTA Seal Beach is located in the city of Seal Beach, California, within 

Township 5 south, Range 11 west, Section 7, and Range 12 west, Section 12. The facility 

is located approximately 26 miles south of downtown Los Angeles. 

Surrounding municipalities include Los Alamitos to the north, Westminster and 

Huntington Beach to the east, and Seal Beach to the west. The Pacific Ocean adjoins 

NAVWPNSTA Seal Beach to the south. Surrounding land use consists of residential, 

commercial, industrial, and recreational areas. 

The climate in the area is classified as a marine-influence southern California coastal 

region with mild winters that average 52 degrees Fahrenheit (ºF) and summers that 

average 68 ºF. Temperatures range from winter lows in the 30s ºF to summer highs in the 

90 ºF. Annual precipitation averages 12.5 inches with approximately 90 percent occurring 

between the months of November and April. Although precipitation is low, a high 

humidity level is sustained due to the proximity of the Pacific Ocean (Bechtel 

Environmental, Inc. [BEI], 2003).   

2.1.1 Base History 

NAVWPNSTA Seal Beach encompasses approximately 5,000 acres that were purchased 

by the Navy between 1941 and 1944. The acreage was commissioned in 1944 as the 

Naval Ammunition and Net Depot and was recommissioned in 1962 as Naval Weapons 

Station Seal Beach. In 1964, Anaheim Bay and its salt marsh were designated as a Navy 

Wildlife Refuge. On 30 August 1972, President Nixon signed a resolution establishing 

Anaheim Bay and its salt marsh as a National Wildlife Refuge (NWR) (SWDIV 1990). In 



 

Final Groundwater Monitoring Report  June 1, 2007 
IRP Site 14 NAVWPNSTA Seal Beach 
DCN: CA99064.021.006 
 

6

October 1997, the station was renamed Weapons Support Facility, Seal Beach. The 

facility name reverted to Naval Weapons Station Seal Beach in September 1998. 

NAVWPNSTA Seal Beach is part of the Commander Navy Region Southwest. The 

station provides fleet combatants with ready-for-use ordnance. Because of its geographic 

location, the station serves as a supply point for operating Navy and Marine Corps bases 

in southern California. 

2.1.2 IRP Site 14 Description 

IRP Site 14 at the NAVWPNSTA Seal Beach is the former location of three steel 

underground storage tanks (USTs) which were used to store leaded gasoline and diesel 

fuel for a refueling service station used by base vehicles (Foster Wheeler Environmental 

Corporation [FWENC], 2000). Use of the USTs was discontinued in 1984 after the 

gasoline tank was found to have leaked. The leak was discovered during a subsurface soil 

evaluation performed as a precursor to replacing the tank with two new fiberglass fuel 

storage tanks. Due to the large volume of gasoline dispensed from the service station over 

the course of operation and lack of sufficient records, neither the precise timing nor 

quantity of leakage could be determined (NAVWPNSTA Seal Beach personnel, 1984). 

The United States Geological Survey (USGS) Report (USGS, 1991) indicates two tanks 

but only discusses one 12,000-gallon UST. The Baseline Survey Report (FWENC, 2000) 

identified areas of reinforced concrete in the geophysical survey, but does not indicate the 

former USTs. The Groundwater Investigation Report (FWENC, 2002d) indicates three 

tanks located under the reinforced concrete island. Additional details related to the site 

history may be obtained in the Baseline Survey Report (FWENC, 2000). The dispensers 

at IRP Site 14 were connected to the above ground storage tank (AST) directly north of 

the site; however, the dispensers and connections were removed early 2006. 

2.1.3 Geologic Setting 

IRP Site 14 is situated on the gently sloping southeast margin of Landing Hill. Landing 

Hill is a mesa that extends 1.8 miles inland from the beach and reaches a maximum 

elevation of 70 feet above sea level. As reported in California Department of Water 
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Resources (CDWR) Bulletin No. 63-2 entitled Sea-Water Intrusion: Bolsa-Sunset Area, 

Orange County, Landing Hill is formed by anticlinal uplift along the Newport-Inglewood 

Fault [CDWR, 1968]. Site 14 is located approximately 250 feet seaward of the Newport-

Inglewood Fault. The SBNWR, located southeast of Site 14, is situated in the Sunset 

Gap, which is an erosional plain that is partially backfilled by recent lagoonal, tidal 

marsh, and alluvial floodplain deposits. The tidal marsh, lagoonal, and alluvial deposits 

of Sunset Gap are predominantly silty sands, clayey silts, and silty sands with lenses of 

peat and irregular stringers of medium to coarse silty sand [CDWR, 1968]. The sediments 

grade landward from sands, to silts and clays [CDWR, 1968]. It is reported that in the 

Sunset Gap area, the lagoonal-alluvial sediments overlie Pleistocene sediments and reach 

a maximum thickness of 35 to 40 feet. The underlying Pleistocene sediments of the 

Lakewood and San Pedro Formations comprise thick water-bearing formations in the 

area. The Lakewood Formation is interpreted to reach a thickness of 400 feet in the 

inland portion of the Sunset Gap. The underlying San Pedro Formation has a reported 

thickness of 550 to 650 feet in the Landing Hill area [CDWR, 1968].  

2.1.4 Hydrogeologic Setting 

NAVWPNSTA Seal Beach overlies the Santa Ana Pressure Subbasin of the Lower Santa 

Ana Watershed (RWQCB, Santa Ana Region 1995). The Orange County Basin contains 

the Artesian, Gage, Hollydale, Jefferson, Lynwood, and Silverado aquifers. The 

Lynwood and Silverado aquifers are merged across most of the station. 

In the IRP Site 14 area, the upper 25 feet of soil deposits consist predominantly of silty 

sand and sandy silt with a small percentage of silty clay (FWENC, 2002d). The silty sand 

has an estimated transmissivity of 0.33 to 3.3 feet/day, while the sandy silt has an 

estimated transmissivity exceeding 3.3 feet/day. Approximately 10 percent of the area of 

Site 14 contains silty clay with a transmissivity less than 0.33 feet/day (USGS, 1991). 

The typical hydraulic gradient across Site 14 is west to east towards the SBNWR at 

approximately 1 foot per 1,500 feet (USGS, 1991).  Tidal influence, associated with the 

nearby coastal wetlands, causes the groundwater elevation across Site 14 to fluctuate 

[generally between 6 and 8 feet below ground surface (bgs)]. 
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The depth to groundwater at IRP Site 14 area ranges from 7 to 10 feet below ground 

surface, with groundwater elevations ranging from 3 to 4 feet above mean sea level. 

Existing groundwater monitoring wells at the site are completed at approximately 25 feet 

below ground surface with 20 feet of screen section (5 to 25 feet). 

2.2 PREVIOUS INVESTIGATIONS 

This sections provides a summary of previous investigations. 

2.2.1  United States Geological Survey Investigation 

In 1984, the DoN commissioned the United States Geological Survey (USGS) to perform 

a study of the extent of the gasoline contamination. The study included drilling 33 

shallow test holes and installation of groundwater monitoring wells in several of the test 

holes. Both soil and groundwater samples were collected and analyzed as part of the 

study. 

Results of the USGS study (USGS, 1991) concluded that approximately 5,800 gallons 

(with an uncertainty of 2,000 gallons) of gasoline were present in the subsurface soil at 

concentrations below residual saturation. The USGS report stressed that the estimated 

quantity of gasoline was a minimum estimate of the total quantity of gasoline contained 

in the subsurface, since it did not include the gasoline-saturated soil in the vicinity of the 

former leaking tank. The quantity of gasoline contained in the gasoline-saturated soil near 

the leaky tank was expected to be less than 5,800 gallons (USGS, 1991). According to the 

USGS study, the concentration of petroleum hydrocarbons in the soil samples ranged 

from 4.2 milligrams per kilogram (mg/kg) [or parts per million (ppm)] to 32,000 mg/kg. 

No other volatile organic compound (VOC) results for soil were presented in the report. 

The USGS study concluded that gasoline had spread almost radially through the 

subsurface soil to a distance of 150 to 300 feet from the source (USGS, 1991). The 

gasoline-contaminated soil was estimated to encompass an area of 160,000 square feet, 

with an approximate thickness of 1 to 2 feet near the water table.  
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The USGS study did not delineate the extent of the groundwater plume. According to the 

groundwater data collected by the USGS the only gasoline compound detected in the 

groundwater was 1,2-dichloroethane (1,2-DCA) at concentrations ranging from 3.3 

micrograms per liter (µg/l) [or parts per billion (ppb)] to 69 µg/l. All other gasoline 

compounds in groundwater were below the detection limits in wells within the 

boundaries of the subsurface soil plume. The USGS study concluded that gasoline does 

not pose a threat to drinking water wells because none existed in the study area (USGS, 

1991). Due to the proximity of the USGS delineated soil plume boundary to the nearby 

SBNWR, the USGS study determined that gasoline in the subsurface environment at this 

site was of ecological concern to the marine life. 

2.2.2 Stanford University Study 

In 1998, Stanford University completed a 2.5-year study of the plume, sponsored by the 

Department of Defense Environmental Security Technology Certification Program 

(ESTCP). The purpose of the ESTCP study at IRP Site 14 was to demonstrate a 

technology for enhancing in-situ anaerobic bioremediation of fuel-contaminated 

groundwater. As part of the study, a series of groundwater injection, extraction, and 

observation wells and soil borings were constructed.  The primary treatment technology 

was biological oxidation using alternate electron acceptors and fermentation. The 

supplemental technology involved the use of pretreatment feedwater introduced into the 

subsurface via the injection wells. The wells were monitored and sampled over the course 

of the study. The ESTCP study delineated both the extent of the benzene in groundwater 

associated with the gasoline contamination [i.e. benzene concentrations equal to or 

exceeding the Maximum Contaminant Level (MCL)] and the approximate center of the 

benzene plume (Lebron, 2000).  The approximate center of the benzene groundwater 

plume as of January 1996 was shown in close proximity to Well 2, immediately to the 

east of the dispenser islands (ESTCP, 1998). In February 1999, all of the monitoring 

wells constructed at Site 14 for the prior investigations were abandoned by Battelle 

Memorial Institute on request by NAVWPNSTA Seal Beach environmental personnel 

(Lebron, 2000). 
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2.2.3 Foster Wheeler Environmental Corporation Baseline Survey 

In 1999, the DoN, through the SWDIV, initiated a limited-scope subsurface soil and 

groundwater investigation (baseline survey) to formally establish baseline conditions and 

delineate the extent of the hydrocarbon plume beneath IRP Site 14.  The baseline survey 

was conducted by FWENC between October and November 1999.  During the baseline 

survey, five soil borings were drilled across the site and sampled at various depths.  Also, 

five additional groundwater monitoring well borings were drilled and sampled at various 

depths and converted to monitoring wells (Wells BSW-14-1 through BSW-14-5) at 

locations shown on Figure 2.  Wells BSW-14 through BSW-14-5 were installed and 

groundwater samples were collected to assess the presence of the hydrocarbon 

constituents in the groundwater. 

The baseline survey soil sample results indicated that the sub surface soil at the site was 

essentially clean and suitable for future residential land use.  Only one of the ten borings 

sampled (located near Well BSW-14-4) showed petroleum hydrocarbon constituents at 

concentrations in excess of the Preliminary Remediation Goals for residential soil. 

No free-floating product was encountered in any of the five groundwater monitoring 

wells installed during the baseline survey.  The results of the baseline survey at IRP Site 

14 were presented to the RWQCB, Santa Ana Region, in a Final Baseline Survey Report 

(FWENC, 2000).  Based on groundwater samples collected from the five monitoring 

wells installed during the baseline survey, the report concluded that gasoline-related 

constituents were present in groundwater. These included benzene, toluene, 

ethylbenzene, and total xylenes (BTEX), as well as MTBE, 1,2-DCA, and TPH.  Non-

gasoline-related constituents, including trichloroethene (TCE) and tetrachloroethene 

(PCE), were also detected in two of the monitoring wells installed at IRP Site 14 during 

the baseline survey.  The Final Baseline Survey Report (FWENC, 2000) describes the 

findings from the baseline survey, which showed the distribution of the benzene and 

MTBE concentrations within the area defined by the five monitoring wells. 
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Based on the results of the baseline survey, TPH and VOCs consisting of BTEX, MTBE, 

1,2-DCA, PCE, and TCE were identified as the chemicals of potential concern (COPCs) 

for groundwater at IRP Site 14. Based on the information in the Final Baseline Survey 

Report (FWENC, 2000), the RWQCB requested the submittal and implementation of an 

Addendum Baseline Survey Work Plan for an additional groundwater investigation to 

define the extent of the groundwater contamination.  The RWQCB also requested the 

submittal and implementation of a Groundwater Monitoring Plan to track changes in the 

plumes over time. 

2.2.4 Foster Wheeler Environmental Corporation Phase I and Phase II 

Groundwater Investigation 

A Final Addendum Baseline Survey Work Plan (FWENC, 2001a), describing the 

groundwater investigation and monitoring to be performed, was completed and submitted 

to the DoN, Department of Toxic Substances Control (DTSC), and RWQCB on March 

16, 2001.  A Groundwater Monitoring Plan was prepared as part of the Final Addendum 

Baseline Survey Work Plan.  After receiving approval of the Final Addendum Baseline 

Survey Work Plan (FWENC, 2001a) from the RWQCB and DTSC, groundwater 

investigation activities were initiated. 

