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LIMITATIONS 

This report has been prepared for the exclusive use of the Calhoun Estate, their authorized agents, and regulatory 
agencies. It has been prepared following the described methods and information available at the time of the work. 
No other party should use this report for any purpose other than that originally intended, unless Floyd|Snider agrees 
in advance to such reliance in writing. The information contained herein should not be utilized for any purpose or 
project except  the one originally  intended. Under no circumstances shall  this document be altered, updated, or 
revised without written authorization of Floyd|Snider. 
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1.0  Site Description, Background, and Characterization 

Floyd|Snider has prepared this Cleanup Action Report at the request of the Calhoun Estate, and 
all  activities  detailed  in  this  report were  performed  under Washington  State Department  of 
Ecology’s  (Ecology)  Voluntary  Cleanup  Program  (VCP).  The  cleanup  action  activities  were 
completed  at  the  site,  which  is  the  former  Calhoun’s  Service  Station  located  at 
4540 Pacific Avenue  in Tacoma, Washington  (Figure 1.1). The purpose of  the activities was  to 
remove all petroleum‐contaminated  soil  that exceeded  site‐specific Model Toxics Control Act 
(MTCA) Method B cleanup levels (CULs) from the ground surface to 15 feet below ground surface 
(bgs).  In  addition, potential  intrusion of  soil  vapors  to  indoor  air was evaluated because  soil 
exceeding MTCA Method A CULs were left in place after excavation. 

All  sampling and  cleanup activities were performed  in  compliance with Ecology’s Opinion on 
Proposed  Cleanup  Letter  dated  September  2,  2015,  which  is  included  as  Appendix  A 
(Ecology 2015a). Field activities and results are described in the following sections.  

1.1  SITE DESCRIPTION, LOCATION, AND BACKGROUND 

The  property  is  located  on  the  northwest  corner  of  Pacific Avenue  and  South  46th  Street  in 
Tacoma, Washington (Figure 1.1). Under Pierce County Assessor’s Building and Land Use records, 
the parcel (No. 7470024730) is zoned for commercial use only. The property has been used as a 
service station since at least 1926, and is currently leased to a tire sales and automotive repair 
shop, Llantera Sinaloa Tire Sales & Service. The site is located within a mixed‐use commercial and 
residential area of Tacoma. Residential housing  is adjacent to the west, east, and north of the 
property, and commercial businesses are located to the south and southeast. A public bus stop 
is located on Pacific Avenue on the east side of the property. 

According to existing reports, the property was  initially known as the Melvin Tveten Gasoline 
Station, but by 1951 the station was redeveloped and reconfigured as Calhoun’s Service Station 
(Aerotech 2011).  The  1951  redevelopment  consisted  of  demolishing  the  existing  building, 
reconfiguring the service station facilities, constructing the current building with hydraulic hoists, 
and installing new underground storage tanks (USTs). In 1991, the station was decommissioned 
and all four USTs were removed (two 4,000‐gallon gasoline tanks, one 6,000‐gallon gasoline tank, 
and one 50‐ to 200‐gallon waste oil tank). Menotti Excavating performed excavation activities 
that removed approximately 250 cubic yards of petroleum‐contaminated soil from the UST basin 
and stockpiled  it within  the southwestern corner of  the property. Sidewall samples were not 
collected during the 1991 excavation activities. The excavation was subsequently backfilled. Five 
stockpile samples were collected in April 1993 and all results were less than laboratory reporting 
limits. The stockpiled soil was transported off‐site to be used as fill at an off‐site location. In 2005, 
the fuel pumps were removed. Petroleum fuel is no longer stored on‐site. (Menotti 1993). 

In  July  of  2011,  the  site  entered  into  Ecology’s  VCP.  Ecology  requested  additional 
characterization. In December 2011, a Limited Phase II Investigation was conducted and 17 soil 
borings  (SB‐1  through SB‐17) were advanced within  the approximate  locations of  the  former 
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waste oil UST, gasoline USTs, hydraulic hoists, and fuel dispensers, and within the footprint where 
the  stockpiled  soil was  located  (Aerotech  2011).  Soil  analytical  data  indicate  no  petroleum‐
contaminated  impacts  in  borings  located within  the  former waste  oil UST,  former  hydraulic 
hoists,  and  the  former  stockpile  area.  However,  soil  data  from  soil  boring  SB‐16  indicated 
petroleum‐impacted soil at the base of the 1991 UST excavation at 12  feet bgs. All other soil 
samples  collected  within  the  former  UST  basin  contained  concentrations  less  than  their 
respective MTCA Method A CULs. Petroleum hydrocarbon impacts were also encountered within 
the  vicinity  of  the  fuel  dispensers.  In  addition,  groundwater  screening  samples  were  able 
collected from three boring locations within the vicinity of the former fuel dispenser (SB‐9, SB‐10, 
and SB‐11) because thin, isolated lenses of wet soil were encountered. Groundwater data from 
these  three  borings  indicate  gasoline‐range  organics  (GRO)  and/or  benzene  detections  at 
concentrations exceeding their respective MTCA Method A CULs (Aerotech 2011). Diesel‐range 
organics (DRO) and oil‐range organics (ORO) were not detected in any of the samples that were 
submitted  for  analysis. Water  bearing  zones were  not  encountered  in  the  remaining  boring 
locations. 

In February 2012, a Limited and Targeted Phase III Subsurface Investigation was completed by 
Aerotech in order to further delineate soil and groundwater impacts. This investigation consisted 
of an additional 12 soil borings (SB‐18 through SB‐29) located within the vicinity of the former 
tank  basin  and  former  fuel  dispenser,  and within  the  southeastern  portion  of  the  property 
between  the  former  tank  basin  and  Pacific  Avenue.  GRO  was  detected  at  concentrations 
exceeding MTCA Method A CULs  in soil.  In addition, thin  lenses of wet soil were encountered 
in 4 of the 12 soil borings within the vicinity of the fuel dispensers and fuel lines. Water samples 
were collected  from  four borings, and GRO and/or benzene were detected at concentrations 
exceeding  their  respective  MTCA  Method  A  CULs  in  borings  SB‐23,  SB‐25,  and  SB‐28 
(Aerotech 2012). 

In December 2014, Floyd|Snider  completed additional  site  investigation activities  in order  to 
determine  if  any USTs  associated with  service  stations  remain  on  the  property  and  to  fully 
delineate residual hydrocarbon impacts on property soil. A ground penetrating radar study was 
conducted on the entire property that indicated that no other USTs were present. Twenty‐five 
soil borings (SB‐30 through SB‐54) were advanced using a direct‐push drill rig by Environmental 
Services Network of Olympia, Washington, between December 10 and 11, 2014. The results from 
the  soil  analytical  data  were  used  to  calculate  a  site‐specific  MTCA  Method  B  CUL  of 
3,240 milligrams  per  kilogram  (mg/kg)  for  total  petroleum  hydrocarbons  (TPH).  Floyd|Snider 
prepared and submitted a Request for No Further Action Likely Letter, which requested Ecology 
provide  the  likelihood  of  receiving  a  “No  Further  Action”  (NFA)  determination  if  this 
Method B CUL  for  TPH was  used  to  remove  remaining  soil  impacts  (Floyd|Snider  2015).  An 
Ecology opinion letter was received on September 2, 2015 that approved the proposed cleanup 
activities using MTCA Method B CULs (Appendix A). Additionally, Ecology recommended installing 
three soil vapor points, further delineating soil that exceeds MTCA Method A CULs adjacent to 
boring SB‐54, analyzing for 1,2‐dibromoethane (EDB) using U.S. Environmental Protection Agency 
(USEPA) Method 8260 Selective  Ion Monitoring  (SIM), and completing a Terrestrial Ecological 
Evaluation (TEE). 
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1.2  GEOLOGY 

The geology of the surrounding area is characterized by a thick sequence of Quaternary glacial 
and  interglacial  deposits  that  consist  of  till,  outwash  sands  and  gravels,  and  fine‐grained 
interglacial  deposits.  The  subsurface  lithology  beneath  the  property  typically  consists 
of 0.5 to 1 foot of silty, sandy, gravelly fill that overlies stiff to hard silt with low to high plasticity, 
up to 40 percent fine to medium sand, and occasionally organic debris and rounded gravel. The 
sandy silt  is up to 14 feet thick and  is occasionally  interbedded with non‐continuous  lenses of 
silty sand. The silt  layer overlies an olive gray to brown, silty, fine to medium sand with up to 
40 percent silt and up to 10 percent fine to medium, rounded gravel. The silty sand layer is up to 
at  least  9  feet  in  thickness  and  interpreted  to  be  post‐recessional  lake  bed  deposits.  Till  is 
encountered beneath the silty sand layer at a depth of at least 17 feet bgs. The till consists of dry, 
very dense, silty, gravelly,  fine‐  to coarse‐grained sand. As described  in Section 1.3,  the  till  is 
extremely dense and serves to limit contaminant migration.  

1.3  SOIL IMPACTS TO GROUNDWATER 

The  December  2014  borings were  advanced  to  depths  up  to  20  feet  bgs,  and  evidence  of 
groundwater was not encountered, including at the locations where water samples were able to 
be collected during the previous Aerotech sampling activities. Boring logs show that thin lenses 
of wet soil were occasionally encountered in silty sand layers overlying stiff, silt layers but were 
not  present  in  all  boring  locations.  These  wet  zones  are  randomly  distributed,  thin,  and 
non‐continuous, and were encountered at inconsistent depths ranging between 2 to 15 feet bgs. 
During  the  2016  excavations  activities,  groundwater  was  not  encountered.  Based  on  field 
observations,  these  wet  zones  are  likely  transitory  (i.e.,  seasonal)  and  do  not  produce  a 
substantial amount of water (saturated with enough recharge) to be classified as potable under 
the Washington Administrative Code (WAC) Chapter 173‐340‐720(2). It is likely that groundwater 
first occurs much deeper within the sandier outwash deposits that underlie the till. According to 
Ecology’s well  database,  the  regional  groundwater  aquifer  is  encountered  at  approximately 
125 feet bgs and groundwater is generally not encountered within the upper 35 feet within the 
vicinity  of  the  site.  Ecology’s  opinion  letter  determined  that  groundwater  is  not  a  potential 
exposure pathway at the site.  

Based  upon  this  evidence,  Ecology  determined  in  their  opinion  letter  that  soil  leaching  to 
groundwater  and  drinking  of  site  groundwater  are  not  potential  exposure  pathways  for  the 
following reasons: 

 The shallow wet zones are random, discontinuous, and do not produce a substantial 
amount of water to set a well screen and capture. 

 There was an absence of groundwater during the 1991 excavation activities.1 

 There has been an absence of sufficient extractable volume, as observed during field 
activities. 

                                                       
1  The absence of groundwater was confirmed during the 2016 excavation activities as well. 
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 It  is unlikely  that  impacted,  shallow, wet  zones will vertically migrate  through  the 
impermeable till layer to the aquifer lying 125 feet bgs. 

 The thin lenses of wet soil do not represent potable groundwater.   

1.4  CONTAMINANTS OF CONCERN 

The primary contaminants detected in soil at the site are GRO, benzene, toluene, ethylbenzene, 
and total xylenes (BTEX). These contaminants of concern are associated with release of gasoline 
fuel from former gasoline service station activities. Direct contact with soil is the main concern; 
however, indoor air is a secondary media of concern for the current business occupants and any 
hypothetical future commercial building constructed over the remaining soil impacts.  

1.5  CLEANUP LEVELS 

The MTCA Method B approach  is the universal method  for determining CULs at any site. The 
Method B approach meets MTCA criteria  for evaluating and selecting a cleanup action under 
WAC  173‐340‐360(2)(a),  which  includes  protection  of  human  health  and  the  environment, 
compliance with  cleanup  standards,  and  compliance with  applicable  state  and  federal  laws. 
Removing soil that exceeds MTCA Method B CULs is a permanent solution, provides a reasonable 
restoration timeframe, and does not rely on institutional controls.  

In addition, the Site is a suitable candidate for Model Remedy 4 under Ecology’s Model Remedies 
for Sites with Petroleum Contaminated Soils Guidance (Ecology 2015b). Sites that are eligible for 
Model Remedies have had an adequate characterization, the only impacted media is soil, there 
is  no  soil  leaching  to  groundwater  pathway,  and  the  vapor  intrusion  pathway  has  been 
investigated (addressed later in this report).  

