ENSR

Texaco, Inc.

Universal City, California

Final Texaco Fillmore Site
Feasibility Study Report

ENSR Consulting and Engineering

February 1992

Document Number 6600-063-600



1738-00205

~ 4 SFUND RECORDS CTR
AROASE

Coawo e . SFUND RECORDS CTR
rﬁ@*“*@@9 “ﬂcﬁf 88111116

Unversal C 'a’r:i: , California

; a amc] B x""&'_@;% i
ENSHL Consulting end Engineoring

Fehruary 1582

Doeument Humbor 6600-083-600



CONTENTS

1.0 INTRODUCTION . ... . ittt ittt et e e et 1-1
1.1 Purpose and Organizationof Report .......... ... ... . .. .. 1-1
1.2 Site Background Information ... ....... ... .. ... . i i 1-2
1.2.1  Site Description . ......... . . e e 1-2
1.22 Site History . ...... . i i e e 1-3
1.23 Study AreaHydrogeology .. ...t 1-6
1.23.1 Stratigraphy . ......... .. e 1-6
1.2.3.2 Occurrence of Groundwater ........................ 1-7
1.2.3.3 HydraulicParameters ............. ... ... ... ... ..., 1-8
1.2.3.4 Distribution of Benzene in Groundwater . .. ............. 1-8
1.2.4 Nature and Extent of Impacts from Constituents of Interest . . . ... ... 1-8
1.2.4.1 Characterization of Constituents of interest . ............ 1-9
1.2.4.2 Occurrence of Constituents of Interest . . . . ............ 1-14
1.25 Contaminant Fate and Transport . .......................... 1-17
1.2.6 Baseline Risk Assessment .. .............. ... ... 1-22
2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES .................. 2-1
21 Introduction . ... .. e e e 21
2.2 Remedial Action Objectives . .. ...... ... . i i i e 2-1
2.21 Constituentsofinterest .. ....... ... ... ... . .. ... .. ... ... 2-2

2.2.2 Selection of ARARs and Allowable Exposure Based on Risk
ASSESSMENt . .. ... e e e e e e 2-3
2.2.2.1 Chemical-Specific ARARsand TBCs .................. 2-3
2.2.2.2 Action-Specific ARARsandTBCs .................... 2-4
2223 Location-Specific ARARS .............. i, 2-6
2224 SOl ARARS . ....... . e e e 2-6
2.2.3 Development of Remedial Action Objectives . .................. 2-6
2.2.3.1 Chemical-Specific ARARS .. ........ .. ... ... 2-7
2.23.2 Location-Specific ARARS . .......... . it 27
2.2.3.3 Action-Specific ARARs . ........... ..., 27

2.2.3.4 Potential Use and Classification of Groundwater in Aquifer .. 2-9
2.2.3.5 Remedial Action Objectives for the Texaco Fillmore Facility 2-10

2.3 Development of General Response Actions . ........................ 2-11
2.3.1 Identification of Attainment Areas .. ............... ... . ..., 2-11

23.1.1 Groundwater .............. ... . i, 2-11

6600-063-600/Texaco, Inc. February 1992

91120343 i



CONTENTS
(Cont'd)

2312 S0ils . ... e 2-12
2.3.1.3 Estimation of Impacted Groundwater Volume . . ......... 2-12
2.3.2 General Response Actions for the Texaco Filimore Site .......... 2-13
2.4 Identification and Screening of Technology Types and Process Options . ... 2-13
2.4.1 Identification and Screening of Technologies . . ... [ 2-13

2.4.2 Evaluation of Technologies and Selection of Representative
BLIC=Te1 T (o) (o Yo |1 2-16
3.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES ............. ... ou... 3-1
3.1 Rationale For Developing Remedial Alternatives . ...................... 3-3
3.2 Descriptions of Remedial Alternatives ... ........... .. .. ... .. ... . ... 3-5
321 NOACHON . ..o e e e 35
3.22 ContinuedOperations . .......... .. ... .0ttt innnennanns 35
3.23 Leachate Migration ... ........ ... . .. . .. it 3-5
3.24 Groundwater Treatment .............. ... i, 3-13
3.25 Combined Groundwater and Soil Treatment . .................. 3-15
4.0 OVERVIEW OF EVALUATION CRITERIA ....... ... ... ... ... iiiion... 4-1
4.1 Overall Protection of Human Health and the Environment . . .............. 4-3
42 Compliance with ARARS . ... .. ... i i i ittt e e 4-3
4.3 Long-Term Effectiveness and Permanence .. ............. ... ..., 4-3
4.4 Reduction of Toxicity, Mobility, or Volume Through Treatment ............ 4-4
4.5 Short-Term Effectiveness . . ... ... . i, 4-4
46 Implementability . ........ .. .. . .. e e, 4-4
A 7 o T N 4-4
4.8 State Acceptance ... ... ... e 4.5
4.9 Community ACCEPIANCE . .. ... ..t e 4.5
5.0 DETAILED EVALUATION OF ALTERNATIVES ............. ... .. ... ... 5-1
5.1 Alternative No. 1: NOAction . ... ... ... .. . . . i, 5-1
5.1.1 Detailed Description of Alternative No. 1 . ..................... 5-1
5.1.2 Detailed Evaluation of Alternative No. 1 .. .............. Ce e 5-2
5.2 Alternative No. 2: Continued Operations ...............cciiviienn... 55
5.2.1 Detailed Description of Alternative No.2 ...................... 5-5
5.2.2 Detailed Evaluation of Alternative NO. 2 ... .........cvvvvunnn.. 5-7
6600-063-600/Texaco, inc. . February 1992

91120343 1}



CONTENTS
(Cont'd)

5.3 Alternative No. 3: Continued Operations Plus Capping . ................ 5-11
5.3.1 Detailed Description of Alternative No. 3 ..................... 5-11
5.3.2 Detailed Evaluation of Alternative No. 3 ...................... 5-12
5.4 Alternative No. 4: Groundwater Extraction with Surface Treatment .. ....... 5-17
5.4.1 Detailed Description of Alternative No. 4 ..................... 5-17
5.4.1.1 Groundwater Recovery System .. ................... 5-18
5.4.1.2 Groundwater TreatmentSystem .................... 5-20
5.4.1.3 Groundwater Disposal System ..................... 5-24
5.4.2 Detailed Evaluation of Alternative No. 4 . ..................... 5-24
5.5 Alternative No. 5: In-Situ Bioremediation ........................... 5-27
5.5.1 Detailed Description of Alternative No. 5 ..................... 5-27
5.5.2 Detailed Evaluation of Alternative No. 5 ...................... 5-31
5.6 Alternative No. 6: Groundwater Surface Treatment Plus Soil Treatment . . . .. 5-34
5.6.1 Detailed Description of Alternative No.6 . .................... 5-34
5.6.2 Detailed Evaluation of Alternative No.6 . ..................... 5-37
5.7 Alternative No. 7: In-Situ Groundwater Treatment Plus Soil Treatment ...... 5-40
5.7.1 Detailed Description of Alternative No.7 . .................... 5-40
5.7.2 Detailed Evaluation of Alternative No. 7 .. .................... 5-41
6.0 COMPARATIVE ANALYSIS OF ALTERNATIVES ......................... 6-1
6.1 Comparison of Alternatives by Evaluation Criteria . . ... ................. 6-1
7.0 CONCLUSIONS AND RECOMMENDATIONS .............. .. iiunn... 71
7.1 Remedial Life-Cycle Approach . ........... .. . . i, 7-1
7.2 Conclusions and Recommendations . ............. .. ciiiiirnnennn 7-4
8.0 REFERENCES . ... ... ... . . . . . i i ettt et i et 8-1
9.0 GLOSSARY OF TERMS . . ... ... .. .. ittt it e ety 9-1

APPENDICES

APPENDIX A FIGURES
APPENDIX B GROUNDWATER CALCULATIONS

6600-063-600/Texaco, Inc. February 1992
91120343 11



CONTENTS
(Cont'd)

APPENDIX C GROUNDWATER MONITORING DATA REVIEW
APPENDIX D NATURAL DEGRADATION RATE CALCULATIONS

APPENDIX E COST ESTIMATES
APPENDIX F ANTICIPATED REDUCTION OF RISK FROM BENZENE

6600-063-600/Texaco, Inc. February 1892

91120343 iv



LIST OF TABLES

11 Physical and Chemical Characteristics of Constituents of Interest Identified at

the Texaco Fillmore Facility .............. ... 1-10
1-2 Occurrence of Constituents of interest in MWP Piume and Southern Plume ... 1-18
1-3 Constituents of Interest Detected for Each Groundwater Sampling Event ... ... 1-19
21 Potential Chemical-Specific ARARs and TBCs for Groundwater at the Texaco

Fillmore Facility . ........ ...ttt i ittt 2-8
2-2 General Response Actions for the Texaco Fillmore Site .. ................ 2-14
2-3 Remedial Technologies for Texaco Fillmore Facility Attainment Areas 1 and2 .. 2-15
2-4A Remedial Technology Evaluation Summary, Groundwater and Soil, No Action .. 2-19
2-4B Remedial Technology Evaluation Summary, Groundwater and Soill,

Groundwater Use Restrictions, Deed Restrictions and Fencing . ............. 2-20
2-4C Remedial Technology Evaluation Summary, Groundwater, Groundwater

Monitoring ....... e e e e e e et 2-21
2-4D Remedial Technology Evaluation Summary, Groundwater, State Water Supply . 2-22
2-4E Remedial Technology Evaluation Summary, Groundwater, Groundwater Barrier

with Slurry Wall . .. e e 2-23
2-4F Remedial Technology Evaluation Summary, Groundwater, Groundwater Barrier

with Hydraulic Barriers . . ......... .. . . i i i i iie i 2-24
2-4G Remedial Technology Evaluation Summary, Groundwater, Groundwater

Extraction with Recovery Wells ... ... ... . ... ... .. .. .. . . . ... 2-25
2-4H Remedial Technology Evaluation Summary, Groundwater, Surface

Groundwater Treatment with Activated Carbon ......................... 2-26
2-41 Remedial Technology Evaluation Summary, Groundwater, Surface

Groundwater Treatment with Air Stripping . ......... ... .. i it 2-27
2-4) Remedial Technology Evaluation Summary, Groundwater, Surface

Groundwater Treatment with Biotreatment . ........... ... ... ... .. ... 2-28
2-4K Remedial Technology Evaluation Summary, Groundwater, Surface

Groundwater Treatment with UV/Ozone Oxidation ...................... 2-29
2-4L. Remedial Technology Evaluation Summary, Groundwater, Groundwater

Disposal via Discharge to Fillmore POTW . . ... ... ... ... ... . .. ... 2-30
2-4M Remedial Technology Evaluation Summary, Groundwater, Groundwater

Disposal via Reinjection ...... e e e 2-31
2-4N Remedial Technology Evaluation Summary, Groundwater, Groundwater

Disposal via Dischargeto Pole Creek . ... ..... ... ... . . ... iiiin, 2-32
6600-063-600/Texaco, Inc. February 1992
91120343 v



LIST OF TABLES
(Cont'd)

2-40 Remedial Technology Evaluation Summary, Groundwater, In-Situ Groundwater

Treatment via Enhanced Biodegradation .................. ... ........ 2-33
2-4P Remedial Technology Evaluation Summary, Groundwater, In-Situ Groundwater

Treatmentvia Air Sparging . . . ... .. oottt e e 2-34
2-4Q Remedial Technology Evaluation Summary, Soil, Caps/Covers with Clay or

Synthetic Liner . ... ... e 2-35
2-4R Remedial Technology Evaluation Summary, Soil, In-Situ Vapor Extraction

Using ExdractionWells . . ........ ... .. i i, 2-36
2-4S Remedial Technology Evaluation Summary, Soil, Activated Carbon as

Treatment Method for Vapor Extraction ............... .. ... ... 2-37
2-4T Remedial Technology Evaluation Summary, Soil, Thermal Oxidation as

Treatment Method for Vapor Extraction ............. ... ... .. ........ 2-38
2-4U0 Remedial Technology Evaluation Summary, Soil, Catalytic Oxidation as

Treatment Method for Vapor Extraction ............. ... ... ... .. ... ... 2-39
2-4V  Remedial Technology Evaluation Summary, Soil, In-situ Soil Treatment via

Enhanced Biodegradation ......... ... . ... . . ... i 2-40
2-4W Remedial Technology Evaluation Summary, Soil, Infiltration . .............. 2-41
2-5 Evaluation of Technologies for Achieving Groundwater Remediation Goals

Attainment Areas 1 and 2 . ... .. ittt i e e 2-42
2-6 Technologies Surviving Evaluation, Attainment Areas 1and2 .............. 2-44
3-1 Assembly of Alternatives - Texaco Fillmore Site ......................... 32
3-2 Remedial Alternative Description: No. 1 ........ ... . ... .. o i, 3-6
3-3 Remedial Alternative Description: No.2 ........ ... ... . ... ... . .. ..., 3-7
3-4 Remedial Alternative Description: No.3 ......... ... ... .. ... .. . ... 3-8
3-5 Remedial Alternative Description: No.4 ......... ... ... .. ... ... ..., 39
3-6 Remedial Alternative Description: No.5 .......... ... ... ... .. ... .... 3-10
3-7 Remedial Alternative Description: No.6 .......... ... .. ... 3-11
3-8 Remedial Alternative Description: No.7 ....... ... ... ... .. ... 3-12
4-1 Summary of Detailed Evaluation Criteria . ............................. 4-2
51 Comparison of Different Typesof Caps  ........ ... .. innn.. 5-13
6-1 Summary of Costs for Remedial Alternatives . . . ......................... 6-7
7-1 Fillmore Remedial Life-Cycle ........... .. .. iy 7-3
6600-063-600/Texaco, Inc. . February 1992
91120343 Vi



LIST OF FIGURES

1-1 Location Map, Fillmore Facility ........ .. ... .. . . . i, 1-4
1-2 Site Location Map ... ... e e e e 1-5
1-3 Schematic Conceptual Model . .......... . ... . ... . . ... 1-15
1-4 Definition of Action Areas . ....... ...ttt ittt 1-16
1-5  Comparison of Observed Benzene Concentration with Predicted Degradation

- (= 1-21
5-1 Proposed Locations of Clay Caps .. ......... ... i ennn.. 5-8
5-2 Typical Cross-SectionofaClayCap . .. ......... it inennn. 5-14
5-3 Proposed Layout of Groundwater Recovery System . .................... 5-19
5-4 Typical Carbon Adsorption Treatment System .. . ....................... 5-23
55  Conceptual Cross-Section of In-Situ Bioremediation System ............... 5-28
5-6  Typical Cross-Section of In-Situ SVE Combined with Groundwater Treatment ... 5-35
6600-063-600/Texaco, Inc. February 1992

91120343

vii



1.0 INTRODUCTION

1.1 Purpose and Organization of Report

The purpose of this report is to present the development, screening, assembly of technologies,
and detailed analysis of alternatives as part of the feasibility study (FS) process for the Texaco
Fillmore facility. This report utilizes information and data generated during remedial investigation
(R1) activities conducted at the Texaco Fillmore facility and documented in the Texaco Fillmore
RI/FS Final Remedial Investigation Report, dated June 1991 (ENSR Final Document 6600-047-
900). This FS report is also based on the Draft Report: Remedial Alternative Development and
Screening for the Texaco Fillmore Site, dated June 1991 (ENSR Document 6600-047-995) and
Detailed Analysis of Alternatives (ENSR Document No. 6600-063-100-R2). The report follows the
FS outline that was presented to the U.S. Environmental Protection Agency (U.S. EPA) in
Texaco's letter of May 29, 1991.

This FS report has been prepared in accordance with the requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), as amended by the
Superfund Amendments and Reauthorization Act (SARA), and the National Contingency Plan.
The report also incorporates pertinent requirements of the Resource Conservation and Recovery
Act (RCRA), Safe Drinking Water Act (SDWA), and Clean Water Act (CWA).

The process used to develop remedial alternatives in this report is consistent with guidelines
established in U.S. EPA’'s Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA (U.S. EPA, 1988) and Guidance on Remedial Actions for Contaminated
Groundwater at Superfund Sites (U.S. EPA, 1988a).

The development and screening of remedial alternatives and, ultimately, the detailed analysis of
remedial alternatives in the FS will allow for selection of a final site remedy, if any is required
under CERCLA, that fulfills the following criteria established in CERCLA Section 121:

e Protects human health and the environment (Section 121 (b)).

® Achieves applicable or relevant and appropriate requirements (ARARs) of Federal and
State laws (Section 121 (d)(2)(A)).

® Incorporates a cost-effective solution (Section 121 (a)).
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e Utilizes permanent solutions and treatment technologies or resource recovery
technologies to the maximum extent practicable (Section 121 (b)).

e Satisfies the preference for remedies that employ treatment permanently and
significantly reduce the mobility, toxicity, or volume of hazardous substances as a
principal element (Section 121 (b)).

This report is organized into the following sections:

Section 1.0 - Introduction

Section 2.0 - Identification and Screening of Technologies
Section 3.0 - Development of Remedial Alternatives
Section 4.0 - Overview of Evaluation Criteria

Section 5.0 - Detailed Evaluation of Alternatives

Section 6.0 - Comparative Analysis of Alternatives
Section 7.0 - Conclusions and Recommendations

‘This report was prepared under the guidance and oversight of U.S. EPA Region IX. Further

discussion with U.S. EPA will be needed to determine whether any of the remedial alternatives
discussed herein are allowed under CERCLA.

1.2  Site Background Information
1.2.1  Site Description

The Texaco Fillmore facility, also known as the Pacific Coast Pipelines site, is located at 67 East
Telegraph Road, northeast of the intersection of Highway 126 and Pole Creek, in Ventura
County, California. The facility is a former refinery that Texaco continues to operate as a crude
oil pump station. The facility occupies approximately 20 acres and is surrounded by areas of
mixed agricultural, industrial, and residential use. The Texaco Fillmore facility is located just east
of the City of Fillmore. Adjacent to the facility to the north and east is primarily vacant land,
some of which is used for agricultural purposes. Industrial and residential properties are located
to the south, a gasoline service station operated by Ultramar is located to the southwest, and
residences and a secondary school are located along the western boundary of the facility.

The facility lies between the Topa Topa mountains to the northeast and the Fillmore Groundwater
Basin to the southwest, at elevations ranging from 480 to 625 feet above mean sea level. The
property slopes generally to the south and west toward the Santa Clara River and is bordered
on the west by Pole Creek, the only natural surface water drainage system in the immediate
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vicinity of the facility. The Pole Creek Flood Control Channel was constructed in the 1970s,
converting the creek to a concrete-lined channel.

Surface water runoff at the facility flows in a southerly direction; some of the runoff is channeled
along graded roads for collection in bermed storage tank areas or the Main Waste Pit
excavation, and some flows into Pole Creek directly via surface runoff or through drainage pipes.
Pole Creek drains to the south from the Topa Topa Mountains into the Santa Clara River. Pole
Creek’s concrete-lined channel extends approximately 1,200 feet north (upstream) of Tank #8
and about 500 feet south (downstream) of Highway 126.

Figure 1-1 shows the location of the Texaco Fillmore facility; Figure 1-2 is a detailed site location
map.

1.2.2 Site History

The earliest reference to refinery operations at the Fillmore site concerns the transportation of
oil from the nearby Montebello oil field to the "Ventura Refinery" in 1917. The initial business of
Ventura Consolidated Oil Fields was oil production, primarily in Ventura County. In 1928, Texaco
purchased the refinery and operated it as the “Filimore Works," where the primary products were
gasoline (possibly leaded regular and super), diesel, and fuel oil. Texaco likely added or
revamped the thermal cracking capacity shortly after acquisition. Texaco operated the refinery
until February 1950, at which time it was shut down and a majority of the refinery was
dismantled. Since closure of the refinery, the facility has operated only as a crude oil pumping
station.

Over the years, miscellaneous refinery and hydrocarbon wastes believed to consist primarily of
tank bottoms, filter clays, and sludge were disposed on-site in a large pit located on the western
border of the property, and in eight smalier pits located throughout the facility. It is reported that
the waste disposal areas on-site have not been used since 1950.

In November 1980, Texaco submitted a letter proposal to the Regional Water Quality Control
Board (RWQCB) to remove waste material from the pits and apply it to site roads. RWQCB
requested additional information, including chemical analysis of the waste.

During a pre-RI/FS investigation (Assessment 1 program) in February 1984, Radian studied the
chemical composition of the landfilled refinery waste and identified a Main Waste Pit and eight
other refinery waste disposal areas. Plate A-1 in Appendix A illustrates the locations of these
waste pits. Based on the pH readings and laboratory analyses that Radian conducted on
selected samples from these waste pits, the California Department of Health Services (DHS)
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determined that the refinery wastes and waste/soil mixtures were classified as hazardous waste.
Following this determination and after review of remedial options, Texaco excavated and
removed 38,000 tons of waste and contaminated soil from the Main Waste Pit and from the
smaller waste disposal areas during January through September 1986.

From 1983 through 1989, Texaco voluntarily conducted groundwater and soils assessment
programs and remediation activities at the Fillmore facility under the direction of DHS and the
Los Angeles RWQCB. In October 1983 and June 1985, Radian installed a total of seven
groundwater monitoring wells and two piezometers. In February 1986 and April 1987, TriHydro
installed a total of 10 additional wells to provide more complete monitoring. Routine
groundwater sampling and analysis were conducted up to and throughout the Rl. Groundwater
contamination was detected in the general area of the Main Waste Pit and at the southwestern
corner of the facility; the source of the contamination was not clear.

In addition to the groundwater assessment programs, a study was performed to assess the
impact of refinery waste on adjacent properties located downgradient of the Texaco Fillmore
facility. A 1988 TriHydro study entitled Environmental Assessment, Texaco Fillmore Facility and
Adjacent Neighborhood Properties identified no significant impacts to neighborhoods situated
adjacent to and hydraulically downgradient from the site.

The Texaco Fillmore facility was listed on the U.S. EPA Nationali Priorities List (NPL) on June 27,
1989 (CERCLIS August 9, 1989). While preserving its rights and without acknowledging the
applicability of CERCLA to the site, Texaco entered into an agreement with U.S. EPA on
November 15, 1989, whereby Texaco would conduct an RI/FS under U.S. EPA guidance to
characterize the site and fully determine the nature and extent of remaining contamination at the
Fillmore facility.

Texaco contracted with ENSR Consulting and Engineering to conduct the Ri for the Texaco
Fillmore facility. The RI report, released in draft form in January 1991 (ENSR Draft Document
6600-047-900) and finalized in June 1991 (ENSR Final Document 6600-047-900), describes the
objectives, field methods, results, and conclusions of the RI.

1.2.3 Study Area Hydrogeology
1.2.3.1  Stratigraphy
The stratigraphic interpretation of the site is based on cored intervals and cuttings from 78

borings ranging in depth from 20 feet to 165 feet below grade, and from review of aerial
photographs and topographic maps. Continuous core through a full penetration of the vadose
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interval was obtained from two borings. Continuous core was obtained in the shallowest 20 feet
below grade from 14 borings. Cores 2 feet in length were obtained during each 5 feet of
penetration from 31 borings. Cores were collected at discrete depths from 11 borings for quality
assurance/quality control of chemical analyses. Cores were not coliected from 20 other borings,
which were drilled solely for the purpose of installing groundwater monitoring wells.

The geomorphic expression of the depositional environments within alluvium was reviewed on
the United States Geological Survey (USGS) 7.5 Minute Fillmore Quadrangle topographic map
(1951, photorevised 1988), and on vertical aerial photographs taken in 1974 and 1986 (both
photographs had an approximate scale of 1:2400).

The general interpretation of the depositional environment of alluvium at the site is that a portion
of an alluvial fan was deposited in a semiarid climate, derived from sporadic discharge from Pole
Creek Canyon onto an alluvial plain. The site lies on the most recent area of deposition of the
fan (prior to stabilization of discharge via the installation of Pole Creek Flood Control Channel).
During deposition in this area, stream discharge was approximately parallel to the foot of the San
Cayetano Fault Line Escarpment, approximately 25 degrees east of south. Evidence of an
alluvial fan is based on topographic contours that are convex away from the canyon mouth,
extending through the town of Fillmore. Evidence of the most recent deposition is based on
orientation of the current Pole Creek and parallel alignment of a reentrant, which is oriented
parallel to this portion of the creek on a subsurface structural map (Structure Contours of Top
of the Upper Fine-Grained Unit, ENSR Document No. 6600-047, Plate 3-15).

Lithologies encountered while drilling below grade include: a sequence of silty sand interbedded
with gravels from 40 to 60 feet in thickness (Vadose Sequence with Perched Water); a sequence
of clayey silt interbedded with silty sand from 10 to 30 feet in thickness (the Upper Fine-Grained
Unit); a sequence of gravelly sands interbedded with silty sands from 60 to 80 feet in thickness
(Aquifer 1); and a silty clay from less than 5 feet to 20 feet in thickness (the Lower Fine-Grained
Unit). A sequence of gravels and silty sands (Aquifer 2) with a thickness of up to 30 feet was
encountered beneath the Lower Fine-Grained Unit. However, this sequence was never fully
penetrated.

1.2.3.2 Occurrence of Groundwater

Groundwater is encountered at the site in perched, unconfined, and confined conditions.
Perched water is encountered on the upper surface of the Upper Fine-Grained Unit, at depths
of approximately 60 feet below grade. A water table is encountered in Aquifer 1 at a depth of
approximately 90 to 120 feet below grade, or an average subsurface elevation of 405 feet above
sea level. Water from Aquifer 2 generates a potentiometric surface at approximately 125 feet
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below grade and 10 feet above the base of the Lower Fine-Grained Unit, with an average
subsurface elevation of 395 feet above sea level.

1.2.3.3 Hydraulic Parameters

Hydraulic parameters within Aquifer 1, including conductivity, transmissivity, and gradient, were
estimated based on slug tests performed on six wells, and on hydraulic gradient maps that were
based on quarterly well soundings. Conductivities were estimated to range from 9 to 1,360 feet
per day. The average conductivity was 434 feet per day. Transmissivities were estimated to
range from 0.45 to 61 sq. ft./day. Hydraulic gradients, estimated from May 1991, ranged from
0.5 to 1.5 ft per 100 ft, generally lowering toward the west. A hydraulic gradient was estimated
for Aquifer 2 in May 1991 at approximately 0.5 ft per 100 ft, lowering toward the northwest.

1.2.3.4 Distribution of Benzene in Groundwater

Benzene in Aquifer 1 was found to be distributed in two plumes, according to quarterly
groundwater sampling and analyses performed in May 1991. Plate A-2 in Appendix A shows the
location of the two plumes based on the May 1991 data. Appendix A includes the benzene
isoconcentration maps for the quarterly sampling. Based on May 1991 data, a northern plume,
which covers an approximate area of 8 acres, is centered around the Main Waste Pit. A portion
of the southern plume east of Pole Creek covers an area of approximately 10 acres and
underlies pits 3, 4, and 9. The plume extends beneath the Ultramar service station located
immediately south of the site on Ventura Avenue. Where benzene was detected, concentrations
in wells located within both plumes ranged from 4 to 280 ug/L. Benzene was detected in Aquifer
2 in monitoring well MW-25D at 11 pg/L. It is important to note that the August 1991 sampling
event resulted in a benzene range of 3 to 150 pg/L. Subsequent quarterly monitoring indicates
that the extent of benzene in the northern plume is significantly reduced.

1.2.4 Nature and Extent of Impacts from Constituents of Interest

Chemical constituents identified in media investigations completed during the Rl at the Texaco
Fillmore facility are compounds typically associated with petroleum industry operations. The R
report provides a detailed representation of the distribution and concentration of identified
organic constituents at the Texaco Fillmore facility.

As contractor to U.S. EPA Region IX, CH,M Hill has developed a Preliminary Discussion of
Potential Contaminants and Related Standards as a precursor to the baseline risk assessment
being conducted for the Texaco Fillmore facility. The preliminary discussion is intended to allow
for the development of remedial action alternatives prior to the release of the baseline risk
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. assessment by U.S. EPA. In its preliminary discussion, CH,M Hill identified ten organic
compounds in groundwater at the Texaco Filimore facility. This listing was derived from the
electronic data base of analytical data for the Texaco Fillmore RI. The ten compounds are:

Acetone 2-Methyinaphthalene
Benzene 4-Methyl-2-pentanone
1,2-Dichloroethane Methylene chloride
Ethylbenzene Toluene

Methyl ethyl ketone Xylenes (total)

The preliminary discussion also identified fuel hydrocarbons as the constituents of interest. Fuel
hydrocarbons are usually associated with benzene and other aromatic constituents.

Of these compounds, acetone and methylene chloride are believed to be laboratory
contaminants. Because U.S. EPA developed this listing of constituents prior to completion of
data validation, any flags to the data indicating that a constituent was a laboratory contaminant
were not available at the time of the compilation of this list. In addition, because the focus of
this feasibility study is Aquifer 1, it is notable that no methylene chloride was detected in the
shallow aquifer (Aquifer 1) wells.

Of the remaining compounds, neither 4-methyl-2-pentanone nor methyl ethyl ketone were
detected in Aquifer 1.

In addition to the above compounds identified by CH,M Hill, quarterly groundwater monitoring
analytical data show that naphthalene was detected at low levels in more than one well.

1.2.4.1 Characterization of Constituents of Interest

The physical and chemical characteristics of the constituents of interest play a large role in the
fate and transport of the constituents and, especially pertinent to the feasibility study, in
determining which treatment technologies will be effective in remediating the facility. The
following paragraphs provide a discussion of the general chemical, physical, and biological
parameters that govern the fate of these constituents in the environment. Table 1-1 presents a
summary of data regarding these compounds.

Benzene - A review of the physical, chemical, and biological data for benzene indicates that it
is a highly volatile solvent that is fairly soluble in water. Benzene is less dense than water,
releases of this solvent to groundwater tend to accumulate at the surface of an aquifer. At the
. aquifer/vadose zone interface, benzene will volatilize, as reflected by its relatively high Henry's
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law constant value. This organic constituent would not be expected to readily adsorb to
subsurface soils because of its soluble nature, which is reflected by its relatively low log octanol-
water partition coefficient. Compounds with log octanol-water partition coefficient values of less
than three are considered to be environmentally soluble. The scientific literature states that
benzene is biodegradable, primarily by aerobic metabolism. In some cases, however, anaerobic
biodegradation may occur. Limited data are available concerning the chemical degradation of
benzene in water, but it has not been demonstrated to play a significant role.

Based on the general physical and chemical parameters identified in Table 1-1, volatilization
appears to be the major fate-governing mechanism for removal of benzene from the aquatic
environment. Removal is also affected by microbial degradation. In groundwater, in-situ
volatilization is limited by the solubility of benzene as well as by the lack of contact with air.
Therefore, biodegradation is likely to represent a major in-situ fate-governing mechanism for
benzene in groundwater. Once groundwater has been extracted from the subsurface,
volatilization to the atmosphere is considered to be the primary transport process. Benzene
volatilized to the atmosphere rapidly reacts with hydroxy! radicals, resulting in oxidation of the
molecule. The half-life of benzene in the atmosphere is expected to be on the order of 2.4 to
24 hours.

