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EXECUTIVE SUMMARY FOR THE 
FEASIBILITY STUDY OF REMEDIAL ALTERNATIVES 

 

PART II - FEASIBILITY STUDY OF REMEDIAL ALTERNATIVES 

The primary objective of the Operable Unit No. 2 (OU-2) feasibility study (FS) of remedial alternatives 
(FS) is to present an evaluation of remediation technologies to eliminate or minimize the threat of 
degradation in groundwater quality at the City of Arvin water supply wells near the Brown & Bryant 
(B&B) Superfund Site (the Site) in Arvin, California. Past site characterization data, including data from 
the Operable Unit No. 1 (OU-1) remedial investigation/feasibility study (RI/FS), and the results of OU-2 
data collection efforts were considered in this study. The fate and transport model is used as a tool to 
understand the movement of contaminants at the Site and to understand the nature of the problem that 
requires remedial action. Potential remedies for the B-zone and their effectiveness can be conceptualized 
based on an understanding of current site conditions and the potential future transport of contaminants if 
no action were taken. The focus of this study is on the B-zone and the risk that the contamination within 
this zone presents to nearby city wells that might be exposed to this zone or the deeper underlying 
C-zone, which is used as a source of city water. The B-zone is not currently used for drinking water 
supply, but is designated for such use. Accordingly, the remedial goal within this zone is for the 
groundwater contaminants to be within their respective maximum contaminant levels (MCLs). 

Consideration of existing contamination in the A-zone is important in evaluating feasibility of remedies 
proposed for OU-2 as the A-zone represents the source of B-zone contamination. Accordingly, the 
effectiveness of the technologies considered for OU-2 is linked to the contaminant conditions in the upper 
A-zone. All source reduction approaches for the B-zone refer to the reduction of the contaminant flux 
within the A-zone that in effective mitigate source conditions and reduce the future contaminant transport 
to the B-zone. 

REMEDIAL ALTERNATIVES 

The construction log of city well No.1 shows no screened interval in the B-zone. However, the gravel 
pack is extended to the surface through the B-zone. Details of the seal in the gravel pack that protects the 
deeper zones from the B-zone are not clear. The closure and relocation of this well constitute remedial 
actions that are planned regardless of the considerations of the other alternatives discussed in this report.  

A number of groundwater and soil remediation technologies have been considered for the Site. These 
alternatives were further screened with respect to the following nine evaluation parameters developed by 
USEPA: 

• Overall protection of human health and the environment; 

• Compliance with applicable or relevant and appropriate requirements (ARARs); 

• Long-term effectiveness and permanence; 

• Reduction of toxicity, mobility, or volume;  

• Short-term effectiveness;  
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• Implementability;  

• Estimated cost;  

• State acceptance; and 

• Community acceptance. 

The six technologies that were considered for the Site are as follows:  

• Alternative 1 – No action 

• Alternative 2 – Monitored natural attenuation 

• Alternative 3 – Source reduction in the A-zone and no action in the B-zone 

• Alternative 4a – Dual-phase extraction and treatment of vapor and groundwater in the A-zone 
and no action in the B-zone  

4b – In-situ bio-treatment and bio-augmentation in the A-zone and no action in the 
B-zone 

• Alternative 5 – No action in the A-zone and groundwater extraction and treatment in the 
B-zone 

• Alternative 6 – Groundwater extraction and treatment in the A-zone and the B-zone 

Alternative 4 considers two options for treatment of the A-zone contamination. These options comprise 
two in-situ technologies – enhanced vapor extraction and biotreatment. 

During implementation of the OU-1 remedies removal of A-zone groundwater for treatment was 
determined to be difficult as its transmissivity varies in extent. Based on data collected as part of this 
OU-2 study, the transmissivity south of the Site may be higher than earlier estimated. Within the A-zone, 
large-diameter wells that serve as sumps are considered a feasible alternative for collection of water and 
its extraction. The B-zone has higher yields, and a more traditional pump-and-treat design within this 
zone is considered feasible. 

There are limited technologies that are proven to remediate the chlorinated herbicides and pesticides, 
dinoseb, and other contaminants of concern (COCs) at the Site. In previous investigations, testing was 
performed for cost-effective methods to treat the contaminated groundwater found at the Site. Solarchem 
was contracted to test the effectiveness of the ultraviolet/oxidation method of treatment. They found that 
the treatment effectively lowers the concentration of all seven COCs at the Site to below their respective 
MCLs. It is concluded that this method of treatment for extracted groundwater would be most cost-
effective. 

In situ methodologies are found to be acceptable, and alternatives for vapor extraction and biotreatment 
are presented. In each case, site-specific design information, bench-scale testing and/or field pilot testing 
will be required to develop full-scale implementation and to assess the effectiveness of these methods 
under current site conditions. 
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Cost estimates have been prepared for the different alternatives considered and are summarized in Table 
II-3-7. The cost estimate includes capital costs for implementing the remedial action and 10-year 
operating and maintenance (O&M) costs. Periodic groundwater well sampling and monitoring to assess 
groundwater conditions, are considered part of all the alternatives. 
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List of Acronyms 
1,2,3-TCP = 1,2,3-Trichloropropane 
1,2-DCP = 1,2-Dichloropropane 
1,3-DCP = 1,3-Dichloropropane 
40 CFR = Environmental Protection Agency Cod of Federal Regulations (CFR) Title 40 – Protection of Environment 
APEG/KPEG = Dehalogenation 
ARARs = Applicable or Relevant and Appropriate Requirements 
ATEG = potassium hydroxide or sodium hydroxide/ tetraethylene glycol 
B&B = Brown & Bryant 
BCD = Base Catalyzed Decomposition 
BRA = Baseline Risk Assessment 
BTEX = xylenes 
°C = Celsius degrees 
Cal/EPA = California Environmental Protection Agency 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act 
COCs = Contaminants of Concern 
C-OH = Hydroxy group 
COPCs = Constituents of Potential Concern 
CPAHs = carcinogenic polycyclic aromatic hydrocarbons 
CVRWQCB = Central Valley Regional Water Quality Control Board 
CW = Circulating well 
DBCP = 1,2-Dibromo-3-chloropropane 
DCE = dichloroethylene 
DMSO = dimethyl sulfoxide 
DPE = dual-phase extraction 
DTSC = Department of Toxic Substances Control 
EDB = Ethylene dibromide, also called 1,2-Dibromoethane   
F = Fahrenheit degrees 
FS = Feasibility Study 
ft = feet 
ft bgs = feet below ground surface 
GAC = Granular Activated Carbon 
gpm = gallon per minute 
HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
in/yr = inch per year 
ISCO = In Situ Chemical Oxidation 
km = kilometers 
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KMR1 = clostridium bifermentans KMR1 (Hammill and Crawford) 
KOH = potassium hydroxide 
KPEG = Potassium polyethylene glycol 
LNAPL = light non-aqueous phase liquid 
MCL = Maximum Contaminant Level 
mg/L = milligrams per year 
MK = Morrison Knudsen Corporation 
mmHg = millimeters of mercury (measures the partial pressure of a gas) 
mm/yr = millimeters per year 
µg/L = Micrograms per liter 
NAPL = non-aqueous phase liquids 
NCP = National Contingency Plan 
NO2-C = Nitrophenol group 
NPL = National Priorities List 
O&M = Operating And Maintenance 
OU-1 = Operable Unit No.1 
OU-2 = Operable Unit No.2 
PAHs = polycyclic aromatic hydrocarbons 
PCBs = polychlorinated biphenyls 
PEG = polyethylene glycol 
RCRA = Resource Conservation and Recovery Act 
REAC = Response, Engineering and Analytical Contractor 
RF = radio frequency 
RI = Remedial Investigation 
RME = Reasonable Maximum Exposure 
SARA = Superfund Amendments and Reauthorization Act 
SJVAQMD = San Joaquin Valley Air Quality Management District 
SVE = Soil-Vapor Extraction 
SVOCs = Semi-Volatile Organic Compounds 
T2VOC = modeling code developed by Lawrence Berkeley National Laboratory 
TCE = trichloroethylene 
USACE = United States Army Corps of Engineers 
USEPA = U.S. Environmental Protection Agency 
UV = Ultraviolet 
UV/O3 = Ultraviolet Ozone 
VOCs = Volatile Organic Compound 
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PART II 

Feasibility Study of Remedial Alternatives 
Operable Unit No. 2 
Brown & Bryant Superfund Site 
Arvin, California 
1.0 INTRODUCTION 

This report presents the findings of a remedial feasibility study of alternatives (FS) conducted for the 
Brown & Bryant (B&B) Superfund Site (hereafter “Site”) in Arvin, California. This study was conducted 
in concert with a Remedial Investigation (RI) of conditions at the Site (see Part I of this RI/FS report). 
The FS investigated the potential effectiveness and associated estimated costs for technologies to remedy 
the conditions identified at Operable Unit No. 2 (OU-2) – the B-zone at the Site. The RI (see Part I) 
identified contamination conditions at the Site. 

Previous work conducted by the United States Environmental Protection Agency (USEPA) (1993) 
estimated the volumes of soil and groundwater that are contaminated in the A-zone and require 
remediation, which are as follows: 

• A-zone groundwater – 3,650,000 gallons 

• Volume of A-zone subsoil that may pose a threat to B-zone groundwater – 48,000 cubic yards 

A larger set of technologies was considered; these technologies were systematically evaluated and 
reduced to a set of feasible alternatives. The following sections of this report present an evaluation of a 
number of groundwater and soil remediation technologies with respect to nine evaluation parameters 
developed by USEPA for feasibility studies. These technologies have proven to be effective for the 
removal of contaminants of concern (COCs) identified in the A-zone and B-zone. A-zone remedies 
consisting of soil and groundwater actions in the A-zone were included in this document since there is 
continuing contaminant flux in that zone following the completion of OU-1 actions. Remedies considered 
within the A-zone constitute contaminant source reduction for OU-2 and the B-zone groundwater. 

1.1 BACKGROUND INFORMATION 

1.1.1 SITE DESCRIPTION 

The site is located at 600 South Derby Street in the city of Arvin, California, approximately 18 miles 
southeast of the city of Bakersfield (see Figure II-1). Arvin is primarily an agricultural community and the 
Site is located in a light industrial and commercial area within the city (USEPA, 1993a.) 

To the west of the Site is the residential community of Arvin.  Two schools (Gospel Tabernacle of Arvin 
and Stepping Stones Child Care Center) and a park (Bear Mountain Recreation and Park Center) are 
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located within ½ mile of the Site. The Morning Star Pre-School, located at 416 North Hill Street, is 
located within 1 mile of the Site (USEPA, 1993). 

The Site is located on the east side of Derby Street, north of the intersection of Derby Street and Franklin 
Street. It is a generally rectangular, fenced-in parcel that is elongated towards the southeast. The Union 
Pacific railroad siding track serving the area runs along the western and southern boundaries of the Site 
outside of the fenced area. The track was used until 1975 to ship bulk products to the Site. 

Historically, B&B Site features consisted of the following: 

• Warehouse and operational buildings in the middle of the Site; 

• Three tank areas: (1) in the north with several aboveground storage tanks (ASTs); (2) a large AST 
to the south (tank UN-32); and (3) a smaller tank and drum storage area near the southeastern 
corner of the Site; 

• A waste pond located in the southeastern portion of the Site that was initially an unlined earthen 
pond; 

• Sumps and wash pad areas in the center of the Site; and 

• A 1,200-gallon underground storage tank (UST) for gasoline located on the east side of the 
warehouse. 

Site improvements or remedial activities closed several of the facilities during B&B operations, and later 
site corrective action was undertaken in the early 1990s to bring the Site to its present state. Current 
structures on the Site consist of a warehouse building, an open metal toolshed, a building pad, and the 
AST (tank UN-32) (Figure II-2). All of the Site area is covered by asphalt pavement. 

In total, there are 54 groundwater monitoring, extraction, and injection wells on-site and on the adjoining 
properties that have been used to collect site information. Locations and descriptions of these wells are 
presented in Table I-2-1.  Wells within 3 miles (4.8 kilometers [km]) of the Site provide drinking water to 
the city of Arvin (Figure II-3). 

1.1.2 SITE HISTORY 

The B&B facility operated as a pesticide reformulator and custom applicator facility from 1960 to 1989. 
Agricultural chemicals, including pesticides, herbicides, fumigants, and fertilizers were formulated at this 
facility. In 1981, the B&B facility was licensed under the Resource Conservation and Recovery Act 
(RCRA) as a hazardous waste transporter (USEPA, 1993).  

Contamination of soil and groundwater resulted from inadequate procedural controls, poor operations and 
maintenance practices, chemical spills during operations, and leaks from a surface wastewater pond and 
sumps. The largest releases on-site were from a waste pond, a sump area, and a dinoseb spill area (Figure 
II-2) (USEPA, 1993). 

The waste pond on the southwest portion of the Site was originally excavated as an unlined earthen pond 
in 1960. The pond was used to collect runoff water from the yard and from two sumps (since excavated). 
The pond was also used to collect rinse water from rinsing tanks used for fumigants. Excess pond water 
and rainwater runoff also collected in a topographically low area to the east and south of the pond. In 
addition, ponded water from precipitation and irrigation from the east has occasionally breached the berm 
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in the southeast corner of the pond, and drained into the pond. The pond was double-lined with a synthetic 
liner in November 1979 (USEPA, 1993). 

In 1960, an unlined earthen sump was constructed in the center of the Site. The sump was used to collect 
wash water from a pad where equipment and tanks used for liquid fertilizers and fumigants were washed. 
Water from the sump was drained to the pond through an underground pipeline. In 1980, the unlined 
sump was replaced with two double-lined sumps (USEPA, 1993). 

Dinoseb was stored in a smaller tank storage area along the eastern fence, just north of the pond. In 1983, 
there was a significant dinoseb spill in this area. As a result, the soil and groundwater underlying this 
portion of the Site has been reported to contain the highest concentrations of dinoseb. The USEPA 
excavated highly contaminated soil from this area in the mid 1990s (USEPA, 1993). 

The Brown & Bryant facility ceased operations in 1989 (USEPA, 1993). It has remained unused since 
1989 except for site investigations, site characterization, and site remediation. 

1.1.3 NATURE AND EXTENT OF CONTAMINATION 

Site investigation studies have been conducted at the Site since 1983 to evaluate the nature and extent of 
impacts to soil and groundwater from past Site operations. 

1.1.3.1 Surface Water 

Surface water contamination is not an issue for OU-2. Surface water runoff and infiltration may 
potentially contribute to the migration of contaminants remaining in subsurface soils within the A-zone 
and in the unsaturated parts of the B-zone. However, the RCRA and non-RCRA cap covers the Site and 
restricts the migration of surface water contaminants. Therefore, surface water impacts are not further 
considered for OU-2. 

1.1.3.2 Soil 

According to the baseline risk assessment, the risk to human health from contaminants in soil under 
existing conditions is minimal and within acceptable limits. Therefore, there does not appear to be a need 
for remediation of the near surface soil at the Site. Previous remedial actions of the soil have removed or 
contained soil contamination. Disturbance to contained contaminated areas beneath the Site is expected to 
pose more health risk to workers attempting to remove the soil than would the in-place containment. 
Ensuring the longevity of the containment by institutional control and maintenance will continue to 
maintain the risk to human health from soil contamination. 

At deeper levels of the A-zone and particularly in the capillary fringe above the A-zone groundwater, 
there is contamination that could impact the A-zone groundwater and subsequently the B-zone 
groundwater as it is transported from its current location. Discussion of soil treatment in this report, 
therefore, refers to source reduction approaches that would aim to reduce the continuing impact on the 
B-zone from A-zone contamination that remains. 

1.1.3.3 Groundwater 

The A-zone groundwater is impacted by COCs. Percolation of groundwater from this zone to the B-zone 
aquifer is continuing and is expected to continue under current Site conditions. No C-zone groundwater 
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investigation was performed because there is a clay layer beneath the B-zone restricting the migration of 
contamination to the C-zone. 

1.1.4 CONTAMINANT FATE AND TRANSPORT 

The purpose of the fate and transport analysis was to evaluate possible mechanisms of transport of COCs 
in the vadose and saturated zones at the Site. Results of fate and transport analyses (Panacea, 2003b) are 
used in the baseline human health risk assessment (BHHRA) to address the issue of potential risks from 
the contamination at the Site. 

The preliminary phase of groundwater fate and transport analysis for the Site was completed (Panacea, 
2002) using the T2VOC modeling code developed by Lawrence Berkeley National Laboratory (Falta et 
al., 1995). This code was selected because of its capability to both simulate aqueous-phase and vapor-
phase transport, as well as its computational efficiency for simulations in the saturated and unsaturated 
zones.   

The two-dimensional, cross-sectional numerical model was used to simulate the northeast-southwest cross 
section at the Site.  Conservative assumptions used for modeling were as follows: 

• No degradation of contaminants; 

• No adsorption of contaminants to soil; 

• Conservative value of vertical hydraulic conductivity for clay layers in the A-zone; 

• Conservative infiltration rate (4 inches per year [in/yr], or 100 millimeters per year [mm/yr]) at 
the site throughout the 100-year simulations; 

• Conservative gradient in the B-zone aquifer; and 

• Conservative hydraulic conductivity in the B-zone. 

Preliminary fate and transport modeling results suggest that the COCs in the unsaturated zone persist 
longer than in the saturated zone. Comparison of the A-zone results (Panacea, 2003a) shows a substantial 
difference between the concentrations in the two aquifers. Concentrations in the A-zone perched aquifer 
are several orders of magnitude larger than those in the B-zone aquifer. 

These modeling results also show that the COCs in the saturated zone may persist for a maximum of 
10 years in the absence of vertical leakage from the unsaturated zone.  However, leakage from the 
unsaturated zone is predicted by these results to persist for more than 100 years. The concentrations of 
chemicals reaching city well No. 1 are estimated to be below their respective MCLs with or without 
contribution from the unsaturated zone. 

Conservative scenario modeling results show that transport of COCs occurs primarily in the vertical 
direction in the unsaturated zone. This is despite the heterogeneous layering of the hydrogeologic units. 
Very little lateral flow and transport occur in the unsaturated zone. In the saturated zone, flow and 
transport are mainly southwesterly toward city well No. 1. The direction of flow and transport is based on 
available information. 

Modeling results also indicate that the COC plumes in the unsaturated zone require between 20 and 
40 years transporting to the B-zone aquifer from the A-zone. Transport within the B-zone aquifer is 
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relatively fast and, if there were no added contamination from the A-zone, any existing plume in the 
B-zone would deplete in less than 10 years. However, the slowly moving A-zone unsaturated zone COCs’ 
contribution to the B-zone aquifer will continue to persist beyond 100 years at low concentrations. None 
of the COCs appear to approach the MCL concentrations near city well No. 1 in the saturated B-zone 
according to the analyses performed. 

The evaluation of the data and results of the simulations indicate that synchronization of the flow and 
transport between the unsaturated zone and the saturated zone would reduce the uncertainty of fate and 
transport. The flow throughout the unsaturated zone is predominantly vertical, and the layering of the 
hydrogeologic units does not induce significant lateral migration of the COCs. 

Results of the simulations also show that the COCs in the saturated B-zone will persist for a maximum of 
10 years in the absence of vertical leakage from the unsaturated zone. However, leakage from the 
unsaturated zone will persist for more than 100 years. Concentrations of chemicals reaching city well No. 
1 are estimated to be below their respective MCLs with or without contribution from the unsaturated 
zone. 

1.1.5 BASELINE HUMAN HEALTH RISK ASSESSMENT 

The BHHRA provides an evaluation of the potential threats to human receptors and the environment in 
the absence of any remedial action. The goal of the BHHRA is to provide the risk information necessary 
to assist risk managers at Superfund sites in making informed decisions regarding substances designated 
hazardous under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA). The BHHRA considers site characterization data and potential exposure scenarios at the Site. 
Toxicity of the COCs is evaluated to arrive at a characterization of risk to receptors. 

The BHHRA is intended to fulfill the requirements of a risk assessment in accordance with the National 
Contingency Plan (NCP). The NCP (Title 40 Code of Federal Regulations, Part 300) sets forth the 
manner in which Superfund remediation is to be planned and conducted. The NCP requires development 
of a BHHRA at sites listed on the National Priorities List (NPL) under CERCLA, as amended by the 
Superfund Amendments and Reauthorization Act of 1986 (SARA). The BHHRA, which is presented as 
Appendix B in the Part I – Remedial Investigation report, was prepared in accordance with California 
Environmental Protection Agency (Cal/EPA) guidance (Panacea, 2003d).  

To provide conservative risk estimates, the risk assessment evaluated potential health effects, under both 
current and future site conditions, to five receptors: the on-site maintenance worker, the on-site 
commercial/industrial worker, off-site residents (adult and child) and an off-site commercial/industrial 
worker. Statistical methods were used to evaluate the analytical results from the site sampling to: (1) 
characterize the statistical distribution of constituents of potential concern (COPCs), (2) develop source-
term concentrations for fate and transport modeling, and (3) establish exposure point concentrations for 
direct exposures for applicable receptors.  

