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1.0 INTRODUCTION

This report presents the findings of a Risk-Based Corrective Action (RBCA) conducted on the
property located at 1620 South Delaware Street, San Mateo, California (Plate 1). The site is
currently an operating convenience car wash.

The purpose of this RBCA assessment is to evaluate the potential risk to human health and the
environment from exposure to soil and groundwater containing petroleum hydrocarbon constituents
reported at the subject site. This RBCA analysis was completed using the American Society for
Testing and Materials (ASTM) E 1739-95-(reapproved 2002), “Standard Guide for Risk-Based
Corrective Action Applied at Petroleum Release Sites” and was facilitated by the use of the
computer software package “RBCA Tool Kit for Chemical Releases, Version 1.3b”, Groundwater
Services, Inc., 2003.

20 OVERVIEW OF ASTM RBCA PROCESS

Traditionally, the RBCA process is implemented in a three-tiered approach involving increasingly
sophisticated levels of data collection and analysis. The assumptions of earlier tiers are replaced
with site-specific data and information as the analysis progresses through the different tiers. Upon
evaluation of each tier, the user reviews the results and decides whether more site-specific analysis
is warranted (i.e., moving from a lower to a higher tier).

A Tier I evaluation is a risk-based analysis to develop non-site specific values for direct and
indirect exposure pathways using conservative exposure factors and fate and transport for potential
pathways and various property use categories (ASTM E 1739-95 — reapproved 2002). The result of
conducting a Tier I analysis is typically the development of risk-based screening level(s) (RBSLs).
The RBSLs are conservative risk-based site-specific corrective action target levels for specific
chemical(s) of concern (COC). The developed RBSLs are then compared with media-specific
chemical concentrations reported in samples collected at the site.

A Tier Il evaluation is a risk-based analysis applying the direct exposure values, established under
a Tier I evaluation, at the point(s) of exposure developed for a specific site. A Tier II evaluation is
also used to develop values for potential indirect exposure pathways at the point(s) of exposure
based on site-specific conditions (ASTM E 1739-95 — reapproved 2002). The result of conducting
a Tier II analysis is typically the development of site-specific target level(s) (SSTLs). The SSTLs
are risk-based remedial action target levels for chemical(s) of concern for a particular site. As part
of conducting a Tier II analysis, simple fate and transport equations and/or simple accepted models
may be used in the development of SSTLs.

A Tier TI evaluation is a risk-based analysis to develop values for potential direct and indirect
exposure pathways at the point(s) of exposure based on site-specific conditions (ASTM E 1739-95
— reapproved 2002). Typically for a Tier HI evaluation, complex fate and transport models and/or
statistical simulations are used.
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3.0 SITE HISTORY

According to the Dames & Moore, Inc. (DMI) report “Report of Geohydrological Consultation,”
dated November 20, 1984, one 4,000-gallon and two 3,000-gallon gasoline underground storage
tanks (USTs) were installed at the site in the 1950s, and one 10,000-gallon gasoline UST was
installed in the 1970s. Water was reported in the three smaller tanks, and as a result, the 4,000-
gallon tank was taken out of service before 1984. A 200-gallon gasoline spill occurred in 1983
when new pumps were being installed.

DMI installed monitoring wells B-1 through B-4 in October 1984 prior to the removal of the on site

USTs. After installation of well B-2, approximately 18 inches of floating product was measured in
the well. '

In April 1985, the four gasoline tanks were emptied of their contents and tank tightness tests were
performed on the USTs. Two additional monitoring wells (B-5 and B-6) were also installed in
1985. Monitoring well B-7 was installed up gradient of the USTs on February 6, 1986 by DML

In October 1984, 1.5 feet of free product was observed in well B-2, however no free product was
observed in wells B-1, B-3, and B-4. In May of 1985, free product was observed in wells B-2, B-3,
and B-4 at thicknesses of 0.58 feet, 0.33 feet, and 0.41 feet, respectively. In February 1986, free
product continued to be observed in wells B-2 and B-4, according to DMI’s report “Observation
Well Installation, Service Station Property” dated March 5, 1986.

According to DMI’s “Project Report Construction Management for Remedial Action Work (Phase
V)”, dated March 3, 1987, all four gasoline USTs and a waste oil UST (Plate 2) were removed
from the site in April and May 1986. Prior to backfilling with pea gravel, floating product was
skimmed from the surface of the water contained in the excavation to a thickness of 0.25 inches,
and a geotextile liner was placed above the gravel. Two sloped collector trenches were excavated
to drain groundwater back to the UST excavation.

Five standpipes (SPA, SPB, SPC, SPD, and SPG) were also installed in the trenches during
backfilling activities. Additionally, recovery well RW-1 (now replaced by well EW-1) was
installed near the center of the UST excavation.

In April 1989, DMI supervised the drilling and sampling of nine borings (HP-1, HP-2, HP-3, HP-6
through HP-9, HP-10A, and HP-11A) to characterize the off site groundwater contamination. The
results of the investigation were presented in DMI’s report dated May 5, 1989.

In January 1993, a groundwater remediation system designed by DMI was constructed by Brunsing
Associates, Inc. (BAI). The remediation system consisted of groundwater extraction from well
EW-1, with treatment by activated carbon.

A site investigation was conducted on December 13, 1996, and the investigation results were
presented in BAI's “Soil and Groundwater Investigation Report,” dated February 10, 1997. During
that investigation, three off site soil borings (OSB-1, OSB-2, and OSB-4) and one on site soil

boring (OSB-3) were drilled.
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Further site work was conducted in November and December 1997, and presented in BAI's “Soil
and Groundwater Investigation and Quarterly Groundwater Monitoring Report,” dated March 20,
1998. As part of the investigation, six soil borings (OSB-5 through OSB-10) were advanced off
site to define the lateral extent of contamination on adjacent properties. Furthermore, a groundwater
monitoring well (MW-1) was installed in the down-gradient direction, in South Delaware Street.

In a San Mateo County Health Department (SMCHD) letter dated March 24, 1998, the agency
requested submittal of a feasibility study (FS) to discuss remedial options and to make
recommendations for site cleanup. A soil vapor extraction (SVE) pilot study was performed in
April 1998, prior to the preparation of the IS.

BAI completed the FS dated July 1, 1998, with an addendum dated August 4, 1998. The estimated
mass of contaminants remaining was approximately 1,000 pounds, with a significant portion of the
contaminants being located below the water table. The FS included a domestic well survey, the
results of the soil vapor extraction pilot test, and a recommendation for site cleanup using soil
vapor and groundwater extraction combined with air sparging. The domestic well survey did not
identify any domestic wells within a-600-foot radius, but did identify the adjacent surface water
drainage ditch as a potential sensitive receptor.

In the SMCHD letter dated July 9, 1998, the agency concurred with the recommendations and
requested submittal of a remedial action plan for this option. BAI completed the Remedial Action
‘Workplan (RAP), dated November 9, 1998, which included design specifications and construction
details for soil vapor and groundwater extraction combined with air sparging. The workplan was
approved by the SMCHD in their correspondence dated November 19, 1998,

The construction phases of the RAP occurred concurrently with re-development of the site from a
service station to a car wash. In October 1999, BAI installed five dual-phase soil vapor
extraction/air sparge wells (DSP-1 through DSP-5); four sparge wells (SP-1 through SP-4), and
replaced extraction well RW-1 with extraction well EW-1.

In 2000, the soil vapor and groundwater treatment system was installed, which included plumbing
to the new extraction/sparge wells, a pneumatic pump in well EW-1, an air compressor, a
regenerative blower, an air stripper, two liquid phase carbon vessels and a catalytic oxidizer.
Operation of the treatment system commenced on October 22, 2000.

On September 4, 2001, monitoring well MW-2 was installed in a cross gradient direction in South
Delaware Street, as proposed in the Remedial Action Plan.  Installation of well MW-2 was
documented in a report dated October 12, 2001.

In December 2002, the remedial system was shut down to perform modifications on the system.
The modifications included increasing the capacity of the blower to a positive displacement blower
from a regenerative blower in order to increase the vacuum supplied to the subsurface. The
modification was due in part to problems associated with the highly brackish groundwater at the
site. The modifications were completed and the system was restarted on September 17, 2003.
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On February 20, 2003, BAI submitted a groundwater investigation workplan that proposed seven
additional off site borings, a drainage ditch evaluation, and an updated sensitive receptor survey
(SSR). The seven additional off site borings were proposed because the previous off site drilling
was performed prior to the requiremént to analyze samples for petroleum oxygenates and lead
scavengers. The drainage ditch evaluation was proposed to determine if the adjacent drainage ditch
was hydraulically connected to the site. The initial SSR was performed prior to the requirement to
evaluate for conduits of water and vapor migration and surface waters, therefore the SSR was
updated. Off site soil borings ASB-1 through ASB-6 were drilled on November 6, 2003 and April
19, 2004. The results are presented in BAI’s report dated March 29, 2005.

The remediation system was operational until September 21, 2004 when the system was shut down
while a site conceptual model for the site was prepared. In July and August 2004, BAI performed a
series of minor system modifications to increase the influent vapor concentrations. These
modifications included using dual-phase extraction to pull directly from wells B-3, B-4, and SPC.
Extraction from wells B-3 and B-4 was relatively successful at increasing influent vapor
concentrations.

BAT’s “Site Conceptual Model” report, dated December 22, 2004, recommended several actions be
performed prior to recommending any alterations to the current remediation system, including
additional drilling to define the residual contamination, collection of data regarding the car wash
inputs and outputs, collecting a sample of the car wash water to be analyzed for tert butyl alcohol
(TBA) and general minerals, attempt to relocate monitoring well B-7, and evaluate if well B-1
extended into a deeper water bearing unit.

40  SITE ASSESSMENT
4.1  Site Location and Description

The site is located within a commercial/residential district in the City of San Mateo, California
(Plate 1) at an approximate elevation of four feet above mean sea level. The site is a relatively flat,
rectangular parcel, approximately 115 feet by 135 feet (Plate 2). It is bounded to the south by
Garvey Way, to the east by South Delaware Street, to the west by the U.S. Post Office parking lot,
and to the north by a drainage ditch. The site is presently occupied by a self-serve car wash
facility. The site structure, which is located near the center of the property, contains four wash
bays and a water recycling system. The floors of the wash bays are concrete slabs with a central
sump connected to the recycling system. The remainder of the site is paved with asphalt, and
slopes towards South Delaware Street. A soil and groundwater remediation treatment system
compound is located in the western comer of the property. Groundwater elevations for August
2006 are shown on Plate 3.

Surrounding properties include an apartment complex to the west, a U.S. Post Office to the east, a
Post Office parking lot to the south, and residential properties, across South Delaware Street to the
north (Plate 2). The topography around the site gently slopes to the north. The nearest body of
water is a drainage channel, located adjacent to the site on the north and west, in the general down
gradient direction. A total of 20 monitoring, extraction, or sparge wells are cutrently installed on

or near the site.




The site property surface is primarily paved asphalt and poured concrete. Near the perimeters of
the property boundaries are landscaped planter box areas. The only enclosed structure on the site is
storage room located near the center of the property.

4.2  Site Geologic and Hydrogeologic Conditions

Based on available boring logs, the lithology at the site and the nearby surrounding area consists
primarily of interbedded, discontinuous layers of clay, silt, silty and gravelly sand, and gravel. The
site is overlain generally by 1 to 2 feet of clay fill material. Below the fill material is 2 to 3 feet of
brown to black clay (adobe). Below the clay, on the western side of the site is approximately 4 to
10 feet of sandy gravel and gravelly sand, which is underlain by sand and silty sandy clay. Gravel
deposits have been reported in soil borings drilled to the north and northeast of the site, but not in
the borings in South Delaware Street or on the eastern side of South Delaware Street. Boring logs
were not available for most of the borings and wells drilled on the eastern portion of the site.
Therefore, the lithologic deposits on the eastern side of the property are not well defined. Copies
of boring logs for on-site borings are provided in Appendix F.

BRased on the boring logs, the Conceptual Model Study concluded that the apparent spatial
distribution. of the gravel unit and the general lithology suggests a fluvial depositional environment,
perhaps a meandering stream. The gravel lenses may be a point bar and the finer-grained deposits
east of the site may represent overbank deposits or infilling of the stream channel after the channel
was abandoned.

The former UST excavation and the western french drain appear to have intersected the gravel
layer, whereas the eastern portion of the former UST excavation may intersect the finer-grained
material.

4.3 Land and Water Use

Tt is our understanding that the site was a service station from approximately the 1950s until the
USTs and dispensers were removed in 1986. The service station building operated as an

automotive repair facility until the building was removed and replaced with the car wash facility in
1999.

There are no known groundwater supply wells on the site or in the vicinity (see Section 4.0).
Water is supplied to the site by a municipal water supply system, and is discharged either through
surface run-off or to the sanitary sewer. The adjacent drainage ditch flows easterly towards the San
Francisco Bay.




50 RESULTS OF PREVIOUSLY CONDUCTED INVESTIGATIONS
51  Underground Storage Tanks Removal, Previous Soil Investigations

According to DMI’s “Report of Geohydrological Consultation,” dated November 20, 1984, one
4,000-gallon and two 3,000-gallon gasoline USTs were installed at the site in the 1950s, and one
10,000-gallon gasoline UST was installed in the 1970s. Water was reported in the three smaller
tanks, and as a result, the 4,000-gallon tank was taken out of service before 1984. A 200-gallon
gasoline spill occurred in 1983 when new pumps were being installed.

DMI installed monitoring wells B-1 through B-4 in October 1984 prior to the removal of the on site
USTs. After installation of well B-2, approximately 18 inches of floating product was measured in
the well.

In April 1985, the four gasoline tanks were emptied of their contents and tank tightness tests were
performed on the USTs. Water and product levels were measured in the former gasoline tanks in
February 1986 to determine whether seepage had occurred from the surrounding soil and
groundwater. Two additional monitoring wells (B-5 and B-6) were also installed in 1985.
Monitoring well B-7 was installed up gradient of the USTs on February 6, 1986 by DML

Based on BAT’s file review of the DMI reports, no soil samples were collected during the drilling
of wells B-1 through B-7 for laboratory chemical analyses; however, soil permeabilities and a sieve
analyses were performed for samples from borings B-2 and B-7. In October 1984, 1.5 feet of free
product was observed in well B-2; no free product was observed in wells B-1, B-3, and B-4. In
May of 1985, free product was observed in wells B-2, B-3, and B-4 at thicknesses of 0.58 feet, 0.33
feet, and 0.41 feet, respectively. In February 1986, free product continued to be observed in wells
B-2 and B-4, according to DMJI’s report “Observation Well Installation, Service Station Property”
dated March 5, 1986.

According to DMI’s “Project Report Construction Management for Remedial Action Work (Phase
VY?, dated March 3, 1987, all four gasoline USTs and a waste oil UST (Plate 2) were removed
from the site in April and May 1986. The gasoline UST excavation was approximately 10 feet
deep.  Four to five feet of pea gravel was placed in the bottom of the excavation to facilitate
backfill of the excavation below the water table.

Five standpipes (SPA, SPB, SPD, and SPG) were also installed by AMEC in the trenches during
backfilling activities. Well B-2 was abandoned during the construction and replaced with
standpipe SPC. SPF was installed with a drill rig after the excavation had been backfilled.
Additionally, recovery well RW-1 (now replaced by well EW-1) was installed to a depth of 20 feet
below ground surface (bgs) with a screened interval from 2 to 15 feet bgs near the center of the
UST excavation. A pumping test on well EW-1 was also performed at this time. Pumping rates of
30 to 100 gallons per minute were observed to draw down water levels. Approximately 500
gallons of floating product and 2,000 gallons of water were removed during the excavation and
pumping test activities.
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In April 1989, DMI supervised the drilling and sampling of nine borings (HP-1, HP-2, HP-3, HP-4
through HP-6, HP-10A, and HP-11A) to characterize the off site groundwater contamination. The
results of the investigation were presented in DMI’s report dated May 5, 1989.

During a December 1996 investigation, three off site soil borings (OSB-1, OSB-2, and OSB-4) and
one on site soil boring (OSB-3) were drilled. Groundwater samples were collected from each of
the four soil borings, and soil samples were collected only from borings OSB-1, OSB-2, and OSB-
3. No soil sample was collected from boring OSB-4 because the soil encountered in boring OSB-4
was saturated at approximately one foot bgs. Petroleum hydrocarbons were observed in the soil
samples collected from borings OSB-2 from borings 4.5 feet bgs and OSB-3 at 4.5 feet bgs, but
were not observed in the soil samples collected from OSB-1 at 8 feet bgs and OSB-2 at 10.5 feet
bgs. Petroleum hydrocarbons were reported in all of the grab groundwater samples.

BAI conducted an investigation in November and December 1997, presented in BAI's “Soil and
Groundwater Investigation and Quarterly Groundwater Monitoring Report,” dated March 20, 1998.
As part of the investigation, six soil borings (OSB-5 through OSB-10) were advanced off site to
define the lateral extent of contamination on adjacent properties. Furthermore, a groundwater
monitoring well (MW-1) was installed in the down-gradient direction, in South Delaware Street.
The purpose of well MW-1 was to define the down-gradient extent of groundwater contamination.

BAI completed an FS dated July 1, 1998, with an addendum dated August 4, 1998. The estimated
mass of contaminants remaining was approximately 1,000 pounds, with a significant portion of the
contaminants being located below the water table. The FS included a domestic well survey, the
results of the soil vapor extraction pilot test, and a recommendation for site cleanup using soil
vapor and groundwater extraction combined with air sparging. The domestic well survey did not
identify any domestic wells within a 600-foot radius, but did identify the adjacent ditch as a
potential sensitive receptor.

On September 4, 2001, BAI installed monitoring well MW-2 in a cross gradient direction in South
Delaware Street, as proposed in the remedial action plan.  Installation of well MW-2 was
documented in a report dated October 12, 2001. No soil samples were collected for analytical
laboratory analyses due to the proximity of boring OSB-2.

On February 20, 2003, BAI submitted a groundwater investigation workplan that proposed seven
additional off site borings, a drainage ditch evaluation, and an updated SSR. The seven additional
off site borings were proposed because the previous off site drilling was performed prior to the
requirement to analyze samples for petroleum oxygenates and lead scavengers. The drainage ditch
evaluation was proposed to determine if the adjacent drainage ditch was hydraulically connected to
the site. The initial SSR was performed prior to the requirement to evaluate for conduits of water
and vapor migration and surface waters, therefore the SSR was updated.  Off site soil borings
ASB-1 through ASB-6 were drilled on November 6, 2003 and April 19, 2004,

5.2  Groundwater Monitoring

Groundwater monitoring has been performed at the site since June 1989. Due to the abundance of
data, this section primarily focuses on total petroleum hydrocarbons (TPH) as gasoline, benzene,
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and methyl tert butyl ether (MTBE) concentrations. Historical groundwater analytical results for
samples collected from monitoring wells and standpipes are included in Table 1. Groundwater
elevation data is summarized in Table 2. Well construction details are included in Table 3. The
locations of the wells are provided on Plate 2.

On October 9, 2006, groundwater samples were collected from wells MW-1, MW-2, B-5, and B-6,
and standpipe SPC. In the sample collected from well B-5 on October 9, 2006, TPH as gasoline
was reported at a concentration of 180 micrograms per liter (ng/l), benzene was reported at a
concentration of 81.5 ug/l, and MTBE was reported at 10.4 pg/l. Historically, TPH as gasoline
concenirations have decreased from 12,000 pg/l on June 20, 1989 to present concenirations.
Benzene concentrations have decreased from 11,000 pg/l on June 20, 1989 to a low concentration
of 13.8 pg/l on August 11, 2006. MTBE concentrations have generally decreased since the highest
concentration of 80.5 was reported on March 14, 2002.

TPH as gasoline was reported in the sample collected on October 9, 2006 from well B-6 at a
concentration of 530 pg/l, benzene was reported at a concentration of 347 pg/l, MTBE was
reported at 12.5 ug/l. Historically, TPH as gasoline concentrations have ranged from 8,700 ug/l to
140 pg/l. Benzene concentrations have ranged from 8,500 pg/l on June 20, 1989 to 110 pg/l on
April 30, 2003, and MTBE concentrations have ranged from 140 pg/l on March 20, 1996 to 11.3
rg/l on April 12, 2006.

In the sample collected on October 9, 2006 from standpipe SPC, TPH as gasoline was reported at a

concentration of 620ug/l, benzene at 363 pg/l, ethylbenzene at 12.6 pg/l, and 1,2-DCA at 8.4 pg/l.
TPH as gasoline concentrations have ranged from 12,000 pg/l on January 28, 2004 to 80 pg/l on
January 29, 2003, benzene concentrations have ranged from 3,500 pg/l to 92.7 pg/l, and MTBE
concentrations have ranged from 80 pg/l to <1 pg/l.

In the sample collected from monitoring well MW-2 on October 9, 2006, TPH as gasoline was
reported at a concentration of 550 pg/l, benzene at 283 pg/l, MTBE at 12.1 pg/l. TPH as gasoline
concentrations have ranged from 3,500 pg/l to 190 pg/l, benzene concentrations have ranged from
3,340 pg/l to 100 pg/l, and MTBE concentrations have ranged from 68 pg/l to 7.95 pg/l.

All analytes were reported as below reporting limits in the sample collected from well MW-1 on
October 9, 2006. TPH as gasoline, benzene, and MTBE have not been reported in samples
collected from well MW-1 since sampling commenced on January 4, 1998.

5.3 Remediation History and Performance

Prior to backfilling with pea gravel, floating product was skimmed from the surface of the water
contained in the excavation to a thickness of 0.25 inches, and a geotextile liner was placed above
the gravel. Two sloped collector trenches were excavated to drain groundwater back to the UST
excavation. The trenches were excavated to approximately 8 to 10 feet bgs, in segments to prevent
caving of the sides. To prevent infiltration of the fines, a geotextile filter fabric was used to line the
trenches. The trenches were partially backfilled with 5 to 6.5 feet of washed river gravel, and the
filter fabric was folded over the top of the gravel. Both the UST excavation and the trenches were
backfilled and compacted to the surface with native soil that had been aerated to remove petroleum
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hydrocarbon contamination, and compacted. DMI’s boring locations and as-built drawings for the
excavation and trench areas (referred to herein as french drain) are included as Appendix A.

In January 1993, a groundwater remediation system designed by DMI was constructed by BAL
The remediation system consisted of groundwater extraction from well EW-1, with treatment by
activated carbon. The water was to be discharged to the drainage ditch north of the site under a
National Pollutant Discharge Elimination System (NPDES) permit. The system was started in
October 1993 but failed to meet the NPDES discharge requirements for organics. After replacing
the activated carbon units, the system was started in January 1994. At this time, .the effluent
sample failed the 96-hour fish bioassay (toxicity) and the treatment system was shut down.

BAI completed the “Remedial Action Workplan”, dated November 9, 1998, which included air
sparging. The workplan was approved by the SMCHSA in their correspondence dated November
19, 1998. .

The construction phases of the remedial action plan occurred concurrently with re-development of
the site, from a service station to a car wash. In October 1999, BAI installed five dual-phase soil
vapor extraction/air sparge wells (DSP-1 through DSP-5); four sparge wells (SP-1 through SP-4),
and replaced extraction well RW-1 with extraction well EW-1.

In 2000, the soil vapor and groundwater treatment system was installed, which included plumbing
to the new extraction/sparge wells, a pneumatic pump in well EW-1, an air compressor, a
regenerative blower, an air stripper, two liquid phase carbon vessels and a catalytic oxidizer.
Operation of the treatment system commenced on October 22, 2000. Remediation reports have
been submitted which provide the operational details of the remediation system design
specifications and construction details for soil vapor and groundwater extraction.

In December 2002, the remedial system was shut down to perform modifications on the system.
The modifications included increasing the capacity of the blower to a positive displacement blower
from a regenerative blower in order to increase the vacuum supplied to the subsurface. The
modification was due in part to problems associated with the highly brackish groundwater at the
site. The modifications were completed and the system was restarted on September 17, 2003.

The remediation system was operational until September 21, 2004 when the system was shut down
while a site conceptual model for the site was prepared. During the operational period,
groundwater drawdown of approximately 1 to 2 feet in the vicinity of well EW-1 was generally
observed. Vapor samples from the remedial system extracting from wells DSP-1 through DSP-5,
and EW-1 did not show significant petroleum hydrocarbon recovery, and sparge wells were not
used because of the concern for potential movement of hydrocarbon vapors in the subsurface along
utility lines. In July and August 2004, BAI performed a series of minor system modifications to
increase the influent vapor concentrations. These modifications included using dual-phase
extraction to pull directly from wells B-3, B-4, and SPC. Extraction from wells B-3 and B-4 was
relatively successful at increasing influent vapor concentrations. Only limited extraction was
performed in well SPC because the system is not plumbed directly to the well, there were unusually
high groundwater flow rates, and the chemistry of the extracted water was brackish. Analytical
laboratory data from January and July 2004 data indicated that foaming and unexplainable elevated
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concentrations of TBA were occurring in several of the groundwater samples. As discussed in
BAI’s November 2, 2004 remediation report, a sample was collected from well SPC and the car
wash water discharge to evaluate both samples for general minerals and the foaming agent methyl
blue active substances (MBAS) on August 12, 2004. The results indicated that MBAS was
observed in both the groundwater and car wash water af the site.

6.0 RBCA TIER Il EXPOSURE ASSESSMENT

As site information is gathered and evaluated, ASTM RBCA guidance recommends classifying the
site based on the urgency for response. The four possible site categories include: immediate, short-
term, long-term, or no demonstrable threat to human health, safety, or sensitive environmental
receptors. Once a site is classified, ASTM RBCA recommends appropriate initial response actions
corresponding to each classification category. References are provided in Appendix G-

As described in previous sections, initial response at the site included removal and replacement of
the former USTs and product piping, and excavation of impacted soils in the areas of the former
USTs and product piping in an effort to remove soils containing petroleum constituents. The
current site conditions indicate that the site does not pose an immediate or short-term threat to
receptors. Based on available data, it appears that operating water supply wells are not present
within a 500-foot radius of the site. However, since groundwater beneath the site has been
impacted, the site would be classified under the ASTM RBCA scheme as potentially presenting a
long-term threat. Therefore, the potential for a long-term threat from the site is evaluated in this
tiered approach.

6.1  Potentially Exposed Populations

The site is located in a well-developed area of San Mateo and is surrounded by commercial and
residential properties, including an apartment complex, a post office, single family dwellings, and a
prominent roadway (Plate 3). A discussion of the land use is included in Section 4.1.

The site is currently used for commercial purposes, as an operating self-serve car wash. Potentially
exposed populations at the site under current conditions are car wash workers who spend most of
their time outdoors. There are no full time employees at the site. Customers are not included in this
assessment due to their sporadic, short-term exposure and because their potential exposure would
be less than that estimated for the car wash personnel.

There are no known construction or excavation activities ongoing at the site, although these
activities could occur in the future. Future activities, such as construction of building(s) or
underground utilities work, could feasibly bring a construction worker into contact with
hydrocarbon-impacted soils at the site. Although exposure to construction workers would be of a
short-term duration, hypothetical future construction workers are included in this evaluation.

Future land use of the property and surrounding area is not expected fo change due to the current
development in the area and the property’s current commercial zoning; therefore, future receptors
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at the site are not expected to change. Since the zoning of the property is not expected to change
from commercial to residential, a fisture resident on the site is not included in this evaluation.

The nearest off site building is an apartment complex located approximately 100 feet to the
northwest. This property is expected to remain residentially zoned. The general direction of
groundwater flow has historically ranged from northwest to northeast. The occupants of the
apartment complex building are considered as the potentially, maximally exposed, off site
population. The maximally potentiaily exposed population in the future for this off site property
would continue to be an occupant of an apartment complex.

Other buildings are located further from the source than the buildings identified above. Because
exposure concentrations decrease rapidly with distance, the risk to occupants in a building located
further away from the site will be lower than the risk to occupants in the buildings identified above.
Therefore, exposure and risk were not determined for occupants of buildings located at greater
distances.