Under Ecology’s Model Remedies guidance, when establishing a MTCA Method B direct contact 
CUL there are two options. The first option is to calculate a direct contact TPH CUL using fractional 
data, and the second option is to apply a generic TPH CUL of 1,500 mg/kg for direct contact. For 
this site, MTCA Method B CULs were developed using an unrestricted land use soil direct contact 
exposure pathway  that used analytical data  from  three soil samples collected at  the site and 
Ecology’s Workbook Tools for Calculating Soil and Groundwater Cleanup Levels under the MTCA 
Cleanup Regulation (Ecology 2007). The average of the three results was used as a site‐specific 
MTCA Method  B  CUL  for  total  TPH. MTCA Method  B  CULs  for  BTEX  and  naphthalene were 
obtained  from Ecology’s Cleanup Levels and Risk Calculation  (CLARC; Ecology 2014) database. 
Site‐specific MTCA Method B CULs are listed in Table 1.1.  
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Table 1.1 
Soil—Unrestricted Land Uses 

Hazardous 
Substance 

Direct Contact 
MTCA Method B 

(mg/kg) 
Protection of 
Groundwater 

GRO 
3,240  

Calculated for  
Total TPH1 

NA 

DRO  NA 

ORO  NA 

Benzene  18  NA 

Ethylbenzene  8,000  NA 

Total Xylenes  16,000  NA 

Naphthalene  1,600  NA 

Note: 
1  Refer to Floyd|Snider’s Request for No Further Action Likely Letter for 

calculation of site‐specific TPH MTCA Method B CUL (Floyd|Snider 2015). 

Abbreviation: 
NA  Not applicable 
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2.0  Cleanup Action Activities 

In 2016, the following remedial cleanup actions and additional investigations occurred at the site 
in order to meet Ecology’s requests and obtain a NFA determination.  

2.1  PERMITS AND UTILITY LOCATE 

Prior to initiating cleanup actions, a grading permit was obtained and a short form stormwater 
pollution prevention plan (SWPPP) was prepared. Both were submitted and approved by the City 
of Tacoma. In addition, public and private utility locates were conducted on the property. 

2.2  EXCAVATION AND OFF‐SITE DISPOSAL 

The  only  two  soil  borings  that  contained  concentrations  that  exceeded  the  site‐specific  TPH 
MTCA Method B CUL were SB‐25 and SB‐35. Therefore, excavation activities were conducted 
within the vicinity of these borings to remove all MTCA Method B exceedances in soil (Figure 2.1). 
Excavation activities were performed between February 29 and March 3, 2016, by Clearcreek 
Contractors  of  Everett,  Washington.  The  ground  surface  consisted  of  concrete,  and  once 
removed,  all  soil  from  directly  beneath  the  concrete  to  15  feet  bgs was  removed with  the 
excavator and placed directly into intermodal containers on trucks for off‐site disposal. Stockpiles 
were not needed during excavation activities. All excavated soil was transported and offloaded 
at Roosevelt Regional Landfill (Republic Services [Allied Waste]) for disposal and was managed as 
“contaminated  soils”  consistent with  the  Solid Waste Handling  Standards  (WAC 173‐350).  In 
total,  244 tons  of  petroleum‐contaminated  soil  was  removed  and  transported  off‐site  for 
disposal.   

2.3  EXCAVATION CONFIRMATION SAMPLES 

In conjunction with soil analytical data from the 2014 investigation, confirmation samples were 
collected along the sidewalls and at the base of the excavation. Generally, one soil sample was 
collected from each sidewall approximately every 15 feet laterally and at depths where previous 
adjacent analytical data or field observations encountered contamination. Samples from the base 
of the excavation were collected approximately every 100 square feet and within areas where 
previous analytical data  indicated elevated hydrocarbon concentrations. All soil samples were 
field screened for the presence of volatile hydrocarbons using a photoionization detector (PID) 
and sheen pan. Samples with the greatest presence of impacts via field screening were analyzed 
for the following: 

 GRO by NWTPH‐Gx 

 DRO and ORO by NWTPH‐Dx 

 BTEX by USEPA Method 8021B 

In addition, two soil samples were analyzed for EDB using USEPA Method 8260 SIM. Soil samples 
were delivered to Freidman & Bruya,  Inc. on a daily basis and were submitted with a 24‐hour 
turn‐around‐time.  Sample  labels  consisted  of  the  excavation  sample  number  (EX‐2)  and 
corresponding depth (e.g., EX‐2‐15’). 
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The  lateral extent of  the excavation was determined by previous  investigations and  sidewall 
samples. The extent of the excavation was first bounded by confirmation sidewall samples to the 
south,  west,  north,  and  southeast.  However,  the  northeastern  sidewall  sample,  EX‐8‐8’‐9’, 
contained  TPH  concentrations  that  exceeded  the  MTCA  Method  B  CULs.  The  zone  of 
contamination appeared to be within a thin lens of sandy silt that was encountered between 8 
and 9 feet bgs. Therefore, additional soil removal was performed in the northeastern portion of 
the excavation to remove this lens. The excavation was extended laterally to the east up to the 
sidewalk  and  then  resampled  between  8  and  9  feet  bgs  to  ensure  that  the  elevated  TPH 
concentrations had been removed. 

The final maximum dimensions of the excavation were approximately 25 feet by 20 feet, and the 
excavation extended to a depth of 15 feet bgs. The final limits of the excavation, confirmation 
sample locations, and remaining soil data are shown on Figure 2.2. 

2.4  EXCAVATION SAMPLING RESULTS 

The  remedial  excavation was  completed  to  a  depth  of  15  feet  bgs. Analytical  results  for  all 
sidewall confirmation samples collected along the maximum  lateral extents of the excavation 
confirmed that soils containing TPH or BTEX at concentrations exceeding their respective site‐
specific MTCA Method B CULs had been removed. Soil samples collected from the base of the 
excavation  confirmed  that  all  soil with  residual  hydrocarbon  concentrations  exceeding  their 
respective MTCA Method B CULs had been removed. In addition, the two selected soil samples 
that were analyzed  for EDB resulted  in concentrations  less than the MTCA Method A CUL, as 
required in Ecology’s opinion letter. Confirmation sampling results are summarized in Table 2.1, 
remaining soil data are presented in Table 2.2, and confirmation sample locations are shown on 
Figure 2.2. Laboratory analytical reports are included as Appendix B.  

2.5  SOIL DISPOSAL 

Contaminated soil was  loaded directly  into  intermodal containers and transported off‐site  for 
disposal.  In  total,  244  tons  of  petroleum‐contaminated  soil  was  ultimately  removed  and 
transported  to  Roosevelt  Regional  Landfill  (Republic  Services  [Allied  Waste])  for  disposal. 
Trucking tickets are included as Appendix C. 

2.6  BACKFILL AND COMPACTION 

Following review of the analytical data and confirmation that all contaminated soil exceeding 
site‐specific CULs had been removed, backfill and compaction activities were performed. Due to 
heavy overnight rains, approximately 2 to 3 inches of standing water was in the bottom of the 
excavation. Therefore, quarry spalls were imported and used to fill the bottom of the excavation 
in order  to achieve sufficient compaction. Although  there were no compaction requirements, 
approximately 100 cubic yards of imported fill up to 1.25‐inches in diameter was backfilled over 
the  quarry  spall  and  compacted  every  3  to  4  feet  up  to  1  foot  below  the  original  grade. 
Approximately 10 cubic yards of 5/8‐minus fill was used in the upper foot, and the surface was 
repaved with asphalt up to 6 inches.
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3.0  Supplemental Investigation 

After  excavation  activities,  a  supplemental  investigation was  conducted  in  accordance with 
Ecology’s  opinion  letter.  In  order  to  receive  an  NFA  determination,  Ecology  requested  the 
following: 

 Soil that exceeded MTCA Method A CULs in soil boring SB‐54 needed to be delineated 
to the east. 

 EDB was to be analyzed using USEPA Method 8260 SIM. 

 Three soil vapor points needed to be installed and sampled. 

3.1  MTCA METHOD A DELINEATION 

GRO was detected in soil boring SB‐54 at 5.5 feet bgs with a concentration of 330 mg/kg, which 
exceeds  the MTCA Method A CUL. Ecology’s opinion  letter  (Ecology 2015a)  required  that  the 
extent of GRO concentrations exceeding Method A CULs must be delineated to the east of SB‐54. 
During the excavation activities, an apparent thin  lens of contaminated soil was present along 
the eastern sidewall within the vicinity of SB‐54 at a depth of 5.5 feet bgs. A hand auger was used 
to collect soil east of soil boring SB‐54 at approximately 5.5 feet bgs  in order to delineate the 
extent of soil that exceeds MTCA Method A CULs. The soil sample, SB‐55, was analyzed for the 
same  constituents  as  the  excavation  samples,  and  soil  analytical  data  indicated  that  all 
constituents were at concentrations less than their respective MTCA Method A CULs. Soil results 
for SB‐55 are summarized in Table 2.1, and the sample location is shown on Figure 2.2. Laboratory 
analytical reports are included as Appendix B. 

3.2  1,2‐DIBROMOETHANE ANALYSIS 

Two excavation soil samples, EX‐1‐15’ and EX‐3‐9’‐10’, with obvious signs of contamination, via 
field screening, were analyzed for EDB using USEPA Method 8260 SIM. Results indicate that EDB 
was not present at concentrations greater  than  the  laboratory detection  limit  (Table 2.1)  for 
either sample.  

3.3  SOIL VAPOR ASSESSMENT 

USEPA’s 2015 technical guidance for addressing petroleum vapor intrusion states that the lateral 
inclusion zone and separation must be defined to determine if current buildings are threatened 
by potential vapor intrusion (USEPA 2015). In addition, Ecology has recently updated their vapor 
intrusion guidance to include lateral and vertical separation distances and lateral inclusion zones 
in their memorandum, “Updated Process for Initially Assessing the Potential for Petroleum Vapor 
Intrusion” (Ecology 2016).  

The  current  commercial  building  has  a  lateral  separation  distance  of  approximately  26  and 
27 feet from locations SB‐53 and SVP‐3, respectively. Soil analytical data indicate that only a small 
area of benzene  is present  in  soil around  the vicinity of  soil boring SB‐53. Furthermore, data 
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indicate that contaminated soil is not present in borings adjacent to the building. There is lateral 
separation between benzene concentrations detected in SB‐53 but it is less than 30 feet, which 
is within  Ecology’s  defined  lateral  inclusion  zone.  The  adjacent  residential  dwellings  are  not 
within the lateral inclusion zone because they are further than 30 feet away from the remaining 
residual hydrocarbons in soil. Therefore, the residential dwellings do not have to be assessed for 
vapor risk. However, vapor risk into the current commercial building must be evaluated, as it is 
within the lateral inclusion zone. In accordance with Ecology’s vapor intrusion guidance (Ecology 
2009 and 2015c), a Tier I vapor intrusion assessment was conducted for the current building and 
for any future commercial building that may be constructed over SB‐53 (Ecology 2009). 

Three soil vapor probes were installed on the property on March 9, 2016. The soil borings were 
advanced using a geoprobe drill rig and completed as soil vapor probes SVP‐1, SVP‐2, and SVP‐3 
at locations presented on Figures 2.1 and 2.2. These three soil vapor probes were located within 
the vicinity of borings that contain the greatest petroleum concentrations in soil remaining at the 
site. SVP‐1 and SVP‐2 are located outside the excavation but within the vicinity of SB‐32. SVP‐1 
and SVP‐2 were  installed at depths of 15.25 and 6.75  feet bgs,  respectively. SVP‐3  is  located 
outside the excavation, within the vicinity of SB‐53, and was installed at a total depth of 5.75 feet 
bgs.  Each  vapor  point  was  installed  at  depths  that  contained  the  greatest  hydrocarbon 
concentrations within 5 and 15 feet bgs in accordance to the Ecology‐reviewed work plan.  

Boring logs are included in Appendix D and installation and sampling details are presented in a 
vapor sampling memorandum, which is included in Appendix E. 

Soil gas samples were analyzed for the following: 

 BTEX and naphthalenes using USEPA Modified Method TO‐15 low level 

 Helium using ASTM D 1946 

3.3.1  Soil Gas Analytical Results 

Benzene was detected in SVP‐3 at a concentration of 220 micrograms per cubic meter (µg/m3), 
which exceeds the MTCA Method B soil gas screening levels present in the updated Table B‐1 of 
the Ecology vapor intrusion guidance (Ecology 2015c; Table 3.1). Per the Ecology vapor intrusion 
guidance,  if concentrations are greater than the screening  levels during the Tier  I assessment, 
proceed to the Tier II assessment, which includes using the Johnson and Ettinger Model (JEM) to 
predict  indoor air concentrations and risk. Two separate  JEMs  (the USEPA online  JEM and an 
Excel™ JEM that uses default commercial exposure scenarios programmed by USEPA) were used 
to  predict  a  range  of minimum  to maximum  benzene  concentrations  into  indoor  air. Model 
results were then compared to indoor air CULs, presented in the updated Table B‐1 of Ecology’s 
vapor intrusion guidance (Ecology 2009 and 2015c).  

