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progress report includes a summary of the remedial actions performed to date, and includes an evaluation of the
remedial system performance and conclusions and recommendations.

A flow-through barrier using SME technology was selected as the most appropriate technology to prevent the off-
site migration of groundwater contaminants. The installation of the SME system was presented to the LARWQCB
in the Interim Remedial Action Plan (IRAP), October 24, 2012. The IRAP was approved by the LARWQCB in a
letter dated December 7, 2012. An SME System Installation Report, dated April 24, 2014 was submitted to the
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Hollow-stem auger

Health and Safety Code

Health and safety plan
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Investigation-derived waste

Integrated Risk Information System
Chemical detected below LDL, EQL or PQL
Kilogram
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Los Angeles County Department of Health
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Los Angeles County Department of Public
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LADD Lifetime average daily dose
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MDL Method detection limit
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NEPA National Environmental Policy Act
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SGS

SHSP
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Professional Geologist
Photo-ionization detector
Parts per billion

Parts per billion by volume
Personal protective equipment
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Quality assurance project plan
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Quality control

Remedial action plan

Resource Conservation and Recovery Act
Recognized environmental condition
Reference exposure level
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Remedial investigation/feasibility study
Reporting limit

Reasonable maximum exposure
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Regional soil screening level (EPA)
Regional Water Quality Control Board
Sampling and analysis plan
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SVE Soil vapor extraction

SvOC Semi-volatile organic compound
SWPPP Storm water pollution prevention plan
SWRCB State Water Resources Control Board
TAME Tertiary amyl methyl ether
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TCA Trichloroethane
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TDS Total dissolved solids

TMB Trimethylbenzene

TOC Total organic carbon
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TSCA Toxic Substances Control Act
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USDA U.S. Department of Agriculture
USEPA U.S. Environmental Protection Agency
USGS U.S. Geologic Survey
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pa/kg Micrograms per kilogram
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VES Vapor extraction system
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VOC Volatile organic compound

WDR Waste discharge requirement

WET Waste extraction test
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STATEMENT OF LIMITATIONS

The scope of this investigation was intended to provide selected environmental information in accordance with
the scope of work contracted by the client/owner. The scope of work was not intended to be comprehensive,
identify all potential concerns, or eliminate the possibility of the site having some degree of environmental
problem. No degree of assessment can ascertain that a site is completely free of hazardous substances: some
regulatory and other pertinent data may be lacking that is critical in completing a full environmental profile of the
subject property.

This document was compiled based partially on information supplied from outside sources and other information
that is in the public domain. Ami Adini & Associates, Inc. (AA&A), provides no warranty as to the accuracy of
statements made by others, which are contained in this document, nor are any other warranties or guarantees,
expressed or implied, included or intended in this document with respect to information supplied by outside
sources or conclusions or recommendations substantially based on information supplied by outside sources.

AA&A’s investigation, within the framework of the contractual scope of work, was performed using the degree of
care and skill ordinarily exercised, under similar circumstances, by reputable environmental specialists practicing
in this or similar localities at the time our services were rendered. This document represents our best professional
judgment. Since the facts forming the basis for this document are subject to professional interpretation, differing
conclusions could be reached. None of the work performed herein shall constitute or be represented as a legal
opinion of any kind or nature.

Samples collected and used for testing and observations made are believed representative of the entire project;
however, soil and geologic conditions as well as groundwater conditions can vary between borings, test pits, and
surface outcrops.

This document is issued with the understanding that it is the responsibility of the owner, or of his representative,
to ensure proper/legal disclosures to public, private, and regulatory entities.

The interpretations and recommendations of this document are based on the data collected and AA&A’s present
working knowledge of environmental site assessments. As such, this document is valid as of the date shown, and
AA&A cannot be responsible for subsequent changes in physical/chemical/ environmental conditions and/or
legislation over which AA&A has no control.

A
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THIRD-PARTY LIABILITY DISCLAIMER

This document, which is the work product of Ami Adini & Associates, Inc. (AA&A), has been produced in
accordance with a specific contract between AA&A and its client, who is represented by the party to whom this
document is addressed. The services described in this document were performed in a manner consistent with
AA&A’s agreement with the client and in accordance with generally accepted professional consulting principles
and practices. This document is the product for the sole use and benefit of the contracting client. It creates no
rights or benefits to parties other than the client and AA&A, except such other rights as are specifically called for
herein.

AA&A consents to the release of this document to third parties at the discretion of the client. However, any use of
or reliance upon this information by a party other than the client shall be solely at the risk of such third party and
without legal recourse against AA&A, its affiliates, associates, employees, officers, or directors, regardless of
whether the action in which recovery of the damage is sought is based upon contract, tort (including the sole,
concurrent or other negligence and strict liability of AA&A), statute or otherwise. This document shall not be
used or relied upon by a party that does not agree to be bound by the above statement. This document is valid as
of the date shown, and AA&A shall not be held responsible for subsequent changes in physical/chemical/
environmental conditions and/or legislation over which AA&A has no control.

£
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EXECUTIVE SUMMARY

Ami Adini and Associates, Inc. (AA&A), has prepared this Interim Remedial Action Progress Report to present
an update on the status and progress made in the implementation and operation of the groundwater contaminant
mitigation system installed along the western and southern boundaries of the Former Chemoil Refinery (site)
located at 2020 Walnut Avenue in Signal Hill, California 90806.

The mitigation system consists of a flow-through barrier using subsurface metabolism enhancement (SME)
technology to mitigate petroleum hydrocarbon contaminants identified in groundwater along the western and
southern boundaries of the site as required by the Los Angeles Regional Water Quality Control Board
(LARWQCB).

A flow-through barrier using SME technology was selected as the most appropriate technology to prevent the off-
site migration of groundwater contaminants. The installation of the SME system was presented to the LARWQCB
in the Interim Remedial Action Plan (IRAP), October 24, 2012. The IRAP was approved by the LARWQCB in a

letter dated December 7, 2012.

SME (U.S. patent no. 6,464,005) technology is an in-situ process of soil and groundwater remediation that uses
natural microorganisms found natively in soil to degrade petroleum hydrocarbons. SME technology incorporates
the technologies of nutrient injection, air injection, and air and biogenic-gas extraction. Using a combination of air
and nutrient injection into the subsurface through a series of injection wells and the extraction of air and biogenic
gas from a series of extraction wells, oxygen flow-throughout the subsurface is enhanced. The increased
circulation of oxygen and nutrients in the subsurface stimulates the aerobic metabolism of petroleum
hydrocarbons by naturally occurring, native microbes in the soil. Extraction of biogenic gas, primarily carbon
dioxide, prevents anaerobic conditions from developing in the subsurface, promotes the natural metabolism of
petroleum hydrocarbons, and maintains a negative pressure in the subsurface, which promotes the flow and
spread of injected air and nutrients throughout the area of contamination. SME technology addresses soil and
groundwater contamination simultaneously and is also effective in treating hydrocarbon contamination above and
below the groundwater table.

After obtaining the required permits for the construction, installation, and operation of the SME system, AA&A
commenced the installation of the network of air and nutrient injection wells, biogenic-gas extraction wells, and
barrier monitoring wells. A total of 150 wells were installed to a maximum depth of 40 feet below ground surface
at the site between December 17, 2013, and January 15, 2014. Installation of the conveyance piping and the
mechanical equipment required to operate the SME system was completed and preliminary operation of the SME
commenced on March 3, 2014.

Starting in March of 2014, The SME operation was initiated and included periodic nutrient injections and air
injection only with no biogenic gas extraction. Shortly after that, biogenic gas extraction was initiated but the
activated carbon was being depleted within a day due to the high hydrocarbon vapor load and as such, the
extraction operations were shut down. At about that same time, operations had to cease in order to secure a storm
water permit from the City of Signal Hill, which was secured in June of 2014. Additionally, the power supply to
the SME system was shut down from April to June of 2014, during which time the air injection was shut down.

The air injection was resumed in June of 2014, and in October of 2014, a supplemental interim remedial action
that included operation of a vapor extraction system and treatment of the off-gas with a catalytic oxidizer unit was
initiated to handle the high hydrocarbon vapor load in the extracted biogenic gas. Three interim treatment periods
were conducted using the catalytic oxidizer unit between October 2014 and September 2015. The catalytic

A
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oxidizer system was operated 6,222 hours and the inlet hydrocarbon vapor levels to the system were sufficiently
reduced by the end of the last treatment period.

In October 2015, the SME fixed system using activated carbon for the well gas treatment media was started for
continuous operations. This is the first reporting period for these system operations and the system operated 98
days until January 2016. The system is planned for continuous operations through the next operational period.

The progress and performance of the SME system was evaluated on the basis of a number of general criteria On
balance, it does appear that the SME system is reducing the TPH-g and TPH-d contamination in the groundwater
in the flow-through barrier zone as it was designed.

Per the requirements of the Waste Discharge Requirements (WDR) permit, quarterly monitoring reports prepared
specifically to report groundwater parameters required by the permit are being regularly submitted to the
LARWQCB. The next groundwater monitoring event to be conducted for the parameters specified in the WDR
permit will be conducted during the first quarter of 2016.

Per the requirements of the LARWQCB, routine semi-annual groundwater monitoring reports prepared to report
groundwater conditions are being regularly submitted to the LARWQCB. The next semi-annual groundwater
monitoring event will be conducted during the second quarter of 2016.

Use of SME technology requires by law that the patent number (U.S. patent no. 6,464,005) be included.

£
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1. INTRODUCTION

Ami Adini & Associates, Inc. (AA&A), has prepared this Interim Remedial Action Progress Report to present an
update on the status and progress made in the implementation and operation of the groundwater contaminant
mitigation system installed along the western and southern boundaries of the Former Chemoil Refinery (site)
located at 2020 Walnut Avenue in Signal Hill, California 90806 (Figures 1 and 2). The mitigation system consists
of a flow-through barrier using subsurface metabolic enhancement (SME) technology to mitigate petroleum
hydrocarbon contaminants identified in groundwater along the western and southern boundaries of the site as
required by the Los Angeles Regional Water Quality Control Board (LARWQCB).

This progress report includes a summary of the remedial actions performed to date.

A flow-through barrier using SME technology was selected as the most appropriate technology to prevent the off-
site migration of groundwater contaminants. The installation of the SME system was presented to the LARWQCB
in the Interim Remedial Action Plan (IRAP), October 24, 2012. The IRAP was approved by the LARWQCB in a
letter dated December 7, 2012. (Appendix A). An SME System Installation report, dated April 24, 2014 was
submitted to the LARWQCB.

1.1 Objective

The objective of the mitigation system is to prevent the off-site migration of petroleum hydrocarbon contaminants
identified in groundwater along the western and southern boundaries of the site as required by the LARWQCB.
The system consists of a flow-through barrier using SME technology to mitigate the off-site migration of
groundwater contaminants previously identified at the site. A detailed discussion of the design, installation, and
operation of the system is provided in this report as well as an evaluation of the system performance.

2. BACKGROUND AND SITE HISTORY

The site is a former oil refinery that operated from 1922 to early 1994. The Chemoil Corporation (Chemoil)
acquired the refinery in August 1988 and operated it until February 1994. Prior to being acquired by Chemoil,
the refinery was owned and operated by the MacMillan-Ring Free Oil Company. According to the Additional
Off-Site Environmental Investigation Report, dated July 11, 2012, prepared by Geosyntec Consultants, of
Oakland California, the refinery and associated equipment were dismantled and removed between 1997 and
1998 (Geosyntec, 2012). The site is currently vacant and does not contain any aboveground or underground
storage tanks.

The site address is 2020 Walnut Avenue in Signal Hill, California, and comprises a total of 23 parcels
identified by the Los Angeles County, Office of the Assessor. The site is divided by Walnut Avenue into two
primary parcels, identified as the Eastern and Western parcels. The western parcel is bound by Walnut
Avenue to the east, commercial office/light industrial properties to the north, Gundry Avenue to the west, and
a former railway corridor parallel to East Wesley Drive to the southwest. Residential properties are located
south and west of the former railway corridor south of the site. The eastern parcel is bound by Walnut Avenue
to the west, East 20th Street and Alamitos Avenue to the south, North Gaviota Avenue to the east, and the
American University of Health Sciences to the north.
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2.1 Previous Assessments, Monitoring and Remediation

A summary of previous reports and chronology of pertinent activities included in the Report on Groundwater
Quality Monitoring Program, July 2012, dated July 15, 2012 prepared by Testa Environmental Corporation
(TEC), of Mokelumne Hill, California indicates that several phases of assessment, monitoring and
remediation have been conducted at the site dating back to December 1985 (TEC, 2012). The summary
prepared by TEC indicates that the initial groundwater monitoring report for the site was prepared in March
1987 and that a proposed remedial action plan was prepared in March 2002. The documents summarized by
TEC were not available for review by AA&A at the time of the preparation of this report.