6.2  Potential Exposure Pathways

An exposure pathway is the course that a chemical takes from the hydrocarbon source to the
exposed individual. An exposure pathway consists of the following elements:

A source of chemical release to the environment (such as impacted soil or groundwater)
An environmental transport medium (soil, groundwater, or air)

A point of potential human contact with the hydrocarbon-impacted medium

An exposure route (ingestion, inhalation, or dermal contact)

Each exposure pathway describes a unique mechanism by which a population may be exposed to
the hydrocarbons at the site. For an exposure pathway to be complete, all four elements listed
above must be present. Pathways that are incomplete, such as when a hydrocarbon compound is
released but there is no potential contact with a receptor, are excluded from this evaluation.

Drinking water for the site and local area is supplied by the City of San Mateo. Although
groundwater is impacted, there are no drinking water wells on site or within 500 feet of the site.
All hydrocarbon-impacted soils and groundwater are located beneath the surface. Because of the
asphalt and concrete surface coverings, current direct human exposure such as through ingestion or
dermal contact to hydrocarbon-containing media is not likely. Although no future construction
activities are planned for the property, should futare construction or excavation take place, direct
exposure to hydrocarbon-impacted soil and groundwater may occur.

Although vapors have never been reported in the interior of the on site building, the RBCA
approach assumes vapors from hydrocarbon-impacted soil and groundwater beneath the site may
migrate through the soils to the surface or into buildings. The potential receptor point on the site is
inside the storage room, as this is the only enclosed structure at the site. Therefore, indoor air
inhalation is not included in this evaluation. The potential exposure to surface vapors at the source
by outdoor air inhalation would be greater than indoor air inhalation.
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In summary, based on current site conditions and anticipated future conditions as described above,
potentially completed exposure pathways evaluated include:

e Vapor transport from hydrocarbon-impacted soil and groundwater through the soil to the
surface at the site (commercial exposure — outdoor air inhalation)

o Direct exposure by ingestion, inhalation, and dermal contact as a result of future on site
excavation into hydrocarbon-impacted soil or groundwater (commercial exposure)

e Direct exposure by ingestion, inhalation, and dermal contact of soil, groundwater, and
vapors by future off site receptors (residential exposure)

7.0  RBCA TIERIT EVALUATION

A Tier IT evaluation is a risk-based analysis applying the direct exposure values, established under
a Tier I evaluation at the poini(s) of exposure developed for a specific site. A Tier II evaluation is
also used to develop values for potential indirect exposure pathways at the point(s) of exposure
based on site specific conditions (ASTM E 1739-95 — reapproved 2002). The result of conducting
a Tier II analysis is typically the development of SSTLs. The SSTLs are risk-based remedial action
target levels for chemical(s) of concern for a particular site. As part of conducting a Tire Il
analysis, simple fate and transport equations and/or simple accepted models may be used in the
development of SSTLs.

Predictive models are used to account for chemical aftenuation with time and distance from the
source and are usually characterized by the following:

e The models are relatively simple and are often algebraic or semi-analytical expressions
Tnput to the model is limited to practical, attainable, site-specific data, or easily estimated
quantities, such as soil bulk density and total porosity

e The models are based on descriptions of relevant physical and/or chemical interactions.
These simple models may neglect certain mechanisms; however, this generally results in
lower, more conservative SSTLs (i.e. assuming constant concentrations in the source area)

e The models involve some degree of uncertainty, but are based on assumptions that tend io
over-estimate the predicted exposure risk and, therefore, are conservative and protective of
human health and the environment

The approach taken and the specific equations applied in this Tier II evaluation are described in
ASTM E 1739-95 — reapproved 2002. The attenuation factors calculated for vapor and
groundwater transport by the model equations are applied in the SSTL calculations to account for
dispersion, adsorption, and natural attenuation.

7.1  Exposure Equations and Assumptions

The equations and fate and transport modeling methods used to develop RBCA Tier Il SSTLs for
those pathways identified as potentially complete are included in Appendix B.
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Workers at the site are assumed to be adults and weigh an average of 70 kilograms (kg). The
workers at the site are assumed to work 8 hours each day for 250 days each year (USEPA, 1991a).

Both adults and children are considered residential receptors. The average adult’s weight is
assumed to be 70 Kg and a child’s weight an average of 15 Kg until the age of 6 years, during
which is the period of time he/she is most sensitive to exposure (USEPA, 1991a). Both adult and
child receptors are assumed to breath 20 cubic meters a day (m’/day) outdoors.

Averaging time (AT) is the time period over which the dose is averaged. For carcinogens, the
biological response is described in terms of lifetime probabilities, and the average time is a 70-year
lifetime (LT) (USEPA, 1991a). For chronic exposure to non-carcinogens, the AT is the time period
over which the exposure occurs (equivalent to the exposure duration).

For the purpose of vapor transport modeling, the soil vapor concentration at the source is assumed
to be in equilibrium with impacted soils. Values used for site-specific soil properties and chemical-
specific properties are a combination of values determined by sampling and testing of samples
collected from the site and assumed values. Based on the lithologic data for borings included in the
source area, a silty clay soil type is used for characterization of impacted soils. TFor the water
bearing unit, a hydraulic conductivity of 1 foot per day (ft/day) is assumed. The hydraulic gradient
of 0.004 feet per foot used in this evaluation is based on the calculated groundwater gradient for
data collected as part of groundwater monitoring at the site on April 12, 2006. The April 2006
groundwater flow map is included in BAD’s “April 2006 Groundwater Monitoring Report and April
through June 2006 Remediation Status Report”, dated July 18, 2006.

Chemical specific information for benzene, toluene, ethylbenzene, and xylenes (BTEX), such as
toxicity values, site specific concentrations used for this evaluation, and accepied risk levels are
included in Appendix C. Since it is not practical to evaluate every compound present in a
petroleum product to assess risk from a release, indicator chemicals are typically selected to
characterize risk. Selection of indicator chemicals is dependent on consideration of exposure
routes, concentrations, mobility, and known toxicological properties. BTEX constituents were
selected for this Tier II analysis based on their mobility, volatility, and known toxicity
characteristics.

Based on historical soil and groundwater data of samples collected from the site (Tables 4 through
7), the source area of contamination used for modeling purposes is the subsurface at the eastern
edge of the property, adjacent to Garvey Way. For the purposes of this evaluation, the source area
is designated as the subsurface soils from approximately 3 to 8 feet bgs, with the depth to the
water-bearing unit and groundwater depth at approximately 8 feet bgs, and the lateral extent of
impacted soils and groundwater (the source) extending approximately 150 feet in all directions,
centered at a point between well EW-1, in the former UST excavation, and well B-5, in the location
of the former pump islands. This source area designation was selected because the highest
concentrations of hydrocarbon-impacted soil and groundwater samples were collected from this
area, therefore, a conservative risk analysis would be produced based on the greatest impacted
media at the site. Available data indicates that petroleum hydrocarbon concentrations outside of

this area are significantly less.
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The representative concentrations of BTEX constituents used in this Tier II analysis was
determined by calculating the mean of BTEX concentrations reported in groundwater samples
collected from on site monitoring wells MW-1, MW-2, B-5, and B-6, and standpipe SPC during
the most recent sampling event (October 2006; Table 1). The time difference between the
November 2005 shut-down and the October 2006 sampling event is assumed to be sufficient to
evaluate the impact to groundwater contaminant concentrations when groundwater from the
surrounding area (including possible off site sources) is not being drawn toward the extraction
wells. The representative concentrations of BTEX constituents for hydrocarbon-impacted soils was
determined by calculating the mean of BTEX concentrations reported in all soil samples collected
from all borings.

8.0 RBCA TIERII SSTLs AND SCREENING RESULTS

The calculation tables and modeling summary tables used to calculate the RBCA Tier Il SSTLs for
air, soil, and groundwater are included in Appendix D. The calculated RBCA Tier I SSTLs for
air, soil, and groundwater are included in Appendix E. As indicated on the SSTLs summary tables,
most of the individual SSTL values calculated exceed their respective constituent residual
saturation limits in soil or are greater than the water solubility of the pure substance in
groundwater. This indicates that the COCs which fall info this category would not pose a risk at
any concentrations under these exposure conditions.

The calculated SSTL for benzene in outdoor air as a result of volatilization from subsurface soil is
greater than 1,400 milligrams per kilograms (mg/kg) at the source area based on the commercial
use of the property (Appendix E). For residential receptors located approximately 100 feet away
from the source, the benzene SSTL is 31 mg/kg. Based on reported historical soil analytical data
for soil samples collected from within the source area, the maximum concentration of benzene
reported in soil samples was 22 mg/kg (sample OSB-2 at 4.5 feet; Table 4). Therefore, the
calculated SSTLs for benzene in outdoor air as a result of volatilization from subsurface soil are
greater than the maximum concentration of benzene reported in the source soil and indicates that
volatilization from subsurface soil does not pose a significant risk. Because the majority of the
property surface is either asphalt or concrete, and the majority of soil contamination appears to be
at depths greater than 15 feet bgs, surface soil inhalation, ingestion, and dermal contact does not
pose a significant risk. ’ ’

As with soil and vapor pathways discussed in this section, the SSTLs summary tables included in
Appendix D indicate that most of the individual SSTL values calculated are greater than the water
solubility of the pure substance in groundwater (Appendix E). This indicates that the COCs would
not pose a risk at any concentrations under these exposure conditions.

The calculated benzene SSTL for ingestion of groundwater from the source area is (1.0029
milligrams per liter (mg/1), based on commercial use of the property, and for residential receptors
located approximately 100 feet away from the source, the benzene SSTL is 3.0 mg/l (Appendix E).
The analytical results of groundwater samples collected within the source area indicate the highest
concentration of benzene reported in the groundwater samples collected in October 2006 was 0.363
mg/1 (SPC sample; Table 1). Compared with the calculated SSTLs, the maximum concentration of
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benzene reported in groundwater collected from the source area is greater than the SSTL for
groundwater ingestion at the source but less than the calculated SSTL for groundwater ingestion for
residential receptors located approximately 100 feet away from the source. This indicates that the
groundwater at the source area does pose a risk to receptors if ingested at the source area but does
not pose a significant risk to receptors off site. Because no drinking water wells are located within
at least 500 feet of the site, and all potable water to the area is supplied by the City of San Mateo,
ingestion of groundwater from the source area is not likely.

The calculated SSTL for exposure to benzene in outdoor air as a result of volatilization from
subsurface groundwater is 87 mg/1 for receptors at the source area (Appendix E). For residential
receptors located approximately 140 feet away from the source, the SSTL for exposure to benzene
in outdoor air as a result of volatilization from subsurface groundwater is greater than 1,800 mg/l.
Compared to the teported concentrations of benzene in groundwater samples collected within the
source area, the calculated groundwater SSTLs for exposure due to benzene in outdoor air as a
result of volatilization from subsurface groundwater are greater than the highest concentration of
benzene reported in the source groundwater (0.363mg/l in SPC; Table 1) and, therefore, indicates
that volatilization from subsurface groundwater does not pose a significant risk.

9.0 DISCUSSION

Based on the potential risk to human health and the environment from exposure to soil and
groundwater containing petroleum hydrocarbon constituents, the RBCA Tier II evaluation indicates
that the only pathway that poses a potential risk is exposure to benzene by direct ingestion of
groundwater from the source area. Furthermore, the analysis indicates that potential health risks
from the other petroleum hydrocarbon constituents (toluene, ethylbenzene, and xylenes) are not
significant for the maximally exposed population on site and adjacent to the site. The potential risk
through exposure at more distant locations or for less mobile petroleum hydrocarbon constituents
are, therefore, also insignificant.

Compared to the groundwater analytical results for July 2005, prior to shutdown of the remediation
system, the concentrations of TPH as gasoline, BTEX, and MTBE in well MW-1, MW-2, B-5, and
B-6, and standpipe SPC in October 2006 have decreased or remained relatively stable.

Because of the residual concentrations of benzene in shallow groundwater, use of shallow
groundwater at the site should be restricted to non-potable applications. Since a city water supply
is available for consumptive use, this restriction should not pose a negative impact to current or
future site use. Based on the results of this Risk Assessment there are no other significant risks of
exposure due to residual soil or groundwater contamination beneath this site.




10.0 DISTRIBUTION

This document is being distributed to the parties listed below:

Mr. Paresh Khatri

San Mateo County Health Department
455 County Center

Redwood City, California 94063

Mr. Jeff Atkinson
L.C. Smith Trust

470 Concar Drive
San Mateo, CA 94042
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TABLE 2.
Groundwater Elevation Data
1620 South Delaware Street

San Mateo, California
Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Number Elevation (feet)
B-1 6/20/1989 101.14 3.57 97.57
B-3 6/20/1989 102.15 5.52 96.63
B-4 6/20/1989 100.9 4.39 96.51 North
B-5 6/20/1989 100.65 4.12 96.53
B-6 6/20/1989 101.29 4.67 96.62
B-7 6/20/1989 101.0 421 96.79
B-1 9/22/1989 101,14 4.70 96.44
B-3 9/22/1989 102,15 6.51 95.64 North-
B-4 9/22/1989 100.9 527 95.63 Northwest
B-5 9/22/1989 100,65 5.00 95.65
B-6 9/22/1989 101.29 5.99 95.30
B-1 12/18/1989 101.14 4.48 96.66
B-3 12/18/1989 102.15 6.75 95.40
B-4 12/18/1989 100.9 5.55 95.35 North-
B-5 12/18/1989 100.65 5.27 9538 Northeast
B-6 12/18/1989 101.29 5.77 95.52
B-7 12/18/1989 101.0 5.10 95.90
B-2/SPC 3/20/1996 101.25 3.53 97.72
B-3 3/20/1996 102,15 4.53 97.62
B-4 3/20/1996 100.9 3.22 97.68
B-5 3/20/1996 100.65 2.82 97.83 North
B-6 3/20/1996 101.29 3.57 97.72
B-7 3/20/1996 101.0 2.81 98.19
SPF 3/20/1996 100.43 2.72 97.71
SPC 6/21/1996 101.25 4.81 96.44
B-3 6/21/1996 102.15 5.7% 96.36
B-4 6/21/1996 100.9 4.50 96.40 North-
B-5 6/21/1996 100.65 423 96.42 Northeast
B-6 6/21/1996 101.29 492 96.37
B-7 6/21/19%6 101.0 426 96.74
SPF 6/21/1996 100.43 3.98 96.45
B-1 9/24/1996 101.14 433 96.31
SPC 6/24/1996 101.25 5.55 95.70
B-3 9/24/1996 102.15 6.57 95.58
B-4 9/24/1996 100.9 5.33 95.57 North
B-5 9/24/1996 100.65 5.13 95.52
B-6 9/24/199%6 101.29 5.71 95.58
B-7 9/24/19%6 101.0 547 95.53
SPF 9/24/1996 100.43 4.73 95.70
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TABLE 2.

Groundwater Elevation Data

1620 South Delaware Str
San Mateo, California

eet

Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Number Elevation (feet)

SPC 12/12/1696 101.25 4.96 96.29
B-3 12/12/1996 102.15 5.86 96.29
B-4 12/12/1996 100.9 4.65 96.25 North-
B-3 12/12/1996 100.65 4.38 96.27 Northwest
B-6 12/12/1996 101.29 5.10 96.19
B-7 12/12/1996 101.0 4.26 96.74
SPF 12/12/1996 100.43 4.13 96.30
SPC 4/21/1997 101.25 5,00 96.25
B-3 4/21/1997 102.15 6.16 95.99
B-4 4/21/1997 100.9 4,66 96.24
B-5 4/21/1997 100.65 4.39 96.26 North
B-6 4/21/1997 101.29 5.09 96.20
B-7 4/21/1997 101.0 4.61 96.39
SPF 4/21/1997 100.43 4.18 96.25
SPC 7/11/1997 101.25 5.49 95.76
B-3 7/11/1997 102.15 6.74 95.41
B4 7/11/1997 100.9 5.18 95.72 North-
B-5 7/11/1997 100.65 491 95.74 Northeast
B-6 7/11/1997 101.29 5.60 95.69
B-7 7/11/1997 101.0 5.24 95.76
SPF 7/11/1997 100.43 4.67 95.76
B-1 10/30/1997 101.14 532 95.82
SPC 10/30/1997 101.25 6.14 95.11
B-3 10/30/1997 102.15 7.32 94.83
B4 10/30/1997 100.9 5.90 95.00 North
B-5 10/30/1997 100.65 5.70 94.95
B-6 10/30/1997 101.29 631 94.98
B-7 10/30/1997 101.0 5.88 95.12
SPF 10/30/1997 100.43 5.35 65.08
SPC 5/5/1998 101.25 3.99 97.26
B-3 5/5/1998 102.15 5.01 . 97.14
B-4 5/5/1998 100.9 -~ 3.56 9734
B-5 5/5/1998 100.63 3.25 97.40 North-
B-6 5/5/1998 101.29 4.07 97.22 Northwest
B-7 5/5/1998 101.0 3.33 97.67
SPF 5/5/1998 160.43 3.17 97.26

MW-1 5/5/1998 100.43 4.16 96.27

Table 2, Groundwater Elevation Data
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TABLE 2.

Groundwater Elevation Data

1620 South Delaware Street

San Mateo, California
Well/ Date Top of Depth fo Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Directicn
Number Elevation (feet)
SPC 9/9/1998 101.25 5.37 95.88
B-3 9/9/1998 102.15 6.62 95,53
B4 9/9/1998 100.9 5.08 95.82
B-5 9/9/1998 100.65 4.81 95.84 North
B-6 9/9/1998 101.29 5.51 95.78
B-7 9/9/1998 101.0 5.19 95.81
SPF 9/9/1998 100.43 4,55 05.88
MW-1 9/9/1998 100.43 5.69 94.74
SPC 12/11/1998 101.25 5.45 95.80
B-3 12/11/1998 102.15 6.50 95.65
B-4 12/11/1998 100.9 5.05 95.85
B-5 12/11/1998 100.65 4.77 9588 North-
B-6 12/11/1998 101.29 5.51 95.78 Northwest
B-7 12/11/1998 101.0 4.51 96.49
SPF 12/11/1998 100.43 4.61 95.82
MW-1 12/11/1998 100.43 4.80 95.63
B-1 712971999 101.14 4.16 96.98
SPC 7/29/1999 101.25 5.23 96.02
B-3 7/29/1999 102.15 6.39 95.76
B4 7/29/1999 100.9 491 95.99
B-5 7/29/1999 100.65 4.64 96.01 North
B-6 7/29/1999 101.29 5.34 95.95
B-7 7/29/1999 101.0 5.22 95.78
SPF 7/29/1999 100.43 4.40 96.03
MW-1 7/29/1999 100.43 5.35 95.08
B-3 3/9/2000 4.51 4.59 -0.08
B-4 3/9/2000 3.54 3.27 0.27
B-5 3/9/2000 2.97 2.77 0.20 Not
B-6 3/9/2000 3.61 3.43 0.18 Calculated
SPC 3/9/2000 3.60 nm
MW-1 3/8/2000 3.00 3.30 -0.30
B-1 6/22/2000 3.00 2.40 0.60
B-3 6/22/2000 4,51 nm
B-4 6/22/2000 3.54 4.65 -1.1%
B-5 6/22/2000 2,97 8.50 -5.53 Not
B-6 6/22/2000 3.61 4.70 -1.09 Calculated
SPB 6/22/2000 4.03 5.12 -1.09
SPC 6/22/2000 3.60 4.68 -1.08
SPG 6/22/2000 3.93 5.40 -1.47

Table 2. Groundwater £levation Data

Page 3ofl11




TABLE 2,

Groundwater Elevation Data

1620 South Delaware Street
San Mateo, California

Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Birection
Number Elevation {feet)
B-1 9/20/2000 3.00 3.86 -0.86
B-3 9/20/2000 451 nm
B-4 9/20/2000 3.54 5.16 -1.62
B-5 9/20/2000 297 4.63 -1.66 Not
B-6 8/20/2000 3.61 5.23 -1.62 Calculated
SPB 9/20/2000 4,03 5.65 -1.62
SPC 9/20/2000 3.60 523 -1.63
SPG 9/20/2000 3.93 5.90 -1.97
B-1 12/21/2000 3.00 402 -1.02
B-3 12/21/2000 4.51 nm
B-4 1221720060 3.54 6.11 -2.57 North-
B-5 12/21/2000 2.97 553 -2.56 Northwest
B-6 12/21/2000 3.61 6.20 -2.59 to
SPB 12/21/2000 4.03 6.48 -2.45 North-
SPC 12/21/2000 3.60 6.04 -2.44 Northeast
SPG 12/21/2000 393 7.03 -3.10
B-1 4/4/2001 3.00 2.53 0.47
B-3 4/4/2001 4.51 nm
B4 4/4/2001 3.54 443 -0.89
B-5 4/4/2001 2.97 3.74 -0.77 Northwest
B-6 4/4/2001 3.61 - 4.46 -0.85 o
SPB 4/4/2001 4.03 nm Northeast
SPC 4/4/2001 3.60 nm
SP-1 4/4/2001 3.37 4.53 -1.16
DSP-2 4/4/2001 3.93 4.65 -0.72
B-1 12/5/2001 3.00 2.87 0.13
B-3 12/5/2001 4.51 4.93 -0.42
B4 12/5/2001 3.54 4.14 -0.60
B-5 12/5/2001 297 3.59 -0.62
B-6 12/5/2001 3.61 4.14 -0.53
SPB 12/5/2001 4.03 4.98 -0.95 Northwest
SPC 12/5/2001 3.60 3.95 -0.35 to
Sp-1 12/5/2001 3.37 T Northeast
SPF 12/5/2001 278 3.23 -0.45
SPG 12/5/2001 4.32 4.76 -0.44
DSP-2 12/5/2001 3.93 nm
MW-} 12/5/2001 329 4.40 -1.11
MW-2 12/5/2001 2.57 3.58 -1.01

Table 2. Groundwater Elevation Data
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TABLE 2,

Groundwater Elevation Data

1620 South Delaware Street
San Mateo, California

Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Number Flevation (fect)
B-1 3/14/2002 3.00 2.46 0.54
B-3 3/14/2002 4.51 5.76 -1.25
B-4 3/14/12002 3.54 4.57 -1.03
B-5 3/14/2002 297 4,03 -1.06
B-6 3/14/2002 3.61 4.79 -1.18
SPB 3/14/2002 4.03 5.22 -1.19 Northeast
SPC 3/14/2002 3.60 4.79 -1.19 to
SP-1 3/14/2002 3.37 nm Sounthwest
SPF 3/14/2002 2.78 3.96 -1.18
SPG 3/14/2002 432 5.48 -1.16
DSP-2 3/14/2002 3.93 nm
EW-1 3/14/2002 4.56 572 -1.16
SVE-1 3/14/2002 4.55 5.75 -1.20
MW-1 3/14/2002 329 442 -1.13
MW-2 4/2/2002 257 3.32 -0.75
B-1 6/26/2002 3.00 3N -0.41
B-3 6/26/2002 4.51 7.08 -2.57
B-4 6/26/2002 3.54 5.64 2,10
B-5 6/26/2002 2.97 5.03 2.06
B-6 6/26/2002 3.61 5.66 -2.05
SPB 6/26/2002 4.03 6.22 219 Northeast
SPC 6/26/2002 3.60 5.83 -2,23 to
Sp-1 6/26/2002 3.37 nm Southwest
SPF 6/26/2002 2.78 5.03 225 (inward)
SPG 6/26/2002 432 6.50 2,18
DSP-2 6/26/2002 3.93 nm
EW-1 6/26/2002 4.56 6.82 -2.26
SVE-1 6/26/2002 4.55 6.77 -2.22
MW-1 6/26/2002 3.29 4.69 -1.40
MW-2 6/26/2002 2.57 4.64 -2.07
B-1 9/4/2002 3.00 4.11 -1.11
B-3 /42002 451 7.70 -3.19
B4 9/4/2002 3.54 7.15 -3.61
B-5 9/4/2002 297 6.56 -3.59
B-6 9/4/2002 3.61 7.24 -3.63
SPB 9/4/2002 4.03 7.10 -3.07 North
SPC 9/4/2002 3.60 6.65 -3.05 to
SP-1 9/4/2002 3.37 nm South
SPF 9/4/2002 2.78 6.89 -4.11 (inward)
SPG 9/4/2002 432 8.05 -3.73
DSP-2 9/4/2002 3.93 nm
EW-1 9/4/2002 4.56 9.51 -4.95
SVE-1 97412002 4.55 7.35 -2.80
MW-1 9/4/2002 3.29 5.95 -2.66
MW-2 9/4/2002 2.57 6.04 -3.47

Table 2, Groundwater Elevation Data
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TABLE 2.

