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Section 1.0 Introduction 

Conestoga-Rovers & Associates (CRA) has prepared this Vapor Intrusion Pathway Mitigation Systems 
Design Plan (VM Systems Design Plan), on behalf of Occidental Chemical Corporation (OCC), as 
follow-up to the December 24, 2013 Draft Vapor Mitigation Systems Work Plan and that 
incorporates comments from United States Environmental Protection Agency (USEPA) detailed in their 
June 14, 2014 letter.  This VM Systems Design Plan presents the design of vapor mitigation systems for 
selected buildings on the OCC Property and Port of Tacoma controlled properties (POT Properties).  The 
OCC Office Building, and Buildings 326 and 532 on the POT Properties were selected for mitigation 
following indoor air and sub-slab vapor sampling conducted in April 2013 and June to July 2013, 
which identified Site-related contaminants in the sub-slab vapor and indoor air above screening 
levels, driving the need to install vapor mitigation systems in these buildings.  This VM Systems 
Design Plan presents the mitigation systems design and installation process to be followed, and 
identifies the monitoring, reporting, and schedule associated with the work.  It also discusses the 
May 2014 identification of sub-slab ducting at Building 326, and the additional duct investigation/ 
decommissioning and vapor investigation work to be completed at Building 326 before a final decision is 
made regarding the need for mitigation of Building 326.  The mitigation plans presented herein for 
Building 326 should therefore be considered preliminary pending a final decision that mitigation is even 
needed. 
 
The three buildings selected for mitigation are shown on Figure 1. 
 
This VM Systems Design Plan is organized as follows: 
 
• Section 1.0 Presents the introduction, purpose, and organization of this VM Systems Design Plan 

• Section 2.0 Presents the design goals, selected approach, parameter determination, and design 
criteria applied to the sub-slab depressurization systems (SSDSs) for each building 

• Section 3.0 Presents the supporting evaluations for the SSDSs planned for each building 

• Section 4.0 Presents the mitigation systems installation process for each building 

• Section 5.0 Presents the start-up and potential installation of supplemental system components 

• Section 6.0 Identifies the operation, maintenance, and monitoring (OM&M) aspect of this design 

• Section 7.0 Identifies the reporting associated with the work 

• Section 8.0 Identifies the schedule associated with the work 

 
 
Section 2.0 Design Basis 

This section presents the design goals, selected approach, parameter determination, and design criteria 
applied to the SSDSs for each building. 
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2.1 Design Goals 

The goal of the full-scale SSDSs is to minimize the potential for sub-slab vapor migration into the indoor 
air of the occupied areas of the subject buildings.  System operational objectives are to: 
 
• Demonstrate a sufficient vacuum radius of influence (ROI) (i.e., negative pressure field extension) 

beneath the floor slab such that a minimum differential pressure can be maintained between the 
sub-slab and the indoor atmosphere, regardless of heating, ventilation, and air conditioning (HVAC) 
conditions.  A minimum vacuum of 1 Pascal (Pa), or 0.004 inch water column (in. w.c.) is the 
generally accepted minimum requirement which conforms to the USEPA guidance for maintaining 
adequate depressurization under the floor slab of large buildings (Radon Prevention in the Design 
and Construction of Schools and Other Large Buildings, EPA/625/R-92/016). 

• Maintain and operate the systems continuously with minimal downtime. 

• Demonstrate by direct measurement and/or modeling that concentrations of volatile organic 
compounds (VOCs) in the exhaust discharged to the atmosphere are below applicable criteria. 

 
2.2 Selected Approach and Design Parameters 

SSDSs have been designed and will be installed.  Based on performance of these mitigation systems, the 
need for additional extraction or monitoring points will be determined and installation of supplemental 
depressurization components will be performed.  Thus, the design process will employ the following 
iterative approach and selected design parameters: 
 
• Install the number of extraction points needed based on a typical areal density of one per 

6,000 square feet (sq ft).  This corresponds to an ROI of approximately 50 feet (ft) for each 
extraction point and is typical for SSDS performance. 

• Assume typical mitigation fan performance capacity of 50 cubic feet per minute (cfm) at 15 in. w.c. 
vacuum for each extraction point. 

• Test that an adequate pressure field extension (1 Pa) is achieved throughout the sub-slab target 
area. 

• If sub-slab areas have poor communication and do not exhibit the minimal required negative 
pressure, then install additional extraction points and/or mitigation fans to extend the pressure field 
to these areas. 