The activities for the groundwater investigation were performed in two separate phases 

(Phase I and Phase II).  A detailed description of the groundwater investigation activities 

and findings can be found in a technical memorandum, Results of the Additional 

Groundwater Investigation (Phase I) and Rationale for Proposed Groundwater 

Monitoring Well Locations for IR Site 14, dated May 24, 2001 (FWENC, 2001b), and 

Final Groundwater Investigation Report, Site 14, Naval Weapons Station Seal Beach, 

California, (FWENC, 2002d), and is summarized in the following paragraphs. 

Phase I activities included the collection and analysis of HydroPunch groundwater 

samples from ten different locations at IRP Site 14 (Figure 2).  The analytical results 

from the Phase I HydroPunch sampling were used to estimate the benzene and MTBE 

plume boundaries.  The estimated benzene and MTBE plume boundaries were then used 
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to determine the location of four additional monitoring wells.  To further characterize the 

subsurface conditions at IRP Site 14, two 10-foot continuous cores were collected near 

two HydroPunch sample locations, 14-HP-6 and 14-HP-10.  The soil cores were used for 

visual classification of the subsurface lithology. 

The locations of the four new wells BSW-14-6, BSW-14-7, BSW-14-8, and BSW-14-9 

were finalized during a teleconference meeting that took place on August 27, 2001.  The 

purpose of the meeting was to discuss the proposed wells based on the Phase I results.  

The meeting involved representatives from SWDIV, NAVWPNSTA Seal Beach, DTSC, 

RWQCB, and FWENC. 

Phase II activities included the installation and development of the four new groundwater 

monitoring wells, BSW-14-6 through BSW-14-9, at IRP Site 14 at locations shown on 

Figure 2.  After the wells were installed and developed, groundwater samples were 

collected from all nine wells and analyzed for VOCs, and TPH as gasoline and diesel. 

The results for the Phase II groundwater samples indicated that the overall concentrations 

of BTEX, MTBE, and related compounds had decreased in the five original baseline 

survey wells at IRP Site 14 (BSW-14-1 through BSW-14-5).  In some cases, such as Well 

BSW-14-4, concentrations decreased by a full order of magnitude or more in the time 

between the baseline survey (October 1999) and Phase II of the groundwater 

investigation (October 2001). 

It was proposed in the Final Groundwater Investigation Report, Site 14, Naval Weapons 

Station Seal Beach, California, dated January 14, 2002 (FWENC, 2002d) that all nine 

groundwater monitoring wells at IRP Site 14 will be sampled four times (once each 

quarter) in 2002 to assess potential trends in the data and to provide future 

recommendations for the groundwater at IRP Site 14. 
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2.2.5 Foster Wheeler Environmental Corporation 2002 Annual Groundwater 

Monitoring Report 

A Final 2002 Annual Groundwater Monitoring Report (FWENC, 2002d), presenting the 

results of four quarters of groundwater monitoring at IRP Site 14 2002, was completed on 

December 6, 2002.  The monitoring events included measuring water levels and 

collecting and analyzing groundwater samples from wells BSW-14-1 through BSW-14-9. 

Groundwater samples were analyzed for VOCs, TPH as gasoline and diesel. Conclusions 

presented in the 2002 Annual Groundwater Monitoring Report indicated that the 

petroleum hydrocarbon plume appeared to be stable and not migrating off-site. 

Concentrations of BTEX, MTBE, and TPH as gasoline and diesel appeared to have 

decreased or remained stable since 2001 (FWENC 2001b, 2002a, 2002b, 2002c and 

2002d). 

2.2.6 Ecological Risk Screening Results for Potential Impacts to Seal Beach 

National Wildlife Refuge from Site 14 

GeoSyntec prepared a technical memorandum for ecological risk screening (ERS) results 

for potential impacts to SBNWR from COPC at IRP Site 14 (GeoSyntec and MARRS 

2005). The ERS was conducted to evaluate the potential for petroleum hydrocarbon 

related chemicals, i.e. BTEX and MTBE, in groundwater to impact ecological receptors 

in the surface water body associated with the SBNWR adjacent to IRP site 14. The results 

of the ERS indicate that observed concentrations of BTEX and MTBE (chemical of 

ecological concern) at IRP Site 14 monitoring wells do not exceed accepted ecological 

risk screening values. The technical memorandum recommended that additional 

monitoring be conducted to further delineate the extent of the petroleum hydrocarbon 

plume and to assess if natural attenuation is occurring at the site and, if so, calculate the 

rate of biodegradation. 
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2.3  REGULATORY OVERSIGHT 

Regulatory agency personnel, in conjunction with the DoN, approve decisions and 

recommendations presented in the investigation reports. The agency project managers are 

responsible for overseeing and monitoring the progress of the work at the site. 

Regulatory project managers providing oversight are the DTSC Project Manager and the 

RWQCB Project Manager. 
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3.0 FIELD ACTIVITIES 

Groundwater monitoring for this investigation was conducted during three monitoring 

events: 

• March 27 and 28, 2006 

• August 2 through 7, 2006 

• October 16 and 17, 2006 

The groundwater investigation included underground utility clearing prior to the 

installation of temporary and permanent monitoring wells; installation, sampling, and 

abandonment of temporary monitory wells; installation of permanent monitoring wells; 

lands surveying; measurement of groundwater elevations; low-flow purging and 

sampling of permanent groundwater monitoring wells; and the collection of groundwater 

quality measurements. 

3.1 UNDERGROUND UTILITIES CLEARING AND DIG PERMITS 

A geophysical survey was conducted prior to the March 2006 and August 2006 

monitoring events to screen for underground utilities prior to drilling and installing 

temporary and permanent monitoring wells. The Geophysical surveys were conducted by 

Subsurface Surveys of Solana Beach, California. Copies of the geophysical survey 

reports are included as Appendix B. 

In addition, a dig permit was obtained from the Resident Officer in Charge of 

Construction (ROICC) office prior to conducting intrusive activities. Copies of the 

approved Dig Permits are also included in Appendix B. 

3.2 INSTALLATION, SAMPLING, AND ABANDONMENT OF TEMPORARY 

MONITORING WELLS 

A total of ten temporary monitoring wells were installed and sampled during this 

groundwater investigation. Six temporary wells were installed, sampled, and abandoned 

during the March 2006 monitoring event and four temporary wells were installed, 
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samples, and abandoned during the August 2006 monitoring event. The temporary 

monitoring wells were installed for the collection of groundwater grab samples to fill data 

gaps and determine the potential need and location of additional permanent monitoring 

wells. 

The temporary monitoring wells were installed in borings drilled using a direct-push 

technology (DPT) drill rig. The temporary wells consisted of one-inch diameter polyvinyl 

chloride (PVC) casing with 0.010-inch slotted PCV screen section. Each temporary wells 

was completed approximately 2 to 3 feet below the depth groundwater was first 

encountered. Boring logs for the temporary well locations are included as Appendix C. 

The groundwater grab samples were collected using a ¾-inch diameter, 10-inch long 

bladder pump. New polyethylene bladders and polyethylene tubing was used for 

sampling each temporary well. The temporary wells were sampled within 24 hours (as 

required by the County of Orange Environmental Health Department) and were 

abandoned immediately after sampling. The temporary wells were abandoned by 

removing the well casing and grouting the borehole following County of Orange 

Environmental Heath Department requirements. 

3.3 INSTALLATION OF PERMANENT MONITORING WELLS 

Two additional permanent monitoring wells were installed at IRP site 14 as part of this 

groundwater investigation. One monitoring well (BSW-14-10) was installed along the 

east side of the form AST located north of the intersection of Kitts Highway and 

Industrial Road. The second monitoring well (BSW-14-11) was installed along the 

railroad tracks on the east side of Kitts Highway and is situated between existing 

monitoring wells BSW-14-8 and BSW-14-9. 

Both monitoring wells were constructed similar to the existing monitoring wells at the 

site. They were installed to a depth of approximately 25 feet and constructed with 4-inch 

diameter Schedule 40 PVC with 20 feet of 0.020-inch slotted screen section. Monitoring 

well details are summarized in Table 1. Boring logs and well completion diagrams are 

included in Appendix C. 
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Within each well a filter pack consisting of clean, graded silica sand (RMC #3) was place 

into the annular space to a depth of 1.5 feet above the top of the screen interval (3.5 feet 

below ground surface). Prior to placing the transitional seal the well was surged using a 

vented surge block to facilitate maximum settling of the filter pack. Following surging, 

the monitoring well was developed. Development consisted of bailing the wells until the 

purge water was clear of suspended solids. Approximately 100 gallons of water were 

purged from each well.  

Upon completion of well development a one foot transitional was placed above the filter 

pack to a depth of 2.5 feet below ground surface. The transitional seal consisted of 

bentonite pellets. The remaining 2.5 feet was filled with concrete. The completions 

consist of a flush-mount, traffic-rated vault.  

Development water was placed in 55-gallon drums and then transported to the IDW 

storage area along with drums of soil cuttings. Drums were properly disposed off; copies 

of the waste profiles and non-hazardous waste manifest are on file at NAVWPNSTA Seal 

Beach. 

3.4 LAND SURVEYING 

Monitoring wells BSW-14-10 and BSW-14-11 and the temporary well locations were 

survey by Coast Surveying, Inc. on August 4, 2006. The survey report is included at 

Appendix D. 

3.5 WATER LEVEL MONITORING 

Water levels were measured in each monitoring well at IRP Site 14 prior to the start of 

groundwater sampling. Water levels were also measured in temporary monitoring wells 

during the March 2006 and August 2005 monitoring events. Temporary wells were not 

installed during the October 2006 monitoring event. Water levels were measured using a 

electronic water level indicator. The location of the monitoring wells and temporary 

monitoring wells and groundwater contour for the three monitoring events are shown on 

Figures 2 through 5. Groundwater depths and elevations are presented in Table 2. 
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3.6 GROUNDWATER SAMPLING 

Each monitoring well was purged using low-flow methodology prior to collection of 

groundwater samples. Low-flow purging was accomplished by using a decontaminated 

bladder pump with dedicated tubing. Purging flow rates from 100 to 500 ml per minute 

were measured with a plastic graduated cup. Water level drawdown was measured using 

an electronic water level meter. Field monitoring parameters [water temperature, pH, 

oxidation-reduction potential (ORP), electrical conductivity (EC), turbidity, and 

dissolved oxygen (DO)] were measured using a QED MP20D water quality meter. 

Measurements were collected at approximately 3 minute intervals.  Purge flow rate, water 

level drawdown, and field monitoring parameters were recorded on a well sampling form 

(Appendix E).  Table 3 summarizes the groundwater parameters. 

Purging continued until three consecutive readings were within the following range: 

• Consecutive readings within ± 0.1 standard units for pH; 

• Consecutive readings within ± 1 degree Celsius (�C) for temperature; 

• Consecutive readings within ± 3 percent microhms per centimeter 
(µohms/cm) for specific conductance; 

• Consecutive readings within ± 10 millivolts for oxidation reduction 
potential (ORP); and 

• Consecutive readings within ± 10 percent for DO (milligrams per liter 
[mg/l]) 

Groundwater samples were collected from each well after indicator parameters stabilized. 

All samples were collected from the discharge end of the dedicated tubing and into 

appropriate laboratory prepared sample containers. Immediately following sample 

collection, each container was labeled and placed into resealable plastic bags. The 

samples were then placed into a sample cooler containing bagged ice. The chain-of-

custody (COC) form was completed during the collection of samples for each well. The 

samples were handled under standard COC procedures (either in possession of the person 

who sampled or locked in the field support vehicle). The sample coolers were transferred 

to a laboratory courier at the site for delivery to the analytical laboratory. 
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3.7 LABORATORY ANALYSIS 

Groundwater samples and field quality control [QC] samples (field duplicate [FD] 

samples, source blanks [SB], equipment rinsates [ER], and trip blanks [TB]), and 

laboratory QC samples (matrix spike [MS] and matrix spike duplicatse [MSD]) were 

collected during the each sampling event. Samples were submitted to EMAX 

Laboratories, Inc. located in Torrance, CA for analysis.  EMAX is a State of California-

certified and Naval Facilities Engineering Service Center-evaluated laboratory. 

Groundwater samples were analyzed for the following:  

• VOCs (benzene, toluene, ethylbenzene, and total xylenes, MTBE) using 
U.S. Environmental Protection Agency (USEPA) Method 8260B; 

• TPH as gasoline using EPA Method 8015B; 

• TDS using EPA Method 160.1; 

• Alkalinity using EPA Method 310.1; 

• Anions (chloride and sulfate) by ion chromatography (IC) using EPA 
Method 300.0; 

• pH using EPA Method 9040; 

• Methane, ethane, ethene, and carbon dioxide according to Kampbell and 
Wilson 1989 (RSK 175); 

• Ammonia using EPA Method 350.2; 

• Total Kjeldahl Nitrogen (TKN) suing EPA Method 351.3; 

• Orthophosphate using EPA Method 365.2 (field filtered); 

• Ferrous iron (Fe2+) using HACH Field Kit No. IR-18C; 

• Hydrogen Sulfide using HACH Field Kit No. HS-C; and 

• Dissolved oxygen using CHEMets Field Kits No. K7501 and K7512. 
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4.0 SUMMARY OF MONITORING RESULTS 

This section discusses monitoring results for the three groundwater monitoring events 

conducted at IRP Site 14 during this groundwater investigation. The three groundwater 

monitoring events were conducted on: 

• March 27 and 28, 2006 

• August 2 through 7, 2006 

• October 16 and 17, 2006 

4.1 WATER LEVEL MONITORING 

The groundwater levels during each monitoring event were measured and recorded prior 

to purging and sampling. Table 2 summarizes the groundwater elevations for each 

monitoring well and temporary monitoring well. Groundwater elevation contour maps are 

provided as Figures 3, 4, and 5. Groundwater flow direction at IRP Site 14 during the 

three monitoring events was to the southwest with gradients of 0.0022 foot per foot (ft/ft), 

0.0013 ft/ft, and 0.0022 ft/ft, respectively. 

