U.S. Department of Energy
Hanford Site

February 2, 2021
21-ESQ-000366

Mr. David Bowen, Program Manager
Nuclear Waste Program

Washington State Department of Ecology
3100 Port of Benton Boulevard

Richland, Washington 99354

Ms. Kelly McFadden, Manager
Stationary Source Unit

U.S. Environmental Protection Agency
Region 10

1200 Sixth Avenue, Suite 900, AWT-150
Seattle, Washington 98101

Dear Addressees:

NOTICE OF CONSTRUCTION APPLICATION AND SECOND TIER REVIEW FOR
HANFORD SITE WATER SYSTEMS UPGRADE

The U.S. Department of Energy, Richland Operations Office (RL) is planning various
infrastructure upgrades to the Hanford Site Export Water, Raw Water, and Sanitary Water
Systems (i.e., Hanford Site Water Systems) to support ongoing and planned operations on the
Hanford Site. These upgrades will result in the construction and operation of six new
emergency-stationary-engine-powered diesel generators, two potable water storage tanks, and
one set of wastewater sludge lagoons generated from water system backwash. RL hereby
submits this Notice of Construction (NOC) Application for your approval in support of these
planned upgrades.

e Attachment 1 is the completed NOC Application form that provides basic project
information.

e Attachment 2, “Water Systems Upgrade Notice of Construction Application Technical
Information,” (DOE/RL-2020-33, Rev. 0), provides detailed project information,
including project descriptions, a process flow diagram, site maps, best available control
technology and best available control technology for toxics analysis, and emission
estimates. This document shows that project criteria air pollutant emissions will be
below Washington Administrative Code (WAC) 173-400-110(5) exemption levels,
except for particulate matter 2.5 and nitrogen oxides. It also shows that the project will
emit 22 toxic air pollutants, of which five will exceed the small quantity emission rate,

Richland Operations Office Office of River Protection
P.O. Box 550 P.O. Box 450
Richland, Washington 99352 Richland, Washington 99352
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and two — diesel engine exhaust particulate; and nitrogen dioxide — will exceed the
acceptable Source Impact Level (ASIL). Additionally, this document shows that no
ozone depleting substance will be emitted, the project will not result in a violation of an
ambient air quality standard, and will not result in a major modification; and therefore
will not require prevention of significant deterioration permitting.

e Attachment 3, “Second Tier Review Supporting DOE/RL-2020-33, Water Systems
Upgrade Notice of Construction Application Technical Information,” (HNF-RPT-65735,
Rev. 0), is provided pursuant to WAC 173-460-090 as a result of the ASIL exceedances
for diesel engine exhaust particulate and nitrogen dioxide as addressed in Attachment 2.
This document provides supplemental air dispersion modeling data, toxicological
assessments, and an analysis of hazards and risks associated with the project to support
approval of the NOC Application.

e Attachment 4 is the completed Notification of Administrative Permit Amendment that
supports incorporation of the intended Washington State Department of Ecology
(Ecology) approval order into the Hanford Site Air Operating Permit No: 00-05-006,
Renewal 3; in accordance with WAC 173-401-720.

Air dispersion modeling files supporting the ambient air impact analysis, documented in REG-
1168, “Water Systems Upgrades Notice of Construction Application AERMOD Modeling
Files,” will be transmitted to Ecology through the Hanford Site Hanford Mission Integration
Solutions, LLC (HMIS) File Transfer website, https://transfer.hanford.gov/. Nuclear Waste
Program Public Records Officers, Teresa Booth and Joy Morris, have access to download the
files at their convenience upon receipt of this letter. Please contact Tanya Williams, Hanford
Mission Integration Solutions, LLC, at (509) 994-4139 or tanya_r_williams@rl.gov, with any
questions.

If you have any questions, please contact me, or your staff may contact Glyn D. Trenchard,
Acting Assistant Manager for Safety and Environment, RL, on (509) 373-4016.

Sincerely,
H Digitally signed by Brian T. Vance
Brian T. VanCe pze0:10502 160503 0800
Brian T. Vance
ESQ:AET Manager
Attachments: (4)

cc: See page 3
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cc w/attachs:

L. M. Bauder, Ecology

M. F. Williams, Ecology

M. Williams, Ecology
Administrative Record
Environmental Portal, G3-35

cc w/o attachs:

J. Bell, NPT

R. Buck, Wanapum
M. J. Demiter, HMIS
A. L. Johnson, HMIS
M. Murphy, CTUIR
L. Contreras, YN

M. B. Wilson, HMIS

February 2, 2021
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NOTICE OF CONSTRUCTION APPLICATION

(7 pages including cover sheet)
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DEPARTMENT OF

S A Notice of Construction Application

A notice of construction permit is required before installing a new source of air pollution or
modifying an existing source of air pollution. This application applies to facilities in
Ecology’s jurisdiction. Submit this application for review of your project. For general
information about completing the application, refer to Ecology Forms ECY 070-410a-g,
“Instructions for Ecology’s Notice of Construction Application.”

Ecology offers up to two hours of free pre-application assistance. We encourage you to
schedule a pre-application meeting with the contact person specified for the location of your
proposal, below. If you use up your two hours of free pre-application assistance, we will
continue to assist you after you submit Part 1 of the application and the application fee. You
may schedule a meeting with us at any point in the process.

Upon completion of the application, please enclose a check for the initial fee and mail to:

.........................................

Department of Ecology For Fiscal Office Use Only:
Cashiering Unit i 001-NSR-216-0299-000404 i
P.O. Box 47611

Olympia, WA 98504-7611

Check the box for the location of your proposal. For assistance, call the contact listed below:

Ecology Permitting Office Contact

Lynnette Haller
(509) 457-7126
lynnette.haller@ecy.wa.gov

[] Chelan, Douglas, Kittitas, Klickitat, or Okanogan County
CRO Ecology Central Regional Office — Air Quality Program

Adams, Asotin, Columbia, Ferry, Franklin,
[] Garfield, Grant, Lincoln, Pend Oreille, Stevens,
ERO Walla Walla or Whitman County
Ecology Eastern Regional Office — Air Quality Program

Karin Baldwin
(509) 329-3452
karin.baldwin@ecy.wa.gov

David Adler
(425) 649-7267
david.adler@ecy.wa.gov

[] San Juan County
NWRO Ecology Northwest Regional Office — Air Quality Program

For actions taken at

] Kraft and Sulfite Paper Mills and Aluminum Smelters James DeMay
IND Ecology Industrial Section — Waste 2 Resources Program ~ (360) 407-6868
Permit manager: james.demay@ecy.wa.gov
For actions taken on the Lilyann Murphy
N%P US Department of Energy Hanford Reservation (509) 372-7951
Ecology Nuclear Waste Program lilyann.murphy@ecy.wa.gov

Check the box below for the fee that applies to your application.

ECY 070-410 (Rev. 3/2018) Page 1 of 6
To request ADA accommodation, call (360) 407-6800, 711 (relay service), or 877-833-6341(TTY).




- o |
DEPARTMENT OF

S A Notice of Construction Application

New project or equipment:

X $1,500: Basic project initial fee covers up to 16 hours of review.

] $10,000: Complex project initial fee covers up to 106 hours of review.

Change to an existing permit or equipment:

$200: Administrative or simple change initial fee covers up to 3 hours of review

Ecology may determine your change is complex during completeness review of your application. If
your project is complex, you must pay the additional $675 before we will continue working on your
application.

[] $875: Complex change initial fee covers up to 10 hours of review

] $350 flat fee: Replace or alter control technology equipment under WAC 173-400-114

Ecology will contact you if we determine your change belongs in another fee category. You must
pay the fee associated with that category before we will continue working on your application.

Read each statement, then check the box next to it to acknowledge that you agree.

The initial fee you submitted may not cover the cost of processing your application. Ecology will
X track the number of hours spent on your project. If the number of hours Ecology spends exceeds
the hours included in your initial fee, Ecology will bill you $95 per hour for the extra time.

24 You must include all information requested by this application. Ecology may not process your
application if it does not include all the information requested.

24 Submittal of this application allows Ecology staff to visit and inspect your facility.

ECY 070-410 (Rev. 3/2018) Page 2 of 6
To request ADA accommodation, call (360) 407-6800, 711 (relay service), or 877-833-6341(TTY).
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S A Notice of Construction Application
Part 1: General Information

I. Project, Facility, and Company Information

1. Project Name
Water System Upgrades

2. Facility Name
Hanford Site

3. Facility Street Address
2430 Stevens Center Place

4. Facility Legal Description
N/A

5. Company Legal Name (if different from Facility Name)
U S Department of Energy Richland Operations Office (DOE-RL)

6. Company Mailing Address (street, city, state, zip)
P.0. Box 650, Richland WA 99352

I. Contact Information and Certification

1. Facility Contact Name (who will be onsite)
Jon Kon

2. Facility Contact Mailing Address (if different than Company Mailing Address)
Mission Support Alliance

P.O. Box 650

Richland, WA 99352

3. Facility Contact Phone Number 4. Facility Contact E-mail
(509) 373-5366 jonathan_b_kon@rl.gov

5. Billing Contact Name (who should receive billing information)
Thomas W. Ferns

6. Billing Contact Mailing Address (if different than Company Mailing Address)

7. Billing Contact Phone Number 8. Billing Contact E-mail
(509) 376-7474 thomas.ferns@rl.doe.gov

9. Consultant Name (optional — if 3™ party hired to complete application elements)

10. Consultant Organization/Company

11. Consultant Mailing Address (street, city, state, zip)

12. Consultant Phone Number 13.Consultant E-mail

14. Responsible Official Name and Title (who is responsible for project policy or decision-making)
Brian T. Vance, Manager, DOE-RL

16. Responsible Official Phone 17. Responsible Official E-mail
(509) 376-7395 brian.vance@rl.doe.gov

18. Responsible Official Certification and Signature
I certify that the information on this application is accurate and complete.

. Digitally signed by Brian T. Vance
Signature Brian T. Vance Date: 2021[932 16:06:04 -08'00'
Part 2: Technical Information
ECY 070-410 (Rev. 3/2018) Page 3 of 6

To request ADA accommodation, call (360) 407-6800, 711 (relay service), or 877-833-6341(TTY).
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The Technical Information may be sent with this application form to the Cashiering Unit, or

may be sent directly to the Ecology regional office with jurisdiction along with a copy of this
application form.

For all sections, check the box next to each item as you complete it.

I11. Project Description
Please attach the following to your application.

<] Written narrative describing your proposed project.

X Projected construction start and completion dates.

<] Operating schedule and production rates.

X List of all major process equipment with manufacturer and maximum rated capacity.
DX Process flow diagram with all emission points identified.

X Plan view site map.

[ ] Manufacturer specification sheets for major process equipment components.
[ ] Manufacturer specification sheets for pollution control equipment.
X Fuel specifications, including type, consumption (per hour & per year) and percent sulfur.

IV. State Environmental Policy Act (SEPA) Compliance
Check the appropriate box below.
[] SEPA review is complete:
Include a copy of the final SEPA checklist and SEPA determination (e.g., DNS, MDNS,
EIS) with your application.
X] SEPA review has not been conducted:

[ ] If review will be conducted by another agency, list the agency. You must
provide a copy of the final SEPA checklist and SEPA determination before
Ecology will issue your permit.

Agency Reviewing SEPA:

X If the review will be conducted by Ecology, fill out a SEPA checklist and
submit it with your application. You can find a SEPA checklist online at
https://ecology.wa.gov/Requlations-Permits/SEPA/Environmental-
review/SEPA-document-templates

ECY 070-410 (Rev. 3/2018) Page 4 of 6
To request ADA accommodation, call (360) 407-6800, 711 (relay service), or 877-833-6341(TTY).
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V. Emissions Estimations of Criteria Pollutants
Does your project generate criteria air pollutant emissions? [X] Yes [ | No

If yes, please provide the following information regarding your criteria emissions in your
application.

X] The names of the criteria air pollutants emitted (i.e., NOx, SO, CO, PMzs, PMio, TSP, VOC, and
Pb)

X Potential emissions of criteria air pollutants in tons per hour, tons per day, and tons per year
(include calculations)

[_] If there will be any fugitive criteria pollutant emissions, clearly identify the pollutant and
quantity

V1. Emissions Estimations of Toxic Air Pollutants

Does your project generate toxic air pollutant emissions? [X] Yes [_] No

If yes, please provide the following information regarding your toxic air pollutant emissions in your
application.

X] The names of the toxic air pollutants emitted (specified in WAC 173-460-150%)

DX Potential emissions of toxic air pollutants in pounds per hour, pounds per day, and pounds per
year (include calculations)

[ ] If there will be any fugitive toxic air pollutant emissions, clearly identify the pollutant and
quantity

VII. Emission Standard Compliance

X Provide a list of all applicable new source performance standards, national emission standards
for hazardous air pollutants, national emission standards for hazardous air pollutants for source
categories, and emission standards adopted under Chapter 70.94 RCW.

Does your project comply with all applicable standards identified? <] Yes [ ] No

VIII. Best Available Control Technology

X Provide a complete evaluation of Best Available Control Technology (BACT) for your
proposal.

1 http://apps.leg.wa.gov/WAC/default.aspx?cite=173-460-150

ECY 070-410 (Rev. 3/2018) Page 5 of 6
To request ADA accommodation, call (360) 407-6800, 711 (relay service), or 877-833-6341(TTY).
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IX. Ambient Air Impacts Analyses

Please provide the following:

X] Ambient air impacts analyses for Criteria Air Pollutants (including fugitive emissions)
<] Ambient air impacts analyses for Toxic Air Pollutants (including fugitive emissions)

X Discharge point data for each point included in air impacts analyses (include only if modeling is
required)

X] Exhaust height

X] Exhaust inside dimensions (ex. diameter or length and width)

X] Exhaust gas velocity or volumetric flow rate

X] Exhaust gas exit temperature

X] The volumetric flow rate

X Description of the discharges (i.e., vertically or horizontally) and whether there are any
obstructions (ex., raincap)

X Identification of the emission unit(s) discharging from the point
<] The distance from the stack to the nearest property line
DX] Emission unit building height, width, and length

<] Height of tallest building on-site or in the vicinity and the nearest distance of that building to the
exhaust

X] Whether the facility is in an urban or rural location

Does your project cause or contribute to a violation of any ambient air quality standard
or acceptable source impact level? I Yes [ ] No

ECY 070-410 (Rev. 3/2018) Page 6 of 6
To request ADA accommodation, call (360) 407-6800, 711 (relay service), or 877-833-6341(TTY).
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Executive Summary

This Notice of Construction (NOC) application is being submitted pursuant to WAC 173-400, “General
Regulationsfor Air Pollution Sources,” and WAC 173-460, “Controls for New Sources of Toxic Air
Pollutants,” to obtain Washington State Department of Ecology (Ecology) approval to construct and
operate multiple emission units relatedto the Hanford Site Water Systems. As agreed with Ecology
during an August 17, 2020 pre-application meeting, the scope of this NOC application includes 16
different projects that will renovate and upgrade the Hanford Site’s Export Water, Raw Water, and
Sanitary Water Systems to support ongoing operations on the Hanford Site. New emission units that
will be constructed and operated pursuant to this NOC application consist of six new emergency-
stationary-engine-powered generators, two potable water storage tanks, and one set of wastewater

sludge lagoons.

These emission units will emit four criteria pollutants: carbon monoxide, particulate matter (PM)
(PM-2.5 and PM-10), sulfur dioxide, and nitrogen oxides. Two of these criteria pollutants (PM 2.5 and
nitrogen oxides) are estimatedto exceed the WAC 173-400-110(5) exemption levels. Additionally, total

volatile organic compounds are estimated to exceedthe WAC 173-400-110(5) exemption levels.

Additionally, these emission units will emit 22 toxic air pollutants (TAP). Of these TAPs, nine are
estimatedto exceed the WAC 173-460-150 de minimis levels: diesel engine exhaust, particulate;
nitrogen dioxide; benzene; formaldehyde; naphthalene; benzo(b)fluoranthene; benzo(a)pyrene;
dibenz(a,h)anthracene; and chloroform. Of these nine, diesel engine exhaust, particulate; nitrogen
dioxide; benzene; chloroform, and naphthalene are estimatedto exceed the WAC 173-460-150 small

guantity emission rate (SQER) levels.

Air dispersion modeling for the five TAPs that are estimated to exceedthe SQER levels indicates that
benzene, chloroform, and naphthalene will remain below the WAC 173-460-150 acceptable source
impact levels (ASIL). Modeling data for emissions from the project L-781 and project L-826 River Pump
Houses indicate that the ASIL for diesel engine exhaust, particulate, and nitrogen dioxide will be
exceeded. Accordingly, a healthimpact assessment is being developed and will be submitted to Ecology

in conjunction with this NOC application.
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1.0 Project Description

The U.S. Department of Energy, Richland Operations Office is proposing various upgrades to the Hanford
Site Water Systems. These upgrades are needed to ensure the Water Systems infrastructure is
adequate throughout the lifecycle of the Hanford Site cleanup mission. The cleanup mission requires
that the Export Water System, Raw Water System, and Sanitary Water System undergo significant
upgrades. Sixteen upgrade projects are planned to ensure the cleanup mission water needs are met.

The Export Water System upgrades involves installing new river pumps and pipelines to delivering water
directly to the Central Plateau reservoirs. The projects are as follows:

e |-781-"“181D Vertical Turbine Pumps, Header, Instrumentation, and Commission”: Information
on this project is provided in Section 1.1. This project will install two new emission units in the
form of two standby diesel generators.

e L-826-—“181B Vertical Turbine Pumps, Header, Instrumentation, and Commission”: Information
on this project is provided in Section 1.2. This project will install one new emission unit in the
form of one standby diesel generator.

e L-851-“Designand Install Smaller Diameter Export Water Pipe to Replace 42-in. (106.7-cm)
Pipe in 100-D”: This project will replace 5.62 mi (9 km) of an export water pipeline that runs
from 182D to the 1901Y Export Water Line Valve House. The replacement pipeline will be
buried below grade parallel to the existing pipeline. This project is needed to modernize and
right-size the export water system to provide a more reliable water supply to support site
cleanup operations in the 100 Area and 200 Areas. No emission unit will be installed as part of
this project. Accordingly, this project will not be addressed further in this NOC application.

e L-852—“Designand Install Smaller Diameter Export Water Pipe to Replace 42-in. (106.7-cm)
Pipe in 100-B”: This project will replace 4.28 mi (6.88 km) of an export water pipeline that runs
from 182B to the 1901Y Export Water Line Valve House. The replacement pipeline will be
buried below grade parallel to the existing pipeline. This project is needed to modernize and
right-size the export water system to provide a more reliable water supply to support site
cleanup operations in the 100 Area and 200 Areas. No emission unit will be installed as part of
this project. Accordingly, this project will not be addressed further in this NOC application.

The Raw Water System is being modified to remove cross connections with the Sanitary Water System
and to install new pumps for additional reliability and redundancy. These projects are:

e |-894 — “Eliminate Cross-Connections Between Sanitary, Raw, and Export Water Systems”: This
project will design and install physical separations between the various Water Systems and will
remove all direct export water feeds into the Raw Water System, remove all direct potable
water feeds into raw water within the 282EC and 282WC Export Water Pump Houses, and
remove the raw water grid feed to the 283W Water Treatment Facility. The purpose of these
isolations is to prevent potential cross-contamination between the various Water Systems. No
emission unit will be installed as part of this project. Accordingly, this project will not be
addressed furtherin this NOC application.
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e |-895 - “Upgrade Raw Water Distribution Pumps”: Information on this project is provided in
Section 1.5. This project will install one new emission unit in the form of one standby diesel
generator.

Upgradesto the Sanitary Water System involve a construction of a new Central Plateau Water
Treatment Facility (CPWTF) to ensure adequate sanitary water supply, a new sanitary water storage
clear well for the CPWTF, a new water storage tank, and a new sanitary water distribution pumps in the
200 East Area. These projects are as follows:

e L-849 - “Replace 200-East 1.1 M gal (4.1 M-L) Sanitary Water Storage Tank and Distribution
Pumps”: Information on this project is provided in Section 1.3. This project will install two new
emission units in the form of one standby diesel generator and one water storage tank.

e L-850- “Replace 200-West 1.1 M gal (4.1 M-L) Sanitary Water Storage Tank and Distribution
Pumps”: Information on this project is provided in Section 1.4. This project will install one new
emission unit in the form of one water storage tank.

e |-897 — “Replace 283-W with New CPWTF”: Information on this project is provided in Section
1.6. This project will install two new emission units in the form of one standby diesel generator
and a modification to the existing sludge lagoons that will result in airborne emissions of TAPs.

The Water Systems infrastructure upgrades also include the following projects that are specific to water
distribution lines on the Hanford Site Central Plateau.

e |-839 - “12-Inch Potable Water Loop-Line to Waste Treatment Plant”: This project will install a
new potable water pipeline that will connect the 282EC Export Water Pump House to the Waste
Treatment Plant. Insome locations, this pipeline will replace a smaller, 8-in. (20.3-cm), diameter
existing pipeline, while in other locations the pipeline will be entirely new. A fiber optic conduit
will also be installed along a portion of the pipeline. Lastly, this project will install a fire hydrant
that will be used to dispense potable water for fire suppression purposes. This water is
expectedto contain chloroform and bromodichloromethane, both of which are TAPs. However,
as fire suppression equipment is exempt from new source review per WAC 173-400-
110(4)(h)(xxii), emissions from this fire hydrant will not be addressed further in this NOC
application. No other emission unit will be installed as part of this project. Accordingly, this
project will not be addressed further in this NOC application.

e L-927 —“Sanitary Water Cross-Tie Line between 200-East and 200-West Areas”: This project will
install a redundant sanitary water cross-tie line that will run parallel to the existing 12-in.
(30.5-cm) sanitary water line located along Route 3 between 200-East and 200-West Areas. The
redundancy will reduce the risk of a sanitary water outage in the event of aline break on the
existing sanitary water line. No emission unit will be installed as part of this project.
Accordingly, this project will not be addressed further in this NOC application.

e L-838 - “Water Feeds to 622R, 6608 Facility, and 200W Sewer Lagoons”: This project will cut,
cap, and abandon in place the existing export water line feeding the 622R Meteorology Lab,
install a new raw water line that connects the existing raw water grid to the 622R Meteorology
Lab, install a new raw water line from the 622R Meteorology Lab to the 200-West Sewer
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Lagoons and 6608 Biosolids Handling Facility, install a new sanitary water line from the 622R
Meteorology Labto the 200-West Sewer Lagoons and 6608 Biosolids Handling Facility, install
new sanitary water pipelines and connections for various domestic uses at the 6608 Biosolids
Handling Facility, install an air gap and backflow preventer on the sanitary water supply near the
facility boundary of the 200-West Sewer Lagoons and the 6608 Biosolids Handling Facility, and, if
required, install new sewer lines from the 6608 Biosolids Handling Facility and the associated
M02302 Bathroom Trailer to the 200-West Sewer Lagoon. The purpose of these changesis to
convert the 622R Meteorology Lab fire protection water supply from the Export Water System
to the Raw Water System and toinstall permanent in-ground sanitary water and raw water
supply lines to the 200-West Sewer Lagoons and 6608 Biosolids Handling Facility.

The 200-West Sewer Lagoons are part of the 200-West Area Lagoon Treatment System (LTS), which
is subject to Approval Order DE12NWP-001, Revision 2. While Project L-838 may install sewer lines
that will transport wastewater tothe LTS from the 6608 facility and the M02302 Bathroom Trailer,
these sewer lines would not constitute a modification under WAC 173-400-030(51) because there
will be no increase in emissions of any air contaminant. This is because wastewater fromthese two
locations is presently pumped to the LTS via a mobile pumping unit, so changing the facility to
include fixed sewer lines would not alter the amount or source of waste received atthe LTS, and
therefore wouldn’t increase emissions from the LTS. Accordingly, this project will not necessitate a
change to Approval Order DE12NWP-001, Revision 2. Additionally, as no emission unit will be
installed as part of this project, this project will not be addressed further in this NOC application.

e L-928 — “Re-Route Raw and Sanitary Water Lines Near 241AP Tank Farm for Tank-Side Cesium
Removal”: This project will install a new 12-in. (30.5-cm) raw water mainline that re-routes the
existing 12-in. (30.5-cm) line located on the south and east sides of 241AP Tank Farm, and will
also install a replacement sanitary water line with a more reliable water main to prevent
ongoing failures. The raw water mainline rerouting is needed to avoid the location of the new
Tank-Side Cesium Removal complex and associated infrastructure. At least one replacement fire
hydrant will be installed as part of this project. As fire suppression equipment is exempt from
new source review per WAC 173-400-110(4)(h)(xxii), emissions from this fire hydrant will not be
addressed furtherin this NOC application. No other emission unit will be installed as part of this
project. Accordingly, this project will not be addressed further in this NOC application.

e L-352 - “Replace/Extend Raw Water Lines Near 241A Tank Farm”: This project will replace an
existing section of 14-in. (35.5-cm) and 20-in. (50.8-cm) raw water lines as well as add a new
section of 6-, 14-, and 20-in. (15.2-, 35.5-, 50.8-cm) raw water lines to create a re-routed closed
loop system in the 200-East Area. No emission unit will be installed as part of this project.
Accordingly, this project will not be addressed further in this NOC application.

e L-342 — “Replace 24-inch of Raw Water Feed Line”: This project will replace 4,300 ft (1,310.6 m)
of 24-in. (61-cm) underground raw water line that runs from the 200-East raw water reservoir to
the Plutonium Uranium Extraction Plant and then forms a loop to the Tank Farms and other
facilities in the 200-East Area. The existing pipeline is aging and requires replacement to meet
ongoing and upcoming needs in the 200-East Area. No emission unit will be installed as part of
this project. Accordingly, this project will not be addressed further in this NOC application.

e L-430- “Replace 8-inch Water Line Loop”: This project will replace 3,395 feet of aging 8-in.
(20-cm) potable water line that supplies the 2101M Maintenance Shop in the 200-East Area.
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The existing pipeline is aging and requires replacement to meet ongoing and upcoming needs in
the 200-East Area. No emission unit will be installed as part of this project. Accordingly, this
project will not be addressed further in this NOC application.

Fugitive air emissions from water downstream of the Project L-849 and L-850 water storage tanks are
unquantifiable due to the vast number of water outlets and varied usage frequencies and durations.
These unquantifiable fugitive emission units are excluded from the WAC 173-400-030(84) definition of
source, and accordingly these units will not be addressed further in this notice of construction (NOC)
application.

Figure 1-1 shows the configuration expected to be present for the Hanford Site Water Systems once
these projects are completed. This configuration would be realizedin or around fiscal year 2030.

Additional detail on Projects L-781, L-826, L-849, L-850, L-895, and L-897 is provided below. These
projects will install non-exempt emission units, which will be addressed in detail in the remainder of this
NOC application. Figure 1-2 identifies the location of these projects.
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Figure 1-2. Water Systems Upgrade Projects with Air Emissions on the Hanford Site

1.1 ProjectL-781 Description

Project L-781 reconfigures the Export Water System to bypass the 25M-gal (9.4M-L) reservoir at

182-D and pump directly from the river tothe two 3M-gal (1.1 M-L) reservoirs (282-E/282-W) on the
Central Plateau. The project provides for new electrical vertical turbine pumps, and new header and
piping from the discharge point at 181-D to a point on the existing 42-in. (106.6-cm) pipeline; a new feed
pump building in the 200-West Area; new pump controls and instruments; upgrades to electrical
capacity; and installation of new diesel standby generatorsat the 181-D River Pump Station and new
feed pump building.

Construction is expectedto begin in October 2022 and complete in May 2024.

Operation of the 100-D Area Export Water System will be able to provide approximately 10,788 gallons
per minute (gpm) of river water tothe Central Plateau. The Export Water System will operate only one
of the two River Pump Stations (181D or 181B) at a given time to meet the Export Water System
pressure needs.

Specifications for the two standby diesel generatorsare being developed as part of the overall project
design. Selection of the actual make and model of the standby generators will be determined by
September 2022, which is when the Project L-781 design is currently scheduled to be completed.
Potential standby power needs have been conservatively estimated for this NOC application. The
181-D River Pump Station is assumed to require a 2,250 kilowatt (kW) standby generator with a
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3,352 brake horsepower (BHP) engine. The feed pump building is assumed to require a 400 kW standby
generator witha 617 BHP engine. Both standby generatorswill be fueled with ultra-low sulfur diesel
(ULSD) fuel (0.0015% sulfur). The 181-D River Pump Station standby generatoris assumed to have a
maximum fuel consumption of 167.1gal/hr (632.5 L/hr) and the standby generator for the feed pump
building is assumed to have a maximum fuel consumption of 51.9 gal/hr (196.4 L/hr). Both standby
generatorswill be certified to at least the U.S. Environmental Protection Agency’s (EPA) Tier 2 emission
standard. Both standby generatorswill operate less than 100 hours per yearin a non-standby mode.

55 hours and 100 hours of annual operating time were assumed for best available control technology
(BACT) and best available control technology for toxics (tBACT) purposes, whereas 500 hours were
conservatively assumed for estimating the potential to emit consistent with EPA guidance (EPA 1995).

1.2 ProjectL-826 Description

Project L-826 reconfigures the Export Water System to bypass the 25 M-gal (94 M-L) reservoir at 182-D
and pump directly from the river to the two 3 M-gal (11M-L) reservoirs (282-E/282-W) on the Central
Plateau. It provides for new electrical vertical turbine pumps, and new header and piping from the
discharge point at 181-B to the discharge point at 182-B; new pump controls and instruments; upgrades
electrical capacity; and installs a new diesel standby generator at the 181-B River Pump Station.

Construction is expectedto begin in July 2024 and complete in February 2026.

Upon completion of Project L-826, the existing standby generators approved for operation under the
Ecology approval order DEO7NWP-002, Revision 2 (Air Operating Permit Discharge Point 1.4.29) will be
deactivated and a request will be submitted to Ecology to cancel DEO7NWP-002, Revision 2.

Operation of the 100-B Area Export Water System will be able to provide approximately 10,788 gpm of
river water to the Central Plateau. The Export Water System will operate only one of the two River
Pump Stations (181D or 181B) at a given time to meet the Export Water System pressure needs.

Specifications for the standby diesel generator will be developed as part of the overall project design.
Selection of the actual make and model of the standby generator will be determined by October 2022,
which is when the Project L-826 design is currently scheduled to be completed. Potential standby power
needs have been conservatively estimated for this NOC application. The 181-B River Pump Station is
assumed to require a 2,250 kW standby generator witha 3,352 BHP engine. This standby generator will
be fueled with ULSD fuel (0.0015% sulfur) and is assumed to have a maximum fuel consumption rate of
167.1gal/hr (632.5 L/hr). The standby generator will be certified to at least the EPA Tier 2 emission
standard. The generator will operate less than 100 hours per yearin a non-emergency mode. 55 hours
and 100 hours of annual operating time were assumed for BACT and tBACT purposes, whereas 500
hours were conservatively assumed for estimating the potential to emit consistent with EPA guidance
(EPA 1995).

1.3 Project L-849 Description
Project L-849 will design and construct a new potable water tank, to replace the existing tank, with a

minimum storage capacity of approximately 1.5 M-gal (5.6 M-L) for the Sanitary Water System to
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improve the reliability of the System’s current 1.1 M-gal (4.1 M-L) tank. The existing tank (283-EA) will
be demolished. The new tank will include freeze protection to satisfy National Fire Protection
Association (NFPA) requirements and booster chlorination to satisfy Washington State Department of
Health (WDOH) disinfection requirements. The existing 283-EA tank shall remain in service to provide
fire protection and sanitary water service until the new tank is fully operational, approved by WDOH for
use, and connected to the sanitary water grid.

The project will install new sanitary water distribution pumps for pressurizing the sanitary water grid in
the 200E Area, aswell as a recirculation pump and tank heating system. The new pumps are to be
installed in the existing 282EC pump house. The newly installed pumps will replace existing sanitary
water distribution pumps located 282E, which will be abandoned in place. Additional piping and
reconfiguration will be required to allow for the new sanitary water distribution pumps in the

282EC pump house.

Figure 1-3 identifies the location of the new water tank in the 200-East Area of the Hanford Site.
Construction is expectedto begin in May 2022 and complete in March 2024.

The 1.5 M-gal (5.6 M-L) potable water tank will receive chlorinated water and has the potential to
generate trihalomethanes (chloroform, bromodichloromethane, and bromoform). The 1.5 M-gal
(5.6 M-L) potable water tank will be passively vented and could release the trihalomethanes to the
surrounding air.