Details of the soil vapor sampling activities, JEMs, and results are included in Appendix E. Results 
and CULs are summarized in Table 3.2.  
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Table 3.2 
Summary of JEM Results 

Hazardous 
Substance 

JEM‐Predicted Benzene Concentration to Indoor Air  MTCA 
Method B 
Indoor Air 
Cleanup 
Level 

(μg/m3) 

Low 
Prediction 
(μg/m3) 

Cancer 
Risk1 

Best 
Estimate 
(μg/m3)

Cancer 
Risk1 

High 
Prediction 
(μg/m3) 

Cancer 
Risk1 

Benzene  
(USEPA Online 
JEM tool) 

0.04115  1.319E‐7 0.1563  5.009E‐7 0.2929  9.388E‐7 

0.321 
2014 Excel 
Default 
Commercial JEM 

NA  NA  0.099  2.3E‐7  NA  NA 

Note: 
1  Target cancer risk is 1.0E‐6. 

Abbreviation: 
NA  Not applicable 

 

3.3.2  JEM Results Discussion 

The soil vapor memorandum (Appendix E) details the conservative approach that was taken using 
the online  JEM and  the results. Both  the online and excel  JEM results  for default commercial 
parameters and exposure rates confirm that benzene concentrations in soil vapor into indoor air 
is not a risk to the existing or future commercial buildings at the property. In addition, results 
from both JEM predicted cancer risks at levels less than the target cancer risk of 1.0E‐6. The JEM 
that  uses  default  commercial  exposure  scenarios  indicates  a  lower  risk  and  is  more 
representative of actual and future site conditions. In conjunction with these results and using 
Ecology’s lateral inclusion zone definition, there is no soil gas vapor risk to the current commercial 
building and adjacent residential dwellings.  

3.4  TERRESTRIAL ECOLOGICAL EVALUATION 

MTCA requires that a TEE be completed following the release of hazardous substances to soil in 
order  to determine  the potential  impacts  to  terrestrial organisms at  the  site  (WAC 173‐340‐
7490). However, a TEE can be excluded if certain criteria are met (WAC 173‐340‐7491). The site 
meets the exclusion criteria because there are  less than 1.5 acres of contiguous undeveloped 
land on the site or within 500 feet of any area of the site. 
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4.0  Conclusions 

In total, 244 tons of soil containing petroleum hydrocarbons at concentrations exceeding the site‐
specific MTCA Method B CULs were excavated and  transported off‐site  for disposal between 
February 29, 2016 and March 4, 2016. The final maximum lateral dimensions of the excavation 
were approximately 25 feet by 20 feet, and the excavation extended down to 15 feet bgs. Soil 
analytical results from samples collected from the excavation sidewalls and bottom, along with 
soil analytical data from the 2014 investigation, confirm that the remedial excavation activities 
meet the MTCA criteria under WAC 173‐340‐360(2)(a). Confirmation soil samples indicate that 
all  soil  containing  petroleum  hydrocarbon  concentrations  exceeding  the  site‐specific MTCA 
Method B CULs have been removed between the ground surface and 15 feet bgs. 

Soil vapor probes were installed within the vicinity of the greatest remaining impacts. Soil vapor 
concentrations  from  soil  vapor  probes  SVP‐1  and  SVP‐2 were  less  than  the  screening  levels 
presented  in  the updated Table B‐1 of Ecology’s vapor  intrusion guidance  (Ecology 2009 and 
2015c),  and  JEM  results,  using  concentrations  from  SVP‐3,  indicate  that  predicted  benzene 
concentrations in indoor air are less than the MTCA Method B CUL. Therefore, soil vapor intrusion 
into indoor air is not an incremental risk to occupants within the current or future commercial 
building on the property. Furthermore, using Ecology’s lateral inclusion zone definition, there is 
no soil gas vapor risk to the adjacent residential dwellings. 

Confirmation sampling results, in conjunction with results from previous investigations and Tier 
II vapor intrusion assessment results, confirm that soil beneath the site is now in compliance with 
the  cleanup  standards  established  in WAC 173‐340‐700  through 173‐340‐760  and  applicable 
state and federal laws and no longer poses a threat to human health or the environment. 

Following  submittal  of  this  Cleanup  Action  Report,  and  pending  review  and  acceptance  by 
Ecology,  Floyd|Snider,  on  behalf  of  the  Calhoun  Estate,  would  like  to  request  a  NFA 
determination for the site. 
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Table 2.1

2016 Soil Confirmation Analytical Data – GRO, DRO, ORO, BTEX, and EDB

Calhoun's Service Station

Analysis Method
Analyte

Sample ID Sample Date

Depth

(ft bgs)

EX‐1 EX‐1‐15' 03/01/2016 15–15.5 19 50 U 250 U 19 0.02 U 0.092 0.02 U 0.15 0.005 U
EX‐2  EX‐2‐9'‐10' 03/01/2016 9–10 100 U 50 U 250 U 250 U 1 U 1 U 1 U 3 U NA
EX‐3 EX‐3‐9'‐10' 03/01/2016 9–10 710 360 JM 250 U 1,100 J 1 U 2.6 1 U 8 0.005 U
EX‐4 EX‐4‐9'‐10' 03/01/2016 9–10 100 U 50 U 250 U 250 U 1 U 1 U 1 U 3 U NA
EX‐5 EX‐5‐15' 03/01/2016 15–15.5 640 1,100 JM 250 U 1,700 J 0.2 U 2.7 0.2 U 6.1 NA
EX‐6 EX‐6‐15' 03/01/2016 15–15.5 160 59 JM 250 U 220 J 0.2 U 0.62 0.2 U 1.4 NA
EX‐7 EX‐7‐15' 03/01/2016 15–15.5 2 U 50 U 250 U 250 U 0.02 U 0.02 U 0.02 U 0.06 U NA

EX‐82 EX‐8‐8'‐9' 03/01/2016 8–9 5,400 3,800 JM 250 U 9,200 J 1 U 23 1 U 67 NA

EX‐9 EX‐9‐8'‐9' 03/01/2016 8–9 40 50 U 250 U 40 0.02 U 0.16 0.1 U 0.39 NA
EX‐10 EX‐10‐8'‐9' 03/01/2016 8–9 350 98 JM 250 U 450 J 1 U 1.2 1 U 3 U NA
EX‐11 EX‐11‐8'‐9' 03/02/2016 8–9 220 50 U 250 U 220 0.02 U 0.63 0.1 U 1.5 NA

SB‐55‐5.5' 03/03/2016 5.5 3 50 U 250 U 3 0.02 U 0.02 U 0.02 U 0.06 U NA
SB‐55‐5.5' D 03/03/2016 5.5 2.6 50 U 250 U 2.6 0.02 U 0.02 U 0.02 U 0.06 U NA

Notes:

1 Total petroleum hydrocarbons is a sum of GRO, DRO, and ORO.

2 Soil sample was over‐excavated and removed for off‐site disposal.

Abbreviations:

bgs Below ground surface

BTEX Benzene, toluene, ethylbenzene, and total xylenes

DRO Diesel‐range organics

EDB 1,2‐Dibromoethane

ft feet

GRO Gasoline‐range organics

mg/kg Milligram per kilogram

NA Not analyzed 

ORO Oil‐range organics

Qualifiers:

J Analyte was detected, concentration given is considered an estimate.

JM Analyte was detected, concentration given is considered an estimate due to poor match to the chromatographic standard used for quantitation. 

U Analyte was not detected, concentration given is the reporting limit. 

USEPA 

8260C‐SIM

EDB

(mg/kg)

Total

Petroleum 

Hydrocarbons1

(mg/kg)

NWTPH‐Gx NWTPH‐Dx USEPA 8021B

Benzene

(mg/kg)

Ethylbenzene

(mg/kg)

Toluene

(mg/kg)

Xylenes

(total)

(mg/kg)

SB‐55

Location 

GRO

(mg/kg)

DRO

(mg/kg)

ORO

(mg/kg)
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Table 2.2

Remaining Soil Analytical Data – GRO and BTEX

Calhoun's Service Station

Analysis Method NWTPH‐Gx

Analyte

Benzene

(mg/kg)

Toluene

(mg/kg)

Ethylbenzene

(mg/kg)

Xylenes

(total)

(mg/kg)

MTCA Method B Cleanup Level 18 6,400 8,000 16,000

Sample ID Sample Date

Depth 

(ft bgs)

SB‐30‐4.5 12/10/2014 4.5 19 0.02 U 0.02 U 0.02 U 0.06 U

SB‐32‐14 12/10/2014 14 2,000 J 0.03 U2
0.05 U2

0.1 U2

SB‐32‐17 12/10/2014 17 6.7 0.02 U 0.02 U 0.022 0.06 U

SB‐33‐9 12/10/2014 9 2,700 J
SB‐34‐17 12/10/2014 17 2 U 0.02 U 0.02 U 0.02 U 0.06 U

SB‐34‐6.5 12/10/2014 6.5 26 0.02 U 0.02 U 0.068 0.11

SB‐36‐8 12/10/2014 8 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐37‐7.5 12/10/2014 7.5 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐38‐14 12/10/2014 14 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐38‐8 12/10/2014 8 250 0.02 U 0.45 0.02 U 1.2
SB‐39‐12 12/10/2014 12 330 0.02 U 0.94 0.02 U 2.6
SB‐39‐14 12/10/2014 14 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐40‐7 12/10/2014 7 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐41‐6 12/10/2014 6 43 0.02 U 0.02 U 0.02 U 0.37
SB‐41‐6D 12/10/2014 6 9.2 0.02 U 0.02 U 0.02 U 0.074
SB‐42‐13 12/10/2014 13 1,400 0.15 3.1 9.8 5.9
SB‐42‐15 12/10/2014 15 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐43‐2 12/11/2014 2 190 0.02 U 0.2 0.02 U 1.6

SB‐44‐12.5 12/11/2014 12.5 90 0.02 U 0.02 U 0.32 0.64
SB‐45‐9.5 12/11/2014 9.5 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐46‐15 12/11/2014 15 2,400 0.84 0.1 U 15 59
SB‐46‐19.5 12/11/2014 19.5 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐47‐7.5 12/11/2014 7.5 590 0.02 U 0.1 U 3.3 5.1

6.62 142

SB‐44
SB‐45
SB‐46

0.142 0.242

SB‐41
SB‐41
SB‐42
SB‐42
SB‐43

SB‐39

USEPA 8021B

GRO

(mg/kg)

SB‐32

Location
SB‐30

3,2401

0.762

SB‐32

SB‐33

SB‐46
SB‐47

SB‐34

SB‐34

SB‐36
SB‐37
SB‐38
SB‐38
SB‐39

SB‐40
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Table 2.2

Remaining Soil Analytical Data – GRO and BTEX

Calhoun's Service Station

Analysis Method NWTPH‐Gx

Analyte

Benzene

(mg/kg)

Toluene

(mg/kg)

Ethylbenzene

(mg/kg)

Xylenes

(total)

(mg/kg)

MTCA Method B Cleanup Level 18 6,400 8,000 16,000

Sample ID Sample Date

Depth 

(ft bgs)

USEPA 8021B

GRO

(mg/kg)

Location

3,2401

SB‐48‐8.5 12/11/2014 8.5 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐49‐13.5 12/11/2014 13.5 2 U 0.02 U 0.02 U 0.02 U 0.06 U
SB‐50‐13 12/11/2014 13 380 0.11 0.02 U 2.3 4.5
SB‐51‐7.5 12/11/2014 7.5 56 0.02 U 0.02 U 0.85 0.54
SB‐52‐7.5 12/11/2014 7.5 6.5 0.02 U 0.031 0.04 0.06 U
SB‐53‐10 12/11/2014 10 2,600 1.7 0.1 U 21 36
SB‐54‐5.5 12/11/2014 5.5 330 J 0.02 U 0.02 U 2 J 3.2 J

Notes:

1

2 Analyzed by USEPA Method 8260C.

Abbreviations:

BTEX Benzene, toluene, ethylbenzene, and total xylenes

ft bgs Feet below ground surface

GRO Gasoline‐range organics

mg/kg Milligrams per kilogram

MTCA Model Toxics Control Act

TPH Total petroleum hydrocarbons

Qualifiers:

J Analyte was detected, concentration given is considered an estimate.

U Analyte was not detected, concentration given is the reporting limit. 

SB‐52

The site‐specific MTCA Method B cleanup level of 3,240 mg/kg for TPH is used as a screening level for GRO because diesel has never been used 

at the site and has not been detected in previous samples.

