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ACRONYMS AND ABBREVIATIONS 

APN assessor parcel number 

BTEX benzene, toluene, ethylbenzene, and total xylenes 

CUL cleanup level 

EDB ethylene dibromide 

EPA Environmental Protection Agency 

HVAC heating, ventilation, air conditioning 

µg/m3 micrograms per cubic meter 

MTBE methyl tertiary butyl ether 

mL/min milliliters per minute 

MTCA Model Toxics Control Act 

PVI petroleum vapor intrusion 

RCW Revised Code of Washington 

RSL Regional Screening Level 

SDS safety data sheet 

SIM Selected Ion Method 

SVP soil vapor probe 

SW southwest 

TBA tert-butyl alcohol 

TGI technical guidance instructions 

TMB trimethylbenzene 

VCP Voluntary Cleanup Program 

WAC Washington Administrative Code 

1,2-DCA 1,2-dichloroethane 
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1 INTRODUCTION 

On behalf of PIH Olympia, LLC, Arcadis U.S., Inc. (Arcadis) has prepared this Work Plan for Additional 
Vapor Intrusion/Indoor Air Investigation at the former Phoenix Inn site located at 415 Capitol Way North, 
Olympia, Washington (Work Plan). The 1.38-acre property located at this address (assessor parcel 
number [APN] 78500100300) is referred to as the “Subject Property”.  The Work Plan describes 
additional indoor air and sub-slab vapor investigative and technical reporting activities requested by the 
Washington State Department of Ecology (Ecology) in a letter dated September 26, 2017. A copy of the 
September 26, 2017 letter is included as Appendix A. 

The September 26 letter was in response to Ecology being notified by Arcadis on September 21, 2017 of 
the detection of naphthalene in indoor air at concentrations above the Model Toxics Control Act (MTCA) 
Method B air cleanup level (CUL) of 0.0735 micrograms per cubic meter (µg/m3) inside DoubleTree room 
numbers 132, 142, and 146.  The September 26 letter requested a Work Plan by October 24, 2017 to 
“sufficiently evaluate the nature and extent of naphthalene in shallow soil-vapor and indoor air, including 
the temporal variability of this constituent along with a strategy for appropriately monitoring and mitigating 
this potential threat.”   

1.1 General Site Information 

The Subject Property is located between the East and West Bay of Budd Inlet, north of the mouth of the 
Deschutes River at 415 Capitol Way North in Olympia, Washington and is bordered to the north by A 
Avenue, to the east by Capitol Way North, to the south by Thurston Avenue, and to the west by Columbia 
Street Northwest (Figures 1 and 2). The Site is defined as all areas where hazardous substances 
originating from the Subject Property have come to be located. Currently available data suggest that 
petroleum hydrocarbon-affected soil and groundwater do not extend beyond the Subject Property 
boundary at levels above applicable MTCA CULs.  The Subject Property is currently occupied by a 
DoubleTree Hotel and associated parking. The current three-story building, constructed in 1999 and 
retrofitted in 2013, occupies the eastern portion of the parcel and an asphalt-paved parking lot occupies 
the western portion. The hotel includes a swimming pool, spa, fitness center, business center, bar/lounge, 
meeting rooms, a retail shop, and hotel/guest laundry facilities. Site information includes: 

Site Name:             Former Phoenix Inn 

Facility/Site Identification Number:     1571525 

Cleanup Site Identification Number:     5257 

Voluntary Cleanup Program (VCP) Number: SW1582 

Property Specifications: 

Address:             415 Capitol Way North, Olympia, Washington 

Location:   Northwest corner of the intersection of Thurston Avenue 
and Capitol Way North 

APN:     78500100300 
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Latitude/Longitude:    47.047931, -122.902364 

Public Land Survey System:  NE ¼ NW ¼ Section 47, SE ¼ SW ¼ Section 42 Township 
18 North Range 2 West of Willamette Meridian 

Acres:     1.38 

1.2 Objectives 

The activities described in this Work Plan are intended to address Ecology’s request for further sub-slab 
vapor and indoor air investigation as described in the September 26, 2017 letter.  The objectives of this 
work are primarily twofold: (1) to evaluate the nature and extent of naphthalene in shallow soil-vapor and 
indoor air, including the temporal variability of this constituent and (2) to acquire information to inform a 
strategy to monitor and mitigate potential risks associated with naphthalene to hotel workers and guests, 
as appropriate.  The Work Plan also considers and addresses the following Ecology-requested elements: 

 Effect of the facility’s heating, ventilation, and air conditioning (HVAC) system on naphthalene 
concentrations associated with building pressurization/depressurization and air-exchange cycles.   

 Collection of indoor-air samples from additional rooms besides rooms 132, 142, and 146 to 
evaluate spatial variability in naphthalene indoor air concentrations. 

 Evaluation of potential preferential vapor-pathways (if identified) in rooms exhibiting elevated 
concentrations of naphthalene in indoor air. 

 Evaluation of sub-slab concentrations of naphthalene in soil-vapor immediately beneath the 
facility to assist in identifying potential source area(s) of this constituent. 

An additional objective is to establish Site-specific MTCA Method B screening levels (SLs) for air based 
on an exposure scenario appropriate for hotel workers and guests to inform future risk management 
decisions. The term SL is used rather than CUL because MTCA does not consider commercial exposure 
scenarios to establish Method B air CULs.   

1.3 Regulatory Context 

The activities described in this Work Plan will be performed as an independent action under Ecology’s 
Voluntary Cleanup Program (VCP) in accordance with the substantive requirements of MTCA, Chapter 
70.105D Revised Code of Washington (RCW), and its implementing regulations, Chapter 173-340 
Washington Administrative Code (WAC). This Work Plan incorporates applicable guidance from Ecology, 
including: 

 Draft Guidance for Evaluating Soil Vapor Intrusion in Washington State: Investigation and 
Remedial Action (Ecology 2016). 

 Ecology Implementation Memorandum No. 18, Draft Petroleum Vapor Intrusion (PVI): Updated 
Screening Levels, Cleanup Levels, and Sampling Considerations (Ecology 2017). 
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2 PREVIOUS INDOOR AIR INVESTIGATIONS 

Multiple phases of soil and groundwater investigations were performed at the Site beginning in 1993 to 
evaluate the nature and extent of petroleum impacts from historic activities at the Subject Property and 
neighboring properties.  Previous environmental investigations are summarized in the Arcadis Work Plan 
for Additional Site Characterization dated April 10, 2017 (Arcadis 2017), and are not repeated herein.   
Arcadis performed an initial assessment of indoor air at the Subject Property on June 26, 2017, with a 
follow-up sampling for naphthalene on September 8, 2017.  Activities and results of the previous two 
indoor air sampling events are described below. 