 
Using this approach, vapor mitigation systems have been designed to provide vacuum coverage across 
the entire footprint of each of the selected buildings. 
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2.3 Design Criteria 

Basic design criteria have been determined consistent with the approach discussed above, including 
extraction point density, mitigation fan selection, achievable flow rates and applied vacuum, and pipe 
sizing to minimize friction losses (calculations in Appendix A) and are presented below: 
 
• Effective ROI of 50 ft. 

• Flow rate of 50 cfm at 15 in. w.c. vacuum at each extraction point. 

• A dedicated fan for each extraction point in the mitigation systems at Building 326 and the OCC 
Office Building.  A Radonaway Model HS2000 high flow fan (or equal) will be the standard mitigation 
fan. 

• Building 532 will employ a larger blower (New York Blower Model 2306A or equal) manifolded to all 
the extraction points within the building.  Due to the size of the area requiring mitigation, individual 
fans are not practical. 

• Approximate areal coverage of 6,000 sq ft per extraction point/fan system. 

• Building 532 extraction points will have 2-inch diameter carbon steel pipe to 6 ft above the floor to 
provide protection from damage.  All other piping will be minimum 3-inch diameter for pipe runs of 
50 ft or less from extraction point to discharge point and minimum 4-inch diameter for pipe runs 
over 50 ft. 

• Install differential pressure sub-slab vapor monitoring points (SSVMPs) in target areas at locations 
furthest from extraction points or adjacent to office/break room areas in Building 532. 

• Maintain minimum vacuum of 1 Pa (0.004 in. w.c.) at SSVMPs. 

 
 
Section 3.0 Sub-Slab Depressurization System Building Evaluations 

Initial building visits were conducted by the design engineer during September 24-28, 2012.  Sampling of 
indoor air and sub-slab soil vapors was conducted in April 2013 and June to July 2013.  Based on the 
sampling results, Building 532 was subsequently re-visited on November 19, 2013 and 
December 6, 2013 for the purpose of expanding the mitigation system to provide sub-slab 
depressurization beneath the entire building footprint, rather than to specific internal offices areas only.  
Draft design documents were submitted to the POT for review in the form of a Tenant Improvement 
Request on January 28, 2014.  A site walk-through with representatives of the POT occurred on 
February 19, 2014.  In response to this submittal and the site walk-through, POT supplied their 
comments and requirements to proceed with this work on February 20 and March 5, 2014.  Those 
requirements are incorporated into this document and the attached design drawings as appropriate.  A 
final set of drawings were sent to the POT for internal review.  The POT's internal staffing review 
identified previously undisclosed building characteristics for Building 326, specifically the potential for 
HVAC ducting to be in use running beneath the concrete floor slab.  These details were shared with CRA 
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on May 15, 2014 via email from the POT's project manager.  A building walk was completed by CRA and 
POT HVAC staff on May 21, 2014 to investigate the use of these sub-slab HVAC ducts.  It was determined 
that at least one and potentially two cold air HVAC return ducts were in use beneath the slab.  The 
information was presented to the USEPA in an email from GSH on May 22, 2014. 
 
Based on the design criteria, the SSDSs will consist of the following for each building: 
 

Building 
Number of Soil Vapor 

Extraction Points 
Number of 

Mitigation Fans 
Number of 

SSVMPs 

OCC Office Building 1 1 3 
Building 326 4 4 3 
Building 532 16 1 7 

 
The locations of proposed extraction points, mitigation fans, piping routes, and SSVMPs for each 
building are shown in the Design Specification Drawings in Appendix B.  Final locations of the extraction 
points, mitigation fans, piping runs, and SSVMPs may be modified slightly based on accessibility, location 
of support columns along which piping will be routed, obstructions or structures identified beneath the 
slab, and owner/tenant preferences.  The spacing of extraction points will provide conservative coverage 
of each building's footprint with an estimated ROI of 50 ft. 
 
 
Section 4.0 Sub-Slab Depressurization System Installation 

Schematics of the extraction systems to be installed in each of the buildings are shown in the Design 
Specification Drawings in Appendix B.  In general, each system will consist of an extraction point, piping, 
sample port, pressure gauge, a mitigation fan, and discharge piping.  The system in Building 532 will 
connect multiple extraction points to one blower.  While the final selected locations of floor 
penetrations will take the potential for utilities (especially plumbing) into consideration, all work on 
extraction and SSVMP installation other than drilling and coring of concrete, will be performed by hand.  
If agreement regarding the locations of floor penetrations relative to potential utilities cannot be 
reached between all parties, then the location may be adjusted or a private utility locate service may be 
employed.  During installation activities, close attention will be paid to noting potential vapor intrusion 
pathways such as utility penetrations, floor/wall joints, and cracks in proximity of the areas targeted for 
mitigation.  Identified pathways will be addressed during the start-up period.  A description of the 
materials and methods to be used for installation of the SSDSs is provided below.  Additional details and 
specifications are presented on the design drawings.  Manufacturer cut sheets for the mitigation fans, 
vacuum gauges, SSVMP cover, and recommended vacuum and flow monitoring instruments are 
provided in Appendix C. 
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For Buildings 326 and 532, the POT requires that: 
 