The project also provides for the installation and operation of a standby generator. Specifications for the
standby diesel generator will be developed as part of the overall project design. The design will be
complete in October 2022. Selection of the actual make and model of the standby generator will be
determined by January 2022, which is when the Project L-849 design is currently scheduled to be
completed. Potential standby power needs have been conservatively estimated for this NOC
application. The projectis assumed to require a 1,250 kW standby generator with a 1,881 BHP engine.
The standby generator will be fueled with ULSD fuel (.0015% sulfur). The standby generator is assumed
to have a maximum fuel consumption rate of 114.0 gal/hr (431.5 L/hr) and will be certified to at least
the EPA Tier 2 emission standard. The standby generator will operate less than 100 hours per year in a
non-standby mode. 55 hours and 100 hours of annual operating time were assumed for BACT and tBACT
purposes, whereas500 hours were conservatively assumed for estimating the potential to emit
consistent with EPA guidance (EPA 1995).
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Figure 1-3. Location ofthe New Water Tank in the 200-East Area of the Hanford Site

1.4 ProjectL-850 Description

Project L-850 will design and construct a new potable water tank, to replace the existing tank, with a
minimum storage capacity of approximately 1.5 M-gal (5.6 M-L) minimum volume potable water tank
for the Sanitary Water System. The existing tank (283-WA) will be demolished. The new tank will
include freeze protection to satisfy NFPA requirements. The new tank will serve as the chlorine contact
time chamber for the proposed new CPWTF, Project L-897. The existing 283-WA tankwill remainin
service to provide fire protection and sanitary water service until the new tank is fully operational,
approved by WDOH for use, and connected to the sanitary water grid.
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The project will install new sanitary water distribution pumps for pressurizing the sanitary water in the
200-West Area, as well as a recirculation pump and tank heating system. The new pumps will be
installed in the existing 282-WC pump house. The newly installed pumps will replace the existing
sanitary water pumps locatedin 282-W, which will be abandoned in place. Figure 1-4 identifies the
location of the new water tank 200-East Area of the Hanford Site. Additional piping and reconfiguration
will be required to support the new sanitary water distribution pumps in the 282-WC pump house.

Construction is expectedto begin upon issue of an approval order and is scheduled to completein
May 2022.

The 1.5 M-gal (5.6 M-L) potable water tank will receive chlorinated water and has the potential to
generate trihalomethanes (chloroform, bromodichloromethane, and bromoform). The 1.5 M-gal
(5.6 M-L) potable water tank will be passively vented and could release the trihalomethanes to the
surrounding air.

1.5 ProjectL-895 Description

Project L-895 upgrades the raw water infrastructure to meet current and future forecasted demands by
replacing process water infrastructure, which includes installing new raw water process pumps at the
282-East and 282-West raw water reservoir pump houses. New pump motors will be included and
upgrades to controls will be also be provided for the 200-East and 200-West pump houses.
Suction/discharge piping will be added or reconfigured to accommodate the new pumps. New variable
frequency drives and instrumentation control system will be installed to provide for improved remote
monitoring and control. Additionally, a new standby generator will be installed as part of the upgrades.
Figure 1-5 identifies the location of the standby generatorin the 200-West Area of the Hanford Site.

Partial construction on this project beganin April 2019, with non-emission-unit-related work continuing
through the present time. All construction work on the generator continues to be on hold pending
issuance of an approval order. Current planning targets completion of construction in February 2022.

Operation of the distribution pumps at the 282-East and 282-West raw water reservoir pump houses
will be a24/7/365 operation providing process and fire protection water, to support ongoing demands
for raw water on the Central Plateau.

Project L-895 will install a 1,250 kW Caterpillar C32 Generator Set, which includes a Caterpillar
1,829 BHP diesel-fueled engine. The manufacturer states that the engine meetsthe Tier 2 emission
standards found in 40 CFR 89, “Control of Emissions from New and In-Use Nonroad Compression-
Ignition Engines.”

The standby generator will be fueled with ULSD fuel (.0015% sulfur) and will consume 87.4 gal (330.8 L)
of fuel per hour at 100% load.

The standby generator will operate less than 100 hours per year in a non-standby mode. 55 hours and
100 hours of annual operating time were assumed for BACT and tBACT purposes, whereas 500 hours
were conservatively assumed for estimating the potential to emit consistent with EPA guidance

(EPA 1995).
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Figure 1-4. Location of New Water Tank in the 200-West Area of the Hanford Site
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1.6 ProjectL-897 Description

Project L-897, CPWTF, will provide construction and operation of a new potable water treatment facility
on the Central Plateau. This new treatment facility will be designed and sized to be capable of producing
a minimum of 3.5 M gal/day (13 M L/day) with the ability toexpand to 5 M gal/day (18 M L/day) in
order to meet current and future forecasted potable water demand. The new water treatment facility
will be constructed using modular units fitted with PALL Aria™ microfiltration hollow fiber direct feed
membrane system for water filtration. CPWTF will regularly generate wastewater from membrane
cleaning. The cleaning operations include use of sodium hypochlorite solution for membrane cleaning.
Disinfection byproducts (trihalomethanes) are potentially present in these solutions. (HNF-64154) The
trihalomethanes are anticipated to be chloroform and bromodichloromethane.

The CPWTF design provides for the continued use the existing sludge lagoons and Treated Effluent
Disposal Facility (TEDF) for process wastewater management and disposal. Wastewater from the
CPWTF will be discharged to the existing sewage lagoons for blending to ensure the TEDF limits are met.
The sludge lagoons are open to the atmosphere.

A process flow diagram for the CPTWF is provided in Figure 1-6.
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The scope includes provisions for potable and export water connections, sanitary sewer, electrical,
interior and exterior lighting, fire protection/detection systems, and process wastewater disposal
infrastructure connected to a new facility. The new water treatment facility will be connected to the
new potable water storage tank, to be installed under Project L-850.

Figure 1-7 identifies the location of the CPWTF in the 200-West Area of the Hanford Site.
Construction is expectedto begin upon issue of an approval order and complete in June 2022.

The 1.5 M-gal (5.6 M-L) potable water tank will receive chlorinated water and has the potential to
generate trihalomethanes (chloroform, bromodichloromethane, and bromoform). The 1.5 M-gal
(5.6 M-L) potable water tank will be passively vented and could release the trihalomethanes to the
surrounding air.

Project L-897 will also provide for the installation and operation of a standby generator. Asequipment
procurement submittals have not yet occurred, the exact make and model have not yet been
determined. The generator is estimated to be 750 kW, with a 1,112 BHP diesel-fueled engine that will
meet Tier 2 emission standards found in 40 CFR 89.

The standby generator will be fueled with ULSD fuel (.0015% sulfur) and will consume 87.4 gal (330.8 L)
of fuel per hour at 100% load.

The standby generator will operate less than 100 hours per year in a non-emergency mode. 55 hours
and 100 hours of annual operating time were assumed for BACT and tBACT purposes, whereas

500 hours were conservatively assumed for estimating the potential to emit consistent with EPA
guidance (EPA 1995).
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2.0 State Environmental Policy Act Compliance

In accordance with WAC 197-11, “State Environmental Policy Act of 1971,” and RCW 43.21C, “State
Environmental Policy,” Ecology requires all government agenciesto consider the environmental impacts
of a proposal before making decisions. DOE has provided information to Ecology that explains how the
National Environmental Policy Act requirements have been fulfilled. The information canbe used for
State Environmental Policy Act review.
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3.0 Emissions Estimations of Criteria Pollutants

A criteria pollutant emission estimate summary is provided in Table 3.1 below, with supporting
calculations shown in Tables A-1 through A-5 of Appendix A. The emergency stationary engines
associated with projects L-897, L-895, L-849, L-826, and L-781 are expected to emit criteria pollutants.
The L-897 sludge lagoons, L-850 water tank, and L-849 water tank are not expected to emit criteria
pollutants, and accordingly are not addressed in this section.

The emission estimate calculations provided in Tables A-1 through A-5 of Appendix A are based on
various engine-specific input parametersincluding pollutant emission rate, engine power, and fuel
consumption rate. The input parametersfor the L-897 emergency stationary engine were obtained
from a manufacturer’s specification for a Caterpillar 750-kW generator with a 1,112 BHP diesel-fueled
engine. The input parametersfor the L-895 emergency stationary engine were obtained from the
manufacturer’s specification for the Caterpillar C32 generator set, which will be installed as part of this
project.

The power output and fuel consumption rate input parametersfor the L-849, L-826, and L-781
emergency stationary engines were obtained from representative engine specifications. First,
conservative generator size estimates were developed for these three projects. Then, publicly-available
manufacturer specifications for generators of the identified sizes were reviewed to identify engine
makes and models used in generators of those sizes, as well as to identify the corresponding engine
power outputs and fuel consumption rates. Project L-849 was conservatively estimatedto require a
1,250-kW generator, for which four specification documents were found and reviewed. The 1,250-kW
generator withthe highest identified engine power and fuel consumption rate was the Generac
IDLC1250 with a Mitsubishi S12R-Y2PTAW-1 engine. This engine was chosen to conservatively represent
the L-849 emergency stationary engine. Project L-826 was conservatively estimatedto require a
2,250-kW generator, for which only one specification document was found and reviewed. The
specification document was for a Kohler KD2250 generator with a Kohler engine with model number
prefix KD62V12, which was chosen to conservatively represent the L-826 emergency stationary engine.
Project L-781 will require two generators, one at the 200-West Feed Pump Building, and another at the
181-D Pump House. The 200-West Feed Pump Building was conservatively estimatedto require a 400-
kW generator, and the 181-D Pump House was conservatively estimated to require a 2,250 kW
generator. Two specification documents were found and reviewed for a 400-kW generator, of which
the highest identified engine power and fuel consumption rate were found to be present with the
Kohler 400REOZ]) generator witha John Deere 6135HF485S engine. This engine was chosen to
conservatively represent the L-781 emergency stationary engine at the 200-West Feed Pump Building.
As with project L-826, the Kohler KD2250 generator with a Kohler model KD62V12 engine was
conservatively chosen to represent the 2,250-kW generator that will be needed for the L-781 181-D
Pump House.

The pollutant emission rate input parameter for the L-849, L-826, and L-781 emergency stationary
engines was obtained from the EPA’s “Annual Certification Data for Vehicles, Engines, and Equipment”
webpage, available at www.EPA.gov. Once the representative engine models were identified for these
projects, the corresponding emission data for those models were obtained from the Nonroad
Compression Ignition certification data spreadsheet located at EPA’s “Annual Certification Data for
Vehicles, Engines, and Equipment.” Accordingly, the pollutant-specific emission ratesshown in

3-1
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Column A of Tables A-1, A-2, A-4, and A-5 for the L-849, L-826, and L-781 emergency stationary engines
come directly from data sets maintained by EPA.

As shown in Table 3-1, emissions of critieria pollutants carbon monoxide, PM-10, and sulfur dioxide are
expectedto be below WAC 173-400-110(5) exemption levels. Criteria pollutant emissions for PM-2.5,
total volatile organic compound (VOC), and nitrogen oxides (assumed to be nitrogen dioxide) are
expectedto exceed the exemption levels. Evaluation of violation of the national ambient air quality
standards from PM-2.5 and nitrogen oxide emissions, in compliance with WAC 173-400-113(3), is
detailed in Section 7.0. Evaluation of VOC control technologies are addressed in Section 6.0, in
accordance with WAC 173-400-113(2). The emission units that will be constructed and modified as part
of the Hanford Site Water Systems upgrades are not expectedto emit any ozone depleting substance, as
defined in WAC 173-400-030(65), and accordingly ozone depleting substances will not be addressed
further in this application. Additionally, as the pollutant levels in Table 3-1 are below the significant
emissions increase levels in 40 CFR 52.21(b)(40), the projects in this NOC application will not constitute a
major modification to the existing Hanford Site major stationary source. Accordingly, prevention of
significant deterioration permitting requirements do not apply to these projects.

Table 3-1. Criteria Pollutant Emission Estimate Summary

CriteriaPollutant | Total Emission WAC 173-400-110(5) Above/BelowWAC173-
Estimate?® Exemption Level 400-110(5) Exemption
(Tons/year) (Tons/year) Level
Carbon Monoxide 4.7E+00 5.0E+00 Below
Particulate 6.36:01 5.0E-01 (PM-2.5) Above (PM-2.5)
Matter ) 7.5E-01 (PM-10) Below (PM-10)
Sulfur Dioxide 3.4E-02 2.0E+00 Below
Total Volatile
Organic 2.9E+00 2.0E+00 Above
Compounds
Nitrogen Dioxide 2.9E+01 2.0E+00 (Nitrogen oxides) Above (Nitrogen oxides)

2 From Tables A-1 through A-5 of Appendix A
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4.0 Emissions Estimations of Toxic Air Pollutants

A TAP emission estimate summary is provided below in Table 4-1, with supporting calculations shown in
Tables A-6 through A-35 of Appendix A. These estimatesare for emissions from the L-897 sludge
lagoons and emergency stationary engine, the L-895 emergency stationary engine, the L-850 potable
water tank, the L-849 potable water tankand emergency stationary engine, the L-826 emergency
stationary engine, and the two L-781 emergency stationary engines.

Emergency stationary engine emissions are addressed in Tables A-6 through A-14 of Appendix A. These
emission estimates are calculated using the same engine-specific input parameters specified in Section
3.0. Additionally, as shown in Tables A-10 through A-24 of Appendix A, pollutant emission ratesfrom
AP-42, Compilation of Air Pollutant Emissions Factors, Volume 1 have been used to calculate emissions
of select TAPs.

Calculations for emission estimates from the L-849 and L-850 potable water tanks, as well as from the
L-897 sludge lagoons, are provided in Tables A-25 through A-32 of Appendix A. The various input
parametersused in the potable water tank emission calculations come from past water sampling
reports and tank design documents. As the L-849 potable water tank has not yet been designed, input
parametersfor this tank have been taken from the design documents for the L-850 potable water tank.
The various input parametersused in the sludge lagoon emission calculations come from a water
treatment technology analysis document, as well as existing dimensions for the lagoon basins. The
basins are pre-existing and will be repurposed to support operation of the CPWTF; as part of that
process they will become a new emission unit.

Table 4-1 provides a summary of all TAP emission estimates, as well as a comparison of those estimates
to their respective de minimis and SQER values as found in WAC 173-460-150. Of the 22 TAPs expected
to be emitted as a result of the Water Systems upgrades, 13 are estimated to be emitted at
concentrations that are at or below their respective de minimis levels, and thus are not subject to first
tier review requirements of WAC 173-460-080. However, nine TAPs are estimated to exceed their
respective de minimis levels. These pollutants are: diesel engine exhaust, particulate; nitrogen dioxide;
benzene; formaldehyde; naphthalene; benzo(b)fluoranthene; benzo(a)pyrene; dibenz(a,h)anthracene;
and chloroform. Evaluationagainst the respective SQER levels shows that formaldehyde,
benzo(b)fluoranthene, benzo(a)pyrene, and dibenz(a,h)anthracene are below the SQER; accordingly,
first tier review requirements are satisfied for these pollutants. The remaining five pollutants (diesel
engine exhaust, particulate; nitrogen dioxide; benzene; chloroform; and naphthalene) are estimated to
exceed their respective SQER level and accordingly require air dispersion modeling. The results of the
air dispersion modeling are provided in Section 7.0.
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Table 4-1. Toxic Air Pollutant Total Emission Estimate Summary.
Units (from De
WAC173- Emission Minimis De Minimis SQER(WAC | SQER Met
Constituent 460-150 . 173-460- or
. Estimate | (WAC173-| Exceeded?
Averaging 150) Exceeded?
. 460-150)
Period)
Carbon Monoxide Lbs/Hour 1.1E+00 1.1E+00 No 4.3E+01 No
Diesel EngineExhaust, | o /yeqy 13E+03 | 2.7E-02 Yes 5.4E-01 Yes
Particulate
Nitrogen Dioxide Lbs/Hour 6.7E+00 4.6E-01 Yes 8.7E-01 Yes
Sulfur Dioxide Lbs/Hour 7.7E-03 4.6E-01 No 1.2E+00 No
Benzene Lbs/Year 3.3E+01 1.0E+00 Yes 2.1E+01 Yes
Toluene Lbs/24 Hours 3.3E-02 1.9E+01 No 3.7E+02 No
Xylenes Lbs/24 Hours 2.3E-02 8.2E-01 No 1.6E+01 No
Propylene Lbs/24 Hours 3.3E-01 1.1E+01 No 2.2E+02 No
Formaldehyde Lbs/Year 3.4E+00 1.4E+00 Yes 2.7E+01 No
Acetaldehyde Lbs/Year 1.1E+00 3.0E+00 No 6.0E+01 No
Acrolein Lbs/24 Hours 9.3E-04 1.3E-03 No 2.6E-02 No
Naphthalene Lbs/Year 5.5E+00 2.4E-01 Yes 4 8E+00 Yes
Benz(a)anthracene Lbs/Year 2.6E-02 4.5E-02 No 8.9E-01 No
Chrysene Lbs/Year 6.6E-02 4.5E-01 No 8.9E+00 No
Benzo(b)fluoranthene Lbs/Year 4.8E-02 4.5E-02 Yes 8.9E-01 No
Benzo(k)fluoranthene Lbs/Year 9.3E-03 4.5E-02 No 8.9E-01 No
Benzo(a)pyrene Lbs/Year 1.1E-02 8.2E-03 Yes 1.6E-01 No
Indeno(1,2,3-cd)pyrene Lbs/Year 1.8E-02 4.5E-02 No 8.9E-01 No
Dibenz(a,h)anthracene Lbs/Year 1.5E-02 4.1E-03 Yes 8.2E-02 No
Chloroform Lbs/Year 2.99E+01 3.5E-01 Yes 7.1E+00 Yes
Bromodichloromethane Lbs/Year 1.80E-01 2.2E-01 No 4 AE+00 No
Bromoform Lbs/Year 4.17E-04 7.4E+00 No 1.5E+02 No
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5.0 Emission Standard Compliance

Applicable new source performance standards, national emission standards for hazardous air pollutants,
national emission standards for hazardous air pollutants for source categories, and emission standards
adopted under the RCW 70.94, ” Washington Clean Air Act,” are listed below.

e 40 CFR 60, “Standards of Performance for New Stationary Sources,” Subpart A — General
Provisions

e 40 CFR 60, Subpart I, “Standards of Performance for Stationary Compression Ignition Internal
Combustion Engines”

e 40 CFR 63, “National Emission Standards for Hazardous Air Pollutants for Source Categories,”
Subpart A — General Provisions

e 40 CFR 63, Subpart ZZZZ, “National Emissions Standards for Hazardous Air Pollutants for
Stationary Reciprocating Internal Combustion Engines.”

5-1
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6.0 Best Available Control Technology

Provided below is a summary of the BACT and tBACT analysis for the emergency engines and the water
storage tanks, the full analysis is in Appendix B. The analysis followed Ecology and EPA guidance and
used the recommended top-down BACT analysis process can be considered to containfive basic steps:

e Step 1: Identify all available emission reduction alternatives with practical potential for
application to the specific emission unit for the regulated pollutant under evaluation

e Step 2: Eliminate all technically infeasible alternatives
e Step 3: Rankremaining alternatives by effectiveness

e Step 4: Evaluate the economic, energy, and environmental impacts starting with the most
effective alternative

e Step 5: Select BACT, which will be the most effective practical alternative not rejected in the
previous steps.

However, EPA and Ecology have consistently interpreted the statutoryand regulatory BACT definitions
as containing two core requirements, which EPA believes must be met by any BACT determination,
regardless of whether itis conducted in a “top-down” manner. First, the BACT analysis must include
consideration of the most stringent available technologies: i.e., those that provide the “maximum
degree of emissions reduction.” Second, any decision torequire a lesser degree of emissions reduction
must be justified by an objective analysis of “energy, environmental, and economic impacts” contained
in the record of the permit decisions.

6.1 Engine BACT & tBACT Analysis

DOE will operate these engines as Subpart |11l “emergency” engines (Standards of Performance for
Stationary Compression Ignition Internal Combustion Engines). Inorder to be considered emergency
engines per Subpart Ill1, the engines must operate in accordance to the following requirement as
specified at 40 CFR 60.4211(f):

e Thereis no timelimit on the use of emergency stationary internal combustion engines (ICE) in
emergency situations.

e Maintenance checks and readiness testing is limited to 100 hours per year unless the permittee
has approval or records indicating that federal, state, or local standards require maintenance
and testing beyond 100 hours per year.

There are several other provisions that allow for additional use of the emergency engines but DOE
proposes to use these ICE only for maintenance, readiness testing, and during power outages and
emergencies. Planned operation of the engines powering the emergency generatorsfor routine testing,
maintenance, and inspection purposes is not expected to exceed 55 hours per year and thus the BACT
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and tBACT analyses used 55 hours per year as the basis for the emissions estimation. We have provided
cost-effectiveness calculation results based on the regulatoryannual operating limit (i.e., 100 hours per
year) for comparison.

Additionally, the engines must use diesel fuel that meetsthe following requirements:
1. Sulfur content — 15 ppm maximum
2. Cetane index or aromatic content, as follows:
i. A minimum Cetaneindex of 40; or
ii. A maximum aromatic content of 35% by volume.

Reductions of all pollutants that would be affected by employing a Tier 4 (Final) system on the engines
used to power the proposed generator sets were considered along with the cost to purchase, install,
and operate the system to obtain a cost effectiveness. For completeness, pollutant emission reductions
and costs associated with the emission reduction component systems that comprise the Tier 4 (Final)
system were also considered, though it should be noted that the generator set manufacturersand
vendors typically provide only complete Tier 4 (Final) systems, not the subsystems. Tables 6-1 and 6-2
summarize the cost-effectiveness calculations for a maximum of 55 operating hours per year and a
maximum of 100 operating hours per year, respectively; additional details regarding the BACT and
tBACT anslyses and cost-effectiveness calculations are provided in Appendix B.

Table 6-1. Cost-Effectiveness Calculation Summary —55 Operating Hours Per Year.

Generator Set Rated Cost Effectiveness ($/ton)?
Power Output

(kwe) SCR DPF & DOC DPF DOC Tier 4 (Final)

400 $59,797 $233,826 $186,482 $51,827 $83,787

750 $21,794 $194,094 $154,869 $42,313 $32,971

1,250 (Cat) $17,485 $284,894 $227,559 $59,933 $27,103

1,250 (Generac) $27,001 $95,683 $76,334 $20,969 $36,657

2,250 $20,948 $44,923 $35,871 $9,549 $25,289

a Supporting calculationsare provided in AppendicesCand D

6-2
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Table 6-2. Cost-Effectiveness Calculation Summary —100 Operating Hours Per Year.
Generator Set Rated Cost Effectiveness ($/ton)?
Power Output
(kWe) SCR DPF & DOC DPF DOC Tier 4 (Final)
400 $34,144 $128,604 $102,565 $28,505 $47,115
750 $13,242 $106,752 $85,178 $23,272 $19,289
1,250 (Cat) $10,872 $156,692 $125,158 $32,963 $16,107
1,250 (Generac) $16,106 $52,625 $41,984 $11,533 $21,186
2,250 $12,777 $24,707 $19,729 $5,252 $14,833

aSupporting calculationsare provided in AppendicesCand D

As shown in Table 6-1, which reflectsa more reasonable maximum number of operating hours per year,
the calculated cost effectivenesses are prohibitively high cost for each of the considered add-on BACT
alternatives, and they are therefore removed from consideration as BACT for NOy, CO, VOCs, and PM.
While the cost effectivnesses in Table 6-2 are less than those is Table 6-1, they are also prohibitively
high, particularly when considering that the engines are not likely to ever approach the regulatory limit
on non-emergency operating hours. Cost-effectiveness evaluations of reductions in TAPs, which are also
discussed in Appendix A, reachsimilar conclusions. This leaves the baseline emission reduction
alternative as BACT, which is combustion process control, achieved by the use of engines that meet
applicable Subpart II1l Tier 2 or Tier 3 emission standards, as appropriate for the engine. Pursuant to

40 CFR 60.4205(b), 60.4202(b)(2), and 60.4211(c), the emergency generator engines must be certifiedto
the applicable emission standards in Table 1 of 40 CFR 89.112.

6.2 Water Systems BACT & tBACT Analysis

The CPWTF will produce wastewater andthe two water storage tanks will contain water that has been
treated with chlorine to kill microorganisms. By-products of the chlorine treatment are expectedto
include halogenated organics, which are formed by reactions between residual chlorine and organic
materials from decayed microorganisms in the form of humic acids, fulvic acids, amines, and urea. Three
of these halogenated organicsare classified as TAPs by Ecology: chloroform, a.k.a., trichloromethane
(CAS No. 67-66-3), bromodichloromethane (75-27-4), and bromoform (75-25-2). Based on maximum
potential emission rate calculations, chloroform is only TAP expectedto have the potential to exceed
the de minimis emission rate threshold provided in WAC 173-460-150. Because chloroformis a
chlorinated VOC, strategiestypically used to reduce VOC emissions were considered. As with most
pollutants, there are two basic strategiestolimit emissions: to reduce or eliminate the creationand/or
release the pollutant, or to capture the pollutant afterit has been created and/or released.

Combined chloroform emissions from the two proposed water tanks is expectedto be 28.4 pounds per
year (Ib/yr), which assumes the baseline control of minimizing the concentration of chloroform in the
stored water. Multiple abatement controls were researched, but given the extremely small emission
rate, any level of energy usage, environmental consequence, and/or expenditure is unlikely to be
justifiable, even if all chloroform is prevented from being emittedto the atmosphere. As aresult, the
energy, environmental, and cost implications of using adsorption technology to capture chloroform



DOE/RL-2020-33
Rev.0

emissions from the proposed water storage tanks are deemed to be outside the envelope of whatis
considered reasonable.

DOE proposes that tBACT for the water tanks used to store treated water is the work practice of
employing techniques that minimize the quantity of chloroform present in the CPWTF wastewaterand

the water storage tanks.
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7.0 Ambient Air Impacts Analyses

7.1 Modeling Parameters

Modeling protocol contained in HNF-65079, Hanford Site Toxic Air Permitting and Modeling Protocol,
and REG-1146, Hanford Site Toxic Air Regulatory Modeling Files, were used for the ambient air impact
analysis. The outline below provides a summary of the modeling parameters.

1. Ambient air concentrations at the Hanford Site boundary were estimated using the EPA’s
American Meteorological Society/U.S. Environmental Protection Agency Regulatory Model
(AERMOD) dispersion model, Version 19191.

2. Receptor Spacing
a. Ambient Air Boundary receptor spacing =200 m
b. Grid receptor spacing = 200 m, centered on the Hanford Site
c. Fine gridreceptor spacing = 25 m, centered on emission sources outside the ambient air
boundary

d. Flagpole receptor height (above ground level): 1.5m

3. Meteorological Data
a. 2015-2019
b. Surface Station number = 12321 (Hanford Meteorological Station)
c. Upper Air Station number = 4106 (Spokane, Washington, National Weather Service)

4. National Elevation Dataset
a. Processed using AERMAP Executable — 18081

5. Building Downwash
a. Sources inside the ambient air boundary
i. No, due to distance from source to nearest receptor
b. Sources outside the ambient air boundary
i. Yes, building downwash calculatedto determine worst case near field concentrations
due to no regulatory fence line

6. Deposition
a. Not used

7. Toxic Air Pollutants
a. Diesel engine exhaust particulate, benzene, chloroform, and naphthalene
i. Regulatorydefaults for concentrations used
b. NitrogenDioxide
i. Ambient Ratio Method (ARM2) Modeling Methodology
1. nitrogen dioxide:NOx ratio = 0.2211
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7.1.1 Modeling Inputs

The toxic air pollutant new source review indicated 11 emission units contributed to the exceedance of
the small quantity emission ratesfor nitrogen dioxide, diesel engine exhaust, particulate, benzene,
naphthalene, and chloroform. Tables 7-1 and 7-2 detail the source parametersused in AERMOD.

Buildings are not necessary for air dispersion models for regulatory permitting on the Hanford Site due
to the large distance from the source to the ambient air boundary. However, within this model, two of
the emission units are located outside the ambient air boundary. Therefore, buildings located around
these emission units were incorporated into the model in order to account for building downwash
effects on the plume dispersion. Table 7-3 contains the building names and dimensions.

The modeled emission ratesfor each emission unit are provided in Table 7-4, Modeled Emission Rates.
The emission rates for diesel engine exhaust, particulate, benzene, and naphthalene were annualized
over 500 hours of operation per year to provide the annual average concentration for comparison to the
acceptable source impact level (ASIL). The emission rate for nitrogen dioxide was calculated based on
8,760 hours of operations per year in order to determine the most conservative hourly concentration
across all hours in a year for comparison to the ASIL.

7-2
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Table 7-1. Point Source Emission Unit Parameters.

. X Coord Y Coord Stack Stack Stac!( .StaCk
ID Description Source Type (m) (m) Height (m) Temp (K) Velocity Diameter
(m/s) (m)
1895 Standby Generator Point- Vertical 299205.8 | 5158927.9 3.454 703.45 64.73 0.305
L897 Standby Generator | Point-Vertical 299337.2 | 5158917.2 2.675 726.05 69.32 0.229
Feed Pump
Building Standby Point-Vertical | 299315.07 | 5159066.07 3.499 744.15 74.01 0.152
L781FD Generator
L781PH 181-D Pump house | Point-Vertical 305201.2 | 51743873 4.700 773.15 44.08 0.528
L826PH 181-BPump House | Point-Vertical 296952.6 | 5168209.6 4.700 773.15 44.08 0.528
282EC Standby Point-Vertical | 305415.05 | 515815263 5.499 773.15 59.74 0.356
L849 Generator
L849WTR | 283EG Point-Vertical | 305459.32 | 5158089.62 12.192 0.02425522 0.6096
L850WTR | 283WG Point-Vertical | 299183.48 | 515903217 12.192 0.02425522 0.6096

0'AoY
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Table 7-2. Area Source Emission Unit Parameters.
. . Initial
. X Coord Y Coord Release | Area Side X Side Y Vertical
ID Description Length | Length . .
(m) (m) Ht(m) (m?) Dimension
(m) (m)

(m)
SLDGE1 | Sludgelagoon 299256.34 | 5158965.69 0 327.5 12.5 26.2 0
SLDGE2 | Sludgelagoon 29927485 | 5158965.69 327.5 125 26.2 0
SLDGE3 | Sludge Lagoon 299295.17 | 5158965.69 327.5 12.5 26.2 0

Table 7-3. Building Parameters.

ID Description X Coord (m) Y Coord (m) Elevation (m) | Height (m)
182D 182D (Project L-781) 305438 5174328.2 142.83 10
1804D 1804D (ProjectL-781) 305331.7 5174406.5 143.01
181D 181D (Project L-781) 305162.4 5174350.5 128.26
181D102 181D102 (Project L-781) 305246.3 5174342 142.74 5
181B 181B (Project L-826) 296895.8 51682249 130.79 10

Table 7-4. Modeled Emission Rates
o Nitrogen DEEP.- Benzef\e - Naphtha.lene- Chloroform
ID Description Dioxide (g/s) Annualized Annualized Annualized (&/s)
(g/s) (g/s) (g/s)
1895 Standby 3.15E400 5.80E-04 6.70E-05 1.12E-05 -
Generator
1897 Standby 1.81E+00 1.06E-03 4.11E-05 6.89E-06 -
Generator
Feed Pump
L781Fp | Buildine 4.23E-01 7.29E-04 2.35E-05 3.93E-06 -
Standby
Generator
L781pH | [81-DPump 3.67E+00 6.34E-03 1.28E-04 2.15E-05 -
house
1g26pH | 181-BPump 3.67E+00 6.34E-03 1.28E-04 2.15E-05 ~
House
1849 282ECStandby | 4 94p.00 3.11E-03 8.74E-05 1.46E-05 -
Generator
SLDGE1 Sludge Lagoon - - -- -- 7.41E-06
SLDGE2 Sludge Lagoon - - -- -- 7.41E-06
SLDGE3 Sludge Lagoon - - - - 7.41E-06
L849WTR | 283EG - - - - 2.04E-04
L850WTR | 283WG - -- -- -- 2.04E-04

7-4
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7.2 Meteorological Data

The surface meteorological inputs were from the Hanford Meteorological Station, the upper air
data was obtained from the Spokane, Washington, National Weather Service for the years 2015
through 2019. Figure 7-1 contains wind speed (meters/second), wind direction, and percentage of
occurrence for the years 2015 through 2019 from the Hanford Site Meteorological Station.

