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1.0 Off-Site Subsurface Sampling, On-site Soil Gas Sampling, 
Geophysical Surveys, Ambient Air Sampling, and Risk Assessment 

This addendum to the Final Multiple Tank Site Assessment Work Plan (Work Plan) dated 
September 6, 2005 has been prepared in accordance with the established phased approach for site 
assessment activities and discussions between the California Regional Water Quality Control 
Board (RWQCB), Defense Energy Support Center (DESC), and Shaw Environmental, Inc. 
(Shaw) at the Fleet & Industrial Supply Center (FISC) Fuel Farm on February 6, 2006.  This 
addendum provides the locations, depths and well construction details for additional soil gas 
monitoring points and observation wells north of the Naval Base Point Loma (NBPL) property 
boundary, describes the additional field work to be performed on the FISC Fuel Farm, and 
presents the methods and procedures for conducting a vapor-phase risk assessment evaluation in 
the vicinity of the NBPL northern boundary.  The objectives of this proposed field sampling 
program are: 

• Collect data on the distribution of light non-aqueous phase liquids (LNAPL) and soil 
gas to confirm the understanding of the extent of both at the northeastern corner of the 
FISC Fuel Farm 

• Collect soil gas data within the FISC Fuel Farm to characterize the nature and extent 
of hydrocarbon vapor in the shallow subsurface soils 

• Evaluate soil gas data using vapor intrusion modeling techniques to assess the 
potential health risks to nearby private residences and site workers 

• Collect subsurface data remotely by geophysics to supplement the existing intrusive 
data and guide future work.   

The results from the additional investigations will be combined with existing data and will be 
used to define the northern limits of the LNAPL plume and soil gas impacts, and to develop 
health risk assessments to support risk management decisions.  Five major tasks are proposed to 
accomplish these objectives: 

• Off-base subsurface sampling and analysis 

• On-site soil gas sampling and analysis 

• Non-invasive geophysical surveys 

• Ambient air sampling and analysis 

• Human health risk assessment. 
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These tasks are described in the following sections. 

1.1 Off-Base Subsurface Sampling and Analysis 
To allow work to proceed without delay and additional mobilizations, a three-phase approach 
will be used to install observation wells and shallow soil gas probes to the north of the NBPL 
property boundary.  The well permit application for all three phases, included as Appendix A, 
describes installation and sampling methods and provide well schematics.  Data quality 
objectives (DQOs) for this work are summarized in Table 1. 

1.1.1 Phase I 
Two borings (OS-MW01 and OS-MW02) will be located in the driveway of the residential lot 
located adjacent to the northeast corner of the FISC Fuel Farm (Figure 1).  Soil types will be 
logged, and samples will be collected at 5-foot intervals and from each soil horizon between the 
surface and groundwater table as described in the Work Plan.  These soil samples will be 
analyzed for bulk density, total porosity, moisture content, and air permeability to support site-
specific modeling of vadose zone vapor transport, and for chemistry in accordance with the 
Work Plan.  A 2-inch diameter observation well constructed of Schedule 40 polyvinyl chloride 
(PVC) will be installed in each boring.  Each well will be constructed using 0.010-inch slotted 
casing placed between 5 feet above the static water table and 10 feet below the water table, with 
a 5-foot blank PVC sump.  Well installation procedures are described in the Work Plan and are 
not repeated herein.  

Two multiple-depth, soil gas probes (OS-SG01 and OS-SG02) will be co-located with wells OS-
MW01 and OS-MW02, respectively (Figure 1).  The technical approach to installing these 
probes will be consistent with the multiple-depth probes previously installed near the NBPL 
property line in March 2006 and are described in detail in Addendum No. 2 to the Work Plan.  
The off-base soil gas probes will be monitored at the same time as the existing on-site soil gas 
probes for two sampling events to assess whether the nature and concentrations of volatile 
organic compounds (VOCs) in the subsurface area are consistent.  These results will be used to 
support statistical analysis of the analytical data for use in the risk assessment.  Soil gas samples 
from all of the probes will be analyzed using a mobile lab following U.S. Environmental 
Protection Agency (EPA) Method 8260 (Modified).  Ten percent of the soil gas probes will also 
be sampled using SUMMA™ canisters and will be analyzed by a fixed lab by EPA Method TO-
15 for confirmation of low concentrations of hydrocarbons.  The confirmation samples will be 
selected from the probes with the highest concentrations in the mobile lab analyses.  Procedures 
for sample packaging and shipment, sample custody and documentation, laboratory quality 
control, laboratory quality assurance, laboratory corrective action, data management, quality 
assurance oversight, and review of the ambient air samples will be consistent with those methods 
and procedures described in Addendum No. 2 to the Work Plan.  The boring locations will be 
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surveyed and incorporated into the FISC Fuel Farm monitoring system.  Survey and laboratory 
data will be entered into the State of California Geotracker and the Point Loma Geographical 
Information System (GIS) databases. 

