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1.0 INTRODUCTION 

This report provides the results of the environmental subsurface investigation performed for the 

University of Washington (UW) at the McDonald Smith Building (existing four-story building) located at 

1932, 1934 and 1936 Pacific Avenue on the University of Washington-Tacoma (UWT) campus located in 

Tacoma, Washington.  The McDonald Smith Building is herein referred to as the “site” as shown on 

Figure 1. 

The purpose of this subsurface investigation was to further evaluate soil conditions; if the deep aquifer is 

present and contaminated with trichloroethene (TCE) and breakdown components; and to evaluate the 

potential for vapor intrusion into the building.   

2.0 CURRENT SITE FEATURES AND DEVELOPMENT PLANS 

2.1. Site Features  

The four-story brick building is situated within the site boundary.  The perimeter of the building is 

approximately 75 by 120 feet.  The building is constructed as a slab-on grade.  The first floor of the 

building is accessible from the Pacific Avenue at approximately Elevation 48.131.  The second floor is 

accessible from Dolly Roberson Lane at approximately Elevation 65.42 feet.  

The building is divided into three bays each approximately 25 feet wide.  The brick walls separating the 

bays extend the entire height of the building.   

The ceilings in the first floor are approximately 15 feet high.  The ceiling heights in the remaining floors 

were not evaluated as part of this study.  Retail space and storage currently occupies the first floor 

(Pacific Avenue), office space on the first floor (Dolly Roberson Lane) and residential units on the top two 

floors.  

One manhole is located in the western portion of the middle bay on the first floor.  Cast iron pipes and 

standing water were observed in the manhole approximately 3 feet below the slab.  The use of the pipes 

is not known, but speculated by the design team to be building drainage.   

2.2. Proposed Development Plans 

We understand UWT was considering structural upgrades to the building in late 2014.  The structural 

upgrades consisted of installation two shear walls on the northeastern portion of the building.  The 

foundation for the sheer walls may have included 35–foot micropiles.  The design-build team requested 

the following data gaps be evaluated: 

1. Is there a risk of cross contamination between the shallow and deep aquifers (identified on the UWT 

campus west of Jefferson Avenue during previous subsurface investigations), if both are present? 

                                                           

1 NGVD 29 vertical datum.  Building and well elevations based on survey completed by AHBL in October 2014 
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2. Are there chemicals of concern in soil within the proposed excavation area? 

3. Is there a risk of vapor intrusion? 

This investigation was completed to address the design team’s questions.  Based on various construction 

factors for the original design plan, UWT decided to not complete structural upgrades following 

completion of the field activities.  The current construction plans include remodeling the interior spaces 

by removing the residences and adding offices, small classrooms and storage.  The retail space will 

remain.  The interior upgrades will not penetrate the existing concrete slab.   

The project is being executed under the design-build model of design and construction.  The project team 

related to soils consists of Bassetti (architect), Mortenson Construction (contractor), PSC Structural 

Solutions (structural engineer), and GeoEngineers (environmental and geotechnical engineering).   

3.0 HISTORICAL USE 

The four-story building (known as the Artist’s Lofts) was constructed in 1890 with three separate store 

fronts along Pacific Avenue.  The building was primarily vacant prior to the 1930s but did store hay, grain, 

and flour in the central portion of the building.  The storage area was positioned adjacent to a rail line to 

the west at the rear of the building.  Following this timeframe, each separate store front has a different 

land use history. 

■ 1932 Address - commercial grocer, confectionary, and other retail shops. 

■ 1934 Address - dairy products manufacturer and confectionary between 1931 and 1963 followed by 

retail bedding and clothing shops. 

■ 1936 Address - mill supplies through 1963 followed by an auto parts warehouse, an iron and metal 

salvage shop, and retail shop space. 

4.0 AGREED ORDER 

UW entered into an Agreed Order (#DE 97HW-S238) with the Washington State Department of Ecology 

(Ecology) in 1997 for known contaminated soil and groundwater on the UWT campus.  UW and Ecology 

are currently in the process of issuing a new agreed order for the UWT campus.  The site is located within 

the boundaries of the existing and future agreed orders.   

5.0 PREVIOUS INVESTIGATIONS 

A remedial investigation/feasibility study (RI/FS) was completed on several parcels located near the site 

between 2000 and 2009.  Investigation was completed within the building in 2006 when UW purchased 

the property.  Additional subsurface investigation was completed adjacent to the site in 2013.  The 

investigations are summarized below. 

5.1. Within Building 

Kane Environmental completed a Phase I ESA and limited Phase II ESA within the building in 2006.  The 

Phase I ESA also identified a dewatering well with standing water approximately 3 to 4 feet below the 
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slab.  The dewatering well was used to remove water from around the adjacent elevator.  Eight 

direct-push borings with temporary monitoring wells were completed inside the building during the Phase 

II ESA.  Groundwater was encountered approximately 4 to 5 feet below the slab during the investigation.  

Three soil and eight groundwater samples were submitted for chemical analysis of volatile organic 

compounds (VOCs), gasoline-, diesel, and lube oil-range petroleum hydrocarbons.  One groundwater 

sample was submitted for chemical analysis of polycyclic aromatic hydrocarbons (PAHs).   

■ Trichloroethene (TCE) and cic-1,1-DCE were detected at concentrations greater than the current 

Model Toxics Control Act (MTCA) Method A groundwater cleanup level or MTCA Method B criteria in 

the analyzed groundwater samples.  

■ Vinyl chloride was detected at concentrations greater than the MTCA Method A groundwater cleanup 

levels in six groundwater samples.  Vinyl chloride was not detected in the remaining two groundwater 

samples.  

■ Chemicals of concern were not detected in the analyzed soil samples.  

UW purchased the property and decommissioned the elevator dewatering well following completion of the 

2006 Phase I ESA and limited Phase II ESA.  Water within the dewatering well was sampled for chemical 

analysis.  TCE was detected at a concentration greater than the MTCA Method A groundwater cleanup 

level in the water.  The reviewed documentation indicates the dewatering well was decommissioned by 

placing bentonite to near the surface and capped with concrete because the contractor was not able to 

remove the groundwater from within the dewatering well.   

5.2. Vicinity of the Building 

Approximately 35 groundwater monitoring wells have been installed over the course of the investigations 

and remediation efforts in the area west and east of the site.  Two wells (CR-MW16 and CR-MW17) were 

installed directly upgradient of the site on Dolly Roberson Lane as shown on Figure 2.  One well was 

installed downgradient and north of the site (CR-MW12).   

The geology west of the site is not fully understood, however, it is known the two wells directly west of the 

site (CR-MW16, CR-MW17) were installed within the shallow aquifer.  The screen interval of well 

CR-MW12 appears to cross between the shallow and deep aquifers.  However, this well was installed by 

others and the boring/well construction log is not clear.   

The site appears to be located within an area-wide groundwater plume consisting of TCE, cis-1,2-

dichloroethene (DCE) and vinyl chloride.  The plume is located at least west and north of the site 

(CR-MW16 and CR-MW17).  The vinyl chloride plume appears to extend east of the site based on the 

location of well CR-MW12.  The known extent of the plume generally trends from south of Market Street 

and South 21st Street to Pacific Avenue and South 19th Street stairs.  The sources and vertical and lateral 

extents of the groundwater plumes are not known at this time.   