N s

Wind Speed
(m/s)
= 19.70 (0.8%)

10.80 (3.5%)

8.23 (13.1%)

H 5.14 (31.3%)

3.09 (31.3%)
1.54 (19.9%)
calm->8 0.00 (0.0%)

S
Figure 7-1. Hanford Site Meteorological Wind Rose —Surface Data 2015 through 2019

7.3 Modeling Methodology

The area inside the Hanford Site ambient air boundary (Figure 7-2, Modeling Domain) contains four of
the modeled standby generators (Project L-895, L-897, L-781 Feed Pump Building, and L-849), three
sludge lagoons, and two Project L-849 and L-850 water tanks. The area outside the ambient air
boundary contains two of the modeled standby generators (Project L-781 Pump House and L-826 Pump
House). The two standby generatorslocated outside the ambient air boundary are more than 6 mi
(approximately 10,000 m) from the closest standby generator contained within the ambient air
boundary and approximately 6.5 mi (approximately 10,500 m) from each other. Four different source
groups were set up within the model to determine ambient concentrations for the ambient air impact
analysis based on location and source constituent emissions:

e Central Plateau: Project L-895, L-897, L-781 Feed Pump Building, and L-849 Engines
e Central Plateau: Sludge Lagoons and Project L-849 and L-850 Water Tanks
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e 181-D Pump House: Project L-781
e 181-B Pump House: Project L-826.

The ARM2 for determining nitrogen dioxide concentrations as a result of estimated NOx from air
emission sources was used within AERMOD, with an override of the default 0.5 nitrogen dioxide: NOx
conversion ratio. After reviewing the EPA database for testing in-stack results for speciation results of
NOx, 0.2211 was presented to Ecology as appropriate for the standby generatorsin the project.
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Figure 7-2. Modeling Domain

7.4 Modeling Results

Modeled ambient air concentrations were compared to WAC 173-460-150 ASILs. Table 7-5, 200-Meter
Hanford Sitewide Grid Model Output, details modeled ambient concentrations for each TAP from the
200-m receptor grid resolution model and a determination of exceedance of the ASIL threshold. No TAP
ambient concentrationfrom either Central Plateau source group exceeded the ASIL thresholds. Diesel

7-6
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engine exhaust, particulate exceeds the ASILfor the 181-D Pump House (Project L-781) and 181-B Pump
House (Project L-826) source groups.

A 25-m receptor grid was modeled within 1 km of the Project L-781 and L-826 emission units to develop
more precise estimates of TAP concentrations due to the diesel engine exhaust, particulate ASIL
exceedance. Results of the 25-mr focused grid model are provided in Table 7-5, Project L-781 and L-826
Focused 25-m Grid Model Output. All concentrations increased from the 200-m grid model results.
Benzene and naphthalene predicted concentrations remain under the ASIL. Diesel engine exhaust,
particulate remains over the ASIL. Nitrogen dioxide increased to 670 pug/m3, indicating an exceedance of
the ASIL. Figures 7-3, 7-4, and 7-5 show the modeling results of the diesel engine exhaust, particulate
and nitrogen dioxide at the highest model output locations with an ASIL exceedance. Contours represent
the WAC 173-460-150 ASILvalue, indicating that the area within the contour exceeds the ASIL threshold.

7.4.1 National Ambient Air Quality Standards

As detailed in Section 3.0, the project emissions exceed the WAC 173-400-110(5) exemption levels for
PM-2.5 and nitrogen oxides (assumed as nitrogen dioxide). Inorder to determine whether the project
could cause or contribute to a violation of the National Ambient Air Quality Standards (NAAQS), as
shown in WAC 173-400-113(4)(a) and in compliance with WAC 173-400-113(3), modeling was
performed to determine ambient concentrations at the applicable averaging periods for comparison to
the NAAQS. Tables 7-7, 7-8, and 7-9 show the results of the NAAQS modeling. The project is not
expectedto cause or contribute to a violation of the PM-2.5 or the nitrogen dioxide NAAQS.

Through consultation with Ecology, the Monte Carlo modeling methodology was used to model nitrogen
dioxide emissions for analysis of violation of the 1-hour nitrogen dioxide primary NAAQS. Figure 7-5,
Summary of Monte Carlo Modeling for Nitrogen Dioxide 1-hour Impactsto the NAAQS, provides the
probability of exceeding an ambient concentration of 139.12 ug/m3 of project-related nitrogen dioxide
emissions, which corresponds with a potential violation of the NAAQS, assuming a background
concentration of 48.88 pug/m?3. Based on the Monte Carlo processing, there s less than a 10% chance of
any receptor within the modeling domain to exceed a value that would cause or contribute to a violation
of the NAAQS.
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Table 7-5. 200-Meter Hanford Sitewide Grid Model Output.

Ambient Concentration
(ng/m3 per averaging period)
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Benzene 71-43-2 year | 1.30E-01 | 1.07E-05 -- 2.75E-04 | 4.68E-04 | 4.75E-04 [ No - No No No
Naphthalene 91-20-3 year | 2.90E-02 | 1.79E-06 -- 4.61E-05 | 7.85E-05 | 7.96E-05 | No - No No No
Chloroform 67-66-3 year | 4.30E-02 -- 7.00E-05 -- -- 7.00E-05 -- No -- -- No
Nitrogen
dioxide® 10102-440 | 1-hr | 4.70E+02 | 1.14E+02 - 1.66E+02 | 2.26E+02 | 2.26E+02 | No -- No No No
Diesel engine
exhaust, - year | 3.30E-03 | 2.86E-04 - 1.36E-02 | 2.32E-02 | 2.34E-02 No -- Yes Yes Yes
particulate

aProject L-895, L897, L-781, and L-849
b ARM2 modeling method: NO2:NOx ratio =0.2211
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Table 7-6. Project L-781 and L-826 Focused 25-Meter Grid Model Output.
Highest 1%t High
Aver. Concentration Exceeds
Pollutant CAS Number Period ASIL (ug/m?3) (ug/m* per averaging ASIL?
period)

Benzene 71-43-2 year 1.30E-01 5.91E-03 No
Naphthalene 91-20-3 year 2.90E-02 9.90E-04 No
Nitrogen dioxide 10102-44-0 1-hr 4.70E+02 6.70E+02 Yes
Diesel engine exhaust,
particulate . year 3.30E-03 292801 ves

2The maximum 1-hour average NO2 concentration predicted by the 25-m grid indicates an ambient impact that exceeds the

ASIL; whereas, the 200-m grid predicted a concentration that was below the ASIL.

181-D Pump House Emergency Generator (Project L-781)

Diesel Engine Exhaust, Particulate Highest Annual Average (2016) = 2.92E-01 ul;h.'m3

@ Stack Location
D Area Exceeding ASIL (0.0033 ug/m3)

Figure 7-3. Diesel Engine Exhaust Particulate Modeled ASIL Contour 3.30E-03 ug/m3; Highest
Annual Average (2016) for the Project L-781 181-D Pump House Standby
Generator=2.92E-01 pg/m3

Basemap: Imagery from Goagle Maps
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181-B Pump House Emergency Generator (Project L-826)
Diesel Engine Exhaust, Particulate Highest Annual Average (2016) = 4.26E-02 ug/m?

@ Stack Location

[ Area Exceeding ASIL (0.0033 ug/m3)

2,500 5,000 ft
@ Hanford Ambient Air Boundary ——

Basemap: Imagery from Google Maps ir———

Figure 7-4. Diesel Engine Exhaust Particulate Modeled ASIL Contour 3.30E-03 ug/m3; Highest
Annual Average (2017) for the Project L-826 181-B Pump House Standby
Generator=4.26E-02 ug/m3

181-D Pump House Emergency Generator (Project L-781)
Hitrogen Dioxide Highest 1-HR Average (2019) = 670 pg/m3

@ Stack Location e : ’
& - = : 250
7] Area Exceeding ASIL (470 pg/m?) ) ; . : s i
Basemap: Imagery from Google Maps —

Figure 7-5. Nitrogen Dioxide Modeled ASIL Contour 470 ug/m3; Highest 1-hour (2019) is Locatedat the
181-D Pump House = 6.70E+02 pug/m3; ASIL Was Not Exceeded for any Other Source Groups
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Table 7-7. 2015-2019 Modeled Nitrogen Dioxide Annual Average and 1-hour High and
Particulate Matter-2.5 Annual Average and 24-hour High.
o . . Significant Impact Levels Modeled Highs Exceeds
Criteria Pollutant | Averaging Period
Bing (ng/m3) (ng/m?3) SIL?
Annual 1 8.69 Yes®
Nitrogen Dioxide
1-hour 7.5 669.80 Yes®
Annual 3 .285 No
Particulate
Matter—2.5
24-hour 1.2 .97 No

aSee Table 7-8 for further analysis.
bSee Table 7-9 for further analysis.

Table 7-8. Summary of Annual Nitrogen Dioxide Modeled Impacts and Comparisonto NAAQS.

Modeled Annual Backgroun-d Total Ambient Annual NO; Primary
Average (ug/m?) Concentration Impacts NAAQS (ug/m’) Exceeds NAAQS?
(ng/m?3) (ng/m?3)
8.69 451 13.2 100 No

Table 7-9. Summary of Annual Nitrogen Dioxide Modeled Impacts and Comparisonto
NAAQS.Summary of 1-hour Nitrogen Dioxide Modeled Impacts and Comparison to NAAQS.

Modeled 8t Background Total Ambient 1-Hour NO, Prima
Highest 1-Hour Concentration Impacts NAAQS (2 /ms)ry Exceeds NAAQS?
(ng/m?3) (ng/m?3) (ng/m3) ve
326 48.88 374.88 188 Yes®

aSee Figure 7-5 for alternative nitrogen dioxide model output using the Monte Carlo modeling method.
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Probability of exceeding 139.12 at each receptor

Probability, %
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Figure 7-5. Summary of Monte Carlo Modeling for Nitrogen Dioxide 1-hour Impacts to the NAAQS

7.5 Second Tier Review

Pursuant to WAC 173-460-090, “Second Tier Review,” if any expected TAP is modeled to exceed the ASIL
for a new or modified source, a second tier review, or healthimpact assessment (HIA), must be
performed for that pollutant to demonstrate that the potential emissions do not present an
unacceptable health risk to members of the public.

An HIAis being developed for diesel engine exhaust, particulate and nitrogen dioxide. The HIA will

follow Washington State guidance, as outlined in the document Guidance Document: First, Second, and
Third Tier Review of Toxic Air Pollution Sources (Chapter 173-460 WAC) (Ecology 2015).
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Appendix A
Emission Calculations
Table A-1. Carbon Monoxide Emission Estimate.
Emissions Engine Emission Annual Emission
Stationary Engine | (g/kW-hr)or | Power (kW) Rate Emissions Estimate
(g/HP-hr)? or (HP)® (g/hr) (g/year) (Tons/year)
A B C=A*B D=C*500¢ E=D*0.00000110
L-897 4.1E-01° 1.112E+03° 4.56E+02 2.28E+05 2.5E-01
L-895 2.1E-01° 1.829E+03" 3.85E+02 1.92E+05 2.1E-01
L-849 6.0E-01 1.403E+03 8.42E+02 4.21E+05 4.6E-01
L-826 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.8E+00
L-781 (200-West 6.0E-01 4.6E+02 2.76E+02 1.38E+05 1.5E-01
Feed Pump Building)
L-781 (181-DPump 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.8E+00
House)
Total Carbon Monoxide Emission Estimate (Tons/year) 4.7E+00
ag/HP-hr provided in manufacturer’s specification instead of g/kW-hr
PHP provided in manufacturer’s specification instead of kW
€500 operating hours per year assumed based on EPA (1995)
Table A-2. Particulate Matter Emission Estimate.
Stationary Emissions Engine Emission Ar.myal Em.ission
Engine (g/kW-hr) or | Power (kW) Rate Emissions Estimate
(g/HP-hr)? or (HP)® (g/hr) (g/year) (Tons/year)
A B C=A*B D=C*500°¢ E=D*0.00000110
L-897 6.0E-02° 1.112E+03 6.67E+01 3.34E+04 3.7E-02
L-895 2.0E-02° 1.829E+03° 3.66E+01 1.83E+04 2.0E-02
L-849 1.4E-01 1.403E+03 1.96E+02 9.8E+04 1.1E-01
L-826 1.6E-01 2.5E+03 4.0E+02 2.0E+05 2.2E-01
L-781 (200-West 1.0E-01 4.6E+02 4.6E+01 2.3E+04 2.5E-02
Feed Pump
Building)
L-781(181-D 1.6E-01 2.5E+03 4.,0E+02 2.0E+05 2.2E-01
Pump House)
Total Particulate Matter Emission Estimate (Tons /year) 6.3E-01

ag/HP-hr provided in manufacturer’s specification instead of g/kW-hr
bHP provided in manufacturer’s specification instead of kW
€500 operating hours per year assumed based on EPA(1995)
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Table A-3. Sulfur Dioxide Emission Estimate.
. Operating Fuel Fuel Molecular Emission
Stationary . . . Fuel Sulfur . .
Engine Time Consumption| Density Content by Weight V\!elght Estimate
(hrs/year) | Rate(gal/hr) [ (lbs/gal) Ratio, SO2:S (Tons/year)
A B C D E F=A*B*C*D*E*
5.0E-04
L-897 5.0E+02? 5.36E+01 7.2E+00 1.5E+01/1.0E+06 2.0E+00 2.9E-03
L-895 5.0E+02° 8.74E+01 7.2E+00 1.5E+01/1.0E+06 2.0E+00 4.7E-03
L-849 5.0E+02? 1.14E+02 7.2E+00 1.5E+01/1.0E+06 2.0E+00 6.2E-03
L-826 5.0E+02? 1.671E+02 7.2E+00 1.5E+01/1.0E+06 2.0E+00 9.0E-03
L-781 5.0E+02° 3.06E+01 7.2E+00 1.5E+01/1.0E+06 2.0E+00 1.7E-03
(200-West
Feed
Pump
Building)
L-781 5.0E+02? 1.671E+02 7.2E+00 1.5E+01/1.0E+06 2.0E+00 9.0E-03
(181-D
Pump
House)
Total Sulfur Dioxide Emission Estimate (Tons/year) 3.4E-02

3500 operating hours peryearassumed based on EPA (1995)

Table A-4. Volatile Organic Compound Emission Estimate.

NMHC
Emission Engine EPA Conversion

Stationary Rate Power Emission Ar.mfjal Em.ission Factor f?r Diesel

Engine (g/kW-.hr.) or (KW) or Rate Emissions Estimate Engines

HC Emission (HP)? (g/hr) (g/year) (Tons/year) (VOC/THC:
Rate? NMHC/THC)¢
(g/HP-hr)?
A B C=A*B D=C*500°¢ | E=D*0.00000110 | F=E*1.053/0.984
L-897 1.1E-01° 1.112E+03° | 1.22E+02 6.12E+04 6.7E-02 7.2E-02
L-895 1.0E-01° 1.829E+03° | 1.83E+02 9.15E+04 1.0E-01 1.1E-01
L-849 5.8E-01 1.403E+03 | 8.14E+02 4,07E+05 4.5E-01 4.8E-01
L-826 7.5E-01 2.5E+03 1.88E+03 9.38E+05 1.0E+00 1.1E+00
L-781 (200- 1.1E-01 4.6E+02 5.06E+01 2.53E+04 2.8E-02 3.0E-02
West Feed
Pump
Building)
L-781(181- 7.5E-01 2.5E+03 1.88E+03 9.38E+05 1.0E+00 1.1E+00
D Pump
House)
Total Volatile Organic Compound Emission Estimate (Tons/year) 2.9E+00

aHC emission rate, in g/HP-hr, provided in manufacturer’s specificationinstead of NMHC emission rate in g/kW-hr
bHP provided in manufacturer’s specification instead of kW

€500 operating hours peryear assumed based on EPA (1995)

d Conversion factor from EPA (2005)
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Table A-5. Nitrogen Dioxide Emission Estimate.
. Emissions Engine Emission Annual Emission
Stationary Power .. .
Engine (g/kW-hr) or (kW) or Rate Emissions Estimate
(8/HP-hr)? (HP)" (g/hr) (g/year) (Tons/year)
A B C=A*B D=C*500°¢ | E=D*0.00000110
L-897 5.85E+00% | 1.112E+03| 6.51E+03 3.26E+06 3.6E+00
L-895 6.20E+00% | 1.829E+03° | 1.13E+04 5.7E+06 6.3E+00
L-849 4 .99E+00 1.403E+03 7.0E403 3.5E+06 3.9E+00
L-826 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.3E+00
L-781 (200- 3.31E+00 4.6E+02 1.52E+03 7.6E+05 8.4E-01
West Feed
Pump
Building)
L-781(181-D 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.3E+00
Pump House)
Total Nitrogen Dioxide Emission Estimate (Tons/year) 2.9E+01

Note: All NOy data provided in manufacturer’s specifications and EPA.gov emission tablesassumedto
be nitrogen dioxide
ag/HP-hr provided in manufacturer’s specification instead of g/kW-hr

bHP provided in manufacturer’s specification instead of kW
€500 operating hours per year assumed based on EPA (1995)

Table A-6. Carbon Monoxide Emission Estimate.

Rev.0

Emissions Engine Emission Annual Average Emission
Stationary | (g/kW-hr) Power L. Hourly .
. Rate Emissions .. Estimate
Engine or (kW) or (g/hr) (g/year) Emissions (Ibs/hr)
(g/HP-hr)? (HP)® (g/hr)
A B C=A*B D=C*500¢ E=D/8760 | F=E*0.0022
L-897 4.1E-01° 1.112E+03°| 4.56E+02 2.28E+05 2.6E+01 5.7E-02
L-895 2.1E-012 1.829E+03°| 3.84E+02 1.92E+05 2.19E+01 4.8E-02
L-849 6.0E-01 1.403E+03 8.42E+02 4.21E+05 4 .81E+01 1.1E-01
L-826 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.86E+02 4.1E-01
L-781 (200- 6.0E-01 4.6E+02 2.76E+02 1.38E+05 1.58E+01 3.5E-02
West Feed
Pump
Building)
L-781(181- 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.86E+02 4.1E-01
D Pump
House)
Total Carbon Monoxide Emission Estimate (lbs/hr) 1.1E+00

ag/HP-hr provided in manufacturer’s specification instead of g/kW-hr
bHP provided in manufacturer’s specification instead of kW
€500 operating hours per year assumed based on EPA (1995)
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Table A-7. Diesel Engine Exhaust, Particulate Emission Estimate.
Emissions® :izir: Emission Annual Emission
Stationary Engine | (g/kW-hr)or (kW) or Rate Emissions Estimate
(8/HP-hr)> (HP)? (g/hr) (g/year) | (lbs/year)
A B C=A*B D=C*500°¢ | E=*0.0022
L-897 6.0E-02° 1.112E+03° | 6.67E+01 3.34E+04 7.4E+01
L-895 2.0E-02° 1.829E+03° | 3.66E+01 1.83E+04 4.0E+01
L-849 1.4E-01 1.403E+03 | 1.96E+02 9.8E+04 2.2E+02
L-826 1.6E-01 2.5E+03 4.0E+02 2.0E+05 4.4E+02
L-781 (200-West 1.0E-01 4.6E+02 4.6E+01 2.3E+04 5.1E+01
Feed Pump Building)
L-781(181-DPump 1.6E-01 2.5E+03 4,0E+02 2.0E+05 4.4E+02
House)
Total Diesel Engine Exhaust, Particulate Emission Estimate (Ibs/year) 1.3E+03
Note: All PM data provided in manufacturer’s specifications and EPA.gov emission tables assumed to
be diesel engine exhaust, particulate
ag/HP-hr provided in manufacturer’s specification instead of g/kW-hr
bHP provided in manufacturer’s specification instead of kW
€500 operating hours peryear assumed based on EPA (1995)
Table A-8. Nitrogen Dioxide Emission Estimate.
. Emissions Engine Emission Annual Average Emission
Stationary (g/kW-hr) Power . . Hourly .
. Rate Emissions . Estimate
Engine or (kW) or (g/hr) (g/year) Emissions (Ibs/hr)
(8/HP-hr)° (HP)® (g/hr)
A B C=A*B D=C*500¢ E=D/8760 F=E*0.0022
L-897 5.85E+00% | 1.112E+03| 6.51E+03 3.26E+06 3.72E+02 8.2E-01
L-895 6.20E+00% | 1.829E+03°| 1.13E+04 5.7E+06 6.51E+02 1.4E+00
L-849 4.99E+00 1.403d=03 | 7.0E+03 3.5E+06 4.0E+02 8.8E-01
L-826 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.53E+02 1.7E+00
L-781(200- 3.31E+00 4.6E+02 1.52E+03 7.6E+05 8.68E+01 1.9E-01
West Feed
Pump
Building)
L-781(181-D 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.53E+02 1.7E+00
Pump House)
Total Nitrogen Dioxide Emission Estimate (lbs/hr) 6.7E+00

Note: All NOx data provided in manufacturer’s specificationsand EPA.gov emission tablesassumedto be nitrogen

dioxide.

ag/HP-hr provided in manufacturer’s specification instead of g/kW-hr
bHP provided in manufacturer’s specification instead of kW
€500 operating hours peryear assumed based on EPA (1995)
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Table A-9. Sulfur Dioxide Emission Estimate.
Stationary Ope.rating Fuel . Fue_I Fuel Sulfur Mole'cular Em_ission
Engine Time Consumption | Density Contefnt by V\!elght Estimate
(hrs/year) Rate (gal/hr) | (lbs/gal) Weight Ratio, SO2:S (Ibs/hour)
A B C D E F=A*B*C*D*E
8.76E+03
L-897 5.0E+022 5.36E+01 7.2E+00 | 1.5E+01/1.0E 2.0E+00 6.6E-04
+06
L-895 5.0E+022 8.74E+01 7.2E+00 | 1.5E+01/1.0E 2.0E+00 1.1E-03
+06
L-849 5.0E+022 1.14E+02 7.2E+00 | 1.5E+01/1.0E 2.0E+00 1.4E-03
+06
L-826 5.0E+022 1.671E+02 7.2E+00 | 1.5E+01/1.0E 2.0E+00 2.1E-03
+06
L-781 (200- 5.0E+022 3.06E+01 7.2E+00 | 1.5E+01/1.0E 2.0E+00 3.8E-04
West Feed +06
Pump
Building)
L-781(181- 5.0E+022 1.671E+02 7.2E+00 | 1.5E+01/1.0E 2.0E+00 2.1E-03
D Pump +06
House)
Total Sulfur Dioxide Emission Estimate (lbs/hr) 7.7E-03
a500 operating hours peryearassumed based on EPA (1995)
Table A-10. Benzene Emission Estimate.
Operating Fuel Diesel Fuel .. Emission
. . R . Emission Rate .
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) | Rate(gal/hr) | (MMBTU/gal) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02°2 5.36E+01 1.374E-01 7.76E-04° 2.9E+00
L-895 5.0E+022 8.74E+01 1.374E-01 7.76E-04° 4.7E+00
L-849 5.0E+02? 1.14E+02 1.374E-01 7.76E-04° 6.1E+00
L-826 5.0E+02°2 1.671E+02 1.374E-01 7.76E-04° 8.9E+00
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 7.76E-04° 1.6E+00
Feed Pump Building)
L-781(181-DPump 5.0E+02? 1.671E+02 1.374E-01 7.76E-04° 8.9E+00
House)
Total Benzene Emission Estimate (Ibs/year) 3.3E+01

a500 operating hours peryear assumed based on EPA (1995)

bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-3
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. Operating Fuel Diesel Fuel - Em_lssmn
Stathnary Time Consumption Energy Emission Rate Estimate
Engine (hrs/year) Rate (gal/hr) (MMBTU/gal) (Ibs/MMBTU) (Ibs/24
Hours)
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+02°? 5.36E+01 1.374E-01 2.81E-04° 2.8E-03
L-895 5.0E+02? 8.74E+01 1.374E-01 2.81E-04° 4.6E-03
L-849 5.0E+02? 1.14E+02 1.374E-01 2.81E-04° 6.0E-03
L-826 5.0E+02? 1.671E+02 1.374E-01 2.81E-04° 8.8E-03
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 2.81E-04° 1.6E+01
Feed Pump
Building)
L-781(181-D 5.0E+02? 1.671E+02 1.374E-01 2.81E-04° 8.8E-03
Pump House)
Total Toluene Emission Estimate (Ibs/24 Hours) 3.3E-02

3500 operating hours peryear assumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,

Chapter 3, Table 3.4-3

Table A-12. Xylenes Emission Estimate.

. . Emission
. Operating Fuel Diesel Fuel . .
Statlo.nary Time Consumption Energy Emission Rate Estimate
Engine (hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (II-I'ZSL{rzs‘;
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+02? 5.36E+01 1.374E-01 1.93E-04° 2.0E-03
L-895 5.0E+022 8.74E+01 1.374E-01 1.93E-04° 3.2E-03
L-849 5.0E+02? 1.14E+02 1.374E-01 1.93E-04° 4.1E-03
L-826 5.0E+022 1.671E+02 1.374E-01 1.93E-04° 6.1E-03
L-781(200-West | 5.0E+02° 3.06E+01 1.374E-01 1.93E-04° 1.1E-03
Feed Pump
Building)
L-781(181-D 5.0E+02? 1.671E+02 1.374E-01 1.93E-04° 6.1E-03
Pump House)
Total Xylenes Emission Estimate (1bs/24 Hours) 2.3E-02

a500 operating hours peryear assumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,

Chapter 3, Table 3.4-3
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. Operating Fuel Diesel Fuel - Em_lssmn
Stathnary Time Consumption Energy Emission Rate Estimate
Engine (hrs/year) Rate (gal/hr) (MMBTU/gal) (Ibs/MMBTU) (Ibs/24
Hours)
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+02°? 5.36E+01 1.374E-01 2.79E-03° 2.8E-02
L-895 5.0E+02? 8.74E+01 1.374E-01 2.79E-03° 4.6E-02
L-849 5.0E+02? 1.14E+02 1.374E-01 2.79E-03° 6.0E-02
L-826 5.0E+02? 1.671E+02 1.374E-01 2.79E-03° 8.8E-02
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 2.79E-03° 1.6E-02
Feed Pump
Building)
L-781(181-D 5.0E+02? 1.671E+02 1.374E-01 2.79E-03° 8.8E-02
Pump House)
Total Propylene Emission Estimate (Ibs/24 Hours) 3.3E-01

3500 operating hours peryear assumed based on EPA (1995)

bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,

Chapter 3, Table 3.4-3

Table A-14. Formaldehyde Emission Estimate.

. Operating Fuel Diesel Fuel . Emission
Statlctnary Time Consumption Energy Emission Rate Estimate
Engine (hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (lbs/year)
A B C D E=A*B*C*D
L-897 5.0E+022 5.36E+01 1.374E-01 7.89E-05° 2.9E-01
L-895 5.0E+02? 8.74E+01 1.374E-01 7.89E-05° 4.7E-01
L-849 5.0E+027 1.14E+02 1.374E-01 7.89E-05° 6.2E-01
L-826 5.0E+022 1.671E+02 1.374E-01 7.89E-05° 9.1E-01
L-781 (200-West | 5.0E+02? 3.06E+01 1.374E-01 7.89E-05° 1.7E-01
Feed Pump
Building)
L-781(181-D 5.0E+022 1.671E+02 1.374E-01 7.89E-05° 9.1E-01
Pump House)
Total Formaldehyde Emission Estimate (Ibs/year) 3.4E+00

3500 operating hours peryearassumed based on EPA (1995)

bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,

Chapter 3, Table 3.4-3

Table A-15. Acetaldehyde Emission Estimate. (2 Pages)

. Operating Fuel Diesel Fuel L Emission
Statlo.nary Time Consumption Energy Emission Rate Estimate
Engine (hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02? 5.36E+01 1.374E-01 2.52E-05° 9.3E-02
L-895 5.0E+02? 8.74E+01 1.374E-01 2.52E-05° 1.5E-01
L-849 5.0E+02° 1.14E+02 1.374E-01 2.52E-05° 2.0E-01
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Table A-15. Acetaldehyde Emission Estimate. (2 Pages)
. Operating Fuel Diesel Fuel . Emission
Stationary R . Emission Rate .
Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)
L-826 5.0E+02°? 1.671E+02 1.374E-01 2.52E-05° 2.9E-01
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 2.52E-05° 5.3E-02
Feed Pump
Building)
L-781(181-D 5.0E+02°? 1.671E+02 1.374E-01 2.52E-05° 2.9E-01
Pump House)
Total Acetaldehyde Emission Estimate (Ibs/year) 1.1E+00
a500 operating hours peryear assumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-3
Table A-16. Acrolein Emission Estimate.
Operating Fuel Diesel Fuel . Em.lssmn
. . R . Emission Rate Estimate
Stationary Engine Time Consumption Energy (Ibs/ MMBTU) (Ibs/24
(hrs/year) Rate (gal/hr) | (MMBTU/gal) hours)
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+02? 5.36E+01 1.374E-01 7.88E-06° 8.0E-05
L-895 5.0E+02° 8.74E+01 1.374E-01 7.88E-06° 1.3E-04
L-849 5.0E+02°2 1.14E+02 1.374E-01 7.88E-06° 1.7E-04
L-826 5.0E+02? 1.671E+02 1.374E-01 7.88E-06° 2.5E-04
L-781 (200-West 5.0E+02°2 3.06E+01 1.374E-01 7.88E-06° 4.5E-05
Feed Pump
Building)
L-781(181-DPump 5.0E+02°2 1.671E+02 1.374E-01 7.88E-06° 2.5E-04
House)
Total Acrolein Emission Estimate (Ibs/24 hours) 9.3E-04

3500 operating hours per year assumed based on EPA (1995)

bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,

Chapter 3, Table 3.4-3

Table A-17. Naphthalene Emission Estimate. (2 Pages)

Operating Fuel Diesel Fuel Emission Rate Emission
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)

A B C D E=A*B*C*D

L-897 5.0E+022 5.36E+01 1.374E-01 1.3E-04° 4.8E-01
L-895 5.0E+022 8.74E+01 1.374E-01 1.3E-04° 7.8E-01
L-849 5.0E+022 1.14E+02 1.374E-01 1.3E-04° 1.0E+00
L-826 5.0E+022 1.671E+02 1.374E-01 1.3E-04° 1.5E+00
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 1.3E-04° 2.7E-01
Feed Pump
Building)
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Table A-17. Naphthalene Emission Estimate. (2 Pages)
Operating Fuel Diesel Fuel Emission Rate Emission
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)
L-781(181-DPump | 5.0E+02? 1.671E+02 1.374E-01 1.3E-04° 1.5E+00
House)
Total Naphthalene Emission Estimate (lbs/year) 5.5E+00
2500 operating hours per year assumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-4
Table A-18. Benz(a)anthracene Emission Estimate.
Operating Fuel Diesel Fuel Emission Rate Emission
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (lbs/year)
A B C D E=A*B*C*D
L-897 5.0E+02? 5.36E+01 1.374E-01 6.22E-07° 2.3E-03
L-895 5.0E+02° 8.74E+01 1.374E-01 6.22E-07° 3.7E-03
L-849 5.0E+02°2 1.14E+02 1.374E-01 6.22E-07° 4.9E-03
L-826 5.0E+02° 1.671E+02 1.374E-01 6.22E-07" 7.1E-03
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 6.22E-07° 1.3E-03
Feed Pump
Building)
L-781(181-DPump | 5.0E+02? 1.671E+02 1.374E-01 6.22E-07° 7.1E-03
House)
Total Benz(a)anthracene Emission Estimate (lbs/year) 2.6E-02
3500 operating hours per year assumed based on EPA (1995)
bEmission rate obtained from “AP-42, Compilation of Air Pollutant Emissions Factors,” Fifth Edition, Volume 1,
Chapter 3, Table 3.4-4
Table A-19. Chrysene Emission Estimate.
Operating Fuel Diesel Fuel Emission Rate Emission
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02° 5.36E+01 1.374E-01 1.53E-06 5.6E-03
L-895 5.0E+02°2 8.74E+01 1.374E-01 1.53E-06° 9.2E-03
L-849 5.0E+02° 1.14E+02 1.374E-01 1.53E-06° 1.2E-02
L-826 5.0E+02° 1.671E+02 1.374E-01 1.53E-06 1.8E-02
L-781 (200-West 5.0E+02°2 3.06E+01 1.374E-01 1.53E-06° 3.2E-03
Feed Pump
Building)
L-781(181-DPump 5.0E+02°? 1.671E+02 1.374E-01 1.53E-06° 1.8E-02
House)
Total Chrysene Emission Estimate (lbs/year) 6.6E-02

a500 operating hours peryear assumed based on EPA (1995)

bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-4
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Operating Fuel Diesel Fuel .. Emission
. . . . Emission Rate .
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02? 5.36E+01 1.374E-01 1.11E-06° 4.1E-03
L-895 5.0E+022 8.74E+01 1.374E-01 1.11E-06° 6.7E-03
L-849 5.0E+02°2 1.14E+02 1.374E-01 1.11E-06° 8.7E-03
L-826 5.0E+02°2 1.671E+02 1.374E-01 1.11E-06° 1.3E-02
L-781 (200-West 5.0E+02? 3.06E+01 1.374E-01 1.11E-06° 2.3E-03
Feed Pump
Building)
L-781(181-DPump | 5.0E+02? 1.671E+02 1.374E-01 1.11E-06° 1.3E-02
House)
Total Benzo(b)fluoranthene Emission Estimate (lbs/year) 4.8E-02

2500 operating hours per year assumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-4

Table A-21. Benzo(k)fluoranthene Emission Estimate.