1.1.2 Phase II 
If LNAPL is detected in the co-located observation wells, or if soil gas concentrations from the 
proposed probes are above predetermined action levels, the second phase of investigation will be 
conducted.  In this phase up to three co-located observation wells and multiple-depth probes may 
be installed to the north of the wells and probes installed in Phase I to determine the extent of the 
contamination (Figure 1).  The same technical approach will be used for the installation and 
development of these observation wells and probes.  If possible, the Phase II probes will be 
monitored at the time of the second sampling round for the on-base probes and the Phase I 
probes. 

1.1.3 Phase III 
The third phase may be initiated after the results of Phase II are received and evaluated.  Phase 
III may include up to three additional observation wells and one additional vapor probe to 
determine the extent of contamination to the north.  The need for the Phase III wells and soil gas 
probe will be determined by the results of the second round of sampling from Phases I and II. 

1.2 On-Site Soil Gas Sampling  
Groundwater monitoring and recovery wells have defined the extent of the free-product plume 
on the south, east and west sides.  However, the nature of VOCs in the vadose zone soil gas 
above the plume has not been determined.  Five multiple-depth soil vapor probes will be 
installed as shown in Figure 2.  Four of the probes will be installed in locations on Hoop Street 
near the center of the plume and a fifth probe will be installed at the point where the known free 
product plume has receded.   

The probes will have sampling points at 5 and 15 feet below the ground surface.  The probes will 
be installed in accordance with the methods and procedures for multiple-depth probes described 
in Addendum No. 2 of the Work Plan.  Drilling permits will be required because the probes are 
being installed as permanent structures.  Two sampling events will be required for each probe.  
Soil vapor samples will be analyzed for VOCs by EPA Method 8260 Modified or Modified EPA 
Method TO-15, with additional compounds of interest included by mobile and fixed laboratories 
similar to the probes described in Phase I above.  The boring locations will be surveyed and 
incorporated into the Point Loma Fuel Farm monitoring system.  Survey and laboratory data will 
be entered into the State of California Geotracker database and the Point Loma GIS database. 
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1.3 Ambient Air Evaluation 
The chemicals of interest in the soil gas are commonly encountered and have many potential 
sources: (e.g., particular emissions from traffic and fuel operations in the surrounding military 
and civilian neighborhoods).  To help understand the significance of soil gas intrusion into 
indoor and outdoor air, ambient air sampling will be performed concurrent with the soil gas 
sampling.  The ambient air sampling will be performed following the guidance provided by the 
California Environmental Protection Agency, Department of Toxic Substances Control (DTSC, 
2005). 

The locations for the ambient air sampling will be established so that the sampling points 
represent upwind and crosswind locations from the soil gas sampling program.  The ambient air 
sampling will be started 1 to 2 hours before the soil gas sampling is started and will run for 
8 hours (the approximate time of the soil gas investigation during a single day).  The sampling 
height will be approximately 5 feet above the ground surface. 

In general, ambient air sampling methodologies involve the passage of measured volumes of air 
through suitable adsorbents.  For hydrocarbons, the adsorbent is generally coconut charcoal and 
the sample is collected over a period of hours to provide an integrated sample.  Unfortunately, 
this technique does not have the sensitivity of the method currently proposed for the soil vapor 
analysis.  There is approximately a 1,000-fold difference in the sensitivity of the two methods. 