Groundwater Elevation Data

1620 Scuth Delaware Street
San Mateo, California

Well/ Date Top of Depth to Groundwater Predomirant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Number Elevation (fect)

B-1 1/29/2003 3.00 2.29 0.7}
B-3 1/29/2003 4.51 5.86 -1.35
B4 1/29/2003 3.54 4.69 -1.15
B-5 1/29/2003 2,97 4.18 -1.21
B-6 1/29/2003 3.61 4.75 -1.14 North
SPB 1/29/2003 4.03 5.28 -1.25 to
SPC 1/29/2003 3.60 4.77 -1.17 Northwest
SPF 1/29/2003 2.78 4.01 -1.23 (outward)
SPG 1/29/2003 432 5.46 -1.14

EW-1 1/29/2003 4.56 5.82 -1.26

SVE-1 1/29/2003 4.55 6.21 -1.66

MW-1 1/29/2003 3.29 4.58 -1.29

MW-2 1/29/2003 2.57 3.79 -1.22
B-1 4/30/2003 3.00 1.88 1.12
B-3 4/30/2003 451 4.94 -0.43
B-4 4/30/2003 3.54 3.81 -0.27
B-5 4/30/2003 2.97 328 -0.31
B-6 4/30/2003 3.61 3.93 -0.32
SPB 4/30/2003 4.03 4.34 -0.31 Northeast
SPC 4/30/2003 3.60 3.96 -0.36 to
SPF 4/30/2003 2.78 3.16 -0.38 Northwest
SPG 4/30/2003 432 4.65 -0.33

EW-1 4/30/2003 4.56 4.95 -0.39

SVE-1 4/30/2003 4.55 5.32 -0.77

MW-1 4/30/2003 3.29 3.92 -0.63

MW-2 4/30/2003 2.57 2.94 -0.37
B-1 7/29/2003 3.00 3.31 -0.31
B-3 7/29/2003 4.51 5.91 -1.40
B-4 7/29/2003 3.54 4.82 -1.28
B-5 7/29/2003 2.97 4.31 -1.34
B-6 7/29/2003 3.61 4.90 -1.29
SPB 71292003 4.03 5.34 -1.31 Northeast
SPC 7/29/2003 3.60 4.93 -1.33 to
SPF 7/29/2003 2,78 4.18 -1.40 Northwest
SPG 7/29/2003 4.32 5.69 -1.37

EW-1 7/29/2003 4.56 5.96 -1.40

SVE-1 71292003 4,55 6.33 -1.78

MW-1 7/29/2003 3.29 4.79 -1.50

MW-2 712912003 2.57 3.93 -1.36

Table 2. Growndwater Elevation Data
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TABLE 2,

Groundwater Elevation Data

1620 South Delaware Street

San Mateo, California
Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Number Elevation (fect)
B-1 10/16/2003 3.00 3.54 -0.54
B-3 10/16/2003 4.51 7.34 -2.83
B-4 10/16/2003 3.54 6.93 -3.39
B-5 10/16/2003 2.97 6.29 -3.32
B-6 10/16/2003 3.6l 6.88 -3.27 Towards
SPB 10/16/2003 4.03 6.83 -2.80 Well EW-1
SPC 10/16/2003 3.60 6.35 -2.75
SPF 10/16/2003 2.78 6.65 -3.87
SPG 10/16/2003 432 7.88 -3.56
EW-10 10/16/2003 456 10.00 -5.44
SVE-1 10/16/2003 4.55 7.60 -3.05
MW-1 10/16/2003 3.29 5.75 -2.46
MW-2 10/16/2003 2.57 5.79 -3.22
B-1 1/28/2004 3.00 2.65 0.35
B-3 1/28/2004 4.51 6.92 -2.41
B-4 1/28/2004 3.54 6.76 -3.22
B-5 1/28/2004 2.97 6.20 -3.23
B-6 1/28/2004 3.61 6.85 -3.24 Towards
SPB 1/28/2004 403 6.51 -2.48 Well EW-1
SPC 1/28/2004 3.60 6.09 -2.49
SPF 1/28/2004 2,78 6.60 -3.82
SPG 1/28/2004 432 7.80 -3.48
EW-19 1/28/2004 4.56 10.00 -5.44
SVE-1 1/28/2004 4.55 7.61 -3.06
MW-1 1/28/2004 320 44] -1.12
MW-2 1/28/20:04 2.57 538 -2.81
B-1 4/21/2004 3.00 2.69 0.31
B-3 4/21/2004 4.51 6.36 -1.85
B-4 4/21/2004 3.54 6.59 -3.05
B-5 4/21/2004 297 591 -2.94
B-6 4/21/2004 3.61 6.67 -3.06
SFB 412172004 4.03 6.39 -2.36 Towards
SPC 4/21/2004 3.60 592 -2.32 Well EW-1
SPF 412172004 2.78 6.40 -3.62
SPG - 412172004 4.32 7.59 -3.27
Ew-1D 41212004 4.56 10.00 -5.44
SVE-1 4/21/2004 4.55 7.38 -2.83
MW-1 4/21/2004 3.29 4.62 -1.33
MW-2 4/21/2004 2.57 nm

Table 2. Groundwater Elevation Data
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TABLE 2.
Groundwater Elevation Data
1620 South Delaware Street

San Mateo, California
Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Number Elevafion (feet)
B-1 7/14/2004 3.00 372 -0.72
B-3 7/14/2004 4.51 6.83 232
B4 7/14/2004 3.54 nm
B-5 7/14/2004 2.97 6.41 -3.44
B-6 7/14/2004 361 6.82 -3.21
SPB 7/14/2004 4.03 6.46 -2.43 Towards
SPC 7/14/2004 3.60 6.02 -2.42 Well EW-1
SPF 7/14/2004 278 6.24 -3.46
SPG /1412004 432 ' 7.68 -3.36
EW-17 7/14/2004 4.56 10.00 -5.44
SVE-1 7/14/2004 4,55 749 -2.94
Mw-1? 7/14/2004 320 584 2.55
Mw-2? 7/14/2004 2.57 533 2,76
B-1 10/27/2004 3.00 3.47 -047
B3 10/27/2004 451 6.19 -1.68
B-4 10/27/2004 3.54 515 -1.61 Transitional Flow
B-5 10/27/2004 2.97 415 -1.18 Regime — Mounding
B-6 10/27/2004 3.61 5.27 -1.66 in the Vicinity of
SPB 10/27/2004 ’ 4.03 5.52 -1.49 Wells B-1, EW-1,
SpC 10/27/2004 3.60 5.10 -1.50 and B-5
SPF 10/27/2004 2.78 434 -1.56
SPG 10/27/2004 4.32 381 -1.49
EW-1(1) 10/27/2004 4.56 543 -0.87
SVE-1 10/27/2004 4.55 6.05 -1.50
MW-1 10/27/2004 3.29 458 -1.29
MW-2 10/27/2004 2.57 4.29 «1.72
B-1 1/19/2005 3.00 1.74 1.26
B-3 1/19/2005 4.51 5.94 -1.43
B4 1/19/2005 3.54 371 -0.17
B-5 1/19/2005 2.97 390 -0.93 Mounding
B-6 1/19/2005 3.61 4.63 -1.02 in the Vicinity of
SPB 1/19/2005 4.03 521 -1.18 Wells EW-1
SPC 1/19/2005 3.60 476 -1.16 and B-4
SPF 1/19/2005 2.78 3.97 -1.19
SPG 1/19/2005 432 542 -110
EwW-17 1/19/2005 4.56 5.13 0.57
SVE-1 1/19/2005 4.55 5.69 -1.14
MW-1 1/19/2005 3.29 nm nm
MW-2 1/19/2005 2.57 nm nmm
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TABLE 2.
Groundwater Elevation Data
1620 South Delaware Street

San Mateo, California
Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Numbeyr Elevation (feet)
B-1 4/21/2005 3.00 1.75 1.25
B-3 4/21/2005 451 7.55 -3.04
B4 4/21/2005 3.54 5.53 -1.99
B-S 42112005 297 5.52 255
B-6 472112005 3.61 5.90 2.29
SPB 4/21/2005 4.03 6.24 221
SPC 4/21/2005 3.60 5.83 223
SPF 4£21/2005 278 497 2.19 Northerly
SPG 421/2005 432 6.58 226
EwW-1? 4/21/2005 4.56 6.21 -1.65
SVE-1 4/21/2005 4,55 6.76 221
MW-1 4/21/2005 3.29 nm nm
MW-2 4/21/2005 2.57 nm am
DSP-2 SVED 412172005 393 2.0 1.73
DSP-2 sparge™ 4/21/2005 3.93 5.85 -1.92
DSP-3 SVEY 4/21/2005 2.99 3.11 -0.12
DSP-3 sparge™ 4/21/2005 2.99 nm nm
DSP-4 SVE® 4/21/2005 2.64 1.96 0.63
DSP-4 sparge™ 4/21/2005 2,64 5.12 -2.48
DSP-5 SVEY 412112005 3.53 3.44 0.09
DSP-5 sparge™ 4/21/2005 3.53 6.00 2,47
Sp-2 42112005 2.99 524 225
SP-4 4/21/2005 236 4.99 2.63
B-1 7/27/2005 3.00 3.23 -0.23
B-3 712772005 4.51 6.56 2.05
B-4 7/27/2005 3.54 5.34 -1.80
B-5 71272005 297 4.88 -1.91 Northerly
B-6 712712005 3.61 5.52 -1.91
SPB 712712005 4.03 6.16 213
sPC 7/27/2005 3,60 571 211
SPF 7/27/2005 2.78 4.94 2,16
SPG 7/27/2008 432 641 209 .
EW-17 712712005 4.56 6.07 -1.51
SVE-1 742712005 4.55 6.67 212
MW-1 7/27/2005 3.29 nm nm
MW-2 7/127/2005 2.57 nm nm
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TABLE 2.

Groundwater Elevation Data

1620 South Delaware Street
San Mateo, California

Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevatior Flow Direction
Number Elevation (feet)
B-1 10/24/2005 3.00 408 -1,08
B-3 10/24/2005 4.51 6.88 237
B4 10/24/2005 3.54 nm nm
B-§ 10/24/2005 2.97 5.21 224 Not
B-6 10/24/2005 3.61 5.78 2.17 Calculated
SPB 10/24/2005 4.03 6.38 235
SPC 1072472005 3.60 5.95 2.35
SPF 10/24/2005 278 5.10 232
SPG 10/24/2005 432 6.63 231
Ew-1" 10/24/2005 4.56 6.29 -1.73
SVE-1 10/24/2005 4.55 6.90 -2.35
MW-1 10/24/2005 3.29 nm nm
MW-2 10/24/2005 2.57 nm nm
B-1 1/24/2006 3.00 0.94 2.06
B-3 1/24/2006 4.51 6.07 -1.56
B4 1/24/2006 3.54 Bm nm
B-5 1/24/2006 2.97 3.94 097 Not
B-6 1/24/2006 3.6l 471 -1.10 Calculated
SPB 1724/2006 4.03 5.37 -1.34
SPC 1/24/2006 3.60 495 -1.35
SPF 1/24/2006 278 5.66 2,88
SPG 1/24/2006 432 4.16 0.16
EwW-1"0 1/24/2006 4.56 5.26 -0.70
SVE-1 1/24/2006 455 5.89 -1.34
MW-1 1/24/2006 3.29 nm nm
MW-2 1/24/2006 2.57 nm nm
B-3 4/12/2006 451 545 -0.94
B4 4/12/2006 3.54 nm nm
B-5 4/12/2006 297 3.44 -0.47
B-6 4/12/2006 3.61 421 -0.60
SPB 4/12/2006 4.03 438 -0.85 Sonth®
SPC 4/12/2006 3.60 4.49 -0.89 0.004 1/t
SPF 4/12/2006 2.78 4.69 -1.91 ‘
SPG 4/12/2006 432 5.19 -0.87
Ew-17 4712/2006 4.56 4.84 -0.28
SVE-1 4/12/2006 4.55 5.40 -0.85
Mw-19 4/12/2006 3.45 384 -0.39
Mw-29 4/12/2006 2.46 2.91 -0.45

Table 2. Groundwater Elevation Data
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TABLE 2.

Groandwater Elevation Data
1620 Sonth Delaware Street

San Mateo, California
Well/ Date Top of Depth to Groundwater Predominant
Standpipe Measured Casing Groundwater Elevation Flow Direction
Number Elevation {fect)
B-3 8/11/2006 451 6.92 241
B-4 8/11/2006 3.54 nm nm
B-5 8/11/2006 2.97 5.00 203
B-6 2/11/2006 3.61 5.67 -2.06
SPB 8/11/2006 4.03 6.23 2.20 North®
SPC #/11/2006 3.60 5.81 221 0.001 fft
SPF 8/11/2006 2.78 5.00 222
SPG 8/11/2006 4.32 6.51 -2.19
Ew-11" 8/11/2006 456 6.25 -1.69
SVE-1 8/11/2006 4.55 6.72 2.17
MW-1¥ 8/11/2006 345 5.55 2.10
Mw-2" 8/11/2006 2.46 4,51 -2.05
B-3 10/9/2006 451 nm nm
B-4 10/9/2006 3.54 nm nm
B-5 10/9/2006 2.97 449 -1.52
B-6 10/9/2006 361" 6.00 2.39
SPB 10/9/2006 4.03 5.56 -1.53 North®
SPC 10/9/2006 3.60 6.20 2.60 0.001 fi/fy
SPF 10/9/2006 2.78 4.37 -1.59
SPG 10/9/2006 432 6.21 -1.89
Ew-1Y7 10/9/2006 4.56 5.62 -1.06
SVE-1 10/9/2006 4.55 nm nm
MW-1 10/9/2006 3.45 450 -1.45
MW-2 10/9/2006 246 4.50 2.04

Groundwater elevation data for March, June, and December 1989, collected and reported by Dames & Moore in their
quarterly monitoring reports, dated May 5, 1928, August 2, 1989, and January 3, 1989

Groundwater elevations prior to 2000 were relative to an arbitrary benchmark of 100.0 feet. Wells were resurveyed
to mean sea level on May 7, 2001 by R.W. Davis and Associates, Land Surveyors, Wells B-5 and SPF resurveyed

by BAI to MSL on May 30, 2001 due to omission on May 7, 2001. Wells MW-1 and MW-2 surveyed on

April 2, 2002 by R.'W. Davis and Associates to MSL. Elevations beginning int March 2000 calculated using the
2001 and 2002 survey data

nm = not measured
MSL = mean sea level

(W EW-1 is an operational groundwater extraction well within granular backfill placed in the overexcavation of the
former tanks and french drain. The depth to groundwater reported for this well is assumed to be the depth to
the top of the submersible pump at approximately 10 feet below the top of the well casing.

@ Measurements for well MW-1 and MW-2 appear to have been mis-recorded in the field. Data has been input

as it appears appropriaie.

G DSP SVE wells are screened from 2 to 5 feet bgs and DSP sparge wells are screened from 11 to 12 feet bgs.

(4) Wells MW-1 and MW-2 were repaired on March 8, 2006, and re-surveyed by Bohley Consulting, Inc. on March 21, 2006

(5) Groundwater gradient and flow direction calculated from data from wells MW-1, MW-2, and B-§

Table 2, Groundwater Elevation Data
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TABLE 4. ANALYTICAL RESULTS FOR SOIL SAMPLES COLLECTED FROM BORINGS
1620 South Delaware Street

San Mateo, California

Sample TPH as Ethyl-

Boring Depth Date gasoline | Benzene | Toluene | benzene | Xylenes MTBE
Number | (feet bgs) | Sampled | (mg/kg) | (ng/kg) | (ng/kg) | (pg/kg) | (ng/kg) (ng/kg)
OSB-1 8.0 12/13/1996| <1.0 <5.0 <5.0 <5.0 <5.0 <50
OSB-2 4.5 12/13/1996 | 3,100 22,000 | 38,000 { 69,000 | 210,000 <2,500
OSB-2 10.5 12/13/1996] < 1.0 33 <5.0 <5.0 <5.0 <50
OSB-3 4.5 12/13/1996| 420 630 2,600 13,000 48,000 <1,500
OSB-5 8.5 11/19/1997 < 1.0 <5.0 <5.0 <5.0 <5.0 <50
0OSB-6 8.5 11/19/1997 | <1.0 <5.0 <5.0 <5.0 <5.0 <50
OSB-7 8.5 11/19/1997| <1.0 <5.0 <5.0 <5.0 <5.0 <50
OSB-8 8.5 11/19/1997] < 1.0 <5.0 <5.0 <5.0 <5.0 <50
OSB-9 8.5 1/22/2001 170 <50 220 200 750 <500

OSB-10 8.5 11/19/1997 | < 1.0 <5.0 <5.0 <5.0 <5.0 <50
MW-2 6.0 9/4/2001 <1.0 <5.0 <5.0 <5.0 <5.0 na
MW-2 11.0 9/4/2001 <3.0 100 <15 <15 <15 na
ASB-1 5.0 11/6/2003 | < 1.0 <5.0 <5.0 <5.0 <5.0 480
ASB-1 10.0 11/6/2003 | < 1.0 <5.0 <5.0 <5.0 <5.0 <50
ASB-2 5.0 11/6/2003 | <1.0 <5.0 <5.0 <5.0 <5.0 <50
ASB-2 10.0 11/6/2003 | < 1.0 <5.0 <5.0 <5.0 <5.0 <50
ASB-3 5.0 11/6/2003 | < 1.0 <5.0 <5.0 <5.0 <5.0 <50

ASB-4 5.0 4/19/2004 280 <2,500 | 11,600 6,020 34,600 <2,500
ASB-4 10.0 4/19/2004 | <1.0 <5.0 <5.0 <5.0 <5.0 <5.0
ASB-5 5.0 4/19/2004 | <1.0 <5.0 <5.0 <5.0 <5.0 <5.0
ASB-6 5.0 4/19/2004 | <1.0 <5.0 <5.0 <5.0 <50 <5.0
ASB-7 5.0 12/7/2005 <1.0 20.1 <5.0 <5.0 <5.0 <5.0
ASB-7(A) 10.0 12/7/2005 <1.0 82.1 <5.0 <5.0 <5.0 <50
ASB-8 5.0 12/7/2005 <1.0 18.2 <5.0 <5.0 <5.0 <5.0
ASB-8 (B) 10.0 12/7/2005 <1.0 172 <5.0 <5.0 <5.0 6.45
ASB-9 5.0 12/7/2005 <1.0 7.92 <5.0 <5.0 <5.0 <5.0
ASB-9(C) 10.0 12/7/2005 | <1.0 <5.0 <5.0 <5.0 <5.0 <5.0
ASB-10 5.0 12/7/2005 | <1.0 <5.0 <5.0 <5.0 <5.0 <5.0
ASB-10 10.0 12/7/2005 | < 1.0 <5.0 <5.0 <5.0 <5.0 <5.0
ASB-11 5.0 12/8/2005 730 <2,500 | <2,500 7,950 2,920 <2,500
ASB-11 10.0 12/8/2005 7 < 1.0 13.6 <5.0 <50 <5.0 <5.0
ASB-12 5.0 12/7/2005 210 2,360 | <1,000 9,820 <1,000 <1,000
ASB-12 10.0 12/7/2005 | <1.0 84.4 6.22 30.0 <5.0 <50
ASB-13 5.0 12/6/2005 | <200 2,150 5,490 1,570 7,960 <1,000
ASB-13 10,0 12/6/2005 | <1.0 5.60 6.39 <5.0 7.82 <5.0
ASB-13 15.0 12/6/2005 | <1.0 9.53 15.8 <5.0 12.7 <5.0
ASB-14 5.0 12/6/2005 | <130 1,200 1,060 1,630 5,100 <670
ASB-14 10.0 12/6/2005 | < 1.0 42.3 <5.0 <5.0 <5.0 <5.0
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TABLE 4. ANALYTICAL RESULTS FOR SOIL SAMPLES COLLECTED FROM BORINGS

1620 South Delaware Street

San Mateo, California

Sample TPH as Ethyl-
Boring Depth Date gasoline | Benzene | Toluene | benzene | Xylenes MTBE
Number | (feet bgs) | Sampled | (mg/kg) | (ng/kg) | (ng/kg) | (ng/kg) | (ng/kg) (ng/kg)
ASB-15 5.0 12/6/2005 | <1.0 <5.0 <5.0 <5.0 <5.0 <5.0
ASB-15 10.0 12/6/2005 | <1.0 56.8 44.2 <5.0 <5.0 <5.0
ASB-16 5.0 12/6/2005 570 <2,500 | <2,500 | 14,600 | <2,500 <2,500
ASB-16 10.0 12/6/2005 | <1.0 <5.0 <5.0 <5.0 <5.0 <5.0

pg/kg = micrograms per kilogram
ND = not detected
bgs = below ground surface
na = not analyzed
<= not detected at given laboratory reporing limit

(A) = 1,2-dichloroethane reported at 11.0 pg/kg, tert-Butyl alcohol at 54.0 pg/kg
(B) = 1,2-dichlorocthane reported at 7.56 pg/kg, tert-Butyl alcohol at 76.2 pg/kg
(C) = 1,2-dichloroethane reported at 6.89 pg/kg
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TABLE 5.
ANALYTICAL RESULTS FOR GRAB GROUNDWATER SAMPLES COLLECTED FROM
BORINGS AND DITCH

1620 South Delaware Street

San Mateo, California

TPH as Ethyl- Methyl tert
Sample Date gasoline | Benzene | Toluene { benzene Xylenes butyl ether A
Number Sampled (ng/H (ng/) {ng/M (ng/M (ng/l (ng/l)
Borings
HP-1 4/17/1989 <50 12 4.7 3.2 0.6 na
HP-2 4/17/1989 <50 <0.5 1 3 <0.5 na
HP-3 4/18/1989 <50 <0.5 <0.5 <0.5 <0.5 na
HP-6 4/18/1989 <50 <0.5 <0.5 <0.5 <0.5 na
HP-7 4/18/1989 <50 <0.5 <0.5 <0.5 <0.5 na
HP-8 4/18/1989 170,000 7,100 5,700 5,200 17,000 na
HP-9 4/19/1989 <50 <0.5 <0.5 <0.5 <0.5 na
HP-10A 4/19/1989 120 17 <0.5 <0.5 4.6 na
HP-11A 4/20/1989 50 <0.5 3 1 1 na
OSB-1 12/13/1996 <50 <0.5 14 <0.5 <0.5 <5.0
0OSB-2 12/13/1996 14,000 3,100 190 340 1,109 66
OSB-3 12/13/1996 15,000 700 940 820 3,700 <100
OSB-4 11/19/1997 210 0.7 19 0.9 2.2 <5.0
OSB-6 11/19/1997 <50 <0.5 <0.5 <0.5 <0.5 <5.0
OSB-8 11/19/1997 <50 <0.5 <0.5 <0.5 <0.5 <5.0
OSB-9 1/22/2001 290 <0.5 1.4 19 1.3 <5.0
ASB1-W 11/6/2003 <50 <6.0 <6.0 <10 <10 570
ASB2-W 11/6/2003 <50 <0.30 < (.30 <0.50 <0.50 <(.50
ASB3-W 11/6/2003 <50 4.1 <0.30 <(0.50 <0.50 2.1°
ASB4-W 4/19/2004 21,000 1,290 1,910 187 849 <50
ASB5-W 4/19/2004 <50 <0.50 <0.50 <(,50 <0,50 <1.0
ASB6-W 4/19/2004 <50 <0.50 <0.50 <0.50 <(0.50 <1.0
ASB-7-W 12/7/2005 <50 2.67 <0.50 <0.50 <0.50 <1.0°
ASB-11-W 12/8/2005 2,400 87.4 9.63 113 112 42.5°
ASB-12-W 12/7/2005 4,300 370 6.51 114 6.76 811k
ASB-13-W 12/6/2005 27,000 2,680 4,570 543 2,530 <50
ASB-14-W 12/6/2005 20,000 7,820 315 n 403 26.0F
ASB-15-W 12/6/2005 450 123 81.1 <0.50 8.13 <1.0
ASB-16-W 12/6/2005 5,100 387 2.58 443 4.81 <5.0
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TABLE 5.
ANALYTICAL RESULTS FOR GRAB GROUNDWATER SAMPLES COLLECTED FROM
BORINGS AND DITCH
1620 South Delaware Street

San Mateo, California

TPH as Ethyl- Methyl tert
Sample Date gasoline | Benzene | Toluene | benzene Xylenes butyl ether A
Number Sampled (ng/D) (ngD (ng) (ng/) (ng/M (gl
Drainage Ditch
Cl-U 11/6/2003 <50 <0.30 <{.30 <0.50 <0.50 <(.50
Cl-D 11/6/2003 <50 <0.30 <{.30 <0.50 <0.50 <0.50

Data for HP borings collected by Dames and Moore
ug/l = micrograms per liter

bgs = below ground surface

na = not analyzed
<= not detected at given laboratory reporing limit

A Analyzed for petroleum oxygenates and lead scavengers; only those detected are listed
B 1,2-dicholorethane also reported at 2.5 pg/i
©1,2-dicholorethane also reported at 3.68 pg/l
P'1,2-dicholorethane also reported at 20.6 ng/l
¥ 1,2-dicholorethane also reported at 8.28 g/l
F 1,2-dicholorethane also reported at 82.1 pg/l
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APPENDIX B

RBCA Equations and Fate and Transport Modeling Methods
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APPENDIX A: RISK-BASED SITE EVALUATION PROCES

Overview of Risk Management Steps

Effective risk management at chemical release sites involves: i) identification of applicable risk factors
on a site-specific basis; and ii) development and implementation of appropriate protective measures
in the timeframe necessary to prevent unsafe conditions. Key elements of the risk-based site
evaluation process include: '

e Exposure Pathway Screening: Identify potential mechanisms for exposure of human or
ecological receptors on a site-specific basis.

« Risk-Based Cleanup Objectives: For each complete exposure pathway, evaluate potential for
exposure in excess of safe limits based on tiered evaluation of soil and groundwater cleanup
lirnits. ‘ ‘

» Remedy Selection: Develop risk-based exposure control strategy based on the nature and
timing of the potential impact.

» Compliance Monitoring: If needed, conduct final compliance monitoring fo confirm
satisfactory remedy completion prior to formal case closure.

Further discussion of these process steps and relevant risk-based modeling tootls is provided below.

Exposure Pathway Screening

The risk-based evaluation addresses the potential for constituent transport from the affected media
source zone to a point of contact with a human or ecological receptor via various exposure pathways.
For most remediation sites, the primary exposure pathways of human health concern are i)
groundwater ingestion, i) soil-to-groundwater release, and iif) soil ingestion, vapor inhalation, and
dermal contact. Additional exposure pathways may apply based on site conditions and land use (e.g.,
surface water impacts, ecological exposures). To pose a risk, three components of each exposure
pathway must be present: an affected source medium, a mechanism for constituent transport, and a
receptor. In practical terms, exposure pathways may therefore be screenied from further consideration
based on|the presence and mobility of the constituents of concern and the proximity of receptors to
the source zone. For example, for an affected groundwater plume in a stable or diminishing
condition, no potential exists for impacts on water supply wells located outside the current plume
area.

Pathways determined to be potentially complete should be retained for site-specific evaluation.
However, if the preliminary screening analysis shows no complete exposure pathways, no further
evaluation is required.

e Applicable Data Evaluation Tools: The RBCA Tool Kit is organized to facilitate pathway
screening via the “Exposure Pathway Identification” input screen. The user identiftes affected
source media and actual and/or potential receptors from among a matrix of possible options.
Based on these selections, the complete exposure pathways may be viewed on the Exposure
Flowchart output screen. In addition, ASTM standard E-1943, "Standard Guide for
Remediation by Natural Attenuation (RNA),” outlines practical data evaluation methods for
analysis of groundwater plume stability, including historical data plots, estimation of bulk
attenuation rates, and modeling methods. The GSI Natural Attenuation Tool Kit developed for
use with the ASTM RNA Standard, is also available from GSI (http://www.gsi.net.com).

RBCA TOOL KI T for Chemical Releases ' A-1
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FIGURE A.l. CONCEPTUAL EXPOSURE FLOWCHART

Risk-Based Cleanup Objectives

The RBCA process employs a tiered approach to derivation of risk-based soil and groundwater
cleanup goals, with each tier serving to refine the risk analysis based upon additional site data and
more sophisticated fate and transport modeling methods. For example, Tiers 1 and 2 of the site
evaluation process are amenable to use of simple analytical models to estimate risk-based
concentration limits, while more complex and costly numerical modeling methods are reserved for
Tier 3 evaluations. In each case, risk-based concentration limits are derived for relevant exposure
pathways, receptors, and constituents of concern (COCs) and compared to measured source media
concentrations. Source media exceeding these target levels will require either further investigation or
remedial action in the timeframe necessary to conirol exposure. Summary information regarding
principal calculation steps is provided below.

i} Media-Specific Cleanup Standards: For a given exposure pathway and COC, the risk-based
standard represents a concentration in the affected source medium (soil or groundwater) that is
protective of a human or ecological receptor located at a relevant point of exposure (POE). For
example, for the human health soil-to-air exposure pathway, the cleanup standard is the mean
coneentration in the affected surface soil zone that will prevent unsafe human exposures via soil
vapor or particulate release to air. The ASTM RBCA Standard and other regulatory programs
distinguish between two types of fsk-based cleanup standards: i} the Risk-Based Screening Level
(RBSL), a generic target level utilized under Tier 1, and i) a Site-Specific Target Level (SSTL), a
site~specific target level utilized under Tier 2 or Tier 3. Under the RBCA process, Tier 1 RBSLs are
hased on an assumed exposure in immediate proximity to the source. If source media COC
concentrations exceed Tier 1 RBSLs, the relevant exposure pathways and COCs may be further
evaluated under Tier 2 or Tier 3 to calculate S5TLs, which would address actual site-specific

A-2 RECA TOOL KIT for Chemical Releases
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exposure conditions , and where the POE may be located at some distance away from the source.
For each complete éxposure pathway, cleanup standards for the source medium can be back-
calculated from safe exposure levels at the POE using the following general expressions:

Tier I: RBSL = RBEL x NAF,,

Tier2: SSTL = RBSL x NAF,;

fl

where RBEL = Risk-based exposure limit for direct intake of exposure.

medium (e.g. air concentration limit for inhalation).
NAF,,= Natural attenuation factor defining natural reduction in
constituent concentrations during cross-media (CM)
transport {e.g., soil to air volatilization).
NAF,, = Natural attenuation factor defining natural reduction in
constituent concentrations during lateral transport {LD
{e.g., via dispersion during lateral migration in air).
RBSL or SSTL values must be developed for each completé exposure pathway and COC. For
exposure pathways with muitipte POEs (e.g., ambient vapor inhalation by on-site worker and by
off-site Tesident), separate SSTLs must be developed for each POE using the appropriate RBEL
value. In general, the RBEL value does not vary among Tiers 1, 2, and 3. Rather, the cleanup
standard value is refined at each successive tier by improving the NAF estimations, based upon
more complete site information and more sophisticated data evaluation and/or meodeling
methods. Determination of applicable RBEL and NAF values is addressed below.

Risk-Based Exposure Limits: The RBEL represents the constituent concentration exposed to the
receptor that does not exceed target risk lirnits, based on applicable regulatory criteria. The RBEL
applies at the POE, ie., the likely point of constituent intake or contact by a human or ecological
receptor. For each complete exposure pathway and COC, the applicable RBEL must be matched
to each relevant POE based on the type of exposure mediurn (air, water, soil) and the type of
receptor {resident, commercial/industrial worker, etc.). For certain exposure media, human
health-based exposure limits are specified under applicable regulations, such as Maximum
Contaminant Levels (MCLs) for drinking water ingestion or Permissible Exposure Limits (PELs)
for industrial air exposure. In the absence of such standards, human health RBELs can be derived
for each constituent and exposure medium (air, water, soil) using the following general
expressions:

Carcinogens: RBEL = IR
E.SF
Non-carcinogens:  RBEL= -TH—QE&—D—
where E = effective exposure rate for specified pathway, based on

applicable exposure factors {e.g., daily intake rate in
mg/day per kg body weight),

TR = target risk limit for carcinogenic effects of individual constituents
{dimensionless),

SF = slope factor for carcinogenic effects of COC (mg/kg-day)",

THQ = targethazard quotient for non-catcinogenic effects of individual
‘constituents {dimensionless), and

RfD = reference dose for non-carcinogenic effect of COC (mg/kg-day).
RBECA TOOL KIT for Chemical Releases A3
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Applicable target risk imits (TR, THQ) for health protection can be matched to levels specified by
the environmental regulatory authority. Toxicological parameters for each COC can be

determined from published refererces, s
(IRIS). Exposure rates correspond to the
medium (air, water, soil) by the receptor
measure, these rates can be estimated

uch as the U.S. EPA Integrated Risk Inforration System
chronic rate of contact or intake of the affected exposure
under anticipated land use conditions. As a conservative
based on standard exposure factors published by the

regulatory authority or other source (e.g., American Industriai Health Council) for the anticipated
land use at the site {e.g., residential, commercial, etc.).

