
 

 

 

 

 

 

 

 

 

March 7, 2021 
 
Kristen Martin 
Oregon Department of Environmental Quality 
Northwest Region, Air Quality 
700 NE Multnomah Street, Suite 600 
Portland, Oregon 97232-4100 

CLEANER AIR OREGON RISK ASSESSMENT DOCUMENTATION 
SI PORL2, LLC (SOURCE ID 34-0245) 

 
Dear Kristen, 
 
Ramboll US Consulting, Inc. (Ramboll) is submitting the enclosed Cleaner Air Oregon (CAO) risk assessment 
documentation to the Oregon Department of Environmental Quality (ODEQ) on behalf of our client, SI 
PORL2, LLC (STACK), who is proposing to construct and operate a new data center facility located at 4735 
NE Starr Boulevard in Hillsboro, Oregon (Source ID 34-0245).  The enclosed documentation includes the 
following: 

• Revised Modeling Protocol and Risk Assessment Work Plan:  The previously submitted Modeling 
Protocol and Risk Assessment Work Plan has been revised to include a modified operating scenario that 
includes emissions from commissioning.  Proposed operating scenarios are described in Section 4.1 of 
the report. 

• Modeling Report and Risk Assessment Analysis: The Modeling Report and Risk Assessment 
Analysis includes a summary analysis of the risk assessment results.   

Thank you in advance for your prompt review of the enclosed information.  If you have any questions 
regarding this information, please contact me at your convenience. 
 
Sincerely, 

 
 
Enclosures: 
Modeling Protocol and Risk Assessment Work Plan (Revised) 
Modeling Report and Risk Assessment Analysis 
 

  

Laura Cottrell  
Managing Consultant  
603.734.4204   
lcottrelll@ramboll.com  

mailto:lcottrelll@ramboll.com
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Figure 1.1: Facility Location 
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2. MODELING COMPONENT OVERVIEW 

2.1 Process Overview 
 
STACK proposes to construct a new data center facility in Hillsboro, Washington County, Oregon.  
Primary power will be provided to the facility by the local electric utility.  Emergency backup power 
will be provided by diesel-fired emergency generators.  Emissions from these generators will include 
certain air toxics that are regulated under the Cleaner Air Oregon program, as described in more 
detail below.     

2.2 TEU Descriptions 
 
The risk assessment will account for emissions from 49 diesel-fired emergency generators.  Each 
generator will be USEPA Tier 2 certified and will burn ultra-low sulfur diesel fuel.  Figure 1.2 depicts 
the proposed generator locations and Table 2.1 provides a summary of proposed generator 
specifications.  There will be no other non-exempt TEUs associated with this project.   
 
Table 2.1: Summary of Toxic Emission Units 
 

TEU Description Fuel Type Maximum Fuel Consumption Rate 
49x3MW emergency generators ULSD 211 gallons/hour/generator 

2.3 Compounds Emitted 
Table 2.2 summarizes the toxics air pollutant emitted from the Facility.  A total of 24 compounds 
were identified in the emissions inventory process. 
 
Table 2.2: Toxic Pollutants Emitted from Diesel Combustion 
 

CAS Number Chemical Name 

75-07-0 Acetaldehyde 
107-02-8 Acrolein 
7664-41-7 Ammonia 
7440-38-2 Arsenic and compounds 
71-43-2 Benzene 
106-99-0 1,3-Butadiene 
7440-43-9 Cadmium and compounds 
18540-29-9 Chromium VI, chromate and dichromate particulate 
7440-50-8 Copper and compounds 
DPM Diesel Particulate Matter 
100-41-4 Ethyl benzene 
50-00-0 Formaldehyde 
110-54-3 Hexane 
7647-01-0 Hydrochloric acid 
7439-92-1 Lead and compounds 
7439-96-5 Manganese and compounds 
7439-97-6 Mercury and compounds 
91-20-3 Naphthalene 
-- Nickel compounds, insoluble 
-- Polycyclic aromatic hydrocarbons (PAHs) 
50-32-8 Benzo[a]pyrene 
7782-49-2 Selenium and compounds 
108-88-3 Toluene 
1330-20-7 Xylene (mixture), including m-xylene, o-xylene, p-xylene 
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Figure 2.1: Facility Layout
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2.4 Receptor Locations and Classification 
 
