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1.0 INTRODUCTION 

On behalf of CRG Properties, Ltd. (CRG), LFR Inc. (LFR) is submitting this 
Remedial Investigation (RI) Report to document investigation activities at the former 
Oil Operators, Inc. (Oil Operators) North facility located at 3701 Pacific Place, Long 
Beach, California (“the Site”; Figure 1). LFR previously completed and submitted a 
Revised Data Characterization Report for the Site, which included our responses to the 
California Department of Toxic Substances Control’s (DTSC) comments dated 
March 12, 2007. Data gaps identified from that investigation have been addressed by 
efforts to complete this RI. 

The Site is a Brownfield development, with CRG and its development partners aspiring 
to develop the property with a one- or two-story warehouse-type building, parking 
facility or combination of these uses. As such, in cooperation with DTSC, 
requirements for this RI and other related regulatory efforts have been streamlined to 
effect decisions for this more directed purpose. Since this is a voluntary action and 
CRG knows what it desires, the related efforts are directed, with less strict adherence 
to the National Contingency Plan or similar State directives. CRG entered into the 
Voluntary Cleanup Agreement on December 20, 2005, and desires DTSC and other 
agency approvals to effect development of this parcel in the near future.  

The Site is currently occupied by the Long Beach Golf Learning Center, which consists 
of a golf driving range, practice putting and chipping areas, a snack bar, a golf shop, a 
maintenance building, and a paved parking lot. The approximately 18-acre Site consists 
of three contiguous properties: Portion 1 is owned by CRG Properties, Ltd., and is 
designated by Los Angeles County Assessor Parcel Numbers (APNs) 7140-014-019 
and 7140-014-020; Portion 2 is owned by John B. McDonald/Family J.B. McDonald 
and is designated by APNs 7140-014-021, 7140-014-022, 7140-014-023, and 
7140-014-027; Portion 3 is owned by Victor R. Tookey and Evelyn M. Tookey, and is 
designated by APN 7140-014-025. Portion 1 is roughly triangular-shaped. Portion 2 is 
irregularly shaped and is situated east of Portion 1. Portion 3 is situated in the south 
central portion of the Site. 

The Site is located in a mixed residential and industrial area of Long Beach. The 
subject property is bounded on the east by the Metro Blue Line ( a light rail transit 
system), followed by a residential development and Los Cerritos Park ( a City of Long 
Beach public park); on the south by Interstate 405; and on the west by the Los Angeles 
River flood control channel (Figure 2).  

In accordance with the DTSC-approved work plan dated August 29, 2007, the primary 
objectives of this investigation were to: 

Collect additional on-site soil samples for laboratory analysis to complete site 
characterization. 
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In accordance with DTSC comments, collect soil gas samples from the overlying 
fill and submit for laboratory analysis to provide information for an assessment of 
potential risks. 

In accordance with DTSC comments, collect soil samples for laboratory analysis to 
provide aromatic and aliphatic fractions from petroleum hydrocarbon-affected soils 
using the Massachusetts Department of Environmental Protection (MA DEP) 
approach to evaluate potential hazard from exposure to total petroleum hydrocarbon 
(TPH) compounds.  

In accordance with DTSC comments, collect soil samples for laboratory analysis to 
characterize the fill material.  

In accordance with DTSC comments, obtain off-site data to determine background 
concentrations for metals in the site vicinity. 

In accordance with DTSC comments, install an additional groundwater 
monitoring well. 

In accordance with DTSC comments, collect groundwater samples for 
laboratory analysis. 

Prepare a RI report summarizing the investigation results to poise the project for 
Feasibility Study (FS) completion. 

2.0 BACKGROUND 

The Site was formerly owned by Oil Operators, a non-profit cooperative organization 
that functioned as a central brine water treatment facility serving member oil companies 
(AEMC 1991). Beginning in 1926, oil brine (drilling mud and other waste materials 
generated from oil production operations) was pumped to sumps on the Oil Operators 
property, of which the Site was the northernmost portion. Most of the Site was utilized 
as a treatment sump. After the water had evaporated or infiltrated the aquifer from the 
sumps, the remaining sludge was either drummed or left in the treatment sumps. When 
a water treatment plant, including evaporation ponds, was built south of the Site in the 
mid-1950s, evaporation activities at the Site sumps ceased.  

A partial cleanup/treatment operation was conducted at the Site in the 1970s, which 
involved the removal, treatment, and replacement of a portion of the sump materials 
(ETC 1984). However, detailed records of the treatment operation are not available.  

Additional investigations were conducted in the 1980s, culminating in a land farming 
operation that was begun in 1989 (AEMC 1991). Details of the investigations 
conducted at this time are included in Section 2.1. The land farming operation was 
halted when public complaints were received by the South Coast Air Quality 
Management District (SCAQMD).  

A groundwater monitoring program for the Site and southern adjacent property was 
implemented in 1987, according to Monitoring and Reporting Program No. 6775 for 
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Oil Operators (Land Treatment File No. 86-66). According to records available to 
LFR, annual monitoring at three groundwater wells (MW-2, MW-3, and MW-4) was 
ongoing as of 1997 (Oil Operators 1997).  

Currently, the Site is being utilized as a golf learning center. Improvements include a 
paved parking lot, several structures, and a large grassy area.  

On behalf of CRG, LFR submitted a Voluntary Cleanup Program (VCP) application 
for the Site to the DTSC on March 24, 2005. Approval of the VCP application was 
granted on December 20, 2005. 

LFR prepared a Characterization Data Report dated April 4, 2006 to describe current 
and historical investigation and remediation activities at the Site. In a letter dated 
July 12, 2006, the DTSC raised numerous issues that needed to be addressed as a 
remedial investigation prior to approval of the report. In general, the DTSC believed 
that data gaps existed, that the Site had not been fully characterized, and that the 
Characterization Data Report should be used in conjunction with further research and 
investigation to develop a remedial investigation workplan. The DTSC also made 
19 specific comments to the Characterization Data Report. The DTSC’s Human and 
Ecological Risk Division (HERD) also provided comments to the Characterization Data 
Report in a memorandum dated July 5, 2006. Copies of the memorandum and the letter 
dated July 12, 2006 are attached as Appendix A. 

LFR’s responses to DTSC comments, along with an historical review of the Site, were 
submitted on March 12, 2007. The historical review included historical aerial 
photographs, topographic maps, and a review of California Department of Oil, Gas, 
and Geothermal Resources (DOGGR) records. The response to comments is attached 
as Appendix B, and the historical review is included as Appendix C.  

On August 29, 2007, in conjunction with various meetings and other communications, 
LFR submitted a remedial investigation workplan for the Site that was subsequently 
approved by the DTSC on September 6, 2007. 

2.1 Previous Site Investigations 

The results of previous environmental investigations known by LFR to have been 
conducted at the Site are summarized below. Copies of the reports are included in 
Appendix D of this report. 

2.1.1 Oil Sump Site Development Feasibility Study (August 25, 1983) and Oil 
Sump Site Development, Supplemental Investigation (January 1984) 

Earth Technology Corporation (ETC) conducted two preliminary geotechnical 
investigations to assess the feasibility of supporting light industrial structures on the 
sump materials. Sixteen electronic cone penetrometer tests (CPTs) were performed for 
the two investigations; the CPT locations (C1 through C16) are shown on Figure 3.  
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The results of these two studies indicated that the majority of sump materials were too 
compressible to directly support shallow foundations. If foundations were to be placed 
on these materials, differential foundation settlement would likely be excessive. 

Three cross-section maps (Subsurface Profiles No. 1, 2, and 3) were prepared using 
the information obtained from the CPT tests. These cross-sections are presented as 
Figures 4, 5, and 6, respectively, with profile locations shown on Figure 3. Four zones 
are identified in the cross-sections. According to the 1984 Supplemental Investigation, 
Zones 1 through 3 were considered to be stiff to very soft sump materials with the 
following characteristics: 

Zone 1 – Stiff clay and sandy clay soil with occasional sand near the ground 
surface; relatively high to moderate oil content; “appears to have been treated 
and recompacted.” 

Zone 2 – Firm to soft clay and silt; moderate to low oil content; may have been 
lightly treated and replaced; very compressible. 

Zone 3 – Very soft clay; untreated and uncompacted; water saturated; highly 
compressible. 

Zone 3 materials reached as deep as 30 feet below ground surface (bgs) in some 
locations at the Site. The deepest area appears to be in the central portion of the 
property, mimicking somewhat the triangular shape of the Site itself. Zone 4, beneath 
the other zones, was believed to be possibly natural soil with some moderately 
compacted sump material near the top.  

2.1.2 Geotechnical Investigation  

GEOFON, Inc. (GEOFON) performed a geotechnical investigation to provide an 
evaluation of subsurface conditions at the Site in relation to the design and construction 
of a proposed business park development. This undated report appears to be the same 
document referred to in a 1986 Site Characterization Study (see Section 2.1.3). The 
investigation included drilling 12 borings (identified as B-1 through B-12 in the report 
and as GB-1 through GB-12 on Figure 3) to obtain soil samples for laboratory testing, 
visually classify soil types, ascertain the level of soil contamination, and confirm the 
depth of sump materials. Data from the previous geotechnical studies (see 
Section 2.1.1) were also incorporated in the preparation of the report.  

Based on the results of the investigation, the greatest amount of sump materials 
(approximately 75,000 cubic yards [yd3]) was found to be distributed in a zone 
approximately 450 feet long, 300 feet wide, and 15 feet thick in the south-central 
portion of the Site. Another large triangular-shaped body of unprocessed sump material 
(approximately 7,000 yd3 and 7 to 10 feet thick) occurs in the northernmost corner of 
the Site. The very soft, unprocessed sump materials were found to be at the base of the 
sump (below 24 to 34 feet above mean sea level [msl], approximately 20 to 30 feet 
bgs). Together with other smaller pockets of unprocessed sump material, the total 
volume of unprocessed sump material at the Site was estimated to be 80,000 to 
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100,000 yd3. Combined with lightly and moderately processed sump materials, the total 
volume of all sump fills was estimated at between 390,000 and 490,000 yd3. 

Sump materials were found to consist primarily of mud similar to clayey soils, mixed 
with highly variable amounts of salty water (brine) and oily wastes. Shallow 
groundwater was encountered at 8 feet bgs in one boring (GB-4). This was believed to 
be a localized perched condition because native sands at greater depths were not 
saturated and no other borings encountered perched groundwater. 

GEOFON concluded that surface conditions at the time were not suitable for supporting 
structures on shallow foundations. The sump materials have highly variable engineering 
properties and are too compressible for supporting structures or fills. They would be 
suitable, however, once moisture-conditioned and compacted. 

An isopach map of the sump material is presented as Figure 7. 

2.1.3 Site Characterization Study 

Jaykim Engineers, Inc. (Jaykim) and GEOFON conducted a Site Characterization 
Study for Statewide Investors, Incorporated, in October 1986. Twelve borings were 
drilled, and soil samples were collected from the borings for geophysical properties and 
chemical analysis. The borings were subsequently converted to gas monitoring probes, 
and gas pressures and lower explosive limit (LEL) levels were monitored. These 
boring locations are labeled as GB-1 through GB-12 on Figure 3, and are the same 
borings referred to in the GEOFON report (see Section 2.1.2). 

Soil Results 

The soil at the Site was characterized into six types, based on physical characteristics: 

Type 1 – low to medium oil content in a dark silty or sandy clay 

Type 2 – medium to high oil content, with some samples showing liquid oil, in a 
black, silty to sandy clay 

Type 3 – extremely high oil content in a toothpaste-like consistency 

Type 4 – very low oil content in a dry blue clay 

Type 5 – very low oil content in a dry gray sand 

Type 6 – none to very low oil content in a brown silty sand 

Analytical results included concentrations of TPH ranging from no detection (Type 6) 
to 75,800 milligrams per kilogram (mg/kg; Type 3) and lead up to 444 mg/kg 
(Type 3). Benzene and xylenes were detected at concentrations up to 3.0 mg/kg 
(Type 3) and 28 mg/kg (Type 2), respectively. Tables and figures are not available for 
this report; therefore, the location and distribution of contaminants is not known. 
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Other Soil Results 

Four soil samples were taken with a backhoe on April 28, 1986 and submitted for 
chemical analysis (the sample identifications and sampler were not identified). 
Analytical results were summarized as follows: 

low levels of xylenes (93 mg/kg average) 

other volatile organic hydrocarbons averaged 11,158 mg/kg 

non-volatiles averaged 130,200 mg/kg 

organic lead averaged 3.21 mg/kg 

Appendix B of the Site Characterization Study, which provided details of analytical 
results, is missing from the report. 

According to a Preliminary Assessment by Ecology and Environment, Inc. (EEI), the 
California Department of Health Services (DHS) collected soil samples from the Site in 
October 1989 (EEI 1990). Tables and figures are not available for this report; 
therefore, the location and distribution of contaminants is not known. Analytical results 
exceeding their respective guidance levels were as follows: 

Analytical results for metals resulted in elevated concentrations of arsenic 
(44 mg/kg).  

Analytical results for volatile organic compounds (VOCs) resulted in elevated 
concentrations of naphthalene (8,700 micrograms per kilogram [ g/kg]). 

TPH was reportedly detected at concentrations as high as 95,000 parts per 
million (ppm). 

Vapor Probe Results 

Gas analyses included field testing for lower explosive concentrations and probe 
pressures, and laboratory testing for “major gases” (in two probes, “GC/halogenated 
compounds and BTX”). The laboratory results were missing from LFR’s copy of the 
report. Methane concentrations reportedly ranged from 12.1 to 83.6 percent 
(locations unknown). 

Groundwater Results 

A groundwater sample was obtained from a perched water layer at 8 feet bgs in boring 
GB-4 performed by GEOFON in 1986. Analytical results reportedly identified 
concentrations of TPH at 26,000 micrograms per liter ( g/l), zinc at 18,000 g/l, and 
lead at 16,000 g/l.  