2.1 June Sampling Event 

The initial June 26, 2017 air sampling event at the Subject Property was performed in accordance with a 
Work Plan for Additional Site Characterization dated April 10, 2017, and included collection of indoor air 
samples within three rooms (rooms 132, 142, and 146) and two outdoor air samples.  Air samples were 
collected in 6-liter passivated canisters and were analyzed for naphthalene, benzene, toluene, ethyl 
benzene, and xylenes (BTEX), and other petroleum-related volatile organic compounds (VOCs), including 
ethylene dibromide (EDB), 1,2-dichloroethane (1,2-DCA), 1,2,4-trimethylbenzene (1,2,4-TMB), 1,3-
butadiene, methyl tert-butyl ether (MTBE), and tert-butyl alcohol (TBA), using Environmental Protection 
Agency (EPA) Method TO-15.  Air samples were also analyzed for methane using American Society of 
Testing and Materials (ASTM) Method D1946.  All samples except the outside ambient air sample 
collected on the roof were collected over an 8-hour period with a laboratory-supplied flow controller.  The 
ambient air sample on the roof was collected over an approximate 2-hour period because the flow 
controller was not functional.  Samples were analyzed by TestAmerica Laboratories, Inc. (TestAmerica), 
an Ecology-accredited laboratory, located in Fife, Washington. Additionally, accessible utility vaults at the 
Subject Property were tested for potential explosive atmospheres using a calibrated lower explosive limit 
(LEL) meter.  

Weather during the June 26, 2017 sampling event was mostly sunny, with a minimum temperature of 53 
degrees Fahrenheit (F) and a high temperature of 71 degrees F (National Oceanic and Atmospheric 
Administration [NOAA] 2017a).  Wind was from the southwest (SW) at approximately 8 miles per hour 
with visibility of approximately 10 miles (Weather Underground 2017).  

Results of the June 26, 2017 sampling event for petroleum-related VOCs and LEL are summarized in 
Tables 1 and 2, respectively.  Sample locations and results for petroleum-related VOCs and LEL are 
depicted on Figures 3 and 4, respectively.  Results were as follows: 

 Concentrations of BTEX, 1,2-DCA, 1,2,4-TMB, MTBE, TBA, and 1,3-butadiene were either not 
detected above laboratory reporting limits or did not exceed the standard Method B CULs in 
samples from the 3 indoor and 2 outdoor sampling locations. 

 Naphthalene was detected in the method blank at an estimated concentration of 0.0658 µg/m3, 
thereby making the naphthalene data suspect and unusable.  Resampling for naphthalene using 
EPA Method TO-17 was recommended by Arcadis and approved by Ecology (see Section 2.2).   

 Ethylene dibromide (EDB) was detected above the method detection limit in one sample (room 
146), and below the laboratory reporting limit of 0.054 µg/m3.  EDB was not detected in any of the 
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other air samples and has not historically been detected in groundwater.  Therefore, EDB is not 
considered a constituent of concern at the Site, and no future testing for EDB is proposed. 

 Methane concentrations in all indoor air samples were very low and were generally consistent 
with outside ambient levels measured in the parking lot.   

 No potentially explosive atmospheres were identified in any of the utility vaults.  LEL readings in 
all utility vaults tested were below 10 percent of the lower explosive limit (e.g., below the LEL 
criteria for standard MTCA Method B CULS per WAC 173-340-750(C)(iii)).   

 

2.2 September Sampling Event – Naphthalene Only 

As discussed with Ecology, due to the detection of naphthalene in the laboratory method blank samples, 
the naphthalene results from the June 26, 2017 sampling event were deemed unsuitable and re-testing 
for naphthalene was conducted on September 8, 2017.  The re-sampling event was approved by Ecology 
in an email correspondence dated September 7, 2017. Air sampling was not performed prior to 
September 8, due to concerns regarding the presence of heavy smoke in the ambient air during the July 
to early September 2017 timeframe from regional fires.    

Weather at the time of sampling included light rain in the morning (prior to approximately 8 AM), followed 
by partial clouds and sun with temperatures ranging from 58 degrees F in the morning to 74 degrees F in 
the afternoon. Winds were from the SW at approximately 6 miles per hour with visibility of approximately 
10 miles (NOAA 2017b, Weather Underground 2017).  

Samples were collected at similar locations as the June 26, 2017 sampling event.  Naphthalene was 
analyzed by Eurofins Air Toxics (Air Toxics), an Ecology-approved laboratory located in Folsom, 
California, using EPA Method TO-17.  EPA Method TO-17 was selected as the preferred method for 
naphthalene analyses in consultation with Ecology and Air Toxics because of its lower reporting limit 
(note: TO-15 reporting limits are above the standard naphthalene MTCA B CUL) and because Air Toxics 
reported that EPA Method TO-17 is less prone to laboratory blank detections of naphthalene compared to 
EPA Method TO-15 Selected Ion Method (SIM).    

Naphthalene was detected in all three indoor air samples at concentrations above the standard MTCA 
Method B CUL (0.0735 µg/m3), at concentrations of 0.19 µg/m3, 0.18 µg/m3, and 0.32 µg/m3, in rooms 
132, 142, and 146, respectively.     

3 PROPOSED FURTHER ACTIONS 

To evaluate the nature and extent of potential petroleum hydrocarbons in indoor air, and meet the 
objectives described in Section 1.2, Arcadis will perform the following scope: 

 Perform indoor air and sub-slab vapor testing within 21 days of approval by Ecology.  
A second round of sub-slab and indoor air testing will be performed approximately 90 to 120 days 
after the first event if the data from the first sampling event suggest that the vapor intrusion 
pathway is potentially complete (see Section 4). Results from the sampling event(s) will be 
compared to Site-specific MTCA B SLs, and mitigation will be undertaken as appropriate.  The 
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indoor air samples will be collected approximately 1 day prior to the sub-slab samples at each co-
located sample location.  

 Complete a building survey and review safety data sheets (SDS) for chemicals used by hotel for 
potential naphthalene. 

 Review and tabulate available groundwater monitoring data for naphthalene (including data from 
most recent groundwater sampling event conducted at the end of September 2017) and compare 
these data to Ecology groundwater SLs designed to be protective of indoor air via the vapor 
intrusion pathway.  The groundwater vapor intrusion SL for naphthalene is 8.9 micrograms per 
liter (µg/L) (Ecology 2017). 

 In consultation with Ecology, establish Site-specific MTCA Method B SLs per MTCA 
requirements. 

 Evaluate and if warranted, adjust HVAC system in consultation with hotel maintenance staff to 
maximize air exchange.   

 Inspect selected areas of the hotel in attempt to identify potential preferential pathways using 
visual observation and photoionization detector (PID) screening. 

 Perform indoor air and sub-slab vapor testing. Two sampling events will be conducted to evaluate 
temporal variation in sub-slab and indoor air concentrations of naphthalene.  

 Evaluate potential mitigation measures including but not limited to modifications of HVAC system, 
elimination of suspect products, and sub-slab depressurization.   

3.1 Building Survey and Chemical Inventory 

At least 1 week prior to conducting the indoor air/sub-slab sampling, Arcadis will complete a building 
survey and chemical inventory in accordance with the Ecology Draft Guidance for Evaluating Vapor 
Intrusion in Washington State: Investigation and Remedial Action to evaluate potential entry points for soil 
vapor migration and assess potential chemical background contributions. 

