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Dear Mr. Nowell and Ms. Roe: 

ARS is pleased to submit this Human Health Risk Assessment Report (HHRA) on behalf of 411 West 

MacArthur LLC for the planned residential development at 411 West MacArthur Boulevard in Oakland, 

California (the “Site”).  Soil and groundwater vapor data from the eastern portion and the future proposed 

elevator shaft area located in the middle southern portion of the site were evaluated to determine if a 

potentially complete vapor intrusion pathway exists within the subsurface, and to evaluate the potential 

risk to future building occupants associated with the vapor intrusion pathways.  

We have offered a background section of previous investigations and results.  We have also presented the 

methods and results of the vapor intrusion risk evaluations. 

The potential vapor intrusion pathway was evaluated using a tiered or step-wise approach, in accordance 

with Cal EPA guidance (2011) and San Francisco Regional Water Quality Control Board (SFRWQCB) 

(2016) vapor intrusion guidance Environmental Screening Levels (ESLs). The approach consisted of first 

comparing site soil and groundwater vapor concentrations to conservative vapor screening levels for 

residential and commercial/industrial exposure scenarios in order to select constituents of potential concern 

(COPCs), followed by vapor intrusion modeling (HERO VI model), which was used in conjunction with 
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HUMAN HEALTH RISK ASSESSMENT REPORT 

411 W. MACARTHUR BOULEVARD, OAKLAND, CALIFORNIA 

ACEH RO#0003192; GLOBAL ID: T10000007937 

1.0 INTRODUCTION 

On behalf of 411 West MacArthur LLC (the Client), Applied Remedial Services, Inc. (ARS) is pleased to 
submit this Human Health Risk Assessment Report (HHRA) and a summary of site specific data and 
activities regarding recent investigative events that were conducted by two (2) consulting firms Gribi 
Associates (Gribi) in April 2016 and Aquifer Sciences, Inc. (ASI) in May 2016 at the mid-southern and 
eastern portions of the property located at 411 West MacArthur Blvd. in Oakland, California (the “Site”). 

Chevron Site Number 351642 is a former Unocal service station located on the southwestern corner of 
the intersection of West MacArthur Blvd. and Webster Street, in Oakland, California (Figures 1 and 2). 
Two generations of fuel station facilities have been removed from the Site: the 1st in 1989 and the 2nd in 
1998. The station building and canopy were left in place following station decommissioning (Figure 3). 
There are currently no businesses onsite and the site is being prepared for a sixteen (16) unit multi-story 
residential apartment complex with a 3,000 square feet (sf) commercial grocery market place on the 
corner of Webster Street and West MacArthur Blvd. (Figure 3). 

The Site comprises an approximately 8,000-square foot parcel on the southwest corner of West 
MacArthur Boulevard and Webster Street.  The planned Site development will consist of a five-story 
apartment building with approximately 16 living units.  The building will include a concrete-encased 
parking and storage basement on the west side of the building.  The ground floor will include parking 
over the basement area on the west side and concrete-floored commercial use on the east side of the 
building.  The second through fifth floors will include residential apartments.  An elevator shaft located 
towards the middle southern portion of the site in the will extend from the basement up to the fifth floor. 

2.0 SITE GEOLOGY AND HYDROGEOLOGY 

Silt and clay mixtures were encountered at the site by AECOM (consultant to Chevron) from the surface 
to the total depth explored of 30 feet below ground surface (bgs). In some locations, these sediments are 
underlain by clayey sand and clayey gravel to 30 feet bgs. Intermittent, poorly graded sand layers are 
encountered from approximately 20 to 27 bgs. Boring logs for the new ASI borings advanced in May 
2016 and three (3) monitoring wells MW-1, MW-2 and MW-3 which were advanced at the site in 1989, 
are included in Tab Number 3. (see Figures 4, 5, 6, and 7). 
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The most recent groundwater monitoring event was conducted on February 14, 2013. Depth to 
groundwater ranged from 13.66 to 17.98 feet below the top of the well casings, and groundwater 
elevation ranged from 53.46 to 57.71 feet above mean sea level. The groundwater flow direction was 
calculated to flow in a South-Southwesterly direction, with an average hydraulic gradient of 
approximately 0.04 feet per foot (ft/ft).  

The historical groundwater flow directions have been predominately the South since April 1993 when 
wells MW-5 and MW-6 were included (Figure 3). Prior to 1993, with fewer wells being monitored, the 
groundwater flow direction was noted to be the East. Hydrocarbons were not detected in groundwater 
samples from SB-2, which is located directly East of the Site, indicating that the groundwater plume has 
not migrated in that direction. 

Historical groundwater flow direction was also discussed in the 2006 Soil and Groundwater Investigation 
Report, where TRC included a rose diagram that depicted the predominant groundwater flow directions 
through first quarter 2006 to be East and Southwest; however, the existing data through third quarter 
2010 were re-evaluated. The predominant flow directions were found to be South and South-Southwest. 
Since the second quarter of 1994, all reported flow directions were reported to be generally Southerly, 
ranging between East-Southeast and Southwest, with the exception of the second quarter of 2001 
(Northeast), and the third quarter of 2006 (West). Since the third quarter of 2007, reported flow 
directions have been to the South. 

3.0 DISTRIBUTION OF PETROLEUM HYDROCARBONS IN SOIL 

Table 1 and Figures 8 and 9 provide a summary of historic and recent soil hydrocarbon results. The 
highest concentrations of TPHg (6,100 mg/kg), toluene (5,300 mg/kg), ethylbenzene (86 mg/kg), and 
total xylenes (420 mg/kg) were detected in the fuel UST source area in SB-3 at a depth of 16 feet bgs. 
The highest concentration of benzene (12 mg/kg) was detected in a sidewall sample (SW-1) from the 
UST excavation; however, benzene was not detected in the confirmation sample (SW-1(4)) from this 
location following over-excavation activities. The highest concentration of benzene in soil left in place 
after excavation activities were detected near the UST excavation area in MW-2 (1.5 mg/kg) at 19 feet 
bgs.  

The highest concentration of MTBE (0.64 mg/kg) was detected for SB-3 at 14 feet bgs. The horizontal 
extent of hydrocarbons in soil is defined by MW-3 to the North; SB-9 to the East; SB-10, SB-5, and SW-
1(4), and SB-1 to the South; and SB-4 and MW-4 to the West.  

Hydrocarbon-impacted soil is generally encountered at depths below 15 feet bgs on the Eastern side of 
the Property near the former gasoline USTs. 
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4.0 DISTRIBUTION OF PETROLEUM HYDROCARBONS IN GROUNDWATER 

Tables 2 and 3, and Figure 9 provide a summary of historic and recent groundwater results.  Groundwater 
has been sampled at the site since 1989. Sample analyses have included TPHg, BTEX, and MTBE. The 
historical maximum concentrations of TPHg (21,000 micrograms per liter [µg/l]), benzene (1,300 µg/l), 
and MTBE (4,800 µg/l) were detected in MW-3 in 1991 and 1992 and have significantly decreased since 
that time. Point attenuation graphs are provided for MW-2 and MW-3 as Charts B1 and B2, respectively 
in Tab Number 4. TPHg and benzene were not detected in groundwater above laboratory reporting limits 
during the most recent groundwater monitoring event conducted in February 2013. MTBE was detected 
in groundwater for one well, MW-3, at 5.1 µg/l, which is slightly above the Environmental Screen Level 
(ESL) of 5.0 µg/l.  

Petroleum hydrocarbons in groundwater were defined by well MW-5 to the East, MW-2 to the South, 
MW-1 to the West, and MW-4 and MW-6 to the Northwest and Northeast, respectively. 