For the initial characterization of the receptor locations, a shapefile of the land parcel data with land 
classification codes was used.  These data were provided through direct communication with 
Washington County Information Technology Services.  The data set contains 98 parcel use 
classifications, which for assigning receptor types were categorized into two basic categories; 
residential and worker.  The residential bin includes parcels with any form of residential zoning 
including mixed-use categories.  In addition, parcels nearby the project that are zoned for non-
residential uses were assessed to determine whether a residential categorization was appropriate 
given the presence of a residence on the property.  In cases where parcels have a residence, 
receptors representing the residential locations were categorized as residential.   
 
After the initial analysis, receptor locations for Oregon K-12 public and private schools, colleges, 
universities, and career schools were assigned in a school category from a dataset from the Oregon 
Spatial Data Library (https://spatialdata.oregonexplorer.info/geoportal/search;q=*schools*). For 
schools, both a discrete receptor at the centroid of the facility and any gridded receptors intersecting 
the school properties were assigned to a category of schools.  Daycare centers were also included 
using a data set from Homeland Infrastructure Foundation-Level Data (HIFLD) website (https://hifld-
geoplatform.opendata.arcgis.com/datasets/child-care-centers).  Additional searches were performed 
to augment the daycare center data with facilities not included in the HIFLD dataset.  As a 
conservative approach, all non-residential non-school, and non-daycare gridded receptors are 
considered as worker receptors.  The acute analysis will conservatively include all gridded and 
discrete receptors. 
 
Figure 2.2 shows the zoning categories around the Facility. The Facility is located in an area zoned 
for industrial use, and is surrounded by parcels categorized as industrial, commercial, forestland, 
farmland, and miscellaneous.  There are residences located on parcels to the southwest and north of 
the property.  These represent the nearest residences to the Facility.  The nearest child exposure 
location is a daycare facility, KLA Schools of Hillsboro, located approximately 1.5 kilometers (km) to 
the south of the Facility.  Liberty High School, located approximately 2.6 km to the east-northeast of 
the Facility, is the nearest school location. 
  

https://spatialdata.oregonexplorer.info/geoportal/search;q=*schools*
https://hifld-geoplatform.opendata.arcgis.com/datasets/child-care-centers
https://hifld-geoplatform.opendata.arcgis.com/datasets/child-care-centers
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Figure 2.2: Zoning Classification 
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3. MODELING METHODOLOGY, SETTINGS, AND INPUTS 

The following sections establish the proposed methodologies that will be relied upon in the dispersion 
modeling analysis that will be submitted as part of the Facility’s Risk Assessment Report.  The 
dispersion modeling will be conducted in accordance with ODEQ’s Draft Recommended Procedures 
for Air Quality Modeling (2020), as described in more detail below. 

3.1 Model Selection and Settings 
To estimate ambient air concentrations of pollutants, the applicant will use the latest version of the 
AERMOD modeling system (19191), which is the USEPA’s recommended air dispersion model.  
AERMOD is appropriate for use in estimating ground-level ambient air concentrations resulting from 
non-reactive buoyant emissions from sources located in simple and complex terrain. 

Modeled impacts will be estimated using AERMOD in conjunction with information about the Facility, 
the locations of the emitting stacks, representative meteorological data, and nearby receptors.  The 
North American Datum of 1983 (NAD83) of the Universal Transverse Mercator (UTM) Coordinate 
System was used, which provides a constant distance relationship anywhere on the map or domain.  
The units of the coordinates are in meters. 

