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AIR QUALITY AND METEOROLOGICAL  

MONITORING SUMMARY 

FOR TIME CRITICAL
REMOVAL ACTION 

Port of Seattle – Terminal 117 
Seattle, Washington 

1.0 INTRODUCTION 

On behalf of the Port of Seattle, Geomatrix Consultants, Inc. (Geomatrix) has prepared this Air
Quality and Meteorological Monitoring Summary to present the findings of the air monitoring 
activities during the Time-Critical Removal Actions (TCRA) at the Port of Seattle’s 
Terminal 117 (T-117) in Seattle, Washington, within the jurisdiction of King County during 
September and October of 2006.  The objective of the Air Quality and Meteorological 
Monitoring Summary is to assemble and present the collected data in a single document and to 
describe the air quality environment that existed during the TCRA.  This summary is also 
intended to be used as a resource for information related to the measurement of PM10 particulate 
matter, polychlorinated biphenyls (PCBs), odor, and meteorology during future air monitoring 
activities at Terminal 117. 

In addition to the air quality information collected during the TCRA, Geomatrix performed 
construction related compliance noise monitoring near the residences along Dallas Avenue 
South.  Results of those measurements and their relationship to Seattle’s construction noise 
ordinance are presented in the noise section of this report. 

2.0 SITE BACKGROUND 

T-117 is located at 8700 Dallas Avenue South in Seattle, Washington on an approximately 3 acre 
parcel (Figure 1).  There are three buildings on the property.  The north building and associated 
office/carport were used as offices and work rooms during the TCRA.  The south building is 
occupied by Second Use Building Materials, a business that obtains reusable building materials 
for resale.  The remaining areas are covered by asphalt or concrete.  The property is fenced on 
three sides and bordered by the Lower Duwamish Waterway to the east.  The property entrance 
is located on Dallas Avenue South.  
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3.0 DESCRIPTION OF MONITORING NETWORK

The air monitoring network consisted of four (4) individual monitoring locations:  North Station 
or N1, Central Station or C2, South Station or S3, and the Meteorological station.  Air quality 
instrumentation at N1, C2, and S3 included a Thermo Electron DataRAM4 dust monitor and a 
Tisch Environmental TE-1000 PUF Poly-Urethane Foam (PUF) High Volume Sampler.  The 
meteorological station consisted of instrumentation detailed below.  
 
The DataRAM4 dust monitor provided real-time PM10 concentrations and recorded hourly 

average concentration data throughout the duration of the project.   
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The TE-1000 PUF samplers operated on eight separate days during the TCRA activity, capturing 
polychlorinated biphenyls in ambient air samples collected by a high volume sampler equipped 
with a quartz-fiber filter and polyurethane foam (PUF) cartridge for the duration of the work day 
and analyzed by Method TO-4A.  The filter media were analyzed by Air Toxics, Ltd. in Folsom, 
California, an EPA-accredited laboratory.  

The meteorological system measured the following parameters at designated tower heights using 
Campbell Scientific and RM Young instrumentation: wind speed (10-meter), wind direction 
(10-meter), air temperature (2-meter, 10-meter), differential temperature (2-10 meter), 
barometric pressure (2-meter), solar radiation (2-meter), and precipitation (ground-level).  
Measurements were taken at one-second intervals then averaged and recorded in 15-minute 
blocks except for precipitation which was recorded as a 15-minute total. 

In addition to measured data, 15-minute values of standard deviation of horizontal wind direction 
(sigma theta) were calculated and stored by the meteorological system's Campbell Scientific data 
logger. 

4.0 AMBIENT MEASUREMENTS
DataRAMs were used for particulate air monitoring for the duration of the TCRA activities.  
TE-1000 PUF samplers were used for the PCB sampling that began on September 13th and 
concluded on October 10th.  Following is a description of the sampling and discussion of the 
results.   

4.1 PM10 CONCENTRATIONS 

PM10 monitors called DataRAMs were utilized to provide real-time particulate data as well as 
hourly average concentrations.  The hourly average concentrations were saved in the internal 
memory of the DataRAM and downloaded each day via laptop computer.  The DataRAMs are 
used as particulate indicators, and though calibrated to standard dusts at the factory, the actual 
PM10 levels may vary because the optical response of the instruments to urban aerosols are not 
necessarily the same as they are to the calibration dust.  The DataRAM flow rate was set to 3 
liters/minute.  

Action levels were established for this program as a means to provide the project team with real-
time feedback in the event of high measured PM10 concentrations.  The action level for PM10 
for this monitoring program based on a running 24-hour average PM10 concentration was 70% 
of the NAAQS 24-hour standard of 150μg/m3 or 105μg/m3.  If the running 24-hour average 
PM10 concentrations were to exceed this action level, steps were to be taken to reduce 
emissions. 
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Initially, the DataRAMs were deployed for the work day only and provided instantaneous PM10 
concentrations as well as hourly average concentrations.  The DataRAMs were then retrieved, 
downloaded, zeroed (an instrument diagnostic procedure), and prepared for the following work 
day.  This pattern was selected because the hourly concentrations during site activity were quite 
low and because at the end of each work day the soil stockpiles were covered with plastic and all 
dust generating activity ceased.  The highest running hourly average concentration for any work 
day between September 13th and October 16th was 72.5μg/m3 and occurred on October 3rd at 
sampler N1 over the nine hour day.  The highest 24-hour running average with those same 
9 hours was 42.4 μg/m3. 

Activity on October 3rd included asphalt paving of the initial excavation B1 near the entrance to 
the site, peeling of asphalt for excavation of the B2 area, and backfill material being imported 
and stockpiled on the north end of the site.  The major dust generating source on October 3rd (and 
throughout the duration of the project) was the import of clean backfill material.  Winds from the 
northwest at 6 to 7 mph on October 3rd contributed to the higher than usual PM10 concentrations.  
DataRAMs C2 and S3 (central and south monitoring stations) recorded a work day running 
average of 38 and 37 μg/m3 during the same period.  Daily field notes indicate Geomatrix 
personnel requested additional water application to the north end of the site on October 3rd.    

