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1.0 INTRODUCTION 
This report presents the scope of work and results of a vapor intrusion (VI) assessment for 
Building 335 (B335) at the former IBM East Fishkill Facility in Hopewell Junction, New 
York (the site).  B335 formerly housed IBM’s tetrachloroethene (PCE) recycling plant for 
the facility.  B335 has been owned by iPark East Fishkill LLC (also referred to as National 
Resources [NR]) since September 2017 and is reportedly unoccupied.  A site location plan 
is provided as Figure 1, and the location of B335 is shown on the facility plan provided as 
Figure 2.  
 
In summer of 2018, iPark expressed its intent to market B335 for lease. Therefore, IBM 
elected to proceed with an investigation of PCE presence in indoor air and subslab vapor.  
The work described herein was conducted on behalf of IBM by Sanborn, Head Engineering, 
PC (SHPC).  The services performed and this report are subject to the standard limitations 
for this type of work, as described in Appendix A. 
 
2.0 BACKGROUND INFORMATION  
IBM owned the East Fishkill facility property until 2015, at which time the property was 
transferred to Global Foundries.  Global Foundries subsequently subdivided the property 
into 8 lots and sold 6 lots to iPark in September 2017.  The lot lines as of the date of this 
report are shown on Figure 2.  B335 is located on Lot 7, which is owned by iPark East 
Fishkill LLC. 
 
B335 formerly housed the facility’s PCE recycling operations, and the building and its 
contents were decommissioned by IBM circa 2002.  The scope of decommissioning is 
uncertain, but it included removal of all interior process equipment (further described in 
Section 2.2), pipes and ducts, and roof-top equipment. The building is currently a vacant 
empty shell and a portion of the Building is being used by iPark for storage of various 
materials and equipment.  Photographs of the building exterior and interior are provided in 
the photograph log in Appendix B.  The building is located within the Area C (or B330) Area 
of Concern (AOC) as identified in the site’s Part 373 Hazardous Waste Management Permit.   
 
B335 is a single-story building that was constructed in three phases, which are shown on 
Figure 3 as Original B335, Expansion 1, and Expansion 2.  The original building is at the 
northeastern end and is built into the hillside that slopes up to B330C to the north and 
B338 to the east.  It is uncertain in what year the original building was constructed.  
Expansion 1 was added onto the northwest side of the original building circa 1979-19801.  
The original building and Expansion 1 were constructed of concrete walls and a concrete 
ceiling.  Expansion 2 was constructed in 1982-19832 and was added onto the west side of 
the building for additional capacity.  Expansion 2 was constructed of a combination of 
concrete and corrugated steel walls and a steel roof deck.   
 

                                                        
1  Drawing titled, “Support Building #335 Addition”, Sheet A-4012, prepared by IBM Data Systems Division 

Facilities Engineering, dated 10/5/79. 
2  Drawing titled, “Perchlor Storage Tanks, As-Built Drawings”, Sheet M-2011, prepared by IBM Data 

Systems Division Facilities Engineering, dated 7/1/83. 
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Air louvers are situated on the upper portion of the northwest and southeast exterior walls 
to allow fresh air to enter the building.  In addition, several electric coil unit heaters are 
located near the ceiling, several of which can be activated with switches.  No other heating, 
ventilation, and air conditioning (HVAC) is present in the building. 
 
2.1 Hydrogeology 

Based on information provided in the most recent site Annual Corrective Action Status 
Report3, overburden groundwater (also referred to as soil groundwater) is present at a 
depth of approximately 15 feet below ground surface (bgs) near the building.  Based on 
logs for borings advanced near the building, the building is underlain by approximately 40 
feet of glacial till, which is underlain by dolomite. 
 
PCE was detected at a concentration of 2.5 micrograms per liter (µg/L), or parts per billion 
(ppb), in a sample of groundwater collected in 2017 from the nearest overburden 
monitoring well located just to the south of B335 (well #756).  PCE was detected at a 
concentration of 2,700 ppb in a sample of bedrock groundwater collected in 2017 from a 
monitoring well located just to the west of B335 (well #607).   
 
2.2 Former Building Processes 

Five PCE aboveground storage tanks (ASTs) were located within B335 after both 
expansions were complete: two 10,000-gallon clean PCE ASTs; one 10,000-gallon spent 
PCE AST, and two 5,000-gallon PCE ASTs.  Based on information provided by a former site 
worker, spent PCE was piped to a series of stills where PCE was boiled off and re-
condensed to remove the impurities.  The condensed liquid went through a water 
separator, and the effluent PCE went to the clean PCE tanks.  Exhaust from the stills was 
treated through activated carbon units, with waste condensate from the exhaust collected 
in a pit near the carbon beds.  The waste condensate was then pumped back through the 
still system.  Sludge from the still bottoms was reportedly shoveled out and trucked away 
for disposal.  Refer to Figure 3 for the approximate location of the tanks and equipment.  
 
2.3 Potential PCE Sources and Transport Mechanisms to Indoor Air 

Potential sources for PCE presence in soil, groundwater, and soil vapor resulting from B335 
operations include interior subsurface pits, interior subsurface PCE drain lines associated 
with the stills, and spillage of PCE inside the building.  Anecdotal information suggests that 
at least one PCE spill occurred onto the floor due to overflowing of the stills in the northern 
portion of the building. 
 
PCE was detected at a concentration of 560 µg/m3 in a grab sample of indoor air collected 
using a SUMMA® canister from the center of the building in November 2018.  The sources 
and mechanisms by which PCE reaches indoor air is important because of the implications 
for selecting an effective mitigation approach.  The three primary sources and transport 
mechanisms for PCE presence in indoor air include: off-gassing (volatilization) of PCE 
                                                        
3  Groundwater Sciences Corporation and IBM, “2017 Annual Corrective Action Status Report, Former IBM 

East Fishkill Facility, Town of East Fishkill, Dutchess County, New York, NYSDEC Site No. 314054, EPA ID 
No. NYD000707901”, dated May 30, 2018. 
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sorbed in concrete building materials, VI of PCE-containing soil vapor by diffusion through 
the concrete floors and walls, and VI of PCE-containing soil vapor by pressure gradient-
driven advective flow through the building envelope.  Exhibit 2-1 provides a conceptual 
schematic of these three transport mechanisms in a building with historical interior spills 
to the concrete floor, and a release from a subgrade pipe. 
 