3.2 Source Emission Rates and Operational Restrictions 
Each generator will be modeled using a one gram per second (g/s) emission rate.  The resulting unit-
based concentrations (i.e., dispersion factors) will be scaled to pollutant-specific concentrations 
based on the pollutant-specific emission rates summarized in the Emission Inventory (AQ405CAO).  
Annual concentrations will be based on the annual average across five years, and 24-hour 
concentrations will be based on the first high 24-hour average across five years.  The proposed 
emission rates in AQ405CAO are consistent with those suggested by ODEQ for diesel combustion.1F

2  
Specifically, the emission rates are based on Ventura County Air Pollution Control District and South 
Coast Air Quality Management District AB2588 reporting documents, with the exception of diesel 
particulate matter (DPM), which is conservatively estimated as the maximum of the sum of 
manufacturer-provided particulate matter and hydrocarbon emission rates for any load.   

The planned maintenance and testing schedule for the generators will require no more than nine 
hours of operation per generator per year and no more than two to four hours of operation per 
generator per day.  To allow for additional operational flexibility beyond the planned maintenance 
and testing schedule, STACK will be requesting operational limitations that ensure adequate 
operational flexibility while not exceeding the Toxics Lowest Available Emission Rate (TLAER) risk 
thresholds, as described in more detail in Section 4.1.  Emergency operations are not regulated by 
ODEQ and are not included in the HRA. 

3.3 Modeled Sources and Release Parameters 
Sources modeled as part of this analysis will include the 49 emergency generators.  The generators 
are described in Section 2 and their release parameters are summarized in Table 3.1.  Air toxic 
emissions for the generators are provided in the CAO Air Toxics Reporting Form (AQ405CAO).  Each 
generator will be characterized as a point source exhausting vertically upward without obstruction.  
Each building (including Buildings 1,2A, 2B, and 2C), as well as the related structures and stacks, 
have the same base elevation derived from elevation data of the Facility.  

 

  

 
2 https://www.oregon.gov/deq/aq/cao/Pages/faq-step2.aspx 

https://www.oregon.gov/deq/aq/cao/Pages/faq-step2.aspx
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Table 3.1: Release Parameters 

Parameter Building 1 
Generators 

Building 2A 
Generators 

Building 2B 
Generators 

Building 2C 
Generators 

Release Height (m)  8.53 8.53 8.53 8.53 

Temperature (K) 756.45 756.45 756.45 756.45 

Flow Rate (ACFM) 22,806.2 22,806.2 22,806.2 22,806.2 

Exit Velocity (m/s) 36.88 36.88 36.88 36.88 

Stack Diameter (m) 0.61 0.61 0.61 0.61 

Elevation (m) 62.96 63.18 63.79 62.82 

3.4 Building Downwash 
The AERMOD model incorporates Plume Rise Modeling Enhancements (PRIME) to account for 
downwash.  The direction-specific building downwash dimensions used as inputs were determined by 
the latest version (04274) of the Building Profile Input Program, PRIME (BPIP PRIME).  BPIP PRIME 
uses building downwash algorithms incorporated into AERMOD to account for the plume dispersion 
effects of the aerodynamic wakes and eddies produced by buildings and structures.   

The applicant proposes to evaluate onsite buildings at the proposed Facility for downwash effects on 
each modeled point source.  Since some onsite buildings will have multi-tiered roofs, the tiered 
sections were treated as separate buildings for this modeling demonstration.  The modeled 
parameters for the buildings and associate structures is provided in Table 3.2. 