Beginning October 2nd, the DataRAMs remained deployed to confirm that the 24-hour running 
averages remained below the designated action level of 105μg/m3.  The DataRAMs remained in 
monitor mode continuously from October 2nd through October 16th unless there was a non-
working weekend day.  A one-hour interval interruption would typically occur between 1600 and 
1700 each day for downloading and re-zeroing the instruments.  DataRAM data including hourly 
and work day average concentrations, wind direction data, and hourly graphs are compiled in 
Appendix A.   

DataRAM downtime: Although the DataRAMs were zeroed at the end of the day on 
September 20th, rain resulted in malfunctions to two instruments.  The malfunctions were not 
apparent until they were deployed on September 21st.  Because excavation of the B1 area was 
occurring near C2 (central station) the operational N1 DataRAM was relocated to the C2 
monitoring location.  Geomatrix purged one of the two malfunctioning instruments for the 
September 22nd work day and received a replacement DataRAM at 8:30 a.m. via Federal Express 
that morning to resume monitoring at three locations. 

The N1 DataRAM began malfunctioning for a brief period during the night of October 10th and 
again on October 12th.  Calls to Ashtead Technologies for diagnostics indicated the lenses in the 
instrument were compromised and the instrument should be sent back for service.  It was very 
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evident during the project that the N1 DataRAM was exposed to particulate levels higher than 
those measured or observed at the other monitoring locations due to high truck traffic 
immediately adjacent to the DataRAM.  Consequently, due to physical restrictions for siting the 
monitor, the DataRAM was exposed to above normal ambient dust conditions and caused the 
lenses to fail.  A replacement DataRAM for the N1 location was not procured due to the timing 
of the malfunction with relationship to the conclusion of the project.  

4.2 PCB CONCENTRATIONS 

The TE-1000 PUF samplers were installed and operated according to manufacturer’s 
recommendations.  Although EPA guidance was considered for sampler siting, site conditions 
required siting compromises as a result of structures on site, locations of excavations, power 
availability, and safety.  Geomatrix procured washed polyurethane filter media through the Air 
Toxics laboratory.  The samplers were operated during operational hours exposing the filters and 
when finished the filter media was removed from the samplers and shipped back to Air Toxics 
for analysis.  The analytical method for determination of PCBs in ambient air involves analyzing 
the particulate filter and PUF cartridge as a single sample train.   Start time, stop time, flow rates, 
temperature, and pressure were recorded in the daily field notes for each sampler. 

PCB air samples were collected on eight days during the project.  Each of the three samplers ran 
on the same eight days.  The first day of sampling occurred on September 13th and was chosen as 
a background sample to document local PCB ambient air concentrations prior to commencing 
excavation.  PCB sampling occurred on seven (7) additional days during the soil removal 
activities chosen to specifically capture soil excavation and soil loading (exporting) activities.  
PCB air samples were collected using polyurethane foam cartridges (PUF), particulate filter 
media, and a high volume sampling pump drawing approximately 10 cfm (each sampler had a 
slightly different flow rate).  The samples were collected for the entire work day period (between 
about 7.5 and 10.4 hours).  Each of the air samplers were installed with their inlets elevated 
approximately 5 to 6 feet off the ground surface to collect a representative breathing zone 
sample.  The samples were individually packaged and shipped to Air Toxics, Ltd. in Folsom, 
California, an EPA accredited laboratory, for analysis.  The PCB samples were analyzed by EPA 
Method TO-4A.   

The second set of samples was exposed on September 20th and coincided with the Area B-1 
excavation.  The September 13th and 20th sample runs were analyzed on an expedited (48 hours) 
basis to quickly ensure the perimeter action levels were appropriate.  The six remaining sample 
events were analyzed with a standard laboratory turn around time of ten business days.  
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Two of the twenty-four (three samplers times eight days) exposed PUF cartridges submitted to 
Air Toxics were found to contain detectable levels of Aroclor 1260 at or above the detection 
limit of 1 μg.  The C2 (Central 2 sampler) exposed filter from September 20th resulted in 2.8 μg 
and the N1 (North 1 sampler) exposed filter from the September 30th sampling run resulted in 
1.0 μg.  To determine the concentrations of the two filters with detectable levels of PCBs, the 
flow rate, sample duration, average temperature, and average pressure were documented.  
Converting the 2.8 μg and 1.0 μg to a concentration based on the actual conditions results in a 
mass concentration of .02 μg/m3 for the C2 sample on September 20th, and a 0.008 μg/m3 for the 
N1 sample on September 30th.  Overall the detection limits ranged from 0.0056 μg/m3 to 
0.0082 μg/m3 for the eight sampling days.  Laboratory results and an analysis summary are 
presented in Appendix B.   

The Air Quality and Meteorological Monitoring Plan identified a PCB concentration not to be 
exceeded at the property perimeter as 0.11 μg/m3, based on the most stringent preliminary 
remediation goal for chronic inhalation exposure (cancer effects, assuming high-risk Aroclor 
1254), published by Region IX of the U.S. Environmental Protection Agency.  Based on the 
calculated concentrations, the two samples with detectable levels are 19.3% and 6.9% 
respectively, of the not to be exceeded property perimeter. 

The sample run on September 20th specifically targeted the B1 excavation as having the potential 
to release airborne PCB’s.  The B1 excavation was adjacent to the C2 monitor and consequently 
the sampler had direct exposure to the soil removal activity.  Winds during the day were 
southerly in the morning and switched to easterly in the afternoon with wind speeds between 3 
and 5.7 miles per hour.      