Geotechnical explorations were also completed in the vicinity of the building particularly in the adjacent 

Cherry Parks Building.  The location of the geotechnical and environmental borings completed in the 

vicinity of the site are included in Appendix A.   
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6.0 FIELD INVESTIGATION PROGRAM - 2014 

The field procedures, sampling methodology and borings logs are included in Appendix B.  The field 

program consisted of the following items: 

■ One hollow-stem auger soil boring and deep aquifer monitoring well (MDS-MW1D) was installed to a 

depth of 60 feet below ground surface (bgs) in the area upgradient (west) of the building. 

■ Three micro-core soil borings (MDS-DP2, MDS-DP3 and MDS-DP5) were completed inside the building 

to depths ranging from 3 to 5 feet bgs.  Soil samples were collected in the borings from each soil type 

encountered (fill and ice-contact deposits) and at and below the groundwater table where 

groundwater was encountered.  

■ Groundwater monitoring of existing and new wells (MDS-MW1D, CR-MW16 and CR-MW17). 

■ Soil gas sampling was performed within the building (MDS-SV1 through MDS-SV4). 

Deviations to the sampling plan include the following: 

■ Three micro-core borings were actually completed during the investigation instead of the planned five 

borings because of drill refusal in two locations.  

7.0 SOIL AND GROUNDWATER CONDITIONS 

7.1. Published Literature  

The geology and landforms at the site are largely shaped by the advance and retreat of glaciers during 

late Pleistocene glaciations approximately 300,000 to 10,000 year ago.  Up to 1,800 feet of 

unconsolidated sediments are mapped in the Tacoma area (Jones et al., 1999).  Geologic units pertinent 

to this study were deposited during the most recent glaciation (Vashon Stade of Frasier Glaciation) that 

retreated between 13,000 and 10,000 years ago.  The entire surface of the UWT campus was recently 

mapped as ice-contact deposits (Qvi) (Troost in review).  The typical geologic sequence in the Tacoma 

area consists of Vashon Drift that is composed of the following from youngest to oldest: recessional 

outwash deposits, recessional lacustrine deposits, Steilacoom Gravel, ice-contact deposits, Vashon till, 

and advance outwash deposits; Lawton Clay.  The Vashon drift is underlain by pre-Fraser deposits (Troost 

in review). 

7.2. Subsurface Explorations 

Subsurface explorations conducted on portions of the site during this and previous investigations indicate 

soil conditions similar to those described in the published literature.  Subsurface conditions consist of fill, 

ice-contact deposits and advance outwash.  Subsurface exploration logs completed as part of this 

investigation are presented in Appendix B.  Subsurface exploration logs completed as part of previously 

planned geotechnical analysis are presented in Appendix A.  

The fill within the building consists of sand with trace silt from the ground surface to between 0.5 and 

1 foot bgs.  The fill observed at the location of MDS-MW1D was observed as sand and silt (sand with silt 

or silt) to a depth of approximately 14.5 feet bgs.   
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The ice-contact deposits were observed below the fill to 26.5 feet bgs (Elevation 38.37 feet) west of the 

building.  The ice-contact deposits consisted of brown fine to coarse sand with fine to coarse gravel and 

silt with occasional silty sand interbeds.  The ice-contact deposits is interpreted to be the shallow aquifer 

unit.   

A silt layer was observed from depths of 26.5 to 29 feet bgs (Elevation 36.37 to 37.87 feet) in boring 

MDS-MW1D.  The silt layer is interpreted to be the semi-confining to confining unit that separates the 

shallow aquifer from the deep aquifer located within the advance outwash.  

Fine to coarse sand with varying amounts of gravel and silt was typically encountered below the ice-

contact deposits.  We interpret this material to be advance outwash.  The advance outwash was observed 

to be moist from 29 to 50 feet bgs, and saturated from 50 to 60 feet bgs during drilling.   

7.3. Groundwater Conditions 

It appears that groundwater conditions consist of a shallow aquifer located within the ice-contact deposits 

and deep aquifer located within the advance outwash.  The shallow and deep aquifers appear to be 

separated by semi-confining to confining layer of silt located at the base of the ice-contact deposits.   

It appears that the groundwater within the shallow aquifer is continuous across the project site based on 

the groundwater information observed in CR-MW12, CR-MW16, CR-MW17, MDS-DP2, MDS-DP3 and 

MDS-DP5.  Groundwater in the shallow aquifer was observed at approximately Elevation 45.54 feet west 

of the building (CR-MW17) and approximately Elevation 45 to 46 feet within the building (MDS-DP2, 

MDS-DP3 and MDS-DP5).  The groundwater elevations in the wells are shown in Table 3. 

The deep aquifer appears to be under a confined condition within the advance outwash.  Saturated soils 

observed during drilling and the measured depth to groundwater following well installation varied by 

approximately 36 feet.  Groundwater was measured at approximately Elevation 50.79 feet in monitoring 

well MDS-MW1D during sampling activities in October 2014 as shown in Table 3.  The elevation of the 

potentiometric surface of the groundwater in well MDS-MW1D screened within the deep aquifer is higher 

than the elevation of the slab (Elevation 48.13 feet). 

Groundwater levels will vary depending on season, precipitation and other factors particularly the shallow 

aquifer. 

8.0 SOIL AND GROUNDWATER SAMPLING AND CHEMICAL ANALYTICAL RESULTS 

8.1. Soil 

Soil samples were collected from the hollow-stem auger boring completed on the exterior of the building 

and the micro core borings completed on the interior of the building.  Soil sampling protocol is included in 

Appendix B and summarized below. 

  Hollow-Stem Auger Boring Sampling Protocol 

A total of 10 discrete soil samples were collected from boring MDS-MW1D for chemical analysis to 

evaluate the vertical extent of TCE-contaminated soil.  The samples collected from boring MDS-MW1D 

were identified using the following identification system:  Location-MW#Letter-start depth-end depth, 
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where Location is the general UWT building location-MW# is the monitoring well number and screen 

location and start depth-end depth is the depth interval of specific sample (e.g., MDS-MW1D-14.5-15 was 

collected from McDonald Smith monitoring well number 1 screened in the deep aquifer between 14 and 

14.5 feet bgs). 

 Micro Core Boring Sampling Protocol 

A total of seven discrete soil samples were collected from the micro core borings.  These soil samples 

were identified using the following identification system: Location-DP#Letter-start depth-end depth, where 

Location is the general UWT building location-DP# is the boring number and start depth-end depth is the 

depth interval of specific sample (e.g., MDS-DP5-0.5-1 was collected from McDonald Smith direct-push 

boring number 5 between 0.5 and 1 foot bgs).  Two soil samples were collected from each boring; one 

sample was collected in the fill and one sample was collected in the ice-contact deposits.   

 Chemical Analysis 

The 10 discrete soil samples collected from boring MDS-MW1D and three discrete samples collected 

from the micro core borings were analyzed for VOCs by EPA method 8260D.   

Composite sample A (micro core borings) was analyzed for petroleum hydrocarbon identification by 

Ecology-approved method NWTPH-HCID, RCRA metals by EPA method 6000/7000 series, TCLP lead by 

EPA method 1311 and PAHs by EPA method 8270SIM.  Composite sample B collected from the micro 

core borings was analyzed for RCRA metals by EPA Method 6000/7000 series.  The composite sample 

groups were based on the observed subsurface conditions at each boring location, and are summarized 

in Table 2 and below.  