Grab groundwater samples collected from soil borings during March 2006 and December 2010 show 
significantly higher hydrocarbon concentrations than groundwater samples collected at the same time 
from the monitoring well network (see Tables 2 and 3). This difference is most likely due to: (1) the fine-
grained nature of Site soil and presence of entrained sediments in the samples, and (2) cross 
contamination of groundwater from coring tools that were pushed through slightly hydrocarbon-impacted 
soils. The grab groundwater samples confirm the groundwater impacts around the former gasoline UST 
pit and show decreasing concentrations over time due to natural attenuation. Thus, the 2010 grab 
groundwater samples showed lower hydrocarbon concentrations than grab groundwater samples from 
2006 borings collected from the same areas of the site (SB-3W vs. SB-9 and SB-5W vs SB-10).  Also, 
very low to non-detectable concentrations of petroleum hydrocarbons were encountered in grab 
groundwater samples from downgradient offsite 2006 borings SB-1W and SW-2W. 

5.0 PREVIOUS REMEDIAL ACTIVITIES 

Remedial activities conducted at the Site included the excavation of approximately 830 cubic yards of 
soil from the site (450 cubic yards in 1989 and 380 cubic yards in 1998) and the removal of 1,500 gallons 
of groundwater. 

In July 1989, during UST replacement activities, approximately 450 cubic yards of soil and 1,500 gallons 
of groundwater were removed from the UST pit and disposed of off-site. Analytical results for the six 
soil confirmation sidewall samples collected at 10 feet bgs from the fuel tank pull indicated low 
concentrations of total petroleum hydrocarbons (TPH) as gasoline (TPHg) ranging from non-detectable 
to 11 milligrams per kilogram (mg/kg), except for one sample, which had 3,100 mg/kg of TPHg (see 
Figure 8. A soil sample collected from the used-oil pit at 8.5 feet bgs had no detectable TPHg, TPH as 
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diesel (TPHd), benzene, toluene, ethylbenzene, and total xylenes (BTEX). Following the sidewall 
sampling, 1,500 gallons of groundwater was removed from the gasoline UST pit.  
Subsequent over-excavation of the fuel UST pit was performed by removing 4 linear feet (calculated 
removal of 50 cubic yards) from the Southern and Eastern sidewalls, near the soil sample location with 
3,100 mg/kg of TPHg. The post excavation confirmation sample results were non-detect and 1 mg/kg for 
TPHg in two samples collected from SW-1(4) and SW-4(2), respectively (Figure 8). 

In September 1998, the second-generation USTs were removed. Soil samples were collected from 
beneath the former fuel USTs and the former product piping. Soil samples contained a maximum TPHg 
concentration of 360 mg/kg and benzene of 1.5 mg/kg at 9.5 feet, and methyl tert-butyl ether (MTBE) 
was not detected in any of the soil samples. Approximately 380 cubic yards of trenching and UST 
backfill materials from the second station configuration was stockpiled and later transported off-site for 
disposal during the 1998 station demolition (Figure 8). 

6.0 RECENT INVESTIGATIVE ACTIVITIES AT THE SITE 

Two recent investigations were conducted at the Site by Gribi Associates (Gribi) in April 2016 and 
Aquifer Science, Inc. (ASI) in May 2016 (see Figure 9 and Figure 10). The Gribi investigation involved 
1) Collection of grab groundwater samples from three soil borings on the west and east side of the Site;
and (2) Collection of soil gas samples from these three locations.  The goal of these activities was to
assess potential indoor risks from vapor intrusion relative to the planned residential and commercial
development at the Site. The groundwater samples (GW-1, GW-2, and GW-3) were advanced to minus
twenty (20) feet bgs, while the soil gas sample SG-1 located in the mid-southern portion of the site near
the future elevator pit was collected from minus 15 feet bgs (457 cm) and the two other soil gas samples
SG-2 and SG-3 which were collected from the future proposed commercial space area were collected
from 5.5 feet bgs (168 cm).

6.1 Gribi’s Investigation 

 Task 1 Collect three grab groundwater samples.  Three soil borings, GW-1, GW-2, and GW-
3, were drilled to collect one grab groundwater sample from each boring.  Prior to conducting
field activities, boring permits were obtained from Alameda County Public Works and USA was
notified.

The three borings included one boring, GW-1, in the planned location of the elevator pit, on the
south side of the Site, and two borings, GA-2 and GA-3, just east of the former UST excavation
cavity, on the east side of the Site (see Figure 3).  Each boring was drilled to approximately three
to four feet below first-encountered groundwater (groundwater expected at approximately 17 feet
in depth).
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After reaching boring total depth, ¾-inch diameter PVC well casing was placed in the boring, 
and approximately 1 to 3 gallons of water were hypothetically to be purged from the PVC casing 
prior to sampling, which never occurred. Therefore, due to lack of water recharge, no purging 
occurred whatsoever, and the samples were collected from the first groundwater catch, which 
might not have been representative of site groundwater conditions. This protocol compounded by 
the fine-grained nature of Site soil at this depth described in ASI’s boring logs as “Clayey Silt 
with Sand” and the more than likely presence of entrained sediments in the samples, may have 
overestimated the presence of petroleum hydrocarbon related compounds in the grab 
groundwater samples.  

The Groundwater was sampled and preserved in accordance with standard sampling protocols, 
and samples were transported to the analytical laboratory under formal chain-of-custody.  
Borings were grouted in accordance with ACPW permit requirements, and drilling and sampling 
equipment were thoroughly decontaminated between each boring. Three groundwater samples 
(one per boring) were analyzed for TPH-G, BTEX, and Naphthalene using USEPA Method 
8260. The results are presented in Table 2. 

 Task 2 Collect three soil gas samples.  Three soil gas samples, SG-1, SG-2, and SG-3, were
collected.  The three samples included one sample, SG-1, in the planned elevator pit area, and
two samples, SG-2 and SG-3, just east of the former UST excavation cavity, on the east side of
the Site (see Figure 3).  The three soil gas samples were collected at approximately five and a
half feet beneath the planned building foundation depth; thus, respective soil gas sampling depths
for SG-1, SG-2, and SG-3 were 16.0 feet, 5.5 feet and 5.5 feet bgs.  Note that for SG-1, since
groundwater was shallower than 20 feet in depth, then the soil gas sample depth was raised to
approximately four feet above the groundwater depth.

Temporary vapor wells were constructed as follows: (1) After coring to the desired depth using
direct-push coring equipment, a vapor tip with ¼-inch diameter Teflon (or similar) tubing was set
at the desired depth; (2) Filter sand was placed around the vapor tip, with sand approximately six
inches below and six inches above the vapor tip; (2) A one foot bentonite seal, consisting of six
inches of dry granular bentonite followed by six inches of pre-hydrated granular or pellet
bentonite, was placed above the filter sand; and (3) The remaining annulus was filled with
hydrated pellet bentonite.

The three temporary soil gas wells were purged and sampled in accordance with current DTSC
protocols as follows:

• A “T” valve was placed in line at the ground surface to allow for system purging and for pressure
testing of the above ground portion of the sampling train.  The sampling tubing was attached to a
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200-milliliter per minute maximum flow controller, then a one-liter laboratory-supplied Summa 
Canister™ (evacuated to 29 inches’ mercury vacuum) with vacuum pressure valve.    

• After allowing the vapor wells to equilibrate for at least one hour, the wells were purged and
sampled.  A laboratory supplied purge/pressure test Summa Canister™ (evacuated to 29 inches’
mercury) was then used to test vacuum pressure in the above ground portion of the sampling
train.  Sampling train vacuum pressure was maintained for at least 10 minutes; if pressure drops
occur, the system connections were tightened and the pressure testing continued.

• The vapor well was then purged of approximately three purge volumes using a dedicated
Summa Canister.