Carcinogenic and non-carcinogenic risks resulting from exposure to site-related COPCs were calculated 
for each of the five receptor groups and are expressed as: 

• Carcinogenic effects: incremental lifetime cancer risk (ILCR) 

• Non-carcinogenic effects:  hazard index (HI) 

Tables I-7-15 through I-7-18 in Part I, the RI, present the HI and ILCR results for each receptor studied 
under both current and future exposure scenarios. Because the reasonable maximum exposure (RME) 
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approach was used to quantify potential health impacts, if the RME values are within acceptable limits, 
then all other lesser exposures related to the Site are also within these limits. Each entry in Tables I-7-15 
through I-7-18 is supported by detailed calculations of health effects by receptor, COPC, and pathway 
(see Appendix B in Part I, the RI). 

The COCs found in groundwater and soils do not pose a significant hazard to receptors under current site 
conditions. However, under future site conditions COCs may pose some risk to off-site residents. The risk 
assessment was performed using conservative assumptions and the results reported in the RI (Part 1 of 
this submittal) have been interpreted with consideration of the uncertainties in the analyses. These 
uncertainties mostly stem from the conservative assumptions made for the exposure scenarios and in the 
estimates for exposure concentrations. 

1.2 PREVIOUS FEASIBILITY STUDY AND REMEDIAL WORK PERFORMED 

1.2.1 OU-1 FEASIBILITY STUDY AND SOIL AND GROUNDWATER TREATABILITY 

The USEPA prepared an internal memo that presented a cost analysis of the ultraviolet (UV) oxidation 
treatment of A-zone groundwater, contaminated water from washing of surface soils, and contaminated 
water from vadose zone soil flushing (USEPA, 1992i). Costs estimated were based on the following 
assumptions: 

• Total volume of water to be treated is 3.5 x 107 gallons. 

• Flow rate is calculated to be 6.7 gallons per minute (gpm). 

Two systems were identified as able to handle the treatment of the contaminated liquid: a 5-gpm and a 
10-gpm system. These systems were capable of achieving nondetect levels in effluent, 10 times MCL 
levels in effluent, and thirty times MCL levels in effluent. Cost estimates for the 5-gpm system ranged 
from $1.6 to $3.9 million. Cost estimates for the 10-gpm system ranged from $3.1 to $4.2 million 
(USEPA, 1992i). 

A soil vapor extraction system with vapor treatment suitable for remediation of soils contaminated with 
volatile organic compounds (VOCs) in the unsaturated zone beneath the sump area—based on an area of 
100 feet by 100 feet, and based on the assumptions that the entrained water and/or residual liquid waste 
from the SVE would be treated in a UV/oxidation unit—was estimated to cost approximately $380,000 
(USEPA, 1992i). 

The USEPA prepared a draft feasibility study report that identified the alternatives that were analyzed for 
remediation of the Site. Three innovative technologies analyzed were soil vapor extraction, soil washing, 
and UV/oxidation. These technologies were analyzed for remediation of the A-Zone soil, and surface soil 
by the following alternatives (USEPA, 1993c): 

• No action, 

• Institutional controls, 

• Treatment/limited containment, and 

• Treatment/containment. 
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The FS alternatives are described further in the RI/FS prepared by the EPA in May 1993 (USEPA, 
1993c). 

The USEPA prepared a summary of the treatability screening tests conducted for the Site. Originally, 
SVE and soil washing were planned. The soil-washing sample was collected in the pump sump area and 
the soil vapor extraction sample was collected via a core. The soil flushing remedy-screening test was 
performed with dinoseb as the contaminant of concern. Two cores were flushed with a 0.1 N sodium 
hydroxide solution, which resulted in a 14 to 37 percent loss of dinoseb originally present. The reduction 
values were somewhat uncertain due to the method of sampling and calculation. The porosity of the cores 
averaged 40 percent, the permeability of water in the flushed cores was 1.35 x 10-3 centimeter per second 
(cm/sec). Despite the noted uncertainties, soil flushing appears to be a viable candidate for further 
investigation for eventual remedy selection (USEPA, 1992h). 

The USEPA performed an evaluation of existing treatability studies and site investigation data to develop 
a reliable basis for the proposed treatability studies. These studies included bioremediation of 
dinoseb-contaminated soils, soil washing, and UV/ozonation on dinoseb-contaminated leachate (USEPA, 
1991a). 

Surface soil samples contaminated with 1,2-DCP, and 1,2,3-TCP were collected for a bioremediation 
treatability test. Testing focused on dinoseb because it was considered the principal contaminant and 
because it was present at relatively higher concentrations.  Evaluation of results suggested that the soil at 
the Site is sterile; consequently, bioremediation was not a viable remediation technology for dinoseb 
cleanup or VOC/fumigant cleanups. Accordingly, soil washing using contaminated groundwater may be 
viable (USEPA, 1991a). 

A soil leaching treatability study was conducted to quantitatively characterize the reduction of dinoseb 
concentrations in soil as a result of leaching. It was thought that once dinoseb is leached from the soil, 
granular activated carbon (GAC) could be used to adsorb dinoseb as a method of water treatment.  Carbon 
adsorption was demonstrated as a viable option, but it does not chemically destroy the dinoseb (USEPA, 
1991a). 

Treatment of dinoseb-containing leachate using ultra-violet/ozone chemical oxidation was evaluated.  
Destruction of dinoseb was more difficult to achieve than that of halogenated organic compounds or 
hydrocarbons. Destruction of dinoseb needs to include the breakage of two bonds (NO2-C and C-OH) and 
the benzene ring. Further evaluation of the chemical reactions is needed to improve treatment efficiency 
(USEPA, 1991a). 

Evaluation of existing data confirmed that groundwater contamination is present in the A-zone aquifer, 
generally beneath the middle and southern areas of the Site. The vadose zone above the perched aquifer is 
heavily contaminated with VOCs. Surface soil was heavily contaminated with dinoseb.  Remedial actions 
were recommended to prevent contaminant migration into the perched aquifer (USEPA, 1991a). 

Remedy screening and selection tests were performed at the Site before the removal cleanup in 1991.  
During the early phases of the removal in 1989, the USEPA determined that in the surface soils, dinoseb 
was an imminent danger at the Site. The USEPA conducted several remedy screening tests, all addressing 
dinoseb. The feasibility study focused on the following innovative technologies (USEPA, 1993): 

• Soil vapor extraction, 

• Soil washing, and 
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• UV/oxidation. 

In the Spring 1991, the USEPA conducted a removal at the Site, excavating 80 cubic yards of 
dinoseb-contaminated soil, washing the soil, returning the washed soil to the excavated area, and treating 
the rinse water with UV/ozone (USEPA, 1993).   

Three remedy screening tests performed at the Site were soil washing, soil vapor extraction, and soil 
flushing. Tests for soil vapor extraction could not be performed because collected samples did not contain 
measurable amounts of volatiles. It was reported that soil flushing was effective in removing dinoseb 
from the soil. UV/oxidation destroyed 1,2-DCP, 1,3-DCP, DBCP, EDB, 1,2,3-TCP, and dinoseb to below 
their respective MCLs (USEPA, 1993). 

1.2.2 REMEDIAL ACTION  – OU-1 

Implementation measures (MK, 1999) contained in the Record of Decision (USEPA, 1993) were 
commenced. The following on-site activities were completed as part of this remedial action: 

• Several small soil piles stockpiled at the Site were identified to contain dinoseb-contaminated soil 
and were removed to the former waste pond area at the southeast corner of the Site. The soil 
volume of these stockpiles was reported to be approximately 80 cubic yards. 

• A concrete berm that surrounded the Site was removed and a temporary earthen berm was 
constructed to mitigate precipitation run-off/run-on during rainfall events. 

• All concrete within the Site, except for the concrete slab contiguous with the warehouse building, 
was demolished and transported to a central location for washing to remove soil adhering to the 
concrete. About 175 cubic yards of the twice pressure-washed concrete was removed for off-site 
disposal. The rinsate water from the concrete washing was collected and pumped to tank UN-32 
for subsequent treatment and disposal. 

• Asphalt covering Site areas was removed and was placed in the former waste pond area. The 
removed asphalt was estimated to be approximately 570 cubic yards. 

• A bermed area on the east side of the Site was lined with plastic and contaminated soil. The soil 
was removed to the former waste pond and the plastic was disposed of off-site after it was 
washed. 

• A 1,200-gallon UST located at the southeast corner of the warehouse structure was excavated and 
removed from the Site to the Safety Kleen/Laidlaw facility in Buttonwillow, California. Soil 
testing in the excavation indicated that the contaminant concentrations were acceptable for 
closure. 

• Tank UN-32 was used to collect liquid generated during the OU-1 remedial actions. It’s ancillary 
equipment and handrails associated with the existing structures at tank UN-32 were demolished 
and disposed of off-site after high-pressure washing to remove soil and potential surface 
contamination. 

• A 200-foot-long rail spur that serviced the Site from the south was removed. The rails were 
pressure washed to remove soil. The cleaned rails were cut to 10-foot sections for off-site 
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disposal and salvage. The wood rail ties were removed and hauled to the Safety Kleen/Laidlaw 
facility in Buttonwillow. 

• Underground utilities consisting of water lines, abandoned gas lines and electric lines were 
removed or abandoned in-place. 

• Storage containers in the warehouse including drums, vessels, and a 1,200-gallon plastic tank, 
were emptied, triple-rinsed and properly disposed of. Liquid within the containers was pumped to 
tank UN-32 tank for subsequent treatment and disposal. Soil was removed to the former waste 
pond. Plastic drums, vessels and overpacks were cut up after rinsing and then disposed of off-site. 

• The warehouse building interior was pressure washed and cleaned. 

• A RCRA cap consisting of a geosynthetic clay liner and protective asphalt covering was 
constructed in the southeastern part of the Site covering an area of approximately 60,000 square 
feet. A non-RCRA cap consisting of a 3-inch-bituminous course on a 6-inch compacted subgrade 
was constructed on all Site areas not covered by the RCRA-cap. The entire Site within the 
perimeter fence is covered by a cap. 

• A new 6-foot high chain-link fence was constructed around the southern portion of the Site in the 
area of the RCRA cap, the new injection wells, and tank UN-32. This new fence runs 
approximately 1,100 lineal feet. 

Extraction and treatment of A-zone groundwater was a component of the selected OU-1 remedy. Based 
on design studies and additional information collected during the remedial action phase of the project, the 
groundwater extraction and treatment system was not installed. Remediation of the A-zone groundwater 
is a “carried forward” task that is further considered in this feasibility study in conjunction with actions 
for the B-zone. 

1.2.3 UN-32 TANK CLOSURE 

At the conclusion of the OU-1 remedial action, Tank UN-32 remained at the site with its contents 
estimated to be approximately 280,000 gallons of material: 268,000 gallons of liquid and 12,000 gallons 
of sludge. After study of the tank contents, liquid phase granular activated carbon (LPGAC) treatment 
was selected for remediating the tank contents. This remediation was completed in May 2001 by 
R. Simons Co., Inc. under contract to the USACE. The treated liquid was discharged to the City sewer 
with approval from the City of Arvin. 

The sludge was removed by Panacea in November 2001 using a Supersucker vacuum hose and through a 
3-foot by 3-foot entrance that was cut into the tank for access. The sludge was placed in bins for 
characterization and off-site disposal. 

The interior of the tank was triple rinsed and washed with high-pressure water after removal of the sludge. 
All rinsate was vacuumed using a Supersucker vacuum hose for temporary storage in bins. The sides of 
the tank were cleaned with a squeegee to remove all liquid used in the cleaning process. 

Confirmatory wipe samples of the interior tank walls were taken to evaluate completion of the tank 
cleaning. Ten samples were analyzed for dinoseb at Del Mar Analytical and found to be non-detect at 
laboratory detection limit of 0.05 mg/kg. As dinoseb was the least soluble compound of the 7 COCs at the 
site, the lack of its presence was taken to indicate that no other COCs was present in the samples 
analyzed. 
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After cleaning the access area of the tank was welded back in place. Tanks contents consisting of tank 
liquid, rinsate, and sludge (4 bins) were transported to Dome Rock Industries, Inc. Class 1 landfill in 
Arizona for disposal. 

RCRA Cap 

The OU-1 remedial action contemplated that the RCRA cap was to remain permanently at the site as a 
protective and containment measure. As such it cannot be disturbed and this requirement has been filed 
with the property deed at the Kern County Assessor’s office. This requirement means that OU-2 remedial 
actions will not penetrate or otherwise disturb this cap. 

2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

2.1 INTRODUCTION 

This feasibility study focuses on OU-2, the B-zone. Accordingly, the discussion in this section identifies 
and considers technologies that might be applicable for treatment of identified soil and/or groundwater 
conditions within the B-zone. 

2.2 REMEDIAL ACTION OBJECTIVES 

The remedial action objective for the Site is to protect human health and the environment from conditions 
in the subsurface that have been identified in the remedial investigation. For OU-2, there are two primary 
pathways: (1) exposure to groundwater within the B-zone; and (2) exposure to groundwater from the 
C-zone. 

The B-zone groundwater is not a current exposure route, as the B-zone is not being used as a drinking 
water source. However, it is classified by the Central Valley Regional Water Quality Control Board 
(CVRWQCB) as a potential drinking water source. City well No. 1 is closest to the Site to the south and 
is sampled periodically during the year. Contaminants of concern from the Site are not known to have 
impacted this well; however, trace chemicals are sometimes reported to be present in the sampled water. 

Remediation within the B-zone will address the potential exposure pathway of ingestion of groundwater 
from this zone. In evaluating B-zone options, source reduction within the A-zone is an important 
consideration as the contaminant flux within that zone would otherwise continue to significantly impact 
the B-zone. 

The specific remedial action objective for OU-2 is to prevent or control migration of COCs from the 
B-zone to the C-zone (city well No. 1) and to adjacent drinking water sources. 

City well No. 1 was selected as the point of compliance for OU-2 FS. This well does not use the B-zone 
groundwater as a source and is not screened in that zone. However, it is the closest public supply well and 
does penetrate through the B-zone to tap the deeper aquifer. Selection of the well as the point of 
compliance is also influenced by the known transport of chemicals from the A-zone to the B-zone and the 
local geologic conditions.  
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2.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARs) 

2.3.1 DEFINITION OF ARARS 

CERCLA requires the use of applicable or relevant and appropriate requirements (ARARs) to which 
alternatives will be developed to achieve the established ARARs. 

2.3.1.1 Applicable Requirements 

Applicable requirements pertain to those cleanup standards, standards of control, and other substantive 
requirements, criteria, or limitations promulgated under Federal environmental, state environmental, or 
facility siting laws that specifically address a hazardous substance, pollutant, contaminant, remedial 
action, location, or other circumstance found at a CERCLA site. Only those standards that are identified 
by a state in a timely manner and are more stringent than Federal requirements may be applicable.  
Applicable requirements are defined in the NCP (40 CFR 300.5 [Definitions]).  

2.3.1.2 Relevant and Appropriate Requirements 

Relevant and appropriate requirements pertain to those cleanup standards, standards of control, and other 
substantive requirements, criteria, or limitations promulgated under Federal environmental, state 
environmental, or facility siting laws that, while not “applicable” to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance found at a CERCLA site, address problems 
or situations sufficiently similar to those encountered at the CERCLA site that their use is well-suited to a 
particular site. Those standards that are identified in a timely manner and are more stringent than Federal 
requirements may be relevant and appropriate. Relevant and appropriate requirements are defined in the 
NCP (40 CFR 300.5 [Definitions]). 

2.3.2 IDENTIFICATION OF ARARS 

There are three classifications of requirements defined by the USEPA in the ARAR determination 
process: 

• Chemical-specific – requirements that set protective remediation goals for the COCs; 

• Location-specific – requirements that restrict remedial actions based on the characteristics of the 
site or its immediate surroundings; and 

• Action-specific – requirements that set controls or restrictions on the design, implementation, and 
performance levels of activities related to the management of hazardous substances, pollutants, or 
contaminants.  

Chemical-specific ARARs include those laws and regulations regarding the release of materials 
possessing certain chemical or physical characteristics, or containing specified chemical compounds.  
Chemical-specific requirements set health- or risk-based concentration limits or ranges in various 
environmental media for specific hazardous substances, contaminants, and pollutants. These requirements 
provide protective site remediation levels as the basis for calculating remediation goals for COCs in the 
designated media. Examples include drinking water standards and ambient air quality standards. 
Chemical-specific ARARs can be established once the nature of the contamination at the site has been 
defined, which is accomplished during the RI phase.   
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Location-specific ARARs are design requirements or activity restrictions based on the geographical or 
physical position of the site and the surrounding area. Location-specific requirements set restrictions on 
the types of remedial activities that can be performed based on site-specific characteristics or location.  
Examples include areas in floodplains, a wetland, or a historic site. Location-specific criteria can 
generally be established early in the RI/FS process because they are not affected by the type of 
contaminant or the type of remedial action implemented. 

Action-specific ARARs are technology-based, establishing performance, design, or other similar action-
specific controls or regulations for the activities related to the management of hazardous substances or 
pollutants. Action-specific requirements are triggered by the particular remedial action alternatives that 
are selected to accomplish the cleanup of hazardous wastes (e.g., RCRA incineration regulations). 

Previous work by the USEPA in 1993 (see references) has identified a number of Federal and State 
ARARs.  In summary, the following ARARs have been identified: 

• Chemical-specific ARAR – State Resolution 68-16, Anti Degradation Policy 

• Action-specific ARARs – California Health and Safety Code 

• Section 66265, Article 11 – Closure and Monitoring 

• Section 66268, Subpart C – Land Disposal Restriction 

• Section 66265, Articles 9 and 10 – Containers and Tanks 

• 40 CFR, Subpart S – Corrective Action 

• Safe Drinking Water Act – Underground Injection 

While the USEPA has determined that the A-zone groundwater is not considered a potential drinking 
water source according to either Federal or State regulations, State Resolution 68-16 requires that water 
injected into the zone be protected. The USEPA has concluded that treatment and re-injection at the 
MCLs promulgated by the Safe Drinking Water Act would comply with State Resolution 68-16.  The 
MCLs for the primary COCs are listed in Table II-2-1.  

There is no MCL listed for 1,2,3-TCP but there is a California Department of Health Services drinking 
water action level (http://www.dhs.ca.gov/ps/ddwem/chemicals/123tcp/actionlevel.htm) of 0.005 µg/L. 
This has been adopted as the ARAR for this compound for this feasibility study and is also reflected in 
Table II-2-1. 

These ARARs were adopted for OU-2 and are considered the remedial action goals for this feasibility 
study. 

2.4 REMEDIAL GOAL OBJECTIVES 

The primary concern at the Site is potential compliance with ARARs and contamination of the drinking 
water supply near the Site.  The main goal of the remedial action will be to comply with ARARs and 
minimize risk from the present and future water supply system in the area. 

Because the B-zone is classified as a potential drinking water source, cleanup levels in the B-zone 
groundwater should comply with the Safe Drinking Water Act. The remedial goal objective in the B-zone 
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is to limit contaminant concentrations in the water to MCLs. For contaminants of concern within the 
B-zone these MCLs are identified in Table II-2-1.  

2.5 GENERAL RESPONSE OPTIONS 

Soil and groundwater have been identified as the primary media susceptible to contamination at the Site.  
In-situ and ex-situ technologies for both soil and groundwater were considered and preliminary 
descriptions of the evaluations are presented in Tables II-2-2 through II-2-5. Further, combinations of 
technologies have been evaluated and are described in Table II-2-6. 

In evaluating the alternatives, the following items will serve as institutional constraints that will be 
accommodated or will require special action: 

1. RCRA cap on-site can not be disturbed or its integrity compromised. 

2. Drilling to the B-zone should avoid penetration through the A-zone contaminated area to 
avoid cross-contamination. 

City well No. 1, located downgradient of the Site, was constructed with a screened interval that extends to 
the B-zone. Because of the risk presented by the well design and its construction, it will be abandoned. A 
new relocated well will be constructed to a modified design that is protective from the B-zone 
groundwater layers. This well abandonment is an action that will be taken regardless of which one of the 
alternatives is selected. Accordingly, in our consideration of the alternatives, it is assumed that this task 
will be performed. 

2.6 EVALUATION OF TECHNOLGIES AND PROCESS OPTIONS 

These alternatives discuss treatment options that address remediation to the residual volumes of both soil 
and groundwater identified by USEPA.  The technologies have been separated into five basic categories: 

• No Action 

• In-situ soil remediation, 

• Ex-situ soil remediation, 

• In-situ groundwater remediation, 

• Ex-situ groundwater remediation, 

• Combined process soil and groundwater remediation, and 

• Source mobilization reduction through combined soil and groundwater remediation. 