 
Exhibit 2-1:  Conceptual Schematic of Transport Mechanisms of PCE to Indoor Air 

 
Off-gassing and VI by diffusion are driven by a concentration gradient, meaning that 
contamination moves from an area of high to low concentrations.  VI by advection is driven 
by pressure gradients, meaning that contamination moves from an area of higher to lower 
pressure.      
 
In addition to the previously-discussed sources, PCE in indoor air may sorb into the 
concrete floor, walls, and ceiling over time, and then eventually back-diffuse (off-gas) into 
the building. 
 
3.0 VAPOR INTRUSION ASSESSMENT 
A VI assessment was completed in B335 with the following objectives: 
 
 To evaluate the impacts to indoor air (IA) and subslab vapor (SSV) related to the 

building’s former use as the facility’s PCE recycling plant; 

 To evaluate the transport mechanisms of PCE to indoor air (i.e., off-gassing, VI by 
diffusion, VI by advection); 

 To assess the suitability of the building for occupancy under current conditions; and 

 To assess the feasibility of mitigating impacts to indoor air. 
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Exhibit 3-1 summarizes the testing methods employed and corresponding project 
objectives for the VI assessment.  A description and the results of each testing method are 
provided in the following sections.  Exploration locations are shown on Figure 4. 
 

Exhibit 3-1:  Testing Methods and Project Objectives 

Testing Method Assess 
IA 

Assess 
SSV 

Transport Mechanism Suitability 
for 

Occupancy 

Feasibility 
of 

Mitigation 
Off-

Gassing 
VI - 

Diffusion 
VI - 

Advection 
Indoor Air Grab 
Sample √     √  

Passive Diffusion 
Sampling √  √ √   √ 

Building Pressure 
Testing and Indoor 
Air Screening 

√ √ √ √ √ √ √ 

Subslab Vapor 
Sampling  √  √ √ √  

Flux Testing √  √ √   √ 
 
3.1 Indoor Air Grab Sample - Scope of Work and Results 

One indoor air grab sample (IAB335-Grab) was collected on November 7, 2018 to obtain a 
discrete snapshot of site-related VOCs in the building air.  The sample was collected over a 
period of approximately 1 minute into a 6-L SUMMA canister and submitted to Eurofins Air 
Toxics, Inc. (EATI) of Folsom, California for analysis of the site-specific analyte list by 
USEPA Method TO-15 in select ion monitoring (SIM)/full scan mode. 
 
At the time of sampling, the building had been generally closed-up for some time, and the 
air louvers were partially closed, resulting in limited air exchange. TCE and PCE were 
detected in the sample at concentrations of 1.8 and 560 µg/m3, respectively.  A summary of 
results, including other compounds, is provided in Table 1.  The laboratory analytical 
report is included in Appendix C.1. 
 
3.2 Passive Diffusion Sampling 

Passive diffusion samples were collected in November 2018 to assess the potential for off-
gassing and VI by diffusion from the concrete floor slab.  Photographs of the passive 
samplers are included in Appendix B. 
 
3.2.1 Scope of Work 

Passive samples were obtained using Assay Technology’s 566 Organic Vapor Monitor, 
which contains a charcoal insert for sample collection over time.  The passive diffusion 
samplers were placed at 11 locations on the concrete floor as shown on Figure 4, with the 
sorbent facing down toward the concrete.  The samplers were placed uniformly in the 
building to provide general building coverage.   
 
The samplers were deployed on November 26, 2018 for a period of approximately 43 
hours (~1.8 days).  Passive samplers were submitted to SGS Galson of East Syracuse, NY 
(SGS) for analysis of TCE and PCE using modified NIOSH Method 1022.   
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3.2.2 Results 

The passive diffusion sample results for PCE are presented on Figure 5, and the lab reports 
are included in Appendix C.2.  TCE was not detected above the reporting limit at any of the 
sample locations.   
 
PCE was detected in each of the samples at concentrations ranging from 300 to 620 µg/m3.  
PCE isopleths are shown on Figure 5.  The highest concentrations of PCE (600 µg/m3 and 
greater) were detected on the north and northeast side of the building near the former still 
area and the approximate vicinity of at least one former PCE spill to the floor.  
Concentrations decreased to the south and west in the area where less PCE handling 
occurred. 
 
The passive sampler results suggest: 
 
 Off-gassing and VI by diffusion are likely contributing to PCE concentrations in indoor 

air; and 

 The highest concentration of PCE sorbed to the concrete floor slab and/or beneath the 
floor slab is in the northeast area of the building near the former stills and PCE spill to 
the floor. 

3.3 Building Pressure Testing and Indoor Air Screening 

Building pressure testing and indoor air screening was completed between December 5 
and 7, 2018.  The purpose of the testing was to identify the transport mechanisms by which 
PCE is entering indoor air (i.e., off-gassing, VI by diffusion, VI by advection).  Photographs of 
the general set-up for pressure testing are included in Appendix B. 
 
3.3.1 Scope of Work 

Indoor air screening was conducted with the building at varying pressures relative to the 
building exterior to assess transport mechanisms of PCE to indoor air.  With the building at 
a positive pressure relative to the subslab, VI by advective pathways is theoretically cut off.  
Increases in PCE in indoor air when the building is under a positive pressure can be 
attributed to off-gassing of PCE from the concrete floors or walls, or by diffusion of PCE 
through the floor slab.  Conversely, with the building under negative pressure relative to 
the subslab, VI by advective pathways is theoretically enhanced.  An increase in PCE in 
indoor air when the building is under negative pressure would indicate VI is occurring by 
the advective pathway.  
 
A gas chromatograph with an electron capture detector (GC-ECD) was set up in B335 to 
sample and analyze indoor air for PCE and TCE at six locations (IA335-001 through IA335-
006 on Figure 4) for the duration of the testing.  The GC-ECD collected and analyzed an 
indoor air sample every 10 minutes, rotating through the 6 locations on a continuous basis, 
resulting in approximately one reading per hour at each location.  Two GC-ECD split 
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samples were collected using SUMMA® canisters and submitted for laboratory analysis for 
quality assurance/quality control (QA/QC) purposes.        
 