Table 3.2: Building and Structure Parameters 

Structure ID Height (m) Elevation (m) 

Building 1 Main B1X_MAIN 6.4 62.96 

Building 1 Tier 1 B1X_ADD1 6.4 62.96 

Building 1 Enclosures B1X_GE## 4.88 62.96 

Building 1 UPS B1X_UPS## 4.88 62.96 

Building 1 Chillers B1X_CH## 2.4 62.96 

Building 2A Main B2A_MAIN 13.72 63.18 

Building 2A Tier 1 B2A_ADD1 13.72 63.18 

Building 2A Tier 2 B2A_ADD2 16.15 63.18 

Building 2A Enclosures B2A_GE## 4.88 63.18 

Building 2A UPS B2A_UPS## 4.88 63.18 

Building 2B Main B2B_MAIN 13.72 63.79 

Building 2B Tier 1 B2B_ADD1 13.72 63.79 

Building 2B Enclosures B2B_GE## 4.88 63.79 

Building 2B UPS B2B_UPS## 4.88 63.79 

Building 2C Main B2C_MAIN 13.72 62.82 

Building 2C Tier 1 B2C_ADD1 13.72 62.82 

Building 2C Tier 2 B2C_ADD2 16.15 62.82 

Building 2C Enclosures B2C_GE## 4.88 62.82 

Building 2C UPS B2C_UPS## 4.88 62.82 
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3.5 Good Engineering Practice Stack Height Analysis 
The USEPA has promulgated regulations that limit the maximum stack height one may use in a 
modeling analysis to no more than the Good Engineering Practice (GEP) stack height.  The purpose 
of this requirement is to prevent the use of excessively tall stacks to reduce the modeled 
concentrations of a pollutant.  GEP stack height is impacted by the heights of nearby structures.  In 
general, the maximum value for GEP stack height is 65 meters. The stack heights for the proposed 
generator stacks will not exceed the GEP stack height. 

3.6 Receptor Grid 
The approximate Facility boundary is illustrated in Figure 3.1.  Ground level receptors were placed 
along the boundary at approximately 10-meter intervals, resulting in 159 boundary receptors.  
Beyond the Facility boundary, a variable density, discrete Cartesian receptor grid was used for the 
modeling assessment, as outlined in Table 3.3.  These nested receptor grids represent a total of 
7478 receptors.  In addition, 152 discrete receptors representing school facility centroids and 
daycare centers were also modelled.  Receptor classifications are described in Section 2.4.   

Table 3.3. Minimum Discrete Receptor Spacing 

Distance from Fence 
Line 

Receptor 
Spacing 

Along fence line 10 meters 
0 – 500 meters 25 meters 
500 – 1,000 meters 50 meters 
1,000 – 2,000 meters 100 meters 
2,000 – 5,000 meters 200 meters 
5,000 – 10,000 meters 500 meters 

3.7 Terrain Data and Land Use 
In accordance with USEPA guidance, terrain elevations were incorporated into the model using the 
most recent version (18081) of AERMAP, AERMOD’s terrain preprocessor.  Terrain elevation data for 
the entire modeling domain was extracted from 1/3 arc second National Elevation Data (NED) files 
with a resolution of approximately 10 meters.  The NED files were obtained from the United States 
Geological Survey (USGS) Multi-Resolution Land Characteristics Consortium (MRLC).2F

3  AERMAP was 
configured to assign elevations for the sources, buildings, property line receptors, gridded receptors, 
and discrete receptors in the modeling domain. 

Land use classification determines the type of area to be modeled.  The different classifications, 
urban or rural, incorporate distinct pollutant dispersion characteristics and will affect the estimation 
of downwind concentrations when used in the model.  Based on the land use around the proposed 
facility, the urban boundary layer option in the model was not selected.  

 
 
 
 
 
 
  

 
3 http://www.mrlc.gov  

http://www.mrlc.gov/
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Figure 3.1: Receptor Locations 
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3.8 Meteorological Data 
A representative meteorological data set was developed using a combination of surface data from the 
National Weather Service (NWS) station at the Hillsboro Airport (KHIO, located approximately 1.3 km 
southwest of the Facility) and NWS upper air data from Salem, Oregon (KSLE, located approximately 
65 km south of the Facility).   