4.2 ANALYTICAL RESULTS 

Groundwater samples from permanent and temporary monitoring wells at IRP Site 14 

were analyzed for identified COECs (MARRS and GeoSyntec 2005) including TPH as 

gasoline and VOCs, including MTBE and BTEX. Groundwater samples from permanent 

monitoring wells were also analyzed for general chemistry in order to assess if natural 

attenuation is occurring at the site or if site conditions are favorable for natural 

attenuation to occur.  

This section will summarize the analytical results for TPH as gasoline and VOCs. A 

discussion of the general chemistry analytical results is present in Section 5.0 when 

evaluating natural attenuation. However, all analytical results are summarized in Tables 

4, 5, and 6. TPH as gasoline and VOC results are shown on Figures 6 and 7, respectively, 

for permanent wells and temporary wells. Laboratory analytical results and data 

validation reports are included in Appendix F. 
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4.2.1 Volatile Organic Compounds 

During the three groundwater monitoring events conducted as part of this groundwater 

investigation, VOCs were detected in all permanent monitoring wells at IRP Site 14 with 

the exception of BSW-14-6 and BSW-14-9. VOCs were also detected in temporary 

monitoring wells IRP-14-TMW-3 and IRP-14-TMW-6 during the March 2006 

monitoring event. Monitoring wells BSW-14-11 and BSW-14-10 were subsequently 

installed adjacent to these two temporary well locations during the second mentoring 

event in August 2006. VOCs were also detected at concentrations near or below the 

reporting limits in temporary monitoring wells IRP-14-TMW-7, IRP-14-TMW-9, and 

IRP-14-TMW-10 during the August 2006 monitoring event (Figure 7).  

4.2.1.1 MTBE 

MTBE was detected in all monitoring wells at IRP Site 14 with the exception of BSW-

14-6 and BSW-14-9. Detected concentrations of MTBE did not exceed the established 

ecological risk-base screening value of 8,000 µg/l during this groundwater investigation. 

MTBE concentration contours are shown on Figures 8, 9, and 10. A time series 

concentration graph for MTBE is included in Appendix G. 

MTBE was only detected at estimated concentrations (J flag) in monitoring wells BSW-

14-1 (March 2006, August 2006, and October 2006), and BSW-14-5 and BSW-14-7 

(March 2006 only). The “J” flag indicates a concentration reported between the reporting 

limit (RL) and the method detection limit (MDL). The highest concentrations of MTBE 

were detected in monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4, located within 

the core of the petroleum hydrocarbon plume, and in BSW-14-11, situated along the 

boundary between IRP Site 14 and the SBNWR. The highest concentration of MTBE was 

detected in BSW-14-11 during the August 2006 monitoring event at a concentration of 

650 µg/l. 

During the March 2006 and August 2006 monitoring events, ten temporary wells were 

installed and sampled in order to further delineate the extent of the petroleum 

hydrocarbon plume at IRP Site 14 and assess the need for additional permanent 
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monitoring wells. During the March 2006 monitoring event MTBE was detected in 

temporary monitoring well IRP-14-TMW-3 and IRP-14-TMW-6 at concentrations of 5.6 

µg/l and 510 µg/l. Temporary monitoring well IRP-14-TMW-3 was installed along the 

boundary between IRP Site 14 and the SBNWR; temporary monitoring well IRP-14-

TMW-6 was installed on the east side of the AST located north of the intersection of 

Kitts Highway and Industrial Road (Figure 7). During the August 2006 monitoring event 

permanent monitoring wells BSW-14-11 and BSW-14-10 were installed at the previous 

locations of IRP-14-TMW-3 and IRP-14-TMW-6, respectively.  

During the August 2006 monitoring event temporary monitoring wells IRP-14-TMW-7, 

IRP-14-TMW-8, and IRP-14-TMW-9 were installed to assess MTBE concentrations near 

monitoring well MW-05-01. Temporary monitoring well IRP-14-TMW-10 was installed 

to assess MTBE concentrations near the AST. MTBE was not detected in any of the four 

temporary monitoring wells.  

4.2.1.2 Benzene 

Benzene was detected in five monitoring wells at IRP Site 14 including BSW-14-1, 

BSW-14-2, BSW-14-3, BSW-14-4, and BSW-14-10 (Figure 6). Benzene was detected at 

concentrations ranging from 0.25J µg/l in BSW-14-1 to 3,000 µg/l in BSW-14-4. 

Detected concentrations of benzene only exceeded the established ecological risk-based 

screening value of 46 µg/l in monitoring wells BSW-14-2 and BSW-14-4. Both of these 

monitoring wells are located within the core of the petroleum hydrocarbon plume. 

Benzene concentration contours are shown on Figures 11, 12, and 13. A time series 

concentration graph for benzene is included in Appendix G. 

During the March 2006 monitoring event benzene only was detected in temporary 

monitoring well IRP-14-TMW-6 at a concentration of 340 µg/l (Figure 7). During the 

August 2006 monitoring event benzene was detected in temporary monitoring wells IRP-

14-TMW-7, IRP-14-TMW-9, and IRP-14-TMW-10. Concentrations ranged from 0.33J 

µg/l in temporary monitoring well IRP-14-TMW-10 to 0.5 µg/l in IRP-14-TMW-9.  
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4.2.1.3 Toluene 

Toluene was detected in five monitoring wells at IRP Site 14 including BSW-14-2, BSW-

14-3, BSW-14-4, BSW-14-10, and BSW-14-11 (Figure 6). Toluene was detected at 

concentrations ranging from 0.20J µg/l in BSW-14-10 to 3200 µg/l in BSW-14-4. 

Detected concentrations of toluene only exceeded the established ecological risk-based 

screening value of 130 µg/l in monitoring wells BSW-14-4 during the March 2006 

monitoring event. This monitoring well is located within the core of the petroleum 

hydrocarbon plume. A time series concentration graph for toluene is included in 

Appendix G. 

During the March 2006 monitoring event toluene only was detected in temporary 

monitoring well IRP-14-TMW-6 at a concentration of 25 µg/l (Figure 7). During the 

August 2006 monitoring event toluene was not detected in any of the four temporary 

monitoring wells. 

4.2.1.4 Ethylbenzene 

Ethylbenzene was detected in four monitoring wells at IRP Site 14 including BSW-14-2, 

BSW-14-3, BSW-14-4, and BSW-14-10 (Figure 6). Ethylbenzene was detected at 

concentrations ranging from 0.65J µg/l in BSW-14-3 to 91J µg/l in BSW-14-4. Detected 

concentrations of ethylbenzene did not exceed the established ecological risk-based 

screening value of 290 µg/l during this groundwater investigation. A time series 

concentration graph for ethylbenzene is included in Appendix G. 

During the March 2006 monitoring event ethylbenzene was detected in temporary 

monitoring wells IRP-14-TMW-3 and IRP-14-TMW-6 at concentrations of  1.3 µg/l and 

18 µg/l (Figure 7). respectively. During the August 2006 monitoring event ethylbenzene 

was not detected in any of the four temporary monitoring wells. 

4.2.1.5 Total Xylenes 

Total xylenes were detected in four monitoring wells at IRP Site 14 including BSW-14-2, 

BSW-14-3, BSW-14-4, and BSW-14-10 (Figure 6). Total xylenes were detected at 

concentrations ranging from 0.80J µg/l in BSW-14-3 to 108 µg/l in BSW-14-4. Detected 
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concentrations of total xylenes only exceeded the established ecological risk-based 

screening value of 13 µg/l in monitoring wells BSW-14-2 and BSW-14-4. These 

monitoring wells are located within the core of the petroleum hydrocarbon plume. A time 

series concentration graph for total xylenes is included in Appendix G. 

During the March 2006 monitoring event total xylens were detected in temporary 

monitoring well IRP-14-TMW-3 and IRP-14-TMW-6 at a concentration of 0.89 µg/l and 

75 µg/l, respectively (Figure 7). During the August 2006 monitoring event total xylens 

were detected in temporary monitoring wells IRP-14-TMW-7 at a concentration of 0.72 

µg/l. 

4.2.2 Total Petroleum Hydrocarbons as Gasoline 

During the three groundwater monitoring events, TPH as gasoline was detected in 

monitoring wells BSW-14-2, BSW-14-3, BSW-14-4, BSW-14-10, and BSW-14-11 

(Figure 6). Concentrations of TPH as gasoline ranged from 0.033J mg/l in monitoring 

well BSW-14-3 to 2.0 mg/l in BSW-14-4. TPH as gasoline was only detected above the 

established ecological risk-based screening values for TPH as gasoline of 0.5 mg/l in 

BSW-14-2 and BSW-14-4. Monitoring wells BSW-14-2 and BSW-14-4 are located 

within the core of the petroleum hydrocarbon plume at the site. TPH concentration 

contours are shown on Figures 14, 15, and 16. A time series concentration graph for TPH 

as gasoline is included in Appendix G. 

During the March 2006 monitoring event TPH as gasoline was detected in temporary 

monitoring wells IRP-14-TMW-3 and IRP-14-TMW-6 at a concentration of 0.76 mg/l 

and 0.79 mg/l, respectively(Figure 7). During the August 2006 monitoring event TPH as 

gasoline was not detected in any of the four temporary monitoring wells. 
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5.0 DATA EVALUATION 

This section presents an evaluation of the data collected from this groundwater 

monitoring investigation and historical data. The data evaluation was performed to 

address the decision rules developed in the Work Plan (MARRS 2006) in accordance 

with the U.S. EPA seven-step DQO process (U.S. EPA 1994). The Seven Step DQO 

process for IRP Site 14 is included in Appendix A.  

Groundwater data from this investigation at IRP Site 14 was collected during three 

monitoring events in 2006: 

• March 2006 

• August 2006 

• October 2006 

Historical groundwater data from IRP Site 14 extends back to November 1999 (FWENC 

2000, 2002). Historical as well as current data are summarized in Tables 4 and 5. 

As part of the data evaluation, analytical data were compared to established ecological 

risk-based screening values. In addition, data was evaluated to assess if natural 

attenuation is occurring at the site or if site conditions are favorable for natural 

attenuation to occur. This evaluation assessed contaminant concentration trends using 

statistical analysis and time series concentration graphs, as well as assessing geochemical 

parameters at IRP Site 14. 

5.1 COMPARISON OF GROUNDWATER DATA TO ECOLOGICAL RISK-

BASED SCREENING VALUES 

Screening values for the identified COECs were established in the Technical 

Memorandum presenting the results of and Ecological Risk Screening for Impacts to the 

SBNWR from IRP Site 14, (MARRS and GeoSyntec 2005). The screening values are 

summarized on Tables 4 and 5.  
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In summary, during this and previous groundwater monitoring investigations, the only 

monitoring wells at IRP Site 14 that have had concentrations of COECs above the 

established ecological risk-based screening values are BSW-14-2, BSW-14-3, and BSW-

14-4. These three monitoring wells are located within the core of the petroleum 

hydrocarbon plume. COECs have not been detected above their respective ecological 

risk-based screening values in monitoring wells located along the boundary between IRP 

Site 14 and the SBNWR. The following summarizes COECs that have exceeded the 

ecological risk-based screening values during this groundwater investigation and during 

previous investigations. 

5.1.1 TPH as Gasoline 

The ecological risk-based screening value for TPH as gasoline is 0.5 mg/l. 

Concentrations of TPH as gasoline exceeded the screening value during this groundwater 

investigation in the following monitoring wells: 

• BSW-14-2 (March 2006, August 2006, and October 2006) 

• BSW-14-4 (March 2006, August 2006, and October 2006) 

Concentrations of TPH as gasoline have historically exceeded the screening value in 

these monitoring wells. 

5.1.2 MTBE 

The ecological risk-based screening value for MTBE is 8,000 µg/l. Concentrations of 

MTBE have never exceeded the screening value for MTBE during this or previous 

groundwater investigations. 
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5.1.3 Benzene 

The ecological risk-based screening value for benzene is 46 µg/l. Concentrations of 

benzene exceeded the screening value during this groundwater investigation in the 

following monitoring wells: 

• BSW-14-2 (August 2006 and October 2006) 

• BSW-14-4 (March 2006, August 2006, and October 2006) 

Concentrations of benzene have historically exceeded the screening value in these 

monitoring wells. Although not during the last three monitoring events, benzene has 

historically exceeded the screening value in BSW-14-3. 

5.1.4 Toluene 

The ecological risk-based screening value for toluene is 130 µg/l. Concentrations of 

toluene exceeded the screening value during this groundwater investigation in the 

following monitoring well: 

• BSW-14-4 (March 2006) 

Concentrations of toluene have historically exceeded the screening value in this 

monitoring well. Toluene has also exceeded the screening value during one or more 

historical monitoring events in monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4.  

5.1.5 Ethylbenzene 

The ecological risk-based screening value for ethylbenzene is 290 µg/l. Concentrations of 

ethylbenzene have never exceeded the screening value for ethylbenzene during this or 

previous groundwater investigations. 
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5.1.6 Total Xylenes 

The ecological risk-based screening value for total xylenes is 13 µg/l. Concentrations of 

total xylenes exceeded the screening value during this groundwater investigation in the 

following monitoring well: 

• BSW-14-2 (March 2006) 

• BSW-14-4 (March 2006, August 2006, and October 2006) 

Concentrations of total xylenes have historically exceeded the screening value in these 

monitoring wells. Total xylenes have also exceeded the screening value during one or 

more historical monitoring events in monitoring well BSW-14-3. 