2.6.1 NO ACTION 

The no action alternative for OU-2 means that the current state of the site is maintained. No further action 
is contemplated at the site surface or within the B-zone that is the target of this assessment. 
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Under this alternative the contamination that is identified in the subsurface within the A-zone or the 
B-zone would be allowed to remain and reduce by those natural processes that may mitigate the 
chemicals. Also, as water moves the chemicals would transport laterally within the zones and from the 
A-zone to the B-zone. With this movement the chemicals would disperse and dilute. 

Monitoring of the A-zone and the B-zone groundwater would remain a continuing requirement and would 
likely be required as long as there is concern regarding the concentration of chemicals in the groundwater. 
The monitoring interval may be extended if the changes between monitoring events are small and a 
reasonable trend for water conditions is understood. 

2.6.2 IN-SITU SOIL REMEDIATION TECHNOLOGIES 

The technologies that could be acceptable remediation alternatives for in-situ soil treatment are as 
follows: 

• Bio-treatment and bio-augmentation, 

• Soil vapor extraction, 

• Bioslurping or dual-Phase extraction, 

• Soil flushing, 

• In-situ heating at low temperature (<100 degrees Celsius [°C]), 

• In-situ heating at high temperature (>100°C), and 

• Electrokinetic extraction. 

2.6.2.1 Bio-Treatment and Bio-Augmentation 

Bio-treatment and bio-augmentation technologies are destruction techniques directed toward stimulating 
microorganisms to grow and use the contaminants as a food and energy source by creating a favorable 
environment for naturally occurring or introduced microorganisms. Generally, this means providing some 
combination of oxygen, nutrients, and moisture, and controlling the temperature and pH in the matrix. 
Sometimes, microorganisms adapted for degradation of specific contaminants are applied to enhance the 
process. 

The main advantage of this in-situ treatment is that it allows soil to be treated without being excavated 
and transported, resulting in potentially significant cost savings. However, in-situ treatment generally 
requires longer time periods, and there is less certainty about the uniformity of treatment because of the 
variability in soil and aquifer characteristics and because the efficacy of the process is difficult to verify, 
requiring monitoring and continuous oversight of the process for effective controls and modifications. 

It was assessed that no single condition (e.g., aerobic, cometabolic, or anaerobic) would allow for 
biodegradation of all site COCs.  This fact somewhat complicates an enhanced bioremediation strategy, 
but bioremediation still remains a viable alternative. 

Growth by aerobic bacteria on either 1-chloropropane (CP) or 1,3-dichloropropene (1,3-DCP), as the sole 
carbon source has been documented (Janssen, 1985; and Poelarends, 1998).  However, 
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1,2,3-trichloropropane (TCP), and 1,2-dibromo-3- chloropropane (DBCP) have not been demonstrated to 
support growth under aerobic conditions by naturally occurring microorganisms.  Recently a genetically 
engineered microorganism was constructed that is capable of growth on 1,2,3-TCP as the sole carbon 
source, under aerobic conditions (Bosma, et al., 2002).  A recombinant strain of bacteria was also 
constructed that is capable of growth on DBCP as the sole carbon source, under aerobic conditions 
(Bosma, et al., 1999).   

Biodegradation of 1,2-dichloropropane (1,2-DCP) has been documented under anaerobic conditions 
(Loeffler, et al, 1997).  Loeffler also reported that dechlorination of 1,2-DCP was inhibited by sulfate, and 
that biodegradation intermediates (1-chloropropane and 2- chloropropane) were identified.  There is one 
report of aerobic 1,2-DCP biodegradation, but this report has not been substantiated; other researchers 
failed to demonstrate biodegradation of 1,2-DCP under aerobic conditions  (Roberts and Stoydin, 1976; 
and van Dijk, 1980).  No reports of whether the genetically engineered aerobic microorganism (that 
degrades 1,2,3-TCP) can degrade 1,2-DCP could be located; but this possibility seems likely. 

Anaerobic biodegradation of DCBP was demonstrated under methanogenic and sulfate reducing 
conditions (Bouwer, and Wright, 1988).  No reports of anaerobic biodegradation of 
1,2,3-trichloropropane, or 1,3-dichloropropene could be located.   

Biodegradation of 1-chloropropane, 1,3-dichloropropane (not 1,3-dichloropropene), 1,2- dichloropropane, 
and 1,2,3-trichloropropane has been documented under aerobic/cometabolic conditions, by methane 
oxidizing bacteria (Bosma, and Janssen, 1998).  Biodegradation of DBCP has been documented under 
aerobic/cometabolic conditions, by an ammonia oxidizing strain of bacteria (Vannelli, et al, 1990).  The 
kinetics of transformation of chlorinated propanes under cometabolic conditions is relatively slow (slower 
than that of TCE), and degradation is often incomplete.   

Aerobic/cometabolic transformations of chlorinated propanes via monooxygenase enzymes would be 
expected to result in substitution of one halogen atom and one hydrogen atom with an oxygen atom 
(double bond).  If the halogen was removed from either the 1- or the 3-position, this would result in a 
3-carbon backbone and an aldehyde group positioned where the halogen was removed.  Other types of 
aerobic bacteria have been isolated that can replace the halogen with an OH-group using haloalkane 
dehalogenase enzymes; this would yield a chloro-propanol compound. 

No reports of biodegradation of dinoseb occurring under aerobic conditions could be located in the 
literature; nor has biodegradation under aerobic/cometabolic conditions been reported.  The literature 
indicates that anaerobic conditions are required to initiate biodegradation of dinoseb.  Transformation of 
dinoseb has been shown to occur when the redox potential is reduced to below –200 millivolts (mV).  No 
reports were located showing whether sulfate must be depleted before dinoseb can be biodegraded.  
However the very low redox potential required indicates that at least some sulfate depletion may be 
necessary to permit dinoseb biodegradation.  One study showed that following an anaerobic stage; further 
biodegradation of the intermediates could be accomplished under aerobic conditions (Hammill and 
Crawford, 1996).   

Researchers have shown that 1,2-dibromoethane, also known as ethylene dibromide (EDB), can be 
biodegraded under aerobic and anaerobic conditions.  Biodegradation of EDB under aerobic/cometabolic 
conditions has not been reported.  Bromoethane would be a likely intermediate.  

Biodegradation of chloroform (also known as trichloromethane) has been documented under anaerobic 
and aerobic/cometabolic conditions.  Chloroform has not been shown to be biodegradable under aerobic 
conditions.  Intermediates of anaerobic chloroform biodegradation include dichloromethane and 
chloromethane. 
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As discussed, it appears that the majority of the site contaminants appear to be amenable to 
cometabolic/aerobic treatment processes.  It is expected that cometabolic/aerobic conditions would allow 
for biodegradation of EDB and 1,3-dichloropropene to occur (these compounds do biodegrade under 
aerobic conditions, but have not been shown to require any cometabolite).  However rates of 
biodegradation of EDB and 1,3-dichloropropene may be reduced in the presence of a cometabolite.  It is 
believed to be highly unlikely that biodegradation of dinoseb would occur under cometabolic/aerobic 
conditions, as dinoseb has not been shown to be aerobically degradable.   

It may be necessary to apply different treatment processes at separate zones within the site.  In zones 
where the chlorinated propanes are driving risk, cometabolic/aerobic treatment processes would be 
appropriate.  However, in zones where dinoseb is driving risk, anaerobic treatment processes would be 
appropriate.  Another possible bioremediation scenario would be to begin by implementing a 
cometabolic/aerobic treatment process.  Then after treatment of the chlorinated propanes has been 
achieved, transition into anaerobic treatment for dinoseb. 

The other bioremediation alternative that should be considered is the use of genetically engineered 
microorganisms that degrade 1,2,3-TCP and DBCP under aerobic conditions, followed by a 2nd 
(anaerobic) stage.  It is possible that 1,2-DCP would also be biodegradable using these genetically 
engineered microorganisms, but this has not been confirmed.  1,3-DCP and EDB would be biodegradable 
during the aerobic stage.  After sufficient destruction of the aerobically degradable compounds had been 
achieved, the zone of interest would be driven anaerobic.  The anaerobic stage would be required for 
biodegradation of dinoseb, chloroform, and possibly 1,2-DCP.  DBCP and EDB would also degradable 
during the anaerobic stage.  This alternative would require acquisition  and approval to use the genetically 
engineered microorganisms, as well as bench- and field-scale studies. 

In-situ bioremediation via a cometabolic/aerobic process appears to be capable of treating all of the 
halogenated propanes at the site, as well as chloroform.  The only contaminant not believed to be treatable 
by this process would be dinoseb.   

A cometabolic/aerobic treatment process would involve injecting air (oxygen source) and methane 
(cometabolite).  In place of methane, it may be possible to substitute propane.  However a treatabilty 
study should be performed to confirm that propane would be an adequate substitute for methane.  
Ammonia is not recommended because microorganisms generally do not begin using ammonia as an 
electron donor until essentially all other organic electron donors have been depleted.  Because there are 
undoubtedly other organic substrates present in soil and groundwater, there would probably be an 
extended lag period before a population of ammonia-oxidizing microorganisms could be established.  

Application of cometabolic processes typically involves continuous injection of air at a relatively low 
flow rate, with periodic injection of the cometabolite.  A cometabolic air sparging process could be 
applied in saturated zones, while a cometabolic bioventing process could be applied to unsaturated zones.   

Cometabolic/aerobic treatment is much more difficult to implement in the saturated zone than in the 
unsaturated zone.  Several factors should be considered before committing to cometabolic/aerobic 
treatment of groundwater.  Generally, it will be more difficult to implement the process in a low 
permeability setting.  It is more difficult to adequately distribute cometabolite and air in a low 
permeability aquifer, and usually more expensive due to the need for more closely spaced injection wells 
(or circulation wells).  The redox environment of the aquifer must also be taken into consideration.  It will 
be more expensive (more air injection required), and take more time, to create aerobic conditions in a 
anaerobic aquifer.  High levels of organic carbon can also make it more difficult to create aerobic 
conditions.   
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It would be possible to create a cometabolic/aerobic treatment zone in the B-aquifer using groundwater 
circulation wells.  One approach would involve construction of wells screened across two separate 
intervals; and then using an airlift pump to move water from the lower to the higher interval.  In addition 
to air, a cometabolite (e.g., propane) would periodically be pulsed in with the air.  A pro-active well 
maintenance program would be needed to control biofouling and scaling.  Contaminant removal 
mechanisms would include both air stripping and biodegradation.  The circulation wells would also help 
to distribute propane into the saturated zone and the vadose zone.   

A cometabolic bioventing process would be suitable for the zone below the perched, A-aquifer.  Since 
this zone is unsaturated, it should be possible to create a cometabolic/aerobic treatment zone using a 
limited number of injection wells.  The radius of influence for an air-injection well screened in an 
unsaturated zone is much greater than that of an air-injection well screened in an saturated zone.  Ideally, 
this would serve as a vertical barrier, and would help to reduce levels of contaminants in water leaching 
from the A- to the B-zone aquifer.   

In-situ bioremediation via enhanced anaerobic processes would be capable of treating all contaminants 
except 1,2,3-trichloropropane, and possibly 1,3-dichloropropene.  No reports of anaerobic biodegradation 
of 1,3-dichloropropene could be located.  The literature indicates that biodegradation of dinoseb would 
require anaerobic conditions. 

Anaerobic zones in groundwater can be established via electron donor injection.  Enhanced anaerobic 
bioremediation processes are typically implemented by injection of electron donor solutions (e.g., sodium 
lactate, molasses, edible oil, HRC, etc.).    

Several factors should be considered before committing to an enhanced anaerobic bioremediation 
alternative.  Generally, it will be more difficult to implement electron donor injection in a low 
permeability setting.  It is more difficult to adequately distribute electron donor in a low permeability 
aquifer, and usually more expensive due to the need for more closely spaced injection points.  The redox 
environment of the aquifer must also be taken into consideration.  It will be more expensive (more 
electron donor required), and take more time, to drive a highly aerobic aquifer anaerobic.  High levels of 
nitrate and/or Fe III can also make it more difficult to drive an aquifer anaerobic.  In some agricultural 
areas the combination of irrigation and heavy use of nitrate fertilizers can make it difficult to maintain 
anaerobic conditions in underlying aquifers.   

Enhanced anaerobic treatment should be considered for the hot-spot area of the A-zone, where extremely 
high levels of 1,2-DCP were detected.  Given the low permeability of the A-zone, the greatest distribution 
of electron donor would be achieved by injecting a solution of electron donor, with a relatively high 
viscosity (i.e., about the same viscosity as that of water).  Electron donor can be delivered by either using 
permanent injection wells, or by direct push technology.  Because dechlorination of 1,2-DCP is inhibited 
by sulfate, sufficient electron donor would be required to overcome electron acceptors such as dissolved 
oxygen, nitrate, Fe III and sulfate.  More than one injection event may be required to establish 
dechlorinating conditions for 1,2-DCP.   

It would be possible to create an anaerobic treatment zone in the B-aquifer using groundwater circulation 
wells.  This would be especially applicable to zones with high levels of dinoseb.  One approach would 
involve construction of wells screened across 2, separate intervals; and then using a pump and an in-line 
mixer to move water from one interval to the other.  Between the pump and an in-line mixer there would 
be a feed line.  Electron donor would periodically be pulsed into the well to maintain anaerobic 
conditions.  A pro-active well maintenance program would be needed to control biofouling.  The 
circulation wells would also help to distribute electron donor into the saturated zone.   
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Use of enhanced bio-treatment appears to be a promising technology that is retained for further 
evaluation. 

2.6.2.2 Soil Vapor Extraction 

In soil vapor extraction (SVE), air flow is induced through soil pores by applying a vacuum to extraction 
wells screened in the unsaturated zone. Volatile and semivolatile contaminants diffuse into the air as it 
moves through the extraction wells. The gas leaving the soil may be treated to recover, treat or destroy the 
contaminants. Vertical extraction vents are typically used at depths ranging from 5 feet to 300 feet.  
Horizontal extraction vents can be used as warranted by contaminant zone geometry, drill rig access, or 
other site-specific factors. 

Groundwater depression pumps may be used to artificially reduce the water tables to increase the depth of 
the vadose zone. Air injection is effective for facilitating extraction of deep contamination in low 
permeability soils and contamination in the saturated zone.  

Soil vapor extraction is used primarily to treat halogenated and non-halogenated VOCs. The technology is 
typically applicable only to compounds with a Henry’s Law constant greater than 0.01 or a vapor pressure 
greater than 0.5 millimeter mercury (mm Hg) (0.02 inch Hg). This technology will likely not be effective 
at the Site for the removal of dinoseb. Other factors such as moisture content, organic content, and air 
permeability of the soil will also influence the effectiveness of this technology. Because the process 
involves the continuous flow of air through the soil, SVE often promotes the in-situ biodegradation of 
low-volatility organic compounds that may be present. 

2.6.2.3 Bioslurping or Dual-Phase Extraction 

Bioslurping or dual-phase extraction (DPE) is also known as multi-phase extraction or vacuum-enhanced 
extraction. It is an in-situ technology that uses pumps and/or blowers to remove various combinations of 
contaminated groundwater, separate-phase product, and contaminant vapor from the subsurface. 
Extracted liquids and vapor are treated and collected for disposal, or are re-injected to the subsurface. 

Vacuum applied to the subsurface with these systems creates vapor-phase pressure gradients toward the 
vacuum well. These vapor-phase pressure gradients are also transmitted directly to the subsurface liquids 
present, and those liquids existing in a continuous phase will flow toward the vacuum well in response to 
the imposed gradients. The higher the applied vacuum, the larger the hydraulic gradients that can be 
achieved in both vapor and liquid phases, and thus the greater the vapor and liquid recovery rates. The 
depressed groundwater table that results from these high recovery rates serves both to hydraulically 
control groundwater migration and to increase the efficiency of vapor extraction. The remedial 
effectiveness of bioslurping within the zone of dewatering that commonly develops during this 
application should be greater than that of air sparging due to the more uniform air flow using these 
procedures. 

These technologies can be divided into two general categories: 

• Single-Pump Systems – Subsurface liquid(s) and soil vapor are extracted together as a high-
velocity, dual-phase (liquid[s] and vapor) stream using a single pump. Single-pump systems rely 
on high-velocity airflow to lift suspended liquid droplets upwards by frictional drag through an 
extraction tube to the surface. Single-pump vacuum extraction systems can be used to extract 
groundwater or combinations of separate-phase product and groundwater. Single-pump systems 
are generally better suited to low-permeability conditions, and they are difficult to implement at 
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sites where natural fluctuations in groundwater levels are substantial. United States patents exist 
on certain applications of single-pump systems that may require licensing of the technology. 

• Dual-Pump Systems – Subsurface liquid(s) and soil vapor are extracted separately using two or 
more pumps. The somewhat more conventional dual-pump systems use one pump to extract 
liquids from the well and a surface blower (the second pump) to extract soil vapor. Dual-pump 
systems are simply a combination of traditional SVE and groundwater (and/or floating product) 
recovery systems. Dual-pump systems tend to be more flexible than single-pump systems, 
making dual-pump systems easier to apply over a wider range of site conditions (e.g., fluctuating 
water tables, wide permeability ranges); however, equipment and operating costs are higher. 

The dual-pump system works as a combined technology and provides the added benefit of effectiveness 
for dinoseb removal in the water phase. Volatile organics can effectively be removed in the unsaturated 
and saturated zones. In the use of the vapor extraction, this technology may also promote the in-situ 
biodegradation of low-volatility organic compounds. 

These technologies are also a combined form for treating both soil and water and are further discussed in 
Sections 2.7.5.1 and 2.7.5.2. 

2.6.2.4 Soil Flushing 

Soil flushing is accomplished by passing the extraction fluid through in-situ soils by use of an injection or 
infiltration process. Contaminants in the soil diffuse into the soil by mechanisms such as solubilization, 
emulsification, or chemical reaction. The contaminant-laden solution must be recovered to prevent 
uncontrolled transport of contaminants. 

For biodegradable contaminants, it may be possible to add nutrients and distribute the flushing solution 
on the soil to promote contaminant bioremediation. 

Flushing fluids should be recycled to the maximum extent possible. Recovery of surfactants and removal 
of contaminants from the recovered flushing fluids is a major factor in the cost of soil flushing. Treatment 
of the recovered fluids results in process sludges and residual solids, such as spent carbon and spent ion 
exchange resin, which must be appropriately treated before disposal. Air emissions of volatile 
contaminants from recovered flushing fluids must be collected and treated, as appropriate, to meet 
applicable regulatory standards. 

Soil flushing is used primarily to treat halogenated and non-halogenated semi-volatile organic compounds 
(SVOCs) (1,2-DCP and 1,3-DCP), from in-situ materials. Water-soluble inorganic contaminants may also 
be removed using soil flushing. 

2.6.2.5 In-Situ Heating – Low Temperature (<100oC) 

Low-temperature in-situ heating can be implemented using steam injection wells, steam injection augers, 
hot water flooding, or in-situ steam generation by electrical resistance heating.  

Steam injection can be accomplished using a fixed system of wells or a mobile system with augers that 
drill into the soil. With a fixed system, low-moisture-content steam is injected into vertical wells to heat 
the formation, vaporizing contaminants and mobilizing nonaqueous phase liquids (NAPLs), if present, to 
extraction wells where fluids are collected by submersible pumps. Vapors are collected for treatment by 
applying vacuum to the extraction well. With a mobile system, augers equipped with steam injection 



 Feasibility Study of Remedial Alternatives  

Project No. C00-266.2 Page 20 of 44 

nozzles are driven into the soil to the desired depth. Low-moisture-content steam discharged through the 
nozzles mixes with the soil. Vaporized moisture and contaminants are collected in a vacuum hood 
maintained over the augers. 

Hot-water flooding uses hot water and low-quality (high water content) steam injection to enhance and 
control contaminant mobility. The heat of the water and steam flow reduces the viscosity of any oil 
contaminants encountered and the flow displaces and floats the NAPLs toward the extraction wells. 

The water flooding system requires a complex well system to simultaneously inject low-quality steam, 
hot water, and cool water at three separate elevations. Low-quality steam is injected below the 
contamination to heat the NAPLs. At elevated temperature, the NAPL density is lower than the water 
density and the NAPLs are mobilized upward by the hot water. Hot water is injected around the periphery 
of the contaminant zone to provide lateral confinement and displace the NAPLs toward the extraction 
wells. Cool water is injected above the contaminated zone to create an absorption layer or cold cap. This 
absorption layer provides vertical containment of rising fluids and condenses any vapors emanating from 
the heated contaminated zone  

With electrical resistance heating, direct resistive heating (also called Joule or ohmic heating) is a 
potentially efficient method to deposit heat directly into the contaminated soil mass by the conduction of 
electric current. The technology is implemented by placing electrodes in the ground and applying 
sufficient voltage to produce an electric current. Ohmic heating occurs when electric current flows 
through the soil. Moisture in the soil is the main conduction path for the electricity. Heating vaporizes 
water from the formation so a continual supply of water is required. Because of the need to maintain 
water in the soil, the maximum temperature achieved by resistive heating is below 100°C. Volatile 
organic compounds and SVOCs are vaporized by a combination of steam stripping action and increased 
vapor pressure. The water vapor and organics are collected by vacuum extraction wells and treated. 