Three differential pressure (DP) transducers were set up in the doorways to measure and 
record the pressure differential between the interior and exterior of the building.  
Measurements were collected for the duration of the testing.   
 
Up to three 36-inch-diameter air circulating floor fans were placed in exterior doorways to 
either transfer air into or out of the building depending on the desired test conditions.  The 
fans were equipped with two speeds for a flow rate of up to 7,800 cubic feet per minute 
(CFM) each.  Air exchange rates (AER) were calculated as described in Exhibit 3-2.   
 
The general procedure for pressure testing was as follows: 
 
 The building was flushed with outside air to reduce the initial indoor air PCE 

concentrations as much as possible before starting the test.  Exterior doorways were 
opened, and the fans were placed in the doorways on a high setting, which resulted in 
an AER of 12 to 13 per hour. 

 Louvers on the exterior walls were then covered with plastic sheeting to decrease air 
leakage during pressure testing. 

 Floor fans were set up in the doorways with plastic sheeting around them to decrease 
leakage of outside air.   

 Floor fans were oriented to transfer outside air into the building to test the building 
under positive pressure. 

 Floor fans were oriented to exhaust air out of the building to test the building under 
negative pressure. 

The number of fans and doorways in which they were installed was adjusted to reach the 
desired differential pressure of at least 5 Pa.  Exhibit 3-2 presents a summary of tests and 
associated AER and differential pressure. 
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Exhibit 3-2:  Summary of Test Conditions 

Date Test Condition 
Air Exchanges 

Per Hour * 
Representative 
DP (Pascals)** 

12/5/2018 Building Flush #1 12 0.52 
12/5/2018 Positive Pressure Test #1 3.3 18 
12/6/2018 Negative Pressure Test #1 3.8 -25 
12/6/2018 Negative Pressure Test #2 2.0 -8.9 
12/6/2018 Negative Pressure Test #3 3.1 -16 
12/6/2018 Building Flush #2 13 5.2 
12/6/2018 Positive Pressure Test #2 4.4 24 
12/7/2018 Negative Pressure Test #4 1.9 -5.5 

*Air exchanges per hour were calculated using the following formula: 
AER = (60/[V/Q]) 
V = Building volume in cubic feet (ft3) 
Q = Air Flow Rate in cubic feet per minute (cfm) 

** Positive DP values indicate that the building interior is at a higher pressure than the building exterior (i.e., 
pressurized).  Negative DP values indicate that the building interior is at a lower pressure than the building 
exterior (i.e., under vacuum).  1 Pa = 0.004 inches of water column 
 
3.3.2 Results 

Time series charts showing DP measurements and PCE concentrations (measured using 
the GC-ECD) are provided in Appendix D.  The AER and DPs for each of the testing periods 
are also shown on the charts.  A summary of stabilized, representative PCE indoor air 
concentrations during the testing periods is provided in Table 2.  
 

3.3.2.1 Differential Pressure 

DP measurements confirmed that the building was either negative or positive relative to 
the building exterior during the associated tests.  These results demonstrate that the fans 
were capable of controlling building pressures as intended during the testing.  Note that 
the DPs were measured between the building interior and exterior, but were assumed to 
also reflect the relative changes in DP between the building interior and the subslab. 
 
During Positive Pressure (PP) testing, DPs ranged from approximately 15 to 25 Pascals, 
and during Negative Pressure (NP) testing, DPs ranged from approximately -5 to -25 
Pascals.  In general, a DP of 5-10 Pascals is presumed to be adequate to either suppress or 
enhance VI. 
 
In addition, changes in AER generally directly correlated with changes in DP measurements 
during PP and NP tests.  For example, the higher AER for PP Test #2 resulted in the building 
being more positive (higher DP) than during PP Test #1 when the AER was lower.     
 

3.3.2.2 Air Exchange Rate 

As shown in Exhibit 3-3, lower AERs generally resulted in higher PCE concentrations, while 
higher AERs generally resulted in lower PCE concentrations. 
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Exhibit 3-3: AER Versus PCE Concentrations in Indoor Air 

 
 

3.3.2.3 Key Findings 

The following discussion is based on the data presented in Table 2.  During the building 
flush-out periods, PCE concentrations decreased to between 28 and 99 µg/m3 (average = 
53 µg/m3) at AERs between 12 and 13 per hour.  These elevated concentrations even 
during significant ventilation suggest that relatively high air exchanges are not adequate to 
lower PCE concentrations to acceptable levels due to the combined effects of off-gassing, VI 
by diffusion, and VI by advection.   
 
During PP testing, PCE concentrations increased from between 28 and 45 µg/m3 to 
between 88 and 126 µg/m3 (average = 109 µg/m3).  Under positive building conditions, VI 
by advective pathways should be cut off in theory.  Therefore, the observed PCE increases 
confirm that off-gassing and/or VI by diffusion are contributing to PCE presence in indoor 
air. 
 
During NP testing, VI by advective pathways should in theory be enhanced due to the 
increased pressure gradient from the subslab into the building.  PCE stabilized at a higher 
concentration during NP testing (average = 165 µg/m3) than during PP testing (average = 
109 µg/m3), confirming that VI by the advective pathway is also contributing to PCE 
concentrations in indoor air. The results also showed that PCE concentrations were 
dependent on AER in addition to DP; PCE concentrations were found to decrease under 
higher AERs (and when the building was more negative).  This is likely the result of dilution 
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from fresh air being drawn through the leaky metal walls of the building, not just intrusion 
of soil vapor.   
 
A comparison of split SUMMA canisters with GC-ECD screening samples is provided in 
Appendix E, and the analytical laboratory report for the split SUMMA samples is provided 
in Appendix C.3. 
 
3.4 Subslab Vapor Monitoring Port Installation and Sampling 

Subslab vapor (SSV) monitoring ports SSV335-001 through SSV335-012 were installed on 
January 29, 2019.  The SSV port locations are shown on Figure 4 and were intended to 
provide generally broad coverage of the building footprint.   
 
3.4.1 Scope of Work 

The SSV ports consist of ¼-inch stainless steel tubing equipped with threaded connectors 
that penetrate the building slab.  A schematic of an SSV port is shown in Exhibit 3-4 below.   
 