Operating Fuel Diesel Fuel .. Emission
. . . . Emission Rate .
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (lbs/year)
A B C D E=A*B*C*D
L-897 5.0E+022 5.36E+01 1.374E-01 2.18E-07° 8.0E-04
L-895 5.0E+02°2 8.74E+01 1.374E-01 2.18E-07° 1.3E-03
L-849 5.0E+02°2 1.14E+02 1.374E-01 2.18E-07° 1.7E-03
L-826 5.0E+022 1.671E+02 1.374E-01 2.18E-07° 2.5E-03
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 2.18E-07° 4.6E-04
Feed Pump
Building)
L-781 (181-DPump 5.0E+02° 1.671E+02 1.374E-01 2.18E-07° 2.5E-03
House)
Total Benzo(k)fluoranthene Emission Estimate (I bs/year) 9.3E-03

3500 operating hours per year assumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-4
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Operating Fuel Diesel Fuel . Emission
. . . . Emission Rate .
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02°2 5.36E+01 1.374E-01 2.57E-07° 9.5E-04
L-895 5.0E+02? 8.74E+01 1.374E-01 2.57E-07° 1.5E-03
L-849 5.0E+022 1.14E+02 1.374E-01 2.57E-07° 2.0E-03
L-826 5.0E+02°2 1.671E+02 1.374E-01 2.57E-07° 3.0E-03
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 2.57E-07° 5.4E-04
Feed Pump
Building)
L-781(181-DPump | 5.0E+02? 1.671E+02 1.374E-01 2.57E-07° 3.0E-03
House)
Total Benzo(a)pyrene Emission Estimate (Ibs/year) 1.1E-02

2500 operating hours per year assumed based on EPA (1995)

bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,

Chapter 3, Table 3.4-4

Table A-23. Indeno(1,2,3-cd)pyrene Emission Estimate.

Operating Fuel Diesel Fuel . Emission
. . . . Emission Rate .
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02? 5.36E+01 1.374E-01 4.14E-07° 1.5E-03
L-895 5.0E+022 8.74E+01 1.374E-01 4.14E-07° 2.5E-03
L-849 5.0E+02°2 1.14E+02 1.374E-01 4.14E-07° 3.2E-03
L-826 5.0E+02? 1.671E+02 1.374E-01 4.14E-07° 4.8E-03
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 4.14E-07° 8.7E-04
Feed Pump
Building)
L-781(181-D 5.0E+02°2 1.671E+02 1.374E-01 4.14E-07° 4.8E-03
Pump House)
Total Indeno(1,2,3-cd)pyrene Emission Estimate (I bs/year) 1.8E-02

3500 operating hours peryearassumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-4
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Table A-24. Dibenz(a,h)anthracene Emission Estimate.
Operating Fuel Diesel Fuel . Emission
. . . . Emission Rate .
Stationary Engine Time Consumption Energy (Ibs/MMBTU) Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02°2 5.36E+01 1.374E-01 3.46E-07° 1.3E-03
L-895 5.0E+02? 8.74E+01 1.374E-01 3.46E-07° 2.1E-03
L-849 5.0E+02° 1.14E+02 1.374E-01 3.46E-07° 2.7E-03
L-826 5.0E+02°2 1.671E+02 1.374E-01 3.46E-07° 4.0E-03
L-781 (200-West 5.0E+02? 3.06E+01 1.374E-01 3.46E-07° 7.3E-04
Feed Pump
Building)
L-781(181-D 5.0E+02°2 1.671E+02 1.374E-01 3.46E-07° 4.0E-03
Pump House)
Total Dibenz(a,h)anthracene Emission Estimate (lbs/year) 1.5E-02
3500 operating hours peryear assumed based on EPA (1995)
bEmission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1,
Chapter 3, Table 3.4-4
Table A-25. L-897 Sludge Lagoon Constituent Moles.
Liquid Molecular Molar
Constituent Concentration Weight Concentration Vol-:.-lanr:z (L l:/lr::’el)s
(ng/L) (g/mol) (mol/L)
A B C=A/B/1.0E+06 D E=C*D
Chloroform 4.42E+00° 1.1938E+02° 3.7E-08 2.88E+08°¢ 1.07E+01
Bromodichloromethane 7.8E-012 1.6383E+02° 4.76E+09 2.88E+08¢ 1.37E+00
Water - - 5.55E+01° 2.88E+08¢ 1.6E+10
Total Moles (mol) 1.6E+10

aFrom “BAT/AKART Analysis for Project L-897”, HNF-64154, Table 9, Combined WastewaterStream at 5.0 million gallons per
day throughput; Concentrations shown are basedon current operating experience thatshows that chloroform accounts for
85% of the total trihalomethanesand bromodichloromethane accountsfor the remaining 15%

bhttps://webbook.nist.gov/chemistry/
¢ From “BAT/AKART Analysis for Project L-897”, HNF-64154, Table 9, Combined Wastewater Stream at 5.0 million gallons per

day throughput; 6,336,300 gal/month*3.79L/gal*12 months/year=288,174,924 L/year

Table A-26. L-897 Sludge LagoonHenry’s Law Calculations.

H 'sL
. Liquid Mole enrys awo Vapor Mole | Ideal Gas
Constituent . Constant at 25 °C .
Fraction Fraction Law (n/v)
(atm)
A=Constituent B C=A*B D
Moles/Total
Mol es?
Chloroform 6.67E-10 203.0 1.35E-07
4.09E-02
Bromodichloromethane 8.58E-11 88.90 7.63E-09 4.09E-02

a Constituent Moles and Total Moles from Table A-25
bhttps://webbook.nist.gov/chemistry/
¢ Molecular Weight from Table A-25, Ideal Gas Law [(n/v)=P/RT] (mol/L) =1 atm /(0.082057 L atm /K mol *298 K)
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Table A-27. L-897 Sludge LagoonFick’s Law Calculations.

Mass Air Mass Air Concentration Diffusion Diffusion | Concentration Diffusion
Constituent Concentration (Ib/fE3)¢ Coefficient | Coefficient Gradient Rate (lbs/ft?
(g/L) (cm?/sec) | (ft?/sec)*® | dC/dx (Ib/ft?)¢ sec)
A=Vapor Mole
Fraction™ldeal | o_)x) 832£+01%2.205E400 D=C*1.08E- | E=(B-0) s
Gas 1.0E+03 ¢ 03 (0-1) F=-17D%
Law?*Molecular ’
Weight®
Chloroform 6.61E-07 4.13E-08 1.04E-01 1.12E-04 -4.13E-08 4.62E-12
Bromodichloromethane 5.11E-08 3.19E-09 2.98E-02 3.21E-05 -3.19E-09 1.02E-13

aVapor Mole Fraction and Ideal Gas Law from Table A-26
bMolecular Weight from Table A-25
¢ Mass Air Concentration (Ib/ft3) =Mass Air Concentration (g/L) *28.32 (L/ft3)* (2.205 Ib/1000 g) Diffusion Coefficient (ft2/sec) = Diffusion Coefficient
(cm2/sec) * 0.00107639 ft2/cm?
dConcentration Gradient dC/dx (Ib/ft) = (Surface Diffusion Coefficient (ft2/sec) - Free Air Diffusion Coefficient (ft2/sec)/(Surface Height (ft) - Free Air

Height (ft))
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Table A-28. L-897 Sludge Lagoon Emission Estimate.

Constituent Seconds/Year Basin Surface Area (ft?)? Emlss('l‘:):;;:;mate
A B =3.535E+03*3.0E+00° S=Diffusion Ratec*A*B
Chloroform 3.1536E+07 1.0605E+04 1.55E+00
Bromodichloromethane 3.1536E+07 1.0605E+04 3.42E-02
a Calculation Number: HNF-CALC-63402,
bEach basin has a surface area of 3,535 ft2, thereare three basins total
¢ Diffusion Rate from Table A-27
Table A-29. L-849 and L-850 Water Tanks Constituent Moles.
Constituent Liquid Molecular Molar
Concentration Weight Concentration Tank Moles
(ng/L) (g/mol) (mol/L) Volume (L) (mol)
A C=A/B/1.0E+06 D E=C*D
Chloroform 8.56E+01° 1.1938E+02°¢ 7.17E-07 1.89E+07 1.36E+01
Bromodichloromethane 3.5E+00° 1.6383E+02¢ 2.14E-08 1.89E+07 4.04E-01
Bromoform 6.0E-02° 2.5275E+02¢ 2.37E-10 1.89E+07 4.49E-03
Water - 5.55E+01*% 1.89E+07 1.05E+07
Total Moles (mol) 1.05E+07

a Highest concentration from quarterly Disinfection By-Product Compounds Reports from February 2017—-May 2020

bMethod detection limit used as results were non-detectable for all quarterly Disinfection By-Product Compounds Reports
from February 2017 through May 2020
¢ https://webbook.nist.gov/chemistry/; Assumes 5.0 million gallons per day output from L-897 CPWTF passes through each

tank

Table A-30. L-849 and L-850 Water Tanks Henry’s Law Calculations.

- Henry's Law
Constituent LI?UId Mole Constant at Vall:por Mole :deal Gas
raction 25°C (atm) raction aw (n/v)
A=Constituent B C=A*B D
Moles/Total

Mol es?
Chloroform 1.29E-08 2.03E+02 2.62E-06 4.09E-02
Bromodichloromethane 3.85E-10 8.89E+01 3.42E-08 4.09E-02
Bromoform 4.28E-12 2.97E+00 1.27E-10 4.09E-02

aConstituent Moles and Total Moles from Table A-29
bhttps://webbook.nist.gov/chemistry/

¢ Molecular Weight from Table A-29 Ideal Gas Law [(n/v) = P/RT] (mol/L)= 1 atm /(0.082057 Latm /K mol *

298 K)
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Table A-31. L-849 and L-850 Water Tanks Fick’s Law Calculations.

Mass Air Mass Air Diffusion Diffusion Concentration Diffusion Rate
Constituent Concentration (g/L) Concentration Coefficient | Coefficient Gradient dC/dx (Ibs/ft? sec)
(Ib/ft3)e (cm?/sec) (ft?/sec)*® (Ib/ft)¢
A=Vapor Mole
Fraction®*Ideal Gas B=A*28.32%2.205 E=(B-0)
Law®*Mol ecular 1000 ¢ D=C*0.00108 (0-1) F=-1"D*E
Weight®
Chloroform 1.28E-05 7.99E-07 1.04E-01 1.12E-04 -7.99E-07 8.95E-11
Bromodichloromethane 2.29E-07 1.43E-08 2.98E-02 3.21E-05 -1.43E-08 4.59E-13
Bromoform 1.31E-09 8.20E-11 1.49E-02 1.6E-05 -8.20E-11 1.31E-15

3 Vapor Mole Fraction and Ideal Gas Law from Table A-30

bMolecular Weight from Table A-29
©Mass Air Concentration (Ib/ft3) =Mass Air Concentration (g/L) *28.32 (L/ft3)* (2.205 Ib/1,000 g) Diffusion Coefficient (ftZ/sec) = Diffusion Coefficient (cm?/sec) *

0.00107639 ft2/cm?

dConcentration Gradient dC/dx (Ib/ft) = (Surface Diffusion Coefficient (ft2/sec) - Free Air Diffusion Coefficient (ft2/sec))/(Surface Height (ft) - Free Air Height (ft))

0 °A9Y
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Table A-32. L-849 and L-850 Water Tanks Emission Estimate.

. Tank Cross Section Area Emission Estimate
Constituent Seconds/Year (t2) (Ibs/yr)
A 3.14159E+%0*4.0E+0123 S=Diffusion Rate"*A"B
Chloroform 3.1536E+07 5.027E+03 2.84E+01°¢
Bromodichloromethane 3.1536E+07 5.027E+03 1.46E-01°¢
Bromoform 3.1536E+07 5.027E+03 4.17E-04«
a Procurement Specification for L-850 Sanitary Water Storage Tank; HNF-SPEC-63005, Rev. 0

b Diffusion Rate from Table A-31
¢ Emission Estimate isfor both water tanks

Table A-33. Chloroform Emission Estimate.

Emission Unit

Emission Estimate (Ibs/yr)

L-849 Water Tank 1.42E+01°
L-850 Water Tank 1.42E+01°
L-897 Sludge Lagoons 1.55E+00°
Total Chloroform Emission Estimate (lbs/yr) 2.99E+01
a Emission Estimate from Table A-32

bEmission Estimate from Table A-28

Table A-34. Bromodichloromethane Emission Estimate.

Emission Unit

Emission Estimate (lbs/yr)

L-849 Water Tank

7.28E-02°

L-850 Water Tank 7.28E-02°

L-897 Sludge Lagoons 3.42E-02"

Total Bromodichloromethane Emission Estimate 1.80E-01

(Ibs/yr)

a Emission Estimate from Table A-32
bEmission Estimate from Table A-28

Table A-35. Bromoform Emission Estimate.

Emission Unit

Emission Estimate (lbs/yr)

L-849 Water Tank 2.08E-042
L-850 Water Tank 2.08E-042
Total Bromoform Emission Estimate (lbs/yr) 4,17E-04
a Emission Estimate from Table A-32

A-16
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Appendix B

B.1 BACT AND tBACT Analysis

B.1 BACT Review Process

BACT, as it applies to regulated pollutants not subject to major new source review, is defined in
WAC 173-400-030 as:

“...anemission limitation based on the maximum degree of reduction for eachair pollutant subject to
regulation under chapter 70.94 RCW emitted from or which results from any new or modified stationary
source, which the permitting authority, on a case-by-case basis, taking into account energy,
environmental, and economic impacts and other costs, determines is achievable for such source or
modification through application of production processes and available methods, systems, and
techniques, including fuel cleaning, clean fuels, or treatment or innovative fuel combustion techniques
for control of each such pollutant.”

This definition is almost identical to the one applied to sources locatedin attainment areasand subject
to major new source review, which appears in 40 CFR Part 52.21 (i.e., federal PSD regulations).

Ina December 1, 1987, memorandum from the U.S. Environmental Protection Agency (EPA) Assistant
Administrator for Air and Radiation, ! the agency provided guidance on the “top-down” methodology for
determining BACT. The “top-down” process involves the identification of all applicable control
technologies according to control effectiveness. Evaluation begins with the “top,” or most stringent,
control alternative. Ifthe most stringent option is shown to be technically or economically infeasible, or
if environmental impacts are severe enough to preclude its use, then it is eliminated from consideration
and then the next most stringent control technology is similarly evaluated. This process continues until
the BACT level under consideration cannot be eliminated by technical or economic considerations,
energy impacts, or environmental impacts. The top control alternative that is not eliminated in this
process becomes the proposed BACT basis.

This top-down BACT analysis process canbe considered to contain five basic steps:

e Step 1: Identify all available emission reduction alternatives with practical potential for
application to the specific emission unit for the regulated pollutant under evaluation

e Step 2: Eliminate all technically infeasible alternatives
e Step 3: Rankremaining alternatives by effectiveness

e Step 4: Evaluate the economic, energy, and environmental impacts starting with the most
effective alternative

e Step 5: Select BACT, which will be the most effective practical alternative not rejected in the
previous steps.

! https://www.epa.gov/sites/production/files /2015-07/documents/establsh.pdf
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Formal use of these steps is not always necessary. However, EPA and Ecology have consistently
interpretedthe statutoryand regulatory BACT definitions as containing two core requirements, which
EPA believes must be met by any BACT determination, regardless of whether it is conducted in a “top-
down” manner. First, the BACT analysis must include consideration of the most stringent available
technologies: i.e., those that provide the “maximum degree of emissions reduction.” Second, any
decision to require a lesser degree of emissions reduction must be justified by an objective analysis of
“energy, environmental, and economic impacts” contained in the record of the permit decisions.

Additionally, the minimum control efficiency to be considered in a BACT analysis must result in an
emission rate no less stringent than the applicable New Source Performance Standard (NSPS) emission
rate, if any NSPS standard for that pollutant is applicable to the source.

This BACT analysis was conducted in a manner consistent with this stepwise approach. Control options
for potential reductions in criteria pollution emissions were identified for each emission unit. These
options were identified by researching the EPA database known as the RACT/BACT/LAER Clearinghouse
(RBLC), drawing upon previous environmental permitting experience for similar units, a review of
available regulatoryagency BACT guidelines, and surveying available literature. Available controls that
are judged to be technically feasible are further evaluated based on an analysis of economic,
environmental, and energyimpacts.

Assessing the technical feasibility of emission control alternativesis discussed in EPA's draft "New
Source Review Workshop Manual."2 Using terminology from this manual, if a control technology has
been "demonstrated" successfully for the type of emission unit under review, then it would normally be
considered technically feasible. For an undemonstrated technology, “availability” and “applicability”
determine technicalfeasibility. An available technology is one that is commercially available; meaning
that it has advanced through the following steps:

e Concept stage

e Researchand patenting

e Bench-scale or laboratory testing

e Pilot-scale testing

e Licensing and commercial demonstration
e Commercial sales.

Suitability for consideration as a BACT measure involves not only commercial availability (as evidenced
by past or expected near-term deployment on the same or similar type of emission unit), but also
involves consideration of the physical and chemical characteristics of the gas streamto be controlled. A
control method applicable toone emission unit may not be applicable to a similar unit, depending on
differences in the gasstreams’ physical and chemical characteristics.

2 https://www.epa.gov/sites/production/files /2015-07/documents/1990wman.pdf
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B.2 BACT/tBACTEvaluation for Engines Powering Emergency Generator Sets

This NOC application proposes the installation of 6 generator sets that will provide power to water
pumps when power is not available from the electrical grid. The power ratingsof eachgenerator set and
the approximate maximum power output of the engines that will drive them are as follows:

e L-781: 400 kW Generator Set (617 bhp)

e 2,250kW Generator Set (3,352 bhp)

e L-897: 750 kW Generator Set (1,112 bhp)

e |-895:1,250kW Generator Set (1,829 bhp)
e L-849:1,250kW Generator Set (1,881 bhp)
e L-826:2,250kW Generator Set (3,352 bhp).

Each generator set will be powered by a diesel-fueled, compression-ignition, ICE.

DOE will operate these engines as Subpart |11l “emergency” engines (Standards of Performance for
Stationary Compression Ignition Internal Combustion Engines). To be considered emergency engines per
Subpart Il1l, the engines must operate in accordance with the following requirement as specified at

40 CFR 60.4211(f):

e There is no timelimit on the use of emergency stationary ICE in emergency situations.

¢ Maintenance checks and readiness testing is limited to 100 hours per year unless the permittee
has approval or records indicating that Federal, State, or local standards require maintenance
and testing beyond 100 hours per year.

There are several other provisions that allow for additional use of the emergency engines but DOE
proposes to use these ICE only for maintenance, readiness testing, and during power outages and
emergencies. Planned operation for routine testing, maintenance, andinspection purposes of the
engines powering the emergency generatorsis not expectedto ever exceed to 55 hours per year, and all
annual emission calculations associated withthis analysis use that number of annual operating hours as
a basis. For completeness, analogous cost-effectiveness calculation summary tables based on the
regulatory limit (i.e., 100 hours per year of non-emergency operation) instead of the expected maximum
(55 hours per year) are provided in Attachment B2-1 for comparison.

Additionally, the engines must use diesel fuel that meetsthe following requirements:
1. Sulfur content — 15 ppm maximum
2. Cetane index or aromatic content, as follows:

i. A minimum Cetaneindex of 40
ii. A maximum aromatic content of 35% by volume.

Recent BACT determinations made for emergency engines are summarized in Table B-1.
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Table B-1. Recent BACT Determinations for Diesel Emergency Engines.

EmergencylIC
Facility Name Location Engine Size BACT Limit Permit & Date
(HP)
NSPS Subpart Il
Sabey Intergate - 455,480, 3,280, (Tier 2'uTi zf; for Ecology Approval Order
Qui ncy Data (gienter Quincy, WA 3,352,3,621, 455 ar'1d 480 h No. 20AQ-E022, Issued
y 3,633 &3,640 . P 9/16/2020
engines)
. Ecology Approval Order
C One- Data NSPS Sub tiil
yrus "gen?:r'”cy @ Quincy, WA | 1,193&3,353 (Ti”er';a;r No. 19AQ-E052, Issued
10/23/2019
. . NSPS Subpartlill SRCAANOC 1830,
Fairwood Pump Station Spokane, WA 762 (Tier 2) issued 6/19/2020
Washington Army NSPS Subpart i ORCAA20NOC1425,
National Guard Tumwater, WA 1,112 (Tier2) issued 6/2/2020
Nucor Steel NSPS Subpart i
Y 7 2,922 23/202
Brandenburg Meade, K 00&2,9 (Tier2) 7/23/2020
Shady Hills Energy Pasco, FL 2011 NSPSS.ubpartIIII 7/27/2018
Center (Tier2)
St. James Methanol St. James, LA 1474 NSPSS'ubpartIIII 6/30/2017
Plant (Tier 2)
LBWL - Erickson Station Eaton, Ml 1,500 NSPS(%‘;EF;; el 12/21/2018
Thomas Township . NSPS Subpartllill
Energy Saginaw, Ml 1,474 (Tier2) 8/21/2019
Knauf Insulation - NSPS Subpart i
Inwood Berkeley, WV 900 (Tier 2) 9/15/2017
BASF - Peony Chemical . NSPS Subpart il
Manufacturing Brazoria, TX 1,500 (Tier2) 4/1/2015
P irviewkE NSP il
CPVFairview Energy Cambria, PA 1118 S SS'ubpart 9/2/2016
Center (Tier 2)

B.2.1 NOxBACT

B.2.1.1 Identification and Technical Feasibility of Available Control Alternatives

There are a limited number of technically feasible NOy control technologies that are commercially
available for internal combustion engines. Two general types of emission reduction options have
emerged as technically feasible: combustion process modifications, and post-combustion controls.

Combustion Process Modifications
This option is incorporated in the engine design. Typical design features include electronic fuel/air ratio
and timing controllers, pre-chamber ignition, intercoolers, and lean-burn fuel mix. Currently available
new engines that must meet Subpart Il emission standards for emergency engines include these
features as standard equipment; accordingly, this measure is deemed the baseline case for purposes of

this BACT analysis.
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Selective Catalytic Reduction (SCR)

In this option, nitrogen oxides are reduced togaseous nitrogen by reaction with ammonia in the
presence of a supported precious metal catalyst. The SCR system includes a catalyst module in the
engine exhaust stream. Just upstream of the catalyst, a reagent liquid (typically ammonia or urea
solution) is injected directly into the exhaust stream.

Non-Selective Catalytic Reduction (NSCR)

Similar to automobile catalytic converters, this method employs noble metal catalyststo reduce
nitrogen oxides to molecular nitrogen. It operatesin regimeswith less than 4%t oxygen in the exhaust,
which corresponds to fuel-rich operation. The method is not feasible with lean-burn internal combustion
engines such as those to be operated at the Facility.

B.2.1.2 Ranking of Available Control Alternatives

With claimed emission reductions of 90% or more when compared to Tier 2 or Tier 3 engines, SCR offers
the greatest potential reductions. Combustion process modifications, the option offering the next
greatest emission reduction level, would be implemented as standard equipment (i.e. no additional
cost) in the selected engines, and is therefore considered the baseline alternative.

B.2.1.3 Consideration of Energy, Environmental, and Cost Factors

Because combustion process controls are a standard feature of the currently available new engines, the
emissions reported by vendors for this package are taken as the base case in this BACT analysis. Addition
of anSCR system was evaluated as the next-most-effective emission reduction alternative.

There are several distinguishing factors between the two technically feasible alternatives with regardto
energy and environmental impacts. One drawback associated with SCR systems is the environmental
risk of handling and using ammonia reagent solutions. Most SCR catalyst modules can operate well
without excess reagent. However, this requires particular attentionto the controlled injection of the
reagent in response to changes in load, temperature, and other parameters. Further, it should be
assumed that ammonia emissions will occur under some or all operating conditions. This represents an
additional air pollutant thatis not emitted when SCR is not used for these engines. Also, the handling
and storage of substantial volumes of the required ammonia or urea reagent solutions can pose an
additional safety risk to facility personnel, and the risk of environmental harmin the event of an
accidentalrelease.

The SCR catalyst requires periodic cleaning due to fouling of the surfaces due to the presence of trace
contaminants, such as sulfur compounds, particulate, and organic species. This requirement generatesa
secondary waste stream of contaminated cleaning solutions that must be disposed of as hazardous
waste.

When SCR or any add-on emission control technology is used, the presence of the catalyst module adds
an increment of pressure drop to the exhaust train. To avoid a substantial drop-off in engine
performance, the SCR modules must be designed to minimize the increase in back pressure. However,
the energy requirements of auxiliary equipment and even minor backpressure increases reduce the net
energy efficiency of the unit.

In contrast, the implementation of combustion process controls does not require an add-on system with

increased energy use by auxiliary equipment, or the use of catalyst and reagent materials. There is some
additional complexity in the engine controls for this option. Proper engine tuning and fuel/air ratiois
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needed across the full load range to achieve reduced emissions while avoiding a reduction in engine
efficiency. The automatic fuel/air ratio controller helps accomplish this objective.

SCR systems are part of a Tier 4 (Final) emission reduction alternative which includes additional
components (i.e., oxidation catalyst and particulate filter) to reduce pollutants other than NOy.
Therefore, cost-effectiveness calculations were prepared for an SCR emission reduction alternative as
well as for anentire Tier 4 (Final) emission reduction alternative capable of reducing multiple pollutants
(see Section B.2.3).

A cost quote to install a Tier 4 (Final) emission control system on the 1,829 bhp engine used to power a
representative 1,250 kW Caterpillar generator set was provided by the engine vendor (i.e., Western
States Equipment Company). Although they provide Tier 4 (Final) emission control systems, and not
standalone SCR systems, the vendor estimatedthat the SCR system comprises approximately 60% of the
capital cost of the Tier 4 (Final) system.

The vendor cost quote was scaled using a six-tenths exponential scaling factor? and the ratio of the
engines’ maximum mechanical power output capacities to estimate the costs of the same Tier 4 (Final)
compliance solution applied to each of the engines used to power the proposed generator sets.*
Operating costs of the SCR system were estimated using equations from the Air Pollution Control Cost
Manual, Section 4, Chapter 2 (SCR). Catalyst replacements are conservatively not included in the
operating cost estimates. Table B-2 below provides a summary of the cost-effectiveness calculations for
the SCR emission reduction alternative; details of the cost-effectiveness calculations are provided in
Appendices Cand D.

Table B-2. Summary of SCR Cost-Effectiveness Analysis.

ii::;a;::vseert Engine Maximum Total Annual Total Cost
ProjectID Rated Power NOxReduction? | Annual Effectiveness®?

Output (bhp) (tpy) Cost® ($/ton)

(kwe)
L-781 400 617 0.08 $4,969 $59,797
L-897 750 1,112 0.35 $7,736 $21,794
L-895 1,250 1,829 (Cat) 0.62 $10,818 $17,485
L-849 1,250 1,881 0.38 $10,312 $27,001
L-781 & L-826 2,250 3,353 0.72 $15,089 $20,948

a Expected 90% NOx emission reduction for SCR control option. Annual engine emissions assume 55 hours per year of actual
operation for required testingand readiness checks.

bTotal annual cost includes annualized SCR capital costs (25-year equipment life and 4% interest) and annual operating costs
for SCR equipment.

¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual NOx Reduction.

dSupporting calculationsare provided in Appendices Cand D.

3 From “Guidance for Estimating Capital and Annual Costs of Air Pollution Control Systems,” prepared by PEDCo
Environmental, Inc. for OhioEPAand EPARegionV, March 1983, Section 3.2 (“Scaled Estimates”). Reportis
available online attachedto Ohio EPA Office of Air Pollution Control, EngineeringSection, Engineering Guide #46,
https://epa.ohio.gov/portals/27/engineer/eguides/guide4 6.pdf

4 Scaled Equipment Cost =Known Equipment Cost * (Scaled Cost Equipment Capacity / Known Cost Equipment
Capacity)®

B-6


https://epa.ohio.gov/portals/27/engineer/eguides/guide46.pdf

DOE/RL-2020-33
Rev.0

As shown in Table B-2, the calculated cost effectiveness of the SCR alternative is greaterthan $17,000
per ton of pollutant reduce for all proposed engines. We believe that these represent prohibitively high
costs for this BACT alternative, andit is therefore removed from consideration as BACT for NOy.

B.2.1.4 Proposed BACT Limits and Control Options for NOy

DOE proposes that BACT is combustion process control, achieved by the use of engines that meet
applicable Subpart Il1l Tier 2 or Tier 3 emission standards, as appropriate for the engine. Pursuant to

40 CFR 60.4205(b), 60.4202(b)(2), and 60.4211(c), the emergency generator engines must be certifiedto
the applicable emission standards in Table 1 of 40 CFR 89.112.

B.2.2 CO, PM, and VOCBACT

B.2.2.1 Identification and Technical Feasibility of Available Control Alternatives
Commercially available controls for CO, PM, and VOC emissions from ICEs are:

Combustion Process Modlifications

This option is implemented in the design of the internal combustion engine. Typical design features
include an electronic fuel/air ratio control and ignition retard, turbocharging, intercoolers, and lean-burn
fuel mix. Currently available engines include these features as standard equipment, so these measures
are the base case for a BACT cost-effectiveness analysis.

Diesel Oxidation Catalysts (DOC)

This control technology employs a module containing an oxidation catalyst thatis locatedin the exhaust
path of the engine. In the catalyst module, the products of combustion diffuse through the surfaces of a
ceramic honeycomb structure coated with noble metal catalyst particles. Oxidation reactionson the
catalyst surface form carbon dioxide and water. Catalysts have the potential to reduce the soluble
organicfraction of PM emissions by up to 25%, and to increase the fraction of NO created by the
combustion process thatis converted to NO,.

Diesel Particualte Filter (DPF)

Passive and active DPFs control diesel engine particulate matter emissions using either passive or active
methods to clean/regenerate the filters. Passive DPF uses a catalyst to clean the filters, while active DPF
uses a continuous fuel burner to clean thefilters. DPFs reduce PM emissions by up to 85%. DPF designs
that incorporate DOC technology, either as part of the filter or upstream of the filter, are common.

B.2.2.2 Ranking of Available Control Alternatives

Combustion process modifications would be implemented as standard equipment (i.e. no additional
cost) in the selected engines and is therefore considered the baseline alternative. The control options
include DPF and DOC combined, DPF alone, DPF alone, and combustion process modifications. Table B-3
summarizes the effectivenesses of the emission reduction alternatives.
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Table B-3. CO, PM, and VOC Emission Reduction Alternative Effectivenesses.

Control Option Pollutant Reduction
Cco PM VOC
DPF&DOC 80 88 70
DPF 80 90 70
DOC 80 25 70
Combustion Process Modifications Baseline

B.2.2.3 Consideration of Energy, Environmental, and Cost Factors

Combined DPF & DOC

Western States Equipment Company estimated that a combined DPF and DOC system would comprise
40% of the total Tier 4 (Final) system capital cost. The cost estimate to install a combined DPF and DOC
system the 1,829 bhp engine used to power the 1,250 kW Caterpillar generator set was used to estimate
capital costs for the other generator set engines using each engine’srated mechanical power output and
the 0.6 power rule. Operating costs for the Tier 4 option were estimated using equations from the EPA’s
Air Pollution Control Cost Manual Section 1, Chapter 2 (Cost Estimation). Catalyst and filter media
replacementswere conservatively not included in the operating cost estimates. Table B-4 provides a
summary of the cost-effectiveness calculations for the combined DPF and DOC emission reduction
alternative; details of the cost-effectiveness calcuations are provided in Appendices C and D.