Composite 

Identification 

Discrete Samples With 

Composite Soil Type Observed Range of Depths 

A 

MDS-DP2-0.5-1 

MDS-DP3-0.5-1 

MDS-DP5-0.5-11 

Fill 0.5 to 1 foot bgs 

B 

MDS-DP2-1-2 

MDS-DP3-1-3 

MDS-DP5-1-3 

Native 1 to 3 feet bgs 

Note: 

1 Sample MDS-DP5-0.5-1 was included in composite A for analysis of RCRA metals only.  

The chemical analytical data are described below relative to MTCA Method A Unrestricted Lane Use (ULU) 

cleanup levels and MTCA Method B criteria for soil.  MTCA Method B criteria were used for comparison of 

barium, selenium and silver and specific VOCs and semi-volatile organic compounds (SVOCs) because 

Method A ULU cleanup levels have not been established for these compounds.  The chemical analytical 

results are summarized in Tables 1 and 2.  Laboratory reports are presented in Appendix C.   

 PCE 

PCE was not detected in the analyzed soil samples.   
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 TCE 

TCE was detected at concentrations greater than the MTCA Method A ULU soil cleanup level 

(0.03 milligram per kilogram [mg/kg]) in soil sample MDS-MW1D-28.5-29 (0.050 mg/kg) collected from 

28.5 to 29 feet bgs in boring MDS-MW1D. 

TCE was detected at concentrations less than the MTCA Method A ULU soil cleanup level (0.03 mg/kg) in 

the following nine soil samples with the concentrations listed in parentheses: 

■ MDS-DP5-1-3 (0.0029 mg/kg) from 1 to 3 feet bgs; 

■ MDS-DP5-3-4 (0.0018 mg/kg) from 3 to 4 feet bgs; 

■ MDS-MW1D-23.5-24 (0.024 mg/kg) from 23.5 to 24 feet bgs; 

■ MDS-MW1D-27.5-28 (0.012 mg/kg) from 27.5 to 28 feet bgs; 

■ MDS-MW1D-40-40.5 (0.0059 mg/kg) from 40 to 40.5 feet bgs; 

■ MDS-MW1D-45-46 (0.0046 mg/kg) from 45 to 46 feet bgs; 

■ MDS-MW1D-50-51 (0.013 mg/kg) from 50 to 51 feet bgs; 

■ MDS-MW1D-55-56 (0.0019 mg/kg) from 55 to 56 feet bgs; 

■ MDS-MW1D-60-61 (0.0017 mg/kg) from 60 to 61 feet bgs. 

TCE was not detected in the remaining analyzed soil samples.  

 Other VOCs 

Other VOCs were either not detected or detected at concentrations less the respective MTCA Method A 

ULU or Method B cleanup levels.  

 Petroleum Hydrocarbon Identification 

Gasoline, diesel- and lube oil-range petroleum hydrocarbons were not detected in the analyzed soil 

samples.  

 Metals 

RCRA metals were either not detected or were detected at concentrations less the respective MTCA 

Method A ULU cleanup levels or Method B criteria.  

 TCLP Lead 

TCLP lead was not detected in the analyzed soil sample.   

 PAHs 

PAHs were either not detected or were detected at concentrations less than the respective MTCA Method 

A ULU cleanup levels or Method B criteria. 
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8.2. Groundwater Sampling and Chemical Analytical Results 

A total of three groundwater samples were submitted for chemical analysis.  The groundwater samples 

were collected from upgradient wells (shallow [CR-MW16 and CR-MW17] and deep [MDS-MW1D]).  The 

samples collected from the boring were identified using the following identification system:  Location-

MW#Letter-date collected, where Location is the general UWT building location, MW#Letter is the 

monitoring well number and screen location and date collected (year, month, day) (e.g., MDS-MW1D-

141030 was collected from McDonald Smith monitoring well number screened in the deep aquifer on 

October 30, 2014).  Groundwater sampling protocol is included in Appendix B.   

The chemical analytical data are described below relative to MTCA Method A groundwater cleanup levels 

and MTCA B groundwater screening levels protective of indoor air.  Method B groundwater criteria were 

used for comparison specific VOCs and SVOCs because Method A cleanup levels have not been 

established for these compounds.  Updated TCE, PCE and trans-1,2-dichloroethene groundwater 

screening levels protective of indoor air were calculated using Equation 1 from Ecology’s review draft 

“Guidance for Evaluating Soil Vapor Intrusion in Washington State: Investigation and Remedial Action” 

dated October 2009 (draft VI guidance; Ecology, 2009) and updated MTCA Method B air cleanup levels 

from Ecology’s May 2014 Excel workbook “CLARC Master Spreadsheet.xlsx.”  The other screening level 

values were obtained from Ecology’s draft VI guidance.  The calculation to update screening levels is 

included in Appendix D. 

The groundwater samples were analyzed for VOCs by EPA method 8260D.  The chemical analytical results 

are summarized in Table 3.   

  PCE 

PCE was not detected in the analyzed groundwater samples.  

 TCE 

TCE was detected at concentrations greater than the MTCA Method A groundwater cleanup level 

(5 micrograms per liter [µg/L]) and the MTCA Method B groundwater screening levels protective of indoor 

air (1.5 µg/L) in the following two groundwater samples with the concentration for each listed in 

parentheses: 

■ CR-MW16-141030 (340 µg/L) collected from upgradient well CR-MW16 screened within the shallow 

aquifer. 

■ CR-MW17-141030 (65 µg/L) collected from upgradient well CR-MW17 screened within the shallow 

aquifer.  

TCE was detected at a concentration less than the MTCA Method A groundwater cleanup level but greater 

than the MTCA Method B groundwater screening levels protective of indoor air in the groundwater sample 

(2.3 µg/L) collected from well MDS-MW1D screened within the deep aquifer. 

 Other VOCs 

Cis-1,2-DCE was detected at a concentration greater than the MTCA Method B groundwater criteria 

(16 µg/L) and the MTCA Method B groundwater screening levels protective of indoor air (160 µg/L) in the 

groundwater sample (270 µg/L) collected from well CR-MW16 screened within the shallow aquifer.  
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Cis-1,2-DCE was detected at a concentration greater than the MTCA Method B groundwater cleanup level 

but less than the MTCA Method B groundwater screening levels protective of indoor air in the 

groundwater sample (86 µg/L) collected from well CR-MW17 screened in the shallow aquifer. 

Cis-1,2-DCE was detected at a concentration  less than the MTCA Method B criteria and the MTCA Method 

B groundwater screening levels protective of indoor air in the groundwater sample (4.4 µg/L) collected 

from well MDS-MW1D screened in the deep aquifer. 

Vinyl chloride was detected at concentrations greater than the MTCA Method A groundwater cleanup level 

(0.2 µg/L) and the MTCA Method B groundwater screening levels protective of indoor air (0.35 µg/L) in 

the following three groundwater samples with the concentration for each listed in parentheses: 

■ CR-MW16-141030 (19 µg/L) collected from upgradient well CR-MW16 screened within the shallow 

aquifer. 

■ CR-MW17-141030 (8.7 µg/L) collected from upgradient well CR-MW17 screened within the shallow 

aquifer. 

■ MDS-MW1D-141030 (1.2 µg/L) collected from upgradient well MDS-MW1D screened within the deep 

aquifer. 

Other VOCs were either not detected or were detected at concentrations less than the respective MTCA 

Method A groundwater cleanup level, Method B groundwater criteria, or Method B groundwater screening 

levels protective of indoor air. 