Arcadis will coordinate with DoubleTree staff to perform a non-destructive survey of potential preferential 
pathways to indoor air from the subsurface. This survey will consist of accessing a limited number of 
rooms and common worker and guest areas and inspecting for cracks in the slab, if evident, and floor 
penetrations such as conduits, pipes, or sumps. Arcadis will document the results of the survey using a 
photo log and site plan marked with the surveyed areas and features identified.   

As part of the above-mentioned chemical inventory, Arcadis will locate SDS to compare listed ingredients 
to those identified in indoor air samples. Naphthalene in products, if found, will be assessed against other 
lines of evidence as a potential source of concentrations in indoor air. If identified, preferential pathways 
and chemical background contributions will be removed and/or isolated prior to sampling to the extent 
practical. 
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3.2 Tier 1 Groundwater Data Evaluation 

Consistent with Ecology’s Draft Guidance for Evaluating Soil Vapor Intrusion in Washington State: 
Investigation and Remedial Action, Arcadis will review the most current groundwater analytical data to 
identify wells where naphthalene concentrations exceed MTCA Method B CULs and/or groundwater SLs 
protective of the groundwater to indoor air pathway.  These data will be used in conjunction with sub-slab 
vapor data to assess if the source of naphthalene in indoor air is likely from vapor intrusion or non-vapor 
intrusion sources (see Section 4). 

3.3 Site-Specific Method B Screening Levels 

Arcadis will perform a Site-specific risk assessment to establish Site-specific Method B SLs per MTCA 
requirements.  The Site-specific risk assessment will include modification to the Method B air CUL 
equation 750-2 (carcinogens) default assumptions, including but not limited to the reasonable maximum 
exposure scenario or default exposure assumptions.  The SLs will be based on a commercial exposure 
scenario appropriate for hotel workers and guests. The risk assessor will discuss exposure assumptions 
and proposed modifications to the standard Method B air CUL for naphthalene with Ecology and seek 
concurrence with Ecology for use of a Site-specific Method B SL for making future risk-informed 
decisions.   

3.4 HVAC System Modification and Other Potential Mitigation 
Measures 

Arcadis will coordinate with DoubleTree staff to assess ventilation air intake and exhaust points and 
obtain other available HVAC information, as appropriate. Using this information Arcadis will evaluate 
options for modifying hotel air exchange and if practical and warranted, increase the air turnover rate 
within the hotel to try and diminish naphthalene levels, as appropriate.  Additionally, Arcadis will evaluate 
potential elimination of chemical products used at the Subject property, if chemicals are suspected of 
containing naphthalene based on further review and, if warranted based on further sub-slab and indoor 
air test results, evaluate a sub-slab depressurization if the source of naphthalene is determined to be from 
vapor intrusion and presents an unacceptable risk to hotel workers and guests.    

3.6 Indoor Air Sampling 

Air sampling is proposed at the following 10 locations, 8 of which will be co-located with sub-slab vapor 
sampling locations within the building footprint:  

• Room 132 (Previous Location)

• Room 142 (Previous Location)

• Room 146 (Previous Location)

• Room 148 (New Location)

• Room 107 (New Location)
• Lobby/Office (New Location)

• Capitol Room
• Near Elevator/Fitness Room (New Location)

• Ambient Air 1 – Parking lot (Previous Location) 
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• Ambient Air 2 – Air Intake on Roof (new location) 

Sample locations may be moved based on accessibility, identified potential pathways and building usage. 
A site plan depicting collocated indoor air and sub-slab probe sampling locations is included as Figure 5. 

The following parameters will be recorded in the field logbook, daily field log, or other appropriate field 
form before sampling begins:   

 Sampling date

 Sampling personnel

 Sampling location

 Initial temperature and barometric pressure as measured from a local weather station

 Sampling method and devices

 Volume of sample

 Weather conditions

 Personal air pump number and flow rate

 Sample start time

The following information will be recorded upon completion of sample collection: 

 Sample end time

 Final flow rate and volume of air sampled

 Final temperature and barometric pressure as measured from a local weather station

3.6.1 Sample Collection 

Field activities described herein will be performed in a manner consistent with the Standard Operating 
Procedures (SOPs) presented in Appendix B. The hotel staff will be requested to suspend activities that 
could negatively impact indoor air quality, if possible, such use of sprays, solvents, paints, etc. 24 to 48 
hours prior to sampling. To the extent practicable, Arcadis will select sampling locations representative of 
conditions during routine hotel occupancy. Arcadis will request the hotel staff remove or isolate indoor air 
sources identified as potential contributors of VOCs prior to sampling, if possible. It is possible that the 
hotel will contain potential indoor air sources that will be impractical to remove and may be required for 
ongoing business activities. These sources will be documented, as appropriate.   

To the extent practical during normal business operations, the building will be sealed (windows and doors 
shut) and mechanical fans, if used, will be turned off, at least 24 hours prior to the sampling event to 
minimize the dilution of potential contaminants, thereby achieving conditions typical of the “worst-case” 
scenario that is still representative of building occupancy conditions. With the doors and windows shut, 
mechanical HVAC systems will be left in normal operating conditions during the sampling, thereby 
producing a temperature and pressure differential between the inside and the outside of the structure 
creating a stacking effect, which will draw air into the building. This will allow for sampling during the 
“worst-case” scenario. Arcadis will request hotel staff keep windows and doors shut as much as possible 
during sampling.   

The indoor air sample sorbent tubes will be placed at the designated sample locations. Sample locations 
may be adjusted from those locations shown on Figure 5 based on conditions encountered at the time of 
collection. The indoor air and outdoor ambient air samples will be collected from the breathing zone, 
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approximately 3 to 5 feet above the floor. Indoor air sampling locations adjacent to windows and other 
potential outdoor air entry points will be avoided.   

Samples will be analyzed for naphthalene by EPA Air Method TO-17 using sorbent tubes connected to air 
sampling pumps set to draw approximately 15 liters of indoor air over an 8-hour period. If 15 liters is not 
collected within the 8-hour timeframe, the sample duration will be extended up to an additional 2 hours to 
achieve the target 15-liter volume. 

3.7 Sub-Slab Soil Vapor Sampling 

3.7.1 Sample Collection 

Sub-slab SVPs will be installed and sampled in accordance with the Standard Operating Procedure, 
Installation and Extraction of the VaporPin®, prepared by Cox-Colvin and Associates, Inc., and dated 
September 9, 2016 (Cox-Colvin 2016; included in Appendix C).  
 
Sub-slab soil vapor samples will be collected following the procedures outlined in the SOP: Soil-Gas 
Sampling and Analysis Using Sorbent Tubes prepared by Arcadis and dated June 17, 2017 (Arcadis 
2016; included in Appendix B). These methods and procedures are consistent with the Ecology 
Implementation Memorandum No. 18, Draft Petroleum Vapor Intrusion (VI): Updated Screening Levels, 
Cleanup Levels, and Sampling Considerations, dated August 7, 2017 (Ecology 2017). Sub-slab soil vapor 
samples will be collected from VaporPins® (or similar). Prior to sampling, Arcadis will purge the SVPs and 
leak-test the annular space surrounding the SVP using the water dam leak test method per the Cox-
Colvin guidance. Arcadis will collect sub-slab soil vapor samples using sorbent tubes connected to air 
sampling pumps set to draw approximately 15 liters of soil vapor through the sorbent tube in accordance 
with the method-specific instructions for EPA Method TO-17 found in Air Toxics Sorbent and Solution 
Sampling Guide, included as Appendix D. 

