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EXECUTIVE SUMMARY 

This Site Investigation and Conceptual Model Report was prepared on behalf of Signal Hill 
Enterprises, LLC (SHE) and RE | Solutions, LLC (RES) for the former Chemoil Refinery located at 
2020 Walnut Avenue in Signal Hill, California (Site).  The Site is currently owned by SHE and 
negotiation is underway between SHE and RES to transfer property ownership for redevelopment 
purposes.  Activities documented herein have been conducted in anticipation of plans to remediate 
the Site to acceptable levels which will allow property redevelopment for light industrial and 
commercial purposes.     

The Site is an approximately 8.2-acre vacant lot that formerly operated as an oil refinery beginning 
in 1922.  From early 1994 to early 1997, the refinery was shut down with only occasional operation 
of its waste water system.  Operation of the waste water system was discontinued and the above 
ground structures were dismantled in early 1997.  It has been reported that all known below ground 
structures, including piping, sumps, footings, and foundations, were also removed at that time.  For 
purposes of this report, the Site has been divided into the three parcel areas referred to as the East 
Parcel, the Northwest Parcel, and the Southwest Parcel.   

The scope of work conducted as part of the Site investigation and documented herein include: 

 The advancement of 18 Cone Penetration Testing-Ultra-Violet Optical Scanning Technology 
(CPT-UVOST™) borings in the Northwest, Southwest and East Parcels; 

 The advancement of six onsite and one offsite soil borings to further delineate impacts to soil 
and groundwater; 

 Soil vapor sampling at four locations in the northern portion of the Northwest Parcel; 

 Installation of one monitoring well in the Southwest Parcel; and 

 Completion of a light non-aqueous phase liquid (LNAPL) bail-down test at monitoring well 
MW-11, within the Northwest Parcel. 

Site-specific screening levels (SLs) were developed for the Site media (soil, groundwater, and soil 
vapor), and laboratory analytical data were compared to SLs to determine the chemicals of potential 
concern (COPCs).  COPCs for soil, groundwater, and soil vapor are presented in Section 6 and 
consist of compounds typical of those found at petroleum refining facilities, including total petroleum 
hydrocarbons (TPH) and volatile organic compounds (VOCs), including benzene, toluene, 
ethylbenzene, and xylenes (BTEX) and benzene derivatives.   

Site investigation results, combined with historical data collected from the Site indicate that COPCs 
are present in soil above SLs within a significant portion of the Northwest Parcel and Southwest 
Parcel and isolated to the northern portion of the East Parcel.  Data indicate that except for a few 
isolated locations, soil vapor COPC detections above applicable screening levels are limited to 
onsite.  It is expected that remediation or mitigation of soil and soil vapor will be required prior to Site 
redevelopment.   
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Groundwater data collected to date indicate that TPH as gasoline (TPHg [C4-C12]), TPH as diesel 
(TPHd [C13-C22]), BTEX, and naphthalene are the COPCs detected in the highest concentrations 
in groundwater at the Site.  TPHg and benzene were generally detected at the highest concentrations 
in the Northwest Parcel (up to 170,000 micrograms per liter [µg/L] and 6,960 µg/L, respectively) with 
lower concentrations of TPHg detected in groundwater samples collected from the Southwest Parcel.  

Data indicate that the concentrations of COPCs in groundwater generally decrease with depth.  
However, the vertical extent of petroleum-impacted groundwater has not been defined.  Vertical 
delineation of impacted groundwater at the Site will be required prior to submittal of the Response 
Plan.    

Methyl tert-butyl ether (MtBE) has historically been detected in groundwater samples collected offsite 
west of Gundry Avenue.  The lack of MtBE detections in soil and groundwater samples collected 
onsite coupled with the highest concentration of MtBE detected in an offsite well located west and 
hydrologically cross-gradient of the Site (well MW-17) suggests that an offsite source of MtBE is 
present.   

Site investigation activities have defined three isolated areas of the Site where LNAPL has been 
observed or UVOST™ data suggest the potential exists for LNAPL to be present.  LNAPL bail-down 
testing was performed to assess the volume of LNAPL present beneath the Site and to assist with 
the quantification of LNAPL transmissivity.  Based on the estimated LNAPL thickness in the 
formation, the LNAPL petrophysical analysis results, and the apparent slow LNAPL recharge rate 
into wells, it is anticipated that passive LNAPL skimmers will be the most feasible LNAPL removal 
method for this Site. 

The results of the Site investigation were evaluated, along with other data collected from the Site, 
and a conceptual site model (CSM) was developed which will be used to guide preparation of a 
Response Plan.  The hypothetical receptors and exposure pathways considered potentially complete 
are summarized as follows: 

Hypothetical Receptor 
 

Future Onsite  
Construction/Utility Trench Worker: 

Potentially Complete Exposure Pathway 
 

Incidental ingestion of soil; 
Dermal contact with soil; and 
Inhalation of vapors in outdoor air. 

 
Future Onsite  
Commercial Worker: 

 
Incidental ingestion of soil; 
Dermal contact with soil; and 
Inhalation of vapors in indoor air. 
 

Current/Future Offsite 
Commercial/Industrial Worker Receptor 

 

Inhalation of vapors in indoor air. 

Current/Future Offsite Resident Receptor 

 

Inhalation of vapors in indoor air. 
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Based on the CSM and available Site data, Remedial Action Objectives (RAOs) are summarized as 
follows: 

 Reduce and/or maintain human health risks to acceptable levels to allow redevelopment of 
the Site for light industrial/commercial purposes. 

 Prevent soil-related exposures (i.e., incidental ingestion, direct dermal contact, particulate 
inhalation and outdoor vapor inhalation of VOCs) to constituent concentrations that exceed 
commercial/industrial cleanup goals. 

 Prevent indoor inhalation through vapor intrusion of constituent concentrations that exceed 
commercial/industrial cleanup goals. 

 Reduce the potential for adsorbed-phase petroleum constituents in soil to leach to 
groundwater underlying the Site. 

 Remove to the extent practical, mobile LNAPL within the three defined LNAPL areas of 
occurrence (source removal). 

 Control the dissolved-phase hydrocarbon groundwater plume to prevent further offsite 
migration of contaminants at concentrations above levels that present a risk. 

A Response Plan is currently being prepared to address the Site cleanup that will be required to 
meet the above RAOs.  Section 8 of this report documents the preliminary conceptual remedial 
approach which is expected to be included in the upcoming Response Plan, and summarized as 
follows: 

 Develop Site-specific, risk-based cleanup goals based on commercial land use to determine 
whether remediation or mitigation is warranted and to provide a benchmark for the cessation 
of remedial action. 

 Implement actions in conjunction with Site redevelopment in areas where grading is 
required.   

 Remediate secondary sources and onsite dissolved phase contaminants to the extent 
practicable, using technologies including LNAPL recovery, soil vapor extraction, and air 
sparging. 

 Reduce offsite contaminant migration through implementation of a barrier zone remediation 
program.       

 Implement institutional and engineering controls to reduce potential exposure pathways 
including an environmental land use covenant (LUC), Site Management Plan (SMP), and 
vapor mitigation system(s) that will be installed as part of the future buildings constructed at 
the Site. 

 Implement a monitored natural attenuation program for offsite groundwater. 
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The Response Plan is expected to be submitted to the Los Angeles Regional Water Quality Control 
Board (LARWQCB) within 90 days of submission of this report. 
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1.0 INTRODUCTION 

The Source Group, Inc. a division of Apex Companies, LLC (Apex-SGI) has prepared this Site 
Investigation and Site Conceptual Model Report on behalf of Signal Hill Enterprises, LLC (SHE) and 
RE | Solutions, LLC (RES).  The subject property is the former Chemoil Refinery located at 2020 
Walnut Avenue in Signal Hill, California (Site, Figure 1-1).  It is currently owned by SHE and 
negotiation is underway between SHE and RES to transfer property ownership for redevelopment 
purposes.  Activities documented herein are driven by requirements from the Los Angeles Regional 
Water Quality Control Board (LARWQCB) and by plans to remediate the Site to acceptable levels to 
allow property redevelopment for light industrial and commercial purposes.     

A Site investigation was required to fill identified data gaps necessary to develop a Conceptual Site 
Model (CSM) that can be used to guide the preparation of a remedial response plan.  APEX-SGI 
prepared a Site Investigation Workplan (Workplan), dated October 25, 2016, which was approved 
by LARWQCB on November 23, 2016.  The Site investigation was subsequently performed 
December 2016 through January 2017 and is documented in this report.  Additionally, this report 
presents a CSM and conceptual remedial approach based on available data and considering the 
anticipated land use of the property.   

The general outline of this report is as follows: 

 Section 2 provides a brief Site description and background. 

 Section 3 summarizes the scope and procedures of the Site investigation that was performed 
by APEX-SGI in December 2016 through January 2017. 

 Section 4 documents the screening levels that were deemed appropriate for the Site and 
used to evaluate Site investigation data. 

 Section 5 provides the results of the Site investigation completed by APEX-SGI, including a 
comparison of data to screening levels. 

 Section 6 identifies the chemicals of potential concern (COPCs) in soil, soil vapor, and 
groundwater.  COPCs were identified as chemicals that were detected in the subsurface at 
concentrations that exceed their applicable screening levels. 

 Section 7 presents the CSM for the Site.  The CSM compiles the results of Site data and 
anticipated land use to assess the need for additional risk assessment and/or mitigation. 

 Section 8 provides a preliminary conceptual remedial approach for the Site, which is 
expected to be part of a Response Plan that will be prepared and submitted to LARWQCB 
within 90 days.   

Site data collected during this investigation supplement environmental data previously collected by 
others.  Soil and groundwater data collected by Tetra Tech in 2006 as well as current Site-wide 
groundwater monitoring data collected during the fourth quarter 2016 monitoring event (most recent 
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event) are incorporated herein to allow for a more comprehensive understanding of Site 
environmental conditions and to aid in the preparation of the CSM.  
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2.0 SITE DESCRIPTION AND BACKGROUND 

2.1 Site Description 

The property known as the former Chemoil Refinery is located at 2020 Walnut Avenue in Signal Hill, 
California (Figure 1-1).  The Site was developed as an oil refinery in 1922.  The MacMillan-Ring Free 
Oil Company owned and operated the facility from 1922 until 1988.  Chemoil Corporation purchased 
the refinery in August 1988 and operated it until February 1994.  From early 1994 to early 1997, the 
refinery was shut down with occasional operation of its waste water system.  Operation of the waste 
water system was discontinued and all of the above ground structures were dismantled in early 1997.  
It has been reported that known below ground structures, including piping, sumps, footings, and 
foundations, were also removed at that time (S. Testa, verbal communication, October 2016).  Since 
December 2013, the property owner of title has been Signal Hill Enterprises, LLC.   

The Site is approximately 8.2 acres, located north of the intersection of East 20th Street, East Wesley 
Drive, Walnut Avenue, and Alamitos Avenue.  The Site is divided into an East Parcel, situated 
immediately east of Walnut Avenue and a West Parcel, situated immediately west of Walnut Avenue.  
The East Parcel encompasses approximately 2.4 acres and the West Parcel encompasses 
approximately 5.8 acres.  The West Parcel is further subdivided into the Northwest and Southwest 
Parcels by East 21st Street.  Hereafter, the three parcel areas will be referred to within this document 
as the East Parcel, the Northwest Parcel, and the Southwest Parcel.  A portion of the Southwest 
Parcel includes the Raymond Tract Parcels, which are currently owned by a separate entity (MPO 
Walnut Partners, LLC).  RES has signed a Letter of Intent and is negotiating a purchase agreement 
for acquisition of this property.  The Raymond Tract Parcels will be addressed in the Response Plan 
because of the historical lease and operations of Chemoil on those parcels.  The division of the Site 
into the above-indicated parcels is shown on Figure 2-1. 

2.2 Refinery History 

The refinery and supporting structures were dismantled between 1997 and 1998.  The Northwest 
Parcel is a rectangular-shaped parcel and was formerly occupied by approximately 40 above ground 
storage tanks, truck loading racks, and support structures such as warehouses.  The Southwest 
Parcel is a triangular-shaped parcel and was formerly occupied by approximately 25 aboveground 
storage tanks (ASTs), boilers, heater units, loading racks, and a cooling tower.  The East Parcel is 
somewhat a rectangular-shaped parcel except for its southern perimeter and was formerly occupied 
by six ASTs as well as support structures (warehouse, offices, laboratory, and maintenance 
facilities).  The oldest active area of the Site lies within the Southwest Parcel, where crude oil 
processing related activities took place (TEC Earth Sciences and Environmental Specialists [TEC], 
2011).  Currently the Site is vacant, and does not contain any ASTs or known underground storage 
tanks (USTs). 
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2.3 Surrounding Community/Properties 

Land use in the vicinity of the Site includes commercial, office, and light industrial development to 
the north, light industrial development to the west, east and south of the Site, and a former railroad 
corridor to the south, with residential properties located south and west of the former railway corridor. 

2.4 Constituents of Interest 

Soil and underlying groundwater at the Site are impacted by historic petroleum releases.  Historically, 
light non-aqueous phase liquid (LNAPL) presence was reported as three onsite separate 
occurrences.  The LNAPL occurrences were characterized as heavy crude oil or lubricating oil, or a 
combination of naphtha, kerosene, and gas oil.  Primary constituents of interest (COIs) for the Site 
include total petroleum hydrocarbons (TPH), volatile organic compounds (VOCs; primarily aromatic 
constituents), and fuel oxygenates (including methyl tert-butyl ether [MtBE] and tertiary-butyl alcohol 
[TBA].  MtBE has been documented at elevated concentrations in monitoring wells located offsite 
and cross-gradient from the Site.  Onsite concentrations of MtBE are significantly lower and do not 
appear to be related to historical operations at the Chemoil Refinery.  An evaluation of potential 
onsite MtBE sources was conducted as part of the Site investigation and results are discussed in 
Section 5.6 of this report. 

2.5 Source Elimination and Remediation Status 

An LNAPL recovery program was conducted on the West Parcel starting in March 1987.  The 
recovery system was terminated in February 1994 when the refinery shut down.  The estimated 
volume of total fluids removed is approximately 253,902 barrels.  Of this volume, an estimated 
volume of 27.9 barrels of LNAPL was recovered (TEC, 2011). 

A flow-through barrier groundwater treatment system (a Subsurface Metabolism Enhancement 
[SME] system) was installed along the western and southern boundaries of the Site in 2013 and 
2014.  A total of 92 injection wells, 46 vapor extraction wells, and 12 groundwater monitoring wells 
were installed to a maximum depth of 40 feet below ground surface (bgs), and the SME system 
started operation in March 2014.  The system is currently operating with air injection to increase the 
concentration of oxygen in the subsurface, which was found to be oxygen deficient.  Nutrients are 
injected in batched intervals to stimulate the metabolism of petroleum constituents by native 
microbes.  An estimated 7,604 pounds of total petroleum hydrocarbons as gasoline (TPHg) has been 
removed by the SME system through January 2016 (AA&AI, 2016a). 

2.6 Geology and Hydrogeology 

2.6.1 Regional and Local Geology 

The Site is located within the Los Angeles Coastal Plain (California Department of Water Resources 
[CDWR], 1961) of the Peninsular Ranges geomorphic province of southern California (Norris and 
Webb, 1990).  The Los Angeles Coastal Plain is a deep structural trough that has been filled primarily 
with unconsolidated Miocene through Recent age sediments or alluvium that are underlain by earlier 
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Cenozoic bedrock.  The Los Angeles Coastal Plain is bounded on the north by the Santa Monica 
Mountains; on the northeast by the low-lying Elysian, Repetto, Merced, and Puente Hills; on the east 
and southeast by the Santa Ana Mountains and San Joaquin Hills; on the south by the Palos Verdes 
Hills and the Pacific Ocean; and on the west by the Pacific Ocean (CDWR, 1961). 

The geologic structure beneath the Coastal Plain is referred to as the Los Angeles Basin and consists 
of undifferentiated, pre-Pleistocene bedrock overlain by approximately 2,200 feet of layered, semi-
consolidated and unconsolidated water-bearing terrestrial and marine sediments.  The uppermost 
section of these sediments, the early Pleistocene-age San Pedro Formation and the late Pleistocene-
age Lakewood Formation, have been warped by geologically-recent tectonic activity into northwest- 
to southeast-oriented folds that are periodically disrupted by northwest-trending regional faults.  The 
San Pedro Formation and Lakewood Formations vary in thickness from tens to several hundreds of 
feet thick.  Flat-lying Recent (Holocene-age) alluvium, derived from alluvial fans and overflow of river 
systems, overlie the folded and faulted Pleistocene formations in topographically lower portions of 
the Coastal Plain.  Where present, the Holocene alluvium can be up to 200 feet thick.  

The Site is underlain by deposits of unconsolidated, laterally discontinuous sequences of silt and fine 
to coarse-grained sand.  Coarse-grained soils consist of sand (SP) and silty sand (SM); whereas, 
subordinate fine-grained soils consist of silt (ML and MH) and, to a lesser degree, clay (CL).   

2.6.2 Regional and Local Hydrogeology 

The Los Angeles Coastal Plain has been spatially divided by the CDWR into four groundwater basins 
(West Coast Basin, Central Basin, Santa Monica Basin, and Hollywood Basin) based on the 
hydrogeologic characteristics of the underlying strata and the locations of bounding geologic 
structures such as non-water-bearing rock and/or faults that impede groundwater movement.  The 
Site is located within the West Coast Basin.   

The West Coast Basin is bordered on the east by the Newport-Inglewood Fault; on the west by Santa 
Monica Bay; on the north by the Ballona Gap (north of the Los Angeles International Airport), and on 
the south by the Palos Verdes Hills.  Based on lateral distribution and varying hydrogeologic 
characteristics, five major aquifers have been identified in the geologic formations underlying the 
West Coast Basin (CDWR, 1961).  The aquifers consist of (from oldest to youngest) the Silverado 
and Lynwood Aquifers of the San Pedro Formation, the Gage Aquifer of the Lakewood Formation, 
and the Gaspur and Semi-perched Aquifers of the recent Holocene-age Alluvium.  In general, the 
older/deeper Silverado and Lynwood Aquifers are currently designated as drinking water sources 
and the younger/shallow aquifers (Gage, Gaspur, and Semi-perched) are not currently used for 
drinking water purposes due to low yield and/or generally poor quality.  Shallow groundwater beneath 
the Site is encountered in the semi-perched Aquifer in the southern portion of the West Coast Basin.  
Groundwater quality within the Site vicinity is generally poor due to seawater intrusion and elevated 
salinity.   

Due to Site topography, the difference between depth to water measurements in existing monitoring 
wells is approximately 30 feet.  Depth to water in the northern portion of the Site is approximately 43 
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feet bgs (well MW-3), whereas depth to water in the southern portion of the Site is approximately 15 
feet bgs (well MW-14).  As of the June 2016 (Second Quarter) sampling event, groundwater occurred 
at elevations ranging from 2.09 to 3.94 feet relative to mean sea level.  Groundwater flow beneath 
the Site was generally toward the south-southeast.  The hydraulic gradient calculated based on 
Second Quarter 2016 groundwater gauging data was 0.0013 foot/foot (AA&AI, 2016b). 

2.7 Surface Water 

The nearest surface water body to the Site is the Los Angeles River, which is located 1.9 miles west 
of the Site.  The section of the Los Angeles River west of the Site is contained in a north-south 
trending concrete lined flood control channel.  The Los Angeles River accepts treated industrial 
discharge and stormwater runoff from the greater Los Angeles area.  
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3.0 SITE INVESTIGATION ACTIVITIES 

Site investigation activities were conducted in December 2016 and January 2017 and were designed 
to meet the following objectives: 

 Delineate the extent of LNAPL present in the subsurface beneath the West and East Parcels;  

 Delineate the vertical migration of dissolved-phase contaminants in groundwater; 

 Conduct studies to determine the extent and mobility of LNAPL in the Site subsurface, 
including an evaluation of soil physical properties and results from bail-down testing; 

 Assess MtBE in groundwater in relation to potential offsite sources; 

 Further delineate offsite benzene concentrations in groundwater west of Gundy Avenue; and 

 Conduct additional assessment of the northern portion of the West Parcel to verify whether 
remedial activities will be warranted in this area. 

Details regarding implementation of the Site investigation are provided in the sections that follow.  
Field notes are provided in Appendix A and investigation results are provided in Section 5. 

3.1 Field Preparatory Activities 

A Site-specific Health and Safety Plan (HASP) was prepared in compliance with Federal 
Occupational Safety and Health Administration regulations (OSHA; 29 Code of Federal Regulations, 
Section 1910.120) and State OSHA regulations (California Code of Regulations, Title 8, Section 
5192).  Apex-SGI personnel and subcontractors associated with the project were required to be 
familiar and comply with all provisions of the Site-specific HASP. 

Soil boring and well construction permits were obtained from the Los Angeles County Department 
of Public Health (LACDPH). In addition, an encroachment permit was obtained from the City of Signal 
Hill to complete one offsite boring in the public right-of-way (Gundy Avenue).  Copies of the approved 
permits are included in Appendix B.   

A Site visit was completed to mark the locations of the proposed soil borings. Following the Site visit, 
the proposed soil boring locations were marked and DigAlert, a one-call notification alert for 
underground utility providers, was contacted. In addition, Apex-SGI obtained a geophysical services 
contractor to confirm the locations were clear of any subsurface utilities, pipelines, or other structures. 
Apex-SGI conferred with SHE representatives regarding the known or suspected location of any 
utilities or subsurface structures associated with Site-specific operations. 

As an additional precaution, each drilling location was manually cleared using an air-knife/vacuum 
rig or a hand auger to a minimum depth of approximately 5 feet bgs to ensure that no utilities would 
be impacted by the drilling operations. 
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3.2 CPT, UVOST™, and MIP© Reconnaissance Screening 

To obtain a more detailed understanding of the lithology and approximate the location and extent of 
petroleum hydrocarbon impacts, Apex supervised the advancement of 18 Cone Penetration Testing-
Ultra-Violet Optical Scanning Technology (CPT-UVOST™) borings to a maximum depth of 
approximately 44 feet bgs in the Northwest, Southwest and East Parcels of the Site.  These data 
were used in conjunction with historical Site data to evaluate the soil characteristics, correlate these 
characteristics across the Site, and identify locations for additional soil and groundwater 
investigation. 

Investigations of soil and groundwater impacts were conducted using a direct-push CPT drill rig 
equipped with a piezocone and a UVOST™ sensor operated by Fugro, a State of California-licensed 
(C-57) drilling contractor.  A Membrane Interface Probe (MIP©) was also deployed in selected 
locations, as described below, for groundwater screening purposes. The objectives of the 
reconnaissance assessment were to: 1) document subsurface geologic and hydrogeologic 
conditions; 2) assess the lateral extent of petroleum hydrocarbons and potential LNAPL in 
subsurface soil; and 3) assess the vertical distribution of dissolved-phase petroleum hydrocarbons 
in groundwater underlying the Site.  The drilling locations were chosen based on areas where data 
gaps were identified in the existing data set, including a ROSTTM study completed in 2006. 

CPT-UVOST™ testing occurred between December 13 and 15, 2016.  A total of 18 CPT/ UVOST™ 
borings were advanced at the Site, eight borings in the Northwest Parcel (AN-09, AN-10, AN-11, AN-
12, AN-15, AN-16, AN-17, and AN-18), seven borings in the Southwest Parcel (AS-01 through AS-
06 and AS-09), and three borings in the East Parcel (AE-01, AE-02, and AE-03).  Based on results 
of the CPT-UVOST™ testing (discussed in Section 5.2), three locations were selected to advance a 
MIP© screening tool to define the vertical impacts to groundwater.  In the Northwest Parcel, boring 
AN-19 was advanced with a MIP© tool adjacent to monitoring well MW-11, where LNAPL is present, 
and boring AN-21 was advanced with a MIP© tool adjacent to boring AN-11, where UVOST™ data 
suggest that LNAPL may be present.  In the Southwest Parcel, boring AS-10 was advanced with a 
MIP© tool near boring AS-06 and downgradient from boring AS-03, where UVOST™ data suggest 
that LNAPL may be present.  Based on the UVOST™ data collected within the East Parcel (which 
did not indicate LNAPL), combined with groundwater monitoring data from well MW-10, a MIP© 
boring was not advanced in the East Parcel.  Figure 3-1 summarizes the location of UVOST™ and 
MIP© borings advanced at the Site.  

Each CPT-UVOST™ direct-push boring was abandoned upon completion by grouting the boring 
with a 5 percent (%) bentonite/Portland cement slurry. 

3.3 Direct-Push Soil Boring Assessment 

As part of this investigation, and as detailed in the sections that follow, the following soil borings were 
advanced using a truck-mounted, direct-push drilling rig operated by Kehoe Testing and 
Engineering, a State of California-licensed (C-57) drilling contractor.   
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 Soil borings AN-01, AN-02, AN-03, and AN-05 were collected from the northern portion of 
the Northwest Parcel where limited historical data are available.  Soil and groundwater 
samples were collected from these borings to assess the subsurface conditions within the 
northern portion of the Northwest Parcel (previously defined as a Site data gap) and to 
ultimately determine whether remediation of this area is warranted; 

 Soil borings AN-13 and AN-20 were advanced within the southern portion of the Northwest 
Parcel to confirm elevated UVOST responses and the presence of LNAPL.  Soil and 
groundwater samples were collected from these borings to assess subsurface conditions.  
LNAPL was encountered in boring AN-13 at a depth of 28 feet; a LNAPL sample was 
collected from this location for laboratory analysis described in Section 3.3.1; and   

 Boring AO-01 was advanced offsite in Gundy Avenue to characterize the benzene plume 
west of well BMW-10.  Soil samples were not collected from boring AO-01.  The boring 
was advanced specifically to conduct stratified groundwater sampling to the west of the 
Site, using a Hydropunch® groundwater sampler. 

Direct push soil boring locations are depicted on Figure 3-2 and methodologies are described 
below. 

3.3.1 Soil Sampling Methodology and Analytical Program 

During the advancement of each borehole, the soil was continuously cored with stainless steel coring 
equipment for soil sampling and lithologic logging purposes and scanned with a photo-ionization 
detector (PID) for the presence of VOCs. The sampler was equipped with a replaceable acetate 
inner sleeve for sample retention. Soil samples, drill cuttings, or continuous cores recovered from 
each boring were logged by an experienced Apex-SGI geologist working under the direct supervision 
of a California Professional Geologist or Certified Engineering Geologist. Soils were logged 
visually/manually and classified by the Unified Soil Classification System (USCS) according to 
American Society for Testing and Materials (ASTM) Method D2488-00. 

Soil samples from each borehole advanced onsite were retained from the recovered core for 
laboratory analysis.  Soil samples collected for laboratory analysis were retained in acetate liners cut 
from the desired interval and the ends of the sample were immediately covered with Teflon® tape 
and plastic caps on each end. Samples were immediately labeled with the sample identification, date 
and time of collection, and placed on ice in an insulated cooler. All samples were logged on to a 
chain-of-custody document for delivery to American Analytics, Inc. for the following analysis: 

 TPH Carbon Chain (C6-C44) by U.S. Environmental Protection Agency (USEPA) Method 
8015M; 

 VOCs and fuel oxygenates by USEPA Method 8260B; and 

 Polynuclear Aromatic Hydrocarbons (PAHs) by USEPA Method 8270. 
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The presence of free product was observed in boring AN-13 at a depth of approximately 28 feet bgs.  
A soil core was collected subsequently from 27 to 28 feet bgs and submitted to PTS Laboratories in 
Santa Fe Springs, California for the following analyses: 

 Soil Properties: native state permeability to water, total and air filled porosity, grain and bulk 
density, moisture content, and total pore fluid saturation (reported as water only) using: 
American Petroleum Institute (API) RP40 and ASTM D2216; 

 Hydraulic Conductivity: native state permeability to water, total and air filled porosity, grain 
and bulk density, moisture content, total pore fluid saturation (reported as water only) using: 
API RP40, EPA 9100, and ASTM D2216; and 

 Free Product Mobility: centrifuge of sample to demonstrate degree of product mobility, 
residual saturations by Dean-Stark, total porosity, and grain and bulk density using ASTM 
D425 and API RP40. 

3.3.2 Groundwater Sampling Methodology 

Groundwater grab samples were collected using a Hydropunch® groundwater sampling system. At 
each desired depth interval, a 4-foot long stainless steel screen housed within the drilling rod was 
exposed to the subsurface, and allowed to fill with groundwater. Groundwater was allowed to 
equilibrate within the sampling device prior to extraction using small diameter polyethylene tubing 
and a check valve assembly. Groundwater samples were decanted into analysis-specific laboratory 
supplied containers, labeled, and handled under standard chain-of-custody procedures for delivery 
to American Analytics, Inc. in Chatsworth California for analysis.  After each sample was collected, 
the Hydropunch®-type screen was removed from the borehole for decontamination, resealed, and 
then driven to the next sample interval.  In addition, LNAPL was encountered in boring AN-13 and a 
sample was collected. 

Groundwater samples collected were analyzed for the following parameters: 

 TPH Carbon Chain (C6-C44) by EPA Method 8015M; 

 VOCs and fuel oxygenates by EPA Method 8260B; and 

 PAHs by EPA Method 8270. 

The LNAPL sample collected from boring AN-13 was analyzed by PTS Laboratories for fluid 
properties and free product mobility parameters including viscosity, density, and specific gravity. 

3.4 Monitoring Well Installation Methodology 

ROST/UVOSTTM data collected by Apex-SGI during this study suggested LNAPL could be present 
in the Southwest Parcel in the vicinity of boring AS-03. To further assess for the presence of LNAPL 
in this area, groundwater monitoring well MW-20 was installed at the location shown on Figure 3-2. 

The soil boring for the groundwater monitoring well was advanced using a hollow-stem auger drill 
rig, equipped with 8-inch outside diameter augers. Upon reaching the target depth, the borehole was 
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converted into a groundwater monitoring well, installed in accordance with LARWQCB standards 
and LACDPH permit specifications. 

The monitoring well was constructed using 2-inch diameter, Schedule 40 polyvinyl chloride (PVC) 
casing, and 15 feet of 0.020-inch slot pipe for the screened interval.  To ensure the observation of 
any LNAPL present, the screened interval extends from approximately 5 feet above to 10 feet below 
first-encountered groundwater. A sand filter pack consisting of #2/16 sand Monterey sand was 
emplaced by pouring the sand through the augers from the bottom of the boring to approximately 2 
feet above the screened interval. A transition seal, consisting of 3 feet of bentonite chips was installed 
above the filter pack, was poured through the auger and hydrated in place. The remainder of the 
annular space was backfilled with a mixture of Portland cement and bentonite grout (per LACDPH 
permit requirements). The well was completed at the surface in a flush-mounted, traffic-rated well 
box, set in concrete to grade. 

After the completion of well installation activities (a minimum of 48 hours after installation), the 
groundwater monitoring well was developed using a Smeal-type development rig, equipped with an 
appropriately-sized surge block, stainless steel bailer, and submersible pump.  All reusable 
equipment was decontaminated according to the methods described within Section 3.5. 

3.5 Decontamination Methods 

To support the quality of data and to minimize the potential for cross-contamination between 
sampling events, all reusable downhole equipment used during drilling, sampling, or well 
development was thoroughly decontaminated prior to, and in between each use.  Decontamination 
procedures for all reusable sampling equipment included: physical removal of excess soil and debris; 
thorough washing of all equipment with non-phosphate detergent/potable water solution; and triple 
rinse with deionized or distilled water. 

3.6 LNAPL Field Mobility Study 

The mobility of LNAPL at the Site was investigated using bail-down testing and physical testing of 
the LNAPL. LNAPL bail-down testing was performed to assess the volume of LNAPL present 
beneath the Site and to assist with the quantification of LNAPL transmissivity.  LNAPL bail-down 
testing was conducted at the existing well MW-11 located in the northern portion of the West Parcel 
where recent monitoring showed 1.6 feet of product was present.  

LNAPL was not observed at new monitoring well MW-20 and was therefore not included in the field 
mobility study.   

3.6.1 Bail-Down Testing Methodology 

To estimate LNAPL volume underlying the Site, an approximation of actual LNAPL thickness in the 
formation must first be developed.  The LNAPL thickness observed in a well is typically not 
representative of the actual thickness of LNAPL that resides in the surrounding formation. The 
thickness of LNAPL observed in a particular well is highly dependent on a number of factors including 
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LNAPL type (i.e., crude oil, gasoline, diesel fuel, etc.), well construction, and the lithologic 
characteristics of the surrounding formation.  To estimate the LNAPL thickness in the formation, and 
the approximate LNAPL recharge into Site wells, Apex-SGI conducted bail-down testing on well MW-
11 on January 18, 2017.  Bail-down testing was generally conducted per procedures outlined in 
Determination of a Realistic Estimate of the Actual Formation Product Thickness Using Monitor 
Wells: A Field Bailout Test (Gruszczenski, 1987).  Bail-down testing procedures are summarized as 
follows: 

1. Measured and recorded stabilized (i.e., pre-test) water/LNAPL levels. 

2. Bailed LNAPL/water from well MW-11 until a generally constant and minimal LNAPL 
thickness was measured. 

3. Periodically measured and recorded depth to LNAPL and depth to water (i.e., 
water/product interface) during the recovery phase of testing using an interface probe. 

4. Graphed depth to LNAPL and the water/product interface measurements versus time. 

5. Evaluated the slope of the water/product interface line to determine the inflection point. 

6. Measured the difference between the LNAPL line and water/product interface line at 
the approximate inflection point to determine the actual product thickness. 

7. Measured the difference between the water/product interface at the time of the 
inflection and the stabilized top of product level.  This is the sum of the actual product 
thickness and the capillary fringe. 

8. Subtracted the measurement in step 7 from the measurement in step 6 to determine 
the height of the capillary fringe. 

In addition to completing the bail-down test, LNAPL samples were collected from monitoring well 
MW-11 and boring AN-13 and chemically analyzed to identify the nature of the LNAPL present. The 
MW-11 sample was collected at the start of the bail-down test using a disposable bailer. The AN-13 
sample was collected from the Hydropunch® sampler using small diameter polyethylene tubing with 
a check-valve.  LNAPL samples were decanted into laboratory supplied containers, labeled, and 
handled under standard chain-of-custody procedures for delivery to PTS Laboratory.  LNAPL 
samples were analyzed for fluid properties and free product mobility parameters including viscosity, 
density, and specific gravity. 

3.7 Soil Vapor Investigation Northwest Parcel 

Four (4) temporary vapor probes were installed and sampled to assess vapor risk in the northern 
portion of the Northwest Parcel, at the locations shown on Figure 3-3.  Borings AN-04, AN-06, AN-
07 and AN-08 were advanced using a 4-inch diameter hand-auger to a depth of 5 feet bgs.  Soil 
vapor probes were constructed using 1/4-inch diameter Nylaflow™ tubing, fitted with vapor probe 
implant at approximately 5 feet bgs and a three-way valve at the surface. The annulus surrounding 
the vapor probe implant was filled with #3 sand to 6-inches above and below the implant, followed 
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by a layer of dry bentonite chips up to 1-foot thick, and hydrated bentonite chips to near ground 
surface. 

