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INITIAL POST-CONSTRUCTION  

VMS MONITORING REPORT 

The Bungalows Buildings 1-4 

1233 Bockman Road 

San Lorenzo, California 

1.0 INTRODUCTION 

The initial round of post-construction vapor mitigation system (VMS) riser air sampling was 

conducted at the Site on 27 March 2017 in general accordance with the Revised VIMS Basis of 

Design Report (Pangea, 18 January 2017). This Initial Post-Construction VMS Riser Monitoring 

Report has been prepared by Langan on behalf of PaulsCorp, LLC for Buildings 1 through 4 of 

the new residential development at the property located at 1233 Bockman Road (“Site”) in 

Palo Alto, California (Figure 1).  

The lead regulatory agency for this Site is the Alameda County Department of Environmental 

Health (ACDEH), and the site has been assigned Case No. RO0003217. This Site is listed in the 

California State Water Resources Control Board (SWRCB), “Geotracker,” as case number 

T1000009292 and is what is known as an “active cleanup program” site. 

2.0 BACKGROUND 

The Site is bounded by Bockman Road to the south and residences to the south, east, and 

west (see Figure 1). A complex of two-story residential townhomes is currently under 

construction at the Site. A partial vapor mitigation system (VMS) was installed at Buildings 1 

through 4 as part of the new development to mitigate the potential risk to human health of 

intrusion into indoor air of volatile organic compounds (VOCs) from beneath the floor slab of the 

structure, and to collect potential VOCs that would otherwise accumulate beneath the floor slab 

and vent them to the atmosphere outside the structure. Previous site investigations indicated 

several VOCs, including benzene, ethylbenzene, and tetrachloroethene (PCE) in soil gas at 

concentrations that may pose a potential risk to indoor air quality for future residential users at 

Buildings 1 through 4. In general, the VOC presence at the western portion of the Site beneath 

Buildings 1 through 4 may be associated with historic releases at the former automotive repair 

facility at 1415 Bockman Road. The VMS system was designed to address these contaminants 

of concern (COCs) for Buildings 1 through 4. 
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The main components of the VMS, a description of the installation, quality assurance/quality 

control (QA/QC) procedures, and observation activities are described in the Draft Final 

Completion Report for the VMS at Buildings 1 through 4, dated 3 April 2017, prepared by 

Langan and submitted to the ACDEH (Langan, 2016). VMS designs for Buildings 5 through 10 

are pending. Separate Basis of Design, VMS Completion, and Sampling and Monitoring reports 

will be prepared for these buildings on the eastern portion of the Site at a later date.  

3.0 GENERAL VAPOR MITIGATION SYSTEM DESIGN 

Available data indicates that VOC concentrations in soil gas beneath Buildings 1 through 4 are 

generally below conservative environmental screening levels. Absent longer-term data, ACDEH 

is requiring initial vapor intrusion mitigation measures with contingent measures based on 

subsequent riser air sampling data at Buildings 1 through 4. To mitigate potential risk to human 

health of intrusion of VOC vapors from beneath the floor slab into Buildings 1 through 4, which 

are currently under construction, ACDEH has approved the following vapor mitigation approach: 

 Soil vapor collection and venting system to allow any soil vapors that would otherwise 

collect beneath the slab to migrate and vent to the atmosphere outside the building. 

This component consists of a network of horizontal perforated pipes within a layer of 

crushed rock below the building slab, which are connected to vertical risers with passive 

wind turbines at the building roof level;  

 Exterior inlet vents to facilitate convective airflow up the vertical riser pipe of the 

collection and venting system by allowing fresh air to enter the space beneath the 

building slab; and  

 Contingent installation of an above-slab vapor barrier membrane system (e.g., Retro-

Coat™ by Land Science®), applied to the building floor slab across the entire accessible 

building footprint based on results of post-construction VMS riser air sampling. 

Although Buildings 1 through 4 are still under construction, all required components of the VMS 

system were completed prior to this sampling event; the contingent vapor barrier membrane 

has not been installed, pending the results of three planned rounds of VMS monitoring. 