It should be noted that Air Toxics documented the results of the ambient sampling analysis in 
Level IV B CLP as categorized by EPA Region V Model Quality Assurance Project Plan, 1991. 

5.0 METEOROLOGICAL MEASUREMENTS 

The meteorological station operated from September 8th through October 31st, 2006.  The tower 
was installed in a concrete foundation along the eastern edge of the site enabling the tower to 
free stand without guy wires.  The station’s power supply consisted of a solar panel and 
rechargeable battery.    

The meteorological parameters are measured in one-second intervals and averaged in 15-minute 
blocks by a Campbell CR-10X electronic data logger except for precipitation which is logged as 
a 15 minute total.  The data logger calculates and records sigma theta using techniques approved 
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for Prevention of Significant Deterioration (PSD) meteorological monitoring studies.  The Model 
5305-AQ wind speed and direction sensor meets the requirements for PSD monitoring studies.   

Following is a list of the meteorological instruments operated during the monitoring program: 

� One RM Young 5305 Wind Monitor AQ to measure wind speed, wind direction, sigma 
theta (��) at 10 meters; 

� Two Campbell Scientific 107 temperature sensors mounted in naturally aspirated shields 
at 2 and 10 meters; 

� One Licor solar pyranometer to measure solar radiation at 4 meters; 

� One Vaisala CS105 to measure barometric sensor at 2 meters; and  

� One Qualimetrics 6011-A rain gauge. 

Wind data are important in determining the relationship between emission sources and measured 
concentrations.  Figure 2 presents wind data in the form of a wind rose for the period between 
September 8th and October 31st.  The wind rose depicts the diurnal pattern of winds that are 
dominant near rivers.  The predominant winds were from the northwest and southeast directions 
that parallel the Duwamish Waterway adjacent to the site.   

Pressure data obtained from Boeing Field was used for the PUF concentration calculations.  On-
site meteorological data collected from September 8th until October 31st are presented in 
Appendix C.  

Meteorological Downtime: Geomatrix procured a barometric pressure sensor for the 
meteorological station but delivery was delayed.  The sensor was installed on October 2nd.  Upon 
sensor installation, a new program was uploaded to the data logger.  The new program contained 
an error and the precipitation data inadvertently was no longer written to final storage from 
October 2nd through the end of the data collection.   



I:\Project\T117_9950_003_Tsk4\T117_SUMMARY_121206-19.Doc 12 

 



I:\Project\T117_9950_003_Tsk4\T117_SUMMARY_121206-19.Doc 13 

 

6.0 EQUIPMENT CALIBRATION 

6.1 DataRAMS 
The DataRAM4 used for the particulate monitoring is a high sensitivity, two-wavelength 
nephelometric monitor whose light scattering sensing configuration has been optimized for the 
measurement of the fine particle of airborne dust in ambient environments.  The instrument 
automatically checks its own optical background during the zeroing sequence and indicates any 
significant deviations requiring maintenance.  The DataRAM4 was zeroed on a daily basis 
during the duration of the project.   

The monitors were programmed to provide hourly average, maximum, and minimum PM10 
concentrations.  Initially, the monitors were operated continuously during on-site activities and 
downloaded following completion of the work day.  As the project progressed the DataRAMs 
were left running throughout the night to achieve a running 23 or 24 hour average concentration.  
The DataRAMs required a data stop in order to run the diagnostic zero and therefore, the 
monitors ran 23 hours per day.   

6.2 TE-1000 PUF Samplers 
Manufacturer’s recommendations for calibration and maintenance were followed throughout the 
monitoring program.  The samplers’ flow rate ranged between 9 and 10.5 cfm (280 to 300 liters 
per minute) as outlined in the sampler specifications.  PUF sampler calibrations were conducted 
prior to the first sample run on September 13th and following the last sample run on October 10th 
and are presented in Appendix B.     

6.3 Meteorological Monitoring Station 
Quality assurance checks were performed on the meteorological instruments both before and 
after the monitoring program.  The quality assurance field data sheets are presented in 
Appendix C. 

7.0 ODOR OBSERVATIONS 

As a part of the Air Quality and Meteorological Monitoring Plan, odor observations were 
conducted throughout the duration of the TCRA activities.  Although perimeter odor 
observations were conducted throughout the site, the majority of the odor observations were 
concentrated on the western and north end of the site in the direction of sensitive residential 
receivers.  With the exception of heavy equipment exhaust odors and those odors associated with 
the application of asphalt, perimeter odor observations did not identify any quantifiable odors.  
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Discussions with the equipment operators in the excavation zones identified occasional instances 
of petroleum based odors localized in the B2 and B3 excavations but those odors were localized 
and not discernible along the perimeter of the site.  

8.0 NOISE MONITORING 

Geomatrix assessed noise generated by the T-117 Time-Critical Removal Actions (TCRA) by 
measuring noise during site clean up and then comparing measurement data to the applicable 
noise limits. The details of this review are presented below. 

Applicable Noise Limits 

Although T-117 is located in unincorporated King County, the nearest residences to the site are 
in the City of Seattle, and the applicable regulations for noise from T-117 affecting the 
residences are those included in the Seattle Municipal Code Chapter 25.08 (SMC 25.08). The 
Seattle noise rule includes timing restrictions and noise limits. This rule defines “maximum 
permissible sound levels” based on the zoning of the source and receiving properties, and sets 
limits for both long-term operational noise and for noise produced during various temporary 
construction activities.  The construction noise limits use the operational noise limits as a base 
and allow specified increases over the base limits for varying types of construction equipment 
noise during daytime hours (i.e., between 7 a.m. and 10 p.m. weekdays and between 9 a.m. and 
10 p.m. weekdays and holidays).  Both the operational and construction noise limits for sources 
in industrial districts/zones are higher (i.e., less stringent) than when the noise source is from 
commercial or residential districts/zones.  Throughout the T-117 project, weekday and weekend 
construction activity adhered to the allowable hours of operation.    