9.0 SOIL VAPOR SAMPLING AND CHEMICAL ANALYTICAL RESULTS 

Vapor intrusion has increasingly become a concern at chlorinated volatile organic compounds (CVOCs) 

sites that have been partially or fully developed with structures.  CVOCs include PCE, TCE, 1,1-DCE, 

cis-1,2-DCE, trans-1,2-DCE and vinyl chloride.  CVOC vapors in the subsurface that volatilize from 

impacted groundwater and/or soil may collect beneath building foundations and intrude into the 

building’s indoor air through cracks in the foundation or other preferential pathways (e.g., utility 

penetrations, floor sumps, crawlspaces, etc.).  

Soil gas samples were submitted for chemical analysis of PCE, TCE, cis-1,2-DCE, 1,1-DCE, trans-1,2-DCE, 

and vinyl chloride.   

9.1. Soil Vapor Sampling 

Four sub-slab soil vapor samples (locations MDS-SV1 through MDS-SV4) were obtained on 

October 23, 2014 to evaluate the potential for vapor intrusion.  These four locations were selected to 

sample sub-slab soil gas within the building footprint.  The locations were focused on the west side of the 

building because the TCE-contaminated groundwater is relatively shallow on the west side and dips from 

the west to the east.  Therefore, groundwater is closer to the slab on the west side of the building and has 

a greater potential for vapor intrusion.  The four locations are shown on Figures 2 and 3.   

The samples collected from the sub-slab vapor samples were identified using the following identification 

system:  Location-SV#Letter-date collected, where Location is the general UWT building location-MW# is 
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the soil vapor probe number and dated collected (year, month, day) (e.g., MDS-SV1-141023 was 

collected from McDonald Smith Building soil vapor probe number 1 on October 23, 2014). 

Sub-slab soil gas samples were collected using Vapor PinTM sampling devices; sample collection and 

handling was consistent with Ecology’s draft VI guidance (Ecology, 2009).  The Vapor PinsTM were 

installed following the manufacturers’ standard operating procedures (SOPs).  The detailed sampling 

protocol is also described in Appendix B.   

9.2. Soil Vapor Sample Chemical Analytical Results  

The soil vapor samples were submitted to Eurofins Air Toxics in Folsom, California for analysis of CVOCs 

(PCE, TCE, 1,1-DCE, cis-1,2-DCE, trans-1,2-DCE and vinyl chloride) by EPA Method TO-15 SIM and helium 

by ASTM International (ASTM) Method D 1946.  Soil vapor chemical analytical results are summarized in 

Table 4.  Laboratory reports are presented in Appendix C.  

The results indicate that PCE and TCE were detected in the four vapor samples submitted for analysis.  

Cis-1,2-DCE was detected in three of the four samples.  The 1,1-DCE, trans-1,2,DCE and vinyl chloride 

were not detected in the analyzed samples.   

Helium was not detected in sample MDS-SV1, but was detected in the other four samples at 

concentrations ranging from 0.14 to 0.49 percent.  Helium detections in the soil gas samples indicate 

that some ambient air was collected in the Summa Canister, thereby diluting the soil gas sample.  

However, helium concentrations less than 5 percent are considered acceptable (California Environmental 

Protection Agency/Department of Toxic Substances Control; Cal-EPA/DTSC, 2012).   

9.3. Vapor Intrusion Evaluation 

A vapor intrusion (VI) evaluation was conducted of the McDonald Smith Building in a manner consistent 

with the Tier 1 Assessment presented in Ecology’s draft 2009 VI guidance (Ecology, 2009).  The first step 

was to compare CVOC soil gas concentrations to soil gas screening levels.  The second step was to use 

EPA’s Johnson and Ettinger Model (J&E) Excel workbook (SG-ADV-Feb04.xls) to predict indoor air 

concentration and compare these predicted air concentrations to TCE indoor air risk-based 

concentrations. 

 Step 1. Soil Gas Screening Levels Evaluation 

Following Ecology’s draft VI guidance, shallow soil gas screening levels are calculated by dividing the 

MTCA Method B air cleanup level by a vapor attenuation factor (Ecology, 2009).  The default MTCA vapor 

attenuation factor for sub-slab soil gas is 0.1.  That is, soil gas concentrations are assumed to be 

10 times higher than indoor air concentrations.  EPA also recently developed attenuation factors for 

chlorinated compounds and residential buildings and updated their VI guidance (EPA, 2012).  EPA now 

recommends a sub-slab soil gas vapor attenuation factor of 0.03 (EPA, 2012).  Both attenuation factors 

were used to develop the shallow soil gas screening levels used in Step 1. 

As shown in Table 4, TCE was detected at concentrations greater than MTCA Method B Shallow Soil Gas 

Screening level using the Ecology attenuation factor of 0.1 in the four sub-slab soil samples collected.  

TCE was detected at concentrations greater than MTCA Method B Shallow Soil Gas Screening level using 

the EPA attenuation factor of 0.03 in the three of the sub-slab soil samples collected (MDS-SV2, MDS-SV3 
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and MDS-SV4).  Other CVOCs were either not detected or were detected at concentrations less than the 

MTCA Method B Shallow Soil Gas Screening Levels.   

 Step 2. Vapor Intrusion Modeling 

Ecology’s draft VI guidance allows the use of the J&E Model to predict indoor air concentrations when soil 

gas concentrations are greater than screening levels.  Further VI assessment is not needed if: 

■ Measured soil gas concentrations predict indoor air concentrations less than acceptable levels; 

■ The J&E model is used in a conservative manner (outlined in Ecology’s draft 2009 VI guidance); and 

■ Utility lines penetrating the floors or walls do not leave “large unsealed openings,” there are no 

sumps in the floor that are “open” to soil gas, and the building does not have an earthen floor. 

Ecology’s draft VI guidance does allow changes to the default MTCA J&E model assumptions to evaluate 

existing buildings.  The specifics of the model data entry are included in Appendix E.  One parameter the 

J&E model estimates is Qsoil; the average volumetric flow rate into a building from the subsurface in liters 

per minute.  Ecology, Cal-EPA/DTSC, (2011) and New Jersey (2013) VI guidance recommends adjusting 

Qsoil when evaluating VI for buildings that are considerably larger than an average residence.  Ecology’s 

draft VI guidance includes the approach recommended by the State of New Jersey that is appropriate for 

buildings where the soil gas entry routes are likely to be primarily located at the perimeter.  Cal-EPA/DTSC 

recommends an approach that is appropriate where the soil gas entry routes are located throughout the 

building slab.  The two equations to adjust the Qsoil to a larger building space are as follows: 

■ New Jersey: Qsoil =  default Qsoil for a residence (5 liters per minute) multiplied by the ratio of the 

target building perimeter (X Feet) and the perimeter of a default residence (131 feet). 

■ California: Qsoil =  default Qsoil for a residence (5 liters per minute) multiplied by the ratio of the target 

building surface area (Y square feet) to default residence surface area (1,076 square feet)  

The Cal-EPA/DTSC approach was used because potential soil gas entry routes are not expected to be 

limited to the building perimeter.  When evaluating buildings larger than an average residence, Qsoil rates 

calculated using the Cal-EPA/DTSC approach are higher than those calculated using the New Jersey 

approach.  Using the Cal-EPA/DTSC approach, therefore, results in higher estimated indoor air 

concentrations. 

The J&E model evaluation was conducted for the ground floor of the McDonald Smith Building. 

9.3.2.1. GROUND FLOOR OF MCDONALD SMITH BUILDING 

■ Building dimensions = approximately 75 feet by 120 feet. 

■ Enclosed space height = 15 feet (measured by Mortenson). 