Five years of representative meteorological data will be used for this analysis.  Hourly and one-minute 
wind speed and wind direction data from January 2015 through December 2019 were processed using 
the latest version of AERMINUTE (version 15272) and AERMET (version 19191).  The meteorological 
data was processed using the ADJ_U* option that reduces overprediction of modeled concentrations 
that occur in stable conditions with low wind speeds due to underprediction of the surface friction 
velocity (u*).  Underprediction of u* results in an underestimation of the mechanical mixing height and 
thus overprediction of ambient concentrations.  The ADJ_U* option is now considered a regulatory 
default option with the recent update to 40 CFR Part 51 Appendix W. 

Additional meteorological variables and geophysical parameters are required for use in the AERMOD 
dispersion modeling analysis to estimate the surface energy fluxes and construct boundary layer 
profiles.  Surface characteristics including albedo, Bowen ratio, and surface roughness length were 
determined for the area surrounding the Hillsboro Airport meteorological station using the AERMET 
surface characteristic preprocessor, AERSURFACE (version 20060), and the USGS 1992 National Land 
Cover (NLCD92) land use data set.  The NLCD92 data set used in the analysis has a 30-meter 
resolution and 21 land use categories.  Monthly surface parameters were determined using 
AERSURFACE according to USEPA guidance. 

Monthly albedo and Bowen ratio values were based on averaging over a 10-km by 10-km region 
centered on the Hillsboro Airport meteorological site.  Monthly surface roughness values were 
calculated for twelve 30-degree sectors within 1 km of the Hillsboro Airport meteorological station. 

The AERSURFACE input file requires the user to provide additional location and climatological 
information regarding the primary meteorological site (KHIO).  The following information was used to 
process monthly surface parameters for the meteorological site:  

• The site was assumed to not have continuous snow cover most of the winter.  There is typically 
little or no lasting snowfall near the Hillsboro Airport, where the meteorological station is located.  
The annual average total snowfall for Redmond, Oregon is 5.3 inches with an average snow 
depth of 0 inches during the month of January. 

• The site is located at an airport. 

• The site was not assumed to be located in an arid region. 

• The monthly surface moisture conditions at the site were based on a comparison of the monthly 
precipitation with the 30-year monthly climatology at that station.  Monthly precipitation values 
below the 30th percentile were classified as dry, above the 70th percentile, wet, and between the 
30th and 70th percentiles, the surface moisture content was considered average.  In addition, all 
months with precipitation less than 0.5 inches were classified as dry, regardless of comparison to 
percentiles. 

The windrose for the period including 2015 - 2019 is shown in Figure 3.2. 
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Figure 3.2: Hillsboro Airport (KHIO) Windrose  
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4. RISK ASSESSMENT WORK PLAN 

This HRA work plan describes the methodology required to conduct the HRA to evaluate the potential 
human health risks and hazards associated with the emergency generator emissions from the 
proposed Facility.  Consistent with recommended procedures outlined in the USEPA’s Risk 
Assessment Guidance for Superfund: Volume I—Human Health Evaluation Manual (USEPA 1989) and 
with ODEQ’s Recommended Procedures for Toxic Air Contaminant Health Risk Assessment (ODEQ 
2020), this HRA includes the following elements: 

• Identification of Chemicals of Potential Concern (COPC); 
• Exposure assessment; 
• Toxicity assessment; and 
• Risk characterization 
 
In addition, the approaches for uncertainty analysis and data quality assessment will be briefly 
discussed. 

4.1 Methodology Overview for Conducting a Level 3 CAO HRA 
 
The methodology proposed in this work plan follows the risk assessment framework and 
methodology as recommended by ODEQ CAO HRA Guidance (ODEQ 2020) for a Level 3 HRA.  As 
shown in Figure 4.1, the recommended Level 3 CAO HRA process uses toxic pollutant emission rates 
described in the CAO Emission Inventory (AQ405CAO), the 24-hr and annual average dispersion 
factors for each generator and receptor, the default risk-based concentrations (RBCs) as 
recommended in the ODEQ CAO HRA Guidance (ODEQ 2020), and zoning/land use designations, to 
estimate the excess lifetime cancer risk, noncancer chronic and acute hazard indices (HI) at every 
modelled receptor, as described in more detail in the following sections.   
 