3.7.1 Vapor Probe Sampling Methodology 

After allowing at least 48-hours for equilibration, the vapor probes were sampled in accordance with 
the Department of Toxic Substances Control (DTSC)/RWQCB Advisory – Active Soil Gas 
Investigations document dated July 2015 (Advisory). Vapor sampling was conducted by American 
Analytics Laboratory under the direction of Apex-SGI. After completion of successful leak and 
purge/vacuum tests, soil vapor samples were collected from each location in summa canisters, 
labeled, and handled under standard chain-of-custody procedures for delivery to American Analytics 
Laboratory in Chatsworth, California for VOC analysis by gas chromatography/mass spectrometry 
(GC/MS; EPA Method TO-15). 

3.7.1.1 Leak Testing 

Leak testing was conducted to evaluate whether an adequate seal had been established in the 
sampling train, ground surface, and soil vapor probe boring to ensure that soil vapor samples were 
not being diluted by infiltrating ambient air. 

A shut-in test was conducted on surface components of the sampling train to check for leaks prior to 
purging or sampling from each of the soil vapor probes. The above-ground sampling apparatus was 
assembled and attached to a soil vapor sampling probe, and a vacuum applied to the sampling train. 
A vacuum of approximately 100 inches of water column (in-H2O; or 7.3 inches of mercury [in-Hg]) 
was applied to evacuate the lines of the sample train. The sampling train remained under vacuum 
for approximately one minute to assess whether there was any loss of vacuum. 

Tracer testing was conducted at each probe location to check for communication between the ground 
surface and the sampling implant at depth. A cloth towel saturated with the isopropanol (IPA) tracer 
compound was placed at the ground surface adjacent to the soil vapor probe tubing to evaluate if 
ambient air had broken through the well seal (or sampling apparatus seals) during sample collection.  

3.7.1.2 Purge Volume Calculation 

Purging is required to remove ambient air from, and induce the flow of in-situ soil vapor into, the 
sample train. In accordance with the DTSC/RWQCB Advisory, no purge volume test was conducted 
during the proposed assessment activities. Instead, a standard purge volume of 3 was used for each 
sampling point. The purge volume was calculated using standard methods outlined in the guidance 
which account for the borehole diameter, well construction material porosity and the tubing diameter 
and length. The probes were purged at a flow-rate of 150 milliliters per minute. 

3.8 Site Survey 

Soil borings performed during this study were surveyed to existing and established vertical and 
horizontal data by a State of California licensed surveyor in accordance with the California State 
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Water Resources Control Board Geotracker requirements.  The survey report is provided in 
Appendix C. 

3.9 Management of Investigation Derived Waste 

Investigation-derived waste (IDW) generated during this project including soil cuttings, 
decontamination water, and purge water were stored in UN-rated, 55-gallon drums and will be 
profiled and disposed of in accordance with local, State and Federal regulations.  
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4.0 DEVELOPMENT OF SCREENING LEVELS 

This section summarizes the rationale and derivation of soil, soil vapor, and groundwater screening 
levels that were used to evaluate the Site investigation data, to identify COPCs and to determine if 
further action is warranted to evaluate potential health impacts from exposure to Site-related 
constituents. 

The following sections describe the media-specific screening criteria for soil, soil vapor, and 
groundwater data.  Screening values pursuant to the criteria defined below, are included on analytical 
data summary tables provided as Tables 4-1 through 4-7.  It should be noted that screening levels 
are not intended to be proposed cleanup goals.  As discussed in Section 8, Site-specific, risk-based 
cleanup goals will be developed for the Site and will be included in the Response Plan. 

4.1 Soil Screening Levels 

Future planned redevelopment of the Site will include light industrial/commercial buildings and 
concrete/asphalt paving across the Site, which will limit direct contact with soil for potential onsite 
receptors.  Although direct contact with soil is likely an incomplete exposure pathway for future onsite 
receptors, it was conservatively included as a potential exposure pathway.  For soil, the exposure 
point is assumed to be the area within the Site.  Current and future offsite receptors are not expected 
to have direct contact with soil at the Site.  Based on the anticipated future commercial land use, the 
following soil screening levels were used, as appropriate: 

VOCs and TPH 

Direct Contact Exposure Pathways 

In order of priority: 

 California DTSC modified screening levels (SLs) for residential and commercial/industrial soil 
(DTSC, 2016).  DTSC SLs for soil were developed for direct exposure to soil via ingestion, 
dermal contact, and inhalation exposure pathways; and 

 USEPA Regional Screening Levels (RSLs) for residential and industrial soil (USEPA, 2016).  
USEPA RSLs for soil were developed for direct exposure to soil via ingestion, dermal contact, 
and inhalation exposure pathways. 

Protection of Groundwater Exposure Pathway 

 LARWQCB SLs for soil (LARWQCB, 1996).  The Site-specific LARWQCB SLs were 
developed for the protection of groundwater, as described in Appendix D.   

PAHs and Lead 

Direct Contact Exposure Pathways 

In order of priority: 
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 California DTSC modified SLs for residential and commercial/industrial soil (DTSC, 2016).  
DTSC SLs for soil were developed for direct exposure to soil via ingestion, dermal contact, 
and inhalation exposure pathways; and 

 USEPA RSLs for residential and industrial soil (USEPA, 2016).  USEPA RSLs for soil were 
developed for direct exposure to soil via ingestion, dermal contact, and inhalation exposure 
pathways. 

Protection of Groundwater Exposure Pathway 

 California Regional Water Quality Control Board, San Francisco Bay (SFRWQCB) 
environmental screening levels (ESLs) for soil leaching to groundwater (SFRWQCB, 2016).  
The SFRWQCB ESLs for protection of groundwater were developed for potential leaching of 
chemicals from vadose-zone soil and subsequent migration to groundwater.  The 
SFRWQCB ESLs are based on a target groundwater screening levels for groundwater use 
as a nondrinking water resource (lowest of the ecological aquatic habitat SL, gross 
contamination water SL, groundwater vapor intrusion SL, and non-drinking water odor 
nuisance SL).  

4.2 Soil Vapor Screening Levels 

Future planned redevelopment of the Site will include light industrial/commercial building(s).  Current 
and future offsite receptors include commercial/industrial worker and resident receptors.  Based on 
the anticipated onsite land use and existing offsite land use, the following soil screening levels were 
used, as appropriate: 

DTSC-SLs and USEPA RSLs have been developed for indoor air, but not soil vapor.  The residential 
and commercial/industrial soil vapor SLs are based on applying a DTSC default attenuation factor to 
the lowest of DTSC and USEPA air SLs.  The resident air SLs and industrial air SLs were divided by 
DTSC default attenuation factors for new building construction of 0.001 and 0.0005, respectively 
(DTSC, 2011).  The resulting values represent the soil vapor SLs. 

In order of priority, the following air SLs were used to estimate soil vapor SLs: 

 California DTSC modified SLs for residential and commercial/industrial air (DTSC, 2016).  
DTSC SLs for residential and industrial air were developed for direct exposure to indoor air 
via the inhalation exposure pathway; and 

 USEPA RSLs for residential and industrial air (USEPA, 2016).  USEPA RSLs for air were 
developed for direct exposure to indoor air via the inhalation exposure pathway. 

4.3 Groundwater Screening Levels 

Based on the anticipated onsite land use and existing offsite land use, the following groundwater SLs 
were used, as appropriate: 

 SFRWQCB ESLs for residential and industrial groundwater vapor intrusion into indoor air 
(SFRWQCB, 2016).  The SFRWQCB ESLs for groundwater vapor intrusion were developed 
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for potential volatilization of chemicals from groundwater to indoor air and subsequent direct 
exposure to indoor air via the inhalation exposure pathway. 

For evaluation of long-term groundwater goals, the following groundwater SLs were used, as 
appropriate: 

 California maximum contaminant levels (MCLs), which are health protective drinking water 
standards to be met by public water systems; and  

 SWRCB drinking water notification levels, which are health-based advisory levels for 
nonregulated chemicals in drinking water without MCLs.  
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5.0 INVESTIGATION RESULTS  

Data collected during the Site investigation, described in Section 3, are presented in the following 
sections.    

5.1 Soil Conditions 

CPT results were generally consistent with historical CPT and logging data, which indicate the 
presence of both coarse-grained and fine-grained soil types to a maximum explored depth of 20 feet 
below mean sea level (MSL; boring AS-10). Coarser-grained fill deposits were encountered at the 
surface to a maximum depth of approximately 6 feet bgs from soil boring logs. In sharp contact with 
the fill is a fine-grained, low permeability soil that extends to an average depth of 10 feet bgs. A thick, 
coarse-grained soil is encountered in a generally gradational contact with the overlying fine-grained 
unit and extends to a depth of approximately 2 feet below MSL. A discontinuous fine-grained unit is 
encountered at approximately 2 feet below MSL and extends to a depth of 5 feet below MSL. The 
lithology below this depth to the depth explored (20 feet below MSL) consists of interbedded silty and 
sandy soils.  

Boring logs are provided in Appendix E.  Schematic geologic cross-sections, the locations of which 
are shown on Figure 5-1, are provided in Figures 5-2 and 5-3.  These cross-sections include CPT 
and logged data from this investigation. 

5.2 UVOST™ and MIP© Screening Results 

The UVOST™ and MIP© boring logs from the 2016 investigation are provided in Appendices F and 
G, respectively.  Figure 5-4 and Table 5-1 summarizes the maximum UVOST™ output observed at 
each location and the corresponding depth.  In summary, UVOST™ screening results indicated that 
elevated hydrocarbon concentrations are present in areas investigated within both the Northwest 
and Southwest Parcels. 

Within the Northwest Parcel, at locations surrounding well MW-11 (borings AN-15 through AN-18), 
UVOST™ responses were not at levels which suggest LNAPL is present, indicating that LNAPL in 
that general area is limited to the area immediately adjacent to well MW-11.  Approximately 200 feet 
to the northwest of well MW-11, UVOST™ responses suggest that a second area of LNAPL is 
present.  High UVOST™ responses (greater than 50% response relative to reference emitter [RE]) 
were observed in borings AN-9, AN-11, and AN-12.  Elevated responses within the aforementioned 
borings were detected between depths of approximately 27 feet bgs and 35 feet bgs, corresponding 
to the water table interface and capillary fringe zone.  The location and relative UVOST™ responses 
defining this potential LNAPL presence are depicted on Figure 5-4.   

Within the Southwest Parcel, UVOST™ responses indicate that LNAPL may be present in the vicinity 
of borings AS-1, AS-02, AS-03, and AS-06 (north-central portion of the Southwest Parcel).  Similar 
to the Northwest Parcel, elevated UVOST™ responses were detected at depths corresponding to 
the water table interface and capillary fringe zone (Figure 5-4).   
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UVOST™ screening at the three locations in the East Parcel did not indicate the presence of LNAPL 
at the locations investigated.  UVOST™ responses indicated an approximate 20% response in 
boring AE-02, and responses were significantly lower in borings AE-1 and AE-03 (generally less than 
1% response). 

5.3  Soil 

The purpose of the limited soil assessment conducted during this investigation was to: 1) confirm 
hydrocarbon and LNAPL impacts through visual and laboratory chemical analysis as preliminarily 
defined by the CPT-UVOST™ responses, and 2) provide chemical data to further quantify COPC 
concentrations within the subsurface.   Six soil borings were advanced within the Northwest Parcel 
(borings AN-01, AN-02, AN-03, AN-05, AN-13, and AN-20) and one boing (the pilot boring for well 
MW-20) was advanced within the Southwest Parcel.  Soil sampling was conducted within borings 
advanced within the northern portion of the Northwest Parcel (borings AN-01, AN-02, AN-03, and 
AN-05) to fill a previously defined data gap in this area.  No soil sampling was conducted within the 
East Parcel, as UVOST™ screening within the East Parcel did not indicate the presence of elevated 
hydrocarbon concentrations. 

Soil sample results are summarized in Tables 4-1 through 4-3 and depicted on Figures 5-5 through 
5-13.  Results were compared to screening levels based on direct contact to soil within a commercial 
land use scenario, as well as protection of groundwater for a non-drinking water aquifer.  Soil 
sampling results are summarized as follows. 

Northwest Parcel 

Petroleum hydrocarbons, VOCs and PAHs were detected in soil collected from the six soil borings 
from the Northwest Parcel.  Sample depths range from 5 feet bgs to 20.5 feet bgs.  With the exception 
of naphthalene, all PAHs detected were below SLs.  Lead was detected at concentrations below the 
SLs.  A summary of the results for TPH, benzene, and MtBE is provided below: 

 TPHg (C4-C12) was detected in 18 of 20 samples analyzed (including one duplicate sample) 
at concentrations that ranged from 1.5 milligrams per kilogram (mg/kg; boring AN-02 at 10 
feet bgs) to 19,000 mg/kg (boring AN-03 at 5.5 feet bgs).  Twelve soil samples, including a 
duplicate sample, exceeded the USEPA RSL for commercial land use and/or the LARWQCB 
SL for protection of groundwater at 20 feet bgs (Table 4-2). 

 TPHd (C13-C22) was detected in 18 of 19 samples analyzed at concentrations that ranged 
from 2.1 mg/kg (boring AN-01 at 20 feet bgs) to 11,490 mg/kg (boring AN-13 at 9 feet bgs). 
Six soil samples exceeded the USEPA RSL for commercial land use and/or the LARWQCB 
SL for protection of groundwater at 20 feet bgs (Table 4-1). 

 Benzene was detected in 8 of 20 samples analyzed (including one duplicate sample) at 
concentrations that ranged from 0.089 mg/kg (boring AN-02 at 6.5 feet bgs) to 8.4 mg/kg 
(boring AN-20 at 8 feet bgs). Seven soil samples exceeded the USEPA RSL for commercial 
land use and/or the LARWQCB SL for protection of groundwater at 20 feet bgs (Table 4-2). 
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 MtBE was not detected above method detection limits in any soil sample analyzed. 

Southwest Parcel 

Petroleum hydrocarbons, VOCs and PAHs were detected in soil samples collected from the one 
boring advanced within the Southwest Parcel (boring MW-20).  Sample depths ranged from 7 feet 
bgs to 19 feet bgs.  Phenanthrene and naphthalene were the only PAHs detected above method 
detection limits in soil samples analyzed from boring MW-20.  Naphthalene was the only PAH 
detected at concentrations exceeding the LARWQCB SL for protection of groundwater at 20 feet 
bgs.  Naphthalene concentrations did not exceed the USEPA RSL.  Lead was detected at 
concentrations below the SLs.  A summary of the soil sampling results for TPH, benzene, and MtBE 
is provided below: 

 TPHg (C4-C12) was detected in all 3 samples analyzed at concentrations that ranged from 
11 mg/kg (boring MW-20 at 7 feet bgs) to 600 mg/kg (boring MW-20 at 19 feet bgs). Only 
one soil sample exceeded the USEPA RSL for commercial land use.  TPHg concentrations 
did not exceed the LARWQCB SL for protection of groundwater at 20 feet bgs (Table 4-2). 

 TPHd (C13-C22) was detected in all 3 samples analyzed at concentrations that ranged from 
134 mg/kg (boring MW-20 at 7 feet bgs) to 5,040 mg/kg (boring MW-20 at 19 feet bgs). Two 
soil samples exceeded the USEPA RSL for commercial land use.  TPHd concentrations did 
not exceed the LARWQCB SL for protection of groundwater at 20 feet bgs (Table 4-1). 

 Benzene was not detected above method detection limits in any soil sample analyzed (Table 
4-2). 

 MtBE was not detected above method detection limits in any soil sample analyzed. 

East Parcel 

No soil analytical data were collected from the East Parcel during this investigation.   

5.4 Soil Vapor 

Soil vapor analytical results for VOCs are summarized in Table 4-4 and benzene concentrations are 
summarized in Figure 5-14.  Sample results were compared to DTSC SLs and USEPA RSL vapor 
intrusion screening levels within a commercial land use scenario.  Soil vapor points AN-04 and 
AN-06, contained petroleum constituents above screening levels, including benzene. Benzene 

concentrations in points AN-04 and AN-06 were 194,876 micrograms per cubic meter (μg/m3) and 

271,548 μg/m3, respectively. No constituents were detected above laboratory reporting limits in soil 

vapor collected from soil vapor points AN-07 and AN-08.   

No helium (leak check compound) was detected in any of the samples analyzed. Soil vapor helium 
results are summarized in Table 5-2.  



Site Investigation and Site Conceptual Model Report 
Former Chemoil Refinery, Signal Hill, California March 29, 2017 

 
 

2017 (02) Chemoil Investigation Report_Final  5-4 The Source Group, Inc. 
  A Division of Apex Companies, LLC. 

5.5 Groundwater 

Groundwater data obtained during Apex’s 2017 Site assessment investigation include screening 
data collected via Hydropunch®, as well as the sampling of newly installed monitoring well MW-20 
within the Southwest Parcel.  Groundwater analytical results are summarized in Tables 4-5 through 
4-7.  Groundwater, TPHg, benzene, and MtBE data are presented on Figures 5-15 through 5-17, 
which additionally incorporates the most recent (Fourth Quarter, 2016) Site-wide groundwater 
monitoring and sampling data prepared by Ami Adini & Associates, Inc. (AA&AI, 2017).  Results 
were compared to SFRWQCB groundwater vapor intrusion screening levels.  Although groundwater 
samples were analyzed for PAHs, only naphthalene is considered a potentially volatile PAH.  
Therefore, groundwater vapor intrusion screening levels were only available for VOCs and 
naphthalene. 

Northwest Parcel 

Petroleum hydrocarbons, BTEX and benzene derivatives, other VOCs (refer to Table 4-6) and PAHs 
(refer to Table 407) were detected in groundwater underlying the Northwest Parcel.  At boring 
locations in the northern portion of the Northwest Parcel (borings AN-01, AN-02, AN-03, and AN-05), 
samples were collected from one depth (first encountered groundwater).  Samples exceeded 
screening levels for at least one constituent at all locations. 

Groundwater samples were collected from borings AN-13 and AN-20 (in the highest concentration 
areas based on UVOST™ screening results) at multiple depths to provide vertical assessment of 
petroleum impacts in groundwater.  Samples were collected at 41 feet bgs and 54 feet bgs from 
boring AN-13; and 32 feet bgs, 42 feet bgs, 52 feet bgs, and 62 feet bgs from boring AN-20.  All 
locations exceeded screening levels for at least one constituent.  Although decreasing 
concentrations were observed with depth, groundwater impacts were not vertically delineated based 
on the grab groundwater samples.  

Naphthalene was detected at concentrations exceeding the groundwater vapor intrusion screening 
level for commercial land use.  A summary of the results for TPH, benzene, and MtBE in groundwater 
is provided below: 

 TPHg (C4-C12) was detected in all ten samples analyzed at concentrations ranging from 240 

microgram per liter (μg/L; boring AN-13 at 54 feet bgs) to 170,000 μg/L (boring AN-05 at 40 

feet bgs) (Table 4-6). 

 TPHd (C13-C22) was detected in all ten samples analyzed at concentrations that ranged 

from 1,273 μg/L (boring AN-20 at 62 feet bgs) to 1,026,000 μg/L (boring AN-02 at 38 feet 

bgs) (Table 4-5). 

 Benzene was detected in 9 of 10 samples analyzed at concentrations ranging from 10 μg/L 

(boring AN-13 at 54 feet bgs) to 6,300 μg/L (boring AN-20 at 42 feet bgs).  Eight groundwater 

samples exceeded the groundwater vapor intrusion screening level for commercial land use. 
(Table 4-5).  
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 MtBE was not detected in any groundwater sample analyzed. 

Southwest Parcel 

As discussed previously, well MW-20 was installed to the west of UVOST™ boring AS-03, in an area 
suspected for LNAPL.  Monitoring well MW-20 was sampled on January 18, 2017.  No LNAPL was 
present within the well at the time of the initial sampling event.  Naphthalene was not detected at 
concentrations exceeding the groundwater vapor intrusion screening level for commercial land use.  

Dissolved-phase TPHg (C4-C12) was detected in groundwater at a concentration of 360 μg/L, and 

dissolved phase TPHd (C13-C22) was detected at a concentration of 7,050 μg/L.  Benzene was not 

detected above laboratory detection limits.  Analytical results are summarized on Tables 4-5 through 
4-7. 

Offsite (West of Gundry Avenue) 

One boring (AO-01) was advanced offsite in Gundry Avenue to better delineate the western extent 
of the dissolved-phase benzene in groundwater. Samples were collected from first-encountered 
water at 34 feet bgs, 44 feet bgs, and 60 feet bgs to further define the vertical distribution of petroleum 
constituents in groundwater. Analytical results are included in Tables 4-5 through 4-7.  Benzene, 
ethylbenzene, and naphthalene were detected at concentrations exceeding the groundwater vapor 
intrusion screening levels for residential land use. 

A summary of the results for TPH, benzene, and MtBE are provided below: 

 TPHg (C4-C12) was detected in all three samples at concentrations ranging from 920 μg/L 

at 60 feet bgs to 32,000 μg/L at 34 feet bgs. 

 TPHd (C13-C22) was detected in all three samples at concentrations ranging from 1,800 

μg/L at 44 feet bgs to 3,800 μg/L at 34 feet bgs. 

 Benzene was only detected in one sample at a concentration of 1.4 μg/L at 60 feet bgs. 

 MtBE was not detected in any groundwater sample analyzed. 

East Parcel 

No groundwater analytical data were collected from the East Parcel during this investigation. 

5.6 MtBE Discussion 

MtBE has historically been detected in groundwater west and southwest of the West Parcel.  As 
documented in prior reports, data suggest an offsite source situated west or northwest of the Site, 
with migration toward the east and beneath the Site.  Data collected during the Site investigation 
provide further evidence that the Site is not a source of MtBE based on the following: 

 A file review was conducted at the Los Angeles County Fire Department.  Based on available 
records, there is no indication that MtBE was ever stored or used at the Site or part of former 
refinery operations.  Copies of the available materials are provided in Appendix H. 
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 At least 60 soil samples have been collected from the Site and analyzed for MtBE.  None of 
the samples contained detectable levels of MtBE (Table 4-2). 

 None of the onsite groundwater samples collected from the Site during this investigation 
contained detections of MtBE.  Figure 5-17 shows the concentration of MtBE in groundwater 
during Quarter 4, 2016.  Based on this data, the MtBE in groundwater originates from an 
offsite source and is not associated with operations at the Former Chemoil Refinery. 

5.7 LNAPL Bail-Down Test and Sampling 

LNAPL bail-down testing was performed to assess the volume of LNAPL present beneath the Site 
and to assist with the quantification of LNAPL transmissivity.  Bail-down testing data from well MW-11 
are shown on Table 5-3 and plotted on Figure 5-18.  On the date of testing (January 18, 2017), 
approximately 1.60 feet of LNAPL was gauged in well MW-11.  As shown on Graph 1, the estimated 
LNAPL thickness in the formation was approximately 0.18 feet.  The data collected during the 
bail-down test from well MW-11 were applied to the three observed/suspect LNAPL areas (vicinity 
of well MW-11 and borings AN-13 and AS-03) to calculate a total LNAPL estimated volume.  Based 
on similar UVOST™ responses in the three LNAPL areas, LNAPL in the other two areas, if present, 
is also inferred to be relatively thin.    

Using the areas of observed or suspected LNAPL (Figure 5-15), the estimated LNAPL thickness 
from the bail-down testing (0.18 feet), and assuming a 30% porosity, the estimated LNAPL volume 
beneath the Site is approximately 5,958 gallons.  This estimation will be recalculated during 
implementation of the Response Plan, when monitoring wells are installed in the vicinity of borings 
AN-11 and AS-03 and the LNAPL thickness in those two areas can be verified. 

As shown on Table 5-3, the rate of liquid phase hydrocarbon (LPH) recovery into the well MW-11 
well casing during bail-down testing was slow, averaging approximately 0.12 gallons per day 
(average recovery throughout testing) with 100% LNAPL recovery into well MW-11 estimated at 
slightly more than one (1) week.  Based on the bail-down testing results, and the petrophysical 
laboratory analysis results of LNAPL from well MW-11, LNAPL conductivity and transmissivity in well 
MW-11 are estimated at approximately 0.79 feet/day and 0.14 feet2/day, respectively.  The 
transmissivity of LNAPL in the vicinity of borings AN-11 and AS-03 is expected to be similar or lower 
than the transmissivity of LNAPL observed at well MW-11.  As further detailed in the following 
section, laboratory data of the LNAPL sample collected from boring AN-11 indicated that it has a 
slightly higher specific gravity and viscosity.  The UVOST™ log from boring AS-03 had a multi-
wavelength fingerprint consistent with that of a heavier or more weathered petroleum product 
(indicated by the orange/yellow color of the UVOST™ log) compared to the logs from the Northwest 
Parcel in the vicinity of well MW-11 and boring AN-11.   

Based on the estimated LNAPL thickness in the formation, the LNAPL petrophysical analysis results, 
and the apparent slow LNAPL recharge rate into wells, Apex-SGI anticipates that passive LNAPL 
skimmers will be the most feasible LNAPL remedial method for this Site. 
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5.7.1 Physical Properties Analysis of LNAPL and LNAPL Affected Soil 

Two LNAPL samples and one LNAPL-affected soil sample were collected and submitted to PTS 
Laboratories for physical properties analysis.  LNAPL samples were collected from monitoring well 
MW-11 using a bailer and from soil boring AN-13 using a Hydropunch® sampler.  In addition, a soil 
sample from boring AN-13 was retained from the soil interval where LNAPL was encountered 
(approximately 27 feet bgs). 

Table 5-4 summarizes the results of the physical property data for soil collected from boring AN-13.  
Total porosity within the sample interval was measured between 40% and 47%, with a total pore fluid 
saturation between 20.8% and 54.3%.   

Table 5-5 summarizes the results of the physical property data for LNAPL samples collected from 
well MW-11 and boring AN-13.  The measured specific gravity of the two LNAPL samples collected 
from well MW-11 and boring AN-13 were 0.8185 and 0.8492 (at 70 degrees Fahrenheit), 
respectively, which correspond to API gravity of 41.5 and 35.0.  The range of API gravity is consistent 
with a mixture of light-to mid-range products, similar to the naphtha, kerosene, and gas-oil mixture, 
previously reported to occur beneath the Site.
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6.0 IDENTIFICATION OF COPCS 

Based on a comparison of the screening criteria (Section 4) with Site data, the most toxic, persistent, 
and prevalent site-related chemicals detected at the Site can be identified.  In this way, the 
environmental assessment can focus solely on those chemicals that are expected to account for the 
majority of estimated health impacts at the Site.  These identified chemicals in soil, soil vapor, and 
groundwater are known as COPCs.   This section identifies COPCs at the Site based on Site 
investigation data presented in Section 5. 

6.1 Soil 

The concentrations of the following constituents exceeded the lowest available soil SL; therefore, it 
was retained as a COPC: 

Sampling Unit (SU) Commercial/Industrial 
Exposure Scenario 

Direct Contact Exposure Pathways 

Soil (Surface to 10 feet bgs) TPH (C6-C12) 

TPH (C13-C22) 

TPHg 

Ethylbenzene 

Naphthalene 

Protection of Groundwater Exposure Pathway (Groundwater at 20 feet bgs) 

Soil (Surface to 10 feet bgs) TPH (C6-C12) 

TPH (C13-C22) 

TPHg 

Benzene 

Naphthalene 

1,3,5-Trimethylbenzene 

1,2,4-Trimethylbenzene 

Total Xylenes 

Soil (10 to 20 feet bgs) TPH (C6-C12) 

TPHg 

Benzene 

Naphthalene 

 

6.2 Soil Vapor 

The concentrations of the following constituents exceeded the lowest available soil vapor SL; 
therefore, they were retained as COPCs.  Note that as mentioned previously, COPCs were derived 
for the Site using data collected during the Site investigation activities.  However, in order to develop 
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soil vapor COPCs for the residential area downgradient from the Site, Apex-SGI has reviewed prior 
soil vapor data collected from the downgradient residential area (Geosyntec, 2012) and results are 
included in the table below for the residential exposure scenario.  A copy of soil vapor data tables 
and figures showing sampling locations are provided in Appendix I. 

Sampling Unit 
(SU) 

Commercial/Industrial 
Exposure Scenario 

Residential Exposure 
Scenario 

Vapor Intrusion into Indoor Air Exposure Pathway  

Soil Vapor Benzene 

Ethylbenzene 

Xylenes 

1,2,4-Trimethylbenzene 

 

Chloroform 

Ethylbenzene 

6.3 Groundwater 

The concentrations of the following constituents exceeded the lowest available groundwater SL; 
therefore, they were retained as a COPC: 

Sampling Unit (SU) Residential 
Exposure Scenario 

Commercial/Industrial 
Exposure Scenario 

Vapor Intrusion into Indoor Air Exposure Pathway 

Groundwater Benzene 

1,2-Dichloroethane 

cis-1,2-Dichloroethene 

Ethylbenzene 

Naphthalene 

Tetrachloroethylene 

 

Benzene 

Ethylbenzene 

Naphthalene 

 

Considering long-term groundwater goals, the concentrations of the following constituents exceeded 
the California MCL or State Water Resource Control Board (SWRCB) drinking water notification 
level. 

Sampling Unit (SU) Maximum Contaminant 
Level (MCL) 

Notification 
Level 

Groundwater Benzene 

1,2-Dichloroethane 

cis-1,2-Dichloroethene 

Ethylbenzene 

Tetrachloroethylene 

 

tert-Butyl Alcohol 

sec-Butylbenzene 

n-Butylbenzene 

Naphthalene 

n-Propylbenzene 

1,2,4-Trimethylbenzene 
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7.0 CONCEPTUAL SITE MODEL 

A CSM is a representation of the characteristic of the Site to demonstrate the possible and confirmed 
relationship(s) between the source(s) of contamination, pathways, and receptors.  The objectives of 
the CSM are to: 

 Convey an understanding of the origin, nature, and extent of contamination; 

 To identify potential contaminant fate-and-transport processes and pathways; 

 To identify potential human and environmental receptors that may be impacted by 
contamination associated with the Site; and  

 To frame the evaluation of risk to human health, safety, and the environment posed by 
releases from the Site.  

As defined by the U.S. Environmental Protection Agency (USEPA, 1989), all of the following four 
components are necessary for a chemical exposure pathway to be considered complete and for 
chemical exposure to occur: 

 A chemical source and a mechanism of chemical release to the environment; 

 An environmental transport medium (e.g., soil) for the released chemical; 

 A point of contact between the contaminated medium and the receptor (i.e., the exposure 
point); and  

 An exposure route (e.g., dermal contact with chemically-impacted soils) at the exposure 
point. 

The following sections describe these components and provide a basis for the CSM.  This will be 
used to develop the Response Plan for the Site.  Information is outlined schematically on Figure 7-1. 

7.1 Potential Source Evaluation 

The sources of potential contamination at a Site are related to exposure setting (Site characteristics 
and past and current Site operations) and land and groundwater uses at the Site and surrounding 
area.  Environmental impacts beneath the Site are a result of the Site’s prior use as an oil refinery 
from 1922 until 1997.  Former operations included above ground storage tanks, truck loading racks, 
boilers, heating units, sumps, a cooling tower, and support structures including a warehouse, 
laboratory, and maintenance facilities.  Currently the Site is vacant, and does not contain any above 
ground storage tanks or known underground storage tanks. 

The primary sources for potential contamination at the Site are related to former Site operations as 
a refinery and subsequent releases to onsite soil.  Following a release to soil, secondary sources 
may include fugitive dust, soil vapor, ambient air, and groundwater. 
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7.2 Exposure Setting and Land Use 

The Site is approximately 8.2-acres in size and was formerly occupied by refinery operations.  Land 
use in the vicinity of the Site includes commercial, office, and light industrial development to the north, 
light industrial development to the west, east and south of the Site, and a former railroad corridor to 
the south, with residential properties located south and west of the former railway corridor.  There 
are five schools located within ¼-mile of the Site.  Signal Hill Elementary School is located upgradient 
and north of the Site.  Alvarado Elementary School and Jessie Elwin Nelson Academy Middle School 
are located crossgradient and east of the Site.  Mary Butler Middle School and Renaissance High 
School for the Arts are located downgradient and south of the Site. There are two day care centers 
located within a ½-mile of the Site, Central Child Development Center to the west and LBCC Children 
Development Center to the south.  No known hospitals are located within a ½-mile of the Site.  There 
are no known active public water supply wells located within a mile radius of the Site.  Groundwater 
quality within the Site vicinity is generally poor due to seawater intrusion and elevated salinity.  Los 
Angeles County Department of Public Works (LADPW) maintains a well located approximately 850 
feet south of the Site (LADPW Well 420); however, based on personal communication with the 
LADPW, this well is used only for groundwater monitoring purposes.  The nearest surface water 
body to the Site is the Los Angeles River, which is located 1.9 miles west of the Site.   

Currently the Site is vacant, and all former refinery and supporting structures have been removed 
from the Site.  In the future, the Site will be redeveloped for light industrial/commercial land use.  
Future remedies for the Site will include engineering controls to mitigate vapor intrusion into office 
space and stormwater runoff into offsite areas.  A land use covenant (LUC) or deed restriction for 
the Site will restrict future land use to commercial/industrial.  

A brief summary of Site characteristics is provided in the following sections.  Section 2 provides more 
detailed Site description and background information.   

7.3 Geologic and Hydrogeologic Conditions 

The Site consists of unconsolidated sequences of silt and fine to coarse grained sand.  Coarse-
grained soils consist of sand (SP and SW) and silty sand (SM); whereas, subordinate fine-grained 
soils consist of silt (ML and MH) and to a lesser degree clay (CL) (this report; TEC, 2011). The 
majority of the Site is capped with a coarse-grained fill that ranges in thickness from less than 0.5 
foot to greater than 5 feet thick in places.  

Due to Site topography, the difference between depth to water measurements in existing monitoring 
wells is approximately 30 feet.  Depth to water in the northern portions of the Site is approximately 
43 feet bgs (well MW-3), whereas depth to water in the southern portions of the Site is measured at 
approximately 15 feet bgs (well MW-14).  Groundwater flow beneath the Site was generally toward 
the south-southeast.  The hydraulic gradient calculated based on Second Quarter 2016 groundwater 
gauging data was 0.0013 feet/foot (AA&AI, 2016b). 
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7.4 Selection of Chemicals of Potential Concern 

The compounds observed in soil beneath the Site are typical of those found at petroleum refining 
facilities and include petroleum hydrocarbons and VOCs, including BTEX and benzene derivatives.  
COPCs identified for the Site are detailed in Section 6. 

7.5 Distribution of COPCs 

7.5.1 Soil 

Soil data collected to date indicate that COPCs are present in soil throughout the vadose zone in the 
Northwest and Southwest Parcels and in a relatively small portion of the East Parcel.  A discussion 
of the interpreted exceedance area in soil for each parcel is presented below and shown on Figure 
7-2. 

Total Petroleum Hydrocarbons in the gasoline, diesel, and oil range as well as VOCs have been 
identified as COPCs in vadose soil for the subject property.  VOCs detected include aromatic - 
benzene derivative compounds, typical of petroleum refining facilities.  Of note, fuel oxygenates, 
including MtBE and TBA, have not been historically detected in significant concentrations in Site soil, 
and are not considered COPCs for the Site.  Soil analytical data collected during this investigation 
supplement and support the historical soil database for the Site, which confirms the presence of 
petroleum related constituents in subsurface soil within a significant portion of the Northwest and 
Southwest Parcels.  Soil sampling conducted during this investigation within the northern area of the 
Northwest Parcel (previously recognized as a data gap area) identified elevated concentrations 
(above soil screening levels) of petroleum hydrocarbon constituents, ranging from light to heavy end, 
in the upper five to ten feet of soil. 