5.2 MIGRATION OF COECS TOWARD THE SBNWR 

Based on contaminant concentrations the core of the petroleum hydrocarbon plume at 

IRP Site 14 is situated around monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4. 

This is shown on the contaminant concentrations contour figures, Figure 8 through Figure 

16. However, groundwater data from monitoring well BSW-14-4, BSW-14-11 and MW-

05-04 indicate that MTBE may have been migrating into the SBNRW. MTBE in well 

BSW-14-4 has declined through the monitoring program. Data from monitoring well 

MW-05-04, which has been sampled since October 2003 as part of the groundwater 

monitoring program for IRP Site 5, indicates that concentrations of MTBE have been 

increasing in this monitoring well. MTBE concentrations from this well are shown in 

Figures 8, 9, and 10. The center of the plume for MTBE has apparently been shifted from 

near BSW-14-4 to BWS-14-11. However, the concentrations of MTBE in all these 

monitoring wells have always been below the established risk-based screening value for 

MTBE of 8,000 µg/l. 

5.3 NATURAL ATTENUATION 

This section provide an overview of natural attenuation, and a discussion of direct and 

indirect indicators of natural attenuation with respect to petroleum hydrocarbon sites and 

IRP site 14. 
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Natural attenuation refers to a process that relies on naturally occurring in situ processes 

(such as biodegradation, chemical transformation, volatilization, dilution, dispersion, and 

adsorption) to achieve remedial goals. Under favorable conditions, these natural 

processes will act without human intervention to reduce the mass, toxicity, mobility, or 

volume of TPH-contaminated soil and groundwater. Natural attenuation through 

biodegradation is considered a destructive mechanism since a net reduction of 

contaminant mass is achieved. Volatilization, mixing, diffusion and sorption are 

considered non-destructive since no net loss of contaminant mass occurs.  

Petroleum hydrocarbons and their constituents are generally biodegradable as long as 

indigenous microorganisms have an adequate supply of nutrients and electon acceptors, 

and biological activity is not inhibited by substances toxic to the organisms. A 

comprehensive guidance compiled by the Naval Facilities Engineering Command 

Alternative Restoration Technology Team indicates that “hydrocarbon-degrading 

microorganisms are ubiquitous in the subsurface environments and that these 

microorganisms can degrade a variety of organic compounds, including components of 

gasoline, kerosene, diesel, jet fuel, and many other petroleum hydrocarbons” 

(Wiedemeier et al. 1997).  

In general, aerobic biodegradation tends to occur at the fringe of the dissolved plume and 

consumes oxygen which, if not replaced, can limit the effectiveness of further aerobic 

biodegradation. Anaerobic biodegradation is predominant at the core of the plume and 

occurs much slower than aerobic biodegradation. The rate of oxygen depletion due to 

microbial metabolism usually exceeds the rate oxygen is replenished to the system. This 

will typically occur within the core of the plume, forcing anaerobic biodegradation to 

dominate. Once oxygen is depleted, an alternative electron acceptor and a microorganism 

capable of utilizing the alternative electron acceptor must be available for biodegradation 

to proceed. 
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5.3.1 Indicators of Natural Attenuation 

Indications that natural attenuation is occurring at a site is provided by direct evidence (or 

primary lines of evidence), and indirect evidence (or secondary lines of evidence).  

Direct evidence (or primary lines of evidence) that natural attenuation is occurring at a 

site is provided by monitoring contaminant concentrations over a period of time and 

statistically evaluating data to assess contaminant concentration trends. Statistically 

evaluating contaminant concentration trends will indicate whether the dissolved phase 

plume is expanding, stable, or shrinking. 

Indirect evidence (or secondary lines of evidence) that natural attenuation is occurring or 

site conditions are favorable for natural attenuation to occur is provided by assessing 

geochemical parameters. Geochemical parameters typically include: 

• electron acceptors; 

• metabolic byproducts, alkalinity; and, 

• oxidation-reduction potential. 

5.3.1.1 Electron Acceptors 

An electron acceptor is a compound that receives or accepts an electron from an electron 

donor during cellular respiration. The electron acceptor is reduced and the electron donor 

is oxidized. Examples of acceptors include oxygen, nitrate, iron (III), manganese (IV), 

sulfate, and carbon dioxide. These reactions are of interest not only because they allow 

organisms to obtain energy, but also because they are involved in the natural 

biodegradation of organic contaminants.  

Measuring the loss of electron acceptors can provide indirect evidence that natural 

attenuation is occurring. Electron acceptors are used by microbial populations for the 

biodegradation of organic carbon.  Electron acceptors which are more thermodynamically 

favored by microbes are used first. Dissolved oxygen is the electron acceptor used first 

during aerobic biodegradation of a substrate. After dissolved oxygen is depleted, nitrate 

may be used as an electron acceptor. Next, manganese (IV) and iron (III) are reduced to 
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manganese (III) and iron (II), respectively, and sulfate is reduced to sulfide. Production of 

carbon dioxide via methanogenesis is the terminal electron acceptor in the sequential 

progression. 

5.3.1.2 Metabolic Byproducts 

Metabolic byproducts such as iron (II), and methane are indicators of natural attenuation. 

Ferrous iron, iron (II), is the result of the reduction of iron (III). Ferrous iron is an 

indication of reducing (anaerobic) conditions and microbial activity. 

The presence of dissolved gases, such as methane, ethane, ethene, and carbon dioxide 

may indicate biodegradation under anaerobic conditions. Methane and carbon dioxide in 

an aquifer suggests that biodegradation of organic matter is occurring via 

methanogenesis. Methanogenesis represents the last in a series of reactions where 

anaerobic microbes sequentially use DO, nitrate, manganese, iron, sulfate and carbon 

dioxide to oxidize matter, producing methane a byproduct. Therefore, a presence of 

methane in groundwater is indicative of strongly reducing conditions. 

5.3.1.3 Alkalinity 

Changes in alkalinity are an indication of microbial activity as well and can be expected 

to increase across a site where biological activity is occurring. Alkalinity reflects the 

buffering capacity of groundwater and is most influenced by carbon dioxide content.  

Carbon dioxide originates from the dissolution of carbonates in the aquifer, atmospheric 

carbon dioxide, and the respiration of microbes.  

5.3.1.4 Reduction/Oxidation (Redox) Potential 

Oxidation-reduction potential (ORP) is a measurement of the oxidizing and reducing 

nature of water. ORP changes in groundwater are usually mediated by biological activity. 

Biodegradation rates influence and depend on redox potential (Eh). The lower the redox 

potential, the more reducing and anaerobic the environment. Knowing the redox potential 

within the plume can also assist in estimating the extent of the plume. Redox potential 

values taken from within the plume with biological activity will be lower than values up-

gradient and outside the plume. 
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5.3.2 Direct Evidence for Natural Attenuation at IRP Site 14 

The following discusses the direct evidence (primary lines of evidence) that natural 

attenuation is occurring at IRP Site 14. 

The Mann-Kendall (S) statistical test has been used to assess if contaminant 

concentration trends at the site are decreasing, remaining stable, or increasing. The 

Mann-Kendall (S) Test can be used with a minimum of four (4) rounds of sampling 

results and a maximum of (10) rounds of sampling data. However, the test is not able to 

determine the rate in which the concentrations are changing over time. The Mann-

Kendall (S) test statistically calculates the contaminant concentration trend (increasing or 

decreasing) at the 80% and 90% confidence levels. If an increasing or decreasing trend is 

not present, an additional coefficient of variation test is used to check for stability. 

Data from monitoring wells exhibiting the highest concentrations of petroleum 

hydrocarbons at the site, and data from monitoring wells along the boundary of Site 14 

and the SBNWR were used to assess contaminant concentration trends. Monitoring wells 

within the core of the petroleum hydrocarbon plume exhibiting the highest concentrations 

of contaminants included monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4. 

Monitoring wells along the boundary of Site 14 and the SBNWR include BSW-14-1 and 

BSW-14-8. Monitoring wells in which contaminant concentrations have not been 

detected or detected at relatively low concentrations and infrequently were not used in the 

statistical evaluation of contaminant concentrations. Data from the newly installed 

boundary well BSW-14-11 was not used since only two quarters of data exist for this 

well. MTBE data from monitoring well MW-05-04 (which is associated with IRP Site 5 

and discussed in Section 5.2) has also been assessed. 

Results of the Mann-Kendall (S) statistical test on data from the core of the petroleum 

hydrocarbon plume indicate that concentrations of TPH as gasoline, MTBE, and BTEX 

are decreasing in monitoring wells BSW-14-2 and BSW-14-3. Concentrations of MTBE, 

ethyl benzene, and total xylenes are decreasing in monitoring well BSW-14-3 with 

concentrations of TPH as gasoline, benzene, and total xylenes exhibiting no trend. 
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Results of the Mann-Kendall (S) statistical test on data from the fringe of the petroleum 

hydrocarbon plume (along the boundary between IRP Site 14 and the SBNWR) indicate 

that concentrations of TPH as gasoline, MTBE, and benzene are also decreasing. 

Concentrations of TPH as gasoline, MTBE, and benzene are decreasing in monitoring 

wells BSW-14-1. Toluene, ethyl benzene, and total xylenes have not been detected in this 

well with the exception of estimated concentrations during the November 1999 

monitoring event. Concentrations of TPH as gasoline and MTBE are decreasing in BSW-

14-8. Benzene, toluene, ethyl benzene, and total xylenes have not been detected in this 

well. In addition, results of the Mann-Kendall (S) statistical test on MTBE data from 

monitoring well MW-05-04, located within the SBNWR, indicated that MTBE 

concentrations in this well are increasing. However, concentrations remain below the 

established risk-based screening value for MTBE of 8,000 µg/l, as shown on Figures 6, 8, 

9, and 10. 

Time series concentration graphs are presented in Appendix G. Table 7 summarizes the 

results of the Mann-Kendall (S) statistical tests. The results of the Mann-Kendall (S) 

statistical calculations are included in Appendix H. 

5.3.3 Indirect Evidence for Natural Attenuation at IRP Site 14 

The following discusses the indirect evidence (secondary lines of evidence) that natural 

attenuation is occurring at IRP Site 14. 

An evaluation of geochemical data from IRP Site 14 indicates that natural attenuation is 

occurring at the site. The primary mechanism in which natural attenuation is occurring 

are oxidation-reduction, iron and sulfate reduction, and methanogenesis. Data also 

indicates that natural attenuation is occurring under anaerobic conditions at the site. The 

evidence for natural attenuation is summarized in the following discussions. Graphs of 

geochemical parameters verses TPH as gasoline, MTBE and benzene are included in 

Appendix I. 

Dissolved oxygen concentrations within the core of the petroleum hydrocarbon plume (as 

measured in monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4) are lower then 



 

Final Groundwater Monitoring Report  June 1, 2007 
IRP Site 14 NAVWPNSTA Seal Beach 
DCN: CA99064.021.006 
 

36

measured dissolved oxygen concentrations along the fringe of the plume and along the 

boundary of the site and the SBNWR. The dissolve oxygen graph in Appendix I show 

dissolved oxygen concentrations plotted against TPH as gasoline, benzene, and MTBE 

concentrations for the March 2006, August 2006, and October 2006 monitoring events. 

The graphs illustrate the inverse relationship between dissolved oxygen concentrations 

and TPH as gasoline benzene, and MTBE concentrations. This data suggests that oxygen 

levels in the groundwater within the core of the plume have been depleted due to 

biodegradation of the petroleum hydrocarbons. In general, dissolved oxygen 

concentrations less than 2 mg/l generally indicate anaerobic conditions in an aquifer 

(MARRS and GeoSyntec 2005). Based on dissolved oxygen concentrations in 

groundwater across the site an anaerobic aquifer condition is present. However, 

groundwater conditions are more anaerobic within the core of the plume. Note, the 

elevated dissolved oxygen concentration in monitoring well BSW-14-2 during the March 

2006 monitoring event is believed to be attributed to a rain event prior to and during the 

monitoring event. 

ORP, or redox, within the core of the petroleum hydrocarbon plume is lower then ORP 

along the fringe of the plume and along the boundary of the site and the SBNWR. The 

ORP graph in Appendix I show ORP plotted against TPH as gasoline, benzene, and 

MTBE concentrations for the March 2006, August 2006, and October 2006 monitoring 

events. The graphs illustrate the inverse relationship between ORP and TPH as gasoline 

benzene, and MTBE concentrations. This is further indication that natural attenuation is 

occurring at the site.  

As indicated in Section 5.2.1 and 5.2.2, as dissolved oxygen is depleted, natural 

attenuation through iron reduction and sulfate reduction may occur. The increase of 

ferrous iron, as a metabolic byproduct of the reduction of ferric iron, and the decrease in 

sulfate, as sulfate is reduced to sulfide, are further indications that natural attenuation is 

occurring. The ferrous iron graph in Appendix I shows the proportional relationship 

between ferrous iron in the presence of TPH as gasoline, benzene, and MTBE indicating 

that natural attenuation through iron reduction is occurring. The sulfate graph in 
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Appendix I shows the inverse relationship between sulfate in the presence of TPH as 

gasoline, benzene, and MTBE indicating that natural attenuation through sulfate 

reduction is occurring. Also, during sulfate reduction, hydrogen sulfide is produced when 

petroleum hydrocarbons are oxidized. The hydrogen sulfide graph in Appendix I shows 

increase hydrogen sulfide concentrations in the core of the plume further indicating 

biodegradation through sulfate reduction. 