Table B-4. Combined DPF and DOC Cost-Effectiveness Calculation Summary.

GeneratorSet ME\I:(?::Sm th(:lljtr:::al Total Cost
Project ID Rated Power . Annual Effectiveness® ¢
Output (kWe) Rated Power Reduction?® Costb ($/ton)
(bhp) (tpy)
L-781 400 617 0.02 $4,207 $233,826
L-897 750 1,112 0.03 $5,990 $194,094
L-895 1,250 1,829 (Cat) 0.03 $8,075 $284,894
L-849 1,250 1,881 0.09 $8,212 $95,683
L-781 & L-826 2,250 3,353 0.26 $11,616 $44,923

3 Combined reductions of CO, VOCs, and PM emissions resulting from DPF and DOC control option. Annual engine emissions
assume 55 hours peryear of actual operation for required testingand readiness checks.

bTotal annual cost includes annualized DPF and DOC equipment capital costs (25-year equipment life and 4% interest) and
annual operating costs for DPFand DOC control equipment.

¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.

dSupporting calculationsare provided in Appendices Cand D.

Based on the cost-effectiveness analysis presented above, a combined DPF and DOC emission reduction
alternative is not cost-effective for reducing emissions of CO, VOCs, and PM, and is therefore removed
from consideration as BACT for these pollutants.

DPF Control Option

Western States Equipment Company estimated the DPF equipment cost was 32% of the Tier 4 (Final)
cost. The cost estimate to install the Tier 4 equipment on the 1,829 bph engine used to power tehe
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1,250 kW Caterpillar generator set was used to estimate DPF capital costs for the other generator set
engines using eachengine’s rated mechanical power output and the 0.6 power rule. Operating costs for
the DPF option were estimated using equations from the EPA’s Air Pollution Control Cost Manual
Section 1, Chapter 2 (Cost Estimation). Catalyst and filter media replacements were conservatively not
included in the operating cost estimates. Table B-5 provides a summary of the cost-effectiveness
calculations for the DPF control option; detailed cost-effectiveness calculations are provided in
Appendices Cand D.

Table B-5. DPF Cost-Effectiveness Calculation Summary.

GeneratorSet Milr:(igr:tfm Tc:)t:llls\tnar::al Total Cost
ProjectID Rated Power . Annual Effectiveness©¢
Output (kWe) Rated Power Reduction? Cost® ($/ton)
(bhp) (tpy)
L-781 400 617 0.02 $3,366 $186,482
L-897 750 1,112 0.03 $4,792 $154,869
L-895 1,250 1,829 (Cat) 0.03 $6,460 $227,559
L-849 1,250 1,881 0.09 $6,569 $76,334
L-781 & L-826 2,250 3,353 0.26 $9,293 $35,871

3 Combined reductions of CO, VOCs, and PM emissions resulting from DPF control option. Annual engine emissions assume
55 hours peryear ofactual operation for required testing and readiness checks.

bTotal annual cost includes annualized DPF equipment capital costs (25-year equipmentlife and 4% interest) and annual
operating costs for DPF control equipment.

¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.

dSupporting calculations are provided in Appendices Cand D.

Based on the cost-effectiveness analysis presented above, a DPF control option is not cost-effective for
reducing emissions of CO, VOCs, and PM, and is therefore removed from consideration as BACT for all of
these pollutants.

DOC Control Option

Western States Equipment Company estimatedthe DOC equipment cost was 8% of the Tier 4 (Final)
cost. The cost estimate to install the Tier 4 equipment on the 1,829 bhp engine used to power the
1,250-kW Caterpillar generator set was used to estimate DOC capital costs for the other generator set
engines using each engine’s rated mechanical power ouput and the 0.6 power rule. Operating costs for
the DOC option were estimated using equations from the EPA’s Air Pollution Control Cost Manual
Section 1, Chapter 2 (Cost Estimation). Catalyst replacements were conservatively not included in the
operating cost estimates. Table B-6 provides a summary of the cost-effectiveness calculations for the
DPF control option; detailed cost-effectiveness calculations are provided in Appendices C and D.
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Table B-6. DOC Cost-Effectiveness Calculation Summary.
Enei
GeneratorSet nglne Total Annual Total Cost
. Maximum Pollutant .
ProjectID Rated Power . Annual Effectiveness® ¢
Output (kWe) Rated Power Reduction?® Cost® ($/ton)
(bhp) (tpy)
L-781 400 617 0.02 $841 $51,827
L-897 750 1,112 0.03 $1,198 $42,313
L-895 1,250 1,829 (Cat) 0.03 $1,615 $59,933
L-849 1,250 1,881 0.08 $1,642 $20,969
L-781 & L-826 2,250 3,353 0.24 $2,323 $9,549

a Combined reductions of CO, VOCs, and PM emissions resulting from DOC control option. Annual engine emissionsassume
55 hours peryear ofactual operation for required testing and readiness checks.

bTotal annual cost includes annualized DOC equipment capital costs (25-year equipment life and 4% interest) and annual
operating costs for DOC control equipment.

¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.

dSupporting calculationsare provided in Appendices Cand D.

Based on the cost-effectiveness analysis presented above, a DOC control option is not cost-effective for
reducing emissions of CO, VOCs, and PM, and is therefore removed from consideration as BACT for all of
these pollutants.

B.2.2.4 Proposed BACT Limits and Controls for CO, PM, and VOCs

DOE proposes that BACT for the emergency generator engines is the combustion process controls
supplied by the manufacturer as standard equipment that enable the emergency engines to meet the
applicable NSPS Subpart Il Tier 2 and Tier 3 emission standards.

B.2.3 NOx, CO, PM, and VOC BACT

B.2.3.1 Identification and Technical Feasibility of Available Control Alternatives
Tier 4 (Final) emission reduction systems are a combination of the SCR, DPF, and DOC systems described
in Section 2.1and 2.2.

B.2.3.2 Ranking of Available Control Alternatives

A Tier 4 (Final) system is assumed toreduce NOy by 90%, CO by 80%, PM by 88%, and VOCs by 70%.
Combustion process modifications, the option offering the next greatest emission reduction level, would
be implemented as standard equipment (i.e. no additional cost) in the selected engines, and is therefore
considered the baseline alternative.

B.2.3.3 Consideration of Energy, Environmental, and Cost Factors

The cost quote provided by Western States Equipment Company to install a Tier 4 (Final) system on the
1,829 bhp engine used to power the proposed 1,250 kW Caterpillar generator set was used to estimate
capital costs for the other generator set engines using each engine’srated mechanical power output and
the 0.6 power rule. Operating costs for the Tier 4 (Final) system were estimated using equations from
the EPA’s Air Pollution Control Cost Manual Section 1, Chapter 2 (Cost Estimation) and Section 4,
Chapter 2 (SCR). Catalyst and filter media replacements were conservatively not included in the
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operating cost estimates. Table B-7 below summarizes the cost-effectiveness calculations for the Tier 4
(Final) system; detailed cost-effectiveness calculations are provided in Appendices Cand D.

Table B-7. Tier 4 Cost-Effectiveness Calculation Summary.

Engine Total
Generator Set Maximum Annual Total Cost
Project ID Rated Power Rated Pollutant Annual Effectiveness® ¢

Output (kWe) Power Reduction? Cost® ($/ton)

(bhp) (tpy)
L-781 400 617 0.18 $8,660 $83,787
L-897 750 1,112 0.39 $12,721 $32,971
L-895 1,250 1,829 (Cat) 0.65 $17,538 $27,103
L-849 1,250 1,881 0.47 $17,146 $36,657
L-781 & L-826 2,250 3,353 0.98 $24,756 $25,289

a Combined reductions of NOX, CO, VOCs, and PM emissionsresulting from Tier 4 control option. Annual engine emissions
assume 55 hours per year of actual operation for required testing and readiness checks.

bTotal annual cost includes annualized Tier 4 equipment capital costs (25-year equipmentlife and 4% interest) and annual
operating costs for Tier 4 control equipment.

¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.

dSupporting calculations are provided in Appendices Cand D.

B.2.3.4 Proposed BACT Limits and Control Options for NOy, CO, PM, and VOCs

DOE proposes that BACT is combustion process control, achieved by the use of engines that meet
applicable Subpart II1l Tier 2 or Tier 3 emission standards, as appropriate for the engine. Pursuant to40
CFR 60.4205(b), 60.4202(b)(2), and 60.4211(c), the emergency generator engines must be certifiedto
the applicable emission standards in Table 1 of 40 CFR 89.112.

B.2.4 SO; BACT

The emergency engines used to power the proposed generators will combust ULSD, which is considered
a low-sulfur fuel. Given the low emission rates expected as a result of using ULSD, and the cost-
effectiveness analysis completed above for a Tier 4 (Final) emission reduction alternative, thereare no
available technologies beyond good combustion controls that provide feasible or cost-effective emission
reduction. Use of engines certified by manufacturersto meet NSPS Subpart Il Tier 2 and Tier 3 emission
standards, use of ULSD, and limitations on non-emergency operation will minimize emissions of SO,, and
DOE proposes these as BACT measures for these pollutants.

B.2.4 Toxic Air Pollutant BACT

The engines used to power the proposed emergency generator sets are expetected to emit 19 TAPs that
exceed the applicable de minimis values provided in WAC 173-460-150; therefore, BACT for TAPs
(tBACT) is required for each of these 19 TAPs. Three of the TAPs are also criteria pollutants (i.e., NO,, CO,
and SO,), one TAP is equivalent to PM (i.e., diesel particulate matter), and the remaining 15 TAPs are
VOCs. The BACT proposals for NO,, CO, and SO, are presented in the preceding sections.

The alternativesreviewed for criteria pollutant emission reductions were also evaluated for potential
application as tBACT for TAPs emitted as PM and VOC, including a Tier 4 (Final) system, a combined DPF
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and DOC system, a DPF alone, and a DOC alone. Table B-8 presents the CO, PM, and VOC control
efficiencies for each control option. The capital and operating costs associated with each control option
remain the same as presented in Tables B2-3 through B2-7. Emission reductions were grouped into two
groups (24-hour average and annual average TAPs>) to calculate the cost-effectiveness for each control
option.

Table B-8 provides a summary of the TAP cost-effectiveness calculations for each engine and control
option; detailed cost-effectiveness calculations are provided in Appendices Cand D.

Based on the cost-effectiveness analyses presented here, no additional control options are cost-
effective for reducing TAP emissions. The proposed BACT for toxics is meeting BACT for NOy, CO, SO,,
PM, and VOC discussed above. DOE will purchase engines certified to applicable NSPS Subpart Il Tier 2
and Tier 3 emission standards.

5 Toxic Air Pollutant averaging times from WAC 173-460.
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Table B-8. tBACT Cost-Effectiveness Calculation Summary.

GeneratorSet Rated

Cost Effectiveness®® ($/ton reduced)

Power Output Tier4 DPF & DOC DPF DOC
(kWe) 24-hr Annual 24-hr Annual 24-hr Annual 24-hr Annual
TAPs¢ TAPs¢ TAPs¢ TAPs¢ TAPs¢ TAPs¢ TAPs® TAPs¢
400 $31,984,713 | $1,877,477 | $15,886,482 | $1,658,360 | $12,709,185 | $1,298,140 | $3,177,296 | $1,079,432
750 $27,424,239 | $3,434,860 | $12,914,457 | $1,617,523 | $10,331,565 | $1,266,356 | $2,582,891 | $1,037,219
1,250 (Cat) $23,187,595 | $8,022,415 | $10,675,663 | $3,693,553 | $8,540,530 | $2,896,084 | $2,135,133 | $2,046,866
1,250 (Generac) $17,379,280 | $1,590,103 | $8,323,510 $761,553 $6,658,808 $596,079 | $1,664,702 | $500,359
2,250 $17,119,545 | $1,136,032 | $8,032,704 $533,041 $6,426,163 $417,147 | $1,606,541 | $356,761

a Cost effectiveness isthe Total Annual Costdivided by the Total Annual Pollutant Reduction.

bSupporting calculationsare provided in Appendices Cand D.

¢ “24-hour TAPs” are those that are assigned a 24-hour averaging period in WAC 173-460-150: acrolein, propylene, toluene, and xylenes.
d“Annual TAPs” are those that are assigned an annual averaging period in WAC 173-460-150: acetaldehyde, benz(a)anthracene, benzene, benzo(b)fluoranthene,

benzo(k)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, diesel particulate matter, formaldehyde, indeno(1,2,3-cd)pyrene, andnaphthalene.

0'AoY
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Attachment B2-1 BACT/tBACT Cost-Effectiveness Calculation Summaries for
100 Operating Hours Per Year

Table B-2a. Summary of SCR Cost-Effectiveness Analysis —100 Hours Per Year.

Generator Set Engine Maximum Total Annual Total Cost
ProjectID Rated Power Rated Power NOxReduction® | Annual Effectiveness® ¢

Output (kWe) (bhp) (tpy) Cost®P ($/ton)
L-781 400 617 0.15 $5,159 $34,144
L-897 750 1,112 0.65 $8,546 $13,242
L-895 1,250 1,829 (Cat) 1.12 $12'231 $10,872
L-849 1,250 1,881 0.69 $11,184 $16,106
L-781 & L-826 2,250 3,353 131 $16,734 $12,777

a Expected 90% NOx emission reduction for SCR control option. Annual engine emissions assume 100 hours per year of actual
operation for required testingand readiness checks.

bTotal annual cost includes annualized SCR capital costs (25-year equipment life and 4% interest) and annual operating costs
for SCR equipment.

¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual NOx Reduction.

dSupporting calculationsare provided in Appendices Cand D.

Table B-4a. Combined DPF and DOC Cost-Effectiveness Calculation Summary —100 Hours Per Year.

Engine Total Annual
GeneratorSet Maximum Pollutant Total Cost
ProjectID Rated Power u u . Annual Effectiveness® ¢
Output (kWe) Rated Power Reduction?® Costb ($/ton)
(bhp) (tpy)
L-781 400 617 0.03 $4,207 $128,604
L-897 750 1,112 0.06 $5,990 $106,752
L-895 1,250 1,829 (Cat) 0.05 $8,075 $156,692
L-849 1,250 1,881 0.16 $8,212 $52,625
L-781 & L-826 2,250 3,353 0.47 $11,616 $24,707

3 Combined reductions of CO, VOCs, and PM emissions resulting from DPF and DOC control option. Annual engine emissions
assume 100 hours per yearofactual operation for required testingand readiness checks.
bTotal annual cost includes annualized DPF and DOC equipment capital costs (25-year equipment life and 4% interest) and
annual operating costs for DPFand DOC control equipment.
¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.
dSupporting calculations are provided in Appendices Cand D.
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Table B-5a. DPF Cost-Effectiveness Calculation Summary —100 Hours Per Year.
GeneratorSet Englne Total Annual Total Cost
. Maximum Pollutant .
ProjectID Rated Power . Annual Effectiveness?
Output (kWe) Rated Power Reduction® Cost® ($/ton)
(bhp) (tpy)
L-781 400 617 0.03 $3,366 $102,565
L-897 750 1,112 0.06 $4,792 $85,178
L-895 1,250 1,829 (Cat) 0.05 $6,460 $125,158
L-849 1,250 1,881 0.16 $6,569 $41,984
L-781 & L-826 2,250 3,353 0.47 $9,293 $19,729

a Combined reductions of CO, VOCs, and PM emissions resulting from DPF control option. Annual engine emissions assume

100 hours per year of actual operation for required testing and readiness checks.

bTotal annual cost includes annualized DPF equipment capital costs (25-year equipmentlife and 4% interest)and annual

operating costs for DPF control equipment.
¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.
dSupporting calculationsare provided in Appendices Cand D.

Table B-6a. DOC Cost-Effectiveness Calculation Summary —100 Hours Per Year.

Engine Total
Generator Set Maximum Annual Total Cost
Project ID Rated Power Rated Pollutant Annual Effectiveness® ¢

Output (kWe) Power Reduction? Cost® (S/ton)

(bhp) (tpy)
L-781 400 617 0.03 $841 $28,505
L-897 750 1,112 0.05 $1,198 $23,272
L-895 1,250 1,829 (Cat) 0.05 $1,615 $32,963
L-849 1,250 1,881 0.14 $1,642 $11,533
L-781 & L-826 2,250 3,353 0.44 $2,323 $5,252

a Combined reductions of CO, VOCs, and PM emissions resulting from DOC control option. Annual engine emissionsassume

100 hours per year of actual operation for required testing and readiness checks.

bTotal annual cost includes annualized DOC equipment capital costs (25-year equipment life and 4% interest) and annual

operating costs for DOC control equipment.
¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.
dSupporting calculationsare provided in Appendices Cand D.
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Table B-7a. Tier 4 Cost-Effectiveness Calculation Summary—100 Hours Per Year.
Generator Engine Total
Set Rated Maximum Annual Total Cost
ProjectID Power Rated Pollutant Annual Effectiveness©¢

Output Power Reduction® Costb (S/ton)
(kWe) (bhp) (tpy)

L-781 400 617 0.18 $8,660 $47,115

L-897 750 1,112 0.70 $13,531 $19,289

L-895 1,250 1,829 (Cat) 1.18 $18,950 $16,107

L-849 1,250 1,881 0.85 $18,017 $21,186

L-781 & L-826 2,250 3,353 1.78 $26,400 $14,833

a Combined reductions of NOX, CO, VOCs, and PM emissionsresulting from Tier 4 control option. Annual engine emissions
assume 100 hours peryearofactual operation for required testing and readiness checks.
bTotal annual cost includes annualized Tier 4 equipment capital costs (25-year equipmentlife and 4% interest) and annual
operating costs for Tier 4 control equipment.
¢ Cost effectiveness isthe Total Annual Cost divided by the Total Annual Pollutant Reduction.
dSupporting calculationsare provided in Appendices Cand D.
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Table B-8a. tBACT Cost-Effectiveness Calculation Summary—100 Hours Per Year.

GeneratorSet Rated

Cost Effectiveness® " ($/ton reduced)

Power Output Tier4 DPF & DOC DPF DOC
(kWe) 24-hr Annual 24-hr Annual 24-hr Annual 24-hr Annual
TAPs® TAPs¢ TAPs® TAPs¢ TAPs® TAPs¢ TAPs® TAPs¢
400 $17,985,543 | $1,877,477 | 58,737,565 $912,098 $6,990,052 $713,977 | $1,747,513 | $593,688
750 $16,044,018 | $2,009,498 | $7,102,951 $889,638 $5,682,361 $696,496 | $1,420,590 | $570,470
1,250 (Cat) $13,780,199 | $4,767,656 | $5,871,615 | $2,031,454 | $4,697,292 | $1,592,846 | $1,174,323 | $1,125,776
1,250 (Generac) $10,044,602 | $919,023 $4,577,930 $418,854 $3,662,344 $327,844 $915,586 $275,197
2,250 $10,041,125 | $666,317 $4,417,987 $293,172 $3,534,390 $229,431 $883,597 $196,218

2 Cost effectiveness isthe Total Annual Costdividedby the Total Annual Pollutant Reduction.

bSupporting calculationsare provided in Appendices Cand D.

€ “24-hour TAPs” are those that are assigned a 24-hour averaging period in WAC 173-460-150: acrolein, propylene, toluene, and xylenes.
d“Annual TAPs” are those that are assigned an annual averaging period in WAC 173-460-150: acetaldehyde, benz(a)anthracene, benzene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, diesel particulate matter, formaldehyde, indeno(1,2,3-cd)pyrene, and naphthalene.
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B.3 BACT/tBACTEvaluation forthe CPWTF and Water Storage Tanks

The Central Plateau Water Treatment Facility (CPWTF) will produce wastewater andthe two water
storage tanks will contain water that has been treated with chlorine to kill microorganisms. By-products
of the chlorine treatment are expectedto include halogenated organics, which are formed by reactions
between residual chlorine and organic materials from decayed microorganisms in the form of humic
acids, fulvic acids, amines, and urea. Three of these halogenated organics are classified as TAPs by
Ecology: chloroform, a.k.a., trichloromethane (CAS No. 67-66-3), bromodichloromethane (75-27-4), and

bromoform (75-25-2). Based on maximum potential emission rate calculations, chloroform is only TAP
expectedto have the potential to exceed the de minimis emission rate threshold provided in WAC 173-

460-150. No criteria pollutant emissions are expected from the CPWTF or water storage tanks.
B.3.1 Chloroform BACT

B.3.1.1 Identification and Technical Feasibility of Available Control Alternatives

Because chloroform is a chlorinated VOC, strategiestypically used to reduce VOC emissions were
considered. As with most pollutants, there are two basic strategiesto limit emissions: to reduce or
eliminate the creation and/or release the pollutant, or to capture the pollutant after it has been created
and/or released. Capture strategiesare subdivided into those that preserve the pollutant and those that
destroy it. These approaches are summarized as follows:

e Emission Prevention (i.e., tonot create or release the pollutant)

e Capture in a manner that preserves the pollutant for potential reuse or subsequent destruction
— Adsorbers
— Refrigerated condensers
—  Wet scrubbers

e Capture and destroy the pollutant or convert it to less objectionable compounds
—  Flares
— Incinerators
° Thermal
° Catalytic

The EPA’s RACT/BACT/LAER® Clearinghouse (RBLC) was queried to identify permits issued to facilities
that limited chloroform emissions from one or more processes; results, which does not include
permitted projects that were never constructed, are summarized in Table B-9.

6 RACT = Reasonably Available Control Technology, LAER = Lowest Achievable Emission Rate
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Table B-9. Facilities Identified with Issued Permits for Limited Chloroform Emissions.

RBLC Facility Permit Control Emission Em_lss!on .
County State Issuance Process .. Limit Basis
ID Name Method Limit .
Date Unit
US. Aviex Contaminated
MI-0034 ’ .Co Cass M 10/14/1983 | Ground Water None 0.09 mg/m3 BACT-PSD
' Clean-Up
Boise Dual scrubber, Other Case-

MN-0011 Cascade Koochiching MN 5/12/1989 Bleach Plant caustic & chilled 1.33 ton/month

by-Case
(now PCA) H.0
James River
NH-0010 | PaperCo., Coos NH 5/18/1993 Pulp Bleaching None 30.25 Ib/hr BACT-PSD
Inc.
Union
SC-0016 CZ”I;E E:r'p Richland SC 5/1/1989 Bleach Plant Wetscrubber 25 Ib/hr BACT-PSD
Mill
Pulping
Operations None 46 Ib/yr BACT-PSD
Ib

Bleach Plant None 58 hypochlorite/ | 5\ 1 by

ton paper

Wausau produced

WI1-0151 Paper Mills Marathon Wi 5/8/1998 Bleach plant
hypochlorite

Wastewater usagerestriction, None N/A BACT-PSD

TreatmentPlant

eliminate
wastewater plant
chlorine usage

0'AoY
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Emission Prevention

For several decades, strategies have been developed to minimize chloroform concentrationsin drinking
water provided by utilities. Other disinfection technologies that do not use chlorine are available (e.g.,
ozone, carbon dioxide, ultraviolet light), but chlorination remains the most common technology despite
its drawbacks because it is the only technology that provides a disinfection residual that continues to
preserve the water after distribution. Strategiesto reduce the formation of chloroform as a result of
using chlorination technology typically seek to minimize the organic content of the water using filtration
or coagulation and settling.”8 These strategies are well-developed and ubiquitous where chlorination is
utilized and are considered a baseline alternative for reducing chloroform emissions from tanks of
treated water.

Adsorbers

Adsorption technology provides a non-destructive means of removing VOCs from low- to medium-
concentration gas streams and are typically employed where stringent exhaust concentrations are
required and/or recovery of the captured materialis desired. Several different adsorber configurations
are available including fixed beds, canisters, moving beds, and fluid beds, and the three most common
types of adsorbent media are activated carbon, synthetic zeolites, and polymers. Inall cases, gas
molecules are selectively held to the adsorbent material by attractive forces which are weaker and less
specific thanthose of chemical bonds. Most gases can be removed or “desorbed” from the absorbent
media by increasing the temperature, decreasing the pressure, or introducing a stronger adsorbing
material to displace the collected gas.® Carbon adsorption technology is commonly used to reduce VOC
emissions from storage tanks and is considered technically feasible for reducing chloroform emissions
from tanks of treated water.

Refrigerated Condensers

Condensers fall into two categories: refrigerated and non-refrigerated. Non-refrigerated condensers are
widely used to recover raw material, product, and/or solvents in the chemical process industries
upstream of a control device. Refrigerated condensers are used to remove VOCs from high-
concentration emission streams such as those from gasoline bulk terminals, gasoline storage, etc. While
chloroform would readily condense in a refrigerated condenser and is therefore potentially a technically
feasible emission reduction alternative for chloroform emissions from tanks of treated water, thereis no
evidence that this technology has ever been employed in this way.1° As a result, this alternative is
eliminated from consideration as BACT for reducing chloroform emissions from tanks of treated water.

7 “Interim Treatment Guide for the Control of Chloroform and Other Trihalomethanes,” EPA Office of Research and
Development, Municipal Environmental Research Laboratory, Water Supply Res earch Division, Cincinnati, OH, April
1976.

8 “Treatement Techniques for Controlling Trihalomethanes in Drinking Water,” EPA Office of Research and
Development, Municipal Environmental Research Laboratory, Drinking Water Research Division, Cincinnati, OH,
September 1981.

9 “EPA Air Pollution Control Cost Manual,” Section3.1 —VOC Recapture Controls, Chapter 1 —Carbon Adsorbers,
https://www.epa.gov/sites/production/files/2018-10/documents/final_carbonadsorberschapter_7thedition.pdf
10 “EPA Air Pollution Control Cost Manual,” Section 3.1 —VOC Recapture Controls, Chapter 2 —Refrigerated
Condensers, https://www.epa.gov/sites /production/files/2017-
12/documents/refrigeratedcondenserschapter_7thedition_final.pdf
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Wet Scrubbers

A wet scrubber is an emissions control device thatis used to remove particulate matter (PM), inorganic
gases (e.g., SO,), and VOCs. Gaseous pollutants are removed from gasstreams by absorption, which is
primarily a physical process, but can include a chemical component, in which a pollutant in the gas
phase is contacted by a scrubbing liquid and dissolved into the liquid. A key component dictating the
performance of a wet scrubber is the solubility of the pollutant of concern in the scrubbing liquid. Water
is commonly used as the scrubbing liquid in a wet scrubber due to low cost, but other materials can be
used depending on the pollutant(s) to be removed from the gas stream undergoing treatment. There
are several types of wet scrubbers, including spray towers, tray-type, and packed-bed scrubbers.1!
Chloroform is only slightly soluble in water. Given the lack of evidence that this technology has ever
been employed to reduce chloroform emissions from tanks of treated water, it is removed from
consideration as BACT for that purpose.

Destruction Techniques

Flaring and incineration are combustion processes commonly used to dispose of VOCs in gasstreams by
converting them to unobjectionable compounds (e.g., carbon dioxide and water). Flares are commonly
employed as safety equipment in situations where there is potential for a large quantity of combustible
gastorequire disposal in a short period of time (e.g., asa result of process upset, etc.). Incineratorsare
commonly used to dispose of VOCs in gas streams with relatively consistent concentrations. In many
cases, theincineration can use the heating value of the gases to be reduced to provide the heat required
for incineration. In cases where the concentrations of combustible materialsin the gas streamis
insufficient to support combustion, afuel such as naturalgas canbe added to achieve combustion
temperaturesthat ensure complete conversion of the VOCs tobe reduced. Chloroform is not
flammable, so cannot support combustion on its own, but can be mixed with a fuel and combusted.
When combusted, it forms compounds that are pollutants in their own right (e.g., phosgene,
dichloromethane, hydrogen chloride) which must be removed by an additional emission reduction
system. Because chloroform is not flammable, produces other pollutants when combusted, and there is
no evidence that chloroform emissions from tanks of treated water have ever been reduced using aflare
or incineration technique, these destruction techniques are removed from consideration as BACT for
that purpose.

B.3.1.2 Ranking of Available Control Alternatives
The only emission reduction alternative other than the baseline alternative of minimizing the
concentration of chloroform in the water stored in the proposed tanks is the use of an adsorber.

B.3.1.3 Consideration of Energy, Environmental, and Cost Factors

Combined chloroform emissions from the two proposed water tanks is expectedto be 28.4 Ib/yr, which
assumes the baseline control of minimizing the concentration of chloroform in the stored water. Given
the extremely small emission rate, any level of energy usage, environmental consequence, and/or
expenditure is unlikely to be justifiable, even if all chloroform is prevented from being emittedto the
atmosphere. As aresult, the energy, environmental, and cost implications of using adsorption
technology to capture chloroform emissions from the proposed water storage tanks are deemed to be
outside the envelope of whatis considered reasonable.

11 “Ajr Pollution Control Technology Fact Sheet: Spray-Chamber/Spray-Tower Wet Scrubber,” EPA-452/F-03-016,
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1008 OGT.PDF
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B.3.1.4 Proposed BACT
DOE proposes that BACT for the water tanks used to store treated water is the work practice of

employing techniques that minimize the quantity of chloroform present in the CPWTF wastewater and
the water storage tanks.
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COST EFFECTIVENESS CALCUALTIONS
FOR 55 OPERATING HOURS/YEAR



DOE/RL-2020-33
Rev.0

This page intentionally left blank.