Shaw therefore proposes to use the same collection method for ambient air as for the 
confirmation samples for soil gas probes, namely SUMMA™ canisters.  The SUMMA™ 
canisters will be fitted with specialty regulators that are capable of collecting an integrated 
sample over an 8-hour period.  The specific sample locations will be determined on the day of 
sampling.  However, the guideline for the location will be to collect samples on four (4) compass 
points.  The critical compass point will be established at the predominant upwind location as 
determined from the wind rose for Lindbergh Field (Figure 3).  The three downwind positions 
will then be placed 100 degrees, 180 degrees, and 260 degrees off the upwind point.  Sampling 
will be coordinated through the primary point of contact for the Commander, Navy Region 
Southwest (CNRSW).   

The ambient air samples will be analyzed by EPA Method TO-15 by the laboratory analyzing the 
soil-gas samples.  Procedures for sample packaging and shipment, sample custody and 
documentation, laboratory quality control, laboratory quality assurance, laboratory corrective 
action, data management, quality assurance oversight, and review of the ambient air samples will 
be consistent with those methods and procedures described in Addendum No. 2 of the Work 
Plan. 
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1.4 Geophysical Surveys 
The geophysical surveys will include complementary measurements of the seismic and electrical 
resistivity structure of the subsurface and how these relate to subsurface fluids, bedrock 
topography, and potential fracture zones within the rock mass.  These measurements include 
seismic refraction tomography (SRT) and electrical resistivity tomography (ERT).   

The surveys will be performed in accordance with the procedures described in Appendix B - 
SOP T-GS-041 Standards for Surface Geophysics. 

1.5 Risk Assessment 
The purpose of the risk assessment task is to develop information on the potential incremental 
cancer risk and non-carcinogenic health hazards to people that may be impacted by volatilization 
of chemicals from the groundwater into breathing air.  This requires data on the nature and 
concentration of VOCs in the subsurface environment.  The collection and analysis of soil-gas 
data to conduct this evaluation are described in Addendum No. 2 of the Work Plan.  Addendum 
No. 3 primarily describes the technical approaches to the interpretation of the soil-gas results.  
The objective for collecting ambient air samples as part of this risk assessment is to obtain data 
that can be used to put the soil gas and modeled indoor air concentrations into perspective.  The 
technical approaches being proposed in this addendum are based on the following guidelines 
from the EPA, DTSC, and the San Diego Department of Environmental Health (DEH): 

• EPA, 2002.  OSWER Draft Guidance for Evaluating Vapor Intrusion to Indoor Air 
Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance).  
Available on the internet: http://www.epa.gov/correctiveaction/eis/vapor/guidance.pdf. 

• DTSC, 2005.  Interim Final: Guidance for Evaluation and Mitigation of Subsurface 
Vapor Intrusion into Indoor Air.  This is available on the internet at: 
http://www.dtsc.ca.gov/AssessingRisk/upload/HERD_POL_Eval_Subsurface_Vapor_
Intrusion_interim_final.pdf 

• DEH, 2004.  Site Mitigation and Assessment Manual.  DEH.  Available on the internet 
at: http://www.co.san-diego.ca.us/deh/lwq/sam/manual_guidelines.html 

1.5.1 Conceptual Site Model 
A conceptual site model (CSM) describes: 

• The source(s) and nature of anticipated chemicals of potential concern at the site 
• The characteristics of the site that influence fate, transport, and exposures 
• The potentially exposed people, animals, and plants 
• The potentially complete exposure pathways. 
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This section describes the initial CSM developed for this site.  It will be revised as needed based 
on data that will be collected. 

The FISC Fuel Farm is located in the northern portion of NBPL, and is bound on the east by 
Rosecrans Street and on the north by a civilian residential neighborhood. The sources of 
chemicals in the environment are historical releases of fuel from fuel storage tanks and 
associated pipelines to subsurface soils and groundwater.  The chemicals of interest are fuel-
related VOCs, particularly benzene and naphthalene. 

The groundwater at this site is not extracted for beneficial use, so there are no direct exposures to 
chemicals in water.  However, the volatile components of the fuel can partition into the soil gas 
and subsequently migrate into indoor and outdoor air.   