The presence of dissolved gases such as methane and carbon dioxide is another indication 

that biodegradation is occurring under anaerobic conditions. The methane and carbon 

dioxide graphs in Appendix I show increase methane and carbon dioxide concentrations 

in the presence of TPH as gasoline, benzene, and MTBE within the core of the plume. 

This indicates that biodegradation is occurring through methanogenesis. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

This section presents the conclusions and recommendations for IRP Site 14 based on the 

data evaluation presented in Section 5.0, and the DQOs for the groundwater 

investigation. 

6.1 CONCLUSIONS FOR IRP SITE 14 

The primary objectives of the groundwater investigation at IRP Site 14 are as follows 

(MARRS 2006): 

• Determine the lateral extent of the dissolved-phase petroleum hydrocarbon 
plume at IRP Site 14. 

• Determine if the dissolved-phase petroleum hydrocarbon plume at the site 
is stable and is natural attenuation occurring. 

• Determine if concentrations of COECs along the boundary if IRP Site 14 
and the SBNWR are below the selected ecological risk-based screening 
values. 

The objectives are reflected in the DQOs for IRP Site 14 which are presented in the Final 

Work Plan (MARRS 2006) and included in Appendix A of this report. Below are the 

questions presented in the Identification of Decisions (Step 2) of the DQOs, along with 

the answers to these questions. 

1. What is the lateral extent of the dissolved-phase petroleum hydrocarbon 

plume at IRP Site 14? 

The lateral extent of the dissolved-phase petroleum hydrocarbon plume at IRP Site 14 has 

been defined. The core of the petroleum hydrocarbon plume is situated around 

monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4.  

The plume is bounded on all sides by monitoring wells and groundwater sampling points 

(temporary monitoring wells) which have continuously yielded groundwater samples 

with relatively low concentrations of COECs or samples with non-detectable 

concentrations of COECs. Most importantly, all detected concentrations of COECs in 

monitoring wells bounding the core of the petroleum hydrocarbon plume have been 
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below the established ecological risk-based screening values for the site (MARRS and 

GeoSyntec 2005). 

The highest concentrations of MTBE have been detected in monitoring well BSW-14-11. 

This is the new monitoring well installed along the boundary between IRP Site 14 and the 

SBNWR. MTBE has been reported in this well at concentrations of 650 µg/l and 580 µg/l 

during the August 2006 and October 2006 monitoring events, respectively. However, 

these concentrations are well below the established ecological risk-based screening value 

for MTBE of 8,000 µg/l.  

Furthermore, detected concentrations of MTBE in monitoring well MW-05-04, sampled 

as part of IRP Site 5, may have been attributed to IRP Site 14. Although concentrations 

have increased during each sampling event at IRP Site 5, the highest reported 

concentration in this monitoring well is 50 µg/l, significantly less than the established 

ecological risk-based screening value for MTBE of 8,000 µg/l.  

2. Is natural attenuation occurring at IRP Site 14?  

Natural attenuation is occurring at IRP Site 14. This is supported by both direct evidence 

and indirect evidence.  

Direct evidence is provided by the results of statistical trend analysis using the Mann-

Kendall (S) statistical test. In summary, results indicate that there are no increasing 

concentration trends for any COECs in any monitoring well at the site. Time series 

concentration graphs are presented in Appendix G and statistical calculations are 

presented in Appendix H. 

Concentrations of TPH as gasoline, MTBE, and BTEX are decreasing in monitoring 

wells BSW-14-2 and BSW-14-3, situated within the core of the petroleum hydrocarbon 

plume. Concentrations of MTBE, ethyl benzene and total xylenes are decreasing in 

monitoring well BSW-14-4 with no trends exhibited for TPH as gasoline, benzene, and 

toluene.  
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Concentrations of MTBE have also decreasing in boundary well BSW-14-8. MTBE has 

decreased from a reported high of 200 µg/l in 2002 to 8.8 µg/l in October 2006. COECs 

have not been detected in boundary well BSW-14-9 since November 1999. 

3. Are COECs concentrations along the boundary of IRP Site 14 and the 

SBNWR below the established ecological risk-based screening values? 

All concentrations of COECs in monitoring wells BSW-14-1, BSW-14-8, BSW-14-9, 

and BSW-14-11, situated near or on the boundary between IRP Site 14 and the SBNWR 

are below the established ecological risk-based screening values. In fact, MTBE has 

never exceeded the established ecological risk-based screening value of 8,000 µg/l in any 

of the monitoring wells at IRP Site 14. TPH as gasoline and BTEX have only exceeded 

their established ecological risk-based screening values of 0.5 µg/l, 46 µg/l, 130 µg/l, 290 

µg/l, and 13 µg/l, respectively, in monitoring wells BSW-14-2, BSW-14-3, and BSW-14-

4 situated within the core of the petroleum hydrocarbon plume. 

6.2 RECOMMENDATIONS 

Based on the conclusions presented above, and the DQO Decision Rules (Step 5) 

(MARRS 2006), a recommendation of no further action is made for IRP Site 14. 
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TABLE 1
MONITOING CONSTRUCTION DETAILS
IRP SITE 14, NAVWPNSTA SEAL BEACH

WELL I.D.
WELL 

DIAMETER 
(inches)

WELL 
COMPLETION 

DATE
CASING TYPE TOTAL WELL 

DEPTH (feet bgs)

BOTTOM 
OF SCREEN 

(feet bgs)

TOP OF 
SCREEN 
(feet bgs)

TOTAL 
LENGTH OF 

SCREEN (feet)

DEPTH OF TOP 
OF FILTER 

PACK (feet bgs)

DEPTH OT 
TOP OF 

SANITARY 
SEAL

SURFACE 
COMPLETION COORDINATES

BSW-14-10 4 8/2/2006 Schedule 40 PVC 25 24.5 4.5 20 2.5 2 Flush mounted Northing: 2219187.93
Easting: 6003326.57
Elevation (TOC): 12.74

BSW-14-11 4 8/3/2006 Schedule 40 PVC 25 24.5 4.5 20 2.5 2 Flush mounted Northing: 2219021.19
Easting: 6003364.70
Elevation (TOC): 10.40

acronyms and abbreviations

bgs below ground surface

TOC top of  casing

PVC polyvinyl chloride



TABLE 2
SUMMARY OF GROUNDWATER ELEVATIONS

IRP SITE 14, NAVWPNSTA SEAL BEACH

MONITORING 
WELL DATE MEASURED

TOP OF 
CASING 

ELEVATIONS

DEPTH TO 
FREE-

PRODUCT

DEPTH OF 
WATER 

(below TOC)

GROUNDWATER 
ELEVATION (feet 

above MSL)
3/27/2006 - 7.64 4.42

8/3/2006 - 7.57 4.49
10/16/2006 - 7.65 4.41

3/27/2006 - 7.67 4.23
8/3/2006 - 7.57 4.25

10/16/2006 - 7.65 4.20
3/27/2006 - 7.70 4.36

8/3/2006 - 7.61 4.45
10/16/2006 - 7.67 4.39

3/27/2006 - 6.94 4.38
8/3/2006 - 6.85 4.47

10/16/2006 - 6.94 4.38
3/27/2006 - 7.74 4.58

8/3/2006 - 7.76 4.56
10/16/2006 - 7.76 4.56

3/27/2006 - 7.53 4.11
8/3/2006 - 7.46 4.18

10/16/2006 - 7.48 4.16
3/27/2006 - 9.35 4.04

8/3/2006 - 9.18 4.21
10/16/2006 - 9.35 4.04

3/27/2006 - 7.15 4.02
8/3/2006 - 7.00 4.17

10/16/2006 - 7.16 4.01
3/27/2006 - 6.53 4.09

8/3/2006 - 6.35 4.27
10/16/2006 - 6.55 4.07

8/7/2006 - 8.63 4.11
10/16/2006 - 5.38 7.36

8/7/2006 - 6.39 4.01
10/16/2006 - 6.34 4.06

3/27/2006 - 12.99 1.34
3/27/2006 - 13.09 1.24

8/3/2006 - 12.85 1.48
GROUND 
SURFACE 

ELEVATION
IRP-14-TMW-1 3/29/2006 11.8 - 7.63 4.17
IRP-14-TMW-2 3/29/2006 11.26 - 7.40 3.86
IRP-14-TMW-3 3/29/2006 11.35 - 6.65 4.70
IRP-14-TMW-4 3/29/2006 13.46 - 9.30 4.16
IRP-14-TMW-5 3/29/2006 14.71 - 10.77 3.94
IRP-14-TMW-6 3/29/2006 13.31 - 8.87 4.44
IRP-14-TMW-7 8/2/2006 10.79 - 7.75 3.04
IRP-14-TMW-8 8/2/2006 7.84 - 7.10 0.74
IRP-14-TMW-9 8/2/2006 16.39 - 12.30 4.09
IRP-14-TMW-10 8/2/2006 12.12 - 8.10 4.02
acronyms/abbreviations
MSL mean sea level
TOC top of casing

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

MW-05-01

BSW-14-11

BSW-14-10

BSW-14-9

BSW-14-8

BSW-14-7

BSW-14-6

BSW-14-5

14.33

10.40

12.74

10.62

12.32

11.64

13.39

11.17

12.06

11.90

12.06

11.32



TABLE 3
SUMMARY OF GROUNDWATER QUALITY PARAMETERS

IRP SITE 14, NAVWPNSTA SEAL BEACH

table 3

Well I.D. Date Time Temp (oC) EC (mS/cm) DO (mg/L) pH Salinity (PSS) ORP 
(mV)

Turbidity (Visual 
or NTU)

Field Kit DO 
(mg/L)

Field Kit Fe2+ 

(mg/L)
Field Kit H2S 

(mg/L)
Comments

3/28/2006 13:34 21.16 1.590 0.22 6.39 0.80 -132 N/A 0.15 0.00 0.00 Silty
8/3/2006 7:58 22.58 1.620 0.25 7.00 0.81 94 N/A 0.25 0.00 0.00 Clear, light odor

10/16/2006 13:58 23.45 1.610 0.35 6.47 0.81 112 4.9 0.35 0.00 0.00
3/28/2006 12:03 16.40 0.124 6.24 6.56 0.06 -142 N/A 5.50 0.10 0.20 Silty
8/3/2006 10:28 22.65 1.449 0.18 8.44 0.72 -239 N/A 0.40 0.80 0.70 Light yellow color, strong odor

10/17/2006 8:20 22.62 1.550 0.32 6.36 0.78 208 5.7 0.80 0.30 0.80 Strong odor
3/28/2006 11:04 20.99 1.414 0.23 6.54 0.68 -246 N/A 0.10 0.20 0.10 Murkey Brown
8/3/2006 9:15 22.44 1.560 0.40 7.44 0.79 -200 N/A 0.40 0.20 0.60 Light yellow color, mild odor

10/17/2006 7:28 22.32 1.710 0.39 6.45 0.86 181 6.3 0.40 0.30 0.10 Strong odor
3/28/2006 9:47 20.35 1.454 0.21 6.36 0.73 -306 N/A 0.15 0.50 1.50 Clear
8/3/2006 11:41 21.74 1.499 0.19 8.41 0.76 -274 N/A 0.20 0.20 2.00 Yellow Color, mild-strong odor

10/17/2006 9:13 22.79 1.520 0.37 6.35 0.76 247 5.4 0.40 0.20 2.00 Strong odor
3/27/2006 16:02 21.28 1.038 1.50 9.20 0.51 160 N/A 1.00 0.00 0.00 Clear
8/2/2006 10:00 23.06 1.055 0.92 7.74 0.52 63 N/A 0.90 0.00 0.00 Clear, no odor

10/16/2006 8:38 23.13 1.060 1.26 6.58 0.52 110 4.8 1.00 0.00 0.00
3/27/2006 14:30 20.03 1.441 1.28 9.21 0.72 251 N/A 3.50 0.00 0.50 Cloudy
8/2/2006 12:00 22.34 1.464 0.92 8.19 0.73 53 N/A 0.90 0.00 0.00 Clear, no odor

10/16/2006 10:15 22.40 1.520 1.09 6.62 0.76 86 5.8 1.00 0.00 0.00
3/27/2006 16:45 20.72 0.912 3.92 9.52 0.45 138 N/A 1.50 0.00 0.15 Clear
8/2/2006 16:50 22.03 1.284 1.52 8.32 0.64 61 N/A 1.50 0.00 0.00 Clear, no odor

10/16/2006 13:07 22.40 1.204 1.61 6.76 0.60 116 5.1 1.50 0.00 0.00
3/27/2006 10:54 20.97 1.600 1.72 9.71 0.80 285 N/A 0.70 0.00 1.50 Clear
8/2/2006 15:45 22.45 1.660 0.66 8.46 0.83 47 N/A 0.50 0.00 0.00 Clear, no odor

10/16/2006 12:05 22.75 1.660 0.60 6.71 0.83 194 4.7 0.50 0.00 0.00
3/27/2006 12:47 21.33 2.250 0.91 9.05 1.15 568 N/A 1.00 0.00 1.00 Clear
8/2/2006 14:15 22.72 2.290 0.27 8.05 1.17 78 N/A 0.40 0.00 0.00 Light grey to clear, no dor

10/16/2006 11:13 22.41 2.110 0.84 6.40 1.07 493 5.2 0.80 0.00 0.00
8/7/2006 10:43 22.22 1.580 0.15 8.54 0.79 21 N/A 0.30 0.00 0.00 Clear, mild odor