According to a Preliminary Assessment by EEI (1990), perched groundwater samples 
were collected from the Site by Jaykim in 1988. The text, tables, and figures for this 
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report are not available; therefore, the location and distribution of contaminants is not 
known. Analytical results reportedly identified concentrations of lead at 16 milligrams 
per liter (mg/l), chromium at 5.5 mg/l, and copper at 7.3 mg/l. 

The executive summary of the report states: “…the volume of fill material to be 
reprocessed is approximately 400,000 to 500,000 cubic yards. About 2/3 of this fill 
material has been previously processed and has a relatively low oil content and soil-like 
properties. This material can be removed, replaced, and compacted with relative ease. 
The remaining 1/3 of fill material has a high oil content and variable consistency. This 
portion will be mixed with clean fill dirt, replaced, and compacted” (Jaykim 1986). 

2.1.4 Test Plot at Oil Operators North Site 

In a letter to the DTSC dated May 27, 1988, Jaykim informed the agency that 
operations for a test plot at the Site were to commence on May 31, 1988. Notification 
to the Regional Water Quality Control Board (RWQCB) was also provided in a letter 
dated June 6, 1988. 

A letter report to Mr. J. T. Liu at the RWQCB dated July 18, 1988, written by Jaykim, 
described the operation of the test plot to demonstrate the feasibility of soil 
bioremediation at the Site. Beginning on May 31, 1988, the test plot area was cleared 
and leveled. Soil vapor readings within 3 inches of the soil surface were taken with a 
combustible vapor detector during clearing operations. Six “cells” approximately 8 feet 
wide by 50 feet long were staked out and rototilled, after which ammonium nitrate and 
phosphate were applied to the cells and tilled into the soil. 

On June 3, 1988, composite soil samples were taken from each cell. Oil-utilizing 
bacteria and warm water were added to five of the cells, and were then tilled and 
watered into the soil. On June 6, approximately 20 yd3 of oil-contaminated soil was 
removed to a depth of 15 to 20 feet bgs and mixed with surface soil in a one-to-one 
ratio. The mixture was then spread onto each of the cells at varying depths ranging 
from 3 to 6 inches and tilled into the surface. Mixing of the cells was performed 
between two and six times daily on five days between June 3 and June 13, 1988. 

Results of the test indicated that the treatment process worked most effectively with 
more mixing, as the plots mixed six times per day showed the greatest reduction in 
petroleum contamination (TPH concentrations reduced from 3,200 to 1,300 mg/kg 
between June 6 and June 13, 1988, compared with reductions from 840 to 770 mg/kg 
for a plot that was mixed twice daily).  

2.1.5 Land Farming Activities 

The following documents present information relating to the land farming activities that 
were initiated at the Site: 
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Revised Excavation Management Plan for Oil Operators, Inc. North Site, by 
Jaykim. Submitted to the SCAQMD on October 21, 1987, the document presented 
plans for managing air quality and public safety concerns during Site remediation. 
Land farming procedures were described and a timeframe for completion of the 
project was given (approximately 11 months). The land farming activities were to 
be accomplished in a grid pattern across the Site. The control of odor and dust 
during the project was to be through maintenance of adequate moisture and aeration 
in the soil, and application of odor-suppressing foam if necessary. Groundwater 
monitoring was also planned. 

Rule 1150 Excavation Permit dated February 11, 1988. In a letter from the 
SCAQMD to Oil Operators, approval of the permit was granted subject to 
34 conditions stipulated in the approval letter. 

Revisions to the Rule 1150 Excavation Permit for Landfarming the North Site by 
Jaykim, dated January 22, 1988. This letter to Oil Operators presented changes to 
the Rule 1150 Excavation Permit that would be incorporated prior to approval by 
the SCAQMD. 

Oil Operators, Inc. Rule 1150 Permit No. 157742 by Jack K. Bryant & Associates 
(JB) dated April 19, 1989. This letter to the SCAQMD requested an extension of 
the Rule 1150 permit for the period of time required to process 100,000 yd3 of 
material containing 20,000 mg/kg or greater of oil. At that time the permit would 
again be extended, provided that the material encountered had an absolute vapor 
pressure below 36 millimeters of mercury. 

2.1.6 Results of Post-Excavation Soil Sampling 

A letter report from JB to CRG dated August 30, 1989, provided analytical results for 
14 soil samples collected during excavation activities that occurred on August 1, 
August 14, August 17, and August 18, 1989. Boring locations are designated as E-1 
through E-11, E(S1), and E(S2) on Figure 3. It appears that the purpose of the soil 
sampling was to determine the amount of total recoverable petroleum hydrocarbons 
(TRPH) in soil at the Site; to analyze one sample for VOCs, semivolatile organic 
compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), metals, and pH; 
and to determine the suitability of the soil for bioremediation. Concentrations of TRPH 
ranged from 16 to 92,000 ppm. Samples with the highest concentrations (E1, E2, E7, 
E9, and E10) were closer to the center of the Site. The sample which was analyzed 
more extensively showed VOC detections that included 7.5 mg/kg of ethylbenzene and 
3 mg/kg of benzene. Lead and arsenic were detected at concentrations of 540 mg/kg 
and 44 mg/kg, respectively.  

2.1.7 Groundwater Monitoring Reports 

In a letter from the RWQCB to Oil Operators dated May 5, 1987, approval was given 
for waste discharge requirements (Order No. 87-54) for the Oil Operators land 
treatment at the Site (File No. 86-66), effective April 27, 1987. This included a 
requirement for monthly groundwater elevation measurement and quarterly 
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groundwater quality monitoring. LFR has reviewed the following documents relating to 
groundwater monitoring at the Site (also located in Appendix D): 

Letters dated November 7, 1989 and October 24, 1990 requesting that quarterly 
groundwater monitoring as required by RWQCB Order No. 87-54 be changed to 
annual monitoring, since monitoring results did not show variations from previous 
test results. 

1995 Groundwater Monitoring Report for Oil Operators North Site dated 
February 1, 1996. This annual report prepared by JB presents the results of 
monitoring and sampling of wells MW-2, MW-3, and MW-4 that took place on 
January 10, 1996 (well locations are shown on Figure 3). Groundwater elevations 
at the time ranged from 39.3 feet bgs (MW-4) to 50.6 feet bgs (MW-2). Analytical 
results included the following: 

The pH of the monitoring wells ranged from 6.45 to 6.65 units. 

Concentrations of Total Dissolved Solids (TDS) ranged from 2,690,000 g/l 
(MW-4) to 10,800,000 g/l (MW-2). 

TRPH was detected in well MW-2 at a concentration of 1,400 g/l. 

TPH was not detected in any of the monitoring wells. 

Ethylbenzene and total xylenes were detected in MW-3 at concentrations of 
0.9 g/l and 2.4 g/l, respectively. Toluene was detected in monitoring well 
MW-4 at a concentration of 0.5 g/l. 

Lead, chromium, and nickel were not detected in any of the monitoring wells. 
Zinc was detected at concentrations ranging from 20 g/l (MW-3) to 120 g/l 
(MW-2). Copper was detected at concentrations ranging from 74 g/l (MW-4) 
to 80 g/l (MW-2). 

RWQCB File Number 86-66, Annual Groundwater Monitoring Report 1996 for Oil 
Operators North Site, Pacific Place, Long Beach, CA dated March 17, 1997, 
prepared by JB. Monitoring and sampling of wells MW-2, MW-3, and MW-4 took 
place on February 17, 18, and 19, 1997. The following results were reported: 

Groundwater depths ranged from 42.43 feet bgs (MW-4) to 61.95 feet bgs 
(MW-2). Increases in groundwater depth were attributed to grading and other 
earthmoving activities at the Site. 

The pH ranged between 6.34 and 6.78. 

TDS concentrations ranged from 2,030,000 to 11,800,000 g/l. 

TRPH and TPH were not detected in any of the wells. 

Benzene was detected in two wells, MW-2 and MW-3, at concentrations of 
0.6 g/l and 88 g/l, respectively. Toluene, ethylbenzene, and xylenes were 
detected in well MW-3 at concentrations ranging from 1.6 g/l to 15 g/l.  

Zinc was detected at concentrations ranging from 100 g/l (MW-4) to 200 g/l 
(MW-2); lead was detected at concentrations ranging from 130 g/l (MW-4) to 
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280 g/l (MW-3); and nickel was detected in MW-3 at a concentration of 
65 g/l. 

No other quarterly or annual groundwater monitoring reports were available for 
review. It is unclear whether additional groundwater sampling was conducted at 
the Site. 

3.0 GEOLOGY 

The subject property is located within a transition area of the Peninsular Ranges and 
Transverse Range geomorphic provinces. The major geologic feature in the site 
vicinity is the Newport-Inglewood Fault Zone (NIFZ), which traverses the Site in a 
northwest-southeast direction. The term fault “zone” is used to emphasize the 
occurrence of a series of interconnected fault planes, rather than a single defining fault 
plane. Tertiary and younger sediments are structurally folded and deformed along the 
NIFZ. The Long Beach Anticline is expressed at Signal Hill and is composed of 
Middle Miocene through Pleistocene and Holocene sediments resting unconformably 
on the Late Cretaceous to Late Jurassic Catalina Schist. 

Based on previous investigations by LFR and others, soil beneath the Site consists of 
variable thicknesses of sand, silt, and clay. The soil is underlain by a thin veneer of 
Recent alluvium, alluvial sediments of the Late Pleistocene-age Lakewood Formation, 
and sediments of the Early Pleistocene-age San Pedro Formation. The thickness of the 
sedimentary section underlying this area is approximately 12,000 feet (Dames & Moore 
1988). The Site is located within the active Long Beach Oil Field. According to 
DOGGR, 17 oil wells are located on the Site. Additional information regarding these 
oil wells is provided in the historical review (Appendix C). 

4.0 HYDROLOGY 

The Site lies within the southern portion of the Coastal Plain of Los Angeles County, 
which gently slopes down to the south-southwest. The Site is located within the West 
Coast Basin, although it is adjacent to the boundary of the Central and West Coast 
Basins. The Los Angeles River is located along the western boundary of the Site and 
flows southward, where it discharges into the Pacific Ocean at San Pedro Bay. The Site 
is located along the NIFZ, which forms the boundary between the Central and West 
Coast subbasins and acts as partial barrier to groundwater movement in the area. The 
NIFZ offsets, thins, and folds many of the aquifers. Due to the proximity of the Site to 
the NIFZ, aquifer depths, thicknesses, and potential for interconnections may vary 
significantly across the Site.  

Named aquifers beneath the Site in order of increasing depth are the Gaspur, Gage, 
Lynwood, Silverado, and Sunnyside (California Department of Water Resources 
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[CDWR] 1961). The Lakewood Formation contains the Gaspur and Gage aquifers, and 
the lower aquifers are in the San Pedro Formation.  

The Bellflower aquitard immediately underlies the Site at approximately 5 to 50 feet 
bgs. Shallow groundwater was encountered at 8 feet bgs at one boring location (GB-4) 
during soil sampling activities in 1986. This was believed to be a localized perched 
condition because native sands at greater depths were not saturated and no other on-site 
borings encountered perched groundwater. 

The uppermost portion of the Lakewood Formation is designated as the Gaspur aquifer, 
which is present beneath the Site from approximately 50 to 70 feet bgs as sand and 
gravel. The Gaspur aquifer is believed to be the water-bearing zone encountered during 
the well installation by LFR and subsequently sampled and analyzed. On December 16, 
2007, groundwater was found beneath the Site from 32.6 to 49.32 feet bgs, with a 
shallow gradient flowing in a southerly direction. 

In the vicinity of the subject property, the Gage aquifer has a base at approximately 
180 feet bgs and is approximately 35 feet thick. Deposits in this aquifer vary from silty 
sand to minor gravel (CDWR 1961). Groundwater in both aquifers of the Lakewood 
Formation has been reported to be of inferior chemical quality.  

The lower Pleistocene San Pedro Formation unconformably underlies the Lakewood 
Formation and is known to contain numerous aquifers of varying quality; however, the 
deep Silverado aquifer is the only significant water-producing zone. The Lynwood 
aquifer has a base at approximately 600 feet bgs and is approximately 400 feet in 
thickness. In this location, the Silverado aquifer joins the Lynwood aquifer at 
approximately 600 feet bgs and continues to over 1,000 feet bgs. The City of Long 
Beach obtains groundwater from more than 1,000 feet bgs within the Silverado aquifer. 

Groundwater beneath the Site is considered of beneficial use by the RWQCB (AEMC 
1991). However, the regional groundwater is highly degraded due to salt water 
intrusion and industrial waste disposal (EMCON 1981). The Site lies within an area of 
poor groundwater quality due to historic oil and gas production activities in the site 
vicinity (Jaykim 1986). Salts released during the production of oil appear to have 
degraded the regional groundwater to be non-potable, with TDS concentrations 
exceeding State Water Resources Control Board (SWRCB) Resolution 88-63 of 
3,000 mg/l. 

According to the hydrologic records maintained by the County of Los Angeles 
Department of Public Works (LAPDW), groundwater well 896E is located 
approximately 0.5 mile north and upgradient of the Site. The well is inactive, and the 
last depth to water measurement was recorded at 81.2 feet bgs on May 6, 1996. 
Groundwater well 897KK, located approximately 50 feet southwest and cross-gradient 
of the Site, was destroyed in 1999. The last depth to water measurement was recorded 
at 50.4 feet bgs on April 19, 1995. Another groundwater well, 906D, is located 
approximately 0.75 mile northeast and cross-gradient of the Site at the Virginia 
Country Club. The groundwater is listed has having no reported use, and the most 
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recent depth to groundwater was recorded at 112.5 feet bgs on June 16, 2007. 
Approximately 1 mile north and upgradient of the Site are two active wells, 906A and 
906E. The listed usage for 906A is domestic and stock supply; 906E is used for 
irrigation. The most recent depth to water measurement for 906A was 69.1 feet bgs on 
April 30, 2006. The most recent depth to water measurement for 906E was 70.7 feet 
bgs on October 19, 2005 (LADPW 2008).  

In summary, while some local wells exist and are used for monitoring and agriculture 
purposes, none are used as a source of potable water. 