 
 

Exhibit 3-4: Subslab Vapor Port  
 
Helium integrity testing was performed on two of the SSV ports on January 30, 2019 
following installation to confirm air tight seals around the slab penetration. 
 
The SSV ports were sampled on January 30, 2019 over a period of approximately 1 hour 
using 1-L SUMMA® canisters.  The samples were submitted to EATI for analysis of the site-
specific analyte list using USEPA Method TO-15 in full scan mode. 
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3.4.2 Results 

A summary of subslab vapor results is included in Table 3.  Laboratory analytical reports 
are provided in Appendix C.4.  Field forms that document the subslab vapor sample 
collection and integrity testing results are including in Appendix F. 
 
PCE was detected in each of the subslab vapor samples ranging in concentration from 
13,000 to 25,000,000 µg/m3.  The PCE results are shown on Figure 6 along with isopleths 
showing the inferred distribution of PCE in subslab vapor.  The highest concentration of 
PCE was detected in the area of the former stills, where subgrade PCE drain pipes have 
been identified on historical drawings.  Concentrations were also elevated in the area of the 
former PCE ASTs.  In general, PCE concentrations were higher in the northeastern half of 
the building where most of the PCE handling occurred.     
 
At the location of the highest passive sample result (PD335-05/SSV335-005), the subslab 
vapor concentration was two orders of magnitude lower than the highest subslab vapor 
concentration.  This inconsistency suggests that off-gassing from the concrete floor, rather 
than VI by diffusion, may be the primary contributor to the passive sample results in that 
area.  Anecdotal information suggests that this area was impacted by at least one PCE 
surface spill in the past. 
 
The subslab vapor sample results suggest: 
 
 PCE was likely released to the subsurface in the northwest corner of the building near 

the former stills via subsurface pipes or pits; 

 Subsurface releases may have occurred near the former PCE tanks;  

 VI is likely occurring by advection and diffusion through the floor slab (given the 
elevated PCE concentrations in subslab vapor); and 

 Interior PCE spills likely impacted the western portion of the building near SSV335-005. 

3.5 Mass Flux Testing 

Mass flux testing was conducted using fabricated flux chambers on January 29 and 30, 
2019 to further assess the transport mechanisms contributing to PCE in indoor air.  The 
main goal was to assess the flux of PCE into the building from off-gassing and VI by 
diffusion.   
 
3.5.1 Scope of Work 

A photograph of a flux chamber and its main components is provided in Exhibit 3-5. 
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Exhibit 3-5: Flux Chamber 

 
The chambers were constructed using a 3.4-L plastic container with a gasket secured to the 
open side of the container to create a seal when placed on the floor.  Two ports were drilled 
into the sides of the chamber to purge and sample the air within the chamber.  A weight 
was placed on top of the chamber to allow the gasket to maintain contact with the concrete 
floor during the test. 
 
The chambers were placed at the locations designated FT335-001 through FT335-006 on 
Figure 4.  The flux tests were co-located with the passive diffusion sampler locations to 
compare the results.  FT335-001 and FT335-002 were placed on the northwest and 
northeast concrete walls, respectively, at a height of approximately 5 feet above the floor 
slab (center of chamber).   FT335-003 through FT335-006 were placed on the floor slab.  In 
each case, the chambers were placed over areas where there were no visible cracks or 
other pathways for VI by advection.  Photographs of the flux chambers are included in 
Appendix B. 
 
With both sample ports open, 4 to 5 chamber volumes of ultra-high purity nitrogen were 
injected through one port to purge any initial VOC presence from the chamber.  Both 
sample ports were then closed, and the chamber was allowed to sit for a period of between 
40 and 60 minutes.  At the end of the test, a grab sample of the chamber air was collected 
through one of the sample ports using a 1-L SUMMA® canister.  The samples were 
submitted to EATI for analysis of the site-specific analyte list by USEPA Method TO-15. 
 
3.5.2 Results 

A summary of the analytical results for the flux chamber samples are provided in Table 4, 
and the analytical laboratory report is provided in Appendix C.4.  Mass flux of PCE from the 
walls and floor was calculated at each location using the following equation. 
 
Mass Flux = M/SA/T 
 
where: 
M = Mass of PCE in the chamber (µg)* 
SA = Surface area enclosed by the chamber (m2) 
T = Duration of test (days) 
*PCE mass was calculated by multiplying the volume of the chamber by the PCE concentration.   
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Calculated mass flux values are provided in Exhibit 3-6. 
 

Exhibit 3-6:  Calculated Mass Flux Values 
 

Flux Test Location 
Calculated PCE 

Mass Flux 
(µg/m2/day) 

FT335-001 (NW wall) 290 
FT335-002 (NE wall) 440 
FT335-003 (floor) 980 
FT335-004 (floor) 7,600 
FT335-005 (floor) 56,000 
FT335-006 (floor) 6,400 

 
The highest mass flux value was calculated at FT335-005, which is co-located with the 
passive sample with the highest PCE concentration and located in the area where at least 
one historical PCE spill occurred.   Like the passive sample, this location is outside of the 
area exhibiting the highest subslab vapor concentrations, indicating that the elevated mass 
flux is likely predominantly due to off-gassing from the slab rather than VI by diffusion or 
advection.   
 
The wall samples exhibited the lowest mass flux values, indicating limited off-gassing or 
diffusive VI from the walls (in the case of the east wall built into the hillside).    
 
Theoretical indoor air concentrations assuming steady-state, well-mixed conditions were 
calculated based on the mass flux values and assumed air exchange rates using the 
following equation: 
 
IA = MFlux/(AER*H) 
 
where: 
IA = Calculated PCE concentration in indoor air (µg/m3) 
MFlux = Mass flux (µg/m2/day) 
AER = Air exchange rate (1/day) 
H = Mixing height of the building (m) 
 
The results represent PCE concentrations from off-gassing and VI by diffusion and provide 
an estimate of the relative contribution from those pathways, and not VI by advection.   
 
Based on typical AER in buildings with modern HVAC systems (48 to 96 outside air 
exchanges per day), potential PCE concentrations in indoor air from off-gassing and VI by 
diffusion were calculated to range from 37 to 74 µg/m3.   
 