3.7.2 Sample Analysis 

Air samples will be transferred under standard chain-of-custody procedures to an Ecology-accredited 
laboratory (Air Toxics). Sub-slab soil vapor samples will be analyzed for naphthalene using EPA Method 
TO-17 using a standard laboratory turnaround time of 10-days.  Reporting limits for naphthalene are 
expected to be below standard MTCA Method B air CULS, if at least 15 liters of sample is collected.  
Reporting limits may be higher if less than the 15-liter sample volume is collected.    

3.8 Quality Assurance/Quality Control 
 
One sorbent tube field blank will be collected to evaluate sampling environment background influence. 

4 DATA EVALUATION AND REPORTING 

Indoor air samples may contain naphthalene within concentration ranges commonly seen as background 
values at sites where no subsurface petroleum hydrocarbon contamination is present. There are 
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potentially many sources of background contamination inside buildings. Materials and substances 
commonly found in commercial and residential settings such as paints, paint thinners, gasoline-powered 
machinery, building materials, cleaning products, dry-cleaned clothing, and cigarette smoke contain 
VOCs that may be detected by indoor air testing. 

As a result, it is not possible to interpret whether vapor intrusion is occurring by simply comparing indoor 
air concentration against the most conservative screening values, since these values do not account for 
background concentrations. Instead, indoor concentrations must be compared to both outdoor air and 
sub-slab soil vapor concentrations to determine whether external or indoor sources are contributing to 
indoor air concentrations. Multiple lines of evidence are used to evaluate whether vapor intrusion could be 
occurring at the Site. A clear indication of an active vapor intrusion pathway would be a combination of 
indoor and outdoor air samples where indoor air contains significantly greater concentrations of 
naphthalene than outdoor air, and contains significantly lower concentrations of naphthalene than sub-
slab soil vapor.  Conversely, low levels of naphthalene in sub-slab vapor samples and low levels of 
naphthalene in groundwater would suggest non-vapor intrusion sources of naphthalene in indoor air.   

An Ecology default attenuation factor of 0.03 will be used for the sub-slab/indoor air (Ecology 2015). 
Indoor air, outdoor air, and sub-slab vapor concentrations will be evaluated per the above protocols. 
Criteria indicative of vapor intrusion are listed below: 

 Indoor air concentrations significantly higher than outdoor air; 

 Indoor air concentrations significantly higher than the range of normal background (based on 
background measurements taken during the indoor materials and building survey); or 

 Sub-slab concentrations significantly higher than indoor air (greater than 10 times). 

Other combinations of concentrations and concentration ratios will likely indicate either an indoor or 
outdoor background source rather than vapor intrusion into the building. 

Arcadis will compare sub-slab soil vapor considering the 0.03 attenuation factor and indoor air data to 
Ecology naphthalene-specific standard and Site-specific Method B SLs for indoor air and SLs for soil 
vapor to support risk-based decision making for the Site (Ecology 2015). As appropriate and with the 
consideration of background contributions, the constituent concentrations in sub-slab soil vapor will be 
used to estimate a Site-specific attenuation factor. If indoor air constituent concentrations exceed the 
screening criteria (which are calculated using the Ecology-established acceptable target risk of one in 
one-million for carcinogenicity and the hazard index of 1 for noncarcinogenic health effects), then the 
need for additional vapor intrusion investigation or mitigation measures at the Site will be considered and 
included in a future deliverable. 

5 PROPOSED SCHEDULE 

Arcadis will conduct the proposed scope of work in three mobilizations. The objective of the first Site visit 
will be to gather additional previously unidentified product and use data, inventory units and evaluate 
potential adjustments to the DoubleTree Hotel building HVAC system, and evaluate previously 
unidentified preferential PVI pathways in the building foundation. Arcadis will visit the Site on or by 
October 31, 2017. The goal of the second Site mobilization will be to collect indoor and outdoor air and 
sub-slab soil vapor samples. Indoor air samples will be collected one day before the sub-slab samples 
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are collected to avoid interference from potential temporary impacts to indoor air quality during collection 
of sub-slab samples.  Arcadis will perform these activities on or by November 30, 2017. A third 
mobilization will be to collect the second round of indoor air and sub-slab soil vapor samples, if results of 
the first round indicate the vapor intrusion pathway is potentially complete.  A revised milestone schedule 
is provided below. 

 

No. Task/Milestone Completion Date Comments/Status 

1 Submit Work Plan  October 20, 2017 By October 24, 2017 

2 Conduct scoping call with Ecology October 27, 2017 
Optional call with Ecology to 
discuss work plan.  

3 
Conduct Site-specific risk assessment and 
building evaluation 

October/November 
2017 

 

4 
Conduct indoor air and sub-slab testing (first 
event) 

November 2017 

Sub-slab testing will be 
performed approximately 1 day 
after indoor air testing at each 
location 

5 Submit data report December 2017 
Assume 10 days to prepare 
report from receipt of laboratory 
data 

6 
Conduct indoor air and sub-slab sample testing 
(potential second event) 

February 2018 

Approximately 90 days after first 
sub-slab/indoor air sampling 
event if indicated by results of 
first sampling event 

7 Evaluate potential mitigation strategies 
October 2017– 
February 2018 

Ongoing 

8 Submit report & recommendations March 2018 
Assume 10 days to prepare 
report from receipt of laboratory 
data. 
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Table 1
Indoor Air Sampling - Analytical Results

PIH Olympia LLC 
415 Capitol Way North, Olympia, WA

Sample 
Location

Sample ID Method Date Collected
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0.321 0.0962 3.2 0.0735 0.00417 457 2,290 45.7 45.7 9.62 0.0833 N/A N/A

Room 142 IND-8HR-R142 TO-15 6/26/2017 0.23 0.055 J 0.20 0.17 B < 0.054 0.40 J 2.4 1.2 J 0.44J < 2.9 < 1.8 < 6.1 0.00036

Room 132 IND-8HR-R132 TO-15 6/26/2017 0.32 0.063 J < 0.20 0.063 J B < 0.054 < 1.7 2.2 < 3.5 < 1.7 < 2.9 < 1.8 < 6.1 0.00035

Room 146 IND-8HR-R146 TO-15 6/26/2017 0.26 0.058 J 0.27 0.46 B 0.028 J 0.37 J 2.8 1.2 J 0.47 J < 2.9 < 1.8 < 6.1 0.00036

Parking Lot OUTD-8HR-PARK TO-15 6/26/2017 0.19 0.046 J 0.10 J 0.11 B < 0.054 < 1.7 0.92 J 0.52 J < 1.7 < 2.9 < 1.8 < 6.1 0.00035