• All extraction piping is to be installed as close as possible to building walls, columns, or support 

beams, and in no case more than 3 ft from the wall/column/beam to the center of pipe unless 
approved by the engineer and POT. 

• Protective barriers shall be installed as needed to protect piping from damage.  Enclosures need to 
be provided for piping that is not located in a protected location, such as a small closet.  This 
includes piping on the exterior of a building, as well as in the operational areas of buildings.  Interior 
enclosures may be steel angle railing and painted safety yellow for visibility around the pipe.  
Exterior enclosures will be steel framing with siding/trim to match existing.  Enclosures shall be kept 
as small as possible and no larger than 4 ft x 4 ft.  The contractor will be directed on this need by the 
engineer and POT. 

• Any exterior galvanized components shall be painted such that no galvanized surfaces are exposed. 

 
For materials generated during installation: 
 
• Dust mitigation measures are to be used to keep cement dust generation to a minimum.  Any 

concrete, soil, or other debris generated will be containerized for characterization and proper 
disposal by OCC. 

• If any suspected or known asbestos-containing material is encountered in an area that cannot be 
avoided, then it shall be removed or encapsulated as necessary by appropriately licensed persons. 

 
Exhaust stacks will extend to above the roof as per building codes, supported as appropriate, and the 
discharge point will be greater than 10 ft from all HVAC intakes, windows, doors, and other potential 
air intakes to each building (greater distances from building openings will be considered where practical).  
All work is to comply with all local, state, and federal building codes, and mechanical and electrical 
installation is to be provided by a properly licensed contractor.  OCC will be required to obtain any 
required building, air discharge, or local ordinance permits or exemptions. 
 
4.1 OCC Office Building 

The OCC Office Building extraction point will be constructed by coring a 6-inch diameter hole in the floor 
slab and hand excavation of the soil/gravel from beneath the concrete slab to form a "pit" of 
approximately 1 cubic foot.  All removed soil, concrete cores, or debris generated will be containerized 
and properly disposed.  A perforated 3-inch diameter polyvinyl chloride (PVC) pipe covered in a filter 
sock will be installed in the "pit" and bedded in clean pea gravel.  The perforated pipe and filter sock will 
prevent dust and debris from being drawn into the system.  A 3-inch Schedule 40 PVC pipe will be 
connected to the 3-inch perforated pipe with a PVC coupler.  The annular space between the piping 
and concrete will be sealed using non-shrink grout.  The extraction piping will be attached to the nearest 
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vertical structural support (i.e., column or wall) and then connected to overhead piping.  A vacuum 
gauge that measures in the 0 to 30 in. w.c. range and a 1/4-inch sample port will be installed on the 
vertical pipe approximately 5 ft above the floor penetration.  A simple visual inspection of the 
pressure gauge will show if the fan system is operating.  Instructions will be posted on each riser pipe 
indicating whom to contact if the extraction point is not operating properly. 
 
Overhead horizontal piping will be installed to the mitigation fan location via the most direct possible 
route to minimize friction losses and will be sloped back towards the extraction point at a 1 percent 
slope in case condensation occurs in the line.  The extraction piping will penetrate the east exterior wall 
and will discharge to the atmosphere via a vertical exhaust pipe. 
 
The vacuum for the soil vapor extraction unit in the OCC Office Building will be provided by a 
Radonaway HS2000 centrifugal in-line fan or equivalent.  The fan will be installed above the ceiling of 
the building.  Access must be available for servicing.  A 120-volt power source will be required for the 
mitigation fan. 
 