4.0 CONCLUSIONS AND IMPLICATIONS FOR MITIGATION 
A VI investigation was completed in B335 between November 2018 and February 2019 to 
assess impacts to subslab vapor and indoor air as a result of its former use as the facility’s 
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PCE recycling plant.  These investigations included indoor air grab sampling, passive 
diffusion sampling, building pressure testing and indoor air screening, subslab vapor 
sampling, and mass flux testing.  The building is currently vacant and used for storage. 
 
PCE was detected at a concentration of 560 µg/m3 in an indoor air grab sample collected 
from the building in November 2018, indicating that the building is not suitable for 
occupancy under current conditions as compared to NYSDOH's guidance value of 30 
ug/m3.4   
 
The results of the VI investigation indicated that three transport mechanisms are likely 
contributing to the PCE presence in indoor air: off-gassing of PCE from the slab, VI through 
the slab by diffusion, and VI through floor cracks and other advective pathways. 
 
Based on these results, a multi-faceted mitigation approach would likely be needed to 
adequately lower PCE concentrations in indoor air.  Potential mitigation techniques include 
floor sealants to address off-gassing and diffusion, a subslab depressurization system 
(SSDS) to address advective VI, active HVAC to increase AER and building pressure, and/or 
a vented floor constructed over the existing slab.  It is difficult to predict if these measures 
would be sufficient to lower PCE indoor air concentrations to levels suitable for routine 
occupancy.  Based on our experience with VI mitigation and the results of this study, we 
believe it would be challenging to reduce PCE indoor air concentrations to acceptable levels 
in this building using the above measures.  
 
Given the building’s historical use as the PCE recycling plant and the very high PCE 
concentrations in subslab vapor, IBM is considering conducting a RCRA Facility 
Investigation (RFI) to evaluate the potential source of PCE, including assessment of the 
magnitude and extent of subsurface contamination and the feasibility of remediation, if 
appropriate. 
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4  Tetrachloroethene (PERC) in Indoor and Outdoor Air, September 2013 Fact Sheet, New York State 

Department of Health, Bureau of Toxic Substance Assessment. 
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Table 1
Summary of Grab Indoor Air Analytical Results

Building 335
Former IBM East Fishkill Facility

Hopewell Junction, New York

Sample Name IAB335-Grab
Collection Date 11/7/2018

  Acetone µg/m3 13
  Benzene µg/m3 <2.5
  Carbon tetrachloride µg/m3 <0.98
  CFC113 (Ethane, 1,1,2-trichloro-1,2,2-trifluoro-) µg/m3 <5.9
  Chlorobenzene (Monochlorobenzene) µg/m3 <3.6
  Dichlorobenzene (1,2-) µg/m3 <4.6
  Dichlorobenzene (1,3-) µg/m3 <4.6
  Dichlorobenzene (1,4-) µg/m3 <4.6
  Dichlorodifluoromethane (CFC12) µg/m3 <19
  Dichloroethene (1,1-) µg/m3 <0.31
  Dichloroethene (cis-1,2-) µg/m3 1.4
  Ethylbenzene µg/m3 <3.4
  Methylene Chloride (Dichloromethane) µg/m3 <5.4
  Tetrachloroethene (PCE) µg/m3 560
  Toluene µg/m3 3.6
  Trichlorobenzene (1,2,4-) µg/m3 <29
  Trichloroethane (1,1,1-) µg/m3 <4.2
  Trichloroethene (TCE) µg/m3 1.8
  Trichlorofluoromethane (CFC11) µg/m3 <4.4
  Vinyl chloride µg/m3 <0.20
  Xylene (m,p-) µg/m3 5.4
  Xylene (o-) µg/m3 <3.4

  Analyte

Notes:

1.  The results represent a grab sample collected by Sanborn Head Engineering P.C. on the date 
indicated in a 6L SUMMA canister.  The sample was analyzed by Eurofins Air Toxics of Folsom, 
California for the project-specific  list of volatile organic compounds (VOCs) by United States 
Protection Agency (USEPA) Method TO-15 using a combination of full scan and selective ion 
monitoring (SIM) mode.  

2.  Results are presented in micrograms per cubic meter (µg/m³).

3.  Results are displayed with two significant figures.

4. "<" indicates the analyte is non-detect at or above the indicated sample specific practical 
quantification limit (PQL).

\\conserv1\shdata\2900s\2999.06\Source Files\201904 B335 Summary Report\
Tables\2018-11_B335_IA Grab Tbl.xlsx Page 1 of 1 Sanborn, Head Engineering, PC



Table 2
Summary of PCE Screening Results During Building Pressure Testing

Building 335
Former IBM East Fishkill Facility

Hopewell Junction, New York

Stabilized PCE Concentration (µg/m3)
IA335-001 IA335-002 IA335-003 IA335-004 IA335-005 IA335-006

Baseline (Pre-Testing Conditions) NM 405 399 406 400 400 386
Building Flush #1 12 62 62 6 45 46 78
Positive Pressure Test #1 3.3 126 119 118 109 122 119
Resting Overnight #1 NM 349 343 338 345 349 345
Negative Pressure Test #1 3.8 159 158 112 148 152 143
Negative Pressure Test #2 2.0 186 183 159 170 173 174
Negative Pressure Test #3 3.1 172 168 138 143 153 169
Building Flush #2 1.3 29 32 2 28 45 99
Positive Pressure Test #2 4.4 100 101 9 88 98 107
Resting Overnight #2 NM 301 300 292 304 296 284
Negative Pressure Test #4 1.9 186 180 164 177 194 201

Notes
1.  Indoor air samples were collected and analyzed by Sanborn Head using a portable gas chromatograph with electron capture detector (GC-ECD).
2.  IA335-003 was located near a floor fan for the building flushes and Positive Pressure Test #2.  Therefore, the concentrations
are not representative of typical indoor air concentrations during those tests because of the intense mixing in front of the fan.