SB‐53
SB‐54

SB‐48

SB‐50
SB‐51

SB‐49

F:\projects\Gordon Thomas\GTH‐Calhoun\Cleanup Action Report\02 Tables\

Table 2.2 Remaining Soil Data 2016‐0707 

July 2016 Page 2 of 2

Cleanup Action Report
Table 2.2

Remaining Soil Analytical Data – GRO and BTEX



Table 3.1

2016 Soil Gas Analytical Data

Calhoun's Service Station

SVP‐1‐031116 3/11/2016 15.25 3.3 8.8 1.7 5.6 2.2 1.3 0.5 U
SVP‐2‐031116 3/11/2016 6.75 5.0 6.8 11 6.7 2.3 1.8 0.5 U
SVP‐3‐031116 3/11/2016 5.75 220 J 150 J 750 870 U 430 U 520 U 0.79

SVP‐3‐031116 D 3/11/2016 5.75 210 J 140 J 740 870 U 430 U 520 U 0.53

Sub‐slab

Note:

RED BOLD Analytical results in bold indicate concentrations exceeding MTCA Method B soil gas screening levels adjusted for depth.

Abbreviations:

μg/m3 micrograms per cubic meter 

MTCA Model Toxics Control Act

NA Not applicable

Qualifiers:

J Analyte was detected, concentration given is considered an estimate.

U Analyte was not detected, concentration given is the reporting limit. 

SVP‐3

Sample ID Date

Depth 

(feet)

Benzene 

(μg/m3)(μg/m3)

SVP‐2
SVP‐3

Ethylbenzene

(μg/m3)

Toluene  

(%)

Helium 

(μg/m3)

Naphthalene 

(μg/m3)

O‐Xylene 
Analysis Method

76,20010.7

March 2016 Sampling Event

MTCA Method B Soil Gas Screening 

Levels for Default Residential Setting

m,p‐Xylene 

(μg/m3)Location

SVP‐1

NA2.541,5201,52015,200

USEPA Method TO‐15 modified low‐level ASTM D 1946
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Calhoun's Service Station Site 

T a c o m a

I:\GIS\Projects\GTH-Calhoun\MXD\Site Investigation Report and Cleanup\Figure 1.1 Vicinity Map.mxd
7/13/2016

Figure 1.1
Vicinity Map

Cleanup Action Report
Calhoun's Service Station

Tacoma, Washington

Note:
 ·Topographic map provided by The National Map, 2016. ¹ 0 0.5 10.25
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Figure 2.1
Site Map, Excavation, and Remaining Soil Data

Cleanup Action Report
Calhoun's Service Station

Tacoma, Washington

¹
0 20 4010

Scale in Feet

Notes:
1. Concentrations in bold exceed MTCA Method A cleanup
   levels for soil, but are less than MTCA Method B cleanup
   levels.
 · Boring locations SB-1 through SB-9 are not included
   because all analytes were not detected and were not in
   relevant locations.
 · Aerotech boring locations are approximate.
 · Orthoimagery provided by NearMap, September 28, 2015.

Abbreviations:
 · bgs = Below ground surface
 · ft = Feet
 · GRO = Gasoline-Range Organics
 · mg/kg = Micrograms per kilogram
 · MTCA = Model Toxics Control Act
 · TPH = Total petroleum hydrocarbons
 · UST = Underground storage tank

Qualifier:
   U =  Analyte was not detected, concentration given is
    the reporting limit.

Legend

!n Drain
! Light Pole

E Electrical Utility
S S Sewer Utility

W Water Utility
#0 Floyd|Snider Soil Vapor Probe
!( Floyd|Snider Soil Boring Location 
") Aerotech Soil Boring Location

2016 Excavation Extent
Property Boundary

")!(
All concentrations are less than
MTCA Method A cleanup levels
for soil.

")!(

Concentrations exceed MTCA 
Method A cleanup levels for soil,
but are less than MTCA Method B
cleanup levels.

")!(
Sample location removed during
excavation activities.

TPH
(mg/kg)

Benzene
(mg/kg)

30 0.03

3,240 18MTCA Method B

MTCA Method A

MTCA Cleanup Level

Location
Depth 

(ft bgs)

8 99 0.02 U

17 10 U 0.02 U

10 17 0.02 U

16 10 U 0.02 U

SB‐11 17 10 U 0.02 U

8 36 0.02 U

14 10 U 0.02 U

SB‐13 14 10 U 0.02 U

14 73 0.02 U

17.5 10 U 0.02 U

14 66 0.02 U

18 10 U 0.02 U

12 150 0.02 U

18 15 0.02 U

14 14 0.02 U

18 10 U 0.02 U

SB‐18 14 10 U 0.02 U

SB‐19 14 10 U 0.02 U

14 10 U 0.02 U

18 10 U 0.02 U

10 10 U 0.02 U

18 10 U 0.02 U

8 10 U 0.02 U

10 10 U 0.02 U

8 10 U 0.02 U

10 10 U 0.02 U

SB‐26 8 10 U 0.02 U

8 10 U 0.02 U

14 10 U 0.02 U

14 10 U 0.02 U

18 10 U 0.02 U

12 10 U 0.02 U

18 10 U 0.02 U

SB‐30 4.5 19 0.02 U

14 2,000 0.03 U

17 6.7 0.02 U

17 2 U 0.02 U

6.5 26 0.02 U

SB‐36 8 2 U 0.02 U

SB‐37 7.5 2 U 0.02 U

14 2 U 0.02 U

8 250 0.02 U

12 330 0.02 U

14 2 U 0.02 U

SB‐40 7 2 U 0.02 U

6 43 0.02 U

6 9.2 0.02 U

13 1,400 0.15

15 2 U 0.02 U

SB‐43 2 190 0.02 U

SB‐44 12.5 90 0.02 U

SB‐45 9.5 2 U 0.02 U

15 2,400 0.84

19.5 2 U 0.02 U

SB‐47 7.5 590 0.02 U

SB‐48 8.5 2 U 0.02 U

SB‐49 13.5 2 U 0.02 U

SB‐50 13 380 0.11

SB‐51 7.5 56 0.02 U

SB‐52 7.5 6.5 0.02 U

SB‐53 10 2,600 1.7

SB‐54 5.5 330 0.02 U

5.5 3 0.02 U

5.5 (Dup) 2.6 0.02 U

SB‐46

SB‐55

SB‐34
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SB‐39

SB‐41
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Figure 2.2
2016 Excavation Extent and Confirmation Sample Locations

Cleanup Action Report
Calhoun's Service Station

Tacoma, Washington

¹
0 5 102.5

Scale in Feet

Notes:
1. Sum of detected concentrations of gasoline-range
    organics, diesel-range organics, and oil-range organics 
    rounded to two significant figures. When all concentrations
    are non-detect, the greatest reporting limit is given.
2. Sample location was over-excavated and removed.
 ·  Aerotech boring locations are approximate.
 ·  Orthoimagery provided by NearMap, September 28, 2015.
 ·  Soil at locations SB-25, SB-33, SB-36, and EX-8 were 
    removed during excavation activities.

Abbreviations:
 · bgs = Below ground surface
 · ft = Feet
 · mg/kg = Micrograms per kilogram
 · MTCA = Model Toxics Control Act
 · TPH = Total petroleum hydrocarbons

Qualifiers:
   J = Analyte was detected, concentration given is
   considered an estimate.
   U = Analyte was not detected, concentration given is
    the reporting limit.

")!(
All concentrations are less than
MTCA Method A cleanup levels
for soil.

")!(

Concentrations exceed MTCA 
Method A cleanup levels for soil,
but are less than MTCA Method B
cleanup levels.

")!(
Confirmation samples with a
concentration less than MTCA
Method B cleanup level for soils.

")!(
Sample location removed during
excavation activities.

Legend
W Water Utility

.
Floyd|Snider Excavation
Confirmation Sample (2016)

!( Floyd|Snider Soil Boring Location
") Aerotech Soil Boring Location
#0 Floyd|Snider Soil Vapor Probe

2016 Excavation Extent
Property Boundary

Location
Depth 

(ft bgs)

EX‐1 15–15.5 19 0.02 U

EX‐2 9–10 250 U 1 U

EX‐3 9–10 1,100 J 1 U

EX‐4 9–10 250 U 1 U

EX‐5 15–15.5 1,700 J 0.2 U

EX‐6 15–15.5 220 J 0.2 U

EX‐7 15–15.5 250 U 0.02 U

EX‐8
2

8–9 9,200 J 1 U

EX‐9 8–9 40 0.02 U

EX‐10 8‐9 450 J 1 U

EX‐11 8–9 220 0.02 U

5.5 3 0.02 U

5.5 (Dup.) 2.6 0.02 U
SB‐55

Total Petroleum 

Hydrocabons 
1 

(mg/kg)

Benzene

(mg/kg)

Excavation Confirmation Samples

TPH
(mg/kg)

Benzene
(mg/kg)

30 0.03

3,240 18MTCA Method B

MTCA Method A

MTCA Cleanup Level
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FRIEDMAN & BRUYA, INC. 
_________________________________________________ 

ENVIRONMENTAL CHEMISTS 
 

James E. Bruya, Ph.D. 3012 16th Avenue West 
Yelena Aravkina, M.S. Seattle, WA 98119-2029 
Michael Erdahl, B.S. (206) 285-8282 
Arina Podnozova, B.S.  fbi@isomedia.com 
Eric Young, B.S. www.friedmanandbruya.com 

 
 
 
 
March 4, 2016 
 
 
 
Gabriel Cisneros, Project Manager 
Floyd-Snider 
Two Union Square, Suite 600 
601 Union St 
Seattle, WA 98101 
 
Dear Mr. Cisneros: 
 
Included are the results from the testing of material submitted on March 2, 2016 from 
the GTH- Calhoun, F&BI 603034 project.  There are 6 pages included in this report.  
Any samples that may remain are currently scheduled for disposal in 30 days.  If you 
would like us to return your samples or arrange for long term storage at our offices, 
please contact us as soon as possible. 
 
We appreciate this opportunity to be of service to you and hope you will call if you 
should have any questions. 
 
Sincerely, 
 
FRIEDMAN & BRUYA, INC. 

 
Michael Erdahl 
Project Manager 
 
Enclosures 
FDS0304R.DOC 
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CASE NARRATIVE 
This case narrative encompasses samples received on March 2, 2016 by Friedman & 
Bruya, Inc. from the Floyd-Snider GTH- Calhoun, F&BI 603034 project.  Samples were 
logged in under the laboratory ID’s listed below. 
 
Laboratory ID Floyd-Snider 
603034 -01 EX-11-8'-9' 
 
 
 
All quality control requirements were acceptable. 
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Date of Report:  03/04/16 
Date Received:  03/02/16 
Project:  GTH- Calhoun, F&BI 603034 
Date Extracted:  03/02/16 
Date Analyzed:  03/02/16 
 

RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 
FOR BENZENE, TOLUENE, ETHYLBENZENE, 

 XYLENES AND TPH AS GASOLINE 
USING METHODS 8021B AND NWTPH-Gx  

Results Reported on a Dry Weight Basis 
Results Reported as mg/kg (ppm) 

 
   Ethyl Total Gasoline Surrogate 
Sample ID Benzene Toluene Benzene Xylenes Range (% Recovery) 
Laboratory ID      (Limit 50-150) 
 
EX-11-8’-9’ <0.02 j <0.1 0.63 1.5 220 98 
603034-01 1/5 
 
 

Method Blank <0.02 <0.02 <0.02 <0.06 <2 84 
06-363 MB  
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Date of Report:  03/04/16 
Date Received:  03/02/16 
Project:  GTH- Calhoun, F&BI 603034 
Date Extracted:  03/02/16 
Date Analyzed:  03/02/16 
 

RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 
FOR TOTAL PETROLEUM HYDROCARBONS AS  

DIESEL AND MOTOR OIL 
USING METHOD NWTPH-Dx  

Results Reported on a Dry Weight Basis 
Results Reported as mg/kg (ppm) 

 
 Surrogate 
Sample ID Diesel Range Motor Oil Range (% Recovery) 
Laboratory ID (C10-C25) (C25-C36) (Limit 56-165) 
 
EX-11-8’-9’ <50  <250  103 
603034-01 
 
 
Method Blank <50 <250 113 
06-409 MB2  
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Date of Report:  03/04/16 
Date Received:  03/02/16 
Project:  GTH- Calhoun, F&BI 603034 
 

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF SOIL SAMPLES 
FOR BENZENE, TOLUENE, ETHYLBENZENE, 

 XYLENES, AND TPH AS GASOLINE 
USING EPA METHOD 8021B AND NWTPH-Gx  

 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

Percent 
Recovery 

LCSD 

 
Acceptance 

Criteria 

 
RPD 

(Limit 20) 
Benzene mg/kg (ppm) 0.5 79 82 69-120 4 
Toluene mg/kg (ppm) 0.5 88 88 70-117 0 
Ethylbenzene mg/kg (ppm) 0.5 89 89 65-123 0 
Xylenes mg/kg (ppm) 1.5 89 87 66-120 2 
Gasoline mg/kg (ppm) 20 100 100 71-131 0 
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Date of Report:  03/04/16 
Date Received:  03/02/16 
Project:  GTH- Calhoun, F&BI 603034 
 
QUALITY ASSURANCE RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 

FOR TOTAL PETROLEUM HYDROCARBONS AS  
DIESEL EXTENDED USING METHOD NWTPH-Dx  

 
Laboratory Code:  603022-01 (Matrix Spike)  
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Sample 
Result 

(Wet Wt) 

Percent 
Recovery 

MS 

Percent 
Recovery 

MSD 

 
Acceptance 

Criteria 

 
RPD 

(Limit 20) 
Diesel Extended mg/kg (ppm) 5,000 <50 111 101 63-146 9 
 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

 
Acceptance 

Criteria 
Diesel Extended mg/kg (ppm) 5,000 108 79-144 
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Data Qualifiers & Definitions 
 
a - The analyte was detected at a level less than five times the reporting limit.  The RPD results may not 
provide reliable information on the variability of the analysis. 
 

b - The analyte was spiked at a level that was less than five times that present in the sample.  Matrix 
spike recoveries may not be meaningful. 
 

ca - The calibration results for the analyte were outside of acceptance criteria.  The value reported is an 
estimate. 
 

c - The presence of the analyte may be due to carryover from previous sample injections. 
 

cf - The sample was centrifuged prior to analysis. 
 

d - The sample was diluted.  Detection limits were raised and surrogate recoveries may not be 
meaningful. 