CHii



DOE/RL-2020-33
Rev.0

Appendix C

Cost Effectiveness Calcualtions for 55 Operating Hours/Year

TAELE B1.2-1a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Tier 4 {Final) Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 55 hoursfyear
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TAELEB2.2-1a
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Tier 4 [Final} Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 55 hoursiyear

DOE/RL-2020-33
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Rev.0



TAELE BZ.2-2a
COST EFFECTIVENESS CALCULATIONS
Criteria Alr Pollutants
Tier 4 [Final} Control System
Diesel-Fired 750 k¥ Emergency Generator
Operating Hours 55 hours/year

| Cost ltem | Factor 1 Cost
Direct Costs
ch: Equipment Costs
t Ll A 148376
Sal 0065 A 9644
Shipping Includedn A
JFurchased Equipment Cost {(FEC) FEC=A+E 158,001
Direct [nstallato 15
Foundations & Suppons Includedm A |
Handling & Erection Includedm A
Electncal Includedm A |
Pipng ncluded m A
labion for Duchwork nclededm A ] e
Painting ncluded m A
[Cirect Instalaion Cost ncludedin A ] e
[Total Direct Costs {DC) | 158021
Indirect Costs
installation
[Engingering Includedmn A |
Consiruction & Field Expenses Includedm A
Conlracter Faes Includedin A
Start-Up Includedm A
Contingencies’ 0.03* PEC 4,741
Total Indirect Costs (IC) 1 4,741
[TOTAL CAPITAL TNVES TMENT = DC + 1C T__tearer |
[Direct Annual Costs
[Oparabing Labor
[Dperator | Higugibie |
[Supsrvisor 1 Negigitle 1
JTotal Dperating Labor |
Mantenance
TLabor T T
Matenals | = 1
|Total Maimenance® | 0,005 Tl |
LIbitias
Electiciy Negigbie
fWater 0 e
Reagent* 1

[Total Litlites

C atalyst Cost

| Cenalyst Replacement

TTotal Catalyst Cost

|Catabyet fe » SCR Service Lifd

pist ellaneous

found at hps v epa.govssite
*EPA's Air Pollution Control Cost Manua
S EPA's Air Poll
7 Tha capital recoy

Contral Cost Manual, S n 4, Chapter 2 {5C

s/producbonMies 2019-06/screostmanualspreadsh.
tion 1, Chapter 2 {Cost Estimatiol

tactor was calculated assuming a 25-year equipmant i and a 4% ints

— =
d Keeping & Reporting 1 1
JTotal Miscellanecus Costs |
[Total Direct Annual Costs (DAC) 1 1804
Indirect Annual Costs
B0% of oparating. supéarvis
(Ovemaad® maintanancea labar & mab 488
002 * (Op Labor Cost +

Administrat ges’® 0.4° Ann_Maint_Cost)) 10
sital Recovery Factor’ CRE 0 0840
Capdal Recov ey CRE"TCT 10419
[Total Indirect Annual Costs {IAC) 10,917
JTOTAL ANNUAL COST = DAC + IAC 12,721
Lincontrolied MO VO, and PM amissions 043
ons wah Tier 4 Conrols (S

alled 9%

[ 0.39
$iton 32,971

st recent Sabey, Vantage,

* Estimated using equations from EPA's Air Pollu (SCR )

. Section 2657

t rati

c3
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TABLE B2.2-2a
COST EFFECTIVENESS CALCULATIONS
Taoxic Air Pollutants
Tier 4 [Final} Control System
Diesel-Fired 750 k¥ Emergency Generator

DOE/RL-2020-33

‘QOperating Hours 35 hoursiyear
TAF Avg Emission Uncontrolled Emissions Control Factor Cost-Effectiveness *
Perlod ' Toxlc Alr Pollutant Factor? (IiIMMBTU) (tpy) i (§ltan)
Crolein BOE-L C 070
Toluene 070 ——
24.Hour Syienes 5T 27,424,230
Propyleng 070 2 96E-04
. (L TI0E-04
070 TAE05
070 I5TE-06
Haphthalane 070 1.84E-05
Benz(a; 070 B.02E-08
Chiysens 1.53E-06 070 ZATE07 e
N = e TTIE06 070 TETE0T SAaLEE0
Benz(kjfiucranthcens 070 3.00E-08
Jenzolajpyrens 070 3 BAE-08
JoyTen 070 S.BIE-08
Dibenz{a hjanthracend 070 4 -0
DEM 088 2 56E-02

' ASIL information from WA 173460

d on criteria pollutant emission ¢
ey, Vantage, an
* Cost-effectiveness basad on total annual ce

3502, NO
! Control fac

and DPM b
s used in re

Cyrus Cne dat:

NOC applications

ol cost and emission reduction by TAP averaging perod group

assuming 90% of NOx as NO2 Other TAPS from AP-4Z Chapter 3 4 (Largs Stationary Digsel Enginas)

Rev.0



TABLE B2.2-3a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Tier 4 [Final) Control System
Diesel-Fired 1,25 MW Caterpillar Emergency Generator

Operating Hours 55 hours/year

Cost ftem | Factor | Cost
rect Cos
[Purchased Equipment Costs
P remary Equipment’ A
Sales Tax” B=0065"A 13,000
[Shipping nchuded n A
[Furchased Eguipmen: Cost (PEC] FEC-A+H 213 000
ns & Suppons nA
on in &
nAa
n A
[insulatian for Ductwark nA
[Fainting in A
JCirect Installation Cost nA
Total Direct Costs (D) I 213,000
indirect
in=taiiation
in &
Field Expenses n A
IE i Fies - I
|Ert-u: in A
antingencies” 37 PEC
Total Indiract Costs [IC] T
[TOTAL CAPITAL INVESTMENT = DC *IC I
[Cireet Annual Costs
[Cpierating Labor
'E..m\m T Neghgible T
[Supervisur 1 Negligibl | I
|Me.ru:ranzc
s ' !
[Matenas 1 — |
2 1 0.005 * TC |
Litlibe 5
| Hegligible
|
1 — 1,776
[Total Utlities
[Catalyst Cost 1
sty Replacement | Catakyst lite » SCH Serace L
[Total Catalyst Cost | T
| I
[Ferformance Test | — [ —
|F=cord Keeping & Reporting | |
[Total Miscellaneaus Costs 1
Total Diract Annual Costs [DAC] | FEFE]
|Tndlrect Annual Costs
T0% 01 GRETalng, BoperEor,
[Overhead mantnnance lstor & matsriss
LT T
Imnisrabve 04 *Ann. Maint Costy) 1
Capital Recavery Factor CRF 0.0840
[Capial Recovery CRF © TG 14 044
Tota <t Annual Costs (ALC] 74,778
TOTAL ANNUAL COST =DAC + IAC 17,538
LI ncontrolled NOx and PM ermissaan: bonshyr 02
o= co sions with Ther 4 Controls bonsfr
Percen: reduction from uncontrobed
Total emissons reduchion
Cost per Ton Controlled Siton 27,103

! Gaptial el provided by e engine vendor Brant Brindy of Wostern States Equipment Go )

v ashinglon saks L
* Mi costfrom mo s recent Sabey, Vartage, and Cyrus One costefecliveress analyses

* D etimated usng egualions Bom DPA's Ar Pkation Conkol Cesd Debrrabion Spreadshest for Be
Hitps:Ihwww ap:3 guvistesiproductiontiisi i 5 CofmansspraacEheet_june: i1 ixim
® EPA's Alr Polltion Coninl Gost Manual, Snctian 1. Chapter 2 (Gost Estmaton), Section 28
* EPA' Alr Poliution Conteol Coet Manusl, Saction 4, Chapler 2 (FCR)

T The caplal recovery Tattorwis calculated assuming a 25vear equipment He snd 3 8% nlerest

feclve Caavlic Reduction (SCR ) found al

rile
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TABLE B2.2-3a
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Tier 4 [Final) Control System
Diesel-Fired 1,25 MW Caterpillar Emergency Generator
Operating Hours 55 hoursiyear

DOE/RL-2020-33

TAP Avg Emission Emission Cost-Effactivanass *
Period * Texie Alr Pellutant Facter 2 {leTU’ Uncontrolled Emissions Mj Contral Factor a Reduction [@ﬂ mﬂ]
[rcralein TUE-0E 2008 0.0 T82E-08
Tolene 2O1E-0 0 20E05 0.0 6 50E-0% -
o b enes (R B3TE0S 070 3 SBE08 AR
FPropylene 2 79E-03 8 71E-04 0.70 f.45E-04
Benzens T I0E 00 T5EE0G [
Farmaldehyde 7 89E-05 2 61E-05 0.70
7 50605 B I7E-06 [
1 A0E-00 070
Benziajanthracene E.07 [T TAdEDT
[Chysenc 1 53606 070 3 54E.07 .
ALl R.-r":\m soranthon T11E-06 070 2EIE0T s0nMS
Benziifiuorantcene FRTTE 070 5 (4E-Di
Benzolalpyrens 2 STE-0T B 48E-08 0.70 5 84E.08
Indeno(1.2,3-cdlpyrens 4 14E-07 137E-07 0.70 8 57E-08
Dibenz(a hjanthracent 3 46607 T14E07 070 B 00E.08
(22 - TIE03 [ TWE-d |

e i,

73460
asurting 0% of NOX 43 NOT. Othor TAPS framn AP-42 Chapler 34 (Large S1aknary Disssl Engnes)
0C 3ppleatens.

tion by TAP svéraging period group.

b arstefficthoness Dirsed on boal areusl Conlng 6% and emisson reducl

C-6

Rev.0



TABLE B2.2-%a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Tier 4 (Final) Control System
Diesel-Fired 1.25 MW Generac Emergency Generator
Operating Hours 55 hoursiyear

Cost ftem 1 Factor Cost
Direct Costs
Purchased Eguipment Costs
A 203,293
B=0065"A 13,221
Included in A
[Furchased Equprrent Cost [FEC) FEC =h + B PR
nstalation Costs
[Faundations & Suppons Includedind [ ——
Handiing & Erection Included in A
nical IncludedinA | -
[Fiping included in A
nsulation 1or Duchamrk Tncluded in &
|Fainting Included in &
JOirect instaliabion Cost Included in &
Total Direct Costs (OC) 216613
Indirect Costs
GEEEE
Engineenng ncluded in &
anstruction & Figld ncluded in &
antractar Fees ncudedinA | ——
Start-Up ncluded in A
Cantingencies” 003*FEC FEE:]
Tetal Indirect Cests (IC] FEES]
TOTAL CAFITAL INVESTMENT =DC +IC 223111
[Giract Annual Costs
Cperating Labor
| eghghle T —
1 Neglaele [ ——
JTotal Cperating Labar
Maintenance
||:a,|.... T
[Matenaks | N
Jrotal Mainenance™ | 0.005 * TC
Libities
[Electrcity I Heghghile
[\l | — |
|F.'me.—t‘ | I 1,085
TTotal Utities
ment L Service Lie
[Towl Catabyst Cost |
Tests - — 1 —
2 Cord Keeping & Reporing |
TTotal Miscellaneous Coss | -
Tetal Direct Annual Costs (DAC) 2181
[Indirect Annual Costs
- % 07 GRETEND, BOBENE,
Chverhgad” # babor & rraterisls GBS
Tabar Codt +
2 drninistrative Charges? 3
Capital Recevery Factor CRF
L aptal Hecovery CHRFTTCI
Total Indirect & nnual Costs (AC)
[TOTAL ANNUAL COST = DAC + IAC 17,146
Uncontrolled NOx, CO, VOC, and PM emissions tonshyr 054
ke, CO N, and PM Emissians with Tier4 Contrals tonshr o7
Percent reduction fram uncontrolled 8
Total errissions reduction lonshyr 047
Cost per Ton G Siton 36,657

! Captial cnst provided By the engina wendor (Rrant Briody o7V estem S3ates Foupment Co)
? wiarshinglen saes lin

7 Wisurinarn ¢04t fren m st roceet Ba0ey, Y antage, and Crus One cosbaNbeiveness anakses
* Edtimated using equations from EPA's Ak Polution
FAEE e, BDA QO R SR DU SN es 201 B-DRIECIC O8I ANUAIDI adshas
" OPA's Ar Polution Certrel Codt Manual 5 1, Chigler 2 (Cosl Detirmalian
* OPA's Ak Polution Corirel Codt Manual 5 A, Chigler 2 (5CR)

I5-vew equipment Ife and a 4%

" The caplal recovery fackor was cak uliled sssumi

i Ciost Esimation Spevacshoet for Selectn Cataltic Reduction (365 ) found 2
rie- 20160 xlsm

Section 2857

o ride
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TABLE BZ.2-4a

COST EFFECTIVENESS CALCULATIONS

Toxic Air Pollutants
Tier 4 (Final) Control System

Diesel-Fired 1.25 MW Generac Emergency Generator

Operating Hours 55 hoursiyear

DOE/RL-2020-33

TAP Avy Emission Emissien Cost-Effectivanass
Period ' Toxie Alr Pollutant Factor” (IbMMBTL) Uncontrolied Emissions (tpy) | Control Factor’|  Reduction ftpy) {§iton)
Acralein 7 ABE-DE 3 3806 7 2 J8E-06
5 Talene ZA1E-I Z1E-( T ATE-05 Ty
24-Hour ienes T9IE : SEDS 17,379,280
Propylens 2.75E- A41E-04
[Benzene E- SED%
Forrrialdehyde 7 H9E-DS
[Acetaldehyde 2 52E-D5
riaphthaiens 1.30E-04
Benziajanthracent 6.22E-07
Chrysene 1.53E-06 6 SEE-07 .
Anmaal Benzibluaranthcens 1 11E-06 4 TEE-07 L5008
[Benzikifluoranthcens 2. 1BE-0T 8 38E-08
Benzoja)pyrene 2.5TEDT 1.11E-07
Indenol cdjpyreng 4. 14E-07 1.7EE-07 1.25E-07
[Cbreniz(a.h) rl | 3 4BE-07 148E-07 0.7ro 1.04E-07
CPM I - 1.18€-02 088 1.05E-02

TOMVWAC 173450
B0, N0, OO, and DM based on criteria poluland emissin calulitons, assuring 0% of NOx a3 MO, Other TAPsfrom AP-42 Chi
? Cantrl 11005 usd I recent Sabay, Vantage, and Cyrus One 383 cenbir NOC appk atiins

* GOt eTec nerwsss basd 0N 10131 IRl Coniol cosl and NN eAUChon by TAR warsging perod group

2.4 {Lange Stationiry Diesel Drrgines)

Rev.0



TABLE B2.2-5a
COST EFFECTIWENESS CALCULATIONS
Criteria Air Pollutants
Tier 4 (Final) Contrel System
Diesel Fired 2.25 MW Emergency Generator
Operating Hours 55 hoursiyear

Cost tem | Factor 1 Cost
Diirect Costs
Furchazad Equipment Costs
Primary Egquipment’ A 2B7.715
B=0065"A 19,701
Included mn A
[Furchasd Equiprrent Cost [PEC) FEC =A +B SORA18
Dhrect Instaltabon Costs
TEoundatians & Suppans IncludedmA |  —
Included mn A
Includedm s | -
Included n A
Tncudedm & | ——
Included n A
JDwe &t Instaliation Cost Included n A
[ zo6418
Engnesnng Tncluded n A
Construction & Field Expense: Included o A
Cantractar Fees Includedm A ]  —
Start.Up Included mn A
Cantinpencies 003*PEC
Tetal Indiract Ceosts (1G] [ ERE7
TOTAL CAPITAL INVESTMENT = DC +IC | 315609
ract Ann oatE
[Cperating Labor
Cperator 1 Neghoble | E——
[Supervisar | Neghpble T —
[Total Operating Labar I
IMHII\h‘.‘I.ﬂI\)‘
Tiabe T T
[Matenals | I
[Total Maintenance™ 1 0.005 " TCI | 1,578
Unizies
| EEEEE T Heghihie
[Watier | T
Feagent” = 2010
JTotal Unimes
Catayst Cos T
Cal t Heplacement | Catalyst bfe > SCH Service Life
[Total Catakyst Cost | T
Miscellaneous
TE Tests | I l___—
[Fzcord Keepng & Repoming 1 i
[Total Miscellaneous Coss I
Total Dirsct Annual Casts [OAC] T TE5E
Indirect Annual Costs
BT, & g, BpeEar,
Overhead® manlenae ¢ labor & matsriats w7
T3 D
A dministrative Charges® 0.4*Ann Maint Costl) 19

Capital Piecovery Factor

CRE

Capital Recovery

CHF " TCI

Total Indirect Annual Costs {IAC)

= ¥ T
LIncontrolled MOw, CO, VOC, and PM Emissions tonshr 114
MOk, CO, VOC, and PM Emissions with Tier 4 Controls 15hr 016
Percent reduc B8%
Total errissions mduction 098
Cost per Ton Controlled 25,280

! Gl co provided by the engng wendor (Brant Briody of Western States £ quement Co)
TWashinglon sales lax
* Minirma ¢ ost

e e enl Sabey, Vanlage, ard Cyrus One cost-eflecliveness analyses

* Estimatad using equations from EPA's AF Polution Control Cort Extimation Spresdshest for 5 slectve Calalte Fe

“EPAS,

 Pomtion Control Cost Manual, echion 1, Chapter 2 (Cost € stimation), Secton 26
 EPA'RAF Polution Conlrsl Cost MAnUS|, Section 4, Chaptar 2 (SCR)

ar

" The cagital racovery fachr was cakulated sssuming 3 25-yesr equipment Ife 503 3 4% inerest rate

DOE/RL-2020-33
Rev.0



COST EFFECTWENESS CALCULATIONS

TABLEBZ2-5a

Toxic Air Pollutants

Tier 4 (Final) Contrel System

Diesel Fired 2.25 MW Emergency Generator
Operating Hours 55 hoursiyear

TAP Avg Emission Emission Cost-Effactive
Peried ' | Toule Alr Pollutant Factor® (I u U lled Emisslons (tpy) | Centrol Factor * | Reduction (tpy) (§iton)
Acralein 7.8BE-06 4 98E-06 070 3 48E-06
Toluene 2BI1E-04 1 77E-04 L] 1.24E-04
2 " 17.1 5
Ahowr Mylenes 1 27E-04 .70 B S3E-05 175
Fropylene 1 76E-03 070 1
IBcnzcnc 4 90E-04 T
Forrmaldetnyde 4 Q8E-05 i
Acetaldehyde 1.59E-05 i
Maphthalene 1.30E-04 B 21E-05 0.7o
i ene §.27E-07 3 93E-07 0.70
Chrysene 1.53E-06 8 BEE-07 070
L 36,08
fnna Benzibfluoranthcens 1.11E-06 7 ME-O7 070 4 91E-07 L1002
Benz(kiluoranthcens 2.1BE-07 1.38E.07 070 0 63E.08
BEnzojajryrens 3 5TE07 1 62E-07 a7 1 14E-07
2, 3-cd)pyriene 4 14E-07 2B1ED7 0.70 183E07
3 ABE-0T 2. 18E07 0.70 1.53E07
2 43E-02 [ B8 2 13E02
80k NOZ, G0, and GFM based on crbeia poRitant eesion cakulations, assuming 0% of N a5 O 2. Other TAP s Som AP-&2 Chagtes 3 4 (Large Stationary Dinss! Enginns)

¥ Gontrol futlors used N recent Sabey, Vartage, and Cyrus One dita center
! Cos-ePedtnene st bashd on 10181 Snnusls ol cost and engson reducton by TAR sveraging péiod group.

apeik atkns.

C-10
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TABLE B2.28a
COST EFFECTWVENESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction {SCR) Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 55 hoursiyear

I Cost lem T Facter T Tost
rect Costs
Purchased E Costs
[Prirmary Equipment’ A 1
=0 065" A A 064
luded in A
sA+B
Cirect Installaten |
ncluded in A
[
in A
3 Y-
nsulabon for Ductwork in A
Panting ncludedind 1 -
[Cirectinstaliation Cost ncluded in A
1
ncludedind 1 -
Construchon & el Cxpenzes neluded in A
Contractor Fees ncluded in A
Z3an-Lp dedind |
Contngendies 0.03° PEC 1,938
Total Indirect Costs [IC] | 1998
OTAL CAPITAL INVESTMENT =DC + IC | 68,582
[Cirect Annual Costs
Operating Labor
Diperator | |
MO! | |
[Taral Coperabng Labor T
Maintenance
[Lahor | l___—
Matenals | |
Tatal Mantenance” | 0005 TEl | 343
Uilities
[Electnicity | Healgole | —
[wiater |
Reagent” |
[Taral Uiilties
[Catalyst Cost
[Catabyst Feplacerment Life]
[Tatal Catalyst Cost
Miscellaneous
|Pemarmance Tests | 1
|Fecard Keeping & Reparting | I
ITatal Miscellaneous Costs |

Total Direct Annual Costs [DAC) I 575

|ndTrect Annual Gosts

Administrative Chares® 4
Capetal Fecovery Fador 0 0690
T390

Capital Hecovery
Total Indirect Annual Costs (IWC) 394

[TOTAL ANNUAL COST = DAC + IAC 4,969

controlled NOx,

YOO, and PM ermiszions fonshr

M Errissiong wih SCR tonsAyr

n from uncontrolled
5 reduction

er 1on L-ontro

pial cost provddded by e engine vendor (Brart Srindy of Wistern States Equipment Go)

*yyashington sk b
? Minirum cos Fom most necent Sshey, Vantige, and Cyrus Or coSeTeclineness anay s

Dstimated using equations from EPA's Air Pollion Conkrol Cosl Eslimation Spreadshe Sekctive Catabrbs Reduclon
s D 05 g S STroduE LTl 201 - 08/ sere ostmasmsipresd shest_june- 201 xsm
*EPA AR Poluton Contiol o Manual, Secton &, Chapter 2 (BCH)
* The captal recovery TBI0r wirs cHkCUlseE ASRMING 4 25-yiar euiprwnt e and & &% nleres rde

(SCR ) found al

C-11
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TABLE B2.26a

COST EFFECTWWENESS CALCULATIONS

Toxic Air Pollutants

Salective Catalytic Reduction [SCR) Control Systam
Diesel Fired 400 kW Emergency Generator

op g Hours 55 h
TAF Avg Emission Emlssion Cost-Effectiveness *
Pariad ' Toxic Air Pollutant Factor * issions (tpy) | Control Factor” | Reduction (tpy) ($fan)
JAcrolen 7 BBE-D8 8 11E-07 0 0DE+DD
Tolugne 2 <04 E-05 0.00DE+DD
24-Howr = e
Hylenes 2.23E-05 0 00E+00
Fropylene 3.23E-04
Benzene #97E-05 0 00E+DD
Formaldehyde 8.12E.06 0.00E+DD
[Acetaldehyde 2 91E-06 0 00E+DD
MNaphthalene 1 S0E-05 0 00E+0D
Benz{a)arthracens 7.19E-08 0.00E+00
Ariritial Chrysent 1.77E-07 D.00EHID
Benzibjfluoranthcene 1 28E-07 0.00E+DD
Benzlk)fluoranthcene 2 52€E-08 0 00E+0D
Esnioialpyrens 147E.08 0.00E+DD
Indeno[1,2 3-cd)pyrene 4.T9E-08 0.00E+00
Dibenz{a hjanthracens 4.00E-08 D.00EHID
DFM — 2.79E-03 0.00EHID

mfarriation freen VRAG 11460

? ool fackors used i necenl Sabey, Vanlage, s Cyrus One data center HOC appl slons

" Cost Dased on tatal | contral

TAP avetaging peried gn

C-12

* 502, NOZ, GO, and DFM based on critéria polutant eisson cak ulabONY, assuming 90% of NOx &5 NOZ Ciher TAPS from AP-42 Chapler 3.4 (arge Statonary Diesel Engnes)
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TABLE B2.2.7a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction (SCR) Control System
Diesel-Fired 750 kW Emergency Generator
Operating Hours 55 hoursiyear

Cost fem | F actor 1 oSt
Trect Costs —
Purchased Eguipment Costs

u
Primary Eguipment’ A
Sales Tax* B=00E5"A
Shipging Incluged in A
T Zed E qupmient Cos ] PEC=A+E
[Cirect Installation Costs
Foundations & Supports nchaded in A
[Fanging & Erecuen nciig2g in A
Electrical d
Piping
nsulationforOuetwork |  InclgedinA | -
Fainbng
[Direct Instalation Cost
Total Direct Costs [DC] I
|Indlrect Costs
Installaban
[Engineenng Incluged in A
[Construction & Field Expenses Includedind | o
= or Fees In i
Sta Tn
[Contingenc 003 *PEC
Total Indirect Costs {IC} 1
TOTAL CAPITAL INVESTMENT = DC #IC [ 97.657

iract Annual Cests
[Operating Labor

arator | Magligible |
Supervisor 1 Heghaible T
[Total Operating Labor T —
|Mainte nance
Labor - T
[Matenas { 1
[Total Maintenancs™ 1 0,005 " TC! 1 498
(NS
Ele cncity 1 Hegligible
[Pater . —
|Reagent” 1
[Tatal Lt
1 Cost |
[Catalyst Peplacement I Catatystlife > SCF Service Life |  ——
[Total Catahyst Cost 1
|Miscelianeous
[Perormance Tesis T T
[Fecord Feeging & Fegoring == 1
Trotal Miscelan 1
[Total Direct Annual Costs [DAC) | 1478
0.00% (0p. Labor Cust =
Administrative Charges® 0.47Ann. Maint Cosg) 8
ary Factor CRE
Ca e COvEry CHF* TC1
Total Indiract Annual Costs {lAC)
TOTAL ANNUAL COST =DAC +IAC I 7,736
Uncontrolled NOx, CO, VOC, and PM emissions tonsiyr 043
MO, CO, VOC, and PM En s with SCR torsher 008
[Fercent reduction from uncontrollen B2%
Tatal emissions reducbon tonsfyr 035
[Cost per Ton Controlled S/on FAEL]

" Captial £ 5 provited by Lhsk engirst vendor (Beant Briody of W esten States Equipment Co)

* W ashington saes i
F Minirmum ¢os #om mas rae et SRbEY, VARtga, . na cod-Alactveneag srakyias

" Edtimated usng egesions hom EPAS Ar Pelution Conlrol Codt Extenation Spreddsheel for Selec e Catikle Feducl
D I, (38 o SISO TR 101 B DY s et sbeprisad shibid_juree- 2011 xlsm

* EFAS ALK Polulion Conteol Cost Manual Eection 4, Chaptur 2 (SCH)

* The capstal necoviry Bl wis £akcuslid ssuming @ 28-yiar eguiprant e and 4 4% infe:

A raty
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TABLE B2.2

7a

COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Selective Catalytic Reduction (SCR) Control System

Diesel-Fired 750 kW Emeargency Genarator

Operating Hours 55 hoursiyear

TAP Avy Emissien Emission Cost-Effectivenass
Period ' | Toxic Alr Pollutant Factor* (IbIMMBTU) Uncontrelied Emissions (tpy) | Control Factor* | Reduction (tpy) “ (siton}
[Acrolen 7 EE-0B 1 BOE-DB (] 0 00E +00
4 i Toluens 5 BOE-D5 0.00 0.00E+00
B3 3BIED5 [ 0 00E+00
Fropyient: 5 B5E-04 [ 0 00E+00
[Benzene TEEDA [T TO0E -0
Farmaldehyde 1 BOE-D5 000 000 +00
Bcetaidenyde 5 10E-0B 00 .00E +00
Mapnthalene 2 63E05 00 QOE+L
[Benz{ajanthracens 2BE- 0 O0E+
el [Chryseneg 1 DE- 0 O0E+
[Ben b Fluoranthcene T 11E-08 ] T0E +0
[Benzkifuoranthcene 318607 0.00 000E+00
[Benzo(ajpyrens 2 57E-07 5 J0E-0B 0.00 000E+00
[ingene(1.2,3-cd 4 14E-07 8.3BE-DB 0.00 0.00E+I0
[Dienzla hlanthracene 3 ABE-07 7 01E-08 000 0 00 +00
OF 4 05E-08 [ T 00E +00

TASIL demation from WAL 173

*307.
? Conitrad

o)

* Cot-afiazivenass basad on 1013l SNUAlEoNYDl OBt 3nd RN reduction by TAP svarsging peiod group

C-14

07, 0, 3nd DFM based on crienia polutant emision cakuations, asuming 90% of NOx 35003 Ofer TAP 5 om AP-43 Chapter 3.4 (Lage Sasonay DieselEnginas)
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TAELE BZ.2-8a
COST EFFECTIVENESS CALCULATIONS

Criteria Air Pollutants
Selective Catalytic Reduction (SCR) Control System
Diesel-Fired 1.25 MW Catery gency
Operating Hours 55 h by
I Cost tam T Factor T Tost
Trect Costs
Furchased Eguiprrent Costs
Primary £ gupment’ A 120,000
|Sales Tax® B=0D0B5S"A TEOD
Shippine Iric 2d in A
[FPurchased Equpment Cos! FEC=A+E 127,000
Instalation C
Foundations & Supparts InchidedinA_____ 1 -
Handing & Erection Inchigedind 1 -
Electacal Incluged in A
N g Iric nA ] e
nsulahon for Ductwark Inig in A
Fainiting Tnchsded in A
[Direct Installation Cost Included in A
Total Direct Costs (DC) 1
Indirect Costs
Installal
in A
[Construction & Field Expenses ded in A
[Contractor Fees ncluded in A
g ncluced in A
003" PEC
Toml Indiret Costs (1G] I EICEE]
TOTAL CAPITAL INVESTMENT = DC +IC | 131,634
[Birest Annual Costs
[Cpierating La:
[Cperatar T et T
[Supervisor 1 Healiible 1
[Total Opersting Labar 1
[Maintenance
Labior | 1
Materials 1 1
[Total Maintenance™ | 0005 * TCI I
Dnies
Eleciricity T [T
[Vater
[Feagent” | 1726
[Total
[Catalyst Cost
[Cataly Replacerrent [ Tatatyst e » SCR Serace Lie
[fomiCatanystCost | — ]
|F=eaneous
Ferh | | -
I l
1
Teotal Direct Annual Cests [DAC) | 2,384
|TRdrest Annual Coste
G037 (0p Labor Gos +
sdrmimnistratie Charges® 0.4 *Ann Maint Cosg)
[Capital Recovery Factor CRF 00840
Captal Recovel CRF* TCI 2428
Total Indirect Annual Costs (IAC) BA34
TOTAL ANNUAL COST = DAC +IAC 10,818
Uncortralled MOx, €O, VOC, and FM ermmissions torgsher
MO, CO, VDT, and PM Emigsions with SCR tonshr
Percent rieduction frorm antrolled
T
[Cost per Ton Controlled

pe 2 Brindy of W

Tquipment Co )

¥ Minimum ¢ &5 Bom most nc nt Sabey, Vartags, and Cynas Ond cost-Hleciveness snalyses
D Dwww, 03 GOVIEHREIDINIUCTONIESI301 S-DRISCrenstmanuaispraadshaet_lng- 3013 xism

® EPA's AR Polticn Gontrol Cost Mai
* Thia capital racovary fheios wis eakuldad assumng & J5-yase

Enction 4, Chagter 2 (BGR)

prevnt 108 And 5 4% intBrast rats
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TABLE B2.2-8a
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Selective C.'ll:alml:.l Reduction {SCR) Control System
DieselFired 1.25 Caterpillar Emergency Generator
(]

g Hours 55
TAF Avg Emission Emission Cost-Efectiveness
Period | Toxic Air Pollutant Factor * (Ib/MMBTU) Uncentrolled Emissions (tpy) | Contrel Factor*| Redustion (tpy) ® [Shon)
[Acrlen 7 8BE-0B 2 BOE-0B 0.00 0.0DE+DD
} Tohens 281E-04 9 2BE-05 0.00 0.00E+00
-Hour - - = - —
[Hykenes 1 53E-04 BATE-05 000 [TE]
Propylens 2 T8E-03 0.00 0.0DE+DD
[Benzane 7.76E-04 0.00 0.00E+00
[Formsigzhyde 7 BUE-05 0.00 0.00E+D0
[Acetaldehyde 2 57E-05 0.00 0.00E+DD
Naphithalens 1 J0E-04 0.00 0.0DE+0D
Benziajanthracens B 20E-07 000 0.ODE+00
Anrual | [ChTysEne 153606 D ).ODE+D0
[Bien zib Fluoranthoene 1.11E-06 ODE+DD
Benakifluaranthcens 2.18E-07 ODE+DD
Jryrene 2 51E-07 ) DOE +00
Indenc{1.2.3-cdlpyrene 4 14E-07 ODE+DD
[Dinenz(a.hjanthracene 3 ABE-07 0.00 0.00E+D0
CFM =z 0,00 0 0DE+00

" AGL infeemation frem'WAC 173460
TH02, NO, CO, #d DPM based on cribera
? ool faclors used i recent Satey, Varlage, srd Syrus One dala cenber NOC applalions.

* Comt-afiscivenass bassd on 10t3] S| Eonrol 0%t nd amEssion reducton by TAP sversging pens

dbtant emission cakuldtions, sssuming 90% ofNOx s NOZ ¢ TAPs fom AP-42 Chapler 34 dLarge Stalionary Diesel Dngines)
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TAELEEZ.29a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction (SCR) Control System
DieselFired 1.25 MW gency
Operating Hours 55 h by
I'E 1 Factor 1 Cost
rect Costs
[Furchased Equipment Cosls
A
B=0065"A
Included in A
rehased Equpment Cost [FEC] FEC =h+ 8
Direct Installahon Costs
[Faundations & Suppons Tcudedins | —
[Handing & Erection Inc
F inical Indudedina | —
ing Inciu
atian for Ductanrk ncuded mé |
|Fainting Included in &
[Direct installation Cost Included in A&
[Total Direct Costs [DC) | IEL]
|rmi rect Co:
Instaiabon
TEngineering ncuded in
[Construction & Field Expenses nclude
Cantractar Fees neludedind ] -—
Start-Up nclude:
ngencies’ [LER
Tetal Indirect Costs (IC] |
TOTAL CAPITAL INVESTMENT =DC + IC |
|Diract Ennual Costs
[Cperating Labar
[Operator I Heligile | -
|'3upcn-.s|:r | Nealighle | I
JTotal Cperating Labar |
IM.1|.'|I—'|.1r|<:r-
||:a,|.... T T
Matemaks | I —
[rotai Mainenance™ | 0.005 7 TC1 | BB
Linities
| EEE I Heghghile
[Water | — |
[Reagent” | I 1,065
[Total Utities
[Catalys
JCatatyst Heplacemant | Catakyst life » SCH Senvice Lee
ol Catabest cost | — | ——
[Miscellaneous
[Ferfamance Tests | — I —
|Rzcore Keeping & Heporing | |
JTotal Miscellaneous Cous .
Total Direct Annual Costs ’Dﬂ C) | 1,736
indirect Annual Costs
T LamTCon -
adrmnistrate Charges” Mairk. Costl) [}
Capital Recovery Fagar CRF 0.0640
Captal Recovery CRE*TCI 8569
Total Indirect Annual Costs (IAC) BATT
TOTAL ANNUAL COST =DAC + IAC 10,312
Uncontrolled MCw, £0_VOC, and PM ermissions 0.54
NOx, O VOC, and PM Emissions with SCR 0.15
Percent reduction fn uncorirolled 1%
[Total emissions reduction 0.38
[Cost per Ton Controlled 27,001

! Captial cos gromided by the engine vendor (Brant Briody of Westerm Stales Equpmet Co)

7 washingon sikes

* Minimum c0st from mos meent S ey, V antage, and CYTUS OnA sk STRCIMANEES Inak 5ss

* Estinatnd using euations from EPA'S
it e apa e stesipenductonil
*EPA's Ak Pelution Contol Cost Manusl, Section 4, Chapter 2 (SCR)

lbition Gaorrol Cost EsSmation Spmadshiet for Selective Catakdc Reduction (SGR ) found a1
01 9065 1 orranu3ispraadEhaet_june-201 Sl zism

® The capkal ecavery facor was cak Ulited AEsUming 3 75-pRar aoupment e and & 4% nferast rale
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TABLE B2.2-9a

COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Selective Catalytic Reduction (SCR) Control System

ey

Diesel-Fired ‘.1.:25

MW
ting Hours 55 h

TAP Avg Emission Emission | Cost-Effectiveness *
Paried ' Texic Air Pellutant Fastor* (IbIMMBTU} Uncentrelled Emissiens ftpy) | Contrel Facter * | Redustion ftey) (§iten)
Acrolein 7 88E-06 : 06 0.00 0.00E+D0
24-Hour Taluene 2.81E-4 og DDE+OD .
[Hykenes 1.93E-04 oo ODEHDD
Fropylens 2.79E-03 000 0.0DE+DD
[Bienz 7 7BE-D4 000
Farmaldeyde 7 89E-D5 000
Acetalds e 2 52E-05 000
Maphthalene 1.30E-D4 0.00
Benzialanthracene 6.22E-07 0.00
[Chrysene 1 53E-08 0.00
AR ue:z(n:ruarzrm:ene TEDE 0.00
[Benzikfluoranthcens 2, 1BE-0T 0.00
Benzafalpyrene 2.57E-07 0.00
Indenail .3 3.cd)pyrene 4 14E-07 0.00
Cibienz(a.hjanthracens 3 46E-07 0.00
DPM 0.00

omaton om WA 173450

: AR a0t

¥ o eTestventss Basad on batal

ang

uction by TAR adraging peniod group.