■ Air exchange rate = 0.5 exchange per hour (MTCA commercial default). 

■ Qsoil 46.5 liters per minute.  The Cal-EPA/DTSC approach uses 5 liters per minute multiplied by the 

ratio of the target building surface area (10,000 square feet) to default residence building surface 

area (1,075 square feet) resulting  in a Qsoil of 46.5 liters per minute (Cal-EPA/DTSC 2011).   

The Method B air cleanup level, which was used in Step 1 to calculate shallow soil gas screening levels, is 

applicable based on the current and intended use of the McDonald Smith Building. The MTCA Method B 
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air cleanup level for TCE is 0.37 micrograms per cubic meter (µg/m3).  However, because the intended 

use of the building is office, classroom, and retail space, the Method B air cleanup level, which is based 

on residential exposure assumptions, likely overestimates potential exposure at the building.  A MTCA 

Method B air remediation level for TCE of 2.4 µg/m3 was used to evaluate instructors, students, retail 

workers and customers in the proposed space (based on a typical commercial/occupational scenario).  

The exposure assumptions for the MTCA Method B air cleanup and remediation levels are as follows: 

■ Method B air cleanup level (0.37 µg/m3): 365 days/year, 24 hours/day, 30 years 

■ Method B air remediation level (2.4 µg/m3): 250 days/year, 8 hours/day, 20 years 

Using the TCE soil gas concentrations from locations MDS-SV1 through MDS-SV4 and the building 

assumptions presented above, the table below and in Table 5 present the estimated indoor air 

concentrations calculated using EPA’s J&E Model Excel workbook (SG-ADV-Feb04.xls).   

ESTIMATED PCE INDOOR AIR CONCENTRATIONS VIA J&E MODEL 

Sample ID Soil Gas (µg/m3) 

Entire Building (10,000 square feet 

with 16 foot Ceiling) (µg/m3) 

MDS-SV1 9.2 0.012 

MDS-SV2 24 0.031 

MDS-SV3 48 0.063 

MDS-SV4 100 0.13 

Average  45 0.059 

The estimated TCE indoor air concentrations are less than the MTCA Method B air cleanup level of 

0.37 µg/m3 and remediation level of 2.4 µg/m3.  Therefore, further VI assessment is not required as 

noted in Ecology’s draft VI guidance. 

10.0 SUBSURFACE INVESTIGATION FINDINGS 

Results from subsurface explorations indicate general geologic units consist of fill, ice-contact deposits, 

silt layer and advance outwash.  The existing building is located within the fill and ice-contact deposits.  

The shallow aquifer appears to be an unconfined aquifer in the ice-contact deposits and approximately 

2 feet below the building slab on the west side of the building.  The deep aquifer appears to be a confined 

aquifer in the advance outwash.  The elevation of the potentiometric surface of the groundwater in well 

MDS-MW1D screened within the deep aquifer is higher than the elevation of the building slab.   

TCE-contaminated soil was detected at a concentrations greater than the MTCA Method A ULU cleanup 

level in one soil sample collected within the silt from 28.5 to 29 feet bgs in MDS-MW1D.  TCE and cis-1,2 

DCE were detected at concentrations less than the MTCA Method A ULU cleanup level and Method B 

criteria in soil samples collected from 23.5 to 60 feet bgs in monitoring well MDS-MW1D and 1 to 4 feet 

bgs in boring MDS-DP5.  The soil samples were collected within the ice-contact deposits, silt and advance 

outwash.  Trans-1,2-DCE and vinyl chloride were detected in select samples at concentrations less than 

the MTCA Method B criteria within the ice-contact deposits and the silt.   
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Groundwater within the shallow aquifer is contaminated with TCE, cis-1,2-DCE and vinyl chloride at 

concentrations greater than the respective MTCA Method A groundwater cleanup levels or Method B 

criteria.   

Groundwater within the deep aquifer is contaminated with vinyl chloride at concentrations greater than 

the MTCA Method A groundwater cleanup level and impacted with TCE and cis-1,2-DCE at concentrations 

less than the respective cleanup levels.  The semi-confining to confining silt layer at the base of the ice-

contact deposits appears to restrict the flow of water, however TCE, cis-1,2-DCE and vinyl chloride appear 

to be migrating through the unit because TCE and cis-1,2-DCE were detected in the silt and advance 

outwash and TCE, cis-1,2-DCE and vinyl chloride were detected in the deep aquifer groundwater.  

The source of the TCE is unknown, but appears to be migrating from a site upgradient of the McDonald 

Smith Building.  The source of cis-1,2-DCE and vinyl chloride is not known, but likely a result of the 

breakdown of TCE. 

Vapor intrusion does not appear to be a risk at the site based on the sub-slab sampling results and 

subsequent modeling completed in accordance with Ecology’s “Guidance for Evaluating Soil Vapor 

Intrusion in Washington State: Investigation and Remedial Action- Review draft” dated October 2009. 

Petroleum, PAHs, metals and other VOCs were either not detected or were detected at concentrations 

less than the respective MTCA method cleanup/criteria levels in the soil and groundwater. 

11.0 DESIGN RECOMMENDATIONS 

The current design does not include structural upgrades.  Soil and groundwater will not be encountered 

during construction, therefore, recommendations for management of soil and groundwater are not 

included in this report.  If the design changes and soil and groundwater will be encountered, the design 

team shall coordinate with GeoEngineers and UW Environmental Health and Services (EH&S).  The design 

team does plan to complete the following elements as part of the construction: 

■ Seal the manhole located on the west side of the middle bay.  The plan is to build a form around the 

existing pipe and place concrete to be level with the existing slab.  This form will enable the pipe to 

continue to operate, but seal off volatiles escaping from the water and into the indoor air. 

■ Seal cracks in concrete slab with standard construction methods.  

■ Decommission the existing elevator and fill the shaft with concrete.   

12.0 LIMITATIONS 

This report has been prepared for the University of Washington Tacoma regarding the McDonald Smith 

Building located in Tacoma, Washington.   

Within the limitations of scope, schedule and budget, our services have been executed in accordance 

with generally accepted environmental science practices in this area at the time this report was prepared.  

No warranty or other conditions, express or implied, should be understood.  
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Please refer to Appendix F titled “Report Limitations and Guidelines for Use” for additional information 

pertaining to use of this report. 
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Site Plan: Soil Gas Subslab 
Analytical Results

McDonald Smith Building - UWT Campus
Tacoma, Washington

Figure 3
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Notes:
COC = Chemical of Concern
UWT = University of Washington Tacoma
TCE = Trichloroethene
PCE = Tetrachloroethene
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3
 = microgram per cubic meter

Legend

Subslab Results (October 2014)

Only analytical results of the 
chemicals of concern are shown 
if detected. Other chemicals that
 were analyzed and detected 
are not shown.