The following scenarios will be evaluated for the HRA: 
 
Chronic (annual):   
• Default Scenario:  Each of the 49 generators operate for 20 hours per year.  
• Alternative Scenario:  The generators will operate up to 530 hours per year in aggregate.  This 

alternative scenario will allow for flexibility to conduct commissioning, maintenance, or testing 
runs that may exceed 20 hours per year for a single generator, if needed.  This risk associated 
with this scenario will be evaluated as follows:    

o Using the results of the default scenario described above (i.e., all engines operating 20 
hours per year), the applicant will identify the single “worst-case” engine that has the 
maximum annual average impact for any receptor. 

o Emissions from 530 hours of operation will be assumed to exhaust from the single 
“worst-case” engine.  This is a simplistic and conservative approach that will slightly 
overestimate the maximum chronic risk for this scenario since it is based on a single 
“worst-case” engine.    
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Acute (24-hour):   
• Default scenario:  Each of the 49 generators will operate for two hours per day.   
• Alternative scenario:  The generators will operate up to 90 hours per day in aggregate.  

Similar to the alternative scenario described above, this scenario will allow for flexibility to 
conduct occasional commissioning, maintenance, or testing runs that may exceed two hours per 
day for a single generator.  This risk associated with this scenario will be evaluated as follows:    

o Using the results of the default scenario described above (i.e., all engines operating two 
hours per day), the applicant will identify the single “worst-case” engine that has the 
maximum 24-hour impact for any receptor. 

o Emissions from 90 hours of operation will be assumed to exhaust from the single “worst-
case” engine.  

 
Given the HRA scenarios described above, the applicant proposes the permit conditions summarized 
below to reflect these limitations.  Consistent with permits issued recently for other data center 
facilities in Hillsboro, the proposed limits are expressed in terms for fuel use.  These fuel use limits 
are derived from the operational hours described above and the maximum fuel consumption rate for 
each engine (211 gallons per hour).   
 
Proposed permit conditions: 
 
To ensure risk from this facility does not exceed the levels demonstrated in the risk assessment, the 
permittee must comply with the following conditions: 

A. Fuel use associated with non-emergency operations will not exceed 4,220 gallons per engine per 
12-month period, except as noted in Condition B. 

B. Fuel associated with non-emergency operations may exceed 4,220 gallons per engine per 12-
month period provided that the combined fuel use for all permitted engines does not exceed 
111,830 gallons per 12-month period for non-emergency purposes. 

C. Fuel use associated with non-emergency operations will not exceed 422 gallons per engine per 
24-hour period, except as noted in Condition D. 

D. Fuel associated with non-emergency operations may exceed 422 gallons per engine per 24-hour 
period provided that the combined fuel use for all permitted engines does not exceed 18,990 
gallons per 24-hour period for non-emergency purposes.  

4.1.1 Identification of COPCs 
The toxics air pollutant emitted from the facility, as discussed in Section 2.2, will be included as the 
COPCs to be quantitatively evaluated in the HRA.  The toxic air pollutants are summarized in Table 
2.2.  
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Figure 4.1: Level 3 Refined Risk Assessment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Toxic Air Pollutant Emissions 
(Form AQ405CAO) 

Air dispersion modeling 
outputs for annual and 24-

hour dispersion factors 
 

Oregon DEQ Risk-based 
concentrations (RBCs) 

Land use classifications for 
receptors 

Cleaner Air Oregon Level 3 
Impact: Cancer Risk and noncancer 
hazards for each generator at each 

receptor 

Cancer Risk:  
• Residential 
• Non-residential child 

(schools and daycares)  
• Commercial/Industrial 

worker  

Noncancer Chronic HI:  
• Residential 
• Non-residential child 

(schools and daycares)  
• Commercial/Industrial 

worker  
 

Noncancer Acute HI:  

• All Population 
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Figure 4.2: Receptor Classification 
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Figure 4.3: Receptor Classification – Near Facility 
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