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 INTRODUCTION 1.0

ERM-West, Inc. (ERM) is providing this Odor and Hazardous Air 
Pollutants Emissions Assessment Plan (Plan) for assessing odor and air 
toxics emissions from Vigor Industrial LLC’s (Vigor) operations on Swan 
Island in Portland, Oregon. The primary focus of the study is to evaluate 
emission sources (point source and fugitive) and identify mechanisms to 
reduce or eliminate odors and air toxics, where appropriate. The 
information developed during this program will be used to inform 
stakeholders involved in the project, prioritize issues, and develop action 
plans to address issues of concern at the site.  

1.1 BACKGROUND 

The Vigor facility occupies approximately 64 acres on the western end of 
Swan Island. Site operations generally include the repair and maintenance 
of ocean-going vessels, construction of vessels, and fabrication of steel 
structures. Support facilities include three floating dry docks, eight berths, 
a building way, fabrication shops, paint booths, and a water treatment 
plant. Activities at the shipyard generally consist of cutting and welding 
steel, sand blasting and painting both indoors and outdoors, and 
overhauling mechanical and electrical parts and systems.  

Vigor is considered a major source under the Clean Air Act, and operates 
under a Title V permit issued by the Oregon Department of 
Environmental Quality (Oregon DEQ). The permit addresses 10 emission 
units regulating the emissions of volatile organic compounds (VOCs), 
particulate matter (PM) and particulate matter smaller than 10 microns 
(PM10), sulfur oxides (SOx), oxides of nitrogen (NOx), and carbon 
monoxide (CO). In addition, Vigor is subject to the National Emission 
Standards for Hazardous Air Pollutants for Shipbuilding and Repair, 
which regulates the content of hazardous air pollutants contained in 
marine coatings. 

1.2 OBJECTIVES 

The overall objective of this program is to review and utilize relevant 
available information associated with odor and toxic emissions from the 
facility; supplement the data with appropriate emission estimation 
techniques and measurements; and quantify facility-specific emissions 
that can be used to evaluate and identify potential emission reduction 
techniques to reduce odor and potential health effects. To assist in this 
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overall program, this Plan has been developed to describe the 
methodology used to develop routine and worst-case odor and toxic 
emissions from Vigor’s point and fugitive sources at the site, and will 
include: the source selection, source-specific testing procedures, and 
proposed emissions development methodologies. These data will later be 
used to identify and rank sources of emissions and their odor and toxic 
impacts, such that further evaluation of emission reduction measures can 
be assessed to provide the greatest reduction of their potential off-site 
impacts. 
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 SOURCES OF EMISSIONS 2.0

2.1 IDENTIFICATION OF SOURCES 

The assessment will encompass all major emission sources found in 
Vigor’s Oregon Title V Operating Permit. These sources are further 
discussed in the following subsections. 

2.1.1 Ship and Miscellaneous Coating Operations 

Ship coating operations include the painting of marine vessels and parts 
throughout the shipyard including dry docks, berths, and all shipyard 
paint booths. Miscellaneous coating operations include the painting of 
non-marine metal parts, primarily conducted in the paint booths. The 
emissions associated with these sources consist of volatile organic 
hazardous air pollutants (VOHAPs). 

2.1.2 Ballast Water Treatment Plant and Reclaimed Oil Tanks/Loadout 

The Ballast Water Treatment Plant (BWTP) consists of a number of tanks 
and processing equipment that are used to treat wastewater, storm water, 
and oil. The reclaimed oil is loaded from storage tanks into tanker trucks 
for shipment off-site. The emissions associated with these operations 
consist of VOCs and semi-volatile organic compounds, sulfur compounds, 
and nuisance odors.  

2.1.3 Abrasive Blasting  

Abrasive blasting operations consist of outside abrasive (shot/slag) 
blasting, which includes blasting of marine vessel exteriors and parts not 
performed in a blast booth; and inside abrasive blasting, which includes 
the blasting of marine vessel interiors and metal parts that are controlled 
by a baghouse in a blast booth. Emissions associated with the operations 
consist of PM10, as well as PM greater than 10 microns. 