McDonald Smith Building Historic First Floor Plan. Wall separations shown are all not present today

Dolly Roberson Lane

COC Concentration

PCE 2.8 µg/m
3

TCE 9.2 µg/m
3

Subslab MDS-SV1 COC Concentration

PCE 1.5 µg/m
3

TCE 24 µg/m
3

Subslab MDS-SV2

COC Concentration

PCE 2.2 µg/m
3

TCE 48 µg/m
3

Subslab MDS-SV3

COC Concentration

PCE 0.34 µg/m
3

TCE 100 µg/m
3

Subslab MDS-SV4

COC Concentration

PCE 2.8 µg/m
3

TCE 9.2 µg/m
3

Subslab MDS-SV1
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APPENDIX A 
HISTORICAL EXPLORATION LOGS 

Original Exploration Name New Exploration Designation Exploration Performed By 

GEI-1 (URS CRMW-14) B-A GEI 

GEI-3 (USRS PHASE IIB-15) B-B GEI 

GEI-4 (URS CRMW-13) B-C GEI 

GEI-5 (URS Phase IIB-21) B-D GEI 

GEI-6 (URS Phase IIB-18) B-E GEI 

GEI-7 (URS Phase IIB-17) B-F GEI 

CR-MW11 B-G URS 

CP-B1 B-H URS 

CP-B2 B-I URS 

CP-B3 B-J URS 

CP-B4A B-K URS 

CP-B4B B-L URS 

TP-1 TP-1 GEI 

TP-2 TP-2 GEI 

TP-3 TP-3 GEI 

 



Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet
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APPENDIX B 

FIELD PROGRAM AND EXPLORATION LOGS 

General 

One new permanent groundwater monitoring well (MDS-MW1D) was installed upgradient of the existing 

building as shown on Figure 2.  The boring was completed to a depth of 60 feet below ground surface 

(bgs).  Well MDS-MW1D was installed within the deep aquifer.  

Three 1-inch micro core borings were completed inside the McDonald Smith Building to depths ranging 

between 2 and 4 feet bgs at the locations shown on Figure 2. 

Four sub-slab soil gas samples were collected inside the McDonald Smith Building at the locations shown 

on Figure 2. 

Hollow-Stem Auger Soil Sampling Methodology and Chemical Analysis 

Soil borings were advanced using hollow-stem auger drilling methods.  A split-spoon sampler was used to 

collect soil samples at 2.5-foot to 5-foot depth intervals.  The sampling methodology varied from a 

downhole sampler and a standard penetration test (SPT) sampler.  SPT test were collected for 

geotechnical purposes.  The following methodology was implemented to minimize potential cross 

contamination between the two aquifers during drilling. 

■ A 14-inch steel casing was driven through the ice-contact deposits unit just into the semi-confining 

layer in each boring because groundwater was observed in the ice-contact deposits.  The 14-inch 

casing was terminated at the semi-confining layer to seal the 14-inch casing and allow for telescoping 

further down using a smaller diameter steel casing into the advance outwash.  The 8-inch casing was 

lifted approximately 1 foot as the borehole was filled with at least 3 feet of bentonite.  The bentonite 

was hydrated with potable water and allowed to set for up to 1 hour.  The smaller diameter casing 

was placed inside the larger casing used to seal off the groundwater within the shallow aquifer.  The 

inner casing was driven until the desired depth within the deep aquifer is reached.  

Discrete soil samples collected during drilling were submitted for volatile organic compounds (VOCs) by 

U.S. Environmental Protection Agency (EPA) method 8260.  Soil samples to be submitted for VOC analysis 

were collected directly from the split spoon using the EPA SW-846 5035A (EPA, 2002).  The soil samples 

were placed into a cooler with ice and logged on the chain-of-custody record using the procedures 

described in the SAP.  Soil cuttings were stored in a drum at a secure facility on UWT campus pending off-

site disposal.   

Groundwater Monitoring Well Installation 

Well Casing 

The monitoring well was constructed using 2-inch-diameter, Schedule 40, threaded polyvinyl chloride 

(PVC) casing that meets the following requirements: 1) casing will be new (unused); 2) casing sections 

were joined only by tightening the threaded sections; and 3) casing will be generally straight. 
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Well Screen 

The well screen consisted of a 2-inch diameter, Schedule 40, 0.010-inch or 0.020-inch machine-slotted, 

PVC well screen.  A PVC end cap was installed on the bottom of the well screen.  Monitoring well MDS-

MW1D was completed within the deep aquifer (advance outwash).  The length of the well screen was 

15 feet.   

Sand Pack 

The sand pack for the well consisted of silica sand with the appropriate grain size distribution to reduce 

entry of fine-grained particulates from the surrounding formation into the wells (e.g., 10-20 sand).  The 

sand pack extended from the bottom of the well screen to 2 feet above the top of the well screen.  The 

top of the sand pack was sounded to verify its depth during placement. 

Annular Seal 

The annular seal consisted of a minimum 1-foot-thick layer of hydrated bentonite pellets or chips installed 

between the sand pack and the concrete surface seal. 

Surface Completion 

The new monitoring well was completed using flush monuments at the ground surface.  The well casing 

was cut approximately 3 inches bgs, and a locking J-plug (compression) or similar well cap was installed 

to prevent surface water from entering the well.  The well monument was installed in a concrete surface 

seal.  The well number was marked on the well monument lid and/or the well cap.  A concrete surface 

seal holds the flush monument in place.  

Groundwater Monitoring of New and Existing Permanent Monitoring Wells 

Well development and sampling was performed in the two existing (CR-MW16 and CR-MW17) and/or the 

new groundwater monitoring well (MDS-MW1D). 

Permanent Monitoring Well Development 

The newly installed groundwater monitoring well was developed prior to sampling.  Prior to development, 

a field form was completed with details describing the location, condition, water level, sediment depth, 

and product level (if any) observed during inventory activities.  The groundwater monitoring well was 

developed with a hydrolift pump and surge block to stabilize the sand pack and formation materials 

surrounding the well screen, and restore the hydraulic connection between the well screen and the 

surrounding soil.  The head space vapors in the monitoring well were measured upon removing the cap to 

the well.  The depth to groundwater in the monitoring well was measured prior to development using an 

electric water level indicator.  The potential presence of product was measured with an interface probe 

prior to development.  The well screen was gently surged and purged of water.  Approximately 45 gallons 

was removed from MDS-MW1D.  The removal rate and volume of groundwater removed was recorded on 

field forms during well development procedures.  Water that is removed during well development 

activities was stored temporarily in drums at a secure facility on UWT campus pending approved sewer 

discharge. 
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Permanent Groundwater Monitoring Well Groundwater Sampling and Chemical Analysis 

Groundwater monitoring was completed in the existing two permanent monitoring wells (CR-MW16 and 

CR-MW17) and the new installed monitoring well (MDS-MW1D) to evaluate groundwater conditions.  The 

depth to water were measured and recorded in these three wells prior to sampling using an electronic 

water level indicator.   

Groundwater samples were obtained using low-flow/low-turbidity sampling techniques to minimize the 

suspension of particulates in the samples.  Groundwater samples were obtained from monitoring wells 

using a decontaminated bladder pump with disposable bladder and tubing was placed at the mid-portion 

of the well screen interval or half-way within the water column if the water column height is less than the 

screen length.  Groundwater was pumped at a rate of approximately 0.3 liters per minute.  A water quality 

measuring system with a flow-through-cell was used to monitor the following water quality parameters 

during purging: electrical conductivity, dissolved oxygen, pH, salinity, total dissolved solids, oxidation-

reduction potential and temperature.  Turbidity was measured with a turbidimeter.  Groundwater samples 

were collected when these parameters vary by less than 10 percent for three consecutive measurements 

or three well volumes have been removed.  Field measurements were documented on the field log.  After 

well purging, the flow-through-cell was disconnected and the groundwater sample was obtained in 

laboratory-prepared containers.   

The water samples were placed into a cooler with ice and logged on the chain-of-custody record using the 

procedures described in the SAP.  The chemical analysis for groundwater samples were submitted for 

chemical analysis of VOCs by EPA method 8260.  Purge water was temporarily stored in labeled 55-gallon 

drums at a secure facility on UWT campus pending UW approval for either discharge to the sewer system 

or off-site disposal.   