Quantitative measures for derivation of RBELs for ecological receptors are not well defined.
However, if the pathway screening evaluation indicates a reasonable potential for ecological
exposure (e.g., surface water/aquatic species), applicable RBELs may be based on published
standards or ecological screening criteria (e.g.. surface water quality standard for aquatic life
protection, ecological screening limits for terrestrial species, etc.). The U.S. EPA and various state
agencies maintain databases of ecological screening levels for various types of receptors.
However, given the highly conservative nature of these concentration limits, use of these values
as ecological RBELs is appropriate only for preliminary screening-level analyses.

iii) Applicable Exposure Factors: For each complete pathway, exposure factors must be defined
characterizing the potential duration, frequency, and rate of contact of the receptor with affected
media at the POE. Depending upon the degree of conservatism desired, exposure activities can be
characterized on the basis of either i) most likely exposure (MLE) factors, representing average
exposure rates, or i) reasonable maximum exposure (RME) factors, corresponding to the highest rate
of exposure that could reasonably be expected to occur (i.e., upper 05% value). Standard RME
and MLE exposure factors for various exposure pathways, under both residential and non-
residential land use scenarios, are listed on Table A.1.

To select appropriate exposure factors, the user must first define the type of receptor anticipated

under current and future land use {i.e.,

residential vs. commercial/industrial) and then evaluate

the applicability of the standard factors to site-specific conditions. The likelihood that such

exposure will occur and the degree of
among MLE and RME values. A Tier 2

conservatism desired should be considered in selecting
evaluation may use both MLE and RME values, in order

to estimate the potential range of risks associated with exposure to the site. Modification of these
standard values may be justified under certain conditions (e.g. frequency of dermal contact with
soils in cold weather climates). For detailed information regarding derivation and application of
these exposure factors, see U.S. EPA (1997; 1992a; 1991a) and American Industrial Health Council

(1994).

iv) Natural Attenugtion Factor: For each

complete exposure pathway, the NAF represents the

cumulative effect of various partitioning, dilution, and attenuation factors acting to reduce
constituent concentrations during transport from source to receptor (see Figure A.2). These NAF
components may involve both cross-media transfer factors (NAFe, such as soil-to-air
volatilization or soil-to-groundwater leaching) and Jateral transport factors (NAF,;, such as air
dispersion or groundwater advection-dispersion; see Appendix B). For exposure pathways with
multiple POEs, separate NAF,, values must be derived for each POE location (e.g., ambient vapor
inhalation by on-site worker and off-site resident; or groundwater ingestion at both hypothetical
and actual wells). For a given site and exposure pathway, the NAF value may vary among
evaluation of Tiers 1. 2, and 3, based on use of improved site data and evaluation methods.

For each complete exposure pathway and COC, the applicable NAF values can be derived based
on either: i) the actual measured concentration ratio between the source medium and the POE or

SITE EVALUATION PROCESS .
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ABLE A,1 STANDARD. EXPOSURE FACTORS FOR TIER | AND TIERZ EVALUATIONS

o . . sty Dermal EXPOSURE RATE (E)
nract osure osure Isa) on
EXPOSURE Rate Frequency D?rndon Welght FuTor Yalue for  |Value for Non-
PATHWAY Equati Carch carcy
(CR) &
Ingestion MLE| 14udy ] 350 dayuyr Byears 0kg — — — CREF-ED 00022 Likg-day D.019 Likg-day
of potabl -
water RME| 2 udy 350 dayshyr 30 years To kg — — — BW-AT 0.0012 Lig-day 0.027 Lig-day
Jngezﬂr.;n MLE:| 25 mgiday 350 dayshr Byears Takg — —_ —_ CR-EF-ED 8.039 mpfig-day 0.34 mphg-day
of soll and
dust RME:| 100 mglday 350 dayshyr 30 yaars 70 ke —_ — —_ BW-AT 0.59 mglkg-day b4 mgfkgeday
L Mee| — 50 dayahyr Byears — —_ —_ —_ EF-ED 40 dayshyr 350 dayxlyr
datil 5 .
of volatiles | b isodaylyr | Foymm — — — — B -AT 150 dayshyr 150 dayshyr
-
Dermal MEe| — 40 dayttyr Syan 70ke | Sc0taw? | 02 mglomiday ?:;"L'::’) ;’;"‘. EFEDSAAFDA | PR THREET 0063 mgfkg-day™
contoct -—
withsolls  |rME] — W0y | oyears 1.0 melem?-day ?1"::;5 g::: BW-AT 1A mgkgday® | 32 mpllg-day™

Ingestion MLE| 4 Liday 250 dayshyr 4yars kg — — — CREFED 000056 Ligcay | 0.00198 Licg-day

of potabl

water RME] 1 Liday o dayshyr | 25 years Tokg — — — BW-AT 00035 Likgday | 00098 Likg-day

Ingestion MLE | 50mgiday 250 daysfyr 4 years 70 kg —_ _— — CREF-ED 0023 mgfkg-day 0.49 mpfkg-day

of soll @nd B AT

dost RME:| 50 mgiday 250 daysyr 25 years Yo kg — — _ D.L7 sglkg-da) 0.4% mgfig-day

r

fobalation | TE| 7T 250 dapsfyr | A years — — — — EF-ED (4 cayshyr 250 daysiyr
fartH

of volathles ppp  — 20daydyr | BWyars | — — — — AT B9 daystyr 250 Gyt

Dermal MLE| — 50 dayshr 4years 7okg | 5000t | 02 mglembdy ?1":;’::: :::': EFEDSAAF-DA |V meer | 0083 mgficg-day™

contact -

with salls AME — 2586 dayclyr 2 yaars 70%kg | 500 em® | 1.0 mglemday ?::::L: 300:: BH-AT 16 mpikg-day*=* 23 mglkg-day™

NOTES: 1) Exposure factors shown above are matched to published U.S. EPA guldelines, when available (LS. EPA, 1897, 1892a, }991a). If no EPA value
avallable, other peer-reviewed reference applied (American Industriat Health Counctl, 1994).

2t MLE = Most Likely Exposure; corresponding to mean exposure rate for exposed population {(American Industrial Health Councll, 1994; U.S.
EPA, 1992a).

%) RME = Reasonable Maximum Exposure; correspording 10 upper 35% exposure rate for exposed population (American Industrial Health
Councl!, 1994; US. EPA, 1997, 1832a, 1891a).

1) AT = Averaging Time. For carcinogens, AT =70 yrs x 365 days/yr, For non-carcinogens, AT = ED x 365 days/yr.

5) * o Default value. Use chemical-specific data If available. Values shown represent mid- to upper-range values per U.S. EPA, 1992b;
Howard et al,, 1981,
6) + . Caleulations of dermal contact with soils or sediments are based on organic default values. Contact rates for soll ingestion and

dermal contact shown above are based upon adult receptor.

if) fate-and-transport modeling analyses predicting this concentration ratio. For purpose of
simplicity and accuracy, direct field measurements represent the preferred method of NAF
estimation, whenever feasible. However, due to tempora) variability and sampling difficulties,
some of these factors can prove difficult to quantify via direct field measurements {e.g., soil
volatilization or leaching factors). In this case, modeling analyses, based on appropriate site-
specific data and conservative assumptions, provide a convenient method of estimation. NAF,;
for groundwater may be referred to as a groundwater dilution attenuation factor (DAF). DAFs
are amenable to direct measurement via wells spaced along the centerline of the plume. In all
cases, time-series groundwater monitoring data should be evaluated to establish the stability
condition of the affected groundwater plume. Stable or diminishing plumes pose no risk fo
downgradient receptors located outside the plume area (ie., DAF = infinite). Consequently,
groundwater modeling analyses are necessary only for plumes for which available data either are
insufficient to establish the stability condition or indicate an expanding plume.

RBCA TOOL KIT for Chemical Releases A.5
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On-site 1 Off-site

CW GwW
SSTL DAF

SSTLgyw = RBELGw* I:DAF . WDF]

Soll Lo e Lafleachatel Lel Gw woE e GW

S5TL pole GW LDF DAF RBEL
b

A

_ LDF_- DAF + WDF
SETLgy™ RBElgy = | — — Kow

MNOTES:

SSTL = Site-Specific TargetLeve); ie, COC = Constituent of Concern
aliowable COC concentration in scurce medium, GW = Groundwater

RBEL = Risk-Baséd Exposure Limit, Le., afiowable COC POC = Polntof Compliance
concentration in expasure madium at point of exposure. POE = Pointof Exposure

NAF = Natural Attenuation Factor,

VFzs = Volafilzation Factor for surface soils ( mglm?3 - air) / (mg/kg-soll).

PEE = Particulate Emission Factor for surface soils (gfcrm? - s).

ADF = AIr Dispersion Facior [mg/m3 - air at POC)/ {mnim?3 - air at POE).

DAF = Groundwaler Dilution-Attenuation Factor {mg/L - GW at POC)/ {mg/L - GW at POE).

WDF = Well Ditution Factor (mg/L - well cischarge) / (mg/L - plume edge).

LDF = Leachate - Groundwater Dilution Factor (cmityr - GW) / (cm3fyr - Leachate),

Ksw = Suii- Waler Partition Factor {mg/L-water) / (mgikg-sofl).

EIGURE A.2. BACK-CALCULATION OF $STL. VALUES FOR SOIL AND GROUNDWATER

A-b RBCA TOOL KIT for Chemical Releases
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APPENDIX A: RISK-BASED SITE EVAL UATION PROCESS &
Various models are available to derive site-specific NAF values, ranging from simple analytical
equations with limited data requirements (e.g., Tier 1 and Tier 2 evaluation) to complex
numerical models requiring three-dimensional data resolution (e.g., Tier 3 evaluation). The
appropriate evaluation tier and modeling too!l will depend on the adequacy of the available data, .
the relative complexity of the site, the acceptable degree of conservatism, and the anticipated cost
of the remedial action.

v} Actudl vs. Potential POEs: In development of SST]. values, careful distinction should be made

between actual POEs, that correspond to existing conditions {e.g.. current site users, existing water
supply well), and potential POEs that represent possible future conditions (e.g., future users,
hypothetical water supply well). Engineered remedies may be needed for protection of actual
receptors, whereas, for potential receptors, sufficient time may be available for use of natural
attenuation remedies. To accommodate this remedy selection strategy, each SSTL should be
characterized as to the potential vs. actual nature of the exposure condition. For example, for
surface soil exposure pathways, unpaved affected soil may pose a current exposure to on-site
workers or residents, whereas soils beneath existing pavement represent a potential future
exposure in the event the pavement were removed.

on-site | of-site

R
st e

KEY POINT:
POE = Point of Exposure A R .
POC = Pointof Compliance To define appropriate response actions, derive
SSTL = Site-Specific Target Level cleanup standards to protect both the nearest potential

well location and the nearest actual well location.

FIGURE A.3. SSTL ANALYSES FOR BOTH POTENTIAL AND ACTUAL RECEPTORS

For the groundwater ingestion pathway, it is advisable to derive separate SSTL values both for a
potential POE and an actual POE location as shown on Figure A.3. For some programs, the
location of the hypothetical groundwater ingestion POE may be specified under applicable
regulations {e.g., nearest downgradient off-site property line). However, to support appropriate
remedy selection, a second SSTL can be derived based on the nearest actual downgradient water
supply well location. Note, however, that such modeling analyses of POEs located outside the
current plume area are appropriate only for plumes for which available data indicate an
expanding plume or are insufficient to establish the stability condition.

RECA TOOL KIT for Chemical Releases A-7
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vi) Risk Reduction Requirements: The SSTL represents an action level for affected media in the source
zone. Source media containing COC concentrations in excess of applicable S5TLs will require
further assessment or remediation to control exposure via the relevant exposure pathway (s}. If the
SSTLs were estimated on the basis of limited site-specific data or highly conservative assumptions,
the appropriate response may be further site assessment and re-evaluation of appropriate target
levels. For those pathways for which the results of the site-specific evaluation are reliable,
appropriate remedies and exposure control measures must be selected and implemented, as
discussed in Remedy Selection below.

o Applicable Data Evaluation Tools: Derivation of SSTL values involves calculation of NAF
values for each complete exposure pathway and relevant constituents of concern. Analytical
models which can be used for estimation of steady-state NAF values for various air, soil, and
groundwater exposure pathways under Tiers 1 and 2 are incorporated in the RBCA Tool Kit.
As noted above, it is advisable to evaluate SSTLs for both actual and potential POE locations in
order to support remedy selection. In addition to steady-state models, the Transient Domenico
Worksheet can be used to provide important information regarding the timing and duration of
potential groundwater impacis.

Remedy Selection

For each exposure pathway determined to pose a health/ environmental concern, a cost-effective
remedy must be selected and implemented to achleve necessary risk reduction in the appropriate
timeframe. This step of the site evaluation process involves development of an overall exposure control
strategy and selection of optimal remediation technologies to implement this strategy.

The goal of risk-based site management is to minirnize risk by preventing exposure {0 harmful levels
of site constituents. Risk reduction can be achieved by addressing any component of the exposure
pathway: i) removing or treating the source, i) interrupting contaminant transport mechanisms, or iii)
controlling activities at the point of exposure. The remedial action plan may consist of one Or more
exposure control strategies, including: ‘

i) RemovallTreatment Action: Removal or treatrment of affected source media (ie., affected soils,
groundwater, efc.) to reduce COC concentrations to levels less than or equal to applicable SSTLs
(e.g., via excavation, soil venting, pump-and-treat, etc.).

i{) Containment Measures: Long-term engineering controls to prevent migration of harmful
concentrations of COCs from the source to the POE (e.g., surface cover/capping, barrier walls, soil
stabilization, hydraulic containmerit, etc.).

ifi) Natural Attenuation Monitoring: Periodic sampling and analysis to confirm stabilization or
reduction of affected media concentrations via natural attenuation processes.

iv) Institutional Controls: Legal or administrative measures to control the nature and frequency of
human activity at the POE {e.g., deed notice, alternative water supply, etc.). :

The appropriate exposure control strategy for a given site will depend on the nature of the risk
reduction requirements. For example, as shown on Figure A4, engineered remedies (such as
removal/ treatment or containment strategies) are appropriate for response to current or anticipated
impacts on actual receptors. Tf risk reduction is required only for protection of potential future
receptors (e.g., hypothetical water well users), groundwater remediation by natural attenuation may
be employed to confirm plume stabilization or reduction. No response action is required if constituent
concentrations do not exceed SSTL values for either actual or potential receptors. The estimated time
to jmpact determined in the risk-based site evaluation is also a key consideration in the remedy
selection process. For example, if source media concentrations presently exceed an applicable SSTL
value but the corresponding RBEL is not likely to be exceeded at the POE for an extended time

RBCA TOOL KIT for Chemical Reweases
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period, additional time may be available for re-evaluation of potential exposure conditions based on
site-specific monitoring program.

APPLICABLE RISK DRIVERS
D oI TIME- APPROPRIATE REMEDIAL ACTION
ol Ac ARy
Po:fnﬂal Agg;gf s

No Further Acfion

Remediation by
Natural Attenuation

Engineered Remedy

s o R R

Potential POE = Hypothetical receptor Actual POE = Existing receptor -
(e.g., nearest potential {e.g., existing
drinking water well) drinking water well}

FIGURE A.4. POTENTIAL RISK-BASED REMEDY SELECTION CRITERIA

@ = Applicable
site condition

Compliance Monitoring Program Design

Under many regulatory programs, a final compliance monitoring period is required to confirm
satisfactory completion of the remedy. Compliance monitoring (ot verification sampling) typically
involves sampling of one or more locations on an established schedule to identify either i) an
exceedance of an applicable concentration limit or ii} a change of condition {e.g., change of land use,
failure of engineering control} that might invalidate the basis for the remedy selection. If, upon
completion of the monitoring period, compliance with applicable concentration limits is
demonstrated, no further action is required.

« Applicable Data Evaluation Tools: To confirm compliance with applicable cleanup standards,
compliance monitoring action Jevels for the groundwater exposure pathway can be derived
using the same models used for SSTL calculation. Under this approach, groundwater
compliance monitoring locations are selected between the source location (point of compliance)
and the point of exposure (POE). By adjusting the distance variable on Transient Domenico
Worksheet in the RBCA Tool Kit, the NAF value can be calculated for constituent transport
from each monitoring point to the POE. The action level can be calculated as the arithmetic
product of the NAF times the applicable RBEL for each constituent. If action levels are exceeded
during the compliance monitoring period, further evaluation may be required to ensure
adequate protection of downgradient receptors.

Model Selection Guidelines

Under the risk-based site evaluation process outlined above, fate-and-transport models are used to
derive SSTL values based on estimation of the pathway-specific natural attenuation factor (NAF).
Whenever feasible, direct field measurements represent the preferred method of NAF estimation.
However, if the exposure pathway is not amenable to direct NAF measurement (e.g., volatilization
factors, leachate factors, etc.) or if time-series analyses show the contarninant zone to be expanding
over time, modeling analyses, based on appropriate site-specific data and conservative assumptions,
can provide a convenient method of estimating future exposure levels.

The “best” model for a given site will be the simplest model providing a reliable and reasonably
conservative prediction of potential exposure. Under the ASTM RBCA process, relatively simple
analytical modeling tools are applied under Tiers 1 and 2, followed by more sophisticated modeling
methods, if warranted, under Tier 3. The choice between simple and complex modeling methods

RECA TOOL KIT for Chermical Releases A-9
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should be dictated by the adequacy of the site database and the relative degree of error likely to be
introduced by the model itself. In addition, the cost of upgrading to a more complex Tier 3 site
evaluation must be warranted by the potential reduction in site remediation costs or the complex
nature of the anticipated exposure condition. General guidelines for application of various types of
fate-and-transport models under Tiers 1.2, and 3 are summarized below.

Model Dimensions: For each of the exposure pathways addressed.in.the. RBCA, standard, fate-and-
transport models are available to estimate NAF values based on either a one-, two-, or three-
dimensional analysis of contaminant transport. In reality, all contaminant transport occurs in three
dimensions: however, one-dimensional (1-D) or two-dimensional (z-D) modeling tools may be
employed for purpose of conservatism and simplicity. One-dimensional models, which ignore lateral
and vertical dispersion effects, may significantly overestimate exposure levels and underestimate the
pathway NAF. For this purpose, 2-D fate-and-transport models are commonly employed for Tier 1
and Tier 2 analyses, as presented in Appendix X3 of the ASTM RBCA Standard (PS 104, 1898) and
included in the RBCA Tool Kit. Three-dimensional transport models may provide a more accurate
and less conservative NAF estimate under a Tier 3 evaluation, but must be supported by three-
dirmensional characterization of key transport parameters (e.g., hydraulic conductivity, etc). While
three-dimensional models are not included in the RBCA Tool Kit, NAF values calculated by these
models may be entered directly into the software in order to calculate baseline risks and cleanup
standards. '

Steady-State vs. Transient Analyses: Steady-state fate-and-transport models, which assume a constant
source concentration and constant flow conditions over time, provide a conservative (lowerbound)
NAF estimate corresponding to maximum chronic exposure conditions. In reality, following
termination of the release, source concentrations in soil and groundwater are likely to diminish over
time, resulting in time-variable exposure concentrations at the POE. For purpose of simplicity and
conservatism, steady-state, constant-source models, providing a lowerbound NAF value, are
commonly employed under Tiers 1 and 2. However, to support risk management decisions, these
constant-source models can be run in a transient mode to predict the time to impact, ie., the time
required for the exposure concentration to exceed the RBEL at the POE. Under Tier 3, fully transient
models, simulating both time-variable source concentrations and transport phenomena, can be used
to characterize both the timing and duration of the RBEL exceedance. Again, these more sophisticated
Tier 3 analyses should be based on sufficient site-specific data to support reliable modeling results.

Probabilistic vs. Deterministic Models: Under Tiers 1 and 2, exposure concentrations and NAF values
are characterized on the basis of deferministic models which provide a unique output value for each
unique set of input values. Uncertainty in the modeling analysis is addressed by means of a
sensitivity study, i.e., by varying key input values to evaluate their potential impact on the model
output. Under Tier 3, probabilistic modeling may be employed as a more sophisticated approach to
management of mode] uncertainty. In probabilistic modeling, for each key input parameter, the user
provides a probability distribution corresponding to the range and type of distribution observed for
the parameter at the site. The model then completes the fate-and-transport calculation for the full
range of these input values, effectively conducting multiple random model sensitivity studies. The
model result is not a unique value but a probability distribution defining the possible range of results
(e.g.. exposure concentration, NAF value) for the specifted site conditions. The probabilistic analysis
provides the user with relatively sophisticated information regarding possible exposure conditions
(e.g., for a given SSTL value, what is the probability that the RBEL will be exceeded at any future
time?) However, to support reliable results, this Tier 3 modeling method will typically require
significant additional site characterization data relative to Tier 1 or Tier 2 deterministic analyses.

A-10 RBCA TOOL KIT for Chemical Releases
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RBCA Tool Kit for Chemical Releases

The RBCA Tool Kit has been developed expressly for use with the Tier 1 and Tier 2 site evaluation
procedures outlined in the ASTM RBCA Standard (PS 104, 1998). Based upon site-specific data
supplied by the user, the RBCA Tool Kit combines fate-and-transport modeling and risk
characterization functions to compute: exposure concentrations, average daily intake, baseline risk
levels, and risk-based media cleanup standards

Key features of the RBCA Tool Kit relevant to SSTL calculations and risk-based remedy selection are
outlined below.

MODEL CALCULATION FUNCTIONS

Using a system of ten analytical models linked to internal libraries of standard exposure factors and
chemical/toxicological data for over 90 compounds, the RBCA Tool Kit can calculate either baseline
risk levels or cleanup standards for each complete exposure pathway identified by the user. Key
calculation steps are as follows:

Exposure Concentrations: Based on representative concentrations of constituents of concern (COCs)
present in the affected source media, maximum steady-state concentrations likely to occur at the point
of exposure (POE) are calculated using the steady-state analytical fate-and-transport models
identified in Appendix X3 of ASTM PS 104. To perform these calculations, the systemn evaluates cross-
media partitioning {e.g., volatilization from soil to air) and lateral transport from the source to the
POE (e.g., contaminant transport via air or groundwater flow). The source media and optional
exposure pathways included in the software are as follows:

Surface Soils Inhalation of Vapor and Particulates
Dermai Contact with Soil
Ingestion of Soil and Dust

Leaching to Groundwater

Subsurface Solls ‘ Inhalation of Vapor
' Leaching to Groundwater

Groundwater Ingestion of Potable VWater
Inhalation of Vapor
Discharge to Surface Water
- Ingestion/Dermal Contact via Swimming
- Ingestion via Fish Consumption
- Aguatic Life Protection

Average Daily Intake: Based upon the exposure factors selected by the user, the average daily
chemical intake for each receptor along each selected pathway is calculated in accordance with EPA
guidelines (see Connor et al., 1998). These values are used in baseline risk calculations for each

complete pathway.

Baseline Risk Characterization: FHuman health risks associated with exposure to COCs are calculated
by the software on the basis of average daily intake rates and the corresponding toxicological
pararneters for carcinogenic and non-carcinogenic effects. For each complete pathway, the system
output provides both individual and additive constituent results for carcinogens and non-
carcinogens.

RBCA TOOL K!T for Chemical Releases i A-l1
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Media Cleanup Values: The RBCA Tool Kit has the ability to i) compare the site data to Tier 1 Risk-
Based Screening Levels (RBSLs), computed using the default parameter values as listed in ASTM Ps
104, or i) calculate Tier 2 Site-Specific Target Levels (SSTLs) based on user-supplied site information.
For each source medium (i.e., affected soil and groundwater), the software reports target
concentrations for all complete pathways and identifies the applicable (i.e., minimum) value for
source remediation. The equations used by the RBCA Tool Kit to calculate RBSLs and SSTLs are

presented in Table A.2.

TABLE A.2 RBSL AND SSTL EQUATIONS USED | ‘ KIT

. Grogndwater Ingestio

Carcinogens:

Non-Carcinogens: RBSLgy =

REsL . o TR B AT
G# =~ SFo-EF-ED-IR,,

SSTL_,=RBSL,* DAF

THQ- RfDo-BW - AT,
EF-ED-IR,,

Carcinogens:

Non-Carc.:

TR-BW - AT,

RBSLg =
S~ 'SFo-EF -ED-IR,,-LF

SSTL,= RBSL,- DAF
THQ- RfDo- BW - AT,

RBSLg =

EF-ED-IR,-LF

Carcinogens.

TR-BW - ATc

RB =—
SLss EF'ED-[(SFo-IRS)+[URF-]ODO-BW-{VF“+PFP))+(SFa'-SA-M-RAFd)l

SSTL,=RBSL,,

Non-Carc.: RBSLge = THQ -BW - AT, . {No lateral transport;
. IR BW - (VF” +VF, ) Sd-M -RAF, receptor at source.}
EF.ED- S 1 2o+
RfDo RC RiDd

. Subsufface Soil Velit

izarion to A

Carcinogens: RBSLg =

Non-Carcinogens: RBSLg =

TR - AT
EF - ED . URF - 1000 ¥F s

SSTL = RBSL,- ADF
THQ - RfC- AT,
EF -ED -VF s

[ Groundwater Volatlization to Ambien

Carcinogens: RBSLgp =

Non-Carcinogens: RBSLgp =

TR AT
EF - ED -URF -1000 - FF s,

SSTL,,=RBSL,,, - ADF
THQ - RfC- AT,
EF -ED-VF s

Continued
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TABLE A.2 RBSL AND SSTL EQUATIONS US N THE RBCA TOOL KIT Continued

TR -
Carcinogens: RBSLg = R-ATc
EF.ED-URF 1000 FFgqp SSTL,,= RBSLg,
THO - RfC - AT, (No Jateral transport;
Non-Carcinogens:  RBSLg = _.Q_f_._"_ receptor at source.)
EF-ED-VF,

sesp

R- AT
Carcinogens: RBSLgy = EF ED. T }-IIOCOO- -
. URI wesp

SSTL,,=RBSLg,

. . THQ - RFC - AT, (No lateral transport;
Non-Carcinogens:  RBSLgp = W receptor at source.)
wesp

TR-BW - ATq - DAF - DF gy s

Carcinogens.  §STLoy =
STLGW = 5D |(SFo- BV - ET - IRpy )+ (SFd - EV - SAy, -2)+{SFo - IR g - FI g - BCF))

RBSL not applicable.

(Receptor Jocated

away from source) Non-Carc: SSTLgy = THQ-BW - AT, - DAF - DF gy,

£p|[EVEL-TRen ), EV SAp 2 ), IR g, - FI pyop - BCF
RfDo RfDd

Carcinogens:  gs7L. = TR-BW-ATC-DAF-ngw_M
S = ED.{SFo-EV -ET - IRy, )+ (SFd - EV - Sdg, -Z)+{SFo IR gy * FI gt * BCF | LF

RBSL riot applicable.
{Receptor located
away from source.) Non-Care.!  §577¢ = THQ- BW - AT, DAF - DFgyro
D EV-ET-Re, |, (EV- 5402 ), IRpsp - Flpsn BCE M
RfDa RfDd RfDo

Water —s‘Aqutic Life:Protestion ; £

RBSL not applicable. Carcinogens:  SSTLgy = AQL-DAF “DF_ow

{Receptor located
away from source.) Non-Carcinogens:  SSTLgp = AQL-DAF -DF gy

AQL-DAF -DF .,
RBSL not applicable. Carcinogens: SSTLg = Q 7 sw—sw
{(Receptor Iaca:ed.
away from source.)