Hotel Roof OUTD-ROOF TO-15 6/26/2017 0.25 0.045 J 0.071 J <0.068 < 0.054 <1.7 0.74 J 0.52 J <1.7 < 2.9 < 1.8 <6.1 0.00031

Lab Blank Lab Blank TO-15 7/5/2017, 7/14/2017 <0.064 <0.081 <0.20 0.0658 J <0.054 <1.7 <1.5 <3.5 <1.7 <2.9 <1.8 <6.1 <0.00002

Room 142 IND-8HR-R142 TO-17 9/8/2017 NS NS NS 0.18 NS NS NS NS NS NS NS NS NS

Room 132 IND-8HR-R132 TO-17 9/8/2017 NS NS NS 0.19 NS NS NS NS NS NS NS NS NS

Room 146 IND-8HR-R146 TO-17 9/8/2017 NS NS NS 0.32 NS NS NS NS NS NS NS NS NS

Parking Lot OUTD-8HR-PARK TO-17 9/8/2017 NS NS NS <0.057 NS NS NS NS NS NS NS NS NS

Hotel Roof OUTD-8HR-ROOF TO-17 9/8/2017 NS NS NS <0.070 NS NS NS NS NS NS NS NS NS

Field Blank Field Blank TO-17 9/8/2017 NS NS NS <0.068 NS NS NS NS NS NS NS NS NS

Lab Blank Lab Blank TO-17 9/14/2017 NS NS NS <0.057 NS NS NS NS NS NS NS NS NS

Notes:

% v/v = Volume concentration as percent

< = analyate was not detected at indicated reporting limit

1,2,4-TMB = 1,2,4-Trimethylbenzene

1,2-DCA = 1,2-Dichloroethane

B = Compound was found in the blank sample

EDB = 1,2-Dibromoethane

J - Result is less than the reporting limit but greater than or equal to the method detection limit and the concentration is an approximate value

MTBE = Methyl tert-butyl ether

N/A = Compound does not have a MTCA Method B cleanup level

ND = Analytical result is less than reporting limit; reporting limits were not available for historical analytical results

NS = Not Sampled

TBA = Tert-butyl alcohol

BOLD ITALIC  = Reporting limit exceeds cleanup level

BOLD Analyte detected above MTCA Method B Cleanup Level

Benzene, 1,2-dichloroethane, 1,2,4-trimethylbenzene, naphthalene, and 1,2-dibromoethane analyzed using USEPA Method TO-15 SIM

Ethylbenzene, toluene, m,p-xylene, o-xylene, methyl tert-butyl ether, 1,3-butadiene, tert-butyl alcohol analyzed using USEPA Method TO-15

Methane analyzed using ASTM Method D1946

Model Toxics Control Act (MTCA) Method B Screening 

Levels (CULs) in µg/m3

All Concentrations are in micrograms per cubic meter (µg/m3) unless otherwise indicated

PIH Olympia LLC 1 of 1 Arcadis U.S., Inc.



Table 2
Vault Screening Summary

PIH Olympia LLC
415 Capitol Way North, Olympia, WA

Vault ID Date LEL (%) H2S (ppm) O2 (%) CO2 (ppm) VOCs (ppm)

Ambient Air 6/26/2017 0 0 20.9 680 0

 Utility Vault 1 6/26/2017 0 0 20.9 550 0

 Utility Vault 2 6/26/2017 0 0 20.9 500 0

 Utility Vault 3 6/26/2017 0 0 20.9 2,950 0

 Utility Vault 4 6/26/2017 0 0 20.1 1,200 0

 Utility Vault 5 6/26/2017 0 0 20.4 2,610 0

 Utility Vault 6 6/26/2017 0 0 20.6 2,200 0

 Utility Vault 7 6/26/2017 0 0 20.5 660 0

 Utility Vault 8 6/26/2017 0 0 20.9 680 0

 Utility Vault 9 6/26/2017 0 0 20.9 1,260 0

 Utility Vault 10 6/26/2017 0 0 20.9 720 0

 Utility Vault 11 6/26/2017 0 0 20.9 680 0

 Utility Vault 12 6/26/2017 0 0 20.9 1,880 0

 Utility Vault 13 6/26/2017 0 0 20.8 710 0

 Utility Vault 14 6/26/2017 0 0 20.9 2,830 0

 Utility Vault 15 6/26/2017 0 0 20.0 3,010 0

Notes:

%  =  percent

CO2 = carbon dioxide

H2S = hydrogen sulfide

LEL = lower explosive limit

O2 = oxygen

ppm = parts per million

VOCs = volatile organic compounds
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ANALYTICAL RESULTS ARE PRESENTED IN MICROGRAMS PER

CUBIC METER (µg/m³).

ALL SAMPLES COLLECTED AT GROUND FLOOR LEVEL, WITH

EXCEPTION OF OUTD-ROOF. OUTD-ROOF SAMPLE COLLECTED

FROM HOTEL ROOFTOP.

SOURCES:

ENVIROS, INC. - ENVIRONMENTAL SITE ASSESSMENT (JUNE 1994).

STEMEN ENVIRONMENTAL INC. - REMEDIAL INVESTIGATION AND

SITE CHARACTERIZATION (2006); EMPI - UPDATE LETTER

(FEBRUARY 2000)

IND-8HR-R142

Date 6/26/2017 9/8/2017

B 0.23 ---

1,2 DCA 0.055 J ---

1,2,4 TMB 0.2 ---

NAPH 0.17 B 0.18
EDB < 0.054 ---

E 0.40 J ---

T 2.4 ---

m,p-X 1.2 J ---

o-X 0.44J ---

MTBE < 2.9 ---

1,3 B < 1.8 ---

IND-8HR-R132

Date 6/26/2017 9/8/2017

B 0.32 ---

1,2 DCA 0.063 J ---

1,2,4 TMB < 0.20 ---

NAPH 0.063 J B 0.19
EDB < 0.054 ---

E < 1.7 ---

T 2.2 ---

m,p-X < 3.5 ---

o-X < 1.7 ---

MTBE < 2.9 ---

1,3 B < 1.8 ---

IND-8HR-R146

Date 6/26/2017 9/8/2017

B 0.26 ---

1,2 DCA 0.058 J ---

1,2,4 TMB 0.27 ---

NAPH 0.46 B 0.32
EDB 0.028 J ---

E 0.37 J ---

T 2.8 ---

m,p-X 1.2 J ---

o-X 0.47 J ---

MTBE < 2.9 ---

1,3 B < 1.8 ---

OUTD-8HR-PARK

Date 6/26/2017 9/8/2017

B 0.19 ---

1,2 DCA 0.046 J ---

1,2,4 TMB 0.10 J ---

NAPH 0.11 B <0.057

EDB < 0.054 ---

E < 1.7 ---

T 0.92 J ---

m,p-X 0.52 J ---

o-X < 1.7 ---

MTBE < 2.9 ---

1,3 B < 1.8 ---

SAMPLE ID

Date Date of Sample

B Benzene

1,2 DCA 1,2-Dichloroethane

1,2,4 TMB 1,2,4-Trimethylbenzene

NAPH Naphthalene

EDB 1,2-Dibromoethane

E Ethylbenzene

T Toluene

m,p-X m,p-Xylene

o-X o-Xylene

MTBE Methyl-t-Butyl Ether

1,3 B 1,3-Butadiene

OUTD-ROOF

Date 6/26/2017 9/8/2017

B 0.25 ---

1,2 DCA 0.045 J ---

1,2,4 TMB 0.071 J ---

NAPH <0.068 <0.070

EDB <0.054 ---

E <1.7 ---

T 0.74 J ---

m,p-X 0.52 J ---

o-X <1.7 ---

MTBE <2.9 ---

1,3 B 1.8 ---

LEGEND:

MONITORING WELL LOCATION

EXISTING MONITORING WELL ASSOCIATED WITH

ADJACENT SITE

APPROXIMATE PREVIOUS MONITORING WELL

LOCATION

FORMER FEATURES (SOURCE: ENVIROS 1994a)

APPROXIMATE SOIL EXCAVATION LOCATION

VAPOR SAMPLE LOCATION

PMW-1

MW-2

MW3

415 CAPITOL WAY NORTH

OLYMPIA, WASHINGTON 98501
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I. Scope and Application  

This document describes the procedures to collect subsurface soil-gas samples from 
sub-slab sampling ports and soil vapor monitoring points for the analysis of volatile 
organic compounds (VOCs) including volatile polyaromatic hydrocarbons (PAHs) 
using sorbent tubes. These samples are analyzed by United States Environmental 
Protection Agency (USEPA) Method TO-17 (TO-17). 

The sorbent tube method uses a glass or stainless steel tube packed with a sorbent 
material.  Sorbents of increasing strength and composition are packed within the tube.  
The specific sorbent material packed within each tube is selected based on the target 
compounds and desired reporting limits.  A measured volume of soil-gas is passed 
through the tube during sample collection.   

Following sample collection the sorbent tube is sent to the laboratory where the 
sampling media is analyzed for the target compounds.   

The following sections list the necessary equipment and provide detailed instructions 
for the collection of soil-gas samples fusing sorbent tubes.  

Soil vapor samples can be collected from sub-slab sample probes or soil-vapor ports.  
Refer to the appropriate standard operating procedure (SOP) from the Arcadis SOP 
library for a description of construction methods.   

II. Personnel Qualifications 

Arcadis field sampling personnel will have current health and safety training, including 
40-hour HAZWOPER training, site supervisor training, site-specific training, first-aid, 
and cardiopulmonary resuscitation (CPR), as needed.  Arcadis field sampling 
personnel will be well versed in the relevant standard operating procedures (SOPs) 
and possess the required skills and experience necessary to successfully complete 
the desired field work.  Arcadis personnel responsible for leading soil-gas sample 
collection activities must have previous soil-gas sampling experience. 

III. Health and Safety Considerations 

All sampling personnel should review the appropriate health and safety plan (HASP) 
and job safety analysis (JSA) prior to beginning work to be aware of all potential 
hazards associated with the job site and the specific task. Field sampling equipment 
must be carefully handled to minimize the potential for injury and the spread of 
hazardous substances.  For sub-slab vapor probe installation, drilling with an electric 
concrete impact drill should be done only by personnel with prior experience using 
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such a piece of equipment and with the appropriate health and safety measures in 
place as presented in the JSA 

IV Equipment List 

The equipment required for collect soil-gas samples for analysis using method sorbent 
tubes is presented below: 

• Appropriate personal protective equipment (PPE; as presented in the site 
specific HASP and the JLA) 

• Sorbent tubes pre-packed by the laboratory with the desired sorbent.  
Specific sorbents will be recommended by the laboratory considering the 
target compound list and the necessary reporting limits; 

• One decontaminated Swagelok or stainless-steel or comparable two-way 
ball or needle valves (sized to match sample tubing) per sample.  

• 1/4-inch outer diameter (OD) tubing (Teflon®, Teflon-lined polyethylene or 
Nylon [aka Nylaflow]) (referred to throughout as “tubing”); 

• Stainless steel or comparable Swagelok® or equivalent compression 
fittings for 1/4-inch OD tubing; 

• One Stainless steel duplicate “T” fittings (if duplicate sample collection is 
necessary); 

• Two 60mL syringe (one needs to be equipped with 3-way valve if 
employing a tracer gas leak test); 

• Integrity testing supplies (depending on site conditions could employ a 
helium leak test or a water dam test. Arcadis SOPs for both can be found 
on the Source); 

• Appropriate-sized open-end wrench (typically 9/16-inch, 1/2-inch , and 3/4-
inch);  

• Tubing cutter 

• Portable weather meter, if appropriate; 

• Chain-of-custody (COC) form;  

• Sample collection log;  
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• Cooler; 

• Gel ice (e.g., blue ice); and 

• Field notebook. 

V. Cautions 

The following cautions and field tips should be reviewed and considered prior to 
collecting soil-gas samples.  

• Sampling personnel should not handle hazardous substances (such as 
gasoline), permanent marking pens (sharpies), wear/apply fragrances, or 
smoke cigarettes/cigars before and/or during the sampling event. 

• Care should be taken to ensure that the appropriate sorbent is used in the 
sorbent tube preparation.  Sorbent should be selected in consultation with the 
analytical laboratory and in consideration of the target compound list, the 
necessary reporting limits and the expected range of concentrations in field 
samples.  The expected range of concentrations in field samples may be 
estimated from previous site data, release history and professional judgment 
informed by the conceptual site model.   
 

• Flow rates for sample collection with sorbent tubes should be determined well 
in advance of field work in consultation with the laboratory. 
 

• A Shipping Determination must be performed, by DOT-trained personnel, for 
all environmental samples that are to be shipped, as well as some types of 
environmental equipment/supplies that are to be shipped. 
 

• At the sampling location, keep the tubes in their storage and transportation 
container to equilibrate with ambient temperature prior to attaching to the 
sample train. 
 

• Ensure the sample train is set up so that the flow across the sorbent tube is in 
the proper direction.  
 

• Always use clean gloves when handling sampling tubes.   
 

• Seal clean, blank sorbent tubes and sampled tubes using inert, Swagelok®-
type fittings and appropriate, clean ferrules. Wrap capped tubes individually in 
uncoated aluminum foil. Use clean, sealable glass jars or metal cans 
containing a small packet of activated charcoal or activated charcoal/silica gel 
for storage and transportation of multiple tubes. This activated charcoal is not 

 



 

6 SOP: Soil-Gas Sampling and Analysis Using Sorbent Tubes 
Rev. #: 0 | Rev Date:  June 17, 2016  

analyzed, but serves as a protection for the analytical sorbent tube.  Store the 
multi-tube storage container in a clean environment at 4ºC. 
 

• Keep the sample tubes inside the storage container during transportation and 
only remove them at the monitoring location after the tubes have reached 
ambient temperature. Store sampled tubes in a refrigerator at 4ºC inside the 
multi-tube container until ready for analysis. 
 