 

dv - Insufficient sample volume was available to achieve normal reporting limits. 
 

f - The sample was laboratory filtered prior to analysis. 
 

fb - The analyte was detected in the method blank. 
 

fc - The compound is a common laboratory and field contaminant. 
 

hr - The sample and duplicate were reextracted and reanalyzed.  RPD results were still outside of control 
limits.  Variability is attributed to sample inhomogeneity. 
 

hs - Headspace was present in the container used for analysis. 
 

ht – The analysis was performed outside the method or client-specified holding time requirement. 
 

ip - Recovery fell outside of control limits.  Compounds in the sample matrix interfered with the 
quantitation of the analyte. 
 

j - The analyte concentration is reported below the lowest calibration standard.  The value reported is an 
estimate. 
 

J - The internal standard associated with the analyte is out of control limits.  The reported concentration 
is an estimate. 
 

jl - The laboratory control sample(s) percent recovery and/or RPD were out of control limits.  The 
reported concentration should be considered an estimate. 
  

js - The surrogate associated with the analyte is out of control limits.  The reported concentration should 
be considered an estimate. 
 

lc - The presence of the analyte is likely due to laboratory contamination. 
 

L - The reported concentration was generated from a library search. 
 

nm - The analyte was not detected in one or more of the duplicate analyses.  Therefore, calculation of the 
RPD is not applicable. 
 

pc - The sample was received with incorrect preservation or in a container not approved by the method.  
The value reported should be considered an estimate.  

  

ve - The analyte response exceeded the valid instrument calibration range.  The value reported is an 
estimate.   
 

vo - The value reported fell outside the control limits established for this analyte. 
 

x - The sample chromatographic pattern does not resemble the fuel standard used for quantitation. 
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FRIEDMAN & BRUYA, INC. 
_________________________________________________ 

ENVIRONMENTAL CHEMISTS 
 

James E. Bruya, Ph.D. 3012 16th Avenue West 
Yelena Aravkina, M.S. Seattle, WA 98119-2029 
Michael Erdahl, B.S. (206) 285-8282 
Arina Podnozova, B.S. fbi@isomedia.com 
Eric Young, B.S. www.friedmanandbruya.com 

 
 
 
 
March 8, 2016 
 
 
 
Gabriel Cisneros, Project Manager 
Floyd-Snider 
Two Union Square, Suite 600 
601 Union St 
Seattle, WA 98101 
 
Dear Mr. Cisneros: 
 
Included are the results from the testing of material submitted on March 1, 2016 from 
the 6th-Calhoun, F&BI 603022 project.  There are 11 pages included in this report.  
Any samples that may remain are currently scheduled for disposal in 30 days.  If you 
would like us to return your samples or arrange for long term storage at our offices, 
please contact us as soon as possible. 
 
We appreciate this opportunity to be of service to you and hope you will call if you 
should have any questions. 
 
Sincerely, 
 
FRIEDMAN & BRUYA, INC. 

 
Michael Erdahl 
Project Manager 
 
Enclosures 
FDS0308R.DOC 
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CASE NARRATIVE 
This case narrative encompasses samples received on March 1, 2016 by Friedman & 
Bruya, Inc. from the Floyd-Snider 6th-Calhoun, F&BI 603022 project.  Samples were 
logged in under the laboratory ID’s listed below. 
 
Laboratory ID Floyd-Snider 
603022 -01 EX-1-15 
603022 -02 EX-2-9-10 
603022 -03 EX-3-9-10 
603022 -04 EX-4-9-10 
603022 -05 EX-5-15' 
603022 -06 EX-6-15' 
603022 -07 EX-7-15' 
603022 -08 EX-8-8-9' 
603022 -09 EX-9-8'-9' 
603022 -10 EX-10-8'-9' 
 
 
 
All quality control requirements were acceptable. 
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Date of Report:  03/08/16 
Date Received:  03/01/16 
Project:  6th-Calhoun, F&BI 603022 
Date Extracted:  03/01/16 and 03/02/16 
Date Analyzed:  03/01/16 and 03/02/16 
 

RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 
FOR BENZENE, TOLUENE, ETHYLBENZENE, 

 XYLENES AND TPH AS GASOLINE 
USING METHODS 8021B AND NWTPH-Gx  

Results Reported on a Dry Weight Basis 
Results Reported as mg/kg (ppm) 

 
   Ethyl Total Gasoline Surrogate 
Sample ID Benzene Toluene Benzene Xylenes Range (% Recovery) 
Laboratory ID      (Limit 50-150) 
 
EX-1-15 <0.02 <0.02 0.092 0.15 19 92 
603022-01 
 
EX-2-9-10 <1 <1 <1 <3 <100 82 
603022-02 1/50 
 
EX-3-9-10 <1 <1 2.6 8.0 710 91 
603022-03 1/50 
 

EX-4-9-10 <1 <1 <1 <3 <100 82 
603022-04 1/50 
 

EX-5-15’ <0.2 <0.2 2.7 6.1 640 101 
603022-05 1/10 
 

EX-6-15’ <0.2 <0.2 0.62 1.4 160 93 
603022-06 1/10 
 
EX-7-15’ <0.02 <0.02 <0.02 <0.06 <2 90 
603022-07 
 

EX-8-8-9’ <1 <1 23 67 5,400 103 
603022-08 1/50 
 

EX-9-8’-9’ <0.02 j <0.1 0.16 0.39 40 93 
603022-09 1/5 
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Date of Report:  03/08/16 
Date Received:  03/01/16 
Project:  6th-Calhoun, F&BI 603022 
Date Extracted:  03/01/16 and 03/02/16 
Date Analyzed:  03/01/16 and 03/02/16 
 

RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 
FOR BENZENE, TOLUENE, ETHYLBENZENE, 

 XYLENES AND TPH AS GASOLINE 
USING METHODS 8021B AND NWTPH-Gx  

Results Reported on a Dry Weight Basis 
Results Reported as mg/kg (ppm) 

 
   Ethyl Total Gasoline Surrogate 
Sample ID Benzene Toluene Benzene Xylenes Range (% Recovery) 
Laboratory ID      (Limit 50-150) 
 
EX-10-8’-9’ <1 <1 1.2 <3 350 92 
603022-10 1/50 
 
 
Method Blank <0.02 <0.02 <0.02 <0.06 <2 88 
06-361 MB  

 
Method Blank <0.02 <0.02 <0.02 <0.06 <2 91 
06-361 MB2  
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Date of Report:  03/08/16 
Date Received:  03/01/16 
Project:  6th-Calhoun, F&BI 603022 
Date Extracted:  03/01/16 
Date Analyzed:  03/01/16 
 

RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 
FOR TOTAL PETROLEUM HYDROCARBONS AS  

DIESEL AND MOTOR OIL 
USING METHOD NWTPH-Dx  

Results Reported on a Dry Weight Basis 
Results Reported as mg/kg (ppm) 

 
 Surrogate 
Sample ID Diesel Range Motor Oil Range (% Recovery) 
Laboratory ID (C10-C25) (C25-C36) (Limit 56-165) 
 
EX-1-15 <50  <250  93 
603022-01 
 
EX-2-9-10 <50  <250  98 
603022-02 
 
EX-3-9-10 360 x <250  95 
603022-03 
 
EX-4-9-10 <50  <250  105 
603022-04 
 
EX-5-15’ 1,100 x <250  104 
603022-05 
 
EX-6-15’ 59 x <250  103 
603022-06 
 
EX-7-15’ <50  <250  93 
603022-07 
 
EX-8-8-9’ 3,800 x <250  109 
603022-08 
 
EX-9-8’-9’ <50  <250  100 
603022-09 
 
EX-10-8’-9’ 98 x <250  96 
603022-10 
 
 
Method Blank <50 <250 99 
06-409 MB  
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Analysis For Volatile Compounds By EPA Method 8260C SIM 
 
Client Sample ID:  EX-1-15 Client: Floyd-Snider 
Date Received:  03/01/16 Project: 6th-Calhoun, F&BI 603022 
Date Extracted:  03/02/16 Lab ID:  603022-01 
Date Analyzed: 03/02/16 Data File:  030211.D 
Matrix: Soil Instrument: GCMS9 
Units: mg/kg (ppm) Dry Weight Operator:  JS 
 
  Lower  Upper 
Surrogates: % Recovery: Limit: Limit: 
1,2-Dichloroethane-d4 95 50 150 
Toluene-d8 101 50 150 
4-Bromofluorobenzene 101 50 150 
 
 Concentration 
Compounds: mg/kg (ppm) 
 
1,2-Dibromoethane (EDB) <0.005 
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Analysis For Volatile Compounds By EPA Method 8260C SIM 
 
Client Sample ID:  EX-3-9-10 Client: Floyd-Snider 
Date Received:  03/01/16 Project: 6th-Calhoun, F&BI 603022 
Date Extracted:  03/02/16 Lab ID:  603022-03 
Date Analyzed: 03/02/16 Data File:  030212.D 
Matrix: Soil Instrument: GCMS9 
Units: mg/kg (ppm) Dry Weight Operator: JS 
 
  Lower  Upper 
Surrogates: % Recovery: Limit: Limit: 
1,2-Dichloroethane-d4 90 50 150 
Toluene-d8 110 50 150 
4-Bromofluorobenzene 69 50 150 
 
 Concentration 
Compounds: mg/kg (ppm) 
 
1,2-Dibromoethane (EDB) <0.005 
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Analysis For Volatile Compounds By EPA Method 8260C SIM 
 
Client Sample ID:  Method Blank Client: Floyd-Snider 
Date Received:  Not Applicable Project: 6th-Calhoun, F&BI 603022 
Date Extracted:  03/02/16 Lab ID:  06-378 mb2 
Date Analyzed: 03/02/16 Data File:  030210.D 
Matrix: Soil Instrument: GCMS9 
Units: mg/kg (ppm) Dry Weight Operator: JS 
 
  Lower  Upper 
Surrogates: % Recovery: Limit: Limit: 
1,2-Dichloroethane-d4 82 50 150 
Toluene-d8 90 50 150 
4-Bromofluorobenzene 100 50 150 
 
 Concentration 
Compounds: mg/kg (ppm) 
 
1,2-Dibromoethane (EDB) <0.005 
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Date of Report:  03/08/16 
Date Received:  03/01/16 
Project:  6th-Calhoun, F&BI 603022 
 

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF SOIL SAMPLES 
FOR BENZENE, TOLUENE, ETHYLBENZENE, 

 XYLENES, AND TPH AS GASOLINE 
USING METHOD 8021B AND NWTPH-Gx  

 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

Percent 
Recovery 

LCSD 

 
Acceptance 

Criteria 

 
RPD 

(Limit 20) 
Benzene mg/kg (ppm) 0.5 88 88 66-121 0 
Toluene mg/kg (ppm) 0.5 90 91 72-128 1 
Ethylbenzene mg/kg (ppm) 0.5 92 92 69-132 0 
Xylenes mg/kg (ppm) 1.5 89 89 69-131 0 
Gasoline mg/kg (ppm) 20 95 95 61-153 0 
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Date of Report:  03/08/16 
Date Received:  03/01/16 
Project:  6th-Calhoun, F&BI 603022 
 
QUALITY ASSURANCE RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 

FOR TOTAL PETROLEUM HYDROCARBONS AS  
DIESEL EXTENDED USING METHOD NWTPH-Dx  

 
Laboratory Code:  603022-01 (Matrix Spike)  
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Sample 
Result 

(Wet Wt) 

Percent 
Recovery 

MS 

Percent 
Recovery 

MSD 

 
Acceptance 

Criteria 

 
RPD 

(Limit 20) 
Diesel Extended mg/kg (ppm) 5,000 <50 111 101 63-146 9 
 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

 
Acceptance 

Criteria 
Diesel Extended mg/kg (ppm) 5,000 108 79-144 
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Date of Report:  03/08/16 
Date Received:  03/01/16 
Project:  6th-Calhoun, F&BI 603022 
 

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF SOIL SAMPLES 
FOR VOLATILES BY EPA METHOD 8260C SIM 

 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

Percent 
Recovery 

LCSD 

 
Acceptance 

Criteria 

 
RPD 

(Limit 0.20) 
1,2-Dibromoethane (EDB) mg/kg (ppm) 0.2 92  90  70-130 2 
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Data Qualifiers & Definitions 
 
a - The analyte was detected at a level less than five times the reporting limit.  The RPD results may not 
provide reliable information on the variability of the analysis. 
 

b - The analyte was spiked at a level that was less than five times that present in the sample.  Matrix 
spike recoveries may not be meaningful. 
 

ca - The calibration results for the analyte were outside of acceptance criteria.  The value reported is an 
estimate. 
 

c - The presence of the analyte may be due to carryover from previous sample injections. 
 

cf - The sample was centrifuged prior to analysis. 
 

d - The sample was diluted.  Detection limits were raised and surrogate recoveries may not be 
meaningful. 