To meet geotechnical specifications, a moisture barrier (10-mil Viper II, Class C) was installed 

beneath Buildings 1 through 4 to prevent the intrusion of water vapor. The moisture barrier 

does not comply with the October 2011 Vapor Intrusion Mitigation Advisory issued by the 
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California Department of Substances Control, which specifies a 60-mil thickness sub-slab 

barrier (DTSC, 2011). Therefore the barrier is relied upon solely as a moisture barrier and not for 

mitigating the intrusion of VOCs. If VOC concentrations in the riser air samples are found, 

during VMS monitoring, to exceed 75% of the applicable environmental screening levels 

established by the San Francisco Regional Water Quality Control Board (RWQCB), the 

contingent above-slab vapor barrier membrane (Retro-coat) will be installed for the building(s) of 

concern. To minimize potential damage, the contingent Retro-coat would be installed after 

most construction is complete and just before final floor finishes. 

4.0 AIR SAMPLING AND PERFORMANCE MONITORING  

To evaluate the effectiveness of the VMS and to assess the risk of vapor intrusion from the 

sub-slab soil gas into indoor air, post-construction riser air sampling was conducted at the Site 

on 27 March 2017 in general accordance with the Revised VIMS Basis of Design Report 

(Pangea, 18 January 2017).  

4.1 Sample Collection Locations and Procedures 

Samples were collected from each of the two risers at Buildings 1 through 4 (8 riser samples 

total). One duplicate sample was collected as part of QA/QC protocol for the sampling event. 

All samples were collected into 1-liter stainless steel Summa canisters with flow controllers 

and sent under chain-of-custody control to K-Prime Technologies Inc., a California-certified 

analytical laboratory based in Santa Rosa, California, for chemical analysis.  

Sample locations are depicted on Figure 2. Laboratory analytical results for the samples 

collected are summarized in Table 1. Table 2 presents air flow measurements taken from the 

riser sample ports at ground level. Field observation reports and site photographs can be found 

in Appendix A and B, respectively. The laboratory analytical report is included as Appendix C. 
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4.2 Summary and Evaluation of Results 

Table 1 presents VOC analytical sampling results for the COCs. VOC analytical results were 

compared to commercial or residential ESLs for soil gas, as established by the RWQCB in 

February 20161.  

All detected concentrations of COCs (benzene, ethylbenzene, and PCE) were at least two 

orders of magnitude lower than their respective ESLs and benzene, ethylbenzene, and PCE 

were detected at concentrations well below 75% of their respective ESLs in any samples for 

Buildings 1 through 4 (the criteria established to determine if the contingent above-slab vapor 

barrier membrane is needed). 

The duplicate sample at B1-R1 had fewer detections of the compounds that were detected in 

the B1-R1 sample. This may be attributed to an equipment malfunction with the tee splitter, 

such as a leak or clog in the sampling train, which was used to collect the B1-R1 sample and 

duplicate. The compounds and concentrations detected in the B1-R1 were similar to all other 

samples, so it appears that only the duplicate was affected by the equipment malfunction or 

operational error. 

4.3 Post-Construction Performance Monitoring  

Table 2 presents air flow measurements taken at the riser sample ports located at the ground 

level (B1-R1 through B4-R2). Using the average flow rate for the risers, the number of sub-slab 

air exchanges per day was calculated as follows: 

                   (
         

   
)   

[        (
          

      
)  

          

    
 

        

   
]  [                                ] 

Separate air exchange rates were calculated for each of the buildings depending on the building 

layout (4-plex, 5-plex, or 6-plex). The calculated average flow rate for Building 1 (4-plex) was 

1  San Francisco Regional Water Quality Control Board Environmental Screening Levels; February 2016 

Revision 3.  
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6 exchanges per day. The calculated average flow rate for Building 2 (5-plex) was 3 exchanges 

per day. The calculated average flow rate for Buildings 3 and 4 (6-plex) was 5 exchanges per 

day.  