TPHg (C4-C12) and TPHd (C13-C22) range are present above screening levels in soil within a 
significant portion of the Northwest Parcel and Southwest Parcel.  Typical of sites where releases 
originated from the surface, elevated hydrocarbon concentrations in vadose zone have been 
detected throughout the vertical soil column to groundwater in some areas of the Site and have been 
shown to attenuate with depth within other areas of the Site.   

Hydrocarbon impact to near surface soils (surface to 5 feet bgs) appears to occur throughout the 
Site, including the previously un-assessed northern portion of the Northwest Parcel.  Hydrocarbon 
fractions in this near surface soil (much of which is fill) ranges from light end (gasoline range) to 
heavy end (oil range).  Field screening of soil with a photo-ionization detector conducted during the 
current Site assessment activities, indicated significant areas of the Site where elevated VOCs are 
present within near surface and underlying soil.  Upon redevelopment of the Site, excavation or 
grading activities will likely require a soil management plan be prepared and implemented.  

Current and historic Site data indicate that volatile hydrocarbon constituents (i.e., VOCs) occur in 
vadose zone soil at concentrations above screening levels across both the Northwest and Southwest 
Parcels.  These constituents represent the most mobile COPCs for the Site and are also considered 
the primary risk drivers for future Site occupants and protection of groundwater.  Lithologic data have 
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identified a fine-grained, low permeability soil horizon that extends to an average depth of 10 feet 
bgs across the Site, which is underlain by coarser-grained sediments, including sand and silty sand.  
Based on this Site lithology and the significant presence of VOCs within vadose zone soils, soil vapor 
extraction (SVE) is a suitable remedial technology for the reduction of VOCs within the vadose zone. 

7.5.2 Soil Vapor  

Soil vapor data have been collected from on and offsite locations during investigations in 2006 
(Tetra Tech), 2012 (Geosyntec), and 2016 (Apex-SGI).  Data indicated that with the exception of a 
few isolated locations, COPC detections above applicable screening levels are limited to onsite. 
Figure 5-14 presents the benzene concentration in soil vapor samples at 5 feet bgs.  Benzene 
concentrations are highest in the Northwest Parcel and generally exceed the SLs for 
commercial/industrial land use (840 µg/m3).  Soil vapor collected from offsite locations collected 
during prior studies (Appendix I) reported benzene concentrations that were below the residential 
land use SL of 97 µg/m3.  As mentioned previously in Section 6, offsite soil vapor concentrations 
exceeded SLs for chloroform and ethylbenzene; however, these concentrations were isolated to two 
locations and are not expected to be remedial drivers for the Site. 

It is expected that remediation or mitigation of soil vapor will be required prior to Site redevelopment. 

7.5.3 Groundwater 

Groundwater data collected to date indicate that TPHg, TPH in the C13 to C22 carbon range (similar 
carbon range to TPH as diesel), BTEX, and naphthalene are generally the COPCs detected in the 
highest concentration in groundwater at the Site, which is consistent with its historical use a 
petroleum refinery.  As shown on Figure 5-15 and Figure 5-16, TPHg and benzene were generally 
detected at the highest concentrations in the Northwest Parcel (up to 170,000 µg/L and 6,960 µg/L, 
respectively) with lower concentrations of TPHg detected in groundwater samples collected from the 
Southwest Parcel.  Two localized areas of observed LNAPL and one suspected area of LNAPL are 
present as further discussed in Section 7.5.4 below. 

Grab groundwater samples collected at multiple depths in the Northwest Parcel indicate that the 
highest concentration of petroleum compounds are generally found in shallow groundwater samples 
with lower concentrations found in deeper samples.  The concentrations found in deeper samples 
appear to be due to diffusion from upper, higher-concentration areas.  However, the vertical extent 
of petroleum-impacted groundwater has not been defined.  As discussed in Section 8, additional 
grab groundwater samples will be collected to define the vertical extent of impacted groundwater at 
the Site prior to submission of the Response Plan.    

Petroleum constituents were not detected in groundwater underlying the East Parcel at 
concentrations above SLs. 

MtBE was primarily detected in groundwater samples collected offsite west of Gundry Avenue.  The 
lack of MtBE detections in groundwater samples collected onsite coupled with the highest 
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concentration of MtBE detected in an offsite well located west and hydrologically cross-gradient of 
the Site (well MW-17) suggests that an offsite source of MtBE is present.   

7.5.4 Nature and Extent of LNAPL 

Site investigation activities have defined two areas of the Site where LNAPL is present in the 
subsurface, and one area where LNAPL is suspected to be present.   

Historically (mid to late 1980’s), LNAPL presence was reported to occur at the Site in three separate 
and localized areas (TEC, 2001).  LNAPL was reportedly encountered within two locations in the 
Northwest Parcel and at a third location within the southern portion of the Southwest Parcel.  The 
two LNAPL areas previously defined within the Northwest Parcel coincide with the two locations of 
LNAPL occurrence, as defined by the current investigation.  The LNAPL presence identified through 
UVOST™ screening during this investigation within the Southwest Parcel, does not appear to have 
been previously identified within past environmental investigations. 

The two areas of documented LNAPL occurrence within the Northwest Parcel are defined for the 
purpose of this investigation as the eastern LNAPL area and the western LNAPL area.  These two 
areas generally coincide with the two areas where LNAPL was present historically (mid to late 
1980’s) and where product recovery wells R-4 and R-5 were previously located.  The eastern LNAPL 
area within the Northwest Parcel is documented by the continued presence of LNAPL within 
groundwater monitoring well MW-11 (Figure 5-15).  Prior to bail-down testing conducted in January 
2017, an LNAPL thickness of approximately 1.6 feet was present within well MW-11.  The western 
LNAPL area was inferred from high UVOST™ responses (greater than 50% of the response for the 
Reference Solution) in borings AN-09, AN-11, and AN-12, and confirmed through the collection of 
an LNAPL sample within boring AN-13.  Elevated UVOST™ responses generally coincided with 
current groundwater elevations, and based on follow-on soil sampling are interpreted as potentially 
representing LNAPL at the water table interface.  The potential lateral extent of LNAPL estimated in 
the two Northwest Parcel occurrences is depicted in Figure 5-15. 

Historically, the LNAPL in the two above-referenced Northwest Parcel locations was characterized 
as a combination of naphtha, kerosene, and gas-oil, with an API gravity ranging between 44.9 and 
47.3 (TEC, 2011).  The measured specific gravity of the two LNAPL samples collected during this 
investigation (from well MW-11 and boring AN-13) were 0.8185 and 0.8492, respectively, which 
corresponds to an API gravity of 41.5 and 35 (similar to the light- to mid-range products encountered 
historically beneath the Northwest Parcel).  

A third LNAPL presence is inferred in the northern portion of the Southwest Parcel, based upon 
elevated UVOST™ responses in borings AS-01, AS-02, AS-03 and AS-06.  This potential LNAPL 
presence is located north of the LNAPL area identified in the mid to late 1980s (location of former 
recovery well R-6), at the southern boundary of the Southwest Parcel.  Historically, LNAPL within the 
southern portion of Southwest Parcel was characterized as heavy crude oil or lubricating oil.  An 
LNAPL sample from the recently defined northern LNAPL area has not been collected, and the 
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character of the LNAPL has not been defined.  The estimated extent of LNAPL within the northern 
portion of the Southwest Parcel is depicted in Figure 5-15.  

Using the areas of observed or suspected LNAPL at the Site from monitoring wells and/or UVOST 
data (Figure 5-15, the estimated LNAPL thickness from the bail-down testing (0.18 feet), and 
assuming a 30% formation porosity, the estimated LNAPL volume beneath the Site is approximately 
5,958 gallons. 

The rate of LPH recovery into the MW-11 well casing during bail-down testing was slow, averaging 
approximately 0.12 gallons per day (average recovery throughout testing) with 100% LNAPL 
recovery into well MW-11 estimated at slightly more than one (1) week.  LNAPL accumulation at the 
water table interface is inferred to be relatively thin (0.18 foot to 0.5 foot in thickness).  Due to the 
relatively thin accumulations as well as the apparent slow LNAPL recharge rates, passive methods 
of LNAPL recovery, such as passive skimmers, will likely be the most feasible LNAPL remedial 
method for this Site. 

7.6 Chemical Release Mechanisms and Identification of Transport Media 

In this section, chemical properties of the COPCs and the physical characteristics of the Site were 
reviewed to identify the factors that might allow the release of a chemical to the environment, and 
transport to or through soil, soil vapor, and groundwater. 

Future planned redevelopment of the Site will include commercial building(s) and concrete/asphalt 
paving across the Site, which will limit direct contact with soil for potential onsite receptors.  Although 
direct contact with soil is likely an incomplete exposure pathway for future onsite receptors, it was 
conservatively included as a potential exposure pathway.  Further release of chemicals can 
potentially occur through volatilization, wind and/or mechanical erosion (i.e., during construction), 
migration of chemicals into the groundwater, lateral migration of chemicals in groundwater, or 
migration of chemicals via stormwater runoff.  These types of releases may result in chemical vapor 
or dust (with sorbed chemicals) emissions in air, or the movement of chemicals downward into 
groundwater with infiltrating rain water (i.e., leaching from soil) or stormwater runoff into surface water 
and sediment.  These potential release mechanisms are discussed in more detail below. 

7.6.1 Volatilization of Chemical Vapors 

Some of the chemicals detected at the Site are VOCs.  These chemicals typically have a low organic-
carbon partition coefficient (Koc), a low molecular weight, and a high Henry’s Law constant, indicating 
that these chemicals may volatilize.  Therefore, volatilization of VOCs was considered a potential 
release mechanism for COPCs. 

7.6.2 Emission of Fugitive Dust 

Some chemicals (e.g., metals in soil) adsorb readily to dust particles.  Chemicals adsorbed to soil 
particles can be blown into the air by wind and/or mechanical erosion.  This is referred to as fugitive 
dust.  The predominant Site-related contaminants include VOCs, which typically volatilize.  
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Therefore, exposure to chemicals in soil via fugitive dust emissions was not considered a significant 
release mechanism for COPCs. 

7.6.3 Leaching 

The potential for chemicals to leach from soil depends on the physical and chemical properties of 
the chemicals, soil type, pH (for metals), and other site-specific conditions.  For example, chemicals 
with high water solubilities tend to leach more readily than chemicals with lower solubilities.  In 
addition, a chemical’s Koc is important for assessing the degree of chemical sorption to soil particles; 
chemicals with a high sorption potential do not tend to leach as readily (i.e., metals).  Site-specific 
conditions are also important for assessing whether leaching may occur, such as soil type (leaching 
occurs more readily in sandy soils than in clayey or silty soils), amount of rainfall, gradient, etc.   

The evaluation of chemical concentrations in soil for groundwater protection (soil leaching) is 
designed to address the potential leaching of chemicals from vadose zone soils and their subsequent 
impact on groundwater.  Leaching potential of COPCs from vadose zone soil into groundwater may 
be a potential chemical release mechanism.   

7.6.4 Lateral Migration of Groundwater into Offsite Areas 

The surrounding offsite area includes industrial and residential land use.  Groundwater flow at the 
Site is generally to the south-southeast with a low horizontal hydraulic gradient.  Due to the 
approximate depth to first encountered groundwater of 15 feet bgs in the southern portion of the Site 
to 43 feet bgs in the northern portion of the Site, hypothetical receptors in offsite areas are not 
expected to have direct contact with groundwater.  However, any Site-related contaminants in 
groundwater may migrate offsite and potentially impact indoor air via vapor intrusion.  Potential vapor 
intrusion exposure pathways from contaminants in the subsurface (soil, soil vapor, and groundwater) 
are generally evaluated using soil vapor data.  During previous Site investigations, soil vapor samples 
were collected along the southern downgradient boundaries of the Site and in the offsite areas.  
Therefore, exposure to chemicals in soil vapor via lateral migration into offsite areas was considered 
a potential release mechanism for COPCs. 

In 2010, an evaluation of soil vapor intrusion was completed related to the assessment of human 
health risk due to indoor inhalation of vapors migrating from the subsurface into residences located 
south of the Site.  Results of the study indicated that potential soil vapor intrusion is not likely to be a 
concern for current residents south of the property boundary (Exponent, 2010).   Office of 
Environmental Health Hazard Assessment (OEHHA) generally concurred with this conclusion in a 
letter dated January 21, 2011, pending the collection of additional samples.  An offsite soil gas 
investigation was conducted in 2012 and results were incorporated into a second updated vapor 
intrusion evaluation.  The updated evaluation was documented in a letter dated October 8, 2012 
(ToxStrategies, 2012) and concluded that “potential soil vapor intrusion is not likely to be of concern 
for current offsite residents south or southwest of the former Chemoil Refinery property under the 
conditions evaluated”. 
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7.6.5 Stormwater Runoff 

Stormwater runoff from areas of contaminated soil has the potential to transport contaminants bound 
to soil particles.  There are no known surface water bodies within a ½-mile of the Site.  Future 
redevelopment plans include commercial building(s) and concrete/asphalt paving across the Site, 
and will include engineering controls related to stormwater runoff from the Site.  The potential 
chemical release via stormwater runoff is not identified as a significant chemical release mechanism.   

7.7 Potential Human Receptors 

The third component necessary for an exposure pathway to be complete is identification of potential 
receptors at the Site.  The following hypothetical human receptors were identified on the basis of 
proximity to the Site, proposed activities that could possibly result in direct or indirect contact with 
Site-related chemicals, and anticipated Site use.  

 Future Onsite Construction/Utility Trench Worker Receptor; 

 Future Onsite Commercial/Industrial Worker Receptor;  

 Current/Future Offsite Commercial/Industrial Worker Receptor; and 

 Current/Future Offsite Resident Receptor. 

7.8 Potential Exposure Points 

The other portion of the third component necessary for an exposure pathway to be complete is a 
point of contact between the contaminated medium and the receptor (i.e., the exposure point).  For 
the purposes of this CSM, it is assumed that access to the Site is unrestricted and that onsite 
receptors may be exposed directly to contaminated soil and indirectly to soil vapor and groundwater.  
During redevelopment of the Site, outdoor construction/utility trench worker receptors may be directly 
exposed to soil.  Future planned redevelopment of the Site will include commercial building(s) and 
concrete/asphalt paving across the Site, which will limit direct contact with soil for potential onsite 
receptors.  For soil, the exposure point is assumed to be the area within the Site boundaries.   

In general, any hypothetical onsite construction worker receptor will be performing activities 
consistent with an SMP and a Site-specific HASP.  The HASP will require the use of proper personal 
protective equipment (PPE) and the best management practices (BMPs) will require dewatering to 
preclude any direct contact with groundwater for workers at the Site.  With depth to groundwater 
ranging from 15 feet bgs in the southern portion of the Site to 43 feet bgs in the northern portion of 
the Site, direct contact with groundwater for onsite workers was not considered further.   

Volatile compounds can be released from the subsurface into outdoor and indoor air resulting in an 
indirect exposure to contaminants in soil, soil vapor, and groundwater.  Inhalation of VOCs in outdoor 
air is generally negligible due to dispersion in ambient air.  For the volatilization pathway into indoor 
air, exposure to subsurface contamination is best characterized through the collection of soil vapor 
or groundwater samples.  For onsite and offsite receptors, the exposure point for vapor intrusion into 
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indoor air is assumed to be the soil vapor or groundwater beneath areas occupied by onsite 
commercial buildings or offsite residences. 

7.9 Exposure Pathways Considered Potentially Complete and Significant 

The fourth and final component, a complete exposure pathway (i.e., route of exposure) is discussed 
in combination with the third component (i.e., presence of receptors at an exposure point) to define 
those exposure pathways considered to be complete and significant.  The following sections 
summarize those pathways considered complete and significant for each receptor.  This information 
is summarized schematically on Figure 7-1. 

7.9.1 Hypothetical Future Onsite Construction/Utility Trench Worker Receptor 

The hypothetical onsite construction/utility trench worker receptor is included in this CSM in the event 
any construction or redevelopment occurs at the Site.  This receptor is expected to be a short-term 
outdoor worker (i.e., 2 weeks to 7 years [USEPA, 1989]) that spends 250 days per year performing 
construction projects at the Site.  The exposure duration for this receptor is one year.  This receptor 
spends the workday outdoors performing construction-related tasks.  This receptor is expected to 
encounter both surface and subsurface soils down to a depth of 10 feet bgs and has a very high soil 
ingestion rate of 330 milligrams per day (mg/day).  Inhalation of chemical vapors while indoors was 
not considered a complete and significant exposure pathway because this receptor is not expected 
to be working inside buildings.  The exposure pathways assumed to be complete and significant for 
the hypothetical onsite construction/utility trench worker receptor are: 

 Incidental ingestion of soil; 

 Dermal contact with soil; and 

 Inhalation of vapors in outdoor air. 

7.9.2 Hypothetical Future Onsite Commercial/Industrial Worker Receptor 

The hypothetical onsite commercial/industrial worker receptor is included in this CSM based on 
expected future land use.  This receptor is a long-term receptor (i.e., greater than 7 years [USEPA, 
1989]).  This receptor is a full-time employee that is assumed to spend 250 days per year at work for 
25 years.  This receptor spends the workday (8 hours per day) conducting activities indoors and 
outdoors.  Although inhalation of vapors in outdoor air may be complete, outdoor air concentrations 
are typically lower than indoor air concentrations due to dispersion; such relatively minor exposures 
are subsumed by the assumption that all exposure is from indoor air.  The Site is expected to be 
capped by a building and concrete/asphalt paving, which would significantly limit any direct contact 
with soil.  The exposure pathways assumed to be complete and significant for the hypothetical onsite 
commercial/industrial worker receptor are: 

 Incidental ingestion of soil; 

 Dermal contact with soil; and 



Site Investigation and Site Conceptual Model Report 
Former Chemoil Refinery, Signal Hill, California March 29, 2017 

 
 

2017 (02) Chemoil Investigation Report_Final 7-10 The Source Group, Inc. 
  A Division of Apex Companies, LLC. 

 Inhalation of vapors in indoor air. 

7.9.3 Hypothetical Current/Future Offsite Commercial/Industrial Worker Receptor 

The hypothetical offsite commercial/industrial worker receptor is included in this CSM based on 
current and expected offsite land use.  This receptor is a long-term receptor (i.e., greater than 7 years 
[USEPA, 1989]).  This receptor is a full-time employee that is assumed to spend 250 days per year 
at work for 25 years.  This receptor spends the workday (8 hours per day) conducting activities 
indoors and outdoors.  Although inhalation of vapors in outdoor air may be complete, it is a relatively 
minor exposure due to significant dispersion in outdoor air that is subsumed by the assumption that 
all exposure is from indoor air.  Since this receptor is located offsite, this receptor will not have direct 
contact with the Site and will only be potentially exposed to vapor intrusion impacts from subsurface 
sources (e.g., soil vapor and groundwater).  The exposure pathway assumed to be complete and 
significant for the hypothetical offsite commercial/industrial worker receptor is: 

 Inhalation of vapors in indoor air. 

7.9.4 Hypothetical Current/Future Offsite Resident Receptor 

The hypothetical offsite resident receptor is included in this CSM based on current and expected 
offsite land use.  This receptor is expected to be a long-term resident that lives offsite.  This receptor 
is assumed to spend 350 days per year as a resident for a period of 26 years (as both a child [6 years] 
and an adult [20 years]).  Potential exposures for this receptor are expected to occur both outdoors 
and indoors.  Although inhalation of vapors in outdoor air may be complete, it is a relatively minor 
exposure due to significant dispersion in outdoor air that is subsumed by the assumption that all 
exposure is from indoor air.  Since this receptor is located offsite, this receptor will only be potentially 
exposed to vapor intrusion impacts from subsurface sources (e.g., soil vapor and groundwater).  The 
exposure pathway assumed to be complete and significant for the hypothetical offsite resident 
receptor is: 

 Inhalation of vapors in indoor air. 

Groundwater quality within the Site vicinity is generally poor due to seawater intrusion and elevated 
salinity.  Shallow groundwater is not currently used and is not likely to be developed for beneficial 
use.  Risk management measures can be implemented to ensure that groundwater is not used.  
Therefore, domestic use of groundwater was not considered a complete exposure pathway. 
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8.0 CONCEPTUAL REMEDIAL APPROACH 

Based on the results of the information herein, remedial actions are warranted in groundwater, soil, 
and soil vapor prior to redevelopment of the Site.  A Response Plan will be prepared to provide 
rationale and detail a proposed remedial approach to mitigate Site risk to levels acceptable for the 
proposed Site redevelopment plan.  The paragraphs below provide the remedial action objectives 
(RAOs) and a conceptual remedial approach which is expected to be included in the upcoming 
Response Plan. 

8.1 Remedial Action Objectives 

The preliminary conceptual remedial approach has been developed considering the RAOs, which 
take into account exposure pathways to human receptors and the environment.  The RAOs for this 
project are defined by medium-specific criteria to be protective of human health and the environment 
at the facility and surrounding properties.  The RAOs were developed to address: 

 Contaminant sources and affected media of concern (soil, soil vapor, and groundwater),  

 Site-specific contaminants of concern, and 

 Potential exposure pathways for human and ecological receptors. 

The following RAOs have been developed for the Site: 

 Reduce and/or maintain human health risks to acceptable levels to allow redevelopment of 
the Site for light industrial/commercial purposes. 

 Prevent soil-related exposures (i.e., incidental ingestion, direct dermal contact, particulate 
inhalation and outdoor vapor inhalation of VOCs) to constituent concentrations exceeding 
commercial/industrial cleanup goals (to be determined). 

 Prevent indoor inhalation through vapor intrusion of constituent concentrations exceeding 
commercial/industrial cleanup goals (to be determined). 

 Reduce the potential for adsorbed-phase petroleum constituents in soil to leach to 
groundwater underlying the Site. 

 Remove to the extent practical, mobile LNAPL within the three defined LNAPL areas of 
occurrence (source removal). 

 Control the dissolved-phase hydrocarbon groundwater plume to prevent further offsite 
migration of contaminants at concentrations above levels that present a risk. 

8.2 Conceptual Remedial Approach 

The preliminary conceptual remedial approach which will be presented in detail in the upcoming 
Response Plan is as follows: 
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1) Develop Site-Specific, Risk-Based Cleanup Goals   

Values presented in Section 4 are screening levels used to determine COPCs for the Site.  
Site-specific cleanup goals will be derived to determine whether remediation or mitigation is 
ultimately warranted and to provide a benchmark for the cessation of remediation actions.  
Details regarding the rationale and derivation of Site-specific cleanup goals will be included 
in the Response Plan. 

2) Implement Actions in Conjunction with Site Redevelopment 

Site redevelopment activities will require portions of the Site be graded.  During grading, 
impacted soil (where encountered) can be managed for offsite disposal.  Removal of 
hydrocarbon-impacted shallow soils will reduce the potential for incidental exposure (i.e., 
ingestion and dermal contact), as well as potentially reducing vapor intrusion risk following 
Site redevelopment. 

3) Remediate Secondary Sources and Onsite Dissolved Phase Contaminants to the Extent 
Practicable 

The compounds observed in Site media are typical of those found at petroleum refining 
facilities and include petroleum hydrocarbons and VOCs including BTEX and benzene 
derivatives.  Based on the distribution of petroleum hydrocarbons (including isolated areas 
of LNAPL) within the affected Site media, various remedial technologies will be required for 
removal of secondary sources and dissolved phase contaminants.  Remedial technologies 
which are expected to be included in the proposed remedial approach are: 

 LNAPL Recovery:  Soil screening utilizing UVOST™ and laboratory analysis of LNAPL 
and LNAPL affected soil indicates that LNAPL is localized to two known and one potential 
area of the Site. Preliminary testing has shown that hydrocarbon recovery rates are likely 
to be low, based upon the Site lithology and nature of the LNAPL.  Passive recovery 
techniques, such as passive skimmers or absorbent socks, or potentially recurrent 
product bailing would be employed to remove LNAPL to the extent practicable. 

 Soil Vapor Extraction (SVE):  SVE is an effective and proven remedial technology for 
removing the volatile and more mobile light end petroleum constituents from subsurface 
soil.  Removal of VOCs from the subsurface by SVE will reduce the potential for vapor 
intrusion risk following redevelopment activities and the potential for the more mobile 
lighter end petroleum constituents in soil to leach to groundwater. 

 Air Sparging (AS):  The observed chemistry has established that a significant portion of 
the dissolved phase hydrocarbon mass is volatile, treatable using AS, and recoverable 
using the SVE system.  Air sparging is an effective and proven remedial technology for 
removing the volatile and more mobile light end petroleum constituents from 
groundwater. 
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4) Reduce Further Offsite Contaminant Migration  

Currently, a flow-through barrier groundwater treatment system (the SME system) is 
operating along the western and southern boundaries of the Site.  The Response Plan will 
include continuation of a boundary zone remediation system to reduce offsite migration of 
contaminants to levels that do not pose an unacceptable risk.  The barrier approach may 
include elements of the existing SME system or a new approach may be proposed, based 
on results of a feasibility study.     

5) Implement Administrative and Institutional Controls to Reduce Potential Exposure Pathways 

Administrative and institutional controls will be implemented prior to development on each 
portion of the property, as required in the California Land Reuse and Revitalization Act 
Agreement (CLRRA)prepared for the Site.  Expected controls include a land use covenant 
(LUC) and Site Management Plan (SMP).  The LUC will prohibit use of underlying 
groundwater and prohibit unrestricted or sensitive land uses.   Engineering controls, that will 
be included as a requirement of the SMP, will include vapor mitigation system(s) that will be 
installed as part of the future buildings constructed for the Site. 

6) Implement a Monitored Natural Attenuation Program for Offsite Groundwater 

As indicated by prior assessments (discussed previously in Section 7.6.4), potential vapor 
intrusion is not likely to be of concern for residents downgradient from the Site.  
Concentrations in offsite groundwater are expected to decline over time with the 
implementation of remedial activities onsite and requirements for an active, downgradient 
remedial program are not expected in the Response Plan.  A monitored natural attenuation 
(MNA) program will be proposed for groundwater downgradient from the Site. 

8.3 Schedule 

Apex-SGI recognizes that vertical delineation of groundwater was not accomplished as part of the 
Site investigation.  Because dissolved concentrations below existing known depths are related to the 
higher, shallower concentrations, the preliminary conceptual approach outlined above is not 
expected to change based on results of vertical delineation.  Sufficient data are available to prepare 
a Response Plan and initiate steps toward approval of a remedial program for the Site.  Vertical 
delineation of contaminants in groundwater will be conducted prior to submission of the Response 
Plan. 

As indicated in the CLRRA Agreement, the Response Plan shall be submitted to LARWQCB by June 
14, 2017.  Prior to submitting the Response Plan, Apex-SGI is requesting a meeting to review our 
conceptual approach and to address any immediate concerns with LARWQCB.  We are requesting 
a meeting with LARWQCB within 30 days of submission of this report. 
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10.0 LIMITATIONS 

This document has been prepared for the exclusive use of SHE, RES, and their representatives as 
it pertains to the affected property as described above.  Any interpretation of the data represents our 
professional opinions, and is based in part on information supplied by the client.  These opinions and 
information are based on currently available data and are arrived at in accordance with currently 
accepted hydrogeologic and engineering practices at this time and location.   

The data presented in this transmittal are intended only for the purpose, site location, and project 
indicated.  This report is not a definitive study of contamination at the site and should not be 
interpreted as such.  The data reported are limited by the scope of the work as defined by the request 
of the client, the time, availability of access to the site, and information passed to Apex-SGI.   

There are no representations or guarantees that the sampling points are representative of the entire 
site.  Data collected in response to this work may reflect the conditions at specific locations at a 
specific point in time and does not reflect subsurface variations that may exist between sampling 
points.  These variations cannot be anticipated nor can they be entirely accounted for even with 
exhaustive additional testing.  No other interpretations, warranties, guarantees, expressed or implied, 
are included or intended in the contents of this transmittal.  

As required, all proposed work will be performed under the direct supervision of a Professional 
Geologist or Registered Civil Engineer as defined in the Registered Geologist Act of the California 
Code of Regulations. 
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CSM components related to soil.

CSM components related to onsite groundwater.

CSM components related to offsite groundwater.

CSM components related to surface water.

Receptor likely to be exposed via this route, so pathway is considered potentially complete.

Receptor may be exposed via this route, so pathway is considered potentially complete; however, pathway is considered minor.

Pathway is incomplete, no further evaluation required.

a  Soil invasive activities may extend to 10 feet below ground surface (bgs) and include construction and development for commercial/industrial land use.
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c  Surface invasive activities are not expected to extend beyond 10 feet bgs during construction and development.  Due to Site topography, depth to water in existing monitoring 
wells ranges from approximately 15 feet bgs in the southern portions of the Site to 43 feet bgs in the northern portions of the Site.
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d  Groundwater quality within the Site vicinity is generally poor due to seawater intrusion and elevated salinity.  Shallow groundwater is not currently used and is not likely to be 
developed for beneficial use.  Risk management measures can be implemented to ensure that groundwater is not used.  The nearest  public water supply well is located 
downgradient approximately 850 feet south of the Site (Los Angeles County Department of Public Works Well 420), however is used for groundwater monitoring purposes only.

b  No surface water bodies were identified within a one-half mile radius of the site.  
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Table 4-1
Summary of Soil Analytical Results - Hydrocarbon Chain Characterization

Former ChemOil Refinery
Signal Hill, California

C6-C8 C8-C10 C10-C12 C12-C14 C14-C16 C16-C18 C18-C20 C20-C22 C22-C24 C24-C26 C26-C28 C28-C32 C32-C34 C34-C36 C36-C40 C40-C44

ft bgs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV 420 440 33,000

NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV 1,000 10,000 50,000

1/4/2017 10 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <3.0 <5.0 <8.0
1/4/2017 20 <1.0 <1.0 <1.0 2.0 1.1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <3.0 2.1 <8.0

1/4/2017 6.5 <50 <50 430 1,600 2,000 1,300 880 1,800 2,900 4,200 5,000 8,700 2,100 1,600 1,800 1,400 430 6,780 26,250
1/4/2017 10 <1.0 <1.0 <1.0 1.7 1.9 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <3.0 2.8 <8.0
1/4/2017 30 6.0 70 140 170 120 64 36 10 6.7 3.4 1.3 1.7 <1.0 <1.0 <1.0 <1.0 216 315 10

1/5/2017 5.5 260 3,100 2,700 810 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 6,060 405 <400
1/5/2017 10 46 650 750 320 23 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 1,446 183 <80
1/5/2017 20.5 2.6 84 140 51 1.4 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 227 27 <8.0

1/5/2017 5 380 930 1,700 1,700 3,000 2,600 1,400 1,200 780 200 140 140 22 11 <10 <10 3,010 9,050 892
1/5/2017 10 4.9 33 92 92 59 49 23 21 13 6.0 6.4 5.7 <1.0 <1.0 <1.0 <1.0 130 198 25
1/5/2017 20 <1.0 10 31 43 25 9.3 6.3 4.9 2.8 2.6 1.6 2.8 <1.0 <1.0 <1.0 <1.0 41 67 8

1/9/2017 5.5 23 150 890 1,400 1,200 790 640 210 120 72 13 12 <10 <10 <10 <10 1,063 3,540 157
1/9/2017 9 680 810 3,100 4,900 3,800 2,600 1,800 840 430 220 44 24 <10 <10 <10 <10 4,590 11,490 503
1/9/2017 15 310 610 1,600 2,300 1,700 970 700 330 160 93 21 18 <10 <10 <10 <10 2,520 4,850 212
1/9/2017 20 28 170 390 550 440 250 190 97 40 22 <10 <10 <10 <10 <10 <10 588 1,252 42

1/18/2017 8 100 760 430 92 <10 <10 <10 <10 <10 <10 <10 16 10 <10 10 <10 1,290 46 36
1/18/2017 10 24 230 78 7.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 332 3.7 <8.0
1/18/2017 15 31 450 210 24 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 691 12 <80
1/18/2017 20 16 320 140 14 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 476 7 <80

5/16/2006 4 - - - - - - - - - - - - - - - - 3,112 14,726 1,053
5/16/2006 10 - - - - - - - - - - - - - - - - 440 3,731 231
5/16/2006 15 - - - - - - - - - - - - - - - - 2,410 4,567 185
5/16/2006 20 - - - - - - - - - - - - - - - - 1,958 3,614 147
5/16/2006 25 - - - - - - - - - - - - - - - - 2,243 6,048 268
5/16/2006 30 - - - - - - - - - - - - - - - - 1,562 561 17
5/16/2006 35 - - - - - - - - - - - - - - - - 1,296 1,910 71

5/15/2016 5 - - - - - - - - - - - - - - - - 2,592 6,314 7,337
5/15/2016 10 - - - - - - - - - - - - - - - - <4.5 <25 <48
5/15/2016 16 - - - - - - - - - - - - - - - - <4.5 <25 <48
5/15/2016 20 - - - - - - - - - - - - - - - - <4.5 <25 <48
5/15/2016 25 - - - - - - - - - - - - - - - - 3.2 <25 <48
5/15/2016 30 - - - - - - - - - - - - - - - - 2.7 <25 <48
5/15/2016 35 - - - - - - - - - - - - - - - - 3,252 2,931 30

5/16/2016 5 - - - - - - - - - - - - - - - - 11,782 1,052 <48
5/16/2016 10 - - - - - - - - - - - - - - - - 3,134 401 <48
5/16/2016 15 - - - - - - - - - - - - - - - - 6,737 457 <48
5/16/2016 20 - - - - - - - - - - - - - - - - 5,814 462 <48
5/16/2016 25 - - - - - - - - - - - - - - - - 1,752 638 <48
5/16/2016 30 - - - - - - - - - - - - - - - - 3,799 363 <48
5/16/2016 35 - - - - - - - - - - - - - - - - 11,840 4,942 <238
5/16/2016 40 - - - - - - - - - - - - - - - - 5,769 594 <48
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Table 4-1
Summary of Soil Analytical Results - Hydrocarbon Chain Characterization

Former ChemOil Refinery
Signal Hill, California

C6-C8 C8-C10 C10-C12 C12-C14 C14-C16 C16-C18 C18-C20 C20-C22 C22-C24 C24-C26 C26-C28 C28-C32 C32-C34 C34-C36 C36-C40 C40-C44

ft bgs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV 420 440 33,000

NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV 1,000 10,000 50,000

TPH 

(C23-C44)Note 3

LARWQCB SL5

Protection of Groundwater
Aquifer is not a source of drinking water

Boring Sample Date Depth 

Hydrocarbon Chain Identification
TPH 

(C5-C12)Note 1

TPH 

(C13-C22)Note 2

USEPA RSL4

Direct Contact - Commercial/Industrial

1/10/2017 7 <1.0 17 24 30 35 32 30 22 17 16 15 31 13 6.6 16 5.1 41 134 111
1/10/2017 11 <5.0 130 230 310 250 230 230 160 160 130 140 320 130 68 140 81 360 1,025 1,089
1/10/2017 19 <10 390 1,200 2,000 1,600 1,200 840 400 180 120 51 71 16 12 10 <10 1,590 5,040 370

5/15/2016 4 - - - - - - - - - - - - - - - - 2,939 5,094 1,375
5/15/2016 10 - - - - - - - - - - - - - - - - 1,124 335 16
5/15/2016 15 - - - - - - - - - - - - - - - - 7,026 3,014 206
5/15/2016 20 - - - - - - - - - - - - - - - - 2,261 11,577 793
5/15/2016 25 - - - - - - - - - - - - - - - - 3,483 3,561 250

6/1/2006 5 - - - - - - - - - - - - - - - - <4.5 <25 <48
6/1/2006 15 - - - - - - - - - - - - - - - - <4.5 <25 <48
6/1/2006 25 - - - - - - - - - - - - - - - - 5.72 7.59J 5.04J

6/1/2006 5 - - - - - - - - - - - - - - - - 94 201 92
6/1/2006 15 - - - - - - - - - - - - - - - - 1,829 2,540 2,162
6/1/2006 25 - - - - - - - - - - - - - - - - 4,999 13,030 8,238

E3A 6/1/2006 10 - - - - - - - - - - - - - - - - <4.5 <25 <48

6/1/2006 5 - - - - - - - - - - - - - - - - <4.5 <25 <48
6/1/2006 10 - - - - - - - - - - - - - - - - <4.5 <25 <48
6/1/2006 15 - - - - - - - - - - - - - - - - <4.5 <25 <48
6/1/2006 20 - - - - - - - - - - - - - - - - <4.5 <25 <48

Notes:

TPH = Total petroleum hydrocarbons, by EPA Method 8015M.