• The entire probe and sampling train was placed under a shroud and a leak test was conducted.
Helium from a compressed gas cylinder was pumped into the shroud, and the helium
concentration inside the shroud were maintained at approximately 10,000 ppmV (the detection
level for the ASTM Method D-1946 is 100 ppmV).  Helium monitoring was conducted using a
Mark Radio detection MGD-2002 helium detector with internal pump (or equivalent).  For the
sampling train leak test, the helium monitor was attached to the purge tube and the T-valve
opened.  A positive reading of helium by the detector indicated the presence of helium inside the
sample train and, therefore, a leak in the sample train.  If helium is detected, all connections in
the sample train were tightened and the leak test repeated until no helium was detected. It is
noteworthy, that SG-2 contained 4.2% helium according to the analytical laboratory. Therefore, a
leak did occur in this Summa canister; however according to CAL EPA DTSC acceptable
Helium leakage is up to 10%, therefore results of this sample are valid.

• The vapor sample was then collected by opening the Summa canister and allowing the vapor to
fill the canister until the vacuum pressure in the canister reached approximately 20 percent of
initial (approximately 5 to 6 inched mercury).  The flow controller was used so that the Summa
Canister filled slowly (200 ml per minute or less) to insure a representative soil vapor sample.
Prior to, at start time, and during sampling, periodic vacuum measurements were recorded on a
field data sheet, and initial and final vacuum pressures were noted on a chain-of-custody records.

• The vapor samples (filled Summa canisters) were secured and transported to McCampbell
Analytical Laboratories, Inc. a certified analytical laboratory, under formal chain-of-custody.

• The three soil gas samples were analyzed for TPH-G, BTEX, and Naphthalene using USEPA
Method TO-15, and for fixed gases (including oxygen, carbon dioxide, nitrogen, and helium)
using ASTM Method D1946-90.  These data are presented in Table 4.
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Grab groundwater samples from GW-1, GW-2, and GW-3 showed respective TPHg concentrations of 
42,000 ug/L, 21,000 ug/L, and 7,800 ug/L, and respective benzene concentrations of 110 ug/L, 39 ug/L, 
and <5 ug/L.  Respective naphthalene concentrations in GW-1, GW-2, and GW-3 grab groundwater 
samples were 2,300 ug/L, 490 ug/L, and 190 ug/L.  Since groundwater is present below 15 feet bgs and is 
not used on the site, the direct exposure and ingestion receptor scenarios are not applicable.  However, 
since the benzene concentrations in GW-1 and GW-2 and the naphthalene concentrations in all three grab 
groundwater samples exceed the Groundwater to Vapor Intrusion ESLs (deep groundwater, fine-coarse 
grained soils), the groundwater to vapor intrusion exposure pathway is potentially complete for onsite 
receptors. 

Soil gas samples from SG-1, SG-2, and SG-3 showed respective TPHg concentrations of 150,000 ug/m3, 
1,900,000 ug/m3, and 2,700,000 ug/m3, and respective benzene concentrations of 39 ug/m3, 450 ug/m3, 
and <160 ug/m3.  The benzene concentration for SG-2 (450 ug/m3), located on the east end of the site, is 
above the Sub-slab/Soil Gas residential land use ESL for benzene of 48 ug/m3.  This indicates a potential 
indoor vapor intrusion exposure risk relative to benzene if mitigation measures are not implemented 
during construction of the planned residential development. It is noteworthy, that the planned site 
development will include the installation of a sub-slab depressurization system (SSDS) designed to fully 
mitigate any and all potential vapor intrusion concerns.  A brief description of the planned SSDS is 
included in Section 7.0 of this report. All activities surrounding SSDS installation will be conducted 
under the supervision of a certified vapor engineer who has been qualified by the manufacturer of the 
product to install their product.  

Soil gas samples from SG-1, SG-2, and SG-3 showed respective methane concentrations of 0.50 percent 
(%), 21%, and 23%.  These methane impacts could have resulted from either: (1) breakdown of residual 
hydrocarbons in soil; and/or (2) biogenic activity in shallow organic-rich Bay Mud silts and clays.  The 
fact that the SG-1 soil gas sample, collected at 16 feet in depth in non-Bay Mud soils, showed low 
methane, whereas samples SG-2 and SG-3, collected in Bay Mud soils, showed elevated methane, would 
suggest a natural, biogenic origin related to Bay Mud soils.  Potential explosive hazards associated with 
these shallow soil gas methane impacts will be mitigated by the planned vapor barrier/venting system.   

Due to the presence of elevated methane in shallow soil gas samples SG-2 and SG-3, Alameda County 
Environmental Health requested in a meeting on April 6, 2016 that three additional borings be drilled in 
the immediate vicinity of SG-2 and SG-3.  The purpose of these borings was to determine whether or not 
a shallow hydrocarbon source exists, which could have resulted in the elevated methane vapor impacts at 
SG-2 and SG-3.  Thus, these borings were to be drilled down to approximately 16 feet in depth, and soil 
samples were to be collected at approximately five-foot intervals would be analyzed for hydrocarbon 
constituents.   
6.2 ASI’s Investigation 

In May 2016, Aquifer Sciences, Inc. (ASI) drilled and sampled three soil borings, AS-1, AS-2, and 
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AS-3, adjacent to the previous soil gas sample locations SG-2 and SG-3.  A total of twelve (12) soil 
samples were collected from the borings for total petroleum hydrocarbons quantified as gasoline 
(TPH-gasoline), benzene, toluene, ethylbenzene, and xylenes (BTEX) analysis by EPA Method 8021B 
and 8015B.   

Soil samples from borings AS-1 and AS-2 showed no significant detections of hydrocarbons in soil 
samples from 5.0 feet to 18 feet in depth.  Soil samples collected at 7 feet, 10 feet 14 feet, and 16 
feet bgs from boring AS-3, located adjacent to previous Gribi boring/sample locations GW-3 and 
SG-3, showed respective TPHg concentrations of 90 mg/kg, 550 mg/kg, 13 mg/kg, and 690 mg/kg. 
Samples from 7 feet to 14 feet bgs showed no significant detections of BTEX constituents, and the 
soil sample from 16 feet bgs showed 2.4 mg/kg of benzene, 24 mg/kg of toluene, 17 mg/kg of 
ethylbenzene, and 94 mg/kg of xylenes.  These concentrations are relatively low and certainly do not 
indicate widespread hydrocarbon release at shallow depth beneath the investigated area. 

7.0 PLANNED DEVELOPMENT VAPOR MITIGATION MEASURES 

The Site comprises an approximately 8,000-square foot parcel on the southwest corner of West 
MacArthur Boulevard and Webster Street.  The planned Site development will consist of a five-story 
apartment building with approximately 16 living units.  The building will include a concrete-encased 
subterranean parking and storage basement on the west side of the building.  The ground floor will 
include parking over the basement area on the west side and concrete-floored commercial use on the east 
side of the building.  The second through fifth floors will include residential apartments.  An elevator 
shaft will extend from the basement up to the fifth floor.  Copies of portions of planned development 
drawings are included in Tab Number 2.

In order to mitigate possible vapor intrusion into the Site building, a passive sub-slab depressurization 
system (SSDS) and vapor barrier will be installed under the planned commercial space 
(approximately 3,000 square feet) on the east side of the building, to include the elevator pit area. 
The recommended area for the vapor barrier and passive venting system is shown on Figure 3. 

Prior to installation, vapor mitigation system design plans and specifications will be prepared by a 
qualified California-licensed civil and geotechnical professional engineer and will be submitted to ACEH 
for approval.  In addition, a Site Mitigation Risk Plan will be submitted, which describes operation and 
maintenance activities to be conducted for the SSDS and vapor barrier to insure system integrity 
throughout the life of the Site apartment building. 
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8.0 HUMAN HEALTH RISK ASSESSMENT 

This section provides an evaluation of potential exposure pathways, comparison of contaminants of 
potential concern (COPC) with regulatory screening levels, and calculation of site-specific risk levels 
based on COPC data.  These are presented in the following sections: 

8.1 Potential Exposure Pathways 
8.2 Comparison of COPC Concentrations with ESLs 
8.3 Quantitative Risk Analysis 

Please note that this HHRA has been conducted without taking into account the planned SSDS mitigative 
measures for the site development.  Based on the results of this HHRA and our understanding of the 
planned SSDS mitigation measures, we believe that, once implemented, actual risk levels for future 
human receptors will be significantly below allowable risk levels (one in one million for Carcinogenic 
Risk and 1.0 Hazard Index for non-carcinogenic risk). 