The average calculated air exchange rates and flow rates indicate that the VMS is operating 

properly in general accordance with the intent of the design by inducing air flow within the layer 

of crushed rock beneath the building slab and venting the VOCs to the rooftop risers. In our 

experience, exchange rates may range between 0.03 and 3.7 exchanges per day (Reinis, 2010). 

Thus, the number of sub-slab air exchanges per day observed at the site fall within or slightly 

above the anticipated range. The effective porosity (n) of the permeable material, which is 

approximately 20% to 30% (n = 0.2 to 0.3), is ignored in these calculations; therefore, the 

calculated value for the air exchange rate is likely lower (i.e. more conservative) than the actual 

values, which may be 3 to 5 times greater.  

5.0 CONCLUSIONS  

Based on the results of this initial round of post-construction riser air sampling, it is our opinion 

that the VMS is successfully mitigating the intrusion of the COCs through the floor slab and 

successfully venting them to the atmosphere. 

Monitoring should therefore continue according to the schedule requested by the ACDEH in an 

email dated 4 January 2017:  

 One month after the initial post-construction riser air monitoring, i.e., end of April 2017;  

 Two months after the initial post-construction riser air monitoring, i.e., end of May 2017. 

After the third (i.e., the May 2017) riser air monitoring event, a comprehensive evaluation of all 

results will be performed to assess whether the contingent above-slab vapor barrier membrane 

is needed. Future rounds of air sampling will be conducted in accordance with the Revised 

VIMS Basis of Design Report (Pangea, 18 January 2017) approved by the ACDEH. 

The monitoring results will be reported in separate Sampling and Monitoring Reports. All 

reports will be submitted to the ACDEH within 15 days of obtaining laboratory analytical results. 
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Table 1

Riser Air Monitoring Analytical Results 

Volatile Organic Compounds (VOCs)

The Bungalows Buildings 1-4

1233 Bockman Road

San Lorenzo, California

Langan Project:  770625803

April 2017

Benzene Ethylbenzene PCE

B1-R1-032717 (DUP) 3/27/2017 <0.319/<0.319 1.30/<0.136 0.666/<0.0868

B1-R2-032717 3/27/2017 <0.319 1.10 0.814

B2-R1-032717 3/27/2017 <0.639 0.728 0.406

B2-R2-032717 3/27/2017 0.482 2.00 0.220

B3-R1-032717 3/27/2017 <1.60 0.689 1.22

B3-R2-032717 3/27/2017 <0.319 1.08 0.233

B4-R1-032717 3/27/2017 <0.319 1.15 1.54

B4-R2-032717 3/27/2017 0.332 1.73 0.476

48 560 240

Notes:

BOLD values exceed corresponding ESL

µg/m
3
 - micrograms per cubic meter

PCE - Tetrachloroethene

<0.319 - Analyte was not detected at or above the laboratory reporting limit (0.319 µg/m
3
)

Residential ESLs represent values shown in Table SG-1: Subslab/Soil Gas Vapor Intrusion Human Health 

Risk Screening Levels (Volatile Chemicals Only) of the San Francisco Regional Water Quality Control 

Board's Environmental Screening Levels dated February 2016

Sample ID Sample Date
Sample Results (µg/m3)

Environmental Screening Levels (ESLs)

Residential

DUP - Duplicate sample for quality assurance/quality control, duplicate value shown in 