Micro Core Borings 

Three subsurface borings were completed inside the McDonald Smith Building.  Soil samples were 

obtained continuously from the borings using micro core drilling equipment.  Soil samples were obtained 

using a 1-inch diameter 2-foot-long core sampler with acetate liner.  The sampler was driven into the soil 

using a pneumatic hammer.  Upon retrieval, the sampler was opened, and a GeoEngineers representative 

examined the soil and performed field screening tests.   

Selected soil samples were obtained in glass jars (supplied by the analytical laboratory), labeled and 

stored in a cooler with ice pending delivery to the laboratory.  VOC and gasoline-range petroleum 

hydrocarbons samples were collected first, directly from the sample sleeve using the 5035A sampling 

method.  Following the VOC sample collection, the remaining soil was placed in the remaining sample 

containers provided by the analytical laboratory.  All sampling equipment was decontaminated between 

samples using an Alconox soap wash and distilled water rinse.  The soil samples were logged on the 

chain-of-custody record using the procedures described in the SAP.  Soil cuttings were stored in a drum at 

a secure facility on UWT campus pending off-site disposal.   

Sub-slab Soil Gas Probe Installation 

Four sub-slab soil gas samples were collected inside the McDonald Smith Building using Vapor PinTM 

sampling devices.  The Vapor PinsTM were installed following the manufacturers’ standard operating 

procedures (SOPs; attached to this appendix).   
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General installation procedures for the temporary sub-slab sampling device are as follows: 

■ Check for buried obstacles (pipes, electrical lines, etc.) prior to proceeding. 

■ Set up vacuum to collect drill cuttings. 

■ Drill a 5/8-inch diameter hole through the slab and approximately 1 inch into the underlying soil to 

form a void. 

■ Remove the drill bit, brush the hole with the bottle brush, and remove the loose cuttings with the 

vacuum. 

■ Place the lower end of sampling device assembly into the drilled hole.  Place the small hole located in 

the handle of the extraction/installation tool over the sampling device to protect the barb fitting and 

cap, and tap the sampling device into place using a dead blow hammer.  Make sure the extraction/ 

installation tool is aligned parallel to the sampling device to avoid damaging the barb fitting. 

■ During installation, the silicone sleeve will form a slight bulge between the slab and the sample 

device shoulder.  Place the protective cap on sampling device to prevent vapor loss prior to sampling. 

■ Allow at least 20 to 30 minutes for the sub-slab soil gas conditions to equilibrate prior to sampling. 

Sub-slab Soil Gas Sampling Procedure 

The following procedure was followed to collect sub-slab soil gas samples: 

■ New fluoropolymer (Teflon®) tubing were connected to the sub-slab soil gas probe, using the barb 

fitting on the top of the sampling device. 

■ The tubing (aboveground) was connected to a sampling manifold. 

■ The sampling manifold was vacuum-tested (shut-in test) by briefly introducing a vacuum to the 

aboveground portion of the sampling train and checking for loss of vacuum.  If vacuum loss is 

observed, connections and fittings in the sample train was checked and adjusted, then was vacuum-

tested again.  This test was repeated until the sampling train has demonstrated that tightness has 

been achieved.  If the tightness cannot be achieved, then the sample train was replaced and the new 

one was retested.  

■ A tracer gas shroud (clear plastic bag) was placed around the entire sample train (that is, the sub-slab 

soil gas probe where it enters the ground surface, the 6.0-liter Summa canister and associated tubing 

and manifold).   

 The shroud was charged (filled) with a tracer gas (spec-grade 99.995 percent helium gas) and the 

tracer gas concentration within the shroud was measured using a hand-held monitor 

(e.g., Ion/Gascheck G3, or equivalent, which is capable of measuring helium in air to a concentration 

of 0.5 percent) prior to, during and after completion of the sampling event.  To charge the shroud a 

Teflon tube with a ball valve was inserted under the shroud to connect with the compressed helium 

bottle.  This same tube was used to monitor the helium concentration within the shroud periodically 

throughout the sampling process.  The purpose of the periodic monitoring is to make sure helium is in 

contact with the sample train and the ground surface while the sub-slab gas sample is collected.  

According to the California Environmental Protection Agency, Department of Toxic Substances Control 

(CalEPA/DTSC), shroud target concentrations of tracer gas should be two orders of magnitude higher 

than the reporting limit of the laboratory analytical (DTSC, 2012).  The Eurofins Air Toxics reporting 
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limit for helium by ASTM D 1946 is 0.05 percent.  Therefore, the helium concentration in the shroud 

was maintained at a minimum concentration of 5 percent. 

■ The sampling train (aboveground and below ground components) was purged using a vacuum purge 

pump or a multi-gas meter.  Purge volumes were calculated based on the flow rate of the purge pump 

and the volume of the soil gas probe and sample train.  After purging three sampling train volumes, 

the helium concentration within the sampling train was measured and recorded.  If the helium 

concentration in the sample train is greater than or equal to 5 percent of the helium concentration in 

the shroud, the bentonite seal was re-applied, fittings were tightened, and the previous purging and 

measurement tests was repeated (DTSC, 2012). 

■ In addition to helium, the purge air was monitored for oxygen, carbon dioxide, methane, and in some 

cases carbon monoxide and hydrogen sulfide to detect if ambient air is diluting the probe and/or to 

evaluate if stabilized purge conditions have been met prior to sampling. 

■ The soil gas sample was obtained using a 6 liter evacuated Summa canister (with approximately 

30 inches of mercury vacuum set by the laboratory), with a regulated flow rate of less than or equal to 

approximately 200 milliliters per minute (DTSC, 2012).  Also, vacuums induced on the vapor probe of 

less than 100 inches of water were maintained during sample collection.  The canister was filled with 

soil gas for approximately 30 minutes or until a vacuum equivalent of approximately 5 inches of 

mercury remains in the Summa canister, whichever comes first.  The initial and final canister 

vacuums were recorded on a soil gas sampling field form.  

■ The canisters were provided by an analytical laboratory subcontractor.   

Summa canisters were submitted to the analytical laboratory for chemical analysis of TCE, PCE, vinyl 

chloride, 1,1-DCE, cis-l,2-DCE, and trans-1,2-DCE, by EPA method TO-15-SIM.  
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APPENDIX D 
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APPENDIX E 
 Johnson and Ettinger Model 



McDonald Smith Building - Existing Conditions (Building Footprint)

ENTER ENTER ENTER
Soil Soil

Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

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

79016 4.53E+01 Trichloroethylene

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Depth Totals must add up to value of Ls (cell F24) Soil

ê below grade Soil gas Thickness Thickness stratum A User-defined
to bottom sampling Average Thickness of soil of soil SCS stratum A Risk 2.7E-06

of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor HI 0.00
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability, alpha 1.3E-03

LF Ls TS hA hB hC soil vapor kv 1/alpha (VAF) 7.7E+02

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2) Indoor Air [ ] 0.059

15 15 13 15 0 0 s

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C

ê SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

rb
A nA qw

A rb
B nB qw

B rb
C nC qw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

s 1.66 0.375 0.054 C 1.43 0.459 0.215 C 1.43 0.459 0.215

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
ê floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack DP LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