The Report on Groundwater Quality Monitoring Program, April 2012, dated April 15, 2012 prepared by
TEC, indicates that a light, non-aqueous phase liquid (LNAPL), or free-product, was formerly encountered in
four wells associated with the site; one monitoring well (MW9) and three LNAPL recovery wells (R-4
through R-6). A map included in the TEC report dated April 15, 2012, indicates that LNAPL was formerly
present in three areas at the site:

* Pool No. 1, located along the eastern boundary of the western portion of the site, north of East 21
Street, in the vicinity of former LNAPL recovery well R-4, and vicinity of current monitoring
wells MW9 and MW11;

* Pool No. 2, located along the western boundary of the western portion of the site, in the vicinity of
former LNAPL recovery well R-5, and vicinity of current monitoring well MW12; and

* Pool No.3, located in the southern-most corner of the site near the intersection of Walnut
Avenue and East Wesley Drive, in the vicinity of former LNAPL recovery well R-6, and up-
gradient of current monitoring well MW14.

A LNAPL recovery program was implemented in March 1986 and approximately 27.9 barrels of LNAPL
were recovered by December 1994. Although the volume of a barrel was not reported in the TEC summary,
the generally accepted volume is 42 gallons, suggesting that approximately 1,171.8 gallons of LNAPL were
recovered between March 1986 and December 1994. The LNAPL recovery wells were abandoned in 20009.
The April and July 2012 reports prepared by TEC do not indicate if additional remediation had been
conducted after 1994.

3. ENVIRONMENTAL SETTING

3.1 Regional Geology

The site is located in the Los Angeles Basin, part of the Coastal Plain of Los Angeles County. The Coastal Plain is
in the northwest corner of the Peninsular Range geomorphic province, which extends southward into San Diego
County and Baja California. The Peninsular Range province consists of generally northerly- and northwesterly-
trending mountain ranges and associated valleys. To the north of this province is the Transverse Range province,
which consists of east- to west-trending mountains, including the Santa Monica and San Gabriel Mountains
(California Department of Water Resources [DWR], 1961).

A northwest structural trend is evident in many folding and faulting features of the regional geology,
characteristic of the Peninsular Ranges geomorphic province. These include the Newport-Inglewood Fault Zone,
the Paramount Syncline, the Dominguez Anticline, the Gardena Syncline, the Wilmington Anticline, and the
Wilmington Syncline. Geologic units of the northern Peninsula Ranges province consist of Jurassic- and
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Cretaceous-age basement rocks overlain by as much as 32,000 feet of marine and non-marine sedimentary strata
ranging in age from the late Cretaceous to Holocene epochs. Characteristic of the southwestern block of the Los
Angeles Basin is the basement rock referred to as the Catalina Schist. The nearly ubiquitous presence of this
Cretaceous schist as a basement rock in the region indicates that the Newport-Inglewood Fault Zone may have
been a boundary between oceanic and continental crusts, separated by a subduction zone at that boundary
(Barrows, 1974).

The Newport-Inglewood-Rose Canyon fault zone is located approximately 0.25-miles northeast of the site.

3.2 Local Geology

According to the Geologic Map of California, Long Beach Sheet (USGS, 1962), the site is situated on Quaternary
non-marine terrace deposits. Based upon a review of available historical site documents presenting site
assessment activities dating back to 1987 the site appears to be generally underlain with non-continuous intervals
of sandy silt and silty sand with various distributions of grain size and sand to silt ratios to 45 feet bgs. Clay,
clayey silt, and/or clayey sand have been reported in several borings at thicknesses ranging from 1 to 20 feet
thick, but do not appear to constitute a continuous confining layer at the site.

In general, soil lithology in the borings completed during the installation of the SME system consisted primarily
of dry, medium dense to dense, silty sand from ground surface to depths of 7 to 17 feet bgs. Medium dense to
dense, poorly graded fine sand was generally encountered below the silty sand to depths up to 40 feet bgs, the
maximum depth explored.

3.3 Regional Hydrogeology

The site is located within the West Coast sub-basin of the Central Plain of Los Angeles groundwater basin. The
basin is identified as Basin Number 4-11.03 by the DWR in the California’s Groundwater Bulletin 118 (last
updated February 27, 2004). According to the DWR, the surface area of the sub-basin is 142 square miles. The
sub-basin is bound to the north by the Ballona Escarpment, to the east by the Newport-Inglewood fault zone, and
the Pacific Ocean and consolidated rock of the Palos Verdes Hills on the south and west. Water bearing
formations in the sub-basin generally consist of Holocene, Pleistocene, and Pliocene age unconsolidated and
semi-consolidated marine and alluvial sediments. The primary aquifer in the sub-basin is the Silverado aquifer,
estimated to be 500 feet thick with a storage capacity of 6.5 million acre-feet (DWR, 2004).

Records available from the County of Los Angeles Department of Public Works (LADPW) well information
website (http://dpw.lacounty.gov/general/wells/#), indicate that the nearest production well, identified as Well ID
420 (State No. 4S12W30R01) is located approximately 850 feet south of the southernmost property boundary of
the site. The LADWP lists the well as active with the most recent measurement date of October 7, 2008; the depth
to groundwater was 56.60 feet bgs with a water surface elevation of -40.60 feet bgs. The first measurement of the
well was recorded on June 29, 1960, with a depth to water of 93.10 feet bgs. Depth to water in the well has ranged
from 56.20 (April 2004) to 98.90 (November 1977) feet bgs.

3.4 Local Hydrogeology

Groundwater monitoring at the site began in March 1987. Since the initial monitoring event through June 2012,
groundwater elevations have remained relatively consistent. In June 2012, groundwater elevations ranged from
4.99 (MW-2) to 6.82 (MW-3) feet above MSL. From 2012 to 2013, the groundwater elevations have decreased
significantly, followed by a relative small decrease in elevation through 2015. Since the initial monitoring event,
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less than 7 feet have separated the highest groundwater elevation measurements from the lowest measurements in
the site wells.

During the groundwater monitoring event conducted in December 2015, the average groundwater elevation was
2.62 feet above MSL; 3.00 feet separated the highest and lowest measurements. The average depth to
groundwater was approximately 22.84 feet bgs. Due to site topography the difference between the depth to water
measurements in the monitoring wells is 29.89 feet. Groundwater flow was determined to be toward the southeast
at an approximate gradient of 0.0012 feet per feet.

The topographic gradient at the site is toward the south. The elevation of the southeast corner of the western
portion of the site is approximately 25 feet above MSL, approximately 25 feet lower than the northeast corner of
the western portion of the site. The approximate elevations of the southern and northern boundaries of the eastern
portion of the site are 28 and 42 feet above MSL, respectively.

4. REMEDIATION SYSTEM DESCRIPTION AND INSTALLATION

The selected technology to treat groundwater contamination along the western and southern boundaries of the site
is a flow-through barrier using subsurface metabolism enhancement (SME). SME (U.S. patent no. 6,464,005) is
an in-situ bioremediation process of soil and groundwater remediation that uses natural microorganisms found
natively in soil to degrade petroleum hydrocarbons. SME technology incorporates the technologies of nutrient
injection, air injection, and air and biogenic-gas extraction (BGE). Using a combination of air and nutrient
injection into the subsurface through a series of injection wells, and the extraction of air and biogenic gas from a
series of extraction wells, oxygen flow-throughout the subsurface is stimulated. The increased circulation of
oxygen and nutrients into the subsurface stimulates the aerobic metabolism of petroleum hydrocarbons by
naturally occurring, native microbes in the soil. Accumulation of carbon dioxide in the subsurface prevents
bacterial growth. Extraction of biogenic gas, primarily carbon dioxide, prevents the subsurface from becoming
anaerobic, promotes the natural metabolism of petroleum hydrocarbons, and maintains a negative pressure in the
subsurface, which promotes the flow and spread of injected air and nutrients throughout the area of
contamination.

SME technology injects nutrients in batched intervals several weeks to months between injections to allow the
nutrients to disperse throughout the subsurface. Because low-flow air injection, between 10 and 20 cubic feet per
hour per injection point, is used to provide oxygen to the subsurface, and air and vapor extraction is performed at
approximately one to four times the injection rate, equipment required to conduct SME is significantly less
expensive to operate than typical air sparge and/or vapor and dual-phase extraction (DPE) equipment. SME relies
on in-situ hydrocarbon destruction and bioremediation, as opposed to mechanical extraction.

The goal of this remedial action is to maximize the reduction of contaminant concentration in the groundwater
throughout the flow-through barrier zone to practicable, low, economically attainable levels.

A discussion of the SME system design elements and detailed discussion of the construction and installation of
the necessary components and equipment to allow for the operation of the SME system is provided below.

4.1 SME Flow-Through Barrier Design and Construction

SME flow-through barrier technology comprises five primary components: air injection, BGE, nutrient injection,
a surface seal, and groundwater monitoring wells. The installed SME system consists of a network of 92
air/nutrient injection wells, 46 BGE wells, a surface seal, and 12 groundwater monitoring wells. The air/nutrient
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injection and extraction wells associated with SME were installed using direct-push drilling technology. A map
illustrating the proposed locations and arrangement of the well network and surface seal is provided as Figure 3.

AA&A worked with the LARWQCB and other various agencies to obtain the required authorizations and permits
to complete the installation and operation of the SME system.

After obtaining the required permits for the construction, installation, and operation of the SME system, between
December 17, 2013, and January 15, 2014, AA&A preformed the installation of the network of air and nutrient
injection wells, biogenic-gas extraction wells, and barrier monitoring wells. Installation of the conveyance piping
and the mechanical equipment required to operate the SME system was then completed, and preliminary
operation of the SME commenced on March 3, 2014.

4.2 Injection, Extraction and Monitoring Wells

The SME system uses a network of injection, extraction and monitoring wells. A detailed discussion of the
installation of each of the types of wells is provided below. A map illustrating the general locations and
arrangement of the well network and surface seal is provided as Figure 3. Locations and identifications of each of
the wells are provided on Figures 4 and 5. Details regarding the construction of each of the wells are summarized
in the attached Table 1.

4.2.1 Barrier Monitoring Wells

To monitor groundwater conditions and evaluate the effectiveness of the SME flow-through barrier, AA&A
installed 12 monitoring wells (identified as BMW-1 through BMW-12) located along the approximate center line
of the flow-through barrier. The wells were constructed of 0.75-inch or 1.5-inch-diameter, prepack schedule 40,
PVC well materials and installed using a direct-push drill rig. Due to the elevation changes observed between the
southern and northern portions of the site and the relatively flat groundwater gradient observed at the site, well
construction details varied amongst the wells. The well constructions were modified in the field to construct the
wells with approximately 5 feet of screen above the groundwater surface and 10 feet of screen below. The
locations of the monitoring wells are shown on Figure 3. A well construction diagram for the monitoring wells is
provided as Figure 6. Complete details of the monitoring well constructions are summarized in the attached Table
1.

As the design and installation of the air injection, nutrient injection, and BGE wells required an understanding of
groundwater conditions throughout the area of the SME treatment area, the monitoring wells were the first wells
installed at the site.

4.2.2 Air Injection

The network of 92 air injection points (identified as All through Al92) is divided into two circuits. Circuit 1 is
located on the southern parcel and consists of wells All through AI50; circuit 2 is located on the northern parcel
and consists of wells AI51 through AI92. Air injection points are constructed in the same borings as the nutrient
injection wells using 0.25-inch-diameter nylon tubing connected to a 6-inch-long, stainless steel screened, air
injection point. The desired depth of the air injection point is 6 to 8 feet below the groundwater surface. The
installation depth of the air injection points was determined in the field based on the depth to water observed in
the adjacently located barrier monitoring wells. A well construction diagram for the air injection point/nutrient
injection well is provided as Figure 7. Details of the construction of each of the air injection points are
summarized in the attached Table 1.
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Two rows of injection circuits were installed along the western property boundary and two rows of injection
circuits were installed along the southern property boundary. Each of the two rows was placed approximately 15
feet apart with the first row placed approximately 20 feet from the property boundaries. Maps illustrating the
configuration of the air injection circuits are provided as Figures 3, 4 and 5.

Air injection is completed using two 2.9-horsepower, 100 percent oil-less, rotary-vane, Becker DX4.40K air
compressors. Individual compressors provide air to each of the air injection well circuits. One compressor was
installed in a secured equipment enclosure, centrally located between the air injection wells on the southern
portion of the site; the second compressor was also installed in a secured equipment enclosure on the northern
portion of the site. Specifications for the air compressor are provided in Appendix B.