4.1 Regional Degradation of Groundwater Quality from TDS and 
Chloride Concentrations 

On July 9, 2008, LFR submitted a document titled “Summary of Groundwater 
Conditions” to the DTSC. This document was prepared at the request of DTSC and the 
RWQCB, and provided additional data supporting the overall interpretation that the 
region’s salt-impacted groundwater originates from numerous and complex historic 
sources. Additional data included analytical results for chloride and TDS concentrations 
detected in groundwater samples collected from monitoring wells at the former Oil 
Operator’s South Site and chloride concentrations detected in LADPW groundwater 
observations wells in the Dominguez Gap. A copy of LFR’s “Summary of 
Groundwater Conditions” is provided as Appendix E. LFR’s conclusions regarding 
regional degradation of groundwater quality from TDS and chloride concentrations are 
summarized below. 

In March 2008, TDS was measured at concentrations of 1,000 mg/l and 2,000 mg/l in 
on-site wells MW-5 and MW-6, respectively. Higher concentrations of TDS were 
measured in MW-3 and MW-7 (6,200 mg/l and 7,800 mg/l, respectively). Elevated 
measurements of TDS at the Site indicated inferior quality of groundwater in the 
shallow aquifer, not suitable for use as drinking water. Concentrations of TDS in the 
groundwater increase in the downgradient direction. It is unknown whether the elevated 
concentrations are due to natural processes or human activity. However, the Gaspur 
aquifer has historically been intruded by an influx of seawater during low water 
conditions in an inland direction to areas beyond Carson Street (located north of the 
Site) toward the crest of the Newport-Inglewood uplift (Poland 1959). Based on the 
concentrations of TDS detected during this sampling event, groundwater enters the Site 
classified as slightly saline (1,000 to 3,000 mg/l), and exits the Site classified as 
moderately saline (3,000 to 10,000 mg/l).  

Higher levels of TDS and chloride than those found at the Site have been detected in 
the Gaspur aquifer south of the Site. As presented on figures in the document titled 
“Summary of Groundwater Conditions” (Appendix E), there does not appear to be any 
obvious or clear regional trend to the chloride concentrations detected in groundwater. 

While some degradation was observed at the Site, the conditions appear to be in 
general accordance with the regional degradation of groundwater quality, given the 
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region’s degraded surficial aquifers resulting from historical oil production operations. 
TDS appears to have increased from potential historical Site activities; however, given 
the broader regional degradation, these concerns become more limited. 

Based on the additional data provided, LFR believes the following are reasonable 
conclusions: 

1. Groundwater in the area is degraded from numerous and complex interactions of 
nature as well as historical man-caused activities that date back numerous decades. 
The Site is likely part of this, but does not appear to be the sole or even primary 
cause of groundwater degradation. 

2. Remedial consideration of historical Site activities would be highly problematic 
within this environment, and would do little to remedy potential historical 
discharges within the context of the region’s degraded groundwater. Salt is not 
easily remedied, and pump and treat options would pose highly costly challenges 
and could exacerbate the regional condition. 

5.0 REMEDIAL INVESTIGATION ACTIVITIES  

LFR initiated soil investigation activities at the Site on November 21, 2003 to delineate 
the lateral and vertical extent of impacted soil and sump material and to provide data on 
the type and concentration of contaminants in the impacted areas. At this time, an 
inspection of the Site was conducted to locate and identify any existing groundwater 
monitoring wells present on the property. Well MW-3 was the only well located on the 
Site. This well was sampled as described in the following section. In addition, two 
additional wells were subsequently installed and sampled.  

The installation of two monitoring wells (MW-5 and MW-6) on May 6, 2004 was 
designed to characterize in greater detail the type and concentration of chemical 
constituents in soil and groundwater at the Site. Lithologic and well construction logs 
for drilling activities are presented in Appendix E. Soil and groundwater samples were 
collected and logged by LFR personnel using the protocols described in Appendix F. 
Field activities associated with this phase of investigation at the Site, including 
mobilization, pre-field activities, geophysical survey for utility clearance, soil 
sampling, groundwater sampling, and concrete sampling, are described below. 

5.1 Pre-Field Activities 

Prior to initiating fieldwork, LFR coordinated with subcontractors and arranged for 
access to the Site and the neighboring property where sampling was to be conducted. 
LFR prepared a site-specific Health and Safety Plan (HSP) dated May 5, 2004 to be 
used in the field by LFR personnel during well installation and boring activities at the 
Site, as required by 29 Code of Federal Regulations (CFR) 1910.120. The well permit 
is located in Appendix F. 
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Each proposed boring location was cleared for the presence of underground utilities, 
and Underground Service Alert (USA) was notified a minimum of 48 hours in advance 
of drilling activities to ensure that new soil borings and monitoring wells were not 
located where they could damage underground utilities.  

5.2 Soil Sampling 

Soil sampling was conducted on November 21, 2003 to evaluate and provide additional 
information on the extent of impacted soil at the Site. LFR advanced seven borings (B1 
through B7) via hollow-stem auger and two borings (CPT1 and CPT2) via CPT. The 
seven HSA borings (see Figure 3) were advanced to 50 feet bgs. Soil samples were 
collected every 5 feet for lithologic description and photoionization detector (PID) 
readings with a 2.0-inch modified California split-spoon sampler lined with 6-inch 
stainless steel rings. In addition, soil samples were preserved in volatile organic 
analysis (VOA) vials with methanol and sodium bisulfate in accordance with EPA 
Method 5035. The bottom sample from each of the seven borings was analyzed for 
VOCs, SVOCs, PCBs, TPH with carbon chain distinction (TPHcc), and metals. 
Additional samples were collected based on PID readings, staining, and lithology, and 
analyzed for VOCs and TPHcc. Upon review of the analytical results, additional 
samples were analyzed to help evaluate the vertical extent of impacted soil. The 
following table presents soil sample identifications, analytical methods, and 
sampling rationale.  

Sample ID Analytical Method Sampling Rationale 

B1 through B7 at 50 feet bgs 

EPA Methods 8260B (VOCs), 
8270 (SVOCs), 8015M 
(TPHcc), 6010 (metals), and 
8082 (PCBs) 

Bottom sample from each 
boring was analyzed to 
evaluate the vertical extent 
of impacted soil. 

B1 and B7 at 35 feet bgs; 
B2 and B6 at 30 feet bgs; 
B3 and B4 at 10 feet bgs; and 
B5 at 15 feet bgs  

EPA Methods 8260B (VOCs) 
and 8015M (TPHcc) 

Analyzed for VOCs and 
TPHcc, based on PID 
readings, staining, and 
lithology. 

B3 at 25, 30, and 45 feet bgs; 
B4 at 15 and 20 feet bgs; and 
B5 at 20, 25, 40, and 45 feet bgs 

EPA Methods 8260B (VOCs) 
and 8015M (TPHcc and 
TPH gasoline range) 

Analyzed to evaluate the 
vertical extent of impacted 
soil, based on previous 
analytical results. 

 

Two CPT borings were advanced by Gregg In Situ, Inc. (Gregg) in November 2003 to 
characterize the soil beneath the Site (Gregg 2003). The locations of the CPT borings 
are illustrated on Figure 3. The borings were advanced to 80 feet bgs in both locations. 
Predominantly silts, clayey silts, and sandy silts were found in CPT-1 to 52 feet bgs, 
with layers of cemented sand and stiff sand found from 19 to 22 feet bgs and from 
35 to 42 feet bgs. Below 52 feet bgs, stiff fine-grained sand, cemented sand, and silty 
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sand predominate. In CPT-2, silt, sandy silt, clay, and clayey silt predominate to 
42 feet bgs. Below that, layers of silty sand, cemented sand, silt, silty sand, and sandy 
silt are found. A thick layer of sand is located between 67 and 76 feet bgs. 

Borings B1 through B7 were all advanced to 50 feet bgs. Soil lithology in these borings 
was predominantly silt and silty sand, with some clay lenses found in B5 between 
10 and 15 feet bgs and in B3 at 20 feet bgs. Sand was also found at depths of 20 to 
30 feet bgs and 40 to 45 feet bgs in boring B1, and at 20 to 25 feet bgs in boring B2. 

The boring logs for B1 through B7 are located in Appendix E. A copy of the CPT 
report is located in Attachment F. 

5.3 Groundwater Monitoring Well Installation 

As previously discussed, a site inspection revealed the location of only one of the 
previously existing wells (MW-3).  

Two new monitoring wells, MW-5 and MW-6, were installed at the Site on May 6, 
2004, using a hollow-stem auger rig. MW-5 was installed north of the Site, near the 
reported location of MW-4, and MW-6 was installed west of the Site, near the reported 
location of MW-2. The purpose of adding the two wells was to be able to monitor 
groundwater flow and direction, and to evaluate groundwater quality at the perimeter 
of the Site. 

Wells MW-5 and MW-6 were constructed of 2-inch diameter Schedule 40 polyvinyl 
chloride (PVC) well casing with 20 feet of 0.020-inch screened casing. Fifteen feet of 
screened casing was placed below the groundwater surface, with the remaining 5 feet 
above the groundwater surface. The wells were advanced to approximately 55 feet bgs.  

Wells MW-5 and MW-6 were developed on May 11, 2004. Development consisted of 
surging for 15 minutes, followed by purging with a 3.5-gallon metal bailer of 
significantly more than three well volumes of groundwater to obtain clear groundwater 
for sampling. Wells MW-3, MW-5, and MW-6 were developed and sampled on 
May 19, 2004. Following surging, at least three well volumes of groundwater were 
purged prior to obtaining the groundwater samples. 

Following the collection of all groundwater samples, LFR subcontracted a California-
licensed surveyor to conduct a well survey at the Site to establish horizontal control, 
top of casing (TOC), and ground surface elevations referenced to msl at the monitoring 
well locations. Depth to groundwater was 40 feet bgs and 41 feet bgs in wells MW-5 
and MW-6, respectively. A summary of the well survey data is included in 
Appendix F. 

Monitoring well locations are presented on Figure 3. Well logs are located in 
Appendix E. 
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5.4 Groundwater Sampling 

During the investigation on December 19, 2003, a sample was obtained from existing 
groundwater monitoring well MW-3 for analysis of TPHcc, VOCs, and metals. The 
groundwater sample was submitted to SunStar in Tustin, California, following proper 
chain-of-custody protocol. On May 19, 2004, samples were obtained from groundwater 
monitoring wells MW-3, MW-5, and MW-6 and submitted to SunStar for analysis of 
TPHcc, VOCs, and metals. On December 18, 2006, samples were collected from 
groundwater monitoring wells MW-3, MW-5, and MW-6 and submitted to SunStar for 
analysis of TPHcc, VOCs, SVOCs, metals, specific conductance (EC), pH, anions, 
and inorganics. Sampling procedures and field reports are located in Appendix F. 

6.0 REMEDIAL INVESTIGATION RESULTS 

6.1 Soil Sampling and Analysis 

Analytical results for soil samples collected in November 2003 are summarized below: 

The deepest samples from each boring were analyzed for metals using EPA Method 
6010B (Table 1). Arsenic, barium, cadmium, chromium, cobalt, copper, lead, 
molybdenum, nickel, vanadium, and zinc were detected at concentrations above 
laboratory reporting limits in at least one of the borings. Analytical results were 
below the U.S. Environmental Protection Agency’s (USEPA) industrial preliminary 
remediation goals (iPRGs) for all metals, with the following exception: Arsenic was 
detected at concentrations ranging from 5.8 to 24 mg/kg in borings B1, B2, B3, 
B5, and B7; the iPRG for arsenic is 0.25 mg/kg. Arsenic is a naturally occurring 
trace metal that has been found in California soils at concentrations ranging 
between 0.6 and 11.0 mg/kg (Kearney 1996) and in native U.S. alluvial soils at 
concentrations ranging from 2.1 to 22 mg/kg (Kabata-Pendias and Pendias 1984). 
Arsenic concentrations in all the samples where it was detected exceeded the iPRG, 
and in three locations (B1, B3, and B7) the concentrations exceeded expected 
background levels for California soils.  

Soil samples were analyzed for TPHcc using EPA Method 8015M. TPH was not 
detected in samples from borings B1, B2, and B6. Gasoline-range hydrocarbons 
(TPHg) were only detected in borings B3 and B4, located in the center of the Site, 
at concentrations ranging from 0.680 mg/kg (B4-20) to 53.0 mg/kg (B3-30). TPH 
(C12-C40) was detected at depths ranging from 10 to 30 feet bgs in B3, at 10 feet bgs 
in B4, at 15 and 20 feet bgs in B5, and between 30 and 50 feet bgs in B7. TPH 
(C12-C28) was detected at concentrations ranging from 350 mg/kg (B3-25) to 
20,000 mg/kg (B3-10 and B7-50). TPH (C28-C40) was detected at concentrations 
ranging from 280 mg/kg (B3-25) to 22,000 mg/kg (B3-10 and B7-50). TPH was 
detected at depths between 10 and 30 feet bgs in these borings, with the exception 
of B7, where TPH was detected at 35 and 50 feet bgs. Analytical results for TPH 
are summarized in Table 2 and shown on Figure 8. 
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PCBs were not detected at concentrations above the laboratory reporting limit in 
any boring (Table 3). 

The deepest soil samples and those soil samples that exhibited elevated TPH 
concentrations were analyzed for VOCs using EPA Method 8260B. VOCs were 
detected in borings B3, B5, and B7 (see Table 4 and Figure 9). Benzene was 
detected at concentrations up to 580 g/kg (B7-50). Ethylbenzene and toluene were 
detected at concentrations up to 290 g/kg (ethylbenzene at B3-30). Total xylenes 
were detected at concentrations up to 607 g/kg (B7-50). None of the VOC 
concentrations exceeded iPRGs for those compounds. The VOCs were detected in 
samples collected between 10 and 30 feet bgs in B3 and B5, and in the 35- and 
50-foot samples from B7. 