4.2 Building 326 

As discussed above, recent plan reviews have identified the potential for HVAC ducting to still be 
present and in operation beneath the concrete slab in Building 326.  A plan for the investigation, 
mapping, rerouting, and subsequent decommissioning of the HVAC ducting is being completed.  HVAC 
investigation work is currently being planned and is scheduled to be completed in July.  Preliminary 
decommissioning plans call for the access points to be sealed with high density closed cell foam, sheet 
metal and plywood.  The seals are designed to be removable should it be determined post sampling that 
building mitigation design could be adjusted to include the sub-slab ducts as evacuation points for the 
system.  Following the successful mapping of the sub-slab ducts, a new HVAC plan will be prepared by 
OCC for the POT's review.  The new HVAC plan will be designed to address the building's needs following 
the decommissioning of the sub-slab ducts.  The new building HVAC system will be designed per POT 
specification to meet the needs of the POT and their building tenants, all new HVAC ducting will be in 
the buildings walls or ceiling.  Once a new plan has been approved by the POT and commissioned, the 
existing sub-slab HVAC ducts will be decommissioned to eliminate the preferential pathway for sub-slab 
vapor intrusion into the building. 
 
Following the rerouting of the HVAC and the decommissioning of the sub-slab HVAC ducts, Building 326 
will be reevaluated for potential vapor intrusion.  Within 2 weeks after the final decommissioning work, 
an addendum to the approved Vapor Investigation Work Plan will be submitted to the Agencies, for 
post-decommissioning sampling at Building 326 consistent with previous round 3 sampling 
(i.e., including both passive Radiello® badges and Summa™ canisters).  The passive badges will again be 
deployed for a 7-day sample collection with the indoor and ambient Summa™ canisters set for 24-hour 
collection.  A single sub-slab vapor sample will be collected from location SS-7 within the GR Silicate 
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portion of Building 326.  The sub-slab sampling will be consistent with all previous sub-slab samples, and 
be 2 hours in duration.  A total of four indoor samples and one ambient outdoor sample will be 
collected.  A co-located sample will be collected at location IA-7 with one additional sample collected in 
the GR Silicate side of the building.  With the exception of the co-located sample at location IA-7, the 
three other indoor samples will be biased to areas near decommissioned ducting.  Passive indoor badges 
will be deployed along side each of the indoor and outdoor sampling locations for a 7-day sample 
duration.  The sampling methodologies described above are preliminary.  Final proposed sample 
locations and sampling details will be submitted in the addendum to the approved Vapor Investigation 
Work Plan as described above. 
 
Post-decommissioning sampling results will be used to assess the necessity for continued mitigation 
planning at Building 326.  Rerouting of the cold air return ducts and securing other potential open 
conduits may eliminate the need for any additional infrastructure improvements and subsequent active 
mitigation.  If however, the indoor air quality remains unchanged or is still adversely impacted by 
sub-slab vapors a final mitigation decision for Building 326 will be completed.  A preliminary mitigation 
design for Building 326 is discussed below. 
 
The Building 326 extraction points will each be constructed by excavating a shallow hole outside the 
building to enable coring a 6-inch diameter hole through the building foundation wall.  After 
determining the location of any underground utilities in the area, the hole will be opened by hand 
excavation or careful use of a small excavator.  Surface soil from this excavation will be stockpiled and 
used to backfill the hole unless odors are noted, in which case, the soil, concrete cores, or debris 
generated will be containerized and properly disposed.  Once the hole through the foundation wall is 
cored, the soil/gravel from beneath the concrete slab will be removed to form a void of approximately 
1 cubic foot.  All removed soil from beneath the floor slab will be containerized and properly disposed.  
A perforated 3-inch diameter PVC pipe covered in a filter sock will be installed in the "pit" and bedded in 
clean pea gravel.  The perforated pipe and filter sock will prevent dust and debris from being drawn into 
the system.  A 3-inch Schedule 40 PVC pipe will be connected to the 3-inch perforated pipe with a PVC 
coupler.  The annular space between the piping and concrete will be sealed using non-shrink grout.  The 
3-inch extraction piping will be attached to exterior wall for support.  The mitigation fan will be 
mounted to the exterior wall in line with the extraction piping at a height convenient for servicing as 
needed.  A vacuum gauge that measures in the 0- to 30-in. w.c. range and a 1/4-inch sample port will 
be installed on the vertical pipe below the mitigation fan.  A simple visual inspection of the pressure 
gauge will show if the fan system is operating.  Instructions will be posted on each riser pipe indicating 
whom to contact if the extraction point is not operating properly. 
 
The vacuum for each soil vapor extraction point at Building 326 will be provided by a Radonaway 
HS2000 centrifugal in-line fan or equivalent.  Each mitigation fan will require connection to a 120-volt 
minimum 15-amp power source, either on a dedicated circuit (preferred) or plugged into an existing 
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outlet.  The four fans could be on a single circuit.  All are fractional horsepower (HP) units; therefore, 
one 20-amp circuit should suffice if two or more fans are on one circuit. 
 