Air is supplied to the air injection wells through a 2-inch diameter header pipe. An air distribution manifold is
connected to the header pipe inside a 2-foot by 2-foot sealed, access cover at each of the barrier monitoring well
locations. Air is supplied from the manifold through 3/8-inch diameter polyethylene tubing to an air flow
controller to each of the air injection points. The air flow controllers regulate the incoming air supply from the air
compressors to between 10 and 30 cubic feet per hour (cfh).

4.2.3 Biogenic Gas Extraction

Biogenic gas is extracted from the subsurface to promote the circulation of oxygen and prevent the accumulation
of carbon dioxide. The metabolic activity of subsurface microbes decreases as conditions become anaerobic.
Vapor samples of the extracted gases are measured in the field for oxygen and carbon dioxide content to verify
that subsurface conditions stay aerobic and maintain the optimum ratio of oxygen and carbon dioxide.

The network of 46 BGE wells (identified as BGE1 through BGE46) is divided into four circuits. Two BGE
circuits were installed on the southern portion of the site and two BGE circuits were installed on the northern
portion of the site. The BGE circuits installed on the southern portion of the site comprise wells BGE 1 through
BGE12 (circuit 1), and BGE13 through BGE25 (circuit 2). The BGE circuits installed on the northern portion of
the site comprise wells BGE 26 through BGE38 (circuit 3), and BGE39 through BGE46 (circuit 4).

Vacuum is applied to each circuit by 6.16-horsepower, Airtech 3BA1510-7AT56 regenerative blowers capable of
applying up to 150 inches of water vacuum and approximately 160 cubic feet per minute (cfm) to the network of
BGE wells to remove carbon dioxide and promote the circulation of oxygen in the subsurface. Two blowers were
installed in the secured equipment enclosure centrally located between the extraction wells on the southern
portion of the site; two blowers were also installed in the secured equipment enclosure on the northern portion of
the site. The piping to the blowers in each of the equipment enclosures is configured so that each blower can
apply vacuum to either, or both, circuits in their respective site portion (i.e. blowers 1 or 2 can apply vacuum to
BGE circuit 1 or 2 and blowers 3 and 4 can apply vacuum to circuit 3 or 4). Specifications for the blowers are
provided in Appendix C.

BGE wells were constructed using 1-inch-diameter, Schedule 40 PVVC blank and 0.020-inch-slot screen material.
The desired depth of the BGE wells is approximately 5 to 8 feet above the groundwater surface. The installation
depth of the BGE wells was determined in the field based on the depth to water observed in the adjacently located
barrier monitoring wells. A well construction diagram for the BGE wells is provided as Figure 8. Details of the
construction of each of the BGE wells are summarized in attached Table 1.

A single row of BGE circuits was installed along the western property boundary and a single row of BGE circuits
was installed along the southern property boundary. Each row of BGE wells was placed between the two rows of
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injection circuits. Maps illustrating the configuration of the air injection circuits are provided as Figures 3, 4, and
5.

Although the intent of BGE is to remove biogenic gas, primarily carbon dioxide, and promote the circulation of
oxygen in the subsurface, extraction may include some petroleum hydrocarbon and VOC vapors that are present
in the subsurface as a result of the contamination that exists. As such, the BGE system includes a treatment
system to remove any hydrocarbon vapors that may be present prior to discharge to the atmosphere.

The treatment system consists of nine, 200-pound granular activated carbon canisters arranged in a parallel-series
configuration. Three 1,500-pound granular activated carbon canisters were added arranged in a series
configuration downstream from the other canisters. All extracted vapors from the southern and northern portions
of the site are routed to the treatment system located in the equipment enclosure located on the northern portion of
the site. The treatment system is permitted by the AQMD.

Shortly after operations were started it was discovered that extraction of the biogenic gas caused the activated
carbon to be quickly depleted. It was decided to attempt to reduce the hydrocarbon loading to the system by
conducting a supplemental interim remedial action that included operation of a vapor extraction system and
treatment of the off-gas with a catalytic oxidizer unit. The vapor extraction system is described in more detail in
the following Section 5., Remedial System Start-up and Operation

4.2.4 Nutrient Injection

Nutrients are injected into the subsurface to maintain optimum ratios of carbon to nitrogen to phosphorus. As
microbial metabolism of hydrocarbons occurs, nutrients such as nitrate and phosphorus are depleted. A solution of
ammonium sulfate is used to maintain nitrate concentrations. Authorization was obtained from the LARWQCB
and Waste Discharge Requirements (WDR) permit was acquired prior to initiating nutrient injections.

Nutrients are injected into the subsurface via 92 dedicated injection points constructed in the same borings as the
air injection wells. Nutrient injection wells (identified as NI1 through N192) are constructed using 0.75-inch-
diameter, Schedule 40 PVC blank and 0.020-inch-slot screen material. The desired depth of the nutrient injection
wells is for the bottom of the well to be above the capillary fringe. The installation depth of the nutrient injection
wells was determined in the field based on the depth to water observed in the adjacently located barrier
monitoring wells. To minimize the potential for submerging the screened interval of the nutrient injection wells,
the wells were constructed with a 5-foot long screened interval placed approximately 5 feet above the anticipated
groundwater level. A well construction diagram for the air injection points/nutrient injection wells is provided as
Figure 7. Details of the construction of each of the nutrient injection wells are summarized in the attached Table
1.

Two rows of nutrient injection wells were installed along the western and southern property boundaries. Each of
the two rows was placed approximately 15 feet apart with the first row placed approximately 20 feet from the
property boundaries. Maps illustrating the configuration of the air injection circuits are provided as Figures 3, 4
and 5.

Each nutrient injection point is individually piped to a distribution location within a sealed 2-foot by 2-foot,
access cover at each of the barrier monitoring well locations. As nutrient injection wells and air injection points
are constructed in the same borehole, the arrangement of nutrient injection wells is the same as the air injection
points.
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4.3 SME System Construction
4.3.1 Equipment Enclosure

Physical equipment associated with the SME flow-through barrier system was installed in sealed, lockable
enclosures to minimize noise and provide security for the equipment. A map illustrating the locations of the
equipment enclosures is provided as Figures 3, 4 and 5. A piping and instrumentation diagram illustrating the
general configuration of the injection and extraction equipment is provided as Figure 9.

4.3.2 Surface Seal and Soil Stabilization

SME relies upon the circulation of air and nutrients in the subsurface along with the removal of carbon dioxide
rich biogenic gas. Sealing of the surface is required to promote the circulation of air and nutrients in the
subsurface between the air injection points and BGE wells. The surface seal also increases the radius of influence
of SME by reducing the potential of air at the surface from being drawn into the BGE wells and effectively short-
circuiting the wells.

The surface seal was completed after the installation of the air/nutrient and BGE wells and associated conveyance
piping. The seal consists of 6 mil thick polyethylene plastic sheeting and extends 20 feet beyond each side of the
locations of the air/nutrient injection circuits. After placement, the polyethylene plastic sheeting was covered with
clean fill material to prevent damage to the seal. Approximately 2 feet of fill material was placed over the
conveyance piping and 1 foot of fill was placed over the portions of the seal that extend beyond the conveyance
piping. All conveyance piping was tested for leaks prior to the installation of the surface seal. The location of the
surface seal is shown on Figure 3.

To control dust and prevent erosion of the fill material placed above the surface seal, a soil stabilization product
(Soiltac®, manufactured by Soilworks®, LLC) was applied to the fill material at a rate of approximately one
gallon per 70 square feet. Soiltac is a biodegradable, liquid copolymer that is sprayed on the surface of the fill.
Once applied, the Soiltac cures to form a transparent, durable and water resistant solid mass. Soiltac was applied
to the area of fill material and extends approximately 7 to 10 feet beyond the extent of the fill material to form an
erosion resistant surface designed to last 12 to 24 months. Annual maintenance, consisting of the re- application
of Soiltac at a rate of approximately 1/3 the initial application can extend the design life indefinitely.

5. REMEDIATION SYSTEM START-UP AND OPERATION

This report covered the operation of the SME system from start-up through the end of the last reporting period
which is January 26, 2016.

Operation of the SME system began on March 3, 2014. Preliminary operations indicated that current subsurface
conditions were oxygen deficient. To increase the concentration of oxygen in the subsurface the SME system was
operated with air injection only. The objective of air injection without biogenic gas extraction was to maximize
the residence time of the injected air and increase the concentration of oxygen in the subsurface.

Although the system is intended to operate with air injection and biogenic gas extraction simultaneously,

operation of the biogenic gas extraction portion of the system at the start-up period may also remove the injected
air without increasing the concentration of oxygen in the subsurface.
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The first nutrient injection event was completed on March 11 and 12, 2014. A solution of 1 pound of ammonium
sulfate in 1 gallon of deionized water was injected into each of the 92 nutrient injection wells. A material safety
data sheet for the ammonium sulfate product is provided as Appendix D. The additional nutrient injection events
are described in detail below.

Biogenic gas extraction operations were started on about March 12, 2014 when it was determined that biogenic
gas extraction could be initiated such that air injection and biogenic gas extraction were conducted
simultaneously. The oxygen levels were sufficient and carbon dioxide levels were increasing to levels that would
not be beneficial to the microbes and the biogenic gas extraction was initiated to remove the accumulated carbon
dioxide. Upon startup of the biogenic gas extraction it was discovered that extraction of the biogenic gas caused
the activated carbon to be quickly depleted, within a day. Because of this, the biogenic gas extraction operations
were shut down. At about that same time, operations had to cease in order to secure a storm water permit from the
City of Signal Hill, which was secured in June of 2014. Additionally, the power supply to the SME system was
shut down from April to June of 2014 due to vandalism of the power supply cables.

From March 2014 until October 2014, the SME system operated with air injection only. There was no extraction
of biogenic gas. In October 2014, biogenic gas extraction operations were re-started. It was decided to attempt to
reduce the hydrocarbon loading to the system by conducting a supplemental interim remedial action that included
operation of a vapor extraction system and treatment of the off-gas with a catalytic oxidizer unit. This operation is
described in detail in the report prepared by AA&A titled System Operations Report, dated January 31, 2016
which is contained in Appendix E.

The subsequent operation of the nutrient injections, the air injections, and the biogenic gas extraction are
described in detail in the following sections. Additionally, groundwater monitoring activities are described below.

5.1 Nutrient Injection Activities

Following the first injection event completed on March 11 and 12, 2014, the next event was conducted on July 2,
2014. A solution of 1 pound of ammonium sulfate in 1 gallon of deionized water was injected into each of the 92
nutrient injection wells. Immediately following the nutrient injection into the injection points 1 gallon of
deionized water was injected to flush the nutrients through the injection point piping.

Following the July 2, 2014 nutrient injection, subsequent nutrient injection events were conducted at approximate
6-week time intervals as follows:

e In 2014: August 12, September 16, November 7, and December 19.
e In 2015: February 16, April 9, May 29, August 12, October 20,and December 22.
e In 2016: January 26.

In each of the above-specified nutrient injection events, the protocol was the same: A solution of 1 pound of
ammonium sulfate in 1 gallon of deionized water was injected into each of the 92 nutrient injection wells.
Immediately following the nutrient injection into the injection points 1 gallon of deionized water was injected to
flush the nutrients through the injection point piping.

The following were the only exceptions to the above-described nutrient injection protocols:
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On December 22, 2014, the southern portion of the site was found to be inaccessible for the injection equipment
due to rainfall creating large areas of standing water and mud. As such, on this date only the injection wells on the
northern portion of the site were injected with nutrients.

Starting from the August 12, 2015 nutrient injection event and all continuing with all subsequent events,
accumulated nutrients in the piping caused partial blockage and resulted in backflow. To correct this situation,
each injection point was pressurized to approximately 45 to 50 pounds per square inch (psi) during injections and
this corrected the blockage.

5.2 Air Injection Activities

Air injection was initiated on March 3, 2014, and then ran continuously except for short shutdown periods for
pump maintenance/repairs during the times the system was in operation. The following is a summary of the air
injection operational times:

Air injection started on March 3, 2014, and ran continuously, 24 hours per day, 7 days per week (24/7).

e Air injection stopped on April 3, 2014 when it was discovered the power supply cables were vandalized
and the power supply was shut down which placed the air injection out of operation.

o OnJune 18, 2014, AA&A had the power restored and air injection was started again and ran
continuously, 24/7.

e Around September 15, 2015, one of the air compressors was found to have seized up. At that time, the
other compressor was shut down which placed the air injection out of operation. A factory-authorized
representative was dispatched to repair the compressors.