The TCRA at T-117 are considered temporary construction noise sources under the Seattle noise 
rule, and the primary noise from the site is from loaders and other mobile construction 
equipment.  A summary of the applicable construction noise limits for loaders and other similar 
equipment is displayed in TABLE 1. 
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TABLE 1 

 Seattle Construction Noise Limits (dBA) 
 

Zoning District of Receiving Property Zoning District of 
Noise Source Residential Commercial Industrial 

On-site sources like dozers, loaders, power shovels, cranes, derricks, graders, off-highway 
trucks, ditchers, and pneumatic equipment 

Residential 80 82 85 
Commercial 82 85 90 

Industrial 85 90 95 

Daytime hourly Ln sound level limits for Industrial Noise Sources 
District of Receiving 

Property L25 L8.3 L2.5 Lmax

Commercial 90 95 100 105 
Note: Construction noise limits are applied at 50' or a real property line, whichever is greater, and are 
limited to daytime hours only. Daytime hours are defined as 7 a.m. to 10 p.m. weekdays and 9 a.m. to 
10 p.m. weekends and holidays.  
 
Source: Seattle Municipal Code Chapter 25.08 
 
Seattle’s noise limits (upper portion of TABLE 1) may be exceeded for certain periods of time.  
Noise limits can be exceeded by 5 dBA for no more than 15 minutes in any hour, or 10 dBA for 
no more than 5 minutes of any hour, or 15 dBA for no more than 1.5 minutes of any hour. 
Sometimes these exceptions are described in terms of the percentage of time a certain level is 
exceeded. For example, L25 represents a sound level that is exceeded 25 percent of the time, or 
15 minutes in an hour. Similarly, L8.33 and L2.5 are the sound levels that are exceeded 5 and 
1.5 minutes in an hour, respectively. At no time can the allowable sound level be exceeded by 
more than 15 dBA, represented by the Lmax. 

T-117 is in unincorporated King County on land zoned “I” for industrial use, so on-site noise 
sources due to construction and operation are considered to be in an Industrial district for 
purposes of applying the Seattle noise limits. 

The residential receivers nearest to T-117 are located on Dallas Avenue S and on 17th Avenue S, 
near the intersection of Dallas and 17th Avenues S.  These residences are on land zoned “IB” or 
Industrial Buffer.  The Seattle noise code considers receiving properties located in IB zones to be 
in Commercial districts for purposes of applying the Seattle noise limits. 
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The applicable limits for construction noise from loaders and similar equipment working in 
Industrial Districts received in Commercial Districts are displayed in the bottom half of TABLE
1.  The noise limits are shown as four noise descriptors that result from the allowed short-term 
increases to the “maximum permissible sound levels.”  

Measured Sound Levels 

Geomatrix measured sound levels related to the T-117 Time-Critical Removal Actions (TCRA) 
at locations representing residences across from the main terminal building at T-117.  Geomatrix 
measured sound levels in the vicinity of T-117 on Tuesday, September 26, 2006 and Thursday, 
September 28, 2006. Each measurement lasted at least 1 hour, and collected sound data in 
1-second increments. The data included the 1-second equivalent sound level (Leq or integrated 
sound-energy average) and the 1-second maximum level (Lmax).(1)  During the measurements, 
detailed time-indexed notes were taken to document the sources of noise.  Using these data, 
Geomatrix calculated levels for the four sound level descriptors shown in the bottom of TABLE
1 to assess compliance with Seattle’s noise limits. 

SLM 1 was taken on September 26, 2006 near the intersection of Dallas Ave S and 17th Ave S 
and adjacent to the residence at 8601 17th Ave S.  SLM 2 was taken on September 28, 2006 
further south on 17th Avenue S, adjacent to the residence at 8609 17th Avenue S. The major 
source of noise noted during each measurement was overhead aircraft, which passed frequently 
from SeaTac Airport and to and from King County International Airport. Other sources of noise 
included trucks traveling to and from the T-117 site on Dallas Ave S, construction equipment 
noise from the T-117 site, and other background sources such as equipment across the 
Duwamish River and distant traffic noise.  

TABLE 2 displays the results of the measurements and compares the calculated L25, L8.33, L2.5, 
and Lmax values at each measurement location with the City of Seattle’s noise limits for 
construction noise from an Industrial district received in a Commercial district. The calculated 
sound levels displayed in TABLE 2 include all extraneous noise events, such as overhead 
aircraft (at times a very dominant noise source) and other background noise sources. Measured 
sound levels were well within the City of Seattle noise limits for all four noise limit descriptors. 
Because these calculated levels include noise from extraneous sources other than the activities at 
T-117, it is clear that noise related to on-site construction activity was well within the City of 
Seattle construction noise limits.  
                                                 
(1)    Geomatrix collected data using 1-second intervals in the event it was necessary to extract 

intrusive sound levels from sources unrelated to the T-117 activities from the measurements 
in order to assess compliance. This proved not to be necessary because overall levels from 
all sources in the area comply with the applicable limits. 
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TABLE 2 

Measured Sound Levels (dBA) 
 

SLM Location L25 L8.3 L2.5 Lmax

SLM 1 : 8601 17th Avenue S 64 70 73 83 
SLM 2 : 8609 17th Avenue S 63 69 74 86 
Seattle Noise Limits 
Industrial affecting Commercial  90 95 100 105 

Source: Geomatrix Consultants, Inc., 2006.   
 