 

dv - Insufficient sample volume was available to achieve normal reporting limits. 
 

f - The sample was laboratory filtered prior to analysis. 
 

fb - The analyte was detected in the method blank. 
 

fc - The compound is a common laboratory and field contaminant. 
 

hr - The sample and duplicate were reextracted and reanalyzed.  RPD results were still outside of control 
limits.  Variability is attributed to sample inhomogeneity. 
 

hs - Headspace was present in the container used for analysis. 
 

ht – The analysis was performed outside the method or client-specified holding time requirement. 
 

ip - Recovery fell outside of control limits.  Compounds in the sample matrix interfered with the 
quantitation of the analyte. 
 

j - The analyte concentration is reported below the lowest calibration standard.  The value reported is an 
estimate. 
 

J - The internal standard associated with the analyte is out of control limits.  The reported concentration 
is an estimate. 
 

jl - The laboratory control sample(s) percent recovery and/or RPD were out of control limits.  The 
reported concentration should be considered an estimate. 
  

js - The surrogate associated with the analyte is out of control limits.  The reported concentration should 
be considered an estimate. 
 

lc - The presence of the analyte is likely due to laboratory contamination. 
 

L - The reported concentration was generated from a library search. 
 

nm - The analyte was not detected in one or more of the duplicate analyses.  Therefore, calculation of the 
RPD is not applicable. 
 

pc - The sample was received with incorrect preservation or in a container not approved by the method.  
The value reported should be considered an estimate.  

  

ve - The analyte response exceeded the valid instrument calibration range.  The value reported is an 
estimate.   
 

vo - The value reported fell outside the control limits established for this analyte. 
 

x - The sample chromatographic pattern does not resemble the fuel standard used for quantitation. 
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FRIEDMAN & BRUYA, INC. 
_________________________________________________ 

ENVIRONMENTAL CHEMISTS 
 

James E. Bruya, Ph.D. 3012 16th Avenue West 
Yelena Aravkina, M.S. Seattle, WA 98119-2029 
Michael Erdahl, B.S. (206) 285-8282 
Arina Podnozova, B.S. fbi@isomedia.com 
Eric Young, B.S. www.friedmanandbruya.com 

 
 
 
 
March 8, 2016 
 
 
 
Gabriel Cisneros, Project Manager 
Floyd-Snider 
Two Union Square, Suite 600 
601 Union St 
Seattle, WA 98101 
 
Dear Mr. Cisneros: 
 
Included are the results from the testing of material submitted on March 3, 2016 from 
the Calhoun, F&BI 603064 project.  There are 6 pages included in this report.  Any 
samples that may remain are currently scheduled for disposal in 30 days.  If you would 
like us to return your samples or arrange for long term storage at our offices, please 
contact us as soon as possible. 
 
We appreciate this opportunity to be of service to you and hope you will call if you 
should have any questions. 
 
Sincerely, 
 
FRIEDMAN & BRUYA, INC. 

 
Michael Erdahl 
Project Manager 
 
Enclosures 
FDS0308R.DOC 



FRIEDMAN & BRUYA, INC. 
_________________________________________________ 

ENVIRONMENTAL CHEMISTS 

 1

 
CASE NARRATIVE 
This case narrative encompasses samples received on March 3, 2016 by Friedman & 
Bruya, Inc. from the Floyd-Snider Calhoun, F&BI 603064 project.  Samples were 
logged in under the laboratory ID’s listed below. 
 
Laboratory ID Floyd-Snider 
603064 -01 SB-55-5.5' 
603064 -02 SB-55-5.5' D 
 
 
 
All quality control requirements were acceptable. 
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Date of Report:  03/08/16 
Date Received:  03/03/16 
Project:  Calhoun, F&BI 603064 
Date Extracted:  03/04/16 
Date Analyzed:  03/04/16 
 

RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 
FOR BENZENE, TOLUENE, ETHYLBENZENE, 

 XYLENES AND TPH AS GASOLINE 
USING METHODS 8021B AND NWTPH-Gx  

Results Reported on a Dry Weight Basis 
Results Reported as mg/kg (ppm) 

 
   Ethyl Total Gasoline Surrogate 
Sample ID Benzene Toluene Benzene Xylenes Range (% Recovery) 
Laboratory ID      (Limit 50-132) 
 
SB-55-5.5’ <0.02 <0.02 <0.02 <0.06 3.0 92 
603064-01 
 
SB-55-5.5’ D <0.02 <0.02 <0.02 <0.06 2.6 90 
603064-02 
 
 

Method Blank <0.02 <0.02 <0.02 <0.06 <2 89 
06-366 MB  
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Date of Report:  03/08/16 
Date Received:  03/03/16 
Project:  Calhoun, F&BI 603064 
Date Extracted:  03/04/16 
Date Analyzed:  03/04/16 
 

RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 
FOR TOTAL PETROLEUM HYDROCARBONS AS  

DIESEL AND MOTOR OIL 
USING METHOD NWTPH-Dx  

Results Reported on a Dry Weight Basis 
Results Reported as mg/kg (ppm) 

 
 Surrogate 
Sample ID Diesel Range Motor Oil Range (% Recovery) 
Laboratory ID (C10-C25) (C25-C36) (Limit 56-165) 
 
SB-55-5.5’ <50  <250  98 
603064-01 
 
SB-55-5.5’ D <50  <250  95 
603064-02 
 
 
Method Blank <50 <250 101 
06-416 MB2  
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Date of Report:  03/08/16 
Date Received:  03/03/16 
Project:  Calhoun, F&BI 603064 
 

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF SOIL SAMPLES 
FOR BENZENE, TOLUENE, ETHYLBENZENE, 

 XYLENES, AND TPH AS GASOLINE 
USING EPA METHOD 8021B AND NWTPH-Gx  

 
Laboratory Code:  603077-01 (Duplicate)
 
 
Analyte 

 
Reporting 

Units 

Sample 
Result 

(Wet Wt) 

Duplicate 
Result 

(Wet Wt) 

 
RPD 

(Limit 20) 
Benzene mg/kg (ppm) <0.02 <0.02 nm 
Toluene mg/kg (ppm) <0.02 <0.02 nm 
Ethylbenzene mg/kg (ppm) <0.02 <0.02 nm 
Xylenes mg/kg (ppm) <0.06 <0.06 nm 
Gasoline mg/kg (ppm) <2 <2 nm 
 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

 
Acceptance 

Criteria 
Benzene mg/kg (ppm) 0.5 90 66-121 
Toluene mg/kg (ppm) 0.5 92 72-128 
Ethylbenzene mg/kg (ppm) 0.5 94 69-132 
Xylenes mg/kg (ppm) 1.5 90 69-131 
Gasoline mg/kg (ppm) 20 100 61-153 
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Date of Report:  03/08/16 
Date Received:  03/03/16 
Project:  Calhoun, F&BI 603064 
 
QUALITY ASSURANCE RESULTS FROM THE ANALYSIS OF SOIL SAMPLES 

FOR TOTAL PETROLEUM HYDROCARBONS AS  
DIESEL EXTENDED USING METHOD NWTPH-Dx  

 
Laboratory Code:  603060-01 (Matrix Spike)  
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Sample 
Result 

(Wet Wt) 

Percent 
Recovery 

MS 

Percent 
Recovery 

MSD 

 
Acceptance 

Criteria 

 
RPD 

(Limit 20) 
Diesel Extended mg/kg (ppm) 5,000 <50 113 100 64-133 12 
 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

 
Acceptance 

Criteria 
Diesel Extended mg/kg (ppm) 5,000 112 58-147 
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Data Qualifiers & Definitions 
 
a - The analyte was detected at a level less than five times the reporting limit.  The RPD results may not 
provide reliable information on the variability of the analysis. 
 

b - The analyte was spiked at a level that was less than five times that present in the sample.  Matrix 
spike recoveries may not be meaningful. 
 

ca - The calibration results for the analyte were outside of acceptance criteria.  The value reported is an 
estimate. 
 

c - The presence of the analyte may be due to carryover from previous sample injections. 
 

cf - The sample was centrifuged prior to analysis. 
 

d - The sample was diluted.  Detection limits were raised and surrogate recoveries may not be 
meaningful. 

 

dv - Insufficient sample volume was available to achieve normal reporting limits. 
 

f - The sample was laboratory filtered prior to analysis. 
 

fb - The analyte was detected in the method blank. 
 

fc - The compound is a common laboratory and field contaminant. 
 

hr - The sample and duplicate were reextracted and reanalyzed.  RPD results were still outside of control 
limits.  Variability is attributed to sample inhomogeneity. 
 

hs - Headspace was present in the container used for analysis. 
 

ht – The analysis was performed outside the method or client-specified holding time requirement. 
 

ip - Recovery fell outside of control limits.  Compounds in the sample matrix interfered with the 
quantitation of the analyte. 
 

j - The analyte concentration is reported below the lowest calibration standard.  The value reported is an 
estimate. 
 

J - The internal standard associated with the analyte is out of control limits.  The reported concentration 
is an estimate. 
 

jl - The laboratory control sample(s) percent recovery and/or RPD were out of control limits.  The 
reported concentration should be considered an estimate. 
  

js - The surrogate associated with the analyte is out of control limits.  The reported concentration should 
be considered an estimate. 
 

lc - The presence of the analyte is likely due to laboratory contamination. 
 

L - The reported concentration was generated from a library search. 
 

nm - The analyte was not detected in one or more of the duplicate analyses.  Therefore, calculation of the 
RPD is not applicable. 
 

pc - The sample was received with incorrect preservation or in a container not approved by the method.  
The value reported should be considered an estimate.  

  

ve - The analyte response exceeded the valid instrument calibration range.  The value reported is an 
estimate.   
 

vo - The value reported fell outside the control limits established for this analyte. 
 

x - The sample chromatographic pattern does not resemble the fuel standard used for quantitation. 
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FRIEDMAN & BRUYA, INC. 
_________________________________________________ 

ENVIRONMENTAL CHEMISTS 
 

James E. Bruya, Ph.D. 3012 16th Avenue West 
Yelena Aravkina, M.S. Seattle, WA 98119-2029 
Michael Erdahl, B.S. (206) 285-8282 
Arina Podnozova, B.S. fbi@isomedia.com 
Eric Young, B.S. www.friedmanandbruya.com 

 
 
 
 
March 25, 2016 
 
 
 
Gabriel Cisneros, Project Manager 
Floyd-Snider 
Two Union Square, Suite 600 
601 Union St 
Seattle, WA 98101 
 
Dear Mr. Cisneros: 
 
Included are the results from the testing of material submitted on March 11, 2016 from 
the 6th-Calhoun, F&BI 603213 project.  There are 10 pages included in this report.  
Any samples that may remain are currently scheduled for disposal in 30 days.  If you 
would like us to return your samples or arrange for long term storage at our offices, 
please contact us as soon as possible. 
 
We appreciate this opportunity to be of service to you and hope you will call if you 
should have any questions. 
 
Sincerely, 
 
FRIEDMAN & BRUYA, INC. 