2.1.4 Welding 

Welding operations consist of all on-site welding, cutting, and grinding, 
whether in contained or open areas. This includes operations in Bays 1 
and 3 through 8 in Building 4; the dry docks and berths; and the welding 
school in Building 10. Emissions associated with welding operations 
consist of PM10 and odors. 
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2.1.5 Central Utility Building and Diesel Generators 

This category includes the two 25.4 million British Thermal Units per hour 
(MMBtu/hr) utility boilers at the Central Utility Building and one diesel 
generator used as a back-up power source for Dry Dock #5. Emissions 
associated with these sources consist of VOCs, SOx, NOx, CO, and PM.  

2.1.6 Roads Paved and Unpaved 

These categories refer to particulate emissions from vehicle travel on 
paved and unpaved roads. However, for the Vigor site there are no 
unpaved roads on the property, so only emissions from vehicles transiting 
on paved roads will be assessed. 

2.2 EMISSIONS EVALUATION MATRIX 

The following table summarizes the sources, the types of potential 
emissions from each, and the methods that will be used to quantify those 
emissions. 

N/A = Not applicable 

HAPs = Hazardous Air Pollutants 

VHAP =Volatile Hazardous Air Pollutants 

VOCs = Volatile Organic Compounds 

* Particulate emissions factors will be coupled with Metals HAPs analysis of the abrasive blasting 

residue collected at the site. 

Emissions Source Odors 
Sulfur 

Compounds VHAP/VOCs 
Metals 
HAPs 

Ship and Miscellaneous Coating 
Operations 

Tedlar® 
Bag 

N/A Emission Factors Emission 
Factors 

Ballast Water Treatment Plant and 
Reclaimed Oil Tanks/Loadout 

Tedlar 
Bag 

Canister Canister N/A 

Abrasive Blasting Tedlar 
Bag 

N/A N/A Emission 
Factors * 

Welding Tedlar 
Bag 

N/A Canister Emission 
Factors 

Central Utility Building and Diesel 
Generators 

N/A N/A Emission Factors Emission 
Factors 

Roads Paved and Unpaved N/A N/A N/A N/A 
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 TESTING PROCEDURES 3.0

3.1 ODOR SAMPLING 

Odor strength will be evaluated in terms of dilution-to-threshold (D/T), 
which is the number of dilutions of a known quantity of odorous air by 
“clean-filtered” air to just detect the odor. For quantifying the source 
strength of odor emissions, a sample is collected in a Tedlar bag and 
analyzed by a trained odor panel using dynamic dilution olfactometry. 
Samples are collected using an indirect-fill, bag-in-drum sampling 
technique. A clean, evacuated Tedlar bag is placed in a large air-tight 
sampling drum with common ports. In this system a vacuum is pulled on 
the drum, drawing the sample directly into the Tedlar bag through a new 
sampling line. New Teflon or polyethylene tubing and a new Tedlar bag 
are used for each sample. The bag is filled and purged with the sample air 
prior to collecting the actual sample in order to condition the bag and 
minimize absorption effects of the bag walls. This technique provides 
minimal contact with pumps or valves that can be sources of leaks and 
contamination.   

Collected odor samples will be shipped overnight to St. Croix Sensory 
olfactory laboratory in Stillwater, Minnesota, for odor panel analysis the 
following day after sample collection. Olfactory analysis is generally 
performed within 24 hours of sampling. The reference procedures 
followed for this analysis included American Society for Testing and 
Materials (ASTM) Method 679-04, Determination of Odor and Taste 
Thresholds by a Forced-Choice Ascending Concentration Series of Limits 
and the comparable European Method EN13725:2003. The analytical 
technique utilizes triangle forced-choice, dynamic dilution olfactometry. 
Through a series of dilutions of the odor sample and repetitive sniffing by 
the odor panelists, the theoretical odor threshold for the sample is 
determined as the statistical midpoint dilution at which half of the 
panelists can detect the odor and half of them cannot. 