9.0 REFERENCES 

U.S. EPA, Compendium Method TO-4A, January 1999  

Seattle Municipal Code Chapter 25.08  
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Appendix A 
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Appendix B 
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Appendix C 
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Appendix D 
 



Terminal 117 

N1 - North Monitoring Location 

C2 – Central Monitoring Location



Terminal 117 

S3 – South Monitoring Location 

Meteorological Monitoring Station 



T-117 TCRA 

PCS Daily Air Monitoring Report 
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AIR QUALITY AND METEOROLOGICAL  

MONITORING SUMMARY 

FOR TIME CRITICAL
REMOVAL ACTION 

Port of Seattle – Terminal 117 
Seattle, Washington 

1.0 INTRODUCTION 

On behalf of the Port of Seattle, Geomatrix Consultants, Inc. (Geomatrix) has prepared this Air
Quality and Meteorological Monitoring Summary to present the findings of the air monitoring 
activities during the Time-Critical Removal Actions (TCRA) at the Port of Seattle’s 
Terminal 117 (T-117) in Seattle, Washington, within the jurisdiction of King County during 
September and October of 2006.  The objective of the Air Quality and Meteorological 
Monitoring Summary is to assemble and present the collected data in a single document and to 
describe the air quality environment that existed during the TCRA.  This summary is also 
intended to be used as a resource for information related to the measurement of PM10 particulate 
matter, polychlorinated biphenyls (PCBs), odor, and meteorology during future air monitoring 
activities at Terminal 117. 

In addition to the air quality information collected during the TCRA, Geomatrix performed 
construction related compliance noise monitoring near the residences along Dallas Avenue 
South.  Results of those measurements and their relationship to Seattle’s construction noise 
ordinance are presented in the noise section of this report. 

2.0 SITE BACKGROUND 

T-117 is located at 8700 Dallas Avenue South in Seattle, Washington on an approximately 3 acre 
parcel (Figure 1).  There are three buildings on the property.  The north building and associated 
office/carport were used as offices and work rooms during the TCRA.  The south building is 
occupied by Second Use Building Materials, a business that obtains reusable building materials 
for resale.  The remaining areas are covered by asphalt or concrete.  The property is fenced on 
three sides and bordered by the Lower Duwamish Waterway to the east.  The property entrance 
is located on Dallas Avenue South.  
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3.0 DESCRIPTION OF MONITORING NETWORK

The air monitoring network consisted of four (4) individual monitoring locations:  North Station 
or N1, Central Station or C2, South Station or S3, and the Meteorological station.  Air quality 
instrumentation at N1, C2, and S3 included a Thermo Electron DataRAM4 dust monitor and a 
Tisch Environmental TE-1000 PUF Poly-Urethane Foam (PUF) High Volume Sampler.  The 
meteorological station consisted of instrumentation detailed below.  
 
The DataRAM4 dust monitor provided real-time PM10 concentrations and recorded hourly 

average concentration data throughout the duration of the project.   
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The TE-1000 PUF samplers operated on eight separate days during the TCRA activity, capturing 
polychlorinated biphenyls in ambient air samples collected by a high volume sampler equipped 
with a quartz-fiber filter and polyurethane foam (PUF) cartridge for the duration of the work day 
and analyzed by Method TO-4A.  The filter media were analyzed by Air Toxics, Ltd. in Folsom, 
California, an EPA-accredited laboratory.  

The meteorological system measured the following parameters at designated tower heights using 
Campbell Scientific and RM Young instrumentation: wind speed (10-meter), wind direction 
(10-meter), air temperature (2-meter, 10-meter), differential temperature (2-10 meter), 
barometric pressure (2-meter), solar radiation (2-meter), and precipitation (ground-level).  
Measurements were taken at one-second intervals then averaged and recorded in 15-minute 
blocks except for precipitation which was recorded as a 15-minute total. 

In addition to measured data, 15-minute values of standard deviation of horizontal wind direction 
(sigma theta) were calculated and stored by the meteorological system's Campbell Scientific data 
logger. 

4.0 AMBIENT MEASUREMENTS
DataRAMs were used for particulate air monitoring for the duration of the TCRA activities.  
TE-1000 PUF samplers were used for the PCB sampling that began on September 13th and 
concluded on October 10th.  Following is a description of the sampling and discussion of the 
results.   

4.1 PM10 CONCENTRATIONS 

PM10 monitors called DataRAMs were utilized to provide real-time particulate data as well as 
hourly average concentrations.  The hourly average concentrations were saved in the internal 
memory of the DataRAM and downloaded each day via laptop computer.  The DataRAMs are 
used as particulate indicators, and though calibrated to standard dusts at the factory, the actual 
PM10 levels may vary because the optical response of the instruments to urban aerosols are not 
necessarily the same as they are to the calibration dust.  The DataRAM flow rate was set to 3 
liters/minute.  

Action levels were established for this program as a means to provide the project team with real-
time feedback in the event of high measured PM10 concentrations.  The action level for PM10 
for this monitoring program based on a running 24-hour average PM10 concentration was 70% 
of the NAAQS 24-hour standard of 150μg/m3 or 105μg/m3.  If the running 24-hour average 
PM10 concentrations were to exceed this action level, steps were to be taken to reduce 
emissions. 
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Initially, the DataRAMs were deployed for the work day only and provided instantaneous PM10 
concentrations as well as hourly average concentrations.  The DataRAMs were then retrieved, 
downloaded, zeroed (an instrument diagnostic procedure), and prepared for the following work 
day.  This pattern was selected because the hourly concentrations during site activity were quite 
low and because at the end of each work day the soil stockpiles were covered with plastic and all 
dust generating activity ceased.  The highest running hourly average concentration for any work 
day between September 13th and October 16th was 72.5μg/m3 and occurred on October 3rd at 
sampler N1 over the nine hour day.  The highest 24-hour running average with those same 
9 hours was 42.4 μg/m3. 