Low temperature in-situ heating is used primarily to treat halogenated and non-halogenated SVOCs and 
NAPLS. Volatile organic compounds can also be treated by this technology, but there are more cost-
effective processes for sites contaminated with VOCs. 

2.6.2.6 In-Situ Heating – High Temperature (>100oC) 

In situ heating to above 100°C can be implemented using electrical heat input by conduction (i.e., thermal 
wells and blankets) or radiation (i.e., radio frequency [RF] heating). In situ temperatures higher than 
1,000°C can be reached with these heating methods in the vadose zone.   

These high temperatures can also be reached in the saturated zone if the groundwater flow-rate is low 
enough that the system heat input rate is more than sufficient to boil all of the incoming water. 

Vaporized water and contaminants are collected by vapor extraction wells and blowers similar to those 
used for a standard SVE system, but designed for very high-temperature operation. Conduction heating 
(also referred to as in situ thermal desorption) can be implemented using either surface heating blankets to 
treat soil from the surface down to about 3 feet below ground surface (bgs) or heating elements installed 
in wells for deeper contamination. 

The thermal blanket system uses modular electrically heated blankets that are placed on top of the 
contaminated ground surface. The blankets can operate at temperatures up to 1,000°C. Heat from the 
blankets is conducted down into the soil to vaporize contaminants in the upper 3 feet. Each blanket 
module is covered with an impermeable membrane and is provided with an exhaust port giving access to 
the space under the blanket. The exhaust ports for the blankets covering a treatment area are connected to 
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a common manifold leading to the suction of a blower. Soil heating causes contaminants to vaporize and 
migrate to the surface because of the negative pressure caused under the blanket by the blower. The 
vaporized contaminants are withdrawn from under the blanket and enter a thermal treatment unit where 
they are oxidized. The high temperature gas stream is then cooled to protect the blower and passed 
through a carbon bed that collects any trace levels of organics not oxidized prior to release to the 
atmosphere. 

The thermal well system involves an arrangement of electrical immersion heating elements placed in 
vertical wells spaced about 7 to 10 feet apart. The heating elements operate at up to 1,000°C to heat the 
surrounding soil. Similar to the thermal blanket system, heat transfer from the wells into the soil occurs 
by conduction. The wells are installed with an outer perforated screen. The top outlets of all of the wells 
used in a particular application are connected to a common manifold. Similar to the blanket modules, 
vacuum applied to the manifold removes air and desorbed contaminants for treatment by thermal 
oxidation and carbon adsorption. 

RF heating is accomplished by use of electromagnetic energy in the RF band. The heating process does 
not rely on the thermal conductivity of the soil. The energy is introduced into the soil matrix by electrodes 
inserted into drilled holes. The mechanism of heat generation is similar to that of a microwave oven. A 
modified radio transmitter serves as the power source, and the industrial, scientific, and medical band 
provides the frequency at which the modified transmitter operates. The exact operational frequency is 
obtained from an evaluation of the real extent of contamination and the dielectric properties of the soil 
matrix. 

Full implementation of an RF heating system at a contaminated hazardous waste site requires four major 
subsystems: 

• An RF energy radiation array,  

• RF power generating, transmitting, monitoring, and control systems,  

• A vapor barrier and containment system, and 

• A vapor recovery and treatment system. 

High-temperature in-situ heating is primarily used to treat halogenated and non-halogenated semi-volatile 
organic compounds (1,2-DCP and 1,3-DCP). The efficiency of this technology will be affected by the 
RCRA and non-RCRA cap at the Site. 

2.6.2.7 Electrokinetic Extraction 

Electrokinetic extraction is performed by applying a low voltage direct current across electrode pairs that 
have been implanted in the ground on each side of the contaminated soil mass. The electrical current 
causes electro-osmosis and ion migration. The aqueous phase or contaminants desorbed from the soil 
surface are transported towards respective electrodes depending on their charge. The contaminants may 
then be extracted to a recovery system or deposited at the electrode. Surfactants and complexing agents 
can be used to increase solubility and assist in the movement of the contaminant. Also, reagents may be 
introduced at the electrodes to enhance contaminant removal rates.  

Electrokinetics has been used for decades in the oil recovery industry and to remove water from soils, but 
in-situ application of electrokinetics to remediate contaminated soil is new. Recently, attention has been 
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focused on developing in-situ electrokinetic techniques for the treatment of low permeability soils, which 
are resistant to remediation with traditional technologies because of their low hydraulic conductivity.  

The target contaminants groups for electrokinetic technology are dissolved polar species such as metal 
ions, anions, and water soluble organics. Electrokinetics is being used commercially in Europe to remove 
heavy metal contaminants such as uranium, mercury, and metal mixtures. This technology is not viable 
for the Site. 

2.6.3 EX-SITU SOIL REMEDIATION TECHNOLOGIES 

Ex-situ soil remediation technologies considered are as follows: 

• Base catalyzed decomposition (BCD) process, 

• Glycolate dehologenation, 

• Solvent extraction, 

• Soil washing, and 

• Thermal desorption. 

Whereas soil excavation for ex-situ treatment of soil would generally not be considered viable because 
these would require the removal of part or all of the RCRA and/or non-RCRA caps at the Site, these 
technologies are presented to consider those scenarios where the removal of relatively shallow soil (up to 
a depth of 75 feet) in the A-zone would satisfy certain source reduction considerations. There is no intent 
that any of the B-zone soil would be excavated for ex-situ treatment. Also, discussion of these 
technologies fulfill the regulatory requirements for consideration of the range of possible methods. 

2.6.3.1 Base Catalyzed Decomposition (BCD) Process 

The technology involves a two-stage process to remove chlorinated organics from soil and dechlorinate 
them to reduce their toxicity. Contaminated soil is screened, processed with a crusher and pug mill, and 
mixed with sodium bicarbonate. The mixture is heated to about 350°C (660°F) in a rotary reactor to 
volatilize the contaminants (Stage 1). The volatilized contaminants are captured, condensed, and treated 
(Stage 2) by reaction with sodium hydroxide and an hydrogen donor oil in the presence of a catalyst.  

The BCD process is considered to be an innovative technology and is used primarily to treat halogenated 
semivolatile organic compounds and polychlorinated biphenyls (PCBs).  The technology can also be used 
to treat halogenated volatile organic compounds, but will generally be more expensive than alternative 
technologies. 

2.6.3.2 Glycolate Dehalogenation 

Glycolate dehalogenation is implemented by mixing contaminated soil and the reagent in a heated 
treatment vessel. Potassium polyethylene glycol (KPEG) is the most common KPEG treatment reagent.  

In the KPEG process, the reaction causes the polyethylene glycol to replace halogen molecules and render 
the compound nonhazardous or less toxic. For example, the reaction between chlorinated organics and 
KPEG causes replacement of a chlorine molecule and results in a reduction in toxicity. 
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Dehalogenation (APEG/KPEG) is generally considered a standalone technology; however, it can be used 
in combination with other technologies. Treatment of the wastewater generated by the process may 
include chemical oxidation, biodegradation, carbon adsorption, or precipitation. The metal hydroxide that 
has been most widely used for this reagent preparation is potassium hydroxide (KOH) in conjunction with 
polyethylene glycol (PEG) (typically, average molecular weight of 400) to form a polymeric alkoxide 
referred to as KPEG. Sodium hydroxide has also been used in the past, however, and most likely will find 
increasing use in the future because of patent applications that have been filed for modification to this 
technology. This new approach will expand the technology’s applicability and efficacy and should reduce 
chemical costs by facilitating the use of less costly sodium hydroxide. A variation of this reagent is 
potassium hydroxide or sodium hydroxide/tetraethylene glycol, referred to as ATEG, which is more 
effective on halogenated aliphatic compounds. In some KPEG reagent formulations, dimethyl sulfoxide 
(DMSO) is added to enhance reaction rate kinetics, presumably by improving rates of extraction of the 
haloaromatic compounds. As DMSO is readily absorbed through the skin, its use raises safety concerns. 

Previously developed dehalogenation reagents involved dispersion of metallic sodium in oil or the use of 
highly reactive organosodium compounds. The reactivity of metallic sodium and the other reagents with 
water presented a serious limitation to treating many waste matrices; therefore, these other reagents are 
not discussed here and are not considered APEG processes. 

The reagent (APEG) dehalogenates the pollutant to form a glycol ether and/or a hydroxylated compound 
and an alkali metal salt, which are water-soluble byproducts. 

Glycolate dehalogenation is primarily used to treat halogenated semi-volatile compounds and PCBs.  
Although the technology can be used against selected halogenated volatile organic compounds, it may be 
less effective. 

2.6.3.3 Soil Washing 

Soil washing is accomplished by contacting soil with a wash solution, separating the soil and solution, 
and treating the solution. The solution is contacted with the soil and vigorously agitated to transfer 
contaminants into the wash solution. The process removes contaminants from soils by dissolving or 
suspending them in the wash solution, which is later treated by conventional wastewater treatment 
methods. Surfactants or similar mild solvents are often used to improve the removal of petroleum 
hydrocarbons and a wide variety of other organic contaminants from soils.  

Soil washing typically incorporates particle-size separation during washing. The use of particle-size 
separation to reduce the amount of solids requiring treatment is based on the tendency of many organic 
and inorganic contaminants to bind to clay, silt, and organic soil particles. The silt and clay, in turn, are 
attached to sand and gravel particles by physical processes, primarily compaction and adhesion. Washing 
separates fine clay and silt particles from the coarser sand and gravel soil particles, effectively separating 
and concentrating the contaminants into a smaller volume consisting of the clay and silt fraction. This 
fraction can be managed by further treatment or disposal. The cleaned sand and gravel fraction can be 
returned to the site. 

The target contaminant groups for soil washing are typically semi-volatile organic compounds, fuels, and 
in-organics. The technology can be used on selected volatile organic compounds and pesticides. The 
technology typically is most effective with coarse-grained soils containing low clay content. 
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2.6.3.4 Solvent Extraction 

Solvent extraction is accomplished by contacting soil with a solvent, separating the soil and solvent, and 
regenerating the solvent for reuse.  To be successful, the extraction solvent should have a high solubility 
for the contaminant and low solubility in the waste matrix. Typical solvents include liquefied gas 
(propane or butane), supercritical carbon dioxide fluid, triethylamine, or proprietary organic fluids. The 
extraction solvent is well mixed with the contaminated matrix to allow contaminants to transfer to the 
solvent. The clean matrix and solvent are then separated by physical methods, such as gravity decanting 
or centrifuging. Distillation regenerates the solvent, which is then returned for reuse in the extraction 
process.  

Extraction typically is mass transfer limited; so thorough mixing of the solvent and contaminated matrix 
is required. Some solvent extraction systems require the addition of water if the waste is a dry, 
non-flowing solid. In other systems, extraction fluid is added to make the waste flow. 

The extraction solvent typically is purified by distillation. In systems that use pressurized solvents, such 
as liquefied gas or supercritical carbon dioxide, vaporization occurs by pressure release, which causes the 
solvent to boil. With higher-boiling solvents, distillation tanks or towers may be used to separate the 
extraction solvent from the organic contaminants. 

The triethylamine system extracts both water and organics. The contaminant/water/solvent mixture is 
heated to 55°C (130°F), where separate water and organic phases form. The phases are separated by 
decanting, and the contaminant and solvent are separated by distillation. 

Solvent extraction is used primarily to treat halogenated and nonhalogenated semivolatile organic 
compounds, PCBs, and ordnance compounds. The technology is generally not used for extracting 
inorganics (i.e., acids, bases, salts, or heavy metals). Inorganics usually do not have a detrimental effect 
on the extraction of the organic components, and metals that pass through the solvent extraction process 
in the treated soil sometimes benefit by being changed into a less toxic or leachable form. The process has 
been shown to be applicable for the separation of the organic contaminants in paint wastes, synthetic 
rubber process wastes, coal tar wastes, drilling muds, wood-treatment wastes, separation sludges, 
pesticide/insecticide wastes, and petroleum refinery oily wastes. 

2.6.3.5 Thermal Desorption 

Thermal desorption is implemented by heating and agitating soil while it is exposed to a carrier gas or 
vacuum that transports volatilized water and organic contaminants to the gas treatment system. The bed 
temperatures and residence times designed into these systems will volatilize selected contaminants but 
typically will not oxidize or destroy them. Thermal desorption is a full-scale technology that has been 
proven successful for remediating all types of soil.  

Two common thermal desorption designs are the rotary dryer and thermal screw. Rotary dryers are 
horizontal cylinders that can be indirectly or directly-fired. The dryer is normally inclined and rotated. For 
the thermal screw units, screw conveyors or hollow augers are used to transport the medium through an 
enclosed trough. Hot oil or steam circulates through the auger to indirectly heat the medium. All thermal 
desorption systems require treatment of the off-gas to remove particulates and contaminants. Particulates 
are removed by conventional particulate removal equipment, such as wet scrubbers or fabric filters. 
Contaminants are removed through condensation followed by carbon adsorption, or they are destroyed in 
a secondary combustion chamber or a catalytic oxidizer. Most of these units are transportable. 
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The target contaminant groups for thermal desorption systems are halogenated and nonhalogenated 
volatile organic compounds. The technology can be used to treat semi-volatile organic compounds and 
PCBs when a temperature near the high end of the normal operating range and long residence time is 
used. 

2.6.4 IN-SITU GROUNDWATER REMEDIATION TECHNOLOGIES 

The technologies that would be acceptable for in-situ groundwater remediation are as follows: 

• Monitored Natural Attentuation 

• Air stripping (in well), 

• Air sparging, 

• Chemical oxidation, 

• Circulating wells, and 

• Treatment wall (permeable reactive wall). 

2.6.4.1 Monitored Natural Attenuation 

Natural attenuation is the process by which natural subsurface processes such as dilution, volatilization, 
biodegradation, adsorption, and chemical reactions with subsurface materials are allowed to reduce 
contaminant materials to acceptable levels. It is a viable alternative and requires periodic monitoring of 
groundwater conditions and evaluation of monitoring data. Use of this approach will be in accordance 
with US EPA’s OSWER Directive 9200.4-17P dated April 21, 1999. 

As described in the directive, Monitored Natural Attenuation (MNA) is not viewed as a No Action 
alternative but is considered an alternative means of achieving remediation objectives that are appropriate 
for site circumstances where its use meets the applicable statutory and regulatory requirements. 

MNA refers to the reliance on natural attenuation processes (within the context of a carefully controlled 
and monitored site cleanup approach) to achieve site-specific remediation objectives within a time frame 
that is reasonable compared to that offered by other more active methods. MNA processes that are at 
work in such a remediation approach include a variety of physical, chemical, or biological processes that, 
under favorable conditions, act without human intervention to reduce the mass, toxicity, mobility, 
volume, or concentration of contaminants in soil or groundwater. 

These in-situ processes include biodegradation; dispersion; dilution; sorption; volatilization; radioactive 
decay; and chemical or biological stabilization, transformation, or destruction of contaminants. When 
relying on natural attenuation processes for site remediation, processes that degrade or destroy on-site 
contaminants are preferred. Generally, this approach is found favorable where there is a low potential for 
contaminant migration. 

Natural attenuation processes are typically occurring at all sites, but to varying degrees of effectiveness 
depending on the types and concentrations of contaminants present and the physical, chemical, and 
biological characteristics of the soil and groundwater. Natural attenuation processes may reduce the 
potential risk posed by site contaminants in three ways: 
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1. Transformation of contaminant(s) to a less toxic form through destructive processes such as 
biodegradation or abiotic transformations; 

2. Reduction of contaminant concentrations whereby potential exposure levels may be reduced; and 

3. Reduction of contaminant mobility and bioavailability through sorption onto the soil matrix. 

Where conditions are favorable, MNA may reduce contaminant mass or concentration at sufficiently 
rapid rates to be integrated into a site’s soil and/or groundwater remedy. Also, MNA will be used in 
conjunction with active remediation measures in combined form. For example, active remedial measures 
could be applied in areas with high concentrations of contaminants while MNA is used for low 
concentration areas; or MNA could be used as a followup to active remedial measures. 

At this Site, MNA may be considered as a form of source control for the contamination that exists in the 
A-zone and/or for the transported contamination that is observed in the B-zone. Where active measures 
are considered with one zone, MNA may serve as a combined alternative for the effective remedy in the 
other zone. 

2.6.4.2 Air Stripping (In Well) 

The in-well air stripping process involves injecting gas, usually air, into a well, resulting in an in-well 
airlift pump effect. Air injection in the well at a level below the water table decreases the average fluid 
density in the deeper portions of the well. The lower density of the newly formed air/water mixture causes 
it to rise above the higher density water table. At a level in the well above the water table, the air (and 
contained volatiles) separates from the groundwater and exits the well. The groundwater flows out of the 
upper screened portions of the well above the water table and migrates down to the lower screened 
portion of the well. The air injection removes volatiles through air stripping, and provides an airlift 
pumping effect to establish a circulation pattern of oxygen-saturated water in the aquifer that may 
stimulate biodegradation. Biodegradation is only one possible advantageous action that may result from 
this process and this may not be effective on all COCs.  

In-well air stripping has the potential to be more cost-effective and efficient than conventional pump-and-
treat technology, but will be subject to similar limitations. Much remains to be learned about specific 
applications of in-well aeration, particularly regarding the questions of radius of influence and 
groundwater flow regime around the well.  

In-well air stripping is used primarily to treat halogenated and nonhalogenated VOCs and nonhalogenated 
SVOCs. Typically, in-well air stripping systems are more cost-effective for remediating COC-
contaminated groundwater at sites with deep water tables because the water does not need to be brought 
to the surface. 

2.6.4.3 Air Sparging 

Air sparging is implemented by injecting pressurized air into a contaminated aquifer so that air streams 
traverse horizontally and vertically through the soil column, creating an underground stripper that 
removes contaminants by volatilization. The air carries the contaminants to a vapor extraction system that 
removes the generated vapor-phase contamination. This technology is designed to operate at high flow 
rates to maintain increased contact between groundwater and soil, and to strip more groundwater by 
sparging.  
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In addition to removal of contaminants by volatilization, an increased level of dissolved oxygen would 
enhance aerobic biodegradation of the contaminants. Reducing the air sparging flow rate to emphasize 
biodegradation in contrast to stripping is sometimes called biosparging. 

Air sparging is used primarily to treat compounds with moderate to high Henry’s law constants (i.e., high 
vapor pressure and low solubility) such as halogenated and nonhalogenated volatile organic compounds 
and nonhalogenated semivolatile organic compounds. 

2.6.4.4 Chemical Oxidation 

In-situ chemical oxidation (ISCO) involves injecting chemical oxidants into the vadose zone and/or 
ground water to oxidize contaminants. This is an emerging technology that can be applied at highly 
contaminated sites or source areas to reduce contaminant concentrations. Generally, this technology is not 
cost effective for plumes with low contaminant concentrations. The effectiveness of ISCO is sensitive to 
variations in the hydraulic conductivity of the soil as well as to the distribution of contaminant mass. 
Therefore, technology performance is assisted by detailed site characterization data on these parameters.  

The most common oxidant delivery methods involve injection of oxidants only; when a significant 
hydraulic gradient exists, targeted delivery of oxidant to the contaminant zones may require injection and 
extraction wells. When a passive oxidant delivery mode is used, a major benefit is that treatment of 
groundwater and disposal of hazardous wastes is avoided. 

The common oxidants are hydrogen peroxide-based Fenton’s reagent, and potassium permanganate. 
Ozone can also oxidize organic contaminants in situ, but has been used less frequently. Fenton’s reagent 
is produced on-site by adding an iron catalyst to a hydrogen peroxide solution. A 50 percent solution of 
peroxide was common for this application. Now, a 10 to 15 percent solution is preferred to alleviate 
worker health and safety concerns. A pH adjustment may be needed, as Fenton’s reagent is more effective 
at acidic pH. For permanganate application, a 1 to 5 percent solution is prepared on-site from potassium 
permanganate crystals that are delivered in bulk to the site. Complete mineralization to carbon dioxide 
and water is the desired endpoint of an ISCO process.  

The highest potential for cost effective application of this technology is at sites contaminated with 
unsaturated halogenated volatile organic compounds. Saturated compounds are oxidized much less 
effectively, and bench-scale studies should be conducted to ensure that toxic by-products are not formed. 
The in-situ chemical oxidation process has also been used to remediate PAHs, petroleum products and 
ordnance compounds.  

2.6.4.5 Circulating Wells 

Circulating well (CW) treatment is implemented by pumping in a well to form a three-dimensional 
circulation pattern of the groundwater around the well that moves contaminated water into a treatment 
zone in the well. Groundwater is drawn into a well through one screened section and is moved upward or 
downward in the well to a second screened section where it is reintroduced to the aquifer. The movement 
of water is driven by a mechanical or air lift pump and is sometimes supplemented by a vacuum applied 
to the well. The flow direction in the well can be either upward or downward, to accommodate site-
specific conditions, depending on the location of packers in the well. Because groundwater is not pumped 
above ground, pumping costs are reduced and permitting issues eliminated. Also, the problems associated 
with storage and discharge is removed. In addition to groundwater treatment, CW systems can provide 
simultaneous vadose zone treatment in the form of bioventing or soil vapor extraction. 
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In its effect this process is very similar to the in-well air stripping discussed in Section 2.6.4.2. However, 
in this process there is no in-situ introduction of air. 