Toluene - Physical, chemical, and biological data for toluene indicate that, like benzene, it is a
very volatile and relatively soluble organic solvent. Toluene has a density of 0.87 g/mL, making
it less dense than water. As is the case for benzene, groundwater plumes of toluene
characteristically float near the water table surface of an aquifer. As indicated by its relatively
high Henry's law constant, toluene will volatilize when present in the vadose zone above the
water table. This organic solvent is fairly mobile in subsurface soils, but may be moderately
retarded by subsurface soils rich in organic carbon content. In the atmosphere, toluene is
readily oxidized by hydroxyl radicals; however, the rate of such degradation is very slow in
aquatic systems. Rapid biodegradation of toluene has been known to occur in both shallow
groundwater and in soil by aerobic microbial metabolism.

Based on the general physical and chemical parameters discussed above, volatilization of
toluene to the atmosphere appears to be the major fate mechanism in aquatic environments.
In groundwater, in-situ volatilization is limited by the availability of an air supply and the sorptive
effects of any organically rich subsurface material that may be present. Once groundwater is
removed from the subsurface, volatilization to the atmosphere is the primary transport process.
In the atmosphere, toluene is readily oxidized by hydroxyl radicals. The half-life of toluene in the
atmosphere is expected to be approximately 15 hours. Additional sources indicate that, in
groundwater, toluene is degraded primarily by microbial action and not by chemical oxidation.
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Xylene - A review of the physical, chemical, and biological data for mixed xylenes indicates that
this solvent is volatile, but relatively insoluble in water. Xylene is less dense than water, and
subsurface releases of this solvent tend to accumulate at the surface of an aquifer. A Henry’s
law constant and log octanol-water partition coefficient are not currently available in the literature
for xylenes. It is expected, however that xylenes behave in a manner similar to benzene and
toluene in terms of a primary environmental fate. Given this assumption, xylenes would be
expected to volatilize into the vadose zone from the interface of the water table and the
unsaturated zone in the subsurface. As is the case for toluene, soils with rich organic content
tend to adsorb xylene and retard volatilization. Biodegradation of xylenes does occur in soils.
Like toluene, xylene removed from the soil would be expected to undergo oxidation by hydroxyl
radicals.

Definitive information concering the primary environmental fate of xylene is not currently
available in the literature. However, chemical, physical, and biological data indicate that
volatilization is the primary removal mechanism in soils, with further removal being affected by
biodegradation. In-situ volatilization is limited by the availability of air and may be further
retarded by the presence of organically rich soils. Biodegradation, therefore, may be a major
in-situ removal mechanism in soils. The rate of biodegradation of xylene in groundwater is not
well documented in the literature. Once removed from groundwater, xylene would be expected
to partition into the atmosphere and undergo oxidation.

Ethylbenzene - A review of the physical, chemical, and biological data for ethylbenzene indicates
that the solvent is volatile and soluble in water. Ethylbenzene is less dense than water and
releases of this solvent into groundwater tend to accumulate at the surface of an aquifer. The
primary transport mechanism for ethylbenzene in aquatic systems is volatilization to the
atmosphere. The Henry's law constant for ethylbenzene is even greater than that of benzene.
Therefore, similarly to benzene, ethylbenzene would be expected to rapidly volatilize into soil
pore spaces in the vadose zone groundwater. Data concerning the degree to which
ethylbenzene adsorbs to soils and sediments are not available, but the log octanol water partition
coefficient indicates that sorption may be significant. Soil bacteria have been shown to degrade
ethylbenzene by aerobic metabolism. In the atmosphere, ethylbenzene is subject to
photooxidation by hydroxyl radicals. Data are lacking concerning the oxidation of this solvent
in aquatic systems, but oxidation has not been demonstrated be a significant removal
mechanism.

Based on the general physical and chemical parameters mentioned above, volatilization appears
to be the major transport mechanism for ethylbenzene in aquatic environments, with additional
removal being affected by microbial degradation. In groundwater, volatilization to the
unsaturated zone will be limited by the quantity of air available in soil pore spaces. Therefore,

6600-063-600/ Texaco, Inc. February 1992
91120343 1-12



biodegradation is likely to present a significant mechanism for the removal of this constituent
from groundwater. Volatilization would be the primary transport process once groundwater has
been extracted to the surface. Once ethylbenzene is transported to the atmosphere via
volatilization, photooxidation is considered to be the ultimate environmental fate responsible for
its degradation. The half-life of ethylbenzene in the atmosphere is expected to be on the order
of 15 hours.

1,2-Dichloroethane - A review of the physical, chemical, and biological data for 1,2-
dichloroethane (1,2-DCA) indicates that it is a highly volatile water-soluble solvent. When DCA
is released to an aquatic system or to surface soils, the majority of the chemical rapidly partitions
to the air by volatilization. Data are not currently available regarding the sorption of DCA in
sediments or soils; however, substances with similar chemical makeup, such as trichloromethane
and 1,1,1-trichloroethane, do not concentrate selectively on sediments or sandy soils with low
organic content. This is to be expected given DCA’s relatively low log octanol-water partition
coefficient value. Because the log octanol coefficient provides a measure of a compound’s
hydrophobic partitioning (or propensity to become sorbed by organic matter), it also provides
a measure of the ease of transport or mobility of the compound through an aquifer, and directly
affects the ease of removal.

DCA is more dense than water, and quantities in excess of those that can be dissolved in water
tend to accumulate at the bottom of surface water bodies. However, levels of DCA in Aquifer
1 during the most recent (May 1991) groundwater sampling event are significantly lower than the
water saturation point for the compound, and the compound should be considered a dilute
solution.

Little biodegradation of DCA occurs in groundwater, and processes other than volatilization do
not play a significant role in the removal of DCA from aquatic systems. The lack of
biodegradation is likely related to the toxicity associated with chlorinated compounds. Once this
solvent has partitioned to the atmosphere, it undergoes photooxidation by hydroxyl radicals.

Based on the chemical characteristics of DCA discussed above, volatilization appears to be the
major mechanism for removal of DCA from aquatic systems. In groundwater, in-situ volatilization
is limited by this solvent’s solubility and by the limited availability of air in the unsaturated zone.
Because biodegradation and oxidation of DCA does not readily occur in groundwater, it has
been estimated by U.S. EPA that residence time of this constituent in groundwater ranges from
months to years. Once groundwater has been extracted from the subsurface, rapid partitioning
to the atmosphere occurs via volatilization. The ultimate fate of DCA in the environment is
photooxidation in the atmosphere.
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Naphthalene/2-Methylnaphthalene - A review of the physical, chemical, and biological data for
naphthalene indicates that this compound is a polynuclear aromatic hydrocarbon (PAH) that
contains two aromatic rings. Naphthalene is not highly volatile and is relatively insoluble in water.
It is strongly adsorbed onto suspended patrticles, particularly those rich in organic carbon. This
characteristic would be expected in compounds with log octanol water partition coefficients in
excess of three. In groundwater systems, naphthalene is transported as absorbed matter on
suspended particles. Volatilization of naphthalene does occur to some extent in aquatic
systems, but is only significant in shaliow, rapidly flowing streams. Rapid mixing of fluids is
required to facilitate volatilization; therefore, volatilization is not expected to be a major transport
mechanism for naphthalene in groundwater. Scientific literature reports that biodegradation of
PAHs with two aromatic rings occurs rapidly in river sediments and soils and at a relatively
slower rate in groundwater. Photolysis of dissolved PAHs in aquatic systems does occur, but .
the relative role compared to other environmental fates is still in question. The oxidation of PAHs
by oxygen radicals is a slow process; therefore oxidation is not a significant environmental fate,
particularly in groundwater, where the availability of oxygen may be limited.

Based on the parameters discussed above, biodegradation would be the ultimate environmental
fate for naphthalene. Sorption also plays a major role in aquatic systems. The most important
transport mechanism for this PAH in groundwater is as adsorbed material on suspended
particles. In surface aquatic systems, photolysis of dissolved PAHs may occur.

1.2.4.2 Occurrence of Constituents of Interest

The FS report will evaluate the remedial alternatives and select the best overall solution with
respect to the site conditions, the chemicals of interest, and the ARARs. To assist in this
evaluation and selection process, three Action Areas were selected to address the two areas of
the Fillmore site where impact on groundwater was identified. Figure 1-3 presents the
conceptual site model developed in the Rl summary. Figure 1-4 presents the locations of the
two groundwater plumes and outlines the extent of Action Areas 1, 2A, and 2B.

Action Area 1 consists of the groundwater plume located in Aquifer 1 beneath the former main
waste pit. A second plume of affected groundwater located near the southern portion of the site
is divided into two Action Areas: 2A and 2B. Action Area 2A represents the majority of the
groundwater plume. Action Area 2B consists of the portion of the southern groundwater plume
which exists on or near the Ultramar service station. Soils containing low levels of the
constituents of interest are present below the former disposal pits on-site in Action Areas 1 and
2A. Generally, however, constituents in soil were distributed over the site at low concentrations.
For this FS, soils remediation will be focused on the mass beneath the Main Waste Pit as well
as Waste Pits 3 and 4.
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During the RI, 785 subsurface samples were collected from 68 boreholes distributed throughout
the Texaco facility. Soil sample data indicate that target metals concentrations detected in the
samples were representative of background conditions for these constituents. Benzene was
detected above the FSP characterization threshold level (11 pg/kg) in only four soil samples (at
38 ug/kg, 25 ug/kg, 22 pg/kg, and 12 pg/kg). Other target volatile and semivolatile compounds
identified in soils analyzed by the Toxicity Characteristic Leaching Procedure (TCLP) were at or
near reported limits of analytical detection. Xylene was detected above the FSP threshold of 620
pg/kg in only three samples (at 860 pg/kg, 810 pg/kg, and 640 ug/kg).

Based on the Rl data, volatile organic compounds (VOCs) are the most common constituents
identified in the Aquifer 1 groundwater adjacent to the Texaco Fillmore facility. During the four
groundwater sampling events that occurred between August 1990 and May 1991, six VOCs were
detected in Aquifer 1 underlying the facility: benzene, toluene, xylene (total), ethylbenzene, 1,2-
dichloroethane, and acetone. Acetone is commonly associated with laboratory sample
preparation and VOC analysis.

VOC concentrations were detected in two plumes within Aquifer 1: one near the main waste pit
(Main Waste Pit Plume) and the other in the southern part of the facility (Southern Plume). Two
semivolatile organic constituents, naphthalene and 2-methylnaphthalene, were detected in
groundwater samples from the shallow aquifer at the Texaco Fillmore facility. The semivolatile
organic compounds were encountered in Aquifer 1 in both the Main Waste Pit Plume and the
Southern Plume. Table 1-2 presents a matrix of the constituents of interest that were detected
for each plume.

Table 1-3 presents the range for the constituents found during each of the four groundwater
sampling events and identifies the well in which the highest concentration of the constituent was
detected during that event.

1.2.5 Contaminant Fate and Transport

The fate and transport of chemical constituents at the facility discussed in this report will focus
specifically on benzene migration for the following reasons. Benzene in the groundwater is the
only constituent that exceeded maximum contaminant levels (MCLs) established for drinking
water. Moreover, most other constituents were at or near the reported limits of detection, and
site characterization data reveal no identifiable spatial pattern of detection. Physical and
chemical properties of benzene indicate that inter- and intra-phase movement of this compound
is relatively uninhibited compared to other volatile aromatics identified in media investigations.
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TABLE 1-2

Occurrence of Constituents of Interest
in MWP Plume and Southern Plume

Benzene

Toluene

Xylenes (total)
Ethylbenzene
1,2-Dichloroethane
Naphthalene
2-Methylnaphthalene

X
X
X
X
X
X

6600-063-600/Texaco, Inc.
91120343 1-18

February 1992



. TABLE 1-3

Constituents of Interest
Detected For Each Groundwater Sampling Event

Aug eon). - oonaee) .
Benzene ND-720 ug/ 2-320 pg/L 4-280 ug/L ND-260 sg/L ND-390 xg/L
MW-26S MW-19S MW-18S and ULTM-MW-9 MW-19S
ULTM-MW-9
Toluene ND-73 pg/L 4-110 ag/L 6-52 kg/L 4-82 ug/L ND-23 ug/L ND-78 ug/L
MW-26S MW.26S MW-19S ULT M-MW-9 MW-28S and ULTM-MW-9
MW-24D
Xylenes (total) ND-28 pg/L 1-70 ug/L 3-30 ug/L 2-55 ug/L ND-37 ug/L ND-28 ug/L
MW-26S MW-18S MW-18S MW-27S MW-28S ULTM-MW-9
Ethylbenzene ND-14 pzg/L 1-15 ug/L 2-39 pg/L 4-150 pg/L ND-49 pg/L ND-14 ug/L
MW-26S MW.-26S MW-20S MW-27S MW-20S ULTM-MW-9
,2-Dichlorosthane ND 9 sg/L <16 ag/L 1-5 ug/L MD-TR ULTM-  ND-TR ULTM-
MW-26S MW-18S ULT M-MW-9 MW-9 MW-9
Naphthalene ND 33-84 ug/L TR-12 pg/L TR-54 ug/L ND-42 ug/L -
MW-18S MW-20S MW-27S ULTM-MW-9
2-Methyinaph- ND 11 1g/L ND ND ND-TR MW-8S -
thalene MW-19S
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in addition, attenuation of benzene via sorption processes or degradation is relatively low.
Therefore, benzene possesses the greatest potential for off-site migration. Benzene will also be
used as the primary driving force for soils remediation beneath the main waste pit.

With respect to the benzene, available site data suggest that natural degradation would achieve
chemical-specific treatment standards for groundwater criteria over time. Benzene is present in
groundwater at concentrations greater than its MCL and is one of the most mobile of the
contaminants present. An estimate of time required for natural biodegradation of benzene in
groundwater and soils to achieve the benzene MCL is calculated in Appendix D. Based on the
aerobic biodegradation half-life of benzene (Ward and Thomas, 1986) and an initial benzene
concentration of 720 pg/L, approximately 5 years would likely be required for aerobic
biodegradation to achieve the MCL of 5 pg/L. Biodegradation constants for 1,2-DCA were not
cited in the literature reviewed during report preparation; therefore, a degradation timeframe for
achieving the maximum contaminant level (MCL) could not be specified. DCA, which was
present slightly above the federal MCL at one location, is very soluble and would therefore be
expected to dissipate over the long term due to natural groundwater flow. Groundwater
monitoring data presented in Figure 1-5 indicate that significant biodegradation of benzene may
have already occurred at the Fillmore site.

Figure 1-5 is a plot of the maximum and average detected concentrations of benzene in
groundwater samples versus time. The plot of maximum benzene concentrations was estimated
between January and August 1991. For comparison purposes, plots of the predicted
degradation rates for maximum and average detected benzene concentrations are included in
Figure 1-5. Both the maximum and average concentrations of benzene as graphed correlate well
with the concentration curves predicted from its reported natural biodegradation half-life.
Monitoring will be required to focus on this relationship to confirm whether natural biodegradation
will continue to reduce benzene concentrations with time. The movement of constituents less
soluble than benzene is expected to continue to be attenuated by sorption to soils and
biodegradation. Thus, in the long-term, natural degradation and attenuation processes are likely
to achieve standards.

A preliminary conceptual model has been developed to define and address potential routes of
benzene migration in media underlying the Texaco Fillmore facility and the subsequent fate and
transport mechanisms that act on this constituent. Currently, this model consists of the following
elements.
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e Naturally occurring hydrocarbons are not likely to be a source for the amount of
benzene dissolved in the groundwater of Aquifer 1. However, naturally occurring
petroleum hydrocarbons may be contributing to the extent and concentrations of
identified constituents.

® The Southern Plume appears to contain the highest benzene concentrations in Aquifer
1, based upon the May 1991 quarterly groundwater sampling results. During previous
sampling episodes, however, the Main Waste Pit Plume contained the highest
concentrations of benzene. The levels of benzene in the Main Waste Pit Plume have
steadily declined since initial sampling of Aquifer 1.

e There may be several sources within the Texaco facility that contribute to benzene levels
in the Southern Plume, also in Aquifer 1. For example, the Southern plume underlies
Pits 3, 4 and 9, former pipelines, and a former bulk loading area. It is also possible that
the gas station and salvage yard facilities on nearby properties are off-site sources of
benzene in groundwater.

e Migration of the Main Waste Pit Plume is probably minimized by the limited extent of
Aquifer 1 in the northern portion of the facility. The plume’s source is likely to be low-
level residual volatiles in soils beneath the extent of former Main Waste Pit excavations.
However, other possible sources of chemical constituents, such as abandoned or
former pipelines, remain.

1.2.6 Baseline Risk Assessment

A site-specific risk assessment of the Texaco Fillmore facility has not been performed by Texaco.
CH_M Hill completed the risk assessment on behalf of U.S. EPA Region IX, and provided this
assessment as a separate document to Texaco in late December 1991. As such, the
development and analysis of alternatives presented herein are based on the draft risk
assessment document, the comments made by U.S. EPA and CH,M Hill to the draft Detailed
Analysis of Alternatives, and guidance provided to Texaco by U.S. EPA and CH,M Hill.
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2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

21 Introduction

During this phase of the FS, the potentially feasible remedial technology types and process
options identified in the Draft Report: Remedial Alternative Development and Screening for the
Texaco Fillmore Site (ENSR Document 6600-047-995) will be screened with respect to technical
implementability and feasibility to achieve the general response actions (GRAs) developed for .
groundwater in the Main Waste Pit and Southern Plumes of Aquifer 1. GRAs, consisting of
medium-specific actions, will be developed to satisfy remedial action objectives (RAOs) for
protecting human health and the environment from exposure to hazardous constituents identified
in the groundwater plumes. During the development of GRAs, an initial determination will be
made of the volume of contaminated groundwater in each of these plumes.

Both Section 121 of CERCLA and the National Contingency Plan (NCP) require that response
actions attain a level or standard of control which complies with applicable or relevant and
appropriate requirements (ARARs) of federal environmental laws and more stringent state
environmental and federal siting laws.

e Chemical-specific ARARs - Usually health- or risk-based numerical values or
methodologies, which when applied to site-specific conditions, establish the numerical
site cleanup values.

e Location-specific ARARs - Usually technology- or activity-based requirements or
limitations.

® Action-specific ARARs - Restrictions placed on the concentration of hazardous
substances or the conduct of activities because they occur in special locations.

The ARARs identified in this report were established based on the specific characteristics of the
Texaco Fillmore site, constituents identified in the groundwater, and potential alternatives
available to remediate those constituents.

2.2 Remedial Action Objectives
RAOs are site-specific, quantitative goals that define the extent of cleanup required. They include

the preliminary cleanup levels, the area of attainment, and the restoration timeframe. RAOs form
the basis for developing detailed remedial action alternatives. In this section, RAOs for the
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Texaco Fillmore facility will be developed based on the contaminants present in Aquifer 1,
pertinent ARARSs, and the classification and uses of groundwater at the facility.

2.2.1 Constituents of Interest

As described in Section 1.2.4, six VOCs and two semivolatile organic compounds were identified
as being present in the shallow aquifer, Aquifer 1. Of the six VOCs (benzene, toluene, total
xylenes, ethylbenzene, 1,2-dichloroethane, and acetone), benzene is the contaminant of primary
interest, due to its status as a “chemical known to the state of California to cause cancer” (per
Proposition 65), as well as to its mobility and behavior as an “indicator" compound. in Aquifer
1, benzene was found at levels above the state of California recommended MCL of 1.0 pg/L.

Usually associated with the benzene are fuel hydrocarbons and other aromatics such as toluene,
ethylbenzene, and xylenes; this fact is supported by the analytical results of the groundwater
investigation portion of the RI. Toluene, total xylenes, and ethylbenzene were detected in Aquifer
1 at levels below the state of California MCL and will be addressed in Section 2.2.3.1, "“Chemical-
Specific ARARs," along with benzene.

The presence of 1,2-dichloroethane in two monitoring wells is also of interest because of its
inclusion on the list of "chemicals known to the state of California to cause cancer" (per
Proposition 65). 1,2-Dichloroethane was found at levels above the state of California
recommended MCL of 0.5 pg/L.

The presence of acetone in the groundwater sample taken from MW-20S during the May 1991
sampling events is believed to be a result of laboratory contamination; therefore, acetone is not
a contaminant of interest.

The two semivolatile organic compounds detected in the Aquifer 1 groundwater samples are
naphthalene and 2-methylnaphthalene. These compounds were detected at relatively low levels.
As stated in Section 2.2.3.1, no published ARARs are available for these constituents. However,
until the Rl risk assessment is completed for the site, these two semivolatile compounds will be
considered constituents of interest.

In the RI/FS Quality Assurance Project Plan (QAPP) prepared for the Texaco Fillmore facility prior
to the initiation of field work, five VOCs were identified as being indicator parameters for the
groundwater investigation: benzene, toluene, total xylenes, ethylbenzene, and ethylene
dibromide. Of these five organic compounds, all but ethylene dibromide were detected in the
groundwater samples from the facility. For all groundwater samples taken during the four
sampling events (August 1990, September 1990, January 1991, and May 1991), ethylene
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dibromide was consistently reported below the detection limit of the analytical instrument.
Therefore, ethylene dibromide is not a constituent of interest.

No semivolatile organic compounds were specified as indicator parameters for the Texaco
Fillmore groundwater investigation.

2.2.2 Selection of ARARs and Allowable Exposure Based on Risk Assessment

ARARs are used to evaluate the effectiveness of remedial alternatives under investigation in the
feasibility study, as well as to develop allowable concentrations and target cleanup levels in the
media requiring remediation. ARARs are supplemented by other criteria and guidelines to be
considered (TBCs). If ARARs are not available or if they are found not to adequately protect
human health in situations involving, for example, multiple contaminants, appropriate target
cleanup levels may be established based on the risk assessment.

Until the risk assessment for the Texaco Fillmore facility is completed, only ARARs and TBCs
under the following statutes or regulatory agencies will be addressed for the remediation of the
groundwater in Aquifer 1.

2.2.21 Chemical-Specific ARARs and TBCs

The contaminant-specific ARARs for the site are Federal and State of California drinking water
standards because the Fillmore Basin is a potential source of drinking water. The NCP requires
that remedial actions attain the Maximum Contaminant Level Goals (MCLGs) established under
the Safe Drinking Wgter Act that are set above zero for groundwater that is a current or potential
source of drinking water. If an MCLG is set at zero or is not relevant and appropriate under the
circumstances, the Maximum Contaminant Level (MCL) established under the Safe Drinking
Water Act will be the ARAR. The MCLs and MCLGs for the constituents of concern are set forth
in Table 2-1.

California has also promulgated MCLs for certain contaminants as shown in Table 2-1. Where
the California MCLs are more stringent than the federal MCLs, it is appropriate for EPA to choose
the more protective and stringent standard as the ARAR.

The California Department of Health Services has established drinking water applied action levels
which are used to protect drinking water and are generally more stringent than MCLs. The
drinking water applied action levels are not promulgated by the State and therefore cannot be
ARARs. However, EPA can consider the action levels as To Be Considered Criteria (TBCs).
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2.2.2.2 Action-Specific ARARs and TBCs

Several of the potential alternatives discussed in Chapter 3 involve groundwater extraction and
treatment. The potential groundwater treatment technologies include carbon adsorption, air
stripping or UV/ozone oxidation. The treated groundwater may be injected into the aquifer,
discharged to the Publicly Owned Treatment Works (POTW), discharged to surface water, or
reused. These potential actions require compliance with the following ARARs:

Injection of Treated Effluent into Aquifer
ARARs applicable to injection of treated effluent into the aquifer include:

1. The Los Angeles Regional Water Quality Control Board’'s Water Quality Control Plan,
which incorporates State Water Resources Contro! Board (SWRCB) Resolution No. 68-
16 "Statement of Policy with Respect to Maintaining High Quality of Waters in
California.” The Resolution requires maintenance of existing water quality unless it is
demonstrated that a change will benefit the people of the State, will not unreasonably
affect present or potential uses, and will not result in water quality less than that
prescribed by other State Policies.

2. Section 3020 of the Resource Conservation and Recovery Act prohibits disposal of
hazardous waste into a formation which contains a source of drinking water or above
such a formation. This prohibition does not apply to treated contaminated groundwater
into an aquifer if: (1) such injection is part of a response action under CERCLA, (2) the
contaminated groundwater is treated to substantially reduce hazardous constituents
prior to such injection, and (3) the response action will upon completion be adequate
to protect human health and the environment.

3. The California Safe Drinking Water Act (Proposition 65) prohibits the discharge of
chemicals known to the State to cause cancer or reproductive toxicity into groundwater
or surface water drinking water sources or onto land which may pass into a drinking
water source. Benzene has been identified by California as a carcinogen.

In order to comply with these ARARs, any water that is reinjected will have to be treated to below
Federal or State MCLs, whichever is more stringent for all contaminants.
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Discharge to the POTW

The Clean Water Act allows municipalities to determine pretreatment standards for discharges
to POTWs. Discharge of treated groundwater to the local sanitary sewer system requires
compliance with the local POTW’s substantive discharge limitations and the Clean Water Act
pretreatment standards.

Reuse of Treated Groundwater

if the treated groundwater is to be used in a public drinking water system, ARARs for providing
the treated groundwater for reuse would include (1) the state or federal MCLs, whichever is more
stringent, (2) the SWRCBs' Resolution No. 68-16, and (3) California’s Proposition 65. These
ARARs can be met by treating the contaminated groundwater to levels below the MCLs.

Discharge to Surface Water

Substantive National Pollutant Discharge Elimination System (NPDES) permit requirements are
ARARs for treated effluent that is discharged on-site to surface waters. The Los Angeles RWQCB
regulates NPDES discharges. The RWQCB establishes effluent limitations based on water quality
standards set forth in the Los Angeles River Basin Plan.

Carbon Adsorption

Use of activated carbon for remediation of organics in the groundwater may trigger RCRA and
California Hazardous Waste Control Act requirements for disposal of hazardous waste. If the
used carbon is characteristic of hazardous waste under RCRA or the California Hazardous Waste
Control Act, the requirements for generators of hazardous waste under RCRA and the California
Hazardous Waste Control Act would be ARARs. In addition, the handiers must determine
whether any hazardous waste generated during the remedial actions would be subject to RCRA
and the California Hazardous Waste Control Act land disposal restrictions.

Air Stripping

in California, the authority to regulate stationary sources of emissions has been delegated to
local air quality management districts. The Site is located within the jurisdiction of the Ventura
County Air Pollution Control District (APCD). Therefore, the substantive APCD regulations
applicable to emissions from air strippers constitute State ARARs.
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2.2.2.3 Location-Specific ARARs

No location-specific ARARs are anticipated for the remediation of the Aquifer 1 groundwater at
the Texaco-Fillmore Facility.

2.2.2.4 Soil ARARs

No chemical-specific ARARs have been identified for cleanup of the soil. The proposed EPA
regulation for corrective action for RCRA solid waste management units may be a TBC. Under
the proposed corrective action regulation, action levels are determined by EPA to protect human
health and the environment. Contamination exceeding action levels indicates a potential threat
to human health or the environment.

If soil vapor extraction is used at the Texaco Fillmore Facility for cleanup of the soil, action-
specific ARARs would include the ACPD’s substantive regulations.

2.2.3 Development of Remedial Action Objectives

During the FS process, the development of RAOs involves establishing preliminary cleanup levels
based on ARARs and health-based risk information, determining the areas of attainment, and
estimating the restoration timeframe. Preliminary cleanup levels for the Texaco Fillmore site will
comprise predominantly chemical-specific ARARs and, to a lesser extent, action-specific and
location-specific ARARs. Preliminary cleanup levels based on health-based risk information
cannot be addressed in this report, because allowable exposure levels based on the Texaco
Fillmore risk assessment have not been established.

The area of attainment is the area over which cleanup levels in the groundwater must be
achieved. As agreed during the March 8, 1991, meeting between U.S. EPA and Texaco, the
areas of attainment that will be addressed in this FS include only groundwater in the Main Waste
Pit and Southern Plumes of Aquifer 1.

The restoration timeframe is defined as the period of time required to achieve selected cleanup
levels in the groundwater within the areas of attainment. An estimate of the restoration timeframe
will not be presented for the preliminary remediation alternatives in this report.
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2.2.3.1 Chemical-Specific ARARs

Until the risk assessment for the Texaco Fillmore facility is completed, it will not be known
whether published water quality standards and drinking water standards are protective of human
health and the environment. For the purpose of proposing preliminary cleanup standards,
however, we will rely upon the published water quality and drinking water standards for chemical-
specific ARARs. After completion of the risk assessment, if it is determined that the published
standards for a compound of concern are protective, these standards will become the chemical-
specific cleanup goals.

Based on the analytical results of the groundwater samples collected during the four sampling
events, seven chemical constituents should be addressed: benzene, toluene, total xylenes,
ethylbenzene, 1,2-dichloroethane, naphthalene, and 2-methylnaphthalene (see Section 2.2.1,
"Constituents of Interest"’). Where a chemical constituent has more than one published standard,
for example, a U.S. EPA MCL and a DHS action level, the more stringent of the standards was
selected, as long as the value is enforceable and is not just a suggested value. Table 2-1
presents selected chemical-specific ARARs and TBCs for the seven constituents of interest.

2.2.3.2 Location-Specific ARARs

Location-specific requirements are those that involve restrictions on how remedial activities are
to be conducted in particular locations. No location-specific ARARs are anticipated for the
remediation of the Aquifer 1 groundwater at the Texaco Fillmore facility.

2.2.3.3 Action-Specific ARARs

Action-specific requirements anticipated for remediation of the groundwater at the Texaco
Fillmore facility will primarily concern any discharges from the selected groundwater treatment
system. These discharges could potentially be to the air, surface water, a POTW, or by
reinjection to the groundwater. Any air or water discharges from the selected treatment system
will be permitted as required. Permit requirements will typically dictate that the permitted stream
meet certain discharge standards. Discharge standards commonly include chemical-specific
concentration limits and flow rate limitations.

Another action-specific ARAR that may apply to remedial action alternatives being evaluated for
the Texaco Fillmore facility is a grading permit, to be acquired from Ventura County.

As implied by the name, all action-specific ARARs cannot be fully identified until a remedial
action alternative has been evaluated in detail. However, at the preliminary stage of treatment
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TABLE 2-1

Potential Chemical-Specific ARARs and TBCs for
Groundwater at the Texaco Fillmore Facility

Benzene 1.0 MCL (Cal DHS)
50 MCL (Federal)
0.66' WQC (Federal)
235 HA? (Federal)
0.66" HA® (Federal)
2.0 NSRL (Cal DHS)
Toluene 100' AL (Cal DHS)
10,000 AL (Federal)
14,300 WQC (Federal)
2000 MCLG (Federal)
2420 HA (Federal)
Total Xylenes 70,000 AL (Federal)
1750 MCL (Cal DHS)
440 MCLG (Federal)
400 HA (Federal)
Ethylbenzene 680 MCL (Cal DHS)
4,000 AL (Federal)
680 MCLG (Federal)
1400 WQC (Federal)
680 HA (Federal)
1,2-Dichloroethane 0.5 MCL (Cal DHS)
5.0 MCL (Federal)
0.5 AL (Federal)
09 NSRL (Cal DHS)
740/2600* HA? (Federal)
0.38 HA? (Federal)
Naphthalene No ARARs/TBCs identified

2- Methylnaphthalene No ARARs/T BCs |dent|ﬁed

: 1Value suggested to: protect beneficial use.

“ maximum: contai
'-_-ENSRL = no signifi

6600-063-600/Texaco, Inc.
91120343 2-8

February 1992



technology identification (and ARAR identification), it can be stated that for the selected remedial
action alternative. Texaco will comply with ARARs and administrative requirements, such as
obtaining permits. Texaco will acquire all necessary permits for construction and/or operation
of the alternative. These may include an NPDES permit, a permit to discharge to the local
POTW, or an air permit from the Ventura County APCD.