Activity on October 3rd included asphalt paving of the initial excavation B1 near the entrance to 
the site, peeling of asphalt for excavation of the B2 area, and backfill material being imported 
and stockpiled on the north end of the site.  The major dust generating source on October 3rd (and 
throughout the duration of the project) was the import of clean backfill material.  Winds from the 
northwest at 6 to 7 mph on October 3rd contributed to the higher than usual PM10 concentrations.  
DataRAMs C2 and S3 (central and south monitoring stations) recorded a work day running 
average of 38 and 37 μg/m3 during the same period.  Daily field notes indicate Geomatrix 
personnel requested additional water application to the north end of the site on October 3rd.    

Beginning October 2nd, the DataRAMs remained deployed to confirm that the 24-hour running 
averages remained below the designated action level of 105μg/m3.  The DataRAMs remained in 
monitor mode continuously from October 2nd through October 16th unless there was a non-
working weekend day.  A one-hour interval interruption would typically occur between 1600 and 
1700 each day for downloading and re-zeroing the instruments.  DataRAM data including hourly 
and work day average concentrations, wind direction data, and hourly graphs are compiled in 
Appendix A.   

DataRAM downtime: Although the DataRAMs were zeroed at the end of the day on 
September 20th, rain resulted in malfunctions to two instruments.  The malfunctions were not 
apparent until they were deployed on September 21st.  Because excavation of the B1 area was 
occurring near C2 (central station) the operational N1 DataRAM was relocated to the C2 
monitoring location.  Geomatrix purged one of the two malfunctioning instruments for the 
September 22nd work day and received a replacement DataRAM at 8:30 a.m. via Federal Express 
that morning to resume monitoring at three locations. 

The N1 DataRAM began malfunctioning for a brief period during the night of October 10th and 
again on October 12th.  Calls to Ashtead Technologies for diagnostics indicated the lenses in the 
instrument were compromised and the instrument should be sent back for service.  It was very 
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evident during the project that the N1 DataRAM was exposed to particulate levels higher than 
those measured or observed at the other monitoring locations due to high truck traffic 
immediately adjacent to the DataRAM.  Consequently, due to physical restrictions for siting the 
monitor, the DataRAM was exposed to above normal ambient dust conditions and caused the 
lenses to fail.  A replacement DataRAM for the N1 location was not procured due to the timing 
of the malfunction with relationship to the conclusion of the project.  

4.2 PCB CONCENTRATIONS 

The TE-1000 PUF samplers were installed and operated according to manufacturer’s 
recommendations.  Although EPA guidance was considered for sampler siting, site conditions 
required siting compromises as a result of structures on site, locations of excavations, power 
availability, and safety.  Geomatrix procured washed polyurethane filter media through the Air 
Toxics laboratory.  The samplers were operated during operational hours exposing the filters and 
when finished the filter media was removed from the samplers and shipped back to Air Toxics 
for analysis.  The analytical method for determination of PCBs in ambient air involves analyzing 
the particulate filter and PUF cartridge as a single sample train.   Start time, stop time, flow rates, 
temperature, and pressure were recorded in the daily field notes for each sampler. 

PCB air samples were collected on eight days during the project.  Each of the three samplers ran 
on the same eight days.  The first day of sampling occurred on September 13th and was chosen as 
a background sample to document local PCB ambient air concentrations prior to commencing 
excavation.  PCB sampling occurred on seven (7) additional days during the soil removal 
activities chosen to specifically capture soil excavation and soil loading (exporting) activities.  
PCB air samples were collected using polyurethane foam cartridges (PUF), particulate filter 
media, and a high volume sampling pump drawing approximately 10 cfm (each sampler had a 
slightly different flow rate).  The samples were collected for the entire work day period (between 
about 7.5 and 10.4 hours).  Each of the air samplers were installed with their inlets elevated 
approximately 5 to 6 feet off the ground surface to collect a representative breathing zone 
sample.  The samples were individually packaged and shipped to Air Toxics, Ltd. in Folsom, 
California, an EPA accredited laboratory, for analysis.  The PCB samples were analyzed by EPA 
Method TO-4A.   

The second set of samples was exposed on September 20th and coincided with the Area B-1 
excavation.  The September 13th and 20th sample runs were analyzed on an expedited (48 hours) 
basis to quickly ensure the perimeter action levels were appropriate.  The six remaining sample 
events were analyzed with a standard laboratory turn around time of ten business days.  
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Two of the twenty-four (three samplers times eight days) exposed PUF cartridges submitted to 
Air Toxics were found to contain detectable levels of Aroclor 1260 at or above the detection 
limit of 1 μg.  The C2 (Central 2 sampler) exposed filter from September 20th resulted in 2.8 μg 
and the N1 (North 1 sampler) exposed filter from the September 30th sampling run resulted in 
1.0 μg.  To determine the concentrations of the two filters with detectable levels of PCBs, the 
flow rate, sample duration, average temperature, and average pressure were documented.  
Converting the 2.8 μg and 1.0 μg to a concentration based on the actual conditions results in a 
mass concentration of .02 μg/m3 for the C2 sample on September 20th, and a 0.008 μg/m3 for the 
N1 sample on September 30th.  Overall the detection limits ranged from 0.0056 μg/m3 to 
0.0082 μg/m3 for the eight sampling days.  Laboratory results and an analysis summary are 
presented in Appendix B.   

The Air Quality and Meteorological Monitoring Plan identified a PCB concentration not to be 
exceeded at the property perimeter as 0.11 μg/m3, based on the most stringent preliminary 
remediation goal for chronic inhalation exposure (cancer effects, assuming high-risk Aroclor 
1254), published by Region IX of the U.S. Environmental Protection Agency.  Based on the 
calculated concentrations, the two samples with detectable levels are 19.3% and 6.9% 
respectively, of the not to be exceeded property perimeter. 

The sample run on September 20th specifically targeted the B1 excavation as having the potential 
to release airborne PCB’s.  The B1 excavation was adjacent to the C2 monitor and consequently 
the sampler had direct exposure to the soil removal activity.  Winds during the day were 
southerly in the morning and switched to easterly in the afternoon with wind speeds between 3 
and 5.7 miles per hour.      