Circulating well systems can provide treatment inside the well, in the aquifer, or a combination of both. 
For effective in-well treatment, the contaminants must be adequately soluble and mobile so they can be 
transported by the circulating groundwater. Currently, in-well treatments include air stripping, activated 
carbon adsorption, and biodegradation. Commonly, air stripping is provided by air-lift pumping, which 
simultaneously pumps and treats groundwater. In-situ treatment is typically achieved by enhancing 
aerobic biodegradation in the formation with the addition of oxygen and nutrients. The combination of in-
well and in-situ treatment is best demonstrated by a CW equipped with an air stripping mechanism. In-
well air stripping removes volatile contaminants and enriches the groundwater with oxygen before 
reintroducing it to the formation. The oxygen-rich groundwater promotes aerobic in situ biodegradation. 
Because CW systems provide a wide range of treatment options, they provide some degree of flexibility 
to a remediation effort. 

In general, CW systems are most effective at treating sites with volatile contaminants with relatively high 
aqueous solubility and strong biodegradation potential (e.g., halogenated, nonhalogenated and COCs at 
the Site). Circulating wells operate more efficiently with horizontal conductivities greater than 10-3 cm/sec 
and a ratio of horizontal to vertical conductivities between 3 and 10. A ratio of less than 3 indicates short 
circulation times and a small radius of influence. If the ratio is greater than 10, the circulation time may 
be unacceptably long. 

2.6.4.6 Treatment Wall 

In its simplest form, a treatment wall barrier consists of a trench placed in the path of a dissolved 
contaminant plume. This trench is filled with a reactive material, such as granular iron to reduce Cr (VI) 
or to dechlorinate halogenated organics, chelators to sequester selected metals, or other treatment media. 
As the groundwater passes through the treatment barrier, the contaminants react with the media. For 
example, chlorinated organics that come in contact with an elemental iron treatment wall are degraded to 
potentially nontoxic dehalogenated organic compounds and inorganic chloride. The main advantage of 
this system is that no pumping or aboveground treatment is required; the contaminated water passively 
moves through the barrier. Because there are no aboveground installed structures, the affected property 
can be put to productive use while it is being cleaned up.  

A common treatment barrier configuration is the funnel-and-gate system. Wider plumes or 
heterogeneously distributed contamination can be captured by using impermeable funnel walls or wings 
on either side of the treatment trench, to direct the plume towards the permeable reactive cell, or gate. At 
some sites, a funnel-and-gate configuration can provide better control over reactive zone emplacement 
and plume capture. This approach may disrupt flow patterns and its unintended consequences will have to 
be carefully evaluated. 

Another approach is the use of permeable reactive barriers (PRB) that are vertical barriers containing 
media that reacts with the contaminants of concern.  The barrier can be placed using a variety of methods 
the simplest of which uses traditional trenching methods, but is limited to depths less than 100 feet deep.  
The latest, more complex placement method employs hydraulic fracturing which can be used at depths of 
200 feet or more which corresponds to the estimated depth of contamination.  Vendors such as 
Golder-Sierra have been successful in deploying this new method at existing superfund sites.  Each 
vendor uses a variation of methods to inject a PRB of known thickness along a specific wall orientation.   

The media most frequently used is zero valent iron (ZVI).  The major advantage of PRBs over other 
technologies is that it is both passive and in situ.  Most chlorinated organics are dechlorinated and broken 
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down to harmless daughter products as the ground water under the natural gradient flows through a wall 
comprised of ZVI.  The passive nature of the treatment is the major benefit when comparing to pump and 
treat or other ex situ technologies.  O & M costs for this technology are significantly lower offsetting the 
higher initial construction costs. A new development in ZVI PRB technology incorporates the use of 
bimetallic nanoscale iron in PRBs.   

The ZVI PRB technology has been successfully used and tested on all COCs except dinoseb (SERDP 
2000).  An ongoing evaluation of dinoseb by Envirometals Technology Inc. could more fully demonstrate 
the degree of degradation and the identity of any daughter products to ensure that they do not contribute 
any significant risk.  An ongoing ESTCP funded study on the remediation of explosive compounds, 
primarily RDX and TNT by the Oregon Graduate Institute provides some insight on the ability of ZVI 
PRBs to successfully treat dinoseb since the chemical structures of TNT and dinoseb are similar.  The 
TNT degradation half-life identified in the laboratory was less than one minute (Johnson 2002, 
GeoSyntec 2003).  Compared to accepted degradation half-lives for more common chlorinated 
compounds such as TCE, which is in excess of 2 hours, degradation of dinoseb could be quite rapid, and 
is not likely to govern the design of a PRB.   

Preliminary calculations of the ZVI PRB indicates 1, 2, 3 trichloropropane has the longest degradation 
half-life, 24 hours, which will govern the PRB wall’s thickness.  Based on information from SERDP 
2000, a 100 percent ZVI wall thickness of over 6 inches will be necessary.   Given the PRB depth of up to 
180 feet bgs, a system using hydraulic fracturing will be required.  These systems are able to place a ZVI 
PRB up to 9 inches thick, which exceeds that needed at the Brown and Bryant Site.  Given the relatively 
low water velocity and low diffusion coefficients for contaminants such as DBCP, the remediation time 
for the aquifer will likely exceed the life of the PRB requiring its replacement every thirty years.   

If dinoseb can not be adequately treated using ZVI as determined by laboratory testing, a second 
technology, or barrier material can be added to act as a carbon source to induce an anaerobic condition in 
the aquifer resulting in destruction of the dinoseb.  Alternatively, it may be decided after all of the other 
COCs are degraded that the residual risk due to dinoseb is low enough that it can be left in place to 
naturally attenuate.   

Given the uncertainties from vapor intrusion, the treatability of dinoseb, and long treatment period 
required for aquifer cleanup, the treatment wall technologies were not retained for further evaluation. 

2.6.5 EX-SITU GROUNDWATER REMEDIATION TECHNOLOGIES 

The technologies that would be acceptable for ex-situ groundwater remediation are as follows: 

• Air stripping, 

• Chemical oxidation, and 

• Granular activated carbon adsorption (liquid phase). 

2.6.5.1 Air Stripping 

Air stripping involves the mass transfer of volatile contaminants from water to air. For groundwater 
remediation, this process is typically conducted in a packed tower or a low-profile aeration system. The 
typical packed tower air stripper includes a spray nozzle at the top of the tower to distribute contaminated 
water over the packing in the column, a fan to force air countercurrent to the water flow, and a sump at 
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the bottom of the tower to collect decontaminated water. Low-profile air strippers are available in 
horizontal tray or vertical box designs. Baffles are used to route contaminated water two or more times 
along the length of the tray or height of the box. Air sparged through the bottom of the tray or through a 
vent pipe in the bottom of the box passes up through the water to strip out volatile compounds. Several 
trays or boxes can be used to increase flow capacity or stripping efficiency.  

Auxiliary equipment that can be added to the basic air stripper includes an air heater to improve removal 
efficiencies; automated control systems with sump level switches and explosion-proof components; and 
air emission control and treatment systems, such as activated carbon units, catalytic oxidizers, or thermal 
oxidizers. Packed tower air strippers are installed either as permanent installations on concrete pads or on 
a skid or a trailer. Low-profile air strippers are small package units suitable for skid or floor mounting. 

Aeration tanks strip volatile compounds by bubbling air into a tank through which contaminated water 
flows. A forced air blower and a distribution manifold are designed to ensure air-water contact without 
the need for any packing materials. The baffles and multiple units ensure adequate residence time for 
stripping to occur. Aeration tanks are typically sold as continuously operated skid-mounted units. The 
advantages offered by aeration tanks are considerably lower profiles (less than 2 meters or 6 feet high) 
than packed column towers (5 to 12 meters or 15 to 40 feet high) where height may be a problem, and the 
ability to modify performance or adapt to changing feed composition by adding or removing trays or 
chambers. The discharge air from aeration tanks can be treated using the same technology as for packed 
tower air discharge treatment.  

Air strippers can be operated continuously or in a batch mode where the air stripper is intermittently fed 
from a collection tank. The batch mode ensures consistent air stripper performance and greater energy 
efficiency than continuously operated units, because mixing in the storage tanks eliminates any 
inconsistencies in feed water composition. 

Air stripping is used to separate halogenated and nonhalogenated VOCs from water, but is ineffective for 
contaminants with low vapor pressure or high solubility such as inorganic salts. The Henry’s law constant 
is used to determine whether air stripping will be effective. Generally, organic compounds with constants 
greater than 0.01 atmospheres (m3/mol) are considered amenable to stripping. Some compounds that have 
been successfully separated from water using air stripping include benzene, toluene, ethylbenzene, and 
xylenes (BTEX); chloroethane; trichloroethylene (TCE); dichloroethylene (DCE); perchloroethylene 
(PCE); and COCs at the Site. 

2.6.5.2 Chemical Oxidation 

Chemical oxidation involves mixing the oxidation agent with groundwater in a vessel that allows 
sufficient residence time for oxidation. The oxidation agent can be a solution (e.g., sodium hypochlorite 
in water) or a gas (e.g., ozone). The oxidizing agents most commonly used for chemical treatment of 
organic contaminants are ozone, hydrogen peroxide, hypochlorites, chlorine, and chlorine dioxide. The 
treatment chemicals typically mineralize most organic compounds to carbon dioxide, water, and salts.  

The technology can be used to treat halogenated and nonhalogenated volatile organic compounds and 
semivolatile organic compounds, PCBs, ordnance compounds, and COCs at the Site. 

2.6.5.3 Granular Activated Carbon Adsorption 

Liquid-phase GAC treatment is performed by pumping groundwater through one or more vessels 
containing activated carbon, which removes contaminants from the water stream by sorption until 
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available active sites are occupied. Carbon is “activated” for this purpose by being processed to create 
porous particles with a large internal surface area (300 to 2,500 square meters or 3,200 to 27,000 square 
feet per gram of carbon) that attracts and adsorbs organic molecules as well as certain metal and inorganic 
molecules. As the available surface sites become occupied, the contaminant concentration in the bed 
effluent increases. When the concentration of contaminants in the effluent from the bed exceeds a 
specified action level, the carbon can be regenerated in place, removed and regenerated at an off-site 
facility, or removed for disposal. Adsorption by activated carbon has a long history of use in treating 
municipal, industrial, and hazardous wastewaters.  

The two most common reactor configurations for carbon adsorption systems are the fixed bed and the 
pulsed or moving bed. The fixed-bed configuration is the most widely used for adsorption from liquids. 
Suspended solids in a liquid stream may accumulate in the column, causing further pressure drop. When 
the pressure drop becomes too great, the accumulated solids must be removed, for example, by 
backwashing. The solids removal process necessitates adsorber downtime and may result in carbon loss 
and disruption of the mass transfer zone. Pretreatment for removal of solids from streams to be treated is, 
therefore, an important design consideration. 

Liquid-phase GAC can be used to treat halogenated and nonhalogenated VOCs and SVOCs, COCs at the 
Site, polychlorinated biphenyls (PCBs), and ordnance compounds. The target contaminant groups for 
carbon adsorption are SVOCs and explosives. Limited effectiveness may be achieved on some 
halogenated VOCs, such as vinyl chloride or dichloroethylenes. Liquid-phase carbon adsorption is 
effective for removing contaminants at low concentrations (less than 1 milligram per liter [mg/L]) from 
water at nearly any flow rate, and for removing higher concentrations of contaminants from water at low 
flow rates (typically 40 liters per minute or 10 gpm). Carbon adsorption systems are particularly effective 
for polishing water discharges from other remedial technologies to attain regulatory compliance. Carbon 
adsorption systems can be deployed rapidly, and contaminant removal efficiencies are high. Logistic and 
economic disadvantages arise from the need to transport and decontaminate spent carbon. 

2.6.6 COMBINED TECHNOLOGIES 

Technologies that would be acceptable as combined soil and groundwater remediation technologies are as 
follows: 

• Dual-phase extraction, 

• Vacuum-enhanced recovery (bioslurping), and 

• Source mobility reduction by combined soil and groundwater remediation. 

2.6.6.1 Dual-Phase Extraction 

Dual-phase extraction provides air flow through the unsaturated zone to remediate volatile organic 
compounds and fuel contaminants by vapor extraction and/or bioventing. The air flow also extracts 
groundwater for treatment above ground. The screen in the dual-phase extraction well is positioned in 
both the unsaturated and saturated zones. A vacuum applied to the well, using a drop tube near the water 
table, extracts soil vapor. The vapor movement entrains groundwater and carries it up the tube to the 
surface. Once above grade, the extracted vapors and groundwater are separated and treated. The drop tube 
is located below the static water level, so the water-table elevation is lowered, exposing more 
contaminated soil to remediation by the air flow. When containment of vapors/liquids is necessary, the 
results are better than those obtained through air sparging.  
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Two-phase extraction is used primarily to treat halogenated and nonhalogenated and nonhalogenated 
semivolatile organic compounds). Two-phase vacuum extraction enhances air flow to remediate 
contaminants in unsaturated soil and, at the same time, collects groundwater for aboveground treatment.  

2.6.6.2 Vacuum Enhanced Recovery 

Vacuum-enhanced recovery (bioslurping) is performed using a tube positioned in a well so the end of the 
tube is near the water-table level in the formation. Vacuum is applied to the well using a single 
aboveground vacuum pump, and light non-aqueous phase liquids (LNAPLs) and groundwater are 
removed from the well by air entrainment. The depth of the tube can be adjusted manually, if needed. The 
negative pressure established in the well depends on the air withdrawal rate and the permeability of the 
surrounding formation. The reference to biological processes in the term “bioslurping” results from the 
possibility that aerobic biological degradation of the hydrocarbons will be enhanced as a result of the 
introduction of air into the unsaturated zone. Slurping is used as the term to describe the air entrainment 
and aerodynamic dragging action that lifts fluids up the slurping tube.   

The bioslurper system pulls a vacuum of up to 20 inches Hg on the recovery well to create a pressure 
gradient and to force movement of LNAPL into the well. The system is operated to cause very little 
drawdown of the water-table level, thus reducing the problem of free-product entrapment in soils when 
pumping is ceased. 

Aeration of the unsaturated zone soils is achieved by withdrawing soil gas from the recovery well. The 
slurping action of the bioslurper system cycles between recovering liquid (free product and/or 
groundwater) and soil gas. The rate of soil-gas extraction is dependent on the recovery rate of liquid into 
the well. When free-product removal activities are complete, the bioslurper system can be converted to a 
conventional bioventing system to complete remediation of the unsaturated zone soils. 

Dual-phase extraction and vacuum enhanced recovery are both similar technologies and aspects of both 
are discussed here in their implementation. In should be recognized that some of these technologies are 
proprietary and licenses may be necessary from the patent holders. Dual-phase extraction is appropriate 
for the conditions in A-zone at the site and for some of the contaminants it represents a reasonably 
effective treatment technology. 

The application of a vacuum will enhance liquid removal and volatilization. The residual moisture content 
in these soils is high at the site, even at high capillary pressures.  It is unlikely that the applied vacuum 
will be able to drain many pores in some of the A-zone soils.  This will limit the success of multi-phase 
extraction in removing mass in the vadose zone and diffusion may become the controlling process in soils 
that do not contain mobile water. 

In order to increase volatilization and access of air to the contaminants in the saturated A-zone and 
capillary fringe above it, in-situ thermal remediation methods may be necessary.  The application of heat 
while conducting multi-phase extraction would increase recovery of all site COCs except dinoseb.  The 
recovery of such semi-volatile contaminants as 1,2,3-TCP and DBCP can be enhanced by the heating of 
the soil.  Electrical resistivity heating is the most appropriate technology for this purpose, as it would not 
add moisture (as would steam), and would have wider spacing of electrodes than thermal conduction 
heating.  The application of ERH (or other ISTR techniques) would add significantly to the project capital 
costs, but would significantly shorten the treatment time in the A-zone. 

Since LNAPL is not a concern at this Site, the enhancement by bioslurping would need to be carefully 
assessed to make sure there are significant benefits to its use. It may be that the main benefit here would 
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be the ability to remove the contaminants in the capillary fringe above the A-zone groundwater which 
otherwise may be very difficult to extract. 

Based on the concerns discussed above, field pilot testing would be necessary to verify the effectiveness 
of multi-phase extraction and to provide information for design if the technology was chosen as part of 
the site remedy.  The data needs would include the soil vapor concentrations of site contaminants in 
unsaturated A-zone as an indication of the distribution of vapor-phase and residual contamination in the 
vadose zone.  The pilot testing would verify the ability of the applied vacuum to remove mass from the 
vadose zone, enhance ground water recovery, and dewater soils.  The test would further determine air and 
water flow rates and extracted vapor concentrations for design of treatment systems.  The air permeability 
and large-scale hydraulic conductivity distribution would need to be determined for choice of well 
spacing. 

2.6.6.3 Source Mobility Reduction 

One effective alternative for obtaining mitigating effect in the B-zone is to implement effective 
dewatering in the A-zone.  This treatment is supplemental to OU-1 options previously considered. By 
dewatering the available free pore-water from the coarser material in the A-zone, the driving head to the 
B-zone will be reduced (by lowering the water table).  By reducing the driving head in the saturated 
A-zone, the saturation of the underlying soil in the B-zone will be substantially reduced and also the 
migration of contaminants from the A-zone to the B-zone. The reduction in vertical permeability of the 
B-zone is expected to reduce the contribution of the COCs to the saturated B-zone significantly; thus 
allowing potential concentration of COCs in the B-zone aquifer to be reduced to below MCLs. 

The most optimum location for such dewatering systems would be where either current groundwater 
depressions exist or where the B-zone aquifer is most impacted south of the Site (locations of EPAS-1, 
PWA-4, and PWA-3, WB2-1, and PWB-3 monitoring wells). Detail design of the source mobility 
reduction system will depend on site-specific characteristics and soil parameters in the described areas. 

In this alternative it is contemplated that several large diameter wells will be installed off-site in the 
locations described above. These would have shallow penetration into the clay zone that separates the 
A-zone from the B-zone allowing them to serve as sumps or collection points where the A-zone water 
would drain. The collected water would be extracted periodically for treatment and suitable disposal. 

A dedicated pump would be installed in each well. This pump would be programmed to operate to 
maintain the water gradient into the well. The amount of water in the A-zone is relatively small and it is 
expected that water may be pumped from these wells only periodically, if the wells tend to “dry.” The 
pumping rate and approach will depend on the availability of the A-zone water and the recharge into the 
well from its influenced zone. 

Based on the existing data, it appears that a system capable of pumping and treating approximately 
1,000 gallons per day may be required.  The daily pumping rates may vary seasonally and would likely be 
higher initially and reduce with time as the A-zone water quantity reduces. Conservative estimates of 
average pumping rates range between 15 and 150 gallons per day. 

The treatment of the extracted water will be using the UV/Oxidation system at a plant constructed on-site 
for this purpose. The treated water may be may be discharged to the City sewer. Alternatively, a service 
contract may be considered for off-site treatment and disposal of the water if such an approach is found to 
be cost advantageous. In this case, the extracted water can be temporarily stored in Baker tanks located 
on-site. 
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2.6.7 SELECTION OF ALTERNATIVES FOR FURTHER EVALUATION 

Based on the discussion in this section and the evaluations presented in the accompanying tables, six 
alternatives were retained for further analysis. These relate to the zone where the action is targeted and the 
form of remediation considered. The six alternatives are as follows: 

1. No action 

2. Monitored natural attenuation; 

3. Source reduction in the A-zone and no action in the B-zone; 

4. Soil and groundwater treatment in the A-zone and no action in the B-zone. Two technologies are 
considered within this alternative for A-zone remediation: (a) dual-phase extraction and 
treatment; and (b) in-situ bio-treatment and bio-augmentation; 

5. No action in the A-zone and groundwater extraction and treatment in the B-zone; and 

6. Groundwater extraction and treatment of the A-zone and the B-zone.  

These alternatives are developed and discussed further in Section 3.0 in consideration of appropriate 
remedies for the site conditions. Periodic groundwater monitoring is part of all alternatives, except the no 
action scenario and this will be a continuation of on-going efforts. The type and frequency of the 
monitoring may vary depending on the alternative. Also, the relocation of City Well No.1 is already 
planned as an institutional control and therefore is not separately discussed as part of any remediation 
alternative. There is no alternative considered where further soil remediation is considered. Accordingly, 
there is no further soil remediation discussion.  