* On about September 27, 2015, after the compressors were repaired, the air injection was started again and
has been running 24/7 ever since..

Air was injected to the network of 92 air injection points from two compressors (one compressor for the northern
array and one compressor for the southern array). The air injection system operated at a discharge pressure of
about 11 pounds per square inch gage (psig). The air injection flow rates were determined from the compressor
flow performance curves. Based on the curves, the flow from each compressor is 25 scfm (1,500 scfh) for a
system total of 50 scfm or 3,000 scfh for both compressors. There are individual flow meter regulators on each of
the 92 air injection lines.

The flow meters were checked and the flow measurements were recorded initially on system start-up. Appendix F
is the completed field log with the recorded flow measurements taken on March 10, 2014. The flow rates were all
in the range of 10 to 30 acfh. The flow meters were randomly inspected during injection events and appeared in
normal operating range; however, in a post rainy season check of March 10, 2016 (Appendix F), about 25 percent
were observed to malfunction and are getting replaced at this time.

5.3 Biogenic Gas Extraction Activities

As noted above, a supplemental interim remedial action that included operation of a vapor extraction system and
treatment of the off-gas with a catalytic oxidizer unit was initiated once it was determined that the activated
carbon was being depleted quickly due to the hydrocarbon vapor load. Three interim treatment periods were
conducted using the catalytic oxidizer unit between October 2014 and September 2015. The catalytic system was
operated intermittently for about one week at a time, with a rebound period allowed between each event to
maximize hydrocarbon removal efficiency. Operations revealed that the inlet levels from the northern area are
significantly higher than in the southern area, so flow was focused on the northern piping array. The catalytic
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oxidizer system was operated 6,222 hours and removed 7,411 pounds of TPH-g and the inlet levels to the system
were reduced from 5,400 pg/l TPH-g initially to just 238 ug/l TPH-g by the end of the last treatment period.

In October 2015, the SME fixed system using activated carbon for the well gas treatment media was started for
continuous operations. This is the first reporting period for these system operations and the system operated 98
days until January 2016 and removed 193 pounds of TPH-g in this period. The system is planned for continuous
operations through the next operational period.

The above summary of the biogenic gas extraction activities is described in detail in a report prepared by AA&A
titled System Operations Report, dated January 31, 2016 which is contained in Appendix E. In particular, the
system operational and monitoring data contained in the report should be referenced.

The following is a summary of the information provided in the System Operations Report contained in Appendix
E.

5.3.1 Supplemental Remedial Action

In an effort to quickly remove as much contaminant mass as possible and reduce the inlet hydrocarbon
concentrations, AA&A conducted a supplemental interim remedial action consisting of operation of a vapor
extraction system. Vapors were extracted from the combined well array using a mobile extraction device provided
by AA&A. The unit is equipped with three 3-stage Siemens blowers, each capable of extracting up to 120 cubic
feet per minute of air and inducing 22 inches of mercury vacuum. The blowers can be operated individually or in
combination to provide a wide range in flow and vacuum capability. The system is permitted by the South Coast
Air Quality Management District (SCAQMD) under a various locations permit.

5.3.1.1 First Period of Interim Remedial Action

The first period of interim remedial action was initiated on October 23, 2014 and ended on November 14, 2014.

The catalytic oxidizer equipment was transported to the site and continuous vapor extraction operations were
started. The system was operated using all extraction pipes accessing all four areas at an applied vacuum pressure
of about 30 inches of water column (in. WC), producing a consistent well gas flow of about 200 scfm. The flow
was adjusted between the two extraction lines to maximize hydrocarbon removal. The system was started using
all extraction lines open equally to flow. After one day the relative flow to the south extraction array was reduced
as the northern array produced much higher hydrocarbon levels. The northern array extraction lines provided the
majority of the flow (75 to 85 percent) until the end of the operating period.

During operations, the well gas from each area was monitored for VOC content using a photo-ionization detector
(PID), and for oxygen and carbon dioxide content using a Mini-Rae multi gas meter. Results of monitoring
indicate the northern section of the northern area produced the highest inlet levels with an initial hydrocarbon
concentration of 1280 parts per million (ppm). The southern section of the northern area had 760 ppm initially. In
contrast, the two southern areas had 320 and 260 ppm initially. By the end of the operational period the inlet
levels from the two northern areas were 1,270 and 635 ppm, and the south area produced about 324 ppm. Results
of oxygen and carbon dioxide monitoring indicated the northern area had oxygen levels ranging from 10.4 to 15.3
percent with carbon dioxide level ranging from 1.5 to 5.2 percent. The southern area had oxygen levels ranging
from 10.6 to 16.8 percent and carbon dioxide ranging from 2.1 to 4.3 percent.

On October 30, 2014, a vapor sample was collected from the combined system influent to gauge the productivity
of the well stream and to calculate the mass removed. The sample was analyzed for TPH-g and VOCs and results
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of analysis indicated the detections were 5,400 pg/l of TPH-g, 4.3 ug/l of benzene, 1.1 pg/l of toluene, 2.1 pg/l of
xylenes, and 4.1 pg/l of 1,2 DCA. This data was used to calculate the contaminant mass removed in vapor phase.
A total of 1,822 pounds of TPH-g was removed in the treatment period.

5.3.1.2 Second Period of Interim Remedial Action

The second period included intermittent system operations from December 23, 2014 through April 22, 2015. The
system was run for about a week at eight different intervals during the period. In each treatment interval, the
system was operated continuously using all extraction pipes accessing all four areas at an applied vacuum
pressure of about 25 in. WC, producing a consistent well gas flow of about 200 scfm. The flow was adjusted to
maximize removal of the higher hydrocarbon concentrations in the northern array extraction lines (about 85
percent of the total flow) throughout the operating period. The treatment events included system operations from
December 23-30, 2014, January 6-12, January 20-26, February 3-10, February 21-28, March 10-17, March 23-28,
and April 15-22, 2015.

Results of well gas monitoring for VOCs indicated the northern section of the northern area produced the highest
inlet levels with a maximum hydrocarbon concentration of 1,400 ppm. The southern section of the northern area
had up to 700 ppm in this period. In contrast, the two southern areas had maximum levels of 350 ppm in this
period. By the end of the operational period the inlet levels from the two northern areas were 780 and 290 ppm,
and the south area produced about 65 ppm. Results of oxygen and carbon dioxide monitoring indicated the
northern area had oxygen levels ranging from 9.8 to 17.0 percent with carbon dioxide level ranging from 3.0 to >5
percent. The southern area had oxygen levels ranging from 9.2 to 13.5 percent and carbon dioxide ranging from
1.3 to 4.5 percent.

Results of monthly vapor sample analysis indicated the TPH-g levels were reduced from a maximum of 3,400
pg/l to 2,400 pg/l by April 20, 2015. Low levels of VOCs were detected in the sample from January 20, 2015
with 1.2 pg/l xylenes. In addition, the final sample collected on April 20, 2015, had low levels of toluene (1.4
pg/l), ethylbenzene (1.1 pg/l), and xylenes (2.8 pg/l). No other VOC was detected in any of the samples. This data
was used to calculate the contaminant mass removed in vapor phase. A total of 3,345 pounds of TPH-g was
removed in the treatment period.

5.3.1.3 Third Period of Interim Remedial Action

The third period included intermittent system operations from May 1, 2015 through September 5, 2015. The
system was run for about a week at seven different intervals during the period. In each treatment interval, the
system was operated continuously using all extraction pipes accessing all four areas at an applied vacuum
pressure of about 25 in. WC, producing a consistent well gas flow of about 200 scfm. The flow was adjusted to
maximize removal of the higher hydrocarbon concentrations in the northern array extraction lines (about 85
percent of the total flow) throughout the operating period. The treatment events included system operations from
May 1-7, May 16-22, May 30-June 5, June 20-27, July 15-21, August 13-21, and August 31-September 5, 2015.

Results of well gas monitoring for VOCs indicated the northern section of the northern area produced the highest
inlet levels with a maximum hydrocarbon concentration of 1,520 ppm on June 27, 2015. These levels were
reduced to about 200 ppm by the end of the period. Results of oxygen monitoring indicated improving results as
the oxygen levels increased from about 12 percent at the start of the period to about 15 percent at the end of the
period.

Results of monthly vapor sample analysis indicated the TPH-g levels were reduced from a maximum of 2,000
pg/l in May 2015 to just 238 pg/l TPH-g in August 2015. None of the samples had detectable levels of VOC. A
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total of 2,244 pounds of TPH-g was removed in the treatment period, for a total of 7,411 pounds since treatment
started.

5.3.2 Regular SME Extraction Activities

As a result of the Supplemental Interim Remedial Action program using the catalytic oxidizer unit, the inlet levels
to the system were reduced from 5,400 pg/l TPH-g initially in October 2014 to just 238 pg/l TPH-g in September
2015. In the last period of operation, none of the vapor samples had detectable levels of VOC, and only TPH-g
was detected. Based on these data, the levels of hydrocarbon from the extraction system were within range of
acceptable treatment using the activated carbon that was initially planned as a polishing action for the SME
system. Accordingly, the catalytic oxidizer was removed from the site and the permitted fixed system using
activated carbon was prepared for continuous operations.

5.3.2.1 First Period of System Operation

The first period included fixed system operations from October 1, 2015 through January 19, 2016. The system
was operated continuously during this period except for a brief interval between October 20 and November 2,
2015, when the activated carbon was changed. During this operational period, the system operated with the flow
divided roughly evenly between the north and south lines until December 27, 2015, when the flow was increased
to the northern lines so that about 2/3 of the net was derived from these lines. In addition, the net well flow was
reduced on November 2, 2015, (after restarting the system after the activated carbon change) by allowing dilution
air into the well stream to preserve the new activated carbon.

During operations, the net flow-through the system was constant at about 110 scfm. In the initial period when no
dilution air was used, the system provided 25 in. WC vacuum evenly distributed between north and south lines.
The net flow from the subsurface was cut to about 50 scfm when the dilution air was allowed in the system
(beginning on November 2, 2015). After adjusting the flow to emphasize the north lines, and slightly reducing the
amount of dilution air, the net well gas flow was about 70 scfm under 20 in. WC vacuum.

Results of well gas monitoring indicate the northern area produced the highest inlet levels with a maximum
hydrocarbon concentration of 321 ppm on October 5, 2015. These levels were reduced to about 225 ppm by the
end of the period. Results of oxygen monitoring indicated a consistent oxygen level of about 19 percent, until
December 2015, when the levels decreased to about 14 percent, then increased to over 16 percent by the end of
the period.

Results of monthly vapor sample analysis indicated the TPH-g levels were reduced from a maximum of 883 pg/I
in October 2015 to just 450 pg/l TPH-g in December 2015. The final sample collected in January 2016 with flow
directed mostly to the north lines had 1,010 pg/l TPH-g. None of the samples had detectable levels of VOCs. A
total of 193 pounds of TPH-g was removed in the treatment period, for a total of 7,604 pounds since treatment
started.

The system is planned for continuous operations through the next operational period.

5.4 Groundwater Monitoring Activities

As it pertains to the remedial action, routine periodic groundwater monitoring is necessary to quantify the
reduction of contaminant concentration in the groundwater throughout the flow-through barrier zone and WDR
groundwater monitoring is necessary to quantify the groundwater parameters and conditions pursuant to the
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requirements of the WDR permit. Routine groundwater monitoring and WDR groundwater monitoring are
performed separately and are described in detail below.

5.4.1 Routine Groundwater Monitoring Activities

According to the requirements of the LARWQCB, semi-annual groundwater monitoring reports were submitted
to the LARWQCB. The monitoring reports that related to the SME system started in the fourth quarter of 2013,
with semi-annual frequency. Pursuant to a directive from the LARWQCB dated June 7, 2013, the wells required
to be sampled alternated each monitoring event between 20 monitoring wells (all 16 monitoring wells plus the
four selected barrier monitoring wells) and a limited number of wells totaling 14 (10 selected monitoring wells
plus the four selected barrier monitoring wells). The LARWQCB directive in Appendix A specifies the wells to
be sampled. The following groundwater monitoring reports relevant to the SME system have been submitted to
date. Included is a link to access the reports on the State GeoTracker database.

e Fourth Quarter 2013 event for semi-annual July to December time period conducted on 12/27/13: 17
wells sampled. This event was conducted prior to the start of the SME system being operational and will
be considered as a baseline representing pre-treatment conditions. Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/8668778896/SL2047W?2348.PDF

e Second Quarter 2014 event for semi-annual January to June time period conducted on 06/13/14: 9 wells
sampled. This event was conducted during the preliminary operation of the SME system. Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/2438529312/SL.2047W?2348.PDF

e Fourth Quarter 2014 event for semi-annual July to December time period conducted on 12/07/14: 17
wells sampled. This event was conducted during the time the SME system was fully operational.
Reference: http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/2438529312/SL2047W2348.PDF

e Second Quarter 2015 event for semi-annual January to June time period conducted on 05/28/15: 10 wells
sampled. This event was conducted during the time the SME system was fully operational. Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/6026922643/SL.2047W?2348.PDF

e Fourth Quarter 2015 event for semi-annual July to December time period conducted on 12/10/15: 18
wells sampled. This event was conducted during the time the SME system was fully operational.
Reference: http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/2848665356/SL2047W2348.PDF

Appendix G Part 1 contains a historical summary of groundwater monitoring data, including iso-concentration
maps for TPH-g and TPH-d, historical groundwater analytical tables, and graphs of contaminant concentrations
over time for individual monitoring wells.