8.1 Potential Exposure Pathways 

ARS conducted a qualitative evaluation of potential exposure pathways relative to the planned residential 
development.  Results of this preliminary evaluation of all potential exposure pathways.  Note that, in 
conducting this evaluation, we have generally tried to use current, and not historic (greater than 10 years 
old), data.  

Exposure Pathway Complete? Risk Level Discussion 
Air Exposure Pathway 
Surface soil volatilization to 
ambient air 

Possible Low No shallow soil BTEX detections. 

Subsurface soil volatilization to 
ambient air 

Possible Low No significant deep soil BTEX detections. 

Subsurface soil volatilization to 
enclosed space 

Possible Low No shallow soil BTEX detections above 10 
ft bgs.  

Groundwater volatilization to 
ambient air 

Possible Low Possible BTEX volatilization to 
Commercial space of Site building. 

Groundwater volatilization to 
enclosed space 

Possible Low to 
Moderate 

Possible BTEX volatilization to 
Commercial space of Site building. 

Soil Exposure Pathway 
Dermal contact/ingestion of 
surface soils 

Possible Low Construction worker only; no significant 
shallow soil hydrocarbon impacts. 

Dermal contact/ingestion of 
subsurface soils 

Possible Low Construction worker only; soil 
TPHg/BTEX impacts generally below 
direct exposure ESLs. Building foundation 
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Exposure Pathway Complete? Risk Level Discussion 
would not be deeper than 3.5 ft. bgs. 

Groundwater Exposure 
Pathway 
Soil leaching to groundwater, 
ingestion 

No None No onsite groundwater use. 

Dissolved/free phase 
groundwater ingestion 

No None No onsite groundwater use. 

Surface Water Exposure 
Pathway 
Soil leaching to surface water No None No nearby surface water bodies. 
Groundwater plume discharge to 
surface water 

No None No nearby surface water bodies. 

As the table above illustrates, possible complete exposure pathways exist relative to the air exposure 
(volatilization to ambient and enclosed air from soil and groundwater) and soil exposure (direct exposure 
to soil) pathways. The potential risks associated with ambient air exposure, either from soil or 
groundwater exposure, is expected to be low.  The potential risks associated with enclosed air exposure, 
primarily from groundwater volatilization, are expected to be low to moderate, given the somewhat 
elevated benzene, ethylbenzene, and naphthalene soil gas concentrations at SG-2. Potential direct 
exposure to hydrocarbon-impacted soils is possible during construction; however, the areas with 
identified soil hydrocarbon impacts are relatively small and are present at depths greater than 10 feet bgs 
and building foundation structural members would not infringe upon soil beneath 3.5 ft. bgs. 

In summary, the primary potential environmental receptors relative to the planned residential 
development are: (1) Potential direct exposure to hydrocarbon-impacted soils during construction related 
activities; and (2) Potential exposure of residential apartment building occupants to indoor air with 
volatile hydrocarbons. 

Note that the above receptor pathway evaluation does not specifically take into account possible methane 
explosion hazards.  This is because, while elevated methane concentrations are present in shallow soil 
gas beneath the Site, the evaluation of associated flash risk is difficult because of other conditions (rich 
oxygen environment and an ignition source) which are necessary for a flash.  Note that the planned SSDS 
mitigative measures are expected to fully mitigate this risk. 

8.3 Comparison of COPC Concentrations with ESLs 

Contaminants of Potential Concern (COPCs) identified in soil, groundwater, and soil gas include 
gasoline-range petroleum hydrocarbons.  Specific COPCs, maximum concentrations, and Environmental 
Screening Levels for residential land use are summarized as follows: 
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COPC Soil (mg/kg) GW (ug/L) Soil Gas (ug/m3) 
Max Conc. ESL Max Conc. ESL Max Conc. ESL 

TPHg 690 740 42,000 NL 2,700,000 NL 
B 2.4 0.23 110 30 450 48 
T 24 970 540 100,000 210 160,000 
E 17 5.1 2,600 370 360 560 
X 94 560 4,800 38,000 1,100 52,000 
N NA 33 2,300 180 <530 41 

Methane 23% 5-15% (LEL)
>15% (UEL) 

TPHg = Total Petroleum Hydrocarbons as Gasoline 
B = Benzene 
T = Toluene 
E = Ethylbenzene 
X = Xylenes 
N = Naphthalene 
mg/kg = Milligrams per kilogram 
ug/L = Micrograms per liter 
ug/m3 = Micrograms per cubic meter 
Max. Conc. = Maximum concentration 
NA = Not analyzed for this analyte  
ESL = Environmental Screening Level (San Francisco Bay 
Regional Water Quality Control Board, February 2016)       

Soil = Table S-1, Soil Direct Exposure (residential)/Leaching 
to Groundwater; 
Groundwater = Table GW-4, Groundwater Vapor Intrusion 
(deep, fine-course, residential); 
Soil Gas = Table SG-1, Subslab/Soil Gas Vapor Intrusion 
(residential) 
(A) = Direct Exposure ESL/Leaching to Groundwater ESL
NL = Not listed.
<530 = Not detected above the expressed value.
Shaded = Exceeds ESL.

As summarized above, maximum soil concentrations for benzene and ethylbenzene exceed direct 
exposure ESLs; however, as summarized in Section 8.1, soil direct exposure is limited to the construction 
worker scenario and the exposure risk is expected to be low due to the lack of shallow soil impacts. 

Groundwater concentrations for benzene, ethylbenzene, and naphthalene exceed the residential vapor 
intrusion ESL for deep groundwater and fine-course soils.  However, the groundwater sample with ESL 
exceedances (GW-1) was collected at the same location as a soil gas sample (SG-1) with hydrocarbon 
concentrations that did not exceed vapor intrusion ESLs.  Since the groundwater ESLs for vapor intrusion 
rely on a greater number of risk model assumptions (default depth to water, soil permeability, etc.), it is 
more than likely that soil gas sample results provide a more accurate measure of vapor intrusion risk than 
the groundwater-to-vapor-intrusion ESLs. 

The maximum soil gas concentration for benzene exceeds the residential vapor intrusion ESL, and the 
maximum methane concentration exceeds both the lower explosive limit (LEL) and the upper explosive 
limit (UEL).  However, as noted in Section 8.1, the planned SSDS mitigative measures will reduce risk 
relative to these potential issues of concern.  Note that the respective soil gas TPHg concentrations for 
SG-1, SG-2, and SG-3 of 150,000 ug/m3, 1,900,000 ug/m3, and 2,700,000 ug/m3 are above the soil gas 
odor nuisance ESL of 50,000 ug/m3.  However, these odor nuisance concerns will be adequately 
addressed by the planned SSDS mitigative measures.  
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8.3 Quantitative Risk Analysis 

Quantitative, site-specific risk analyses were conducted using two methods: (1) Risk modelling using soil gas 
data; and (2) Risk modelling using groundwater data.  These calculations were accomplished using 
California Department of Toxic Substances Control (DTSC), Office of Human and Ecological Risk Office 
(HERO) “Screening-Level Model for Soil Gas Contamination” (updated December 2014), and “Screening-
Level Model for Groundwater Contamination” (updated December 2014).  These spreadsheet models were 
used in conjunction with DTSC’s “Guidance for Evaluation & Mitigation of Subsurface Vapor Intrusion to 
Indoor Air” (October 2011) and USEPA’s “User’s Guide for Evaluating Subsurface Vapor Intrusion into 
Buildings” (February 2004).  Standard and site-specific models parameters used for both models are included 
in Table 5. Model risk analyses are presented in the following sections:  

8.3.1 Risk Analysis Using Soil Gas Data 
8.3.2 Risk Analysis Using Groundwater Data 

As previously noted in this report, it is likely that risk analysis using Site soil gas data model, rather than 
groundwater data, will provide a more accurate measure of vapor intrusion risk due to the smaller number of 
assumptions used in the soil gas data risk model. 