Several alternatives consider water pumped for ex-situ treatment. Where water is pumped for ex-situ 
treatment, it is projected that it will be treated by UV/ozone chemical oxidation method. In 1992, USEPA 
completed a test at Solarchem to evaluate the destruction of VOCs and dinoseb in the A-zone 
groundwater. The study found that all chemicals detected as contaminants in the groundwater were 
destroyed to levels below their respective MCLs. This is considered a proven technology for the treatment 
of the water contaminants at the site. Use of this treatment method will be most effective for the 
contaminants found in the B-zone groundwater as well. No on-site treatment permits are necessary for the 
construction of this plant. 

In alternatives where the quantity of water generated is relatively small and manageable for on-site 
storage, off-site treatment and disposal of extracted water may be considered. In this scenario, the 
extracted water would be temporarily stored on-site in Baker tank and it would be vacuumed to a truck for 
transport to an off-site treatment and disposal facility. Depending on the availability of local or nearby 
treatment facilities, this option may be attractive for volumes up to 1,000 gallons per day. 

Treated water from an on-site treatment plant will be required to be disposed. We have used an option 
that discharges the treated water to the City sewer as the treated water can be shown to meet local effluent 
requirements. 
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3.0 DEVELOPMENT AND DISCUSSION OF SCREENED ALTERNATIVES 

3.1 EVALUATION PARAMETERS 

The alternative remediation technologies identified in this report for both soil and groundwater were 
evaluated in detail with respect to nine evaluation criteria developed by the USEPA to address the 
statutory requirements and preferences of CERCLA.  These nine criteria are as follows: 

1. Overall protection of human health and the environment, 

2. Compliance with ARARs,  

3. Long-term effectiveness and permanence, 

4. Reduction of toxicity, mobility, or volume, 

5. Short-term effectiveness, 

6. Implementability, 

7. Cost, 

8. State acceptance, and 

9. Community acceptance. 

The alternatives were analyzed individually against each criterion and than compared against each other 
to determine their respective strengths and weaknesses and to identify the key trade-offs that must be 
balanced for the site. Results of the detailed analyses have been summarized so that an appropriate 
remedy consistent with CERCLA can be selected.  Technologies included in the evaluation are in-situ and 
ex-situ soil remediation, in-situ and ex-situ groundwater remediation, and mixed remediation methods 
that incorporate features of more than one technology.   

3.2 EVALUATION OF ALTERNATIVES 

3.2.1 ALTERNATIVES 

Six alternative sets were evaluated against the USEPA criteria. One of the alternatives considers two 
technologies bringing the total number of alternatives to seven. These seven alternatives are as follows: 

• Alternative 1 No Action 

• Alternative 2 Monitored natural attenuation, 

• Alternative 3 Source reduction in the A-zone and no action in the B-zone, 

• Alternative 4a Dual-phase extraction and treatment of vapor and groundwater in the A-zone 
and no action in the B-zone, 
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• Alternative 4b In-situ bio-treatment and bio-augmentation in the A-zone and no action in the 
B-zone, 

• Alternative 5 No action in the A-zone and groundwater extraction and treatment in the 
B-zone, and 

• Alternative 6 Groundwater extraction and treatment in the A-zone and the B-zone. 

Options 4a and 6 require the construction of wells that for effective coverage at the Site may require 
disturbance and penetration through the RCRA caps. Whereas it is recognized that these may not be 
viable options for this reason, these are retained as it may be possible that engineering approaches can be 
found during detailed design that allow for the implementation of the remedy without disturbance of the 
cap. One such approach may be use of directional or horizontal drilling techniques that reach the 
remediation zone from outside of the cap areas. 

3.2.2 BRIEF DESCRIPTION OF THE ALTERNATIVES 

3.2.2.1 Alternative 1 – No Action 

In this alternative there is no planned remediation action in the B-zone (OU-2) and the site remains in its 
present condition. The in-situ conditions will be monitored periodically to evaluate the groundwater 
concentrations of the COCs. This alternative is a baseline condition against which other alternatives can 
be compared.  The consideration of this alternative is required by federal regulation. 

It is expected that under this alternative a comprehensive site review would be conducted every 5 years. 

3.2.2.2 Alternative 2 – Monitored Natural Attenuation 

This alternative is to monitor the site conditions, specifically the groundwater concentrations of COCs in 
the A-zone and the B-zone. This periodic groundwater monitoring is a continuation of the on-going 
monitoring that has been part of site work since 1987. The monitoring would observe the progress of 
natural processes in mitigating the COC concentrations in the groundwater. 

This alternative would also include additional institutional controls to address potential health risks. 
These controls may include deed and zoning restrictions (short-term or long-term), permit requirements, 
and/or public education. 

If one of Alternatives 3 through 6 is selected, it is expected that some or all of the features of Alternative 
2 would be incorporated into the selected alternative. 

3.2.2.3 Alternative 3 – Source reduction in the A-zone and no action in the B-zone 

In this alternative, the groundwater of the A-zone that feeds contaminants to the B-zone is remediated by 
extraction and treatment. The treated groundwater is then discharged to the City sewer. For this 
alternative, up to 4 large diameter sump wells are installed at selected location off-site and south of the 
site to intercept the A-zone contaminated water. Using this approach there is no disturbance to the on-site 
caps. 
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The large diameter sump wells will be constructed by drilling the 8-foot diameter holes at the select 
locations to a depth of 75 feet or into the clay layer that separates the A-zone and B-zone. Because this 
clay layer is relatively thin, field procedures will be required to ensure that penetration into the clay is 
minimal to avoid breaching it, but sufficient to allow the well to serve as a sump for A-zone water. It is 
expected that about 1-foot penetration into the clay layer will allow these objectives to be met. The drill 
hole will be encased with a CMP pipe and the lower 25 feet will be filled with gravel. A 12-inch PVC 
pipe that is open-screened in the gravel-filled zone will be installed to the base of the well for removal of 
the collected water in the well. 

It is expected that an average of 15 to 150 gallons per day of water may be extracted from the A-zone 
using this approach. At peak this may approach or slightly exceed 1,000 gallons per day. There appear to 
be two options available to manage this extracted contaminated water: 1) temporarily store the water at 
the site and periodically transport off-site for treatment and disposal; and 2) use an UV/Oxidation 
treatment system installed at the non-RCRA portion of the site for treatment and discharge of the treated 
water to the City sewer. A cost-benefit assessment is needed at the time the remedy is implemented to 
assess which of these options is better. 

In the design of the water pumping system, it will be required that the scheme allow for periods of time 
where the wells are dry. After several years of operation, it may be that the A-zone water occurs only on a 
seasonal and periodic basis. Because of the presence of the A-zone caps, the replenishment of the A-zone 
from infiltration from site areas will be limited allowing for little flushing of the soil contamination that 
remains. As the remediation progresses, site observations will allow better evaluation of the availability of 
water in the A-zone and the impacts of its removal. To the extent that methods are available to improve 
the process by increased “flushing” of the contaminants, these may be considered as system 
enhancements at a later stage. 

Periodic monitoring of the A-zone and B-zone groundwater is needed to assess the changing site 
conditions and the impact of the installed remediation system. It is expected that this monitoring will 
extend till the OU-2 goal of limiting the B-zone groundwater to COC MCL levels is achieved and there is 
no further threat to the B-zone from A-zone contamination. The remedial action objective for A-zone 
groundwater (10 x times the contaminant MCLs) may be used as a guide for evaluating the progress of 
the remedial action. 

3.2.2.4 Alternative 4a – Dual-phase extraction and treatment of vapor and groundwater 
in the A-zone and no action in the B-zone 

This alternative is another option to the general remedial approach of Alternative 4. In this alternative a 
total of 80 wells will be installed to serve as extraction and service wells in the A-zone vadose and 
saturated zones. Details of technology utilized will be dependent on whether a site-specific design is 
utilized to extract water and vapor under vacuum or one of the proprietary and licensed technologies is 
purchased for site implementation. 

For effective utilization of this alternative, many of the wells will need to be installed on-site requiring 
penetration through the RCRA cap. This will require a variance from the OU-1 remedy for 
implementation of this alternative. This may not be possible and for this alternative to be viable, an 
alternative method to vertical drilling would then be required. Directional drilling of the extraction wells 
would be considered as an alternative method. 

Water and vapor will be extracted in one stream to the treatment system where the phases will be 
separated for treatment. It is expected that the vapor phase will be treated using activated carbon and the 
liquid phase will be treated by UV/Oxidation.  
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Field pilot testing would be necessary to verify the effectiveness of multi-phase extraction and to provide 
information for design. The data needs include the soil vapor concentrations of site contaminants in 
unsaturated A-zone as an indication of the distribution of vapor-phase and residual contamination. The 
pilot testing would verify the ability of the applied vacuum to remove mass from the vadose zone, 
enhance ground water recovery, and dewater soils.  The test would further determine air and water flow 
rates and extracted vapor concentrations for design of treatment systems.  The air permeability and large-
scale hydraulic conductivity distribution would need to be determined for choice of well spacing. 

Periodic monitoring of the A-zone and B-zone groundwater is needed to assess the changing site 
conditions and the impact of the installed remediation system. It is expected that this monitoring will 
extend till the OU-2 goal of limiting the B-zone groundwater to COC MCL levels is achieved and there is 
no further threat to the B-zone from A-zone contamination. The remedial action objective for A-zone 
groundwater (10 x times the contaminant MCLs) may be used as a guide for evaluating the progress of 
the remedial action. 

3.2.2.5 Alternative 4b – In-situ bio-treatment and bio-augmentation in the A-zone and no 
action in the B-zone 

In this alternative, a total of 15 wells are planned for obtaining access to the treatment zones within the 
A-zone. It is expected that different treatment processes will be required in site areas dependent on the 
nature of contamination assessed in the treatment zones. In zones where the chlorinated propanes are the 
driving risk, cometabolic/aerobic treatment processes will be planned. However, in zones where dinoseb 
is driving risk, anaerobic treatment processes will be planned.  An alternative scheme would treat the 
zones sequentially by implementing a cometabolic/aerobic treatment process at the start and then after 
treatment of the chlorinated propanes has been achieved, transition into anaerobic treatment for dinoseb. 

For effective utilization of this alternative, some of the wells installed on-site may require penetration 
through the RCRA cap. This is currently not allowable as it would violate the implemented OU-1 remedy. 
For implementation of this alternative, another method to vertical drilling in the area of the RCRA-cap 
will be required. An alternative approach to obtain access to the treatment zone under the caps is the use 
of directional drilling of wells. 

Additional field data are needed for effective implementation of this alternative. In addition to site-
specific geochemical and hydrogeologic information, it is expected that bench-scale laboratory tests 
would be required for preparing the design. Also, when implementing it may be appropriate to identify 
field plots for pilot testing to evaluate the design assumption for the effectiveness of the remedial scheme. 

Periodic monitoring of the A-zone and B-zone groundwater is needed to assess the changing site 
conditions and the impact of the installed remediation system. It is expected that this monitoring will 
extend till the OU-2 goal of limiting the B-zone groundwater to COC MCL levels is achieved and there is 
no further threat to the B-zone from A-zone contamination. The remedial action objective for A-zone 
groundwater (10 x times the contaminant MCLs) may be used as a guide for evaluating the progress of 
the remedial action. 

3.2.2.6 Alternative 5 – No action in the A-zone and groundwater extraction and treatment 
in the B-zone 

In this alternative it is proposed to install a total of 75 wells to the B-zone in a conventional pump and 
treat approach to remedy the B-zone groundwater. It is expected that this can be accomplished by wells 
situated off-site as penetration of the A-zone confining clay layer would not be recommended. 
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Accordingly, this alternative would retain the OU-1 remedies and controls. It would not require any 
disturbance to the on-site caps. 

The pumped water will be transported to the UV/Oxidation treatment system that may be located in the 
non-RCRA cap portion of the site or at a convenient off-site location. The treated groundwater will be 
discharged to the City sewer as the treated water will be well within the effluent requirements. 

Periodic monitoring of the A-zone and B-zone groundwater is needed to assess the changing site 
conditions and the impact of the installed remediation system. It is expected that this monitoring will 
extend till the OU-2 goal of limiting the B-zone groundwater to COC MCL levels is achieved and there is 
no further threat to the B-zone from A-zone contamination. 

3.2.2.7 Alternative 6 – Groundwater extraction and treatment in the A-zone and the B-zone 

This alternative is a combination of Alternatives 4a and 5 where remediation is planned and implemented 
in both the A-zone and the B-zone. All of the factors that are described for these alternatives above would 
be applicable in this alternative. Since both A-zone and B-zone treatment is planned, it may be possible to 
realize effective efficiencies by combining some of the installation wells to extract from both A- and 
B-zones. 

Periodic monitoring of the A-zone and B-zone groundwater is needed to assess the changing site 
conditions and the impact of the installed remediation system. It is expected that this monitoring will 
extend till the OU-2 goal of limiting the B-zone groundwater to COC MCL levels is achieved and there is 
no further threat to the B-zone from A-zone contamination. The remedial action objective for A-zone 
groundwater (10 x times the contaminant MCLs) may be used as a guide for evaluating the progress of 
the remedial action within that zone. 

3.2.3 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

The overall protection of human health and the environment criterion assesses each alternative to 
determine its effectiveness in reducing risks at the Site. 

With the surface capped and fenced, there is no risk to on-site workers or trespassers as long as the cap 
remains intact and its integrity is not compromised. 

Alternatives 1 and 2 offer no additional protection to groundwater other than natural biodegradation and 
attenuation. All other alternatives contain a technology to remove COCs from either the vadose zone soil 
or the groundwater, or both. 

Table II-3-1 provides an evaluation of the five alternatives relating to the protection of human health and 
the environment. 

3.2.4 COMPLIANCE WITH ARARS 

The fate and transport model predicts that either with or without additional response actions, there will be 
an adverse impact on B-zone groundwater for approximately ten years.  After this ten year period, the 
model predicts no significant additional adverse impact if the A-zone is treated with any of the 
Alternatives 3 thru 6 of Table II-3-2 (Panacea, 2002).  These Alternatives are more likely to obtain 
compliance with the ARARS because contamination migration from the A-zone to the B-zone will be 
discontinued or reduced significantly.  In contrast, Alternatives 1 and 2 will not achieve compliance with 
the substantive requirements of the identified ARARs, because without an active response, contamination 
from the A-zone will continue to impact the B-zone for an indefinite period of time.  Table II-3-2 presents 
a discussion of each ARAR and its applicability to the alternatives. 
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3.2.5 LONG-TERM EFFECTIVENESS AND PERMANENCE 

Alternatives were assessed for long-term effectiveness and permanence, along with the degree of certainty 
of success.  The alternative that removes the most contamination will be the most permanent.  Table 
II-3-3 provides a comparison of the six alternatives for long-term effectiveness and permanence. 

Alternative 4a, which removes contaminants from the A-zone soil and groundwater, affords good long-
term effectiveness for the treatment of volatile organics. It is less effective on pesticides (dinoseb). 
Because this alternative is likely to be most effective in the treatment of the soil, and therefore reduce the 
source for additional A-zone and B-zone groundwater contamination, its effectiveness is relatively large. 
Alternative 4b provides for in-situ treatment of soil and groundwater and may have similar effectiveness, 
as biotreatment is successful in reducing the contaminant concentrations. Other alternatives remove 
contaminants from only the groundwater and have some degree of uncertainty as to permanence because 
residual contaminants in the soil could eventually migrate into the A-zone or B-zone groundwater. The 
long-term effectiveness of these alternatives, which leave contaminated soil in place, will depend upon 
the maintenance of the cap or will be a function of the effectiveness of the seasonal flushing and natural 
attenuation to reduce the vadose zone soil contamination. 

3.2.6 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT 

The alternatives are assessed to the degree that they reduce toxicity, mobility or volume, especially with 
respect to the principal threat at the site, which is possible contamination of the B-zone groundwater from 
COCs in the soil above the A-zone groundwater and from contaminants in the A-zone water.  Previous 
work has reduced mobility by the installation of caps over all of the property that is not occupied by 
buildings. A comparison of the reduction in mobility and volume through treatment is provided in 
Table II-3-4. 

All alternatives, except Alternatives 1 and 2 (no action and monitored natural attenuation), provide for 
treatments that actively address subsurface contaminants. In Alternatives 3b and 3c the soil contamination 
is reduced and therefore the mobility of the contaminants is mitigated. Where groundwater treatment is 
implemented by removing the water for ex-situ treatment, the volume of the contamination is reduced by 
treatment and the mobility of the contaminants is mitigated. 

3.2.7 SHORT-TERM EFFECTIVENESS 

The short-term effectiveness criterion assesses for each alternative the short-term risks to workers and the 
community during implementation of the alternative, potential short-term environmental impacts of the 
alternative and the time until protection from any short-term risk is achieved. Table II-3-5 provides a 
comparison of the short-term effectiveness of the alternatives. 

Since the Site is capped over all areas not occupied by structures, all alternatives that implement active 
treatments will have varying degrees of short-term effectiveness. There is no imminent threat to human 
health because of the contamination and so one alternative does not necessarily provide an advantage over 
the other in its short-term effectiveness. 

There is no short-term risk to either workers or the community due to fugitive dust. However, where 
groundwater is extracted for ex-situ treatment, there may be minimal levels of air emissions containing 
COCs. Remediation systems that include a vapor treatment unit (Alternative 4a) will require designed 
control of such emissions.  These will be in place before any remediation system is started and should 
eliminate any short-term risk of exposure to both the workers and the community.  In other alternatives, 
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the treatment contemplated is chemical oxidation, where the COCs are destroyed in the treatment. If 
residual COCs are captured as free liquids or adsorbed in some media, such as activated carbon, as part of 
the treatment, these will have to be removed from the Site. Transportation of this hazardous waste may 
pose a short-term risk to communities along the route. 

3.2.8 IMPLEMENTABILITY 

The ease or difficulty of implementing the alternatives is assessed with respect to technical feasibility, 
administrative feasibility, and availability of services. All alternatives that address either soil remediation, 
groundwater remediation, or both, use standard, proven technologies. All of these technologies are 
implementable. The ease of implementability for the different alternatives is evaluated in Table II-3-6. 

The technical feasibility of dual-phase soil vapor extraction (Alternative 4a) is dependent upon the ability 
to conduct air through the silty-sand and silt layers in the soil profile. Also, the effectiveness of this 
alternative to remove dinoseb is dependent on the quantity of water that can be removed with the process. 
Further site-specific information will be required during design to implement this alternative. 

The technical feasibility of bio-treatment and bio-augmentation (Alternative 4b) also depends on 
additional information that is site specific. Pilot-testing in the form of small-scale test implementation 
may be helpful in developing the design and implementation of the scheme. Because of the diverse nature 
of the COCs (pesticides and VOCs), a single method may not be effective in remediating all COCs.  
Combined techniques such as adding diverse nutrients and bio-media are not known to have been 
successfully implemented. For example, dinoseb may be effectively degraded by in-situ anaerobic 
bioremediation technology; however, an anaerobic by-product of degradation of some of the VOCs may 
be vinyl chloride, which has a lower toxicity threshold than the parent COC.  VOCs are more effectively 
degraded by aerobic bioremediation techniques than dinoseb.    

All alternatives that implement groundwater extraction and treatment rely on the previous work done by 
the USEPA where treatment by chemical oxidation – UV was proven to effectively destroy all of the 
known COCs at the site. This is an ex-situ process that is implementable and, based on previous testing, is 
known to be effective in treating the contaminated groundwater. 

Off-site disposal of hazardous wastes generated during the soil and/or groundwater remediation will 
require permits and approvals from other regulatory agencies. 

3.2.9 COST 

Cost estimates for the six alternatives are summarized in Table II-3-7. The capital costs, operations and 
maintenance costs, and periodic costs for these alternatives are described on Tables II-3-8, II-3-9, and 
II-3-10, respectively. These estimates do not include the cost for moving or replacing the city well no. 1, 
since it is a part of all alternatives and is separately identified on Table II-3-7 as a line item. 

The cost data is based on the most likely estimate of costs for the different alternatives. As appropriate, 
the technology descriptions found in “The Environmental Restoration and BRAC Remediation 
Technologies Web Page” (see references,) were used in the development of these costs. Costs estimates 
include implementation of remedy, periodic monitoring, and assessment for effectiveness. These costs do 
not include ancillary costs such as permits and hazardous waste transportation and disposal. Also, 
ancillary costs of oversight and interaction with third parties has not been included in the estimates. The 
site area, volume of soil requiring remediation, volume of groundwater requiring remediation, and 
estimated cycle volume required for remediation to the MCLs are taken from USEPA (1993) specifically 
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as these relate to A-zone contamination that is reviewed in this document under source reduction for the 
B-zone. 

3.2.10 STATE ACCEPTANCE 

The State of California Department of Toxic Substances Control (DTSC), the SJVAQMD and the 
CVRWQCB will participate in the remediation process. No permits are required for the implementation 
of on-site treatment and/or remedial actions. 

3.2.11 COMMUNITY ACCEPTANCE 

Once the proposed remedial action plan is completed, and following a public comment period, the issues 
and concerns of the community will be addressed. 