The anticipated receptors to the north are residential children and adults that may breathe the 
VOCs that have intruded into homes and outdoor air.  The receptors to the east are adult military 
and industrial workers.  The exposure pathways are inhalation of soil-gas constituents in indoor 
and outdoor airs.  Over a single day, a person would be exposed to VOCs in both indoor air and 
outdoor air; however, these exposures times would not overlap.  The portion of the day spent 
indoors will vary by individual and will vary daily for individuals.  For the purposes of this risk 
assessment, it will be assumed that a receptor is exposed only to VOCs at the indoor 
concentrations.  This is a health conservative assumption since the indoor air concentration will 
be higher than the outdoor air concentration for a given soil-gas chemical of potential concern 
(COPC).  Indoor air concentrations are higher because of the limited dispersion in indoor air 
(since the air exchange rates within a building generally range from 0.5 to 4 per hour) compared 
to the wind-driven dispersion that occurs outdoors.    

1.5.2 Selection of Chemicals of Potential Concern 
The selection of the COPCs will be done following EPA guidance in Risk Assessment Guidance 
for Superfund, Volume 1:  Human Health Evaluation Manual and DTSC guidance.  Only data 
that have passed the data quality review will be considered in the selection of COPCs. 

The compiled soil gas data will be separated into two sub-areas:  soil-gas samples that are north 
of the FISC Fuel Farm that are representative of the soil gas-migration toward the civilian 
residential neighborhood, and samples to the east of the FISC Fuel Farm that represent the 
exposures of military/industrial workers.  Any chemical detected at least once in each of these 
data sets will be considered a COPC.  COPCs will not be selected for the ambient air data set.  
Rather, this data set will be used to assess the significance of the results of the soil-gas sampling 
and risk assessment.  The results of the ambient air sampling will be used in the assessment of 
the uncertainties associated with the risk characterization. 
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1.5.3 Fate, Transport, and Exposure Modeling 
The exposure scenarios being considered in this risk assessment will be simplified to consider 
only indoor air exposures.  The outdoor air exposure concentrations will be less than the indoor 
concentrations, so that the approach being used will over estimate rather than under estimate the 
average daily doses.  A multiple-step approach will be used for conducting the fate, transport, 
and exposure modeling.   

Initially, chemical fate, transport, and exposure modeling will be conducted using the DEH 2004 
version of the Vapor Risk Assessment 2000 model (http://www.co.san-
diego.ca.us/deh/lwq/sam/vapor_risk_assessment_2000.htm1).  This model is based on the 
Johnson and Ettinger vapor intrusion algorithm and is assumes there is single, homogenous layer 
of soil between the soil gas source and the building slab.  It also includes conservative values for 
the building and receptor parameters.   

All of the COPCs will be modeled.  For this initial modeling effort, the maximum detected 
concentration of each COPC will be used as the source concentration.  The source depth will be 
set equal to the depth of at which the maximum detected concentration was found; consequently, 
it may vary among the COPCs.  The results of the model are estimates of the cancer risk and 
non-carcinogenic hazard quotient for industrial and residential receptors.  If both the cumulative 
cancer risk is 1 x 10-6 or less and the cumulative hazard index is 1 or less for a residential 
receptor, no further modeling will be conducted.  Otherwise, a more refined modeling effort will 
be conducted. 