Note also that the risk analyses reported herein were conducted assuming no SSDS mitigative measures.  The 
planned SSDS mitigative measures will be designed by qualified professionals to sufficiently mitigate any 
and all potential vapor intrusion to indoor air risks reported herein. 

8.3.1 Risk Analysis Using Soil Gas Data 

The HERO soil gas and groundwater vapor intrusion models represent DTSC’s versions of a USEPA vapor 
intrusion spreadsheet model that incorporated the Johnson and Ettinger (J&E) model (1991) and added a 
human health risk component which allowed for the calculation of risk associated with inhalation of specific 
contaminants.  For the HERO soil gas spreadsheet model, the following most elevated concentrations for 
each COPC input values were entered. the Model input parameters and backup calculations for every COPC 
are enclosed in Tab Number 1: 

 Chemicals modeled: BTEX (naphthalene soil gas = ND)

 Soil Gas Concentrations:
Benzene = 450 ug/m3 (SG-2) 
Toluene = 210 ug/m3 (SG-1) 
Ethylbenzene = 390 ug/m3 (SG-1) 
Xylenes = 1,100 ug/m3 (SG-1) 

 Depth below grade to bottom of enclosed space floor:  15 cm
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 Vadose zone SCS soil type:  CL (clay, based on soil boring logs)
Results of the Soil Gas to vapor intrusion model risk calculations are summarized in Table 6.  Using 
the above input values, the total (additive) Excess Lifetime Cancer Risk (ELCR) and Hazard Index 
(HI) were: 

 Residential Exposure Scenario: ELCR = 6.5x10-6; HI = 0.46

 Commercial Exposure Scenario: ELCR = 7.0x10-7; HI = 0.53,

These risk calculations would apply to both the at-grade portion of the planned Site residential building and 
the elevator pit area (at 15 feet bgs), since soil gas samples were collected beneath the elevator pit depth (SG-
1 at about 16 feet bgs) and at about 5.5 (168 cm) feet below surface grade (SG-2 and SG-3). 

8.3.2 Risk Analysis Using Groundwater Data 

The HERO groundwater vapor intrusion model allows for the inputting of site-specific groundwater depths.  
Thus, since groundwater depths relative to the elevator pit depth and surface grade are different, separate 
model risk calculations were conducted for elevator pit receptors and for at-grade vapor intrusion receptors.  
For the HERO groundwater gas spreadsheet model, the following input values were entered: 

 Chemicals modeled: Benzene, Ethylbenzene, Naphthalene which were in excess of their respective
Residential ESL levels;

 Most elevated Groundwater Concentrations levels were selected:
Benzene = 110 ug/L (GW-1)  
Ethylbenzene = 2,600 ug/L (GW-1) 
Naphthalene = 2,300 ug/L (GW-1) 

 Depth below grade to bottom of enclosed space floor:  15 cm

 Depth below grade to water table:  Elevator Pit = 91 cm (3 feet); At Grade = 518 cm (17 feet)

 Vadose zone SCS soil type:  CL (clay, based on soil boring logs)

Results of the groundwater to vapor intrusion model risk calculations are summarized in Table 7.  
Using the above input values, the total (additive) Excess Lifetime Cancer Risk (ELCR) and Hazard 
Index (HI) for elevator pit receptors and at-grade receptors were: 

 Residential Exposure Scenario-Elevator Pit Receptors: ELCR = 3.89x10-5; HI = 0.68

 Residential Exposure Scenario-At Grade Receptors: ELCR = 3.6x10-5; HI = 0.61,
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8.3.3 Model Uncertainties 

There is some uncertainty associated with estimating potential vapor intrusion to indoor air exposure 
risks using soil gas and/or groundwater data.  Multiple factors contribute to uncertainty in the 
evaluations, as described below. 

 The HERO vapor intrusion models do not account for biodegradation or any decrease in
concentration over time and, therefore, the models are likely to overestimate potential risks for
biodegradable petroleum hydrocarbons. During the sampling event, oxygen was detected in soil
vapor samples from the Site at concentrations ranging from 0.76% to 11%.  This, together with
relatively low BTEX concentrations at the Site, would indicate the potential for significant bio-
attenuation over time.

 In addition to biodegradation, several other factors such as an intact foundation and/or low-
permeability soils may cause the vapor intrusion pathway to be incomplete.

 The HERO models makes several assumptions in estimating indoor air concentrations and
exposure risks. For instance, the models assume homogeneous soils and homogeneous distribution
of contaminants (in this case, maximum contaminant concentrations) over the entire area of
concern.  This is clearly not the case on the Site.

 The use of the maximum detected soil vapor concentrations as the EPCs for estimation of
ELCR/HI is a conservative assumption, intended to represent the worst-case exposure scenario in
which the maximum detected soil vapor concentration represents the homogeneous concentration
in soil vapor.

9.0 CONCLUSIONS  

In accordance with ACEH directives, ARS has completed this HHRA for the Site.  The HHRA included:  

(1) A qualitative evaluation of potential exposure pathways;
(2) A comparison of contaminants of potential concern (COPC) with appropriate regulatory screening
levels; and
(3) Calculation of site-specific risk levels based on Site COPC data.

The preliminary exposure pathway evaluation identified two potential exposure pathways relative to the 
planned residential development: 

 Potential direct exposure to hydrocarbon-impacted soils during construction related activities;
and

 Potential residential indoor air volatile hydrocarbon exposure for apartment building occupants.

Using these potential exposure pathways, maximum recent soil, groundwater, and soil gas concentrations 
were compared to appropriate Environmental Screening Levels (ESLs). For soil, maximum soil 
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concentrations for benzene and ethylbenzene exceed direct exposure ESLs; however, soil direct exposure 
is limited to the construction worker scenario and the exposure risk is expected to be low due to the lack 
of shallow soil impacts.  For groundwater, maximum Site groundwater concentrations for benzene, 
ethylbenzene, and naphthalene exceed the residential vapor intrusion ESL for deep groundwater and fine-
coarse soils; however, co-located soil gas samples, which are more accurate for vapor intrusion 
assessment, did not show concomitant hydrocarbon concentrations above vapor intrusion ESLs.  For soil 
gas, the maximum soil gas concentration for benzene exceeds the residential vapor intrusion ESL, and the 
maximum methane concentration exceeds both the lower explosive limit (LEL) and the upper explosive 
limit (UEL).  However, the planned SSDS mitigative measures will reduce risk relative to these potential 
adverse risks.      

Quantitative, site-specific risk analyses were conducted using two methods: (1) Risk modelling using 
soil gas data; and (2) Risk modelling using groundwater data.  These calculations were accomplished 
using California Department of Toxic Substances Control (DTSC), Human and Ecological Risk 
Office (HERO) “Screening-Level Model for Soil Gas Contamination” (updated December 2014), and 
“Screening-Level Model for Groundwater Contamination” (updated December 2014). Using site-
specific parameters for maximum soil gas concentrations and site-specific soil type, the soil gas to 
vapor intrusion model yielded the following the total (additive) excess lifetime cancer risk (ELCR) 
and hazard index (HI) values: 

 Residential Exposure Scenario: ELCR = 6.5x10-6; HI = 0.46

 Commercial Exposure Scenario: ELCR = 7.0x10-7; HI = 0.53,

These risk calculations would apply to both the at-grade portion of the planned Site residential building and 
the elevator pit area (at 15 feet bgs), since soil gas samples were collected beneath the elevator pit depth 
(SG-1 at about 16 feet bgs) and at about 5 feet below surface grade (SG-2 and SG-3). 