3.3 SUMMARY 

The analyses presented in this report suggest several alternatives that address the conditions relating to 
OU-2, the B-zone groundwater, at the B&B Superfund site. The major factor that affects the B-zone is the 
continuing source of residual contamination from the A-zone groundwater. By moving the C-zone well 
(city well No. 1) to eliminate ingestion risk, passive methods, including natural attenuation, rely on 
natural in-situ processes for attenuation of observed contaminated conditions. Active methods will aid in 
the completion of in-situ processes or will hasten completion of corrective action by extracting the 
contaminated water and treating it aboveground. The active processes are necessarily more costly as these 
involve capital and remedial action implementation costs. In all cases, periodic monitoring of 
groundwater conditions is required to assess the mitigation of the in-situ conditions. 
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TABLE II-2-1 
MAXIMUM CONTAMINANT LEVELS (MCLs) 

FOR THE SEVEN COCs 
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Federal MCLs2  State MCLs3 
COCs1 

(mg/L4) 
Chloroform 0.1 None 

1,2-dibromo-3-chloropropane (DBCP) 0.0002 0.0002 

1,2-dichloropropane (1,2-DCP) 0.005 0.005 

1,3 dichloropropane (1,3-DCP) None 0.00055 

1,2,3-trichloropropane (1,2,3-TCP) None 0.0056 

Ethylene dibromide (EDB) 0.00005 0.00005 

Dinoseb 0.007 0.007 
 
                                                 
1 Chemicals of Concern 
2 Federal Standards, Current EPA Standards 
3 California Code of Regulations, Title 22, Chapter 15, Section 64431, revision 6/2003 
4 Milligram(s) per liter 
5 California Department of Health Services MCL in Title 22 California Code of Regulations ¶64444 for 1,3-

dichloropropene substituted with the approval of the EPA. 
6 California Department of Health Services, Drinking Water Action Level, Advisory 1999 



TABLE II-2-2 
PRELIMINARY SCREENING OF ALTERNATIVES 

IN-SITU SOIL REMEDIATION OPTIONS 
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ALTERNATIVE EFFECTIVENESS IMPLEMENTABILITY COST STATUS 

Monitored Natural 
Attenuation 

Natural attenuation can be used to treat halogenated and 
nonhalogenated volatile organic compounds (VOCs) and 
semivolatile organic compounds (SVOCs). Halogenated 
VOCs and halogenated SVOCs tend to resist natural 
degradation mechanisms, so natural attenuation may be 
less effective and may be applicable to only some 
compounds within these contaminant groups. 

Implementable $50,000 to $25,000 per 
acre for life of project, 
estimated to last between 
2 and 10 years. Area of 
site estimated to be 5.6 
acres. 

Retained 

Bio-Treatment 
and Bio-
Augmentation 

Effectiveness of biotreatment is related to the efficiency 
of the in-situ organisms and their ability to effectively use 
and process the contaminants as food. Effectiveness 
may also be influenced by chemical concentrations and 
other in situ conditions that may vary spatially over the 
site. 

Control over the site will have to be designed and 
periodic monitoring and treatment adjustments 
necessary to achieve optimal conditions for treatment. 

Implementable Cost of implementation 
varies between $0.5 and 
$10.00 per gallon 
depending on the 
treatment. Treatment may 
take up to 10 years. 

Retained 

Soil Vapor 
Extraction 

SVE is effective in treating halogenated and non-
halogenated VOCs. The technology is typically 
applicable only to compounds with a Henry’s Law 
constant greater than 0.01 or a vapor pressure greater 
than 0.5 millimeters of mercury (mm Hg) (0.02 inches 
Hg). Other factors such as moisture content, organic 
content and air permeability of the soil will also influence 
the effectiveness of this technology. Because the 
process involves the continuous flow of air through the 
soil, SVE often promotes the in-situ biodegradation of 
low-volatility organic compounds that may be present. 

Implementable. 
However, Henry’s Law 
Constants and vapor 
pressure may be too low 
for maximum 
effectiveness  

$20 to $60 per cubic yard 
of contaminated soil. Site 
contains an estimated 
48,000 cubic yards of 
potentially contaminated 
soil. 

Not 
Retained 



TABLE II-2-2 (Continued) 
PRELIMINARY SCREENING OF ALTERNATIVES 
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ALTERNATIVE EFFECTIVENESS IMPLEMENTABILITY COST STATUS 

Bioslurping or 
Dual-Phase 
Extraction 

Dual-phase extraction has the same effectiveness as soil 
vapor extraction with the added benefit of being able to 
pull out the low-vapor-pressure constituents in their liquid 
phase. To the extent that this may also promote 
biodegradation it is a combined technology and is also 
considered in Table 2-6.  

Implementable. Soil treatment costs vary 
from $100,000 to 
$350,000 per acre of 
contaminated area. 
Groundwater 
contamination removal 
costs are highly variable. 

Retained 

Soil Flushing Soil flushing is effective in treating halogenated and non-
halogenated SVOCs, from in-situ materials. Water-
soluble inorganic contaminants may also be removed 
using soil flushing. 

Implementable. 
However, subsurface 
heterogeneity may 
induce channeling and 
reduce effectiveness. 

$100 to $300 per cubic 
yard of contaminated soil. 

Not 
Retained 

In-Situ Heating at 
Low Temperature 
(<100°C) 

Low temperature in-situ heating is effective in removing 
halogenated and non-halogenated SVOCs and 
nonaqueous phase liquids (NAPLs). VOCs can also be 
treated by this technology, but there are more cost 
effective processes for sites contaminated with VOCs. 

Implementable, but 
costly. 

$10,000 to $20,000 fixed 
mobilization cost plus $90 
to $200 per cubic yard of 
treated soil. 

Not 
Retained 

In-Situ Heating at 
High Temperature 
(>100°C) 

High-temperature in-situ heating is effective in treating 
halogenated and non-halogenated SVOCs, and dense 
nonaqueous phase liquids (DNAPLs). 

Implementable, but 
costly. 

$10,000 to $20,000 fixed 
mobilization cost plus $90 
to $200 per cubic yard of 
treated soil. 

Not 
Retained 

Electrokinetic 
Extraction 

The target contaminant groups for electrokinetic 
technology are dissolved polar species such as metal 
ions, anions, and water-soluble organics. Electrokinetic 
extraction is being used commercially in Europe to 
remove heavy metal contaminants such as uranium, 
mercury, and metal mixtures. 

Implementable, but 
effectiveness for this site 
not proven. 

Not available. Not 
Retained 

°C = degrees Celsius



TABLE II-2-3 
PRELIMINARY SCREENING OF ALTERNATIVES 

EX-SITU SOIL REMEDIATION OPTIONS 
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ALTERNATIVE EFFECTIVENESS IMPLEMENTABILITY COST STATUS 

Base-Catalyzed 
Decomposition 
Process (BCD) 

The BCD process is considered to be an innovative 
technology and is used primarily to treat halogenated 
semivolatile organic compounds (SVOCs) and 
polychlorinated biphenyls (PCBs).  The technology can 
also be used to treat halogenated volatile organic 
compounds (VOCs), but will generally be more expensive 
than alternative technologies. 

Implementable. 
Considered 
innovation and more 
costly than other 
options. Would 
require destruction of 
cap. 

$100 to $350 per cubic 
yard of treated soil plus 
cost of cap demolition. 

Not Retained 

Glycolate 
Dehalogenation 

Glycolate dehalogenation is primarily used to treat 
halogenated (SVOCs) and PCBs.  Although the technology 
can be used against selected halogenated VOCs, it may 
be less effective 

Implementable, but 
effectiveness for site 
chemicals of concern 
(COCs) not proven.  
Would require 
destruction of cap. 

$200 to $500 per cubic 
yard of treated soil plus 
cost of cap demolition. 

Not Retained 

Soil Washing The target contaminant groups for soil washing are 
typically SVOCs, fuels, and inorganics. The technology can 
be used on selected VOCs and pesticides. The technology 
typically is most effective with coarse-grained soils 
containing low clay content. 

Implementable, but 
clay layers may 
reduce effectiveness.  
Would require 
destruction of cap. 

$10,000 to $20,000 fixed 
mobilization cost, $90 to 
$400 per cubic yard of 
treated soil, plus cost of 
cap demolition.  

Not Retained 

Solvent 
Extraction 

Solvent extraction is effective in the treating halogenated 
and nonhalogenated SVOCs. 

Implementable. 
Would require 
destruction of cap. 

$10,000 to $20,000 fixed 
mobilization cost, $90 to 
$400 per cubic yard of 
treated soil, plus cost of 
cap demolition. 

Not Retained 

Thermal 
Desorption 

The target contaminant groups for thermal desorption 
systems are halogenated and nonhalogenated VOCs.  

Implementable. 
Would require 
destruction of cap. 

$10,000 to $20,000 fixed 
mobilization cost, $95 to 
$195 per cubic yard of 
treated soil, plus cost of 
cap demolition. 

Not Retained 
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PRELIMINARY SCREENING OF ALTERNATIVES 
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ALTERNATIVE EFFECTIVENESS IMPLEMENTABILITY COST STATUS 

Air Stripping In-well air stripping is used primarily to treat halogenated and 
nonhalogenated volatile organic compounds (VOCs) and 
nonhalogenated semivolatile organic compounds (SVOCs). 
Typically, in-well air stripping systems are more cost-effective 
for remediating VOC-contaminated groundwater at sites with 
deep water tables because the water does not need to be 
brought to the surface 

Implementable. $75,000 to $200,000 
per acre. 

Retained 

Air Sparging Air sparging is effective in removing compounds with moderate 
to high Henry’s law constants (i.e., high vapor pressure and low 
solubility) such as halogenated and nonhalogenated VOCs and 
nonhalogenated SVOCs.  

Implementable, but 
Henry’s Law 
constants need to be 
verified for all 
chemicals of concern 
(COCs). 

$150,000 to 
$350,000 per acre. 

Retained 

Chemical 
Oxidation 

The highest potential for cost-effective application of this 
technology is at sites contaminated with unsaturated 
halogenated VOCs. Saturated compounds are oxidized much 
less effectively, and bench-scale studies should be conducted 
to ensure that toxic by-products are not formed.  

Implementable, but 
requires a bench-
scale study to fully 
determine 
effectiveness. 

Cost to be 
determined after 
conclusion of bench 
test. 

Not retained 

Circulating Wells 
(CWs) 

In general, CW systems are most effective at treating sites with 
volatile contaminants with relatively high aqueous solubility and 
strong biodegradation potential (e.g., halogenated and 
nonhalogenated VOCs). CWs operate more efficiently with 
horizontal conductivities greater than 10-3 centimeters per 
second (cm/sec) and a ratio of horizontal to vertical 
conductivities between 3 and 10. A ratio of less than 3 indicates 
short circulation times and a small radius of influence. If the 
ratio is greater than 10, the circulation time may be 
unacceptably long. 

Implementable, but 
requires a soil 
analysis to determine 
radius of influence, 
which will determine 
number of wells 
required. 

Cost to be 
determined after 
calculation of well 
radius of influence. 

Not retained 

Treatment Wall Reactive barriers are used primarily to treat halogenated VOCs. 
Depending on site conditions, a funnel-and-gate system can be 
installed to handle large volumes of contaminated water without 
hydraulic control via pumping. 

Implementable, but 
impractical as there 
is little lateral 
migration. 

$300 to $1500 per 
square foot of barrier, 
assuming barrier 
thickness of 2 to 4 feet. 

Not retained 
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ALTERNATIVE EFFECTIVENESS IMPLEMENTABILITY COST STATUS 

Air Stripping Air stripping is effective in removing halogenated and 
nonhalogenated volatile organic compounds (VOCs) from water, 
but is ineffective for contaminants with low vapor pressure or high 
solubility, such as inorganic salts. The Henry’s law constant is 
used to determine whether air stripping will be effective. Generally, 
organic compounds with constants greater than 0.01 atmosphere 
(m3/mol) are considered amenable to stripping. Some compounds 
that have been successfully separated from water using air 
stripping include benzene, toluene, ethylbenzene, and xylenes 
(BTEX); chloroethane; trichloroethylene (TCE); dichloroethylene 
(DCE); and perchloroethylene (PCE). 

Implementable but 
Henry’s Law 
constants need to be 
verified for all 
chemicals of concern 
(COCs). 

$0.05 to $.25 per 
1,000 gallons, but 
need to include 
cost of vapor 
recovery system, 
most probably 
carbon adsorption. 

Retained 

Chemical 
Oxidation 

The technology is effective in treating halogenated and 
nonhalogenated VOCs and semivolatile organic compounds 
(SVOCs).  

Implementable. $0.35 to $2.00 per 
1,000 gallons. 

Retained 

Granular 
Activated 
Carbon (GAC) 
Adsorption 

Liquid-phase GAC is effective in removing halogenated and 
nonhalogenated VOCs and SVOCs. The target contaminant 
groups for carbon adsorption are SVOCs and explosives. Limited 
effectiveness may be achieved on some halogenated VOCs, such 
as vinyl chloride or dichloroethylenes. Liquid-phase carbon 
adsorption is effective for removing contaminants at low 
concentrations (less than 1 milligram per liter [mg/L]) from water at 
nearly any flow rate, and for removing higher concentrations of 
contaminants from water at low flow rates (typically 40 liters per 
minute or 10 gallons per minute [gpm]). Carbon adsorption 
systems are particularly effective for polishing water discharges 
from other remedial technologies to attain regulatory compliance. 
Carbon adsorption systems can be deployed rapidly, and 
contaminant removal efficiencies are high. Logistic and economic 
disadvantages arise from the need to transport and decontaminate 
spent carbon. 

Implementable. 4.50 to $5.00 per 
1,000 gallons 
treated. 

Retained 

 



TABLE II-2-6 
PRELIMINARY SCREENING OF ALTERNATIVES 

COMBINED SOIL AND GROUNDWATER REMEDIATION OPTIONS 
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ALTERNATIVE EFFECTIVENESS IMPLEMENTABILITY COST STATUS 

Dual-Phase 
Extraction 

Dual-phase extraction is used primarily to treat halogenated 
and nonhalogenated volatile organic compounds (VOCs) and 
nonhalogenated semivolatile organic compounds (SVOCs). 
Dual-phase vacuum extraction enhances air flow to remediate 
contaminants in unsaturated soil and, at the same time, 
collects groundwater for aboveground treatment.  

Implementable. $100,000 to 
$250,000 per acre. 

Retained 

Vacuum-
Enhanced 
Recovery 

Bioslurping is particularly effective in the recovery of light 
nonaqueous phase liquids (LNAPLs) and can help to 
remediate nonhalogenated VOCs and SVOCs in the 
unsaturated zone. Bioslurping combines physical recovery of 
LNAPLs, removal of LNAPL constituents by vaporization (soil 
vapor extraction [SVE]), and mineralization of LNAPL 
constituents by biological action (bioventing). The rate of mass 
removal due to each mechanism is site dependent. The 
bioventing component can be a strong contributor to the total 
mass removal at sites with low-volatility fuel, whereas 
vaporization may be relatively high at sites with high-volatility 
fuel. The combined mechanisms applied in bioslurping allow 
effective removal of LNAPLs in the capillary fringe and 
LNAPLs floating on the water table, while the residual organic 
in the unsaturated zone is mineralized by biological action and 
removed by vapor extraction. 

Implementable. $100,000 to 
$500,000 per acre. 

Retained 

Source Mobility 
Reduction (SMR) 

SMR is a method by which the migration of contamination is 
reduced by reducing the mobility of the contaminant. In low 
permeability with high residual saturation, reducing the driving 
hydraulic head is the simplest way to slow the movement of 
the contaminants, thereby providing more time for natural 
attenuation to take place in situ.  The proposed SMR for this 
site would be achieved by lowering water table in the 
saturated A-zone.  

Implementable. To be determined. Retained 



TABLE II-3-1 
DETAILED COMPARISON OF OVERALL PROTECTION OF 

HUMAN HEALTH AND THE ENVIRONMENT 

- Page 1 of 2 - 

ALTERNATIVE DESCRIPTION COMPARISON 

1 No Action • Risk exists of further degrading B-zone groundwater until 
natural attenuation effectively removes contaminants, a 
process that may take up to 10 years or more. 

• Risk to community removed by relocation of the City Well 
No. 1. 

2 Monitored natural 
attenuation 

• Risk exists of further degrading B-zone groundwater until 
natural attenuation effectively removes contaminants, a 
process that may take up to 10 years or more. 

• Institutional controls will aid the community to better 
understand site conditions and take precautionary 
measures. 

• Risk to community removed by relocation of the City Well 
No. 1. 

3 Source reduction in the 
A-zone and no action in 
the B-zone 

• Risk to B-zone groundwater is reduced by immobilizing 
contaminants in the A-zone groundwater. 

• Natural attenuation in the A-zone and the B-zone will further 
reduce contaminant levels. 

• Extracted groundwater needs to be treated. 

4a Dual-phase extraction 
and treatment of vapor 
and groundwater in the 
A-zone and no action in 
the B-zone  

• Risk to B-zone groundwater is reduced by removing 
contaminants from the vadose zone and removal of A-zone 
groundwater. 

• Natural attenuation in the A-zone and the B-zone will further 
reduce contaminant levels. Biodegradation may be 
enhanced by the process. 

• Vapor and water removed will require treatment. Air 
emissions from the treatment unit will have to be managed 
and monitored. 

4b In-situ bio-treatment and 
Bio-augmentation in the 
A-zone and no action in 
the B-zone 

• Risk to B-zone groundwater is reduced by removing 
contaminants from the A-zone vadose zone and 
groundwater. 

• Natural attenuation in the A-zone will be enhanced and 
stimulated to accelerate the degradation of the soil 
contaminants. 

• All of the effort is accomplished in-situ and no surface 
treatment is necessary. 

5 No action in the A-zone 
and groundwater 
extraction and treatment 
in the B-zone 

• B-zone groundwater is impacted by “leakage” from the 
A-zone except to the extent that natural attenuation reduces 
A-zone contamination. 

• Larger quantity of water is removed requiring treatment and 
disposal or discharge to the City sewer. 



TABLE II-3-1 (Continued) 
DETAILED COMPARISON OF OVERALL PROTECTION OF 

HUMAN HEALTH AND THE ENVIRONMENT 
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ALTERNATIVE DESCRIPTION COMPARISON 

6 Groundwater extraction 
and treatment in the 
A-zone and the B-zone 

• Risk to B-zone groundwater is reduced by removing 
contaminants from the A-zone groundwater. 

• Air emissions from the treatment unit will have to be controlled. 
• Generated waste sludges will have to be contained and 

proper disposal ensured. 



TABLE II-3-2 
COMPLIANCE WITH APPLICABLE OR RELEVANT  

AND APPROPRIATE REQUIREMENTS (ARARs) 
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ARAR DISCUSSION 

State Resolution 68-
18, Anti-Degradation 

The fate and transport model has predicted that B-zone groundwater will not 
be degraded. The other alternatives will treat COCs in the soil and/or 
groundwater to their respective MCLs (or below) before reinjection into the 
A-zone groundwater. 

CCR  Section 66265, 
Article 11, Closure 
and Monitoring 

The site has been covered with a non-RCRA cap, and monitoring wells are in 
place.  If any alternative requires drilling a new well through the cap, the cap 
shall be sealed when the well is completed, restoring cap integrity. 

CCR Section 66268, 
Subpart C, Land 
Disposal Restrictions 

Since none of the alternatives involve excavation, ex-situ treatment, or 
removal of contaminated soil to an off-site location, this ARAR is not 
appropriate for the proposed remediation technologies. 

CCR Section 66265, 
Article 9, Containers 

Containers used in the various remediation technologies shall be designed to 
comply with the requirements of Article 9. 

CCR Section 66265, 
Article 10, Tanks 

Tanks used for temporary storage of raw groundwater, treated groundwater 
and/or hazardous waste required for the various remediation technologies 
shall comply with the specifications for tanks as stated in Article 10. 

SDWA – 
Underground Injection Reinjection wells would be classified as Class V. 

 
Notes: 
 
COCs = chemicals of concern 
MCLs = maximum contaminant levels 
RCRA = Resource Conservation and Recovery Act 
SDWA = Safe Drinking Water Act 
CCR = California Code of Regulations



TABLE II-3-3 
DETAILED COMPARISONS OF LONG-TERM EFFECTIVENESS 

AND PERMANENCE 
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ALTERNATIVE DESCRIPTION COMPARISON 

1 No Action • No change from existing conditions and no active action 
involved. 

2 Monitored natural 
attenuation 

• Vertical contaminant transport is mitigated by presence of 
surface caps. 

• Natural attenuation effectively removes contaminants over a 
period of up to 10 years. No long-term effectiveness or 
permanence in alternative other than the natural attenuation 
processes. 

• Risk is removed by the relocation of City Well No. 1. 

3 Source reduction in the 
A-zone and no action 
in the B-zone 

• Vertical transport of contaminants will be reduced and to 
some extent controlled. 

• Natural attenuation processes will aid in the reduction of 
groundwater and soil contaminants. 

• Integrity of the caps is important to long-term maintenance. 