• Do not overtighten the caps on the sorbent tubes. Use only a quarter turn past 
finger tight. Tubes cannot be analyzed if caps are overtightened and the fitting 
becomes crimped. 
 

• The purge flow rate should be consistent with the sample collection rate as 
determined in consultation with the lab prior to field activities.  Record the 
measured flow rate a during sample collection.   

• If possible, have equipment shipped a two or three days before the sampling 
date so that all materials can be checked. Order replacements if needed. 

• Requesting extra sorbent tubes from the laboratory should also be considered 
to ensure that you have enough equipment on site in case of an equipment 
failure. 

• Shallow exterior soil-gas sampling should not proceed within 5 days following 
a significant rain event (1/2-inch of rainfall or more).  

VI. Procedure 

Soil-Gas Sample Preparation 

Selection of Sorbent and Sampling Volume (to be completed prior to sampling event) 

1. Identify the necessary final reporting limit for the target compound(s) in 
accordance with the project quality assurance plan and/or in consultation with 
the data end user. 

2. Identify the necessary method reporting limit(s).  The laboratory will be helpful in 
providing this information as it is typically specific to the sensitivity of the 
instrumentation.  

3. The minimum sampling volume is the volume of soil-gas sample that must be 
drawn through the sorbent in order to achieve the desired final reporting limit. 
Calculate the minimum sampling volume using the following equation: 
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𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝐿𝐿) =  
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 (µ𝑔𝑔)

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 (µ𝑔𝑔/𝑚𝑚3)
×

1,000 𝐿𝐿
𝑚𝑚3  

 Where: 

 L = liters 

 µg = microgram 

 m = meter 

4. If a timed sample duration is specified in the work plan, calculate the minimum 
flow rate.  The minimum flow rate is the flow rate necessary to achieve the 
minimum sampling volume using the following formula: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (𝐿𝐿/𝑚𝑚𝑚𝑚𝑚𝑚) =
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝐿𝐿)

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 (𝑚𝑚𝑚𝑚𝑚𝑚)
 

 Where: 

 min = minutes 

Then compare the minimum flow rate calculated to the requirements for maximum soil 
gas sampling without excessive danger of short circuiting, normally stated as 
0.2 liters/minute, although it can be lower in tight soils.   Soil vapor sampling flow 
rates should not exceed 200 ml/min. 

5. Compare the minimum sampling volume to the safe sampling volume (SSV) for 
the sorbents selected.  SSV for specific sorbents can be provide by the 
manufacture or the laboratory, being used (Table 1 and Appendix 1 in Method 
TO-17).  Ensure that the compound will not breakthrough when sampling the 
volume calculated above. 

Soil-Gas Sample Collection 

Assembly of sorbent tube sampling train  

1. Record the following information in the field notebook, if appropriate (contact the 
local airport or other suitable information source [e.g., site-specific 
measurements, weatherunderground.com] to obtain the information): 

a. wind speed and direction; 

b. ambient temperature; 
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c. barometric pressure; and 

d. relative humidity. 

2. If samples are being collected from temporary or permanent soil vapor points 
simply remove the cap or plug and proceed to step 3. When collecting samples 
from a sub-slab port remove the cap or plug from the sampling port or Vapor 
PinTM.  Connect a short piece of tubing to the sampling port using a Swagelok or 
equivalent stainless-steel or comparable compression fitting or silicone tubing 
for barbed Vapor PinTM installations. 

3. Connect the tubing to a stainless steel two-way valve using a Swagelok or 
comparable compression fitting (Figure 1). 

4. Attach a length of tubing to the other end of the two way valve.  

5. Connect the 60mL purge syringe to the tubing using a short piece of silicon 
tubing. Figure 1 presents the set up for Shut-in and Integrity Testing. 

Purging Sample Train Prior to Sample Collection.   

1. Ensure the two-way valve is open.  Slowly (<200 mL/min) purge three volumes 
of air from the vapor probe and sampling line using the 60mL syringe using the 
same flow rate that will be used to collect the sample.   

2. Check the seal established around the soil vapor probe and the sampling train 
fittings by using a tracer gas (e.g., helium) or other method (e.g., water dam) as 
appropriate for site conditions.  [SOPs for integrity testing methods can be found 
on the Source] 

3. Utilize a Tedlar bag to collect purged air via the 3-way valve on the purge 
syringe. If utilizing a tracer gas, analyze the contents of the Tedlar bag for the 
tracer gas following the purge process using and appropriate field screening 
instrument. 

Sorbent Tube Sample Collection 

1. Record in the field notebook and COC form the tube number on the sorbent 
tube. 

2. Close two-way valve and remove purge syringe and associated silicon tubing 
from sample train. 
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3. Attach sorbent tube to Swagelok valve using laboratory provided fitting or to the 
terminal end of tubing with proper orientation per figure below: 

 

Figure 2 presents the full sample train assembly. 

4. Ensure the two-way valve is closed at this time. Attempt to pull a small volume 
from the sample train system using the purge syringe to conduct shut-in test. 

5. If all fittings are air tight the syringe plunger should try to return to its original 
position. If the vacuum is lost adjust fittings as needed and repeat process. 
Note: Sample media should be replaced if shut-in test fails. 

6. Begin sampling by pulling air through the tubing with the syringe (use a separate 
syringe than the one used for purging). Use a stopwatch to ensure the flow rate 
is <200 mL/min.  Record in the field notebook and the field sample log the time 
sampling began and the approximate flow rate from each of the samples. 

Termination of Sample Collection 

1. Close the two-way valve after the pre-set volume of air has been drawn through 
the sorbent tube. 

2. Record the stop time. 

3. Remove sorbent tube from sample train and replace Swagelok caps on both 
ends of the tube. Do not overtighten the caps. Use only a quarter turn past 
finger tight. 

4. Record in the field log book, the sample collection log, and on the COC.   

5. Package the tubes according to laboratory protocol on gel ice and ship to the 
laboratory for analysis. 

VII. Waste Management 

The waste materials generated during sampling activities should be minimal. PPE, 
such as gloves and other disposable equipment (e.g., tubing), will be collected by field 
personnel for proper disposal.  
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VIII. Data Recording and Management 

Measurements will be recorded in the field notebook at the time of measurement with 
notations of the project name, sample date, sample start and finish time, sample 
location (e.g., GPS coordinates, distance from permanent structure), tube type and 
number and sample volume.  Field sampling logs and COC records will be transmitted 
to the Project Manager. 

IX. Quality Assurance 

Duplicate samples should be collected in the field as a quality assurance step. 
Generally, duplicates are taken of 10% of samples, but project specific requirements 
should take precedence. Duplicate soil gas samples should be collected via a split 
sample train, allowing the primary and duplicate sample to be collected from the soil-
gas probe simultaneously. 

Field blanks should be collected at a frequency of once per day. Field blank collection 
consists of removing the Swagelok caps on both ends of a sorbent tube exposing the 
media to the sampling environment and immediately replacing the caps. Field blanks 
should be submitted for analysis for quality assurance purposes. 

Quality assurance planning for method TO-17 should take careful note of the method 
requirement for distributed volume pairs.  Although in some circumstances this 
requirement may be waived, this does constitute a deviation from the method as 
written.  It is wise to discuss this decision with clients and/or regulators before 
sampling. 