The HERO groundwater vapor intrusion model allows for the inputting of site-specific groundwater 
depths.  Thus, since groundwater depths relative to the elevator pit depth and surface grade are 
different, separate model risk calculations were conducted for the elevator pit and for at-grade vapor 
intrusion receptors.  Using site-specific parameters for maximum groundwater concentrations, depths 
to groundwater, and soil type, the groundwater to vapor intrusion model yielded the following the total 
(additive) excess lifetime cancer risk (ELCR) and hazard index (HI) values for elevator pit receptors 
and at-grade receptors: 

 Residential Exposure Scenario-Elevator Pit Receptors: ELCR = 3.89x10-5; HI = 0.68;

 Residential Exposure Scenario-At Grade Receptors: ELCR = 3.6x10-5; HI = 0.61;

The results of this quantitative vapor intrusion risk evaluation are based on the assumption that the soil gas 
and groundwater hydrocarbon concentrations will remain constant for the assumed exposure duration of 25 
years, thus, likely overestimating the risk to planned building occupants. 
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Note that the risk analyses reported herein were conducted simply to show what the current residential land 
use might be in the absence of the planned SSDS mitigative measures.  However, the planned SSDS 
mitigative measures will be designed by qualified licensed professional engineers to sufficiently mitigate any 
and all potential Volatile Organic Compounds (VOCs) vapor intrusion to indoor air risks relative to the 
planned residential development at the site. 

10.0 RECOMMENDATIONS 

Based on the findings and conclusions presented herein, as well as the uncertainties associated with the 
modeling, ARS, Inc. recommends that in order to mitigate the threat from future VOC vapor intrusion: 

 Installation of a vapor barrier against VOCs beneath structural foundation members of the
commercial area at the Site and the elevator pit area at the Site;

 Installation of a passive sub-slab depressurization and passive soil venting system, including
collection pipes, and subsequent vapor sampling; and;

 Installation of an engineered exhaust fan system within the new garage to remove any fugitive
emissions.
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Alternate Surrogates For Gasoline 

(n-Pentane & Hexane) 



RESULTS SHEET

Scenario: Commercial

INCREMENTAL RISK CALCULATIONS:

Chemical:

Incremental Hazard

risk from quotient

vapor from vapor

intrusion to intrusion to

indoor air, indoor air,

carcinogen noncarcinogen

(unitless) (unitless)

NA 3.9E-01

MESSAGE SUMMARY BELOW:

END

Pentane, n-

Last Update: December 2014

DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model

Soil Gas

RESULTS

Page 1 of 1



Scenario: Commercial

DATA ENTRY SHEET Chemical: Pentane, n-

ENTER ENTER ENTER Soil Gas Conc. Attenuation Factor Indoor Air Conc. Cancer Noncancer
Soil Soil (μg/m3) (unitless) (μg/m3) Risk Hazard

Chemical gas OR gas 2.70E+06 6.3E-04 1.7E+03 NA 3.9E-01

CAS No. conc., conc.,
(numbers only, Cg Cg

no dashes) (mg/m3) (ppmv) Chemical

109660 2.70E+06 Pentane, n-

ENTER ENTER ENTER ENTER ENTER

Depth
MORE below grade Soil gas Vadose zone User-defined
 to bottom sampling Average SCS vadose zone

of enclosed depth soil soil type soil vapor
space floor, below grade, temperature, (used to estimate OR permeability,

LF Ls TS soil vapor kv

(15 or 200 cm) (cm) (oC) permeability) (cm2)

15 168 16.67 2.00E-02

ENTER ENTER ENTER ENTER ENTER

MORE Vandose zone Vadose zone Vadose zone Vadose zone Average vapor
 SCS soil dry soil total soil water-filled flow rate into bldg.

soil type bulk density, porosity, porosity, (Leave blank to calculate)
rb

A nV
qw

V Qsoil

(g/cm3) (unitless) (cm3/cm3) (L/m)

CL 1.66 0.375 0.054 5

MORE
 ENTER ENTER ENTER ENTER ENTER ENTER

Averaging Averaging
time for time for Exposure Exposure Exposure Air Exchange 

carcinogens, noncarcinogens, duration, frequency, Time Rate
ATC ATNC ED EF ET ACH
(yrs) (yrs) (yrs) (days/yr) (hrs/day) (hour)-1

NEW=> Commercial 70 25 25 250 8 1
(NEW) (NEW)

END

Department of Toxic Substances Control

Vapor Intrusion Screening Model - Soil Gas

USEPA SG-SCREEN 
Version 2.0, 04/2003

DTSC Modification 
December 2014 

Results SummarySoil Gas Concentration Data

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Receptor 
Parameters

Last Update: December 2014
DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model
Soil Gas

DATENTER
Page 1 of 1



CHEMICAL PROPERTIES SHEET

Pentane, n-

Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical risk Reference Molecular

in air, in water, temperature, temperature, boiling point, point, temperature, factor, conc., weight,

Da Dw H TR DHv,b TB TC URF RfC MW

(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (mg/m3)-1 (mg/m3) (g/mol)

8.21E-02 8.80E-06 1.25E+00 25 6,155 309.00 469.70 0.0E+00 1.0E+00 72.15

END

Last Update: December 2014

DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model

Soil Gas

CHEMPROPS

Page 1 of 1



INTERMEDIATE CALCULATIONS SHEET

Scenario: Commercial

Chemical:

Vadose zone Vadose zone Vadose zone Vadose zone Vadose zone Floor-

Source- soil effective soil soil soil wall Bldg.

building air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation

separation, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

LT qa
V

Ste ki krg kv Xcrack conc. Qbuilding

(cm) (cm
3
/cm

3
) (cm

3
/cm

3
) (cm

2
) (cm

2
) (cm

2
) (cm) (mg/m

3
) (cm

3
/s)

153 0.321 #N/A #N/A #N/A 2.00E-02 4,000 2.70E+06 6.78E+04

Area of Vadose

enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor zone

space to-total depth vaporization at constant at constant at viscosity at effective Diffusion

below area below ave. soil ave. soil ave. soil ave. soil diffusion path

grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, length,

AB h Zcrack DHv,TS HTS H'TS mTS D
eff

V Ld

(cm
2
) (unitless) (cm) (cal/mol) (atm-m

3
/mol) (unitless) (g/cm-s) (cm

2
/s) (cm)

1.00E+06 5.00E-03 15 6,418 9.16E-01 3.85E+01 1.77E-04 1.33E-02 153

Exponent of Infinite

Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source

path vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,

Lp Csource rcrack Qsoil D
crack

Acrack exp(Pe
f
) a Cbuilding

(cm) (mg/m
3
) (cm) (cm

3
/s) (cm

2
/s) (cm

2
) (unitless) (unitless) (mg/m

3
)

15 2.70E+06 1.25 8.33E+01 1.33E-02 5.00E+03 2.83E+05 6.27E-04 1.69E+03

Unit

risk Reference

factor, conc.,

URF RfC

(mg/m
3
)
-1

(mg/m
3
)

NA 1.0E+00

END

Pentane, n-

Last Update: December 2014

DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model

Soil Gas

INTERCALCS
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RESULTS SHEET

Scenario: Commercial

INCREMENTAL RISK CALCULATIONS:

Chemical:

Incremental Hazard

risk from quotient

vapor from vapor

intrusion to intrusion to

indoor air, indoor air,

carcinogen noncarcinogen

(unitless) (unitless)

NA 5.2E-01

MESSAGE SUMMARY BELOW:

END

Hexane

Last Update: December 2014

DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model

Soil Gas

RESULTS

Page 1 of 1



Scenario: Commercial

DATA ENTRY SHEET Chemical: Hexane

ENTER ENTER ENTER Soil Gas Conc. Attenuation Factor Indoor Air Conc. Cancer Noncancer
Soil Soil (μg/m3) (unitless) (μg/m3) Risk Hazard

Chemical gas OR gas 2.70E+06 5.9E-04 1.6E+03 NA 5.2E-01

CAS No. conc., conc.,
(numbers only, Cg Cg

no dashes) (mg/m3) (ppmv) Chemical

110543 2.70E+06 Hexane

ENTER ENTER ENTER ENTER ENTER

Depth
MORE below grade Soil gas Vadose zone User-defined
 to bottom sampling Average SCS vadose zone

of enclosed depth soil soil type soil vapor
space floor, below grade, temperature, (used to estimate OR permeability,