AQL-DAF - DF gy
LF

Non-Carcinogens: SS§7TLg =

Continued
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TABLE A.2 RBSL AND SSTL EQUATIONS USED IN THE RBCA TOOL KIT Continued

ADF Lateral air dispersion factor (un..iﬂess) Reference concentration (mg/’ ma)
AQL Adquatic protecion criteria (mg/L) RiDd Chronic dermal reference dose (mg/kg/d)
AT, Averaging time - carcinogens {yr} RiDo Chronic oral reference dose (mg/kg/d)
AT, Averaging time - non-carcinogens {yr) SA Skin sutface area for sol dermal contact (cmz)
BCF Bioconcentration factor {mg/kg-fish)/ img/ L-wat) . SA_, Skin surface area for swimming dermal contact (cms
BW Body weight (kg) SFd Dermal slope factor (mg/ke/d)”
DAF Lateral groundwater dilution-astenuation factor {unitless) SFo Orat slape factor {mg/kg/ cl}'I
D pew Groundwater to surface water dilution factor (unitless) SSTLgy  Site-specific target level for groundwater (mg/L)
ED Exposure duration (yr} SSTL, Site-specific target level for soil (mp/kgd
EF Exposure frequency {d/yt) SSTL Site-spectfic target level for surface soll (mg/kg)
ET Exposure time {br/ event) THQ Target hazard guotient
EV Event frequency (events/yr) TR Target risk
Fly Fraction of ingested fish from affected surface water URF Ugit risk factor {zg/ ms)-1

{unitless) VF, Particulate emission factor (mg/’ m-air)/ {rog/kg-soll)
R Rate of fish consumption (g/yr) VE i Subsurgace soil to ambient air volatilization factor
IR, Sofl ingestion rate (kg/d) (mg/m -air)/ (mg/kg-soll)
IR, Water ingestion rate while swimming (L/Thr) VFup Suhsurfsace soil to enclosed space volatilization factor
IR,, Water ingestion rate (L/d) {mg/m -air)/ (mg/kg-soil)
LF Soit-to-GW leaching factor (mg/L-wat)/ (mg/kg-soil) VE, Surfacessoﬂ to ambint air volatilization factor
M Sofi-to-skin adherence factor (mg/ cmzl & (mg/m -air)/ {mg/kg-soll} 5
RAF, Relative absorption factor for soil dermnal contact (undtiess) VE oy WO ambient air volatilization factor (mg/m -
RBSLw Risk-based screening level for groundwater (rg/L) aif)/tmg/L-wa) )
RESL, Risk based screening tevel for soil (mg/kg) VEep GWto gnclosed space volatilization factor

(mg/m -aic)/ (mg/ L-wat)

RBSLy Risk-based screening levet for surface soil (mg/kg) Z Water to skin dermal absorption factor {cm/event)

RISK-BASED DECISION SUPPORT FEATURES

The RBCA Tool Kit includes several features designed to support key steps of the risk-based site
evaluation process, including the following:

Step-by-Step Evaluation Process: From the Main Screen of the graphical user interface, the user is
guided through all the necessary steps for completing the Tier 1 or Tier 2 evaluation process. On
subsequent screens the interface leads the user through exposure pathway identification, model

selection, site-specific parameter inpuf, and output review. All output screens may be printed in a
report-quality format.

Analysis of Actual and Potential POEs: Multiple off-site exposure points are atlowed for the
groundwater and outdoor air pathways. This enables the user to evaluate risks at both actual {e.g. an
actual nearby well) and potential (e.g., a hypothetical well at the property boundary) POEs. Whether
site risks affect an actual or potential POE adds a qualitative dimension to the risk calculations which
may be an important factor in remedy selection at some sites.

Transient Groundwater Modeling Analyses: An optional Transient Domenico Worksheet is provided
to allow the user to estimate the time required for site constituents (o impact off-site groundwater
POEs. Groundwater risk levels and cleanup standards calculated by the software are based on
steady-state concentrations. However, the time to reach steady-state concentrations at off-site POEs
may be very long for some constituents. Thus, the time required to exceed a concentration limit at a
POE may be an important factor in remedy selection as near-term impacts may require a significantly
different response than longer-term impacts {e.g., an engineered response Vvs. natural attenuation).

A-1 4 RBECA TOOL KIT for Chemical Releases
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Summary

The RBCA Too! Kit for Chemical Releases provides a system of simple analytical fate-and-transport
models that can be used for comprehensive risk-based evaluation of potential soil, air, groundwater,
and surface water exposure pathways. However, as with all predictive modeling efforts, reliable
results require proper characterization of site-specific input parameters. In all cases, model
predictions must be shown to be consistent with the actual constituent distributions observed at the
site. Use of the Tier 1 and Tier 2 calculation methods outlined in the ASTM RBCA Standard (PS 104,
1998) and incorporated in the RBCA Tool Kit can significantly reduce the time and effort required for
evaluation of risk reduction requirements and selection of appropriate exposure control methods.
However, proper scientific and/or engineering expertise is required both for characterization of input
pararneters and assessment of model results.

RBECA TOOL KIT for Chemical Releases A-15
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The RBCA Tool Kit contains a series of fate and transport models for predicting COC concentrations
at points of exposure (POEs) located downwind or downgradient of source areas for air or
groundwater exposure pathways, respectively. Under Tiers 1 and 2, relatively simple analytical
models are to be employed for these calculations. The RBCA Tool Kit is consistent with Appendix X3
of ASTM PS-104, although selected algorithms and default parameters have been updated to reflect
advances in evaluation methods.

The idealized schernatic shown on Figure B.1 illustrates the steps included in the RBCA Tool Kit for
predicting transport of contaminants from the source zone to the POE for air and groundwater
exposure pathways. Fach element in Figure B.l represents a step-specific attenuation factor,
corresponding to either a cross-media transfer factor (CM) or a lateral transport factor (LT). The
effective NAF value for each COC on each pathway is then calculated as the arithmetic product of the
various attenuation factors occurring along the flow path from source to receptor. These steady-state
NAF values are then used for calculation of baseline risks and back-calculation of Site-Specific Target
Levels (SSTLs). Please note that fate and transport modeling is not required for direct exposure
pathways, such as soil ingestion or dermal contact, where the source and exposure concentrations are
equal {i.e., NAF = 1). Analytical models used for conservative estimation of each transport factor are
described below.

INOIRECT LATERAL TJOTAL
EXPOSURE SCURCE CRDSS-MEDIA TRANSPORT EXPDSURE PATHRAY
PATHWAY IREDTIH TRANSFER FACTORS FACTORS MEDILIG HAF

i " Surface
+ Surfrce Soll: Volatilization :
gg‘ljaginlzs?u:m Aﬁ?fded Factor {VF ss, L / i _ADF
releasesta | Sutfage Ettiatiois SR Fagg__-r(s'&%\ﬂ {VFggt PEF
ambientate i Particulate H
i i Emission
ctor {(PE!
+ Subsurface
Soll: | 3 Affectsd b
Jolatiization [Subgufiace | Ve

to ambient ai¥

Qis Factor {(VF samb)

« Subsurface -
Soieore® [ Affectsd 1 ¢ Soll fo Tndoar 1
Volatifization  : [Subsurface ™ Englosed Space Alr iy
toenciosed  ; (__Sciis ] | Volatilization aPOE | sesp
space H i Faglor {VFgesp )
: i b . H 56
+ Groundwater: | : : Lateral Air Ambient ADF
Volatilization + G : 1 Alr i MF
to ambient aic Fglgt%?r(s,ig‘ﬂ ot POE | ! warnb

- Groundwater:
Volatilizatian
to enclosed

space

Groundwater to

Ground- Enclosed Space
water I i Volatilization
f Factor (VF wesp)

VF wesp

4 At i
Soll:Leaching : Leacha 8 i
to groundwaler/; Sofl to Leachate Soit Attenuafion ,{ Ground- | ¢ LDF x DAF
Ingbetion and o Batiton Model (SAM) Groundwater Lateral water | i

Groundwater
Dliution-

Attenuation

Factor (DAF)

dérmal contact | Fadlor (K o) | | tactor (optional) Fa'g{';’}‘({rb,:} st POE %KSW x SAM

« Dissolved
or Free-Phase | | Affected | :

Groundwater || Ground- b o e | DAF
ke water i Groundwaler alPOE |}
ingestion and i m?;m::?;n :

dermal contact Fattor {DAF)

FIGURE B.l. NAF CALCULATION SCHEMATIC FOR INDIRECT EX.POSURE PATHWVAYS

RBECA TOOL KIT for Chemical Releases B-1
(=] G,roﬁndwawr Services, Inc. {GS1), 1998 All rights reserved.



APPENDIX B: FATE AND TRANSPORT MODELING METHODS

Cross-Media Transfer Factors

Exposure pathways involving transport of COCs from one medium to another {e.g., soil-to-air, soil-to-
groundwater) require estimation of the corresponding cross-media transfer factor. Various analytical
expressions are available for estimating soil-to-air volatilization factors as a function of site soil
characteristics and the physical/ chemical properties of volatile organic COCs. Leaching factors for
organic and inorganic constituent releases from soil to groundwater can similarly be estimated as a
function of COC characteristics, soil conditions, and annual rainfall infiltration. Cross-media transfer
equations incorporated in the RBCA Tool Kit are presented in Figure B.2. Detailed discussion of each
of these cross-media factors is provided below.

»  ¥YFg Surface Soif Volatilization Factor (Equation CM-I)

The surface volatilization factor is the steady-state ratio of the predicted concentration of an organic
constituent in the ambient air breathing zone to the source concentration in the surface soil. The surface
volatilization factor incorporates two cross-media transfer elements: {) organic vapor flux from the
surface soil mass to ground surface and 1) mixing of soil vapors in the ambient air breathing zone
directly over the affected surface soil. For each site, the applicable VFgg value corresponds to the lesser
result of twe calculation methods (termed CM-1a and CM-1b on Figure B.2). Equation CM-la typically
controls for low-volatility compounds, as it assumes there is an infinite source of chemical in the
surface soils and uses a volatilization rate based primarily on chemical properties. Bquation CM-1b,
which typically controls for volatile organic compounds (V OCs), is based on a mass balance approach.
In this equation, a finite amount of chemical is assumed to be present in the surface soil (based on the
representative COC concentration), volatilizing at a constant rate Over the duration of the exposure
period (e.g.. 25-30 years). Both expressions account for the dilution of chemicals in ambient air above
the source zone due to mixing with ambient air moving across the site. A simple box model is used for
this dilution calculation, based on the following adjustable default assumptions: Z-meter mixing zone
height and 225 cm/sec (5 mph) lateral wind speed. The length of the mixing zone is set equal to the
lateral dimension of the exposed affected surface soil area parallel to the assumed wind direction.

Key assumptions used in this model and their effect on the SSTL calculation are as follows:

KEY ASSUMPTIONS: VFgg

e

EFFECT ON CLEANUP STANDARDj

. Uniform COC Concentrations: Constituent fevels | 0 =
uniformly distributed in soil and constant over exposure
period.

. No COC Decay: No biodegradation or other loss
mechanism in sofl or vapor phase.

» Finite Source Term: Source term mass adjusted for
constant volatilization over exposure period.

« PEF: Soil Particulate Emission Factor (Equation CM-2)

The Particulate Emission Factor (PEF) is the steady-state ratio of the predicted concentration of
chemicals in particulates in the ambient air breathing zone to the source concentration of chemical in
the surface soil. The factor incorporates two cross-media transfer elements: i) the release rate of scil
particulates {dust) from ground surface and if) mixing of these particulates in the ambient air breathing
zone directly over the affected surface soil. The particulate release rate is commonly matched to a
conservative default value of 6.9 x 10 g/ cm’-sec (approximately 0.2 1bs/ acre-year), unless a more
appropriate site-specific estimate is available. (If the site is paved, the particulate release rate and
resultant PEF value for the covered soil area will be zero.) Particulates are assumed to be diluted by
lateral air flow directly over the source zone. For this purpose, a simple box model is employed, based
on the following adjustable default assumptions: 2-meter mixing zone height and 225 cm/sec (5 mph)
Jateral wind speed. The length of the mixing zone is matched to the lateral dimension of the exposed
affected surface soil area parallel to the assurned wind direction.
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Ap Area of buliding foundation {em?)
d Lower depth of surficlal soil zone (cmy)

ds Thickness of affected subsurface soils

pal  Diffuston coefficient in alr {em2/s)

pWat  Diffusion coefficient tn water {cm?/s)

ER Enclosed-space air exchange rate (1/ s)

foc Fraction of arganic carbon in soll (g-C/g-soil)

H Henry's law constant (cm3-1-!20)/ (crn3-air)
he Thickness of capillary fringe (cm)
hy Thickness of vadose zone (cm}
I Infiltration rate of water through soil (cm/year)
kac Carbon-water sorption coefficient {g-Hy0/pC)
kg Soll-water sorption coefficient = foc . ko
(g-Hp0/ g-soll) ‘
Ly Enelosed space volume/infiltration area ratio {cm)

Lcrack Enclosed space foundatton or wall thickness {cm)
Lgy  Depthto groundwater = heap + hy {cm)

"FATE AND TRANSPORT

Vew Croundwater Darcy veleclty {cm/s)
W Width of souree area paratlel to wind, or groundwater flow
direction {cm)

Xerack Enclosed space foundation perimeter (cm)
Zerack Depihto base of enclosed space foundation (cm}
Bair Ambient air mixing zorie height (cm}

ng Groundwater mixing zane thickness {cm}

n Areal fraction of cracks in foundations/walls
{cm2-cracks/cm?-total area)

Volumetric air content in capiflacy fringe sofls
{cm3-air/ em3-sotl)

O crack Volumetric ate content in foundation/wall cracks
(cend-air/ cra3 total voiume)

Volumetric air content in vadase zone soils
{em3-air/ cm3-soil)

et - Total soil porasity {cm3-pore-space/ em3-sofl)

Bacap

Bas

Sweap Volumetrtc water content in capillary fringe solls
{em3-HpO/cmS-sotl)

Lg Depth to subsurface soil sources {em) Byorack Yolumetrle water content in foundation/wall cracks

Ly Thickness of affected soils {cm) {em3-Hp0) /cm3 total volume)’

Ly Distance from top of affected soils to top of Bys  Volumetric water content in vadose zone solls
water-bearing unit = Lew - Ls {cm) {fem3-Hz0/! em3-soil)

Pe Particulate emissian rate (g/ cme-5) Py Soif butk density (g-soll/cm3-sotl)

MODELING METHODS.

Wind speed above ground surface in ambient midng | * Averaging time for vapor flux (s)

Uaic
L 2 zone (cm/s)

FIGURE B.2. CROSS-MEDIA TRANSFER FACTORS iN THE RBCA TOOL KIT

Key assumptions incorporated in this model and their effect on the SSTL calculation are as follows:

KEY ASSUMPTIONS: PEF

EFFECT ON CLEANUP STANDARD

. Uniform COC Concentrations: Constituent levels
uniformiy distributed in soil and constant over exposure
period.

. No COC Decay: No biodegradation or other loss
mechanism in sofl or vapor phase.

. Default Emission Rate: Conservative particulate
emission rate. :

|

s VF,n Subsurface Soil Volatilization Factor (Equation CM-3)

The subsurface soil volatilization factor is comparable to the surface volatilization equation, except that
the algorithm has been adjusted to account for vapor flux from greater soil depths. The volatilization
factor accounts for two cross-media transfer elements: i) organic vapor flux from the subsurface
affected soil mass to ground surface and i} mixing of soil vapors in the ambient air breathing zone
directly over the affected soil zone. As with the surface soil volatilization factor, VFss, the applicable
subsurface soil volatilization factor, V¥samb. corresponds o the lesser result of two calculation
methods {termed CM-3a and CM-3b on Figure B.2). Equation CM-3a, which corresponds to the
expression given in Appendix X3 of ASTM PS-104, assumes a constant source mass in the subsurface
and can severely overpredict the soil vapor flux rate. To correct for this problem, Equation CM-3b,
which accounts for a mass balance of the volatilized source mass over the exposure period (similar to
Equation CM-1b) has been incorporated in the RBCA Tool Kit. With either equation (CM-3a or CM 3-b},
dilution of soil vapors in the ambient air breathing zone is estimated using the same box model

described for Equation CM-1.

RECA TOOL KIT for Chemical Reteases
@ Groundwater Services, nc. {G51), 1998, All rights reserved.
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Key assumptions incorporated in this model and their effect on the SSTL calculation are as follows:

- - —
EEY ASSUMPTIONS: VFgamb EFFECT ON CLEANUP STANDARD

. Uniform COC Concentrations: Constituent levels | 00—
uniformly distributed in soil and constant over exposure
period,

. No COC Decay: No biodegradation or other loss
mechanism in soil or vapor phase.

« Finite Source Term: Source term mass adjusted for
constant volatilization over exposure period.

o VFoeept Subsurface Sofl-to-Enclosed-Space Volatilization Factor (Equation CM-4)

This factor is the steady-state ratio of the predicted concentration of a chemical constituent in indoor air
to the concentration in underlying subsurface soils. Again, two expressions are evatuated; i) Equation
CM-4a, which assumes an infinite source mass and is of the same form as Equation CM-3a with a term
added to represent diffusion through cracks in the foundation of the building, and 1i) Equation CM-4b
which accounts for a finite source mass volatilizing at a constant rate over the exposure period. The
applicable VFsesp value corresponds to the lesser of these two expressions. The soil-to-enclosed-space
volatilization factor incorporates two cross-media transfer elements: 1) organic vapor flux from the
underlying soil mass through the building floor and ii) mixing of soil vapors with indoor air. Tier 1
default assumptions in the software include: 1) a 1% open crack space in the foundation allowing
vapors to diffuse into the building and ii) a building air exchange rate of 20 exchanges per day
(cornmercial} or 12 exchanges per day {residential). When used with these default values, the
expression yields very conservative results and can represent the controlling pathway for SSTL
calculations for many sites. In such case, users are advised to conduct direct air or soil vapor
measurements prior to proceeding with remedial measures for this pathway.

Key assurnptions used in this mode! and their effect on the S5TL calculation are as follows:

[KEY ASSUMPTIONS: YFsesp ' EFFECT ON CLEANUP STANDARD

Uniform COC Concentrations: Constituent levels ¢+ -
uniformly distributed in soil and constant over exposure
period.

. No COC Decay: No biodegradation or other loss
mechanism in soil or vapor phase.

« Finite Source Term: Source term mass adjusted for
constant volatilization over exposure period.

. Default Building Parameters: Conservative defauit
values for foundation crack area and air exchange rate.

= VYF ump Groundwater Volatilization Factor (Equation CM-5)

The groundwater volatilization factor is the steady-state ratio of the predicted concentration of a
chemical constituent in ambient air to the source concentration in underlying affected groundwater.
Vapor flux rates from groundwater to soil vapor and thence from soil vapor to ground surface are
generally lower than those associated with direct volatilization from affected soils. Consequently, this
groundwater-to-ambient—air volatilization factor is typically not significant in comparison to soit
volatilization factors (i.e., Equations CM-1 or CM-3). This factor accounts for i) steady-state partitioning
of dissolved organic constituents from groundwater to the soil vapor phase, i) soil vapor flux rates to
ground surface, and iii) mixing of sofl vapors in the ambient air breathing zone directly over the plume.
Dilution of vapors in the breathing zone is estimated using a box model, as described for Equation CM-
1 above.

B-6 RECA TOOL KIT for Chemical Releases
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Key assumptions incorpm;ated in this model and their effect on the SSTL calculation are as follows:

KEY ASSUMPTIONS: VFywamb

EFFECT ON CLEANUP STANDARD
+  Vapor Equifibrium: Soil vapor concentrations reach
immediate equilibrium with groundwater source.

+ No COC Decay: NG blodegradation or other loss l
mechanism in groundwater or vapor phase.

«  Infinite Source: COC mass in source term constant
over time.
L

*  VF,.p Groundwater to Enclosed Space Volatilization Factor {Equation CM-6)
This factor is the steady-state ratio of the predicted concentration of a chemical constituent in indoor air
to the source concentration in the underlying affected groundwater. The algorithm is equivalent to
Equation CM-5, modified to address vapor diffusion through a building floor and enclosed space
accurnulation. Tier 1 default values are the same as those specified for Equation CM-4 and, as noted
previously, can provide a relatively conservative (upper-range) estimate of indoor vapor
concentrations. If this pathway produces the controlling (rminimurn} RBSL or SSTL value for a given
site, the user is advised to conduct direct air or soil vapor [measuremenis to evaluate the actual need for

remedial measures.

Key assumptions used in this model and their effect on the 55TL calculation are as follows:

EEFECT OR CLEANUP STANDARD

KEY ASSUMPTIONS: VFyesp

« Vapor Equilibrium: Soil vapor concentrations reach
immediate equilibrium with groundwater source.

G &

« No COC Decay: No biodegradation or other loss
mechanism in groundwater or vapor phase.

&

« Infinite Source: COC mass in source term constant
over time.

&

+ Default Building Factors: Conservative default values
for foundation crack area and air exchange rate.

+ K, Soil Leachate Partition Factor (Equation CM-T)
The soil leachate partition factor is the steady-state ratio between the concentration of an organic
constituent in soil pore water and the source concentration on the affected soil mass. This factor is used
to represent the release of soil constituents to leachate percolating through the affected soil zone.

Key assumptions used in this equation and their effect on the SSTL calculation are as follows:

i 1
EEY ASSUMPTIONS: Koy EFFECT ON CLEANUP STANDARD
E_ : R
+ Leachate Equilibrium: Leachate concentrations reach
immediate equilibrium with affected soil source.
» No COC Decay: No biodegradation or other loss
mechanism in soil or leachate.
« infinite Source: COC mass in soil constant over tfime.

RBCA TOOL KIT for Chemical Releases B-7
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« SAM: Opticnal Soil Attenuation Model (SAM) factor (Equation CM-8)

An optional factor based on the Soil Attenuation Model {see Connor et al, 1997) may be applied to
incorporate depth effects by accounting for the sarption of constituents from the leachate onto clean
soils underlying the affected soil zone. The presence of clean intervening soils reduces constituent
concentrations ultimately delivered to the underlying groundwater. In deeper groundwater systems,
wherein a significant thickness of unaffected soils underlies the affected soil zone, neglecting the
-sorptve tapacity of the initervening soils can prove overly conservative. Note that SAM corresponds to
movement of dissolved constituents through porous media and does not apply to cases involving
downward migration of mobile NAPL materials.

Key assumptions used in this equation and their effect on the SSTL calculation are as follows:

[KEY ASSUMPTIONS: SAM EFEECT ON CLEANUP STANDA|

+ No COC Decay: No biodegradation or other loss
mechanism in soil or leachate.

. lnfinite Source; COC mass in soil constant over time.

« LDFE: Leachate-Groundwater Dilution Factor (Equation CM-9)

The LDF factor accounts for diution of chemical constituents as leachate from the overlying affected
soil zone mixes with groundwater in the underlying water-bearing unit. As indicated on Figure B.1, the
leachate dilution factor (LDF} divided by the soil-leachate partition factor {K,.,) represents the steady-
state ratio between the concentration of a constituent in the groundwater zone and the source
concentration in the overlying affected soil. To estimate the leachate dilution factor, a simple box model
is used to estimate dilution within a mixing zone in the water-bearing unit directly beneath the affected
soil mass (see Equation CM-8, Figure B.2). The leachate volume entering the water-bearing unit is
represented by the deep infiltration term, 1, which typically falls in the range of 0.5% - 5% of annual site
precipitation. For the Tier 1 RBSL calculation, a conservative default infiltration value of 30 cm/year is
used, consistent with the example provided in ASTM PS-104, Appendix X3. For many sites, this default
value (equivalent to an annual rainfall rate of over 200 in/year) may significantly overestimate actual
leachate rates.

Key assumptions used in this equation and their effect on the SSTL calculation are as follows:

EFFECT ON CLEANUP STANDARD

KEY ASSUMPTIONS: LDF

. Rainfall Infiltration: Deep percolation through affected
soil assumed to reach water-bearing unit regardless of soil :
thickness or permeability.

+ No COC Decay: No bicdegradation or other loss in -
mechanism groundwater zone. -

+ Pefault Dilution Parameters: Conservative default
value for infiltration rate. .

Lateral Transport Factors

During lateral transport within air or groundwater, COC concentrations in the flow strearn will be
diminished due to mixing and attenuation effects (see Figure B.1). Site-specific attenuation factors
characterizing COC mass dilution or loss during lateral transport can be estimated using the air
dispersion and groundwater transport models provided in the RBCA Tool Kit. Equations for the
steady-state analytical transport models incorporated in the RBCA Tool Kit are shown on Figure B.3.
The user must provide information regarding COC properties and transport parameters {flow
velocities, dispersion coefficients, retardation factors, decay factors, etc.), as required for the selected

B-8 RECA TOOL KIT for Chemical Releases
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contaminant transport model. Calculation procedufes for lateral air dispersion and groundwater
dilution-attenuation factors are described below.

DAF: Lateral Groundwater Dilution Attenuation Factor (Equation LT-I)

To account for attenuation of affected groundwater concentrations between the source and POE, the
Domenico analytical solute transport imodel has been incorporated into the RBCA Tool Kit. This model
uses a partially or completely penetrating vertical plane source, perpendicular to groundwater flow, t0
simulate the release of constituents from the mixing zone to the migrating groundwater (see Figure
B.3). Within the groundwater flow regime, the model accounts for the effects of advection, dispersion,
sorption, and biodegradation. Given a representative source zone concentration for each COC, the
model can predict steady-state plume concentrations at any point (%, y, 2) in the downgradient flow
system. In the RBCA Tool Kit, the model is set to predict centerline plume concentrations at any
downgradient distance X, based on 1-D advective flow and 3-D dispersion. The receptor well is
assumed to be located on the plume centerline, directly downgradient of the source zorie at a location
specified by the user. Source concentrations and critical flow parameters must be provided by the user.
Guidelines for selection of key input parameters are outlined below.

i) Groundwater Source Term. The Domenico model represents the groundwater source term as a
vertical plane source, perpendicular to groundwater flow, releasing dissolved constituents into
groundwater passing through the plane. In the RBCA Tool Kit, the source plane dimensions are
matched to the source width and thickness specified by the user. The user should provide source
dimensions equivalent to the measured thickness and transverse width of the groundwater plume
at the source point {area of maximum plume concentration). The source is assumed to be constant,
with source zone concentrations set equal to the representative COC concentrations supplied by
the user. Representative source concentrations must be provided for each COC. These values
should correspond to the maximum COC concentrations measured at the plume “core” unless
sufficient data are available to describe a representative maximum based on statistica} estimates. If
non-aqueous phase liquids (NAPLs) are present, maximum COC solubility limits in groundwater
can be corrected for mixture effects by using Raoult'’s Law. For this purpose, the user must
provide data regarding the mole fractions of principal NAPL constituents. :

ii) Flow and Mixing Parameters. The degree of contaminant mixing predicted by the model will be

a function of the dispersion coefficients, hydraulic conductivity, hydraulic flow gradient, and

effective soil porosity specified by the user. Hydraulic conductivity and flow gradient should be

matched directly to site measurements. In many cases, the effective soil porosity of the water-

bearing unit can be reasonably estimated based on soil type using published references. Typical

default values are provided in the software. Selection of dispersion coefficients can prove

problematic, given the impracticability of direct site measurements. Two dispersivity relationships

are incorporated in the RBCA Tool Kit: i) the method employed in ASTM E-1739 (1995) and ii) the

¥u and Bekstien (1995) dispersivity model. These relationships allow the user to estimate
dispersion coefficients based on the distance from the source o the receptor.

iii) Retardation Factors. The rate of plume migration can be reduced due to constituent sorption to
the solid matrix of the water-bearing unit. The user is referred to standard hydrogeologic texts
regarding calculation of retardation factors for both inorganic and organic plume constituents.
The RBCA Tool Kit calculates a retardation factor for each COC using information on the organic-
carbon partition coefficient {koo) of the constituent and the fraction organic carbon {foc) of the sofl
matrix. Sorption can significantly affect the NAF calculation if first-order decay conditions are
assumed to apply. However, the retardation factor will not affect model results under steady-state
conditions.

iv) First-Order Decay Pararmeters. Under steady-state conditions, hydrolysis and biodegradation
represent the principal mechanisms of organic contaminant rmass reduction during groundwater
plume transport within the subsurface. Many groundwater transport models account for these
attenuation phenomena by means of a first-order decay function within the advection-dispersion
equation. In the RBCA Tool Kit, the user may elect to use a version of the Domenico solute
transport model incorporating first-order decay (see Equation LT-1a on Figure B.3). Considerable
care must be exercised in the selection of a first-order decay coefficient for each COC in order to

RBCA TOOL KIT for Chemmical Releases B-9
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1 " Groundwater Source

Term Location (Csj)

Lateral transport / attenuation of
constituents in groundwater system

Consfituent influent to
! groundwater system

'[_Graundwater Floll A
| ) l
' Groundwater ' Groundwater .
) Source Area: 1 Transport Area: '
]
' . '
3 1

For use of Domenico groundwater solute transport model, sefect source term location,
dimensions, and concentrafion as follows: -

1) Groundwater Source Term Location

Groundwater Source el SOLAtEs

The source term comesponds to a vertical source piane, normal to the direction of groundwater flow,
tocatad at the downgradient limit of the area serving as the principal source of constituent release to
groundwater (e.g., affected unsaturated zone soils, NAPL plume, spiil area, etc.). If the point of
maxirmum plume concentration is significantly displaced from the initial suspected point of release, this
plume “core” should be used as the source point for the groundwater tngestion pathway. However, the
downgradient edge of the affected soll zone should be ratained as the source location for the soil-Ho-
groundwater leaching pathway. Distances f© downgradient points of exposure (POEs} should then be
measured from the applicable source location along the principal direction of groundwater flow.