Soil-gas sample analysis will be performed using USEPA TO-17 methodology for a 
site specific constituent list defined in the work plan.  Constituent lists and reporting 
limits must be discussed with the laboratory prior to mobilizing for sampling.  Quality 
assurance parameters should be confirmed with the laboratory prior to sampling.  Field 
quality assurance parameters should be defined in the site-specific work plan.  A trip 
blank sample should accompany each shipment of soil-gas samples to the laboratory 
for analysis.  Trip blanks assess potential sample contamination resulting from the 
transportation and storing of samples.     

X. References 

New York State Department of Health (NYSDOH). 2005.  DRAFT “Guidance for 
Evaluating Soil Vapor Intrusion in the State of New York” February 23, 2005. 

AirToxics Ltd.  “Sorbent & Solution Sampling Guide.” 
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Standard Operating Procedure, Installation and Extraction of the 
VaporPin®, prepared by Cox-Colvin and Associates, Inc.  
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Scope: 

 

This standard operating procedure describes 

the installation and extraction of the VAPOR 

PIN® for use in sub-slab soil-gas sampling. 

 

Purpose: 

 

The purpose of this procedure is to assure 

good quality control in field operations and 

uniformity between field personnel in the use 

of the VAPOR PIN® for the collection of sub-

slab soil-gas samples or pressure readings. 

 

Equipment Needed: 

 

 Assembled VAPOR PIN® [VAPOR PIN® and  

silicone sleeve(Figure 1)]; Because of 

sharp edges, gloves are recommended for 

sleeve installation; 

 Hammer drill; 

 5/8-inch (16mm) diameter hammer bit 

(hole must be 5/8-inch (16mm) diameter 

to ensure seal. It is recommended that 

you use the drill guide). (Hilti™ TE-YX 

5/8" x 22" (400 mm) #00206514 or 

equivalent);  

 1½-inch (38mm) diameter hammer bit  

(Hilti™ TE-YX 1½" x 23" #00293032 or 

equivalent) for flush mount applications;  

 ¾-inch (19mm) diameter bottle brush; 

 Wet/Dry vacuum with HEPA filter 

(optional);   

 VAPOR PIN® installation/extraction tool; 

 Dead blow hammer; 

 VAPOR PIN® flush mount cover, if 

desired; 

 VAPOR PIN® drilling guide, if desired; 

 VAPOR PIN® protective cap; and 

 VOC-free hole patching material 

(hydraulic cement) and putty knife or 

trowel for repairing the hole following the 

extraction of the VAPOR PIN®. 

 

 
Figure 1. Assembled VAPOR PIN® 

 

Installation Procedure: 

 

1) Check for buried obstacles (pipes, 

electrical lines, etc.) prior to proceeding. 

 

2) Set up wet/dry vacuum to collect drill 

cuttings. 

 

3) If a flush mount installation is required, 

drill a 1½-inch (38mm) diameter hole at 

least 1¾-inches (45mm) into the slab. 

Use of a VAPOR PIN® drilling guide is 

recommended. 

 

4) Drill a 5/8-inch (16mm) diameter hole 

through the slab and approximately 1-

inch (25mm) into the underlying soil to 

form a void. Hole must be 5/8-inch 

(16mm) in diameter to ensure seal. It is 

recommended that you use the drill 

guide. 
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5) Remove the drill bit, brush the hole with 

the bottle brush, and remove the loose 

cuttings with the vacuum.   

 

6) Place the lower end of VAPOR PIN® 

assembly into the drilled hole.  Place the 

small hole located in the handle of the 

installation/extraction tool over the vapor 

pin to protect the barb fitting, and tap 

the vapor pin into place using a dead 

blow hammer (Figure 2).  Make sure the 

installation/extraction tool is aligned 

parallel to the vapor pin to avoid 

damaging the barb fitting. 

 

 
Figure 2. Installing the VAPOR PIN® 

 

During installation, the silicone sleeve will 

form a slight bulge between the slab and the 

VAPOR PIN® shoulder.  Place the protective 

cap on VAPOR PIN® to prevent vapor loss 

prior to sampling (Figure 3). 

 

Figure 3. Installed VAPOR PIN® 

 

7) For flush mount installations, cover the 

vapor pin with a flush mount cover, using 

either the plastic cover or the optional 

stainless-steel Secure Cover (Figure 4). 

 

 
Figure 4. Secure Cover Installed 

 

8) Allow 20 minutes or more (consult 

applicable guidance for your situation) 

for the sub-slab soil-gas conditions to re-

equilibrate prior to sampling. 

 

9) Remove protective cap and connect 

sample tubing to the barb fitting of the 

VAPOR PIN®. This connection can be 

made using a short piece of TygonTM 

tubing to join the VAPOR PIN® with the 

Nylaflow tubing (Figure 5). Put the 



  
Standard Operating Procedure 

Installation and Removal of the Vapor Pin® 

Updated September 9, 2016 

Page 3  
 

 

VAPOR PIN® protected under US Patent # 8,220,347 B2, US 9,291,531 B2 and other patents pending  
 

Cox-Colvin & Associates, Inc. • 7750 Corporate Blvd., Plain City, Ohio 43064 • (614) 526-2040 • VaporPin.CoxColvin.com 

Nylaflow tubing as close to the VAPOR 

PIN® as possible to minimize contact 

between soil gas and TygonTM tubing. 

 

Figure 5. VAPOR PIN® sample connection 

 

10) Conduct leak tests in accordance with 

applicable guidance. If the method of 

leak testing is not specified, an alternative 

can be the use of a water dam and 

vacuum pump, as described in SOP Leak 

Testing the VAPOR PIN® via Mechanical 

Means (Figure 6). For flush-mount 

installations, distilled water can be 

poured directly into the 1 1/2 inch 

(38mm) hole. 

 

 
Figure 6. Water dam used for leak detection 

 

11) Collect sub-slab soil gas sample or 

pressure reading.  When finished, replace 

the protective cap and flush mount cover 

until the next event.  If the sampling is 

complete, extract the VAPOR PIN®. 

 

Extraction Procedure: 

 

1) Remove the protective cap, and thread 

the installation/extraction tool onto the 

barrel of the VAPOR PIN® (Figure 7).  

Turn the tool clockwise continuously, 

don't stop turning, the VAPOR PIN® will 

feed into the bottom of the 

installation/extraction tool and will 

extract from the hole like a wine cork, DO 

NOT PULL. 

 

2) Fill the void with hydraulic cement and 

smooth with a trowel or putty knife.   

 
Figure 7. Removing the VAPOR PIN® 

 

 Prior to reuse, remove the silicone 

sleeve and protective cap and discard.  

Decontaminate the VAPOR PIN® in a 

hot water and Alconox® wash, then 

heat in an oven to a temperature of 

265o F (130o C) for 15 to 30 minutes.  

For both steps, STAINLESS – ½ hour, 

BRASS 8 minutes 

3) Replacement parts and supplies are 

available online. 
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