2.2.3.4 Potential Use and Classification of Groundwater in Aquifer

Based on its vulnerability to contamination and its vertical proximity to existing agricultural,
municipal, and private water wells producing from deeper aquifers, the groundwater within
Aquifer 1 may be classified as Class I|A under guidelines established in U.S. EPA’s Groundwater
Protection Guidelines (U.S. EPA, 1986). Groundwater under this classification is described as
“potential sources of drinking water and water having other beneficial uses* (Groundwater
Protection Strategy, U.S. EPA, 1984).

Groundwater in Aquifer 1 may be described as vulnerable to contamination, based on results
presented in the final Rl report for the site (ENSR Final Document 6600-047-900). However, the
aquifer is of higher subsurface elevation than the perforated intervals of surrounding agricultural,
municipal, and private water wells. Therefore, it may be deduced that Aquifer 1 is not an
irreplaceable source of potable groundwater. Evidence indicates that it is not a direct source.
No evidence was found to indicate that waters from Aquifer 1 provide baseflow for local,
ecologically sensitive systems, such as wetlands (ENSR Draft Document 6600-047-900).

No data currently exist regarding levels of total dissolved solids or nitrates in Aquifer 1. However,
for the purposes of classification, it is currently assumed that total dissolved solids are present
at levels below 10,000 mg/L, and nitrates are at levels that could potentially be remediated if
necessary. Itis also assumed that groundwater within Aquifer 1 may be hydraulically connected
to aquifers from which local agricultural, municipal, and private wells produce.

The Texaco Fillmore facility lies within the drainage basin (watershed) of the Fillmore Basin.
Contamination reaching producing aquifers could, for example, potentially affect areas lying to
the west and southwest, based on a map of water levels (Ventura County Public Works Agency
[VCPWA] Water Level Map, Fall 1984). Groundwater supply wells are located in the vicinity of
the site. For example, a well used for agricuitural purposes (04N19W30R01S) lies 1,000 feet to
the south and contains a screened interval reportedly at 173 to 300 feet below grade (ENSR Draft
Document 6600-047-900). The base of Aquifer 1 is at an approximate depth of 65 feet below
grade in monitoring well MW-19, located near the southern boundary of the site. The subsurface
elevation of the base of Aquifer 1 in monitoring well MW-19 is approximately 415 feet above sea
level. Assuming the surface elevation at the agricultural well (04N19W30R01S) is approximately
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440 feet above sea level (estimated from topographic map), the subsurface elevation of the top
of the screened interval in the well would be 267 feet above sea level. Therefore, it is estimated
that constituents of interest identified in Aquifer 1 at the Texaco Fillmore facility would have to
migrate approximately 150 feet vertically to reach the top of the screened interval in this
agricultural well.

2.2.3.5 Remedial Action Objectives for the Texaco Fillmore Facility

Based on the nature and extent of the impact from constituents of interest detected in the
groundwater of Aquifer 1 at the Texaco Fillmore facility, and based upon the potential use and
classification of groundwater in Aquifer 1, the following RAOs are proposed for use as the basis
for developing remedial alternatives. The RAOs were established for the three action areas.

Action Area 1 (Main Waste Pit Area)

® Provide remedies that allow eventual achievement of groundwater standards that are
appropriate for constituents of interest beneath the Fillmore site given the regional
influence of naturally occurring petroleum.

® Prevent public from exposure to potentially hazardous substances present in
groundwater and on-site subsurface soils near the Main Waste Pit Area.

Action Areas 2A and 2B (Southern Groundwater Plume)

e Provide remedies that allow eventual achievement of groundwater standards that are
appropriate for constituents of interest located beneath adjacent properties given the
regional influence of naturally occurring petroleum as well as the contribution of other
off-site sources to the plume.

® Prevent public exposure to potentially hazardous substances contained in groundwater
in and near the southern portion of the facility, and in on-site subsurface soils near the
former waste pits at the south end of the facility.

These objectives formed the basis for the development of remedial alternatives that are analyzed
in detail in this document and will be used to recommend a remedial life cycle approach for the
site.
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2.3 Development of General Response Actions

General response actions describe the actions that will satisfy the RAOs. The RAOs for the
facility that were defined in Section 2.2.3.5 serve as the basis for developing general response
actions. At this stage, the types and volumes of contaminated media to be addressed must be
defined.

2.3.1 Identification of Attainment Areas
2.3.1.1 Groundwater

The areas of attainment within the groundwater in Aquifer 1 comprise an estimated total of
approximately 15 acres in two plumes: Action Area 1 - Main Waste Pit Plume, with an average
estimated area of 4.4 acres (192,000 ft?) and Action Area 2 - Southern Plume, with an area of
10.7 acres (467,000 ft?). These areal estimates are based on isopleth maps of benzene
distribution derived from the May, August, and November 1991 quarterly groundwater sampling
activities. The extent of the Action Area 1 and 2 plumes for each sampling date was estimated
based on the distribution of benzene in groundwater. Benzene was selected as the most
representative constituent due to its water solubility (see Plates A-1, A-2, A-3, and A-4). Three
sampling dates were determined.

Comparison of the May 1991 area for Action Area 1, 360,000 ft?, with the fourth quarter
(November 1991) area of 15,625 fi* suggests that the plume is degrading under natural
conditions.

In Action Area 2, the areas of the plume located on the Texaco Fillmore property have been
reduced; however, the overall size of the plume has remained relatively constant. This trend
suggests that natural degradation may be in a steady-state flux with residual benzene on soils.
Mass transfer from the soils may be preventing the reduction of plume size in Action Area 2. For
the purpose of the FS, however, an average area was selected to define the area of attainment.
Appendix B presents the calculations used to determine the average areas.

Benzene concentrations detected in the Main Waste Pit Plume ranged from 4 to 73 pg/L. The
highest concentrations were detected in monitoring wells MW-27S and MW-28S at 63 and 73
rg/L, respectively. The periphery of the Main Waste Pit Plume was identified by low
concentrations of benzene, in samples collected from monitoring well MW-34S, in which 4 pg/L
of benzene was detected, and monitoring wells MW-6S and MW-21S, in which only nondetect
levels of benzene were found.
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Benzene concentrations were detected in the on-site portion of the Southern Plume in monitoring
wells MW-19S and MW-29S at concentrations of 280 and 40 ug/L, respectively. The periphery
of this portion of the plume was defined by sparse control utilizing monitoring wells MW-18S,
MW-25S, and MW-30S, in which nondetect levels of benzene were found.

2.3.1.2 Soils

Potential sources of constituents of interest detected in Aquifer 1 in the two attainment areas
include subsurface soils underlying the waste pits. A potential source of the Main Waste Pit
Piume is the main waste pit. Potential sources of the on-site portion of the Southern Plume may
include Waste Pits 3, 4, and 9. A potential source of the portion of the Southern Plume that
extends off-site to the south may be leaks from underground storage tanks or piping at the
Ultramar service station, located immediately south of the site.

Although these sources have been identified as impacted soil areas, it is possible that
undiscovered abandoned pipelines or other sources exist which may also have contributed to
the plumes. However, in order to locate additional sources, geophysical surveys and/or other
investigations must be performed.

2.3.1.3 Estimation of Impacted Groundwater Volume

The total volumes of groundwater contaminated with benzene within Aquifer 1 are approximately
13,600,000 galions in the Main Waste Pit Plume (Action Area 1), and approximately 55,000,000
gallons in the Southern Plume (Action Area 2). These volumes, which represent the average
pore volume in the saturated aquifer beneath each action area, were determined using the
average area of the benzene plumes calculated from the May, August, and November 1991
monitoring data. Appendix A contains the benzene isoconcentration maps used to develop the
volumes. Appendix B contains the groundwater volume calculations.

In general, the contour maps were constructed to estimate the distribution of benzene in
groundwater in Aquifer 1. An initial map was partially constructed using a logarithmic contour
interval (equal concentrations of 0, 5, 10, 50, 100 pg/L) and a linear (50 pg/L) contour interval
at higher concentrations. This map was used as a template to construct the 1, 30, and 100 pg/L
contours, parallel to contours of the map with the tighter contour interval.

Areas of impacted groundwater (based on the August and November 1991 data) were estimated
by plotting the 10 pg/L contours on a grid and calculating the enclosed area. The impacted
groundwater area (based on the May 1991 data) was estimated using on the 1 pg/L contour.
The areas were then multiplied by average aquifer thicknesses based on the distance from the
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static water level (measured in wells chosen based on their proximity to the plumes in August
1991) to the top of the lower fine-grained unit. The resulting volumes were multiplied by an
assumed porosity of 0.35 to yield an estimate of the pore volume of impacted groundwater for
the north and south plumes.

2.3.2 General Response Actions for the Texaco Fillmore Site

Based upon the RAOs for the Texaco Fillmore facility, as defined in Section 2.2.3.5, general
response actions were developed and are presented in Table 2-2. '

2.4 Identification and Screening of Technology Types and Process Options
2.4.1 Identification and Screening of Technologies

In the Draft Report: Remedial Alternative Development and Screening for the Texaco Fillmore
Site, a qualitative evaluation was conducted of the array of potentially feasible technologies and
process options for remediating hazardous constituents detected in the subsurface soil and
groundwater at the site. During the qualitative evaluation process, the technologies and process
options were ranked as high, moderate, or low applicability, feasibility, and cost-effectiveness
according to the following criteria.

® The ability to control on-site releases or mitigate off-site impacts.
® The adverse environmental impacts of each technology.

o The feasibility, applicability, and reliability of the technology for locations and conditions
of release.

® A preliminary cost estimate indicator for both capital and operating and maintenance
(O&M) costs.

Based on the results of the evaluation, seven technology types and 19 associated process
options were identified as having a high or moderate degree of feasibility for remediating
constituents of interest detected in the groundwater of Aquifer 1 in the two attainment areas.
Table 2-3 lists these technologies.
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TABLE 2-2

General Response Actions for the
Texaco Fillmore Site

Main Waste Pit Plume
Soil
Southern Plume Groundwater
Soil

Groundwater

Prevent ingestion or further migration of
Agquifer 1 groundwater and protect usable
uncontaminated groundwater.

Restore contaminated groundwater in
Aquifer 1.

Prevent further contamination of Aquifer 1.

Prevent ingestion or further migration of
groundwater in Aquifer 1 and protect usable
uncontaminated groundwater.

Restore contaminated groundwater in
Aquifer 1.

Prevent further contamination of Aquifer 1.

No action
Institutional controls
Containment actions

Removal and
treatment
In-situ treatment

No action
Containment
In-situ treatment

No action
Institutional controls
Containment actions

Removal and
treatment
In-situ treatment

No action
Containment
In-situ treatment
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TABLE 2-3

Remedial Technologies for Texaco Filimore Facility
Attainment Areas 1 and 2

No Action

Institutional controls

Containment
Groundwater removal

Surface groundwater
treatment

Disposal

Leachate migration
control

Soil treatment

None

Access restrictions

Monitoring
Alternate water supply

Vertical barriers

Groundwater extraction

Physical treatment

In-situ treatment

Discharge to surface water

Reinjection
Discharge to POTW
Capping

Soil vapor extraction and
treatment

Bioremediation

None

Deed restrictions
Fencing
Groundwater use restrictions

Groundwater monitoring
State water supply

Slurry walls
Hydraulic barriers

Recovery welis

Carbon adsorption
Air stripping

Surface biotreatment
UV/ozone oxidation

In-situ bioremediation
Air sparging

Discharge to Pole Creek
Discharge to storm drain

Reinjection through wells onsite
Discharge to Fillmore POTW

Clay or synthetic cap

Extraction wells

Carbon adsorption
Catalytic oxidation
Thermal oxidation

In-situ bioremediation infiltration
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2.4.2 Evaluation of Technologies and Selection of Representative Technologies

In this section, the technology types and process options selected from the qualitative evaluation
were screened in order to assemble a set of remedial alternatives that address the general
response actions established for groundwater in the two attainment areas. Each of the
technologies and associated process options were evaluated with respect to three broad
CERCLA screening criteria: 1) implementability, 2) effectiveness, and 3) cost. The following
paragraphs describe the focus of each of the three screening criteria.

Implementability

The implementability criterion focused on the technical and administrative feasibility of
implementing each process at the site. Factors that were examined regarding the
implementability of a technology or process option include:

Ability to construct (process and site constraints)
Ability to operate

Permitting needs

Availability of treatment, storage, and disposal services
Availability of equipment and skilled workers

Effectiveness
The effectiveness criterion focused on the general effectiveness of the technology in treating the
contaminants of concern and on site conditions. Factors that were examined regarding the
effectiveness of a technology or process option include:

® Ability to meet cleanup objectives

® Ability to handle areas or volumes of media

® Potential impacts to human health and the environment during construction and
implementation

® Level of development and reliability of process
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Cost

Finally, costs associated with construction and implementation of a process at the site were
estimated to rank the process in terms of high, moderate, and low costs. The estimated costs
for each technology were based on engineering judgement and include:

o (Capital cost
o O&M costs

The screening process for evaluating the technology types and process options invoived the
following.

® Review literature, including U.S. EPA reference sources, standard engineering texts, and
other sources.

e Solicit vendor information on well-established and well-demonstrated technologies.

® Review case studies documenting the use and performance of these technologies at
similar Superfund and other contaminated sites.

The technology types and associated process options selected from the qualitative evaluation
process are, in general, composed of processes that are widely used throughout the industry
for remediating VOCs in subsurface soil and groundwater at similar Superfund and other
contaminated sites. The chemical and physical properties of the constituents of interest
identified for the Texaco Fillmore site are also conducive to effective treatment by most of the
processes.

The technology screening process has been summarized in tabular form to provide an effective
means for evaluating and selecting the most appropriate technologies and process options for
the site. The tables, entitled "Remedial Technology Evaluation Summary,” were structured to
address each component of the screening criteria outlined above.

In addition to the three screening criteria, each summary table identifies any additional site
characterization or treatability study data that may be needed to further evaluate the
implementability and/or effectiveness of a technology or process option. Based upon evaluation
of each of the screening criteria, each summary table also incorporates a conclusion regarding
the need to carry the particular technology or process option forward into the remedial alternative
development and screening process. Essentially, those technologies and process options that
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cannot be effectively implemented at the Texaco Fillmore site were eliminated from the FS
process.

Geologic and hydrogeologic descriptions of subsurface conditions within the two attainment
areas were presented in Section 1.2.3. Based on these discussions, it is estimated that geologic
and hydrogeologic parameters of subsurface media, as well as the nature and extent of the
constituents of interest, are much the same in both attainment areas. Because of this similarity,
an evaluation of potentially feasible technologies is best presented on the basis of the two media
involved: the groundwater plumes in Aquifer 1, and the impacted soil beneath the affected waste
pits. Therefore, the remedial technology evaluation summary tables have been presented for
each technology based on the medium to which the technology applies. The evaluation
summaries are presented for groundwater in Tables 2-4A through 2-4P, and for soil in Tables
2-4Q through 2-4W.

It is important to note that this report focuses upon the attainment of cleanup objectives that
address the constituents of interest detected in the groundwater of Aquifer 1 within the two
attainment areas. As previously discussed, potential chemical-specific ARARs and TBCs have
been identified to establish cleanup objectives for groundwater at the Texaco Fillmore site.
Remediation of soils has not been focused on by this report since no chemical-specific ARARs
were identified for cleanup of soils. The ultimate fate of constituents of interest within subsurface
soils at the site is dependent upon the results of the Rl risk assessment. However, because of
the interrelationship between the constituents of interest in the groundwater and their occurrence
in subsurface soils, it is important to identify and evaluate technologies that address the
leachability of these constituents from impacted soils. This may have an effect on the treatment
and ultimate quality of groundwater at the site.

As indicated in Tables 2-4A through 2-4W, technologies were either selected or rejected for the
detailed analysis process based upon the evaluation of technologies. Table 2-5 presents each
of the potentially feasible technologies, shows whether each was selected or rejected, and
provides comments regarding the evaluation. Finally, Table 2-6 lists remaining technologies that
underwent evaluation.
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TABLE 2-4A
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Media: Groundwater and Soil
Technology: No Action

1) EFFECTIVENESS
1.1) Ability to meet cleanup objectives: Would not meet cleanup objectives based on current VOC
levels in groundwater. Final cleanup objectives dependent upon results of risk assessment.
1.2) Ability to handle areas or volumes of media: Not applicable.
1.3) Potential impacts to human health and the environment during construction and
implementation: Not applicable.
1.4) Level of development and reliability of process: Not applicable.
2) [IMPLEMENTABILITY
2.1) Ability to construct (process and site constraints): Not applicable.
2.2) Ability to operate: Not applicable.
2.3) Permitting needs: Not applicable.
2.4) Availability of treatment, storage, and disposal services: Not applicable.
2.5) Availability of equipment and skilled workers: Not applicable.
3) COST
3.1) Capital cost: None.
3.2) O&M cost: None.
4) ADDITIONAL DATA REQUIREMENTS: Evaluation of this technology is dependent upon health-risk
exposure evaluation results of the Rl Risk Assessment.
5) CONCLUSIONS: This technology is selected on the basis that conclusions regarding the health risk
of this alternative cannot be made until completion of the Rl Risk Assessment.
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TABLE 2-4B
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Media: Groundwater and Soil
Technology: Groundwater Use Restrictions, Deed Restrictions and Fencing

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Could meet cleanup objectives through natural
biodegradation over an extended period of time. Would prevent public exposure to constituents
of interest in the groundwater. Effectiveness is dependent upon continued future use of access
restrictions and results of Rl Risk Assessment.

1.2) Ability to handle areas or volumes of media: Access restrictions could be implemented over
the entire action area.

1.3) Potential impacts to human health and the environment during construction and
implementation: Not applicable.

1.4) Level of development and reliability of process: Not applicable.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): Implementation of deed restrictions may
be subject to legal requirements and local government authority. Site currently contains perimeter
fencing.

2.2) Ability to operate: Would require nominal inspection and maintenance of perimeter fencing to
insure security.

2.3) Permitting needs: None.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Not applicable.

COSsT

3.1) Capital cost: Negligible.
3.2) O&M cost: Negligible.

ADDITIONAL DATA REQUIREMENTS: Evaluation of this technology is dependent upon results of the
Rl Risk Assessment.

CONCLUSIONS: This technology would prevent public exposure to hazardous constituents in the
groundwater through future use restrictions of a potential drinking water source. Therefore, this
technology is selected for inciusion in the development and screening of remedial alternatives.
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' TABLE 2-4C

REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Groundwater Monitoring

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would not meet objectives based on current VOC levels in
groundwater. Would be implemented as part of all alternatives to track progress in achieving
cleanup objectives.

1.2) Ability to handle areas or volumes of medium: May require installation of additional monitoring
wells to effectively monitor and evaluate contaminant piume.

1.3) Potential impacts to human heaith and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Conventional technology.

2) IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): Site currently contains groundwater
monitoring wells. Construction of additional wells may be necessary, but is easily implementable.

2.2) Ability to operate: Would require quarterly groundwater sampling and analysis. May
require nominal maintenance of monitoring wells.

2.3) Permitting needs: Permitting for installation of additional monitoring wells would be required by
Ventura County Flood Control District .

’ 2.4) Availability of treatment, storage, and disposal services: Disposal of contaminated
groundwater generated during quarterly sampling episodes would be conducted at an offsite
facility.

2.5) Availability of equipment and skilled workers: Both are readily available.

3) COST

3.1) Capital cost: Low.
3.2) O&M cost: Low.

4) ADDITIONAL DATA REQUIREMENTS: Additional hydrogeological data may be required to effectively
define contaminant plume for continued monitoring.

5) CONCLUSIONS: Alone, this technology would not achieve current cleanup objectives as required
under CERCLA Section 121 and may not be acceptable to local community and regulatory agencies.
However, in concert with other technologies, it is effective in monitoring the quality of impacted
groundwater and, therefore, is selected for inciusion in the development and screening of remedial
alternatives.
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TABLE 2-4D
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: State Water Supply

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would not meet cleanup objectives based on current VOC
levels in groundwater. Final cleanup objectives are dependent upon results of the risk
assessment.

1.2) Ability to handle areas or volumes of medium: New water supply could be established to
handle entire action area.

1.3) Potential impacts to human heaith and the environment during construction and
implementation: Impacts during construction would be limited to native soil and vegetation along
aqueduct corridor, and would be addressed in an Environmental Impact Report.

1.4) Level of development and reliability of process: Would be an effective means of substituting
for the contaminated groundwater.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): Construction is conventional and would be
readily implementable. However, implementation would be subject to State and local government
approval, and require procurement of extensive surface rights-of-way.

2.2) Ability to operate: Would require nominal maintenance of agueduct.

2.3) Permitting needs: Would require extensive construction permitting.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

COoSsT

3.1) Capital cost: Very high.
3.2) O&M cost: Moderate.

ADDITIONAL DATA REQUIREMENTS: None.

CONCLUSIONS: The current classification of the impacted groundwater is believed to be Class lA.
The affected aquifer is not currently used as a drinking water source. This technology would not
achieve current cleanup objectives and would require significant capital expenditure and governmental
review to implement. Therefore, it is rejected for further evaluation.
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TABLE 2-4E
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Groundwater Barrier with Slurry Wall

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would be effective in preventing further migration of
contaminated groundwater. Would contribute to, but not achieve all cleanup objectives based on
current VOC levels in groundwater. Final cleanup objectives are dependent upon RI Risk
Assessment.

1.2) Ability to handle areas or volumes of medium: Could be designed to handie areal extent of
impacted plume as currently defined in Attainment Area 1. Areal extent of plume barrier in
Attainment Area 2 may be too great to effectively control groundwater migration.

1.3) Potential impacts to human health and the environment during construction and
implementation: Would be a potential for worker contact with constituents of interest during well
installation for grout pumping.

1.4) Level of development and reliability of process: Common technology that is reliable in relatively
shallow aquifers. The depth of Aquifer 1 may reduce the effectiveness of this technology.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): Construction would be accomplished via
slurry injection. A large number of injection wells may be required. No major problems
anticipated.

2.2) Ability to operate: No maintenance anticipated.

2.3) Permitting needs: Approval would be required from Ventura County Fiood Control District.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

COsT

3.1) Capital cost: High.
3.2) O&M cost: Low.

ADDITIONAL DATA REQUIREMENTS: Additional hydrogeological data may be required to effectively
define contaminant plume for design and installation of barriers.

CONCLUSIONS: Alone, this technology would not achieve current cleanup objectives as required
under CERCLA Section 121. It may not be effective in preventing migration of the impacted
groundwater plume due to the depth at which it must be applied. Also, it is more costly to implement
than other equally effective technologies and, therefore, is rejected for further evaluation.
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. TABLE 2-4F

REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Groundwater Barrier with Hydraulic Barriers

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would be effective in preventing further migration of
constituents of interest. Would meet cleanup objectives when combined with treatment of
extracted groundwater.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle areal extent of
impacted plumes in both attainment areas.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be limited to potential worker exposure during drilling of wells.

1.4) Level of development and reliability of process: Conventional technology. Effectiveness and
reliability would depend upon results of aquifer testing.

2) [IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require regular maintenance of wells and pumps, and monitoring of
flow rates. Would require treatment of extracted groundwater.

2.3) Permitting needs: Well installation/operation permits would be required by Ventura County Flood

' Control District.
2.4) Availability of treatment, storage, and disposal services: Treatment and disposal of extracted
groundwater could be conducted on- or offsite.
2.5) Availability of equipment and skilled workers: Both are readily available.
3) COST

3.1) Capital cost: Moderate.
3.2) O&M cost: Moderate.

4) ADDITIONAL DATA REQUIREMENTS: Aquifer testing would be required to effectively define well
placement and required flow rates.

5) CONCLUSIONS: In conjunction with a groundwater treatment system, this technology is effective in

preventing further migration of impacted groundwater and contributes to achieving the cleanup
objectives. Therefore, it is selected for inclusion in the detailed analysis of remedial alternatives.
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. TABLE 2-4G

REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Groundwater Extraction with Recovery Wells

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would require aquifer testing to determine effectiveness.
However, slug tests of groundwater monitoring wells indicate that extraction wells are a viable
means of recovering contaminated plume. Would meet cleanup objectives when combined with
a groundwater treatment system.

1.2) Ability to handle areas or volumes of medium: Could be designed to encompass impacted
plume, but would require aquifer testing to determine number of extraction wells.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be limited to potential worker exposure during drilling of wells.

1.4) Level of development and reliability of process: Conventional technology. Effectiveness and
reliability would depend upon results of aquifer testing.

2) IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require regular maintenance of wells and pumps. Would require
treatment of extracted groundwater.

2.3) Permitting needs: Well installation permits would be required by Ventura County Flood Control

‘ District. Any treatment system implemented at the site may require permitting by the California
DHS.

2.4) Availability of treatment, storage, and disposal services: Drill cuttings generated during well
drilling activities would be disposed of at an offsite facility. Disposal of treated groundwater could
be conducted onsite or at an offsite facility.

2.5) Availability of equipment and skilled workers: Both are readily available.

3) COST

3.1) Capital cost: Moderate.
3.2) O&M cost: Moderate.

4) ADDITIONAL DATA REQUIREMENTS: Agquifer testing and computer modeling would be required to
better define hydrogeologic and hydraulic parameters of impacted aquifer. Data requirements include
porosity, permeability, radius of influence, flow boundaries, hydraulic conductivity, transmissivity, and
storativity.

5) CONCLUSIONS: Groundwater extraction would be a viable method for mitigating the impacted plume
based on the extraction potential of existing monitoring wells as determined during slug tests. This
technology is selected for inclusion in the development and screening of remedial alternatives with the
recommendation that aquifer testing be conducted to determine its effectiveness and reliability.
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TABLE 2-4H
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Surface Groundwater Treatment with Activated Carbon

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would meet cleanup objectives when combined with a
groundwater extraction system to recover the impacted plume.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required flow rate
of groundwater and concentrations of constituents of interest.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal. _

1.4) Level of development and reliability of process: Conventional technology would be used.
Would be reliable.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.
Prepackaged units available commercially from vendors.

2.2) Ability to operate: Would require a part-time operator and regular maintenance. Pretreatment
to remove suspended solids may be necessary. Regeneration or disposal of spent carbon and
disposal or discharge of treated water would be required.

2.3) Permitting needs: None.

2.4) Availability of treatment, storage, and disposal services: Carbon regeneration or disposal
would be conducted at an offsite facility. Disposal of treated water could be conducted onsite or
at an offsite facility.

2.5) Availability of equipment and skilled workers: Both are readily available.

COST

3.1) Capital cost: Moderate.
3.2) O&M cost: Moderate.

ADDITIONAL DATA REQUIREMENTS: None.
CONCLUSIONS: This is an effective and reliable, low-cost, conventional technology for removing

VOCs from groundwater and is readily implementable. Therefore, it is selected for inclusion in the
development and screening of remedial alternatives.
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TABLE 2-4|
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Surface Groundwater Treatment with Air Stripping

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would meet cleanup objectives when combined with a
groundwater extraction system to recover the impacted plume.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required flow rate
of groundwater and concentrations of contaminants of interest. May require post-treatment to
meet effluent standards depending upon method of groundwater discharge.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Conventional technology would be used.
Would be reliable.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated. Treatment
unit may require custom design and construction. However, prepackaged units available
commercially from vendors.

2.2) Ability to operate: Would require a part-time operator and regular maintenance. Pretreatment
to inhibit scaling and remove suspended solids may be required. Post-treatment of effluent vapor
phase would be required to meet air quality standards. Disposal or discharge of treated water
would be required. Post-treatment of water phase may be required depending upon discharge
requirements.

2.3) Permitting needs: Permit would be required from the Ventura County Air Pollution Control District
for air emissions.

2.4) Availability of treatment, storage, and disposal services: Disposal of treated water could be
conducted onsite or at an offsite facility.

2.5) Availability of equipment and skilled workers: Equipment procurement may require relatively
long lead time for design and construction. Skilled workers are readily available.

COST

3.1) Capital cost: Moderate.
3.2) O&M cost: Moderate.

ADDITIONAL DATA REQUIREMENTS: None.
CONCLUSIONS: This is an effective and reliable, conventional technology for removing VOCs from

groundwater and is readily implementable requiring modest capital and O&M expenditures; therefore,
it is selected for inclusion in the development and screening of remedial alternatives.
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TABLE 2-4J
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Surface Groundwater Treatment with Biotreatment

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Could meet cleanup objectives when combined with a
groundwater extraction system, but would require treatability testing to determine effectiveness.
Must be combined with other technology (i.e., air stripping) to remove DCA.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required flow rate
of groundwater and concentrations of contaminants of interest. Rate of treatment is relatively
slow.

1.3) Potential impacts to human health and the environment during construction and
implementation: Would be potential impacts from release of volatile compounds due to the use
of aeration during treatment. However, this could be controlled.

1.4) Level of development and reliability of process: Innovative technology not widely used.
Reliability would be dependent upon results of the treatability testing.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated. Mobile
bioreactor treatment units are available commercially from vendors.

2.2) Ability to operate: Would require a part-time operator and regular maintenance. Primary
operational concern is maintaining optimum reactor conditions, i.e., pH, temperature, nutrients,
and oxygen. Contaminant levels in groundwater are low, which may require high nutrient
additions. Disposal of biosludge residuals and disposal or discharge of treated water would be
required.

2.3) Permitting needs: None.

2.4) Availability of treatment, storage, and disposal services: Disposal of biosludge residuals would
be conducted offsite. Disposal of treated water could be conducted onsite or at an offsite facility.

2.5) Availability of equipment and skilled workers: Both are readily available.

COosT

3.1) Capital cost: Moderate.
3.2) O&M cost: Moderate.

ADDITIONAL DATA REQUIREMENTS: Treatability testing would be required to determine appropriate
microbial type, loading rate, and nutrient requirements.

CONCLUSIONS: This is an effective, reliable, and readily available conventional technology for
removing VOCs from groundwater. Additional treatment would be required to remove DCA. O&M
costs would depend upon results of treatability testing. It is selected for inclusion in the development
and screening of remedial alternatives.
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TABLE 2-4K
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Surface Groundwater Treatment with UV/Ozone Oxidation

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Could meet cleanup objectives when combined with a
groundwater extraction system to recover the impacted plume.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required flow rate
of groundwater and concentrations of contaminants of interest.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Conventional technology would be used.
Would be reliable.

IMPLEMENTABILITY I

2.1) Ability to construct (process and site constraints): No major problems anticipated.
Prepackaged units available commercially from vendors.

2.2) Ability to operate: Would require a part-time operator and regular maintenance. Disposal or
discharge of treated water would be required.

2.3) Permitting needs: None.

2.4) Availability of treatment, storage, and disposal services: Disposal of treated water could be
conducted onsite or at an offsite facility.

2.5) Availability of equipment and skilled workers: Procurement of equipment may require relatively
long lead time. Skilled workers are readily available.

COSsT

3.1) Capital cost: High.
3.2) O&M cost: Moderate to high.

ADDITIONAL DATA REQUIREMENTS: None.

CONCLUSIONS: This is an effective, reliable, and readily available conventional technology for
removing VOCs from groundwater. Capital and O&M costs are relatively higher than for other
technologies evaluated. This technology is rejected from further evaluation on the basis that other
equally effective and less costly technologies are available.
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TABLE 2-4L
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Groundwater Disposal via Discharge to Fillmore POTW

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would meet cleanup objectives when combined with a
groundwater extraction and treatment system to recover the impacted plume. Effective method
for disposal of treated water.