The analytical results of the above-described groundwater monitoring events as it relates to the performance of the
SME system are described in Section 6.0 below.

5.4.2 WDR Groundwater Monitoring Activities

According to the requirements of the Waste Discharge Requirements (WDR) permit, quarterly monitoring reports
prepared specifically to report groundwater parameters required by the permit were submitted to the LARWQCB.
The monitoring reports were required starting from the time the WDR permit was granted. The monitoring
includes measuring physical parameters including pH, temperature, conductivity, dissolved oxygen, ORP, TSS
and turbidity. Additionally the monitoring includes analysis for mineral constituents including sulfate, nitrates,
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phosphorus, ammonia, chloride and boron and lastly analysis for chemical constituents including TPH and VOCs.
The basic regulatory objective of the WDR monitoring is to ascertain if the injection of nutrients has caused a
detrimental effect on the groundwater quality.

Ten selected wells (MW-8, MW-11, MW-14, MW-15, MW16, MW19, BMW-2, BMW5, BMW-8 and BMW-11)
deemed to be representative of the injection activity were monitored on a quarterly frequency, commencing with a
baseline monitor event pre-treatment. It should be noted that MW-8 was damaged, and until this well was
replaced, MW-9 was monitored in its stead.

The following WDR monitoring reports have been submitted to date:

Baseline monitoring in the second quarter 2013, followed by monitoring each succeeding quarter through the
fourth quarter 2015 (total of 11 events). It should be noted that in addition to the quarterly reports, annual
summary reports were submitted for 2013 and 2014. Below is an itemized list of all the reports with pertinent
information and a link to access the reports on the State GeoTracker database.

e Second quarter 2013: This event was conducted prior to the start of the SME system being operational
and will be considered as a baseline representing pre-treatment conditions. The BMW wells were not
installed. Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/5782289624/WWDR100009997.PDF

e Third quarter 2013: This event was conducted prior to the start of the SME system being operational and
will be considered as a baseline representing pre-treatment conditions. The BMW wells were not
installed. Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/2446433782/\WDR100009997.PDF

e Fourth quarter 2013: This event was conducted prior to the start of the SME system being operational and
no groundwater sampling was conducted. Not all of the BMW wells were installed. Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/8392157852/WDR100009997.PDF

o Annual summary for 2013: Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo report/2483529269/WDR100009997.PDF

e First quarter 2014: This event was conducted prior to the start of the SME system being operational and
was the only baseline monitoring event in which all of the required wells were sampled and will be
considered as the baseline representing pre-treatment conditions. Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/6222827970/WDR100009997.PDF

e Second quarter 2014: This event was conducted during the preliminary operation of the SME system.
Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/5905061841/WDR100009997.PDF

e Third quarter 2014: This event was conducted during the time the SME system was fully operational.
Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo report/4059287369/WDR100009997.PDF

o Fourth quarter 2014: This event was conducted during the time the SME system was fully operational
Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/8855627477/WDR100009997.PDF
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Annual summary for 2014: Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo report/3386451482/WDR100009997.PDF

e First quarter 2015; This event was conducted during the time the SME system was fully operational.
Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo report/9010401129/WDR100009997.PDF

e Second quarter 2015: This event was conducted during the time the SME system was fully operational.
Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/9140852510/WDR100009997.PDF

e Third quarter 2015: This event was conducted during the time the SME system was fully operational.
Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo report/4549964249/WDR100009997.PDF

e Fourth quarter 2015: This event was conducted during the time the SME system was fully operational.
Reference:
http://geotracker.waterboards.ca.gov/esi/uploads/geo_report/6546156466/WDR100009997.PDF

Appendix G Part 2 contains a historical summary of WDR groundwater monitoring data, including historical
groundwater analytical tables and graphs of contaminant concentrations over time for individual monitoring
wells.

The analytical results of the above-described groundwater monitoring events as it relates to the performance of the
SME system are described in Section 6.0 below.

6. EVALUATION OF REMEDIATION PROGRESS AND PERFORMANCE

The progress and performance of the SME system is being evaluated on the basis of the following general criteria:
1) The effectiveness of the system operation based upon operational parameters; 2) measured concentrations of
oxygen, carbon dioxide, and volatile organic compounds in the extracted biogenic gas to determine if optimal
conditions exist in the subsurface for the metabolic process to function effectively; 3) measured non-chemical
parameters of the groundwater including dissolved oxygen and carbon dioxide, and carbon, nitrogen and
phosphorus concentrations; 4) the effectiveness of the supplemental interim remedial action; and 5) the most
important measure which is the target contaminant concentrations in the groundwater throughout the flow-through
barrier zone to determine the mass reduction of contaminants in the groundwater.

The following sections describe each criterion and the attendant performance in detail.

6.1 Operational Parameters

AA&A measured important subsurface parameters to quantify the effectiveness of the subsurface metabolic
enhancement. During system operations, the injection flow rates and the extraction flow rates and applied vacuum
were measured. The operating data is provided below:

For biogenic gas extraction:
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e During the Supplemental Remedial Action, from 10/23/14 to 09/05/15: Flow rate = 200 scfm, vacuum =
25 to 30 inches water column.

o During regular SME extraction, from 10/01/15 to 01/19/16, Flow rate = 50 to 110 scfm, vacuum = 11 to
25 inches water column.

For air injection:
e  Average system flow rate of 50 scfm at 11 psig pressure measured at the compressors
e Flow rate at injection points at 10 to 40 acfth
The above measured parameters are within the equipment capacity and meet the design specifications.

6.2 Composition of Extracted Biogenic Gas

Concentrations of oxygen, carbon dioxide, and volatile organic compounds in the extracted biogenic gas were
measured and used to evaluate the effectiveness of SME. Extracted oxygen concentrations are compared to
baseline oxygen concentrations, as depressed oxygen concentrations indicate oxygen is being consumed during
the metabolic process. Additionally, adequate oxygen concentrations in the subsurface are necessary to promote
the growth of the microorganisms.

Carbon dioxide concentrations approaching zero are an indication that the energy source of hydrocarbons is being
depleted. Additionally, elevated carbon dioxide concentrations in the subsurface are detrimental to the
microorganisms and will reduce the microorganism population.

During the Supplemental Remedial Action, from 10/23/14 to 09/05/15, oxygen levels ranged from 9.8 percent to
19.8 percent.

During the regular SME extraction, from 10/01/15 to 01/19/16, oxygen levels ranged from 14.0 percent to 22.2
percent.

During the Supplemental Remedial Action, from 10/23/14 to 09/05/15, carbon dioxide levels ranged from 0.8
percent to 5.2 percent.

During the regular SME extraction, from 10/01/15 to 01/19/16, carbon dioxide levels ranged from 1.4 percent to
over 5 percent.

6.3 Measurement of Non-chemical Parameters in Groundwater

Concentrations of dissolved oxygen were measured in groundwater samples collected from the barrier monitoring
wells to check on metabolic activity. This testing was conducted as part of the WDR monitoring. In the flow-
through barrier zone, dissolved oxygen varied but was generally in the 0.1- to 2-milligram per liter (mg/l) range.

Nutrients were injected into the subsurface to maintain optimum ratios of carbon to nitrogen to phosphorus. As
microbial metabolism of hydrocarbons occurs, nutrients such as nitrate and phosphorus are depleted. Nitrogen
sources such as ammonia, nitrate, and urea are typically used to replace nutrients depleted during metabolism. In
this project, a solution of ammonium sulfate was used to maintain nitrate concentrations. Nitrate concentrations in
groundwater were monitored as part of the WDR monitoring. In the flow-through barrier zone, nitrate
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concentrations in groundwater were found to be generally very low, at or near the laboratory detection limit.
Nitrite concentrations in groundwater were also found to be very low.

In the WDR permit. the LARWQCB provides Water Quality Objectives (WQOs) for TDS, sulfate, chloride, and
boron of 800, 250, 250 and 1.5 mg/l, respectively. WDR Analytical results for TDS, sulfate, and chloride in
samples collected before and after the nutrient injection events are comparable and the injection of nutrients at the
site does not appear to have caused WQOs to be exceeded. Therefore, the operation of the SME system does not
seem to have a negative impact on the groundwater quality.

6.4 Effectiveness of Supplemental IRA

Although it was not initially anticipated, a supplemental interim remedial action had to be conducted due to the
higher than expected concentrations of TPH and VOCs in the soil vapor in the vadose zone. The supplemental
IRA involved the implementation of soil vapor extraction and treatment of the off-gas with a catalytic oxidizer
unit as a substitute to activated carbon to destroy petroleum hydrocarbon and VOC vapors and eliminate any air
quality impacts. The vapor extraction was successfully implemented and operated from late October 2014 through
the beginning of September 2015, after which time TPH level were reduced enough for activated carbon to be
used as was intended.

The added benefit of the supplemental IRA was manifest by the amount of petroleum hydrocarbons that were
extracted from the vadose zone in the flow-through barrier zone. A total of 7,604 pounds of TPH-g was removed
from the subsurface since treatment began.

6.5 Measurement of Target Chemical Contaminants in Groundwater

SME technology is effective in remediating petroleum hydrocarbon contamination in soil and groundwater
simultaneously. One method to determine how effective the remedial action is at reducing the contaminants is to
measure the petroleum hydrocarbon concentrations in the groundwater in the flow-through barrier zone over time
as the SME system is in operation.

The target contaminant concentrations in the groundwater were measured throughout the flow-through barrier
zone. There are 12 barrier GWM wells BMW-1 through BMW-12. However, the only barrier wells ever sampled
were BMW-2, BMW-5, BMW-8 and BMW-11. The sampling was limited to just four wells for primarily
economic reasons and four barrier wells were deemed to be representative and adequate to monitor the
groundwater conditions in the barrier zone.

The target compounds that best represent petroleum hydrocarbons are primarily TPH-g and TPH-d. The following
table depicts the TPH-g and TPH-d concentrations in the four barrier wells for each routine semi-annual
groundwater monitoring event that was conducted during the time the SME system has been in operation. The
initial monitoring was completed prior to the start-up of the SME system, to establish a baseline concentration.
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TPH-g and TPH-d Historical Groundwater Analytical Results
(From Routine Semi-annual Groundwater Monitoring Events)

WELL BMW-2 WELL BMW-5 WELL BMW-8 WELL BMW-11
TPH-g TPH-d TPH-g TPH-d TPH-g TPH-d TPH-g TPH-d
(Hg/h) (Hg/l) (Hg/h) (Hg/l) (Hg/h) (Hg/h) (Hg/h) (Hg/h)
Sample Date
12/27/2013
(Baseline) 187 944 1,090 1,520 3,700 <500 42,000 6,650
SME System Start-up on 03/03/2014
6/13/2014 NS NS 1,110 1,690 7,050 4,280 16,000 9,650
12/7/2014 <50 699 350 1,090 3,730 2,710 7,390 2,640
5/28/2015 <50 <500 488.0 <500 1,930 <500 10,900 >500
12/10/2015 373 4,050 331 <500 1,490 539 7,780 4,800

The following table below depicts the same TPH-g and TPH-d concentrations for each quarterly WDR
groundwater monitoring event during a comparable time period. It should be noted that for the WDR monitoring,
a no-purge method of sample collection was employed.
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TPH-g and TPH-d Historical Groundwater Analytical Results
(From WDR Quarterly Groundwater Monitoring Events)

WELL BMW-2 WELL BMW-5 WELL BMW-8 WELL BMW-11
TPH-g TPH-d TPH-g TPH-d TPH-g TPH-d TPH-g TPH-d
(V7)) (ng/h) (Hgll) (ng/) (ng/l) (Hgll) (ng/h) (Hgll)

Sample Date
1/23/2014
(Baseline) 468 1,150 1,430 25,800 4,100 1,900 11,500 <500
SME System Start-up on 03/03/2014

6/12/2014 NS NS 1,340 1,680 4,400 3,840 12,600 6,960
9/14/2014 <50 655J 1510 11,500 5,540 6,690 6,560 6,280

12/7/2014 142 597J 1,580 2,460 6,240 3,420 11,000 961
2/16/2015 <50 675J 1,080 2,050 2,050 1,180 7,090 1,340
5/29/2015 <50 657 956 1,250 1,240 760 8,460 1,490
9/9/2015 <50 <500 506.0 572.0 1,530 667J 9,190 5,620
12/10/2015 544 5,800 598 <500 1,100 <500 4,970 3,360

Both tables above show a general trend for a gradual reduction in the TPH-g and TPH-d concentrations, although
the concentrations fluctuate. It appears that the contaminant plume in groundwater is somewhat dynamic in that
the plume is moving over time causing concentrations at any given location to vary which may explain why the
TPH levels fluctuate over time.