Soil samples were analyzed for SVOCs using EPA Method 8270C. SVOCs were 
detected in borings B3 at 10 feet bgs, B5 at 15 feet bgs, and B7 at 50 feet bgs (see 
Table 5 and Figure 10). The highest concentrations of SVOCs detected in soil 
samples collected at the Site are summarized below: 

1-methylnaphthalene at 9,300 g/kg in B3-10 

2-methylnaphthalene at 6,400 g/kg in B3-10 

benzo(a)pyrene at 400 g/kg in B7-50, above the iPRG of 210 g/kg 

fluorine at 1,500 g/kg in B3-10 

naphthalene at 3,600 g/kg in B7-50 

phenanthrene at 2,200 g/kg in B3-10 and B7-50 

The iPRGs for SVOCs were not exceeded for those compounds that have iPRGs, with 
the exception of benzo(a)pyrene in sample B7-50. The iPRG for benzo(a)pyrene is 
210 g/kg. 

6.2 Groundwater Elevation and Flow Direction 

Hall & Foreman, Inc. surveyed well elevations at the Site on September 9, 2004. 
Elevation measurements were made from a notch on the north side of each casing; the 
same location is used to measure depth to groundwater. The elevation of each well is 
documented on Table 11.  

Depth to groundwater was measured at wells MW-3, MW-5, and MW-6 on 
December 18, 2006. Depths to groundwater ranged from 28.43 feet (MW-6) to 
47.77 feet (MW-3) below TOC (Table 11). 

The depth to groundwater and the elevation for each well were used to calculate the 
elevation of the potentiometric surface beneath the Site. Groundwater flow was 
determined to be generally south with a relatively flat gradient at approximately 
0.3 foot of drop for every 100 feet of distance flowed (or 0.003 ft/ft). 
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6.3 Groundwater Sampling – November 2003 and May 2004 

Analytical results for groundwater samples collected from well MW-3 in November 
2003 and from MW-3, MW-5, and MW-6 in May 2004 are included in Tables 6 
through 9 and summarized below. 

Metals were analyzed using EPA Method 6010B and 7470A. Nine metals were 
detected at concentrations above their respective laboratory reporting limits, as 
summarized below:  

antimony (22 g/l at MW-6) 

arsenic (72 g/l and 15 g/l in MW-3 in November 2003 and May 2004, 
respectively) 

barium (ranging from 97 g/l in MW-5 to 290 g/l in MW-3) 

lead (16 g/l in MW-5) 

mercury (4.8 g/l and 160 g/l in MW-3 in November 2003 and May 2004, 
respectively, and 12 g/l in MW-6) 

molybdenum (24 g/l in MW-3) 

selenium (52 g/l in MW-6) 

silver (84 g/l in MW-3) 

vanadium (59 g/l in MW-6) 

California maximum contaminant levels (MCLs) (per California Code of Regulations 
[CCR] Title 22, September 12, 2003) were exceeded for five of these metals: 

antimony at 22 g/l in MW-6 (exceeded the MCL of 6 g/l) 

arsenic at 72 g/l and 15 g/l in MW-3 in 2003 and 2004, respectively (exceeded 
the MCL of 10 g/l) 

mercury at 12 g/l in MW-6, and at 4.8 g/l and 160 g/l in MW-3 (exceeded the 
MCL of 2 g/l) 

lead at 16 g/l in MW-5 (exceeded the MCL of 15 g/l) 

selenium at 52 g/l in MW-6 (exceeded the MCL of 50 g/l) 

Vanadium, an unregulated chemical requiring monitoring, was detected in MW-6 at a 
concentration of 59 g/l. The action level for vanadium is 50 g/l. 

TPH, VOCs, and SVOCs were not detected at concentrations above their respective 
laboratory reporting limits in any of the groundwater samples collected from MW-3 in 
November 2003 and from MW-3, MW-5, and MW-6 in May 2004. 

Laboratory reports and chain-of-custody forms are included in Appendix G. 

Page 18 May2709 CRG Former Oil Operators North Site Final RI Rpt.doc:CTS 
 



Final Remedial Investigation Report LFR Inc. 
 

6.4 Groundwater Sampling – December 2006 

Analytical results for groundwater samples collected from MW-3, MW-5, and MW-6 
in December 2006 are included in Tables 6 through 10 and summarized below. 

Metals were analyzed using EPA Methods 6010B and 7470A. Seven metals were 
detected at concentrations above their respective laboratory reporting limits, as 
summarized below: 

barium (ranging from 100 g/l [MW-5 and MW-6] to 140 g/l [MW-3]) 

calcium (ranging from 3,200 g/l [MW-5] to 5,200 g/l [MW-3]) 

copper (ranging from 55 g/l [MW-5] to 400 g/l [MW-3]) 

magnesium (ranging from 750 g/l [MW-5] to 2,100 g/l [MW-3]) 

mercury (0.82 g/l in MW-3 and 7.3 g/l in MW-6) 

silver (62 g/l in MW-3) 

sodium (ranging from 5,100 g/l [MW-5] to 24,000 g/l [MW-3]). 

Arsenic was detected at concentrations above the laboratory method detection limit 
(MDL) in MW-3 (7.8 g/l), MW-5 (12 g/l), and MW-6 (12 g/l). 

Mercury was detected in MW-6 at a concentration of 7.3 g/l. The California MCL for 
mercury (per CCR Title 22, September 12, 2003) is listed at 2 g/l. 

TPH was analyzed using EPA Method 8015M. TPH was not detected at concentrations 
above laboratory reporting limits in the groundwater samples collected from MW-3, 
MW-5, and MW-6 in December 2006, with the exception of TPH gasoline range 
organics (C6-C12). Concentrations of TPH (C6-C12) ranged from 0.05 g/l in MW-5 to 
0.38 g/l in MW-6.  

VOCs were analyzed using EPA Method 8260B. VOCs were not detected at 
concentrations above their respective laboratory reporting limits in any of the 
groundwater samples collected from MW-3, MW-5, and MW-6 in December 2006. 

SVOCs were analyzed using EPA Method 8270C. SVOCs were not detected at 
concentrations above their respective laboratory reporting limits in any of the 
groundwater samples collected from MW-3, MW-5, and MW-6 in December 2006. 

EC was detected at concentrations ranging from 1,700 microsiemens per centimeter 
( s/cm) to 7,740 s/cm. California Secondary MCLs – recommended ranges (per CCR 
Title 22, September 12, 2003) were exceeded for EC (1,700 s/cm in MW-5, 
3,660 s/cm in MW-6, and 7,740 s/cm in MW-3). The recommended secondary 
MCL for EC is listed as 900 s/cm. 
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California Secondary MCLs – recommended ranges were exceeded for chloride 
(1,100 mg/l in MW-6 and 3,270 mg/l in MW-3). The recommended secondary MCL 
for chloride is listed as 250 mg/l. 

Detected TDS concentrations ranged from 900 mg/l in MW-5 to 4,710 mg/l in MW-3. 

7.0 ADDITIONAL REMEDIAL INVESTIGATION ACTIVITIES  

Field activities at the Site were performed from October 26 through December 6, 2007. 
The scope of work for this additional investigation was conducted in accordance with 
LFR’s Remedial Investigation Workplan dated August 29, 2007 (LFR 2007a). Copies 
of the workplan and DTSC’s approval letter are provided in Appendix H.  

LFR initiated remedial investigation activities at the Site on October 26, 2007 with the 
installation of one additional groundwater monitoring well (MW-7). Soil gas and soil 
sampling were performed on November 12, November 13, and November 14, 2007. 
Groundwater monitoring and sampling of the four monitoring wells was conducted on 
December 6, 2007. Lithologic and well construction logs for the drilling activities are 
presented in Appendix J. Soil and groundwater samples were collected and logged by 
LFR personnel using the protocols described in the Quality Assurance Control Plan 
(QAPP; LFR 2007a). Field activities associated with the most recent phase of 
investigation at the Site (including mobilization, pre-field activities, utility clearance, 
and soil, soil gas, and groundwater sampling) are described below. The QAPP is 
included in Appendix H. 

7.1 Pre-Field Activities 

Prior to initiating fieldwork, LFR coordinated with subcontractors and site personnel 
for access to areas of the Site where sampling was to be conducted. LFR prepared a 
site-specific HSP dated July 22, 2007 to be used in the field by LFR personnel during 
well installation and sampling activities at the Site, as required by 29 CFR 1910.120. A 
copy of the HSP was provided to the DTSC. Each proposed boring location was 
cleared for the presence of underground utilities, and USA was notified a minimum of 
48 hours in advance of drilling activities to ensure that borings were not located where 
they could damage underground utilities.  

7.2 Soil Gas Sampling 

On November 12 and 13, 2007, Environmental Support Technologies, Inc. (EST), 
under LFR supervision, advanced 17 borings (SG1 through SG16 and SG8A) using a 
direct-push drill-rig with a 1-inch diameter hollow tube and 4-foot acetate sleeves fitted 
into the hollow tube. The borings were advanced to a maximum depth of 10 feet bgs. 
The objective was to collect soil gas samples in the fill overlying the sump material for 
laboratory analysis. 
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Prior to sample collection, the borings were advanced to observe the depth of the fill. 
At two locations (SG4 and SG8) sump material was observed at a depth of 5 feet bgs. 
No soil gas samples were collected at these locations. At SG5, SG7, SG8A, and SG16, 
sump material was found at approximately 10 feet bgs, so a soil gas sample was 
collected only at the 5-foot depth at these locations. 

The overlying fill was observed to consist primarily of silt that ranged from sandy silt 
to clayey silt.  

Soil gas sampling was conducted in general accordance with the QAPP on 
November 12, November 13, and November 14, 2007. Teflon tubing was placed in the 
borings at the target sample depths and labeled accordingly. Soil gas samples were 
collected by EST personnel using a syringe and directly injected into the analytical 
instrument in their California-certified on-site mobile laboratory for VOC analysis 
using EPA Method 8260B. The volume for the gas-tight soil-gas syringe samples used 
was approximately 10 milliliters. The first five dead volumes of gas were discarded to 
flush the sample tubing and filled with in situ soil gas. Prior to sample collection, a 
purge volume test was performed at the first sample location to determine the 
appropriate purge volume. 

An additional purge volume test was conducted on November 14, 2007 after VOC 
concentrations above the laboratory detection limits were detected in soil gas samples 
collected at SG9 and SG13. Twenty percent of the soil gas samples were subsequently 
resampled and reanalyzed according to DTSC guidelines.  

Soil gas samples were also collected in Tedlar bags at each sampling location and depth 
for on-site analysis for oxygen, carbon dioxide, hydrogen sulfide, and methane using a 
Landtec Gem™ 2000 Plus landfill gas monitor and analyzer. Soil gas samples were 
collected in Tedlar bags for off-site analysis for methane using EPA Method 8015m at 
the EST laboratory in Irvine, California. 

In addition, EST collected six soil gas samples in Summa canisters on November 14, 
2007. These soil gas samples were analyzed for VOCs using EPA Method TO-15 by 
Ace Laboratories, Inc. (Ace) in Thousand Oaks, California. 

7.3 Soil Sampling 

Soil sampling was conducted on October 26 and November 13, 2007 to evaluate and 
provide additional information on the extent of impacted soil at the Site. Soil samples 
for VOC analysis were preserved in VOA vials with methanol and sodium bisulfate in 
accordance with EPA Method 5035.  

On October 26, 2007, under LFR’s supervision, Gregg Drilling and Testing (GD&T) 
drilled a borehole and installed groundwater monitoring well MW-7. Soil samples were 
collected every 5 feet for lithologic description and PID readings. Three select samples 
were analyzed for VOCs, SVOCs, TPHcc, and metals. Soil samples were submitted to 
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SunStar in Tustin, California, following proper chain-of-custody protocol. Field reports 
are located in Appendix J. 

On November 13, 2007, under LFR’s supervision, EST advanced two borings (B6A 
and B7A) in the vicinity of previously drilled borings B-6 and B-7 using a direct-push 
drill-rig with a 1½-inch diameter hollow tube and 4-foot acetate sleeves fitted into the 
hollow tube. Boring B6A was advanced to 25 feet bgs, and soil samples were collected 
at depths of 15, 20, and 25 feet bgs. Boring B7A was advanced to 50 feet bgs, and soil 
samples were collected at depths of 5, 10, 20, 30, 40, and 50 feet bgs. Soil lithology in 
these borings consisted predominantly of silt and sandy silt, with some clayey silt. Oily 
sludge material was found at approximately 10 and 15 feet bgs in borings B7A and 
B6A, respectively. At 50 feet bgs in boring B7A, the soil was observed to be dark 
brown sandy silt with oil staining. Boring logs are located in Appendix J. 

Soil samples were analyzed for Title 22 metals, VOCs, SVOCs, PCBs, and TPHcc to 
assess the vertical extent of impacted soil. Based on total metal concentrations for lead 
and barium, which exceeded 10 times their respective soluble threshold limit 
concentration (STLC), a Waste Extraction Test (WET) was performed. Two samples 
were additionally analyzed for pH using EPA Method 9045 and lead using the WET 
analysis with deionized water to simulate actual pH conditions at the Site.  

The three worst-case TPH samples from these borings (B7A-30, B7A-40, and B7A-50) 
were selected for additional analysis utilizing the Synthetic Precipitation Leaching 
Procedure (SPLP) with EPA Method 1312/8015, and for the volatile (VPH) and 
extractable (EPH) fractions of petroleum hydrocarbon mixtures using the MA DEP 
approach for assessing potential hazard from TPH exposure. 

The extraction fluid for the SPLP is an aqueous solution (of sulfuric and nitric acids) 
intended to simulate rain water. Consequently, the SPLP would provide a more 
conservative evaluation than deionized water, and evaluate the buffering capacity of 
Site materials from the effects from acid rain. The VPH and EPH are reported 
according to categories of aliphatic chain lengths and aromatic carbon numbers. 

Soil samples were collected at six locations at depths of approximately 0.5 foot, 5 feet, 
and 10 feet from the fill material that was placed over the sump. Soil samples were 
analyzed for California Assessment Manual (CAM) 17 metals using EPA Method 
6010B/7471A, organochlorine pesticides using EPA Method 8081A, PCBs using EPA 
Method 8082, and SVOCs using EPA Method 8082. 