1.2) Ability to handle areas or volumes of medium: Pipeline could be designed to handle required
flow rate of groundwater. Discharge rate would be dependent upon capacity of wastewater
treatment plant at time of implementation.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Reliable method of discharge for treated
wastewater.

2) IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require pretreatment and periodic sampling and analysis of
groundwater prior to disposal.

. 2.3) Permitting needs: Would require a permit from City of Fillmore.
2.4) Availability of treatment, storage, and disposal services: Not applicable.
2.5) Availability of equipment and skilled workers: Both are readily available.
3) COST
3.1) Capital cost: Low.
3.2) O&M cost: Low.
4) ADDITIONAL DATA REQUIREMENTS: None.
5) CONCLUSIONS: This is an effective, reliable, and low-cost disposal method for treated wastewater;
therefore, it is selected for inclusion in the development and screening of remedial alternatives.
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. TABLE 2-4M

REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Groundwater Disposal via Reinjection

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Treated groundwater would meet cleanup objectives prior
to injection.

1.2) Ability to handle areas or volumes of medium: Would require aquifer testing to determine the
ability to handle the required flow rate of groundwater.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be limited to potential worker exposure during drilling of wells.

1.4) Level of development and reliability of process: Conventional technology for disposal of
wastewater. Reliability would depend upon results of aquifer testing.

2) IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Level of maintenance may be high due to bacterial and scale deposits at
injection well screens.

2.3) Permitting needs: A wastewater injection permit would be required from Ventura County Flood

Control.
2.4) Availability of treatment, storage, and disposal services: Not applicable.
2.5) Availability of equipment and skilled workers: Both are readily available.

3) COST

3.1) Capital cost: Moderate.
3.2) O&M cost: Moderate.

4) ADDITIONAL DATA REQUIREMENTS: Aquifer testing would be required to better define hydraulic
parameters of recharge aquifer. Data requirements would include porosity, permeability, hydraulic
conductivity, transmissivity, and storativity.

5) CONCLUSIONS: Reinjection would be a viable method for disposing of treated groundwater based
on the extraction potential of existing monitoring wells as determined during slug tests. This technology
is selected for inclusion in the development and screening of remedial alternatives with the
recommendation that aquifer testing be conducted to determine its effectiveness and reliability.
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TABLE 2-4N
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: Groundwater Disposal via Discharge to Pole Creek

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Treated water would meet cleanup objectives prior to
discharge to Pole Creek.

1.2) Ability to handle areas or volumes of medium: May be limited by volume of treated water that
Pole Creek could handle. Pipeline could be designed to handle required flow rate of groundwater.

1.3) Potential impacts to human health and the environment during construction and
implementation: Because of Pole Creek's limited capacity, there is a potential to overflow during
heavy rains and to impact the environment.

1.4) Level of development and reliability of process: Conventional and reliable method of discharge
for treated wastewater.

2) IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require pretreatment and periodic sampling and analysis of
groundwater prior to disposal. May be necessary to limit operation of a groundwater extraction
and treatment system during flood events.

2.3) Permitting needs: Would require National Pollutant Discharge Elimination System (NPDES)
permit from the Los Angeles Regional Water Quality Control Board and approval from Ventura
County Flood Control.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

3) COST
3.1) Capital cost: Low.
3.2) O&M cost: Moderate.

4) ADDITIONAL DATA REQUIREMENTS: None.

|

5) CONCLUSIONS: This is an effective, reliable, and low-cost method of disposal for treated
groundwater; therefore, it is selected for inclusion in the development and screening of remedial
alternatives.

6600-063-600/Texaco, Inc. February 1992

91120343 2-32



TABLE 2-40
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: In-Situ Groundwater Treatment via Enhanced Biodegradation

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Could meet cleanup objectives, but would require laboratory
screening and treatability testing to determine effectiveness. Must be combined with other
technology (i.e., air stripping) to remove DCA.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required flow rates
of groundwater and concentrations of constituents of interest. Would require laboratory screening
and treatability testing to evaluate loading rates and nutrient requirements.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Innovative technology not widely used.
Reliability would be dependent upon results of treatability testing.

2) IMPLEMENTABILITY
2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require a part-time operator and regular monitoring and maintenance.
Primary operational concern is maintaining consistent nutrient addition to reinjected groundwater.

. 2.3) Permitting needs: None.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

3) COST
3.1) Capital cost: Moderate.

3.2) O&M cost: Moderate.

4) ADDITIONAL DATA REQUIREMENTS: Laboratory screening would be required to identify appropriate
microbial population and nutrient requirements. Treatability testing would be required to evaluate the
effectiveness and reliability of the technology.

5) CONCLUSIONS: This is a potentially viable technology for conducting in-situ treatment of the
impacted plume depending upon the results of laboratory screening and treatability testing; therefore,
it is selected for inclusion in the development and screening of remedial alternatives.
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TABLE 2-4P
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Groundwater
Technology: In-Situ Groundwater Treatment via Air Sparging

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Could meet cleanup objectives, but would require treatability
testing to determine effectiveness.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle constituents of
interest, but has some limitations in providing necessary horizontal coverage. May be effective
if combined with vapor extraction and groundwater recovery systems.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be limited to potential worker exposure during drilling of wells.

1.4) Level of development and reliability of process: Innovative technology not widely used.
Reliability would be dependent upon results of treatability testing.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require regular monitoring and maintenance, and pretreatment of
extracted vapors. Primary operational concerns would be air flow rates, extent of coverage, and
effects on groundwater recovery and flowpaths.

2.3) Permitting needs: None anticipated.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

COSsT

3.1) Capital cost: Low to moderate, depending upon the number of wells required.
3.2) O&M cost: Moderate.

ADDITIONAL DATA REQUIREMENTS: Treatability testing would be required to define extent of
coverage and constituent removal efficiency.

CONCLUSIONS: This is a potentially viable technology for conducting in-situ treatment of the
impacted plume dependent upon the results of treatability testing; therefore, it is selected for inclusion
in the development and screening of remedial alternatives.
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TABLE 2-4Q
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Soil
Technology: Caps/Covers with Clay or Synthetic Liner

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would be effective in preventing leachate migration from
subsurface soils to groundwater. Would contribute to, but not achieve all cleanup objectives
based on current VOC levels in groundwater.

1.2) Ability to handle areas or volumes of medium: Could be designed to cover impacted soils
underlying waste pits.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be limited to potential worker exposure during excavation and
mixing of capping medium.

1.4) Level of development and reliability of process: Common technology would be used. Would
be reliable.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require nominal maintenance of surface drainage control. Could
require periodic repair of surface cracks in clay caps caused by soil drying.

2.3) Permitting needs: None.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

COSsT

3.1) Capital cost: Moderate.
3.2) O&M cost: Low.

ADDITIONAL DATA REQUIREMENTS: None.

CONCLUSIONS: Alone, this technology would not achieve current cleanup objectives as required
under CERCLA Section 121. However, in concert with other technologies, it is effective in preventing
further contamination of the groundwater and, therefore, is selected for inclusion in the development
and screening of remedial alternatives.

6600-063-600/Texaco, Inc. February 1992
91120343 2-35



. TABLE 2-4R

REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Soil
Technology: in-Situ Vapor Extraction Using Extraction Wells

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Could contribute to achieving cleanup objectives by
mitigating constituents of interest in the unsaturated soils that could be potential source of
groundwater contamination. Would require treatability testing to determine effectiveness.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle volumes and
contaminants of interest. Could be designed to encompass impacted soils, but would require
treatability testing to determine the number of extraction wells.

1.3) Potential impacts to human health and the environment during construction and
implementation: impacts would be limited to potential worker exposure during drilling of wells.

1.4) Level of development and reliability of process: Conventional technology would be used.
Reliability would be dependent upon results of treatability testing.

2) IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require a part-time operator and regular maintenance. Would require
treatment of extracted vapors.

. 2.3) Permitting needs: Permit required from the Ventura County Air Pollution Control District for
emissions.

2.4) Availability of treatment, storage, and disposal services: Drill cuttings generated during well
drilling activities would be disposed of at an offsite facility. Water produced during operation
would be treated and discharged onsite or disposed of at an offsite facility.

2.5) Availability of equipment and skilled workers: Both are readily available.

3) COST

3.1) Capital cost: Low to moderate, depending upon the number of wells required.
3.2) O&M cost: Low.

4) ADDITIONAL DATA REQUIREMENTS: Treatability testing and computer modeling would be required
to define the effectiveness of in-situ vapor extraction at mitigating VOCs and some SVOCs from
impacted soils. Data requirements would include air permeability, extraction potential, radius of
influence, and extractable VOC content.

5) CONCLUSIONS: In-situ vapor extraction could be a viable method for mitigating leachable
contaminants in unsaturated soils beneath the Main Waste Pit. This technology is selected for inclusion
in the development and screening of remedial alternatives with the recommendation that column and
pilot testing be conducted to determine its effectiveness and reliability.
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TABLE 2-4S
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Soil
Technology: Activated Carbon as Treatment Method for Vapor Extraction

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would meet emission control requirements. Would
contribute to achieving cleanup objectives by mitigating constituents of interest in the unsaturated
soils that could be potential source of groundwater contamination.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required air flow
rates and concentrations of constituents of interest.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Conventional technology would be used. Best
when used on vapor streams containing low VOC levels. Would be reliable.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.
Prepackaged units available commercially from vendors.

2.2) Ability to operate: Would require a part-time operator and minimal maintenance. Primary
concerns are carbon loading rates and regeneration requirements.

2.3) Permitting needs: Permit would be required from the Ventura County Air Pollution Control District
for air emissions.

2.4) Availability of treatment, storage, and disposal services: Carbon regeneration or disposal
would be conducted at an offsite facility. Water produced during operation would be treated and
discharged onsite or disposed of at an offsite facility.

2.5) Availability of equipment and skilled workers: Both are readily available.

COsT

3.1) Capital cost: Low.
3.2) O&M cost: Low to moderate.

ADDITIONAL DATA REQUIREMENTS: None.
CONCLUSIONS: This is an effective and reliable, low-cost conventional technology for removing VOCs

from unsaturated soils, and is readily available; therefore, it is selected for inclusion in the development
and screening of remedial alternatives.
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TABLE 2-4T
REMEDIAL TECHNOLOGY EVALUATION SUMMARY
Medium: Soil
Technology: Thermal Oxidation as Treatment Method for Vapor Extraction

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would meet emission control requirements. Would
contribute to achieving cleanup objectives by mitigating constituents of interest in the unsaturated
soils that could be a potential source of groundwater contamination.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required air flow
rates and concentrations of constituents of interest.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Conventional technology would be used. Best
when used on vapor streams containing high VOC levels. Would be reliable.
2) IMPLEMENTABILITY
2.1) Ability to construct (process and site constraints): No major problems anticipated.
Prepackaged units available commercially from vendors.

2.2) Ability to operate: Would require a part-time operator and regular monitoring and maintenance.
Primary concerns would be loading rates, operating temperatures, and utility costs.

2.3) Permitting needs: Permit would be required from Ventura County Air Pollution Control District
for air emissions.

2.4) Availability of treatment, storage, and disposal services: Water produced during operation
would be treated and discharged onsite or disposed of at an offsite facility.

2.5) Availability of equipment and skilled workers: Equipment procurement may require relatively
long lead times. Skilled workers are readily available.

3) COST
3.1) Capital cost: Moderate.

3.2) O&M cost: Moderate.

4) ADDITIONAL DATA REQUIREMENTS: None.

5) CONCLUSIONS: This an effective and reliable, conventional technology for removing VOCs from
extracted vapors. However, this technology is best suited for treatment of vapor streams containing
high VOC levels and would be relatively more costly to operate than other technologies evaluated.
Therefore, it is rejected from further evaluation.
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TABLE 2-4U
REMEDIAL TECHNOLOGY EVALUATION SUMMARY
Medium: Soil
Technology: Catalytic Oxidation as Treatment Method for Vapor Extraction

1) EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would meet emission control requirements. Would
contribute to achieving cleanup objectives by mitigating constituents of interest in the unsaturated
soils that could be potential source of groundwater contamination.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle the required air
flow rates and concentrations of contaminants of interest.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Conventional technology would be used. Best
when used on vapor streams containing moderate VOC levels.
2) IMPLEMENTABILITY
2.1) Ability to construct (process and site constraints): No major problems anticipated.
Prepackaged units available commercially from vendors.

2.2) Ability to operate: Would require a part-time operator and regular monitoring and maintenance.
Primary concerns would be loading rates and operating temperatures.

2.3) Permitting needs: Permit would be required from Ventura County Air Pollution Control District
for air emissions.

2.4) Availability of treatment, storage, and disposal services: Water produced during operation
would be treated and discharged onsite or disposed of at an offsite facility.

2.5) Availability of equipment and skilled workers: Equipment procurement may require relatively
long lead time. Skilled workers are readily available.

3) COST
3.1) Capital cost: Moderate.

3.2) O&M cost: Low.

4) ADDITIONAL DATA REQUIREMENTS: None.

5) CONCLUSIONS: This is an effective and reliable, conventional technology for removing VOCs from
extracted vapors and is readily implementable requiring modest capital and O&M expenditures.
Therefore, it is selected for inclusion in the development and screening of remedial alternatives.
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TABLE 2-4V
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Soil
Technology: In-Situ Soil Treatment via Enhanced Biodegradation

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: Would contribute to achieving cleanup objectives by
mitigating constituents of interest in the unsaturated soils that could be potential source of
groundwater contamination. Would require laboratory screening and treatability testing to
determine effectiveness. Must be combined with other technology (i.e., vapor extraction) to
remove DCA.

1.2) Ability to handle areas or volumes of medium: Could be designed to handle required flow rates
of infiltration water and concentrations of constituents of interest. Would require laboratory
screening and treatability testing to evaluate loading rates and nutrient requirements.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be minimal.

1.4) Level of development and reliability of process: Innovative technology not widely used.
Reliability would be dependent upon results of treatability testing.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): No major problems anticipated.

2.2) Ability to operate: Would require a part-time operator and regular monitoring and maintenance.
Primary operational concern is maintaining consistent nutrient addition to infiltration water.

2.3) Permitting needs: None anticipated.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

COSsT

3.1) Capital cost: Low.
3.2) O&M cost: Moderate.

ADDITIONAL DATA REQUIREMENTS: Laboratory screening would be required to identify appropriate
microbial population and nutrient requirements. Treatability testing would be required to evaluate the
effectiveness and reliability of the technology.

CONCLUSIONS: This is a potentially viable technology for conducting in-situ treatment of the
unsaturated soils, depending upon the results of laboratory screening and treatability testing.
Therefore, it is selected for inclusion in the development and screening of remedial alternatives.
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TABLE 2-4W
REMEDIAL TECHNOLOGY EVALUATION SUMMARY

Medium: Soil
Technology: Infiltration

EFFECTIVENESS

1.1) Ability to meet cleanup objectives: As part of in-situ soil treatment, would contribute to
achieving cleanup objectives by mitigating constituents of interest in the unsaturated soils that
could be a potential source of groundwater contamination. Would require treatability testing to
determine effectiveness.

1.2) Ability to handle areas or volumes of medium: Could be designed to encompass impacted
soils, but would require treatability testing to determine the most effective system design.

1.3) Potential impacts to human health and the environment during construction and
implementation: Impacts would be limited to potential worker exposure during subsurface
excavations (i.e., excavation or trenching).

1.4) Level of development and reliability of process: innovative technology not widely used.
Reliability would depend upon resuits of treatability testing.

IMPLEMENTABILITY

2.1) Ability to construct (process and site constraints): Conventional construction techniques would
be used (i.e., well drilling, trenching, etc.). Final system design would depend upon results of
treatability testing.

2.2) Ability to operate: Level of maintenance would be dependent upon final system design. Primary
operational problem would be bacterial or scale deposition.

2.3) Permitting needs: Approval would be required from Ventura County Flood Control.

2.4) Availability of treatment, storage, and disposal services: Not applicable.

2.5) Availability of equipment and skilled workers: Both are readily available.

COosT

3.1) Capital cost: Low to moderate, depending upon the final system design.
3.2) O&M cost: Moderate.

ADDITIONAL DATA REQUIREMENTS: Geotechnical and treatability testing would be required to
better define hydrogeologic parameters of unsaturated soils. Data requirements would include porosity,
permeability, and hydraulic conductivity.

CONCLUSIONS: Infiltration could be a viable method for introducing nutrient-rich groundwater. This
technology is selected for inclusion in the development and screening of remedial alternatives with the
recommendation that treatability testing be conducted to determine its effectiveness and reliability.
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TABLE 2-5

Evaluation of Technologies for Achieving Groundwater Remediation Goals
Attainment Areas 1 and 2

No action

Institutional
controls

Containment

Groundwater
removal

Surface
groundwater
treatment

In-situ
groundwater
treatment

Disposal

Leachate
migration
control

None

Access
restrictions

Monitoring

Alternate water
supply

Vertical barriers

Groundwater
extraction

Physical
treatment

Biological
treatment

Chemical
treatment

Bioremediation

Discharge to
surface water

Reinjection

Discharge to
POTW'

Capping

Deed restrictions,
fencing, and
groundwater use
restrictions

Groundwater
monitoring

State water supply

Slurry walls

Hydraulic barriers

Recovery wells

Carbon adsorption
Air stripping

Surface biotreatment

UV/ozone oxidation

Enhanced
biodegradation

Air sparging

Discharge to Pole
Creek, Discharge to
stormdrain

Reinjection through
onsite wells

Discharge to City of
Fillmore POTW

Clay or synthetic cap

> x

Viable option depending
upon risk assessment

Potentially
applicable

Potentially applicable

Costs would be
excessive

More costly than other
technologies

Potentially applicable

Potentially applicable
Potentially applicable
Requires additional

treatment for DCA

More costly than other
technologies

Would require additional
treatment for DCA

Potentially applicable

Potentially applicable

Potentially applicable
Potentially applicable

Would inhibit migration
of leachables

6600-063-600/Texaco, Inc.

91120343

2-42

February 1992



TABLE 2-5

Evaluation of Technologies for Achieving Groundwater Remediation Goals
Attainment Areas 1 and 2

Soil Soil vapor Extraction wells

Potentially applicable

X
treatment extraction and Carbon adsorption X
treatment Catalytic oxidation X
Thermal oxidation X More costly than other
technologies
Bioremediation  In-situ bioremediaton X Would require additional
treatment for DCA
Infiltration X Potentially applicable

POTW - publicly owned treatment works.
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TABLE 2-6

Technologies Surviving Evaluation

Attainment Areas 1 and 2

No action

Institutional controls

Containment
Groundwater removal

Surface groundwater
treatment

Disposal

Leachate migration control

Soil treatment

None

Use restrictions

Monitoring
Vertical barriers
Groundwater removal

Physical treatment

In-situ treatment

Discharge to surface water

Reinjection
Discharge to POTW
Capping

Soil vapor extraction and
treatment

Bioremediation

None

Deed restrictions, fencing, groundwater use
restrictions

Groundwater monitoring
Hydraulic barriers
Recovery wells

Carbon adsorption; Air stripping; Surface
biotreatment

In-situ bioremediation; Air sparging

Discharge to Pole Creek, discharge to storm
drain

Reinjection through onsite welis
Discharge to Fillmore POTW
Clay or synthetic cap

Extraction wells; Carbon adsorption; Catalytic
oxidation

Infiltration
In-situ bioremediation
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3.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES

Based on the screening and evaluation of technology process options presented in Sections
2.4.1 and 2.4.2, respectively, the technologies determined to be most applicable to the Texaco
Fillmore site were selected. In this section, the selected technologies are assembled into
remedial alternatives that address the remedial action objectives established for the two
attainment areas at the Texaco Fillmore site. Table 3-1 presents an assembly of remedial
alternatives for groundwater and soil within the two attainment areas.

Typically, the technology evaluation process produces numerous waste management options
which, when assembled into remedial alternatives, may require further screening to refine the
alternatives for detailed analysis. However, due to the site characteristics and physical and
chemical properties of the constituents of interest, the technology screening and evaluation
process resulted in a limited array of remedial alternatives. Based on the types and quantity of
selected technologies, further screening of the alternatives was deemed unnecessary in order
to produce a workable range of alternatives for detailed analysis; therefore, this section will focus
on:

1. Presenting the rationale by which selected technologies were assembled into remedial
alternatives; and

2. Providing a description of each alternative.

Further definition of each alternative with respect to specific process options will be conducted
during the detailed analysis of alternatives.

Although the hydrogeologic properties of the two impacted attainment areas differ slightly, the
hydraulic parameters of the aquifer and nature and extent of the constituents of interest are
somewhat analogous. In that regard, remedial alternatives have been developed to address the
impacted groundwater for both attainment areas. Similarly, remedial alternatives have been
developed to address leachable constituents of interest in subsurface soils beneath the waste
pits of both areas. Thus, the rationale for developing remedial alternatives is presented on the
basis of medium alone, and does not differentiate between attainment areas.
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None

Access?
Restrictions

Groundwater
Monitoring
Grading to
Contro
Surface Runoff

Cap/Cover

Groundwater
Barriers

Groundwater
Extraction

Surface
Groundwater
Treatment

In-situ
Groundwater
Treatment

Groundwater
Discharge

Groundwater
Infiltration/
Reinjection
In-Situ Vapor
Extraction
In-Situ
Biotreatment
of Soils

TABLE 3-1

Assembly of Alternatives - Texaco Fillmore Site




3.1 Rationale For Developing Remedial Alternatives

Previous sections of this report have described the constituents of interest, the nature and extent
of impact on groundwater from these constituents, and the remedial action objectives. Remedial
technologies are generally selected based on a number of factors related to the type of
constituents present and site conditions. Applicable factors regarding the physical and chemical
properties of constituents include concentration, solubility, vapor pressure, Henry's Law constant,
and natural biodegradability. Geophysical factors include hydraulic conductivity and permeability
to air. Utilizing the above factors, the following presents the rationale for assembling
technologies into remedial alternatives that address the impacted groundwater and soil at the
Texaco Fillmore site.

Groundwater

As described in Section 1.2.3, Study Area Hydrogeology, Aquifer 1 is interpreted to be a fluvial
deposit consisting of fine- to medium-grained sediments with hydraulic conductivities ranging
from 9 to 1,360 feet per day. Areas of relatively low hydraulic conductivity are most likely
restricted to sporadic interbedding of relatively fine-grained sediment, and areas of relatively high
subsurface elevation at the base of the aquifer that locally reduce the thickness of the saturated
interval. Based on an average estimated hydraulic conductivity of 435 feet per day, it is
anticipated that sufficient overall hydraulic conductivity exists to justify groundwater extraction as
a technically feasibie remedial technology to restore Aquifer 1. Similarly, in-situ groundwater
treatment and hydraulic barriers would be effective technologies in Aquifer 1.

As described in Section 1.2.4.1, the relative solubility in water for benzene, toluene, ethylben-
zene, xylene (BTEX), and 1,2-dichloroethane (DCA) is greater than the chemicals’ sorptive effects
for organic materials in subsurface soils. For this reason, groundwater extraction would be a
viable means of removing these constituents from the impacted plumes in Aquifer 1. The major
transport mechanism for these constituents appears to be volatilization. This is due to relatively
high Henry’s Law constants for these constituents. Aerobic microbial degradation has also been
shown to remove these constituents from water, with the exception of DCA. Little biodegradation
of DCA occurs in groundwater, and processes other than volatilization do not play a significant
role in the removal of DCA. Similarly, the sorptive property of DCA is such that physical
adsorption techniques are inefficient at removing DCA from groundwater. Based on these
physical properties, groundwater extraction, air stripping, activated carbon, and air sparging have
been identified as potential treatment technologies for removing these constituents from
impacted groundwater. In-situ enhanced biodegradation may also be an applicable technology,
if combined with other technologies for the removal of DCA. However, specific process options
cannot be identified without first conducting further treatability investigations.
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The relationship between volatility and adsorptivity is reversed for naphthalene and 2-
methyinaphthalene to that for the above constituents. Due to their sorptive properties, the most
important transport mechanism for these constituents in groundwater is as adsorbed material
on suspended particles. Aerobic microbial degradation, however, is an effective mechanism for
removing these constituents from groundwater. In-situ enhanced or surface biodegradation
would be applicable technologies for the removal of these constituents.

Soil

Little data are available regarding the leachability of the constituents of interest other than toxicity
characteristic leaching potential (TCLP) laboratory analyses of soil samples coliected from the
impacted areas. Although the TCLP results indicate that the leachability of these constituents
would have little impact on the groundwater, the impacted soils may be considered as a source
of potential contamination for the underlying Aquifer 1. Surface capping has been identified as
an effective technology for inhibiting leachate migration from the impacted soils to the
groundwater. In-situ vapor extraction has also been identified as a potentially feasible technology
for removing the leachable constituents.

Based upon the geologic description of subsurface soils presented in Section 1.2.3, the fine- to
medium-grained soils underlying the subject waste pits in the two attainment areas may have
sufficient permeability to air to allow effective remediation of unsaturated soils via in-situ vapor
extraction. Although the vadose zone contains interbedded fine-grained sediments, further
geotechnical characterization coupled with subsurface modeling would result in a vapor
extraction system capable of remediating leachable constituents of interest from impacted soils.

Of the constituents of interest characterized in Section 1.2.4.1, benzene and other compounds
are readily removed from soils via vapor extraction as a result of their high volatilities. Again, this
is due to the relatively high Henry’s Law constants of these constituents. Conversely, the low
relative volatilities of naphthalene and 2-methylnaphthalene tend to inhibit removal via vapor
extraction. However, design considerations, such as introducing heated air into the subsurface
to enhance the volatilization of these constituents, may increase the effectiveness of the
technology. Carbon adsorption and catalytic and thermal oxidation were identified as potentially
feasible for treating extracted vapors containing the constituents of interest. Only thermal
oxidation was rejected on the basis of cost due to the low levels of the constituents of interest
detected in subsurface soils.
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3.2 Descriptions of Remedial Alternatives

The paragraphs below and Tables 3-2 through 3-8 summarize the seven remedial alternatives
developed for the Fillmore site.

3.2.1 No Action
Remedial Alternative No. 1: No Action

Remedial Alternative No. 1, No Action, assumes that no further action is required at the site.
This alternative is included for continuity with the conditions presented in the Baseline Risk
Assessment and is considered the basis for comparison of actions at the site. Table 3-2
summarizes Remedial Alternative No. 1.

3.2.2 Continued Operations
Remedial Alternative No. 2: Continued Operations

Remedial Alternative No. 2, Continued Operations, would involve continuing the access
restrictions and groundwater monitoring presently performed at the Texaco Filimore site.
However, no action would be taken to remove the constituents of interest from the impacted
groundwater or soils, to minimize the migration of leachable constituents from the subsurface
soils beneath the waste pits to the groundwater, or to prevent migration of the groundwater
plume. Table 3-3 summarizes Remedial Alternative No. 2.

Current operations at the Texaco Fillmore site include access restriction via perimeter fencing
and quarterly groundwater monitoring via sampling and analysis of appropriate monitoring wells.
These operations would be part of all alternatives, except Alternative 1. Results of the Rl risk
assessment, as well as the concentrations of constituents of interest in the groundwater that may
be detected in the future, will determine whether this alternative is selected during the detailed
analysis.

3.2.3 Leachate Migration
Remedial Alternative No. 3: Caps/Covers
Remedial Alternative No. 3, Caps/Covers, would involve continuing the access restrictions and

groundwater monitoring presently performed at the Texaco Fillmore site plus installing caps or
covers over existing waste pits in the two action areas to inhibit leachate migration from the
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TABLE 3-2

Remedial Alternative Description: No. 1

. Institutional Actions
- None

o Remedial Technology
- None

6600-063-200/Texaco, Inc./DRAFT January 1992
91120343 3-6



TABLE 3-3

Remedial Alternative Description: No. 2

Fencing

Deed restrictions

Groundwater use restrictions
Grading to control surface runoff

. Monitoring

Groundwater monitoring
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TABLE 3-4

Remedial Alternative Description: No. 3

. Access Restrictions

- Fencing
- Deed restrictions
- Groundwater use restrictions

. Monitoring
- Groundwater monitoring
« Capping

- Clay plus native soil
Synthetic i
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Remedial Alternative Description: No. 4

Access Restrictions

Fencing
Deed restrictions

TABLE 3-5

Groundwater use restrictions

Monitoring

Groundwater monitoring

Groundwater Extraction

Recovery wells

Surface Groundwater Treatment

Groundwater Disposal

Carbon adsorption

Air stripping

Surface biotreatment

Discharge to Pole Creek
Discharge to storm drain
Reinjection through on-site wells

Discharge to City of Fillmore POTW

Vertical Barriers

Hydraulic barriers
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TABLE 3-6

Remedial Alternative Description: No. 5

- Fencing
- Deed restrictions
- Groundwater use restrictions

. Monitoring
- Groundwater monitoring
o  Groundwater Extraction/Reinjection

- Recovery wells
- Reinjection through on-site wells

. In-situ Groundwater Treatment
- Enhanced biodegradation
. Groundwater Disposal
- Air stripping (for removal of DCA)

. . Vertical Barriers

- Hydraulic barriers
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TABLE 3-7

Remedial Alternative Description: No. 6

. Access Restrictions

- Fencing
- Deed restrictions
- Groundwater use restrictions

o Monitoring
- Groundwater monitoring
. Groundwater Extraction
- Recovery wells
. Surface Groundwater Treatment

- Carbon adsorption
- Air stripping
- Surface biotreatment

. Groundwater Disposal

Discharge to Pole Creek

Discharge to storm drain

- Reinjection through on-site wells

- Discharge to City of Fillmore POTW

o Vertical Barriers
- Hydraulic barriers
o Soil Vapor Extraction and Treatment

- Extraction wells
- Carbon adsorption
- Catalytic oxidation
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TABLE 3-8

Remedial Alternative Description: No. 7

t Plus Soll Treatment

. Access Restrictions

- Fencing
- Deed restrictions
- Groundwater use restrictions

. Monitoring
- Groundwater monitoring
o Groundwater Extraction/Reinjection

- Recovery wells
- Reinjection through on-site wells
- Infiltration system

. In-situ Groundwater Treatment

- Enhanced biodegradation
- Air sparging

. in-situ Soil Treatment
. - Bioremediation
+  Soil Vapor Extraction and Treatment

- Extraction wells
- Carbon adsorption
- Catalytic oxidation

. Vertical Barriers

- Hydraullc bamers
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impacted soils to groundwater. However, no action would be taken to remove the constituents
of interest from the impacted groundwater or soils or prevent migration of the groundwater
plume. Table 3-4 summarizes Remedial Alternative No. 3.

Installation of caps/covers over existing waste pits would involve two technologies: 1) forming
a mixture of clay and native soil; and 2) installing synthetic covers. Capping the Main Waste Pit
would involve importing native fill from other locations at the site, combining the fill with clay, and
covering the waste pit with the material. Capping the Main Waste Pit with a synthetic cover
would involve instaliing the cover over the pit and capping it with imported fill from other
locations at the site. Both scenarios would involve final surface grading and revegetation to
control surface drainage. Capping the waste pits in Action Area 2 would involve excavation of
topsoil covering the pits, combining clay with the soil, and re-covering the pits with the material.
Capping the pits with synthetic covers would involve excavating topsoil from the pits, installing
the cover, and capping the pits with the excavated soil. Both scenarios would involve final
surface grading and revegetation to control surface drainage.