Air Exchange 
Rate per HourTest Period

P:\2900s\2999.06\Source Files\201904 B335 Summary Report\Tables\201903-PressureTestSummary.xlsx Page 1 of 1 Sanborn, Head Engineering, PC



Table 3
Summary of Subslab Vapor Analytical Results

Building 335
Former IBM East Fishkill Facility

Hopewell Junction, New York

Sample Name SSV335-001 SSV335-002 SSV335-003 SSV335-004 SSV335-005 SSV335-006 SSV335-007 SSV335-008 SSV335-009 SSV335-010 SSV335-011 SSV335-011 Dup SSV335-012

Collection Date 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019
  Acetone ug/m3 <150 <830 <5,900 <23,000 <12,000 <220 <120,000 <200,000 <29,000 <1,200 <57,000 <49,000 <73,000
  Benzene ug/m3 <20 <280 <2,000 <7,800 <4,000 <29 <39,000 <68,000 <9,700 <390 <19,000 <16,000 <24,000
  Carbon tetrachloride ug/m3 <39 <550 <3,900 <15,000 <7,900 <58 <77,000 <130,000 <19,000 <770 <38,000 <32,000 <48,000
  CFC113 (Ethane, 1,1,2-trichloro-1,2,2-trifluoro-) ug/m3 <47 <670 <4,800 <19,000 <9,600 <70 <94,000 <160,000 <23,000 <940 <46,000 <39,000 <59,000
  Chlorobenzene (Monochlorobenzene) ug/m3 <28 <400 <2,900 <11,000 <5,800 <42 <57,000 <98,000 <14,000 <570 <28,000 <24,000 <35,000
  Dichlorobenzene (1,2-) ug/m3 <37 <520 <3,800 <15,000 <7,500 <55 <74,000 <130,000 <18,000 <740 <36,000 <31,000 <46,000
  Dichlorobenzene (1,3-) ug/m3 <37 <520 <3,800 <15,000 <7,500 <55 <74,000 <130,000 <18,000 <740 <36,000 <31,000 <46,000
  Dichlorobenzene (1,4-) ug/m3 <37 <520 <3,800 <15,000 <7,500 <55 <74,000 <130,000 <18,000 <740 <36,000 <31,000 <46,000
  Dichlorodifluoromethane (CFC12) ug/m3 <30 <430 <3,100 <12,000 <6,200 <45 <61,000 <100,000 <15,000 <610 <30,000 <25,000 <38,000
  Dichloroethene (1,1-) ug/m3 <24 <340 <2,500 <9,700 <5,000 <36 <49,000 <85,000 <12,000 <490 <24,000 <20,000 <30,000
  Dichloroethene (cis-1,2-) ug/m3 <24 <340 <2,500 <9,700 <5,000 150 110,000 <85,000 <12,000 <490 <24,000 <20,000 <30,000
  Ethylbenzene ug/m3 <27 <380 <2,700 <10,000 <5,400 <40 <53,000 <93,000 <13,000 <530 <26,000 <22,000 <33,000
  Methylene Chloride (Dichloromethane) ug/m3 <210 <1,200 <8,700 <34,000 <17,000 <320 <170,000 <300,000 <42,000 <1,700 <84,000 <71,000 <110,000
  Tetrachloroethene (PCE) ug/m3 13,000 100,000 580,000 660,000 370,000 14,000 15,000,000 25,000,000 2,500,000 88,000 3,800,000 3,000,000 7,700,000
  Toluene ug/m3 <23 <330 <2,400 <9,200 <4,700 <34 <46,000 <81,000 <11,000 <460 <23,000 <19,000 <29,000
  Trichlorobenzene (1,2,4-) ug/m3 <180 <2,600 <18,000 <72,000 <37,000 <270 <360,000 <640,000 <90,000 <3,600 <180,000 <150,000 <230,000
  Trichloroethane (1,1,1-) ug/m3 <34 <470 <3,400 <13,000 <6,800 <50 <67,000 <120,000 <16,000 <670 <33,000 <28,000 <42,000
  Trichloroethene (TCE) ug/m3 160 1,700 <3,400 <13,000 <6,700 350 70,000 <120,000 <16,000 <660 <32,000 <28,000 <41,000
  Trichlorofluoromethane (CFC11) ug/m3 <34 <490 <3,500 <14,000 <7,000 <51 <69,000 <120,000 <17,000 <690 <34,000 <29,000 <43,000
  Vinyl chloride ug/m3 <16 <220 <1,600 <6,200 <3,200 <23 <31,000 <55,000 <7,800 <310 <15,000 <13,000 <20,000
  Xylene (m,p-) ug/m3 <27 <380 <2,700 <10,000 <5,400 <40 <53,000 <93,000 <13,000 <530 <26,000 <22,000 <33,000
  Xylene (o-) ug/m3 <27 <380 <2,700 <10,000 <5,400 <40 <53,000 <93,000 <13,000 <530 <26,000 <22,000 <33,000

  Analyte

Notes:

1.  Subslab vapor samples were collected by Sanborn Head Engineering P.C. in 1L SUMMA® canisters over a period of approximately 1 hour.  The samples were analyzed by Eurofins Air Toxics of Folsom, California for the project-specific  list of volatile organic compounds (VOCs) by United 
States Environmental Protection Agency (USEPA) Method TO-15 in full scan mode.  

2.  Results are presented in micrograms per cubic meter (µg/m³).

3.  Results are displayed with two significant figures.

4. "<" indicates the analyte is non-detect at or above the indicated sample specific practical quantification limit (PQL).
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Table 4
Summary of Flux Chamber Analytical Results

Building 335
Former IBM East Fishkill Facility

Hopewell Junction, New York

Sample Name FT335-001-60G FT335-002-40G FT335-003-40G FT335-004-40G FT335-005-40G FT335-006-40G
Collection Date 1/29/2019 1/29/2019 1/29/2019 1/29/2019 1/30/2019 1/30/2019