10/16/2006 16:59 23.15 1.386 0.37 6.56 0.69 123 6.3 0.40 0.00 0.00
8/7/2006 9:07 22.05 2.660 0.21 8.37 1.05 57 N/A 0.30 0.00 0.00 Clear, no odor

10/16/2006 15:04 22.87 1.910 0.38 7.04 0.97 172 8.2 0.40 0.40 0.00
3/27/2006 15:00 20.35 1.710 0.27 6.72 0.86 -107 N/A 0.25 0.00 0.00 Clear
8/3/2006 13:25 21.95 1.740 0.18 9.02 0.89 -205 N/A 0.30 0.00 0.00 Light yellow to clear, no odor

10/17/2006 10:13 22.10 1.790 0.36 6.68 0.91 168 4.7 0.30 0.00 0.00

TOC
oC
EC
mS/cm
DO
mg/l
PSS
ORP
mV
NTU

oxidation reduction potential
millivolts
nephelometric turbidity units

millisiemens per centimeter
dissolved oxygen
milligrams per liter
practicle salinity scale

Acronyms/Abbreviations
top of cassing
degrees celcius
electrical conductivitiy

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

BSW-14-5

BSW-14-6

BSW-14-7

BSW-14-8

BSW-14-9

BSW-14-10

BSW-14-11

MW-05-01



TABLE 4
SUMMARY OF ANALYTICAL RESULTS

TPH as GASOLINE and VOCs
PERMANENT MONITORING WELLS

IRP SITE 14, NAVWPNSTA SEAL BEACH

units
screening values a

11/1/1999 FWENC 0.19 10 U 5 J 1 J 5 U 2 J
10/4/2001 FWENC 0.05 U 10 U 5.6 5 U 5 U 5 U
1/24/2002 FWENC 0.091 10 U 3.8 J 5 U 5 U 5 U
4/16/2002 FWENC 0.091 10 U 3.2 J 5 U 5 U 5 U
7/24/2002 FWENC 0.05 U 5 U 1 U 5 U 5 U 5 U
10/7/2002 FWENC 0.05 U 5 U 1 U 5 U 5 U 5 U
3/28/2006 MARRS 0.1 U 0.42 J 0.25 J 1 U 1 U 2 U
8/3/2006 MARRS 0.1 U 0.44 J 0.5 U 1 U 1 U 2 U
10/16/2006 MARRS 0.1 U 0.55 J 0.5 U 1 U 1 U 2 U

11/1/1999 FWENC 2.2 680 J 4400 600 220 J 1200
10/4/2001 FWENC 0.92 1400 1300 88 J 91 J 130
1/24/2002 FWENC 0.6 280 920 14 J 33 J 39 J
4/16/2002 FWENC 1.3 240 1000 22 J 110 J 130
7/25/2002 FWENC 1.9 360 1400 35 J 120 J 240 J
10/8/2002 FWENC 1.2 140 980 15 J 62 J 110 J
3/28/2006 MARRS 0.67 1 U 32 1.2 35 24.85
8/3/2006 MARRS 1 35 1300 2.2 3.4 3.8
10/17/2006 MARRS 0.6 290 500 4.8 16 7.1

11/1/1999 FWENC 2.36 1200 570 170 40 J 480
10/4/2001 FWENC 6.3 450 2700 36 J 220 300
1/24/2002 FWENC 1.5 1700 2200 140 210 130
4/16/2002 FWENC 0.58 1200 1200 22 J 76 100 U
7/25/2002 FWENC 1.8 2500 1400 250 J 160 260 J
10/8/2002 FWENC 8.2 1000 1100 1100 250 1200
3/28/2006 MARRS 0.033 J 310 11 0.66 J 0.65 J 0.8 J
8/3/2006 MARRS 0.1 U 330 5.7 1 U 1 U 2 U
10/17/2006 MARRS 0.1 U 240 5.3 1 U 1 U 2 U

11/1/1999 FWENC 11.1 2800 5300 2800 700 5300
10/4/2001 FWENC 1.5 730 540 100 U 79 J 110
1/24/2002 FWENC 0.26 590 280 50 U 34 J 50 U
4/16/2002 FWENC 0.25 690 340 12 J 19 J 50 U
7/25/2002 FWENC 1.6 1400 1900 510 41 J 330
10/8/2002 FWENC 1.2 960 1500 130 J 78 J 140 J
3/28/2006 MARRS 2 580 3000 200 91 J 108
8/3/2006 MARRS 0.83 420 1800 26 8.8 67.8
10/17/2006 MARRS 1 290 1400 11 8.1 52.9

11/1/1999 FWENC 0.28 49 10 5 U 5 U 1 J
10/4/2001 FWENC 0.067 20 5 U 5 U 5 U 5 U
1/24/2002 FWENC 0.05 U 2.7 J 5 U 5 U 5 U 5 U
4/16/2002 FWENC 0.05 U 5.4 J 5 UJ 5 U 5 U 5 U
7/24/2002 FWENC 0.05 U 2.9 J 1 U 5 U 5 U 5 U
10/8/2002 FWENC 0.05 U 3.5 J 1 U 5 U 5 U 5 U
3/27/2006 MARRS 0.1 U 0.31 J 0.5 U 1 U 1 U 2 U
8/2/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U
10/16/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U

10/4/2001 FWENC 2.8 10 U 10 1.4 J 25 U 140
1/24/2002 FWENC 0.17 10 U 2.3 J 5 U 5 U 5 U
4/16/2002 FWENC 0.11 10 U 1.3 J 5 U 5 U 5 U
7/24/2002 FWENC 0.05 U 5 U 0.95 J 5 U 5 U 1.2 J
10/7/2002 FWENC 0.05 U 5 U 2.6 5 U 0.32 J 2 J
3/27/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U
8/2/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U
10/16/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U

10/4/2001 FWENC 0.05 U 3.2 J 5 U 5 U 5 U 5 U
1/24/2002 FWENC 0.05 U 10 U 5 U 5 U 5 U 5 U
4/16/2002 FWENC 0.05 U 10 U 5 UJ 5 U 5 U 5 U
7/25/2002 FWENC 0.05 U 2 J 1 U 5 U 5 U 5 U
10/8/2002 FWENC 0.05 U 5 U 1 U 5 U 5 U 5 U
3/27/2006 MARRS 0.1 U 0.27 J 0.5 U 1 U 1 U 2 U
8/2/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U
10/16/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

BSW-14-5

BSW-14-6

BSW-14-7

ANALYTES

MONITORING 
WELL

DATE 
SAMPLED

CONSULTANT GASOLINE MTBE BENZENE TOLUENE ETHYL 
BENZENE

TOTAL-
XYLENES

MG/L UG/LUG/LUG/LUG/LUG/L
80000.5 1329013046
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TABLE 4
SUMMARY OF ANALYTICAL RESULTS

TPH as GASOLINE and VOCs
PERMANENT MONITORING WELLS

IRP SITE 14, NAVWPNSTA SEAL BEACH

units
screening values a

ANALYTES

MONITORING 
WELL

DATE 
SAMPLED

CONSULTANT GASOLINE MTBE BENZENE TOLUENE ETHYL 
BENZENE

TOTAL-
XYLENES

MG/L UG/LUG/LUG/LUG/LUG/L
80000.5 1329013046

10/3/2001 FWENC 0.81 130 5 U 5 U 5 U 5 U
1/24/2002 FWENC 0.05 U 150 5 UJ 5 U 5 U 5 U
4/16/2002 FWENC 0.067 100 5 U 5 U 5 U 5 U
7/25/2002 FWENC 0.05 U 200 25 U 120 U 120 U 120 U
10/7/2002 FWENC 0.05 U 110 10 U 50 U 50 U 50 U
3/27/2006 MARRS 0.1 U 2.2 0.5 U 1 U 1 U 2 U
8/2/2006 MARRS 0.1 U 4.3 0.5 U 1 U 1 U 2 U
10/16/2006 MARRS 0.1 U 8.8 0.5 U 1 U 1 U 2 U

10/3/2001 FWENC 0.58 10 U 5 U 5 U 2 J 5.7
1/23/2002 FWENC 0.05 U 10 U 5 U 5 U 5 U 5 U
4/16/2002 FWENC 0.05 U 10 U 5 U 5 U 5 U 5 U
7/24/2002 FWENC 0.05 U 5 U 1 U 5 U 5 U 5 U
10/7/2002 FWENC 0.05 U 5 U 1 U 5 U 5 U 5 U
3/27/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U
8/2/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U
10/16/2006 MARRS 0.1 U 1 U 0.5 U 1 U 1 U 2 U

8/7/2006 MARRS 0.24 89 25 0.37 J 42 1.7
10/16/2006 MARRS 0.23 91 38 0.2 J 19 3.71

8/7/2006 MARRS 0.3 650 0.5 U 1 U 1 U 2 U
10/16/2006 MARRS 0.22 580 0.5 U 0.27 J 1 U 2 U

3/28/2006 MARRS 0.1 U 290 0.5 U 1 U 1 U 2 U
8/3/2006 MARRS 0.1 U 290 0.5 U 1 U 1 U 2 U
10/17/2006 MARRS 0.1 U 230 0.5 U 1 U 1 U 2 U

Notes

acronyms and abbreviations
UG/L micrograms per liter
MG/L milligrams per liter
U not detected above the reporting limit
J estimated concentration

BSW-14-8

BSW-14-9

BSW-14-10

BSW-14-11

MW-05-01

California Environmental Protection Agency, Regional Water Quality Control Board, San Francisco Bay Region, Screening for Environmental 
Concerns at Sites with Contaminated Soil and Groundwater, 2003 Values represent Estuary Aquatic Habitat Goals (chronic toxicity)
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TABLE 5
SUMMARY OF ANALYTICAL RESULTS

TPH as GASOLINE and VOCs
TEMPORARY MONITORING WELLS

IRP SITE 14, NAVWPNSTA SEAL BEACH

table 5

BENZENE 0.5 UG/L 46 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 340 0.34 J 0.5 U 0.5 0.33 J
ETHYLBENZENE 1 UG/L 290 1 U 1 U 1.3 1 U 1 U 18 1 U 1 U 1 U 1 U
TOLUENE 1 UG/L 130 1 U 1 U 1 U 1 U 1 U 25 1 U 1 U 1 U 1 U
TOTAL XYLENES 2 UG/L 13 2 U 2 U 0.89 J 2 U 2 U 75 0.72 J 2 U 2 U 2 U
MTBE 1 UG/L 8000 1 U 1 U 5.6 1 U 1 U 510 1 U 1 U 1 U 1 U

GASOLINE 0.01 MG/L 0.5 0.1 U 0.1 U 0.76 0.1 U 0.1 U 0.79 0.1 U 0.1 U 0.1 U 0.1 U

Notes

acronyms and abbreviations
UG/L micrograms per liter
MG/L milligrams per liter
NE not established
NA not applicable
U not detected above the reporting limit
J estimated concentration
- not analyzed

California Environmental Protection Agency, Regional Water Quality Control Board, San Francisco Bay Region, Screening for Environmental Concerns at Sites with Contaminated Soil and Groundwater, 2003 Values represent 
Estuary Aquatic Habitat Goals (chronic toxicity)

RLAnalyte

TPH as GASOLINE (EPA 8015)

3/28/2006 3/28/2006 3/28/20063/28/2006 3/28/2006 3/28/2006 8/2/2006
Units

IRP-14-TMW-5 IRP-14-TMW-6 IRP-14-TMW-9IRP-14-TMW-4Screening 
Values a

VOLATILES (EPA 8260B)