C4-C12 = Carbon range.

ft bgs = feet below ground surface.

mg/kg = milligram per kilogram.

USEPA RSL = U.S. Environmental Protection Agency Regional Screening Level (USEPA, 2016).

LARWQCB SL = Los Angeles Regional Water Quality Control Board Screening Level (LARWQCB, 1996).

NV = No value.

- = Data not presented herein.  Refer to Tetra Tech, 2006.

<X.XX = Not detected above indicated reporting limit (RL).

Bold values were reported above laboratory detection limits.

Shaded and bold value exceeds lowest of USEPA RSL for commercial land use and LARWQCB SL for protection of groundwater.
1 TPH (C5-C12) was calculated based on summing detected results from C6-C8, C8-C10, and C10-C12.
2 TPH (C13-C22) was calculated based on summing detected results of one half C12-C13 and the results between C14 and C22.
3 TPH (C23-C44) was calculated based on summing the results of one half C22-C24 and the results between C24 and C44.
4 USEPA RSLs for industrial soil for direct contact exposure pathways.  RSLs for TPH (C6-C12),  TPH (C13-C22), and TPH (C23-C44) represent lowest of aliphatic and aromatic RSLs for TPH Low (C5-C8), TPH Middle (C9-C18), and TPH High (C17-C32), respectively.
5 LARWQCB SL for soil for protection of groundwater.  As recommended by LARWQCB (1996), for non-drinking water aquifers, screening level for TPH carbon ranges represent the LARWQCB SLs for TPH where distance above groundwater is greater than 150 feet (>150 feet).
References:

LARWQCB.  1996.  Interim Site Assessment & Cleanup Guidebook.  California Regional Water Quality Control Board, Los Angeles and Ventura Counties, Region 4.  May 1996.
Tetra Tech. 2006.  Environmental Due Diligence Site Assessment Results, Former Chemoil Refinery Property, Signal Hill, California.  August 8.
USEPA. 2016. Regional Screening Levels (TR=1E-06, HQ=1). May.
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Table 4-2
Summary of Soil Analytical Results - Volatile Organic Compounds

Former ChemOil Refinery
Signal Hill, California

Boring Sample Date Depth               T
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ft bgs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

420 (1) 670,000 1.4 1,500,000 (2) 12,000 12,000 6,400 25 9,900 9,900 (3) 210 17 24,000 5,400 1,100 240 2,800 2,400 (4) 2,500

1,000 (5) 163 0.62 1.3 28 28 28 68 84 84 (2) 1.3 1.8 28 25 36 36 NV NV 225

1,000 (5) 150 0.15 1.2 26 26 26 32 77 77 (2) 1.3 1.7 26 16 33 33 NV NV 176

1,000 (5) 406 7.5 3.2 70 70 70 254 208 208 (2) 2.0 4.6 70 75 89 89 NV NV 689

1,000 (5) 243 1.2 1.9 42 42 42 110 125 125 (2) 1.4 2.8 42 37 53 53 NV NV 284

1,000 (5) 150 0.16 1.2 26 26 26 38 77 77 (2) 1.3 1.7 26 17 33 33 NV NV 191

1/4/2017 10 <0.50 <0.050 <0.0020 <0.020 <0.0050 <0.0050 <0.0050 <0.0020 <0.0050 <0.0050 <0.0050 <0.010 <0.0050 <0.0020 <0.0050 <0.0050 <0.0020 <0.0020 <0.0040
1/4/2017 20 <0.50 <0.050 <0.0020 <0.020 <0.0050 <0.0050 <0.0050 <0.0020 <0.0050 <0.0050 <0.0050 <0.010 <0.0050 <0.0020 <0.0050 <0.0050 <0.0020 <0.0020 <0.0040

1/4/2017 6.5 370 <0.10 0.089 <0.040 <0.010 <0.010 0.011 0.12 0.020 0.011 <0.010 0.05 0.021 0.0052 0.014 0.070 0.015 0.022 0.037
1/4/2017 10 1.5 0.065 <0.0020 <0.020 <0.0050 <0.0050 <0.0050 <0.0020 <0.0050 <0.0050 <0.0050 <0.010 <0.0050 <0.0020 <0.0050 <0.0050 <0.0020 <0.0020 <0.0040
1/4/2017 30 380 <0.10 <0.0040 <0.040 0.016 0.20 0.14 0.0045 0.24 <0.010 <0.010 1.6 0.53 <0.0040 <0.010 <0.010 <0.0040 <0.0040 <0.0080

1/5/2017 5.5 19,000 <20 1.7 <8.0 <2.0 10 8.8 28 13 16 <2.0 19 19 <0.80 250 170 36 210 246
1/5/2017 10 6,800 <50 <2.0 <20 <5.0 7.1 <5.0 8.7 <5.0 <5.0 <5.0 <10 15 <2.0 7.9 12 <2.0 3.7 3.7
1/5/2017 20.5 250 <5.0 <0.20 <2.0 <0.50 0.73 <0.50 <0.20 <0.50 0.75 <0.50 1.6 <0.50 <0.20 <0.50 <0.50 <0.20 <0.20 <0.40

1/5/2017 5 3,800 <5.0 1.6 <2.0 <0.50 3.7 6.7 7.8 3.1 4.3 <0.50 13 6.2 <0.20 8.7 32 1.4 12 13.4
1/5/2017 10 510 <5.0 <0.20 <2.0 <0.50 <0.50 0.77 0.93 <0.50 <0.50 <0.50 1.7 0.79 <0.20 0.77 2.6 <0.20 0.56 0.56
1/5/2017 10 (DUP) 620 <5.0 <0.20 <2.0 <0.50 <0.50 0.85 0.79 <0.50 <0.50 <0.50 1.9 0.65 <0.20 0.74 2.7 <0.20 0.52 0.52
1/5/2017 20 2,700 <5.0 0.27 <2.0 <0.50 1.7 2.5 6.5 2.1 1.5 <0.50 6.4 3.8 <0.20 2.2 8.9 <0.20 2.0 2.0

1/9/2017 5.5 8.1 <0.10 <0.0040 <0.040 <0.010 0.034 0.048 <0.0040 0.012 <0.010 <0.010 0.11 0.033 <0.0040 <0.010 <0.010 <0.0040 <0.0040 <0.0080
1/9/2017 9 250 <0.10 0.17 <0.040 <0.010 0.20 0.29 0.96 0.38 <0.010 <0.010 2.9 0.40 <0.0040 <0.010 <0.010 0.0080 <0.0040 0.0080
1/9/2017 15 1,500 <5.0 0.42 <2.0 <0.50 2.7 4.0 7.9 4.3 <0.50 <0.50 16 5.4 <0.20 <0.50 <0.50 <0.20 <0.20 <0.40
1/9/2017 20 470 <5.0 <0.20 <2.0 <0.50 0.90 1.0 2.0 1.0 <0.50 <0.50 5.2 1.8 <0.20 <0.50 <0.50 <0.20 <0.20 <0.40

1/18/2017 8 5,500 <10 8.4 <4.0 <1.0 5.5 9.4 27 12 8.5 <1.0 9.9 15 9.2 16 54 36 70 106
1/18/2017 10 1,200 <5.0 1.2 <2.0 <0.50 1.9 2.6 6.6 3.0 2.6 <0.50 2.2 4.3 0.26 4.6 13 5.0 15 20
1/18/2017 15 920 <5.0 0.26 <2.0 <0.50 1.5 2.3 3.9 1.9 2.2 <0.50 1.6 3.0 <0.20 3.5 10 1.3 7.4 8.7
1/18/2017 20 940 <5.0 <0.20 <2.0 <0.50 1.1 1.8 1.9 0.79 1.6 <0.50 1.2 1.9 <0.20 2.0 7.4 0.43 2.7 3.1

5/16/2006 4 -- ND 0.486 <0.100 0.104 1.300 <0.025 1.310 0.528 ND ND 16.800 1.000 0.263 0.0261J 2.770 0.218 0.200 0.200
5/16/2006 10 -- ND 0.076 0.0888J <0.005 0.012 <0.005 0.182 0.037 ND ND 0.124 0.037 0.0030J 0.0050J 0.012 0.0048J 0.0067J 0.0067J
5/16/2006 15 -- ND 0.121 <0.200 0.121 2.070 <0.050 2.500 2.450 ND ND 9.960 3.390 0.467 1.700 7.710 0.229 0.890 0.890
5/16/2006 20 -- ND 0.142 <0.120 0.073 1.270 <0.030 1.270 1.650 ND ND 6.040 2.260 0.297 0.957 4.380 0.136 0.518 0.518
5/16/2006 25 -- ND 0.202 <0.100 0.079 1.330 <0.025 2.530 1.840 ND ND 6.190 2.430 0.308 0.800 3.850 0.149 0.560 0.560
5/16/2006 30 -- ND 0.236 <0.080 0.066 1.050 <0.020 1.780 1.550 ND ND 5.140 2.000 0.230 0.775 3.530 0.134 0.513 0.513
5/16/2006 35 -- ND 0.110 <0.220 0.0692J 1.040 <0.055 1.150 1.980 ND ND 4.060 2.300 0.566 0.211 1.250 0.0915J 0.279 0.279

LARWQCB SL - Protection of Groundwater at 20 ft bgs, Aquifer is not a source of drinking water 7

LARWQCB SL - Protection of Groundwater at 40 ft bgs, Aquifer is not a source of drinking water 9

DTSC SL/USEPA RSL 6

Direct Contact - Commercial

100X LARWQCB Soil SLs  (0 to 10 ft bgs) 8

100X LARWQCB Soil SLs  (10 to 20 ft bgs) 8

AN-05

AN-13

AN-20

100X LARWQCB Soil SLs  (0 to 10 ft bgs) 8

NORTHWEST PARCEL

AN-01

AN-02

AN-03

100X LARWQCB Soil SLs  (10 to 20 ft bgs) 8

100X LARWQCB Soil SLs  (20 to 39 ft bgs) 8

SB1
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Table 4-2
Summary of Soil Analytical Results - Volatile Organic Compounds

Former ChemOil Refinery
Signal Hill, California
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ft bgs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

420 (1) 670,000 1.4 1,500,000 (2) 12,000 12,000 6,400 25 9,900 9,900 (3) 210 17 24,000 5,400 1,100 240 2,800 2,400 (4) 2,500

1,000 (5) 163 0.62 1.3 28 28 28 68 84 84 (2) 1.3 1.8 28 25 36 36 NV NV 225

1,000 (5) 150 0.15 1.2 26 26 26 32 77 77 (2) 1.3 1.7 26 16 33 33 NV NV 176

1,000 (5) 406 7.5 3.2 70 70 70 254 208 208 (2) 2.0 4.6 70 75 89 89 NV NV 689

1,000 (5) 243 1.2 1.9 42 42 42 110 125 125 (2) 1.4 2.8 42 37 53 53 NV NV 284

1,000 (5) 150 0.16 1.2 26 26 26 38 77 77 (2) 1.3 1.7 26 17 33 33 NV NV 191

LARWQCB SL - Protection of Groundwater at 20 ft bgs, Aquifer is not a source of drinking water 7

LARWQCB SL - Protection of Groundwater at 40 ft bgs, Aquifer is not a source of drinking water 9

DTSC SL/USEPA RSL 6

Direct Contact - Commercial

100X LARWQCB Soil SLs  (0 to 10 ft bgs) 8

100X LARWQCB Soil SLs  (10 to 20 ft bgs) 8

100X LARWQCB Soil SLs  (0 to 10 ft bgs) 8

100X LARWQCB Soil SLs  (10 to 20 ft bgs) 8

100X LARWQCB Soil SLs  (20 to 39 ft bgs) 8

5/15/2006 5 -- ND 11.300 <0.100 0.068 0.533 <0.025 9.970 1.480 ND ND 0.431 1.260 0.472 0.290 1.020 0.184 0.640 0.640
5/15/2006 10 -- ND 0.173 <0.020 <0.005 <0.005 <0.005 0.024 <0.005 ND ND <0.005 <0.005 0.002J <0.005 <0.005 <0.002 <0.002 <0.002
5/15/2006 16 -- ND 0.0084J <0.020 <0.005 <0.005 <0.005 0.0079J <0.005 ND ND <0.005 <0.005 <0.002 <0.005 <0.005 <0.002 <0.002 <0.002
5/15/2006 20 -- ND 0.0063J <0.020 <0.005 <0.005 <0.005 0.0047J <0.005 ND ND 0.011 <0.005 <0.002 <0.005 <0.005 <0.002 <0.002 <0.002
5/15/2006 25 -- ND 0.0049J <0.020 <0.005 <0.005 <0.005 0.0063J <0.005 ND ND 0.0081J <0.005 <0.002 <0.005 <0.005 <0.002 <0.002 <0.002
5/15/2006 30 -- ND 0.018 <0.020 <0.005 0.017 0.013 0.111 0.039 ND ND 0.079 0.054 0.0033J <0.005 0.018 <0.002 0.003J 0.003J
5/15/2006 35 -- ND 3.280 <0.080 0.162 2.110 <0.020 13.300 3.300 ND ND 10.800 4.920 0.307 2.970 10.300 0.240 0.945 0.945

5/16/2006 5 -- ND 5.900 <0.200 0.590 10.700 <0.050 17.700 10.900 ND ND 21.900 18.000 0.488 0.151 60.000 0.157 7.290 7.290
5/16/2006 10 -- ND 3.470 <0.200 0.304 5.140 <0.050 13.900 5.140 ND ND 6.400 8.350 0.855 9.700 29.600 6.230 35.200 35.200
5/16/2006 15 -- ND 0.979 <0.080 0.150 2.050 <0.020 5.570 2.160 ND ND 4.770 3.640 1.470 6.340 18.100 7.180 23.000 23.000
5/16/2006 20 -- ND 7.270 <0.260 0.631 11.100 <0.065 19.600 10.700 ND ND 24.300 17.900 1.930 9.080 61.000 3.080 19.600 19.600
5/16/2006 25 -- ND 0.092 <0.180 0.113 1.540 <0.045 2.270 1.310 ND ND 4.880 2.170 0.711 4.640 13.800 3.650 11.200 11.200
5/16/2006 30 -- ND 10.800 <0.200 0.322 5.200 <0.050 18.800 6.110 ND ND 19.900 10.300 0.478 13.600 44.500 3.350 40.000 40.000
5/16/2006 35 -- ND 4.080 <0.100 0.558 7.970 <0.025 20.900 8.270 ND ND 36.800 14.500 3.390 27.200 79.400 26.600 90.300 90.300
5/16/2006 40 -- ND 1.200 <0.200 0.289 3.970 <0.050 8.280 3.760 ND ND 11.200 6.020 1.860 12.300 34.800 12.100 38.300 38.300

1/10/2017 7 11 <0.10 <0.0040 <0.040 <0.010 0.037 0.017 0.019 0.043 <0.010 <0.010 0.052 0.062 <0.0040 <0.010 <0.010 <0.0040 <0.0040 <0.0080
1/10/2017 11 260 <5.0 <0.20 <2.0 <0.50 0.66 <0.50 <0.20 <0.50 <0.50 <0.50 <1.0 1.1 <0.20 <0.50 <0.50 <0.20 <0.20 <0.40
1/10/2017 19 600 <5.0 <0.20 <2.0 <0.50 2.3 1.7 <0.20 2.1 <0.50 <0.50 12 3.5 <0.20 <0.50 <0.50 <0.20 <0.20 <0.40

5/15/2006 5 -- ND ND ND 0.606 6.230 3.000 8.990 7.800 ND ND 19.000 12.500 0.257 ND 0.050 0.051 0.051J 0.051J
5/15/2006 10 -- ND 0.373 ND 0.102 0.792 ND 3.230 1.200 ND ND 4.200 1.700 3.900 4.530 10.900 5.760 20.400 20.400
5/15/2006 15 -- ND 0.086 ND 0.926 8.200 ND 15.600 9.770 ND ND 50.700 15.200 0.966 12.500 96.500 7.600 23.700 23.700
5/15/2006 20 -- ND 0.0462J ND 0.587 5.970 ND ND 7.160 ND ND 30.600 10.100 0.449 1.220 60.000 1.450 9.000 9.000
5/15/2006 25 -- ND ND ND 0.477 5.060 ND 0.268 6.930 ND ND 23.100 10.600 0.284 0.490 45.100 0.103 9.200 9.200

SB3

SOUTHWEST PARCEL

MW-20

SB2

SB4
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Table 4-2
Summary of Soil Analytical Results - Volatile Organic Compounds

Former ChemOil Refinery
Signal Hill, California
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ft bgs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

420 (1) 670,000 1.4 1,500,000 (2) 12,000 12,000 6,400 25 9,900 9,900 (3) 210 17 24,000 5,400 1,100 240 2,800 2,400 (4) 2,500

1,000 (5) 163 0.62 1.3 28 28 28 68 84 84 (2) 1.3 1.8 28 25 36 36 NV NV 225

1,000 (5) 150 0.15 1.2 26 26 26 32 77 77 (2) 1.3 1.7 26 16 33 33 NV NV 176

1,000 (5) 406 7.5 3.2 70 70 70 254 208 208 (2) 2.0 4.6 70 75 89 89 NV NV 689

1,000 (5) 243 1.2 1.9 42 42 42 110 125 125 (2) 1.4 2.8 42 37 53 53 NV NV 284

1,000 (5) 150 0.16 1.2 26 26 26 38 77 77 (2) 1.3 1.7 26 17 33 33 NV NV 191

LARWQCB SL - Protection of Groundwater at 20 ft bgs, Aquifer is not a source of drinking water 7

LARWQCB SL - Protection of Groundwater at 40 ft bgs, Aquifer is not a source of drinking water 9

DTSC SL/USEPA RSL 6

Direct Contact - Commercial

100X LARWQCB Soil SLs  (0 to 10 ft bgs) 8

100X LARWQCB Soil SLs  (10 to 20 ft bgs) 8

100X LARWQCB Soil SLs  (0 to 10 ft bgs) 8

100X LARWQCB Soil SLs  (10 to 20 ft bgs) 8

100X LARWQCB Soil SLs  (20 to 39 ft bgs) 8

6/1/2006 5 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
6/1/2006 15 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
6/1/2006 25 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

6/1/2006 5 -- ND ND ND ND ND ND 0.0088J ND ND ND 0.0050J ND ND ND ND ND ND ND
6/1/2006 15 -- ND ND ND 0.175 3.100 1.100 ND 2.600 ND ND 4.32 ND 0.114 ND ND ND ND ND
6/1/2006 25 -- ND ND ND 0.281 4.760 1.190 0.0594J 4.020 ND ND 9.08 ND 0.136 ND ND 0.0458J ND 0.0458J

E3A 6/1/2006 10 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

6/1/2006 5 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
6/1/2006 10 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
6/1/2006 15 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
6/1/2006 20 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Notes:

VOC = Volatile organic compounds , fuel oxygenates, and TPHg, by EPA Method 8260B. DTSC SL = Department of Toxic Substances Control Screening Level (DTSC, 2016).

TPHg = Total petroleum hydrocarbons as gasoline. USEPA RSL = U.S. Environmental Protection Agency Regional Screening Level (USEPA, 2016).

TBA = tert-Butyl alcohol. LARWQCB SL = Los Angeles Regional Water Quality Control Board Screening Level (LARWQCB, 1996).

MTBE = Methyl-tert-butyl ether. 100X = One hundred times.
TMB = Trimethylbenzene. NV = No published water quality value to calculate soil cleanup goal.

ft bgs = feet below ground surface. <X.XX = Not detected above indicated reporting limit (RL).
mg/kg = milligram per kilogram. J = Analyte was detected; however, analyte concentration is an estimated value which is between the method detection limit and the 

ND = Not detected at laboratory reporting limit. See Tetra Tech, 2006 for laboratory reporting limit.   practical quantitation limit.

-- = Not analyzed.

Bold values were reported above laboratory detection limits.
Shaded and bold value exceeds lowest of DTSC SL/USEPA RSL for commercial land use and LARWQCB SL for protection of groundwater at 20 ft bgs.

1 Screening level for TPHg represents the lowest of aliphatic and aromatic USEPA RSLs for TPH Low (C5-C8).
2 Screening level for 4-Isopropyltoluene was not available; therefore, the value for Isopropylbenzene was used.
3 Screening level for tert-butyl alcohol was not available; therefore, the value for sec-butyl alcohol was used.
4 Screening level for m,p-xylenes represents the value for m-xylene.
5 As recommended by LARWQCB (1996), for non-drinking water aquifers, screening level for TPHg represents the LARWQCB SL for TPH (C4-C12) where distance above groundwater is greater than 150 feet (>150 feet).
6  DTSC SLs/USEPA RSL for industrial soil for direct contact exposure pathways represents the lowest of the available DTSC SL or USEPA RSL.
7  LARWQCB SL respresents soil SL for protection of groundwater at 20 ft bgs, assuming groundwater aquifer is not a source of drinking water.

9  LARWQCB SL respresents soil SL for protection of groundwater at 40 ft bgs, assuming groundwater aquifer is not a source of drinking water.
References:
DTSC.  2016.  Human Health Risk Assessment (HHRA) Note Number 3, DTSC-modified Screening Levels (DTSC SLs).  Human and Ecological Risk Office (HERO).  June.
LARWQCB.  1996.  Interim Site Assessment & Cleanup Guidebook.  California Regional Water Quality Control Board, Los Angeles and Ventura Counties, Region 4.  May 1996.
Tetra Tech. 2006. Environmental Due Diligence Site Assessment Results, Former Chemoil Refinery Property, Signal Hill, California. August 8.
USEPA. 2016. Regional Screening Levels (TR=1E-06, HQ=1). May.

E1B

E1C

E5

EAST PARCEL

8   As recommended by LARWQCB (1996), for non-drinking water aquifers, benzene, toluene, ethylbenzene, and xylene (BTEX) screening levels are set at 100 times (100X) respective MCLs as preliminary levels to be protection of human health and the environment.  This method was 
applied to all VOCs.
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Table 4-3
Summary of Soil Analytical Results - Polycyclic Aromatic Hydrocarbons and Lead

Former ChemOil Refinery
Signal Hill, California
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ft bgs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

45,000 45,000 (1) 230,000 2.9 0.29 2.9 NV 29 290 0.29 30,000 30,000 2.9 17 230,000 (2) 23,000 320

5.5 5.5 (1) 58 0.0042 0.004 0.041 NV 0.4 1.2 0.013 89 5.4 0.13 0.00054 58 (2) 13 NV

1/4/2017 10 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.040 <0.010 <0.010 <0.010 --
1/4/2017 20 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.040 <0.010 <0.010 <0.010 --

1/4/2017 6.5 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <20 <5.0 <5.0 <5.0 34
1/4/2017 10 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.040 <0.010 <0.010 <0.010 --
1/4/2017 30 0.043 0.022 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.090 <0.040 0.67 0.084 <0.010 --

1/5/2017 5.5 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.80 24 <0.20 <0.20 4.4
1/5/2017 10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.40 3.0 <0.10 <0.10 --
1/5/2017 20.5 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.20 0.43 <0.050 <0.050 --

1/5/2017 5 <0.50 <0.50 2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.57 3.7 <2.0 11 9.2 1.2 6.8
1/5/2017 10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.40 0.76 0.20 <0.10 --
1/5/2017 20 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <2.0 4.0 0.69 <0.50 --

1/9/2017 5.5 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.33 <0.40 0.62 0.34 <0.10 --
1/9/2017 9 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 2.2 <2.0 14 2.0 <0.50 5.1
1/9/2017 15 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 1.4 <2.0 15 1.2 <0.50 --
1/9/2017 20 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.65 <2.0 3.2 0.55 <0.50 --

1/18/2017 8 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.40 7.3 <0.10 <0.10 --
1/18/2017 10 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.040 0.59 <0.010 <0.010 --
1/18/2017 15 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.040 0.96 <0.010 <0.010 --
1/18/2017 20 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.040 0.86 <0.010 <0.010 --

5/16/2006 4 0.794 ND 0.114 ND ND ND ND ND ND ND 0.097 3.680 ND 17.300 26.500 1.240 --
5/16/2006 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 15 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 30 0.033 ND ND ND ND ND ND ND ND ND ND 0.104 ND 0.226 0.424 ND --
5/16/2006 35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

5/15/2006 5 0.122 ND 0.160 ND ND ND ND ND 1.083 ND 0.063 1.340 ND ND 4.050 0.712 4.20J
5/15/2006 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/15/2006 16 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4.90J
5/15/2006 20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/15/2006 25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/15/2006 30 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
5/15/2006 35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

5/16/2006 5 0.159 ND ND ND ND ND ND ND ND ND <0.010 0.068 ND 3.300 1.040 ND 22.1
5/16/2006 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 15 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4.00J
5/16/2006 20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 30 0.045 ND ND ND ND ND ND ND ND ND ND 0.0180J ND 3.130 0.059 ND ND
5/16/2006 35 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/16/2006 40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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AN-20

SB1

SB2

SB4
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AN-03

DTSC SL/USEPA RSL 3

Direct Contact - Commercial
USEPA RSL 4

Protection of Groundwater
Aquifer is not a source of drinking water
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Table 4-3
Summary of Soil Analytical Results - Polycyclic Aromatic Hydrocarbons and Lead

Former ChemOil Refinery
Signal Hill, California
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ft bgs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

45,000 45,000 (1) 230,000 2.9 0.29 2.9 NV 29 290 0.29 30,000 30,000 2.9 17 230,000 (2) 23,000 320

5.5 5.5 (1) 58 0.0042 0.004 0.041 NV 0.4 1.2 0.013 89 5.4 0.13 0.00054 58 (2) 13 NV

DTSC SL/USEPA RSL 3

Direct Contact - Commercial
USEPA RSL 4

Protection of Groundwater
Aquifer is not a source of drinking water

1/10/2017 7 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.040 <0.010 <0.010 <0.010 4.9
1/10/2017 11 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.80 0.24 <0.20 <0.20 <0.20
1/10/2017 19 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.40 8.3 0.80 <0.10 <0.10

5/15/2006 4 0.409 ND ND 1.010 ND ND ND ND 0.688 ND 0.048 0.870 ND 11.100 7.630 7.630 0.522
5/15/2006 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/15/2006 15 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
5/15/2006 20 0.564 ND 0.900 ND ND ND ND ND 0.832 ND 0.089 4.350 ND 52.900 30.900 30.900 10.700
5/15/2006 25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

6/1/2006 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6/1/2006 15 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6/1/2006 25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

6/1/2006 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6/1/2006 15 0.221 ND ND ND ND ND ND ND 1.59 ND 0.036 0.387 ND 1.19 1.95 1.95 --
6/1/2006 25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

E3A 6/1/2006 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

6/1/2006 5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6/1/2006 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6/1/2006 15 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
6/1/2006 20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Notes:
PAH = Polycyclic aromatic hydrocarbons, by EPA Method 8270C. DTSC SL = Department of Toxic Substances Control Screening Level (DTSC, 2016).
Total lead, by EPA Method 6010B. USEPA RSL = U.S. Environmental Protection Agency Regional Screening Level (USEPA, 2016).
ft bgs = feet below ground surface. LARWQCB SL = Los Angeles Regional Water Quality Control Board Screening Level (LARWQCB, 1996).
mg/kg = milligram per kilogram. <X.XX = Not detected above indicated reporting limit (RL).
ND = Not detected at laboratory reporting limit. See Tetra Tech, 2006 for laboratory reporting limit. NV = No published value.
-- = Not analyzed. J = Analyte was detected; however, analyte concentration is an estimated value which is between the method 

  detection limit and the practical quantitation limit.
Bold values were reported above laboratory detection limits.

Shaded and bold value exceeds lowest of DTSC SL/USEPA RSL for commercial land use and USEPA RSL for protection of groundwater.
1 Screening level for acenaphthylene was not available; therefore, the value for acenaphthene was used.
2 Screening level for phenanthrene was not available; therefore, the value for anthracene was used.
3  DTSC SLs/USEPA RSL for industrial soil for direct contact exposure pathways represents the lowest of the available DTSC SL or USEPA RSL.
4  USEPA RSL respresents soil SL for protection of groundwater, assuming groundwater aquifer is not a source of drinking water.  Values from LARWQCB (1996) for PAHs were not available.
References:
DTSC.  2016.  Human Health Risk Assessment (HHRA) Note Number 3, DTSC-modified Screening Levels (DTSC SLs).  Human and Ecological Risk Office (HERO).  June.
LARWQCB.  1996.  Interim Site Assessment & Cleanup Guidebook.  California Regional Water Quality Control Board, Los Angeles and Ventura Counties, Region 4.  May 1996.
Tetra Tech. 2006. Environmental Due Diligence Site Assessment Results, Former Chemoil Refinery Property, Signal Hill, California. August 8.
USEPA. 2016. Regional Screening Levels (TR=1E-06, HQ=1). May.
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feet bgs µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3

9.7E+01 3.1E+05 1.1E+03 1.0E+05 1.0E+05 1.0E+05 8.3E+01 1.1E+04 4.2E+05 7.3E+03 4.2E+04 7.3E+05 6.3E+06 7.3E+05

8.4E+02 2.6E+06 9.8E+03 8.8E+05 8.8E+05 8.8E+05 7.2E+02 9.4E+04 3.6E+06 6.20E+04 3.6E+05 6.2E+06 5.2E+07 6.2E+06

AN-04 1/17/2017 5 194,875.66 <45,222.09 208,431.90 191,062.58 955,312.88 1,146,375.46 <62,905.52 <43,263.80 103,239.26 167,149.28 93,399.18 819,713.70 2,478,331.29 458,216.77

AN-06 1/17/2017 5 271,548.06 <22,611.04 28,255.15 <26,053.99 <52,107.98 <78,161.97 <31,452.76 <21,631.90 <29,496.93 <29,496.93 <29,494.48 393,462.58 2,099,697.34 634,453.99

AN-07 1/17/2017 5 <6.39 <7.54 <8.68 <8.68 <17.37 <26.05 <10.48 <7.21 <9.83 <9.83 <9.83 <8.20 <6.88 <7.05

1/17/2017 5 <6.39 <7.54 <8.68 <8.68 <17.37 <26.05 <10.48 <7.21 <9.83 <9.83 <9.83 <8.20 <6.88 <7.05
1/17/2017 5 (DUP) <6.39 <7.54 <8.68 <8.68 <17.37 <26.05 <10.48 <7.21 <9.83 <9.83 <9.83 <8.20 <6.88 <7.05

5/30/2006 5 <820 <820 2,100 <800 <1,640 <2,460 -- <820 -- 4,300 <1,230 -- -- --
5/30/2006 15 24,000 <800 26,900 <800 10,800 10,800 -- <800 -- 4,380 <1,200 -- -- --

5/30/2006 5 242,000 <820 15,200 <820 <1,640 <2,460 -- <820 -- <1,230 <1,230 -- -- --
5/30/2006 19.5 230,000 <800 108,000 <800 <1,600 <2,400 -- <800 -- <1,200 <1,200 -- -- --

5/30/2006 5 10,100 <800 6,810 <800 9,040 9,040 -- 1,680 -- 10,300 5,490 -- -- --
5/30/2006 16.5 802,000 70,800 159,000 41,100 221,000 262,100 -- <800 -- 7,770 5,830 -- -- --

5/18/2006 15 3,400 <800 31,900 <800 <1,600 <2,400 -- <800 -- 2,490 1,720 -- -- --
5/18/2006 15 2,500 <800 22,300 <800 <1,600 <2,400 -- <800 -- 3,460 3,370 -- -- --
5/18/2006 15 2,940 <820 48,400 <800 <1,600 <2,400 -- <800 -- 3,500 3,070 -- -- --
5/30/2006 5 12,100 <820 25,600 <800 <1,640 <2,440 -- <820 -- <1,230 <1,230 -- -- --
5/30/2006 15 7,140 <800 60,600 <800 <1,600 <2,400 -- <800 -- <1,200 <1,200 -- -- --

E1 6/2/2006 15 <796 <796 10,800 <796 <1,592 <2,388 -- <796 -- <1,194 <1,194 -- -- --

Notes:
VOCs measured by EPA Method TO-15.

µg/m3 = microgram per cubic meter.
DTSC SL= Department of Toxic Substances Control Screening Level (DTSC, 2016).
USEPA RSL= U.S. Environmental Protection Agency Regional Screening Level (USEPA, 2016).
<X.XX = Not detected at or above the indicated laboratory reporting limit.
NV = No published value.
ND = Not detected at laboratory reporting limit. See Tetra Tech, 2006 for laboratory reporting limit.
- = Not analyzed.
DUP = Duplicate sample.

Bold values were reported above laboratory detection limits.
Shaded and bold value exceeds DTSC SL/USEPA RSL for commercial land use.