LF Ls TS soil vapor kv

(15 or 200 cm) (cm) (oC) permeability) (cm2)

15 168 16.67 2.00E-02

ENTER ENTER ENTER ENTER ENTER

MORE Vandose zone Vadose zone Vadose zone Vadose zone Average vapor
 SCS soil dry soil total soil water-filled flow rate into bldg.

soil type bulk density, porosity, porosity, (Leave blank to calculate)
rb

A nV
qw

V Qsoil

(g/cm3) (unitless) (cm3/cm3) (L/m)

CL 1.66 0.375 0.054 5

MORE

 ENTER ENTER ENTER ENTER ENTER ENTER

Averaging Averaging
time for time for Exposure Exposure Exposure Air Exchange 

carcinogens, noncarcinogens, duration, frequency, Time Rate
ATC ATNC ED EF ET ACH
(yrs) (yrs) (yrs) (days/yr) (hrs/day) (hour)-1

NEW=> Commercial 70 25 25 250 8 1
(NEW) (NEW)

END

Department of Toxic Substances Control

Vapor Intrusion Screening Model - Soil Gas

USEPA SG-SCREEN 
Version 2.0, 04/2003

DTSC Modification 
December 2014 

Results SummarySoil Gas Concentration Data

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Receptor 
Parameters

Last Update: December 2014
DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model
Soil Gas

DATENTER
Page 1 of 1



CHEMICAL PROPERTIES SHEET

Hexane

Henry's Henry's Enthalpy of

law constant law constant vaporization at Normal Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical risk Reference Molecular

in air, in water, temperature, temperature, boiling point, point, temperature, factor, conc., weight,

Da Dw H TR DHv,b TB TC URF RfC MW

(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (mg/m3)-1 (mg/m3) (g/mol)

7.31E-02 8.17E-06 1.80E+00 25 6,895 341.70 508.00 0.0E+00 7.0E-01 86.18

END

Last Update: December 2014

DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model

Soil Gas

CHEMPROPS

Page 1 of 1



INTERMEDIATE CALCULATIONS SHEET

Scenario: Commercial

Chemical:

Vadose zone Vadose zone Vadose zone Vadose zone Vadose zone Floor-

Source- soil effective soil soil soil wall Bldg.

building air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation

separation, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

LT qa
V

Ste ki krg kv Xcrack conc. Qbuilding

(cm) (cm
3
/cm

3
) (cm

3
/cm

3
) (cm

2
) (cm

2
) (cm

2
) (cm) (mg/m

3
) (cm

3
/s)

153 0.321 #N/A #N/A #N/A 2.00E-02 4,000 2.70E+06 6.78E+04

Area of Vadose

enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor zone

space to-total depth vaporization at constant at constant at viscosity at effective Diffusion

below area below ave. soil ave. soil ave. soil ave. soil diffusion path

grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, length,

AB h Zcrack DHv,TS HTS H'TS mTS D
eff

V Ld

(cm
2
) (unitless) (cm) (cal/mol) (atm-m

3
/mol) (unitless) (g/cm-s) (cm

2
/s) (cm)

1.00E+06 5.00E-03 15 7,648 1.24E+00 5.22E+01 1.77E-04 1.18E-02 153

Exponent of Infinite

Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source

path vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,

Lp Csource rcrack Qsoil D
crack

Acrack exp(Pe
f
) a Cbuilding

(cm) (mg/m
3
) (cm) (cm

3
/s) (cm

2
/s) (cm

2
) (unitless) (unitless) (mg/m

3
)

15 2.70E+06 1.25 8.33E+01 1.18E-02 5.00E+03 1.33E+06 5.91E-04 1.60E+03

Unit

risk Reference

factor, conc.,

URF RfC

(mg/m
3
)
-1

(mg/m
3
)

NA 7.0E-01

END

Hexane
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DTSC Human and Ecological Risk Office

DTSC Vapor Intrusion Screening Model
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SITE DETAILS

-  COMMERCIAL/RETAIL SUITE ON GROUND FLOOR, 14 FEET CEILING.

-  BASEMENT, CAR STACKER & MECH./STORAGE, 8 FEET CEILING; PARKING ON GROUND FLOOR, 14 FEET CEILING.
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-  COMMERCIAL/RETAIL SUITE ON GROUND FLOOR, 14 FEET CEILING.

-  BASEMENT, CAR STACKER & MECH./STORAGE, 8 FEET CEILING; PARKING ON GROUND FLOOR, 14 FEET CEILING.
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-  COMMERCIAL/RETAIL SUITE ON GROUND FLOOR, 14 FEET CEILING.

-  BASEMENT, CAR STACKER & MECH./STORAGE, 8 FEET CEILING; PARKING ON GROUND FLOOR, 14 FEET CEILING.
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-  COMMERCIAL/RETAIL SUITE ON GROUND FLOOR, 14 FEET CEILING.
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MW-3

MW-2

MW-1

MW-4

- GROUNDWATER MONITORING WELL LOCATION

P2 P4(6) P3(6)

P4P1(6)

P1

A2(18)

P3 P2(6)

WO1

B2(19.5)

A1(19)

SW1

SW4

SW1 (4)

SW4 (2)

SW3

SW2

B1(19.5)

FORMER UST’S

FORMER DISPENSER
ISLANDS

FORMER WASTE
OIL UST

GASOLINE UST
EXCAVATION CAVITY

(APPROX. 12’ BGS IN 1989;
APPROX. 20’ BGS IN 1998)

UST PIPING EXCAVATION CAVITY
(APPROX. 6.5’ BGS IN 1989;
APPROX. 6.0’ BGS IN 1998)

WASTE OIL UST EXCAVATION CAVITY
(APPROX. 8.5’ BGS IN 1989)

- UST REMOVAL SOIL SAMPLE, 07/1989

- UST REMOVAL SOIL SAMPLE, 09/1998

COMMERCIAL BUILDING

1.9

10.0’

10
<0.5
7.7
1.8

12.0
<0.5

(18.45’)

–
–

<50
<0.30
<0.30
<0.30
<0.60
<1.0

–
–

SOIL (MG/KG) GW (UG/L)

5’

<50
<1.0
3.4

<0.05
<0.1
<0.1
<0.1

–
ALL ND
ALL ND

10’

<50
<1.0
5.0

<0.05
<0.1
<0.1
<0.1

–
ALL ND
ALL ND

15’

<50
<1.0
2.2

<0.05
<0.1
<0.1
<0.1

–
ALL ND
ALL ND

Date:  9/7/89

19’

<50
<1.0
<1.0

<0.05
<0.1
<0.1
<0.1

–
ALL ND
ALL ND

Date:  8/1/13

Depth

TOG:
TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:
HVOC’S:
SVOC’S:

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

(18.34’)

–
<50

<0.30
<0.30
<0.30
<0.60

1.7

SOIL (MG/KG) GW (UG/L)

5’

--
1.4

<0.05
<0.1
<0.1
<0.1

--

10’

--
<1.0

<0.05
<0.1
<0.1
<0.1

--

15’

--
1.8

<0.05
<0.1
<0.1
<0.1

--

Date:  9/6/89

19’

--
13
1.5
2.1

0.34
1.8
--

Date:  2/5/14

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

7’

--
70

<0.10
<0.10
0.15

<0.30
--

10’

--
550

<0.10
0.21
6.1
11
--

14’

--
13

0.038
0.0051
0.024
0.051

--

Date:  5/6/16

16’

--
690
2.4
24
17
94
--

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

5’

--
2.6

<0.005
<0.005
<0.005
<0.015

--

8’

--
57

<0.010
<0.010
0.057
0.057

--

13’

--
21

0.081
<0.005

0.38
0.099

--

Date:  5/6/16

15’