2) Groundwater Source Term Width, Sw
The width of the source term should be matched to the following dimensions:
[) for groundwater ingestion, the measured groundwater piume width, (as defined by RBSL),
perpendicular to the principal direction of groundwater flow at the, designated source term location.
il) for soil-to-groundwater impacts, the maximum width of the affected soll zone {as defined by
RBSL), perpendicuiar to the principal groundwater flow direction.

3} Groundwater Source Term Thickness, Sgq

The thickness of the source term should be determined by one of the following methods:

i) measure the vertical extent of the affected groundwater plume at the designated source term
location, based on depth-specific groundwater sampling and testing; or

ii} for unconfined water-bearing unit, estimate mixing zone depth at the source location
pased on the observed magnitude of water table fluctuation.

4} Groundwater Source Term Concentration, Cgi

Yo caloulate baseling risk levels, the user rmust also provide a groundwater source concentration Cg for
each consfituent of concern {COC). The veriical plane source acts as a constant scurce term, applying
these input concentrations to all groundwater flowing through the source location. For input fo the
Domenico model, the source concentration of each COC may be matched to the average concentration

{i.e., either mean or 95% UCL) measured across the plume width at the source location.

FIGURE B.3. DEFINi;l'ION OF DOMENICO MODEL SOURCE TERM

B-10 RBECA TOOL KIT for Chermical Releases
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£ T-1a: Solute Transport with First-Order Decay:

oty f = [1- . 41;@3] s, 5
Csi 20, v afo,z | | Hex
h v K-i
where! =
8

LT-1b: Solute Transport with Biodegradation by Electron-
Acceptor Superposition Method:

5, 5
.=l + BC: — — BC:
C(x)l ( s+ l}""[4 l——ayx 7] ; ,—‘azx BC;

. Cet C
where: Bci = BCT xgﬂ'—' and BCT =X i.alﬂ.
si 7

dWind
irecti
irection

Uair ‘ gl

Cs(pninlsourca) Ly

2 2
Clxh _ g _ y (z = Bar} (z +8air }
Ca [2nv,;roy:r=] =P [ o R I B e R P

(Equalions CM-1, CM-2, CM-3)
- Usir Sair A)

g T where: =
g, e L

C@); Concentration of constituent § at distance x

A First-order degradation rate (day‘l-) for constituent §
downstream of source (mg/L) or (mg/md) v Groundwater seepage velocity (cm/day)
Ca Concentration of cugsmuent iin Source Zone K Hydraulic conductivity (cm /day}
(mg/L) or (mg/m") Ry  Constituent retardation factor
BCj Biodegradation capacity available for constinsent 1 { Hydraulic gradient (cm/cm)
BCp  Total bicdegradation capacity of all electron Sw  Source width (cm)
acceptors In groundwater Sq  Sourcedepth (=)
Clea), Concentration of electron acceptor in By Amblent air mixing zone height {cm)
groundwater Q Adr volumetric flow rate through mixing zone em3/s)

UFL Utilization factor for electron acceptor 1 (j.e., mass Uy Wind Speed fem /sec)
ratio of electron acceptor to hydrocarbon

consumed in biodegradation reaction) Transverse air dispersion coefficient (cm)

Vertical air dispersion coefficient (cm)

Lateral distance from source zone {em}

Height of breathing zone {assumed equal to 553) (cm)
Cross-sectional area of alr emissions source (cmz)

Length of air emissions source parallel to wind direction {cm}

Distance downgradient of source {cm}
Longltudinal groundwater dispersivity {cm)
Transverse groundwater dispersivity (cm)
Vertlcal groundwater dispersivity (cm)
Effective soil poresity

FIGURE B.4. LATERAL TRANSPORT EQUATIONS IN THE RBCA TOOL KIT
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over-predicting or under-predicting actual biodecay rates. An optional method

for preliminary selection of decay coefficients is as follows:

Literature Values: Various published references are available regarding decay half-life values
for hydrolysis and biodegradation. The chemical/toxicological database in the RBCA Tool Kit
inciudes minimum published decay rate coeffictents {representing maximum decay half-lives)
for each chemical, and the user may select to use these or enter other values. These first-order
decay coefficients are provided for informational purposes and may used for preliminary

analyses. Note,

however, that the use of minimum published decay rates will not necessarily

ensure conservative modeling results (i.e., predict worst-case exposure concentrations and
more stringent cleanup standards}.

v) Electron-Limited Biodegradation Rates. As an alternative to a first-order decay function, the
user may select a groundwater contaminant transport model incorporating a direct simulation of
in-situ biodegradation processes. To account for stoichiometric constraints, such models commmonly
simulate solute transport of both organic and electron acceptors with an instantaneous reaction
assumption. Given proper characterization of background concentrations of key electron acceptors,
source zone COC concentrations, and groundwater flow parameters, these models can generally

be relied upon to

estimate biodegradation effects on orgenic plume concentrations at the POE,

without the difficulty associated with selection of a site-specific, first-order decay rate. Note,

however, that this
compounds,

method is not valid for modeling the sequential degradation of chlorinated

For this purpose, the RBCA Tool Kit includes a version of the Domenico solute transport model
incorporating an electron acceptor superposition algorithm (see Equation LT-1b on Figure B.4), as
employed in the BIOSCREEN model (Newell et al., 1996). Based on the biodegradation capacity of
electron acceptors present in the groundwater system, this algorithm will correct the non-decayed
groundwater plume concentrations predicted by the Domenico model] for the effects of organic
constituent biodegradation. This calculation procedure is illustrated in Figure B.5 and discussed in
further detail below.

Predict organic
constituent plume
with no decay

Calcuate available
hindegradation
capacity of electron
acceptor {e.g., oxygen)

Predict biodegradet!
plume concentrations

L0z L0921 02../4.02 /.2 L. o.z[,_//. 02 4
A L 02

02 /- 02 £ O,

— BG; 02 7 02 /. 02-F

= C(x);

FIGURE B.5. ELECTRON ACCEPTOR SUPERPOSITION METHOD .

Based on the stoichiometric equation for the biodegradation reaction, a utilization factor,
representing the ratio of electron acceptor mass (o hydrocarbon mass consurned during
biodegradation, can be defined for each electron acceptor. Utilization factors for the principal
electron acceptors relating to the degradation of BTEX present in shallow groundwater systems, as
reported in the research literature, are summarized on Table B.1.

..._..-....,...._.‘......\-.m.\..é\mmmmmmmmmmmmmma
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TABLE B.] UTILIZATION FACTORS FOR SELECTED ELECTRON ACCEPTORS

ELECTRDN ACCEETO TUTILIZATION FACTOR (grfgm
Oxygen 3.14

Nitrate 4.9

Ferrous {ron {for Ferric Iron) 218

Sulfate 4.6

Methane (for Carbon Dioxide) 0.78

Note: “Electron Acceptar” refers to actual electron acceptor or surrogate by-preducts. Ukilization
Factor represents the mass ratio of electron acceptor to BTEX quantity consumed (gm/gm) in
biodegradation reaction within groundwater. . The values listed in this table are for BTEX compounds
only. Care should be exercised in selecting appropriate utilization factors for other non-chlorinated
hydrocarbons.

Given these values, the potential BTEX mass removal or biodegradation capacity (BCp) of a given
electron acceptor i1 can then be estimated as the concentration of that electron acceptor {C{ea)y) in
the groundwater divided by its utilization factor (UFp). The total biodegradation capacity of the
groundwater mass mixing with the BTEX plume is the sum of the individual capacities for each of
the principal electron acceptors (L.e., BCT = Y. BCp, for n = oxygen, nitrate, iron, sulfate, etc.). Note
that, in this process, electron acceptors are defined as three easily measured electron acceptors
(dissolved oxygen, nitrate, and sulfate) and surrogate by-products for two other difficult-to-
quantify electron acceptors (ferrous iron instead of ferric iron and methane instead of carbosn
dioxide). The concentrations of the actual electron acceptors are measured in background wells,
while the concentration of the by-products are measured in the source zone. For this calculation,
using the background concentration of each electron acceptor (oxygen, nitrate, sulfate) from
outside the plume will provide an upperbound estimate of BCT. For a lowerbound estimate, the
calculation may be based upon the difference in the electron acceptor concentrations (oxygen,
nitrate, sulfate) measured inside and outside the plume area {t.e., Cfea)n-outside minus C(ea)p-
inside), thereby accounting for non-utilization of a portion of the electron acceptor mass.

The total biodegradation capacity of the groundwater mass must be distributed among the various
organic constituents present in the dissolved contaminant plume. Compared to the rate of plume
transport, biodegradation reactions occur relatively instantaneously upon mixing of a readily
degradable organic plume (e.g., monoaromatic hydrecarbons) with the background electron
acceptor mass. Given the relatively uniform rate of biodecay of the organic compounds typically
present in petroleum hydrocarbon products, the portion of the total biodegradation capacity
available for removal of each constituent i (BCj) can be estimated based on the mass percentage of
each constituent in the plume (ie., BCj = BCT - Csi/Cs;, where Cs; = source concentration of
constituent f). This assumption will prove reasonable for mixtures of all-readily degradable
compounds, due to the relatively uniform biokinetic rates within these groups. However, within
rnixed degradable and non-degradable constituent plumes {e.g., benzene with dichloroethane), the
readily degradable compounds will actually consume a disproportionate share of the
biodegradation capacity.

If the user elects to use the electron acceptor superposition option, the RBCA Tool Kit will §)
estimate the total biodegradation capacity (BCT) of the groundwater mass based on the electron
acceptor concentrations provided by the user, ii) allocate an available biodegradation capacity
(BCjy) to each of the various dissolved organic constituents based on the concentration data
provided by the user, and ili) carrect the steady-state plume concentrations predicted by the
Domenico solute transport model for the effects of biodegradation using Equation LT-1b (see
Figure B.4).
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Key assumptions used in the groundwater solute transport model and their effect on the SSTL
calculation are as follows:

: LATERAL GROUNDWATER DAF EFEECT ON CLEANUP STANDARD

= Infinite Source: Groundwater source term constant
over time with no depletion.

+ Vertical Dispersion: Assumes one-directional
(downward) vertical dispersion.

+ Infinite Aquifer Thickness: Neglects boundary effects .

on vertical dispersion,

+ Dispersion Coefficient: Fixed proportions assumed | -
among longitudinal, transverse, and vertical dispersion

coefficients.

+ Heceptor Location: Downgradient receptor well :
assumed to be on plume centerline,

« Biodegradation Rate: First-order of decay rate may be

specified by user per site data.

ADE: Lateral Air Dispersion Factor (Equation LT-2)

The RBCA Tool Kit includes a 3-dimensional Gaussian dispersion model to account for transport of air-
borne contaminants from the source area to a downwind POE (see Equation 1.T-2 on Figure B.4). The
mode! incorporates two conservative assumptioris: i) a source zone height equivalent to the breathing
zone and 1) a receptor located directly downwind of the source at all times, As indicated on Figure B.1,
an effective pathway NAF value is calculated as the steady-state ratio between the ambient organic
vapor or particulate concentration at the downwind POE and the source concentration in the on-site
affected sofl zone. The model requires input data for the affected soil zone dimensions and
concentrations, wind speed, and horizontal and vertical air dispersion coefficients to compute the
resulting COC concentrations in ambient air at the POE. Guidelines for estimating key input
parameters are provided below:

i) Air Source Term: Inthe RBCA Tool Kit, the source term for the air dispersion model is matched
to the ambient air vapor concentrations determined in accordance with the soil-to-air cross-media
transfer equations CM-1, CM-2, and CM-3 shown on Figure B.2. Specifically, the source
concentration for off-site vapor transport is equivalent to the vapor concentration exiting the box
model for the surface soil and subsurface soil volatilization algoerithms (see Figure B.2). The model
assumes the source zone to be a point source (located in the center of the affected soil area) with
the same mass flux as the entire affected soil zone. The off-site receptor is assumed to be located
directly downwind of the source point for the full duration of the exposure period. To define the
source term, the user must provide the same soil information as required for the volatilization
factors (i.e., affected soil zone concentrations, dimensions, etc).

Please note that for receptors located directly over or adjacent to the affected soil zone (ie., inside
the ““mixing zone" for Equations CM-1, CM-2, or CM.-3), the Gaussian dispersion model is not
needed and can be shut off by entering a value of zero for the distance from the source to the off-
site receptor in the RBCA Tool Kit.

i) Wind Speed: Wind speed should be matched to the average annual wind speed through the
mixing zone. The model assumes the wind direction to be in a straight line from the source to the
specified POE at all times for the full duration of the exposure period. In the RBCA Tool Kit, a
default wind speed value of 225 crm/sec (~ 5 mph) is assumed unless the user enters a site-specific
value.

fi) Air Dispersion Coefficients:  Estimating dispersion coefficients requires knowledge of the
atmospheric stability class and the distance between the source and POE. Stability is an indicator

RBCA TOOL KIT for Chemical Releases
® Groundwater Services, Inc. (GSI), 1998. All rights reserved.
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of atmospheric turbulence and, at any one time, depends upon i) static stability (the change of
temperature with height), ii) thermal turbulence {caused by ground heating), and iii) mechanical
turbulence (a function of wind speed and roughness}. The Pasquill-Gifford system for stability
classification is summarized on Figure B.6. Corresponding horizontal and vertical dispersion
coefficients for each class are provided on Figure B.7. Stability Class A, which represents extremely
unstable air with a high potential for mixing, occurs under low wind conditions and high levels of
incoming solar radiation. At the other extreme, Stability Classes E and F represent stable
atmospheric conditions, with a lower potential for mixing, and occur with higher wind speeds and
greater cloud cover (see DeVaull et al., 1994).

The stability class for a given site can vary with rapidly changing weather conditions. Long-term
weather patterns can be characterized on the basis of STAR summaries, comprised of joint
frequency distributions of stability class, wind direction, and wind speed, which are available from
the National Climatic Data Center in Asheville, North Carolina. Comprehensive atmospheric
dispersion models, such as the Industrial Source Complex Long-Term (ISCLT) model, can directly
incorporate STAR data to predict constituent dispersion in any direction from the source area.
However, due to the complexity and expense of this modeling effort, use of models such as the
ISCLT would normally correspond to a Tier 3 evaluation under the RBCA process.

To facilitate a Tler 2 evaluation of downwind receptor impacts, the RBCA Tool Kit employs a
simple Gaussian dispersion model to predict maximum exposure concentrations at the POE under
steady-state conditions, incorporating the conservative receptor assumptions noted above. A
reasonable estimate of downwind COC concentrations can be obtained by assuming a wind
turbulence consistent with Stability Class C for the full exposure period. For most locations,
Stability Class C (slightly unstable) is representative of average annual conditions over time and
can be used to estimate typical dispersion coefficients. Note that, even when these average
dispersion coefficients are employed, the exposure concentrations predicted by the RBCA Tool Kit
model are lkely to be conservative, given that the POE is assumed to be located directly
dowrnwind of the source zone at all times during the exposure period.

Key assumptions incorporated in this model and their affect on the SSTL calculation are as follows:

PTIONS: LATERAL AIR DISPERSION FACTOR

KEY AS5UM

EFFECT ON CLEANUP STANDARD

+ Source Term: Vapor source concentration based on
. Default Stability Class: Default dispersion coefficients =7

- Receptor Location: Receptor assumed to be located

steady-state, soil-to-air cross-media equations.
matched to Class C stability classification (slightly unstable).

directly downwind of source zone at all times during
exposure period.

]
Pasquill-Gifford Stability Class .
increasing
A Very Unstable Cloud
B Moderately Unstable Cover Increasing Increasing Increased
c Slightiy Unstable {reduced Wind Roughness Turbulent
D Neutral radiative Speed Height Mixing
E Slightly Stable heat
E Moderately Stable transfer}
EIGURE B.6. STABILITY CLASSIRRCATION FOR AIR TRANSPORT MODELING
SOURCE: DEVAULL ET AL, 1994
RBECA TOOL KIT for Chemical Releases B-15
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APPENDIX D

RBCA Tier II Calculation Tables and Modeling Summary Tables
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APPENDIX E

Calculated RBCA Tier II SSTLs Summary Tables
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RBCA Tool Kit for Chemical Releases, Version 1.3b

RBCA SITE ASSESSMENT

Site Name: L.C. Smith Trust

Chemical-Specific Tier 2 Cleanup Summary

Completed By: David Conley

Job ID: W236

Site Location: 1620 South Delaware Street, San Mateo, Ca  Date Completed: 14-Dec-06 10f6
Constituent: Benzene* CAS No.: 7143-2
Site-Specific Target Level (S8STL} Concentrations Chemical Parameters
On-site Off-site1 Off-site2 Units Value Reference
Groundwater Ingestion Physical Properties

Receplor Type ! Distance (ft}] Commercial/ 0 Residential / 100 Surf. Water / 20 MW {g/mol) 7.8E+1 PS
88T, THGQ = 1E+0 4.1E+1 9.6E+1 >1.8E+3 Sol {mgiL} 1.8E+3 PS
(mgiL) TR=1E6 2.9E-3 5.6E-3 3.0E+0 Pyap (mmHg) 9.5E+1 PS

Soll Leaching to Groundwater Ingestion Hatm {atm-m*mol) 5.6E-3 PS

Receptor Type / Distance (fty| Commercial / 0 Residential / 100 Surf. Water/ 70 pKa {fogmolimol]) - -
SSTL, THQ = 1E+0 9.4E+2 >1.4E+3 »1.4E+3 pKy (log[mol/mol]) - -
{mg/kg) TR = 1E-6 6.6E-2 1.3E-1 2.2E+2 tog{Koe) {logiL/kg)) 1.8E+0 PS

Surface Soil Ingestion and Dermal Contact Dy (cmzn'sec) 8.8E-2 PS

Receptor Type / Distance (ft) None No Off-site Receptors Duyat (cm’Isec) 9.8E-8 PS
S8TL, THQ = 1E+0 NA Toxicity Data
{mafkg) TR = 1E-6 NA Wi of Evd. A

Outdoor Alr Inhalation SF, (1/[mg/kg/day]) 1.0E-1 PS

Receptor Type / Distance (ff)] Time Wt Avg./0 | Residential / 100 None SFy {1/[mo/kalday]) 1.0E-1 TX
RBELy, THQ = 1E+0 3.3E+3 6.2E+0 NA URF; (1/[ugim®) 8.3E-6 PS
(ugim®) TR = 1E-6 3.3E+3 2.9E-1 NA RD, (mgikgiday) 4,0E-1 R

Soll Volatilization to Outdoor Alr inhalation RfDy (mg/kg/day) - -

Receptor Type / Distance (ft)| Time Wt. Avg. /0 | Residential /100 None RIC; {mgim’} 6.0E-3 R
SS8TL, THQ =1E+0 =1 AE+3 6.6E+2 NA Dermal Exposure Parameters
(mg’kgl  TR=1E-6 >14E+3 3.1E+1 NA RAFq {mgimg} 5.0E-1 D

Groundwater Volatilization to Outdoor Alr inhalation K {cm/hr} 2.1E-2

Receptor Type / Distance {ft}] Time Wt. Avg. /0 | Residential / 100 None taug (hrievent) 2.6E-1
SSTLyw THQ = 1E+0 »1.8E43 >1,BE+3 NA tont (hry 6.3E-1
{mg/L) TR =1E-6 >1.8E+3 »1.8E+3 NA B (S 1.3E-2

Indoor Air Inhalation Regulatory Standards

Receptor Type / Distance (ff)] Time Wt Avg. /0 No Off-site Receptors MCL {mg/L}) 5,0E-3 *
RBEL THQ = 1E+0 33E+3 TWA (mg.'ma) 3.3E+0 -
{ug/m®  TR=1E-6 3.3E+3 AOL (mgiL) - .

Soif Volatilization to indoor Air inhalation .. Miscellanecus Parameters -

Receplor Type / Distance (ft})| Time Wt Avg. /0 No Off-site Receptors ADLg, (mg/L) 2.0E-3 3
SS5TL, THQ = 1E+0 »1.4E+3 ADL, {markg) 5.0E-3 S
(mg/kg) TR = 1E-6 >1.4E+3 fizgat (d) 7.2E+2 H

Groundwater Volatliization to Indoor Air inhalation . . . ti2 unsat {d) 7.2E+2 H

Receptor Type / Distance {ft)] Time Wt Avg./0 No Off-site Receptors * MCLref=-

SSTL,,  THQ=1E+D >1,8E+3
{mg/L) TR =1E-8 >1,8E+3 Units Value
Derived Parameters
Units Residential Commercial Construstion H ({L-wat/L-air} 2.3E1
Cross-Media Transfer Factors Kew {L-wat/kg-soil} 1.3E+0
VFge {kg-soii/m3-air) 1.7E-56 1.9E-5 NA Ciat (mg/kg-soil) 1.4E+3
VFyamb {kg-sci¥m3-air) 6.8E-6 6.8E-6 NA Ceatyep (ugim-air) 4,0E+8
VFoamb {m3-watim3-alr} 1.3E-7 1,367 NA Dosts {cm®/sec) 1.1E-5
Ve {kg-soilim3-air) NA 4.7E-4 NA Datronk {em?Isec) 6.9E-3
VFwesp (m3-wat/m3-air) NA 1.4E4 NA Dettcap {cm?/sec) 1.0E-§
LF (kg-soil/L-wat) All exposures; 4,3E-2 NA Doattws {em“Isec) 1.1E-5
Reat 1] ' 1.5E+0
Units On-Site Of-Site1 Qff-Site2 Runsat -} 3.9E+0
Lateral Transport Factors ' Z {cm/event) 7.3E-2
DAFgw 8] 1.0E+0 6.6E+0 1.1E+0
DAFs/gw (2} 1.0E+0 6.6E+0 3.5E+0

Notes: 1) NA = Not applicable; NC = Not calculated.
2) Definitions and references presented on page 6 of 6.
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Selected Boring Logs




28_LC SMITH_236.039.GPJ BACE.GDT 3/28/05

BRUNSING ASSOCIATES, INC. BORING NO.: A§_B..1 SHEET 1 OF 1
P.O. BOX 588

ENVIRONMENTAL BORING LOG AMND WELL COMPLETION 200503

Windsor, CA. 95482 PROJECT: LC Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LocatioN:  San Mateo, California
COORDINATES: PROJECTNO.. 236.039
SURFACE ELEVATION: DATUM: roceepsy: DEC
SAMPLE INFORMATION < WELL
DEPTH LAB |{SAMPLE{ BLOW |Recovery| PID DESCRIPTION E CONSTRUCTION
FEET |SAMPLE! TYPE |COUNTS! (%) fppm) w DETAIL
BROWN SANDY SILT (ML)
l TBROWNSILTY CLAY(CL) 7
moist
7 10
5— g 5—
12 0.0
. BROWN, YELLOW-BROWN SANDY b~
| % GRAVEL (GP) oy hv]
wet, loose )o [b)
,Q
s O
] oOD
b (]
O
J OQDC
1]
o 60
OQD
] b (]
___________________ qep
7 1 BROWN GRAVELLY SAND (SP) el
10— saturated, loose, very coarse-grained 104
! 2 0.0 sand
% 24
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch hollow stem auger
DRILLING EQUIPMENT: Portable Drill Rig
DRILLING STARTED: 11/6/03 ENDED: 11/6/03_/ \ Ses key shest for symbols and abbreviations used above.
' JobMe:  236.039
LOG OF BORING ASB-1 PLATE
_ LC Smith
BRUNSING ASSOCIATES, INC.  Appr. 1620 Dolaware Street A_ —I
Date: 3/28/05 San Mateo, California




8_LC SMITH_236,039.GPJ BACE.GDT 3/28/05

BRUNSING ASSOCIATES, INC. BORINGNO.. ASB-2 ' S
P.C. BGX 588 HEET 1 oF 1

Windsor, CA. 95492 PROJECT: LC Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LOCATION: San Mateo, California
SURFACE ELEVATION: DATUM: LoscepBy: DEC
SAMPLE INFORMATION < WELL
DEPTH | LAB {SAMPLE| BLOW |Recovery] PID DESCRIPTION E"_f CONSTRUCTION
FEET |SAMPLE| TYPE |[COUNTS| (%) (ppm) © DETAIL
BROWN CLAYEY SELT (ML)
moist, medium stiff
7 ; "~ BROWN, RED-BROWN SANDY GRAVEL |, 65
. (GP) 5
s j 2 0.0 | wetloose 2.0 kvJ
. b GOC
18 >
A 2 )oODC
)
O
DOD
] KeXs
o G"
)ogo
i O (]
o [}"
o b
| I T T R S RN s
T RED-BROWN SAND (8P~~~ i
saturated, medium dense, medium to
7 5 coarse-grained sand
10— 10—
g 17 0.0
17
DRILLING CONTRACTOR; Clear Heart REMARKS
DRILLING METHOD: 4-inch hollow stem auger
DRILLING EQUIPMENT: 8X8
DRILLING STARTED: 11/6/03 ENDED: 11/6/03 /\See key sheet for symbols and abbreviations used above.
' JobNe:  236.039
LOG OF BORING ASB-2 PLATE
] LC Smith
BRUNSING ASSOCIATES, INC.  Appr: 1620 Detaware Strest A_ 2

San Mateo, California

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

Date: 3/28/05




8 LC SMITH_236.039.6PJ BACE.GDT 3/28/05

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032,

BRUNSING ASSOCIATES, INC.

BRUNSING ASSOCIATES, INC. BORING NO.: AS§-3 SHEET 1 OF 1
P.0. BOX 588 \

TWindsor, CA. 95402 PROJECT: LC Smith

elephone: (707) 838-3027 . .

Fax:p(TOT) 8(38-4)420 LocaTion:  San Mateo, California
COORDINATES: PROJECTNO.. 236.039

SURFACE ELEVATION: DATUM: LoceeEnsy: DEC

SAMPLE INFORMATION y WELL
'_
DEPTH | LAB |SAMPLE| BLOW |Recovery| PID DESCRIPTION E CONSTRUCTION
FEET |SAMPLE| TYPE [COUNTS| (%)} | (ppm) o DETAIL
BROWN SANDY SILT (ML)
moist, loose
7z s I BROWN, RED-BROWN SANDY GRAVEL '; 6’,;:
5— (GP) A 5]
7 0.0 wet, loose <
. b OC kva
13 3“ Br\

DRILLING CONTRACTOR: Clear Heart REMARKS

DRILLING METHOD: 4-inch hollow stem auger

DRILLING EQUIPMENT: 8X8

DRILLING STARTED: 11/6/03 ENDED: 11/6/03 /\See key sheet for symbols and abbreviations used above.