The area disturbed during installation shall be restored to the same or better condition than before 
work began.  Any affected plantings will be replaced or replanted.  Concrete or asphalt surfaces are to 
be cut out with square edges and replaced. 
 
4.3 Building 532 

The Building 532 extraction points will be constructed by coring an 8-inch diameter hole in the floor slab 
and hand excavation of the soil/gravel from beneath the concrete slab to form a "pit" of approximately 
1 cubic foot.  All removed soil, concrete, or debris will be containerized and properly disposed.  A 
perforated 4-inch diameter PVC pipe covered in a filter sock will be installed in the "pit" and bedded in 
clean pea gravel.  The perforated pipe and filter sock will prevent dust and debris from being drawn into 
the system.  A 2-inch Schedule 40 carbon steel pipe will be connected to the 4-inch perforated pipe with 
a PVC coupler.  The annular space between the piping and concrete will be sealed using non-shrink 
grout.  The 2-inch diameter extraction piping will be attached to the nearest vertical structural support 
(i.e., column or wall) to a height of approximately 6 ft, and then connected to overhead PVC piping.  A 
vacuum gauge that measures in the 0- to 30-in. w.c. range and a 1/4-inch sample port will be installed 
on the vertical pipe approximately 5 ft above the floor penetration.  A simple visual inspection of the 
pressure gauge will show if the fan system is operating properly.  Instructions will be posted on each 
riser pipe indicating whom to contact in the case that the extraction point is not operating properly. 
 
All piping to approximately 6 ft above the top of floor is to be carbon steel to protect it from accidental 
bumps and incidental damage.  This piping will be painted safety yellow for visibility. 
 
The piping will transition to PVC for the overhead pipe runs as shown on Building 532 Figure ME-01 in 
Appendix B.  Pipe routing will generally be as shown on Figure ME-01, allowing for minor variations 
based on actual field conditions to maximize proper installation.  Pipe sizes and fittings will be as shown.  
All pipes will be adequately supported using mechanical supports, beam clamps, and threaded metal rod 
as needed to maintain installation with no major elevation changes unless approved by engineer.  
Horizontal piping is to be run with a slight pitch (not more than 1 percent) toward the extraction point.  
Overhead piping must be installed at an adequate height and alignment so as not to interfere with 
doors, openings, areas requiring access, or internal building traffic or activities. 
 
The piping will exit the building through the east wall of the building and connect to the blower unit to 
be installed within a small (approximately 10 ft x 12 ft) portable building in this area.  Typically, a 
wooden shed is used, but can be any type of enclosure (e.g., metal building, cargo box) as approved by 
the POT. 
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A pre-packaged blower skid and portable building/enclosure will be specified by engineer.  The 
Contractor is required to provide and install this structure on a suitably-sized concrete pad or solid 
surface and provide mechanical and electrical connections per specifications.  The existing power source 
and electrical tie-in details need to be evaluated in the field by a licensed electrician to determine 
whether the blower can be connected into the existing electrical system or if installation of a separate 
power supply is necessary, as this blower will be much larger than the blowers to be installed at the 
other buildings (expected to be 10 to 15 HP).  An anticipated minimum service requirement of 3-phase 
240V/60A or 3-phase 480V/40A is required at the blower location. 
 
4.4 Sub-Slab Vapor Monitoring Point Installation 

The locations of the SSVMPs will be selected in a manner that places them at a maximum distance from 
the soil vapor extraction points or will be biased toward the office spaces in Building 532.  Since a 
maximum distance location is considered a "worst case scenario" with regards to the pressure field 
extension, concentric rings of SSVMPs closer to the extraction points are not required.  However, 
should it be determined that insufficient vacuum exists at a SSVMP, additional SSVMPs may be 
necessary to evaluate the deficiency as well as for confirmation that any performed modifications are 
effective. 
 
The SSVMPs will be installed through the concrete or asphalt floor to below the floor slab.  The annular 
space between the stainless steel or brass pipe and concrete slab will be filled with non-VOC emitting 
caulk or non-shrink grout.  The SSVMPs will be capped to prevent vapor from entering the building as 
well as preventing the short-circuiting of the SSDS. 
 
 
Section 5.0 System Start-Up and Installation of Supplemental 

Depressurization Systems 

Installation of the initial extraction points and SSVMPs will be followed by sealing of identified VI 
pathways and a 1-month start-up monitoring period to confirm the SSDSs are functioning as designed 
and acceptable pressure field extension results are observed. 
 