IRP-14-TMW-10IRP-14-TMW-7 IRP-14-TMW-8

8/2/2006 8/2/20068/2/2006

IRP-14-TMW-1 IRP-14-TMW-2 IRP-14-TMW-3



TABLE 6
SUMMARY OF ANALYTICAL RESULTS

GENERAL CHEMISTRY
PERMANENT MONITORING WELLS

IRP SITE 14, NAVWPNSTA SEAL BEACH

table 6

3/28/2006 0.118 73,000 260 0.1 U 7.02 0.1 U 62.3 890 0.165 339 300 1.5 U 1.5 U
8/3/2006 0.0972 J 66,000 287 0.1 U 7.07 0.1 U 67.7 945 0.28 283 3.1 1.5 U 1.5 U
10/16/2006 0.0418 J 90,000 252 0.1 U 6.98 0.1 U 65.4 935 0.4 343 1.2 U 1.5 U 1.5 U
3/28/2006 0.137 4,200 7.83 0.1 U 7.27 0.1 U 13.4 105 0.511 29.9 760 1.5 U 1.5 U
8/3/2006 0.135 120,000 212 0.345 6.86 0.235 35.6 855 0.34 384 3,300 1.5 U 1.5 U
10/17/2006 0.0522 J 110,000 257 0.273 6.88 0.281 30.6 875 0.41 358 2,700 1.5 U 1.5 U
3/28/2006 0.142 47,000 226 0.123 7.19 0.135 51.1 805 0.307 327 350 1.5 U 1.5 U
8/3/2006 0.259 91,000 250 0.148 7 0.174 48 890 0.36 355 520 1.5 U 1.5 U
10/17/2006 0.208 99,000 277 0.263 7.01 0.271 41.4 1,010 0.58 400 280 1.5 U 1.5 U
3/28/2006 0.104 81,000 224 0.461 7.02 0.465 27.2 785 0.269 416 1,700 1.5 U 1.5 U
8/3/2006 0.354 84,000 232 0.466 7 0.444 22.9 840 0.73 381 1,900 0.69 J 1.5 U
10/17/2006 0.162 110,000 245 0.54 6.85 0.534 17.5 885 0.58 385 2,600 0.98 J 1.5 U
3/27/2006 0.118 49,000 91.7 0.1 U 7.25 0.1 U 70.2 605 0.208 324 1.1 J 1.5 U 1.5 U
8/2/2006 0.1 U 37,000 100 0.1 U 7.09 0.1 U 73.2 680 0.35 283 1.2 U 1.5 U 1.5 U
10/16/2006 0.104 52,000 109 0.1 U 7.15 0.1 U 75.8 645 0.442 298 1.2 U 1.5 U 1.5 U
3/27/2006 0.142 26,000 262 0.1 U 7.19 0.1 U 80.6 850 0.208 334 1.2 U 1.5 U 1.5 U
8/2/2006 0.1 U 27,000 271 0.1 U 7.13 0.1 U 80.4 870 0.42 208 1.2 U 1.5 U 1.5 U
10/16/2006 0.047 J 40,000 282 0.1 U 7.1 0.1 U 86.2 870 0.34 208 1.2 U 1.5 U 1.5 U
3/27/2006 0.189 20,000 103 0.1 U 7.48 0.1 61.2 590 0.425 289 1.2 U 1.5 U 1.5 U
8/2/2006 0.145 26,000 171 0.1 U 7.4 0.1 U 81.5 770 0.4 267 1.2 U 1.5 U 1.5 U
10/16/2006 0.141 30,000 149 0.1 U 7.36 0.1 U 76.4 735 0.44 290 1.2 U 1.5 U 1.5 U
3/27/2006 0.156 26,000 142 0.1 7.44 0.146 210 1,030 0.221 379 1.2 U 1.5 U 1.5 U
8/2/2006 0.0876 J 34,000 154 0.114 7.39 0.125 231 1,070 0.37 336 1.2 U 1.5 U 1.5 U
10/16/2006 0.125 48,000 160 0.119 7.33 0.123 234 1,090 0.42 355 1.2 U 1.5 U 1.5 U
3/27/2006 0.21 97,000 376 0.1 U 6.99 0.1 U 111 1,340 1.8 491 1.2 U 1.5 U 1.5 U
8/2/2006 0.0405 J 150,000 377 0.1 U 6.83 0.1 U 106 1,300 0.31 491 1.2 U 1.5 U 1.5 U
10/16/2006 0.0782 J 110,000 389 0.1 U 6.88 0.1 U 97.8 1,190 0.33 365 1.2 U 1.5 U 1.5 U
8/7/2006 0.207 38,000 249 0.1 U 7.21 0.1 U 71.8 880 0.51 326 160 1.5 U 0.95 J
10/16/2006 0.193 130,000 163 0.1 U 6.84 0.101 60 830 0.46 400 530 37 U 1.4 J
8/7/2006 0.131 41,000 367 0.1 U 7.24 0.1 U 111 1,160 0.32 355 14 1.5 U 1.1 J
10/16/2006 0.0418 J 44,000 331 0.1 U 7.36 0.1 U 93.2 1,090 0.21 370 82 0.88 J 2
3/28/2006 0.1 28,000 234 0.1 U 7.36 0.1 U 128 970 0.219 399 150 1.5 U 1.5 U
8/3/2006 0.121 35,000 278 0.1 U 7.38 0.1 U 135 1,080 0.33 349 3.8 1.5 U 1.5 U
10/17/2006 0.0626 J 43,000 68 0.1 U 7.46 0.1 U 34 1,110 0.6 348 1.2 U 1.5 U 1.5 U

acronyms and abbreviations
UG/L micrograms per liter
MG/L milligrams per liter
U not detected above the reporting limit
J estimated concentration

MG/LMG/LUG/L UG/LUG/LMG/LMG/LMG/LMG/LMG/LPHUNIT

ETHENEETHANE

UG/L

PHOSPHORUSPHORTHOPHOSPHATE-PCHLORIDE-CL TOTAL 
ALKALINITYTKNTDSSULFATECARBON 

DIOXIDE
AMMONIA (NH3-

N)

MG/L

BSW-14-3

BSW-14-1

BSW-14-2

MONITORING 
WELL

DATE 
SAMPLED

ANALYTES

METHANE

BSW-14-4

BSW-14-5

BSW-14-6

BSW-14-11

MW-05-01

BSW-14-7

BSW-14-8

BSW-14-9

BSW-14-10



TABLE 7
MANN-KENDALL STATISTICAL RESULTS

IRP SITE, NAVWPNSTA SEAL BEACH

TPGas Gasoline MTBE Benzene Toluene Ethylbenzene Total Xylenes

M-K Statistical Test 80% 
Confidence Interval decreasing decreasing decreasing - - -

M-K Statistical Test 90% 
Confidence Interval decreasing decreasing decreasing - - -

Stability NA NA NA - - -
M-K Statistical Test 80% 
Confidence Interval decreasing decreasing decreasing decreasing decreasing decreasing

M-K Statistical Test 90% 
Confidence Interval no trend decreasing decreasing decreasing decreasing decreasing

Stability NA NA NA NA NA NA
M-K Statistical Test 80% 
Confidence Interval decreasing decreasing decreasing decreasing decreasing decreasing

M-K Statistical Test 90% 
Confidence Interval decreasing decreasing decreasing decreasing decreasing decreasing

Stability NA NA NA NA NA NA
M-K Statistical Test 80% 
Confidence Interval no trend decreasing to trend to trend decreasing decreasing

M-K Statistical Test 90% 
Confidence Interval no trend decreasing to trend to trend decreasing no trend

Stability non-stable NA stable non-stable NA NA
M-K Statistical Test 80% 
Confidence Interval decreasing - decreasing - - -

M-K Statistical Test 90% 
Confidence Interval decreasing - decreasing - - -

Stability NA - NA - - -
M-K Statistical Test 80% 
Confidence Interval decreasing decreasing - - - -

M-K Statistical Test 90% 
Confidence Interval decreasing decreasing - - - -

Stability NA NA - - - -

Trend and Stability
AnalyteMonitoring 

Well

BSW-14-8

BSW-14-6

BSW-14-4

BSW-14-3

BSW-14-2

BSW-14-1

1 of 2



TABLE 7
MANN-KENDALL STATISTICAL RESULTS

IRP SITE, NAVWPNSTA SEAL BEACH

TPGas Gasoline MTBE Benzene Toluene Ethylbenzene Total Xylenes
Trend and Stability

AnalyteMonitoring 
Well

M-K Statistical Test 80% 
Confidence Interval - increasing - - - -

M-K Statistical Test 90% 
Confidence Interval - increasing - - - -

Stability - NA - - - -
acronyms and abbreviations
NA Not applicable. Stability calculated if no trend exists at the 80% confidence interval
- Statistical test not perforned on data because a majority or all analytical results were non-detect. 

MW-05-04

2 of 2



TABLE A.1 
SUMMARY OF DATA QUALITY OBJECTIVES 

 
STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6 STEP 7 

Statement of Problem Identification of 
Decisions 

Identification of 
Decision Inputs 

Define Study 
Boundaries 

Develop Decision Rule Specify Tolerable Limits of 
Decision Errors 

Optimize the Sampling Design 

IRP Site 14 is the former location of 
three USTs which were used to store 
leaded gasoline and diesel fuel for a 
refueling service station used by base 
vehicles. The use of the USTs was 
discontinued in 1984 after the gasoline 
tank was found to have leaked. 
Subsequent soil and groundwater 
investigations indicated that the release 
impacted soil and groundwater at the site. 
Numerous soil and groundwater 
investigations and a recent ecological 
risk assessment indicated that the extent 
of petroleum hydrocarbons in soil and 
the dissolved-phase petroleum 
hydrocarbon plume at the site has not 
been fully delineated.  

COPC at IRP Site 14 have the potential 
to impact ecological receptors in the 
surface water body associated with 
SBNWR. However, these COPC have 
not been detected in boundary wells at 
concentrations exceeding the selected 
ecological risk-based screening values 
(RWQCB-SF, 2003). Groundwater 
COPC at IRP Site 14 are presented in 
Table A.2. Ecological risk-based 
screening values are also included in 
Table A.2. Identified COPC exceeding 
the selected ecological risk-based 
screening values include TPH as 
gasoline, benzene, and total xylenes. 
Other COPC include toluene and MTBE. 
Additional assessment is needed to 
delineate the extent of petroleum 
hydrocarbon impact to groundwater and 
to document that natural attenuation is 
occurring in order to move the site 
toward regulatory closure. 

 

1. What is the lateral 
extent of the 
dissolved-phase 
petroleum 
hydrocarbon plume 
at IRP Site 14? 

2. Is the dissolved-
phase petroleum 
hydrocarbon plume 
at IRP Site 14 
stable and is 
natural attenuation 
occurring? 

3. Are COPC 
concentrations 
along the boundary 
IRP Site 14 and the 
SBNWR below the 
selected ecological 
risk-based 
screening values? 

Historical data from 
previous site 
assessments and 
groundwater 
monitoring. 

Recommendations 
presented in the 
Technical 
Memorandum 
entitled, Ecological 
Risk Screening 
Results for Potential 
Impacts to Seal 
Beach National 
Wildlife Refuge from 
Site 14, Naval 
Weapons Station Seal 
Beach. 

Results for this 
groundwater 
investigation. 

 

The lateral 
extent of the 
groundwater 
investigation 
will include all 
existing and 
newly installed 
permanent 
groundwater 
monitoring 
wells.  

Field work is 
tentatively 
scheduled to 
begin in July 
2005. The 
project 
duration is 
tentatively 
scheduled for 
6 months. 

Project Action 
Levels are 
listed on 
Tables A.2. 

 

1. Groundwater grab samples collected from temporary 
wells will be analyzed for the identified COPC in order to 
fill data gaps and delineate the extent of the dissolve-
phase petroleum hydrocarbon plume. If groundwater 
concentrations of COPC are below their respective 
ecological risked-based screening values (see Table A.2), 
then delineation will have been achieved and no further 
delineation will occur. If groundwater concentrations of 
COPC are above their respective ecological risked-based 
screening values (see Table A.2), then additional 
sampling and delineation will be conducted. 

2. The analytical results from the permanent groundwater 
monitoring well sampling events will be used to evaluate 
the stability of the petroleum hydrocarbon plume and 
determine if natural attenuation processes are occurring. 
The sampling events will consist of purging and sampling 
of groundwater from all existing and newly installed 
permanent groundwater monitoring wells at IRP Site 14. 
Groundwater samples will be analyzed for the identified 
COPC and natural attenuation parameters. Plume stability 
will be statistically determined by using the Mann-
Kendall trend analysis (refer to Section 6.0 of the Work 
Plan). The evaluation of the natural attenuation 
parameters collected during the groundwater monitoring 
events will determine if natural attenuation is occurring.  
The natural attenuation parameters include total dissolved 
solids (TDS); alkalinity; anions; pH; methane, ethane, 
and ethane; ammonia; total kjeldahl nitrogen; 
orthophosphate; dissolved metals; ferrous (Fe2+) iron; 
hydrogen sulfide; and dissolved oxygen (refer to Section 
4.0 of the Work Plan). If the groundwater monitoring 
data indicates that natural attenuation is occurring, then 
the site will be evaluated for MNA, or a request for 
regulatory case closure and NFA status will be made to 
the RWQCB-Santa Ana Region. If the groundwater 
monitoring program indicates that natural attenuation is 
not occurring or statistical analysis indicates that the 
concentrations of COPC are not stable, then additional 
monitoring may be conducted. 

 

Sample collection strategy for 
this project is based on 
previous investigation 
findings.  In addition, locations 
of soil boring and depth of 
samples may be adjusted based 
on field observation.   

Published analytical methods 
and laboratory-specific 
performance requirements will 
be used by the analytical 
laboratory while performing 
sample analysis.   

 Statistical trend analysis will 
be performed after collection 
of Two groundwater 
monitoring sampling events.  

Soil and groundwater grab 
sample data will be validated 
as prescribed in Section 10.2 
after field decisions (placement 
of well locations) have been 
determined. 

 

 

During the initial stage of the 
investigation soil and groundwater 
grab samples will be collected to 
delineate the extent of petroleum 
hydrocarbons in soil and the 
dissolved-phase petroleum 
hydrocarbon plume. Boring and 
sampling locations will be based on 
information obtained from previous 
investigations at IRP Site 14. The 
newly obtained data will be used to 
assess if delineation is complete or 
if additional delineation is 
warranted. Groundwater data, in 
specific, will be used to assess the 
need for additional groundwater 
monitoring wells and their 
locations. This investigation 
assumes, based on existing data 
gaps, that a minimum of three 
additional monitoring wells are 
needed at the site. The approximate 
locations of there monitoring wells 
are designed to monitor 
groundwater at the boundary 
between the site and the SBNWR, 
and to provide one upgradient 
monitoring well. 
Following the installation of the 
new groundwater monitoring wells, 
two rounds of groundwater 
sampling using all wells at the site 
will be conducted. Groundwater 
samples will be analyzed for the 
COPC and natural attenuation 
parameters. The analytical results 
will be compared to existing data to 
assess contaminant concentration 
trends and compared to the selected 
ecological risk-based screening 
values to assess if a threat to 
ecological receptors in the surface 
water body associated with the  



TABLE A.1 
SUMMARY OF DATA QUALITY OBJECTIVES 

(Continued) 
 

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6 STEP 7 

Statement of Problem Identification of 
Decisions 

Identification of 
Decision Inputs 

Define Study 
Boundaries 

Develop Decision Rule Specify Tolerable Limits of 
Decision Errors 

Optimize the Sampling Design 

Sufficient groundwater quality data has 
not been collected from IRP Site 14 to 
assess if natural attenuation and 
biodegradation is occurring in order to 
move the site toward MNA and 
regulatory closure. 