' lobNo:  236.039 PLATE

LOG OF BORING ASB-3

LC Smith
1620 Delaware Street
San Mateo, California

Appt.:

Date: 3/28/05




8_5.C SMITH_236.039.GPJ BACE.GDT 3/28/05

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

BRUNSING ASSOCIATES, INC. BORING NO..  ASB-4 1 oF 1
P.O. BOX 588 .
Windsor, CA. 95492 PROJECT: LC Smith
Telephone: (707)838-3027 . .
Fax: (707) 838-4420 LocaTion:  San Mateo, California
COORDINATES: PROJECT No.: 236.039
SURFACE ELEVATION: DATUM: oceensy: DEC
SAMPLE INFORMATION <
'—
DEPTH LAB |SAMPLE! BLOW |Recovery| PID DESCRIPTION é CONSTRUCTION
FEET |SAMPLE| TYPE JCOUNTS| (%) {ppm} 9
Asphalt -
DARK GRAY CLAYEY SILT (ML)
- moist, soft, some sand
TBROWNCLAVEYSILT (MO~~~ AT
damp, soft
7 14 .
5 " 552 | BLUE-GREEN STAINING IN VEINS 57
SLIGHT ODOR OF GASOLINE
i % 23
7 9
10 j 104
13 0.0
% 16 1
i T BROWN SANDY sSILT (ML)~ M
moist, soft, fine~-grained sand
7 10 TBROWNSILTY CLAY{CL) ~ 7
15 é damp, very stiff, some staining in veins, / Y 15
13 0.2 water in boring
% 19
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch hollow stem auger
DRILLING EQUIPMENT: 8X8
DRILLING STARTED: 4/19/04 ENDED: 4/19/04 )\ See key sheet for symbols and abbreviations used above.
' JobNe: 236039 PLATE

LOG OF BORING ASB-4

. LC Smith
BRUNSING ASSOCIATES, INC.  Appr. 1620 Delaware Street

San Mateo, California

Date: 3/28/05




8 LC SMITH 238.039.GPJ BACE.GDT 3/28/05

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

BRUNSING ASSOCIATES, INC. BORINGNO.- ASB-5 SHEET 1 oF 1
P.0.BOX 588 .
Windsor, CA. 95492 PROJECT: LC Smith
Telephone: (707)838-3027 . "
Fax: (707) 838-4420 Location:  San Mateo, California
SURFACE ELEVATION: DATUM: oceepsy: DEC
SAMPLE INFORMATION < WELL
DEPTH | LAB |SAMPLE| BLOW |Recovery] PID DESCRIPTION E CONSTRUCTION
FEET |SAMPLE| TYPE |COUNTS| (%) {ppm) 0 DETAIL
BROWN SILTY SAND (SM)
damp, loose, with gravel
’ MEBROWN SILTYCLaY )y~~~ 7/*
moist to wet, medium stiff, with some
7 coarse-grained sand and gravel
3
5"‘ 5_
7 .
4 ¥
-4
10 10
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch hollow stem auger
DRILLING EQUIPMENT: 8X8
DRILLING STARTED: 4/19/04 ENDED: 4/19/04 /\See key sheet for symbols and abbreviations used above.
' JobNo:  236.089 PLATE

BRUNSING ASSOCIATES, INC,  Appr:

Date:

LOG OF BORING ASB-5

1620 Delaware Street

3/28/05

San Mateo, California




8_LC SMITH_236.039.GPJ BACE.GDT 3/28/05

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032,

BRUNSING ASSOCIATES, INC. BORINGNO.. ASB-6 SHEET 1 OF 1%
P.O. BOX 588 .
Windsor, CA. 95492 PROJECT: LLC Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LOCATION: San Mateo, California
COORDINATES: PROJECT NO.: 236.039
SURFACE ELEVATION: DATUM: oceepey: DEC
SAMPLE INFORMATION < WELL
DEPTH | LAB |SAMPLE! BLOW |Recovery| PID DESCRIPTION ,é_ CONSTRUCTION
FEET |SAMPLE] TYPE |COUNTS] (%) ! (ppm) 2 DETAIL
DARK BROWN SANDY SILT (ML)
damp, soft
7 . T OGHT BROWN SILTY CLAY €L}~ ~ %
5o moist, stiff, with some fine-grained sand 5
g 13
) A 18
4 AV
10 10
DRILLING CONTRACTOR; Clear Heart REMARKS
DRILLING METHOD: 4-inch hollow stem auger
DRILLING EQUIPMENT: 8X8
DRILLING STARTED: 4/19/04 ENDED: 4/19/04 )\ See key sheet for symbols and abbreviations used above.
' JobNe  236.039
LOG OF BORING ASB-6 PLATE
BRUNSING ASSOCIATES, INC. Ao LC Smith

Date:

1620 Delaware Street
San Mateo, California

A

3/28/05




8 LG SMITH_236.039.GPJ BACE.GDT 8/12/06

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

LOG OF BORING ASB-7

i . LC Smith
‘ BRUNSING ASSOCIATES, INC:| Aspr: 1620 Delaware Street
Date: 6/12/06 San Mateo, California

BRUNSING ASSOCIATES, INC. BORING NO.: ASB-7 SHEET 1 OF 1
P.0O. BOX 588 .
Windsor, CA. 95492 PROJECT: LC Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LOCATION: San Mateo, California
COORD]NATESZ PROJECT NO.: 236-039
SURFACE ELEVATION: DATUM: LoceenBY: DEC
SAMPLE INFORMATION <
b=
DEPTH | LAB [SAMPLE| BLOW [Recovery| PID DESCRIPTION ?_
FEET |SAMPLE| TYPE |[COUNTS| (%) (ppm) @
ASPHALT 3"
\road base
| \ROAD BASE
4 BROWN SILTY SAND (SW)
loose, damp
BLACK SILTY CLAY (CL)
] soft, damp
GREENISH GRAY SILTY CEAY (CL)
i soft, damp
0 BEROWN AND REDDISH BROWN SILTY
5 SAND (SM) 5-]
7 7 sand medium to coarse grained, dense,
' moist, some blue-green sfain
1 A # BROWN SANDY SILT (ML)
very dense, damp
1 hvd
>_< 7 Saturated
10— 10—
7 5.4
9
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch Solid auger
DRILLING EQUIPMENT:  Deeprock Dr10K
DRILLING STARTED: 12/7/05 ENDED: 12/7/05 J \See key sheet for symbols and abbreviations used above.
JobNo:  236.039 PLATE

A-1




8 _LC SMITH_236.038.GPJ BACE.GDY 6/12/06

BRUNSING ASSOCIATES, INC. BORING NO.. ASB-8 SHEET 1 OF 1
P.0. BOX 588

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

Windsor, CA. 95492 PROJECT: LL.C Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LOCATION: San Mateo, California
COORD'NATESZ PROJECT NO.: 236-039
SURFACE ELEVATION: DATUM: Logeepey: DEC
SAMPLE INFORMATION <
=
DEPTH | LAB [SAMPLE! BLOW |Recovery| PID DESCRIPTION é
FEET |SAMPLE| TYPE [COUNTS| (%) {ppm) »
ASPHALT 3"
BROWN SILTY CLAY (CL)
soft, damp /
DARK GREENISH GREY SILTY CLAY %
4 (CL)
soft, damp A/4
BROWN SANDY SILT (ML)
" some gravel, stiff, damp, blue green stain
B 5
16 5.6
23
BROWN SILT (ML) sulll
wisome very fine sand, dense, saturated Ava
M 13
10 10—
9 3.9
16
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch Solid auger
DRILLING EQUIPMENT: Deeprock Dr10K
DRILLING STARTED: 1217105 ENDED: 12/7/05 J\ See key sheet for symbols and abbreviations used above.
JobNa:  236.039 PLATE
" - LOG OF BORING ASB- 8
NN I.C Smith
N SING A TATES, INC.| Appr.
N BRUNSING SSOCIATES, INC. | -Aeer 1620 Delaware Street o A_Z
pate: 6H2/06 San Mateo, California




8 LC SMITH_236.039.GPJ BACE.GDT 6/12/06

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

BRUNSING ASSOCIATES, INC. BORING NO.: ASB-9 SHEET 1 OF 1
P.0. BOX 588

Windsor, CA. 95492 PROJECT: LC Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LOCATICON: San Mateo, California
SURFACE ELEVATION: DATUM: oceenpsy: DEC
SAMPLE INFORMATION <
|_
DEPTH | LAB |SAMPLE| BLOW |Recovery| PID DESCRIPTION é
FEET [SAMPLE| TYPE |COUNTS| (%) {ppm) ©
ASPHALT 3"
BLACK SILT CLAY (CL)
i soft, damp /
] /,4
BROWN SANDY SILT (ML} s
stiff, damp,sand fine grained, some
| blue-green stain
4
6 5.4
10 {Stain pervasive)
5 5—
8 7.2
14
" 18 BROWN SILTY SAND (SM)
. dense, damp, sand fine to coarse
i 9
I BROWN SILTY SAND {SM)
. dense, damp, some gravel, sand medium
5 to very coarse
| 1 32_
17 3.6
12 BROWN GRAVELLY SAND (SW}
104 laose, saturated 10—
17 1.4
19
7
10 : BROWN SILTY SAND (SM)
k with some sand, dense, saturated
13 7.9
7
T 10 BROWN SILTY CLAY (CL)
. with some sand very stiff, moist
3
| 1 4.1
BROWN SILTY SAND (SM) 5
.7 2.3 dense, wet SR
15 R 15
TD=15'
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch Solid auger
DRILLING EQUIPMENT:  Deeprock Dri0K
DRILLING STARTED: 12/7/05 ENDED; 12/7/05 J\See key sheet for symbols and abbreviations used above.
JobNo.: 236,039 PLATE
‘ LOG OF BORING ASB-9
' LC Smith
G ASSOCIATES, INC.| 2ppr: }
BRUNSING ASSOCIATES, INC. | Aper 1620 Delaware Street - A_3
Date: 612108 San Mateo, California




ENVIRONMENTAL BORING LOG AND WELL COMPLETION 20050328_LC SMITH_236.039.GPJ BACE.GDT 1/3/06

BRUNSING ASSOQCIATES, INC.
P.O. BOX 588

Windsor, CA. 95492

Telephone: (707) 838-3027
Fax: (707) 838-4420

BORING NO:  ASB-10

PROJECT: LC Smith

SHEET 1 OF 1

LOCATION: San Mateo, California
PROJECT NO.: 236.039

BRUNSING ASSOCIATES, INC.| Appr:

Dale:

LOG OF BORING ASB-1Q

COORDINATES:
SURFACE ELEVATION: DATUM: LOGGED BY: DEC
SAMPLE INFORMATION < WELL
DEPTH LAB |SAMPLE| BLOW [Recoveryi PiD DESCRIPTION é CONSTRUCTION
FEET |SAMPLE! TYPE [COUNTS| (%) | (pom) @ DETAIL
ASPHALT 3'
BROWN SANDY GRAVEL (GW) .
loose, damp, {fil) +
] '. »
‘S
'o [ Y
- . @
DARK GRAY SILTY CLAY (CL)
soft, damp
|| BROWN SILTY SAND (SM)
& some gravel, dense, damp, sand medium
| to coarse grained, gravel to 1/4" -
5 5
10
16
M 12
10 BROWN SILTY SANDY GRAVEL (G ¥ 10
loose, wet
28
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 6-inch Hollow stem auger
DRILLING EQUIPMENT:  Deeprock Dr10K
DRILLING STARTED: 127105 ENDED: 12/7/05 J\See key sheet for symbols and abbreviations used above.
JobNo,  936.039 PLATE

LC

1620 Delaware Street
San Mateo, Califcrnia

1/3/06

Smith

A-4




8_1.C SMITH_236.039.GPJ BACE.GDT B6/12/06

ERUNSING ASSOCIATES, INC. BORING NO..  ASBE-11 SHEET 1 OF 1
P.O. BOX 588

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

Windsor, CA, 95492 PROJECT: LC Smith
Telephone: (707) 838-3027 . ,
Fax: (707) 838-4420 LOCATION: San Mateo, California
SURFACE ELEVATION: DATUM: Loceep BY: DEC
SAMPLE INFORMATION <
‘ : [
DEPTH | LAB |SAMPLE} BLOW (Recovery| - PID DESCRIPTION é
FEET |SAMPLE| TYPE |COUNTS| (%) | (ppm) @
ASPHALT 3"
REDCISH BROWN SANDY GRAVEL o
GW) 1Y
4 medium to coarse sand, gravel to 1/4", A
icose damp . ®
&
» b
. . .
el
i BLACK SILTY CLAY (CL)
medium stiff, damp
BROWN AND GRAY MOTTLED SANDY
. GRAVEL {GW)
5— : sand coarse, gravel to 3/4", loose, moist, 5
g 284 odor of petroleum
17
| BROWN SANDY GRAVEL (GW)
loose, saturated s
2 4
. -
) AN
| . @
. 17 'l "
10— - b 10
21 3.5 : .9
BROWN SILTY SAND (S\M) W
® fine to medium gravel, medium dense,
\wet
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch Solid auger
DRILLING EQUIPMENT:  Deeprock Dr10K
DRILLING STARTED: 12/8/05 ENDED: 12/8/05 }\ Ses key sheet for symbols and abbreviations used above.
JobNo:  236.039 PLATE
LOG OF BORING ASBE-11
B CIA s 1 Appr:
| PRUNSING ASSOCIATES, ING. 2oer 1620 Delaware Street A-5
Date: 6112106 San Mateo, California




8_.C SMiTH_236.035.GPJ BACE.GDT 8/12/06

BRUNSING ASSOCIATES, INC. BORING NO.: ASB-12 SHEET 1 OF 1
P.O. BOX 688

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

Windsor, CA. 95492 PROJECT: 1.C Smith
Telephone: (707) 838-3027 . -
Fax: (707) 838-4420 LOCATION: San Mateo, California
COORDINATES: PROJECTNO.: 236.039
SURFACE ELEVATION: DATUM: LocGepBY: DPEC
SAMPLE INFORMATION <
]...
DEPTH | LAB |SAMPLE| BLOW jRecovery| PID DESCRIPTION é
FEET |SAMPLE| TYPE [COUNTS| (%) | (ppm) ®
LASPHALT 27
RED SILTY SAND (SM)
3 loose, damp, (filly
7 BLACK SILTY CLAY (CL)
soft, damp
i GREEN GRAY SILTY SAND (SM)
4 452 dense, damp, some staining, odor of
gasoline
5
6 146
3
54 5
5 243
5
3
10 DARK BROWN SILTY SANDY GRAVEL
1 8 123 | ©W)
gravel fo1/4", sand medium to coarse,
4 dense, wet, sewer odor, some black
§ staining
&
#
| 8 o5 | BROWNSILTY SAND (SM)
14 some gravel dense, wet
104 10—
19 9.9
; BROWN SILTY SAND (SM)
4 fine to medium sand, medium dense, ¥
& saturated
14
X 16
15 1.2
i 1 BROWN SILTY SAND (SM)
51 fine to medium gravel, very dense, moist
8 .
i 1
14 5.1 : SN
15 e 15—
TD=1%
DRILLING CONTRACTCOR: Clear Heart REMARKS
DRILLING METHOD: 8-inch Hollow stem auger
DRILLING EQUIPMENT:  Deeprock Dr10K
DRILLING STARTED: 1217105 ENDED: 12/7/05 )\ See key sheet for symbols and abhreviations used above.
JobNo:  236.038 PLATE
LOG OF BORING ASB-12
LC Smith
C L 2
BRUNSING ASSOCTATES, INC.| Appr 1620 Delaware Street L A_6
' Date: 6/12/05 San Mateo, California




BRUNSING ASSOCIATES, INC. BORING NO.. ASB-~13 SHEET 1 OF 1
P.0. BOX 588

8_LC SMITH_236.039.GPJ BACE.GDT 6/12/08

NVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

E

Windsor, CA. 95492 PROJECT: LC Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LOCATION: San Mateo, California
COORDINATES: PROJECTNO.: 236.039
SURFACE ELEVATION: DATUM: LoceepBy: DEC
SAMPLE INFORMATION <
|_
DEPTH | LAB |SAMPLE| BLOW [Recovery] PID DESCRIPTION é
FEET [SAMPLE| TYPE [COUNTS| (%) (pprm) “
ASPHALT 4"
ROAD BASE
’ DARK BROWN SILTY CLAY (CL)
some sand, soft, damp /
BROWN SILTY SAND (SM) b
medium to very coarse grained, some L
] gravel, dense, damp
14
5— 5
2 52.5
36
N AV
BROWRN SILTY SAND (SM)
dense, damp, medium to coarse grained,
r saturated
13
10— 104
“ 6.6
17
B
15— 15—
2
15 3.5
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch Solid auger
DRILLING EQUIPMENT: Deeprock Dri10K
DRILLING STARTED: 12/6/05 ENDED: 12/8/05 / \See key sheet for symbols and abbreviations used above.
Job Me.:  236.039 PLATE
N LOG OF BORING ASB-13
X , LC Smith
@ BRUNSING ASSOCIATES, INC.| Apsr.. - 1620 Delaware Street A_'?
Data: ar12i08 San Mateo, California




BRUNSING ASSOCIATES, INC. BORING NO..  ASB-14 SHEET 1 OF 1
P.O. BOX 588

8_L.C SMITH_236.039.GPJ BACE.GDT 6/12/06

ENVIRONMENTAL BORING LOG AND WELL COMPLETION 2005032

Windsor, CA. 95492 PROJECT: LC Smith
Telephone: (707) 838-3027 . .
Fax: (707) 838-4420 LOCATION: San Mateo, California
COORDINATES: PRCOJECT NO.: 236.039
SURFACE ELEVATION: DATUM: LoceepBy: DEC
SAMPLE INFORMATION <
-
DEPTH LAB |SAMPLE| BLOW [Recoveryl PID DESCRIPTION E
FEET |SAMPLE| TYPE |[COUNTS{ (%) (ppm) @
ASPHALT 2"
ROAD BASE
i BLACK SILTY CLAY (CL)
soft, moist
BROWN SILTY SAND (SM)
loose, damp, sand medium to coarse
7 grained
" BROWN SANDY SILT (ML)
5 dense, damp, some staining and odor of 5
16 33.1 gasoline
18
; YA
10
10— 10
10 7.4 '
1
DRILLING CONTRACTCR: Clear Heart REMARKS
DRILLING METHOD: 4-inch Solid auger
DRILLING EQUIPMENT:  Deeprock Dri0K
DRILLING STARTED: 12/6/05 ENDED: 12/6/05 /\See key sheet for symbols and abbreviations used above.
JobNo: 236038 PLATE
. LOG OF BORING ASB-14
' LC Smith
L Appr.
BRUNSING ASSOCIATES, INC.| Appr 1620 Delaware Street . A_8
Date: 6112108 San Mateo, California




BRUNSING ASSOCIATES, INC. BORINGNO.. ASB-15 SHEET 1 OF 1
P.0. BOX 588

Windsor, CA. 95492 PROJEGT: LC Smith

PR samaog. LocaTion:  San Mateo, California
COORDINATES: PROJECT NO.: 236.039

SURFACE ELEVATION: DATUM: LoceepBy: DEC

SAMPLE INFORMATION

8 LG SMITH_236.039.GPJ BAGE.GDT 6/12/06

ENVIRONMENTAL BORING LOG AND WELL COMPLETIQN 2005032

DEPTH | LAB [SAMPLE| BLOW |Recovery: PID DESCRIPTION
FEET (SAMPLE| TYPE [COUNTS] (%) {ppm)
ASPHALT 2"
DARK BROWN SILTY SAND (SM)
_ medium dense, damp
BROWN SILTY SAND (SM)
dense, damp, sand fine to coarse grained
12
5 5
18 33
22
AvA
T
10 10—
18 4.1
13
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHOD: 4-inch Solid auger
DRILLING EQUIPMENT:  Deeprock Dri0K
DRILLING STARTED: 12/6/05 ENDED: 12/6/05 /) \See key sheet for symbols and abbreviations used above,
JobNo:  236.039 PLATE
) LOG OF BORING ASB-15
LC Smith
it CIATES, INC.| appr:
BRUNSING ASSOCIA C.| oo 1620 Delaware Street R A-g
Date: 6112/05 San Mateo, California :




A _1.C SMITH_236.039.GPJ BACE.GDT B/12/06

BRUNSING ASSOCIATES, INC,
P.O. BOX 588

Windsor,

CA. 55492

Telephone: (707) 838-3027
Fax: (707) 838-4420

COORDINATES:
SURFACE ELEVATION: DATUM:

BORING NO.. ASB-16 SHEET 1 OF 1
PROJECT: LC Smith

LOCATION: San Mateo, California

PROJECT NO.: 236.039

LoceepBY: DEC

SAMPLE INFORMATION

DESCRIPTION

STRATA

ENVIRGNMENTAL BORING LOG AND WELL COMPLETION 2005032

DEPTH | LAR |SAMPLE| BLOW |Recovery] PID
FEET |SAMPLE| TYPE [COUNTS] (%) {ppm)
[ ASPHALT 2" ,F
ROAD BASE
T BROWN SANDY SILT (ML)
loose, damp
DARK GREENISH GRAY SILTY CLAY 7
4 (CL)
soft, damp /
B BROWN CLAYEY SILT (ML)
medium stiff, damp
g
5 5
5 257
X . GREENISH GRAY SILTY SAND (SM)
1 1y fine grained, medium dense, wet, slight
odor
| BROWN SILTY SAND (SM)
fine to medium sand, dense, wet
¥
12
10 104
14 4.7
15
DRILLING CONTRACTOR: Clear Heart REMARKS
DRILLING METHCD: 4-inch Solid auger
DRILLING EQUIPMENT:  Deeprock Dr10K
DRILLING STARTED: 12/8/05 ENDED: 12/6/05 J\See key sheet for symbols and abbreviations used above.
Job No.  236.039 PLATE
" LOG OF BORING ASB-16
LC Smith
L INC. | Appr:
| BRUNSING ASSOCIATES, INC. | Aper 1620 Delaware Street : A_1 0
' Date: 8112106 San Mateo, California
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ot st
m l'l.n .
- /,CL Yeleowiow Relo/t: Sy ALY
= ’ A < YT -1V
- = CLAY WITH Comg Firje  GRAVEL
1] & . 4 ol
- |,7 lk Ld 4‘3 % (/\"f Ry A
e : = |
() : [- "~ 1
= ]
- -
- A eC. Tr grRe SLTY CLAY
25 5
nE |1 T [ 71 | Mo se  Brown <itev T (i6 225
%, -
30 "
NeTEC: 1. Bot ufn cosieTeL AT A DEFTH
OF 265 FT o~ 10/11/84
2. 2.0-1NCH FPY( CBSERYATION WELL

INCTALLED To A DERTH oOF 26.5
FeeT,; Lo EETWEEN
FEET AND FEcT

a =

1
P

5.0
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BORING. 2

) * ” |
sIE (5|2 ONTE DRILLED /)7 7/84
S RERE SURFACE ELEVATION
5 2|5 | & :
S1ElElE|E
x| » = f
=|E|% {3 [Zomeois ,  oescRieTiON
0 -
g , T 7 AE Peifae T PAVEMENT
06|18 | u |22 | 2245 [ 220TiEr grovn SitTY Ciavey CeAvE
e Cy BLACK SILTY CLAY (WITH SOME
1 1tL GASOLINE ODOR)
- ’.&:i} ML| LIGHT GRAY CLZYEg/(qu/C;.‘.
WA g ST (STRoN OLINE C1OR
Sy Tu 76 { £ C20R)
! WHM | BROWN AND GRATY SItTy MELI -
o) Ap 7o COARSE SAND W/ITH
A C SOME GRAVEL AMND CLAY
: | Yy BINDER  (STFONG  CASoz»E
10 ' oy ODOR)
22|15 i (e8| Fe2d (BECOMES VERY s,e,av&z.s*)
l.;.'i.
-..‘
- (R - : . —
L CL| TELlowiSH DBRONA SIHTY SANDY
et Z CLAY WITH Sore FIME
= . / GRAVEL - (MO ODOR) :
S AT AREE / )
= 7
= ]
77
7 o/ -
25
30
NOTES: 1. Borine comreeteh AT A
LERTH ©F 0.5 FLET ON
/0 /// /€ F.
2. Z2-INCH  PYC OESERVETION

WELL nSTAULED 7o A DE. fH L'G ﬂF BUR!NG

CF 2/.5 FEET : ~Ln!7£ Se it

BeETwWEEN

/Du H’JU JO ”ﬁ.—a

_——




BORING 3
ONTE DRILLED  /0//2/%#
SURFACE ELEVATION

DRY DENSITY, PCF
MOISTURE CONTENT, %
SAMPLING RESISTANCE

SAMPLES

SYMBOLS DESCRIPTION

W | TYPE OF SAMPLER

AN AS EHALT  FAEIESIENT

- LR i BROWN BHT T Cldet CrhSEs

L= PRowl VERY SiLTY Saill (14 OLOE,

ELACK SILTY CLAY (WITH 3627&

D AASOLINE ADOKE)

BEOWN AND GFRAY STy GRAALLY
I"IADIUH TE CCAes SALD
WITH SO0NE (lAr ToUiix
(STHECAE GASOLING 0.::0.1:‘)

W
—
L
3

-,
~

/07

10

R (ERADES To SILTY S4407
T CLAYEY GRAVEL)
- L _
= Yellowislt FEroinn VELTY ST
= CLAY (NO ©OLoK)
== 5 j0Gt120 | U
pa
[= 15
[ ¥y
=2
1
25
.30

NOTEC [ Botuic  (oHPreTED TO A BIFTH
D5 6.5 FEFT O/ /0//;/£’+
L2-NCH PV OESER AT WELL

/;’;f’l“:;-"’ Je AR 9% 106 OF BORING
i Tai B0 ANL E0 FlET |

L

Dames & Moore

Bt S0



BORING +

=2 [
s|s|5 |2 ONEDRILED /02 /77
> || = &2 — SURFACE ELEYATION
s |8 & | =
g1E1S|= |2
A AERERE
S12 1% |2 |5 srusos DESCRIPTION-
0 - s
AAAERY & Rl Rl et r 1
%?’ ELACK SILTY CLAY (/0 DLck)
22} CL | |
AL | YLeon s EfowtS ANL GRAT
Sk ;fé S SHTY SANDY CLAT
TR EEE] % (TRACE GASDLINE — ODPOR)
E |
=
10 -/’; % . : '
- 5 U 135 = GRADES SILTY AND  Bfoivn
10 23 g | WiTy GASOLINE  Opok)
Sdud /
e = :
= 2 (4"640‘55_./77&'?5 STy WITH
- 13 TEATERYZREE V TRACE Fre GRAVE L .NOODOR )
o .
=
il
25}
30
/;/-"?}‘3. L, Boxiie CoMA:TEL AT A ﬁ

pL=ia oF 16D FeLT ON
/O/f"" /f ".“. ’

2. 2FINCE BT oEsRVATION HEL
wrnics o a wrs o2 |06 OF BORING
/6.5 FoiT o Seor R/

BETwLer/, /50 AMD 50 T

Dames & Moore




DEPTH IN FEET

1

1

20

el

BORING 8-&

N

o =]
o - - = . '85
S =128 BATE DRILLED 7 o3
ElE | E |G SURFACE ELEVATION
[zl (=] ) 3
£l |82 |z
- — o == =
Elg E|x|=
= = | & SYMBDLS DESCRIPTION
Base st Gravis CFiei)
CE'M’ (;‘ BlLE 5',,47 Uiy {seme SMM'M' odord
Z E—L. 51"&&5 +o o‘edm:.k._ ﬁ?‘“_’] -‘v,jj'({ qu
CL| ks brown o4 4 Fv sendly, sty
{] L‘Sdrm. (o Al LAY
b ] Nowish.- b twikk g
O akm yo 1% Quin aanmfa wirh Hemd A
CS /;! = (ne 463 polcr) (uj
% :ocn anoL bra»n..,L_' g THLEL StH‘
Co fuj Witk mings sanri,a?_

.)'rrOr\S iﬁwn.c Q{i_gf_)

am

=

LII'JI ?_'fr bd rs Sty Semd wirh some umj
or

Totad bepri 4.5

LOG OF BORING

Dames & Moors j
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DEPTH IN FEET

10

—
N

20

25

BORING 8-6

al = e
SIEIEIE BATE DRILLED 1733 %O
= |= |2 SURFACE ELEVATION
Z 81 &
g2 |5 |8 |2
E|Si(E = |E
=l i= | =
“le = | = symsoss DESCRIPTION
ﬁ;:h:“-‘
BLse Covret %\W CSOmcsa:. odar)
U 7 (o1 )
-t Rlact s H"f Cloy wrth some.
% ol gowu (.Sa.s oot )
7z [ beowo and 4rhly Siity Uiy (siiict 4y o)
KT brown 3. F send with SeMmeL
W > cu“:’m ming” qrw& (M tRs 0lGr ) “
i Cliawioh. b rown ity Stndy Ty +o U
!T“ Mel oty sidf (s aes ofor) EE
X I3 Erown m”; Llu‘;{: bt S oy e
1t ™ 1Y
M i b.(ﬂ? a.:mi Duﬁ;:n‘bm%ha&\ogmd)
A l' mo hsm bréwn al?mh[ dﬂj j s.rr.(_n'osu QMnc)
L #lowu\, brown Lndl U’ fp murric ol

i sarty Uly - (/\\ju ods

Toted 0(10"1_ 155’

LOG OF BORING

m;mJ

Plate 6B



DEPTH IN FEET

10

15

20

25

30

BORING B-7

T93S JLINOLN3E

w
o«
E-)
m
m
4
m
=
—
=
-
3
=
=
—

SAMPLING
i DATE DRILLED 2/6/8s
SURFACE ELEVATION
o .
[re Ju
— wg
= 2=
% lewmlg
- [t o
o (Rl &
- | E E
& =5 | 5 SYMBOLS DESCRIPTION
—_ =
B ASPHALTIC CONCRETE PAVEMENT -
7// L REODISH BROWN SILTY SANDY GRAVELLY CLAY (FILL)
f;’// CH | DARK GRAY SILTY CLAY
L {MEBIUM STIFF) (GASOLINE QDOR)
v | 2 AvA
3 5C GRAYISH-BROWN MOTTLED CLAYEY SAND WITH SCATTERED PEBBLES
; 2 2 CH {MEDIUM DEMSE) (SLIGHT GASOLINE ODOR)
7
GRADES TO GRAY STLTY GLAY
<Y G BROWN ROUNDED GRAVELS (LOOSE)
u ¥ T WL BROWN SANDY SILT WITH SCATTERED GRAVEL {DENSE)
u ’8 L BROWN FINE SANDY CLAY (MEDIUM DENSE)
/]

NOTES:
1. BORING COMPLETED AT A DEPTH OF 14.5 FEET ON 2/6/86.