Soil samples were submitted to Associated Laboratories (Associated) in Orange, 
California, following proper chain-of-custody protocol. Field data reports are located in 
Appendix K. 

On January 10, 2008, five drums of non-hazardous soil were transported offsite to 
TPST Soil Recyclers of CA by American Integrated Services (AIS). The manifest is 
located in Appendix K. 
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LFR used a hand auger to advance soil borings at 10 locations along Del Mar Avenue. 
Soil samples collected from these borings were analyzed for Title 22 metals to establish 
background metals concentrations for the site vicinity. Soil samples were submitted to 
SunStar in Tustin, California, following proper chain-of-custody protocol.  

7.4 Groundwater Monitoring Well Installation, Development, and Survey 

On October 26, 2007 a new groundwater monitoring well (MW-7) was installed on the 
southern portion of the Site using a hollow-stem auger rig. The purpose of adding the 
new well was to be able to monitor groundwater flow and direction, and to evaluate 
groundwater quality downgradient from the Site. A copy of the City of Long Beach 
well permit is attached in Appendix K. 

Well MW-7 was constructed of 2-inch diameter Schedule 40 PVC well casing with 
15 feet of 0.020-inch screened casing. MW-7 was advanced to approximately 60 feet 
bgs, with 10 feet of screened casing placed below the groundwater surface and the 
remaining 5 feet above the groundwater surface. The well log is located in Appendix J. 

Well MW-7 was developed on November 6, 2007. Development consisted of surging 
for 15 minutes, followed by purging with a 3.5-gallon metal bailer. Significantly more 
than three well volumes of groundwater were purged from the well to obtain clear 
groundwater for sampling. 

LFR contracted Kelsurveys, a California-licensed surveyor, to conduct a well survey at 
the Site to establish horizontal control, TOC, and ground surface elevations referenced 
to msl at the monitoring well locations. Well locations are shown on Figure 11. Well 
survey data are included in Appendix K. 

7.5 Groundwater Sampling 

On December 6, 2007, one water sample was obtained from each of the four 
groundwater monitoring wells for analysis of TPHcc using EPA Method 8015B, 
VOCs, SVOCs, and metals. The groundwater samples were submitted to SunStar 
following proper chain-of-custody protocol. On January 10, 2008, three drums of non-
hazardous waste liquid were transported offsite to Crosby & Overton in Long Beach, 
California, by AIS. The non-hazardous waste manifest is located in Appendix K. 

8.0 ADDITIONAL REMEDIAL INVESTIGATION RESULTS 

8.1 Soil Gas Sampling and Analysis 

Analytical results for soil vapor samples collected at the Site are discussed below and 
summarized on Tables 12 through 14. Soil gas probe installation and monitoring forms 
from EST are provided in Appendix L. 
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8.1.1 VOCs 

Using the EST on-site mobile laboratory, four VOCs were detected in the 28 samples 
analyzed using EPA Method 8260B. Tetrachloroethene (PCE) was detected in 
12 samples at concentrations ranging from 5.3 g/l to 9.1 g/l. The highest 
concentration was detected in sample SG13-5 collected at a depth of 5 feet bgs. The 
detected PCE concentrations exceeded the California Human Health Screening Level 
(CHHSL) of 0.603 g/l for shallow soil gas for commercial/industrial land use. 
Toluene was detected in five of the samples at concentrations ranging from 1.5 g/l to 
1.6 g/l. Trichloroethene (TCE) was detected in 12 samples at concentrations ranging 
from 1.2 g/l to 2.0 g/l. These TCE concentrations exceeded the CHHSL of 
1.77 g/l. Meta- and para-xylenes (m,p-xylenes) were detected in five samples at 
concentrations ranging from 1.2 g/l to 1.3 g/l. Analytical results for VOCs using 
EPA Method 8260B are summarized in Table 12 and shown on Figure 12. 

Twenty VOCs were detected in the six soil gas samples collected in Summa canisters 
and analyzed by Ace using EPA Method TO-15. PCE was detected in two of the 
samples at concentrations of 0.03 g/l and 0.13 g/l. Toluene was detected in all six 
samples at concentrations ranging from 0.04 g/l to 0.35 g/l. TCE was detected in 
two of the samples at concentrations of 0.01 g/l and 0.02 g/l. M,p-xylenes were 
detected in all six samples at concentrations ranging from 0.02 g/l to 0.47 g/l. 
O-xylenes were detected in five samples at concentrations ranging from 0.01 g/l to 
0.14 g/l. Ethylbenzene was detected in four of the samples at concentrations ranging 
from 0.01 g/l to 0.13 g/l. Benzene was detected in five of the samples at 
concentrations ranging from 0.02 g/l to 0.33 g/l. Only two concentrations of 
benzene exceeded the CHHSL for benzene (0.122 g/l). Analytical results for VOCs 
using EPA Method TO-15 are summarized in Table 13 and shown on Figure 13.  

8.1.2 Methane 

A Landtec GEM 2000 Plus field gas monitor and analyzer (Landtec) was used to 
measure methane concentrations in 32 soil gas samples at the Site on November 12 
through November 14, 2007. At 5 feet bgs, detected methane concentrations ranged 
from 1,000 parts per million by volume (ppmv) to 104,000 ppmv. Three concentrations 
were detected within the explosive range. At 10 feet bgs, detected methane 
concentrations ranged from 12 ppmv to 196,000 ppmv. The highest concentration 
(19.6% by volume) was detected at the SG-11 location at a depth of 10 feet bgs. Soil 
gas probe installation and monitoring forms from EST showing the methane results are 
attached as Appendix L. 

Methane concentrations were detected in 26 soil gas samples collected on 
November 14, 2007 and analyzed at EST’s stationary laboratory. At 5 feet bgs, 
detected methane concentrations ranged from 12 ppmv to 180,000 ppmv. At 10 feet 
bgs, detected methane concentrations ranged from 27 ppmv to 300,000 ppmv. The 
highest concentration (30% by volume) was detected at the SG-11 location at a depth of 
10 feet bgs. Four methane concentrations exceeded the upper explosive limit (UEL) of 
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15% per volume of air or 150,000 ppmv. Two concentrations were within the 
explosive limit, at 7.2% and 15%. All the other samples were below the LEL of 5%. 

Analytical results for methane are summarized in Table 14. The analytical results for 
methane at 5 and 10 feet bgs are shown on Figures 14 and 15, respectively. Laboratory 
reports are included in Appendix M. 

8.1.3 Oxygen, Carbon Dioxide, and Hydrogen Sulfide 

The Landtec was used to collect oxygen, carbon dioxide, and hydrogen sulfide field 
measurements at the Site on November 12 through November 14, 2007. Field 
measurements are summarized below, and soil gas probe installation and monitoring 
forms from EST showing the soil gas results are provided in Appendix L. 

At 5 feet bgs, oxygen concentrations ranged from 0.8% at SG-11 to 19.1% at SG-7. At 
10 feet bgs, oxygen concentrations ranged from 0.6% at SG-11 to 15.5% at SG-10.  

At 5 feet bgs, carbon dioxide concentrations ranged from 1.1% at SG-7 to 14.6% at 
SG-11. At 10 feet bgs, carbon dioxide concentrations ranged from 2.3% at SG-13 to 
19.3% at SG-6.  

Hydrogen sulfide was not detected in the any of the samples collected at depths of 
5 and 10 feet bgs. 

8.2 Soil Sampling and Analysis 

8.2.1 Total Petroleum Hydrocarbons as Gasoline 

TPHg (C6-C10) was not detected in any of the samples collected from boring B7A, with 
one exception. The sample collected from B7A at 10 feet bgs exhibited a TPHg 
concentration of 5.0 mg/kg. 

TPHg was not detected at concentrations above the laboratory reporting limits in the 
three samples analyzed from borings B6A and MW-7. 

8.2.2 Total Petroleum Hydrocarbons as Diesel 

In boring B7A, detectable concentrations of total petroleum hydrocarbons as diesel 
(TPHd [C10-C22]) ranged from 16 mg/kg to 4,070 mg/kg. The highest concentration 
was detected at a depth of 40 feet bgs. TPHd was not detected at 5 and 20 feet bgs. 

TPHd was not detected at concentrations above the laboratory reporting limits in the 
three samples analyzed from borings B6A and MW-7. 
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8.2.3 Total Petroleum Hydrocarbons as Motor Oil 

In boring B7A, detectable concentrations of total petroleum hydrocarbons as motor oil 
(TPHmo [C22-C36]) ranged from 24 mg/kg to 8,970 mg/kg. The highest concentration 
was detected at a depth of 40 feet bgs. The TPHmo concentrations detected in B7A 
ranged from 30 to 50 feet bgs, and were above the RWQCB’s soil screening level 
(SSL) of 1,000 mg/kg, where the distance is 20 to 150 feet above a drinking water 
aquifer (RWQCB 1996). 

In boring B6A, TPHmo concentrations ranged from 42 mg/kg to 526 mg/kg, with the 
highest concentration detected in the 25-foot sample. In boring MW-7, TPHmo 
(C29-C40) was detected only in the 25-foot sample at a concentration of 55 mg/kg. 

Analytical results for TPH are summarized in Table 15 and shown on Figure 16. 

8.2.4 SPLP TPHcc 

TPH in the C6-C10 range using the SPLP were not detected above the laboratory 
detection limit in the three samples analyzed. C10-C22 ranged from 4.0 mg/kg to 
18 mg/kg, and C22-C36 ranged from 3.6 mg/kg to 22 mg/kg. The highest concentrations 
were detected in B7A-50. Analytical results for SPLP TPHcc are summarized in 
Table 15 and shown on Figure 16. 

8.2.5 MA DEP EPH 

Aliphatic hydrocarbons C9-C18 ranged from 2,210 mg/kg in B7A-50 to 5,290 mg/kg in 
B7A-40. Aliphatic hydrocarbons C19-C36 ranged from 3,390 mg/kg in B7A-50 to 
7,850 mg/kg in B7A-40. Aromatic hydrocarbons C11-C22 ranged from 2,960 mg/kg in 
B7A-50 to 6,580 mg/kg in B7A-40. When compared with the MA DEP screening level 
of 5,000 mg/kg, only the TPH concentration detected in sample B7A-40 (7,850 mg/kg) 
would be considered a potential hazard or pose a threat to human health or the 
environment at the Site. 

8.2.6 MA DEP VPH 

Aliphatic hydrocarbons C5-C8 ranged from 54 mg/kg in B7A-40 to 102 mg/kg in 
B7A-30. Aliphatic hydrocarbons C9-C12 ranged from 140 mg/kg in B7A-50 to 
322 mg/kg in B7A-30. Aromatic hydrocarbons C9-C10 ranged from 82 mg/kg in 
B7A-50 to 176 mg/kg in B7A-30. These TPH concentrations were evaluated using the 
MA DEP screening level of 500 mg/kg. None of these TPH concentrations would be 
considered a potential hazard or pose a threat to human health or the environment at 
the Site. 

Analytical results for MA DEP EPH/VPH are summarized in Table 16 and shown on 
Figure 16. 
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8.2.7 VOCs 

No VOCs were detected in the three samples collected from boring B6A or from the 
three samples collected from MW-7.  

Thirteen VOCs (acetone, 1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene, benzene, 
ethylbenzene, isopropylbenzene, n-butylbenzene, n-propylbenzene, naphthalene, 
p-isopropyltoluene, sec-butylbenzene, toluene, and total xylenes) were detected in 
samples collected from boring B7A, as summarized below: 

Acetone (58 g/kg) was the only VOC detected in the 10-foot sample collected 
from B7A. No VOCs were detected above the laboratory detection limit in the 
20-foot sample from B7A. 

Benzene and toluene were only detected in the 30-foot sample at concentrations of 
824 g/kg and 307 g/kg, respectively.  

1,3,5-Trimethylbenzene was detected in the 30- and 40-foot samples (B7A-30 and 
B7A-40) at concentrations of 3,120 g/kg and 2,240 g/kg, respectively. 

1,2,4-Trimethylbenzene was only detected in the 50-foot sample (B7A-50) at a 
concentration of 10,000 g/kg. 

Ethylbenzene concentrations ranged from 944 g/kg in B7A-30 to 2,960 g/kg 
in B7A-30. 

Isopropylbenzene concentrations ranged from 782 g/kg in B7A-40 to 2,080 g/kg 
in B7A-50. 

N-butylbenzene concentrations ranged from 994 g/kg in B7A-40 to 1,400 g/kg 
in B7A-30. 

N-propylbenzene concentrations ranged from 1,170 g/kg in B7A-40 to 
2,560 g/kg in B7A-30. 

Naphthalene concentrations ranged from 5,980 g/kg in B7A-50 to 8,310 g/kg 
in B7A-30. 

P-isopropyltoluene concentrations ranged from 1,330 g/kg in B7A-30 to 
1,680 g/kg in B7A-40. 

Sec-butylbenzene concentrations ranged from 1,110 g/kg in B7A-40 to 
1,640 g/kg in B7A-30. 

Total xylenes concentrations ranged from 677 g/kg in B7A-50 to 8,210 g/kg 
in B7A-30. 

VOC analytical results for these three borings are summarized in Table 17 and shown 
on Figure 17. 
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8.2.8 SVOCs 

No SVOCs were detected in the 18 samples collected from the fill material at depths of 
0.5, 5, and 10 feet bgs; in the 3 samples collected from boring B6A at depths of 15, 
20, and 25 feet bgs; and in the 3 samples collected from MW-7 at depths of 15, 25, 
and 35 feet bgs. No SVOCs were detected in the samples collected in boring B7A at 
depths of 5, 10, and 15 feet bgs. 

Three SVOCs (2-methylnaphthalene, 4-methylphenol, and naphthalene) were detected 
in boring B7A, as summarized below: 

2-methylnaphthalene concentrations ranged from 26,000 g/kg in B7A-50 to 
34,700 g/kg in B7A-30. 

4-methylphenol was detected in B7A-30 and B7A-40 at concentrations of 
3,680 g/kg and 6,150 g/kg, respectively. 