It should be noted that Air Toxics documented the results of the ambient sampling analysis in 
Level IV B CLP as categorized by EPA Region V Model Quality Assurance Project Plan, 1991. 

5.0 METEOROLOGICAL MEASUREMENTS 

The meteorological station operated from September 8th through October 31st, 2006.  The tower 
was installed in a concrete foundation along the eastern edge of the site enabling the tower to 
free stand without guy wires.  The station’s power supply consisted of a solar panel and 
rechargeable battery.    

The meteorological parameters are measured in one-second intervals and averaged in 15-minute 
blocks by a Campbell CR-10X electronic data logger except for precipitation which is logged as 
a 15 minute total.  The data logger calculates and records sigma theta using techniques approved 
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for Prevention of Significant Deterioration (PSD) meteorological monitoring studies.  The Model 
5305-AQ wind speed and direction sensor meets the requirements for PSD monitoring studies.   

Following is a list of the meteorological instruments operated during the monitoring program: 

� One RM Young 5305 Wind Monitor AQ to measure wind speed, wind direction, sigma 
theta (��) at 10 meters; 

� Two Campbell Scientific 107 temperature sensors mounted in naturally aspirated shields 
at 2 and 10 meters; 

� One Licor solar pyranometer to measure solar radiation at 4 meters; 

� One Vaisala CS105 to measure barometric sensor at 2 meters; and  

� One Qualimetrics 6011-A rain gauge. 

Wind data are important in determining the relationship between emission sources and measured 
concentrations.  Figure 2 presents wind data in the form of a wind rose for the period between 
September 8th and October 31st.  The wind rose depicts the diurnal pattern of winds that are 
dominant near rivers.  The predominant winds were from the northwest and southeast directions 
that parallel the Duwamish Waterway adjacent to the site.   

Pressure data obtained from Boeing Field was used for the PUF concentration calculations.  On-
site meteorological data collected from September 8th until October 31st are presented in 
Appendix C.  

Meteorological Downtime: Geomatrix procured a barometric pressure sensor for the 
meteorological station but delivery was delayed.  The sensor was installed on October 2nd.  Upon 
sensor installation, a new program was uploaded to the data logger.  The new program contained 
an error and the precipitation data inadvertently was no longer written to final storage from 
October 2nd through the end of the data collection.   
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6.0 EQUIPMENT CALIBRATION 

6.1 DataRAMS 
The DataRAM4 used for the particulate monitoring is a high sensitivity, two-wavelength 
nephelometric monitor whose light scattering sensing configuration has been optimized for the 
measurement of the fine particle of airborne dust in ambient environments.  The instrument 
automatically checks its own optical background during the zeroing sequence and indicates any 
significant deviations requiring maintenance.  The DataRAM4 was zeroed on a daily basis 
during the duration of the project.   

The monitors were programmed to provide hourly average, maximum, and minimum PM10 
concentrations.  Initially, the monitors were operated continuously during on-site activities and 
downloaded following completion of the work day.  As the project progressed the DataRAMs 
were left running throughout the night to achieve a running 23 or 24 hour average concentration.  
The DataRAMs required a data stop in order to run the diagnostic zero and therefore, the 
monitors ran 23 hours per day.   

6.2 TE-1000 PUF Samplers 
Manufacturer’s recommendations for calibration and maintenance were followed throughout the 
monitoring program.  The samplers’ flow rate ranged between 9 and 10.5 cfm (280 to 300 liters 
per minute) as outlined in the sampler specifications.  PUF sampler calibrations were conducted 
prior to the first sample run on September 13th and following the last sample run on October 10th 
and are presented in Appendix B.     

6.3 Meteorological Monitoring Station 
Quality assurance checks were performed on the meteorological instruments both before and 
after the monitoring program.  The quality assurance field data sheets are presented in 
Appendix C. 

7.0 ODOR OBSERVATIONS 

As a part of the Air Quality and Meteorological Monitoring Plan, odor observations were 
conducted throughout the duration of the TCRA activities.  Although perimeter odor 
observations were conducted throughout the site, the majority of the odor observations were 
concentrated on the western and north end of the site in the direction of sensitive residential 
receivers.  With the exception of heavy equipment exhaust odors and those odors associated with 
the application of asphalt, perimeter odor observations did not identify any quantifiable odors.  
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Discussions with the equipment operators in the excavation zones identified occasional instances 
of petroleum based odors localized in the B2 and B3 excavations but those odors were localized 
and not discernible along the perimeter of the site.  

8.0 NOISE MONITORING 

Geomatrix assessed noise generated by the T-117 Time-Critical Removal Actions (TCRA) by 
measuring noise during site clean up and then comparing measurement data to the applicable 
noise limits. The details of this review are presented below. 

Applicable Noise Limits 

Although T-117 is located in unincorporated King County, the nearest residences to the site are 
in the City of Seattle, and the applicable regulations for noise from T-117 affecting the 
residences are those included in the Seattle Municipal Code Chapter 25.08 (SMC 25.08). The 
Seattle noise rule includes timing restrictions and noise limits. This rule defines “maximum 
permissible sound levels” based on the zoning of the source and receiving properties, and sets 
limits for both long-term operational noise and for noise produced during various temporary 
construction activities.  The construction noise limits use the operational noise limits as a base 
and allow specified increases over the base limits for varying types of construction equipment 
noise during daytime hours (i.e., between 7 a.m. and 10 p.m. weekdays and between 9 a.m. and 
10 p.m. weekdays and holidays).  Both the operational and construction noise limits for sources 
in industrial districts/zones are higher (i.e., less stringent) than when the noise source is from 
commercial or residential districts/zones.  Throughout the T-117 project, weekday and weekend 
construction activity adhered to the allowable hours of operation.    