Odor intensity is determined in accordance with ASTM Method E544-99, 
Referencing Suprathreshold Odor Intensity. Reported intensity values are 
related to known concentrations of n-butanol in air or water. The higher 
the reported concentration is, the greater the perceived intensity of the 
odor. 

Each sample will be evaluated for hedonic tone as well. The hedonic tone 
is a quantitative assessment of the degree of objectionability of the sample. 
A value of zero is considered neutral, with positive numbers indicating 



ERM 6 VIGOR/-0197277-7/28/2014 

 

degrees of pleasantness and negative numbers indicating degrees of 
objectionability.   

3.2 VOHAP/VOC AND SULFUR COMPOUND TESTING 

Gas samples will be collected from selected sources for hydrocarbon 
and/or reduced sulfur compound analyses. The samples are collected in 
6-liter, evacuated, ceramic-lined, Silonite canisters to minimize adsorptive 
effects on sulfur compounds. Teflon® tubing is used as the sample line. 
The valve on the canister is opened briefly, allowing a grab sample to be 
collected. Sample canisters will be shipped overnight to ALS 
Environmental Laboratory (ALS) in Simi Valley, California, for analysis. 

The samples collected in each canister will be analyzed both for 
VOHAP/VOCs using gas chromatography/mass spectroscopy per U.S. 
Environmental Protection Agency (USEPA) Method TO-15 and for sulfur 
compounds using sulfur chemiluminescence per ASTM D 5504-12. 

3.3 SPECIATED METALS HAPS ANALYSIS 

Where emission factors are not available for metals HAPs from abrasive 
blasting operations, a grab sample of the spent abrasive blast residue will 
be collected in a glass vial, sealed, identified, and sent to Eurofins 
Calscience, Inc. (Calscience) in Garden Grove, California for metals 
speciation analysis. The laboratory will utilize USEPA Method – 6010B for 
metals speciation.  
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 EMISSIONS DEVELOPMENT 4.0

4.1 SHIP AND MISCELLANEOUS COATING OPERATIONS 

4.1.1 Odor Assessment 

The coating of ships and other miscellaneous parts will emit odorous 
volatile emissions due to the various compounds within the paints and 
other coating materials. To measure odor emissions, ERM will conduct 
odor testing during coating operations within Building 73, which coats 
miscellaneous parts, as well as during vessel coating applications in one of 
the dry docks or berths. ERM will use the indirect-fill, bag-in-drum 
sampling technique as described in Section 3.1 and the sample will be sent 
to St. Croix Laboratories for the estimation of odor strength as D/T. 
Where emissions are controlled by a baghouse (i.e., paint spray booth) or 
exhaust ventilation through a filter, ERM will measure the exhaust flow 
rate of the process in conjunction with the odor concentration. In addition, 
the amount, coating type, and timing of coating operations will be 
ascertained.  

4.1.2 Toxic Emissions Calculation Development 

In order to assess the toxic emission rates for the coating operations, it is 
assumed that all volatile toxic emissions, less the material recovered as 
waste, will be emitted into the air. Toxic emissions have been calculated 
on an annual basis for all coating operations used at the site based on 
actual hours of coating during the year. ERM will sum all of the coating 
emissions (in pounds [lb]) for each toxic compound, in each coating 
applied, to develop total annual emissions for each toxic compound. In 
order to calculate a maximum hourly rate (lb/hr), ERM will estimate each 
toxic compound per gallon of paint and multiply by the maximum coating 
rate for each operation (ships and miscellaneous parts). To provide further 
assessment of the volatile toxic emissions during coating operations, 
samples will be collected concurrently with odor emission samples using 
a Silonite canister following the methodology described in Section 3.2. The 
sample will be sent to ALS for testing using USEPA Method TO-15. 