2, 2-INCH PVC OBSERVATION WELL INSTALLED TO A DEPTH OF
14.0 FEET; SCREENED INTERVAL FROM 3.4 TO 13.0 FEET.

106

OF BORING

1 I3 Dames & Moore

Plate 2




LEGEND:
Length Of Drive
[ESample Recovered
Sample Retained

xZ Depth Groundwater
First Encountered

PID (in ppm)

Depth (ft}

Odor

(=]

gii B
LL.

o

Shight

N

K
X

PID {in ppm}

10

No b

Odor
Sample

o Depth (ft)

j g .
L_LI e
No T

Strong

3,

10

No

ENN

Log of Boring OSB-1
Equipment: MD-1, Direct Push

Drifl Date: 12/13/96

Elevation: Logged by: MTE

Asphalt
Basecoarse, Sand and Gravel Mix

GRAY!ISH BLACK SILTY CLAY (CL)
medium stiff, slight moist, 10-15% silt

MEDIUM BROWN CLAYEY SILT (ML}
medium stiff, slight moist, 25% clay

MEDIUM BROWN CLAYEY SANDY SILT (ML)
medium dense, saturated, 10% clay, 25% fine
to medium granined sand, trace 1/8" diameter
gravels at 9' bsg

NOTES: (1) Groundwater encountered at 8.5".

Log of Boring OSB-2
Equipment: MD-1, Direct Push
Drill Date: 12/13/96

Elevation: Logged by: MTE

Asphalt

Basecoarse, Sand and Gravel

GRAYISH BLACK SILTY GRAVELLY CLAY {CL}
medium stiff, slight moist to wet, 10-15% silt,
10-20% 1/8" to 1/4" diameter gravel

MEDIUM BROWN CLAYEY SILT (ML) mottted gray,
brown and black
wet to saturated, 30% clay

NOTES: (1) Groundwater Encountered at 11.0'

PROJECT NO.: 236.13

DRAWN BY: KPS

2/4/97

CHECKED BY:

APPROVED BY: }~ 222

BACE Environmental

" Brunsing Associates, Inc.

REVISED BY:

52/3/??

A Division Of

PLATE - A2
L OGS OF BORINGS OSB-1 AND OSB-2
1620 South Delaware Sireet

San Mateo, California




Log of Boring OSB-3

g e Equipment: MD-1, Direct Push
e = ;:._ Drill Date: 12/13/96
E E- g g Elevation: Logged by: MTE
o (&} o] v
¢ g Asphatt
No EI A7%| Basecoarse, Sand and Gravel
DARK BROWN & BLACK SILTY GRAVELLY CLAY (CL)
Slight 1 A medium stiff, slight moist, 10-15% silt,
Strong ) 10-20% 1/8" diameter grave/
5 Sighi o CLAYEY SILT (ML) motiled gray and brown
Medium medium stiff,slight moist, 30-45% clay
Strong SILTY CLAYEY GRAVEL {GC) mottled gray and brown
. medium dense, saturated, 10-15% silt, 30% clay,
10 /42[ 1/8" to 1/4* diameter gravel
sieht 7 p4dedt MEDIUM BROWN SILT (ML)
mediumn stiff, slight moist
NOTES: (1) Groundwater Encountered at 7.0/
LEGEND:
Length Of Drive
@Semple Recovered
Sample Retained
Z  Depth Groundwater
First Encountered
PROJECT NO.: 236,13 .
DRAWN BY: KPS | 1/ai97 BACE Environmental PLATE - A3
CHECKED BY; A Division Of 1;20330Ft58ﬁ“\'9 OSS?':" t
. . ou elaware Stree
APPROVED BY: ‘?ﬁ 2/@//#;1 Brunsing Associates, Inc. San Mateo. California
REVISED BY: // ‘




Log of Boring OSB-5

% § = Equipment: Hydraulic Push
o g
£ . g £8 Drill Date: 11/19/97
=) o
E 8 E% as Elevation: Notsurveyed Logged By: MTE
0 i o ASPHALT AND GRAVEL BASEROCK
o 1 MEDIUM BROWN CLAYEY SILT (ML)
i J medium stiff, moist, 30% clay
@ 5]
HV MEDIUM BROWN SILTY CLAY (CL)
stiff, damp to moist, 30% silt
| i
p @ 1l
10 MEDIUM BROWN CLAYEY SILT (ML)
e 3 || medium stiff, moist, 30% clay
i .
o MEDIUM BROWN SILTY CLAY (CL)
5 154 stiff, moist, 30% sit
F W
| b
) ]
INOTES:
i {1) No caving
(2) No free water encountered
i ~ Log of Boring OSB-6
E -
o S £ Equipment: Hydraulic Push
= o
= 5 3 £3 Drill Date: 11/19/97
2 & = 23 Elevation: Notsurveyed Logged By: MTE
0 (7.7 72 BLACK CLAY (CL} soft, dry to moist, organic material
? %2 # MEDIUM GRAY SANDY GRAVEL (GW)
o ; } :1{.-]_.:.: dense, dry, 20-30% sand
< g 5 I DARK BROWN SILTY CLAYEY GRAVEL {GC)
ﬁ medium dense, dry to moist, 10% silt, 15-20% clay
L.l
= 4
@ il *AMEDIUM BROWN CLAYEY SAND (SC)
E “ medium dense, dry to moist
: 10-f = water level 9.5', 11/19/97
o l MEDIUM BROWN GRAVELLY SAND {SP)
_ loose to medium dense, saturated
| | 'NOTES:
(1) No caving
LEGEND: (2) Free water encountered at 9.5'
Ei" %Sample Recovered
Sample Retained
aﬁ Length Cf Drive
~ 2 Water level and date measured
!
j PROJE .

At TR BACE Environmental PLATE A-2
0 BDM | 0/13/08 vironme Logs of Borings OSB-5 & OSB-6
WCHECKED BY: A Division Of 1620 South Delaware Street

L. ||APPROVEDBY: | (/% ¢ 33/ 194 Brunsing Associates, Inc. San Mateo, California
- REVISED:




L.og of Boring OSB-7

§ § £ Equipment: Hydraulic Push
© — o
£ . & £8 Drill Date: 11/19/97
o £ 3 o £ .
T o & ao Elevation: Noisurveyed Logged By: MTE
0 VEGETATION AND TOPSOIL
o 4ADARK BROWN TO BLACK ORGANIC CLAY (OH)
) soft, moist
[ 9 MEDIUM BROWN CLAYEY SILT (ML)

medium stiff, moist, 40% clay

% 2
l
MEDIUM BROWN SILTY CLAY (CL}
medium stiff, saturated, 40% silt
7 becomes 20% gravel at 15'
i ?
|

'NOTES:
(1) No caving
{2) No free water encountered

ﬁ Log of Boring OSB-8

E § = Equipment: Hydraulic Push
£ - E £ Drill Date: 11/19/97
G o
E g 'L.% a Elevation: Notsurveyed Logged By: MTE
0 % ASPHALT AND BASEROCK
1%/ ~¢ PINK-GRAY GRAVEL (GW)
very dense, dry
BLACK GRAVELLY GLAY (CL)
, 5 medium dense, dry, 10% gravel
FE I ORANGE GRAY GRAVELLY SAND (SW)
medium dense, dry, 20% gravel
104 = water level 9.5', 11/19/97
5] MEDIUM BROWN CLAYEY GRAVEL (GC)
medium dense, moist, 20% clay
NOTES:
LEGEND: {1) No caving
(2) Free water encountered at 9.5'
&Sample Recovered
Sample Retained
Length Of Drive
g Water level and date measured
o PROJECT NO.: 236.15 PLATE A-3
= 3 —all =
£°9RARAWN BY: BOM | 3/13/08 BACE Environmental Logs of Borings OSB-7 & OSB-8
. CHECKED BY: A Division Of 1620 South Delaware Street
APPROVED BY: 040 | 3/79/CH Brunsing Associates, Inc. San Mateo, California
REVISED:

iR



Log of Boring OSB-9
Equipment: Hydraulic Push
Drill Date: 11/19/97
Not surveyed Logged By: MTE

PID (in ppm)
Blows/foot
ple

Odor

Elevation:

o Depth (ft):

] ASPHALT AND BASEROCK
I MEDIUM BROWN SILTY SANDY GRAVEL (GM)
| medium dense, dry, 20% silt, 30% sand
MEDIUM BROWN GRAVELLY CLAY (CL)
medium stiff, damp to moist, 20% weathered gravel

Q

21 MOTTLED GRAY AND BROWN GRAVELLY SAND (SW)
¥ E medium dense, moist, 20-30% gravel :
2 water level 9.5', 11/19/97
MEDIUM BROWN CLAYEY GRAVEL (GC)
medium dense, saturated, 20% clay

Odor

o

Slight
NOTES:

(1) No caving

{(2) Free water encountered at 9.5'

Emi® [==neryl Y

Log of Boring OSB-10
Equipment: Hydraulic Push
Drill Date: 11/19/97
Elevation: Notsurveyed Logged By: MTE

e

PID (in ppm)
Blowsffoot

© Depth {ft)

& & Odor
| | Sample

MEDIUM GRAY CLAYEY GRAVEL {GC)
dense, dry to damp, 40-50% clay

=Tan

NOTES:
{1) No caving
(2} No free water encountered
(3) Practical driliing refusal at 9.0'

LEGEND;

%Sample Recovered
Sample Retained

Length Of Drive

(e

g Water level and date measured

t PROJECT NO.:

LY

236.15
BDM

PLATE A-4

3/13/98 BACE Environmental

"> HRAWN BY:
.. HECKED BY:

%

APPROVED BY:

3/09/3"

REVISED:

_ A Division Of
Brunsing Associates, Inc.

Logs of Borings OSB-9 & OSB-10
1620 South Delaware Street
San Mateo, California
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SAMPLING
=1
w
Wi g
2 E |y
Z|l g |22
w |2
| = |26
Tl |2
AN
S & |Hc
0
SPT| 4
SPT| 7
SPT)] 8
5
SPT| 13
SPT{ 17
10
15
20
25
30
as

SAMPLES

BORING HP-1

DATE DRILLED: 4/17/8%

SYMBCOLS DESCRIPTION
(s ASPHALT
5 %‘ﬁ’ REDDISH-BROWN COARSE SAND with some gravel (FILL]
CL ROWN GRAVELLY CLAY
BLACK SILTY CLAY with abundant organic material {moist) (soft)
ISM Gradas brown with gray mottling, fine gravel and Increasing silt

BROWN SILTY SAND with minor clay and orange mottling (weat) {loose)

G C | BROWN CLAYEY MEDIUM GRAVEL with sand and orange mottling (wet)

{madium dansa)

Grades sandier with subroundad gravel up to 1-inch in diameter

bl ol A

NOTES:

. Boring log indicates interpreted subsurface conditions only at the location and the

. For an explanation of lerms usad sae the Scils Classification Chart and Key to Tast

Boring completed-at a depth of 10,0 feet on 4/17/89.

Hydropunch driven to 15.5 feet and pulled back to 11.5 {eet.

Borehale backiilled with cement/bantonita grout on 4/17/89.

Sampling resistance is measurad in blows per foct required to drive the sampler
12 inches with a 140 Ib, hammaer falfing 30 inches after sampler has been seated
6 inches. '

tirna the boring was drilled.

Data, Plate 15. !

DRAFT

LOG OF BORING

Dames & Moore

2826-027-043

PLATE 6
L2l



I

=

SAMPLING
=y
1
Wil
o = o
Z|l x {82

W [E
El 2 |75
o [~ )
5|2 |52
S|l & |6
0

SPTY) 5
5

SPT] 14
10

SPT | 13
15
20
25
30
as

SAMPLES

SYMBOLS DESCRIPTION |

BORING HP-2

DATE DRILLED: 4/17/89

%

N

ASPHALT

CL | bARK GRAY SILTY CLAY with occasional organics and brownish-grange
spacks (moist) (medium stiff)

CL |GRAY SILTY CLAY with minor sand and rounded gravel; occasional
brownish-orange streaks (moist to wet) {medium stiff)

NN

ML § BROWN CLAYEY SILT TO SILTY CLAY with scattered rounded fine gravel
CL | and gray mottling (moist) (stiff)

ML | BROWN TO BROWNISH-YELLOW CLAYEY SILT with minor fine sand and
black streaks (wel) (medium dense)

NOTES:

Boring compieted at a dapth of 11.5 fest on 4/17/89,

Hydropunch driven to 16.0 fest and pulled back to 11.5 fest.

Borehole backfillad with cement/bentonite grout on 4/17/89.

Sampling reslstancs is measured In blows per foot required to drive the sampler

12 inches with a 140 b, hammar falling 30:Inches aiter sampler has been seated

6 inches.

5. Boring log indicates interpreted subsurface conditions only atthe location and the
time the boring was drillad.

6. Foran explanation of tarms used see the Soils Classification Chart and Key to Test
Data, Plate 15.

Ll R

DRAFT

LOG OF BORING

Dames & Moore

2826-027-043

PLATE 7
v g2 2




3 SAVPLING BORING HP-3

;l ‘ DATE DRILLED: 4/18/89

SAMPLER TYPE
SAMPLING
RESISTANCE
SAMPLES

SYMBOLS DESCRIPTION

o DEPTH INFEET

4" CONCRETE with 6" coarse sand base [FILL]

DARK GRAY SILTY CLAY with minor fine sand and scattared omanics
{moist to wet) (soft)
Girades light gray with orange mottling, sandler with scatterad fina angular
gravel

BROWN SANDY SILTY CLAY with subangular gravel (moist to wat) (medium
soft)

BROWN CLAYEY SAND with angular gravel up to 1/2-inch in diametar (wet)
" (medium dense)

SPT| 5

i SPT| 16

10
‘; SPT | 22

Grades with increasing gravel and less clay; gravel up to 1-inch in diameter

— ' NOTES:
1. Boring complated at a depth of 11.5{eet on 4/18/89,
'- 2. Hydropunch driven to 15,5 feet and pulled back to 12.5 feet.
15 3. Borshole backilled with cament/bentonite grout on 4/18/89.
4. Sampling resistance Is measured in blows par foot required to drive the sampler
i PR 12 inches with a 140 b, hammer falling 30 inches after sampler has bean seatad

( TR 6 'inches.
I : 5

. Boring leg Indicates Interpreted subsurface ccndmons only at the location and the
time the boring was drilled.

t' 8. For an explanation of terms used see the Soils Classmcallon Chart and Key to Test
20 Data, Plata 15.

! 25

30

a5

& DRAFT LOG OF BORING

- Dames & Moore
2826-027-043

PLATE 8

023




SANPLING BORING HP-6
- DATE DRILLED: 4/18/89
- w il a ‘
TN R e |8
I\ Zle |22 &
alEt |2 o
I~ i = =W %
| alx |&E & SYMBOLS DESCRIPTION
e o ASPHALT
[ ' 7 CL | BROWN SILTY CLAY with minor sand and gravel {moist) {medium stiff)
i SPT| 5 4
~atat] SW IBROWNISH-YELLOW GRAVELLY SILTY SAND with some subangular
]-- - gravel up to 1/2-inch (moist to wat) {medium densa)
| 5 e
’! A‘a..‘.
j SPT| 19 OO | Grades with incraasing gravel and lass silt (wet)
.1 . NOTES:
1. Boring complated at a depth of 7.51eet on 4/18/89.
- 10 2. Hydropunch driven to 11.0 feet and pulled back to 8.0 feet.’
! ‘ 3. Borshole bacidilled with cament/bentonite grout on 4/18/89.
4. Sampling resistanca is measured in blows par foot required to drive the sampler

12 inchas with a 140 [b. hammer falling 30 inches after sampler has been seated

‘ 6 inches.

! 8. Boring log indicates interpreted subsurtace conditions only at tha location and the

: time the boring was drilled.

15 6. For an explanation of terms usad sea the Soils Classification Chart and Key to Test
Data, Plate 15.

20

25

! 30

. as
J
|

" DRAF LOG OF BORING
h {‘ _ Dames & Moore
| 2826-027-043 - : PLATES

hooCod




i SAMPLING
[
) LLJ- w
S EE Y
. T l1Z=
El 7 |26
i il - 1
! Ol & |se
] 0
lepT| 8
I
!
5
I .
| |sPT} 20
! 10
SPT | 19
i. 15
' 20
i
I k
_ 25
i
’ 30
a
I‘;
5
| 3

SAMPLES

BORING HP-7

DATE DRILLED: 4/18/83

SYMBOLS DESCRIPTION

ASPHALT
ML | pARK BROWN CLAYEY SILT with soma sand, graval (moist) (mediurn dense)

CL [|GRAY SANDY SILTY CLAY with trace angutar gravel and orange mottling
{moist) (medium stiff)

113 oM | DARK BRCWN SILTY GRAVELLY SAND, angular gravet up to 1-inch in
1 , diameter (moist to wet) {(medium dense)

Gradas with gravel

NOTES:

Boring completed at a depth of 11.5 feet on 4/18/89.

Hydropunch driven to 15.5 fest and pulled back to 12.5 feet.

Borehole backfillad with cement/bantonite grout on 4/18/89.

Sampling resistance is measured in blows per foot required to drive the sampler

12 inches with a 140 ib. hammer talling 30 inches after sampler has been seated

6 inches.

. 5. Boring log indicates Interpreted subsurface conditions only at the location and the
tima the boring was drillad.

6. For an explanation of tarms used see the Soils Classification Chart and Key 1o Test

Data, Plate 15. :

@

.' — M ——

Liiee o LOG OF BORING

Dames & Moore

PLATE 10
Cro



SAMPLING BORING HP-8
- DATE DRILLED: 4/18/89
T ‘ .
Bl E |3
Z| g < .
Wi = = w
E -l - o d
a | & |22 a.
w = =0 E
ol % |58 &% SYMBOLS DESCRIPTION
0 ASPHALT
ML BROWN CLAYEY SILT with sand and minor gravel (moist) {medium dansae)
SPT| 5 Gradas clayier with orange mottling and scattered arganics
g
BROWNSIH-GRAY CLAYEY SAND with trace gravel and dark gray staining
sPT! 12 at 7.0 feet.
Strong gasoline odor
Color becomes gray .
10 ML | BROWNISH-YELLOW SANDY SILT with clay and minar orange mottling
18PT | 11 : (wet) (medium danse)
NOTES: -
1. Boring compieted at a depth of 11.51set on 4/18/89.
2. Hydropunch driven to 15.5 fest and pulled back 1o 12.5 faet.
15 3. Berehole backillled with cement/bantenite grout on 4/18/89.
, 4. Sampiing rasistance is measured In biows per foot required to drive the sampler
3 12 inchas with a 140 1b. hammer talling 30 inches aftersampler has been seated
6 inches. .
<o : 5. Boring log Indicates interprated subsurface conditions only at the location and the
' time the boring was drilled.
6. For an explanation of terms used ses the Soils Classification Chart and Key to.Test
20 Data, Piate 185. '
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SAMPLES

SYMBOLS DESCRIPTION

BORING HP-9

DATE DRILLED: 4/15/89

i

(3C | BROWN SILTY GRAVEL (loosa) (dry) [FILL]

ML | MOTTLED YELLOWISH-BROWN AND RED CLAYEY SILT with scatterad
roots (dry)

CL |DARK TO LIGHT GRAY CLAY with traca fine gravel, scattered roots (dry)

Gradss with yellow-brown motiling, some siit

ML ] YELLOW-BROWN CLAYEY SILT with some sand and fine gravei (wet)

Grades with oranga mottling and fine sand

NOTES:

1. Boring compisted at a depth of 10.0 feet on 4/19/89.

2. Hydropunch driven to 15.5 feet and pulled back to 11.5 feet.

3. Borehole backfilled with cament/bentonite grout on 4/19/89.

4. Sampling resistanca s measured In blows par foot required to drive the sampler
12 Inches with a 140 Ib. hammer falling 30 inches after sampler has been seated
6 inches.

5. Boring log indicates interpreted substirface conditions only at tha location and the
time the boring was drilled. .

6. For an explanation of tarms used see the Solls Classification Chart and Key to Test
Data, Plate 15. i :
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SAMPLING

SAMPLER TYPE
SAMPLING
RESISTANCE

SPT | 5/6"

SAMPLES

BORING HP-10A

DATE DRILLED: 4/19/89

SYMBCLS DESCRIPTION

CONCRETE

%é REDDISH-BROWN CLAYEY SILT AND GRAVEL (dry 10 slightly moist) [FILL)

DN

CL | DARK GRAY TO YELLOWISH-BROWN SILTY CLAY with trace grave! (moist
to wet)

Grades with incraasing gravei

ML ' YELLOW-BROWN CLAYEY SILT with trace fine sand and fine gravel (wat)

NOTES:

1. Boring completed at a depth of 11.0 {est on 4/19/89,

Hydropunch driven to 15.0 fest and puiled back to 11.0 feet (ne sample recovered).

Hydropunch driven to 16.0 feet and pulled back to 13.0 feet {no sample racoverad).

Borehola backdilled with cemant/bantonite grout on 4/15/89.

Sampling resistanca is measured in blows per foot required to driva the sampler

12 inches with a 140 Ib. hammer falling 30 inches aﬁer sampler has bean seated

€ inches.

6. Boring [og indicates interpreted subsuracs condrtions oniy at the localion and the
time the boring was drilled.

7. For an explanation of terms usaed sea the Solls Ctassmcatmn Chart and Key to Test
Data, Plate 15,
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SAPLNG - BORING HP-11A

DATE DRILLED: 4/20/89

SAMPLER TYPE
SAMPLING
AESISTANCE
SAMPLES

SYMBOLS DESCRIPTION

- CONCRETE
& ML | REDDISH-BROWN CLAYEY SILT AND GRAVEL (dry) [FILL]

/;GC

/ CL | LIGHT GRAY SILTY CLAY with ysliowish-brown mottling, fraca of fine gravel
/ and sand {moist) :

% Gradas with yailowish-brown color and increasing sand and graval

-1 ML | YELLOW-BROWN SANDY SILT with some clay interbeddad with clayey sand;
=380 traca fine gravel (wet)

o DEPTHIN FEET

10
NOTES:

1. Boring compietad at a depth of 11.0 fast on 4/20/89.

2. Hydropunch driven to 15.0 test and pulied back {o 11.0 feat (no sample racovarad)
3. Borehole backfilled with cament/bentonite grout on 4/20/89.

4. Sampiing resistance is measured in blows per foot required to drive the sampler

. 12 inches with & 140 Ib. hammer falling 30 Inches after sampler has been seated
15 & inches.

| 5 Boring iog indicates intemretad subsurfaca condilions only at the lecation and the
( tima the boring was drilled.
. 6. For an explanation of terms used saa the Soils Classification Chan and Kay to Test
Data, Plate 15. i
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Log of Boring Mw-1

'§ £ Equipment: 8" Hollow-Stem Augers
= o
Monitoring Well g £ a8 Drill Date: 12/11/97
Construction L 2 o 5 ion:
n O ¥ Elevation: Logged By: MTE
Ground Surface "t T 7 0 " ASPHALTIC CONCRETE {AC)
. . ﬁ BROWN SILTY SANDY GRAVEL (GP) dense, moist
2" LOCKING CAP = b ,%/g HIEDIUM BROWN CLAYEY SANDY GRAVEL (GC)
CEMENT-BENTONITE r: . {{ medium dense, moist, 15% clay, 30% medium to coarse-
GROUT / e 4| grained sand
N B 5
BENTONITE-PELLET SEG o /-(i
SEAL REY ,‘;:_?{
OB EnEEN > /:; MEDIUM BROWN CLAYEY SAND (SC)
‘. g0 101 7771 medium dense, saturated, 30% clay
LONESTAR #2/12 SAND———»t: ZBHOWN-HED SANDY SILT (ML) . '
- =  medium stiff, saturated, 10% to 20% very fine-grained sand
Al ——water level 11.45', 12/11/97
MO"I'I'L_ED GRAY AND BROWN SILT (ML)
VG BOTTOM CAP - 0 @ 15 medium stiff, saturated
NOTES:
{1) No caving
(2) Free water encountered at 11.45'
LEGEND:
Sample Recovered
Sample Retained
Length Of Drive
* Equivalent "Standard Penetration” blow counts
g Water level and date measured
PROJECT NO.: 236.15 PLATE A-5
+ JRAWN BY: BDM 2/23/98 BACE Environmental MW-1 Log And
| CHECKED BY: - A Division Of Well Completion Detail
APPROVED BY: [3/ /C)/§ A Brunsing Associates, Inc 1620 South Delaware Street
REVISED: T ! ' Gan Mateo, California




ENVIRONMENTAL MULTIPLE CHAMBER WATH TEMP 23619~1.GPJ BACE.GDT 10/3/1

G ASSOCIATES, INC. BORING NO.:  MW-2 SHEET 1 OF 1
+X 588
sor, CA. 95492 PROJECT: L.C. SMITH
phone: {707) 838-3027
4 (707) 838-4420 LOCATION: 1620 3. Delaware St., San Mateo, CA
COCRDINATES: PROJECT NO.: 236.19
CASING ELEVATION: Unknown DATUM: To be surveyed LOGGED BY: MTE DATE COMPLETED:09/04/01
SAMPLE INFORMATION < WELL %
E E -
=T o W
pEpTH | 1aB  |sAmPLE! BLOW | TEMP oDOR DESCRIPTION © CONSTRUCTION s m
FEET |SAMPLE! TYPE {COUNTS| (F} & DETAIL -
0 ASPHALT
™ SANDY SILTY CLAYEY GRAVEL (FILL}
) TMOTTLED GRAYISH BROWN CLAYEY |||
SILT (ML)
5 Z o moist, soft 5
] st water encountered af about 8 feet |
biow ground surface
10— Z 0 10
R BROWN SILTY SANDY {SM)
safturated, loose
15— Z S 15
GRAY CLAY (CL})
\stiff, wet
T.D @ 16 feet below ground surface
DRILLING CONTRACTOR: Gregg Drilling, Inc REMARKS
DRILLING METHOD: 8-inch Hollow Stem Augers
DRILLING EQUIPMENT:
DRILLING STARTED: 08/04/01 See Plate A1 for symbols and abbreviations used above.
Jopte: ER19 LOG OF BORING MW-2 PLATE
Brunsing Associates, popr: L.C. SMITH
Inc. ) 1620 S. Delaware Sireet A2
Date: 1953701 San Mateo, California
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