Appendix G, Part 1 includes iso-concentration maps for TPH-g and TPH-d for all of the pertinent routine
groundwater monitoring events. In examining the contaminant plumes over time, it appears that the plumes are
shrinking in overall size, particularly in the most recent monitoring event.

It should be noted that an off-site plume source of TPH contamination was discovered, cross-gradient and up-
gradient to the west/northwest of the site. Contamination emanating from the off-site source has likely migrated
and encroached upon the site and the flow-through barrier zone. This off-site source presents an unknown factor
in terms of its effect on contaminant concentrations as this source has never been investigated.

On balance, it does appear that the SME system is reducing the TPH-g and TPH-d contamination in the
groundwater in the flow-through barrier zone as it was designed.
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7. CONCLUSIONS AND RECOMMENDATIONS

AA&A has prepared this Interim Remedial Action Progress Report to present an update on the status and progress
made in the implementation and operation of the groundwater contaminant mitigation system installed along the
western and southern boundaries of the Former Chemoil Refinery located at 2020 Walnut Avenue in Signal Hill,
California 90806.

The mitigation system consists of a flow-through barrier using SME technology to mitigate petroleum
hydrocarbon contaminants identified in groundwater along the western and southern boundaries of the site as
required by the LARWQCB.

A flow-through barrier using SME technology was selected as the most appropriate technology to prevent the off-
site migration of groundwater contaminants. The installation of the SME system was presented to the LARWQCB
in the Interim Remedial Action Plan (IRAP), October 24, 2012. The IRAP was approved by the LARWQCB in a
letter dated December 7, 2012.

The SME system was installed in late 2013 and early 2014, and preliminary operations were initiated in March
2014, which included periodic nutrient injections and air injection only with no substantial biogenic gas extraction
until October, 2014 as it was found in March of 2014 that the activated carbon was being depleted quickly due to
the high hydrocarbon vapor load. To address this problem, a supplemental interim remedial action that included
operation of a vapor extraction system and treatment of the off-gas with a catalytic oxidizer unit was initiated.

Three interim treatment periods were conducted using the catalytic oxidizer unit between October 2014 and
September 2015. In October 2015, the SME fixed system using activated carbon for the well gas treatment media
was started for continuous operations. This is the first reporting period for these system operations and the system
operated 98 days until January 2016. The system is planned for continuous operations through the next
operational period.

The following are AA&A’s conclusions based on an evaluation of the progress and performance of the remedial
activities detailed herein:

* The operating parameters for the SME system are within the equipment capacity and meet the design
specifications. It is therefore concluded that the system operates effectively.

* Oxygen and carbon dioxide concentrations in the biogenic extraction gas were at acceptable levels to
promote the metabolic processes.

* Levels of dissolved oxygen in the groundwater have been on the low side.

* The supplemental IRA consisting of soil vapor extraction and treatment of the off-gas with a catalytic
oxidizer unit was used as a substitute to activated carbon treatment. The successful operation was
manifested by the amount of petroleum hydrocarbons that were extracted from the vadose zone in the
flow-through barrier zone. A total of 7,604 pounds of TPH-g was removed from the subsurface since
treatment began. This translates into less hydrocarbon mass in the vadose zone than could migrate to the
groundwater.

* The contaminant concentrations in the groundwater over time throughout the flow-through barrier zone
were evaluated to determine the mass reduction of contaminants in the groundwater. A general trend for a
gradual reduction in the TPH-g and TPH-d concentrations was observed. It appears that the contaminant
plume in groundwater is somewhat dynamic in that the plume is moving over time, causing
concentrations at any given location to vary which may explain why the TPH levels fluctuate over time.

&
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The oxygen concentrations indicate that the petroleum is moving through this area. Generally, in a
confined treatment plume, the concentration of O2 trends towards background (~21 percent) in a short
amount of time. The fact that this is not happening indicates that there is a very active microbial
community and that the petroleum is being degraded as fast as oxygen can be injected. The system will
tolerate more oxygen. The carbon dioxide is as expected, the inverse of the curve on oxygen.

Appendix G, Part 1 includes iso-concentration maps for TPH-g and TPH-d for all of the pertinent routine
groundwater monitoring events. In examining the contaminant plumes over time, it appears that in and
around the barrier zone the plumes are shrinking in overall size, particularly in the most recent monitoring
event.

It should be noted that an off-site plume source of TPH contamination was discovered, cross-gradient and
up-gradient to the west/northwest of the site. Contamination emanating from the off-site source has likely
migrated and encroached upon the site and the flow-through barrier zone. This off-site source presents an
unknown factor in terms of its effect on contaminant concentrations as this source has never been
investigated.

On balance, the SME system is reducing the TPH-g and TPH-g contamination in the groundwater in the
flow-through barrier zone.

The following are AA&A’s recommendations based on an evaluation of the progress and performance of the
remedial activities detailed herein:

&

Continued operation of the SME is expected to further reduce the levels of TPH-g and TPH-d in the
groundwater at the SME operational zone. If such reduction is desired, then it is recommended to
continue with the SME program.

Double the injected mass of ammonium sulfate from 1 to 2 pounds per gallon of water in the injected
solutions.

Replace and/or repair defective air-injection flow regulators, increase the frequency of inspection of the
regulators such that they are fully inspected during the nutrient injection events and clean or replace
regulators as warranted. Watch for levels of dissolved oxygen in the groundwater and adjust the regulators
as warranted.

Continue to conduct routine semi-annual groundwater monitoring. The next monitoring event will be
conducted in the second quarter of 2016. Details of the operation of the SME system will be included in
the semi-annual groundwater monitoring reports completed for the site. The next semi-annual report is
due on or before July 15, 2016.

Continue to conduct WDR quarterly groundwater monitoring. The next monitoring event will be
conducted in the first quarter of 2016. The next quarterly report is due on or before April 15, 2016.

Currently 4 of the 12 existing barrier monitoring wells are being sampled. In the future, as contaminant
concentrations are further reduced, to better monitor the target contaminant concentrations in the
groundwater beneath the flow-through barrier zone, it is recommended to sample additional barrier wells
or initiate a sampling rotation of different combinations of barrier monitoring wells.

The independent off-site plume source of TPH contamination that was discovered to the west/northwest
of the site has never been investigated. An investigation to delineate the extent of the contaminant plume
emanating from the off-site source may be necessary at some future time.
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Ground

Barrier Monitoring Well Construction Diagram

BMW1

through BMW12

Traffic rated 2’x2’ well box with hinged lid
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Notes:

1. Diagram not to scale.

2. Well screen depth adjusted in the
field based on lithologic
observation and depth of groundwater.

3. Refer to Table 1 in Subsurface Metabolism
Enhancement System Installation Report,
dated April 25, 2014, for complete well
construction details.
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Air and Nutrient Injection Well Construction Diagram
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Notes:

1. Diagram not to scale.

2. Well screen depth adjusted in the field
based on lithologic observation and
depth of groundwater.

3. Sand pack thicknesses were completed
as shown. Thickness of bentonite seals
were adjusted to accommodate for
changes in well depths.

4. Refer to Table 1 in Subsurface Metabolism
Enhancement System Installation Report,
dated April 25, 2014, for complete well
construction details.
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Figure 7: Air and Nutrient
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Construction Diagram
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Biogenic Gas Extraction Well Construction Diagram

2-inch PVC header
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Notes:

1. Diagram not to scale.

2. Well screen depth adjusted in the
field based on lithologic
observation and depth of groundwater.

3. Refer to Table 1 in Subsurface Metabolism
Enhancement System Installation Report,
dated April 25, 2014, for complete well
construction details.
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Figure 8: Biogenic Gas Extraction

Well Construction Diagram
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NOTES

1. Not all wells in barrier system shown in P&ID. Number of wells
and piping lines drawn back to equipment compound (blowers,
gate valves, etc.) shown to depict system circuits only.

2. Each air injection compressor will service two Injection
Circuits.

3. Each biogenic gas extraction blower will service one
extraction circuit.

4. Nutrient injection pump and holding tank will be mobile and
connect as needed to inlets for nutrient injection.

5. Vapor effluent from EQP-1 will be trenched to EQP-2 and
treated with one vapor treatment system.
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Table 1

Subsurface Metabolism Enhancement System Well Construction Details
Former Chemoil Refinery

2020 Walnut Avenue, Signal Hill, California 90806

Well Identification BGE1 BGE2 BGE3 BGE4 BGES BGE6 BGE7 BGE8 BGE9 BGE10 BGE11
Well Type BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE
Boring Diameter 2.25 2.25 2.25 2.25 225 2.25 225 225 2.25 2.25 2.25
Total Depth 15 15 15 15 15 15 15 15 15 15 15
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter 1 1 1 1 1 1 1 1 1 1 1
Slot Size 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA NA
Screen Interval 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15
Sand Pack 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15
Bentonite Chips O0to9 O0to9 0to9 0to9 0to9 0to9 O0to9 0to9 0to9 0to9 0to9
Bentonite Pellets
(below water) NA NA NA NA NA NA NA NA NA NA NA
Well Identification BGE12 BGE13 BGE14 BGE15 BGE16 BGE17 BGE18 BGE19 BGE20 BGE21 BGE22
Well Type BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 15 15 15 15 15 15 15 15 15 15 15
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter 1 1 1 1 1 1 1 1 1 1 1
Slot Size 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA NA
Screen Interval 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15
Sand Pack 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15
Bentonite Chips Oto9 Oto9 0to9 0to9 Oto9 Oto9 Oto9 0to9 0to9 0to9 0to9
Bentonite Pellets
(below water) NA NA NA NA NA NA NA NA NA NA NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells

\ Former Chemoil Refinery

A A 10f 12

2014, SME System Installation Report



Table 1

Subsurface Metabolism Enhancement System Well Construction Details
Former Chemoil Refinery

2020 Walnut Avenue, Signal Hill, California 90806

Well Identification BGE23 BGE24 BGE25 BGE26 BGE27 BGE28 BGE29 BGE30 BGE31 BGE32 BGE33
Well Type BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE
Boring Diameter 2.25 2.25 2.25 2.25 225 225 225 225 2.25 2.25 2.25
Total Depth 15 15 15 15 15 15 18.5 17 18.5 18.5 20.5
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 21 21 21* 21* 22.5*
Well Diameter 1 1 1 1 1 1 1 1 1 1 1
Slot Size 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA NA
Screen Interval 10to 15 10to 15 10to 15 10to 15 10to 15 10to 15 8to 18 71017 13t0 18 13t0 18 15t0 20
Sand Pack 9to 15 9to 15 9to 15 9to 15 9to 15 9to 15 6t0 18.5 5t0 17 11t0 18.5 11t018.5 1310 20.5
Bentonite Chips O0to9 O0to9 0to9 0to9 0to9 0to9 0to 6 Oto5 0to 11 0to 11 0to 13
Bentonite Pellets
(below water) NA NA NA NA NA NA NA NA NA NA NA
Well Identification BGE34 BGE35 BGE36 BGE37 BGE38 BGE39 BGE40 BGE41 BGE42 BGE43 BGE44
Well Type BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE BGE
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 20 20 20 22 24 24 24 25 25 25 25
Depth to GW
during drilling 22.5* 22.5* 23.5* 25 26" 26" 26 27 27* 29* 29*
Well Diameter 1 1 1 1 1 1 1 1 1 1 1
Slot Size 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA NA
Screen Interval 1510 20 1510 20 1510 20 17 to 22 1910 24 1910 24 1910 24 20 to 25 20to 25 20to 25 20to 25
Sand Pack 14 to 20 14 t0 20 14 to 20 16 to 22 18t0 24 18t0 24 18t0 24 19t0 25 19t0 25 19to 25 19t0 25
Bentonite Chips 0to14 Oto 14 0to 14 0to 16 0to 18 0to 18 0to 18 0to 19 0to19 0to19 0to19
Bentonite Pellets
(below water) NA NA NA NA NA NA NA NA NA NA NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells

\ Former Chemoil Refinery
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Former Chemoil Refinery

Well Identification BGE45 BGE46 Al NI1 Al2 NI2 Al3 NI3 Al4 NI4
Well Type BGE BGE Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 225 225 225 225 2.25 2.25 2.25
Total Depth 25 25 27 27 27 27 27 27 27 27
Depth to GW
during drilling 29* 29* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter 1 1 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size 0.02 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 20to 25 20to 25 26.5to 27 10to 15 26.5 to 27 10to 15 26.5to 27 10to 15 26.5 to 27 10to 15
Sand Pack 1910 25 1910 25 2510 27 9to 15 25 to 27 9to 15 25t0 27 9to 15 2510 27 9to 15
Bentonite Chips 0to19 O0to 19 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9 15.5t0 19 0to9
Bentonite Pellets
(below water) NA NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA
Well Identification Al5 NIS Al6 NI6 Al7 NI7 Al8 NI8 Al9 NI9
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5to 27 10to 15 26.5 to 27 10to 15
Sand Pack 251t0 27 9to 15 25to 27 9to 15 25t0 27 9to 15 25to 27 9to 15 251t0 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 0to9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
& 3of 12
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification Al10 NI10 Al11 NI11 Al12 NI12 Al13 NI13 Al14 NI14
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 225 225 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15
Sand Pack 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA
Well Identification All5 NI15 Al16 NI16 A7 N7 Al18 NI18 Al19 NI19
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5to 27 10to 15 26.5 to 27 10to 15
Sand Pack 251t0 27 9to 15 25to 27 9to 15 25t0 27 9to 15 25to 27 9to 15 251t0 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 0to9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
& 40f 12
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification Al20 NI20 Al21 Ni21 Al22 NI22 Al23 NI23 Al24 NI24
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 225 225 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15
Sand Pack 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA
Well Identification Al25 NI25 Al26 NI26 Al27 NI27 Al28 NI28 Al29 NI29
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5to 27 10to 15 26.5 to 27 10to 15
Sand Pack 251t0 27 9to 15 25to 27 9to 15 25t0 27 9to 15 25to 27 9to 15 251t0 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 0to9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
& 50f 12
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification AI30 NI30 Al31 NI31 Al32 NI32 AlI33 NI33 Al34 NI34
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 225 225 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15
Sand Pack 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA
Well Identification Al35 NI35 Al36 NI36 Al37 NI37 Al38 NI38 Al39 NI39
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5to 27 10to 15 26.5 to 27 10to 15
Sand Pack 251t0 27 9to 15 25to 27 9to 15 25t0 27 9to 15 25to 27 9to 15 251t0 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 0to9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification Al40 NI40 Al41 Ni41 Al42 NI42 Al43 NI43 Al44 NI44
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 225 225 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15
Sand Pack 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA
Well Identification Al45 NI45 Al46 NI46 Al47 NI47 Al48 NI48 Al49 NI49
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5to 27 10to 15 26.5 to 27 10to 15
Sand Pack 251t0 27 9to 15 25to 27 9to 15 25t0 27 9to 15 25to 27 9to 15 251t0 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 0to9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
& 7 of 12

Former Chemoil Refinery
2014, SME System Installation Report



2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification AI50 NI50 Al51 NI51 Al52 NI52 Al53 NI53 Al54 NI54
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 225 225 2.25 2.25
Total Depth 27 27 27 27 27 27 27 27 27 27
Depth to GW
during drilling 19* 19* 19* 19* 19* 19* 19* 19* 19* 19*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 26.5 to 27 10to 15 26.5t0 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15 26.5 to 27 10to 15
Sand Pack 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15 2510 27 9to 15
Bentonite Chips 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 Oto9 15.5t0 19 0to9
Bentonite Pellets
(below water) 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA 19 to 25 NA
Well Identification Al55 NI55 Al56 NI56 Al57 NI57 Al58 NI58 Al59 NI59
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 29 29 29 29 28.5 28.5 28.5 28.5 28.5 28.5
Depth to GW
during drilling 20.5* 20.5* 20.5* 20.5* 21 21 21 21 21* 21*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 28.5t029 13t0 18 28.5t0 29 13t0 18 27.5t028 12t0 17 27.5t028 12t0 17 27.5t0 28 14 t0 19
Sand Pack 27t029 12t0 19 27 to 29 12t0 19 26 to 28 11t017.5 26 to 28.5 11t017.5 26 to 28 13t0 19.5
Bentonite Chips 19t0 20 0to 12 19 to 20 0to 12 17.5t0 20 0to 11 17.5t0 20 0to 11 19.510 20.5 0to13
Bentonite Pellets
(below water) 20 to 27 NA 20 to 27 NA 20 to 26 NA 20 to 26 NA 20.5 to 26 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification Al60 NI6O Al61 NI61 Al62 NI62 Al63 NI63 Ale4 NI64
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 225 225 2.25 2.25
Total Depth 28.5 28.5 28.5 28.5 28.5 28.5 30 30 30 30
Depth to GW
during drilling 21 21 21 21 21 21 24 24 24 24
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 27.5t028 12t0 17 27.5t028 12t0 17 27.5t028 12t0 17 29.5to 30 15t0 20 29.5t0 30 15 to 20
Sand Pack 26 to 28 11t017.5 26 to 28 11t017.5 26to0 28 11t017.5 28 to 30 14 to 20 28 to 30 14 to 21
Bentonite Chips 17.5t0 20 0to 11 17.5t0 20 0to 11 17.5t0 20 0to 11 20to 24 0to 14 21t024 0to 14
Bentonite Pellets
(below water) 20 to 26 NA 20 to 26 NA 20 to 26 NA 24 to 28 NA 24 to 28 NA
Well Identification Al65 NI65 Al66 NI66 Al67 NI67 Al68 NIG8 Al69 NI69
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 30 30 30 30 30 30 30 30 33.5 33.5
Depth to GW
during drilling 24~ 24~ 24* 24* 24~ 24~ 24~ 24~ 27* 27*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 29.5t0 30 15t0 20 29.51t0 30 15 to 20 29.5t0 30 15t0 20 29.5t0 30 15t0 20 32.5t0 33 15 to 20
Sand Pack 28 to 30 14 t0 20 28 to 30 14 to 21 28 to 30 14 t0 20 28 to 30 14 to0 21 31.5t033.5 14 to 21
Bentonite Chips 20 to 24 0to 14 21024 0to 14 20to0 24 0to 14 21t024 0to 14 21t0 27 0to 14
Bentonite Pellets
(below water) 24 to 28 NA 24 to 28 NA 24 to 28 NA 24 to 28 NA 27t0 31.5 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification Al70 NI70 Al71 NI71 Al72 NI72 Al73 NI73 Al74 NI74
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 33.5 33.5 33.5 33.5 335 335 36.5 36.5 36.5 36.5
Depth to GW

during drilling 27* 27* 27* 27* 27* 27* 29* 29* 29* 29*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW

in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 32.5 to 33 1510 20 32.5t0 33 1510 20 32.5 to 33 15to 20 35.5 to 36 15to 20 35.5to 36 1510 20
Sand Pack 31.5t033.5 14 to 21 31.5t033.5 14 to 21 31.5t033.5 14 to 21 341t036.5 14 to 21 3410 36.5 14 to 21
Bentonite Chips 21to 27 0to 14 21to0 27 0to 14 211to0 27 0to 14 21t0 29 0to 14 211029 0to 14
Bentonite Pellets

(below water) 271031.5 NA 2710 31.5 NA 271031.5 NA 29 to 34 NA 29 to 34 NA
Well Identification Al75 NI75 Al76 NI76 Al77 NI77 Al78 NI78 Al79 NI79
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 36.5 36.5 36.5 36.5 36.5 36.5 36 36 36.5 36.5
Depth to GW

during drilling 29* 29* 29.5% 29.5% 29* 29* 30 30 29* 29*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW

in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 35.5 to 36 1510 20 35.5to 36 1510 20 35.5 to 36 1510 20 35.5 to 36 150 20 35.5to 36 1510 20
Sand Pack 34 to 36.5 14 to 21 34 to 36.5 14 to 21 34 to 36.5 14 to 21 34 to 36 14 to 21 34 to 36.5 14 to 21
Bentonite Chips 211029 Oto 14 21to 30 Oto 14 21t0 29 O0to 14 21 to 30 Oto 14 211029 Oto 14
Bentonite Pellets

(below water) 29 to 34 NA 30 to 34 NA 29 to 34 NA 30 to 34 NA 29 to 34 NA

BGE - Biogenic gas extraction

Al - Air injection

NA - Not applicable
GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells

Former Chemoil Refinery
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Well Identification AI80 NI80 Alg1 NIg1 Alg2 NI82 Al83 NI83 Alg4 NIg4
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 225 225 2.25 2.25
Total Depth 36 36 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5
Depth to GW
during drilling 30" 30" 29.5* 29.5* 29.5* 29.5* 29.5* 29.5* 29.5* 29.5*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 35.5 to 36 15t0 20 36.5 to 37 20 to 25 36.5 to 37 20 to 25 36.5 to 37 20 to 25 36.5 to 37 20to 25
Sand Pack 34 to 36 14to 21 3510 37.5 19 to 26 3510 37.5 19 to 26 3510 37.5 19 to 26 3510 37.5 19 to 26
Bentonite Chips 21t0 30 Oto 14 26 to 29 0to 19 26 to 29 0to 19 26 to 29 0to 19 26 to 29 0to19
Bentonite Pellets
(below water) 30 to 34 NA 29 to 35 NA 29 to 35 NA 29 to 35 NA 29 to 35 NA
Well Identification Al85 NI85 Al86 NI86 Alg7 NI87 Al88 NI88 Alg89 NI89
Well Type Al NI Al NI Al NI Al NI Al NI
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25
Total Depth 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5
Depth to GW
during drilling 30" 30" 30" 30* 30" 30" 30* 30* 30* 30*
Well Diameter NA 0.75 NA 0.75 NA 0.75 NA 0.75 NA 0.75
Slot Size NA 0.02 NA 0.02 NA 0.02 NA 0.02 NA 0.02
Depth to GW
in well NA NA NA NA NA NA NA NA NA NA
Screen Interval 37.5t0 38 20to 25 37.5t0 38 20 to 25 37.5t0 38 20 to 25 37.5t0 38 20 to 25 37.5t0 38 20 to 25
Sand Pack 36.5 to 38.5 19 to 26 36.5 to 38.5 19 to 26 36.5 to 38.5 19 to 26 36.5 to 38.5 19 to 26 36.5 to 38.5 19 to 26
Bentonite Chips 26 to 30 0to 19 26 to 30 0to 19 26 to 30 0to 19 26 to 30 0to 19 26 to 30 0to19
Bentonite Pellets
(below water) 30 to 36.5 NA 30 to 36.5 NA 30 to 36.5 NA 30 to 36.5 NA 30 to 36.5 NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
‘\h 110f 12
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2020 Walnut Avenue, Signal Hill, California 90806

Table 1
Subsurface Metabolism Enhancement System Well Construction Details

Former Chemoil Refinery

Former Chemoil Refinery

Well Identification AI90 NI90 Al91 NI91 Al92 NI92 BMW1 BMW2 BMW3
Well Type Al NI Al NI Al NI MW MW MW
Boring Diameter 2.25 2.25 2.25 2.25 2.25 2.25 3.25 3.25 3.25
Total Depth 39.5 39.5 39.5 39.5 39.5 39.5 27 24 24
Depth to GW
during drilling 31* 31* 31* 31* 31* 31* 20 20 18
Well Diameter NA 0.75 NA 0.75 NA 0.75 1.5 1.5 1.5
Slot Size NA 0.02 NA 0.02 NA 0.02 0.02 0.02 0.02
Depth to GW
in well NA NA NA NA NA NA NM 19.65 to grade NM
Screen Interval 38.5to 39 22to0 27 38.5to 39 22 to 27 38.5 to 39 22 to 27 121to0 27 9to 24 9to 24
Sand Pack 3710 39.5 20to 28 3710 39.5 20 to 28 37 to 39.5 20to 28 10to 27 7to24 71024
Bentonite Chips 28 to 31 0to 20 28 to 31 0to 20 28 to 31 0to 20 0to 10 0 to7 0 to7
Bentonite Pellets
(below water) 31to 37 NA 31to 37 NA 31to 37 NA NA NA NA
Well Identification BMwW4 BMW5 BMW6 BMW7 BMW8 BMW9 BMW10 BMW11 BMW12
Well Type MW MW MW MW MW MW MW MW MW
Boring Diameter 3.25 3.25 3.25 3.25 2.25 2.25 2.25 2.25 2.25
Total Depth 24 25 24 23 30 34 37 40 40
Depth to GW
during drilling 18 20.5 18 225 23.5 245 28.5 32 31.5
Well Diameter 15 15 1.5 1.5 0.75 0.75 0.75 0.75 0.75
Slot Size 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Depth to GW
in well 18.16 19.65 18.04 20.9 225 247 26.97 29.7 30.62
Screen Interval 9to 24 81023 9to 24 81023 15t0 30 18 to 33 22 to 37 24 to 39 2310 38
Sand Pack 7t024 6to 23 7to24 6 to 23 13t0 30 16 to 34 20 to 37 22 to 40 21t040
Bentonite Chips Oto7 Oto6 Oto7 0to6 0to 13 0to 16 0to 20 0to 22 0to 21
Bentonite Pellets
(below water) NA NA NA NA NA NA NA NA NA