Since toxic metals emissions are particulates and much of the particulates 
actually adhere to substrate material, a modified approach for the method 
defined for the volatile toxic emissions will be used. The annual and 
maximum hourly rate will be calculated in the same methodology as 
above, but these emission rates will be multiplied by the percentage of 
solids which do not adhere to the substrate (one minus the transfer 
efficiency). Transfer efficiencies will be based on established factors for the 
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specific types of spray equipment. The miscellaneous coating operations 
will be conducted in a confined spray booth with a baghouse for PM 
control, which typically controls 99 percent of the PM; therefore, the 
miscellaneous coating particulate toxic emission rate will be multiplied by 
an additional factor of 0.01 to account for the control effect. Where ship 
coating operations are conducted in a shroud and a mobile PM control 
device is used, a similar ratio will be added to those emission rates.   

4.2 BALLAST WATER TREATMENT PLANT AND RECLAIMED OIL 
TANKS/LOADOUT 

4.2.1 Odor Assessment 

All samples will be taken in Tedlar bags as described in Section 3.1. In 
order to fully assess potential odor emissions from the BWTP, samples 
will be taken from a number of locations representative of the various 
processes associated with the facility. These locations include loading and 
offloading stations, vented storage tanks, oil/water separators, and 
processing equipment. In some cases, several samples may need to be 
taken at a given location depending on the specific processes that occur 
there.   

4.2.2 Volatile HAPs/Sulfur Compound Emissions Testing 

Sampling will be conducted for VOHAP/VOCs and sulfur compounds 
using the method stated in Section 3.2. These samples will be collected 
concurrently with the collection of the odor samples. A canister sample 
will be taken at each of the locations where an odor sample is taken. The 
information gained from the odor analysis will be sufficient to develop a 
release rate. 

4.2.3 Emission Calculation Development 

The laboratory results from the emissions testing will be used to calculate 
the emissions rates for each of the sources associated with the BWTP. For 
emissions during truck and tank transfers, transfer rates will be multiplied 
by the concentrations of air toxics to determine the short-term potential to 
emit. Annual throughputs will be used to calculate annual emissions for 
these sources. For processes where there is an air flow, the flow rate will 
be measured or estimated from equipment specifications, and multiplied 
by the concentrations of each toxic compound found in the analysis to 
determine the short-term potential to emit. Annual emissions will be 
calculated by multiplying this rate by annual operating hours for the piece 
of equipment.   
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4.3 ABRASIVE BLASTING 

4.3.1 Odor Assessment 

Abrasive blasting operations may emit odorous emissions. To test the 
odor emissions, ERM will collect odor samples during abrasive blasting 
operations on a vessel in dry dock during wet blasting and at the exhaust 
from a vessel tank during dry blasting. ERM will use the indirect-fill, bag-
in-drum sampling technique as described in Section 3.1 and the sample 
will be sent to St. Croix Laboratories for the estimation of odor strength as 
D/T. Airflow measurements will be conducted at the exit of the exhaust 
blower providing ventilation during the blasting.  

4.3.2 Toxics Emissions Testing 

Since any potential toxic emissions will be in the form of particulates, 
ERM will collect a solids sample for the spent abrasive blast residue, 
which will also contain paint materials from the substrates, and will send 
the sample to Calscience for toxic metals fraction analysis. ERM will 
compare the metals fractions identified with the Oregon DEQ’s list of toxic 
metals. The results will be used in combination with previous PM 
emission factor studies to develop particulate toxic metals emissions 
described in Section 4.3.3.  