   3. Groundwater monitoring results from the boundary wells   
will be compared to the ecological risk-based screening 
values. If the boundary well groundwater concentrations 
are below the selected ecological risk-based screening 
values, then groundwater does not pose a threat to 
ecological receptors in the surface water associated with 
the SBNWR. If the boundary well groundwater 
concentrations are above the ecological risk-based 
screening values, then additional assessment or 
alternative remedial activities may be required. 

 SBNWR exists or supports the 
finding previously established by 
the ERS (MARRS and GeoSyntec 
2005). In addition, data will be 
evaluated to assess if natural 
attenuation processes are occurring 
at the site. 

 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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For the purpose of graphing analytical results, non-detect results are shown as "zeroes"
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Dissolved Oxygen (field meter) Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations

March 2006
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Dissolved Oxygen  (field meter) Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations

August 2006
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Dissolved Oxygen  (field meter) Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations
October 2006
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Oxidation Reduction Potential vs Gasoline, Benzene, and MTBE Concentrations
March 2006
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Oxidation Reduction Potential vs Gasoline, Benzene, and MTBE Concentrations
August 2006
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scale of y-axis adjusted for graph readability. Refer to tables for actual concentrations.

Ferrous Iron Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations

March 2006

0

5

10

15

20

25

30

35

BSW-14-5

BSW-14-6

BSW-14-8

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

monitoring wells

G
as

 (m
g/

l),
 B

en
ze

ne
, &

 
M

TB
E 

(u
g/

l) 
C

on
ce

nt
ra

tio
ns

0.00

0.05

0.10

0.15

0.20

0.25

Fe
rr

ou
s 

Iro
n 

(m
g/

l)

gasoline
benzene
MTBE
Fe2+

Ferrous Iron Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations

August 2006

0

5

10

15

20

25

30

35

BSW-14-5

BSW-14-6

BSW-14-8

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

BSW-14-11

monitoring wells

G
as

 (m
g/

l),
 B

en
ze

ne
, &

 
M

TB
E 

(u
g/

l) 
C

on
ce

nt
ra

tio
ns

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

Fe
rr

ou
s 

Iro
n 

(m
g/

l)

gasoline
benzene
MTBE
Fe2+

Ferrous Iron Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations
October 2006

0

5

10

15

20

25

30

35

BSW-14-5

BSW-14-6

BSW-14-8

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

BSW-14-11

monitoring wells

G
as

 (m
g/

l),
 B

en
ze

ne
, &

 
M

TB
E 

(u
g/

l) 
C

on
ce

nt
ra

tio
ns

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Fe
rr

ou
s 

Iro
n 

(m
g/

l)

gasoline
benzene
MTBE
Fe2+



Sulfate Concentrations vs Gasoline, Benzene, and MTBE Concentrations
March 2006

0

5

10

15

20

25

30

35

BSW
-14-5

BSW
-14-6

BSW
-14-8

BSW
-14-1

BSW
-14-2

BSW
-14-3

BSW
-14-4

monitoring wells

G
as

 (m
g/

l),
 B

en
ze

ne
, &

 M
TB

E 
(u

g/
l) 

C
on

ce
nt

ra
tio

ns

0

50

100

150

200

250

Su
lfa

te
 (m

g/
l)

gasoline
benzene
MTBE
sulfate



Sulfate Concentrations vs Gasoline, Benzene, and MTBE Concentrations
August 2006

0

5

10

15

20

25

30

35

BSW
-14-5

BSW
-14-6

BSW
-14-8

BSW
-14-1

BSW
-14-2

BSW
-14-3

BSW
-14-4

BSW
-14-11

monitoring wells

G
as

 (m
g/

l),
 B

en
ze

ne
, &

 M
TB

E 
(u

g/
l) 

C
on

ce
nt

ra
tio

ns

0

50

100

150

200

250

Su
lfa

te
 (m

g/
l)

gasoline
benzene
MTBE
sulfate



Sulfate Concentrations vs Gasoline, Benzene, and MTBE Concentrations
October 2006

0

5

10

15

20

25

30

35

BSW
-14-5

BSW
-14-6

BSW
-14-8

BSW
-14-1

BSW
-14-2

BSW
-14-3

BSW
-14-4

BSW
-14-11

monitoring wells

G
as

 (m
g/

l),
 B

en
ze

ne
, &

 M
TB

E 
(u

g/
l) 

C
on

ce
nt

ra
tio

ns

0

50

100

150

200

250

Su
lfa

te
 (m

g/
l)

gasoline
benzene
MTBE
sulfate



scale of y-axis adjusted for graph readability. Refer to tables for actual concentrations.

Hydrogen Sulfide Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations

March 2006

0

5

10

15

20

25

30

35

BSW-14-5

BSW-14-6

BSW-14-8

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

monitoring wells

G
as

, B
en

ze
ne

, &
 M

TB
E 

C
on

ce
nt

ra
tio

ns

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

H
yd

ro
ge

n 
Su

lfi
de

 (m
g/

l)

gasoline
benzene
MTBE
H2S

Hydrogen Sulfide Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations

August 2006

0

5

10

15

20

25

30

35

BSW-14-5

BSW-14-6

BSW-14-8

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

BSW-14-11

monitoring wells

G
as

, B
en

ze
ne

, &
 M

TB
E 

C
on

ce
nt

ra
tio

ns

0.00

0.50

1.00

1.50

2.00

2.50

H
yd

ro
ge

n 
Su

lfi
de

 (m
g/

l)gasoline
benzene
MTBE
H2S

Hydrogen Sulfide Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations
October 2006

0

5

10

15

20

25

30

35

BSW-14-5

BSW-14-6

BSW-14-8

BSW-14-1

BSW-14-2

BSW-14-3

BSW-14-4

BSW-14-11

monitoring wells

G
as

, B
en

ze
ne

, &
 M

TB
E 

C
on

ce
nt

ra
tio

ns

0.00

0.50

1.00

1.50

2.00

2.50

H
yd

ro
ge

n 
Su

lfi
de

 (m
g/

l)gasoline
benzene
MTBE
H2S



scale of y-axis adjusted for graph readability. Refer to tables for actual concentrations.
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scale of y-axis adjusted for graph readability. Refer to tables for actual concentrations.

Carbon Dioxide Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations
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scale of y-axis adjusted for graph readability. Refer to tables for actual concentrations.

Total Alkalinity Concentrations vs Gasoline, Benzene, and MTBE 
Concentrations
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scale of y-axis adjusted for graph readability. Refer to tables for actual concentrations.
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May 14, 2007 Response to Comments Page 1 of 1  
Project Title: Draft Groundwater Monitoring Report 

Installation Restoration Program (IRP) Site 14 
March 16, 2007 

Reviewer: Pei-Fen Tamashiro 
Comments Dated:  May 14, 2007 

 
Comment 

No. 
Page No./ 

Section 
 

Comment 
 

Response 

1. General In general DTSC concurs with the conclusion that 
natural attenuation of gasoline and the gasoline 
components benzene, toluene, ethylbenzene, and 
xylene is occurring in groundwater at the site. 
However, DTSC notes that the Mann-Kendall trend 
analysis of concentrations of MTBE in well MW-
05-04 (Appendix I) shows a statistically significant 
increase in concentrations over 5 monitoring events, 
and a 4-fold increase in concentration during that 
time. Concentrations increased from 12 µg/l to 50 
µg/l between October 2003 and October 2006. 
Although this is below the stated ecological risk-
screening concentration of 8,000 µg/l, DTSC 
requests this well be included in Table 7 of the Final 
Report. 

Concur. Table 7 has been revised to include the results of the 
statistical trend analysis for monitoring well MW-05-04. In 
addition, Section 5.3.2 has also been revised to indicate that 
MW-05-04 has been added to Table 7. The revised pages are 
included with this response to comments document. 

 



5.3.2 Direct Evidence for Natural Attenuation at IRP Site 14 

The following discusses the direct evidence (primary lines of evidence) that natural 

attenuation is occurring at IRP Site 14. 

The Mann-Kendall (S) statistical test has been used to assess if contaminant 

concentration trends at the site are decreasing, remaining stable, or increasing. The 

Mann-Kendall (S) Test can be used with a minimum of four (4) rounds of sampling 

results and a maximum of (10) rounds of sampling data. However, the test is not able to 

determine the rate in which the concentrations are changing over time. The Mann-

Kendall (S) test statistically calculates the contaminant concentration trend (increasing or 

decreasing) at the 80% and 90% confidence levels. If an increasing or decreasing trend is 

not present, an additional coefficient of variation test is used to check for stability. 

Data from monitoring wells exhibiting the highest concentrations of petroleum 

hydrocarbons at the site, and data from monitoring wells along the boundary of Site 14 

and the SBNWR were used to assess contaminant concentration trends. Monitoring wells 

within the core of the petroleum hydrocarbon plume exhibiting the highest concentrations 

of contaminants included monitoring wells BSW-14-2, BSW-14-3, and BSW-14-4. 

Monitoring wells along the boundary of Site 14 and the SBNWR include BSW-14-1 and 

BSW-14-8. Monitoring wells in which contaminant concentrations have not been 

detected or detected at relatively low concentrations and infrequently were not used in the 

statistical evaluation of contaminant concentrations. Data from the newly installed 

boundary well BSW-14-11 was not used since only two quarters of data exist for this 

well. MTBE data from monitoring well MW-05-04 (which is associated with IRP Site 5 

and discussed in Section 5.2) has also been assessed. 

Results of the Mann-Kendall (S) statistical test on data from the core of the petroleum 

hydrocarbon plume indicate that concentrations of TPH as gasoline, MTBE, and BTEX 

are decreasing in monitoring wells BSW-14-2 and BSW-14-3. Concentrations of MTBE, 

ethyl benzene, and total xylenes are decreasing in monitoring well BSW-14-3 with 

concentrations of TPH as gasoline, benzene, and total xylenes exhibiting no trend. 



Results of the Mann-Kendall (S) statistical test on data from the fringe of the petroleum 

hydrocarbon plume (along the boundary between IRP Site 14 and the SBNWR) indicate 

that concentrations of TPH as gasoline, MTBE, and benzene are also decreasing. 

Concentrations of TPH as gasoline, MTBE, and benzene are decreasing in monitoring 

wells BSW-14-1. Toluene, ethyl benzene, and total xylenes have not been detected in this 

well with the exception of estimated concentrations during the November 1999 

monitoring event. Concentrations of TPH as gasoline and MTBE are decreasing in BSW-

14-8. Benzene, toluene, ethyl benzene, and total xylenes have not been detected in this 

well. In addition, results of the Mann-Kendall (S) statistical test on MTBE data from 

monitoring well MW-05-04, located within the SBNWR, indicated that MTBE 

concentrations in this well are increasing. However, concentrations remain below the 

established risk-based screening value for MTBE of 8,000 µg/l, as shown on Figures 6, 8, 

9, and 10. 

Time series concentration graphs are presented in Appendix H. Table 7 summarizes the 

results of the Mann-Kendall (S) statistical tests. The results of the Mann-Kendall (S) 

statistical calculations are included in Appendix I. 

 



TABLE 7
MANN-KENDALL STATISTICAL RESULTS

IRP SITE, NAVWPNSTA SEAL BEACH

TPGas Gasoline MTBE Benzene Toluene Ethyobenzene Total Xylenes

M-K Statistical Test 80% 
Confidence Interval decreasing decreasing decreasing - - -

M-K Statistical Test 90% 
Confidence Interval decreasing decreasing decreasing - - -

Stability NA NA NA - - -
M-K Statistical Test 80% 
Confidence Interval decreasing decreasing decreasing decreasing decreasing decreasing

M-K Statistical Test 90% 
Confidence Interval no trend decreasing decreasing decreasing decreasing decreasing

Stability NA NA NA NA NA NA
M-K Statistical Test 80% 
Confidence Interval decreasing decreasing decreasing decreasing decreasing decreasing

M-K Statistical Test 90% 
Confidence Interval decreasing decreasing decreasing decreasing decreasing decreasing

Stability NA NA NA NA NA NA
M-K Statistical Test 80% 
Confidence Interval no trend decreasing to trend to trend decreasing decreasing

M-K Statistical Test 90% 
Confidence Interval no trend decreasing to trend to trend decreasing no trend

Stability non-stable NA stable non-stable NA NA
M-K Statistical Test 80% 
Confidence Interval decreasing - decreasing - - -

M-K Statistical Test 90% 
Confidence Interval decreasing - decreasing - - -

Stability NA - NA - - -
M-K Statistical Test 80% 
Confidence Interval decreasing decreasing - - - -

M-K Statistical Test 90% 
Confidence Interval decreasing decreasing - - - -

Stability NA NA - - - -

Trend and Stability
AnalyteMonitoring 

Well

BSW-14-8

BSW-14-6

BSW-14-4

BSW-14-3

BSW-14-2

BSW-14-1
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TABLE 7
MANN-KENDALL STATISTICAL RESULTS

IRP SITE, NAVWPNSTA SEAL BEACH

TPGas Gasoline MTBE Benzene Toluene Ethyobenzene Total Xylenes
Trend and Stability

AnalyteMonitoring 
Well

M-K Statistical Test 80% 
Confidence Interval - increasing - - - -

M-K Statistical Test 90% 
Confidence Interval - increasing - - - -

Stability - NA - - - -
acronyms and abbreviations
NA Not applicable. Stability calculated if no trend exists at the 80% confidence interval
- Statistical test not perforned on data because a majority or all analytical results were non-detect. 

MW-05-04
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