7.6 40 3657.6 2286 457.2 0.1 0.5 41.8

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

END

feet cm Qsoil (calc) 696.8 cm3/s Qsoil value used in calculations

Slab 0.25 7.62 41.8 L/m

Width 75 2286 Approximate Width of MDS Building Qsoil (NJ) 14.9 Qsoil calculated using New Jersey approach: (5L/min) x (building perimeter in cm/4,000 cm)
Length 120 3657.6 Approximate Length of MDS Building Qsoil(Cal) 41.8 Qsoil calculated using Cal-EPA/DTSC approach: (5L/min) x (building area in cm2/10,000 cm2)

Height 15 457.2 Approximate Ceiling Height of MDS Building Ground Floor
Cracks 8 243.84 Approximate Length of Cracks in MDS Building Ground Floor

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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INTERMEDIATE CALCULATIONS SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

 LT a
A a

B a
C Ste ki krg kv Xcrack conc. Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (g/m3) (cm3/s)

9.46E+08 1 0.321 0.244 0.244 0.003 9.98E-08 0.998 9.96E-08 11,887 4.53E+01 5.31E+05

Area of Stratum Stratum Stratum Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C overall

space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective Diffusion
below area below ave. soil ave. soil ave. soil ave. soil diffusion diffusion diffusion diffusion path
grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, length,

AB  Zcrack Hv,TS HTS H'TS TS Deff
A Deff

B Deff
C Deff

T Ld

(cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

8.54E+06 1.39E-04 15 8,520 5.62E-03 2.39E-01 1.76E-04 1.28E-02 0.00E+00 0.00E+00 1.28E-02 1

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,
Lp Csource rcrack Qsoil Dcrack Acrack exp(Pef)  Cbuilding URF RfC

(cm) (g/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (g/m3) (g/m3)-1 (mg/m3)

15 4.53E+01 0.10 6.97E+02 1.28E-02 1.19E+03 3.09E+151 1.30E-03 5.91E-02 1.1E-04 4.0E-02

END
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APPENDIX F 

REPORT LIMITATIONS AND GUIDELINES FOR USE2 

This appendix provides information to help you manage your risks with respect to the use of this report.  

Environmental Services are Performed for Specific Purposes, Persons and Projects 

This report has been prepared for use by University of Washington.  This report is not intended for use by 

others, and the information contained herein is not applicable to other sites.   

GeoEngineers structures our services to meet the specific needs of our clients.  For example, an 

environmental site assessment study conducted for a property owner may not fulfill the needs of a 

prospective purchaser of the same property.  Because each environmental study is unique, each 

environmental report is unique, prepared solely for the specific client and project site.  No one except 

University of Washington should rely on this environmental report without first conferring with 

GeoEngineers.  This report should not be applied for any purpose or project except the one originally 

contemplated. 

This Environmental Report is Based on a Unique Set of Project-Specific Factors 

This report has been prepared for the University of Washington Tacoma regarding the subsurface 

investigation completed at McDonald Smith Building located in Tacoma, Washington.  GeoEngineers 

considered a number of unique, project-specific factors when establishing the scope of services for this 

project and report.  Unless GeoEngineers specifically indicates otherwise, do not rely on this report if it 

was: 

■ Not prepared for you, 

■ Not prepared for your project, 

■ Not prepared for the specific site explored, or 

■ Completed before important project changes were made. 

If important changes are made after the date of this report, GeoEngineers should be given the opportunity 

to review our interpretations and recommendations and provide written modifications or confirmation, as 

appropriate. 

Reliance Conditions for Third Parties 

If a lending agency or other parties intend to place legal reliance on the product of our services, we 

require that those parties indicate in writing their acknowledgement that the scope of services provided, 

and the general conditions under which the services were rendered including the limitation of 

professional liability, are understood and accepted by them.  This is to provide our firm with reasonable 

protection against open-ended liability claims by third parties with whom there would otherwise be no 

contractual limits to their actions. 

                                                           

2 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org.  
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Environmental Regulations are Always Evolving  

Some substances may be present in the site vicinity in quantities or under conditions that may have led, 

or may lead, to contamination of the subject site, but are not included in current local, state or federal 

regulatory definitions of hazardous substances or do not otherwise present current potential liability.  

GeoEngineers cannot be responsible if the standards for appropriate inquiry, or regulatory definitions of 

hazardous substance, change or if more stringent environmental standards are developed in the future. 

Subsurface Conditions can Change 

This environmental report is based on conditions that existed at the time the study was performed.  The 

findings and conclusions of this report may be affected by the passage of time, by manmade events such 

as construction on or adjacent to the site, by new releases of hazardous substances, or by natural events 

such as floods, earthquakes, slope instability or groundwater fluctuations.  Always contact GeoEngineers 

before applying this report to determine if it is still applicable.  

Topsoil 

For the purposes of this report, we consider topsoil to consist of generally fine-grained soil with an 

appreciable amount of organic matter based on visual examination, and to be unsuitable for direct 

support of the proposed improvements.  However, the organic content and other mineralogical and 

gradational characteristics used to evaluate the suitability of soil for use in landscaping and agricultural 

purposes was not determined, nor considered in our analyses.  Therefore, the information and 

recommendations in this report, and our logs and descriptions should not be used as a basis for 

estimating the volume of topsoil available for such purposes. 

Most Environmental Findings are Professional Opinions 

Our interpretations of subsurface conditions are based on field observations and chemical analytical data 

from widely spaced sampling locations at the site.  Site exploration identifies subsurface conditions only 

at those points where subsurface tests are conducted or samples are taken.  GeoEngineers reviewed 

field and laboratory data and then applied our professional judgment to render an opinion about 

subsurface conditions throughout the site.  Actual subsurface conditions may differ – sometimes 

significantly – from those indicated in this report.  Our report, conclusions and interpretations should not 

be construed as a warranty of the subsurface conditions.   

Do Not Redraw the Exploration Logs 

Environmental scientists prepare final boring and testing logs based upon their interpretation of field logs 

and laboratory data.  To prevent errors or omissions, the logs included in an environmental report should 

never be redrawn for inclusion in other design drawings.  Only photographic or electronic reproduction is 

acceptable, but recognize that separating logs from the report can elevate risk. 

Read These Provisions Closely 

Some clients, design professionals and contractors may not recognize that the geoscience practices 

(geotechnical engineering, geology and environmental science) are far less exact than other engineering 

and natural science disciplines.  This lack of understanding can create unrealistic expectations that could 

lead to disappointments, claims and disputes.  GeoEngineers includes these explanatory “limitations” 
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provisions in our reports to help reduce such risks.  Please confer with GeoEngineers if you are unclear 

how these “Report Limitations and Guidelines for Use” apply to your project or site. 

Geotechnical, Geologic and Geoenvironmental Reports Should Not Be Interchanged 

The equipment, techniques and personnel used to perform an environmental study differ significantly 

from those used to perform a geotechnical or geologic study and vice versa.  For that reason, a 

geotechnical engineering or geologic report does not usually relate any environmental findings, 

conclusions or recommendations; e.g., about the likelihood of encountering underground storage tanks or 

regulated contaminants.  Similarly, environmental reports are not used to address geotechnical or 

geologic concerns regarding a specific project.  

Biological Pollutants 

GeoEngineers’ Scope of Work specifically excludes the investigation, detection, prevention, or 

assessment of the presence of Biological Pollutants in or around any structure.  Accordingly, this report 

includes no interpretations, recommendations, findings, or conclusions for the purpose of detecting, 

preventing, assessing, or abating Biological Pollutants.  The term “Biological Pollutants” includes, but is 

not limited to, molds, fungi, spores, bacteria, and viruses, and/or any of their byproducts. 
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