3.2.4 Groundwater Treatment
Remedial Alternative No. 4: Groundwater Extraction and Surface Treatment

Remedial Alternative No. 4 would involve continuing the access restrictions and quarterly
groundwater monitoring that are currently conducted at the Texaco Fillmore site. In addition, a
groundwater extraction and surface treatment system would be installed to restore the
groundwater in Aquifer 1 in both action areas. No action would be taken to prevent or inhibit the
migration of leachable contaminants from the subsurface soils beneath the waste pits to the
groundwater. Table 3-5 summarizes Remedial Alternative No. 4.

The groundwater extraction system would consist of a set of recovery wells strategically situated
within each impacted plume. Placement of the wells would be determined through aquifer
testing and groundwater modeling. Depending upon the results of the aquifer testing and
modeling, groundwater recovery wells may also be used as a hydraulic barrier to prevent further
migration of the plume. Surface treatment of extracted groundwater would be conducted using
one or more of the following technologies: activated carbon, air stripping, or surface
biotreatment. Treated groundwater would be disposed of using one of the following
technologies: discharge to Pole Creek, discharge to storm drain system, reinjection into on-site
or off-site injection wells, or disposal at a POTW. Final selection of specific treatment and
disposal technologies will be made during detailed analysis of alternatives.
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Based on existing site conditions, it is anticipated that groundwater extraction and treatment
would continue for 1 to 5 years to restore the groundwater in Aquifer 1. However, the duration
of a groundwater extraction and treatment system would depend upon the results of aquifer
testing and groundwater modeling.

Groundwater monitoring would be conducted during remediation in order to track progress of
the removal of constituents of interest from the groundwater. Monitoring would be continued
after remediation was complete to ensure that no constituents of interest remained in the
groundwater.

Remedial Alternative No. 5: In-Situ Groundwater Treatment

Remedial Alternative No. 5 would involve continuing the access restrictions and quarterly
groundwater monitoring that are currently conducted at the Texaco Fillmore site. In addition, an
in-situ groundwater treatment system would be installed to restore the groundwater in Aquifer
1 in both action areas. No action would be pursued to prevent or inhibit the migration of
leachable contaminants from the subsurface soils beneath the waste pits to the groundwater.
Table 3-6 summarizes Remedial Alternative No. 5.

The in-situ groundwater treatment system would consist of a set of recovery and reinjection wells
strategically situated within each impacted plume. Placement of the wells would be determined
through aquifer testing and groundwater modeling. The recovery wells would be used to extract
groundwater from the plumes in order to incorporate the oxygen and nutrients required for
effective aerobic biodegradation. The nutrient-rich stream would then be returned to Aquifer 1
via reinjection wells. Nutrient and possibly additional microbial requirements would be
determined through laboratory screening of the impacted groundwater. Groundwater flow rates
as well as placement of recovery and reinjection wells would be designed to achieve
bioremediation throughout the impacted plume. Depending upon the results of the aquifer
testing and modeling, groundwater recovery wells may also be used as a hydraulic barrier to
prevent further migration of the plume.

Surface treatment of extracted groundwater (i.e., air stripping) may be required to remove DCA,
because this constituent is not amenabie to biotreatment. Final selection of specific treatment
technologies will be made during detailed analysis of alternatives. Based on existing site
conditions, it is anticipated that in-situ groundwater treatment under ideal conditions would
continue for 2 to 3 years to restore the groundwater in Aquifer 1. However, the duration of an
in-situ groundwater treatment system would depend upon the results of laboratory screening,
treatability studies, aquifer testing, and groundwater modeling.
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Groundwater monitoring would be conducted during remediation in order to track progress of
the removal of constituents of interest from the groundwater. Monitoring would be continued
after remediation was complete to ensure that no constituents of interest remained in the
groundwater.

3.25 Combined Groundwater and Soil Treatment

Remedial Alternative No. 6: Groundwater Extraction and Surface Treatment Plus Soil
Treatment

Remedial Alternative No. 6 would involve continuing the access restrictions and quarterly
groundwater monitoring that are currently conducted at the Texaco Fillmore site, plus installing
a groundwater extraction and surface treatment system as described in Remedial Alternative No.
4 and conducting soil treatment to remove leachable constituents of interest from impacted soils
beneath the waste pits in the two action areas. Table 3-7 summarizes Remedial Alternative No.
6.

Soil treatment would consist of in-situ vapor extraction and surface treatment of extracted vapors.
The vapor extraction system would consist of a set of extraction and air infiltration welis
strategically situated around the waste pit areas. Placement of the wells and selection of slotted
intervals would be determined through geophysical characterization and vapor extraction
modeling.

Surface treatment of extracted vapors would involve carbon adsorption or catalytic oxidation, due
to the relatively low levels of volatile constituents anticipated in extracted vapors. Final selection
of specific treatment technologies will be made during detailed analysis of alternatives. Based
on existing site conditions, it is anticipated that in-situ vapor extraction would continue for 1 to
3 years to remove leachable constituents from the impacted soils. However, the duration of an
in-situ vapor extraction system would depend upon the results of laboratory screening, treatability
studies, and vapor extraction modeling.

Groundwater monitoring would be conducted during remediation in order to track progress of
the removal of constituents of interest from the groundwater. Monitoring would be continued
after remediation was complete to ensure that no constituents of interest remained in the
groundwater.
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Remedial Alternative No. 7: In-Situ Groundwater Treatment With Soil Treatment

Remedial Alternative No. 7 involves continuing the access restrictions and quarterly groundwater
monitoring that are currently conducted at the Texaco Fillmore site, plus installing an in-situ
groundwater treatment system as described in Remedial Alternative No. 5 and conducting soil
treatment to remove leachable constituents of interest from impacted soils beneath the waste
pits in the two action areas. Table 3-8 summarizes Remedial Alternative No. 7.

Soil treatment would consist of one of two technologies: 1) in-situ vapor extraction and surface
treatment of extracted vapors, or 2) in-situ biotreatment of unsaturated soils. The in-situ vapor
extraction system would be as described in Remedial Alternative No. 6. However, air sparging
could be included as an additional groundwater treatment technology or as an aeration
technique for in-situ groundwater treatment.

In-situ biotreatment of unsaturated soils would be conducted in conjunction with in-situ
groundwater treatment. However, alterations would be made to the overall system design as
presented in Remedial Alternative No. 5. Rather than reinjecting all of the nutrient-rich
groundwater into Aquifer 1 via injection wells, some of the water would be allowed to percolate
through the impacted unsaturated soils to affect biotreatment of the soil. The specific design for
an infiltration system to introduce the water into the subsurface soil would require further
geophysical characterization of the impacted soils.

Groundwater monitoring would be conducted during remediation in order to track the progress
of the removal of constituents of interest from the groundwater. Monitoring would be continued
after remediation was complete to ensure that no constituents of interest remained in the
groundwater.
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4.0 OVERVIEW OF EVALUATION CRITERIA

The detailed analysis of alternatives was performed in accordance with Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (U.S. EPA, 1988) and Section
300.430(e)(9) of the National Contingency Plan (NCP). The purpose of the detailed analysis of
alternatives is to provide decisionmakers with sufficient information to adequately compare the
alternatives and select an appropriate remedy for the site. As noted above, this report does not
discuss the applicability of CERCLA to this site. The nine evaluation criteria for selection of a
remedy that are outlined in Section 300.430(e)(9)(iii) of the NCP are categorized into three
groups:

e Threshold Criteria - Overall protection of human health and the environment and
compliance with ARARs [unless a specific ARAR is waived in accordance with Section
300.430(f) (1) (i) (c)].

e Primary Balancing Criteria - Long-term effectiveness and permanence; reduction of
toxicity, mobility, or volume through treatment; short-term effectiveness;
implementability; cost.

e Modifying Criteria - State and community acceptance.

Any remedy selected must meet the threshold criteria and be cost effective. Cost effectiveness
is determined by examining whether the costs are proportional to the remedy’s overall
effectiveness, as determined by evaluating the following three of the five primary balancing
criteria listed above: long-term effectiveness and permanence; reduction of toxicity, mobility, or
volume through treatment; and short-term effectiveness. In addition, each remedial action
selected must utilize permanent solutions to the maximum practicable extent.

The nine evaluation criteria outlined in the NCP serve as the basis for conducting the detailed
analysis of alternatives and for subsequently selecting appropriate remedial action for the site.
The nine evaluation criteria to be used in the detailed analysis of alternatives are listed in Table
4-1. The following paragraphs briefly describe the factors addressed by each evaluation criterion.

6600-063-600/Texaco, Inc. February 1992
91120343 4-1



TABLE 4-1

Summary of Detailed Evaluation Criteria

Overall Protection of Human Health and the - Protection of human health and the environment.
Environment

Compliance with ARARs - Compliance with chemical-specific ARARs, location-specific
ARARs, action-specific ARARs, and other to-be-considered
guidance and criteria.

Long-Term Effectiveness and Permanence - Magnitude of residual risk

- Adequacy and reliability of controls
Reduction of Toxicity, Mobility, or Volume - Treatment process used and materials treated
Through Treatment - Amount of hazardous materials destroyed or treated

- Degree of expected reductions in toxicity, mobility, or volume
- Degree to which treatment is irreversible
- Type and quantity of residuals remaining after treatment

Short-Term Effectiveness - Protection of community during remedial actions
- Protection of works during remedial actions
- Environmental impacts
- Time until remedial action objectives are achieved

implementability - Ability to construct and operate the technology
- Resliability of the technology
- Ease of undertaking additional remedial actions, if necessary
- Ability to monitor effectiveness of remedy
- Ability to obtain approval from other agencies
- Coordination with other agencies
- Availability of off-site treatment, storage, and disposal ser-
vices and capacities
- Availability of necessary equipment and specialists
- Availability of prospective technologies

Cost - Capital costs
- Operating and maintenance cost
- Present worth costs

State Acceptance' - State acceptance of the preferred alternative

Community Acceptance - Communrty acceptance of the preferred alternatrve
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4.1 Overall Protection of Human Health and the Environment

This criterion, which is a final assessment of whether the alternative adequately protects human
health and the environment, encompasses assessments of other evaluation criteria, particularly
long-term effectiveness and permanence, short-term effectiveness, and compliance with ARARs.
The criterion also includes a description of how site risks are eliminated, reduced, or controlled
through treatment, engineering, or institutional controls. Potential cross-media impacts are also
evaluated. This criterion will address the controls proposed with respect to risks determined in
the site-specific risk assessment.

4.2 Compliance with ARARs

This criterion is used to determine whether all federal and state ARARs (as defined in the
Screening document) will be met. A summary of which requirements are applicable or relevant
and appropriate to an alternative is provided, as well as a description of how the alternative will
meet the requirements. For any ARARs that are not met, justification using one of six allowable
waivers is provided. The following are addressed for each alternative:

e Compliance with chemical-specific ARARs (such as maximum contaminant levels);
e Compliance with location-specific ARARs (such as impacts on regulated wetlands); and

e Compliance with action-specific ARARs (such as RCRA minimum technology
standards).

An evaluation of ARARs was presented in Section 2.0 of the RAD document.
4.3 Long-Term Effectiveness and Permanence

This criterion considers the risk remaining at the site after remedial action objectives have been
met. Two major factors are considered: magnitude of residual risk and adequacy and reliability
of controls. Magnitude of residual risk refers to risk remaining from untreated waste or treatment
residuals. Adequacy and reliability of controls refers to the controls, if any, that are used to
manage the residual risk identified. Technical components and institutional controls are
evaluated and the risk posed if a technical component (e.g., cap or extraction well) needs
replacement is also considered.
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4.4 Reduction of Toxicity, Mobility, or Volume Through Treatment

The statutory preference for remedial alternatives that permanently and significantly reduce the
toxicity, mobility, or volume of hazardous waste is addressed by this criterion. Questions are
also considered concerning to what extent the risk can be reduced through treatment and
whether the principal threats at the site are addressed by the selected alternative.

4.5 Short-Term Effectiveness

This evaluation criterion, unlike the long-term effectiveness criterion, considers the risk associated
with the alternative during the construction and implementation phase, up to the point at which
the remedial action objectives are met. Factors considered include protection from risks to the
community, such as dust, air emissions, or transportation of hazardous materials; protection of
workers on the site; potential environmental impacts; and time required for cleanup objectives
to be met.

4.6 Implementability

The technical and administrative feasibility of implementing an alternative is addressed by this
criterion. Technical feasibility factors include potential difficulties and uncertainties associated
with construction and operation; reliability of the technology; feasibility of additional remedial
action, if required; ability to monitor various pathways; and risks associated with insufficient
monitoring. Administrative feasibility factors include coordination with other agencies; availability
of treatment, storage, and disposal services and capabilities; availability of necessary equipment
and specialists; and availability and level of development of required technologies.

4.7 Cost

The cost criterion includes capital costs and O&M costs. Capital costs include direct expenses,
such as construction, equipment, and disposal costs; and indirect expenses, such as
engineering and design, legal and permitting, mobilization and startup, and scope and bid
contingency costs, as well as the costs of health and safety considerations and services during
construction.

Scope contingencies cover changes that invariably occur during final design and implementation
and is intended to adjust the estimate so it can be used for budgetary purposes. Bid
contingencies may cover unknown expenses associated with constructing a given project scope
such as adverse weather conditions, geotechnical unknowns, and unfavorable market conditions
for a particular project scope. O&M costs, calculated on an annual basis, include expenses for
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operating labor and materials, maintenance labor and parts, power requirements, sampling and
analysis, administration, and periodic site reviews.

In order to allow costs to be compared, the net present value is also calculated. The net present
value, or present worth, is calculated in order to evaluate expenditures that occur over different
time periods. By discounting all costs to a common base year, the costs for different remedial
action alternatives can be compared on the basis of a single figure for each alternative. This
single figure, the net present value or present worth of a project, represents the amount of
money in today’s dollars needed to cover all the expenditures associated with a remedial action
alternative. Cost data including the net present value for each alternative are presented in
Appendix E.

The feasibility study costs presented in Section 5.0 have been prepared for guidance in project
evaluation and implementation from the information available at the time of the estimate. The
final costs of the project will depend on actual labor and material costs, actual site conditions,
productivity, competitive market conditions, final project scope, final project schedule, and other
variable factors. As a result, the final project costs will vary from the estimates herein. Because
of these factors, funding needs must be carefully reviewed prior to making specific financial
decisions or establishing final budgets.

4.8 State Acceptance

Technical and administrative issues and concerns of the state pertaining to the alternatives will
be evaluated. This criterion will be addressed in U.S. EPA’s Record of Decision (ROD) once
comments on the FS report have been received from the state.

4.9 Community Acceptance

Technical and administrative issues and concerns of the community pertaining to the alternatives
will be evaluated. As with state acceptance, this criterion will be addressed in the ROD once
comments on the FS report have been received from the community.

Because they are not considered until comments are received from the state and community,
the latter two evaluation criteria, state acceptance and community acceptance, are not assessed
in the following sections.
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5.0 DETAILED EVALUATION OF ALTERNATIVES

The detailed evaluation of remedial alternatives follows development and screening of alternatives
and precedes the final selection of a remedial alternative. The results of the detailed evaluation
provide the basis for identification of a preferred alternative and for preparation of a proposed
remediation plan. The detailed evaluation will include:

® A detailed description of each alternative, including the various technologies that make
up the alternative, any performance requirements associated with those technologies,
and the logic behind application of such an alternative.

® An evaluation of each alternative against the detailed set of nine evaluation criteria (as
discussed in Section 4.0).

® A comparative analysis of the alternatives to assess the relative performance of each
alternative with respect to the detailed evaluation criteria and the conditions at the
Fillmore site (presented in Section 6.0).

Table 3-1 presents the alternatives developed in the RAD document for the soil and groundwater
at the site. Each of these alternatives is described in detail and evaluated in the foliowing
sections.

5.1 Alternative No. 1: No Action
5.1.1 Detailed Description of Alternative No. 1

Aiternative No. 1 is the No Action Alternative for the Fillmore site. No institutional or technology
controls would be carried out under this alternative. The actions planned for Alternative No. 1
are not expected to impact the results of the baseline risk assessment in any way.

The no action alternative would rely upon natural degradation and attenuation processes to
address potential sources impacting groundwater quality, although no groundwater monitoring
would be conducted to document achievement of groundwater standards. A review of quarterly
groundwater data for May, August, and November of 1991 indicates a noticeable reduction in
both the maximum and average benzene concentrations detected in Aquifer 1.
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During the sample period, the calculated area of impacted groundwater of the north plume
decreased from 360,000 square feet to approximately 15,600 square feet. These data indicate
that natural degradation processes may be removing benzene from vadose zone soils and
groundwater in Aquifer 1.

A more detailed description of the database documenting and supporting the occurrence of
natural degradation of the Fillmore site is provided in Section 1.2.5.

Currently there is little potential for the general public to be exposed to hazardous constituents
that may be present in groundwater or subsurface soils beneath the Filimore site. Groundwater
is not used as a drinking water resource in the site vicinity and no private potable water wells are
known to exist in the site area.

In terms of achievement of remedial objectives outlined in Section 2.0, the logic for considering
a no action scenario is based on two factors: the lack of any concentrated source of
constituents remaining at the site and the action of natural bioattenuation processes. The
investigative record of the site indicates that waste materials were removed from the disposal
areas (i.e., Main Waste Pit) in 1985-1986. The removal of the waste materials several years ago
is significant in that no concentrated source of constituents remains on-site to further affect
groundwater quality. Only soils with low levels of leachable constituents remain in the vadose
zone. The movement of constituents less soluble than benzene is expected to be attenuated
by sorption to soils and biodegradation.

The unknown factor in this alternative is the effect of the drought conditions on the transport of
the relatively low level of leachable constituents from the vadose zone to the groundwater. The
lack of precipitation coupled with the previous waste removal actions has likely decreased or
eliminated completely any leaching of constituents from the soil to the aquifer, effectively
removing the source of chemical constituents. Therefore, a potential source exists in the vadose
zone soils that could possibly contribute a mass of constituents greater than the soil’s
attenuation capacity.

5.1.2 Detailed Evaluation of Alternative No. 1
Overall Protection of Human Health and the Environment
This alternative is protective of human health and the environment because the depth of the
constituents would prevent direct contact with the constituents in soil, and constituents in soils

currently do not pose an unacceptable risk to human health or the environment. Although no
proactive containment or treatment of groundwater is included in this alternative, natural
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degradation process would reduce the volume and toxicity of constituents. In addition, the levels
of constituents detected in the aquifer present an estimated risk of 5 x 10°, a value that is
currently within the 10* to 107 range of risk that is typically used by U.S. EPA as cleanup goals
for similar sites.

Compliance with ARARs

Achievement of ARARs in Alternative 1 will not be measured and therefore cannot be quantified.
Site data suggest that natural degradation could achieve chemical-specific ARARs for
groundwater criteria over time (see description in Section 1.2.5), although these criteria would
not immediately be met under this alternative for two of the constituents of concern, benzene and
1,2-dichloroethane (DCA).

Location- and action-specific ARARs are not applicable to this alternative.
Long-Term Effectiveness and Permanence

This criterion addresses the risk remaining at the site after remedial action objectives are
achieved. As mentioned above, constituents in groundwater are currently within the range of risk
(10™ to 107) that is typically used by U.S. EPA as cleanup goals for similar sites. Natural
degradation, dispersion, and attenuation processes are expected to achieve the ARAR-based
remedial action objectives for the compounds at the site over the long term. These processes
are permanent, and once groundwater remediation objectives were achieved, they would not be
exceeded again. The potential source of constituents in the vadose zone may lead to conditions
where the capacity of soil for natural attenuation would be exceeded, resulting in a less rapid
decrease in the concentration and/or extent of the groundwater plume than would be expected
without this potential source. A full evaluation of the potential impacts of residual constituents
is needed to determine residual risks; however, it is not likely that the mass of constituents in soil
will substantially affect long-term risks. It is expected that the risks remaining at the site after
remedial action objectives are achieved will remain within the U.S. EPA cleanup goal risk range
for the site in the long term. However, since no groundwater monitoring will be conducted under
this alternative, documentation of long-term effectiveness of this alternative would not be
possible.

Reduction of Toxicity, Mobility or Volume Through Treatment
This alternative does not specifically include treatment, although the volumes of constituents at

the site have been greatly reduced by the prior waste removal actions. Figure 1-5 (see Section
1.2.5) indicates that significant natural biodegradation of constituents at the site has already
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occurred. The average benzene concentration detected in groundwater in October 1990 was
approximately 138 pg/mi. In August 1991 the average benzene concentration was 45 pg/ml.
This reduction is related to a removal of benzene mass by biodegradation. Benzene removal
from groundwater will ultimately reduce the risk of exposure to public. Reduction in the toxicities,
mobilities, and volumes of constituents in groundwater would occur over time due to natural
biodegradation and dispersion.

Short-Term Effectiveness

Construction would not take place under this alternative, no exposure of constituents is involved,
and potential risks to the community during construction is not an issue. There is some potential
for public exposure for the site, because groundwater beneath the site is part of a regional
system that could potentially be used for drinking water. However, the potential for public
exposure to constituents in groundwater is slight. Data presented in the RAD report indicated
that benzene and DCA were the only two constituents detected in groundwater at the site
exceeding MCLs established for drinking water. Natural biodegradation and dilution would likely
reduce benzene concentrations below the MCL before reaching regional groundwater sources
off-site. There would be no exposure to site workers under this alternative.

Remedial action objectives associated with constituent concentrations in groundwater would be
achieved by natural processes in the long run. The total time for natural processes to reduce
levels of constituents in groundwater to below ARARs is difficult to predict, but is expected to be
5 to 30 years. A calculation of the 5-year biodegradation period to achieve the 5 ug/L MCL for
benzene is presented in Appendix D. This calculation is based on aerobic biodegradation rates
found in the literature (Ward and Thomas, 1986). As discussed previously, data presented in
Section 1.2.5 indicate that an observed reduction of benzene in groundwater correlates well with
the predicted biodegradation rate based on a benzene half-life of 120 days. The potential for
migration of constituents from soil to groundwater has been greatly reduced by previous waste
removal actions; however, this alternative would not prevent migration of constituents to
groundwater. It should be noted that the groundwater is not considered to be a drinking water
source and discussion of risk is hypothetical.

Implementability
This alternative is relatively easy to impiement.
Cost

No costs are associated with this alternative.
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5.2 Alternative No. 2: Continued Operations
5.2.1 Detailed Description of Alternative No. 2

Alternative No. 2 is similar to the no-action alternative for the Fillmore site with the exception that
the alternative consists of maintaining Texaco’s involvement in the project at the current level.

Continued-operations would include grading to control surface water runoff, maintaining access
restrictions, and continuing groundwater monitoring presently performed at the Fillmore site.
Access restrictions would include deed restrictions preventing any future drilling or installation
of groundwater wells for drinking purposes, or other subsurface disturbances (note: access
restrictions will be part of all alternatives while such action is required). Grading of surface soils
on-site would be completed to minimize surface runoff to the former disposal pits, further
reducing any potential for leaching of constituents from soils below the former waste pits to the
aquifer. Current operations at the site include access restriction via perimeter fencing, and
periodic (e.g., quarterly) monitoring via sampling and analysis of the monitoring wells. Itis likely
that long-term monitoring could be completed with a limited number of wells.

For the purpose of this evaluation, 10 wells will be selected for long-term monitoring. Samples
would be analyzed for volatile organics (Method 8240) and other compounds and parameters
as appropriate. Results of the monitoring would be used to determine migration and degradation
of constituents in groundwater. In terms of achievement of remedial objectives outlined in
Section 2.0, the continued operations alternative would continue to prevent public exposure to
potentially hazardous substances in subsurface soils by preventing site access and intrusive
activities in the vadose zone, would utilize natural degradation and attenuation processes to
address potential sources impacting groundwater quality, and would allow for achievement of
groundwater standards via the continuation of documented naturally occurring degradation
processes.

Currently there is little potential for the general public to be exposed to hazardous constituents
that may be present in groundwater or subsurface soils beneath the Fillmore site. Groundwater
is not used as a drinking water resource in the site vicinity and no private potable water wells are
known to exist in the site area. Any future installation of groundwater wells for potable use will
be prevented by deed restrictions as part of the no-action alternative.

The logic for considering a continued operations scenario is supported by the investigative
record at the site and activities already taken therein, including the removal of the waste from the
disposal areas (i.e., Main Waste Pit) in 1985-1986. The removal of the waste materials several
years ago is significant in that no concentrated source of constituents remains on-site to further
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affect groundwater quality. Only soils with low levels of leachable constituents remain in the
vadose zone. According to the Literature Survey: Hydrocarbon Solubilities and Attenuation
Mechanisms by the American Petroleum Institute (API Publication No. 4414, August 1985), low
levels of leachable constituents remaining in vadose zone soils may be subject to natural
attenuation mechanisms, such as volatilization and biodegradation. In one field study cited in
the literature survey, following the physical removal of most of the free product from a gasoline
spill in a dolomite aquifer, the hydrocarbon-utilizing microbial populations indigenous to the
systems degraded an estimated quantity of over 1,000 barrels of gasoline over 18 months. The
area of groundwater affected by the gasoline spill was estimated at 180,000 sq. ft. Bacterial
cultures were grown in the laboratory from groundwater samples collected from this site. Thirty-
two species of hydrocarbon-utilizing bacteria were isolated from genera including Flavobacterium,
Micrococcus, Acinetobacter, Pseudomonas, and Nocardia. During laboratory studies performed
in 1975 by Jamison and Raymont (see literature survey), a mixed cuiture of bacteria readily grew
on Sunoco 260 gasoline and degraded 55 hydrocarbons present in Sunoco 260. At the end of
the 8-day laboratory culture study 100% of the benzene, toluene, ethylbenzene, and xylene
(BTEX) initially present was degraded.

As discussed in Section 1.2.5, groundwater monitoring data collected at the Fillmore site
between August 1990 and November 1991 suggest that natural biodegradation and attenuation
processes are controlling the spread of constituents of interest at the site. As indicated in the
RAD document and by data presented in the Third Quarter 1991 Groundwater Sampling Report
for the Texaco Fillmore Facility (ENSR Document No. 6600-060-520, November 1991), both the
average and maximum detected benzene concentrations have decreased significantly with each
quarterly sampling event. Based on review of literature regarding degradation of benzene, a half-
life approximately 120 days is expected (Ward and Thomas, 1986). Figure 1-5 provides a plot
of the maximum and average detected concentrations

The unknown factor in this alternative is the effect of the drought conditions on the transport of
the relatively low level of leachable constituents from the vadose zone to the groundwater. The
lack of precipitation coupled with the previous waste removal actions has likely decreased or
eliminated completely any leaching of constituents from the soil to the aquifer, effectively
removing the source of chemical constituents. Therefore, a potential source exists in the vadose
zone soils that could possibly contribute a mass of constituents greater than the soil's
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attenuation capacity. Monitoring is included in this alternative to assess the mobility of benzene
and the effects of the drought on the achievement of cleanup objectives.

5.2.2 Detailed Evaluation of Alternative No. 2
Overall Protection of Human Health and the Environment

This alternative is protective of human health and the environment because access restrictions
and the depth of the constituents would prevent direct contact with the constituents in soil, and
constituents in soils currently do not pose an unacceptable risk to human health or the
environment. Although no proactive containment or treatment of groundwater is included in this
alternative, natural degradation process would reduce the volume and toxicity of constituents.
In addition, the levels of constituents detected in the aquifer present an estimated risk of 5 x 10°,
a value that is currently within the 10 to 107 range of risk that is typically used by U.S. EPA as
cleanup goals for similar sites. Grading of the site to divert surface runoff away from the former
disposal pits would reduce the potential for leaching of remaining low levels of constituents from
soil to groundwater.

Compliance with ARARs

Site data suggest that natural degradation would achieve chemical-specific ARARs for
groundwater criteria over time, although these criteria would not immediately be met under this
alternative for two of the constituents of concern, benzene and 1,2-dichloroethane (DCA). An
estimate of time required for natural biodegradation of benzene in groundwater and soils to
achieve the benzene MCL is calculated in Appendix D. Based on the aerobic biodegradation
half-life of benzene (Ward and Thomas, 1986) and an initial benzene concentration of 720 pg/L,
approximately 5 years would be required for aerobic biodegradation to achieve the MCL of 5
- ug/L. However, site-specific conditions in the subsurface may vary from those encountered in
the literature and 5 to 30 years may be required to achieve benzene ARARs. Biodegradation
constants for 1,2-DCA were not cited in the literature reviewed during report preparation;
therefore, a degradation timeframe for achieving the maximum contaminant level (MCL) could
not be specified. Groundwater monitoring data presented in Figure 5-1 indicate that significant
biodegradation of benzene may have already occurred at the Fillmore site; therefore, it is likely
that natural biodegradation and attenuation mechanism would aliow achievement of constituent
MCL in 5 to 30 years. Thus, in the long-term, natural degradation and attenuation processes are
likely to achieve standards. Benzene is present in groundwater at concentrations greater than
its MCL and is one of the most mobile of the contaminants present. DCA, which was present
slightly above the federal MCL at one location, is very soluble and would therefore be expected
to dissipate over the long term due to natural groundwater flow.
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Location- and action-specific ARARs are not applicable to this alternative.
Long-Term Effectiveness and Permanence

This criterion addresses the risk remaining at the site after remedial action objectives are
achieved. As mentioned above, constituents in groundwater are currently within the range of risk
(10* to 107) that is typically used by U.S. EPA as cleanup goals for similar sites. Natural
degradation, dispersion, and attenuation processes are expected to achieve the ARAR-based
remedial action objectives for the compounds at the site over the long term. These processes
are permanent, and once groundwater remediation objectives were achieved, they would not be
exceeded again. The potential source of constituents in the vadose zone may lead to conditions
where the capacity of soil for natural attenuation would be exceeded, resulting in a less rapid
decrease in the concentration and/or extent of the groundwater plume than would be expected
without this potential source. A full evaluation of the potential impacts of residual constituents
is needed to determine residual risks; however, it is not likely that the mass of constituents in soil
will substantially affect long-term risks. Continued monitoring would be performed to determine
the ongoing impact from the vadose zone soils and to track contact with or hypothetical use of
groundwater. Thus, it is expected that the risks remaining at the site after remedial action
objectives are achieved will remain within the U.S. EPA cleanup goal risk range for the site in the
long term.

Reduction of Toxicity, Mobility or Volume Through Treatment

This alternative does not specifically include treatment, although the volumes of constituents at
the site have been greatly reduced by the prior waste removal actions. Figure 5-1 indicates that
significant natural biodegradation of constituents at the site has already occurred. The average
benzene concentration detected in groundwater in October 1990 was approximately 138 pg/ml.
In August 1991 the average benzene concentration was 45 pg/ml. This reduction is related to
a removal of benzene mass by biodegradation. Benzene removal from groundwater will
ultimately reduce the risk of exposure to public. Reduction in the toxicities, mobilities, and
volumes of constituents in groundwater would occur over time due to natural biodegradation and
dispersion.

Short-Term Effectiveness

Construction under this alternative would include grading to control surface runoff. As these
activities would be conducted on-site and no exposure of constituents is involved, potential risks
to the community during construction is not an issue. There is some potential for public
exposure for the site, because groundwater beneath the site is part of a regional system that
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could potentially be used for drinking water. However, the potential for public exposure to
constituents in groundwater is slight. Data presented in the RAD report indicates that benzene
was the only constituent detected in groundwater at the site exceeding MCLs established for
drinking water. Natural biodegradation and dilution would likely reduce benzene concentrations
below the MCL before reaching regional groundwater sources off-site. Potential risks to workers
involved in the implementation of the alternative could be posed during grading, but are not
anticipated to be significant. All workers on-site will undergo health and safety training, and will
comply with safety procedures included in the Site-Specific Health and Safety Plan. All health
and safety activities will comply with OSHA requirements for work at hazardous waste sites (29
CFR 1910.120).