The TCRA at T-117 are considered temporary construction noise sources under the Seattle noise 
rule, and the primary noise from the site is from loaders and other mobile construction 
equipment.  A summary of the applicable construction noise limits for loaders and other similar 
equipment is displayed in TABLE 1. 
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TABLE 1 

 Seattle Construction Noise Limits (dBA) 
 

Zoning District of Receiving Property Zoning District of 
Noise Source Residential Commercial Industrial 

On-site sources like dozers, loaders, power shovels, cranes, derricks, graders, off-highway 
trucks, ditchers, and pneumatic equipment 

Residential 80 82 85 
Commercial 82 85 90 

Industrial 85 90 95 

Daytime hourly Ln sound level limits for Industrial Noise Sources 
District of Receiving 

Property L25 L8.3 L2.5 Lmax

Commercial 90 95 100 105 
Note: Construction noise limits are applied at 50' or a real property line, whichever is greater, and are 
limited to daytime hours only. Daytime hours are defined as 7 a.m. to 10 p.m. weekdays and 9 a.m. to 
10 p.m. weekends and holidays.  
 
Source: Seattle Municipal Code Chapter 25.08 
 
Seattle’s noise limits (upper portion of TABLE 1) may be exceeded for certain periods of time.  
Noise limits can be exceeded by 5 dBA for no more than 15 minutes in any hour, or 10 dBA for 
no more than 5 minutes of any hour, or 15 dBA for no more than 1.5 minutes of any hour. 
Sometimes these exceptions are described in terms of the percentage of time a certain level is 
exceeded. For example, L25 represents a sound level that is exceeded 25 percent of the time, or 
15 minutes in an hour. Similarly, L8.33 and L2.5 are the sound levels that are exceeded 5 and 
1.5 minutes in an hour, respectively. At no time can the allowable sound level be exceeded by 
more than 15 dBA, represented by the Lmax. 

T-117 is in unincorporated King County on land zoned “I” for industrial use, so on-site noise 
sources due to construction and operation are considered to be in an Industrial district for 
purposes of applying the Seattle noise limits. 

The residential receivers nearest to T-117 are located on Dallas Avenue S and on 17th Avenue S, 
near the intersection of Dallas and 17th Avenues S.  These residences are on land zoned “IB” or 
Industrial Buffer.  The Seattle noise code considers receiving properties located in IB zones to be 
in Commercial districts for purposes of applying the Seattle noise limits. 
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The applicable limits for construction noise from loaders and similar equipment working in 
Industrial Districts received in Commercial Districts are displayed in the bottom half of TABLE
1.  The noise limits are shown as four noise descriptors that result from the allowed short-term 
increases to the “maximum permissible sound levels.”  

Measured Sound Levels 

Geomatrix measured sound levels related to the T-117 Time-Critical Removal Actions (TCRA) 
at locations representing residences across from the main terminal building at T-117.  Geomatrix 
measured sound levels in the vicinity of T-117 on Tuesday, September 26, 2006 and Thursday, 
September 28, 2006. Each measurement lasted at least 1 hour, and collected sound data in 
1-second increments. The data included the 1-second equivalent sound level (Leq or integrated 
sound-energy average) and the 1-second maximum level (Lmax).(1)  During the measurements, 
detailed time-indexed notes were taken to document the sources of noise.  Using these data, 
Geomatrix calculated levels for the four sound level descriptors shown in the bottom of TABLE
1 to assess compliance with Seattle’s noise limits. 

SLM 1 was taken on September 26, 2006 near the intersection of Dallas Ave S and 17th Ave S 
and adjacent to the residence at 8601 17th Ave S.  SLM 2 was taken on September 28, 2006 
further south on 17th Avenue S, adjacent to the residence at 8609 17th Avenue S. The major 
source of noise noted during each measurement was overhead aircraft, which passed frequently 
from SeaTac Airport and to and from King County International Airport. Other sources of noise 
included trucks traveling to and from the T-117 site on Dallas Ave S, construction equipment 
noise from the T-117 site, and other background sources such as equipment across the 
Duwamish River and distant traffic noise.  

TABLE 2 displays the results of the measurements and compares the calculated L25, L8.33, L2.5, 
and Lmax values at each measurement location with the City of Seattle’s noise limits for 
construction noise from an Industrial district received in a Commercial district. The calculated 
sound levels displayed in TABLE 2 include all extraneous noise events, such as overhead 
aircraft (at times a very dominant noise source) and other background noise sources. Measured 
sound levels were well within the City of Seattle noise limits for all four noise limit descriptors. 
Because these calculated levels include noise from extraneous sources other than the activities at 
T-117, it is clear that noise related to on-site construction activity was well within the City of 
Seattle construction noise limits.  
                                                 
(1)    Geomatrix collected data using 1-second intervals in the event it was necessary to extract 

intrusive sound levels from sources unrelated to the T-117 activities from the measurements 
in order to assess compliance. This proved not to be necessary because overall levels from 
all sources in the area comply with the applicable limits. 
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TABLE 2 

Measured Sound Levels (dBA) 
 

SLM Location L25 L8.3 L2.5 Lmax

SLM 1 : 8601 17th Avenue S 64 70 73 83 
SLM 2 : 8609 17th Avenue S 63 69 74 86 
Seattle Noise Limits 
Industrial affecting Commercial  90 95 100 105 

Source: Geomatrix Consultants, Inc., 2006.   
 

9.0 REFERENCES 

U.S. EPA, Compendium Method TO-4A, January 1999  

Seattle Municipal Code Chapter 25.08  
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Appendix A 
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Appendix B 
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Appendix C 
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Appendix D 
 



Terminal 117 

N1 - North Monitoring Location 

C2 – Central Monitoring Location



Terminal 117 

S3 – South Monitoring Location 

Meteorological Monitoring Station 



 
 

T-117 TCRA 
 

PCS Daily Air Monitoring Report 
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