Naphthalene was detected in B7A-30 and B7A-50 at concentrations of 8,450 g/kg 
and 7,540 g/kg, respectively. Both concentrations of naphthalene exceed the 
California-modified iPRG of 4,200 g/kg. 

Analytical results for SVOCs from these three borings are summarized in Table 18 and 
shown on Figure 18. 

8.2.9 Metals 

Metals results are discussed in the following sections. Analytical results for metals 
detected in the fill are summarized in Table 19. Analytical results for metals detected in 
borings 6A, 7A, and MW-7 are summarized in Table 20 and shown on Figure 19.  

Arsenic 

Arsenic concentrations detected in the 18 samples collected from the fill ranged from 
1.71 mg/kg to 13.7 mg/kg, with an average concentration of 6.55 mg/kg. These 
arsenic concentrations are within the range and below the average background arsenic 
concentration of 7.15 mg/kg. Arsenic concentrations in the six samples collected from 
boring B7A ranged from less than 1.0 mg/kg to 28.6 mg/kg in B7A-30, with an 
average concentration of 13.74 mg/kg. These arsenic concentrations are above the 
range and above the average background arsenic concentration of 7.15 mg/kg. Arsenic 
concentrations in the samples collected from boring B6A ranged from 2.34 mg/kg to 
8.86 mg/kg. These arsenic concentrations are within the range and below the average 
background arsenic concentration of 7.15 mg/kg. 

Barium 

Barium concentrations detected in the samples collected from the fill ranged from 
74 mg/kg to 382 mg/kg, with an average concentration of approximately 183 mg/kg. 
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These barium concentrations are above the range and slightly above the average 
background barium concentration of 157.5 mg/kg.  

Barium concentrations in the four samples from boring B6A ranged from 113 mg/kg to 
249 mg/kg. These barium concentrations are above the range and above the average 
background barium concentration of 157.5 mg/kg, but below the iPRG of 
67,000 mg/kg. 

In boring B7A, barium concentrations ranged from 152 mg/kg in B7-20 to 
1,600 mg/kg in B7A-40. These barium concentrations are above the range and above 
the average background barium concentration of 157.5 mg/kg. Two samples from B7A 
(B7A-30 and B7A-40) exceeded 10 times the STLC for barium. The soluble barium 
concentrations in B7A-30 and B7A-40 were 35.4 mg/l and 40.7 mg/l, respectively. 

Lead 

Lead concentrations detected in the samples collected from the fill ranged from 
5.13 mg/kg to 86 mg/kg in SB9-10, with an average concentration of 19.7 mg/kg. 
These lead concentrations are above the range and above the average background lead 
concentration of 7.15 mg/kg. Soluble lead was detected in SB9-10 at a concentration of 
3.22 mg/l. 

Lead concentrations in the three samples from boring B6A ranged from 5.2 mg/kg to 
10.8 mg/kg, with an average concentration of 7.48 mg/kg. These lead concentrations 
are within the range and below the average background lead concentration of 
7.15 mg/kg.  

In boring B7A, lead concentrations ranged from 7.05 mg/kg in B7-20 to 376 mg/kg in 
B7A-30, with an average concentration of 128.77 mg/kg. These lead concentrations are 
above the range and above the average background lead concentration of 7.15 mg/kg, 
and below the iPRG of 800 mg/kg. 

Three samples from B7A (B7A-10, B7A-30, and B7A-40) exceeded 10 times the STLC 
for lead. The soluble lead concentration in B7A-10 was 2.58 mg/l. The soluble lead 
concentrations in B7A-30 and B7A-40 were 8.54 mg/l and 12.5 mg/l, respectively. 

Mercury 

No mercury concentrations were detected above the laboratory detection limit in 15 of 
the 18 samples collected from the fill material. Mercury was detected in three samples, 
at concentrations ranging from 0.14 mg/kg in SG9-10 to 1.69 mg/kg in SG2-0.5.  

Mercury was not detected in any of the samples collected from B6A. Mercury was 
detected in two of the samples collected from B7A (B7A-30 and B7A-40) at 
concentrations of 0.59 mg/l and 0.46 mg/l, respectively. These mercury concentrations 
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are above the range and above the average background mercury concentration of 
0.13 mg/kg, and below the iPRG of 310 mg/kg. 

Background Metals Concentrations 

In a letter dated July 5, 2006, HERD recommended that background soil samples be 
collected, if feasible, from the same parent materials as found on the Site and analyzed 
for concentrations of metals to compare to on-site concentrations. Since the Site 
consists of sump material and imported fill, it is unlikely that background soil samples 
could be collected from the same parent material. This area has also experienced 
significant urbanization and industrial use.  

LFR collected 10 shallow soil samples along Del Mar Avenue for Title 22 metals 
analysis that were planned to be used to determine background metals concentrations. 
However, LFR does not consider these samples to be indicative of background levels, 
because lead was detected above the laboratory detection limit in 9 of the 10 samples, 
at concentrations ranging from 47 mg/kg to 230 mg/kg. The average lead concentration 
in the 10 samples was 72.7 mg/kg. The soil has apparently been impacted from the 
adjacent street traffic and/or the Metro Blue Line. LFR will compare analytical results 
for the on-site soil samples with the background metals concentrations provided by the 
DTSC, as discussed below. 

The DTSC provided background metals concentrations from a school site in Long 
Beach, California. Arsenic concentrations in the four background samples ranged from 
5.3 mg/kg to 11 mg/kg, with an average concentration of 7.15 mg/kg. Barium 
concentrations ranged from 140 mg/kg to 170 mg/kg, with an average concentration of 
157.5 mg/kg. Lead concentrations ranged from 5.6 mg/kg to 11 mg/kg, with an 
average concentration of 7.15 mg/kg. Mercury was detected in two of the samples, at 
concentrations of 0.10 mg/kg and 0.16 mg/kg, with an average concentration of 
0.13 mg/kg. A copy of the summary table for all 17 metals is attached as Appendix I.  

8.2.10 PCBs 

No PCBs were detected in 17 of the 18 samples collected from the fill material. In 
sample SG9-10, PCB-1248 and PCB-1260 were detected at concentrations of 
0.13 mg/kg and 0.038 mg/kg, respectively. 

No concentrations of PCBs detected in samples from the fill material were greater than 
the iPRG of 0.74 mg/kg (EPA 2004). 

No PCBs were detected in the three samples collected from B6A. PCBs were detected 
in three samples from boring B7A (B7A-30, B7A-40, and B7A-50). Concentrations of 
PCB-1248 ranged from 0.19 mg/kg in B7A-50 to 0.42 mg/kg in B7A-40. 
Concentrations of PCB-1260 ranged from 0.046 mg/kg in B7A-50 to 0.12 mg/kg 
in B7A-40.  
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Analytical results for PCBs detected in the fill are summarized in Table 21. Analytical 
results for PCBs detected in borings 6A, 7A, and MW-7 are summarized in Table 22. 

8.2.11 Organochlorine Pesticides 

Organochlorine pesticides detected in the fill include chlordane, dieldrin, and 
4,4-dichlorodiphenyltrichloroethylene (4,4-DDE), as summarized below: 

Chlordane was detected in samples SG13-5 and SG3-10 at concentrations of 
0.041 mg/kg and 0.035 mg/kg, respectively. 

Dieldrin was detected in SG2-10 at a concentration of 0.013 mg/kg. 

4,4-DDE was detected in SG14-0.5 at a concentration of 0.007 mg/kg. 

Analytical results for organochlorine pesticides in the fill are summarized in Table 23. 

8.2.12 pH 

In B7A-30 and B7A-40, pH was measured at 7.82 and 7.79, respectively. 

8.3 Groundwater Elevation and Flow Direction 

Kelsurveys surveyed the well elevations at the Site on November 6, 2007. Elevation 
measurements were made from a notch on the north side of each casing; the same 
location is used to measure depth to groundwater. The elevation of each well is shown 
on Table 11. 

Depth to groundwater was measured at wells MW-3, MW-5, MW-6, and MW-7 on 
December 3, 2007. Depths to groundwater ranged from 29.56 feet (MW-6) to 
49.32 feet (MW-7) below TOC (Table 11).  

The depth to groundwater and the elevation for each well were used to calculate the 
elevation of the potentiometric surface beneath the Site. A map showing horizontal 
groundwater flow, generally to the south-southeast, is included as Figure 20. The 
gradient of the potentiometric surface beneath the Site is relatively flat, at 
approximately 0.64 foot of drop for every 100 feet of distance flowed (or 0.0064 ft/ft). 

Groundwater levels have decreased approximately 0.46 foot in MW-5 to 1.16 feet in 
MW-3 since the previous measurements in December 2006. 

8.4 Groundwater Sampling – December 2007 

Analytical results for groundwater samples collected from MW-3, MW-5, MW-6, and 
MW-7 in December 2007 are discussed below. Groundwater analytical results are 
summarized in Tables 6 through 10 and 11, and shown on Figure 21. 
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Three metals were detected at concentrations above laboratory reporting limits:  

barium (at concentrations ranging from 86 g/l and 100 g/l in MW-5 and MW-6, 
respectively, to 1,100 g/l in MW-7) 

mercury (at concentrations of 0.74 g/l in MW-3 and 5.6 g/l in MW-6) 

arsenic (at a concentration of 210 g/l in MW-7) 

California MCLs (per CCR Title 22, June 27, 2007) were exceeded for mercury and 
barium. Mercury was detected in MW-6 at a concentration of 5.6 g/l; the MCL for 
mercury is 2 g/l. Barium was detected in MW-7 at a concentration of 1,100 g/l; the 
MCL for barium is 1,000 mg/l. Analytical results for metals are summarized in 
Table 11 and shown on Figure 21. 

TPH was not detected at concentrations above laboratory reporting limits in the 
groundwater samples collected at the Site, with one exception: TPHd was detected in 
MW-7 at a concentration of 1.1 mg/l. A summary of historical TPH analytical results 
is provided in Table 7.  

No VOCs or SVOCs were detected at concentrations above laboratory reporting limits 
in any of the groundwater samples collected at the Site. Historical summaries of the 
analytical results for VOCs and SVOCs are shown in Tables 8 and 9, respectively.  

8.5 Quality Assurance/Quality Control 

One duplicate sample was collected during the groundwater monitoring event. Sample 
DUP-1 was collected as a duplicate from well MW-7. Analytical results for the 
duplicate sample were generally consistent with results for the primary sample.  

Three duplicate soil samples were collected during the soil investigation. Sample 
SG3-10-Dup was collected as a duplicate of SG3-10; sample SG9-5-Dup was collected 
as a duplicate of SG9-5; and sample B6A-20-Dup was collected as a duplicate of 
B6A-20. Analytical results for the duplicate samples were generally consistent with 
results for the primary samples, with two exceptions: 

In sample SG3-10, chlordane was detected at a concentration of 0.035 mg/kg, 
which is slightly above the detection limit of 0.025 mg/kg. In the duplicate sample, 
chlordane was not detected above the laboratory reporting limit. 

In sample SG9-5, DDE and dichlorodiphenyldichloroethane (DDD) were not 
detected at concentrations above their respective laboratory reporting limits of 
0.005 mg/kg and 0.004 mg/kg. In the duplicate samples, DDE and DDD were 
reported at concentrations of 0.011 mg/kg and 0.006 mg/kg, respectively, which 
are both slightly above the detection limits. 

Two equipment blanks were collected, one during the soil sampling and the other 
during the groundwater sampling event. Analytical results for the equipment blanks 
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indicated that there was no cross-contamination of sampling equipment during the 
sampling activities.  

One field blank was collected during the soil sampling. Analytical results for the field 
blank indicated that there was no cross-contamination from the deionized water that 
was used to wash sampling equipment during equipment cleaning activities. 

9.0 SUMMARY 

9.1 Soil 

Petroleum hydrocarbons are the predominant contaminant found at the Site, with longer 
carbon chains predominant. Both extractable and volatile hydrocarbon criteria are near 
or below the screening levels established using the MA DEP approach for low quality 
groundwater. 

Soils beneath the Site contain significant levels of TPH. The extent of the impacted soil 
is illustrated on an isopach map developed using historical data (predominantly the 
ETC cross-sections, as shown on Figures 4 through 6) and data collected by LFR as 
presented in this report (Figure 7). The isopach map shows that the areas of deepest 
impact are in two locations in the central and northern portions of the CRG property 
(the northernmost part of the Site). The largest area extends from LFR boring B3 
northward to GEOFON boring GB10, and extends vertically to at least 30 feet bgs. 
The second area, located north of the first area, is centered around LFR borings B7 
and CPT2, and extends vertically to approximately 50 feet bgs. Analysis of soil 
samples collected in November 2003 indicated that lower-range carbon chain 
concentrations (C12-C28) ranged from 350 mg/kg to 20,000 mg/kg, and higher-range 
carbon chain concentrations (C28-C40) ranged from 280 mg/kg to 22,000 mg/kg. 
Gasoline-range hydrocarbons, tested in three locations at the Site (B3, B4, and B5), 
were found at concentrations ranging from 0.680 mg/kg to 53 mg/kg. 

TPH-impacted soil, as detected in soil samples collected in October and November 
2007, consists predominantly of TPHd and TPHmo. In boring B7A, detectable 
concentrations of TPHd ranged from 16 mg/kg to 4,070 mg/kg, with the highest 
concentration detected at a depth of 40 feet bgs. TPHd was not detected at depths of 
5 and 20 feet bgs. In boring B7A, detectable concentrations of TPHmo ranged from 
24 mg/kg to 8,970 mg/kg, with the highest concentration detected at a depth of 
40 feet bgs. 

No TPHg, TPHd, and TPHmo were detected at concentrations above the RWQCB SSL 
applicable to the Site.  
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Using the MA DEP EPH fractions of petroleum hydrocarbon mixtures on the three 
worst-case samples (B7A-30, B7A-40, and B7A-50) yielded the following results: 

Aliphatic hydrocarbons C9-C18 ranged from 2,210 mg/kg in B7A-50 to 
5,290 mg/kg in B7A-40. 