4.3.3 Emission Calculation Development 

ERM has previously conducted an abrasive blast emissions study to 
develop particulate emission factors for wet and dry abrasive blasting 
operations at the site (ERM, 2009). From the report, particulate emission 
factors can be defined for abrasive blasting in terms of lb/hr for both dry 
blasting in vessel tanks and wet blasting in dry dock. These emission 
factors will be multiplied by the fraction of each toxic metal found in 
Section 4.3.2. These factors will be used for the short-term emissions 
within the modeling. Annual emissions will be developed based on the 
annual number of hours of abrasive blasting for the last year.    

4.4 WELDING 

4.4.1 Odor Assessment 

Welding, torch cutting, and grinding operations may also emit odorous 
emissions. To measure the odor emissions, ERM will conduct odor tests 
during these operations that occur in the bays within Building 4 and 
within the welding school in Building 10. ERM will use the indirect-fill, 
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bag-in-drum sampling technique as described in Section 3.1 and the 
sample will be sent to St. Croix Laboratories for the estimation of odor 
strength as D/T. In the welding school and in the bays when ventilation 
fans are used, flows will be measured at the exhaust. For open welding 
operations in the bays, airflow measurements using a hot-wire 
anemometer will be conducted at the open doorways to estimate the exit 
velocity out of the building to estimate the emission rate with time. ERM 
will identify the total areas of the openings for the building to estimate the 
total flow rate outward.  

4.4.2 Toxic Emissions Testing 

In order to estimate volatile toxic emissions, ERM will collect a sample of 
the ambient air within the welding building for analysis of air toxic 
compounds. The sample will be taken using a Silonite canister following 
the methodology described in Section 3.1.2. The sample will be sent to 
ALS for testing using USEPA Method TO-15. 

4.4.3 Toxic Emission Calculation Development 

ERM will use toxic emission factors from the Vigor emissions inventory 
database based on the different welding rods used. These emission factors 
are speciated and are defined in terms of mass/lb of welding rods used. 
ERM will evaluate the amount of welding rods used at any given time, as 
well as annual usage. ERM will multiply the speciated toxic emission 
factor by the amount of rods used within a 1-hour period to estimate 
maximum hourly emission rates for each toxic pollutant. Annual 
emissions will be estimated using the same procedure, except replacing 
the maximum hourly usage with the annual usage to develop emissions in 
lb/year. 

4.5 CENTRAL UTILITY BUILDING AND DIESEL GENERATOR 

4.5.1 Odor Assessment 

Odor emissions from the combustion sources are insignificant and not 
expected to impact the surrounding community. 

4.5.2 Toxic Emission Calculation Development 

Toxic emissions rates have been well studied for both natural gas 
combustion and diesel fuel combustion. The USEPA has developed toxic 
emission factors for both combustion processes in Air Pollution–42 
(AP-42), Volume I, Sections 1.4 and 3.3/3.4, respectively. Maximum 
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hourly toxic emissions from the boilers in the Central Utility Building, 
fueled by natural gas, will be calculated for each toxic pollutant using the 
maximum heat capacity rate of the units multiplied by the pollutant-
specific toxic emission factor in Table 1.4-3 of AP-42. Annual emissions 
will be calculated by multiplying the maximum hourly emission rate by 
the number of hours of operation in the last year.  

Similarly, the maximum hourly toxic emission rates for the diesel 
generator will be calculated by multiplying the maximum brake 
horsepower by the pollutant-specific emission factor found in either Table 
3.3-2 or 3.4-4 of AP-42. The annual emissions will be estimated by 
multiplying the maximum hourly emission rate by the number of hours of 
operation from last year.  

4.6 ROADS PAVED AND UNPAVED 

The site has a series of paved roads. It is assumed that PM from a myriad 
of sources may deposit on the road surface and that driving on the roads 
could re-entrain the PM into the air. However, based on the expected 
minute amount of these emissions compared to the magnitude of these 
emissions from the actual sources, such as abrasive blasting, welding, and 
cutting, this source is not expected to create any significant odor or HAPs 
emissions and, therefore, no odor or HAP emissions will be estimated for 
this study. 

 