2  Screening level for 4-ethyltoluene was not available; therefore, the value for isopropylbenzene was used.
3  Screening level for heptane was not available; therefore, the value for hexane was used.
References:

DTSC.  2011.  Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to Indoor Air.  California Environmental Protection Agency.  October.
DTSC.  2016.  Human Health Risk Assessment (HHRA) Note Number 3, DTSC-modified Screening Levels (DTSC SLs).  Human and Ecological Risk Office (HERO).  June.
Tetra Tech. 2006. Environmental Due Diligence Site Assessment Results, Former Chemoil Refinery Property, Signal Hill, California. August 8.
USEPA. 2016. Regional Screening Levels (TR=1E-06, HQ=1). May.
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Table 4-5
Summary of Groundwater Analytical Results - Hydrocarbon Chain Characterization, January 2017

Former ChemOil Refinery
Signal Hill, California

C6-C8 C8-C10 C10-C12 C12-C14 C14-C16 C16-C18 C18-C20 C20-C22 C22-C24 C24-C26 C26-C28 C28-C32 C32-C34 C34-C36 C36-C40 C40-C44

ft bgs mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV

NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV

NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV NV

AN-01 1/4/2017 40 <1.0 1.1 20 70 45 37 27 20 8.6 5.1 2.2 3.4 <1.0 <1.0 <1.0 <1.0 21 164 15 240

AN-02 1/5/2017 38 14 200 420 520 400 220 96 50 23 11 <10 <10 <10 <10 <10 <10 634 1026 22.5 2,000

AN-03 1/5/2017 40 0.78 4.6 9.4 9.0 5.8 2.5 1.7 1.1 0.41 0.29 0.36 0.14 <0.10 <0.10 <0.10 <0.10 15 16 1.00 36

AN-05 1/5/2017 40 1.6 14 35 44 35 21 12 6.4 2.7 1.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 51 96 2.7 170

1/9/2017 41 1.3 8.0 26 33 25 14 7.0 3.3 1.2 0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 35 66 1.1 120
1/9/2017 54 <0.10 0.62 4.2 4.1 0.69 0.28 0.17 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 4.8 3.2 <0.90 10

1/18/2017 32 7.0 25 18 15 12 3.7 1.1 0.58 0.12 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 50 25 0.06 83
1/18/2017 42 14 48 49 30 9.4 1.4 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 111 26 <2.5 150
1/18/2017 62 0.36 1.2 1.4 1.5 0.23 0.092 0.081 0.12 0.047 0.030 0.64 0.072 <0.010 <0.010 0.026 <0.010 2.96 1.273 0.77 5.9

MW-20 1/18/2017 20-35 <0.050 0.10 0.81 1.5 3.1 1.8 0.80 0.60 0.38 0.11 0.10 0.073 <0.050 <0.050 <0.050 <0.050 0.91 7.05 0.47 9.4

1/10/2017 34 4.3 17 15 5.5 0.91 0.13 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 36 3.8 <1.0 44
1/10/2017 44 2.1 7.7 6.2 2.4 0.57 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 16 1.8 <1.10 19
1/10/2017 60 0.035 0.19 0.61 0.78 0.55 0.44 0.33 0.27 0.18 0.084 0.57 0.097 0.022 0.030 0.013 <0.010 0.8 2.0 0.86 4.2

Notes:
TPH = Total petroleum hydrocarbons measured by EPA Method 8015M.
C4-C12 = Carbon range.
ft bgs = feet below ground surface.
mg/L = milligram per liter.
MCL = Maximum Contaminant Level.
SFRWQCB ESL = San Francisco Bay Regional Water Quality Control Board Groundwater Screening Level for Vapor Intrusion (SFRWQCB, 2016).

NV = No value.
<X.XX = Not detected above indicated reporting limit (RL).
-- = Not analyzed.

Bold values were reported above laboratory detection limits.
1 TPHC4-C12 was calculated based on summing detected results from C6-C8, C8-C10, and C10-C12.
2 TPHC13-C22 was calculated based on summing detected results of one half C12-C13 and the results between C14 and C22.
3 TPHC23-C44 was calculated based on summing the results of one half C22-C24 and the results between C24 and C44.
4 California MCLs shown in bold font.  MCLs are enforceable standards.  No values for TPH mixtures were available.
5 California notification levels shown in italic font.  Notification levels are advisory in nature and not enforceable standards.  No values for TPH mixtures were available.
6 SFRWQCB ESL for groundwater vapor intrusion.  No values for TPH mixtures were available.
References:
SFRWQCB.  2016.  Environmental Screening Levels (ESLs).  Revision 3.  February.
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Table 4-6
Summary of Groundwater Analytical Results - Volatile Organic Compounds, January 2017

Former ChemOil Refinery
Signal Hill, California

Boring Sample Date Depth               A
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ft bgs μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L

NV 1 12 260 260 260 0.5 6 300 NV 770 NV 17 260 5 150 330 330 NV 13 1,750 1,750 1,750

4.5E+07 1.4 NV NV NV NV 7.4 140 16 NV NV NV 25 NV 3.7 4,300 NV NV 5.5E+06 1,500 1,600 1,600 1,600

3.7E+08 12 NV NV NV NV 64 1,100 140 NV NV NV 220 NV 32 37,000 NV NV 4.6E+07 13,000 13,000 13,000 13,000

AN-01 1/4/2017 40 <100 18 <100 28 <5.0 24 <5.0 <5.0 <5.0 53,000 57 <10 560 63 <5.0 <5.0 <5.0 <5.0 <100 <20 <5.0 <10 <15

AN-02 1/5/2017 38 <100 <5.0 110 180 18 160 <5.0 <5.0 <5.0 81,000 290 <10 1,300 380 <5.0 <5.0 <5.0 <5.0 <100 <20 <5.0 <10 <15

AN-03 1/5/2017 40 <100 990 <100 420 48 370 <5.0 7.6 91 35,000 710 16 1,600 850 <5.0 <5.0 9.0 19 <100 <20 13 34 47

AN-05 1/5/2017 40 <100 68 140 66 <5.0 73 <5.0 <5.0 9.2 170,000 110 <10 830 150 <5.0 <5.0 <5.0 <5.0 <100 <20 <5.0 <10 <15

1/9/2017 41 <500 1,000 <500 <25 <25 27 <25 <25 370 12,000 85 <50 380 110 <25 <25 <25 <25 <500 <100 <25 <50 <75
1/9/2017 54 <10 10 <10 1.1 <0.50 1.4 38 <0.50 5.7 240 1.6 <1.0 12 2.1 <0.50 <0.50 <0.50 <0.50 <10 <2.0 <0.50 <1.0 <1.5

1/18/2017 32 <1000 3,600 <1000 <50 <50 <50 <50 120 1,000 19,000 120 <100 <200 130 <50 <50 99 410 <1,000 <200 <50 460 460
1/18/2017 42 <1000 6,300 <1000 <50 <50 <50 <50 150 1,200 26,000 130 <100 380 160 <50 <50 220 680 <1,000 <200 <50 1,400 1,400
1/18/2017 52 120 200 <10 6.2 <0.50 5.9 <0.50 5.0 83 3,900 19 7.4 16 22 3.2 2.2 24 63 18 <2.0 8.4 130 138
1/18/2017 62 160 380 <50 11 <2.5 11 <2.5 5.6 300 8,400 57 14 72 63 7.7 13 63 190 <50 <10 24 320 344

MW-20 1/18/2017 20-35 <10 <0.50 100 3.5 <0.50 1.2 <0.50 <0.50 1.1 360 6.8 <1.0 120 10 0.74 <0.50 <0.50 <0.50 <10 <2.0 <0.50 <1.0 <1.5

1/10/2017 34 <100 <5.0 <100 45 <5.0 42 <5.0 <5.0 320 32,000 150 41 160 200 <5.0 <5.0 65 310 <100 <20 <5.0 <10 <15
1/10/2017 44 <100 <5.0 <100 65 <5.0 83 <5.0 <5.0 590 18,000 150 78 180 190 <5.0 <5.0 210 520 <100 <20 32 850 882
1/10/2017 60 33 1.4 <10 1.8 <0.50 1.9 <0.50 1.6 13 920 4.1 1.8 5.7 4.9 <0.50 <0.50 5.6 16 <10 <2.0 0.97 22 23

Notes:

Volatile organic compounds, fuel oxygenates, and TPHg measured by EPA Method 8260B.

ft bgs = feet below ground surface.

μg/L = microgram per liter.

TPHg = Total petroleum hydrocarbons as gasoline.

TBA = tert-Butyl alcohol.

MTBE = Methyl-t-butyl ether.

TMB = Trimethylbenzene

MCL = Maximum Contaminant Level.
SFRWQCB ESL = San Francisco Bay Regional Water Quality Control Board Groundwater Screening Level for Vapor Intrusion (SFRWQCB, 2016).

NV = No value published.

<X.XX = Not detected above indicated reporting limit (RL).

-- = Not analyzed.
Bold values were reported above laboratory detection limits.

Shaded and bold value exceeds lowest of SFRWQCB ESL groundwater vapor intrusion for commercial/industrial land use or California MCL or California notification level.
1 California MCLs shown in bold font.  MCLs are enforceable standards.  
2 California notification levels shown in italic font.  Notification levels are advisory in nature and not enforceable standards.
3 SFRWQCB ESL for groundwater vapor intrusion, deep groundwater (≥10 feet bgs), sand scenario for resident and commercial/industrial land use.
References:
SFRWQCB.  2016.  Environmental Screening Levels (ESLs).  Revision 3.  February.
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Table 4-7
Summary of Groundwater Analytical Results - Polycyclic Aromatic Hydrocarbons, January 2017

Former ChemOil Refinery
Signal Hill, California

Boring Sample Date Depth               A
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ft bgs μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L
NV NV NV NV 0.2 NV NV NV NV NV NV NV NV 17 NV NV

NV NV NV NV NV NV NV NV NV NV NV NV NV 25 NV NV

NV NV NV NV NV NV NV NV NV NV NV NV NV 220 NV NV

AN-02 1/5/2017 38 <40 <40 <40 <40 <40 <40 <40 <40 <40 <40 <40 110 <40 1,100 170 <40

AN-03 1/5/2017 40 4.4 3.2 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 9.6 <2.0 560 10 <2.0

AN-05 1/5/2017 40 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 28 <10 580 31 <10

1/9/2017 41 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 12 <2.0 260 10 <2.0
1/9/2017 54 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.72 <0.20 11 1.0 <0.20

1/18/2017 32 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 230 3.1 <0.20
1/18/2017 42 17 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 7.0 <2.0 550 4.5 <2.0
1/18/2017 62 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.20 <0.20 4.5 0.26 <0.20

MW-20 1/18/2017 20-35 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 2.2 <0.20 160 1.4 <0.20

1/10/2017 34 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.98 <0.20 110 0.69 <0.20
1/10/2017 44 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 91 0.65 <0.20
1/10/2017 60 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.48 <0.20 3.6 0.57 <0.20

Notes:

Polycyclic aromatic hydrocarbons (PAHs) measured by EPA Method 8270C.
ft bgs = feet below ground surface.
μg/L = microgram per liter.

MCL = Maximum Contaminant Level.
SFRWQCB ESL = San Francisco Bay Regional Water Quality Control Board Groundwater Screening Level for Vapor Intrusion (SFRWQCB, 2016).

NV = No value published.

<X.XX = Not detected above indicated reporting limit (RL).

-- = Not analyzed.

Bold values were reported above laboratory detection limits.

Shaded and bold value exceeds lowest of SFRWQCB ESL groundwater vapor intrusion for commercial/industrial land use or California MCL or California notification level.
1 California MCLs shown in bold font.  MCLs are enforceable standards.  
2 California notification levels shown in italic font.  Notification levels are advisory in nature and not enforceable standards.
3 SFRWQCB ESL for groundwater vapor intrusion, deep groundwater (≥10 feet bgs), sand scenario for resident and commercial/industrial land use.
References:
SFRWQCB.  2016.  Environmental Screening Levels (ESLs).  Revision 3.  February.
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Area
Approximate Depth to 

Groundwater
(feet bgs)

Boring Type Boring ID
Total Depth
(feet bgs)

Maximum UVOST™ / 

MIP© Output and 
Corresponding Depth 

(feet bgs)

AN-09 44.36
94%
33'

AN-10 44.19
32.5%

19'

AN-11 34.88
82%
27.5'

AN-12 38.89
67 %
34.5'

AN-15 43.73
12%
42.5'

AN-16 40.32
27%
40.5'

AN-17 43.08
3.5%
41.5'

AN-18 34.21
4.6%
34'

AN-19 50.60
~4x107µV

32'

AN-21 44.00 ~3.8x106 µV
40'

AS-01 37.80
56%
21'

AS-02 41.08
82%
29.5'

AS-03 33.41
160%
21.5'

AS-04 27.96
48%
22'

AS-05 27.49
44%
22'

AS-06 27.89
94%
21'

AS-09 34.55
25%
23.5

MIP© AS-10 44.00 1.8x106/1.6x106 μV
7'/39'

AE-01 32.16
1.3%
14.5'

AE-02 32.15
20%
16.5'

AE-03 31.24
0.8%
28'

Notes:

UVOST™ = Ultra-Violet Optical Screening Tool.

MIP© = Membrane Interface Probe.

bgs = Below ground surface.

% = Percent response relative to reference emitter.

μV = Microvolt.

UVOST™

20-24 Southwest Parcel

UVOST™East Parcel 30

Northwest Parcel 28-31

UVOST™

MIP©

Table 5-1

Summary of UVOST™ and MIP© Borings
Former ChemOil Refinery

Signal Hill, California
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Table 5-2
Summary of Soil Vapor Analytical Results - Methane and Helium - January 17, 2017

Former ChemOil Refinery
Signal Hill, California

Methane Helium in Sample
Average Helium 
Under Shroud Leak Ratio1

ppmv (%) (%) (%)
AN-04 3 60,000 <0.20 20.1 - -
AN-06 3 63,000 <0.20 21.0 - -
AN-07 3 <40 <0.20 20.7 - -
AN-08 3 <40 <0.20 21.2 - -

AN-08 (DUP) 3 <40 <0.20 21.2 - -
Notes:
Methane measured by GC/FID.
Helium measured by ASTM D1946M.
ppmv =  parts per million by volume.
% = Percent.
<X.XX = Not detected at or above the indicated laboratory reporting limit.
DUP = Duplicate sample.
- - = Not calculated, helium not detected in sample.
Bold values were reported above laboratory detection limits.

Sample
Purge 

Volume

1 Estimated leak ratio (%) = [Concentration of Helium in Sample (%)] / [Concentration of Helium in Shroud (%)] X100.
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Table 5-3
Well MW-11 Bail-Down Test Results

Former ChemOil Refinery
Signal Hill, California

Elapsed Time

(D:H:M) (Min) Depth to Product Product Level Depth to Water Water Level Thickness
Percent 

Recovery
LPH Recovery Rate Into Well Casing 

During Various Stages of Testing

ft btoc ft amsl ft btoc ft amsl ft gal/day

01/18/17 9:06 AM 0:0:00 0 29.80 2.82 31.40 1.22 1.60 NA

01/18/17 9:44 AM 0:0:38 38 30.10 2.52 30.50 2.12 0.40 NA

01/18/17 9:55 AM 0:0:49 49 30.10 2.52 30.40 2.22 0.30 NA

01/18/17 10:12 AM 0:1:06 66 30.10 2.52 30.25 2.37 0.15 NA

01/18/17 10:24 AM 0:1:18 78 30.05 2.57 30.20 2.42 0.15 0.00%

01/18/17 10:26 AM 0:1:20 80 30.05 2.57 30.20 2.42 0.15 0.00%

01/18/17 10:30 AM 0:1:24 84 30.05 2.57 30.22 2.40 0.17 1.25%

01/18/17 10:35 AM 0:1:29 89 30.05 2.57 30.22 2.40 0.17 1.25%

01/18/17 10:45 AM 0:1:39 99 30.02 2.60 30.22 2.40 0.20 3.12%

01/18/17 10:55 AM 0:1:49 109 30.02 2.60 30.22 2.40 0.20 3.12%

01/18/17 11:10 AM 0:2:04 124 30.01 2.61 30.20 2.42 0.19 2.50%

01/18/17 11:19 AM 0:2:13 133 30.00 2.62 30.17 2.45 0.17 1.25%

01/18/17 12:02 PM 0:2:56 176 29.97 2.65 30.15 2.47 0.18 1.87%

01/18/17 1:02 PM 0:3:56 236 29.95 2.67 30.13 2.49 0.18 1.87%

01/18/17 2:22 PM 0:5:16 316 29.94 2.68 30.12 2.50 0.18 1.87%

Notes:

ft amsl = Feet above mean sea level

ft btoc = Feet below top of casing

NA = Not Applicable

gpd = Gallon per day

LPH = Liquid phase hydrocarbon

NAPL = Non-aqueous phase liquid

Well MW-11 (4-inch diameter casing)

Date Time

Estimated time for 100% recovery in well MW-11 following nearly complete LPH baildown appears to be slightly more than a week with overall LPH recovery rate into 
casing during testing at approximately 0.12 gal/day.

For the first 21 minutes following bailing, 
NAPL recovered into Well 

MW-11 at a rate of approximately 2.2 
gpd.

Throughout the entire recovery period, 
NAPL in Well MW-11 recovered at a rate 

of approximately 0.12 gpd.
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Table 5-4
Summary of Soil Physical Property Data

Former ChemOil Refinery
Signal Hill, California

Dry Bulk Grain Total Air-filled

feet bgs % weight g/cc g/cc %Vb %Vb %Pv millidarcy millidarcy cm/s
Water (Swi) 
Saturation

NAPL (Soi) 
Saturation

Water (Srw) 
Saturation

NAPL (Sor) 
Saturation

NORTHWEST PARCEL
27.35 15.0 1.41 2.69 47.6 25.5 20.8 5,090 -- -- -- -- -- --
27.25 32 1.46 2.69 45.6 8.4 54.3 -- 1,070 1.05E-03 -- -- -- --
27.1 -- 1.59 2.68 40.6 -- -- -- -- -- 32 29.6 12.4 11.6

Notes:

Moisture content measured by ASTM D2216 and API RP40.

Density, porosity, total pore fluid saturations,  and effective permeability to air measured by API RP40.

Effective permeability to water and hydraluic conductivity measured by API RP40 and EPA 9100.

Pore fluid saturations measured by ASTM D425M and Dean-Stark.

bgs = below ground surface.

g/cc = gram per cubic centimeter.

% = percent.

Vb = bulk volume.

Pv = pore volume.

Air = Nitrogen.

cm/s = centimeter per second.

-- = not applicable.

Total porosity = all interconnected por channels.

Air-filled porosity = pore channels not occupied by pore fluids.

Fluid density (Water = 0.9996 g/cc) used to calculate pore fluid saturations.

Swi = Initial water saturation as received prior to centrifuging at 100xG.

Soi = Initial non-aqueous phase liquid (NAPL) saturation as received prior to centrifuging at 100xG.

Srw = Residual water saturation after centrifuging at 100xG.

Sor = Residual NAPL saturation after centrifuging at 100xG.
(1) Fluid density used to calculate pore fluid saturations is water = 0.996 g/cc.
(2) With as-received fluids in place.
(3) Permeability to water and hydraulic conductivity measured at saturated conditions.
(4) Fluid densities used to calculate pore fluid saturations are water = 0.996 g/cc and NAPL = 0.8600 g/cc. 

1/9/2017AN-13

Pre-Centrifuge Post-Centrifuge

Total Pore Fluid 

Saturation (1)

Effective (2) 

Permeability to 
Air

Effective (2) (3) 

Permeability to 
Water

Hydraulic 

Conductivity (1) (2)

Density Porosity Pore Fluid Saturations (4)

Sample 
Depth

Moisture 
Content

Date 
Sampled

Boring ID

Page 1 of 1
The Source Group, Inc.

A Division of Apex Companies, LLC



Table 5-5
Summary of LNAPL Physical Property Data

Former ChemOil Refinery
Signal Hill, California

feet bgs °F g/cc centistokes centipoise
NORTHWEST PARCEL

70 0.8185 0.8169 1.84 1.50
100 0.8101 0.8045 1.40 1.13
130 0.8035 0.7923 1.13 0.899

70 0.8492 0.8475 3.45 2.92
100 0.8411 0.8353 2.41 2.01
130 0.8350 0.8233 1.81 1.49

Notes:
Viscosity, density and specific gravity data by methods ASTM D445, ASTM D1481, and API RP40.
bgs = below ground surface.
g/cc = gram per cubic centimeter.
°F = degree Farenheit.
NAPL = Non-aqueous phase liquid.

Date 
Sampled

Boring / 
Well ID

NAPL301/18/2017

Density Viscosity
Sample 
Depth

Temperature Specific 
Gravity

Description

MW-11

NAPL311/9/2017AN-13
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Appendix D Text D-1 The Source Group, Inc. 
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METHODOLOGY FOR LARWQCB SOIL SCREENING LEVELS FOR  
PROTECTION OF GROUNDWATER 

Soil screening levels (SLs) are used to evaluate the site investigation data, to identify chemicals of 
potential concern (COPCs), and to determine if further action is warranted to evaluate potential health 
impacts from exposure to Site-related constituents at the former Chemoil Refinery located in Signal 
Hill, California (the Site).  This appendix describes the methodology used to develop soil SLs for total 
petroleum hydrocarbon (TPH) and volatile organic compounds (VOCs) including benzene, toluene, 
ethylbenzene, and total xylenes (BTEX) and methyl tert-butyl ether (MTBE), using the procedures 
described in the California Regional Water Quality Control Board – Los Angeles (LARWQCB) 1996 
Interim Site Assessment and Cleanup Guidebook (Guidebook; LARWQCB, 1996).  The Guidebook–
based soil SLs are site-specific and designed to be protective of leaching to the groundwater pathway 
through the vadose zone.  These soil SLs are based on chemical toxicity, lithology of the soil, 
distance above groundwater, and groundwater designation as a source of drinking water.  

Lithology determinations for the Site were based on Unified Soil Classification System (USCS) 
lithologies, using boring logs from the January 2017 site investigation.  Depth to groundwater was 
determined using monitoring well data from the December 2016 groundwater monitoring event (Ami 
Adini & Associates, Inc. [AA&A], 2017). Due to Site topography, depth to groundwater in the northern 
portions of the Site is approximately 43 feet below ground surface (bgs; well MW-3), whereas depth 
to water in the southern portions of the Site is measured at approximately 15 feet bgs (well MW-14).  
A conservative, Site-wide groundwater depth of 20 feet bgs was selected to calculate the soil SLs. 
Since the depth to groundwater greatly varies across the entire Site, soil SLs were also calculated 
for a depth to groundwater of 40 feet bgs, which is the dominant groundwater depth in the northern 
portions of the Site. 

TPH Soil Screening Levels 

Soil SLs for TPH were developed by the LARWQCB based on the length of the carbon chain and 
the distance of vadose zone soil above groundwater. The Guidebook separates TPH into the 
following carbon chain ranges: C4-C12, C13-C22, and C23-C44. Shallow groundwater is not 
currently used and is not likely to be developed for beneficial use.  Since groundwater is not a source 
of drinking water, the maximum soil SL for soil greater than 150 feet above groundwater is used for 
all TPH carbon chain ranges (reproduced below from Table 4-1 of the Guidebook [LARWQCB, 
1996]).  
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Table 4-1 
Maximum Soil Screening Levels (mg/kg) for TPH 

 above Drinking Water Aquifers 

Distance Above 
Groundwater 

Hydrocarbon Chain Identification 

C4-C12 C13-C22 C23-C44 

>150 feet 1,000 10,000 50,000 

20-150 feet 500 1,000 10,000 

<20 feet 100 100 1,000 
Notes: 
mg/kg = milligram per kilogram 

 

VOC Soil Screening Levels 

Soil SLs for VOCs were developed by the LARWQCB based on the attenuation factor (AF) method 
as described in Appendix A of the Guidebook (LARWQCB, 1996). The AF method is used to 
calculate soil SLs using a soil to groundwater leaching model, which takes into consideration the 
physical properties of the site-specific soil types, physical properties of the chemicals, average 
infiltration rates through the site-specific lithology, distance to groundwater, and water quality 
standards (WQSs).  

In order to simplify the calculation of the AF, the Guidebook presents average AFs based on distance 
above groundwater and lithology type (Table 5-1 [LARWQCB, 1996]). These average AFs are 
compiled from soil physical property data from the Los Angeles region, overall maximum average 
AFs for 29 common VOCs, distance above groundwater, and common vadose zone lithology. 
Table 5-1 is reproduced below from the Guidebook (LARWQCB, 1996).  

Table 5-1 
Average Attenuation Factor for Different Distances Above Groundwater  

and Lithology 

Distance Above 
Groundwater 

Lithology 

Gravel Sand Silt Clay 

150 feet 13 26 51 255 

120 feet 10 19 39 193 

100 feet 8 15 20 151 

80 feet 3 7 13 67 

60 feet 1 3 5 26 
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Table 5-1 (Continued) 
Average Attenuation Factor for Different Distances Above Groundwater  

and Lithology 

Distance Above 
Groundwater 

Lithology 

Gravel Sand Silt Clay 

40 feet 1 1 3 13 

20 feet 1 1 1 7 
Notes: 
Average attenuation factors for 1) a given depth above groundwater and 2) lithology. 
Distance (feet) between groundwater and the measured point. 
Lithology (USCS Standard) between groundwater and the measured point. 

If the vadose zone is a combination of more than one lithology type, AF values should be proportional 
to the thickness of each lithology type represented within the vadose zone for the given depth above 
groundwater. The attenuation factor for multiple lithology types is calculated as follows: 

AFT = %gravel x AFgravel + %sand x AFsand + %silt x AFsilt + %clay x AFclay 

where: 
AFT = Total attenuation factor (liters per kilogram). 
% = percent.  

For distances above groundwater not included on Table 5-1, the average attenuation factor for each 
lithologic constituent can be linearly interpolated between the points given in Table 5-1. 

To calculate the soil SL for VOCs, the AFT is multiplied by the applicable WQS for the chemical.  
Water quality standards for VOCs were obtained from the most conservative water quality value from 
MCL, SFRWQCB ESLs (SFRWQCB, 2016), SWRCB notification levels (NLs) (SWRCB, 2015), and 
USEPA RSLs (USEPA, 2016).  Since groundwater is not considered a source of drinking water, the 
WQS was set at 100 times the WQS as a preliminary level determined to be protective of human 
health and the environment (LAWRQCB, 1996). 

VOC Soil SL = AFT x (100 x WQS) 
where: 
WQS = Water quality standard in milligrams per liter. 
VOC Soil SL in milligrams per kilogram. 

BTEX and MTBE Soil Screening Levels 

Soil SLs for benzene, toluene, ethylbenzene, and total xylenes (BTEX) and methyl tert-butyl ether 
(MTBE) were pre-determined by the LARWQCB using the AF method (LARWQCB, 1996), which 
was described above.  Maximum soil SLs for BTEX and MTBE above drinking water aquifers are 
calculated based on Table 4-1 (revised January 5, 2005) of the Guidebook. For alternate depths, the 
soil screening levels for BTEX and MTBE can be linearly interpolated from Table 4-1 of the 
Guidebook. Since groundwater is not considered a source of drinking water, the pre-determined 
maximum soil SLs shown in the table below for BTEX and MTBE were multiplied by 100. 
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Table 4-1 
Maximum Soil Screening Levels (mg/kg) for TPH, BTEX and MTBE above Drinking Water Aquifers 

B
T

E
X

 &
 M

T
B

E
 

Distance Above 
Groundwater 

Lithology 

Gravel Sand Silt Clay 

150 feet 

B=0.044 B=0.077 B=0.165 B=0.8 

T=2 T=4 T=9 T=43 

E=8 E=17 E=34 E=170 

X=23 X=48 X=93 X=465 

MTBE = 0.039 MTBE = 0.078 MTBE = 0.156 MTBE = 0.78 

120 feet 

B=0.035 B=0.058 B=0.123 B=0.603 

T=1.57 T=3.1 T=7 T=32 

E=6.3 E=12.7 E=25.9 E=128 

X=17.9 X=36 X=70.3 X=351 

MTBE = 0.028 MTBE = 0.061 MTBE = 0.117 MTBE = 0.591 

100 feet 

B=0.028 B=0.046 B=0.094 B=0.471 

T=1.3 T=2.57 T=5.4 T=25 

E=5.1 E=9.86 E=20.4 E=101 

X=14.4 X=28 X=55.1 X=276 

MTBE = 0.020 MTBE = 0.05 MTBE = 0.091 MTBE = 0.464 

80 feet 

B=0.022 B=0.033 B=0.066 B=0.34 

T=1 T=2 T=4 T=18 

E=4 E=7 E=15 E=73 

X=11 X=20 X=40 X=200 

MTBE = 0.013 MTBE = 0.039 MTBE = 0.065 MTBE = 0.338 

60 feet 

B=0.018 B=0.026 B=0.048 B=0.241 

T=0.72 T=1.4 T=2.8 T=13 

E=2.9 E=4.9 E=10.7 E=52 

X=7.9 X=13.9 X=28.4 X=141.5 

MTBE = 0.013 MTBE = 0.03 MTBE = 0.048 MTBE = 0.247 

40 feet 

B=0.015 B=0.018 B=0.029 B=0.143 

T=0.43 T=0.87 T=1.6 T=7.5 

E=1.8 E=2.8 E=6.3 E=30 

X=4.8 X=7.8 X=16.9 X=83 

MTBE = 0.013 MTBE = 0.022 MTBE = 0.03 MTBE = 0.156 

20 feet 

B=0.011 B=0.011 B=0.011 B=0.044 

T=0.15 T=0.3 T=0.45 T=2.3 

E=0.7 E=0.7 E=2 E=9 

X=1.75 X=1.75 X=5.3 X=24.5 

MTBE = 0.013 MTBE = 0.013 MTBE = 0.013 MTBE = 0.065 
mg/kg = milligram per kilogram. 
BTEX = Benzene, toluene, ethylbenzene, and total xylenes. 
MTBE = Methyl tert-butyl ether. 
Respective MCLs (parts per million): B=0.001, T=0.15, E=0.7, X=1.75, MTBE=0.013. 
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Summary of Soil Screening Levels 

Calculated soil SLs where groundwater is a non-drinking water aquifer are shown on Tables D-1 
through D-4. Since depth to groundwater varies at the Site, scenarios for depth to groundwater at 20 
feet bgs and 40 feet bgs were both considered. For the scenario where groundwater is at 20 feet bgs 
(Tables D-1 and D-2), soil SLs were calculated for 0 to 10 feet bgs (10 feet above groundwater) and 
10 to 19 feet bgs (1 foot above groundwater). For the scenario where groundwater is at 40 feet bgs 
(Tables D-3 and D-4), soil SLs are calculated for 0 to 10 feet bgs (30 feet above groundwater), 10 to 
20 feet bgs (20 feet above groundwater), and 20 to 39 feet bgs (1 foot above groundwater). Where 
the soil SLs are typically more conservative than the laboratory reporting limits, the screening levels 
have been modified to represent laboratory detection and reporting limitations.  
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Soil Types (10 - 20 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 55.6 13.5 1.00
Soil Type Percentage4 0% 79% 19% 1%

Constituent Gravel SL5 Sand SL5 Silt SL5 Clay SL5 Soil SL5
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

TPH (C4-C12) 1,000 1,000 1,000 1,000 1,000
TPH (C13-C22) 10,000 10,000 10,000 10,000 10,000
TPH (C23-C44) 50,000 50,000 50,000 50,000 50,000
Benzene 0.6 0.6 0.6 2.3 0.62
Toluene 15 23 30 123 25
Ethylbenzene 50 50 115 465 68
Xylenes 175 175 353 1313 225
MTBE 1.3 1.3 1.3 3.9 1.3

Soil Types (19 - 20 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 6.60 0.40 0.00
Soil Type Percentage4 0% 94% 6% 0%

Constituent Gravel SL5 Sand SL5 Silt SL5 Clay SL5 Soil SL5
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

TPH (C4-C12) 1,000 1,000 1,000 1,000 1,000
TPH (C13-C22) 10,000 10,000 10,000 10,000 10,000
TPH (C23-C32) 50,000 50,000 50,000 50,000 50,000
Benzene 0.15 0.15 0.15 0.32 0.15
Toluene 15 16 17 26 16
Ethylbenzene 32 32 39 74 32
Xylenes 175 175 193 289 176
MTBE 1.3 1.3 1.3 1.6 1.3
Notes:
TPH = Total petroleum hydrocarbons.
C4-C12 = Carbon range.
BTEX = Benzene, toluene, ethylbenzene, and total xylenes.
MTBE = Methyl tert-butyl ether.
bgs = below ground surface.
SL = screening level.
mg/kg = milligram per kilogram.
1  Screening level calculations based on Interim Site Assessment & Cleanup Guidebook (LARWQCB, 1996).

4  Soil type percentage is equal to the average soil thickness of each soil type divided by the total summed thickness of all soil types.

References:

Groundwater at 20 feet bgs, Non-Drinking Water Aquifer
Soil Screening Levels for TPH, BTEX and MTBE - 

Table D-1

LARWQCB. 1996. Interim Site Assessment and Cleanup Guidebook: May 1996 California Regional Water Quality Control Board, 
     Los Angeles and Ventura Counties Region 4 (LARWQCB). May. Updated January 5, 2005. 

Soil Screening Level - 11 to 20 feet bgs1
(1 foot Above Groundwater)

Former ChemOil Refinery
Signal Hill, California

Soil Screening Level -  0 to 10 feet bgs1
(10 feet Above Groundwater)

2  Represents soil interval that contaminant vertically migrates through to groundwater.  Soil types are compiled from January 2017 soil boring logs with 
data from the indicated depth range.
3  Average soil thickness is the total thickness of each soil type encountered within January 2017 soil borings for the indicated depth range based on 
the USCS classification.

5  SLs are from LARWQCB (1996) Table 4-1.  Values not included on the table are linearly interpolated between distance above groundwater and are 
proportional to fraction of each lithological thickness.  SLs are multiplied by a factor of 100 to account for a non-drinking water aquifer.
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Soil Types (10 - 20 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 55.6 13.5 1.00
Soil Type Percentage4 0.00 0.79 0.19 0.01
Average Attenuation Factor5 1 1 1 7

Constituent WQS 100xWQS7 AFT (8) Soil SL
(mg/L) (mg/L) Source (L/kg) (mg/kg)

1,2,4-Trimethylbenzene 0.33 33 NL 1.09 36
1,3,5-Trimethylbenzene 0.33 33 NL 1.09 36
Acetone 1.5 150 ESL 1.09 163
Isopropylbenzene 0.77 77 NL 1.09 84
n-Butylbenzene 0.26 26 NL 1.09 28
n-Propylbenzene 0.26 26 NL 1.09 28
sec-Butylbenzene 0.26 26 NL 1.09 28
tert-Butylbenzene 0.26 26 NL 1.09 28
Naphthalene 0.017 1.7 NL 1.09 1.8
tertiary-Butyl Alcohol (TBA) 0.012 1.2 NL 1.09 1.3
4-Isopropyltoluene No Value No Value - - 1.08 - - 

Soil Types (19 - 20 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 6.60 0.40 0.00
Soil Type Percentage4 0.00 0.94 0.06 0.00
Average Attenuation Factor5 1 1 1 1

Constituent WQS 100xWQS7 AFT (8) Soil SL
(mg/L) (mg/L) Source (L/kg) (mg/kg)

1,2,4-Trimethylbenzene 0.33 33 NL 1.00 33
1,3,5-Trimethylbenzene 0.33 33 NL 1.00 33
Acetone 1.5 150 ESL 1.00 150
Isopropylbenzene 0.77 77 NL 1.00 77
n-Butylbenzene 0.26 26 NL 1.00 26
n-Propylbenzene 0.26 26 NL 1.00 26
sec-Butylbenzene 0.26 26 NL 1.00 26
tert-Butylbenzene 0.26 26 NL 1.00 26
Naphthalene 0.017 1.7 NL 1.00 1.7
tertiary-Butyl Alcohol (TBA) 0.012 1.2 NL 1.00 1.2
4-Isopropyltoluene No Value No Value - - 1.00 - - 

Water Quality Standard (WQS)6

Table D-2
Soil Screening Levels for VOCs -

Groundwater at 20 feet bgs, Non-Drinking Water Aquifer
Former ChemOil Refinery

Soil Screening Level - 11 to 20 feet bgs1
(1 foot Above Groundwater)

Soil Screening Level - 0 to 10 feet bgs1
(10 feet Above Groundwater)

Signal Hill, California

Water Quality Standard (WQS)6

Page 1 of 2 The Source Group, Inc.
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Table D-2
Soil Screening Levels for VOCs -

Groundwater at 20 feet bgs, Non-Drinking Water Aquifer
Former ChemOil Refinery

Signal Hill, California
Notes:
VOCs = Volatile organic compounds.
mg/L = milligram per liter.
L/kg = liter per kilogram.
AFT = total attenuation factor.
mg/kg = milligram per kilogram.
- - = Not applicable.
NL = Notification Level (CWRCB, 2015).
ESL = Environmental Screening Levels (SFBRWQCB, 2016).
1  Screening level calculations based on Interim Site Assessment & Cleanup Guidebook (LARWQCB, 1996).