5.1 Minimization of VI Pathways 

Before system start-up, all potential VI pathways identified during the initial Site walkover and during 
installation activities (e.g., water and drain pipes, HVAC, utility penetrations, monitoring-well protective 
casings, floor/wall joints, floor cracks, expansion joints, etc.) will be addressed.  Sealing any potential 
pathways with a flexible, expandable, urethane sealant will prevent short-circuiting of the system and 
further minimize the potential for VI into the building.  Any additional potential VI pathways that are 
identified over the course of future operations will be inspected and evaluated.  Based on this 
evaluation, a recommended plan of action will be prepared. 
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5.2 System Start-Up, Operational Testing, and Monitoring 

During system installation, start-up, and operations, data will be collected to evaluate the efficiency and 
effectiveness of each SSDS.  Following system construction, system start-up will be completed during a 
1-month testing period as follows: 
 
1. Pneumatic-pressure testing will be performed to test the entire above-grade piping and fitting 

connections for any possible leaks. 

2. Current meteorological conditions, including barometric pressure and temperature, will be 
recorded.  In addition, current ambient conditions (e.g., rain, sun, etc.) will be recorded along 
with whether the barometric pressure is currently rising or falling. 

3. A baseline measurement of differential pressures will be made to determine ambient sub-slab 
pressure conditions with respect to current meteorological and HVAC operating conditions. 

4. The system will be started and the vacuum at the extraction point will be recorded.  System 
operation will be observed to ensure proper operation.  For buildings with more than one SSDS, 
the systems will be started sequentially such that proper operation of each fan can be 
confirmed. 

5. At approximately 30 minutes, 1 hour, and 4 hours after start-up, the following parameters will 
be collected: 

• Measurement of induced vacuum at all SSVMPs and existing probe locations within or near 
the expected ROI 

• Measurement of flow by pitot tube or hot tip anemometer though the sample port and 
vacuum at each extraction point 

• Collection of photoionization detector (PID) readings from each extraction point 

6. After 1 full day of operation after system start-up, the following parameters will be measured: 

• Measurement of induced vacuum at each SSVMP and appropriate existing probe locations 

• Measurement of flow and vacuum at each extraction point location 

• Collection of PID readings from each extraction point location 

• Collection of PID readings from each discharge pipe 

7. To verify the need for emissions treatment, approximately 24 hours following start-up of each of 
the SSD systems, an air sample of the vapor stream in each discharge pipe will be collected while 
the system is operating using 1 liter or larger Summa™ canisters.  These samples will be 
analyzed using EPA Method TO-15.  Flow rate information and PID measurements from each 
discharge pipe will also be measured and recorded. 

8. Measurement of vacuum at the SSVMPs and appropriate existing probe locations, and flow and 
vacuum at the extraction points will be repeated periodically every 1 or 2 days for the next week 
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until adequate pressure field extension (1 Pa) is observed or until readings stabilize.  At the 
same time, PID measurements will be collected from each discharge pipe. 

9. If the minimum differential pressure of 1 Pa is not observed at the installed SSVMPs and 
appropriate existing probe locations, then further testing and system adjustments will be 
conducted to determine the need for supplemental components to the initial systems.  The 
vacuum influence of each extraction point will be measured individually to determine the area 
of influence for each extraction point and to ensure that the area of influence for each 
extraction point overlaps the area of influence for nearby extraction points.  If the sub-slab 
vacuum in an area is found to be less than 1 Pa or overlap does not exist, then additional 
extraction points and/or mitigation fans will be installed to ensure adequate pressure 
differential is established and maintained throughout the entire target area.  POT approval will 
be required prior to installation of additional extraction or monitoring points. 

10. Steps 8 and 9 will be repeated until acceptable pressure field extension is achieved. 

 
5.3 Emissions 

Emissions from each building will be evaluated relative to the substantive requirements presented by 
Puget Sound Clean Air Agency (PSCAA).  According to PSCAA, vapor mitigation systems such as these are 
exempt from permitting as long as the emissions do not exceed the following loading criteria: 
 
• Greater than 15 pounds per year of benzene or vinyl chloride 

• Greater than 500 pounds per year of tetrachloroethene (PCE) 

• Greater than 1,000 pounds per year of toxic air contaminants 

 
Initial loading calculations were prepared for each of the three proposed systems.  Each building and 
system is treated as separate operating units.  The loading calculations were completed using sub-slab 
vapor data collected during round one sub-slab sampling in April 2013 and air flow data provided in the 
design of each system.  The conclusions from these calculations suggest the following worst case loading 
scenarios: 
 
• This Building 532 system is designed to have the highest flow rate (800 CFM).  A review of the 

sub-slab data reveals the highest concentrations are 24 micrograms per cubic metre (µg/m3) for 
1,1,1-TCA, 27 µg/m3 for PCE, and 27 µg/m3 for TCE.  Initial calculations show emission levels for 
Building 532 of less than 1 pound per year for each of the above parameters.  This discharge 
scenario meets the PSCAA exemption criteria. 