Remedial action objectives associated with constituent concentrations in groundwater would be
achieved by natural processes in the long run. The total time for natural processes to reduce
levels of constituents in groundwater to below ARARs is difficult to predict, but is expected to be
no more than 5 years. A calculation of the 5-year biodegradation period to achieve the 5 ug/L
MCL for benzene is presented in Appendix D. This calculation is based on aerobic
biodegradation rates found in the literature (Ward and Thomas, 1986). Site-specific conditions,
however, may vary from the literature and 5 to 30 years is used as the time required to achieve
ARARs. As discussed previously, data presented in Figure 1-5 indicate that an observed
reduction of benzene in groundwater correlates well with the predicted biodegradation rate based
on a benzene half-life of 120 days. The potential for migration of constituents from soil to
groundwater has been greatly reduced by previous waste removal actions; however, grading to
divert surface runoff would reduce the potential even further. It should be noted that the
groundwater is not considered to be a drinking water source and discussion of risk is
hypothetical.

Implementability

Grading of surface soils would be simple to complete using standard excavating equipment.
Maintaining access restrictions and conducting a groundwater monitoring program would also
be relatively easy to implement.

Cost

The costs associated with this alternative are for grading, preparation of a groundwater sampling
plan, and quarterly groundwater sampling and analysis. The total capital cost for this alternative
is $55,000. Annual O&M costs would be $120,000. The estimated net present values for
different remediation time frames are presented in Section 6.0. Assumptions and detailed cost
spreadsheets used to develop these costs are included in Appendix E.
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5.3 Alternative No. 3: Continued Operations Plus Capping
5.3.1 Detailed Description of Alternative No. 3

This alternative would include placing caps over the former waste pits on-site. Installing the caps
would ensure the continuation of the present lack of direct contact with, and minimize leaching
of constituents from, soils under the former waste pits. Although the waste materials have been
excavated from the pits, thereby removing the major sources of groundwater contamination, the
underlying soils may be contributing to the presence of constituents in groundwater by
percolating precipitation (although presumably at a decreasing degree). Areas to be capped
include the Main Waste Pit and Waste Pits 3 and 4 (suspected Waste Pit 9 lies partially below
the Pole Creek concrete channel and is therefore partially capped at present). The total area of
the caps would be approximately 11,000 square yards. This alternative builds on the no-action
alternative by providing a means of further minimizing the percolation of rainwater through those
areas of the vadose zone where leaching of constituents of interest to groundwater may occur.
This alternative assumes that the continued natural degradation, dispersion, and attenuation
processes within the groundwater in Aquifer 1 will result in achievement of the remedial
objectives for groundwater and that the capping will control movement of the constituents of
interest from the vadose zone. This alternative would also continue to prevent public exposure
to soils through access restrictions and capping.

Two types of caps were identified through the screening and evaluation of remedial technologies:

® A clay cap, which includes a 1-foot grading layer made of existing cover material, 2 feet
of compacted clay, 1 foot of cover material, and 0.5 feet of top soil and vegetation. The
clay cap would have a 2-foot-thick compacted clay layer with an in-place hydraulic
conductivity of 107 cm/sec or less as recommended in U.S. EPA guidance documents
(U.S. EPA, 1989). Hydraulic conductivities of 107 to 10”° could easily be achieved for
clay with proper compaction.

e A RCRA Subtitle C-type cap, which includes a 1-foot grading layer, 2 feet of compacted
clay, a geomembrane liner, 1 foot of drainage material, a geosynthetic filter, 2 feet of
cover soil, and 0.5 feet of top soil and vegetation (based on U.S. EPA recommendations
for final covers for hazardous waste landfills, U.S. EPA, 1989).
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Table 5-1 is a comparison of the constructions, permeabilities, percolation rates, relative risk
reductions, and costs of the two caps. As the table shows, both caps would provide excellent
protection from direct contact with the contaminated soils. The amount of precipitation
percolating to the groundwater is essentially none for the RCRA Subtitle C-type cap and very
small for the clay cap. The clay cap, however, is significantly less costly than the RCRA Subtitle
C-type cap, while providing very good protection to groundwater.

The additional reduction in leaching provided by the Subtitle C-type cap is not that significant,
thus does not justify the significant additional expense. Based on this evaluation, the clay cap
will be retained for detailed analysis of Alternative No. 3 (see Figure 5-2).

Clay and topsoil would be imported to the site to construct the caps. The caps would have a
final slope of 2% to 4% and the side slope would be at a maximum of 4:1. A grading plan would
be developed to promote positive drainage of the cap surface, yet minimize erosion. In addition,
the covers would be designed to prevent root intrusion and would be seeded to establish an
erosion-resistant grass cover. Site monitoring would consist of grass cutting and regular
inspections. Site maintenance would require inspection of the caps for signs of damage; any
damage would be repaired.

Site access restriction by fencing would be maintained and periodic (e.g., quarterly) groundwater
monitoring would be continued as part of this alternative.

5.3.2 Detailed Evaluation of Alternative No. 3
Overall Protection of Human Health and the Environment

This alternative is protective of human health and the environment as far as constituents in soil
are concerned by continuing to prevent direct contact with residual constituents and by
minimizing the leaching of constituents to the groundwater. Existing fencing of the site would
help prevent deterioration of the cap by trespassers. Regular inspection and maintenance would
ensure that the cap remained an effective barrier. Reduction of risks in groundwater (shown to
be minimal in the draft risk assessment (CH,M Hill, 1991) would rely on the continuing natural
degradation processes over time as described for Alternative No. 2. Thus, the alternative would
be protective over the long term.

In addition to preventing direct contact with the soil under the former waste pits, the cap would
significantly reduce infiltration of precipitation into the disposal area since the 2-foot clay layer
would have a compacted permeability of 1 x 107 cm/sec or less. This would further reduce the
currently minimal (or nonexistent) migration of constituents from soil to the groundwater. As with
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TABLE 5-1

Comparison of Different Types of Caps

Construction
Topsoil /Vegetation 05 ft 05 ft
Cover Soil 1.0 ft 2ft
Geosysthetic Filter - 1in
Drainage Material : - 1ft
Geomembrane Liner - 20 mil
Compacted Clay Liner 2 ft 2ft
Existing Cover Soil/Grading Layer (Minimum’) 1t 1ft

Permeability of Least Permeable Layer (cm/sec) 1x107to 1 x 10° (impermeable)?

Relative Risk Reduction

Direct Contact Excellent Excellent
Leaching to Groundwater Very good Very good
Cost

Per Square Yard
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Alternative No. 2, it is anticipated that dispersion and transformation/attenuation processes,
including natural biodegradation, would reduce the concentrations of the constituents in the
aquifer to acceptable levels over time. Because the constituents of interest are volatile in nature,
it is likely that vapor transport through diffusion may provide a mechanism for the constituents
to migrate beyond the limit of the cap, but soil vapor levels are currently low in the proposed
capping area. Movement of soil vapor plumes with subsequent readsorbtion to soils has been
observed at other sites.

In the short term, there would be little risk to human health and the environment during cap and
any required fence installation. The existing soil would be used as the grading layer. However,
increased traffic and dust are likely as a result of delivery of capping materials to the site and
construction of the cap.

The remedial action objective related to preventing contact with constituents in soil would be
met; the groundwater cleanup objectives would be achieved in the long term through natural
dispersion, adsorption, and biodegradation.

Compliance with ARARs

This alternative will meet chemical-specific ARARs for groundwater over the long term through
natural degradation and dispersion processes. As with Alternatives No. 1 and 2, it is anticipated
that groundwater ARARs would be achieved within 5 to 30 years at the current observed rate of
benzene degradation (Appendix D). Since there is minimal observed transport of constituents
in the vadose zone to groundwater, it is not expected that the mass within the vadose zone will
significantly impact the timeframe.

Long-Term Effectiveness and Permanence

This criterion assesses the risk remaining at the site after remedial action objectives are
achieved. As mentioned previously, constituents in groundwater and soils are currently within
the range of risk that is typically used by U.S. EPA to set cleanup goals for similar sites.
Significantly reducing the potential for leaching of constituents through the use of capping would
reduce the risk to groundwater presented by the affected soils; however, a full evaluation of the
potential impact of residual constituents is needed to determine actual residual risks. It is likely
that the mass of constituents present will not substantially affect long-term risks.

Access restrictions and regular maintenance would further prevent direct contact with the soils.
The risk from the need to replace or repair the cap would be minimal, because regular inspection
of the cap would detect signs of deterioration, and repair could be completed as needed.
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Transport of vapor plumes may reduce the long-term effectiveness of the cap. Natural
degradation, dispersion, and attenuation processes would result in achievement of groundwater
remediation goals over the long term. These processes are permanent, and levels of
constituents in groundwater would not exceed cleanup goals once they were achieved.
Groundwater would be monitored to track the constituents and assess the rate of natural
attenuation. Thus, it is expected that the risks remaining at the site after remedial action
objectives are achieved will remain within the risk range used by U.S. EPA to develop cleanup
goals for the site in the long term.

Reduction of Toxicity, Mobility, or Volume Through Treatment

This alternative does not include treatment beyond the previous waste removal action, although
reduction of toxicities, mobilities, and volumes of constituents in groundwater would occur over
time due to natural biodegradation and dispersion. However, Texaco's prior waste removal
action provided a significant reduction of material that could impact soil, groundwater, or other
media at the site. The mobilities of residual constituents in soil would be reduced through
capping, which would minimize leaching due to percolation of precipitation.

Short-Term Effectiveness

This evaluation criterion assesses the risk associated with construction and implementation of
the alternative up to the point when remedial action objectives are achieved. The remedial time
frame for this alternative includes time needed for construction, implementation, and installing
the caps, and the time it will take (number of years) for the levels of constituents in groundwater
to be reduced through natural processes to achieve remedial action objectives. The total time
for natural processes to reduce levels of constituents in groundwater to below ARARs is difficult
to predict, but is expected to be 5 to 30 years.

Risks to the community would be minimal. No waste materials remain in the waste pits and
underlying soils in the vadose zone would be undisturbed. The only potential effects would
result from the transportation to the site of clay, topsoil, and other materials to install the cap.
Increased traffic through parts of the City of Fillmore may occur. Possible airborne dust from
working with the soils on-site could also result, in areas closest to the caps.

Potential risks to workers involved in the implementation of the alternative could be posed while
the caps are being installed, but are not anticipated to be significant. All workers on-site will
undergo health and safety training, and will comply with safety procedures included in the Site-
Specific Health and Safety Plan. All health and safety activities will comply with OSHA
requirements for work at hazardous waste sites (29 CFR 1910.120).
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Minimal impacts to the environment are expected during the implementation of this aiternative.
Soil erosion could occur during cap installation and result in increased sediment loads to any
nearby surface water. Such erosion and runoff would be controlled by physical barriers
commonly used at construction sites.

Implementability

In general, the installation of the clay cap would not involve any major technical constraints.
The potential for vapor plume transport from beneath the cap may impact implementability.
Standard construction techniques would be used to grade the site, spread and compact clay,
spread cover and topsoil, and seed the surface. Investigation, design, and construction of the
cap is expected to take 1 year. O&M activities, including inspection of the cap on a regular basis
and repair when necessary, would also be relatively simple.

Cost

The total capital cost for this alternative would be approximately $967,000. The annual O&M cost
would be $140,000. The estimated net present values for different remediation time frames are
presented in Section 6.0. Assumptions and detailed cost spreadsheets used to develop these
costs are included in Appendix E.

5.4 Alternative No. 4: Groundwater Extraction with Surface Treatment
5.4.1 Detailed Description of Alternative No. 4

Remedial Alternative No. 4 would involve a groundwater extraction and surface treatment system
that would be installed to remediate the groundwater in Aquifer 1. Although no specific action
would be taken to further minimize the leaching of constituents in subsurface soils beneath the
waste pits to groundwater, any leached constituents would be captured and treated when they
reached the groundwater. Access restrictions would be maintained and periodic (e.g., quarterly)
groundwater monitoring that is currently being conducted at the Fillmore site would be
continued. Thus, Alternative No. 4 would meet the remedial objectives outlined in Section 2.0
by preventing direct contact with the soils through access restriction, minimizing intrusive
activities to the waste pit areas, extracting and treating groundwater until groundwater cleanup
criteria are met, and containing, extracting, and treating any constituents that leach from the
vadose zone soils. The following sections describe the different components of this alternative
and select optimum technologies for addressing groundwater treatment needs.
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5.4.1.1 Groundwater Recovery System

A groundwater recovery system would be required to pump groundwater to a surface treatment
system. Groundwater recovery wells would be located downgradient of and within the two
identified benzene plumes at the Filimore site to recover affected groundwater. Based on a
preliminary review of the RI data, estimations of well yields and zones of groundwater capture
were performed to develop a conceptual layout of groundwater recovery wells (presented in
Figure 5-3). It is anticipated that a single extraction well located near MW-2S, pumping at 10
gpm, should capture the north plume. However, two wells pumping 10 gpm each are proposed
to enhance recovery of groundwater. Two recovery wells spaced approximately 500 feet apart,
each pumping at 15 gpm for a combined flow rate of 30 gpm, would be capable of capturing
the south plume. To enhance performance of the system, three recovery wells, pumping at 10
gpm each for a combined flow of 30 gpm, would be installed in the southern plume. Supporting
calculations and assumptions for the proposed recovery system are located in Appendix B. The
proposed recovery system is conceptual in nature. Groundwater modeling studies would need
to be performed to optimize the groundwater recovery system to ensure plume containment and
recovery in both areas. Groundwater modeling data is not currently available. For the purpose
of this evaluation, the recovered groundwater was estimated to contain a total of 1.2 mg/L BTEX|
DCA, and trace organics. This is the total of the maximum concentration of each chemical
constituent detected through quarterly groundwater monitoring; actual total concentrations of
constituents are expected to be much less.

The total volume of impacted groundwater is estimated to be 68,600,000 gallons. In order to
remove the constituents to cleanup objectives, it is estimated that 10 to 20 pore volumes of water
must be removed and treated (see calculations in Appendix B). It has been suggested in the
literature that 30 pore volumes of groundwater may have to be pumped to remove 90 percent
of organic constituents, such as benzene, present in an unconsolidated aquifer (Jackson and
Patterson, 1989). However, there are conditions at the Fillmore site which are different from
those typically cited in the literature. Waste material containing elevated levels of constituents
above have already been removed from the site. Also, no floating free product or other
concentrated source of constituents which could provide a continuing source of contaminants
during pumping operations was identified at the Fillmore site during the Ri. Constituents
adsorbed to vadose zone soils provide the only continuing source of constituents during a pump
and treat remedial action. These constituents, such as benzene, were detected in only four
samples out of 785 subsurface soil samples collected during the Rl at levels well above 11

ra/kg.
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Therefore, based on these factors and ENSR's experience on similar projects, removal of 10 to
20 pore volumes at the Fillmore site shouid be sufficient to reduce constituent concentrations
below applicable clean-up standards for groundwater.

Based on a flow rate of 20 gpm for the North Plume, a pore volume for groundwater of
13,600,000 gallons, and removal of 10 to 20 pore volumes, a timeframe ranging from 13 to 26
years will be required to achieve cleanup objectives. For the Southern Plume, given a calculated
pore volume of 55,000,000 gallons, a flow rate of 30 gpm, and removal of 10 to 20 pore
volumes, 35 to 70 years will be required to achieve cleanup objectives. These timeframes do
not take into account the potential impact of natural biodegradation, which would act to reduce
the remediation period. However, based on conversations with the U.S. EPA Remedial Project
Manager (RPM) and for the purposes of comparative analysis between alternatives, natural
biodegradation will not be considered as part of this alternative. As such, a remedial timeframe
of 3 to 30 years will be utilized to assess pump and treat options.

The groundwater recovery system would serve as a vertical hydraulic barrier to migration of
constituents of interest in groundwater, inhibiting migration of the plumes. However,
groundwater modeling studies or other, more detailed hydrogeologic assessments would be
required to optimize recovery performance and ensure achievement of a vertical hydraulic barrier.

The extraction wells from each plume would be connected to common headers, which would
deliver the extracted groundwater to the treatment system. The treatment system would be
located on-site between the two plumes.

5.4.1.2 Groundwater Treatment System

Three potentially applicable groundwater treatment technologies were identified through the
screening and evaluation process in the RAD document: carbon adsorption, air stripping, and
surface biotreatment. Each of these technologies is described in detail in the following sections.

Carbon Adsorption

Carbon adsorption is a physical process in which materials are transferred from the aqueous or
vapor phase to the surface of a solid (carbon), where they are concentrated. The phase transfer
occurs primarily as a result of a material’s low affinity for the liquid or vapor phase and high
affinity for the solid phase. Activated carbon is the most common adsorbent used in water and
wastewater treatment. It is usually produced by crushing and heat activating selected grades
of bituminous coal. The internal pore structure provides a large surface area for adsorption of
different organic compounds. Activated carbon is supplied in either granular or powdered form.
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The effectiveness and cost of adsorption depends on many factors, including the molecular
weight, structure, solubility, and polarity of the compound. in general, the absorbability of a
compound increases with increasing size and aromaticity, and decreases with solubility, polarity,
and carbon-chain branching. The temperature and pH of aqueous-phase solutions can affect
adsorption as well.

A typical liquid-phase carbon adsorption system consists of two or more vessels, in series or
parallel, that are partially filled with activated carbon. Water to be treated enters the top of the
unit, flows downward, and exits the bottom of the unit. A typical vapor-phase unit is similar,
except the vapor stream to be treated typically enters the bottom and exits the top of the unit.

The adsorption capacity of granulated activated carbon (GAC) decreases with time until
"breakthrough® occurs, when the compounds are no longer removed from the liquid or vapor
phase. At this point, the carbon needs to be replaced or regenerated. Because adsorption
capacities decrease with temperature, steam is commonly used to regenerate carbon. Carbon
can be regenerated on-site with steam, or off-site by other methods such as thermal
regeneration. Eventual treatment or disposal of carbon is required either way. Regeneration
and/or replacement of carbon constitutes the majority of operation costs associated with carbon
adsorption.

Air Stripping

Air stripping is a process in which VOCs dissolved in solution are transferred to the vapor phase
(air). Generally, compounds with high vapor pressures and low solubilities (and therefore high
Henry’s Law constants) are removed most effectively by air stripping. In order to be effective,
there must be good contact between the air and the liquid. The most efficient and common
aeration method is the packed tower stripper. Water is sprayed into the top of the tower, which
is partially filled with inert packing material. The water flows downward through the packing
material and exits at the tower base. Air enters the bottom of the tower, strips the compounds,
and exits from the top of the tower. The packing provides a large surface area for air/water
contact.

The air stream exiting the air stripper often requires treatment to remove or destroy compounds
transferred from the liquid phase. Vapor-phase carbon adsorption and catalytic oxidation are
the most common vapor-control technologies used with air strippers. An air emission permit will
be required. Air stripping equipment is generally moderately priced compared with the
equipment for other treatment technologies. Operating and maintenance costs include electric
power for the blower, vapor treatment, cleaning, and replacement of packing material.
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For the Fillmore site, liquid-phase GAC adsorption may be required as a polishing step after air
stripping, in order to remove highly soluble DCA to a level below National Pollutant Discharge
Elimination System (NPDES) permit limits.

Surface Biological Treatment

Surface biological treatment has been demonstrated to be useful in treating groundwater
containing petroleum constituents. The process uses microorganisms to degrade organic
compounds dissolved in groundwater, creating carbon dioxide and water. Bioreactor size and,
therefore, costs are influenced mainly by the flow rates and oxygen demand of the water to be
treated. In addition to oxygen, nutrients would also be added to enhance microbial growth. The
effluent would require polishing by carbon adsorption to meet NPDES permit limits, because
surface bioremediation is estimated to be 90% efficient in removing BTEX and SVOCs, and DCA
is not readily biodegradable and would not be removed to a great extent by this process.

This method has the advantage of being a destructive technology. Disadvantages to surface
bioremediation result from the several weeks required for acclimation of the microorganisms; it
cannot be used where a quick startup time is required, and it cannot be run in a discontinuous
mode. Aeration of the groundwater to provide oxygen is likely to result in the release of VOCs
to the air; therefore, vapor controls in the form of activated carbon would be necessary.

A sludge would be generated that may contain residual constituents and require handling and
disposal as a hazardous waste. Treatability studies would be required to determine optimum
nutrient and oxygen levels for metabolism of the constituents.

Selected Technology for Detailed Evaluation

Each of these three technologies has advantages and disadvantages related to its
implementation at the Fillmore site. BTEX compounds would be removed by all three systems.
DCA would not be removed by surface biotreatment and removal by air stripping would be very
difficult at the low concentrations at the site. Removal of DCA by carbon adsorption is also
difficult, but is the most effective of the three technologies. In addition, although carbon
adsorption can be expensive for removal of large concentrations of organic contaminants, the
total amount of constituents to be removed at this site are low. In addition, no air emission
controls or air permits will be required with the carbon system. Carbon adsorption is therefore
the most effective groundwater treatment technology for this site, and will be included in
Alternative No. 4 (see Figure 5-4.
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5.4.1.3 Groundwater Disposal System

Four groundwater disposal options for treated groundwater were identified through the screening
and evaluation process: discharge to Pole Creek, discharge to municipal storm drain system,
reinjection through on-site wells, and discharge to the City of Fillmore POTW. Additional options
include discharge to infiltration galleries on-site or reuse for irrigation. The most effective option
will be selected during design activities; however, for the purpose of this FS, it is assumed that
treated groundwater effluent would be discharged to Pole Creek. Such discharge would require
an NPDES permit and approval from Ventura County Flood Control District. Discharge piping
(approximately 6 inches in diameter) from the treatment system would run 200 feet underground
to Pole Creek. Regular monitoring of the discharge would be conducted, as required by the
NPDES permit.

5.4.2 Detailed Evaluation of Alternative No. 4
Overall Protection of Human Health and the Environment

This alternative would be protective of human health and the environment by removing
constituents from the groundwater. The groundwater recovery wells would also act as hydraulic
barriers to the flow of constituents in groundwater. Monitoring would be used to track
constituents in groundwater and assess achievement of remedial action objectives. As with
natural degradation of the constituents discussed in Alternatives No. 1 and 2, residual
constituents in soil may leach to groundwater over time, thus impacting the length of time
needed for groundwater recovery and treatment. Based on Rl data, it is not anticipated that
leaching of constituents will significantly impact the protectiveness of this alternative; however,
a full evaluation of the potential impact of residual constituents is needed to determine the actual
impact.

The groundwater recovery and treatment system would reduce constituents in groundwater to
applicable standards, thereby meeting the remedial action objective. Any constituents leached
from soil to groundwater would be collected and treated by the system. Direct contact with
constituents in soil would be prevented by access restrictions. This alternative is therefore
protective of human health and the environment.

Compliance with ARARs
The treatment system would be designed to collect and treat groundwater to concentrations

below the ARARs. Discharge of the treated water to Pole Creek would meet NPDES permit
discharge requirements. By proper design of the treatment systems, levels of compounds in the
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discharged water would meet applicable criteria. If spent carbon shipped off-site for regeneration
were determined to be a hazardous waste, RCRA regulations would be complied with. Based
on calculations presented in Appendix B, it is estimated that ARARs would be achieved in an
estimated timeframe of 3 to 30 years. Applicable chemical-specific ARARs for groundwater are
federal MCLs, non-zero MCLGs, or state MCLs, whichever are more stringent for a particular
constituent. Calculations presented in Appendix B are based on achieving the state benzene
MCLs of 1 ug/l, which is the most stringent ARAR identified.

Long-Term Effectiveness and Permanence

This criterion assesses the risk remaining at the site after remedial action objectives are
achieved. As mentioned previously, constituents in groundwater are currently within the range
that is typically used by U.S. EPA to set cleanup goals for similar sites. Constituents would be
removed from groundwater to meet remedial action objectives and treated to levels below
discharge standards. Constituents removed through carbon adsorption would be destroyed
thermally during carbon regeneration, an irreversible process. Although soils treatment is not
included in this alternative, the leaching of constituents to groundwater would be monitored and
groundwater treatment would continue until leaching was reduced to acceptable levels.
Groundwater collection and treatment would also provide containment of groundwater affected
by constituents. Over the long term, groundwater would be monitored to ensure that remedial
action levels determined to be necessary were not exceeded, and access restriction by fencing
would be continued. Thus, it is anticipated that the risks remaining at the site after the remedial
action objectives are achieved will remain within the risk range used by U.S. EPA to develop
cleanup goals for the site in the long term.

Reduction of Toxicity, Mobility, or Volume Through Treatment

The groundwater recovery system would remove the constituents from the groundwater and
control migration, thereby reducing their mobilities. A graphical presentation of the anticipated
reduction of risk from benzene is presented in Appendix F. The groundwater treatment system
would be designed to reduce the concentrations of organic compounds in groundwater to below
ARARS, thereby reducing the toxicity and volume of organic compounds present in groundwater.
Eventual destruction of the constituents removed from groundwater would occur through thermal
treatment during carbon regeneration. Soils would be treated through natural percolation and
leaching; leached constituents would be collected and treated by the groundwater treatment
system, and destroyed thermally during carbon regeneration. This alternative, therefore, meets
the statutory preference for treatment.
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Short-Term Effectiveness

This evaluation criterion assesses the risk associated with construction and implementation of
the alternative up to the point at which remedial action objectives are achieved. For this
alternative, construction and implementation includes installing the groundwater collection and
treatment system and treating the groundwater until standards are achieved.

Hypothetical potential risks to the community would be minimal. No drinking water supply wells
would be affected by groundwater pumping on-site.

Potential risks to remediation workers would be associated with normal subsurface work in
installing groundwater wells. Potential risks to operating workers during remedial activities would
be associated with normal process-type operations. These risks would likely include hazards
associated with electrical and mechanical maintenance, and the potential exposure to various
constituents. These risks could be addressed and minimized through good operating
procedures specified in the Operation and Maintenance Plan. All workers at the site would be
subject to OSHA health and safety requirements (29 CFR 1910.120).

Minimal impacts to the environment would be expected during the implementation of this
alternative. It is estimated that approximately 10 to 20 pore volumes would be required to
achieve decontamination of the aquifer if there were no continued source. The estimated
pumping time to treat the plume in Action Area 1 to ARARs is 13 to 26 years. The time to treat
the portion of the southern plume in Action Area 2A is 35 to 70 years. A timeframe of 3 to 30
years of pumping will be used to assess costs of the pump and treat alternatives. Additional
investigation of Action Area 2B will determine plume characteristics and allow for an estimate of
remediation time. Calculations of pumping time frames are included in Appendix B.

Implementability

No major difficulties would be anticipated with the construction and operation of the groundwater
recovery and treatment system. Additional studies may be required to determine optimum
pumping rates and recovery well arrangement and total treatment time for all three Action Areas.
Carbon adsorption systems are readily available in prepackaged units from vendors. Based on
data collected during pump test activities, it does not appear that substantial pretreatment would
be required.

Discharge of treated water to Pole Creek would require an NPDES permit and approval from
Ventura County Flood Contro! District. Availability of off-site treatment, storage capacity, and
disposal services would not be a problem, because only small amounts of treatment residuals

6600-063-600/ Texaco, Inc. February 1992
91120343 5-26



would potentially be dealt with off-site, and carbon would be regenerated by the vendor. The
necessary equipment and specialists are available as is the technology involved in installing the
groundwater recovery and treatment system.

Cost

The total capital cost for this alternative is approximately $550,000. The annual O&M cost would
be $240,000. The estimated net present values for different remediation time frames are
presented Section 6.0. Assumptions and detailed cost spreadsheets used to develop these
costs are included in Appendix E.

5.5 Alternative No. 5: In-Situ Bioremediation
5.5.1 Detailed Description of Alternative No. 5

Remedial Alternative No. 5 would include an in-situ groundwater bioremediation system to
remediate the groundwater in all three Action Areas. Percolation of the constituents of interest
in subsurface soils beneath the waste pits to groundwater would be integrated into the
bioremediation scenario, and constituents leached from soils would be treated along with
groundwater. It is assumed that groundwater extraction and infiltration rates will be equal. The
conceptual layout of a bioremediation system would consist of: 1) extraction of groundwater
from the affected areas in Aquifer 1; 2) surface treatment of the water to remove residual
constituents and to enhance the oxygen and nutrient content of the water; and 3) reinfiltration
of the water through the vadose zone soils and to the groundwater plumes. The system would
require the use of extraction wells, infiltration galleries, and injection wells. Access restrictions
would be maintained and quarterly groundwater monitoring would be continued.

Remedial Alternative No. 5 would prevent public exposure to soils through access restrictions,
and would address leaching of constituents and achievement of groundwater standards through
bioremediation.

A description of the bioremediation process and necessary equipment is provided in the
following section.

Bioremediation Process
In-situ bioremediation consists of enhancing environmental conditions in the subsurface where

constituents are present to optimize natural microbial metabolism of organic compounds. Figure
5-5 presents a conceptual cross-section of an in-situ bioremediation system. Generally, the
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natural population of microorganisms present in the subsurface are acclimated to environmental
conditions. In order to increase the rate of biodegradation that occurs naturally, oxygen and
nutrients are added to the subsurface. Oxygen is usually the limiting factor. Oxygen can be
added by introducing air into the subsurface, by injecting water that has been oxygen-enriched,
or by addition of compounds such as hydrogen peroxide. For groundwater remediation,
nutrients and oxygen are typically added to groundwater that has been pumped to the surface
prior to recirculation to the subsurface. Groundwater recovery wells and reinjection wells and/or
infiltration galleries are required, and must be located and constructed to control the flow of
groundwater and treatment solutions. The hydraulic conductivity of the subsurface materials
determines the amount and rate of circulation of groundwater and treatment solutions. In-situ
bioremediation has the advantage of treating a large proportion of both dissolved and adsorbed
compounds in the subsurface without removing them. Thus, the vadose zone soil could be
treated using this process, by infiltrating water enriched with oxygen and nutrients from the
surface. The water would travel through the vadose zone and be recovered from the underlying
aquifer through groundwater extraction wells. Surface treatment of extracted water using GAC
filters would also be included.

Laboratory or field treatability studies are usually required to determine biodegradation rates,
oxygen and nutrient requirements, and effects of parameters such as pH and temperature on
biodegradation. Usually, nitrogen and phosphorous are the major nutrients required, although
other compounds and trace elements are also necessary. Other naturally occurring groundwater
constituents such as iron and manganese can significantly impact the operation of an in-situ
process and should be evaluated. Once implemented, bioremediation systems require
significant operation efforts to monitor and maintain optimum conditions for microbial growth,
and to prevent fouling or plugging that may render the system ineffective.

We can assume an oxygen requirement of 7.5 mg O,/mg BTEX, which is a conservative value
developed from laboratory testing at another site. During a laboratory biotreatment study
performed by ENSR on soil containing TPH it was determined that 7.37 mg 0,/mg TPH was
consumed during biological treatment. The study was conducted on soil samples originally
containing TPH concentrations ranging from 22,700 mg/L to 37.9 mg/L. The biodegradation
evaluation was conducted on soil/nutrient buffer suspensions in sealed BOD bottles over a 3-
week period. Dissolved oxygen levels were monitored daily and oxygen consumption was
compared with mass of TPH degraded during the study to determine mg of O, consumed per
mgqg of TPH.