7  Based on LARWQCB (1996), WQS was multiplied by a factor of 100 to account for a non-drinking water aquifer.
8  Calculated based on  Interim Site Assessment & Cleanup Guidebook (LARWQCB, 1996).
References

SFRWQCB. 2016. Environmental Screening Levels (ESLs). San Francisco Bay. February (Revision 3).
SWRCB. 2015. Drinking Water Notification Levels and Response Levels: An Overview. Division of Drinking Water.  February 4.

6  Water quality standards for VOCs were obtained from the most conservative water quality value from maximum contaminant level (MCL), 
SFRWQCB ESLs (SFRWQCB, 2016), SWRCB notification levels (NLs) (SWRCB, 2015).

LARWQCB. 1996. Interim Site Assessment and Cleanup Guidebook: May 1996 California Regional Water Quality Control Board 
     Los Angeles and Ventura Counties Region 4 (LARWQCB). May. 

2  Represents soil interval that contaminant vertically migrates through to groundwater.  Soil types are compiled from January 2017 soil boring logs 
with data from the indicated depth range.
3  Average soil thickness is the total thickness of each soil type encountered within January 2017 soil borings for the indicated depth range based 
on the USCS classification.
4  Soil type percentage is equal to the average soil thickness of each soil type divided by the total summed thickness of all soil types.
5  Average attenuation factors are from LARWQCB (1996) Table 5-1.  Values not included on the table are linearly interpolated between distance 
above groundwater and are proportional to fraction of each lithological thickness.  At 1-foot above groundwater the average attenuation factor is 
equal to one for all soil types.  SLs are multiplied by a factor of 100 to account for a non-drinking water aquifer.
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Soil Types (10 - 40 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 167.5 38.4 4.08
Soil Type Percentage4 0% 80% 18% 2%

Constituent Gravel SL5 Sand SL5 Silt SL5 Clay SL5 Soil SL5
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

TPH (C4-C12) 1,000 1,000 1,000 1,000 1,000
TPH (C13-C22) 10,000 10,000 10,000 10,000 10,000
TPH (C23-C44) 50,000 50,000 50,000 50,000 50,000
Benzene 1.3 6.4 11.9 9.3 7.5
Toluene 29.2 58 104 492 75
Ethylbenzene 125 175 417 1967 254
Xylenes 329 479 1108 5375 689
MTBE 1.3 1.7 2.2 11.1 2.0

Soil Types (20 - 40 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 112.0 25.0 3.08
Soil Type Percentage4 0% 80% 18% 2%

Constituent Gravel SL5 Sand SL5 Silt SL5 Clay SL5 Soil SL5
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

TPH (C4-C12) 1,000 1,000 1,000 1,000 1,000
TPH (C13-C22) 10,000 10,000 10,000 10,000 10,000
TPH (C23-C44) 50,000 50,000 50,000 50,000 50,000
Benzene 1.1 1.1 1.1 4.4 1.2
Toluene 15 30 45 230 37
Ethylbenzene 70 70 200 900 110
Xylenes 175 175 530 2450 284
MTBE 1.3 1.3 1.3 6.5 1.4

Signal Hill, California

Soil Screening Levels for TPH, BTEX and MTBE - 
Table D-3

Groundwater at 40 feet bgs, Non-Drinking Water Aquifer
Former ChemOil Refinery

Soil Screening Level -  0 to 10 feet bgs1
(30 feet Above Groundwater)

Soil Screening Level - 10 to 20 feet bgs1
(20 feet Above Groundwater)
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Signal Hill, California

Soil Screening Levels for TPH, BTEX and MTBE - 
Table D-3

Groundwater at 40 feet bgs, Non-Drinking Water Aquifer
Former ChemOil Refinery

Soil Types (39 - 40 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 3.70 2.75 0.55
Soil Type Percentage4 0% 53% 39% 8%

Constituent Gravel SL5 Sand SL5 Silt SL5 Clay SL5 Soil SL5
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

TPH (C4-C12) 1,000 1,000 1,000 1,000 1,000
TPH (C13-C22) 10,000 10,000 10,000 10,000 10,000
TPH (C23-C32) 50,000 50,000 50,000 50,000 50,000
Benzene 0.15 0.15 0.15 0.32 0.16
Toluene 15 15.75 16.5 25.8 17
Ethylbenzene 32 32 38.50 73.50 38
Xylenes 175 175 193 289 191
MTBE 1.3 1.3 1.3 1.6 1.3

Notes:
TPH = Total petroleum hydrocarbons.
C4-C12 = Carbon range.
BTEX = Benzene, toluene, ethylbenzene, and total xylenes.
MTBE = Methyl tert-butyl ether.
bgs = below ground surface.
SL = screening level.
mg/kg = milligram per kilogram.
1  Screening level calculations based on Interim Site Assessment & Cleanup Guidebook (LARWQCB, 1996).

4  Soil type percentage is equal to the average soil thickness of each soil type divided by the total summed thickness of all soil types.

References:

Soil Screening Level - 20 to 39 feet bgs1
(1 foot Above Groundwater)

LARWQCB. 1996. Interim Site Assessment and Cleanup Guidebook: May 1996 California Regional Water Quality Control Board, 
     Los Angeles and Ventura Counties Region 4 (LARWQCB). May. Updated January 5, 2005. 

2  Represents soil interval that contaminant vertically migrates through to groundwater.  Soil types are compiled from January 2017 soil boring logs 
with data from the indicated depth range.
3  Average soil thickness is the total thickness of each soil type encountered within January 2017 soil borings for the indicated depth range based on 
the USCS classification.

5  SLs are from LARWQCB (1996) Table 4-1.  Values not included on the table are linearly interpolated between distance above groundwater and 
are proportional to fraction of each lithological thickness.  SLs are multiplied by a factor of 100 to account for a non-drinking water aquifer.
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Soil Types (10 - 40 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 167.5 38.4 4.08
Soil Type Percentage4 0% 80% 18% 2%
Average Attenuation Factor5 1 2 4 20

Constituent WQS 100xWQS7 AFT (8) Soil SL
(mg/L) (mg/L) Source (L/kg) (mg/kg)

1,2,4-Trimethylbenzene 0.33 33 NL 2.71 89
1,3,5-Trimethylbenzene 0.33 33 NL 2.71 89
Acetone 1.5 150 ESL 2.71 406
Isopropylbenzene 0.77 77 NL 2.71 208
n-Butylbenzene 0.26 26 NL 2.71 70
n-Propylbenzene 0.26 26 NL 2.71 70
sec-Butylbenzene 0.26 26 NL 2.71 70
tert-Butylbenzene 0.26 26 NL 2.71 70
Naphthalene 0.017 1.7 NL 2.71 4.6
tertiary-Butyl Alcohol (TBA) 0.012 1.2 NL 2.71 3.2
4-Isopropyltoluene No Value No Value - - 2.71 - - 

Soil Types (20 - 40 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 112.0 25.0 3.08
Soil Type Percentage4 0% 80% 18% 2%
Average Attenuation Factor5 1 1 3 13

Constituent WQS 100xWQS7 AFT (8) Soil SL
(mg/L) (mg/L) Source (L/kg) (mg/kg)

1,2,4-Trimethylbenzene 0.33 33 NL 1.62 53
1,3,5-Trimethylbenzene 0.33 33 NL 1.62 53
Acetone 1.5 150 ESL 1.62 243
Isopropylbenzene 0.77 77 NL 1.62 125
n-Butylbenzene 0.26 26 NL 1.62 42
n-Propylbenzene 0.26 26 NL 1.62 42
sec-Butylbenzene 0.26 26 NL 1.62 42
tert-Butylbenzene 0.26 26 NL 1.62 42
Naphthalene 0.017 1.7 NL 1.62 2.8
tertiary-Butyl Alcohol (TBA) 0.012 1.2 NL 1.62 1.9
4-Isopropyltoluene No Value No Value RSL 1.08 - - 

Soil Screening Level - 0 to 10 feet bgs1
(30 feet Above Groundwater)

Soil Screening Level - 10 to 20 feet bgs1
(20 feet Above Groundwater)

Water Quality Standard (WQS)6

Water Quality Standard (WQS)6

Table D-4
Soil Screening Levels for VOCs -

Groundwater at 40 feet bgs, Non-Drinking Water Aquifer
Former ChemOil Refinery

Signal Hill, California

Page 1 of 2 The Source Group, Inc.
A Division of Apex Companies, LLC



Table D-4
Soil Screening Levels for VOCs -

Groundwater at 40 feet bgs, Non-Drinking Water Aquifer
Former ChemOil Refinery

Signal Hill, California

Soil Types (39 - 40 feet bgs)2 Gravel Sand Silt Clay
Average Soil Thickness (feet)3 0.00 3.70 2.75 0.55
Soil Type Percentage4 0% 53% 39% 8%
Average Attenuation Factor5 1 1 1 1

Constituent WQS 100xWQS7 AFT (8) Soil SL
(mg/L) (mg/L) Source (L/kg) (mg/kg)

1,2,4-Trimethylbenzene 0.33 33 NL 1.00 33
1,3,5-Trimethylbenzene 0.33 33 NL 1.00 33
Acetone 1.5 150 ESL 1.00 150
Isopropylbenzene 0.77 77 NL 1.00 77
n-Butylbenzene 0.26 26 NL 1.00 26
n-Propylbenzene 0.26 26 NL 1.00 26
sec-Butylbenzene 0.26 26 NL 1.00 26
tert-Butylbenzene 0.26 26 NL 1.00 26
Naphthalene 0.017 1.7 NL 1.00 1.7
tertiary-Butyl Alcohol (TBA) 0.012 1.2 NL 1.00 1.2
4-Isopropyltoluene No Value No Value - - 1.00 - - 
Notes:
VOCs = Volatile organic compounds.
mg/L = milligram per liter.
L/kg = liter per kilogram.
AFT = total attenuation factor.
mg/kg = milligram per kilogram.
- - = Not applicable.
NL = Notification Level (CWRCB, 2015).
ESL = Environmental Screening Levels (SFBRWQCB, 2016).
1  Screening level calculations based on Interim Site Assessment & Cleanup Guidebook (LARWQCB, 1996).

7  Based on LARWQCB (1996), WQS was multiplied by a factor of 100 to account for a non-drinking water aquifer.
8  Calculated based on  Interim Site Assessment & Cleanup Guidebook (LARWQCB, 1996).
References

SFRWQCB. 2016. Environmental Screening Levels (ESLs). San Francisco Bay. February (Revision 3).
LARWQCB. 1996. Interim Site Assessment and Cleanup Guidebook: May 1996 California Regional Water Quality Control Board 
     Los Angeles and Ventura Counties Region 4 (LARWQCB). May. 

SWRCB. 2015. Drinking Water Notification Levels and Response Levels: An Overview. Division of Drinking Water.  February 4.

Water Quality Standard (WQS)6

Soil Screening Level - 20 to 39 feet bgs1
(1 foot Above Groundwater)

6  Water quality standards for VOCs were obtained from the most conservative water quality value from maximum contaminant level (MCL), 
SFRWQCB ESLs (SFRWQCB, 2016), SWRCB notification levels (NLs) (SWRCB, 2015).

2  Represents soil interval that contaminant vertically migrates through to groundwater.  Soil types are compiled from January 2017 soil boring logs 
with data from the indicated depth range.
3  Average soil thickness is the total thickness of each soil type encountered within January 2017 soil borings for the indicated depth range based 
on the USCS classification.

5  Average attenuation factors are from LARWQCB (1996) Table 5-1.  Values not included on the table are linearly interpolated between distance 
above groundwater and are proportional to fraction of each lithological thickness.  At 1-foot above groundwater the average attenuation factor is 
equal to one for all soil types.  SLs are multiplied by a factor of 100 to account for a non-drinking water aquifer.

4  Soil type percentage is equal to the average soil thickness of each soil type divided by the total summed thickness of all soil types.
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BORING LOGS 

 



BORING LOCATION / DESCRIPTION:

TOTAL DEPTH:

BORING / WELL ID:

PROJECT NO.:

PERMIT NO.:

LOGGED BY:

REVIEWED BY:

SURFACE ELEVATION:

FINISH DATE (TIME):

EQUIPMENT:

SAMPLING METHOD:

MONITORING DEVICE:

PROJECT NAME AND SITE ADDRESS:

BORING DIAMETER (IN):

CASING TOP ELEVATION:

BORING ANGLE:

ANNULUS MATERIAL:

START DATE (TIME):

SCREEN INTERVAL:

DETAILS

CASING DIAMETER:

Sample Packaged for Analysis

BOREHOLE LOG

SUBCONTRACTOR:

DRILLING INFORMATIONPROJECT INFORMATION

First Water Encountered Stabilized Water Level
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(classification, color, moisture, density, grain size / plasticity, other)
ALL PERCENTAGES ARE APPROXIMATE

UNLESS OTHERWISE STATED.
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40'
AN-01

01/04/17 (0750)

01/04/17 (1000)

P. Fuller

R. Robitaille

GeoProbe 7800

Vertical

42.5 feet amsl

093-CHEMOIL-001

Continuous 1.75" x 48"

PID 100 ppm Hexane

Kehoe Testing & Engineering

NANA

2.5 inches

NA

North parcel, north side.

Former ChemOil Facility, Signal Hill, California

NA

Boring cleared to five feet bgs with hand auger.
ML: Sandy silt with gravel, very dark brown (10YR 3/2),
moderately hard, dry, trace concrete debris, fill.

ML: Clayey silt, dark yellowish brown (10YR 4/6), moderately
soft, dry, trace fine grained sand.

ML: Dark greenish gray (GLEY 4/1), moderately soft, dry, trace
fine grained sand.

SM: Silty sand, gray (5Y 5/1), loose, dry, well sorted fine to very
fine grained sand, micaceous.

1.5

0.2

22

13

0840

0840



BORING LOCATION / DESCRIPTION:

TOTAL DEPTH:

BORING / WELL ID:

PROJECT NAME AND SITE ADDRESS:

WELL CONSTRUCTION
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40'
AN-01

Former ChemOil Facility, Signal Hill, California

North parcel, north side.

Grades coarser sand, less silt.

SP: Sand, gray (2.5Y 6/1), loose, dry, well sorted fine to medium
grained sand, trace shell fragments.

SW: Sand, light brownish gray (2.5Y 6/2), loose, dry, moderately
poorly sorted fine to coarse grained sand, abundant shell
fragments.

SP: Sand, gray (2.5Y 6/1), loose, dry, well sorted fine grained
sand, no shell fragments.

ML: Silt with clay, gray (5Y 5/1), moderately hard, dry, abundant
shell fragments, (0,0,75,25).

CL: Clayey silt, olive gray (5Y 5/2), dense, moist, very fine
grained sand, abundant shell fragments, (0,20,40,40).

Hydropunch sampling performed at the following interval:
39 to 43 feet bgs (AN-01-40'GW, 1100).
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0915
Boring
backfilled
with
bentonite.



BORING LOCATION / DESCRIPTION:

TOTAL DEPTH:

BORING / WELL ID:

PROJECT NO.:

PERMIT NO.:

LOGGED BY:

REVIEWED BY:

SURFACE ELEVATION:

FINISH DATE (TIME):

EQUIPMENT:

SAMPLING METHOD:

MONITORING DEVICE:

PROJECT NAME AND SITE ADDRESS:

BORING DIAMETER (IN):

CASING TOP ELEVATION:

BORING ANGLE:

ANNULUS MATERIAL:

START DATE (TIME):

SCREEN INTERVAL:

DETAILS

CASING DIAMETER:

Sample Packaged for Analysis

BOREHOLE LOG

SUBCONTRACTOR:

DRILLING INFORMATIONPROJECT INFORMATION

First Water Encountered Stabilized Water Level

WELL CONSTRUCTION
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ALL PERCENTAGES ARE APPROXIMATE

UNLESS OTHERWISE STATED.

D
EP

TH

Page 1 of 2

0

5

10

15

38'
AN-02

01/04/17 (1320)

01/04/17 (1440)

P. Fuller

R. Robitaille

GeoProbe 7800

Vertical

35.4 feet amsl

093-CHEMOIL-001

Continuous 1.75' x 48"

PID 100ppm Hexane

Kehoe Testing & Engineering

NANA

2.5 inches

NA

North parcel

Former ChemOil Facility, Signal Hill, California

NA

Boring cleared to five feet bgs with hand auger.
SM: Sandy silt with gravel, fill.

SM: Sandy silt, dark grayish brown (10YR 4/2), moderately hard,
trace gravel, fine to coarse grained sand.

Grades with gravel and oil, very dark brown oil (asphaltic).

ML: Silt, very dark gray (5Y 3/1) to black (5Y 2.5/1), moderately
soft, dry, abundant oily staining, micaceous.

Grades to trace staining, dark gray (GLEY 4/0), strong
hydrocarbon odor.

SP: Sand, gray (5Y 6/1), loose, dry, fine to very fine grained
sand, well sorted, micaceous, hydrocarbon odor.

>15,000
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BORING LOCATION / DESCRIPTION:

TOTAL DEPTH:

BORING / WELL ID:

PROJECT NAME AND SITE ADDRESS:

WELL CONSTRUCTION

DETAILS

BOREHOLE LOG
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(classification, color, moisture, density, grain size / plasticity, other)
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UNLESS OTHERWISE STATED.
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Former ChemOil Facility, Signal Hill, California

North parcel

Grades coarser sand, trace shell fragments.

SW: Sand, gray (5Y 6/1), loose, dry, poorly sorted, fine to coarse
grained sand, abundant shell fragments.

SP: Sand, gray (5Y 6/1), loose, dry, poorly sorted, predominately
fine grained sand, shell fragments.

Grades no shell fragments.

SW: Sand, gray (5Y 6/1), looe, dry to wet at 36 feet bgs, poorly
sorted, fine to coarse grained sand, abundant shell fragments,
strong hydrocarbon odor.

Hydropunch sampling performed at the following interval:
34 to 38 feet bgs (AN-02-38'GW, 0810).
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AN-03

01/05/17 (1245)

01/05/17 (1345)

P. Fuller

R. Robitaille

GeoProbe 7800

Vertical

35.8 feet amsl

093-CHEMOIL-001

Continuous 1.75" x 48"

PID 100 ppm Hexane

Kehoe Testing & Engineering

NANA

2.5 inches

NA

East side of north parcel

Former ChemOil Facility, Signal Hill, California

NA

Boring cleared to five feet bgs with hand auger.
Fill: Sandy silt with gravel, gray (2.5Y 6/1).

Mixed Fill: Native soil, silt with gravel (ML), debris, dark gray (5Y
4/1).

ML: Silt, dark yellowish brown (10YR 4/4), moderately soft, dry,
trace fine grained sand, strong hydrocarbon odor.

ML: Silt, gray (5Y 6/1), soft, dry, strong hydrocarbon odor.

Grades with fine grained sand.

SP: Sand, gray (5Y 5/1), loose, dry, well sorted fine grained
sand, strong hydrocarbon odor.

Grades coarse grained sand with shell fragments.

Predominately medium grained sand.
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>15,000

>15,000

1310

1320
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AN-03

Former ChemOil Facility, Signal Hill, California

East side of north parcel

SW: Sand, gray (5Y 5/1), loose, dry, poorly sorted fine to coarse
grained sand, abundant shell fragments.

CL: Silty clay, olive (5Y 5/3), hard, dry.

SW: Sand, gray (5Y 5/1), loose, dry, poorly sorted fine to coarse
grained sand, abundant shell fragments.

SP: Sand, gray (5Y 5/1), loose, dry, well sorted fine grained
sand, no shell fragments, strong hydrocarbon odor.

Grades with trace shell fragments.

Grades light yellowish brown (2.5Y 6/3).

Grades light yellowish brown (2.5Y 6/3) and gray (5Y 5/1)
mottled, no shell fragments.

SW: Sand, gray (5Y 5/1), loose, dry, poorly sorted fine to coarse
grained sand, abundant shell fragments.

SM: Silty sand, gray (5Y 5/1) and light olive brown (2.5Y 5/3)
mottled, soft, moist, micaceous, no shell fragments, strong
hydrocarbon odor.

Hydropunch sampling performed at the following interval:
36 to 40 feet bgs (AN-03-40'GW, 1430). Very slow recharge.
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AN-05

01/05/17 (0845)

01/05/17 (1010)

P. Fuller

R. Robitaille

GeoProbe 7800

Vertical

33.9 feet amsl

093-CHEMOIL-001

Continuous 1.75" x 48"

PID 100ppm Hexane

Kehoe Testing & Engineering

NANA

2.5 inches

NA

North parcel, central area

Former ChemOil Facility, Signal Hill, California

NA

Boring cleared to five feet bgs with hand auger.
Fill: Silty sand with gravel.

ML: Silt, dark gray (5Y 4/1), moderately soft, dry, trace fine
grained sand, strong hydrocarbon odor.

CL: Clayey silt, gray (5Y 5/1), moderately hard, dry, trace caliche,
strong hydrocarbon odor.
Grades with fine grained sand.

SP: Sand, gray (5Y 5/1), loose, dry, fine to medium grained sand,
grades coarser with depth with silt at top.

Grades with trace shell fragments.

>15,000

>15,000

>15,000

0930

0940
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Former ChemOil Facility, Signal Hill, California

North parcel, central area

Abundant shell fragments, strong hydrocarbon odor.

Grades no shell fragments, predominately fine grained sand.

Hydropunch sampling performed at the following interval:
36 to 40 feet bgs (AN-05-40'GW, 1100). No oil blebs, slight
sheen, strong hydrocarbon odor.

>15,000

>15,000

>15,000

1000

1010

Boring
backfilled
with
bentonite.
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AN-13

01/09/17 (1200)

01/09/17 (1620)

P. Fuller

R. Robitaille

GeoProbe 7800

Vertical

29.9 feet amsl

093-CHEMOIL-001

Continuous 1.75" x 48"

PID 100 ppm Hexane

Kehoe Testing & Engineering

NANA

2.5 inches

NA

Center of north parcel

Former ChemOil Facility, Signal Hill, California

NA

Boring cleared to five feet bgs with hand auger.
Fill: Silty sand with gravel and debris.

CL: Clayey silt, dark gray (2.5Y 4/1), moderately hard, dry, trace
fine grained sand, moderate hydrocarbon odor, (0,0,80,20).

ML: Silt, gray (5Y 5/1), moderately soft, dry, trace clay,
micaceous, strong hydrocarbon odor.

Grades with increasing clay (0,0,80,20) (2 inches only).

Grades with fine grained sand (0,30,70,0).

SM: Silty sand, gray (5Y 5/1), loose, dry, well sorted fine grained
sand, trace medium grained sand, strong hydrocarbon odor.

Grades increasing medium grained sand.
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AN-13

Former ChemOil Facility, Signal Hill, California

Center of north parcel

(Sampler jammed in rods.)

Observed free product in soil.

Hydropunch sampling performed at the following intervals:
27 to 31 feet bgs (AN-13-31' GW, 09:00). Mostly oil and oily
water, low viscosity, dark brown.
37 to 41 feet bgs (AN-13-41' GW, 10:00). Heavy sheen.
51 to 54 feet bgs (AN-13-54' GW, 11:00). No sheen.

>15,000

>15,000

1245
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Boring
backfilled
with
bentonite.
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START DATE (TIME):

SCREEN INTERVAL:

DETAILS

CASING DIAMETER:

Sample Packaged for Analysis
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01/18/17 (0805)

01/18/17 (0850)

P. Fuller

A. Czuba

GeoProbe 6610DT

Vertical

30.7 feet amsl

093-CHEMOIL-001

Continuous 1.75" x 48"

PID 100ppm Hexane

Kehoe Testing & Engineering

NANA

2.5 inches

NA

Southwest of MW-11, northwest parcel

Former ChemOil Facility, Signal Hill, California

NA

Fill: Boring cleared to five feet bgs with hand auger.
Fill.

ML: Sandy silt, brown (10YR 4/3), moist, poorly graded very fine
grained sand, non-plastic, slight hydrocarbon odor, (0,40,60,0).

Olive brown (2.5Y 4/3), strong hydrocarbon odor.

SP: Poorly graded sand, gray (GLEY1 5/10Y), dry, fine to coarse
grained sand, hydrocarbon odor, (0,100,0,0).
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>15,000

>15,000

0813

0816

0820
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AN-20

Former ChemOil Facility, Signal Hill, California

Southwest of MW-11, northwest parcel

Poorly graded fine to medium grained sand, strong hydrocarbon
odor.

Very fine grained sand, (0,90,10,0).

SM: Silty sand, gray (GLEY 5/10Y), very moist, poorly graded
fine grained sand, non-plastic, very strong hydrocarbon odor,
(0,80,20,0).

At 33.5 feet bgs: Sheen observed on soil/water.

ML: Sandy silt, olive brown (2.5Y 4/1), slightly moist, hard, trace
clay, strong hydrocarbon odor, (0,10,85,5).

Hydropunch sampling performed at the following intervals:
28 to 32 feet bgs (AN-20-32'GW, 0943).
38 to 42 feet bgs (AN-20-42'GW, 1032).
48 to 52 feet bgs (AN-20-52'GW, 1130).
58 to 62 feet bgs (AN-20-62'GW, 1345).

3946
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backfilled
with
bentonite.



BORING LOCATION / DESCRIPTION:

TOTAL DEPTH:

BORING / WELL ID:

PROJECT NO.:

PERMIT NO.:

LOGGED BY:

REVIEWED BY:

SURFACE ELEVATION:

FINISH DATE (TIME):

EQUIPMENT:

SAMPLING METHOD:

MONITORING DEVICE:

PROJECT NAME AND SITE ADDRESS:

BORING DIAMETER (IN):

CASING TOP ELEVATION:

BORING ANGLE:

ANNULUS MATERIAL:

START DATE (TIME):

SCREEN INTERVAL:

DETAILS

CASING DIAMETER:

Sample Packaged for Analysis

BOREHOLE LOG

SUBCONTRACTOR:

DRILLING INFORMATIONPROJECT INFORMATION

First Water Encountered Stabilized Water Level

WELL CONSTRUCTION

TI
M

E

PI
D

 R
EA

D
IN

G

W
AT

ER
 L

EV
EL

R
EC

O
VE

R
Y 

(%
)

SA
M

PL
E 

IN
TE

R
VA

L

ST
R

AT
IG

R
AP

H
Y LITHOLOGIC DESCRIPTION

(classification, color, moisture, density, grain size / plasticity, other)
ALL PERCENTAGES ARE APPROXIMATE

UNLESS OTHERWISE STATED.

D
EP

TH

Page 1 of 2

0

5

10

15

32'
AO-01

01/10/17 (0700)

01/10/17 (0930)

P. Fuller

R. Robitaille

GeoProbe 7800

Vertical

27.0 feet amsl

093-CHEMOIL-001

Continuous 1.75" x 48"

PID 100ppm Hexane

Kehoe Testing & Engineering

NANA

2.5 inches

NA

In the street in fron tof 2109 Gundry Avenue

Former ChemOil Facility, Signal Hill, California

NA

Boring cleared to five feet bgs with hand auger.
Asphalt to 0.25 feet bgs.

Base coarse fill material.

ML: Silt, dark grayish brown (2.5Y 4/2), moderately soft, dry,
trace clay and fine grained sand.
At 2.9 feet bgs: Grades dark gray (2.5Y 4/1).
At 4.5 feet bgs: Grades dark yellowish brown (10YR 4/4).

ML: Clayey silt, dark grayish brown (2.5Y 4/2), soft, moist, trace
fine grained sand, (0,0,75,25).

ML: Silt, olive gray (5Y 5/2), soft, dry, trace fine grained sand.

Grades increasing sand.

SM: Silty sand, light olive gray (5Y 6/2), loose, dry, micaceous,
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AO-01

Former ChemOil Facility, Signal Hill, California

In the street in fron tof 2109 Gundry Avenue

very fine to fine grained sand, (0,70,30,0).

SC: Thin zone clayey sand.

SP: Sand, gray (5Y 6/1), loose, dry, some shell fragments,
micaceous, predominately fine grained sand, trace medium
grained sand.
At 19 feet bgs: Grades no shell fragments.

Gray (5Y 5/1), trace silt, faint hydrocarbon odor.

ML: Clayey silt, olive gray (5Y 5/2), moderately hard, dry.

SP: Sand, gray (5Y 5/1), loose, dry, trace silt, faint hydrocarbon
odor, micaceous, trace shell fragments.

Hydropunch sampling performed at the following intervals:
30 to 34 feet bgs (AO-01-34'GW, 0945). Sheen.
40 to 44 feet bgs (AO-01-44'GW, 1140). Slight sheen.
56 to 60 feet bgs (AO-01-60'GW, 1320). No sheen.
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Boring
backfilled
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01/10/17

01/10/17

P. Fuller

A. Czuba

SR0092630 Truck-mounted HSA

Vertical

25.4 feet amsl

093-CHEMOIL-001

Split Spoon

PID

Gregg Drilling

#2/12 Monterey Sand24.79 feet amsl

8 inches

2 inches

Southwest parcel near AS-03.

Former ChemOil Facility, Signal Hill, California

20 to 35 feet bgs

Boring cleared to five feet bgs with hand auger.
SM: Silty sand, brown, slightly moist, poorly graded fine to coarse
grained sand, low plasticity, no odor, (0,80,20,0).

SM: Silty sand, olive gray, dry, moderately soft, poorly graded,
trace clay, slight hydrocarbon odor.

Grades brown.

Grades olive gray, poorly graded very fine grained sand.

ML: Clayey silt, dark olive gray, dry, hard, poorly graded, low
plasticity, no odor.

SM: Silty sand, olive gray, dry, very fine grained sand, slight
hydrocarbon odor, (0,70,30,0).

Grades increasing silt, (0,60,40,0).

SP: Poorly graded sand, dark gray, dry, fine to medium grained
sand, trace silt, slight hydrocarbon odor, (0,100,0,0).

SM: Silty sand, gray, dry, poorly graded fine to medium grained
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MW-20

Former ChemOil Facility, Signal Hill, California

Southwest parcel near AS-03.

sand, non-plastic, slight hydrocarbon odor, (0,80,20,0).

SP: Poorly graded sand, gray, dry, fine to medium graned, slight
hydrocarbon odor, (0,100,0,0).

SM: Silty sand, gray, dry, poorly graded fine to medium grained
sand, non-plastic, slight hydrocarbon odor, (0,80,20,0).

Olive gray, hydrocarbon odor, (0,75,25,0).

Very fine grained sand, hydrocarbon odor, (0,70,30,0).

Strong hydrocarbon odor, (0,75,25,0).

ML: Sandy silt, olive gray, saturated, poorly graded very fine
grained sand, non-plastic, strong hydrocarbon odor, (0,20,80,0).

SM: Silty sand, olive gray, poorly graded very fine grained sand,
non-plastic, strong hydrocarbon odor, (0,60,40,0).

Grades increasing sand, (0,70,30,0).

ML: Clayey silt, light olive gray, saturated, poorly graded, medium
plasticity, hydrocarbon odor, (0,0,75,25).
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AE-01

13-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AE-02

13-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AE-03

13-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-09

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-10

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-11

15-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-12

15-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12



 0

 10

 20

 30

 40

 50

 60

Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-15

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

0409160020

D. Garza

Signal Hill, CA

AN-16

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-17

15-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-18

15-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-19

19-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 2095

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AN-21

19-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 2095

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AS-01

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AS-02

13-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AS-03

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AS-04

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny  Garza

Signal Hill, CA

AS-05

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

0409160020

D. Garza

Signal Hill, CA

AS-06

15-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AS-09

14-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 1519

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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Job Number: 
Operator:  
Location: 

CPT Number:
Date:
Elevation:

Coordinates:
Cone Number:

04.0916-0020

Danny Garza

Signal Hill, CA

AS-10

19-Dec-2016

0.00

CP15-CF25PB7SN2-P1E1 2095

Page 1 of 1

Sleeve Friction Fs (TSF) Cone Resistance qc (TSF) Pore Pressure U2 (TSF) Friction Ratio Rf (%)
Soil Behavior

Type

(1) sensitive fine grained (OL-CH)

(2) organic material (OL-OH)

(3) clay (CH)

(4) silty clay to clay (CL-CH)

(5) clayey silt to silty clay (MH-CL)

(6) sandy silt to clayey silt (ML-MH)

(7) silty sand to sandy silt (SM-ML)

(8) sand to silty sand (SM-SP)

(9) sand (SW-SP)

(10) gravel to gravelly sand (SW-GW)

(11) very stiff fine grained* (CH-CL)

(12) sand to clayey sand* (SC-SM)

Robertson et al. 1986  *Overconsolidated or Cemented

0   12 0  450 -3 0   12 0 100 12
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< Back To Newsletters

Interpreting LIF Waveforms
Laser-Induced Fluorescence Primer II: Interpreting Waveforms

Randy St. Germain, President 

Ultraviolet (UV) laser-induced fluorescence (LIF) screening tools cause fluorescence in light non-aqueous phase liquids (LNAPLs).  Total
fluorescence readings estimate the quantity of LNAPL present, but LIF can also capture fluorescence "waveforms" to qualitatively
evaluate LNAPL type.

[This article focuses on UV LIF’s application to petroleum fuels and oils, but NOT creosotes and coal tar. These require the Tar-specific Green
Optical Screening Tool or TarGOST. TarGOST and the problem inherent with the fluorescence of heavier hydrocarbons will be discussed in a
forthcoming LIF Line]

BACKGROUND:

Optical screening tools (OSTs) “flash” a sample with intense light for a few nanoseconds, then analyze the fluorescence that continues to
be emitted long a�er the flash has stopped. This fluorescence “lifetime” varies, from well under a nanosecond to tens or even hundreds
of nanoseconds.

OSTs have this time-resolved LIF capability built in so that they can simultaneously record the “color” (spectral nature) and lifetime
(temporal nature) of the fluorescence. OST LIF systems can tentatively identify the type of petroleum, discern false positives, and detect
weathering of certain LNAPLs with lifetimes playing a major role.

MULTI-WAVELENGTH WAVEFORMS:

The le� side of Figure A illustrates the combined spectral/temporal nature of the fluorescence emitted by the polycyclic aromatic
hydrocarbons (PAHs) in diesel, and the right side shows the 2D “shorthand” style waveform characteristic of OST data.
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Key characteristics of waveforms include:

Intensity (Amount of Fluorescence)

The y-axis represents the intensity or “brightness” of the fluorescence. It is a voltage.

•    Intensity generally increases with increasing fuel/oil pore saturation.