 
Michael Erdahl 
Project Manager 
 
Enclosures 
FDS0325R.DOC 



FRIEDMAN & BRUYA, INC. 
_________________________________________________ 

ENVIRONMENTAL CHEMISTS 

 1

 
CASE NARRATIVE 
This case narrative encompasses samples received on March 11, 2016 by Friedman & 
Bruya, Inc. from the Floyd-Snider 6th-Calhoun, F&BI 603213 project.  Samples were 
logged in under the laboratory ID’s listed below. 
 
Laboratory ID Floyd-Snider 
603213 -01 SVP-3-031116 
603213 -02 SVP-3-031116 D 
603213 -03 SVP-2-031116 
603213 -04 SVP-1-031116 
 
 
 
All quality control requirements were acceptable. 
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Date of Report:  03/25/16 
Date Received:  03/11/16 
Project:  6th-Calhoun, F&BI 603213 
Date Extracted:  N/A 
Date Analyzed:  03/24/16 
 

RESULTS FROM THE ANALYSIS OF WATER SAMPLES FOR AIR 
USING METHOD ASTM D-1946 

 
 
 
Sample ID   Helium (%) 
Laboratory ID 

 
SVP-3-031116 0.79 
603213-01 
 
SVP-3-031116 D 0.53 
603213-02 
 
SVP-2-031116 <0.5 
603213-03 
 
SVP-1-031116 <0.5 
603213-04 
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Analysis For Volatile Compounds By Method TO-15 
 
Client Sample ID:  SVP-3-031116 1/1000 Client: Floyd-Snider 
Date Received:  03/11/16 Project: 6th-Calhoun, F&BI 603213 
Date Collected:  03/11/16 Lab ID:  603213-01 1/1000 
Date Analyzed: 03/19/16 Data File:  031736.D 
Matrix: Air Instrument: GCMS7 
Units: ug/m3 Operator: VM 
 
 % Lower  Upper 
Surrogates: Recovery: Limit: Limit: 
4-Bromofluorobenzene 117 70 130 
 
 Concentration 
Compounds: ug/m3 ppbv 
 
Benzene  220 j  69 j 
Toluene  150 j  40 j 
Ethylbenzene  750  170 
m,p-Xylene <870 <200 
o-Xylene <430 <100 
Naphthalene <520 <100 
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Analysis For Volatile Compounds By Method TO-15 
 
Client Sample ID:  SVP-3-031116 D 1/1000 Client: Floyd-Snider 
Date Received:  03/11/16 Project: 6th-Calhoun, F&BI 603213 
Date Collected:  03/11/16 Lab ID:  603213-02 1/1000 
Date Analyzed: 03/18/16 Data File:  031735.D 
Matrix: Air Instrument: GCMS7 
Units: ug/m3 Operator: VM 
 
 % Lower  Upper 
Surrogates: Recovery: Limit: Limit: 
4-Bromofluorobenzene 117 70 130 
 
 Concentration 
Compounds: ug/m3 ppbv 
 
Benzene  210 j  67 j 
Toluene  140 j  37 j 
Ethylbenzene  740  170 
m,p-Xylene <870 <200 
o-Xylene <430 <100 
Naphthalene <520 <100 
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Analysis For Volatile Compounds By Method TO-15 
 
Client Sample ID:  SVP-2-031116 Client: Floyd-Snider 
Date Received:  03/11/16 Project: 6th-Calhoun, F&BI 603213 
Date Collected:  03/11/16 Lab ID:  603213-03 
Date Analyzed: 03/21/16 Data File:  032108.D 
Matrix: Air Instrument: GCMS7 
Units: ug/m3 Operator: VM 
 
 % Lower  Upper 
Surrogates: Recovery: Limit: Limit: 
4-Bromofluorobenzene 202 70 130 
 
 Concentration 
Compounds: ug/m3 ppbv 
 
Benzene 5.0 1.6 
Toluene 6.8 1.8 
Ethylbenzene  11 2.6 
m,p-Xylene 6.7 1.5 
o-Xylene 2.3 0.53 
Naphthalene 1.8 0.35 
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Analysis For Volatile Compounds By Method TO-15 
 
Client Sample ID:  SVP-1-031116 Client: Floyd-Snider 
Date Received:  03/11/16 Project: 6th-Calhoun, F&BI 603213 
Date Collected:  03/11/16 Lab ID:  603213-04 
Date Analyzed: 03/21/16 Data File:  032107.D 
Matrix: Air Instrument: GCMS7 
Units: ug/m3 Operator:  VM 
 
 % Lower  Upper 
Surrogates: Recovery: Limit: Limit: 
4-Bromofluorobenzene 100 70 130 
 
 Concentration 
Compounds: ug/m3 ppbv 
 
Benzene 3.3 1.0 
Toluene 8.8 2.3 
Ethylbenzene 1.7 0.38 
m,p-Xylene 5.6 1.3 
o-Xylene 2.2 0.50 
Naphthalene 1.3 0.25 
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Analysis For Volatile Compounds By Method TO-15 
 
Client Sample ID:  Method Blank Client: Floyd-Snider 
Date Received:  Not Applicable Project: 6th-Calhoun, F&BI 603213 
Date Collected:  03/11/16 Lab ID:  06-465 mb 
Date Analyzed: 03/18/16 Data File:  031728.D 
Matrix: Air Instrument: GCMS7 
Units: ug/m3 Operator: VM 
 
 % Lower  Upper 
Surrogates: Recovery: Limit: Limit: 
4-Bromofluorobenzene 101 70 130 
 
 Concentration 
Compounds: ug/m3 ppbv 
 
Benzene <0.32 <0.1 
Toluene <0.38 <0.1 
Ethylbenzene <0.43 <0.1 
m,p-Xylene <0.87 <0.2 
o-Xylene <0.43 <0.1 
Naphthalene <0.52 <0.1 
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Date of Report:  03/25/16 
Date Received:  03/11/16 
Project:  6th-Calhoun, F&BI 603213 
 

QUALITY ASSURANCE RESULTS  
FROM THE ANALYSIS OF AIR SAMPLES  
FOR HELIUM BY METHOD ASTM D-1946 

 
Laboratory Code:  603213-04  (Duplicate)
 
Analyte 

Sample 
Result 

Duplicate 
Result 

Relative Percent 
Difference 

Acceptance 
Criteria 

Helium (%) <0.5 <0.5 nm 0-20 
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Date of Report:  03/25/16 
Date Received:  03/11/16 
Project:  6th-Calhoun, F&BI 603213 
 

QUALITY ASSURANCE RESULTS FOR THE ANALYSIS OF AIR SAMPLES 
FOR VOLATILES BY METHOD TO-15  

 
Laboratory Code:  Laboratory Control Sample 
 
 
Analyte 

 
Reporting 

Units 

 
Spike 
Level 

Percent 
Recovery 

LCS 

 
Acceptance 

Criteria 
Benzene ppbv 10 104  70-130 
Toluene ppbv 10 102  70-130 
Ethylbenzene ppbv 10 103  70-130 
m,p-Xylene ppbv 20 101  70-130 
o-Xylene ppbv 10 102  70-130 
Naphthalene ppbv 10 111  70-130 
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Data Qualifiers & Definitions 
 
a - The analyte was detected at a level less than five times the reporting limit.  The RPD results may not 
provide reliable information on the variability of the analysis. 
 

b - The analyte was spiked at a level that was less than five times that present in the sample.  Matrix 
spike recoveries may not be meaningful. 
 

ca - The calibration results for the analyte were outside of acceptance criteria.  The value reported is an 
estimate. 
 

c - The presence of the analyte may be due to carryover from previous sample injections. 
 

cf - The sample was centrifuged prior to analysis. 
 

d - The sample was diluted.  Detection limits were raised and surrogate recoveries may not be 
meaningful. 

 

dv - Insufficient sample volume was available to achieve normal reporting limits. 
 

f - The sample was laboratory filtered prior to analysis. 
 

fb - The analyte was detected in the method blank. 
 

fc - The compound is a common laboratory and field contaminant. 
 

hr - The sample and duplicate were reextracted and reanalyzed.  RPD results were still outside of control 
limits.  Variability is attributed to sample inhomogeneity. 
 

hs - Headspace was present in the container used for analysis. 
 

ht – The analysis was performed outside the method or client-specified holding time requirement. 
 

ip - Recovery fell outside of control limits.  Compounds in the sample matrix interfered with the 
quantitation of the analyte. 
 

j - The analyte concentration is reported below the lowest calibration standard.  The value reported is an 
estimate. 
 

J - The internal standard associated with the analyte is out of control limits.  The reported concentration 
is an estimate. 
 

jl - The laboratory control sample(s) percent recovery and/or RPD were out of control limits.  The 
reported concentration should be considered an estimate. 
  

js - The surrogate associated with the analyte is out of control limits.  The reported concentration should 
be considered an estimate. 
 

lc - The presence of the analyte is likely due to laboratory contamination. 
 

L - The reported concentration was generated from a library search. 
 

nm - The analyte was not detected in one or more of the duplicate analyses.  Therefore, calculation of the 
RPD is not applicable. 
 

pc - The sample was received with incorrect preservation or in a container not approved by the method.  
The value reported should be considered an estimate.  

  

ve - The analyte response exceeded the valid instrument calibration range.  The value reported is an 
estimate.   
 

vo - The value reported fell outside the control limits established for this analyte. 
 

x - The sample chromatographic pattern does not resemble the fuel standard used for quantitation. 
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Memorandum 

To:  Carol Johnston, Washington State Department of Ecology 

Copies:  Karen Calhoun, Calhoun Estate  

From:  Gabriel Cisneros 

Date:   July 15, 2016  

Project  No:   GTH‐Calhoun 

Re:  Soil Vapor Installation and Sampling Details 

SOIL VAPOR INSTALLATION 

Three soil vapor probes were installed on the property on March 9, 2016. The soil borings were 
advanced using a geoprobe drill rig and completed as soil vapor probes SVP‐1, SVP‐2, and SVP‐3. 
These  three  soil vapor probes were  located within  the vicinity of borings where  the greatest 
petroleum concentrations  in soil  remain at  the site. SVP‐1 and SVP‐2 are  located outside  the 
excavation but within the vicinity of soil boring SB‐32. SVP‐1 and SVP‐2 were installed at depths 
of approximately 15.5 feet and 7 feet bgs, respectively. SVP‐3 is located outside the excavation, 
within the vicinity of soil boring SB‐53, and was installed at a total depth of 5.75 feet bgs. Each 
vapor  point was  installed  at  depths  that  displayed  the  greatest  hydrocarbon  concentrations 
within  5  and  15  feet  bgs  in  accordance with  the Washington  State  Department  of  Ecology 
(Ecology)‐reviewed work plan.  

Each pair of soil vapor probes were completed with a 6‐inch‐long by 0.75‐inch‐diameter stainless 
steel screen with a pore diameter of 0.0057 inches. The screened section of each vapor sampling 
probe was capped on one end and fitted with a Swagelok fitting connected on the other end. A 
length of 0.25‐inch outer diameter rigid wall nylon tubing was attached to the probe. The above‐
grade end of each probe casing was fitted with a Teflon on/off control valve, to prevent short‐
circuiting of ambient air into the probes.  

Each 6‐inch‐long screen tip was vertically centered within a 1‐foot‐thick  interval of a standard 
sand pack, resulting in 3 inches of sand above and below the screen. The sand pack was covered 
with a 1‐foot interval of dry granular bentonite, which was then covered with at least 2 feet of 
hydrated granular bentonite. The dry granular bentonite was emplaced immediately above the 
sand pack  to ensure  that hydrated granular bentonite slurry did not  flow down  to  the probe 
screen and seal  it. The remainder of the borehole was filled with hydrated granular bentonite 
slurry (mixed at the surface and poured in) to approximately 12 inches bgs. The top portion was 
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completed with a 1‐foot‐thick cement cap. An 8‐inch‐long flush‐mounted well box was installed 
to protect the nylon tubing and on/off control valve.  

SOIL VAPOR SAMPLE COLLECTION AND ANALYSIS 

Vapor  sampling  activities  were  conducted  on  March  11,  2016.  Field  conditions  including 
temperature, barometric pressure, wind direction and speed, and humidity were recorded in the 
field notebook. In addition, names of field personnel, dates and times of sampling, purge volumes 
and  purge  rate,  sampling  volume,  and  leak  testing  description  were  included  in  the  field 
notebook. Sampling sheets are included as Attachment 1. 

Weather  on  the  day  of  the  sampling  event  consisted  of  no  precipitation with  temperatures 
between 35 and 50 degrees Fahrenheit. Barometric pressure trends show atmospheric pressure 
dropping steadily on the day of the sampling event. Cumulative rain records indicate that there 
was no heavy precipitation on the day of the sampling event, or within the preceding 24 hours. 