Appendix D contains calculations of remedial timeframe for the in-situ bioremediation system.
Based on a conservative estimate of benzene concentration in the subsurface, it is estimated that
less than 3 years is required to actively bioremediate the mass of benzene found in the Action
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Area 1 and 2 groundwater plumes. If the concentration of constituents on soil adds significantly
to the mass, engineering solutions such as addition of hydrogen peroxide (H,0,) to the
infiltration galleries, to increase O, concentration to the subsurface can be implemented to
achieve a remedial timeframe of 3 years or less. For the purposes of this evaluation, a
conservative approach will be taken. Therefore, it is anticipated that the required remedial
timeframe to achieve benzene ARARs will be 2 to 30 years.

In-situ bioremediation has been used successfully for site cleanups, especially at sites where
gasoline is the material to be removed and is being applied for groundwater remediation under
the Superfund program. Hydrocarbon removal efficiency usually ranged from 70 to 80% (Wilson
et al., 1986). DCA is, however, only slightly degradable using this technique and is likely to be
unaffected by bioremediation efforts, except for incidental volatilization due to pumping and
handling of groundwater. Carbon adsorption units would remove any DCA prior to reinjecting
water to the subsurface.

Bioremediation Equipment

In order to deliver sufficient oxygen and nutrients to the subsurface, a system of groundwater
recovery wells and infiltration galleries is required. Particle size analyses on soil samples
confirmed that the aquifer material is primarily a medium- to. fine-grained sand. The average
hydraulic conductivity of this material is 434 ft./day. Transmissivity ranged from 0.45 to 61 sq.
ft./day. These conditions make recirculation of the groundwater and delivery of oxygen and
nutrients to the subsurface feasible.

Groundwater chemistry, including calcium, magnesium, and iron, would need to be evaluated
to determine potential adverse effects on in-situ bioremediation. Current data on groundwater
chemistry indicate that the water may be subject to CaSO, precipitation, which could result in
operational difficulties. Groundwater would be added, from the subsurface, hydrogen peroxide
or some other oxygen source and nutrients would be added, and the groundwater would be
reinjected. Groundwater modeling studies would be required to select extraction well locations
to ensure control of groundwater flow at the site. Five extraction wells would be installed within
and downgradient of the plumes. The wells would be drilled to a depth of approximately S0 to
120 feet below the surface. Each well would pump 10 gpm for a combined flow of 50 gpm.

Groundwater would be treated through the use of GAC filtration and reinjected through infiltration
galleries and wells constructed over the former waste pits. The infiltration galleries would consist
of areas with dikes and berms to contain water until it infiltrates into soil. The injection wells
would be installed to deliver oxygenated water directly to the plume.
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Storage tanks for oxygen and nutrients, mixing tanks, pumps, carbon adsorption units, and
piping would be located on the surface. Sampling ports in the piping system would be required
to monitor oxygen and nutrient levels and concentrations of constituents in groundwater.

5.5.2 Detailed Evaluation of Alternative No. 5
Overall Protection of Human Health and the Environment

Overall, the Alternative No. 5 would be protective of human health and the environment, because
it would destroy or remove constituents of interest from groundwater. The groundwater recovery
wells would also act as hydraulic barriers to the flow of constituents in groundwater. Periodic
(e.g., quarterly) groundwater monitoring would be used to track constituents in groundwater.

The groundwater recovery and treatment system would be designed to reduce constituents in
groundwater to applicable standards, thereby meeting this remedial action objective. Direct
contact with constituents in soil would be prevented by access restrictions and by the minimal
amount of intrusive activities required. Leaching and subsequent biodegradation or extraction
and treatment of the constituents in soil would be expected.

Compliance with ARARs

ARARs for constituents in groundwater would be met using in-situ bioremediation with GAC
polishing. Any treatment residuals generated from pretreatment or carbon adsorption on the
surface would be handled according to RCRA and other applicable regulations. Applicable
chemical-specific ARARs for groundwater are federal MCLs, non-zero MCLGs, or state MCLs,
whichever are more stringent for a particular constituent. For estimations of the timeframe to
achieve ARARs, the 1 pg/I state MCL for benzene was used. This is the more stringent of the
identified ARARs for benzene.

Permits to reinject groundwater, which are not ARARs, are substantive administrative
requirements and, if required, will be obtained.

Long-Term Effectiveness and Permanence

This criterion assesses the risk remaining at the site after remedial action objectives are
achieved. As mentioned previously, constituents in groundwater and soils are currently within
the range of risk that is typically used by U.S. EPA to set cleanup goals for similar sites.
Constituents would be treated through bioremediation to meet remedial action objectives. The
extraction wells would also provide containment of groundwater. Few treatment residuals would
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be generated by the groundwater treatment system, because treatment would take place in-situ;
however, the water would be treated using carbon adsorption prior to reinjection, and spent
carbon would require regeneration off-site. Soils would aiso be treated through bioremediation,
thereby removing a potential source of constituents leaching to groundwater. Groundwater
would be monitored to ensure that remedial action levels were not exceeded. Thus, it is
expected that the risks remaining at the site after remedial action objectives are achieved will
remain within the risk range used by U.S. EPA to develop cleanup goals for the site in the long
term.

Reduction in Toxicity, Mobility, or Volume Through Treatment

The constituents of interest in both soil and groundwater would be destroyed in the subsurface
through microbiological metabolism or removed and treated by carbon adsorption. The
toxicities, mobilities, and volumes of the constituents would therefore be reduced. The process
is irreversible and little or no treatment residuals are generated. The DCA removed by carbon
adsorption would eventually be destroyed through carbon regeneration. This alternative,
therefore, meets the preference for treatment to reduce the hazards posed by the constituents
of interest in groundwater.

Short-Term Effectiveness

This evaluation criterion assesses the risk associated with construction and implementation of
the alternative up to the point at which remedial action objectives are achieved. For this
alternative, construction and implementation includes installing the groundwater and soil
collection and treatment system, and treating the groundwater until treatment standards are
achieved.

Because groundwater treatment would take place in-situ, risks to the community during
construction and treatment would be minimal. Nutrients and oxygen would be added to the
groundwater after it was pumped to the surface, however, and the H,O, used as an oxygen
source could be hazardous during handling.

Hypothetical risks to remedial workers would result primarily from the installation of the
necessary recovery and injection wells and the potential for contact with constituents of interest
in the subsurface. Once in place, the most significant risk to remedial workers would be the
handling of treatment chemicals. Potential risks to operating workers during remedial activities
would be associated with normal process-type operations. These risks are likely to include
hazards associated with electrical and mechanical maintenance, hazards associated with
treatment units, and potential exposure to various constituents. These risks will be addressed
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and minimized through good operating procedures specified in the Operation and Maintenance
Plan. All workers at the site will be subject to OSHA health and safety requirements (29 CFR
1910.120). Groundwater and injected treatment solutions would be closely controlied in the
subsurface through groundwater gradient control wells; no risks to the environment are
anticipated.

Approximately 2 to 30 years would be required to meet groundwater cleanup objectives.
Implementability

No major difficulties are anticipated with the construction of the technologies included in this
alternative. More difficulties and uncertainties, however, are associated with operation of the
system. The main factors affecting feasibility of in-situ bioremediation are environmental factors
affecting microbial growth, site hydrogeology, and geochemistry. It is expected that all of the
constituents of interest in the groundwater except DCA could be biodegraded; DCA would be
removed by carbon adsorption. Some environmental factors, such as nutrient and oxygen
concentration, can be enhanced to optimize growth conditions. Others, such as the presence
of compounds toxic to the microorganisms or competition from other microorganisms, cannot
be altered. The site hydrogeology appears to be amenable to efficient extraction and infiltration
of groundwater. The natural chemistry of the groundwater may require pretreatment of the
groundwater prior to treatment in the GAC units and may lead to precipitation of CaSO, or other
materials in the subsurface.

Treatability studies would be required to determine the optimum conditions for bioremediation,
the rate of biodegradation, the efficiency of the process, and pretreatment needs. Sufficient
contact between the constituents of interest, the microorganisms, and the oxygen source and
nutrients is required for effective bioremediation. Ability to maintain control over the treatment
solutions is also important. The presence of iron in the groundwater could also impact the use
of H,O, as an oxygen source. While we anticipate that site conditions are amenable to
bioremediation, there are many variables and uncertainties that could lead to schedule delays.

Groundwater monitoring would be used to track migration of constituents of interest in the
groundwater. Little coordination with other agencies is expected to be necessary, although a
permit to reinject groundwater may be required.

The availability of treatment, storage, and disposal sources is not a concern, because all
treatment will be conducted on-site and carbon will be regenerated by the vendor. Although the
technology is not as common as carbon adsorption or other conventional methods, the
necessary specialists and equipment are available.
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Reinjection of treated groundwater that has been enhanced with oxygen and nutrients would
have to meet waste discharge requirements of the Los Angeles Regional Groundwater Quality
Board. Permits have been issued for other in-situ bioremediation projects. Up to 120 days is
required for approval.

Cost

The total capital cost associated with this alternative is approximately $790,000. The annual
O&M costs are estimated at $300,000. The estimated net present values for different remediation
time frames are presented in Section 6.0. Assumptions and detailed cost spreadsheets used
to develop these costs are included in Appendix E.

5.6 Alternative No. 6: Groundwater Surface Treatment Plus Soil Treatment
5.6.1 Detailed Description of Alternative No. 6

Alternative No. 6 would consist of the groundwater extraction and carbon treatment and disposal
system described for Alternative No. 4, plus soil treatment by soil vapor extraction (SVE). Access
restrictions would be maintained and periodic (e.g., quarterly) groundwater monitoring would be
continued. The groundwater extraction system would remove constituents from groundwater and
the SVE system would remove constituents from soil, thereby eliminating a potential future
source of groundwater contamination. The areas to be remediated by SVE include the former
waste areas: the Main Waste Pit, Pit 3, and Pit 4. The SVE process and equipment are
described in the following sections.

SVE Process

SVE consists of removing vapors from pore spaces in the unsaturated zone by drawing air
through the subsurface. This is accomplished by installing and drawing a vacuum on vapor
recovery wells (see Figure 5-6. The flow of air through the subsurface enhances the volatilization
rate of constituents and therefore the removal from the soil phase. More volatile compounds are
removed at first, followed by less volatile compounds. Significant increases in the subsurface
biological degradation of many compounds has also been confirmed through the use of SVE.
Air infiltration wells or open "passive" wells can be installed to allow for better air flow in the
subsurface. An impermeable plastic liner is typically placed over the soil surface to assist in
control of air flow. The main factors that affect the use of vapor extraction are the chemical
composition of the constituents, the vapor flow paths through the unsaturated zone, and the flow
path of the vapors relative to the location of the constituents (Johnson et al., 1990). Vapors
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removed to the surface will require treatment. For the purpose of this FS, treatment is assumed
to be by vapor-phase carbon adsorption. Carbon regeneration would be conducted off-site.

Additional treatability studies would be required to determine well design, well spacing, flow
rates, and removal rates. Based on data in the RI, the concentrations of leachabie VOCs in the
soils below the former waste pits are relatively low. Data on actual total concentration of VOCs
in the affected soils need to be investigated. If, however, we estimate that the concentration of
total benzene, for example, is 20 times greater than the leachable concentration, then a
maximum benzene concentration of 440 ug/kg would be found in the former Main Waste Pit
area and 760 pg/kg in the southern region. In addition, actual waste materials have been
removed from the waste pits, and no free product layer has been identified. Because no
concentrated source of the constituents of interest is present, SVE is expected to be an effective
method for remediating the soil in a relatively short period of time. Actual remediation
timeframes would be developed during evaluation of soils mass.

BTEX compounds and DCA could be readily removed using SVE. Naphthalene and
methylnaphthalene would not be removed as readily, but are not as prevalent at the site as the
more volatile compounds. Specific remediation goals have not been developed for soil. SVE
would be used to remove constituents from soil to prevent their being a threat to groundwater.

Data on total concentrations of constituents in soil are not currently available. Without this
information or treatability studies, a detailed technical evaluation cannot be completed.

SVE Equipment

Although treatability studies would be required to design the most effective SVE system, a
possible system layout was selected based on available information, for the purpose of this
study. SVE wells would be installed at approximately 100-foot intervals in areas where
constituents are present in soils. The wells would be approximately 65 feet deep, and would
draw constituent vapors from pore spaces in the soil. The 100-foot spacing of vapor extraction
wells is based on system designs for other sites with similar constituents and geology. Passive
air infiltration injection wells would be installed between the extraction wells (e.g. 50 feet away).
The radius of influence of each well would therefore be approximately 50 feet. This is not
uncommon well spacing for SVE systems. Studies by Crow et al. (1987) concluded that
hydrocarbon vapor concentrations could be reduced by subsurface venting at distances greater
than 100 feet. Without conducting treatability studies, an approximate system layout is the only
way to define the alternative for evaluation and cost estimation. An impermeable barrier would
be placed on the ground surface to enhance air flow through the vadose zone. The extraction
wells would be connected by a header and a blower would induce a vacuum in the wells. The
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blower would force vapors to a single collection point, where the air stream would pass through
a vapor-phase carbon adsorption unit, to remove constituents of interest. Vapor extraction would
continue until monitoring of extracted vapors and soil samples indicated that no constituents
remained above levels that would represent a threat to groundwater.

5.6.2 Detailed Evaluation of Alternative No. 6
Overall Protection of Human Health and the Environment

Overall, this alternative would be protective of human health and the environment by removing
constituents from both groundwater and soil.

The groundwater recovery and carbon adsorption system would remove the constituents of
interest in groundwater to applicable standards, thereby meeting remedial action objectives. The
groundwater recovery wells would also act as hydraulic barriers to the flow of constituents in
groundwater. The SVE system would remove constituents of interest from the soil on-site,
thereby eliminating a potential future source of groundwater contamination. While the potential
for releases to air from the SVE system exists, these could be controlled using a vapor-phase
carbon treatment system. Access restriction would prevent direct contact with the soil.

Compliance with ARARs

ARARs would be met for groundwater by the groundwater extraction and treatment system.
Applicable chemical-specific ARARs for groundwater are federal MCLs, non-zero MCLGs, or state
MCLs, whichever are more stringent for a particular constituent. For estimations of the timeframe
to achieve ARARs, the 1 pg/l state MCL for benzene was used. This is the more stringent of the
identified ARARs for benzene. This alternative is expected to achieve ARARs for benzene in
groundwater in a timeframe of 3 to 30 years. Permits for discharge of treated groundwater and
any other discharge will, if required, be obtained. Air emissions from the SVE system would be
permitted through Ventura County APCD and controlled to meet emission standards through the
use of vapor-phase carbon adsorption. Permitting requirements are not ARARs, but are
substantive administrative requirements, which would be addressed during implementation of
this alternative. Any treatment residuals and spent carbon from groundwater and soil treatment
systems would be handled according to RCRA and other applicable regulations.

Long-Term Effectiveness and Permanence

This criterion addresses the risk remaining at the site after remedial action objectives are
achieved. Constituents in groundwater and soils are currently within the range of risk that is
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typically used by U.S. EPA to set cleanup objectives for similar sites. Compounds removed from
groundwater through carbon adsorption and compounds removed from the soil through vapor
extraction would be treated and eventually destroyed thermally during carbon regeneration, an
unreversible process.

Long-term management would not be required once the cleanup objectives are achieved. It is
anticipated, however, that access restriction by fencing wouid continue. Groundwater monitoring
would also likely be continued over the long term, to ensure that no constituents of interest
remained in the subsurface above remedial action objectives. The groundwater monitoring
program would consist of sampling existing wells on a quarterly basis following the guidelines
established for the current groundwater monitoring program. Specific locations for groundwater
monitoring will include selected wells from Aquifer 1 and Aquifer 2. Potential wells to be used
for groundwater monitoring are indicated on Figure A-1 in Appendix A. Groundwater samples
will be analyzed for volatile compounds (Method 8240), semivolatiles (Method 8270) and selected
total metals to include arsenic and lead. The current groundwater monitoring program would
be modified according to changing site conditions.

Thus, it is expected that the risks remaining at the site after remedial action objectives are
achieved will remain within the risk range used by U.S. EPA to develop cleanup goals for the site
in the long term.

Reduction in Toxicity, Mobility, or Volume Through Treatment

Both of the treatment systems to be employed under this technology, liquid-phase carbon
adsorption and SVE with vapor-phase carbon adsorption, are removal technologies.
Constituents in both the groundwater and soil would be removed, thereby significantly reducing
the volume of constituents in groundwater and soil. Constituents would be removed from soil
and groundwater to levels necessary to meet cleanup objectives.

Because the compounds removed would be transferred to the solid phase, treated, and
ultimately destroyed, there would be a reduction in the toxicity of the compounds. The process
is irreversible, and few if any treatment residuals are generated. Therefore, this alternative meets
the preference for treatment to remove the hazards posed by the constituents of interest in both
the groundwater and soil. '

Short-Term Effectiveness

This evaluation criterion assesses the risk associated with construction and implementation of
the alternative up to the point when remedial action objectives are achieved. For Alternative No.
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6 this includes installation of the groundwater and soil treatment systems and operation until
remedial action objectives are achieved.

The major potential risk to the community posed by implementing this alternative is the release
of constituents to the air by the SVE system. This risk could be controlled, however, by
removing the constituents from air using a vapor-phase treatment system.

Potential risks to remediation workers are those associated with subsurface work in installing
groundwater recovery wells, and vapor extraction and injection wells. Potential risks to
operations workers during remedial activities would be associated with normal process-type
operations. These risks are likely to include hazards associated with electrical and mechanical
maintenance, hazards associated with vapor-phase treatment units, and the potential exposure
to various constituents. These risks will be addressed and minimized through good operating
procedures specified in the Operation and Maintenance Plan. All workers at this site will be
subject to OSHA health and safety requirements (29 CFR 1910.120). No other environmental
impacts are anticipated.

As with Alternative No. 4, it is estimated that 3 to 30 years would be required to meet
groundwater cleanup objectives in Action Areas 1 and 2A. It is difficult to predict SVE
remediation time frames; however, based on ENSR's experience in applying SVE to sites where
no significant source of volatile constituents exists (e.g., free product), a conservative estimate
of 2 years or less is required to remediate the soil. Because there would be overlap of these
time frames, a total of 30 years is estimated to be required to complete remediation under this
alternative.

Implementability

No major difficulties are anticipated with the construction and operation of the groundwater
extraction and carbon adsorption system. Groundwater recovery wells are simple to install and
carbon adsorption systems are available from vendors in prepackaged units. Additional studies
may be necessary to determine optimum pumping rates, recovery well arrangements, and total
treatment time for all three Action Areas. Based on data collected during pump test activities,
it does not appear that substantial pretreatment would be required.

The installation of the SVE system involves common technology, materials, and labor. Possible
site constraints exist, such as the location of tanks or other structures in areas where soil
remediation is required. Uncertainties regarding the areal extent of constituents in the soil and
localized subsurface conditions (heterogeneity) could affect the operation of the system.
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Treatability studies would be required to determine to most effective well design, well spacing,
flow rates, and removal rates, as well as carbon treatment requirements.

Discharge of treated water to Pole Creek would require an NPDES permit and approval from the
Ventura County Flood Control District. An air emissions permit would be required for the SVE
system. The SVE system and air pollution control equipment would require an operating permit
from the Ventura County Air Pollution Control District. Approximately 2 to 4 months would be
required to prepare the permit and obtain approval. The permitting process typically occurs
during the vendor selection and equipment procuring stage, after the system has been designed,
and would not be expected to adversely impact implementation of this alternative.

Availability of treatment, storage capacity, and disposal services would not be a problem
because only small amounts of treatment residuals would potentially be dealt with off-site, and
carbon would be regenerated by the vendor. The necessary equipment and specialists are also
available. Carbon adsorption is a well demonstrated, readily available technology. SVE, while
not as common, has been used at similar sites, and could be implemented using common
technology.

Cost

The total capital cost for this alternative is $1,075,000. Annual O&M costs, including quarterly
groundwater monitoring, would be $480,000. Net present values for different remediation time
frames are presented in Section 6.0. Assumptions and detailed cost spreadsheets sued to
develop these costs are included in Appendix E.

5.7 Alternative No. 7: In-Situ Groundwater Treatment Plus Soil Treatment
5.7.1 Detailed Description of Alternative No. 7

Alternative No. 7 would consist of the in-situ groundwater treatment system described for
Alternative No. 5, plus soil treatment by SVE. Access restrictions would be maintained, and
periodic (e.g., quarterly) groundwater monitoring would be continued. The in-situ soil
bioremediation system would differ from that described for Alternative No. 5 in that groundwater
enhanced with oxygen and nutrients would be reinjected into the subsurface only through the
injection wells rather than through infiltration galleries (because the SVE system would eliminate
the need for soil treatment by in-situ bioremediation). The SVE system would be the same as
was discussed for Alternative No. 6.
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While in-situ soil bioremediation is potentially applicable and works well in conjunction with an
in-situ groundwater bioremediation system, SVE would still be a more efficient technology for
remediation of soils at the Fillmore site for several reasons. DCA is not readily biodegradable,
although it is volatile and therefore can be removed by SVE. Also, SVE will be easier to
construct and operate than soil bioremediation, and will be less susceptible to the fouling and
precipitation while infiltrating groundwater due to natural groundwater characteristics. SVE is also
expected to stimulate biodegradation in the vadose zone.

5.7.2 Detailed Evaluation of Alternative No. 7
Overall Protection of Human Health and the Environment

Overall, this alternative would be protective of human health and the environment by removing
constituents from groundwater and soil. The groundwater in-situ bioremediation system would
address the constituents of interest in groundwater to applicable standards to meet this remedial
action objective. The groundwater recovery wells would also act as hydraulic barriers to
groundwater flow. The SVE system would remove constituents of interest from the soil on-site,
thereby eliminating a potential future source of groundwater contamination. Access restrictions
would prevent direct contact with the soils until the cleanup objectives were met. Potential
releases to air from the SVE system would be controlled using a vapor-phase carbon treatment
system.

Compliance with ARARs

ARARs for constituents in groundwater would be achieved using in-situ bioremediation with
carbon polishing. Applicabie chemical-specific ARARs for groundwater are federal MCLs, non-
zero MCLGs, or state MCLs, whichever are more stringent for a particular constituent. For
estimations of the timeframe to achieve ARARs, the 1 ug/I state MCL for benzene was used.
This is the more stringent of the identified ARARs for benzene. This alternative is expected to
achieve ARARs for benzene and DCE in a remedial timeframe of 1 to 30 years. Permits for
discharge of treated groundwater any other discharge will, if required, be obtained. Air
emissions from the SVE system would be permitted through Ventura County APCD and
controlled to meet emission standards through the use of vapor-phase carbon adsorption.
Permitting requirements are not ARARs, but are substantive administrative requirements, which
would be addressed during implementation of this alternative. Any treatment residuals and spent
carbon from groundwater and soil treatment systems would be handled according to RCRA and
other applicable regulations.
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Long-Term Effectiveness and Permanence

This criterion addresses the risk remaining at the site after remedial action objectives are
achieved. Constituents in groundwater and soil are currently within the range of risk that is
typically used by U.S. EPA to set cleanup goals for similar sites. Biodegradable compounds in
groundwater would be destroyed in-situ; DCA and compounds removed from soil by SVE would
be destroyed thermally during carbon regeneration, both irreversible processes.

Long-term management would not be required once the cleanup objectives were achieved. It
is anticipated, however, that access restriction by fencing would continue. Groundwater
monitoring would also likely continue over the long term to ensure that no constituents of interest
remained in the subsurface above remedial action objectives. Thus, it is expected that the risks
remaining at the site after remedial action objectives are achieved will remain within the risk
range used by U.S. EPA to develop cleanup goals for the site in the long term.

Reduction in Toxicity, Mobility, or Volume Through Treatment

The bioremediation and SVE systems would remove the target constituents from soil and
groundwater. The biodegradable constituents present in the groundwater would be destroyed
through microbiological metabolism to carbon dioxide and water. The DCA removed through
carbon adsorption would eventually be destroyed during carbon regeneration. The toxicities,
mobilities, and volumes of the constituents would therefore be reduced.

The SVE system is a removal technology that would decrease the volume of constituents of
interest in soil. The removed constituents would be transferred to the vapor phase, treated, and
eventually destroyed thermally during carbon regeneration. Because the constituents are
destroyed, there is a reduction in toxicity.

Both treatment processes are irreversible and generate few if any treatment residuals. This
alternative meets the preference for treatment to remove the hazard posed by the constituents
of interest in both the groundwater and soil.

Short-Term Effectiveness

This evaluation criterion assesses the risk associated with construction and implementation of
the alternative up 1o the point at which remedial action objectives are achieved. For Alternative
No. 7, this includes installation of the groundwater and soil treatment systems and operation until
remedial action objectives are achieved.
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Because groundwater treatment under this alternative would be conducted almost entirely in-situ,
the risks to the community are minimal. Peroxide added to the groundwater is a potential hazard
to remediation workers, however. The release of constituents to the air from the SVE system is
also a potential hazard; however, the risks would be controlled by removing compounds from
the air stream using a vapor-phase carbon treatment system.

Potential risks to workers are those associated with subsurface work in installing recovery,
injection, and vapor extraction wells. Once in place, the major risk to workers would be the
handling of treatment chemicals. Other potential risks are those associated with normal process-
type operations. These include hazards associated with electrical and mechanical maintenance
and potential exposure to various constituents. These risks will be addressed and minimized
through good operating procedures specified in the Operation and Maintenance Plan. All
workers at the site will be subject to OSHA health and safety requirements (29 CFR 1910.120).

Other potential risks to the environment are associated with the groundwater treatment system.
Potential off-site migration of nutrients and peroxide injected into the surface could occur. This
would be controlled by designing groundwater recovery wells to prevent off-site migration of
treatment solutions. In addition, groundwater monitoring efforts to track remediation progress
and site conditions would be able to detect such migration.

As discussed for Alternative No. 5, approximately 3 years would be required to meet
groundwater cleanup objectives by in-situ bioremediation. The SVE system would require
approximately 2 years to treat the soil. However, infiltration of air into the subsurface, induced
by the SVE system, will provide an excess of oxygen and may increase the rate of natural
biodegradation in soils and decrease the time required for in-situ groundwater bioremediation.
It is anticipated that this alternative would achieve ARARs for benzene in 1 to 30 years.

Implementability

No major difficulties are anticipated in the construction of the groundwater in-situ bioremediation
system. Common technology would be used to install components of the in-situ groundwater
bioremediation system, including groundwater, recovery, and injection wells; carbon adsorption
units; and surface equipment for the addition of nutrients and oxygen. More difficulties and
uncertainties, however, are associated with operation of the system. The main factors affecting
feasibility of in-situ bioremediation are the biodegradability of the constituents, environmental
factors affecting microbial growth, and site hydrogeology. It is expected that all of the
constituents of interest in the soil could be biodegraded. Some environmental factors, such as
nutrient and oxygen concentration, can be enhanced to optimize growth conditions. Others,
such as the presence of compounds toxic to the microorganisms or competition from other
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microorganisms, cannot be altered. The site hydrogeology appears to be amendable to efficient
extraction and infiltration of groundwater.

Treatability studies would be required to determine the optimum conditions for bioremediation,
the rate of biodegradation, and efficiency of the process. Sufficient contact between the
constituents of interest, the microorganisms, and treatment agents is required for effective
bioremediation. Ability to maintain control over the treatment solutions is also important. The
presence of iron in the groundwater could also impact the use of H,0O, as an oxygen source.
While we anticipate that site conditions are amenable to bioremediation, there are many variables
and uncertainties that could potentially lead to schedule delays.

The installation of the SVE system involves common technology, materials, and labor. Possible
site constraints exist, such as the location of tanks or other structures in areas where soil
remediation is required. Uncertainties about the areal extent of constituents in the soil and
localized subsurface conditions could affect the operation of the system. Treatability studies
would be required to determine the most effective well design, well spacing, flow rates, and
removal rates, as well as carbon treatment requirements.

Reinjection of treated groundwater may require a permit. An air emissions permit would be
required for the SVE system.

Availability of treatment, storage capacity, and disposal services would not pose a problem
because treatment would be conducted on-site. The necessary equipment and specialists are
also available. Both in-situ groundwater bioremediation and SVE are implemented using
common technology with readily available equipment and labor.

Cost

The total capital cost for this alternative is $1,270,000. Annual O&M costs, including groundwater
monitoring, would be $540,000. The estimated net present values for different remediation time
frames are presented in Section 6.0. Assumptions and detailed cost spreadsheets used to
develop these costs are included in Appendix E.
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6.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

6.1 Comparison of Alternatives by Evaluation Criteria
Overall Protection of Human Health and the Environment

Overall, all seven alternatives are protective of human health and the environment. According
to the draft risk assessment report for the site, constituents in groundwater and soil currently are
within U.S. EPA acceptable risk ranges. Based on conservative exposure scenarios presented
in the risk assessment (i.e., a person living on the site and consuming 2 liters of water every day
for 30 years for calculation of drinking water risks), exposure to residual constituents present at
the Fillmore site are within the range of risk (10 to 107) used by U.S. EPA to set cleanup goals
at similar sites. Calculation of site-specific risks does not take into account the observed natural
degradation of constituents that are contributing to risks, and thus it is likely that current risks
will diminish with time. In addition, groundwater is not used as a drinking water source and
access restrictions and the depth of soils below the former waste pits would prevent any contact
with constituents in soils. Based on FS evaluations, a difference does exist between the
alternatives with respect to the rate of risk reduction.

The estimate of risk reduction is based on the estimated remedial timeframes and the graph in
Appendix F. Based on these estimates, reduction of groundwater benzene concentrations to the
federal MCL of 5 pg/! for benzene will result in an excess lifetime cancer risk of 2 x 1°; reduction
to the California MCL of 1 pg/I for benzene will result in an excess lifetime cancer risk of 4 x 17.
Alternatives 1, 2, and 3 would rely on natural degradation and could be expected to reduce risk
to below 10° in approximately 5 to 30 years. Alternatives 5 and 7, alternatives that rely on
enhanced bioremediation, are expected to achieve a risk reduction to below 10® in less than 3
years. Alternatives 4 and 6, which employ pump and treat, will achieve the reduction to below
10° in 3 years or less if natural degradation is considered but may take 30 years if natural
degradation is assumed to not be a significant removal mechanism for benzene.

Compliance With ARARs

Achievement of ARARs in Alternative 1 will not be measured and therefore cannot be quantified.
All other alternatives are expected to achieve groundwater ARARs, although in different time
frames. A range of timeframes has been developed for each alternative to achieve ARAR's. The
purpose of this range is to reflect the uncertainty of achieving ARARs and to provide a basis for
developing cost estimates for the site.

6600-063-600/Texaco, Inc. February 1992
91120343 6-1



Achieving ARARs at this site may be significantly affected by natural degradation of benzene.
Data currently available for the site indicates that an overall reduction in the volume of
groundwater effected by benzene has occurred, presumably through natural degradation.
Significant portions of the north plume area that were formerly affected by benzene are currently
below ARARs. Site data also indicates that a mass of leachable benzene in soil was not
encountered during Ri activities. The lower end of the cleanup timeframe range assumes that
natural degradation is significant and that little or no leachable benzene is present to impact the
groundwater cleanup. As such, cleanup is estimated to be relatively rapid.