Aliphatic hydrocarbons C19-C36 ranged from 3,390 mg/kg in B7A-50 to 
7,850 mg/kg in B7A-40. 

Aromatic hydrocarbons C11-C22 ranged from 2,960 mg/kg in B7A-50 to 
6,580 mg/kg in B7A-40. 

Aliphatic hydrocarbons C5-C8 ranged from 54 mg/kg in B7A-40 to 102 mg/kg 
in B7A-30. 

Aliphatic hydrocarbons C9-C12 ranged from 140 mg/kg in B7A-50 to 322 mg/kg 
in B7A-30. 

Aromatic hydrocarbons C9-C10 ranged from 82 mg/kg in B7A-50 to 176 mg/kg 
in B7A-30. 

When compared with the MA DEP screening levels, only the TPH concentration of 
7,850 mg/kg detected in sample B7A-40 would be considered a potential hazard. Based 
on the depth below ground surface, this concentration is not likely to pose a threat to 
any receptors. 

Using the SPLP to simulate actual Site conditions, TPH in the C6-C10 range were not 
detected at concentrations above the laboratory detection limit in the three samples 
analyzed. C10-C22 ranged from 4.0 mg/kg to 18 mg/kg, and C22-C36 ranged from 
3.6 mg/kg to 22 mg/kg. The highest concentrations were detected in B7A-50. 

Analytical results for metals in soil samples were below the EPA iPRGs for all metals, 
with the exception of arsenic, which was detected in borings B1, B2, B3, B5, and B7 at 
concentrations ranging from 5.8 mg/kg to 24 mg/kg. The iPRG for arsenic is 
0.25 mg/kg. Arsenic is a naturally occurring trace metal that has been found in 
California soils at concentrations ranging between 0.6 mg/kg and 11.0 mg/kg (Kearney 
1996). Concentrations of arsenic in all the samples where it was detected exceeded the 
iPRG, and in three locations (B1, B3, and B7) the concentrations also exceeded 
expected background levels for southern California soils.  

VOCs detected in soil samples were below iPRGs. Benzene, ethylbenzene, toluene, 
and total xylenes were detected at concentrations above laboratory reporting limits, but 
none of these VOC concentrations exceeded iPRGs for those compounds. 

PCBs and pesticides were detected at concentrations below iPRGs. SVOC analyses 
found only a few PRG exceedances, with one benzo (a) pyrene exceedance at 50 feet 
bgs, and two naphthalene exceedances at depth. The iPRGs for SVOCs were not 
exceeded for those compounds that have iPRGs, with the exception of benzo(a)pyrene 
in sample B7-50. The iPRG for benzo(a)pyrene is 210 g/kg. 
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9.2 VOCs in Soil Gas 

PCE, TCE, and benzene were detected slightly above CHHSL concentrations, with a 
preliminary Johnson and Ettinger evaluation finding insignificant concerns for these 
compounds.  

Four VOCs were detected in the 28 samples analyzed using EPA Method 8260B. PCE 
was detected in 12 samples at concentrations ranging from 5.3 g/l to 9.1 g/l. The 
highest concentration was detected in sample SG13-5 at 5 feet bgs. Toluene was 
detected in five samples at concentrations ranging from 1.5 g/l to 1.6 g/l. TCE was 
detected in 12 samples at concentrations ranging from 1.2 g/l to 2.0 g/l. 
M,p-xylenes were detected in five samples at concentrations ranging from 1.2 g/l to 
1.3 g/l. The PCE concentrations in 12 samples exceeded the CHHSL of 0.603 g/l 
for shallow soil gas for commercial/industrial land use. The TCE concentrations in 
seven samples exceeded the CHHSL of 1.77 g/l. 

Twenty VOCs were detected in six soil gas samples using EPA Method TO-15. PCE 
was detected in two of the samples at concentrations of 0.03 g/l and 0.13 g/l. 
Toluene was detected in all six samples at concentrations ranging from 0.04 g/l to 
0.35 g/l. TCE was detected in two samples at concentrations of 0.01 g/l and 
0.02 g/l. M,p-xylenes were detected in all six samples at concentrations ranging from 
0.02 g/l to 0.47 g/l. O-xylenes were detected in five samples at concentrations 
ranging from 0.01 g/l to 0.14 g/l. Ethylbenzene was detected in four samples at 
concentrations ranging from 0.01 g/l to 0.13 g/l. Benzene was detected in five 
samples at concentrations ranging from 0.02 g/l to 0.33 g/l. The only VOC 
concentrations that exceeded the CHHSL were two concentrations of benzene. The 
CHHSL for benzene is 0.122 g/l.  

9.3 Methane 

The presence of methane will require consideration and potential mitigation during 
subsequent design and construction. 

Using a field gas monitor and analyzer on 32 soil gas samples, detected methane 
concentrations ranged from 1,000 ppmv to 104,000 ppmv at 5 feet bgs and from 
12 ppmv to 196,000 ppmv at 10 feet bgs. The highest concentration (19.6% by 
volume) was detected at the SG-11 location at a depth of 10 feet bgs.  

Methane concentrations were detected in 26 soil gas samples analyzed at the 
laboratory. At 5 feet bgs, detected methane concentrations ranged from 12 ppmv to 
180,000 ppmv. At 10 feet bgs, detected methane concentrations ranged from 27 ppmv 
to 300,000 ppmv. The highest concentration (30% by volume of air) was detected at 
the SG-11 location at a depth of 10 feet bgs. Four methane concentrations exceeded the 
UEL of 15% per volume of air or 150,000 ppmv. Two concentrations were within the 
explosive limit, at 7.2% and 15%. Methane concentrations in all the other samples 
were below the LEL of 5%. 
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9.4 Groundwater 

Given the regional area’s degraded surficial aquifers from historic oil production, the 
conditions observed at the Site appear to be in general accordance with the regional 
degradation of groundwater quality. Lead has been historically observed, but recent 
analyses find no significant impact. Detected concentrations of arsenic, barium, and 
mercury slightly exceeded their respective MCLs. TDS appears to have increased from 
potential historic Site activities, but regional degradation of groundwater quality limits 
these concerns. 

Seven metals were detected at concentrations above laboratory reporting limits in 
groundwater samples collected during the sampling event in December 2006, including 
barium, calcium, copper, magnesium, mercury, silver, and sodium. The California 
MCL (per CCR Title 22, September 12, 2003) was exceeded for mercury (7.3 g/l 
in MW-3). 

TPH was not detected at concentrations above laboratory reporting limits in the 
groundwater samples collected at the Site, with the exception of TPH gasoline range 
organics (C6-C12). Concentrations of TPH (C6-C12) ranged from 0.05 g/l in MW-5 to 
0.38 g/l in MW-6. 

VOCs and SVOCs were not detected at concentrations above laboratory detection limits 
in any of the groundwater samples collected at the Site during the December 2006 
sampling event.  

California Secondary MCLs – recommended ranges (per CCR Title 22, September 12, 
2003) for EC were exceeded in MW-5 (1,700 s/cm), MW-6 (3,660 s/cm), and 
MW-3 (7,740 s/cm). The secondary MCL recommended range for EC is listed as 
900 s/cm. 

California Secondary MCLs – recommended ranges for chloride were exceeded in 
MW-6 (1,100 mg/l) and MW-3 (3,270 mg/l). The secondary MCL recommended 
range for chloride is listed as 250 mg/l. 

Concentrations of TDS and EC in the groundwater increase in the downgradient 
direction. It is unknown whether the elevated concentrations are due to natural 
processes or human activity. However, the Gaspur aquifer has historically been 
intruded by an influx of seawater during low water conditions in an inland direction to 
areas beyond Carson Street (located north of the Site) toward the crest of the Newport-
Inglewood uplift (Poland 1959). Based on the concentrations of TDS detected during 
the latest sampling event, groundwater enters the Site classified as slightly saline, and 
exits the Site classified as moderately saline.  

Three metals were detected at concentrations above laboratory reporting limits in 
groundwater samples collected during the sampling event in December 2007, including 
barium, arsenic, and mercury. California MCLs were exceeded for barium (1,100 g/l 
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in MW-7) and mercury (5.6 g/l in MW-6). The detected arsenic concentration 
(210 g/l) is above the federal MCL for arsenic of 10 g/l. 

TPH was not detected at concentrations above laboratory reporting limits in the 
groundwater samples collected at the Site, with one exception. TPHd was detected in 
MW-7 at a concentration of 1.1 mg/l. 

VOCs and SVOCs were not detected at concentrations above laboratory detection limits 
in any of the groundwater samples collected at the Site during the December 2007 
sampling event.  

10.0 CONCLUSIONS 

10.1 Soil 

In November 2003 and May 2004, LFR advanced soil borings, installed two additional 
groundwater monitoring wells, and performed soil and groundwater sampling at the 
Site. Additional groundwater sampling was performed in December 2006. In response 
to DTSC comments, LFR implemented additional investigation activities in November 
2007. LFR advanced soil borings, installed one additional groundwater monitoring 
well, and performed soil gas, soil, and groundwater sampling at the Site. Groundwater 
sampling was performed in December 2007. The objective of the soil gas, soil, and 
groundwater sampling activities was to further characterize the extent of impacted soil 
and groundwater in order to continue the process of site remediation.  

Petroleum hydrocarbons are the predominant contaminant found at the Site, with longer 
carbon chains predominant. Both extractable and volatile hydrocarbon criteria are near 
or below the screening levels established using the MA DEP approach for low quality 
groundwater. The areas of deepest impact are in two locations in the central and 
northern portions of the CRG property.  

Analytical results for TPH in soil samples collected by LFR in 2003 indicated TPHd 
and TPHmo exceeded SSLs at depths ranging from 10 to 50 feet bgs in borings located 
in the central and northern portions of the Site. Analytical results in 2007 confirmed 
TPHd was present at concentrations above the SSL in boring B7A from 30 to 
50 feet bgs. 

When compared with the MA DEP screening levels, only the TPH concentration 
detected in sample B7A-40 (7,850 mg/kg) would be considered a potential hazard. 
Based on the depth below ground surface, this concentration is not likely to pose a 
threat to any receptors. 

Analytical results for VOCs collected in soil samples by LFR in 2003 indicated VOCs 
were not present at levels above iPRGs. Analytical results in 2007 confirmed that 
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VOCs were not present above the iPRGs in the sump samples collected from the three 
borings drilled on the Site in November 2007. 

SVOC analyses found only a few PRG exceedances, with one benzo (a) pyrene 
exceedance at 50 feet bgs, and two naphthalene exceedances at depth. Analytical results 
for SVOCs collected in soil samples by LFR in 2003 indicated that benzo(a)pyrene at a 
depth of 50 feet bgs in boring B7 was the only SVOC that exceeded the iPRG. 
Analytical results in 2007 found that the only SVOC to exceed the iPRG was 
naphthalene at 30 and 50 feet bgs in boring B7A. Based on the depth below ground 
surface, these concentrations would not likely pose a threat to any receptors. 

The only metals of concern identified at the Site are arsenic (concentrations slightly 
above typical California background levels to as high as 28.6 mg/kg) and lead (STLC 
concentrations exceeded for disposal purposes; however, a deionized water evaluation 
suggested no significant water quality threat). 

Analytical results for soil samples collected by LFR in 2003 were below iPRGs for all 
metals, with one exception. Arsenic was detected at 50 feet bgs in borings B1, B2, B3, 
B5, and B7 at concentrations ranging from 5.8 mg/kg to 24 mg/kg. Analytical results 
for soil samples collected in 2007 confirmed that arsenic concentrations were present 
above the iPRG in samples collected from fill material and from sump material. In the 
fill, two samples collected at 0.5 feet bgs exhibited arsenic concentrations of 
11.5 mg/kg and 13.7 mg/kg, which were greater than the highest background arsenic 
concentration of 11 mg/kg. Only two arsenic concentrations detected in samples 
collected from the sump material were greater than the highest background 
concentration. Arsenic was detected at concentrations of 28.6 mg/kg and 28.5 mg/kg at 
depths of 30 and 40 feet bgs, respectively, in boring B7. 

Concentrations of lead above the iPRG of 800 mg/kg were not detected in either LFR 
investigation. Soluble concentrations of lead above the STLC that would be considered 
hazardous if excavated and disposed of offsite were detected in boring B7 at depths of 
30 and 40 feet bgs. However, an STLC extraction using deionized water indicated that 
soluble lead is less than 5 mg/l and would be considered acceptable to leave in place. 

No PCBs or organochlorine pesticides have been detected at concentrations above 
iPRGs during LFR’s investigations. 

10.2 Soil Gas  

PCE, TCE, and benzene were detected at concentrations slightly above CHHSLs, with 
a preliminary Johnson and Ettinger evaluation finding insignificant concerns for these 
compounds. 

Analytical results of soil gas samples collected in the fill and analyzed for VOCs using 
EPA Method 8260B indicated only PCE and TCE were detected at concentrations 
greater than the CHHSLs. Detectable PCE concentrations ranged from 5.3 g/l to 
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9.1 g/l, and TCE concentrations ranged from 1.8 g/l to 2.0 g/l. Using EPA 
Method TO-15, benzene was the only VOC that exceeded the CHHSL. Benzene was 
detected at concentrations of 0.20 g/l and 0.33 g/l, which are only slightly above the 
CHHSL of 0.122 g/l. 

A preliminary screening based on the Johnson and Ettinger soil gas screening model 
was conducted for the highest concentrations of benzene, PCE, and TCE. The risk for 
commercial usage of the Site was calculated for benzene at 9.6 x 10-7. For PCE and 
TCE the risk was calculated to be 5.1 x 10-6 and 3.9 x 10-7, respectively. Only PCE 
was calculated to be above the target risk criteria of 1 x 10-6.  

10.3 Methane  

The presence of methane will require consideration and potential mitigation during 
subsequent design and construction. 

Methane was detected at concentrations up to 30%, concentrations within the LEL, and 
concentrations greater than the UEL during LFR’s investigation. These concentrations 
corroborate the methane concentrations detected in a previous investigation by others, 
where methane concentrations ranged from 12.1% to 83.6%. 