  Acetone ug/m3 33 <30 <25 <30 <120 <28
  Benzene ug/m3 <4.3 <4.0 <3.4 <4.0 <16 <3.8
  Carbon tetrachloride ug/m3 <8.4 <7.8 <6.6 <7.9 <31 <7.6
  CFC113 (Ethane, 1,1,2-trichloro-1,2,2-trifluoro-) ug/m3 <10 <9.5 <8.0 <9.6 <38 <9.2
  Chlorobenzene (Monochlorobenzene) ug/m3 <6.2 <5.7 <4.8 <5.8 <23 <5.5
  Dichlorobenzene (1,2-) ug/m3 <8.0 <7.5 <6.3 <7.5 <30 <7.2
  Dichlorobenzene (1,3-) ug/m3 <8.0 <7.5 <6.3 <7.5 <30 <7.2
  Dichlorobenzene (1,4-) ug/m3 <8.0 <7.5 <6.3 <7.5 <30 <7.2
  Dichlorodifluoromethane (CFC12) ug/m3 <6.6 <6.2 <5.2 <6.2 <24 <5.9
  Dichloroethene (1,1-) ug/m3 <5.3 <4.9 <4.2 <5.0 <19 <4.8
  Dichloroethene (cis-1,2-) ug/m3 <5.3 <4.9 <4.2 7.9 <19 <4.8
  Ethylbenzene ug/m3 <5.8 <5.4 13 13 <21 <5.2
  Methylene Chloride (Dichloromethane) ug/m3 <46 <43 <36 <43 <170 <42
  Tetrachloroethene (PCE) ug/m3 180 180 400 3,100 23,000 2,600
  Toluene ug/m3 <5.0 <4.7 5.6 5.2 <18 <4.5
  Trichlorobenzene (1,2,4-) ug/m3 <40 <37 <31 <37 <140 <36
  Trichloroethane (1,1,1-) ug/m3 <7.3 <6.8 <5.7 <6.8 <27 <6.5
  Trichloroethene (TCE) ug/m3 <7.2 <6.7 <5.6 11 34 37
  Trichlorofluoromethane (CFC11) ug/m3 <7.5 <7.0 <5.9 <7.0 <28 <6.7
  Vinyl chloride ug/m3 <3.4 <3.2 <2.7 <3.2 <12 <3.1
  Xylene (m,p-) ug/m3 <5.8 <5.4 70 66 38 20
  Xylene (o-) ug/m3 <5.8 <5.4 21 22 <21 8.4

  Analyte

Notes:

1.  Flux chamber samples were grab samples collected by Sanborn Head Engineering P.C. on the dates indicated in 1L SUMMA® canisters.  The samples were analyzed by Eurofins Air Toxics of 
Folsom, California for the project-specific  list of volatile organic compounds (VOCs) by United States Environmental Protection Agency (USEPA) Method TO-15 in full scan mode.  

2.  Results are presented in micrograms per cubic meter (µg/m³).

3.  Results are displayed with two significant figures.

4. "<" indicates the analyte is non-detect at or above the indicated sample specific practical quantification limit (PQL).
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Notes
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facing down.

2.  Samplers were deployed on November 26,
2018 and retrieved on November 28, 2018.

3.    Results shown are for PCE in units of µg/m3.

PCE Isopleth in µg/m3. Results represent
PCE concentrations just above the floor
slab.

PCE concentration in µg/m3 for samples
collected using passive sampler300

Figure Narrative
This figure shows the results of indoor air sampling
conducted using passive diffusion samplers in
B335. The results represent PCE concentrations
just above the floor slab, and may be indicative of
off-gassing from the floor slab.

300
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Concentration Isopleths
for Tetrachloroethene in

Subslab Vapor

Figure 6

H. Pothier / E. Wright
J. Sanborn
D. Shea
2999.06
April 2019

PCE Concentration in µg/m³

Figure Narrative
This figure presents the tetrachlorethene
(PCE) concentrations detected in subslab
vapor in B335.  Samples were collected on
January 30, 2019 by Sanborn, Head
Engineering PC using 1-L SUMMA canisters
with 1-hour flow controllers.

The colored shading represents inferred PCE
concentrations below the slab based on the
results of the samples collected at the
monitoring ports.  Other interpretations are
possible.

Subslab Vapor Port LocationE

13,000

PCE Concentration in Subslab Vapor
(µg/m³)

<50,000

50,000 - 500,000

500,000 - 5,000,000
>5,000,000
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APPENDIX A 
SHPC LIMITATIONS 

 
1. The findings and conclusions described in this report are based in part on the data 

obtained from a finite number of samples from widely spaced locations.  The figures are 
intended to depict inferred conditions during a given period of time, consistent with 
available information.  The actual conditions will vary from that shown, both spatially 
and temporally.  Other interpretations are possible.  The nature and extent of variations 
between sampling locations may not become evident until further investigation is 
initiated. If variations or other latent conditions then appear evident, it may be 
necessary to re-evaluate the conclusions of this report. 

2. The conclusions contained in this report are based in part upon various types of 
chemical data as well as historical and hydrogeologic information developed by 
previous investigators.  While SHPC has reviewed that data available to us at the time 
the report was prepared and information as stated in this report, any of SHPC’s 
interpretations and conclusions that have relied on that information will be contingent 
on its validity.  SHPC has not performed an independent assessment of the reliability of 
the data; should additional chemical data, historical information, or hydrogeologic 
information become available in the future, such information should be reviewed by 
SHPC and the interpretations and conclusions presented herein may be modified 
accordingly. 

3. Additional compounds not searched for during the current study may be present in 
vapor and indoor air at the site. Moreover, it should be noted that variations in the 
types and concentrations of contaminants and variations in their distribution within the 
vapor and indoor air may occur due to the passage of time, seasonal water table 
fluctuations, recharge events, and other factors. 

4. This report has been prepared for the exclusive use of the IBM Corporation for specific 
application to the former IBM East Fishkill facility in accordance with generally 
accepted hydrogeologic and engineering practices.  No warranty, expressed or implied, 
is made. The contents of this report should not be relied on by any other party without 
the express written consent of SHPC. 