If natural degradation is not significant or leachable benzene is present in significant quantities,
the upper end of the range of cleanup timeframes has been presented to account for delays in
ARAR achievement. This upper end estimate takes into account effects of the drought, potential
inadequacies in soil sampling and other unknowns. The cost table presented later in this section
presents the estimated cleanup timeframes with respect to costs.

it should be noted that achievement of ARARs may be difficult based on recent experience with
groundwater cleanup. Monitoring and progress evaluations will be required during
implementation of any aiternative to determine if actual achievement of ARARs is possible.

Action-specific ARARs are applicable only to Alternatives No. 4 through 7. Proper permitting,
design, and operation of the remediation systems included in these alternatives would ensure
compliance with ARARs.

Long-Term Effectiveness and Permanence

This criterion assesses the risk remaining after remedial action objectives are achieved.
Groundwater ARARs would be achieved by alternatives 2 through 7, although through different
remediation time frames. Alternative 1 could achieve ARARs groundwater, but would not be
documented. The constituents in groundwater and soil currently are within the range of risk
typically used by U.S. EPA to determine cleanup objectives at similar sites and would not be
expected to present unacceptable risks to human health and the environment in the future,
regardless of the time frame in which groundwater ARARs are achieved. Appendix F includes
a graphic presentation of anticipated reduction of benzene risk. Based on the initial
concentration of 71 pg/L (upper confidence level [UCL] for benzene), achievement of ARARs will
reduce benzene risk in groundwater to the 10° to 107 range in less than approximately 5 years
under natural degradation (Alternatives 1, 2, and 3) although 30 years may be required if natural
degradation is not significant or ieachable benzene in soils impacts the cleanup timeframe.
Approximately 3 years or less under in-situ bioremediation or pump and treat scenarios that
assume natural degradation, and may require 30 years or more under a scenario where pump
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and treat is not assisted by natural degradation (Alternatives 4 through 7). Calculation of
remedial timeframes presented in the FS report are based on a more conservative approach
using a 720 ug/L or greater initial benzene concentration (maximum benzene concentration
detected). Actual degradation rates in the field will depend on many factors and will require
close monitoring to evaluate remedial progress and reduction of risk. However, the magnitude
of residual risk is expected be reduced for all alternatives.

This criterion also considers adequacy and reliability of controls. Under Alternative 1, control or
monitoring of natural degradation would not take place. Thus, Alternative 1 would be the least
controllable alternative. Alternative 2 includes monitoring of constituent degradation and access
restrictions that would prevent contact with the groundwater while risk reduction was occurring.
This is estimated to be an adequate control of exposure to the public; in fact, monitoring and
access restrictions will be part of all alternatives while risk reduction is being effected.

Alternatives 3 through 7 all add additional levels of control to that presented in Aiternative 2.
Alternative 3 considers capping to reduce leaching of constituents to groundwater. Since no
concentrated mass of constituents in soil was identified during the Rl, it is not likely that capping
will significantly impact the long-term effectiveness of this alternative. Alternatives that include
pump and treat (Alternatives 4 and 6) will provide groundwater controls such that an added
safeguard to access restrictions will be in place while risk reduction is occurring. Bioremediation
and soils treatment (Alternatives 5 and 7) may speed up the risk reduction and reduce the
potential for leaching of constituents in soil to the groundwater. As with capping, since
significant amounts of constituents were not identified in soils, it is not likely that the adequacy
and reliability of controls will be increased greatly through soils treatment. There may be limited
areas, however, where soils treatment is warranted.

Reduction of Toxicity, Mobility, or Volume Through Treatment

All alternatives are expected to reduce the toxicities, mobilities, and volumes of the constituents
of interest although the mechanism for reduction varies for the different techniques, as follows:
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1 No Action

2 Continued Operation

x

3 Continued Operation Plus Capping

4 Groundwater Extraction with Surface . X
Treatment

5 In-Situ Bioremediation X

6 Groundwater Surface Treatment Plus X
Soil Treatment

7 In-Situ Groundwater Treatment Plus X
Soil Treatment

Thus, reduction of toxicities, mobilities, and volumes of the constituents of interest through direct
treatment is accomplished in Alternatives 4 through 7.

Under Alternatives No. 5, 6, and 7, constituents of interest would be irreversibly destroyed in-situ
or removed from soil and groundwater and eventually destroyed during carbon regeneration,
thereby reducing the toxicities, mobilities, and volumes of the constituents directly through
treatment. Alternative No. 4 includes direct groundwater treatment, also reducing toxicities,
mobilities, and volumes of the constituents of interest.

Under Alternatives No. 1, 2, and 3 the toxicities, mobilities, or volumes of constituents of interest
could be expected to be reduced through natural degradation processes. The prior waste
removal action significantly reduced the volume of constituents on-site, by removing a large
volume of material containing the highest concentrations of constituents. Current site data
suggest that natural degradation is likely to reduce the toxicities, mobilities, and volumes of the
constituents of interest. As previously stated, Figure 5-1 depicts this reduction.

Since the cleanup of the site for all alternatives is basically measured as achievement of ARARs,
there is no significant delineation of the degree of expected reduction of toxicity, or volume or
the amount of constituents destroyed. All alternatives represent irreversible mechanisms for
removal of the constituents of interest. Under natural degradation, the constituents of interest

6600-063-600/Texaco, Inc. February 1992
91120343 6-4



are expected to be degraded to non-toxic byproducts of cellular metabolism. In-situ
bioremediation will result in similar byproducts. Under active pump and treat or vapor extraction,
the constituents of interest will be collected and destroyed in irreversible processes.
Measurement of degradation will not be possible under Alternative 1 since monitoring is not
included. There will be treatment residues (i.e., ash and spent regenerated carbon) under the
pump and treat alternatives; however, these are expected to be non-hazardous in nature.

There are, however, differences with respect to control of mobility. Alternative 1 does not include
monitoring of constituents, therefore, reduction of the mobility cannot be measured. The pump
and treat alternatives (4 and 6) will include active control of groundwater through pumping and
thus will be most effective at reduction of mobility of the constituents in groundwater.
Alternatives 5 and 7 are expected to provide some measure of containment of groundwater,
although pumping rates could be lower. Alternatives 2 and 3 rely on natural degradation to
control mobility of constituents in groundwater.

Short-Term Effectiveness

This criterion assesses protection of the community and workers during remedial activities,
environmental impacts, and the time until remedial action objectives are achieved. For the seven
alternatives evaluated, protection of the community and workers would be impacted by the
activities in Alternatives 3 through 7. Alternative 3, capping, would result in the normal hazards
associated with construction of the cap and increased truck traffic required for this construction.
Alternatives 4 through 7 would include impacts on the community and workers through two main
areas: intrusive activities and air emissions from treatment equipment. Normal hazards of
construction and equipment operations would also be present. If the bioremediation system
were to use H,0,, for example, chemical hazards would be present to site workers. Overall,
protection of the community and workers will be addressed through standard health and safety
procedures and is not expected to be significantly negative for any alternative. No adverse
environmental impacts are currently occurring or expected to occur.

Achievement of remedial action objectives (RAOs) are largely associated with the achievement
of ARARs discussed previously.

In general, Alternatives 4, 5, 6, and 7 may achieve the RAOs in the most rapid timeframe (>3
years) with Alternatives 1, 2, and 3 estimated to achieve the RAOs in approximately 5 to 30
years. [f natural degradation is found to not be significant, then all Alternatives 4 and 6 may
require 30 years to achieve RAOs. Ali alternatives except No Action will prevent public exposure
to potentially hazardous substances through access restrictions.
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Implementability

Because Alternative No. 2 consists of continuing present operations and some limited surface
grading, it would be the easiest to implement. Alternative No. 3, which includes cap
construction, and Alternative No. 4, which includes a groundwater treatment system, would be
about equally difficult to implement. Alternatives No. 5, 6, and 7 would be most complex and
difficult to implement, because both soil and groundwater treatment systems are included. Site
constraints and groundwater chemistry may affect alternatives that include infiltration of solutions
or extraction of vapors.

Cost

A cost summary for each alternative, including total present-worth costs for different remediation
time frames, is presented in Table 6-1. Although approximate remedial time frames were
estimated for each alternative, many uncertainties exist that could affect these estimates. The
different net present-worth values listed in Table 6-1 for each alternative allow comparison of total
costs for different time frames.
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TABLE 6-1

Summary of Costs for Remedial Alternatives
Texaco Fillmore Site

1) No Action

2) Continued Operations $55,000

3) Clay Cap 970,000

4) Groundwater Pump & Treat 550,000
(Liquid GAC)

5) Groundwater In-situ Bioremediation 790,000

6) Groundwater Pump & Treat with 1,075,000
Soil Vapor Extraction

7) Groundwater In-situ Bioremediation 1,270,000

120,000

140,000

240,000

500,000
1,500,000

580,000
1,750,000

620,000
2,940,000

540,000
3,720,000

1,260,000
5,950,000

500,000
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The evaluation of alternatives presented in Sections 5.0 and 6.0 was prepared to select the best
techniques for achieving regulatory standards (ARARs) and for preventing the public from
exposure to potentially hazardous substances present in groundwater and soils at the Fillmore
site. Based on the relative timeframe required to achieve ARARs, comparative protection of
human health and environment, and cost, Alternative No. 2 is likely to be an acceptable
remediation strategy for the Fillmore site. However, a more conservative approach, that takes
into account the uncertainty associated with remediation timeframes and the limitations of site
data, would be Alternative 6. Because it is possible that natural biodegradation is occurring,
Alternative 6 should be implemented at the site in a phased approach.

For evaluation purposes, the Fillmore site was divided into several action areas so that the final
recommendation for an overall remediation strategy at the site would take into account
differences in plume definition, soil characteristics, and locations of the various areas requiring
remediation. The remedial life-cycle approach developed for the site is presented in this section.

The life-cycle approach considers the anticipated phases of the selected remedial action at the
site and the timing of implementation of the phases. Data needed to plan for implementation
of the selected alternative are identified and a preliminary program for collecting the required
data is outlined. Recommendations are given for implementing the selected alternative in each
action area.

7.1 Remedial Life-Cycle Approach

Development of the remedial life cycle approach for the Fillmore site is based on the
investigation record, the Draft Risk Assessment for the site, and the physical nature of the
compounds being remediated. The results of extensive investigation at the site indicate that
limited areas of soils have been impacted by petroleum products and that groundwater contains
low concentrations of VOCs. There is littie or no evidence in the investigation record to indicate
a major source of petroleum in the subsurface at the site. In fact, the recorded concentrations
of VOCs suggest that a major source is not present. The maximum concentration of TCLP-
leachable benzene in soils, for example, was 38 pg/kg (leachable benzene was identified in 23
out of 128 samples). Concentrations in the mg/kg (parts-per-million) range would be expected
if @ source were present as nonaqueous phase liquid (NAPL) in the soil pores. In addition,
calculated risks for ingestion of surface soils is within the risk range typically used by U.S. EPA
to set cleanup goals at similar sites.
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Benzene was the most frequently detected VOC in groundwater, found in 29 of 66 samples. A
maximum concentration of 720 ug/L benzene was found during the initial sampling round at the
site. The concentration of benzene has steadily declined in each subsequent sampling event,
with a maximum benzene concentration of 150 pg/L in the August 1991 sampling event. These
concentrations, when compared with an aqueous solubility of 1,000 pg/L for benzene, also
indicate that the source of benzene to Aquifer 1 is likely diffuse and not concentrated. They also
reflect the biodegradable nature of benzene in the natural environment. Free-floating product
was identified in only one monitoring well during the site investigation; it was not encountered
in any other wells.

Groundwater at the site is not used as a drinking water source; however, a hypothetical drinking
water scenario was developed for use in the Draft Risk Assessment for the site. Based on the
risk assessment, the calculated risk for the site is 2.42 x 10 for benzene, 2.42 x 10 for DCA,
and 2.35 x 10° for 1,1,2,2-tetrachloroethane. Thus, approximately 84% of the hypothetical
potential risk from groundwater, if it were used as a drinking water source, is due to benzene.
This potential risk, at approximately 3.07 x 10, is within the U.S. EPA acceptable risk range of
10 to 107 that has typically been used by U.S. EPA to set cleanup goals for groundwater at
similar sites. Thus, additional degradation expected to be occurring at the site will lead to overall
lower risks with time.

Where the extent of impacted soils and groundwater is not clearly defined, additional data will
be required prior to implementation of remedial action. The remedial life-cycle presented in
Table 7-1 considers the need for additional information; firm recommendations for action are
presented where enough information is available.

In Action Area 1, an area where natural degradation of constituents is reducing the extent of
affected groundwater, Phase | will consist of two activities. For groundwater, the natural
degradation will be monitored. Concurrently, the potential for affected soils to impact
groundwater will be evaluated, current soils data will be reviewed, and groundwater conditions
will be monitored and compared to rainwater infiltration and groundwater levels to determine
whether the soils may impact the remediation timeframe.

During Phase 2 in Action Area 1, if monitoring data indicate that it is required, a groundwater
pump and treat system for capture and collection of groundwater will be designed and installed.

In Action Area 2, Phase 1 will consist of monitoring of natural degradation. Investigative activities
will be performed as necessary to confirm the significance of natural degradation and provide
pre-design information. Design activities will also be conducted during Phase 1. These activities
are expected to include design of the groundwater remediation system, preparation of plans and
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TABLE 7-1

Fillmore Remedial Life-Cycle

1 Groundwater  Monitor Natural Degradation Design & Install Treatmen

Soil Evaluate Soil Impact on Natural
Degradation of VOCs in Groundwater
2 Groundwater  Evaluate/Monitor Natural Degradation Continue Monitoring
Design Activities Installation/Operation of Pump & Treat
System?
Soil Pre-Design/Design Activities Installation/Operation of Soils Treatment
System®
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specifications, and procurement of contractors to install and operate the equipment. Similar
design activities will be performed for soils if investigative activities indicate that soils are
significantly impacting the remediation timeframe. During Phase 2 for this area, groundwater
monitoring will continue and, if monitoring data indicate that it is required, a groundwater
recovery and treatment system will be installed to achieve benzene ARARs. This system will be
adaptable to address the dynamic conditions observed through quarterly monitoring. Likewise,
if required and warranted, a soils treatment system will be installed to address the potential
impact of affected soils on achievement of groundwater ARARs.

Additional investigation is proposed in Action Area 2B to:

7.2

Assess the potential downgradient extent of VOC movement though installation
of additional monitoring welis. A program of downgradient monitoring is currently
being implemented and may be completed prior to finalization of this FS.

Confirm that the benzene plume is being naturally degraded and will therefore be
limited with respect to downgradient travel. This activity would be performed
through ongoing groundwater monitoring and evaluation of data using U.S. EPA
models for developing trends in biodegradation. Quarterly reporting of trends in
benzene degradation would continue. Significant increases in the benzene
concentrations or downgradient extent of the plume would require corrective
action.

Address the relative contribution of potential sources to the plume.

Conclusions and Recommendations

Based on the evaluation presented in this FS report, the following activities should be
implemented in a phased approach.

Drought Effects Assessment. A review of climatological data, as well as data
from the site, should be conducted to determine the effects, if any, that the
drought has on the evaluation and recommendations presented herein.

Continued Groundwater Monitoring/Investigation. Monitoring to assess the
natural degradation of the constituents of interest and to assess the progress of
remedial action at the site should continue. Groundwater monitoring data would
be assessed using U.S. EPA models for determining biodegradation trends at
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groundwater cleanup sites. This biodegradation assessment may include
collection of field data to support the modeling effort.

Soil Impact Evaluation. The mass and distribution of potentially leachable
hydrocarbons should be assessed to determine whether residuals in soil will
significantly impact the cost or remedial timeframe of the overall project. Of
particular interest would be the soil vapor study area and the contribution of the
Ultramar release.

Design Activities. Pending the outcome of continued groundwater and the soil
evaluations, design activities should be initiated for installation of groundwater and
soils treatment systems in Action Area 2.
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9.0 GLOSSARY OF TERMS

APCD Air Pollution Control District

ARARs Applicable or relevant and appropriate requirements

BATs Best available technologies

BCTs Best conventional technologies

BTEX Benzene, toluene, ethylbenzene, and xyienes

CAA Clean Air Act

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CERCLIS Comprehensive Environmental Response, Compensation, and Liability Information
System

CWA Clean Water Act

DCA 1,2-dichloroethane

DHS California Department of Health Services

FS Feasibility study

GRAs General response actions

MCL Maximum contaminant level

MCLGs Maximum contaminant level goals

NAPL Nonaqueous phase liquid

NCP National Contingency Plan

NPDES National Poliutant Discharge Elimination System

NPL National Priorities List

NSRLs No-significant-risk levels

Oo&M Operations and maintenance

PAH Polynuclear aromatic hydrocarbons

POTW Publicly owned treatment works

QAPP Quality Assurance Project Plan

RAOs Remedial action objectives

RCRA Resource Conservation and Recovery Act

RI Remedial investigation

RWQCB Regional Water Quality Control Board

SARA Superfund Amendments and Reauthorization Act

SDWA Safe Drinking Water Act

TBCs To be considered

TCLP Toxicity Characteristic Leaching Procedure

UCL Upper Confidence Level

U.S. EPA U.S. Environmental Protection Agency

6600-063-600/Texaco, Inc. February 1992

91120343

9-1



USGS United States Geological Survey
VCEHD Ventura County Environmental Health Department
VCPWA Ventura County Public Works Agency
VvOC Volatile organic compounds
waQL Water quality criteria
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Capital Cost and Present Worth Summary
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LT T CETTTTTTTTT ;T o: o i o TTITTTTTGITTITTY
R oy o: I e )
§TOTAL ; ; : ; 553053 : 237200 :




FILLMORE SITE

Capital Costs Estimate

Description : Unit Cost Method : Material and Labor Method :
. aterial T aaber T
:Alternative 5  z----c-cveccemocoiocoacoboooiocma e fesmss-sssosasecocsiossocecs-eacseencaaanon Pmmememssssccescmc-ecsccecocssscececoooson- : Capital :
:INSITUBIO W/ GAC:Quantity: Unit: Unit Price : Cost :Quantity: Unit: Unit Price : Cost :Quantity: Unit: Unit Price : Cost : Costs :
[EXTRACTION VELLS: 5 iis : 30000.00 : 150,000 : CTTTTTTr A o: T T 0: 150,000 :
[EXTRACTIUON PIPI: 3000 i LF : 5.00 1 15,000+ CoTTTTT c T o S T 0: 15,000 :
Mix AN DT T 5000.00 : 50001 T CTT o CTTTTTT S o: 500
INUTRIENT FEED 1 1 ius : 500000 : 5,000 i T o: T o: 5,000
e A A T 5000.00 : 5,000 S CTT o: T T o: 5,00
N A ST 60000.00 :  eo,000 : i T o: S T 0: 60,000 :
IDISCHARGE PIPE + 3000 : LF : 5.00: 15,000 ¢ S T o: T T 0: 15,000 :
{DISCHARGE PUMP : i ls : 1500.00 : 1,500+ CorTTTTTTTTTTTT A o o S 0: 150 :
CINFIL GALLERIES & 1:ts : 50000.00 : 50,000 1 Cor T o: S CTTT 0: 50,000 :
DINJECTION WELS : 5iis i 15000.00 1 75,000 1 T o: i T T o: 75,000
[CONTROLS/ELECT : 1 :is : 15000.00 : 15,000 1 S T o S CTT 0: 15,000 :
[CARBON UNITS i 2:EA 1 4000000 : 80,000 i i & CTT o: DT S 0: 80,000 :
CTREAT sTUOY  : ius : 3000000 : 30,000 i o T o: T T 0: 30,000 :
FINJECT PERMIT 1 1:Ls :  10000.00 1 10,000 : A C T o: LT CT 0: 10,000 :
LT R T o: i i T e o: T s o: 0:
§;ubtotal ; : : : 516,500 § e : 0 i : : : 0 : 516,500 :
entingeney  x :
SI0/SCOPE Dy T R T o T 0 129,125 :
MOB/DENOB C s Y 2 T o T cT 0: 25,825 :
s C Ty T s saes T T o: T A 0: 15495 :
Cevo/oESION  + 20x i e : T CTT o T 0: 103,300 :
A T o: T 0. T S o: 0:
T T T o: T T o: T T o: 7 0
irotal ; : : 790,245 ; e ; 0 ; : : ; 0 i 790,245 :



FILLMORE SITE Operations, Maintenance, and Replacement
Cost Estimate
: Description : Unit Cost Method : Material and Labor Method H :
----------------------------------------------------------------------------------------------------------------------------------- : Annual  :Present Worth of Op. :
: : :Material :Labor : Operation :Cost Over Project Life:
tAlternative 5  2-----ccmcmmcoccconc oo oo eme e cccen oo enno s esa oo sec s ceo s Maintanance:-----------------------
:INSITUBIO W/ GAC Cost : n H 7X:

:ELECTRIC i : 0: 12:M0 : B800.00 : 9600 : T s 0 9600 : : 0:
INUTRIENTS/PEROXT: LT S 0: 12 W i 1000.00 : 12000 ¢ A 0: 12000+ P 0
[CARBON EXCHANGE : CoyTTTTTT S 0: 10000 M0 : 1.00 10000 & T T 0:  t000: T 0:
oen pT A s 0 12 im0 i 500.00 : 6000 : 1000 : HR :  40.00 i 40000 : 46000 + .+ 0:
ISYSTEM SAMPLING LT T o: A CT 0:  12:M0 i 8500.00 : 102000 i 102000 : T 0:
SSAWPLE/ANALYTICA: 1+ LT o: L iTTTETTTTT poT 0: 4 : QiR : 30000.00 : 120000 : 120000 & poTT 0:
G S S P o: - T o: ST T o: T o: U 0:
poT A T o: i TiTTTT LT o P CT ' o: iU 0
CoT T S T 0: CorT o: CoTETTTTTTT cT o: o: T 0
Lo S A LT o: S o: iTTTETTT T ' o: s 0:
Co ST S T o: Coy T T 0: CETTTTTTT A o: o: CT 0
A T S T 0: CorTT o: T R T o: o: A 0:
S T CorTTTTTT cT o: S T o: T T o: o: A 0
G T N T oi CoETTTTTTTTT T o: ST ST o: o T T 0
CoTT T CyTTTTTTT T o: iR T o: CoETTTTTTT T o: o: T T 0
subtotal 0: L 37600 : i 262000 ¢ 299600 + LT 0:



FILLMORE SITE Capital Cost and Present Worth Summary

--------------------------------------------------------------------------- :  Annual : Present Worth of Operating :
:Alternative 5 : : Operation : Cost Over Project Life :
:IN-SITU BIO W/GAC R R R L R L R R :Maintenance 1----scess-emsecemesiooooooooo oo e
: :Quantity: Unit: Unit Price : Cost : Cost T on ™w: n : ™%: n TX:

:TOTAL CAPITAL COST : 1:LS :  790245.00 : 790245 0: : 0: : 0: : 0:
ITOTAL ANNUAL oM COSTs & & CoTTTTTTT CoTTT 0 i 299600 1 2:  sates2: o0+ 0: 30: 3m7Ta9 :
CTTT e e o o o: o: A o: A o: T 0:
LT o T o: T 0o: T o: T o: A 0:
ST CoTTTTTT o o: T 0: cT o: & T o: T 0
"""""""""""""""" P .
T o: T o: & T o: S o: poTTTT 0
et et it Sl Rl 6-2 ----------- 6-§ ----------------------------------------- R A AR AL LR ;




FILLMORE SITE Capitat Costs Estimate

: Description : Unit Cost Method : Material and Labor Method :
: : :Material :Labor : :
:Alternative 6 *------ce--cccccccoececceccacecoccaeeae R R R LR L L LR LR LR fmmmomememcesesccceccocecescoccocenooaoonee : Capital :
:P&T W/ VAPOR EXT:Quantity: Unit: Unit Price : Cost tQuantity: Unit: Unit Price : Cost :Quantity: Unit: Unit Price : Cost : Costs :




FILLMORE SITE Operating and Maintenance Costs

:Alternative 6 : :Materiat :Labor

:GW PAT W/ fereme-secsrsccscaccrcccerceesococmroonaaonoa fo-v-socmcos-eccmceccec---sscoceocomoeooen R e et e L L L L L L DR EE R § O&MNM ;
:VAPOR EXTRACT. :Quantity: Unit: Unit Price : Cost sQuantity: Unit: Unit Price : Cost :Quantity: Unit: Unit Price : Cost : Costs :
‘W PRT SYSTEM 1 1:ls i 23720000 i 237,200 i & T o: SR T 0: 237,200 :
T CT S cT o: T S o: S T o: 0
N T o: S cT o S T o: 7 0
relectric cT DT CT oi  12ime i 1500.00 : 18,0001 S T 0: 18,000 :
rcarbon exch. i T CTT 050,000 tbs:  1.00:  50,000: S S 0: 50,000
o ;T CoyTTTr P 0:  i2ime i 500.00 : 6,000 : 800 :hr i 30.00 : 24,000 : 30,000 :
fairmon. T CoTTTT 0:  12ime i 200000 : 2,000 i CoTTTTT 0 24,000 :
""""""""" S R e e e T T
‘M Monitoring i 4 iem: 30000.00 : 120,000 i S T o: S T 0: 120,000 :
""""""""" T T
""""""""" - T T
""""""""" e T
LT T A T o: i T T 0o: S T o: 0:
T CoTTT CT o: DT o: T o: 0:
""""""""" A T e e T T
25ubtotal ; -§ ; :-- 357,200 ; ; : ; 98,000 ; : ; : 24,000 ; 479,200 ;



FILLMORE SITE Capital Cost and Present Worth Summary

--------------------------------------------------------------------------- ¢ Annual : Present Worth of Operating :
:Alternative 6 : : Operation : Cost Over Project Life :
:GW P&T W/ femmeemmemmemcesecmcsccscccc-caccaccooeeccooMAINLENANCE - ---c--scse-ceeceesccoeeeacoiaiccseccseoacecmcscoccaeonaaa-
:VAPOR EXTRACT. :Quantity: Unit: Unit Price : Cost : Cost : n @ ™ n 7™%: n 7%

TOTAL CAPITAL COST Vs tomoos.o0 : o7seos ¢ 0: T o: T 0: T 0:
[TOTAL ANMUAL OGM CoSTS T T A 0: 479200+ 3: 1257572 :  15: 4364512 30 ¢ 594613 :
o T S T o: o: T o T o T 0
T T S T o o T o: T o T 0:
T S S S o: o S o: T o T 0
T T T T o: o: T o: T o: ;T 0
LT T T o: 0: T o: i 7 o: i T 0
T T CoTTTT o: o: = 7 o: T o: i T 0
T ;T T T o: 7 o: T o CTT o: T 0:
T T S S o: o: S o: c T o T 0
e o: o: T o: cT o: i T 0:
T T S T o: o: ;T o: T o ;T 0:
S T T S o: 0: S 0: c T 0o: T 0:
T T LT T o: o: & T o: T o: S 0
A T o: 0: T 0: s o: : 7 0 :
5TOTAL ; : ;_- 1075003 ; 479200 ; ; 1257572 ; ; 4364512 : i 5946413 :



FILLMORE SITE Capital Costs Estimate

tAlternative 7 : :Material :Labor : :
:GW In-situ Bio $---------c--eccoiceiiicanimitoiea oo, $o-ess--omsscc-scsmoisecscesocissennoonaaone. $emomesmos-ssemscscecccooio-osoicessooonoons : Capital :
tW/SVE :Quantity: Unit: Unit Price : Cost :Quantity: Unit: Unit Price :

: Cost :Quantity: Unit: Unit Price : Cost : Costs
[EXTRACTION WELLS: 5 : €A : 30000.00 : 150,000 : DT CT o: P CTT 0: 150,000 :
CEXTRACTION PIP. © 3000 : LF : 5.00: 15,000 1 A C T o: S A 0: 15,000 ;
M T+ i 5000.00 :  s,000: i i cT o: i T : o 5,000 :
INUTRIENT FEED 1 1 ils i 5000.00 : 5,000 0 i Co o: T o: 5,000 :
:PEROX FEED i A:iis 1 5000.00 : 5,000 i DT P 0: A P 0: 5,000 :
wiome T s0000.00 1 60,000 i SETTTTTTTTTTTT S 0: G T 0 60,000 :
[DISCHARGE PIPE : 3000 & LF : 5.00: 15,0001 T A o i P 0: 15,000 :
{DISCHARGE PUWP :  1:ts i 1500.00 1 1,500 i Co T P o I A o i 1500
CINFIL GALLERIES : Ps T T o: A T o: i T o: 0

:CONTROLS/ELEC  : 1:Ls : 15000.00 15,000 : : : :

[cARBON UNITS 2 €A 1 4000000 ¢ 80,000 + & i T T 0: S C T 0 a,000
iTREAT. sToOY  + 1ies 30000.00 ¢ 30,000 ¢ i i 7 T o: S LT 0: 30,000 :
CINJECT PERMIT & Vi 1 10000.00 : 10,000 ¢ A T o: S T 0: 10,000 :
ISVE SYSTEM |+ 1i1s i 365000.00 : 365,000 : Ly 0: CorTTTTTTTTTTT T 0: 365,000 :
Subtotal : T T 31,500 T . 0 T - 0: 831,500 :

....................................................................................................................................................................

:HES : 3% T 24,945 : : : 0: 24,945 :
:ENG/DESICN : 20% T 166,300 : : 0: : 0: 166,300 :
: : : 0: : 0: : 0: 0:
: : : 0: : 0: : 0: 0:
Totl RS L AT 0:1332,195:



FILLMORE SITE Operating and Maintenance Costs

:Alternative 7 : :Material :Labor :

tGW IN-SITU BID z--<--c-c-cecccccccmcccnncccncrocncnncncnce Lt bbbl bl ideieb et Seb b bbb bl il bbbl : O&M E
:W/ SVE :Quantity: Unit: Unit Price : Cost :Quantity: Unit: Unit Price : Cost :Quantity: Unit: Unit Price : Cost :  Costs :
[oM IN-SITU BIO : 1:YR © 299600.00 1 299,600 1 CTTTTT T o S T 0 299,600 :
ISV SYSTEN | : 1:YR i 122000.00 i 122,000 1 CoTTTTT T o CTTTT CT 0 122,000 :
‘W MONITORING i 4o i 30000.00 : 120,000 1 S c T o: S cT 0 120,000 :
T CT Co T T o S T o: S CTTT o: 0:
;T CT T CTT 0: S T o: T CT o: 0:
LT T o: T o: S DT o: T 0:
ST o: i T o: iy o: 0:
LT T T a_ o: R o: T T o: 0:
T CT S CT o T : o: T T o: 0:
S CT S CT o: T T o: T CTT o: 0
T CT S T o: i T T o: S T o: 0:
T T o: T R o: 0:
S S S CTT o: T o: T CTT o: 0
T CTT o: S S o: CTTT T o: 0 :
s _ LT 0. . T N o: R . 0: 0
:subtotal S 541,600 : o 0: 541,600 :



FILLMORE SITE Capital Cost and Present Worth Summary

--------------------------------------------------------------------------- :  Annual : Present Worth of Operating :
:Alternative 7 : : Operation : Cost Over Project Life :
:GW IN-SITU BIO R it e b L bR L L LR L :Maintenance $-----------o-cmcooccooieceniiecee oo oo
W/ SVE tQuantity: Unit: Unit Price : Cost : Cost :t n 7%: n

B
B,

:TOTAL CAPITAL COSTS : 1:L1s : 1272195.00 : 1272195 : 0: : 0: : 0: : 0




APPENDIX F

ANTICIPATED REDUCTION OF RISK FROM BENZENE
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