4a Dual-phase extraction 
and treatment of vapor 
and groundwater in the 
A-zone and no action 
in the B-zone  

• Vertical contaminant transport is mitigated by presence of 
surface caps. Integrity of the caps is important to long-term 
effectiveness. 

• Contaminants in the A-zone removed and destroyed in ex-
situ treatment and B-zone contaminant concentrations are 
reduced by natural attenuation processes. 

• Contaminants with low vapor pressure are reduced by 
removal in the water extracted. Long-term effectiveness of 
removal of these compounds is dependent on the success 
of the water removal. 

• Heterogeneity of soil layers and the fine-grained materials in 
the A-zone reduce the effectiveness of the process. 

4b In-situ bio-treatment 
and bio-augmentation 
in the A-zone and no 
action in the B-zone 

• Downward contaminant transport is mitigated by presence 
of surface caps. Integrity of the caps is important to long-
term effectiveness. 

• Contaminants in the A-zone are treated in-situ by 
augmented processes that degrade the chemicals.  B-zone 
contaminant concentrations are reduced by natural 
attenuation processes that may also be aided by the in-situ 
processes. 

• Long-term effectiveness is a function of the rate processes 
that can be achieved with the implemented processes. 
Chlorinated contaminants and pesticides are harder to 
break down. 

• Effectiveness in lower concentration areas of contamination 
may be higher and the in-situ process may also act to 
contain the spreading of the plume. 



TABLE II-3-3 (Continued) 
DETAILED COMPARISONS OF LONG-TERM EFFECTIVENESS 

AND PERMANENCE 
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ALTERNATIVE DESCRIPTION COMPARISON 

5 No action in the 
A-zone and 
groundwater extraction 
and treatment in the 
B-zone 

• A-zone contamination is a source for B-zone contamination, 
thereby constraining long-term effectiveness. Completion of 
the remedial action is dependent on the reduction of A-zone 
contaminants to levels where their impact on B-zone water 
is insignificant. 

• Water from the B-zone with low concentrations of 
contaminants is extracted for ex-situ treatment and disposal 
or discharge to the City sewer. 

• Maintenance and integrity of the cap is required and serves 
to slow the completion of the remedial action. 

6 Groundwater 
extraction and 
treatment in the 
A-zone and the B-zone 

• Impacted water is extracted for ex-situ treatment and 
disposal or discharge to the City sewer. Removal from the 
A-zone and B-zone increases long-term effectiveness. 

• Maintenance and integrity of the cap is required. 



TABLE II-3-4 
DETAILED COMPARISONS OF REDUCTION OF TOXICITY, 

MOBILITY, OR VOLUME THROUGH TREATMENT 
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ALTERNATIVE DESCRIPTION COMPARISON 

1 No Action • No active action involved and reduction would occur by 
natural in-situ processes. 

2 Monitored natural 
attenuation 

• No active reduction of toxicity, mobility, or volume of 
contamination. 

• Integrity of the caps and their maintenance reduce 
contaminant mobility and “faster” impact of the B-zone 
groundwater. 

3 Source reduction in the 
A-zone and no action 
in the B-zone 

• Removal of water from the A-zone actively reduces the 
toxicity, mobility, and volume of the contamination that is a 
principal source of contamination for the B-zone. 

• Integrity of the caps and their maintenance reduce 
contaminant mobility and “faster” impact of the B-zone 
groundwater. 

4a Dual-phase extraction 
and treatment of vapor 
and groundwater in the 
A-zone and no action 
in the B-zone  

• Removal and treatment of the A-zone soil vapors and 
groundwater actively reduce the toxicity, mobility, and 
volume of the contamination that is a principal source of 
contamination for the B-zone. 

• Integrity of the caps and their maintenance reduce 
contaminant mobility and “faster” impact of the B-zone 
groundwater. 

4b In-situ bio-treatment 
and bio-augmentation 
in the A-zone and no 
action in the B-zone 

• In-situ treatment of the A-zone soil and groundwater actively 
reduces the toxicity, mobility, and volume of the 
contamination that is a principal source of contamination for 
the B-zone. Toxicity and mobility of the breakdown 
processes may differ from those of the contaminants and 
require that these be managed. 

• Integrity of the caps and their maintenance reduce 
contaminant mobility and “faster” impact of the B-zone 
groundwater. 

5 No action in the 
A-zone and 
groundwater extraction 
and treatment in the 
B-zone 

• The remedial action counts on the contamination 
transporting to the B-zone, where it is removed for ex-situ 
treatment and disposal or discharge to the City sewer. The 
toxicity, mobility, and volume of the contamination is actively 
removed or reduced. 

• Integrity of the caps reduces contaminant mobility and may 
not aid in the completion of this remedial action. 

6 Groundwater 
extraction and 
treatment in the 
A-zone and the B-zone 

• Removal of A-zone and B-zone groundwater actively 
reduces the mobility, toxicity, and volume of the 
contaminants.  

• Integrity of the caps reduces contaminant mobility and is 
less important to the completion of this remedial action. 



TABLE II-3-5 
DETAILED COMPARISONS OF SHORT-TERM EFFECTIVENESS 

- Page 1 of 1 - 

ALTERNATIVE DESCRIPTION COMPARISON 

1 No Action • No active action in alternative and no short-term 
effectiveness. 

2 Natural attenuation • No active reduction in the A-zone soil or groundwater 
contamination; short-term effectiveness of this action is 
minimal. 

• Risk from city well removed. 

3 Source reduction in the 
A-zone and no action 
in the B-zone 

• Active removal of A-zone groundwater reduces source of 
contaminants to the B-zone. 

• Immediate removal of some A-zone contaminants. 
• Short-term effectiveness is limited and indirect. 

4a Dual-phase extraction 
and treatment of vapor 
and groundwater in the 
A-zone and no action 
in the B-zone  

• Active removal of A-zone soil vapor and groundwater 
reduces source of contaminants to the B-zone. 

• Short-term effectiveness is directly related to the 
effectiveness of the process in the heterogeneous soil 
profile of the A-zone. 

• Highest short-term effectiveness to reduce contaminant 
concentrations in the vadose zone of the A-zone. 

4b In-situ bio-treatment 
and bio-augmentation 
in the A-zone and no 
action in the B-zone 

• Active degrading of A-zone soil and groundwater 
contaminants. 

• Processes are generally slow, and there may be limited 
short-term effectiveness. 

• Degradation products require management, further 
impacting short-term effectiveness. 

5 No action in the 
A-zone and 
groundwater extraction 
and treatment in the 
B-zone 

• Removal of water from the B-zone serves to actively 
remove contaminants from that zone. 

• Contaminant concentrations in the B-zone are a fraction of 
those in the A-zone and there is continuing impact on the 
B-zone from the A-zone sources. 

• Short-term effectiveness is limited to marginal 
improvements in the B-zone groundwater conditions. 

6 Groundwater 
extraction and 
treatment in the A-
zone and the B-zone 

• Active water removal from both the A-zone and B-zone 
provide for targeted reduction in contaminant concentrations 
in all known impacted areas. 

• Highest short-term effectiveness. 
• Limited impact in the soil vadose zone, which retains some 

contamination. 



TABLE II-3-6 
DETAILED COMPARISONS OF IMPLEMENTABILITY 
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ALTERNATIVE DESCRIPTION COMPARISON 

1 No Action • No action involved. Implemented by definition. 

2 Monitored natural 
attenuation 

• No action is necessary, and the in-situ conditions require 
monitoring as with all other alternatives. This action is 
implementable. 

3 Source reduction in 
the A-zone and no 
action in the B-zone 

• This action requires removal of practical quantities of 
contaminated water from the A-zone. The removed water is 
to be treated and properly disposed of or discharged to the 
City sewer. 

• This action is implementable. No permits are known to be 
required for installation and operations. 

4a Dual-phase extraction 
and treatment of 
vapor and 
groundwater in the 
A-zone and no action 
in the B-zone  

• This action requires removal of soil vapor and groundwater 
from the A-zone. 

• Further field testing may be necessary for the completion of 
the design of the system and the specific form of extraction. 

• Some technologies, if proven effective, may require 
licensing. 

• This action is implementable. Permits are not known to be 
required for installation and for operations. 

4b In-situ bio-treatment 
and bio-augmentation 
in the A-zone and no 
action in the B-zone 

• This in-situ form of treatment requires the stimulation of 
in-situ mechanism or the introduction of appropriate 
mechanisms to treat the soil and groundwater. 

• Additional field testing is likely necessary to design the 
treatment systems and to identify their efficiencies. 

• This action is implementable with no permits known to be 
necessary. RCRA cap disturbance may be avoided by 
directional drilling of well to reach treatment zones under the 
caps. 

5 Natural attenuation in 
the A-zone and 
groundwater 
extraction and 
treatment in the 
B-zone 

• A series of conventional extraction wells are drilled to extract 
the B-zone water in this action. 

• This action is implementable. No known permits required for 
installation and for operations. 



TABLE II-3-6 (Continued) 
DETAILED COMPARISONS OF IMPLEMENTABILITY 

- Page 2 of 2 - 

ALTERNATIVE DESCRIPTION COMPARISON 

6 Groundwater 
extraction and 
treatment in the 
A-zone and the B-
zone 

• See Alternatives 4a and 5. This action is implementable with 
no known permits required for installation and for operations. 
RCRA cap disturbance may be avoided by use of directional 
drilling techniques.  

• Air emissions from the treatment unit will have to be 
controlled. 

• Generated waste sludges will have to be contained and 
proper disposal ensured. 



Capital and Periodic 
Costs Annual O&M Costs

Most Likely Total 
Costs 1,2,3

- Decommision existing well and Relocate City Well No. 1 4 0.985 - 0.985

1 No Action 0.000 0.333 2.339

2 Monitored Natural Attentuation 0.550 0.525 4.237

3 Source Reduction in the A-zone and No Action in the B-zone 2.660 1.700 14.600

4a Dual-phase extraction and treatment of vapor and groundwater in the 
A-zone and No Action in the B-zone 15.135 4.540 47.022

4b In-situ bio-treatment and bio-augmentation in the A-zone and No 
Action in the B-zone 2.290 2.110 17.110

5 No action in the A-zone and groundwater extraction and treatment in 
the B-zone 8.460 4.070 37.046

6 Groundwater extraction and treatment in the A-zone and in the B-
zone 22.165 6.740 69.504

1 Assumes a 10-year operating life and 10 years of monitoring at the site.

3 O&M costs are included as present value costs at a 7-percent discount rate.
4 This action is part of all alternatives and is accordingly identified separately.

2 Most likely costs are based on subjective identification of variables. A range of costs around this number would reflect the favorable and unfavorable 
outcome when implementing the remedial action.

TABLE II-3-7
SUMMARY OF COSTS FOR ALTERNATIVES

A
lte

rn
at

iv
e

Description

Estimated Costs ($ x 106)
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Quantity Unit Unit Cost Total Notes

$0

$0

$1,282,250
Install large diameter sumps w/ CMP casing 300 feet $2,250 $675,000
Extraction Pumps and Equipment 4 each $50,000 $200,000
Equipment and Labor 4 each $60,000 $240,000
Engineering Costs (15%) - - - $167,250

$770,000
Treatment System for 150 gpd 1 each $770,000 $770,000

$57,500
Equipment and Labor 1 each $50,000 $50,000
Engineering Costs (15%) - - - $7,500

Total $2,110,000

$13,685,000
Well Installation 6000 feet $750 $4,500,000
Pumps, Blowers and Equipment 100 each $50,000 $5,000,000
Equipment and Labor 100 each $24,000 $2,400,000
Engineering Costs (15 %) - - - $1,785,000

UV/Oxidation Treatment System $770,000
Treatment System for 150 gpd 1 each $770,000 $770,000

Treated Water and Vapor Disposal $115,000
Equipment and Labor 1 each $100,000 $100,000
Engineering Costs (15%) - - - $15,000

Total $14,570,000

Alt 2: Monitored Natural Attentuation

Alt 3: Source Reduction in the A-zone and No Action in the B-zone

Alt 4a: Dual-phase extraction and treatment of vapor and groundwater in the A-zone and no action in the B zone 
Installation of Wells (80)

TABLE II-3-8
CAPITAL COST SUMMARY FOR ALTERNATIVES

No Capital Cost Identified

No Capital Cost Identified

Installation of Sumps (4)

Name: B&B Site OU-2 RI/FS

Alt 1: No Action

Treated Water Disposal

DESCRIPTION

UV/Oxidation Treatment System

Description:
Costs include the installation of wells and in-situ extraction equipment 
for the implementation of the remedial action of the alternative. Also, 
included are treatment equipment, installation and start-up costs.

Location: Arvin, California
Phase: OU-2 RI/FS
Base Year: 2004
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Quantity Unit Unit Cost Total Notes

TABLE II-3-8
CAPITAL COST SUMMARY FOR ALTERNATIVES

Name: B&B Site OU-2 RI/FS

DESCRIPTION

Description:
Costs include the installation of wells and in-situ extraction equipment 
for the implementation of the remedial action of the alternative. Also, 
included are treatment equipment, installation and start-up costs.

Location: Arvin, California
Phase: OU-2 RI/FS
Base Year: 2004

$1,742,250
Well Installation 1200 feet $450 $540,000
Support Equipment and Materials 15 each $40,000 $600,000
Equipment and Labor 15 each $25,000 $375,000
Engineering Costs (15 %) - - - $227,250

Total $1,740,000

$7,029,375
Well Installation 15000 feet $170 $2,550,000
Pumps, Blowers and Equipment 75 each $32,500 $2,437,500
Equipment and Labor 75 each $15,000 $1,125,000
Engineering Costs (15 %) - - - $916,875

UV/Oxidation Treatment System $770,000
Treatment System for 10000 gpd 1 each $770,000 $770,000

Treated Water Disposal $115,000
Equipment and Labor 1 each $100,000 $100,000
Engineering Costs (15%) - - - $15,000

Total $7,910,000

$13,685,000
$7,029,375

UV/Oxidation Treatment System $770,000
Treatment System for 10,000 gpd 1 each $770,000 $770,000

Treated Water Disposal $115,000
Equipment and Labor 1 each $100,000 $100,000
Engineering Costs (15%) - - - $15,000

Total $21,600,000

B-zone wells same as option 5

Alt 6: Groundwater extraction and treatment in the A zone and the B-zone

Installation of Monitoring and Support Wells (15)

Installation of Wells (75)

A-zone wells same as option 4a

Alt 4b: In-situ bio-treatment and bio-augmentation in the A zone and no action in the B-zone

Alt 5: No action in the A-zone and groundwater extraction and treatment in the B-zone
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Quantity Unit Unit Cost Total Notes

$192,100
Mobilization and Demobilization 2 quarters $13,500 $27,000
On-site Sampling 68 well $750 $51,000
Laboratory Analyses 68 well $825 $56,100
Report Preparation 2 each $16,000 $32,000
Data Validation and QA/QC 2 each $11,000 $22,000
IDW Disposal 2 each $2,000 $4,000

$65,000
Inspection 2 each $7,500 $15,000
Repair and Maintenance 1 year $50,000 $50,000

$42,000
Inspection 2 each $6,000 $12,000
Repair and Maintenance 1 year $30,000 $30,000

$18,000
Cleanup and Housekeeping 1 year $6,000 $6,000
Repairs and Maintenance 1 year $12,000 $12,000

$15,600
Meetings and Reviews 8 hrs/month $100 $9,600
Reporting 4 quarterly $1,500 $6,000

Total $333,000

$384,200
Mobilization and Demobilization 4 quarters $13,500 $54,000
On-site Sampling 136 well $750 $102,000
Laboratory Analyses 136 well $825 $112,200
Report Preparation 4 each $16,000 $64,000
Data Validation and QA/QC 4 each $11,000 $44,000
IDW Disposal 4 each $2,000 $8,000

$65,000
Inspection 2 each $7,500 $15,000
Repair and Maintenance 1 year $50,000 $50,000

$42,000
Inspection 2 each $6,000 $12,000
Repair and Maintenance 1 year $30,000 $30,000

$18,000
Cleanup and Housekeeping 1 year $6,000 $6,000
Repairs and Maintenance 1 year $12,000 $12,000

$15,600
Meetings and Reviews 8 hrs/month $100 $9,600
Reporting 4 quarterly $1,500 $6,000

Total $525,000

$525,000
$160,000
$120,000
$500,000
$391,500

Total $1,700,000

Alt 2: Monitored Natural Attentuation

Alt 3: Source Reduction in the A-zone and No Action in the B-zone

Groundwater Sampling and Analysis (Quarterly)

RCRA Cap Maintenance

Non-RCRA Cap Maintenance

Site Maintenance

DESCRIPTION

Name: B&B Site OU-2 RI/FS

Alt 1: No Action
Groundwater Sampling and Analysis (Semi-Annually)

RCRA Cap Maintenance

Non-RCRA Cap Maintenance

Site Maintenance

Project Oversight

Project Oversight

Same as Alt 2
Maintenance of Sump Wells
Reporting and Oversight for Disposal Systems
Maintenance of the Treatment System

TABLE II-3-9
O&M COST SUMMARY FOR ALTERNATIVES

Contigency (30%)

Description:
Costs of tasks that re-occur on an annual basis.

Location: Arvin, California
Phase: OU-2 RI/FS
Base Year: 2004
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Quantity Unit Unit Cost Total NotesDESCRIPTION

Name: B&B Site OU-2 RI/FS

TABLE II-3-9
O&M COST SUMMARY FOR ALTERNATIVES

Description:
Costs of tasks that re-occur on an annual basis.

Location: Arvin, California
Phase: OU-2 RI/FS
Base Year: 2004

$525,000
$2,350,000

$120,000
$500,000

$1,048,500

Total $4,540,000

$525,000
$225,000
$125,000
$750,000
$487,500

Total $2,110,000

$525,000
$1,687,500

$120,000
$800,000
$939,750

Total $4,070,000

$525,000
$1,750,000

Maintenance of Deep Wells $1,687,500
$120,000

$1,100,000
$1,554,750

Total $6,740,000

Alt 6: Groundwater extraction and treatment in the A zone and the B-zone

Alt 4a: Dual-phase extraction and treatment of vapor and groundwater in the A-zone and no action in the B zone 

Alt 4b: In-situ bio-treatment and bio-augmentation in the A zone and no action in the B-zone

Maintenance of the Treatment System

Same as Alt 2
Maintenance of Wells and Equipment
Materials
Labor and Support Activities

Alt 5: No action in the A-zone and groundwater extraction and treatment in the B-zone
Same as Alt 2
Maintenance of Extraction Wells and Equipment
Reporting and Oversight for Disposal Systems

Same as Alt 2
Maintenance of Extraction Wells and Equipment
Reporting and Oversight for Disposal Systems
Maintenance of the Treatment System

Maintenance of the Treatment System
Contigency (30%)

Same as Alt 2
Maintenance of Sump Wells

Reporting and Oversight for Disposal Systems

Contigency (30%)

Contigency (30%)

Contigency (30%)
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Quantity Unit Unit Cost Total Notes

$0

$326,025
Apply Asphalt 115000 sq. ft. $1.70 $195,500
Labor and Equipment 1 each $88,000 $88,000
Engineering Costs (15%) - - - $42,525

$223,560
Abandon Wells 880 lin.ft. $130 $114,400
Labor and Equipment 1 each $80,000 $80,000
Engineering Costs (15%) - - - $29,160

Total $550,000

$550,000

Contaminated soil management/disposal 150 ton 100 $15,000
$550,000

Total $565,000

$550,000

$550,000

$565,000

TABLE II-3-10
PERIODIC COST SUMMARY FOR ALTERNATIVES

Decommision Existing On-site Wells

DESCRIPTION

Name: B&B Site OU-2 RI/FS

Alt 1: No Action
No Periodic Cost Identified

Repair Site Drainage

Alt 3: Source Reduction in the A-Zone and No Action in the B-zone

Alt 4a: Dual-phase extraction and treatment of vapor and groundwater in the A-zone and no action in the B zone 

Same as Alt 2

Alt 2: Monitored Natural Attentuation

Same as Alt 2

Alt 4b: In-situ bio-treatment and bio-augmentation in the A zone and no action in the B-zone
Same as Alt 2

Same as Alt 4a

Alt 5: No action in the A-zone and groundwater extraction and treatment in the B-zone

Alt 6: Groundwater extraction and treatment in the A zone and the B-zone

Same as Alt 2

Description:
Costs of tasks that occur one-time or periodically. Included are 
estimated front-end engineering and testing costs.

Location: Arvin, California
Phase: OU-2 RI/FS
Base Year: 2004
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Site Location Map
Brown & Bryant Superfund Site

600 South Derby Road
Arvin, California
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Base map from The Thomas Guide, 1998 Central Valley Cities Street Guide and Directory. Reproduced with 
permission granted by THOMAS BROS. MAPS®. This map is copyrighted by THOMAS BROS. MAPS®. It is 
unlawful to copy or reproduce all or any part thereof, whether for personal use or resale, without permission. 
All rights reserved.
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Appendix I-A 

Preliminary Fate and Transport Modeling Report 
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