--
2.9

0.045
0.0067
0.067
0.11

--

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

5’

--
<1.0

<0.005
<0.005
<0.005
<0.015

--

10’

--
<1.0

<0.005
<0.005
<0.005
<0.015

--

16’

--
1.6

<0.005
0.0067
0.0073
0.048

--

Date:  5/6/16

18’

--
<1.0

<0.005
<0.005
<0.005
<0.015

--

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

(18.05’)

–
<50

<0.30
<0.30
<0.30
<0.60
<1.0

SOIL (MG/KG) GW (UG/L)

5’

--
3.1

<0.05
<0.1
<0.1
<0.1

--

10’

--
17

<0.05
<0.1
<0.1
0.10

--

15’

--
20

<0.05
<0.1
<0.1
0.27

--

Date:  9/6/89

18.5’

--
2.1

<0.05
<0.1
<0.1
<0.1

--

Date:  8/1/13

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

(18.24’)

–
<50

<0.30
<0.30
<0.30
<0.60

7.2

SOIL (MG/KG) GW (UG/L)

5’

--
1.3

<0.05
<0.1
<0.1
<0.1

--

10’

--
1.8
0.29
<0.1
<0.1
<0.1

--

15’

--
3.3

<0.05
<0.1
<0.1
<0.1

--

Date:  9/7/89

18.5’

--
<1.0
<0.05
<0.1
<0.1
<0.1

--

Date:  2/5/14

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

14.0’

–
1.3
0.11

<0.0046
0.061
0.055
0.64

16.0’

–
6,100
<9.7
53
86

420
<9.7

Date:  3/27/06

(24’)

–
13,000

510
1,400
470

2,600
340

GW (UG/L)

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

5.0’

–
<0.97

<0.0049
<0.0049
<0.0049
<0.0097
<0.0049

9.0’

–
2.8

<0.0048
<0.0048
<0.0048
<0.0097
<0.0048

Date:  3/27/06

(20’)

–
120
11

<0.050
<0.050

<1.0
130

GW (UG/L)

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

5.0’

–
<0.97

<0.0049
<0.0049
<0.0049
<0.0097
<0.0049

9.0’

–
<0.93

<0.0047
<0.0047
<0.0047
<0.0093
<0.0047

Date:  3/27/06

(24’)

–
<50

<0.050
<0.050
<0.050

<1.0
<0.050

GW (UG/L)

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

5.0’

–
<0.93

<0.0047
<0.0047
<0.0047
<0.0093
<0.0047

15.0’

–
<0.92

<0.0046
<0.0046
<0.0046
<0.0092
<0.0046

Date:  3/27/06

(24’)

–
<50

<0.050
<0.050
<0.050

<1.0
3.4

GW (UG/L)

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

SOIL (MG/KG)

9.0’

–
<0.93

<0.0046
<0.0046
<0.0046
<0.0093
<0.0046

13.0’

–
<0.93

<0.0047
<0.0047
<0.0047
<0.0093
<0.0047

Date:  3/27/06

(20’)

–
3,000

44
1.2
63
30
53

GW (UG/L)

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

(20’-25’)

–
2,000
<0.50

48
98
340

<0.50

SOIL (MG/KG) GW (UG/L)

5’

–
<0.20

<0.0050
<0.0050

<<0.0050
<0.010

<0.0050

10’

–
0.30

<0.0050
<0.0050

<<0.0050
<0.010

<0.0050

15’

–
<10

<0.025
<0.025
<0.025
<0.050
<0.025

Date:  12/20/10

20.0’

–
520
<1.2
19
19
86

<1.2

Date:  12/20/10

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

(17’-22)

–
9,500
430

2,000
330

2,100
190

SOIL (MG/KG) GW (UG/L)

5’

–
9.9

<0.025
<0.025

0.10
0.059

<0.025

10’

–
3.0

<0.0050
0.011
0.069
0.28

0.014

15’

–
<10
1.4

0.28
0.14
0.66
0.04

Date:  12/20/10

20’

–
4.5

0.17
0.10

0.067
0.37
0.62

Date:  12/20/10

25’

–
0.30

<0.0050
0.014
0.0050
0.028

<0.0050

30’

–
0.28

<0.0050
0.02
0.011
0.043

<0.0050

(24’-29’)

–
2,900

79
470
100
540
<5.0

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:

MTBE:

(17’-22)

–
1,500

20
0.96
75
8.3

<0.50

SOIL (MG/KG) GW (UG/L)

5’

–
<0.20

<0.0050
<0.0050
<0.0050
<0.010

<0.0050

10’

–
0.28

<0.0050
<0.0050
<0.0050

0.017
<0.0050

15’

–
0.47

<0.0050
<0.0050
0.0050
0.024

<0.0050

Date:  12/21/10

20’

–
0.31

<0.0050
<0.0050

0.047
<0.010

<0,0050

Date:  12/21/10

25’

–
<0.20

<0.0050
<0.0050
<0.0050
<0.010

<0.0050

30’

–
<0.20

<0.0050
<0.0050
<0.0050

0.012
<0.0050

(24’-29’)

–
310
1.8
25
12
63
5.8

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:
N:

Date: 4/8/16

(20’)

–
7,800
<5.0
81

230
1,000
190

GW (UG/L)

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:
N:

Date: 4/8/16

(20’)

–
42,000

110
67

2,600
4,800
2,300

GW (UG/L)

Depth

TPH-D:
TPH-G:

B:
T:
E:
X:
N:

Date: 4/8/16

GW (UG/L)

(20’)

–
21,000

39
540
850

3,900
490
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RESULTS

-  COMMERCIAL/RETAIL SUITE ON GROUND FLOOR, 14 FEET CEILING.

-  BASEMENT, CAR STACKER & MECH./STORAGE, 8 FEET CEILING; PARKING ON GROUND FLOOR, 14 FEET CEILING.

SB-5

SB-10

SB-8

SB-9

SB-4

SB-1
SB-2

SS-1

SS-3

SS-2

SB-3

- SOIL BORING LOCATION (TRC, 2006)

- SOIL BORING LOCATION (DELTA, 2010)

- SOIL BORING LOCATION (SLR, 2014)

GW-1

SG-1

SG-3

SG-2
GW-2

AS-1

AS-3

AS-2

GW-3

- SOIL GAS SAMPLE LOCATION (GRIBI, 04/2016)

- SOIL BORING LOCATION (ASI, 05/2016)

- GROUNDWATER SAMPLE LOCATION (GRIBI, 04/2016)
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MW-4

- GROUNDWATER MONITORING WELL LOCATION

P2 P4(6) P3(6)

P4P1(6)

P1

A2(18)

P3 P2(6)

WO1

B2(19.5)

A1(19)

SW1

SW4

SW1 (4)

SW4 (2)

SW3

SW2

B1(19.5)

FORMER UST’S

FORMER DISPENSER
ISLANDS

FORMER WASTE
OIL UST

GASOLINE UST
EXCAVATION CAVITY

(APPROX. 12’ BGS IN 1989;
APPROX. 20’ BGS IN 1998)

UST PIPING EXCAVATION CAVITY
(APPROX. 6.5’ BGS IN 1989;
APPROX. 6.0’ BGS IN 1998)

WASTE OIL UST EXCAVATION CAVITY
(APPROX. 8.5’ BGS IN 1989)

- UST REMOVAL SOIL SAMPLE, 07/1989

- UST REMOVAL SOIL SAMPLE, 09/1998

DEPTH

TPH-G:
B:
T:  
E:
X:
N:

METH:

SOIL GAS

5.5 FT

1,900,000
450

<190
<220
<660
<530
21%

DEPTH

TPH-G:
B:
T:  
E:
X:
N:

METH:

SOIL GAS

5.5 FT

2,700,000
<160
<190
390

<660
<530
23%

DEPTH

TPH-G:
B:
T:  
E:
X:
N:

METH:

SOIL GAS

16.0 FT

150,000
39
210
360

1,100
<53

0.50%
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