•    The relative fluorescence intensity is dependent on the composition of the fuel. 
    o    Some fuels (diesel and crude) fluoresce more intensely than others (gasoline). 
    o    Low viscosity, high solvent content fuels/oils dominated by smaller 2-3 ring PAHs usually fluoresce better (higher voltages) than
large PAHs containing fuels, oils, greases or sludge.

The Four Fluorescence Channels (“Peaks”)

The x-axis of Figure A represents 320 nanoseconds of time during which the four wavelength ranges of fluorescence arrive at the detector
at sequentially delayed times.

•    The four peaks or channels represent 350 nm (blue), 400 nm (green), 450 nm (orange), and 500 nm (red). Each peak is 40 nm wide.

•    It is important to note that the blue, green, orange, and red aren’t the true colors of those wavelengths – just colors chosen to
represent the four peaks.

•    The relative intensities between the four channels is used to fill the LIF log with blended color to visualize fluorescence trends “at a
glance”. [note the fill-color boxes in upper right corner of the example waveforms to follow]

•    OST systems are “calibrated” by applying the Reference Emitter (RE) fluid to the window and recording RE’s response. The RE is a
standard fluorescing NAPL supplied by Dakota to all OST service providers for the last 15 years. The purpose of the RE is to:  
    1.    Normalize the data for push-to-push fluctuations in optical throughput. 
    2.    System check to make sure all optics are intact and operating normally.

•    All downhole data is normalized to the RE (as percentage) so that data is consistent across all OSTs across the globe, regardless of who
is operating them.

•    The factory RE is displayed on the oscilloscope along with the latest RE, assisting the operator in assuring that the OST data they
generate “matches” all other OSTs.

•    The area under the curve of all four channels is summed and divided by the RE waveforms’ areas to generate the normalized total
fluorescence “Signal” of an LIF log.

•    One PAH will usually occupy more than one channel since PAHs fluoresce broadly (naphthalene is a notable exception, fluorescing
almost exclusively in the blue channel).
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•    In general, the shorter wavelength channels (blue/green) are occupied by 2- and 3-ring PAHs, the middle (green/orange) by 3- and 4-
ring PAHs, and the rightmost (orange/red) by 4-ring and larger PAHs [Figure A].

•    The voltage or height of the waveform generally scales with NAPL saturation for any single NAPL on a single soil type.

Lifetimes (Decaying Fluorescence)

The x-axis of waveforms represents the extremely short time period necessary to capture the pulse of PAH fluorescence. The lifetime is
the average time the laser-induced PAH population stays in the excited state prior to fluorescing.

•    PAHs fluoresce from a few to hundreds of nanoseconds a�er excitation.

•    In the characteristic diesel example, the blue channel has a shorter lifetime than the green channel (see how the intensity falls back
toward baseline more quickly on the right side of the 350 nm peak).

•    The lifetimes of some channels “bleed” into subsequent channels (green into orange, for instance) and influence the log’s fill colors.

•    Short lifetimes o�en indicate an energy transfer from smaller excited-state PAHs to surrounding, larger PAHs or the matrix. This leads
to quenching (reduction) of fluorescence and red-shi�ing of the emission toward the right (longer wavelength).

•    Long lifetimes o�en indicate oxygen starvation and/or a solvent-rich fluorescent friendly environment. Natural gas condensates can
have unusually long lifetimes.

EXAMPLE WAVEFORMS:

PAHs:

PAH waveforms show the general trend of emission with size/complexity of PAHs (Figure B).

•    The upper-le� is Naphthalene, fluorescing almost entirely in the blue channel.

•    The upper-right is Anthracene, the simple addition of one more benzene ring onto a naphthalene shi�ed the fluorescence by about 75-
100 nm (about 1.5-2 “channels”).

•    The lower-le� is Pyrene, which is one ring larger but more “compact” so the red-shi�ing is moderate comparatively.

•    The lower-right is Benzo (a) pyrene, emitting almost entirely in the red channel.
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Fuels/Oils:

Fuels/oils contain complex chemical composition, which results in broad waveforms. The “EPA 16” PAHs only account for approximately 1
percent of the PAHs in crude oil, so there are usually a wide variety of PAHs fluorescing. From “blue to red” some common fuel/oil
waveforms, shown in Figure C, include the following:

•    Jet/Kerosene [Row 1]: 
    o    Naphthalene and Jet/Kerosene waveforms are similar because those fuels’ PAH content are dominated by the naphthalenes.

•    Gasoline [Row 2]: 
    o    Intact (unweathered) gasoline has the typical shape shown and will fluoresce well enough to be delineated with LIF, even though
gasoline contains low concentrations of 2- to 3-ring PAHs relative to the benzene, toluene, ethylebenzene and xylenes (BTEX) and
aliphatics.

•    Diesel [Row 3]: 
    o    Diesel has a short lifetime blue (2-ring PAH) peak that is about the same height as the longer lifetime green peak. Evidence of
weathering in diesels is rare.

•    Oils [Row 4]:     
    o    Oils such as crude, lubricating, and cutting types fluoresce well and are usually found slightly right of center (red-shi�ed) and have
medium to long lifetimes.
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Weathering:

Weathering typically removes the most soluble, volatile, and readily metabolized PAHs first. Large PAHs remain behind, which causes a
red-shi� in the fluorescence waveform. Simultaneously there is a loss of solvent aliphatics, which o�en shortens the lifetime so a
weathered light fuel will start to look like oil or even tar. Figure D demonstrates weathering of gasoline in a lab experiment, resulting in
red-shi�ing that can make weathered gasoline display an “oil” waveform. When jet/kerosene weather, they simply “disappear” (become
non-fluorescent) because there are too few larger PAHs to fluoresce once the naphthalenes are gone. It is important to appreciate that
NAPL (especially gasolines) can vary in their appearance even prior to spilling. The degree of red-shi�ing is relative to the starting product
and site conditions. For instance, one site’s intact (unweathered) gasoline waveform might very well be identical to di虁�erent site’s
moderately weathered gasoline.

False Positives and Oddities:

Areas with little to no contamination may fluoresce, which generates “false positives.” Figure E contains a variety of noise, false-positives,
or highly unusual waveforms. Be prepared to obtain samples in order to figure out what materials are causing any odd fluorescence
waveforms.
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Project Narrative  
Cascade Technical Services (Cascade) is pleased to present this data report to Fugro Consultants, Inc. for 

the membrane  interface probe  cone penetrometer  test  (MIPCPT)  services  that were provided on  the 

date of December 19th, 2016 at your site located at 2040 Walnut Avenue in Signal Hill, California 

The results associated with the data and plots presented in this report were generated in accordance to 

Cascade’s and Geoprobe’s Standard Operating Procedures (SOPs) for MIP services.  

All field work and data management were completed by trained, scientific professionals and all quality 

assurance/quality control  (QA/QC) measurements associated with these data were  found to be within 

the  tolerances  set  forth  in  the  SOPs  for  these  services.  Response  tests  conducted  previous  to,  and 

subsequent to the MIP borings were found to be within the tolerances set forth for this MIP survey and 

therefore the data are deemed acceptable for use. Exception/deviations regarding these response tests 

and the related data are noted on the MIP Summary Table that is part of this report.  

This report contains two sets of plots for each of the MIP locations; one set is scaled to show the lower 

level responses and the second set is scaled to show the higher level detector responses. 

I  certify  that  the data package  is  in  compliance with  the  terms  and  conditions of  the  contract, both 

technically  and  for  completeness,  for  other  than  the  conditions  detailed  above.  Release  of  the  data 

contained  in  this  hard  copy  data  package  has  been  authorized  by  the  laboratory  manager  or  his 

designee, as verified by the following signature.  

 

Signature: ___________________________________ 

Daniel Caputo, Western Regional Manager of Site Characterization Services 
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Membrane Interface Probe Data Summary Table  
Provided below  is a  summary of MIP  information,  including  response  test acceptability and any deviations  from  the    standard operating 

procedure that occurred during the field activities.  

MIP 
Location 

Total Depth 
(ft) 

Response Test Results, ECD ‐  (mV)  Response Test Results, PID ‐ (mV)  Response Test Results, XSD ‐ (mV) 

Comments/Deviations 

Pre  Post  Acceptable*  Pre  Post  Acceptable*  Pre  Post  Acceptable* 

AN‐19  50.60  7861  1008  YES  1030  3922  YES  884  20  YES  None. 

AS‐10  44.00  1008  4389  YES  3922  633  YES  20  274  YES 

Noisy PID baseline due to line 
saturation. Used ECD and XSD to 
determine system health. 
Proceeded with client go‐ahead. 

AN‐21  44.00  4389  ‐  YES  633  ‐  YES  274  ‐  YES 

Noisy PID baseline due to line 
saturation. Used ECD and XSD to 
determine system health. 
Proceeded with client go‐ahead. No 
post boring RT completed due to 
CPT / MIP system breakdown 
requirements. 

  *Acceptable values for ECD, PID, and XSD detectors are 50mV, 2mV, and 2mV, respectively.    
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Membrane Interface Probe Data Plots – Low Range Scales 
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Membrane Interface Probe Data Plots – High Range Scales 
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Reference Material  
The sections below provide information regarding the Cascade Personnel present at the site during the 

field activities,  the specific equipment used during  field activities, and background  information on  the 

MIP system.  

Cascade Personnel 
The following personnel were present during field activities at the Site: 

 Mr. Daniel Caputo, Cascade Technical Services (HRSC Regional Manager) 

Equipment  
The following equipment was utilized during field activities at the Site:  

 Fugro CPT Rig 

 MIP Controller (Nitrogen Flow and Heater) 

 Geoprobe FI 6000 Computer 

 HP 5890 Gas Chromatograph 

 ECD (Electron Capture Detector) 

 XSD (Halogen Specific Detector) 

 PID (Photo Ionization Detector) 10.2 eV Lamp 

 150' MIP Trunkline 

 1.75" O.D. MIP Probe 

 1.75" O.D. Drive Rods 

 Ultra‐High Purity Nitrogen 

 Ultra‐High Purity Hydrogen 

MIP System Overview 
The MIP  is  commonly used  for quickly determining  the  locations of volatile organic  compound  (VOC) 
source  zones  and  plumes.  The  MIP  is  most  valuable  in  terms  of  its  ability  to  provide  “spatial 
correspondence”, meaning  that where  the MIP  detector  response  show  peaks,  there  is  likely  to  be 
elevated soil and groundwater concentrations. The MIP can also be used to provide extremely valuable 
data to streamline subsequent investigative tasks and improve the overall efficiency and accuracy of the 
site investigation. Vertical profiles, cross sectional views and 3D images of contaminant distribution can 
all be produced from the electronic data generated by the MIP logs. The unique capability of providing 
reliable,  real‐time  information  allows  for  informed  and  timely  decision making  in  the  field.  The MIP 
works by heating the soils and groundwater adjacent to the probe to 120 degrees C. This volatilizes the 
VOCs and allows the VOCs to transfer through a Teflon membrane via a combination of concentration 
and pressure gradients. These VOCs are then swept into a nitrogen gas loop that carries these vapors to 
a series of detectors housed at the surface. Continuous chemical profiles are generated from each hole. 
Electrical conductivity of the soil is also measured and these logs can be compared to the chemical logs 
to better understand the relationship between the lithology and the contaminant distribution. The MIP 
technology  is only appropriate for VOCs. The following section discusses the various detection systems 
that are commonly used with the MIP system. 

Detector Overview 
 ECD – Electron Capture Detector uses a radioactive Beta emitter (electrons) to ionize some of 

the  carrier  gas  and  produce  a  current  between  a  biased  pair  of  electrodes. When  organic 
molecules  contain  electronegative  functional  groups,  such  as  halogens,  phosphorous,  and 
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nitro groups pass by the detector, they capture some of the electrons and reduce the current 
measured between the electrodes. 

 XSD  –  The  Halogen  Specific  Detector  converts  compounds  containing  halogens  to  their 
oxidation products and  free halogen atoms by oxidative pyrolysis. These halogen atoms are 
adsorbed onto the activated platinum surface of the detector probe assembly resulting  in an 
increase thermionic emission.  This emission current provides a corresponding voltage that is 
measured via an electrometer circuit in the detector controller. 

 PID – Photo Ionization Detector sample stream flows through the detector's reaction chamber 
where  it  is  continuously  irradiated with high energy ultraviolet  light. When  compounds are 
present  that  have  a  lower  ionization  potential  than  that  of  the  irradiation  energy  (10.2 
electron  volts with  standard  lamp)  they  are  ionized.  The  ions  formed  are  collected  in  an 
electrical field, producing an ion current that is proportional to compound concentration. The 
ion current is amplified and output by the gas chromatograph's electrometer. 

MIP Data Collection 
 Depth ‐ Data is collected every 0.05 feet, or twenty points per foot. 
 Rate  of  Penetration  ‐  Rate  of  penetration  (ROP)  is measured/collected  in  feet  per minute 

(ft/min). Speed  is an  indication of the advancement rate of the MIP probe.  In order to allow 
for  adequate  heating  of  the MIP  tooling,  the MIP’s  ROP  should  not  exceed  one  foot  per 
minute.  

 Temperature ‐ Temperature data is measured/collected in Degrees Celsius. Temperature is an 
indication of the physical temperature of the MIP block. Minimum and Maximum temperature 
is collected at each vertical  interval. Cascade's  temperature protocol  indicates  that  the MIP 
probe temperature shall maintain a minimum temperature of 90 Degrees Celsius. 

 Pressure  ‐ Pressure data  is measured/collected  in PSI.  The pressure  readings  represent  the 
pressure  being  delivered  to  the MIP’s  nitrogen  gas  line. Deviations  greater  than  of  1.5  PSI 
outside of the starting pressure indicate a system leak or obstruction is present.   

 Detector  (XSD,  ECD,  PID)  ‐ Detector  responses  are measured/collected  in micro Volts  (uV). 
Detector  responses  are  an  indication  of  relative  contaminant  responses.  Minimum  and 
Maximum detector responses are collected at each vertical interval. 

Response Testing 
Response testing (RT) is an integral part of ensuring the quality of data from the MIP system. Response 
testing is conducted before and after each log. This ensures the validity of the data and the integrity of 
the  system.  The  RT  provides  a  traceable  indication  that  the MIP  system  detectors  are  adequately 
responding  and  allows  the  carrier  gas  trip  time  to  be  calculated  on  the  physical  components  of  the 
system.  

Cascade uses acceptance  criteria  to evaluate  the RTs. The acceptable  criteria  for an RT  is defined  for 
specified concentrations of RT solution and a specified N2 trunkline flow rate. Documenting the RTs will 
provide  a  level  of  quality  assurance  for  each  MIP  project  and  will  also  allow  operators  and  data 
reviewers to identify systems in need of maintenance.  

The trip time is measured by recording the time between the moment when the VOA is placed over the 
membrane and the response of the detectors, as viewed on the MIP data acquisition unit. The baseline 
and peak response value are also recorded for comparison with other MIP response tests. The trip time 
is entered manually into the data acquisition system account for the time it takes for compounds in the 
subsurface to travel the length of the trunkline during the MIP boring.   
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CHEMOIL REFINING CORPORAnON
2020 Walnut Avenue

Signal Hill, California 90806
(213) 424-8515

February 28, 1990

Long Beach Fire Department
Fire Prevention Inspection Bureau
Hazardous Materials Section
400 West Broadway, Room 264
Long Beach, Ca 90802

Attn: Captain Richard Mclntyr

RE: Hazardous Material Business Plan and Inventory

Dear Captain Mclntyr,

Please find enclosed herein the following:

1) One (1) Hazardous Materials Business Plan Certificate of
Review

2) Two (2) pages Hazardous Materials Inventory forms
3) One (1) Acutely Hazardous Materials Registration Form
4) A copy of Chemoil's previous correspondence and arrangement

with your office_
5) One Site map

According to the EPA regional office in San Francisco, the above
filing will satisfy both the state administrative agent (fire
department) repoy·ting requirement, and federal SARA III Tier II
requirement.

Chemoil has been leasing four (4) 25000, two (2) 10000, and two
(2) 15000 barrel petroleum storage tanks from Signal Hill Terminal
Corporation at 1724 East Spring Street since early 1989.
A Hazardous Materials Inventory is also included for reporting
requirements.

Please contact me if you have any questions.

Sincp.rely,

\~.;.. l-'- ~
Bill W. Leung
Refinp.ry Engineer

Enclosure: (7)

cc: Ted Cbrestensen



LONG BEACH FIRE DEPARTMENT

HAZARDOUS MATERIALS DISCLOSURE PROGRAM

BUSINESS EMERGENCY PLAN

This torm shall be typed or printed in ink. Return the completed torm to:
Long Beach Fire Department
Bureau of Fire Prevention
211 E. Ocean Blvd., Suile 500
Long Beach, Calif. 90802
Telephone (310) 590·2560

Fax (310) 590-2566

Please read attach«l requIrements, deffnlffons and Ins/ruc/ions (pages A, B, C, & D) prior /0 comple/ing the Business Plan.

SECTION I: BUSINESS IDENTIFICATION DATA- . . - ._ . .... .. . -......._.._...- ._.... _- ...-•..__•. _. -------
BUSINESS NAME

Chemoil Refining Corporation
ADDRESS CITY ZIP CODE TELEPHONE NUMBER

2020 Walnut Avenue, Signal Hill, 90806 (310 )424-8515
FAeruTY UNIT

Refinery
BUSINESS MAILING ADDRESS CITY ZIP CODE

Same as above.
BUSINESS OWNER

Chemoil Refining Corporation
MAILING ADDRESS CITY ZIP CODE TELEPHONE NUMBER

Same as above. (310 )424-8515
PRINCIPLE BUSINESS ACTIVITY

Petroleum refining

. I certify under penalty of law that I have personally examined and am familiar with the information submitted and
believe the submitted information is true, accurate, and complete.

PRINT NAME OF OWNER/OPERATOR SlGNATURj,j O....TE

/Z//3/90-Chemoil Refining Corporation ./

DOCUMENTS PREPARED BV SIGNAIUf1

Vi 1 DATI:;./;;/YdKen Ezoe f -/ ~

SECTION II: OCCUPANCY DATA 0
A. If your business has a license or permit from any of the BUSINESS UCENSE NUMBER

following agencies, please indicate the number. 3.

1 Hazardous Materials
NUMBER Business License UUJ.ABER

· Underground Storage 4. City of Signal Hill 445

2 Long Beach Health Dept. NUMBER NUMBER

· Hazardous Waste Control License 5. Fire Department Permits SPOOO02020

B Does your business have a storage 1. Is the tank(s) above 12. Is the tank(s) below .13. Is the tank(s) in service
· tank(s)? Gl Yes o No If yes: ground? ua Yes 0 No ground? 0 Yes ua No at this time? KJ Yes 0 No

C. Does your business handle any quantity of radioactive material? DYes ua No
D. Does your business handle a hazardous material or a mixture containing a hazardous material which has a quantity at any

one time during the reporting year equal to, or greater than, a total weight of 500 pounds, or a total volume of 55 gallons or
200 cubic feet at standard temperature and pressure for compressed gas, or any quantity of acutely hazardous materials?

£J Yes ONo

It you answered "No" to both question C and question D above, complete Sections I and II, and return page 1 only.

If you answered "Yes" to either question C or question D above, you are required to complete Sections III, IV, and Inven-
tory. You are also required to complete the site map. Refer to Site Map Instructions.

-1-



SECTION III: EMERGENCY R~NSE PLANS AND PROCEDURES -~

A. Your business is required by State Law to provide an immediate verbal report of any release or threatened release of a
hazardous material to local fire emergency response personnel, this Administering Agency and the Office of Emergency
Services. If you have a release or threatened release of hazardous materials, immediately call:

Fire/Paramedics/Police
Phone: 911

INDIVIDUAL RESPONSIBLE FOH CALLING t11

Any employee discovering the emergency or any so directed by management.
After the local emergency response personnel are notified, you shall then notify this Administering Agency and the
Office of Emergency Services.

Local Administering Agency: (310) 590-2560
State Office of Emergency Services: (800) 852-7550 or (916) 427-4341

INDIVIDUAL RESPONSIBLE FOR CALLING THIS ADMINlSTERING AGENCY AND THE STATE OFFICE OF EMERGENCY SERVICES.

Any employee discovering the emergency or any so directed by management.
B. List the local emergency medical facility that will be used by your business in the event of an accident or injury caused

by a release or threatened release of hazardous materials.
HOSPITAL/ClINIC

Memorial OCCUpational Medical services
ADDRESS CITY ZIP CODE 1PHONE NUMBER

445 E. Columbia St., Long Beach, 90806 ( 31q 933-7690
C. Does your business have a private on-site emergency response team? DYes I&l No

If yes, describe what policies and procedures your business will follow to notify your on-site emergency response team
in the event of a release 6r threatened release of hazardous materials.

AllY" omn:'J'nvee= di-sc.oveD:ng: the:: ency' call:s~·ou.t.: the.:J3.Pill ~reSP.Ons.e;.~manaqement team. All
employees, including management, will follow Oil Spill Response Plan (OSPR) procedures.

S'.'e Law requires your business 10 complete .11 seef/ons of Ihls Emergency Response Procedure 1I.,ed
below. "N/A" Is not .cceptable. .

D. Briefly describe your business' standar~ operating procedures In the event of a release of threatened release of
hazardous materials:

1. PrevenUon (prevent the hazard) - Describe the kinds of hazards associated with the hazardous materials present at your facility.
What actions would your business take to prevent these hazards from occurring? You may Include a discussion of safety and storage
procedures.

Oil spill causing fire or explosion.
Prevention measures: Regular inspections and quiCk correction of problems.

Compliance with engineering and safety codes.

2. Miligation (reduce the hazard) - Describe what is done to leuen the harm or the damage to person(s), property, or the environment.
and prevent what has occurred from getting worse or spreading. What is your Immediate response to a leak, spill, fire, explosion, or
airborne release at your business?

Retention dykes surround oil and. 'chemical storage tanks completely. QuiCk drainage system
helps prevent spill escape. Foam system facilitates fire fighting. Personnel training
is important. However, the process equl.pment of the refl.nery has been down slnce 2714794,
we had no operator to train until December. Chemoil hired one temporary operator for
bUlk transfer operatlon, and Process Superlntendent IS now tralnlng film.

-2-



3. Abatement (remove the hazard) - D ribe what you would do to stop and remove thf'hazard. How do you handle the complete
process of stopping a release, cleaning up, and disposing of released materials at your facility?

The trained personnel will stop leaks by closing valves and shutting down pumps if safe to
do so. UiI splII response organlzatl0n such as Mesa Erivlronmental on contract wl11 remove
the release material and clean the site in accordance with the lead agency's requirements •

.

4. Describe what policies and procedures your business will follow to immediately notify and evacuate your facility In the event of a
release or threatened release of hazardous materials.

When the emergency alarm is sounded, trained personnel attend to duties to contain the
released materlal until contractor with equipment arrIves. Personnel non-essentIal to
the clean-up operation will evacuate and report to the office area •
.

5. Your business Is required by State law to keep a copy of this Business Plan, Including the Inventory and Site Map. Describe where
this copy is located at your business.

Business Plan is in the multipurpose room where marlY other plans and records stay.

-3-



Please see EXAI~ on page C of the folder for instructions prior t~.npletion of this form.
This form shaWbe TYPED or LEGIBLY PRINTED IN INK. Return the oompleted original.

.LONG BEACH FIRE DEPARTMENT

HAZARDOUS MATERIAL INVENTORY
Page _1__ of __2_

FA.CILITY UNIT

I o TRADE SECRET GJ SITE MAP AnACHEDRefinery
BU$ltlESS NAME TELEPIlONE •

Chemoil Refining Corporation 310-424-8515
SITE ADDRESS CITY STATE ZIP CODE

2020 Walnut Avenue, Signal Hill, CA 90806
MAILING ADDRESS CITY STATE ZIP CODE DUN f, BRADSTREET.

Same as above.
/lI\ME OF EMERGENCY COORDINATOR TITLE TELEPHONE' 24-HOUR TELEPHONE'

Fred Williams Process Superintendent 310-981-2526 310-424-8515
tlAME OF ALTERNATE EMERGENCY COORDINATOR TIlLE Pipeline TELEPHONE' 24·HOUR TELEPHONE'

Hermilo ("Milo" ) Soto Superintendent 310-424-8516 310-424-8515
PRltlCIPAL BUSINESS ACTIVITY EPA WASTE GENERATOR 10 'I SIC CODe PURPOSE OF DISCLOSURE

Petroleum Refinina CAD008249435 2911
no Annual o Previously Undisclosed Materiats

0100% Chg. in Quantity o Chg. 01 Bus. NamefAddressfOwnel.

COMMON NAME IUi ~07~ ICHEMICAL NAME ICAS • STATE WASTE

Gas Oil 64741442 CODE'

PHYStCAL HAZARDS 0 AeaClillity!IHEALTH HAZARDS ; IPHYSICAL STATE TYPE IDAYS OtJ SITE STORAGE CODE

lKJ Fire 0 Sudden Pressure Release 0 Acute (2l Chronic 0 Solid 6a liquid o Gas o PUle lKl Mixture o WaSie 365 A
MAXIMUM AMOUNT UNIT , I AVERAGE DAILY At..10UNT UWT ANNUAL AMOUNT (WASTE ONLY) UNIT USE CODE

135,000 o LB I~ GAL OFl' 125,000 OLB I~GAL DFP o LB 10 GAL DFP 39
WASTE CLASS

1rTOAAGE I,TEMPERATURE l:LOCATIONOFCHEMICAl Storage Tanks 5, 8, 9, 14, 15, 107, 112, 131, 132,PRESSURE' COpE
CODE 1 4 133, 134, 135, 136,222, 230, 306, 310, 311, 504, 507, 508, 510

THREE MOST HAZARDOUS COMPONENT CHEMICAL NAMES. IF MIXTURE OR WASTE 511 , 512, 513, 515, 516, 517, 518, 519, 522, 525,
1. Benzene 1 ppm % Wt CAS.' 71432 526, 528,
2. Toluene 1 ppm % Wt CAS. It 108883 606, 614
3. XYlene % Wt CAS. " 1210 630

COMMON NAME IU1SDjO ICHEMICAL NAME

ICi~~4939
SIAIE WASTE

SUlfuric Add CODE'

PHYSICAL HAZARDS [1i Reaclivity I[HEALTH HAZARDS IPHYSICAL STATE TYPE IDAYS ON SITE STORAGE CODE

o Fire 0 Sudden Pressure Release ~ Acute 0 Chronic 0 Solid 5S:I Liquid o Gas :0 Pure o Mixture o Waste 365 A
MAXIMUM AMOUNT UNIT -I AVERAGE DAILY AMOUNl" UNIT ANNUAL AMOUNT (WASTE ONLY) UNIT USE CODE

1,000 o LB I [81 GAL o FT' 1 , 000 0 LB I[2g GAL OFT' OLBloGAL OFT' 31
WASTE CLASS ISTORAGE IITEMPERATURE ILOCATION OF CHEMICAL

PRESSURE CODE
CODE 1 4 Tanks on north end of coolinq tOl<er.

THREE MOST HAZARDOUS COMPONENT CHEMICAL NAMES. IF MIXTURE OR WASTE:

1. % Wt CAS. "

2. % Wt CAS. It

3. % Wt CAS. "

COMMON NAME IUN 1.0' ICHEMICAL NAME

IC;~;1529
STATE WASTE

Liquid Bleach 1791 Sodium Hypochlorite
CODE.

PHYSICAL HAZARDS Qg ReacljllitvI tHEALTH HAZARDS ; IPHYSIC....L STATE TYPE IDAYS ON SITE STORAGE CODE

o Fire 0 Sudden Pressure Release 0 Acute ~ Chlonic 0 Solid ~ Liquid o Gas o PUle ~ Mixture o Waste 365 A
MAXIMUM AMOUNT UNIT .1 AVER ....GE DAILY AMOUNT UN!T ANNU....L AMOUNT (WASTE ONLY) UNIT USE CODE

1,100 o LB I [81 GAL o FT' 500 0 LB I[81 GAL OFTJ o LB 10 GAL OFT' 05
WASTE CLASS

\ rORAGE ITEMPERATURE. ILOCATION OF CHEMICAL
PRESSURE CODE
CODE 1 4 Tank on east of Wemco ,vater treater on north end of UDDer Yare.

THREE MOST HAZARDOUS COMPONENT CHEMICAL NAMES. IF MIXTURE OR WASTE:

1. Sodium Hypochlorite 12.5% Wt CAS. " 7681529
2. Water 87.5 % Wt CAS. "

3. % WI CAS. If

CERTIFICATION: I certify under penalty of law that I have personally examined and am familiar with the information
submitted and believe the submitted information is true, accurate, and complete.

PRINT NAME OF DOCUMENT PRE PARER IPRINT NAME OF OW~lER/OPERATOR ISt)~:OWNER/OPERATOR

IO;~//J /9 (-Ken Ezoe Chemoil Refining Corp.

;1
/

-7-
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Please see EXA~ on page C of the foldeT for instructions prior 10 Iplelion of this form.
This form shall be TYPED or LEGIBLY PRINTED IN INK. Relurn the oompleled original.

LONG BEACH FIRE DEPARTMENT

HAZARDOUS MATERIAL INVENTORY
Page _2__ 01 _2__

FACILITY UNit I o TRADE SECRET Q SITE MAP ATTACHEDRefinery
eUSllJESS NAME TElEPll0NE •

. Chemoil Refining Corporation 310-424-8515
SITE ADDRESS CITY STATE ZIP CODE

2020 Walnut Avenue, Signal Hill, CA 90806
I,1AIlItlG ADDRESS CITY STATE ZIP CODE DUN to BRADSTREET'

Same as above.
tlAME OF EMERGENCY COORDINATOR "TlTlE tElEPHOt~E • 24-HOUR tElEPHOt~E •

Fred Williams ,Process Superintendent 310-981-2526 310-424-8515
tlAME OF ALTERNAtE EMEflGENCY COORDINATOR TITLE Pipeline TElEPHOtlE • 24-HOUR telEPHONE'

Hermilo ("Milo" ) Sato 310-424-8516 310-424-8515
pnUlCIPAl BUSINESS ACTIVITY EPA WAST'E GENERATOR I D • SIC CO[;!. rURPOSE OF DISCLOSURE

Petroleum Refining K:;AD008249435 IX Annual 0 Pfeviously Undisclosed Matetials
2911 0 100% Chg. in Quantity 0 Chg. or Bus. Name/Address/Owner.

COMIAOIl NAME IUt~ '0' ICHEMICAL tlMAE ICAS'
STATE WAStE

Caustic 1824 Caustic sOlution (KOH) 1310732 CODE.

PHYSICAL HAZARDS Kl ReaClivily IIHEALTH HAZARDS : IPI1YSICAl STATe TVPE IDAVS ON SITE STORAGE CODE

o Fire 0 Sudden Pressure Release 5SJ Acule 0 Chronic 0 Solid (XI liquid OGas o Pure [&J Mixture o WaSle 365 A
MAXIMUM AMOUNT U~lIT .1 AveRAGE DAILY AMoum UtIlT AtmUAl AMOUNT (WASTE Ot~LYI UNit USE CODE

25 o LB Iii! GAL OFT' 25 0 LB llil GAL OFT' o LB 10 GAL OFT' 44
WASTE CLASS IrlOAAGE I,TEMPERATURE ILOCATlON OF CHEMICAL

PRESSURE' COpE
CODE 1 4 Tank 105

THREE MOST HAZARDOUS COMPONENT CHEMICAL NAMES. IF MIXTURE OR WASTE

1. Caustic 50 % WI CAS. Ii 1310732
2. Water 50 % WI CA.S.1i

3. % WI CAS. ,

COWAOIl NAME I Uti I O' ICtlEMICAL tlAME ICAS. SIAIE WAS1E
CODE'

PHYSICAL HAZARDS 0 Reactivity I;EALTH HAZARDS : IPllYSICAL SlATE TYPE IDAYS ON SITE STORAGE CODE

o Fire 0 Sudden Pressure Release 0 Acute 0 Chronic 0 Solid 0 liquid OGas o Pure o Mixlure o Waste
1.IAXltAUM AMOUNT UNIT .1 AVER-'GE DAILY AMOUtH UNit ANNUAL AMOUNT (WASTE ONLY) UNIT USE CODE

o LB 10 GAL o FT' 0 LB 10 GAL OFT' o LB 10 GAL OFT'
WASTE CLASS I:TORAGE ITEMPERA,WRE ILOCA1l0N OF CHEMICAL

PRESSURE CODE
CODE

THREE MOST HAZARDOUS COMPONENT CHEMrCAl NAMES. IF MIXTURE OR WASTE'

1. % WI CAS, Ii

2. % WI CA.S. "

3. % WI CAS. ,

COMMON NAME IUN to' ICHEMICAL NAME IC
.
AS

•
STATE WASTE
CODE'

PHVSICAl HAZARDS 0 Reactivity IIHEAltH HAZARDS : 1PHYSICAL STATE TYPE I DAYS ON SITE STORAGE CODE

o Fire 0 Sudden Pressure Release 0 Acule 0 Chronic 0 Solid 0 Liquid OGas o Pure o Mixture o WaSle
MAXIMUM AMOUNT UNIT .1 AVERAGE DAILY AMOUIlT UNIT ANNUAL AMOUNT (WASTE ONlYl UNIT USE CODE

o LB 10 GAL o FT' 0 LB 10 GAL OFT' OLB IOGAL OFT'
WASTE CLASS ISTORAGE I,tEMPERATURE IlOCATlOtl or CHEMICAL

PRESSURE CODE
CODE

THREE MOST HAZARDOUS COMPONENT CHEMICAL NA.MES.IF MIXTURE on WASTE'

1. % WI CAS. "

2. % WI CAS. It

3. -- % WI CAS.•

CERTIFICATION: I certify under penalty of law that I have personally examined and am familiar with the information
'submitted and believe the submitted information is true, accurate, and complete.
PRINT NAME OF DOCUMENT PREPARER IPRINT NAME or OWtlER/OPERATOR

IJ~
E OF OWNER/OPERATOR

IO;~hJ!9r-Ken Ezoe Chemoil Refining Crop.
-'

-7-
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SECTION IV: EMPLOYEE TRAINING PROGRAM
A. Describe the training for all employees in safety procedures in the event of a release or threatened release of hazardous

materials. This training shall include. but not be limited to, the following: new employee training, annual training, periodic
refresher courses, and familiarization with Section III (Emergency Plans and Procedures) of this business plan.

I. Training for handling hazardous materials safely:
,

Regular training is given on the job prior to an operator taking over a job.
The matters are updated and discussed in weekly supervisor meetings.

2. Procedures of coordinating activities with response agencies:

Chemoil follows the unified command system established in OPA 90 and State OSPR
Plans.

3. Training for proper use of on-site safety equipment:

When Chemoil operates any part of the refinery since the shut-down, such as water
treatment or tankage systems, a highly trained and experienced Process Superintendent
usually refreshes his memory by use of the equipment. However, when he has employees
all receive regular training in use of their safety equipment by their supervisors
prior to starting work in a position and weekly on the job. The supervisors in turn
receive training from contracted training professionals.

4. Familiarization with the business emergency response plans and procedures:

Employees who are responsible for notification of proper authorities receive
instructions from supervisors on the proper procedures. SUpervisors follow CA State
OSPR Plan•

.