If the first step screening vapor intrusion modeling indicates there is a potential cancer risk or 
hazard index of concern, more site-specific modeling will be conducted.  This modeling will be 
conducted with the DTSC-version of the Johnson and Ettinger model.  This modeling will be 
based on site-specific soil properties.  Initially, the soil boring logs and other soil data will be 
reviewed to determine if there are consistent soil types across the areas of interest (i.e., the area 
north of the fuel farm and the area to the east of the fuel farm).  If significant differences in soil 
types are denoted within an exposure area, sub-areas may be identified for the risk assessment.  
The review of the boring logs will also be used to assess if the subsurface soil between the soil 
gas sampling points should be considered to have multiple soil layers.   However, for this version 
of the modeling, the soil type that is considered to be most important to the migration of soil gas 
will be selected to represent the subsurface soil.  The measured air permeability, soil porosity, 
and moisture contents of the soil will be incorporated into the DTSC model.  If information 
regarding the construction of the buildings of interest can be obtained (e.g., thickness of the slab, 
length of the building perimeter) they will be incorporated into the model.  A potentially 
significant difference that may be seen between the DEH Vapor Risk Assessment 2000 and the 
DTSC version of the model is the impact of the building surface area where VOCs may be 
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emitted into indoor air.  The DEH model assumes VOCs will flux across the entire surface area 
of the slab.  The DTSC version of the model assumes that the flux occurs through seams and 
cracks in the slab, therefore a smaller percentage of the surface area is considered to contribute to 
the model.  The maximum measured soil-gas concentration of each COPC will be used as the 
source concentration.  As with the Vapor Risk Assessment 2000 modeling step, if both the 
cumulative cancer risk is 1 x 10-6 or less and the cumulative hazard index is 1 or less for a 
residential receptor, no further modeling will be conducted. 

If the single soil layer model suggests that there are potential health hazards of concern, a third 
round of soil vapor intrusion modeling will be conducted.  If the geologist’s review of the soil 
data suggests there are multiple soil layers between the soil gas source depth and the building 
slab, this third round of modeling will be conducted using the EPA’s multi-layer soil gas model.  
The toxicity information and air exchange rate in the EPA’s model will be modified to match the 
values provided in the DTSC-version of the model.  If the subsurface can be considered 
homogenous, the DTSC version of the Johnson and Ettinger model will be used.  For this third 
version of the model, the results for individual soil-gas monitoring points will be used to better 
represent the potential cumulative risks and health hazards and the modeling will be focused on 
the “risk drivers.”  The specific number and identification of the soil-gas points will be 
determined from the results of the second round of modeling, and if they suggest that cancer 
risks from naphthalene are close to, or above, the de minimus criterion (e.g., the maximum 
cancer risk is 2 x 10-7 or greater), this COPC will be included in the third round of modeling.  To 
the extent appropriate, site-specific information on the soils, buildings, and receptors will be 
included in this modeling round. 

1.5.4 Risk and Uncertainty Characterization 
The risk characterization involves comparing doses to toxicity information to estimate the 
incremental lifetime cancer risk and potential for non-carcinogenic health effects to occur.  The 
uncertainty characterization is an evaluation of two factors: the lack of knowledge regarding 
specific factors and the variability in toxicity and exposure factors that may occur among 
receptors.   

The Johnson and Ettinger models that will be used in the fate, transport, and exposure modeling 
step include information on the toxicity of the COPCs.  This modeling will be used for the risk 
characterizations.  Both the cancer risks and non-carcinogenic health effects will be considered.  
The Johnson and Ettinger model evaluates chemicals individually.  Consequently, the model 
results for each chemical will be combined in a separate analysis to calculate cumulative cancer 
risks and a hazard index (the parameter used to calculate additive non-carcinogenic health 
effects).  The results will be evaluated to determine those chemicals that contribute most 
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significantly to any potential health effect and the potential spatial extent of any health hazard in 
the neighborhoods surrounding the FISC Fuel Farm. 

The uncertainty evaluation will identify and characterize the major uncertainties associated with 
the risk and hazard estimates.  In general, there are five main sources of uncertainty in the risk 
assessment of a reasonably well-characterized site: 

• Environmental chemistry sampling and analysis 
• Exposure pathway identification and exposure parameter measurements 
• Fate and transport modeling 
• Toxicological data and dose-response extrapolations 
• Errors through combinations of the above. 

 
These topics will be addressed in the uncertainty evaluation.  Additionally, the results from the 
ambient air sampling will be compared to the soil-gas results and to the modeling indoor air 
concentrations to determine if there are potentially other sources for the COPCs in indoor air 
other than the soil gas.  If there are other sources, the relative significance of the sources will be 
assessed by comparing the ambient air sample and soil-gas modeling results.  If needed, soil-gas 
emissions and dispersion in outdoor air will be modeled, using EPA algorithms, to estimate the 
contributions of soil-gas emissions to the outdoor air and allow direct comparisons of soil gas 
and ambient air measurements. 
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