10.4 Groundwater 

Historically, TPHcc, VOCs, and SVOCs have either not been detected in groundwater 
samples or were detected at concentrations well below their respective MCLs. Given 
the regional area’s degraded surficial aquifers from historic oil production, while some 
degradation was observed at the Site, the conditions appear to be in general accordance 
with the regional degradation of groundwater quality. Lead has been historically 
observed, but recent analyses find no significant impact. Arsenic, barium, and mercury 
were detected at concentrations that slightly exceed the MCLs. TDS appears to have 
increased from potential historic Site activities, but regional degradation limits 
these concerns. 

Lead was detected at concentrations above the MCL of 15 g/l in groundwater samples 
collected from three of the groundwater wells in 1994 and 1997, including upgradient 
well MW-4. In 2004, lead was detected at 16 g/L in MW-5 (the replacement 
upgradient well for MW-4). In subsequent sampling, lead has not been detected in 
groundwater samples. 

Arsenic was previously detected in MW-3, MW-5, and MW-6 at concentrations 
ranging from 7.8 g/l to 15 g/l. In 2003, an estimated arsenic concentration of 
72 g/l was reported in MW-3. In recently installed MW-7, arsenic was detected at a 
concentration of 210 g/l, which is greater than the Federal MCL of 10 g/l.  
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Barium has historically not been detected above the MCL in any of the wells. In 
recently installed MW-7, barium was detected at a concentration of 1,100 g/l, which 
is slightly above the MCL of 1,000 g/l. 

Mercury has historically been detected in MW-3 and MW-6 at concentrations ranging 
from 0.82 g/l to 160 g/l. In December 2007, mercury was detected in two of the 
wells (MW-3 and MW-7) at concentrations of 0.74 g/l and 5.6 g/l, respectively. The 
MCL for mercury is 2 g/l. 

In January 1996, TDS concentrations ranged from 2,690 mg/l (MW-4) to 10,800 mg/l 
(MW-2). In 2006, TDS concentrations ranged from 900 mg/l (MW-5) to 4,710 mg/l 
(MW-3). Although TDS increased across the Site, historically the Gaspur aquifer has 
been intruded by an influx of seawater during low water conditions in an inland 
direction to areas beyond the Site. 

Groundwater in the region is degraded from numerous and complex interactions of 
nature as well as historical man-caused activities that date back numerous decades. The 
Site apparently also contributed to the regional degradation, but does not appear to be 
the sole or even the primary cause of groundwater degradation. 

Remedial consideration of historical Site activities would be highly problematic within 
this environment, and would do little to remedy potential historical discharges within 
the context of the region’s degraded groundwater. Salt is not easily remedied, and 
pump and treat options would pose highly costly challenges and could exacerbate the 
regional condition. 

LFR presented these conclusions to the DTSC and RWQCB on July 23, 2008 in a 
meeting to discuss groundwater issues. The understandings reached with the DTSC and 
RWQCB are summarized in LFR’s letter dated October 10, 2008 (attached as 
Appendix O). The DTSC accepted LFR’s responses in their letter dated October 10, 
2008 (attached as Appendix P). 
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12.0 SIGNATURES OF ENVIRONMENTAL PROFESSIONALS 

All information, conclusions, and recommendations in this document have been 
prepared under the supervision of and reviewed by the undersigned of LFR Inc. 

 

 

 May 27, 2009  
Charles E. Robinson, P.E.  Date 
Vice President/Principal Engineer 
California Professional Civil Engineer #C-035368 
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3150 Bristol Street, Suite 250, Costa Mesa, California 92626  •  (714) 444-0111  •  fax (714) 444-0117  • www.lfr.com 

 Offices Nationwide 

 

March 12, 2007 002-10231-01 

Ms. Loni Adams 
Department of Toxic Substances Control 
5796 Corporate Avenue 
Cypress, California 90630 
 

Subject:     Submittal of Response to DTSC Comments to the Characterization Data Report, 
Revised Characterization Data Report, Former Oil Operators North Site, 3701 Pacific 
Place, Long Beach, California 

   
Dear Ms. Adams: 

On behalf of CRG Properties, LFR Inc. (LFR) is pleased to submit the following response to 
comments to LFR’s Characterization Data Report and a Revised Characterization Data Report for the 
subject Site.  LFR had developed a Remedial Investigation Workplan and is being transmitted in 
conjunction with this submittal. 

LFR prepared a Characterization Data Report dated April 4, 2006 to describe current and 
historical investigation and remediation activities at the Site.  In a letter dated July 12, 2006, the 
Department of Toxic Substances Control (DTSC) raised numerous issues that needed to be 
addressed prior to approval of the report.  In general, the DTSC believed that data gaps exist, that 
the Site has not been fully characterized, and that the Characterization Data Report should be used 
in conjunction with further research and investigation to develop a Remedial Investigation 
Workplan.   

The DTSC also made nineteen specific comments to the Characterization Data Report.  A copy of 
the July 12 letter is attached in Appendix A of the Revised Characterization Data Report. The 
DTSC’s Human and Ecological Risk Division (HERD) also provided comments to the 
Characterization Data Report in a memorandum dated July 5, 2006. A copy of the memorandum is 
also attached in Appendix A.  
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RESPONSE TO COMMENTS 

July 12, 2006 DTSC Comments 

Each specific comment by the DTSC is printed below in italics followed by the LFR response.   

1. Historical and current operations and conditions should be detailed in text and supported 
by historical aerial photographs or topographic maps.  

 A Historical Review of the Site including historical aerial photographs and topographic maps 
has been prepared as a separate document. A copy of the Historical Review is attached as 
Appendix B in the Revised Characterization Data Report.  A current Site description has 
been included in the Revised Characterization Data Report.  

2.  Boring Logs are hard to find.  

 Soil boring and well construction logs prepared by LFR are attached as a separate appendix 
(Appendix D) in the Revised Characterization Data Report.  Cone penetrometer test results 
from 1983 and probe logs from 1986 are included in Appendix C: Reports of Previous 
Investigations in the Revised Characterization Data Report.  

3. Sample depths should be included in tables.  

Tables 1 through 5 have been revised and the sample depths have been included in the 
Revised Characterization Data Report.     

4. Section 5.0: Background sampling data is necessary.  If a point referenced in Kearney 
(1966) is close to the Site, then you might be able to use background values for arsenic.  

LFR has proposed the collection of ten soil samples in the Site vicinity to establish 
background concentrations for arsenic and other metals.  Details of the background 
sampling are included in the Remedial Investigation Workplan. 

5. A Health and Safety Plan should be included. 

A site-specific Health and Safety Plan has been prepared.  A copy has been attached in the 
Remedial Investigation Workplan. 

6. Copies of associated documentation, including annual groundwater sampling, should be 
included.

LFR conducted groundwater sampling at the Site in May 2004 and December 2006.  Field 
data sheets, non-hazardous waste data forms, and sampling protocols are included in 
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Appendix E in the Revised Characterization Data Report.  Groundwater monitoring reports 
and associated documentation from January 1996 and February 1997 sampling events 
conducted by Jack K. Bryant Engineers are included in Appendix C: Reports of Previous 
Investigations in the Revised Characterization Data Report.  

7. In sampling point B-7 benzo(a)pyrene was detected at 400 mg/kg at 50 feet below ground 
surface (bgs).  Additional characterization is necessary and naphthalene should also be 
included.

LFR will drill a boring in the vicinity of boring B-7, samples will be collected at depths of 
5, 10, 20, 30, and 40 feet bgs and analyzed for arsenic, lead, mercury, SVOCs, and TPH 
to characterize the subsurface soil. Previous sampling indicated concentrations of arsenic 
and lead at concentrations of 24 and 350 mg/kg, respectively, at a depth of 50 feet bgs. 
Based on previous soil sampling in this area, the total metal concentrations for lead and 
arsenic exceeded ten times their respective soluble threshold limit concentration (STLC).  
If a sample exceeds ten times their respective STLC, soil samples will be analyzed with the 
waste extraction test using deionized water and simulated rain water to determine the 
soluble metal concentration.  Details of the sampling program are included in the Remedial 
Investigation Workplan. 

8. In sampling point B-6 at 15 feet bgs hydrocarbon odors and staining were noted on the 
boring logs; this sample was not analyzed.   Additional characterization is needed.  

LFR will drill soil borings in the vicinity of boring B-6.    At this location, samples will be 
collected for TPH using EPA method 8015M to a depth of 25 feet bgs.   Details of the 
sampling program are included in the Remedial Investigation Workplan. 

9. In sampling point B-7 at 40 feet bgs hydrocarbon odors and staining were noted on the 
boring logs; this sample was not analyzed.   Additional characterization is needed.  Samples 
B7 at 35 feet and B7 at 50 feet bgs were analyzed.  

LFR will drill a boring in the vicinity of boring B-7, samples will be collected at depths of 
5, 10, 20, 30, and 40 feet bgs and analyzed for TPH as well as arsenic, lead, mercury and 
SVOCs to characterize the subsurface soil (see response to Comment #7). Details of the 
sampling program are included in the Remedial Investigation Workplan. 

10. The vertical extent of contamination has not been defined.  There should be a clean interval 
of at least 10 feet. 

December 2006 depth to groundwater beneath the site ranged from approximately 28 to 48 
feet bgs. Impacted soil extends to a depth of 50 feet in some areas based on samples analyzed 
from LFR boring B7.  In the other LFR borings, a 10-foot clean interval was found with the 
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exception of B3 where at least a 5-foot clean interval was found, where the base of the sump 
is approximately 30 feet bgs in this area.  Since impacted material is found below the ground 
water surface, it would be impractical to define the vertical extent.  These materials were 
placed well before any land disposal criteria existed, making the 10’ criteria less relevant.  
Current evaluations contained in the work plan are to evaluate if the material pose a 
significant threat or impact to water quality, or to human health, in accordance with 
exemptions for engineered alternatives to the 10’ criteria.   

11. In MW-3, mercury was detected at 160 μg/L (the MCL is 2 μg/L).  The source of the 
mercury in the soil needs to be determined. In the December 2006 sampling, mercury was 
detected in MW-3 at 7.3 μg/L. 

Mercury was commonly used in oil field operations as it was used in meters. It is possible 
that some mercury may have been included in the material placed into the sump. In the 
December 2006 groundwater sampling, mercury was detected in MW-3 at a concentration 
0.82 μg/L, below the MCL. 

12. The text in section 4.2 and Table 10 is inconsistent.  Depth to groundwater and 
groundwater flow direction is unclear.  

In the Characterization Data Report, the depths to groundwater measurements were 
incorrect in the text in section 4.2.   Table 10 contained the correct depth to groundwater 
measurements.  The depth to groundwater measured in May 2004 ranged from 35.96 feet 
bgs in MW-6 to 55.64 bgs in MW-3.  In the most recent groundwater data collected in 
December 2006, groundwater ranged from 28.43 bgs in MW-6 bgs to 47.77 feet bgs in 
MW-3.  The groundwater flow direction was determined to be to the south.   

13. Identify areas where water may collect in the soil based on topography and/or site 
conditions.  Saturated soil could inhibit soil gas sampling and water may tend to collect 
above the groundwater table or perched groundwater due to soil composition. 

There is a topographically low area along the eastern portion of the Site in front of the grass 
tees of the driving range (east of MW-3).  There is a storm drain here that collects runoff.  
The storm drain is connected to the Los Angeles River.  According to Pat Nutter, General 
Manager of the Long Beach Golf Learning Center, storm water accumulates in this area. 

Shallow groundwater was found at 8 feet bgs during the 1986 GEOFON geotechnical 
investigation in one boring (B-4). This was believed to be a localized perched condition 
because native sands at greater depths were not saturated.  This perched groundwater was 
sampled and the analytical results are included in the Revised Characterization Data Report.  
Zone 3 was described as water saturated in the Earth Technology 1984 Supplemental 
Investigation.  Zone 3 materials reached as deep as 30 feet bgs in some locations at the Site.  
The deepest area appears to be in the central portion of the property. No other perched 
conditions were noted in other investigations on the Site. 
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14. Define where perched groundwater was found. 

In 1986, groundwater was found at a depth of 8 feet bgs in boring B-4 and was believed a 
localized perched condition, because native sands at greater depths were not saturated and 
no other borings encountered perched groundwater.  This boring is located in the center 
portion of the Site in an area where the base of the sump is approximately 20 feet bgs.   No 
other areas of perched groundwater were noted in other investigations on the Site.  

Additional groundwater monitoring wells are needed.  At a minimum, one up gradient well 
for background conditions and one down gradient well need to be installed.

Existing well MW-5 is currently located in an upgradient location (upgradient of the sump). 
Although an additional well could be installed upgradient of well MW-5, it appears that 
MW-5 provides data on background conditions.  LFR has proposed in the Remedial 
Investigation Workplan that a downgradient well (proposed well MW-7) be installed 
southwest of existing well MW-3 in the parking area of the Long Beach Golf Learning 
Center. The projected location is shown on Figure 3 of the Remedial Investigation 
Workplan.

15. Aquifer information should be included and the underlying aquifer(s), characteristics, and 
uses identified. DTSC can provide guidance manuals.

A description of the Geology and Hydrogeology in the Site vicinity has been included in the 
Revised Data Characterization Report.  

16. Raw lab data and chains of custody from previous investigations should be included, or if 
not available, so stated.

Laboratory reports and chains of custody from previous annual groundwater sampling 
conducted by Jack K. Bryant Engineers in January 1996 and February 1997 are included in 
Appendix A: Reports of Previous Investigations in the Revised Characterization Data Report.  
These are the only laboratory reports that were available for review by LFR. 

Laboratory reports and chains of custody from groundwater sampling conducted by LFR in 
2004 and 2006 are included in Appendix E.  

17. Old wells (MW1, MW2, and MW4) need to be replaced and properly abandoned.  A 
geophysical survey might be needed to locate these wells.  

Prior to site grading, these three wells will be located either by geophysical survey and/or backhoe  
excavation and be properly abandoned.  

18. The source of the fill material needs to be determined and fill areas sampled.  