C-18

MOZ, 0, 30 DFM Ba26d 00 £rHera poRtant emesion cak ulatons, Ssuming S0% of NOX 98 NOZ, Otfher TAPSTIom AF-£2 Chapler 3.4 (Large S3tionany DestIEngnes
? Control Tacines ushd n ocent Sabey, Vantage, and Cyrus 0nn data censr Y
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TABLE B2 2-10a
COST EFFECTIVEMESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction (SCR) Contral System
Diesel-Fired 2,26 MW Emergency Generator
Operating Hours 85 hoursfyear

Tost Tem I Factor 1 L2
s
i qugren Come
[Frenary Equpemant” a
Sales Tax B=0065"A
Shoprg nduded A
TPurchused Equpment Cost MEC) TEC-A+E
[rect instalation Coss
TFoundaton: & Suppons [T LY
Handing & Eveclion nduded n A
(T noudud
g ncuded n A
Insulition for Ductwork ndudedind T -
by nouded
[oici nalbsnn Cox ncudnd
[Total Direct Coste 0C] | L]
lewdive il Cunts
nalinon
(T [N
i ndudednA | -—
noudud
nuded n i
003 *FEC 5515
[Trial Tl Tosis (0] | AL
(TOTAL CAPTTAL TNVESTRENT = DG + 1&. | L
Truct Pwu,
araing Labor
P T T Teainibls T
Super 1 Hegigible 1
TV ot Cip eeating Labar |
s nlenance
[Caber I I
[Merials | 1
[rotiMantenance” | 0005 " TCI | a47
{TRAT] | Meghgible |  -—
Viater 1
Raagent | I
| I
alyst Cok I
Catala Rapheamant | Ctaie e > S0 Savies Ui
Tl Catalys Cos |
Wi slanans
| —  ——
n T |
ta Waralanaons Coste |
UTal Trect Aumual Costs | Pk
[T el Cos s
I T (7 L o+
J2aminstrstice Chy 0.4 * 20 Mant, Coetl 1
aptal Hacovary Fach | {3 0 0EAD
apkal Fecuvery | CRE-TCT T2
Tutal Indivect Anaal Custs (AL [FEE:]
TOTAL ANNUAL COST =DAC + IAC 15,089
Unconrelled NOx COVOC, and PM emssons londir 114
|FO= T VO and PM Emesens wih SCR lanshr [FF]
Parcent reduction from uncortrolied E3%
Total amesions @ ducton Tonsiyr 077
Cast per Tan Controlled Sitan 20,948
mehinggn s b
it o e s swcred S, g,
" sttt oy mp e buem £, A Pelutin (0K et

PP R Belben Cortroh € oot M, SHen 4, Chagtse 3 (SCR)

* The captal recovery facior was calculated assaming » 25-vear squgment iie and s 4% inéwed rite
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TABELE B2.2-10a
COST EFFECTIVENESS CALCULATIONS
Toxle Alr Pollutants

Selective Catal

ie Reduction (SCR) Control Syatem
Diezel-Fired 2.25 MW Emergency Generator
Operating Hours 56 hourshyear

TAP fwvg Emission Emsion Cost Effectaneness *
Porind | Toxic Adr P olutant Factor (I/MMBTU) Uncontralled Emissions (py) | Contral Factor * | Reduction iyl o)
LIS 7 ™E oo
’ \C ir) o ]
o Tanes T i oo
Fiegiion ) T o
enzune I3 = gy
[Feemarsetyde £ T
3 :
T
Arrual F03 T -
T 1)
! T
TIET ThTEA oo
TACEDT JTOE el
= TAIEDD [0 [
VRGIL Faormeton #0m VAL 17 3-000
2502, M0, GO, and DM searming 9% 06 HOZASNOZ. Otter TAPS hors A&7 Cliagher 3 8 (Livge S3irery Dirsed Engihes)
? Cortrel et Sabry, Niwdagr, et
et srvas orird it p g
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TABLE B2 2-10b
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants

Diesel Particulate Filter (DPF)/Diesel Oxidation Catalyst (DOC) Contral System

Diesel

red 400 kW Emergency Generator

TABLE B2.2-11a
COST EFFECTIVENESS CALCULATIONS
Criteria Alr Pollutants

Diesel Particulate Filter (DPF ¥Diesel Oxidation Catalyst {DOC) Control System

Diegel-Fired 400 kW Emergency Generater
Operating Hours 85 hoursiyear

ot ltam T Factor T Tost |

[Direct Gosts

UTthased Equpm et C
illu-u.u\.- [

it a1 g0
2708
[Firhasen Equpment Cost FEC EER]

[Darect Inetaanan cost

[Total Direct Cots (D€} | ]

ndiract Costs
Tralhon

TIUaE0 A
Tncludedin A —
TreTe N & —
T HIE
003 *PEC 1232
[Tetal Indirect Couts (IC] I 1
[TOTAL CAFITAL INVESTMENT = DC + IC [ 45,721

I (TN I
| (R I
I =
EEIEEY
I ]
ECE | 1
[Tatal Mairtenance | 0,005 ° TCI 1
Flecincey T —
[Prster I
oeanent | —=
JVatar Utitics
CREa CoR I
TCataret Pepracem ent | Cataye e = Dioe Service LT
[Total Cataryst Cost |
WiECelancous
Torm e e T = T —
ECOM FEEpIng & Feporn I T
Tatal Miscellareous Logs I
Otal Direct AnnUal Costs [DAC] T =
|Ratrece Enrual Coste
. Bz,

Crertead b § migarisis 137
OminfzArative Chames [ 51a
pital Fecovery Facior ChF 00640

[Caoital Fecovery CRF - TC 2527

Total Indirect Annual Costs [IAC] 3878

[TOTAL AMNUAL COST = DAC + IAC 4,207

[Uncontrolled HOx, Cior, WO, and P emissions TonshT 1

£O,VOC, 3nd PM EMmiSaons with DPF & Do LrhT 0.10

et et reduchon from uncontrolen 5%

TOLal Emisea o neauchon oAt [

Igosl per Ton Controlied $fon 233,826
" Capinl cost proded by the mrgine verdor (Drant Dvicdy of Vemem States Eauipment Co )
Einatiegpon sime i

"Minmum coat trm most recent Sabey, Vantags, ond <y One cort-effectivness analyoes

" Estinated using equations ¥om £ &'t s Poltion Carntrol ost £ stmsion Spreacdsheet o Selectve Cata i Recucton (CR ) ound f
oy e e

SEPA's i Pobudion Condrd Sust Mo, Section 1, Chptor

®EPa's Ar Podution Control Cost Manud, Sedion 1, Chapter 2(Con E simation], Secsen 2655

Tt ol ety Sacser s g a .
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TABLE B2.2-11a
COST EFFECTIVENESS CALCULATIONS
Toxle Alr Pollutants
Diesel Particulate Filter (OFF ¥Dlesel Oxidation Catalyst {DOC) Contrel System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 85 hoursfyear

Emission
TAF Avg Emission eduction  |Cest-Efectiveness
Period ' Toxlc Alr Pallutant Factor* (IbMMBTU) Uncentrolled Emissions (py) | Gontrel Factor Ry en)
7 BEE 06 0.5 6. 30E-07
ZEIED4 0.0 22TE08
24-Hour TEE T 15,886,482
P ropryten 2 e 04
Bz 0
F o aldafyde 1]
ey 0.0
Haprehalens 0.70
Benziajareneac 0.0
Amnual %‘ﬂ :: I?_:: 1,650,360
Benz(kyiuaranthcens 21807 0.
2 5TE-07 2 97E-08 0.70
4.145-07 4 =08 0.1
346807 4 D0E-08 0.70
= 2.796-03 0.5 245603

SR Indormetion Rom WA 173460
T80, K020, el DPM bazed o erten polbdd m

1 cabeubalions, s 0% of N0 as NOZ. Other TAP 3 frorn AP 42 Chupter 3.4 (Large Staicrany Dissel Engires]

* ottt based on ool
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TABLE B2.212a
COST EFFECTIVEMESS CALCULATIONS
Criteria Air Pollutants
Diesel Particulate Filter (DFF JDiesel Oxidation Catalyst (DOC) Centrel System
ge|Fired 750 kW Emergency Generator
Operating Hours 86 hoursfyear

Tost e T Facior T Tost ]
nent 513
|Primary € quipmera”
Salies Tax™ B = 0065~ A
Shipping nCiuded in A

s ed Equipmen

Cost (PEC) PEC =A+B

Tinstallanon Coste
Foundalions & Sups
Haraling & Erecton
eCincal
[Faing
neulabion for Ductwork
Pairting

rclisded in A

|Diract inztakation Cost

[Tatal Direct Costs (DC) I
Indrect Costs
Installation
=
O ] 098
Contngencies 1 %6
[Total Indirect Costs {IC) | 1 056
[TOTAL CAPITAL INVESTMENT =DC +IC | 65,106
|Direst Annual Costs
=
I I
FEEE ' ——
Tatal Cperating Labor
IMJﬂDZ‘I"
|Lanar | 1
|mazerias | — | —
Tatal Maintenance™ | 0,005 * TEl | a6

2l i | Negliginle =
[Prater | — —
Fezgent |

[Tatal Ubides

[Catalyst Cost

[Catatst meptac ement Catalyst life > DOC Serice Lite

TTatal Catalyst Cost

WSl

[Performance Tests [ —— | —
ing & Repoeting | 1
JTatal Miscelianeous Costs 1 —

Total Direct Annual Costs (DAC) | EF
|Indirect Annual Costs

'

5% of opiratng. supirvisn
1

(= e & Fatarias
AOminisirative Charges 0.07*TCH
[Capital Recovery Factor R
Canital Recover CRF* TCI

[Totl Indirect Annual C osts (AC]

[TOTAL ANNUAL COST = DAC = IAC 5,930
Lnd ontrodied NOx, CO, VOC, and PM emissions BOnsAT 043
NOx, CO, VOC, and PM Emigsions wel £ DOC Controls tonsAr

Fercent reduction from uncontrol

Talal grnigsnrs reduction tar 003

Cost per Ton Controlled §iton 194,094
" C:aptial cost provided by the enping vendor (frant Rriody of Westem Siates Fgupmert o)

from reost reesrt Sisbey, Vartage, s YIS (NG cost elfecivensss snsyees
* Detimadind usingg squations Fom DPA's Ak Polution Conbrol Cost Delimnalion Spreadshisd for Selctve Calablic Reduction (SCR) found o
D e 03 DO S0k cA o lass 201 0 50 el spenadshned _use 301 3t xism

¥ A Polation Control G Marsi, Section 1, Chagter 2 (Cost Estrrutiony, Secton 2 68,7

= Alr Polution Cortrol Cost Wares, Soction 1, Chagler 2 (Cost Estrralion, Snction 2658

" The capd i recovery factonwas caicul0ad SSRING 3 P5vR eoupment Ke and 3 &% nterest rate
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TABLE B2.212a
COST EFFECTIVEMESS CALCULATIONS
Toxic Air Pollutants
Diesel Particulate Filter (DFF JDiesel Oxidation Catalyst (DOC) Centrel System
ge|Fired 750 kW Emergency Generator
Operating Hours 86 hoursfyear

T4P Avg Emission Emission | Cost-Effectiveness *
Period ' | Teuic Alr Pollutant Factor * | (py) | Gontrol Factor * | Reducton fpy) (Sman)
[Acrolein 7 8BE.06 1 B0E-06. .70 112606
. _ [Tolusne 5 69E-05 070 3 9BE-05 X
HeHow s ABIE-05 0.70 e
Prapyiene 5 ESE-04 0.70
[Eenzene 1.57E-04 0.70
[Formaloehyde 1.60E-05 0.70
[Acetaldenyde 5.10E-06 0.70
Mapninaiens 2.63E-05 0,70
[Benz(ajanthrac ene 1.26E-07 0.
3.10E-07 [ —
Arnual T . 1,617,523
[
0.7m
TR 0.7m
Dibere(a hjantnrac eng T 01E-08 0.m
T 4.05E-03 [ 3 56E-03

VB RSN oM WAL 173960
502 NO2, ©0, snd DPM bised o criberispobubard errission cakuldions, ssuming 30% of HOx s NOZ Other TAP's fram AP-42 Chgis 14 (Large Slationary Diessel Erngiress)
2 Control faetors s i raead Gskay, Vantags, snd Cynss (in data eentar MOC sepliesions

¥ ot afactivenesss hasad on total annual control cost 3 e SSIon PeGLCHon By TAF ¥ eEaging perind grIup
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TABLE B22-13a

COST EFFECTIVENESS CALCULATIONS

Criteria Air Pollutants

Diesel Particulate Filter (DPF )Diezel Oxidation Catalyst (DOC) Contrel System
Diesel-Fired 1.26 MW C E G it

Operating Hours 56 hourstyear

CTost itam 1 Facter T Tost |
amenl Costs
mnwh" mEnt ) 80,000
Sales Taw Be=0DS5"A 5,200
Ehipoig TnChioed In A
TP hased E quipnert Cost PEC] PEC =A+1 5 200
Gr n o
F ounictis Supports Inchuded in A
E NEGed in A
nciuged in A
P iins NCIGEd in A —r=.
INs18 3o Tor Ducwork nciuged in &
Fairting nciused in & —
[Cirectinztaliation Cost nciigad in A

[Total Direct Costs (BC)

| T

indirect Costs

instailation
TACIEe 1 A
Tion & Field Expenzes Inciiged in A
Contracioe Fees Inciiged in A
StatUp Tnciioed In A
Contingencies” 003" FEC
[Total Indirect Costs IC) T

[TOTAL CAPITAL INVESTMENT = DC + IC

Dprating Lab
Operator T T =
SuptTvisor 1 ] —
|Total Dperating Lapar 1
Maintenance
Cabor T T
Matenas | = 1
[Total Mantenance” 1 4005 TCI I
|Electricity T Hegligibie —_—
e
Feagant I
ot Utiiies

Mizcellaneous

Perfamance Tests 1 — I p—
Fecoen Keeping & Reparting T I
Tatal MISCRIANEOUS Costs 1 =
(Total Diract Annual Costs [DAC) I [EC]

IIM rast E rnual Eom

TFoE O cperating, spiraier, mantancy
Crvemnead 50 & materis
A0 inistrative Charges’ 0027 TC1
Captal Recovery Factor 0 0E20
Captal Fecove 5517
[Total indiract Annual Costs (1A.C] T
[TOTAL ANNUAL COST = DAC + IAC 8,076
ncontrolled NCw, CO. YOC  and PM emissions 0.72
M 0, VO, and PM Emissions with DPF & DOC Contrmls 0.79
4%
0.03
Cost per Ton Controlled $iten 204,994

¥ Cagtial cost provoad by the enging vendor (Brant Bricdy of YRS 52885 Fqupment Ca)
? wanringlon sl
3 Mirireurn et from et recend Sabay, Vantags, snd CyTus Cne cosk eectiveness. analyses

* Celimaded from EPA's Al Palluion hasd Sr Dol
g vt 158 e i - Juries 301 Gt adsen

A5 A Polltion Control Cost Wanusl, Sietien 1, Chagisr 2 {Cest Estivation), Sactien 2657
' A Pollition Control Cost Manual, Saction 1, Ghapser 2 {Cost Estimation), Seclion 26 58

¥ Tha capital recovery Tactor was calculad SESUING 3 25-vRar squipment e and A 4% inberest e

C atalelic R CRY fourd o
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TABLE B2.2-13a
COST EFFECTIVENESS CALCULATIONS
Texic Alr Pallutants
Diesel Particulate Filter (DPF )Diezel Oxidation Catalyst (DOC) Contrel System
Diesel-Fired 1.26 MW C E G it
Operating Hours 66 hoursfyear

Emission
TAF Avg Emission Reduction | Cost-Etfectivensss '
Feriod ' Touic Air Poliutant Factor” (IbMMBTL) Uncontrolled Emissions jtpy) | Control Factor itpy) i$ton)
ACrolein 7 B6E-06 :
Taolene 2 R1E-
10,675,653
Fropylene
Berine 0.70 1 7%E-00
Fom ey 0.70 1 87E-05
Acetaldehyoe
Naphhalene
Benz(ajanthracers
Aninu 3,693,553
ene
Cibenz(a hjarirracene
5] A5E-03

2, NO3, CO, 5 DPM bassd on ertens polltant smission e seul sboe, Ss2uming G0% of MO 35 NO'Z. Otree TAPS #om AP-A2 Chagler 1.4 (Largs Stationsry Diessl Enginas)
? Controlfactoes ussd In oot Sabey, Vantage, and Cyrus One data contir NOG applcatons
* Cosb adfocvoness based ontotal THP
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TABLE B2.2-14a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Particulate Filter [DPF VDies el Oxidation Catalyst (DOC) Contrel System
DieselFired 1.25 MW Generac Emergency Generator

Operating Hours 55 hoursfyear

Gost ftem

[ Factor

Cost

B1.357

[Futhasad Equipment Cost (FEC )

FEC 51 A +B

0

Foungations & Suppods

Ingluded in A

Handling & Erecoon

Included in A

Includes in A

Included in A

Includes n A

Included in A

JOirect Instaniation Cost

InCluded in A

Included in A

Included in A

Included in A

Total Indirect Costs {IC]

TOTAL CAPITAL INVESTMENT = DC # IC

CIparatoe [ Negligible
SupEr/isar 1 Neglaiblie
JTotan Operating Lagior
|La [ —— =
[Hatzials |
JTotal Maingenance™ | 0.005* 446
O
I Negiginie —
T —
I
T otal Utilkies
[Catanyst Cost

Catalyst Replacement

Total Catatyst

[
| Calalyst e > DOC Bervice Life
1

[Miscelanems

[Feromance Tests

[Fecom weeping & Repormng

TTotal Wiz elaneous Costs

[Total irect Annual C osts [DACT

|Indrect Annual Costs

7% O cpersing, Uperasor, eRSnAnCE
oveteag® ior & muterioiz

omintstratve Chamges o tel
[Capital Recoviry Factor CRE
Capital Recovery CRF * TCl
Total Indirect Annual Costs {IAC)
[TOTAL ANNUAL COST = DAC +|AC 8,212
Uncontroiied NOx, CO. VOC, and PM emissions 10nSHT 034
MO, CO, VOC, and PM Emissions wil £ DOC Controls tonshr 045
P ercent eduction from uncontrolled 16%
Total emis o reduction [ 003
Cost per Ton Centrolled $hon 95 683

! Captia ihe engine dprant Ca)
vin:
*Misirum, cost wom mosirecent Sabey, Vanige, and Cynizne cost efiectivensss analy
* Bt tnd sy mcpustions Yom ER A A Beiktion Con
hits 2013085 20194
® £ A's Alr Polution Control Cost Manual, Section 1, Chagber 2(C od E stmation, Sedion 2657
P A Al Polubion Contrel Sosl Manual, Section 1, Chepter 2 (C ol E dimaliond, Sedion 26 55

ot F et s S ot fomnt or S ebactios £ aa e Bimckicton (SCR | i

7 T s sty Shctie it SR AT g & 75 pRar SRR I8 80 & U5 larad itk
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TABLE B2.2-14a
COST EFFECTIVENESS CALCULATIONS
Texie Air Pollutants
Diesel Particulate Filter [DPF VDies el Oxidation Catalyst (DOC) Contrel System
DieselFired 1.25 MW Generac Emergency Generator
Operating Hours 55 hoursfyear

TAP Avg Emission Emission Cost-Effectivenses *
Period ' Toxic Alr Pollutant Factor~ ipy) | Contrel Factor “ [Reducmen itpy)| #ren)
Acrolgin 7. 3.35E-06 070 23806
Moy LN L L0 8,223,510
[Xylenes B3IE05 .70
Propylene 1206-03 070
Benzeng 3.34E-04 0.70
Formalostyde 340E-05 0.70
109605 5
S BIEIS ]
2 BRET a7
Eearial 6.99E-07 0.70
4 7E-QT 0.70
9.39E-08 0.70
I 2 57E- 111E07 070
Indend(1 .2 Tene 4. 14E-| 1.76E-07 0.70 1 25E-
Dibenzia hjanthracent 149€-07 0.70 1 04E-07
oPM 1.19E-02 088 1 0SE-02
TRGIL Inormation Fam VYAG 173460
1502,H02, 80, ord DPM suenie 90% ol x5 D2, Offer TAPs tom AP—42 Chepter 3.8 L args Stabionsey Dicest Engies)

7 2 onkred terdors wsed in recent S, Ventage, ord £ yeus Ore dale conler NOS appbosbions.

! Conenmctvmnes an ey
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Diesel Particulate Filter (DPFYDlesel Oxldation Catalyst (DOC) Control System

TABLE B2.2-15a
COST EFFECTIVENESS CALCULATIONS
Criterla Alr Pollutants

DieselFired 2.25 MW Emergency Generator
Operating Hours 66 hoursiyear

Tast ltem

T Facker T Toat

oam
[Furhased Equipment Costs

[Ernmary Equament

A

B=0065"A

[Furchased Equipmenn Cost (PEC)

INCIUGed in A
FE + 0

IncInEe

Includes

RN
Piging TS
Tnsuiation for Duciwork [T
Fariing TN
[Cirect Installabon Cost InclLcs;
[Tetl Diract Costs OC] 1
ndirect Cosi
(EEIEE
[Engineenng FICILGED In A —
(Construction £ Field Expensas nclused in A
rAcios Fees ncluGed in A
fart-Up ncluBEd in A
Contirgencies 003" PEC 3677
[Taml Indirect Costs (IC) [ BETT
[TOTAL CAPITAL INVESTMENT = DC + IC I 126,243
[Brrect Arral €
Dperator | N Egligitile [
Suparaisor I Heqligible I
[Total Dperating Labar I
Warienance
Labor | |
Matenals 1 — I e
Trctal hesintenar 1 0005 * TE | &al
Uiities
| R T Hegligible
Ter 1
Feapert 1 — =
[Total ilities
Catalyst Cost I
Jcatatyst Reglac emert | Catatyst b1e » DOC Senace Life —
|Total Catabyst Cost 1
I I
1 |
|
[ToT Direct Annual C osts (DAC) | 2]

T o . T, T,
ovemead® n & minit
[2omirestrative €namges” on2eTc)

Capital Rec overy Factar’

Capital Hes ovel

CRE™TCI

[Toml Indirect Annuai Costs [IAC)

[TOTAL ANNUAL COST = DAC +IAC 11,616
Linc pntrolied NOw, CO, VDT, and PM emissions 114
o, £O.VOE, and PM E Conlrals 0 8E
fonsiT 02’;
Cost per Ton Controlled Siton 44,923

" Coptel vest provded by B v "

ey, Voritnge, aid Cymu

e L

4 Estmated usng squaions fom E7 &' A Polltion Control Cast E stmation Spresdsheet for Selective Catahbic Redudion (SCR ) found

Epasar Poas
¥ A Al P Bt C oot €8t Miinl, Skctin, 1, Cragh

Morual, Secton 1

¥ The capsl recovery ictoe was osulsied assuming B 25.year qupment e and & 4% intered 1
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TABLE B2.2-15a
COST EFFECTIVENESS CALCULATIONS
Toxle Alr Pollutants
Diesel Particulate Filter (DPFYDlesel Oxldation Catalyst (DOC) Control System
DieselFired 2.25 MW Emergency Generator
Operating Hours 66 hoursiyear

Emission
TAP Avg Emission Reduction | Cost-Effectivensss
Period ' Toxic Air Pollutant Factor * (Ib/MMETU) itpy) . Ity (tan)
L roitin 7.E9E-U6 A9EE-06 0.70 3 4BE-06
satour  [LOMENE ] g0 B.052,704
Hienes 1.59E-04 0.70 :
Propyiene 2 19E-03 070
Beniene 7 TEE-0% 070 3
Formaderryde 7B3E-05 070 3 45E-05
Acetadetyie 2 52E-05 070 1 11E-05,
Naphenalene 1.50E-04, 0.70 5 75E-05
Benz{ajanthracens £ 22E-07 0.70 2 75E-07
annuy  [Chosene 1.59E-06 0.70 6 T6E-07 saa.001
B 1. 11E-06 0T a9e.n7
BEng(KNuarantne eng 7 18E-07 L) 9 =08
Benza#|prymens 2 57E-07 070 114807
Inganoii 2, 3-ca)pyTene 4.14E-07 0.70 1 83E.07
Cienzia hjarinvac ene 548E-07 070 1 55E.07
OF M - 0os 213807
TREIL Inormation ¥om WAL 173850
», aned DR M emieulafions, as 83K02 Other TAPs Wom AP-42 Chapter 3.4 (Lame Stasionary Diesel Engnes)

e 1 rcant oty Viage, el Cynust e it coter NOC agplcations

rusnl ctedved et
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TAELE B1.2-16a
COST EFFECTIVENESS CALCULAT
Criteria Air Pollutants
Diesel Particulate Filter [DPF) Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 55 hoursiyear

Cost ltem | Factar | Cost
rect Costs
Furchased Equipment Costs
Primary Egupment’ 33344
Tax® 167

Ct Installation Costs

Foundations & Suppors

Handing & Erection

g
[Insulation for Duchwark

[Painbing

[Direct Instalation Cost

Total Direct Costs (O

[Indireet Costs.

nstallanon

Ergneenng

[Corsiruction & Fueld Exp

[Contractor Fees

[ Start-L Inc -

ingencies’ 0 1,065

Total Indirect Costs (I} | 1,065
[TOTAL CAPITAL INVESTMENT =DC +IC | 36,577

|Direct Annual Costs

Tierabg Labor

1 Heghaible |
1 Heghnible I
[Total Gperating Labar |
Maintenance
E:mo.' T T
[Materiats | |
[Total Maintenance™ | 0,005 * TC1 I 183
Utilities.
[Elecanc 1 MNagh
[Vvial | e
[Fezgent 1
Catalyst Cog |
TCatalys Replacement | I N
Miscellangous J
Ferformance Tests T T
[Fecord Keeping & Reporin 1 |
ot |
Tatal Direct Annual Costs [DAC) | 163
I|I'|§ netEnnual §°|‘I
- G0% of operatng, supenasor,
Overhead Ananance Lt . mmatarias 110
administrative CF a0z TCl 731
CRF 0 0640
CRF*TCI 2341
3,183
[TOTAL ANNUAL COST = DAC + IAC 3,366
d NOke GO, VO, and PM emis 011
MO, CO,VOC, and PM E with DI 010
Percent reduction from uncontrolied 16%
Total ermi: s reduction 0oz
Cost per Ton Controlled 186,482

" Captia cost provided by the ergine vendor (Brant Srindy of Westem States Equipment Co)

T astinglon sakes b

¥ Minivum cost Trom most recent S sy, Vantage, 0 Cyrus O coSUTRCeniss andl s

rrteed g e KNS from EFAYS Air Poluson Control
5 0fiscrs osmanual

Estimation Epreadits

ot for Sewctive Catalbe Reducton (SCR ) found al
13 x

Tha eapdal tenvary Telor was ek Listad ASURING 5 25-yR3r acuipenant e 3nd & 4% ntarest rte
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TAELE B1.2-16a
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Diesel Particulate Filter [DPF) Control System
Diesel-Fired 400 kW Emergency Ganerator
Operating Hours 55 hoursiyear

Emission
TAP Avg Emission Reduction | Cost-Effectiveness
Period ' Toxic Air Pollutant Factor * (IbIMMBTL) Uncontrolled Emissions (tpy) | Control Factor * * (§hon)
Acroien S 070
2a.Hour 2IEN — 12708185
0.70
070
070
Acetaldehyde 0.70
aliri 1 50E-05 070
Benzajanthracene 7.19E-08 7
[Chrysene 1ITED0T 70 R
I fluoranthcene T 26507 7 HIELR
1.52E-08 7
3 5TE-07 7 O7E-08 070
4. 14E-07 4.T8E-08 0.70
Divenz(ahjanthra 3 ABE-07 A ODE-08 070
CFM - 2.75E-03 0.90

ABIL nformation fom VAAC 173860
#1502, NOQ, CO, and DPM basad on critarias polulant emizsion cak ulsons, BEsuming D0% of MOw &8 NO2. Cihar TAPS from AP-42 Chaptar 3.4 (Laeps Ststonary Diesal Engined)
? Conol faetars ussd n racant Sabiy, Vantage, 5nd CyNus Ona data santsr NOC spple stons
¥ Coptaffacwanass bsed on o8l U3l contiol cost e arEssion rOUCHon by TAF Sveraging pericd grous
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TABLE B2.217a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Farticulate Filter (DFF] Control System
Diesel-Fired 750 KW Emergency Generator
DOperating Hours 86 hourslyear

DSt Tem T Factor T o]
’olm: Gosts
Furchased E quipmern Costs
[Primary Equipmeant’
S ates Ta
[Snipoing
JFurchiased E guipment Cost{PEC]
[Cirect Instaliaton Costs
Foundations & Supg Included n A
Handing £ Erection Included in A
Electrical Included n A —
‘lping INEIDEE i A
nsulAton 107 DUCTWorK INCINges m A
Incluged n A
|Ciract instalistion Cost Ingiugdes in A
[Total Diract Costs [DC) |
1ln¢ rect Costs
[(nstanznon
INCINges o A p—
[ Included in A
Conbngenties” D03 "PEC 1517
[Total Indirect G osts (1G] | 1517
[TOTAL CAPITAL INVESTMENT = DC +IC I 52,084
[ETrect Annual Costs
[Operabing Labar
[ perator T Hegir T
upErASar 1 Ml inlE | p—
TTatal O prativeg Labor I
[Manterance
[Labar I I
Matenais 1 1
[Tatal Maimenance™ 1 1
(]
Flecticly T
F T T —
[Feagent |
JTotar Utites —
Catalyst C
- —JCatays! Replacement I
[Tatal Catakyst Cast |
[FcEanecs
| 5 I I
|Eecorn Keeping & Repoaing
TTatal rscelancous Costs 1
[Total Direct Annual Costs (DAG) 1 60
. T, oGP, AR
Cvemesd® e et 6 st 15
dministrative Charges” n07°TC! 1042
|C apial Recavery Factor CRF 00640
- apral Recavery CRF*TC 3334
[Total Indirect A nnual Costs (IAC) 4532
[TOTAL ANNUAL COST = DAC +IAC 4,792
-, and PM emissons ey 043
s with OPF T [P
[Fercent recuction from uncontroiled T
Total Emissiony red oy 0000
Costper Ton Controlled $iton 154 889
" Captial cod proviid by lhe enging versdur {Drind Deicady of Wssterr: Stabes Dquismnent Co)
? i arshington saies fac
? Minieruen eest from o recent Sakey, Vankags, snd Cyns Ong eost-efacliveness snalriss
4 Estimatest s Goudbons st Tor Sekectivg Catayte Reuttion (SCR ) found o
bt 30 o

“EPA's AR Polution Contro
" EFA's AR Polution Control Cost Manu,

tion 1, Ghaper 2 {Cos
T The capial recovery factor was Caculaed assuming a 25y ear eaupmond e and a 4% imerest mie
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TABLE B2.217a
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Diesel Farticulate Filter (DFF] Control System
Diesel-Fired 750 KW Emergency Generator
DOperating Hours 86 hourslyear

Emission
TAP Avg Emission Reduction |Cest-Effectveness |
Pariod ' | Toxic Air Pollutant Factor? {IMMBTU) Uncantrolled Emissions itpy) | Control Factor ® fton)
[=esaiein THEe 6 TelEdE 010
S How Toluene 2 B1E-04 5.65E-05 0.70
K ytenes 1.93E-04 3.91E-05 0.70
Propdens 2.79€-03 5 65E-04 0.70
Berzens 7 TEE04 1 S7E-04 0.70
Fomaisenyae 7 BEE 08 1 GIE0S 0.70
= cotalerme 257808 5 10E-06 0.70
M aphthalene 1.30E-04 263D 0.1
Berz(ajanthracens 6 07 1.26E07 0.1
Ao Chryseng 15506 3.0E07 0.1 1
B en(BFluoranticens 1 1ED6 0.0
Berz(kifluoranthoene: 2 1EEO7 0.70
Benzofamrent 2 57E-07 0.7d
Ingerail,2,3-cdjpyrene 4 14807 0.7a
Dibera{a njankhracene J4EE-07 0.70
|IJFM - 090 3 64E-03

AL informaion [eoe WAL 173480

3 02, MO2, 0, and DPM based on eriteria politant amission calculations, assuring S0 of MO a5 HOZ. Other TAPS from A 42 Ghapter 3 & (Lame Etationary Diesl Engnes
? Controd Faetons usisd i recent Saboy, Vantige, are Cyrus One dald contir MOC appicalins.