5. In preparing this report, SHPC has endeavored to conform to generally accepted 
practices of other consultants undertaking similar studies at the same time and in the 
same geographical area. SHPC has attempted to observe a degree of care and skill 
generally exercised by the technical community under similar circumstances and 
conditions.  
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Photo 1: View of Building 335 looking north 
 
 
 

Photo 2: View of Building 335 and air louvers, looking east 
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Photo 3: B335 Interior, looking north  
 
 
 

Photo 4: B335 Interior, looking southwest 
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Photo 5: B335 Interior, looking northeast toward the area of the former stills (left) and PCE ASTs 
(right) 

 
 
 

Photo 6: Passive sampler deployed face-down on floor slab 
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Photo 7: Close-up of passive sampler deployed face-down on floor slab  
 
 
 

 
Photo 8: GC-ECD set-up during pressure testing 
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Photo 9: Fans during flush-out for pressure testing  
 
 
 

Photo 10: Fan and surrounding plastic during positive pressure test 
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Photo 11: Close-up of air louvers covered with plastic during pressure testing 
 
 
 

Photo 12: Flux chamber set up on floor covered with weights.  Sampling syringe connected to port for 
GC-ECD screening 
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Photo 13: Close-up of flux chamber set up on floor being held down with a weight 
 
 
 

Photo 14: Flux chamber fastened to wall with straps 
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Photo 15: Flux chamber fastened to wall during nitrogen flush-out 
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APPENDIX C 

ANALYTICAL LABORATORY REPORTS 

C.1 – INDOOR AIR GRAB SAMPLE
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ANALYTICAL LABORATORY REPORTS 

C.2 - PASSIVE DIFFUSION SAMPLES
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C.3 – PRESSURE TESTING SPLIT SAMPLES 
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C.4 – SUBSLAB VAPOR AND FLUX CHAMBER SAMPLES 
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Appendix E
Relative Percent Difference Summary 

Building 335
Former IBM East Fishkill Facility

Hopewell Junction, New York 

Sample
Date
Test
Sample Type GC-ECD Summa - Grab GC-ECD Summa - Grab
Units µg/m³ µg/m³ % µg/m³ µg/m³ %
PCE 122 104 16 156 214 31
TCE <1.0 0.33 - <1.0 0.86 - 

RPDRPD

IAB335-005

End of Positive Pressure Test
12/5/2018

End of Negative Pressure Test
12/6/2018
IAB335-002

Notes:

1.  SUMMA® grab samples were collected by Sanborn Head Engineering P.C. on the dates indicated in 6L SUMMA® 
canisters at approximately the same time as the paired GC-ECD screening sample.  Grab samples were analyzed by 
Eurofins Air Toxics of Folsom, California for trichloroethene (TCE) and tetrachloroethene (PCE) by United States 
Protection Agency (USEPA) Method TO-15 in selective ion monitoring (SIM) mode.  

2. % RPD is the relative percent difference, calculated by the formula:
| Result1 - Result2 | / (( Result1 + Result2 ) / 2 ) * 100

3.  Results are presented in micrograms per cubic meter (µg/m³).

20181205_RPD.xlsx Page 1 of 1 Sanborn, Head Engineering, PC
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Soil Vapor Sampling Summary

SOIL VAPOR SAMPLE RECORD

Location No. SSV335-001 SSV335-002 SSV335-003 SSV335-004 SSV335-005 SSV335-006 SSV335-007 SSV335-008 SSV335-009 SSV335-010 SSV335-011 DUP SSV335-012

Pre-purge DP (in H20) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -- 0.000

Duplicate Designation -- -- -- -- -- -- -- -- -- -- DUP SSV335-011 --

Sample Date 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19 01/30/19

Sample Collection Depth (ft bgs) 0.62 0.58 1.04 0.80 0.60 0.50 1.07 1.26 ~1.8 0.78 0.96 -- 1.21

Ambient Air Temp (°F) 55-60 55-60 55-60 55-60 55-60 55-60 55-60 55-60 55-60 55-60 55-60 55-60 55-60

purge Vacuum in Wc ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 -- ≤2

Summa Canister Sampling

Approx. Purge Volume (mL) 12 12 15 13 12 11 15 16 20 13 14 -- 16

Canister/Flow Controller ID No. 3340 3329 3459 3462 3339 3360 3327 1L 2271 3366 3458 3341 3336 3369

Start Time (hrs) 8:15 8:21 8:29 8:36 8:42 8:57 8:47 8:52 9:05 9:12 8:02 8:02 9:16

Start Pressure (inches Hg) -30 -29.5 -30.5 -30 -29 -30 -30 -30 -30 -30 -28.5 -29 -29

Stop Time (hrs) 9:15 9:21 9:29 9:36 9:42 9:57 9:49 9:52 10:12 10:14 10:42 10:42 10:16

Stop Pressure (inches Hg) -6.5 -5 -7.0 -7.0 -6.0 -4.5 -6.0 -7.0 -6.5 -7.0 -7.0 -5.5 -5.0

Field Screening

PID (ppmv) 3,625 29.8 152.7 316 180.8 5,578 7,940 >10000 1,166 25.35 2,040 -- 4,438

Comment No.

COMMENTS

 

 Project Manager:  J. Sanborn

Other:   PID Meter Used:  ppbRAE

 Collector(s):  M. Stein 

 Project No.:  2999.06

 Project Name:   B335 VI Assessment

 Location:   Former IBM East Fishkill Facility (B335)

1.

2.

3.

\Templates\Forms\SoilVaporCanagFSS.xltx Page 1 of 1 Sanborn, Head & Associates, Inc.



Soil Vapor Implant Integrity Testing Summary

Date:  1/30/19    

INTEGRITY TESTING RECORD

Location No. SSV335-004 SSV335-004 SSV335-007 SSV335-007

Vacuum (in H20) 0.1± 0.30 max 0.1± 0.30 max

Time to fill 1 liter Bag (min) 5.25 1.5 5 1.5

Approx. Flow Rate (L/min) 0.2 0.7 0.2 0.7

Tracer Gas Applied? Y Y Y Y

Tracer Gas Concentration (ppmv) ND ND ND ND

PID (ppmv) 15.74 139.9 837.2 2574

Testing Date 1/30/2019 1/30/2019 1/30/2019 1/30/2019

Screen Interval Depth (ft bgs) 0.80 -- 1.07 --

Ambient Air Temp (°F) 55-60 55-60 55-60 55-60

Weather Conditions Bld Interior Bld Interior Bld Interior Bld Interior

Comment No.

 PID Meter Used:  ppbRAE
 Other: Magnehelic

COMMENTS

 He Meter Used: Dielectric MGD-200

 Project No.: 2999.06

 Project Name: B335 VI Assessment
 Location: Former IBM East Fishkill Facility (B335)

 Project Manager: J. Sanborn  Collector(s):  M. Stein

Abbreviations:
max = maximum obtained vacuum;
Y = Yes;
ND = Not Detected.

\Templates\Forms\SVImplantIntegrityTest.xltx Page 1 of 1 Sanborn, Head & Associates, Inc.
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