• Emissions from Building 326 are projected to be less than those estimated from Building 532 as both 
system flows and measured sub-slab contaminant concentrations are lower.  This discharge scenario 
meets the PSCAA exemption criteria. 
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• OCC Office Building has the highest potential discharge rates of the three proposed systems.  
Considering the proposed air flows and the measured contaminant concentrations, the resulting 
projected loading for TCE and PCE is 24 and 40 pounds per year, respectively.  These loading rates 
are both under the exemption criteria listed above for these compounds. 

 
Initial projection calculations show the proposed systems meet the exemption criteria as detailed by 
PSCAA.  Post-construction monitoring data collected per Item 7 of Section 5.2 will be used to facilitate 
verification of the initial evaluation. 
 
Emissions treatment (vapor-phase carbon in drums or vessels) will be employed as needed.  For 
Building 532 (single discharge from blower building), carbon vessels would be situated either within or 
adjacent to the blower building.  For Building 326 (four discharges) and the OCC Office Building 
(one discharge), carbon drums would be installed individually for each discharge, as needed. 
 
5.4 Condensate 

Sloping of the extraction piping back toward the extraction pits is standard precautionary practice to 
discourage any condensation that does occur from getting drawn into the blower fans. 
 
The system in the OCC Office Building will be mostly enclosed within the indoor environment and the 
building is heated; therefore, cooling of the sub-slab air as it passes through the piping should not occur, 
resulting in minimal condensate formation. 
 
The outdoor piping on Building 326 has the potential to generate condensate; however, these piping 
routes are vertical and fairly short (15 ft) so any withdrawn air should exit the piping before the air cools 
and a significant amount of condensate can form. 
 
The blower system at Building 532 will be designed to incorporate a lower velocity condensate vessel or 
"knock-out pot" as part of the blower skid.  The knock out pot will create a lower velocity area to permit 
moisture to condense out of the air stream before entering the blower fan.  The piping system is 
designed to move a relatively high volume of air and much of the piping is within an enclosed 
environment, thereby minimizing the amount of cooling of the withdrawn air that will occur within the 
pipes. 
 
For each of the systems, the amount of condensate that could find its way back to the extraction pit 
should be insufficient to adversely affect the extraction pit's performance; however, if condensate does 
become a problem at any extraction pit, then condensate traps will be installed as needed. 
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Section 6.0 Operation, Maintenance, and Monitoring Plan 

Following installation and successful start-up of the mitigation systems, the effectiveness of the 
installations will be confirmed through two semiannual monitoring events that will include, for each 
mitigated building, sampling of the indoor air and outdoor air, sampling of the air discharged by the 
mitigation system, and an inventory of the chemicals used in the building.  The two semiannual 
confirmational monitoring events will be scheduled to characterize conditions during both the heating 
and non-heating seasons.  Upon completion of the start-up period and receipt of results of the first 
semiannual monitoring event, sample results and an OM&M Plan including as-built drawings, equipment 
operating instructions, sampling frequencies, parameters, and methods, inspection procedures and 
checklists, and reporting requirements will be prepared that outlines the required activities that will be 
necessary to operate the system on a long-term basis.  Results of the second confirmational monitoring 
event will be submitted approximately 6 months later. 
 
The systems will be operated by OCC and will include alarms that will activate if the blowers are not 
operating.  The alarms on each of the three systems will likely be an audible and lighted alarm local to 
the specific blower unit.  System verification inspections will be conducted by the OCC operators every 
2 weeks for the first 6 months of operations.  The inspection schedule will be revised after 6 months of 
operation.  The tenants will be provided a contingency plan with notification numbers for all appropriate 
OCC operators and staff deemed appropriate by POT officials. 
 
If confirmational monitoring shows that indoor air concentrations exceed applicable criteria, then a 
reassessment of the system will be undertaken in consideration of the inventory of chemicals used in 
the building, to determine the need for additional mitigation. 
 
Periodic monitoring will be necessary for as long as the mitigation systems are in operation.  Long-term 
monitoring is typically done quarterly for a year, then less frequently (usually annually) for the duration 
of operation of the mitigation systems.  During these visits, the following activities will be performed: 
 
• Vacuum and flow at each of the extraction points will be measured. 