Weather  data  plots  generated  using  the  University  of  Washington  website, 
http://www‐k12.atmos.washington.edu/k12/grayskies/nw_weather.html,  are  included  as 
Attachment 2. 

The  soil  gas  sampling  equipment  was  setup  at  each  location  and  a  closed  valve  test  was 
performed. The sampling train was checked for leaks by capping the ends and closing the control 
valve at  the vapor well,  then opening  the summa canister  for a period of 5 minutes  to see  if 
vacuum  was  maintained.  All  sampling  trains  maintained  their  initial  vacuum  for  at  least 
5 minutes. 

After conducting closed valve tests, three tubing volumes were purged. Purging was completed 
using a Summa® canister with a flow rate less than 200 milliliters per minute (ml/min). After the 
sampling train was purged, soil gas samples were collected over a 10‐minute period at a flow rate 
of  less  than 167 ml/min. Soil vapor  samples were collected  in 100‐percent certified and pre‐
evacuated 6‐liter Summa® canisters supplied by Friedman & Bruya, Inc. laboratory.  

Soil vapor samples were collected per the following steps: (1) Open the valve on the top of the 
Summa® canister and record the time  in the  log book;  (2) Observe the vacuum gauge on the 
sampling train to ensure that the vacuum in the canister is decreasing over time; and (3) Shut off 
the valve once the vacuum gage reads between 4.5 and 5.5 inches of mercury (in. Hg).  

In addition to soil gas sampling activities,  leak testing was performed at all sampling  locations 
using the following soil gas sampling set‐up procedures: (1) A large plastic bag was sealed around 
the Summa® canister, sampling apparatus, and vapor probe; (2) A small hole was cut in the bag 
to allow tubing to be inserted through it to introduce helium and to subsequently fill the plastic 
bag; and (3) Helium was maintained at a concentration of 10 percent or greater within the plastic 
shroud. Detections of helium in the soil gas samples would indicate that the canister, valves, or 
connection to the sample probe had potentially leaked ambient air into the sample.  

http://www-k12.atmos.washington.edu/k12/grayskies/nw_weather.html
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Once the sampling period was completed and the final vacuum was recorded, the sampling train 
was removed from the canister, and a Swagelok® cap was tightly fitted to the inlet port of the 
canister. A PID was used to record vapor readings from the manifold connection, and the readings 
were logged in the notebook and soil vapor sampling sheet. The initial canister vacuums, vacuum 
testing times, purging times, purged volumes, helium readings, sampling starts and times, final 
vacuum  readings,  and  PID  readings were  recorded  on  a  soil  vapor  sampling  sheet, which  is 
included in Attachment 1. 

Soil gas samples were analyzed for the following: 

 BTEX and naphthalenes using USEPA Modified Method TO‐15 low level

 Helium using ASTM D 1946

SOIL GAS ANALYTICAL RESULTS 

Benzene was detected in SVP‐3 at a concentration that exceeds the residential MTCA Method B 
soil gas screening  levels presented  in the updated Ecology’s vapor  intrusion guidance(Ecology 
2009 and 2015). Per the Ecology vapor intrusion guidance, if concentrations are greater than the 
screening  levels during the Tier I vapor  intrusion assessment, the reviewer will proceed to the 
Tier II assessment, which includes using the Johnson and Ettinger Model (JEM) to predict indoor 
air concentrations and  risk. Two  separate  JEMs were used  to predict a  range of minimum  to 
maximum benzene concentrations in indoor air. Model results were then compared to indoor air 
cleanup  levels,  presented  in  the  updated  Table B‐1  of  the  Ecology  vapor  intrusion  guidance 
(Ecology 2009 and 2015). Specific recommendations regarding the use of the JEM in this capacity 
are  presented  in  Appendix  D  of  the  Ecology  vapor  intrusion  guidance,  and  JEM  inputs  and 
modeling results are included as Attachment 3.  

The  parcel  is  zoned  for  commercial  use  and  future  site  use  plans  will  not  change  in  the 
foreseeable  future;  therefore,  the  JEM uses  commercial building properties but with default 
residential exposure parameters. The one difference between the default residential parameters 
and commercial building parameters is the indoor air exchange rate, which is 0.25 exchanges per 
hour  (hr‐1)  for  residential and 1.0 hr‐1 for commercial. The  JEM uses 0.5 hr‐1 for an  indoor air 
exchange rate and the greatest detected benzene concentration to yield conservative results. 
JEM  results  indicate  that  predicted  concentrations  of  benzene  into  indoor  air  range  from 
0.04115 micrograms  per  cubic  meters  (µg/m3)  to  0.2929  µg/m3,  with  a  best  estimate  of 
0.1563 µg/m3 and a cancer risk of 5.009E‐7. The range of predicted benzene concentrations  in 
indoor air  is  less  than accepted cancer  risk of 1.00E‐6 and  the MTCA Method B cleanup  level 
presented in the updated Table B‐1 of 0.321 µg/m3. 

As an extra measure, an additional JEM, which  is consistent with the USEPA’s vapor  intrusion 
technical  guidance  (USEPA  2015)  and  exposure  levels,  was  used  to  predict  indoor  air 
concentrations  and  cancer  risk  for  default  commercial  exposure  scenarios.  The  USEPA 
programmed  the  JEM  into Microsoft Excel™ and added a human health  risk component  that 
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calculates  the  risk  associated with  the  inhalation of  a  specific  contaminant  at  the estimated 
indoor air concentration. The greatest benzene concentration and default commercial exposure 
scenarios were used. The Excel™ JEM resulted in a predicted concentration of benzene in indoor 
air of 0.099 µg/m3 and a cancer risk of 2.3E‐7. The predicted benzene concentration into indoor 
air  is  less  than  the  accepted  cancer  risk  of  1.00E‐6  and  the MTCA Method  B  cleanup  level 
presented in the updated Table B‐1 of the Ecology vapor intrusion guidance of 0.321 µg/m3. 

Details of both JEM and the modeling results are included as attachments to this memorandum, 
and the results and cleanup levels are summarized below.  

Hazardous 
Substance 

JEM‐Predicted Benzene Concentration to Indoor Air  MTCA 
Method B 
Indoor Air 
Cleanup 
Levels 
(μg/m3) 

Low 
Prediction 
(μg/m3) 

Cancer 
Risk1 

Best 
Estimate 
(μg/m3)

Cancer 
Risk1 

High 
Prediction 
(μg/m3) 

Cancer 
Risk1 

Benzene  
(USEPA Online 
JEM tool) 

0.04115  1.319E‐7 0.1563  5.009E‐7 0.2929  9.388E‐7 

0.321 
2014 Excel 
Default 
Commercial JEM 

NA  NA  0.099  2.3E‐7  NA  NA 

Note: 
1  Target cancer risk is 1.0E‐6. 

Abbreviation: 
NA  Not applicable 

JEM RESULTS DISCUSSION 

A  conservative approach was  taken, with  the online USEPA  JEM, by using default  residential 
inputs for slab‐on‐grade floor thickness, crack width, average vapor flow rate into the building, 
average time for carcinogens and noncarcinogens, exposure duration, and exposure frequency. 
The property is zoned for commercial use under Pierce County Assessor’s Building and Land Use 
records, and an indoor air exchange rate of 0.5 hr‐1 was used to yield a conservative result. The 
dimensions for the building uses the default residential dimensions of 100 square meters and a 
height of 2.5 meters.  

As  indicated,  these  assumptions  yielded  conservative  results  for  risk  modeling.  Additional 
assumptions, when using USEPA’s online JEM, include that the soil is continuously contaminated 
at the greatest level of contamination detected on‐site, across the entire footprint of the building. 
In actuality, soil gas analytical data indicate that all concentrations were less than their respective 
screening  levels for vapor probes SVP‐1 and SVP‐2. Benzene  in soil  is only present around the 
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vicinity of SVP‐3 and SB‐53.  In addition,  the  JEM assumes  that  the  soil  lithology beneath  the 
hypothetical building is loam; however, boring logs for SVP‐1, SVP‐2, and SVP‐3 indicate that soil 
consists of stiff to hard silt with moderate to high plasticity (Attachment 4), which has less pore 
space than a loam lithology and would reduce the upward migration of soil gas into a building.  

The  default  residential  average  time  for  carcinogens  and  noncarcinogens  and  the  exposure 
frequency  were  used  in  the model.  In  actuality,  the  property  is  zoned  as  commercial  and 
occupants would not spend 70 years working in a future commercial building 350 days a year.  

In  addition  to  the  conservative  assumptions,  the  Excel™  JEM  results  for  default  commercial 
parameters and exposure rates confirm that benzene concentrations in soil vapor in indoor air is 
not a risk to any  future commercial building at the property, which  is more representative of 
actual and future site conditions. In conjunction with these results, and using Ecology’s  lateral 
inclusion zone definition, there is no soil gas vapor risk to the current commercial building nor to 
adjacent residential dwellings.  
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INDOOR AIR SIMULATION RESULTS

Screening­Level Johnson and Ettinger Model

Site Name:   
Report Date: Tue Apr 05 2016 14:15:08 GMT‐0700 (Pacific Daylight Time)
Report Generated From: https://www3.epa.gov/ceampubl/learn2model/part‐
two/onsite/JnE_lite_forward.htm 
Type of sample: SOIL GAS    Concentration = 220[μg/m3]
Depth of soil gas sample: 5.5ft +/‐ 0.5ft
Average soil/ground water temperature:   55F

CHEMICAL PROPERTIES
Chemical of Concern: Benzene    CAS Number: 71432
Molecular Weight: 78.11 [g/mole]    Henrys Constant: 0.1316031 [unitless]
Diffusivity in Air: 8.800e‐2 [cm2/sec]    Diffusivity in Water: 9.800e‐6 [cm2/sec]
Unit Risk Factor: 0.0000078 [(μg/m3)‐1]    Reference Concentration: 0 [mg/m3]

SOIL PROPERTIES
Soil Type: Loam    Total Porosity: 0.399
Unsaturated Zone Moisture Content:
    low= 0.061  best estimate= 0.148  high= 0.24
Capillary Zone Moisture Content: 0.332    Height of Capillary Rise: 0.375 [m]
Soil‐Gas Flow Rate into Building: 5 [L/min]

BUILDING PROPERTIES
Building Type: Slab‐on‐Grade    Air Exchange Rate: 0.5[hr‐1]
Building Mixing Height: 2.5[m]    Building Footprint Area: 100[m2]
Subsurface Foundation Area: 106[m2]    Building Crack Ratio: 0.00038[unitless]
Foundation Slab Thickness: 0.1[m]

EXPOSURE PARAMETERS
Exposure Duration: carcinogens 30 [years]     non‐carcinogens: 30 [years]
Exposure Frequency: carcinogens 350 [days/year]     non‐carcinogens: 365 [days/year]
Averaging Time: carcinogens 70 [years]     non‐carcinogens: 30 [years]

JOHNSON & ETTINGER SIMULATION RESULTS
Effective Diffusion Coefficient (Deff): 0.00554[cm2/s]
Soil Gas to Indoor Air Attenuation Factor (αSG) = 0.0007103

1Low Indoor Air Prediction: 0.04115 [μg/m3] or   0.01289 [ppbv]
Cancer Risk of this concentration: 1.319e‐7  Hazard Risk of this concentration: 0.

Best Estimate Indoor Air Prediction: 0.1563[μg/m3] or   0.04895 [ppbv]
Cancer Risk of this concentration: 5.009e‐7  Hazard Risk of this concentration: 0.

2High Indoor Air Prediction: 0.2929[μg/m3] or   0.09173 [ppbv]
Cancer Risk of this concentration: 9.388e‐7  Hazard Risk of this concentration: 0.

Based on parameter analysis: Advection is the dominant mechanism across foundation.

1"Low Prediction" concentrations produced with HIGHEST moisture content and DEEPEST depth to contamination.
2"High Prediction" concentrations produced with LOWEST moisture content and SHALLOWEST depth to contamination.



Scenario: Commercial

DATA ENTRY SHEET Chemical: Benzene

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 2.20E+02 4.5E‐04 9.9E‐02 2.3E‐07 7.5E‐03
CAS No. conc., conc.,

(numbers only, Cg Cg

no dashes) (g/m3) (ppmv) Chemical

71432 2.20E+02 Benzene

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)

15.24 168 24 SI

Depth to bottom of enclosed space floor must be = 15 or 200 cm.
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)
b

A nV w
V Qsoil

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

SI 1.35 0.489 0.167 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 

MESSAGE: See VLOOKUP table comments on chemical properties 
and/or toxicity criteria for this chemical.

Results SummarySoil Gas Concentration Data

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Receptor 
Parameters

Last Update: December 2014 Vapor Intrusion Screening Model
Soil Gas

DATENTER
Page 1 of 1
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