BGE - Biogenic gas extraction NA - Not applicable

Al - Air injection GW - Groundwater

NI - Nutrient injection * - depth to water inferred from nearby monitoring wells
& 12 of 12

2014, SME System Installation Report




Interim Remedial Action Progress Report
Former Chemoil Refinery, Signal Hill, California 90806
March 25, 2016

APPENDIX A

LARWQCB Correspondence



Eomunp G. Brows J
3o/ GOVERNOR

CALIFORNIA

Water Boards

MaTTHEW RoDAlQuez
SECRETARY FOR

R,

ENVIROKMENTAL PROTECTION

- Los Angeles Regional Water Quality Contro! Board

December 7, 2012

Mr. Jerome Lorenzo | | : CERTIFIED MAIL
Signal Hill Holding Corporation RETURN RECEIPT REQUESTED
1900 South Norfolk Street, Suite 350 7012 1640 0000 6228 4502
San Mateo, CA 94403 '

SUBJECT: APPROVAL OF INTERIM REMEDIAL ACTI‘ON PLAN FOR
MITIGATING GROUNDWATER CONTAMINATION AT THE
PROPERTY BOUNDARIES

SIGNAL HILL, CALIFORNIA (SCP NO. 0453A, SITE ID NO. 2047W00)

Dear Mr. Lorenzo:.

The California Regional Water Quality Control Board, Los Angeles Region (Regional Board)
staff reviewed a report titled “Interim Remedial Action Plan (IRAP)” dated October 24, 2012,
prepared by Ami Adini & Associates, Inc. (AA&A) on behalf of the Signal Hill Holding.
Corporation (SHHC). 'On August 29, 2012, you met with the Regional Board staff to discuss
remediation alternatives for the former Chemoil Refinery facility located at 2020 Walnut Avenue
in-Signal Hill, California (site). As the results of that meeting, you submitted the IRAP to address
Regional Board’s concern on groundwater contaminants that might mlgrate off the property
boundary.

Based on results of the phased investigations c,onductedvbetween 2008 through 2012, AA&A
proposed a remedial design of a flow-through barrier along the western and southern boundaries,
which is an in-situ bioremediation process of soil and groundwater remediation that uses natural
microorganisms found natively in soil to degrade petroleum hydrocarbons. Figure 3 illustrates
the proposed -flow-through barrier system ‘The proposed system comprlses the following five
components: o

1. Air injection (a network of 95 air/nutrient injection Wells);
2. Biogenic-gas extraction (BGE), primarily carbon dioxide (a total of 47 BGE wells);
Nutrient injection (a network of 95 air/nutrient inj ection wells);

A surface seal, and

(U, N Y P

Groundwater monitoring wells (a total of 12 wells).

The goal of the IRAP is to timely maximize the reduction of total petroleum hydrocarbons (TPH)
concentration in the groundwater throughout the barrier. In the IRAP, AA&A proposed the

MaRIa MEHRANIAN, CHAIR | Sam UNGER, EXECUTIVE OFFICER

320 West 4th St., Suite 200, Los Angsles CA 30013 | www.waterboards.ca.gov/losangsles ' el
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Mr. Jerome Lorenzo _ | 2. o December 7, 2012
Signal Hill Holding Company

remediation goals for the proposed boundary control system, which are TPH gasoline range at or
less than 100 microgram per liter (ng/l), and TPH diesel range (using the silica gel rinse) at or
less than 100 pg/l, for groundwater along the south and southwest property boundaries. We have

~ no objection for you to use these target concentrations levels to evaluate the performance of the
proposed remediation system along the boundary with the following conditions:

e For confirmation of the cleanup, TPH diesel shall be analyzed by EPA Method 8015M.

e Site investigation and remediation activities must be in compliance with the Interim Site -- —- - -

Assessment & Cleanup Guidebook developed by Los Angeles Regional Board in May
1996, and Resolution No. 92-49, the Policies and Procedures for Investigation and
Cleanup and Abatement of Discharges under Water Code Section 13304.

Based on our review of the information submitted to the Regional Board, Regional Board staff
~ concurs with the scope of work proposed in the IRAP. To implement the IRAP, you must file a
complete Report of Waste Discharge with this Regional Board to obtain Waste Discharge

Requirements (WDRs) for the proposed remediation system. As we discussed during a field

meeting held at the site on November 29, 2012, you shall submit supplemental information to
specify your monitoring program with the Repozt of Waste Dlscharge for application of the
WDRs.

Prior to the comniericement of any' field Work, you must develop a site-specific Health and

Safety Plan (H&SP) in accordance with section 5192 of the California Code of Regulations.

(CCR), title 8 and submit to the Regional Board project staff. The jurisdictional agency,
- California Occupational Safety and Health Administration (Cal-OSHA), may inspect the ﬁeld
activities. :

If you have any questions, please contact Ms. Ann Lin at (213) 576-6781 or me at (213) 576-6734.

Sincerely,

//\5’\\—?
Ann Lin, P.E. »
Water Resource Control Engineer

Site Cleanup Program, Unit IV

Enclosed: Figure 3. Site Detail Map with Proposed Flow-Through Barrier System.

cc: Dr. Ann Chang, Groundwater Permitting, California Regional Water Quality
Control Board, Los Angeles Region, Ann.Chang@waterboards.ca.gov

Rick McAuley, MPO Walnut Partners, LLC. rick@aztecgrp.com

‘Tom Graf, Ground Modifications, Inc. tgraf@groundmod.com

Ami Adini, AMI ADINI & Associates, Inc. amia@amiadini.com
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June 7, 2013

Mr. Jerome Lorenzo CERTIFIED MAIL
Signal Hill Holding Corporation RETURN RECEIPT REQUESTED
1900 South Norfolk Street, Suite 350 7012 1640 0000 6228 3772

San Mateo, CA 94403

SUBJECT: COMMENTS ON PROPOSED MODIFICATIONS TO ROUTINE GROUND

SITE:

WATER MONITORING PROGRAM

FORMER CHEMOIL REFINERY FACILITY, 2020 WALNUT AVENUE,
SIGNAL HILL, CALIFORNIA (SCP NO. 0453A, SITE ID NO. 2047W00)

Dear Mr. Lorenzo:

The California Regional Water Quality Control Board, Los Angeles Region (Regional Board) is the
public agency with the primary responsibility for the protection of ground and surface water within major
portions of Los Angeles and Ventura County. The referenced site is located in Los Angeles County.

Regional Board staff reviewed a report titled “Proposed Modifications to Groundwater Monitoring
Program™ dated April 9, 2013, prepared by Ami Adini & Associates, Inc. (AA&A) on behalf of the
Signal Hill Holding Corporation (SHHC). You are currently conducting groundwater quality monitoring
and sampling program of sixteen monitoring wells on a quarterly basis.

On your behalf, AA&A proposed to modify current monitoring program as follows:

1:
2.

Reduce frequency of monitoring from quarterly to semi-annual;

Add four boundary monitoring wells to the program, and propose to sample eighteen wells in the
full semi-annual event, and sample selected twelve wells in a limited-scale event;

Reduce analyses on groundwater samples, removing two tests from current groundwater
monitoring program, which is no longer to analyze water samples for total petroleum
hydrocarbons (TPH) diesel range organics (DRO) by US Environmental Protection Agency
(EPA) Method 8015B, nor to analyze semi-volatile organic compounds (SVOCs) by EPA
Method 8270C.

Regional Board staff has completed the review of your submittal, and we have the following comments:

L]

The Regional Board issued an approval of Interim Remedial Action Plan for Mitigating
Groundwater Contamination at the Property Boundaries, dated December 7, 2012. On April 24,
2013, this Regional Board issued a General Waste Discharge Requirements (WDR), consisting of
Order No. R4-2007-0019 (Series No.29), Monitoring and Reporting Program (MRP) No. CI-
9933, and Standard Provisions Applicable to Waste Discharge Requirements. Implementing the
MRP, and submitting monitoring or technical reports to the Regional Board per WDR
requirements shall be stand-alone documents, and shall NOT be combined with any other reports.
This comment letter does NOT make any change to MRP No.CI-9933 requirements.

Maria MEHRANIAN, CHAIR Sam UNGER, EXEGUTIVE OFFIGER

320 West 4th 3t., Suite 200, Los Angeles, CA 80013 | www waterboards.ca gov/iosangeles

o
L9 RECYCLED PAPER



Mr. Jerome Lorenzo
Signal Hill Holding Company

June 7, 2013

e The modification of the groundwater monitoring program that we discussed here in this letter is
related to your current routine monitoring with site cleanup program, which objective is to fully
delineate on- and off-site dissolved-phase contaminated plume beneath the site.

e Based on our review of the information you submitted, we agreed on your proposal of reducing
sampling frequency from quarterly to semi-annual. The differences we had with you on selected
monitoring well network, respectively, for each semi-annual monitoring event, show in the
following table:

SAMPLING CURRENT AA&A PROPOSED | REGIONAL. BOARD | REGIONAL BOARD
FREQUENCY GROUNDWATER SEMI-ANNUAL APPROVED APPROVED
MONITORING EVENTS MONITORING ANALYSES UPDATE
PROGRAM PROGRAM UPDATE
Quarterly MW-1, MW-1A,
MW-2, MW-3,
MW-8, MW-9,
MW-10, MW-11,
MW-12, MW-13,
MW-14, MW-15,
MW-16, MW-17,
MW-18, MW-19
Semi-annual MW-8, MW-9, MW-8, MW-9, VOCs (including fuel
event (January — MW-11, MW-12, MW-11, MW-12, oxygenates) by EPA
June) MW-14, MW-15, MW-14, MW-15, Method 8260B;
MW-16, MW-19 | MW-16, MW-17. TPH. includi i
BMW-2. BMW-5, MW-19 . , including gasoline

BMW-8, and
BMW-11.

BMW-2, BMW-5,
BMW-§, and BMW-
1.

range organics (GRO)
and diesel range
organics (DRO)

by EPA Method 8015
Modified; and

SVOCs by EPA Method
8270C.

Semi-annual
event (July -
December)

MW-1, MW-1A,
MW-2,

MW-8, MW-9,
MW-10, MW-11
MW-12, MW-13,
MW-14, MW-15,
MW-16, MW-17,
MW-19,
BMW-2, BMW-5,
BMW-8, and
BMW-11.

MW-1, MW-1A,
MW-2, MW-3,
MW-8, MW-9,
MW-10, MW-11,
MW-12, MW-13,
MW-14, MW-15,
MW-16, MW-17,
MW-18, MW-19,
BMW-2, BMW-5,
BMW-8, and
BMW-11,

VOCs (including fuel
oxygenates) by EPA
Method 8260B;

TPH, including gasoline
range organics (GRO)
and diesel range
organics (DRO)

by EPA Method 8015
Modified; and

SVOCs by EPA Method
8270C.

e As we specified in that approval letter, “TPH diesel shall be analyzed by EPA Method 8015
(Modified)”, which means without silica-gel rinse. The Regional Board will continue evaluating
TPH plume beneath the site based on water data analyzed by EPA Method 8015 (Modified), as




Mr. Jerome Lorenzo -3- June 7, 2013
Signal Hill Holding Company

specified in the Interim Site Assessment & Cleanup Guidebook developed by this Regional Board
in May 1996. AA&A’s proposal to analyze water sample with silica-gel rinse method only for
DRO test is not accepted.

e Based on the historical detections of semi-volatile organic compounds (SVOCs) in groundwater,
we determined that AA&A’s proposal of the discontinuation of s