• PID measurements and colorimetric tube analysis of vapor at the extraction points will be collected. 

• Maintenance of system components, especially confirming proper operation of the fan system, and 
any needed repairs will be performed.  Repairs or replacement of malfunctioning system 
components and response to any low vacuum conditions will be conducted immediately upon 
identification of these conditions. 

 
 
Section 7.0 Reporting 

Following completion system installation, start-up activities, and the first round of confirmational 
monitoring, the results of the monitoring and OM&M Plan, including as-built drawings, equipment 
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operating instructions, sampling frequencies, parameters, and methods, inspection procedures and 
checklists, and reporting requirements will be submitted to the Agency, with copies to the POT. 
 
Approximately 4 to 5 months after completion of the first round of confirmational monitoring, the 
second round of confirmational monitoring will be performed and the results will be submitted to the 
Agency, with copies to the POT. 
 
An annual report of system operation will be submitted to the Agency, with copies to the POT.  A fact 
sheet or letter describing the results will be prepared following each sampling event to inform building 
tenants of the results.  The first and second confirmation monitoring events and annual monitoring 
reports will include the collected TO-15 data, PID readings, and annual discharge estimations. 
 
 
Section 8.0 Schedule 

The estimated schedule for the major tasks is shown below.  The actual schedule will be subject to 
finalization of an access agreement between OCC and the POT, POT final approval of the designs, and 
the need for air permitting, and outcome of the Building 326 HVAC investigation, decommissioning, and 
commissioning. 
 

Task Estimated Schedule 

Building 326 HVAC investigation, decommissioning, and commissioning July 2014 
Contractor Procurement and VM System Installation July-September 2014 
Start-up Monitoring September-October 2014 
First Confirmational Monitoring Event October-November 2014 
Submittal of Results of First Confirmational Monitoring Event and 
OM&M Plan 

December 2014 

Second Confirmational Monitoring Event March 2015 
Submittal of Results of Second Confirmational Monitoring Event April 2015 
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Page 1 of 1
APPENDIX A

OCCIDENTAL CHEMICAL CORPORATION
PORT OF TACOMA VAPOR MITIGATION SYSTEM

PIPE FRICTION LOSS ESTIMATION

Building 532

Leg Pipe Size Max. Flow Friction Loss Friction Loss Pipe Length

(inches) (SCFM) (in. wc/ft) 1 (in. Hg/100 ft) 2 (ft) (in. wc) (in. Hg)

1 2" 50 0.0475 0.25 15 0.7125 1.6667
4" 50 < 0.014 0.01 75 1.05 0.0133
4" 100 0.014 0.03 65 0.91 0.0462
4" 150 0.014 0.06 75 1.05 0.0800
6" 200 < 0.014 0.005 75 1.05 0.0067
6" 250 < 0.014 0.022 110 1.54 0.0200

1 each 6" (elbow) 250 < 0.014 0.022 15 0.21 0.1467
8" 800 0.014 0.048 30 0.42 0.1600

2 each 8" (elbow) 800 0.014 0.048 40 0.56 0.1200

TOTAL: 7.5025 2.2595

2 2" 50 0.0475 0.25 15 0.7125 1.6667
4" 50 < 0.014 0.01 80 1.12 0.0125
4" 100 0.014 0.03 70 0.98 0.0429
6" 250 < 0.014 0.022 63 0.882 0.0349
6" 400 0.014 0.052 67 0.938 0.0776
6" 550 0.0245 0.1 30 0.735 0.3333
8" 800 0.014 0.048 30 0.42 0.1600

2 each 8" (elbow) 800 0.014 0.048 20 0.28 0.2400

6.0675 2.5679

Leg 3, 4, 5  2" 50 0.0475 0.25 15 0.7125 1.6667
(Each Leg) 4" 50 < 0.014 0.01 75 1.05 0.0133

4" 100 0.014 0.03 65 0.91 0.0462

2.6725 1.7262

Building 326

1 3" 50 < 0.014 0.032 15 0.21 0.2133
4 each 3" elbows 50 < 0.014 0.032 20 0.28 0.1600

0.49 0.3733

OCC Office

1 3" 50 < 0.014 0.032 35 0.49 0.0914
4 each 3" elbows 50 < 0.014 0.032 20 0.28 0.1600

0.77 0.2514

Notes:

1

2

Source:  EG&G Rotron

Source:  Spencer Turbine Company

Total Friction Loss

CRA 007843 (120)
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Design Specification Drawings 
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Manufacturer Cut Sheets 
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