DRAFT



Table 2

VMS Riser Flow Measurements

The Bungalows Buildings 1-4

1233 Bockman Road

San Lorenzo, California

Langan Project:  770625803

April 2017

ft/min cfm

B1-R1 62 3 3,980 0.33 1,327 3

B1-R2 161 8 3,980 0.33 1,327 9

B2-R1 145 7 4,909 0.33 1,636 6

B2-R2 3 0.1 4,909 0.33 1,636 0.1

B3-R1 142 7 5,838 0.33 1,946 5

B3-R2 160 8 5,838 0.33 1,946 6

B4-R1 138 7 5,838 0.33 1,946 5

B4-R2 144 7 5,838 0.33 1,946 5

Notes:

cfm - cubic feet per minute

Flow measured with Veloci Calc Meter
VMS - Vapor mitigation system

ft
2
 - square feet

ft
3
 - cubic feet

*Building footprint excludes porch/deck area that is not underlain by the VMS

Building

1

2

3

4

4-plex

5-plex

6-plex

Building 

Footprint*

(ft
2
)

Riser 

Sample Port 

at Ground 

Level 

Flow Measurement 
Gravel Layer 

Thickness

(ft)

Gravel Layer 

Volume

(ft
3
)

Exchange Rate 

(exchanges/day)
Sample ID

Sample 

Location

Building 

Type

Average Exchange 

Rate Per Building 

(exchanges/day)

6

3

5

5
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APPENDIX A 

 

FIELD INVESTIGATION DAILY REPORT 

DATED 27 MARCH 2017  

  



i^kd^k FIELD REPORT NO.  __5___ 

 Sheet 1 of 1 
 

Project:   The Bungalows – 1233 Bockman Drive  Project No: 770625803  
Subject:   FIELD OBSERVATION DAILY REPORT  Date: 3/27/2017  
Field Engineer:   Jessica Schaettle  To:  Sigrida Reinis  
Time:  10:35 AM to 3:30 PM  (plus travel and reporting)  Weather: sunny, 70°F, breezy  
Reviewed by:   S. Reinis   Date:  4/14/17      
 

 

Attachments:   none  
   Initials   JS 

1035  Arrive at 1233 Bockman Drive  
 
1040 Check in with DCI and meet Caleb. Walk to Buildings 1, 2, 3, and 4 to locate risers. All risers, 

sampling ports, and wind turbines are in place. 
 
1100 Begin attaching flow controllers to 1-Liter SUMMA canisters and checking equipment.  
 
1145 Move to Building 1 to begin velocity measurements and sampling. Samples are labeled BX-RY-

Date where X is the building number and Y designates the riser number at each building (i.e. 1 
for the riser on the south side of the building and 2 for the riser on the north side of the 
building). Before velocity is measured, the sampling port must be removed in order to insert the 
TSI Velocicalc “wand”. The sampling port is then re-positioned for sampling. 1/4”Teflon tubing 
cannot fit over sampling port so a short piece of silicone tubing is used. The sampling port 
attachment is fairly short and Teflon tubing is held in place to ensure it does not become 
detached. Measured velocity at each 3-inch diameter riser is given in Table 1, below.  

 
1245 Move to Building 2 and repeat flow measurements and sampling. 
 
1325 Move to Building 3 and repeat flow measurements and sampling. Note that when B3-R2-

032717 is opened at the canister but not at the flow controller, the vacuum appears to drop. 
Suspect faulty flow controller as sample was collected in only 3 minutes.   

 
1400 Move to Building 4 and repeat flow measurements and sampling. 
 
1445 Remove flow controllers from SUMMA canisters and pack up all equipment. Make record of 

canister and gage IDs for each sample.  
 
1530 Leave site. 
 
 

Table 1 – Airflow Velocity in Risers 
 

 Sample Velocity (ft/min) 

B1-R1-032717 62 

B1-R2-032717 161 

B2-R1-032717 145 

B2-R2-032717 3 

B3-R1-032717 142 

B3-R2-032717 160 

B4-R1-032717 138 

B4-R2-032717 144 
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Photograph 1 – View of The Bungalows Buildings 1 through 4 with Wind Turbines installed at Roof Level. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 2 – Riser Sampling Port at Exterior Wall at Ground Level (typical). 
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Photograph 3 – Riser Sampling Port at Exterior Wall at Ground Level (typical). 

 

  
 

Photograph 4 –Riser Air Sample Being Collected into 1-Liter Summa Canister (typical). 
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