,

SECTION V. A BUSINESS IS REQUIRED BY LAW TO NOTIFY THE LONG BEACH FIRE DEPARTMENT
OF ANY OF THE FOLLOWING:

1. Change of business address (within 15 days).

2. Change of business ownership (within 15 days).

3. Change of business name (within 15 days).
4. cessation of business operation (within 15 days).

5. Use or handling of previously undisclosed hazardous material (within 15 days).,
6. A 1()()% Increase In the quantity of a previously disclosed hazardous material (within 15 days).

7. Update Inventory (annually).
8. Update business emergency plan (every ~ years).

-8-
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Information In the "'oded 0100.

Is not ,.qv!fed by fedela1law,
97-899
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See Instructions on back of page 6.

UNIFORM HAZARDOUS
WASTE MANIFEST

5. Transportll 1 Company Name 6. US EPA ID Numb.,

BDC S ecial Waste Services

9. o..Ionated Facili!y NClmI and SiID Addu",
Azusa Land Reclamation
1201 W. Gladstone St.
Azusa, CA 91702

7. Tronspol1G' 2 Compony NcunG

3. Generato,', Name CUld Moiling Add,ei'
Cbemoil -Refining Corp.
2020 Walnut Ave., Signal Hill, CA 90806

.c. Genolo'ol', Phone (562) 424-8515

16. GENERATOR'S CERTifiCATION, I ho'eby decla'e thai Ihe conlen" at lb. cantionlnent IUD fully and oCC\llalel)' doseri d abova b, propor "'lppino nomo and are clcllllrled.
packed, marked. and labalad, and 0'0 In all relfll'" in proper cCll'Idilian 'or "CUI'port by highway accoldino '0 applicable 'lldalal, stata and Interna'ional laws.

51..... CaliI<u"'-'''''-" ......Iloo Ago"" ~"L \8
fllfm Apprcned OMS No. 20SD-C039lE.pir•• 9~j).9")

Flta., prblr or type. 1011ft ••tgllfd for u.. on eli" (',."ltt'" ryp.wtitor.
1. Oenorator', US EPA ID No.
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Department of Toxic Subslonces Control
Sacromenta, California

Information in the shoded areas
is nat required by Federal low.

of 1

2. Page 1

3

TSDF SENDS THIS COPY TO DTSC WITHIN 30 DAYS.
P.O. Box 3000, Sacramento, CA 95812
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White:
To:

Manifest Document No.

See Instructions on back of~e 6.

6. US EPA fD Number

Attn: Ken Szoe

5/oPV1

UNIFORM HAZARDOUS
WASTE MANIFEST

If I am a large quantity generator, I certify that I hove a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be economically
practic~le and that I have s.loctad the I3racticable method of troalment, starage, or dis~sal currently available to me Which minimizes the pre..nt and fU1ure threat to human health
and the environment; OR, if I am a small quantity Boneratar, I hove made a gOod faith .ffort to minimize my wast. generation and solect the" best waste monagement method Ihat is
available to me and that I can afford. . '. " .

!. Transportor 2 Compan)' Name

b.

c.

d.

&dlsi~C1§~ty ~J:a&f1l~d~

11855 lIbi~e Rock Road
~Ilcho Coxdova, CA 95742

5. Transporter 1 Compqny Name
Gene%al.~nVi%oDmeDtal Hgmt
IDC.

16. GENERATOR'S CERnFICAnON: Ihoreby declare thaI the contents .af this consi\lnmont are fully and occurately described above by proper shipping name and are classified, packed,
marked, and labeled, and are in all respects in proper condition for transpart by highway according to applicable intomational and national government ~egulatians.

gitnlltaiiifer&t_Ad~ny
2365 Baat ~epulveda Blvd.
Long Beach,' CA 90810 .
4. Generator's Phone I 562-t121-6611

Baiardous waste, solid, n.o.a., 9, NA3077, III
(D018)

15. Special Handling Instruction. and Additional Information
Emergency Phone: (800) 326-1011 (for GEM)
Site A~.al 2020 "lnut Avenue, Signal Bill, CA 90155

Drsc B022A (1/99)
EPA 8700-22

Stale of Californio-Environmental Prolection AgencY -..
Form Approved OMS No. 2050-0039 (Expires 9-30.99) 6....,,,.1
Pleoso print·or type. Form J".ignecllor u.. on elite ('2·p~writer.

1. Generator's US EPA I.D Na.
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Day Year
1 I ,.

"

.....: .. <,' .' ..... ", '"

State

State
: :" 134.

'.-' .... : '.. . .....
I~ ~aste Numbfr .

G

1.04. Unit
WtNol

.:.....:..

2. Page 1

13. Totol
Quantity

I I I II

Department of Toxic Subslances Control
Sacramento, Colifornia

Information in the shaded areas
is not required.by Federallaw~J

11 2 of 1 Sla-Jfi w Iloro'~ T

E•. Stat.;T~nspoctcr.sIDJReserved ..J. :; :. :.: .' .
. 0'... ;.., .. '.'.' .... : .... .: .. ' .~. ..... .

G. Stat. Facility's10. .

.. : ~i~ld~rkIEj-9I1flqlt·It~1

~H.~~·!~.i,f8!.':·Jr~~~~J.::~~;~r:;~~2i:5:tf~~~·:i..9·:,O~:
'B•..;~t~j;;~~.~q:~:·:·,./:;::t:.:':{:::::i.,'· .r·':,,;': .j.:' ··jy·::.r '::'.~'." ":
·C. ~iat'-trci~~po'rter.'s.lD .l~,r .. : .'; ".

. : ...::. ~. ':'~. ~ . .' : : . -'

No. Type
12. Contain."

I I

Manifost Document No.

See Instr!Jctions on back of,~ 6.

ISignature ,.

Itignah;re .It~/J
..----~ ~ .... l--.

-~~

6. US EPA 10 Number

8. US EPA 10 Number

10. US EPA 10 Numbor

k: ~ II> 19 18 13 16 14 19 18 18 10

H. facility's phon•.

J= Ii /D 19 18 10 18 18 14 1 18 13" :·';:.:Y. ··:-;.·..:'i·6:..3S1· 0·9.80":":

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

Attn: Ken .zoe

UNIFORM HAZARDOUS
WASTE MANIFEST

b.

If I am'Q large quantity g.nerator, I certify that I have a pragram in place to reduceth. volume and toxicity of ..:asle generated to the degree I have determined to be economically
practicabl. and thot I have selected tho practicabl. m.thOd of trea'm.nt, storage, or disposal currently availabl. to me Which minimiz.s tho present and Future threat to human health

. and the .nvironm.nt; OR, if I am a small quantity g.n.ra'or, I have made a 900d faith effort to minimize my waste generation and select the best wast. management method that is
availobl. 10 me and that I can afford. .

7. TronsportGt 2 Company Name

11, US DOT Description (including Proper Shipping Namo, Hazard Class, and ID Number)

5. Transporter 1 Company Name
Gene%al Envi%o!llllental Mgmt
Inc.

Printed/Typed Nome

~Ad'W /f/e~ r~.J-~

Printed/Typed Name
18. TransDOrter 2 Ac~owledaemen' MeceiDt oJ Malerials

3. Generotor's Name and Mailing Address .
Signal Bill Boldirig Ccapany
23&5 Bast Sepu1.veda Blvd.
Long Beach, CA' 90810

.04. Generator's Phone I 562-)127-6611

17: TronsDOrter 1 Acknowledaement oJ Receipt of Materials

9. Designat.d Facility Nom. and Sit. Addl'1lss
GEM Rancho Co%dova, LLC
11855 11hite Rock Road
Rancho Co%dova, CA 95742

Hazardous waste, liquid, n.o.s., 9, NAJ082, III
(DOl8)

··1~I~Ql~ic'np.tions.fOr ..~rqli ...lsied·~.;.:.;.:·.;·t:;.::·.<.;:.' ::.:.:,:~·.·~:··?·:::·:;.·~.··/3iSJf;::··:·.i ... ::.:·:.... ·:K:'.:Hi:indlin9··C~~r'Wai~'llsled·~ii .. ··· .: .. .':.....:.~::.;.,~>~~ ....:.<:..
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. ",: : . .;. .. ':' .: . .: . ~

: .' ':"" :,';:~..:.;:.. ':...... ',;: ',',' .,:<.;:.: ,. ." ···~·:··t .;. .... . . '. :",:

T
R
A
II
S
Po
R,
E
R

16. GENERATOR'S CERnFICATION: I horeby declare thatth. conlents of this consignment are fully and accurat.ly described above by proper shipping name and are c1assi~ed, packed,
marked, and laboled, and are in all rospects in proper condition far tronsport by highway according to applicable international and nat~onal government regulations•

d.

15. Special Handling Instructions and Additional Information
Slaergency Phone I (800) 326-1011 Cfor GIN)
Site Addre.,1I1 2020 walnut Avenue, Signal Rill, CA 90'755
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19: Discrepancy Indicalion Space
F
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I. 20. Facility Owner or Ooerator Certification oJ receiDt of hazardous moteriollcovered IN. this moni"st~c.Dt as noted in Item 19.
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State C?f California-Environmental Protection Agency
Form Approved OMB No. 20S0-00391Expires 9-30-99) I

Please print or type. Form designed For use on elile· (r2.pi~f1Wri'er.

1. Generator's US EPA 10 No.
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White: TSDF SENDS THIS COPY TO DTSC WITHIN 30 DAYS.
To: P.O. Box 3000, Sacramento, CA 95812



Day Year
1 I ,.
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State

State
: :" 134.

'.-' .... : '.. . .....
I~ ~aste Numbfr .

G

1.04. Unit
WtNol
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2. Page 1

13. Totol
Quantity

I I I II

Department of Toxic Subslances Control
Sacramento, Colifornia

Information in the shaded areas
is not required.by Federallaw~J

11 2 of 1 Sla-Jfi w Iloro'~ T

E•. Stat.;T~nspoctcr.sIDJReserved ..J. :; :. :.: .' .
. 0'... ;.., .. '.'.' .... : .... .: .. ' .~. ..... .

G. Stat. Facility's10. .

.. : ~i~ld~rkIEj-9I1flqlt·It~1

~H.~~·!~.i,f8!.':·Jr~~~~J.::~~;~r:;~~2i:5:tf~~~·:i..9·:,O~:
'B•..;~t~j;;~~.~q:~:·:·,./:;::t:.:':{:::::i.,'· .r·':,,;': .j.:' ··jy·::.r '::'.~'." ":
·C. ~iat'-trci~~po'rter.'s.lD .l~,r .. : .'; ".

. : ...::. ~. ':'~. ~ . .' : : . -'

No. Type
12. Contain."

I I

Manifost Document No.

See Instr!Jctions on back of,~ 6.

ISignature ,.

Itignah;re .It~/J
..----~ ~ .... l--.

-~~

6. US EPA 10 Number

8. US EPA 10 Number

10. US EPA 10 Numbor

k: ~ II> 19 18 13 16 14 19 18 18 10

H. facility's phon•.

J= Ii /D 19 18 10 18 18 14 1 18 13" :·';:.:Y. ··:-;.·..:'i·6:..3S1· 0·9.80":":

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

Attn: Ken .zoe

UNIFORM HAZARDOUS
WASTE MANIFEST

b.

If I am'Q large quantity g.nerator, I certify that I have a pragram in place to reduceth. volume and toxicity of ..:asle generated to the degree I have determined to be economically
practicabl. and thot I have selected tho practicabl. m.thOd of trea'm.nt, storage, or disposal currently availabl. to me Which minimiz.s tho present and Future threat to human health

. and the .nvironm.nt; OR, if I am a small quantity g.n.ra'or, I have made a 900d faith effort to minimize my waste generation and select the best wast. management method that is
availobl. 10 me and that I can afford. .

7. TronsportGt 2 Company Name

11, US DOT Description (including Proper Shipping Namo, Hazard Class, and ID Number)

5. Transporter 1 Company Name
Gene%al Envi%o!llllental Mgmt
Inc.

Printed/Typed Nome

~Ad'W /f/e~ r~.J-~

Printed/Typed Name
18. TransDOrter 2 Ac~owledaemen' MeceiDt oJ Malerials

3. Generotor's Name and Mailing Address .
Signal Bill Boldirig Ccapany
23&5 Bast Sepu1.veda Blvd.
Long Beach, CA' 90810

.04. Generator's Phone I 562-)127-6611

17: TronsDOrter 1 Acknowledaement oJ Receipt of Materials

9. Designat.d Facility Nom. and Sit. Addl'1lss
GEM Rancho Co%dova, LLC
11855 11hite Rock Road
Rancho Co%dova, CA 95742

Hazardous waste, liquid, n.o.s., 9, NAJ082, III
(DOl8)
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16. GENERATOR'S CERnFICATION: I horeby declare thatth. conlents of this consignment are fully and accurat.ly described above by proper shipping name and are c1assi~ed, packed,
marked, and laboled, and are in all rospects in proper condition far tronsport by highway according to applicable international and nat~onal government regulations•

d.

15. Special Handling Instructions and Additional Information
Slaergency Phone I (800) 326-1011 Cfor GIN)
Site Addre.,1I1 2020 walnut Avenue, Signal Rill, CA 90'755

G
E
N
E
11-- --1-............II-+-_"-lII-............II_L-.L..II-+-_~~-~Ot--.h .......r-----__:_i.~.
T c. .Stg,fo· ..

o
R

19: Discrepancy Indicalion Space
F
A
C
I
L .• -
I. 20. Facility Owner or Ooerator Certification oJ receiDt of hazardous moteriollcovered IN. this moni"st~c.Dt as noted in Item 19.

.~~~~~~cg~ I'~ ~JIc~~'=c=-~._-

,.

State C?f California-Environmental Protection Agency
Form Approved OMB No. 20S0-00391Expires 9-30-99) I

Please print or type. Form designed For use on elile· (r2.pi~f1Wri'er.

1. Generator's US EPA 10 No.

0
II)
II)

'"N
II)
IX)

6
0
~

0-
-IC")<

~U

c.o ~'

O'>~
rl2
LO~
C\JU

z
.J

X
~

~
N
0
CO
IX)

~
N
"'t
0
0
~

Ol:
W
~

Z
w
U
w
en
Z
0
a..enw
Ol:
-I

<
Z
0
j::
<
Z
w
J:
~

-I
~

~
.~
~

a:
en
Ol:
0

~
Z
w

~w
~
4J
u..

'·0
w
en
<
U

~

DO ~OT~E BELOW THIS .L1NE.

DTSC 8022A 11/99)
EPA 8700-22 ~9~

6271.0770

White: TSDF SENDS THIS COPY TO DTSC WITHIN 30 DAYS.
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Dale '1m 5/24/2007 5:57:46PM
Run by E. Hernandez

FA0024462 CHEMOIL TERMINALS CORP

LA County Fire Department
Facility Infonnation Report

Report # : 5302

Page 1 of 3
Version 101906

OWNER FILE INFORMATION * Clearly make changes/corrections here.

craig.smith@chemoil.com

jv! over! +D
(-!-:30s t, ,5'c~fl( (Ut7

Tax ID : 943068073

Drvr Liens:

E-Mail Address:

QW0024462

CHEMOIL TERMINALS CORP
CHEMOIL TERMINALS CORP
2365 E SEPULVEDA BLVD
CARSON, CA 908101944
562-427-6611
2365 E SEPULVEDA BLVD
LONG BEACH, CA 908101944
KEN EZOE

CO

Owner 10:

Owner Name:
Owner DBA:

Owner Address:

ATINICare of:
Ownership Type:

OperatorlCare of:

Phone:

Mailing Address:

District:
City Code:

CUPA Jurisdiction:

Work/Business Phone:
Billing/Mailing Address:

FACILITY FILE INFORMATION

Facility 10: FA0024462

Facility Name: CHEMOIL TERMINALS CORP
No. of Employee: 11

Site Location: 2365 E SEPULVEDA BLVD

CARSON, CA 90810
562-242-8068

2365 E SEPULVEDA BLVD

LONG BEACH, CA 908101944

TED CHRESTENSEN

SW - SOUTHWEST
CARS CARSON

Operating Hours:
SIC Code:

Days:
4226

Hours:

Special warehousing and storage, nee Nature of Business: TANK FARM

Business Type I Code: 3
Station: 127

Date First Became Operational:

Oi CORPORATiON

,28 O~

GENERAL HEALTH PROGRAM ELEMENTS

Record ID Current I'rogram Element
Current
Status EPA #

Effccth'c Date

neg. End

------- Changes -------

Program Elelllcnt Status

PROOJ4092 1102 - HW. RCRA-LQG. 6-19 EMPLOYEES AClive. billable

I'ROOJ9439 3700 - ABOVE GROUND PETROLEUM TANK ActlvC, cxcmpl from billing

PROOO6892 3005· HM HANDLER. FEE GROUP 05 A'live, bi1l3ble

CAD0970J9028

05/22/89

07101/89

OS/22/89

I'ROO45272 2020 - TIER - PUR AClivc. bilbblc CAD 097039028

Addition Program Element:

CA W'JI~Cod~

RCR,\ W'"I~Cod~

A.'IQUNT p~'qu"'.r

UNITS (PGTY)Poundl,
GallonS,Tonl,Y,rdl

CONSENT GIVEN BY: INSPECTOR SIGNATURE:
-------

EMPLOYEE 10:

1st DATE & TIME OF INSPECTION;
--------

2nd DATE & TIME OF INSPECTION:

3rd DATE & TIME OF INSPECTION:

Kevin.Ambrose
Rectangle



Date run : 5/24/2007 5:57:46PM
Run by : E. Hernandez

FA0024462 CHEMOIL TERMINALS CORP

LA County Fire Department
~i Facility Information Report

'Report # : 5302
Page 2 of3

Version 101906

ENVIRONMENTAL CONTACT INFORMATION ** For Haz Mat Handlers.

Contact Name: KEN EZOE, P.E.
2365 E SEPULVEDA BLVD
LONG BEACH

Phone: 562-427-6611

Dun & Bradst.: • Please Fill-Out

EMERGENCY CONTACT INFORMATION

PRIMARY CONTACT: SECONDARY CONTACT:

Name:

Title:

Business Phone:

24 - Hour Phone:

Pager # :

GLENN AFFERBACH EXT 4411 CRAIG SMITH

SUPERINTENDENT SUPERINTENDENT

562-427-6611 562-901-1962

562-424-8068 562-901-1960

Not Specified Not Specified

PREVIOUS INSPECTIONS

Activity Program Inspector Violation
Date Element Service Result Action Activity Min Travel Min ID Code

04/13/00 3005 001 00 12 30 0 EEOOOO083 0

04/13/00 1002 001 00 12 30 0 EEOOOO083 0

03/01/02 2020 001 01 12 60 30 EEOOOOl13

03/20/02 0100 053 00 00 60 0 EEOOOOI13

04/11/02 2020 002 01 00 30 15 EEOOOOI13

04/17/02 0100 053 00 00 30 0 EEOOOOl13

06/06/02 3005 053 00 00 30 0 EEOOOO058

06/06/02 1102 053 09 00 30 '0 EEOOOO058

06/06/02 3700 052 09 00 40 0 EEOOOO058

06/06/02 2020 053 09 00 30 0 EEOOOO058

VIOLATIONS LIST

Activity Program Viol Violation Violation
Date Element Status Service Result Action Code Degree Description

CONSENT GIVEN BY:

16t DATE & TIME OF INSPECTION:

3rd DATE &TIME OF INSPECTION:

INSPECTOR SIGNATURE: EMPLOYEE 10:

2nd DATE &TIME OF INSPECTION:



HWTS EPA ID Profile

~

- - ast Upi ate : - -
I IIName IIAddress Ilcity IIStatellZIP IIPhone I
ILOCatiOn

ISIGNAL HILL HOLDING CORP 2020 WALNUT
ISIGNAL IDLL IICA 1908060000I IAVEFORMERLY CHEMOI

EJI

12365 E
LONG BEACH ICA 11908101944IDSEPULVEDA

BLVD

EJSIGNAL HILL HOLDING CORP
2365 E EJSEPULVEDA LONG BEACH 908101944 5624276611FORME
BLVD

TED CHRESTENSEN/GENERAL
2365 E EJOper/Contact MGR SEPULVEDA LONG BEACH 908101944 5624276611
BLVD

EPA ID: CAD008249435 Name: SIGNAL HILL HOLDING
CORP FORMERLY CHEMOI

Status: ACTIVE Inactive Date: Contact: TED
CHRESTENSEN/GENERAL MGR
County: LOS ANGELES SIC: 454312 Record Entered:

1982 07 23 L d d 2006 12 04

- - as UPI a e : - -

I IIName IIAddress Ilcity IIStatellZIP IIPhone I
IL r ISIGNAL IDLL HOLDING CORP 2020 WALNUT ISIGNAL IDLL IICA 1908060000I Ioca Ion FORMERLY CHEMOI AVE

IMailing II lii~~VEDA LONGBEACHICA 11908101944IDEJ 2365E EJOwner ~~~~HILLHOLDINGCORPSEPULVEDA LONG BEACH CA 9081019445624276611
BLVD

2365E EJ
Oper/Contact ~gRCHRESTENSEN/GENERALSEPULVEDA LONG BEACH CA 9081019445624276611

BLVD

EPA ID: CAD008249435 Name: SIGNAL HILL HOLDING
CORP FORMERLY CHEMOI
Status: ACTIVE Inactive Date: Contact: TED

CHRESTENSEN/GENERAL MGR
County: LOS ANGELES SIC: 5312 Record Entered:

1982 07 23 Ltd t d 2006 12 04











 

  

APPENDIX I 

HISTORICAL SOIL VAPOR DATA 

  



Table 4
Analytical Results of Volatile Organic Compounds in Soil Vapor 

Former Chemoil Refinery
Signal Hill, California

P:\PRJ2011RA\WA1598 WA1617 - Signal Hill\3000 REPORT\Off-site Investigation Report\Table 4_Table Soil Vapor rev.xlsx 1 of 2
Geosyntec Consultants

7/11/2012

Acetone Benzene

Bromo-
dichloro-
methane

cis-1,2-
Dichloro-

ethene
Carbon

Disulfide Chloroform
Chloro-
methane

Dibromo-
chloro-

methane

Dichloro-
difluoro-
methane Ethanol

Ethyl-
benzene

Methyl-tert
Butyl Ether 

(MTBE) Naphthalene o-Xylene p/m-Xylene

Tert-Butyl
Alcohol 
(TBA)

Tetrachloro-
ethene Toluene

Trichloro-
fluoro-

methane
Vinyl-

Chloride

NA 36.2 NA NA NA NA NA NA NA NA 420 4,000 31.9 317,000 317,000 NA 180 135,000 NA 13.3
330,000 42 69 3,700 NA 230 NA NA NA NA 490 4,700 36 1,000 1,000 NA 210 31,000 NA 16

GW/SV-20-5 5 05/30/12 54 3.2 3.6 <2 <6.2 200 <1 <4.3 2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 9.3 2.7 68 <1.3
GW/SV-20-10 10 05/30/12 6.9 <1.6 <3.4 <2 <6.2 220 <1 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 7.3 <1.9 69 <1.3
GW/SV-21-5 5 06/13/12 45 2.4 <3.4 <2 <6.2 6.3 <1.3 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 <3.4 <1.9 <5.6 <1.3
GW/SV-21-10 10 06/13/12 100 <3.3 <6.8 <4 <13 <5.0 <2.7 <8.7 <5.0 60 <4.4 <15 <53 <4.4 <18 <12 <5.5 <3.8 <5.5 <2.6
GW/SV-22-5 5 05/30/12 <220 <74 <150 <92 <290 <110 <48 <200 <110 <440 <100 <330 <1200 <100 <400 <280 <160 <87 <260 <59
GW/SV-22-10 10 05/30/12 1,400 <160 <340 <200 <620 <240 <100 <430 <250 <940 1000 <720 <2600 240 <870 1500 <340 510 <560 <130
GW/SV-22-10/Dup 10 05/30/12 1,800 <160 <340 <200 <620 310 <100 <430 <250 <940 970 <720 <2600 240 <870 <610 <340 320 <560 <130
GW/SV-23-5 5 06/13/12 38 <1.6 <3.4 <2 <6.2 <2.4 <1.3 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 <3.4 2.9 <5.6 <1.3
GW/SV-23-10 10 06/13/12 100 34 <3.4 <2 71 <2.4 <1.3 <4.3 <2.5 <9.4 3.8 <7.2 <26 <2.2 <8.7 <6.1 7.4 14 <5.6 <1.3
GW/SV-23-10/Dup 10 06/13/12 95 11 <11 <6.3 51 <7.8 <4.2 <14 <7.9 <30 <6.9 <23 <83 <6.9 <28 <19 <11 11 <18 <4.1
GW/SV-24-5 5 06/13/12 13 <1.6 <3.4 <2 <6.2 <2.4 <1.3 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 <3.4 2.4 <5.6 <1.3
GW/SV-24-10 10 06/13/12 22 4.1 <3.4 <2 <6.2 17 <1.3 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 9.9 <1.9 <5.6 <1.3
GW/SV-25-5 5 05/30/12 16 19 <3.4 <2 <6.2 3.5 <1 <4.3 <2.5 <9.4 11 <7.2 <26 14 30 <6.1 <3.4 20 <5.6 <1.3
GW/SV-25-10 10 05/30/12 <4.8 1.9 <3.4 <2 <6.2 <2.4 <1 <4.3 <2.5 <9.4 <2.2 9 <26 <2.2 <8.7 <6.1 <3.4 <1.9 <5.6 <1.3
GW/SV-26-5 5 05/31/12 17 3.6 <3.4 4.2 <6.2 <2.4 <1 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 25 3.3 <5.6 <1.3
GW/SV-26-10 10 05/31/12 14 <1.6 <3.4 <2 <6.2 <2.4 <1 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 28 <1.9 <5.6 <1.3
GW/SV-27-5 5 05/31/12 45 9.3 <3.4 <2 <6.2 5.2 <1 <4.3 2.6 <9.4 3.3 <7.2 <26 4.6 12 <6.1 67 16 <5.6 <1.3
GW/SV-27-10 10 05/31/12 21 2.8 <3.4 3.3 <6.2 22 <1 <4.3 <2.5 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 84 2 <5.6 2.9
GW/SV-28-5 5 05/31/12 25 3.9 7.5 <2 <6.2 12 <1 <4.3 <2.5 <9.4 <2.2 <7.2 <26 2.9 <8.7 <6.1 <3.4 5.2 <5.6 <1.3
GW/SV-28-10 10 05/31/12 29 2.3 <3.4 <2 <6.2 11 <1 <4.3 <2.5 12 <2.2 <7.2 <26 <2.2 <8.7 <6.1 <3.4 <1.9 <5.6 <1.3
GW/SV-29-5 5 05/31/12 220 11 5.2 <2 13 14 1.2 4.8 3.3 13 2.8 <7.2 <26 4.2 9.4 <6.1 6.8 11 13 <1.3
GW/SV-29-10 10 05/31/12 15 <1.6 <3.4 <2 <6.2 <2.4 <1 <4.3 2.9 <9.4 <2.2 <7.2 <26 <2.2 <8.7 <6.1 150 <1.9 15 <1.3

Notes:

Abbreviations:
ft bgs = feet below ground surface

NA = Not Available

 1.  Soil vapor samples collected in batch-certified 1-liter summa canisters and analyzed by CalScience Environmental Laboratories, Inc. of Garden Grove, California using EPA Method TO-15.
 2.  Except for the target petroleum-based chemicals of potential concern (COPCs), only constituents detected in at least one sample are presented.  A full list of analytes from EPA Method TO-15 is presented in the analytical laboratory reports.

  CHHSLs = California Human Health Screening Levels (CHHSLs) for volatile chemicals in soil vapor below residential buildings constructed without engineered fill below sub-slab gravel (California Environmental   Protection Agency, 2005).
  ESLs = Environmental Screening Levels for residential uses, Update to Environmental Screening Levels for Sites with Impacted Soil and Groundwater, Regional Water Quality Control Board, San Francisco Bay, Table E-4 Shallow Soil Gas Screening Levels for Evaluation of Potential Vapor Intrusion Concerns, May 2008.

  < indicates that the compound was not detected at or above the laboratory reporting limit shown.

Residential ESLs  

Concentration (µg/m3)
EPA Method TO-15 Volatile Organic Compounds

Residential CHHSLs  

Sample Location Sample 
Date

Sample 
Depth
(ft bgs)



Table 4
Analytical Results of Volatile Organic Compounds in Soil Vapor 

Former Chemoil Refinery
Signal Hill, California

P:\PRJ2011RA\WA1598 WA1617 - Signal Hill\3000 REPORT\Off-site Investigation Report\Table 4_Table Soil Vapor rev.xlsx 2 of 2
Geosyntec Consultants

7/11/2012

1,1,1-Trichloro-
ethane

1,2,4-Trimethyl-
benzene

1,3,5-Trimethyl-
benzene 2-Butanone

4-Ethyl-
toluene

4-Methyl-
2-Pentanone

Carbon
Dioxide

Carbon
Monoxide Helium Oxygen + Argon 3 Methane Nitrogen

991,000 NA NA NA NA NA NA NA NA NA NA NA
230,000 420 230,000 520,000 NA 310,000 NA NA NA NA NA NA

GW/SV-20-5 5 05/30/12 <2.7 <7.4 <2.5 10 <2.5 <6.1 3.75 <0.5 <0.01 16.6 <0.5 79.6
GW/SV-20-10 10 05/30/12 <2.7 <7.4 <2.5 4.9 <2.5 <6.1 <0.5 <0.5 <0.01 21.9 <0.5 78.1
GW/SV-21-5 5 06/13/12 <2.7 <7.4 <2.5 8.7 <2.5 <6.1 <0.5 <0.5 <0.01 21.1 <0.5 78.4
GW/SV-21-10 10 06/13/12 <5.6 <15 <5.0 8.7 <5.0 <13 7.12 <0.5 <0.01 4.76 <0.5 84.8
GW/SV-22-5 5 05/30/12 <130 <340 <110 <200 <110 <280 10.7 <0.5 <0.01 4.52 28.1 56.6
GW/SV-22-10 10 05/30/12 <270 <740 <250 <440 <250 <610 15.9 <0.5 <0.01 2.2 35.2 46.6
GW/SV-22-10/Du 10 05/30/12 <270 <740 <250 <440 <250 <610 15.8 <0.5 <0.01 2.38 34.9 47
GW/SV-23-5 5 06/13/12 <2.7 <7.4 <2.5 9.1 <2.5 <6.1 0.939 <0.5 <0.01 21 <0.5 78
GW/SV-23-10 10 06/13/12 <2.7 <7.4 <2.5 40 <2.5 <6.1 1.23 <0.5 <0.01 14.4 1.43 82.9
GW/SV-23-10/Du 10 06/13/12 <8.7 <23 <7.8 29 <7.8 <20 1.14 <0.5 <0.01 16.1 6.18 76.5
GW/SV-24-5 5 06/13/12 <2.7 <7.4 <2.5 <4.4 <2.5 <6.1 0.866 <0.5 <0.01 20.9 <0.5 78.2
GW/SV-24-10 10 06/13/12 <2.7 <7.4 <2.5 9.3 <2.5 <6.1 3.56 <0.5 <0.01 18.5 <0.5 78
GW/SV-25-5 5 05/30/12 <2.7 8 2.8 18 <2.5 <6.1 9.96 <0.5 <0.01 5.64 3.61 80.8
GW/SV-25-10 10 05/30/12 <2.7 <7.4 <2.5 8.1 <2.5 <6.1 11.9 <0.5 <0.01 2.54 5.64 79.9
GW/SV-26-5 5 05/31/12 <2.7 <7.4 <2.5 <4.4 <2.5 <6.1 7.19 <0.5 <0.01 9.4 <0.5 83.4
GW/SV-26-10 10 05/31/12 <2.7 <7.4 <2.5 <4.4 <2.5 <6.1 6.78 <0.5 <0.01 9.89 <0.5 83.3
GW/SV-27-5 5 05/31/12 3.6 <7.4 <2.5 13 <2.5 <6.1 4.49 <0.5 <0.01 11.6 <0.5 83.9
GW/SV-27-10 10 05/31/12 <2.7 <7.4 <2.5 10 <2.5 <6.1 4.89 <0.5 <0.01 12.1 <0.5 83
GW/SV-28-5 5 05/31/12 <2.7 <7.4 <2.5 6.9 <2.5 <6.1 3.06 <0.5 0.0215 19.3 <0.5 77.7
GW/SV-28-10 10 05/31/12 <2.7 <7.4 <2.5 8.3 <2.5 <6.1 10.1 <0.5 <0.01 11.9 <0.5 78
GW/SV-29-5 5 05/31/12 7 30 8.6 64 4.2 8.4 <0.5 <0.5 <0.01 18 <0.5 82
GW/SV-29-10 10 05/31/12 <2.7 <7.4 <2.5 6.2 <2.5 <6.1 1.58 <0.5 <0.01 15.2 <0.5 83.2

Notes:
 1.  Soil vapor samples collected in batch-certified 1-liter summa canisters and analyzed by CalScience Environmental Laboratories, Inc. of Garden Grove, California using EPA Method TO-15.
 2.  Except for the target petroleum-based chemicals of potential concern (COPCs), only constituents detected in at least one sample are presented.  A full list of analytes from EPA Method TO-15 is presented in the analytical laboratory reports.
 3.  Oxygen and Argon gasses are reported together because they convolute with each other and are difficult to separate in the laboratory testing. Typically, Argon is present in insignificant quantities. 

Abbreviations:
ft bgs = feet below ground surface

  < indicates that the compound was not detected at or above the laboratory reporting limit shown.
NA = Not Available

  CHHSLs = California Human Health Screening Levels (CHHSLs) for volatile chemicals in soil vapor below residential buildings constructed without engineered fill below sub-slab gravel (California Environmental Protection Agency, 2005).
  ESLs = Environmental Screening Levels for residential uses, Update for Sites with Impacted Soil and Groundwater, Regional Water Quality Control Board, San Francisco Bay, Table E-4 Shallow Soil Gas Screening Levels for Evaluation of Potential Vapor Intrusion Concerns, May 2008.

Residential ESLs  

EPA Method TO-15 Volatile Organic Compounds
Concentration (µg/m3)

Sample Location
Sample 
Depth
(ft bgs)

Fixed Gases
Concentration (% Volume)

Sample 
Date

Residential CHHSLs  
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Former Chemoil Refinery 
2020 Walnut Avenue, Signal Hill, CA

Soil, Soil Gas, and Grab
Groundwater Sampling Locations
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NOTE:

Approximate locations of monitoring well and soil gas probes from

Testa Environmental Corporation’s (TEC) June 2011 Report

on Phase II and Phase III Additional Site Characterization 

Legend
Monitoring Well

Soil Gas Probe (TEC, 2009 and 2010)

Soil, Soil Gas, and Grab Goundwater Sampling Locations (Geosyntec, 2012)
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Figure 1 - Phase I and II Boring Locations, Former Chemoil Refinery, Signal Hill, California

Phase II Soil Boring (May-June 2006)

Phase I Soil Boring (May 2006)

Existing Onsite Well

Phase II LIF Boring
(N-north, S-south, E-east)

Abandoned Well/Boring



 

  

APPENDIX J 

ROST™ LOGS, 2006 INVESTIGATION 

  





































































































 

  

APPENDIX K 

LABORATORY ANALYTICAL DATA 

(On File with The Source Group, Inc., a Division of Apex Companies, LLC 

and Available Upon Request) 
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