* o efliivirerss birsend on ol annusl conlrol COSE AN ennission reuClion by TAP ivarging geriod grous.
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TABLE B2.2-1Ba
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diezel Particulate Filter (DPF) Control System
Diesel-Fired 1.26 MW Caterpillar Emergency Generator
Operating Hours 55 hoursfyear

I Facter |

Ost ltem
[Direct Costs

chased Equipment Casts

Pimary Eguiment

-
B=00ES"A

Tt in A

PEC =A+B

uded in A
Tl 1N 2
juded in s
uded in A
Jires Liafice for Ducowans uded In
Eainting e in A
Joirest Cost uded in & —
[Tetal Direct € ests (OC) 1 E8.160
[Indirect Costs
nstakation
juded in A
Ui In & -
juded in b
2,045
[Total indirect Costs (IC) I 2,045
TOTAL CAPITAL INVESTMENT =DC +IC | 70,205
[Gireet Annal €
[Cperatnn Labor
Dperator 1 Negigibie | ==
Suparasor 1 1
JTotan Ciperating Labor 1 -
[Maintenance
Cator T = T =
[ateran I I
[Tctal Maintenance 1 1 E
Jtites
EleCicity I —
water |
i gt | —— —
[Total Uiliies
|
I =
I —
= | |
|Fecord Keeping & Feporing | |
[rona miscenanenus Costs |

[Total Direct Annual Costs (DAC)

I 351

[Irdirast Annual ¢ ests

Cverhead®

Bir Of operding, spenascr,
e N [aEa & malenas

[Lommistratroe

0027 e

[ apinal Recavery 7 I
o 3pRa) HELOvery ]

[Total Indirect & nnual Costs IAC)

TOTAL ANNUAL COST = DAC +IAC 8,460
Lncontrolled NCx, CO, VOC, and PM emissions tonshr 072

M Ow, T, VDC, 3nd PM Emissions with DPF tongAT 070
[Fercert regucion from uncansollid A%

Total emissions reduction fonshyT 0.03
CostperTon Controlled sﬂﬂ 227 659

" Captial 058 provided by the engine vindor (Beant Briody of Wiestom Stales Equipment Coy
Wastington s li
M ¢4t Mrom ot rocent Sady, Vantags, nd Gy Ong £ ost SRt entas inalk 5o

 Estimeted ting aquaions from EPA's A Palution Contral Cue Fatmation Sprasdshadt for Gelsctive Catase Reuion
# 29 e =

FEpE I
*EPA's Ar Polusion Corteol Cost Marusl, Seetion 1, Chagter 7 (Cost Fetimas

¥ Tive captl revoviy actor was cakulatid aisining @ Tyesr equnment I and 3 4% nlenest rle
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TABLE B2.2-1Ba
COST EFFECTIVENESS CALCULATIONS
Toxic Air Follutants
Diezel Particulate Filter (DPF) Control System
Diesel-Fired 1.26 MW C E
Cperating Hours 55 hoursdyear

TAP Avg Emission Cost-Effectiveness *
Period ' Toxic AirPoliutant | Emission Facter” (IWMMEBTU) | Uncentreiled Emissions (tpy) | Control Facter * | Redustion (tpy) 5en)
Acrokein 7 BAE-L 7 1 RIE
Toluene 2BIE-04 7 6 50E
24-Hour 0,540,530
" [epenes 1.83E-04 7 4 46E
= ropylens 2.79E 7
Senaent 0.71
Formaldehyde 0.7
2 cetaderiyes 2.50E-08 0.7
P aphihalene 1.50E-04 7
Senz{ajanthracene 5. 22E-L 7
Cheysene 153 7
Annul 2,596,084
enzibfluaranthcene 1.11E 7 STEOT ¥
enz{k)iuoranthcens 18E HE 7 4E
enzo(apyrens SIE BA3E 7 E 0
ndeno(1.2.3-cdjgymens 14E 1,37 7 S57E
Dinenzia,hiannracene 45E 1,14E-07 7 00E
DPM 2.22E-03 3 2.00E
ARSI IrfoarRblon Proen WAL 173 850

2507, NOL. €0, 3 DPM Easad on (e polltant amission C8:utaions, Asurming B0% of NOx &5 ND2. Othar TAPS from AP-43 Chapter 3 4 (Lage Ssiiorary Dissal Engnes
* Control taclons v in recent Sabey, Vintuge, and Cyrus One dala cenler NOC spbcations.
* ot eflitvisninss birsisd o Total annusl coneol GOSN rission 1IClion by TAR ivargng pod groue.
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TABLE B2.2-19a
COST EFFECTIVEMESS CALCULATIONS
Criteria Air Pollutants
Diesel Particulate Filter (DPF) Control System
Diesel Fired 1.26 MW Generac Emergency Generator

Operating Hours 55 hoursfyear

€ it Iltam 1 Facter T Cast
h TectC otte
[Furchas ed Equipmers Coses
iPrur.n'y E guiper A
[Sales Tax® B=0065"A
Im TAE e I A
Furchazed Equipment Cost (PEC) FEC=A+B
[Direct Instanabon Costs
[Founoanons & Suppoes AChI02d In A
Aanding & Ei nchuded in A
Electncal mchIoEd In A
Fiping RChIGed in A&
niulation far O ark nchded in A
Fainting AcRIGed in A
JDirect instailation Cost Inciioed in &
Total Direct Gosts (0G) 63316
[Farecicosts
installation
neering Tnchiged in A
& InCise in A =
chor Fees Inchuded in A
ATt up TAC e 1 A e
| Contingant 003 PEC 2,078
[Total inarect Costs 5] 1 2,079
[TOTAL CAFITAL INVESTMENT = DC + IC I 71,396

|CirectAnnual Gosts

rating Labar
I

I I
1 1
Totan Cperating Labar 1 —
[Mainterance
[E5er ! !
[materars | 1
[Total Maintenance™ 1 0,005 * TCI 1 357
(Oiites
[Etectnciey T N —
[Waler 1
[Feagent 1 —_— ==
ot Utilities
[Catahyst Coat I
|Catanyst Replacement 1
Trotal Catabyil Cost 1 — p—
[Miscelaneous
TFemommance Tests T T
HEEQIND & REpoting 1 1
ANEDLE L T =
[Total Droct Annual Costs (DAC] T 3857
Casts
T Of e aling, BIEerie,
Cverhead® irbonan: 8 |iber & riliriols 214
Aratre Charges” 002 TEl 1428
[Capital Recovery Facte? C 00640
Capital Recovery CRE - 101 4570
oeal Indirect Annual Costs IAC) 6212
[TOTAL ANMUAL COST =DAC +IAC 6,669
[Unicorrated b tarishyr [
e, GO WOE tonsiT
tonshT 008
[Cost per Ton Controlled $iton 76.334

i ashinglon Saes L
? Manimum o from mae recent Sahey, Vantagn, and

et proveisd by M enpires vendor (Bl Briosy of Viestinn S1aties Equpmies Co)

45 (ne cost-offactivenass analyses

A Pulkgion Control ¢
iy DS

Eprnadshent for Sninctive Cataiviic Fnduct

* IPA'S Al Pollution Corlrol Cosl Manusl, Sec
© ERAs A Puution Conlrol ol M, Sect
" T captad nicovery aclie wrs Caltuited g

11, Chapter 2 (Cosl Debimation), Section
Creptin 2 (Cost Extimation), Sitin 1648
g & -y eouiprind I and 3 4% intieet rate

_june- 200 el xtgmi
T
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TABLE B2.2-19a
COST EFFECTIVEMESS CALCULATIONS
Taxic Air Pellutants
Diesel Particulate Filter (DPF) Control System
Diesel Fired 1.26 MW Generac Emergency Generator
Operating Hours 55 hoursfyear

TAP Avg Emission | CostEffactivenass *
Period ' | Toxic Alr Pollutant | Emission Factor (Ib/MMBTU) | Uncontrolled Emissions {tpy) | Centrol Facter * | Reduction ipy) i#1an)
A ol ein 7 BOE-06 3 39E-06 70 JAE-06
e 2 B1E-04 1 21E-04 70 ATE-05
ReHour 1 93E-04 831E-05 70 B2E-05 GEnE0E
2.79 1 20603 70 A1E-04
J4E-04 7 2.34E-04
Form aldehyde ADE: 7 2.38E-05
|Acetalderyde 9E. 7 7 60E-06
Naphthalens SOE: 7 S92E-05 |
IB?n’.'I!]S'\D’Hm‘E'!e BBE: 7 1 89E-07
Anngal - |SNOERE foanln Tt - 596,072
4 7RE-07 70 k.
933E-04 70
1 11E07 70
1.7HE-07 0.70
1 49607 0.70 [ a
1 19602 090 1 07E-02
-

L rfrmetion from WAC 173460

SO0 MOZ, 00, and DFM b on eriiria POl eisson ¢aeculsons, sesoring S0% of NOw i MO, Other TAPS from AP.£1 Crpti 3.4 (Lirgs B1a60niry Chsstd Engis
? Cortrol fictors used inrecent Sadey, Varkage, and Cyrus One dala center HOC sppbcatione.

* Costeffect b o lokal dl control cost TAP
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TABLE B2.2-20a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Particulate Filter (DPF) Contral System
Diesel Fired 226 MW Emergency Generator
Operating Hours 55 hoursfyear

Cost ltem I Fastor I [

FRct C st

Purchased Equipment Costs

Primary Fguipment’ A

Sales Tax™ B=0065"A
[Shipping ICIBeE N A

[Furchased Equipment Cos: | FEC=A+H ELNEE]
Cirect instalation Gosts
Foundations £ SUJEEHS Incluged in A
1 Inclhuded in A
: INEBED In A
INCIueed in A
IN5Ukatan for Ductwark INCIuGed in A
Fainting Incluged in A
JDirect instaniabon Cost Inclused in A
Total Direct Gosts (OC) | ETGEE]
i3
Engrearing TNEIoed in A
[Construction & Fueld Ex i Inciuged in A
Incluged in A
I e in A
0.03 *PEC
Total Indirest Costs (1] I 757
[TOTAL CAPITAL INVESTMENT =DC +IC | 100935

F@ct i nnual Gosts

[Operating Lanor

[Cperator | 1 et
[Eupsrsor I I
T —
[Maintenance
|Lnbo' 1 E== 1 =
Matarials 1 1
1 0005 " TCI 1 505
iiities.
ETeCineity T e
REagert 1
[Total Uilities.
[Catabyst Cost |
[Catahyst Replacemert 1
[Total Catabyst Cost 1 — p—
M st ellantous
]  —
1 = ! =
1
1 BOS
TIPS, of Cpevslig, UparE,
Crverhead® roinbonand @ |abor & nhaborals 303
Jraminkstrative Uh\'—gt‘bu 002*TCl 2020
Capnsl Recovery Factar CRF 00640
Capia Recove CRF - TCI B A65
Tatal Indirest Annual Costs (IAC) 8788
[TOTAL ANNUAL COST =DAC + IAC 9,293
Uncordrolled Nox NWOC and PM emissi tarshT
rice: €0 WOC, and PM Emissians with DPF tonshT
Percent reduction from un
Total emissions reduction tonshT
(Cost per Ton Controlled Siton 35,871

" Captia eoet guivioed by e erging vende |
T nahingion ealen 1

* Minium coet from most recent Sabry, Vantage, and Cyrus One cont efectvnness analyses

* Estimatrd using aquations from EPA's A Pollution Control Gost Esimation Spenadshent for Seiective Catabic Fnduction (SGR ) found at
RIS Dhwvon. e (0w SAerSinr U | T e 00 1 S O s re s i Ui esactifset_june- 200 Sl s

*EPA's Al Priltion Controd Gost Manual, Section 1, Chapter 7 (Soe Esmation), Section 2657

¥ EPA'S Ar Polltion Control Codt Marua, Sectaon 1, Chaglir 2 (Cos rraton, Secton 1858

© The captal revaery Factor wis calc i irsuming 2 25 yuar equiprmant i and o 4% infirest rile

ot Briy of Wiestirn Statiss Equprmint Co)
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TABLE B2.2-20a
COSTEFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Diesel Particulate Filter (DPF) Contral System
Diesel Fired 2.26 MW Emergency Generator
Operating Hours 58 hoursfyear

TAF Avy CostEffuctivensss
Pared * | Toxic Air Poliutart | Emissien Factor” (IBAAMBETLU) ens ftpy) | Contrel Facter {&ten)
A ol ein 7 BAE-06 0.7
e 2 BIE-0d 07
Ay [yl eries 1 9B 0.7 6,426,163
[Fropyten 2 T9E-03 0.70
[Eenzene 7.75E-04 0.70
Form aidefryde 7 BIE-05 0.70
Acetaldetryse 2 52E-05 0.70
Naphthalene 1 30E-04 0.70
Benz{ajanthracens £ 226-07 0.70
Cheys 1 53E-06 070 .
Annual ; — TET — 417,147
Beraiknuoranancene 2.18E-07 0.70
[Berzogayn 257607 0.70
Incenog1 2, 3-capgryren 4.1aE-07 0.70
[Dmenzga,njan 3 ABE-07 2 1EEOT 0.70
P = 2 azE02 0050

WAL 115850

¥ GontronFactors useadin recen Sabey, Vantage, and Cynus e dats centis NOG appc stons

ol col

by TAP

Fam

C-40
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TABLE B2.2-21a
COST EFFECTIVENESS CALCULATIONS
Criteria Alr Pollutants
Diesel Oxidation Catalyst (DOC) Control System
DigselFired 400 kYW Emergency Generator
Operating Hours 55 hoursfyear

Cost iem I Factor T [T
L B
TrectCosts
Furchazed

Equipment Costs
[Frimary Equpment” Fy B336
Sales Tax E=0085°A 542
Shipping Incluged in A ——
[Furchased Equpment Cost (PEC) FEC - A+8 BEIE
[Cirect instanation Coats
Foundatons & Suppars TNCIioEs i A
Hangling & £ rectan nA —
A o
nA =
nA —
A
[Direct Inztaliation Coe A
[Tetal Direct Costs (DC) T BETE
Indirect € osts
Tanon
TnElaed £ A
InCluged in A =
Inclugen in A
TNCILoEE i A ==
0.03*PEC 265
[Total Indirect Costs ’IC T 286
[TOTAL CAPITAL IN VE_STM ENT=DC +IC | 9,144
[Birect Annual Costs
[Operating Latio:
[Gperator | Hegbie: I
3 | Negigitie 1
T0tal Uperabing Lanor 1 =
Mairtenance
Labar I — 1 =
IEEED | 1
Trotal Mairnenance™ | 0.00% " TCI 1 a6
Utimes
[Elecinicity Il NEGIGItiE ——
[ ater |
[ 1 e ==
[Total L
Catatyst Cost
[Catshet Replacement | Catahstine = oG oo
Trotar Catanyst © | — =
Mizcellaneous
T 1 T T =
TeeCord KEEping & REpoming I T e
Tctal Miszelianecas 1
[Total Direct Annual Costs Eﬁ('. T 46
" TFoR of trnating, supervieor, marbanance)
Crvernead® Labor & materials 27
|aoministrative Charges” 002~ Ta 163
Captal Recovery Factar 0 0540
[Capeal Recovery SES
[T otal Indirect Annual Costs JAC) THE
[TOTAL ANNUAL COST =DAC + IAC 841
3 WOC_ 30 P emissi [T
/OC, and PM Emissions with DOC 0.10
enil rEOUENGN from Lncontralied 1%
Tatal emissions reduction tons At 0.02
Cost per Ton Controlled §iten 51,827

" C:aptil £ peovioed by the enging windw {Erant Bndy of Westem Sates Equement Co)

W anstington sades b

2 Mirirvun cost from ot recent Saay, Vantage, and Cym
# Fstimated using aquations from EPA'S Alr Pllfion Control Cost

1 [0t ATRCNBNBSS ANakEES
& for Belectve Catatic R ) found &

LD I s 8T P LTS 1) 15 0 e st st _junes 201 v xdsn

® FFA's AF Priltion Contral
© EPW'S A Polktion Cortrol

Manual, Section 1, Chagier 3 {Cost Fstmationd, Saction 26
o Wanugl, Section 1, Chagter 2 {Cost Estmabon, Section 2655

FThe capial recovery Tattor was Calued assuming 3 25-vear Sauoment e and a 8% inenst rale
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TABLE B2.221a

COST EFFECTIVENESS CALCULATIONS

Toxie Alr Pellutants

Diesel Oxidation Catalyst (DOC) Control System
DieselFired 400 KWW Emergency Generator
Operating Hours 55 hoursfyear

Emissien
TAP Avg Reduction | Cost-Effectiveness *
Period" | Toxic Alr Pollutant | Emission Factor* (Ib/MMBTU) | Uncontrolled Emissions (py) | Gontrol Factor * [Py} iitom
[Aerolein 7 89E-06 9.11E0T 0.70 6.30E-07
Taluerie 2B81E-04 3.25€-02 0 227605 -
el vy 3302 2 23602 70 SE-05 FLESE
rogiene ﬂ-us Jﬁ J 7 P ﬁm
Benzens 76E- 04 8.97E 7 28E-05
Farmaldetyoe 7 89E-05 917606 0.70 6.39E.06
[Acetalneryde 2 52E.05 291E.06 0.70 2.04E-06
Naphinalene 1 30E-04 1.50E-05 0.70 1.05E-05
Denz(ajartrracens 6.22E-07 719608 0.70 5.03E-08
1.59E-06 1.77E07 0.70 1.24E-07 —
Anaual 1 11E-06, 1 2607 70 B.98E-0B R
2 1BE-07 2 526-00 0 1 76E-0
2 5TE-07 2 97E-08 0
¢ A 14E-07 4 796-00 0
|tz mparenracene 3A6E-07 4 00E-08 170
| B - -05 0.25

AEIL fOrTRon FOm VWA 17 4t

* Gt i Svirsesss Exrand 01106 rrnsal £ ol 0751 ] ision it o by TAR awraging piniod group

C-42
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DOE/RL-2020-33
Rev.0



DOE/RL-2020-33
Rev.0

TABLEB22-22a
COST EFFECTIVEMESS CALCULATIONS
Criterla Alr Pollutants
Diesel Oxidation Catalyst (DOC) Control System
DigselFired 760 kYW Emergency Generator
Operating Hours 55 hourslyear

Cost Item [ Factor | Cost
irect Costs
[FUmnased Equipment Costs.

iimary E quipmens” A
Sales Tax™ BEDOS5* A
[Shipging InEIuded in 2
[Furcnacen Equipment Cost (PEC) PEC tA+E
Cirect inatallalion Costs
[Founostions & Suppons Tneluded in A
Aanding & Erechon nCIudEd In &
LEncal ncluded in A
ApinG T i A
nsulation for Ductwork ncluded in A
Faineing ncluded in &
[Cirect Instalation Cost Included in A
[Tomal Direct Costs oC] T

indirect Costs
[instalianion

Ering u
SrUCHOn & F 1E1d EXpEnsEs Tl uded I = —
Contractor Fees Included in &
Fat-Up Included in A ——
[Conbngancies’ 009 PEC 379
otal Indirect Costs 1€ | 378
TOTAL CAPITAL INVESTMENT=DC +IC | 13,021

I!uect Annual Coste

erabng Labar

[Ceerat [ REalgele |
[Supervisar | REglgEle 1
[Tatal Opérating Labor 1
[Maintenance
[Lanor | — | =
EEEES | 1
ance’ | 0,005 TEI 1 [
[ines
I NEglgnle =
I = =
| Tatal Liblibes
iyt Co
[Catatyst Replacement | Satalyst life > DOC Serdce Life
Tratal Cananst | —— =
! !
[Record Keeping & Reporting | 1
[Tatal Miscelaneaus Costs |

otal Direct Annual Costs {BACH | &5
Ennunt Annual Cotle

E T T

crverhead® laox & bl 35

[dministrative Charmges™ 260

[Capital Recovery Facor 00540

= TRy [=E]
otal Indirect Annual G osts (IAC) {REE]

TOTAL AMNUAL COST = DAC +IAC 1,138

Uncantrolied NOx, CO. WOIC, and P emnis sions 10NEAT 04

MO _CO, WO, and PM Emizsions with DOC tans AT 041

[ e el reduc lion from uncontroles

Tatal emis sions reduclion lanshr

Cost per Ton Controlled $iton 42,313

¥ Captial oot Droviaed by Th enge {Bear By of g )

W ashinglon s L

Mk st Trom st recent ey, Vaniage, and CYTus One Coskeftactiveness analyses
* Estivotad sing aquations from EFA's Alr Folljtion Control Cost Estimaion Sprasdshast i
R M Sespro. " 0

® EFA's Air Poluson Conteol Cost Manual, Ssction 1, Chiapte 7
* ERAS M Polson Conbol Cost Manual, S6ction 1, Chagtir 208t Estivation), Section 2658

" The €0t rocovery 1actar wass CauIalEd B3N 8 25 edr oaupEnent Mo ind 4% terest rite

Selactive Catabylic Reduction (3CR ) found 2

C-43



TABLEB22-22a

COST EFFECTIVENESS CALCULATIONS

Toxle Alr Pollutants

Diesel Oxidation Catalyst (DOC) Control System
DigselFired 760 KYW Emergency Generator

Operating Hours 55 hoursfyear

TAP Avy Emission  |CostEffectiveness '
Penod ' Texic Air Pollutart Emission Factor * (IbMMETU) | Uncontrolied Emissions (o) | Gontrol Facter * | Reduction () i$on)
Az mlein 7.06E-05 1 GOE-06 0.70 1.12E-06
. Tolusne 201E-04 5.69E-05 7 99E-05 5 ,
AR s ] 3.81E-05 D7 T4E-05 Leengat
IF’GEcnn 03 5 E5E- M 0.7 SE-04
0 1.57E-04 7 -0
Formalgetyde 1 60E-05 0.70 1.12E-05
Acataldemyds 5.10E-06 0.70 3.57E-06
Maphihalens 2.63E-05 0.70 1 B4E-05
[Eerziajantracens 1.26E-07 0.70 B.82E-08
Chrysene 3.10E-07 0.70 2 A7E-07 ot
AUl oo o mapranticens 2.256-07 0.70 1.57E-07 i
Berz(kifuoranthcens 4 42E-08 070 3.09E-08
Berizoalinrene 5 20E-00 0.70 3.64E-08
2.3 cilinyrens 0.34E-08 070 5.07E-00
Cibereya manthracene T.01E-08 070
EE - 4 05E-03 025
L

AL Fioniabon from WA 1 72+ &5

FH02, MO, G0, it DEW birkind o0 £riers poutan ersion caubations, duiing S0% of NOX SENOL Other TARS

? Cortrel taclors usad In recent Sahey, Vantage, and Cyrus One data center NOC appications,
! Cost-effectivernss bised on foldl srwd conlrol cost and emission reduction by TAP avenaging pariod rove.
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TAELEB2.2-23a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Oxidation Catalyst {DOC) Contrel System
DieselFired 125 MW Caterpillar Emergency Generator
Dperating Hours 56 hoursiyear

Cost tam | Fagter 1 Cost
Irect L 051
Purchased Eguipmen 3
Primiaty Equipenent’ A 16,000
|zales Tax® B=0065* A 1,040
|Enipging Included in A
[Furchased Fguipment Cost (PEC) FEC-A+B 17 040
Crect instatanon Costs
CUNEENONS & Supec Inciuded in A —
Handing & Erechon Vel e In 2 —
ectncal Included in A
"Elnc Included in A —
n3ulabion for Ductwork Included in A
Fainting 16 in A —
[Cirect Instakation Cost ded in A
[Total Direct Costs (DC) | IR
Indiract C osts
Instal aton
[Engniring TRETLCIET 11 2 =
[Construchon & F e Expenses Inchuded in &
Contractor Fees Included in A
X Tncluded in A
- OnbrGerciEs” 003~ PEC S11
[Tatal Indiract Costs ill: || 511

[TOTAL CAPITAL INVESTMENT = DC +IC

|

| Reglignle |
| HEQIamie | —_
[Tatal Ciperating Labor 1
Mairdenance
[Cagor T T
Materials | - | —
[Tatal Maintenance” | 0005 TC1 1 &6
ULIRIE S
[Exectnicizy | Negligole
[Water [
[Feagent |
Tiota Ubites —
Catatyst Cost
[Catanst mepiacement | Catatyst life > DOC —
TTatal Catatyst Cost [ = —
[Miszelanzcas
[Performance Tests I == I =
[Pecord Kesping & Raporing | 1
[Tatal Miscelaneo. | =
[Total Diract Annual Costs [DAC) | =]
indlr ect & nnual Gosts
5% of opuralng, super ey, e
rvernead® bior & rratarisis 53
Aaministrative Charges” 0027701 351
Capeal Recovery Factar CRF 00840
Capkal Recovel CRF*TCI 1123
[Total indiroct Annual Costs QAT T 82T
[TOTAL ANNUAL COST =DAC + IAC 1616
contralled NOw, €O, YOC and PM eémissions BorsAT 0.72
L and PM Emissions with DOC tonsAr
Pescent reguction from uncantralied
Total emi schon Tans AT
Cost per Ton Controlled $iton 59,933
" Captial cost penvinad by the ergie vende (Brart Briody of Westem Sies EqUEFTen! ©0)
* wresnington s i
? Mirisnen cot from sl el Sabey, Vinlinge, and Cynas O couk ey enesss anshrses
for Sl Cafshlic Reduction (SCR ) fourd o

* Detinalend wsing egualions from DPA's A Pollulion Corlrol Cost I
itnes v g 1 o 2 o
" OPA's Al Polhation Control Cost W anusl, Seclion 1, Chagter 2 (0

Jun 31 St adsm
4 Catirnatiord, Seclion 2657

© EFA's AR Prilion Control Cost M anusl, Saction 1, Chager 7 (Cost Esamation, Saction 26 5 8
¥ The capial recovery factor was CacuEAd SSSUTInG 3 J5-yRar squioment e and 3 4% interest rate
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TAELEB2.2-23a
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Diesel Oxidation Catalyst (DOC) Control System
DieselFired 1.256 MW Caterpillar Ei ] v G t
Dperating Hours 56 hoursiyear

TAF Avg Emission  |Cost-Effectivensss '
Parisd ' Touie Air Pallutart Emission Fagtor (b MMBTU) Uncortrolied Emissions (fpy) | Comrel Factar* | Redustion tpy) $ran)
ACmolein 2 BOE-06 0.70 1.62E-06
- Toluene 9.28E-05 0.70 6.50E-05 .
D4 Hoer [oyienes . 37E-05 070 4 48E-05 Z=am
Propysens 9.21E-04 0.70 6 45E-04
[Eeraen BRE-U 070 T e
Form aldehyde 2 B1E-0% 0.70 1.62E-05
Acetaldemyde B.52E-06 0.70 £ BIE-06
i 4. 29E-0% 0.70 3.01E-09
Eerz(ajanthacene 2 05E-07 0.70 1.44E-07
Chrysene 5.05E-07 0.70 3.54E-07 =
ranthcer 3 E7E-07 0.70 TETE-OT AL
[Eerz(kfluoranthcene 2.16E-07 7.20E-08 0.70 5.0ME-08
[Eerzoja)pyrene 257E-07 B 49E-08 0.70 5.84E-08
Indeno(1,2,3-cd)pyrensa 414E.-07 1.37E-07 0.70 9.57E-08
Diberz{a n)anthracene JAEE-07 1.14E-07 0.70 8.00E-09
DPM 2.22E-03 0.25 55404
TEGIL FRtreEn RO WAL 173460

2 g3, MO, &0, and DPM Based on crienia polisant ermission cakculations, assuming R of Mo 35 NOG. Other TAP s from AP.43 Chagler 3 4 (Large Stationary Ciessl Frgines)
Cortn ey, Vanlinge, el Cynus Ore o € sk
* Gt officTviryesss Rerand O 105 sl ool €076t ] ernission rituction by TAR dveraging piviod group
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TABLE B2.2-24a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Oxidation Catalyst (DOC) Control System
Diesel-Fired 1.25 MWW Generac Emergency Generator
Operating Hours 55 hoursiyear

COSE [ten | Factor T Cost
|§ rect Costs
Purchased Equipment Costs
Prirmary Equip A
Sakes Ta E=0065"A
Shpping Trchaded in &
JFurchazed Equipment Cost (FEC) FEC=A+B
Diredt Installaton Costs
TFounosons & Supports MEIIded in A
Handling & Erection ncluded in &
Electrica ncluded in &
Piping ncluded in A
||nsulal on for Ductwark included in A
Pamting udedind ] e
JChrect kst al Included in A
atal Direct Gosts (DG I 17 3249
[Fediraet Costs
instaliaton
E'\;mee:\ng Included in A
pcton & Feld Exper luded in A
Ci tor Fees luded in A
Stan-Up Tuded in A
Contingeno 0.03 * FEC
[Total Indiract Costs (1) | 520
[TOTAL CAPITAL INVESTMENT = DC +IC I 17,849
[irect Annual Costs
[Operating Labor
TCperator T I
[Supervisor I I
al Cpirating | 1
|Maintenance
[Labor | |
[Matenals 1 1
1 0.005* TCI |
Lnlibe s
| Meahgile | ——
|
- = | —

[Tatal Dblties

[Catabyst Cost

[Catalyst Replacement

[Tatal Catalyst Cost

|Ficensneous
—— T RITT T T
|Rr-|||nl Reeping & REpomng 1 I
[Tatal Miscellaneous Costs 1

Total Diract Annual Costs (DAC)

ndirect Annual Cests

T o oper g, unnicer
Overtead® 54
drmnistratve Charges' 357
[Capital Recovery Factar” 00640
[Capial Ricoery 1143

Annual Costs AC)

1563

[TOTAL ANNUAL COST = DAC + IAC

nd PM erris tonshr
L and PM Ermssions with DT fonshyr
duction from uncontraled
T otal emissons reduction fonshr
Cost per Ton Controlled $iton 20,969

! Gaptial cost provided By Fat angine vend
i ashinglon saks tac

il Sakery, Varkage, ans

* Etinated using
il oo, . v S8 prosus
* e
e
TThe

Air Poibation

apkal recovery factorwas calculated assuming a 25

ol Cosl Wanud, Section 1, Chaples
i Peihation Corkol Cerst Manus, Secton 1. Chaples 2 (Cost Estenaton), Section 2658
rear pquipment e and a &% iterest st

i Birindy of Wostem States Equipenant Go )

Cyrus One cosbeffeclveness vl oes
EPA'sAr Pobition Conol Cor
ot 201 9084 st aniatsO R seL_june- 201 v

Dstrration Spreadsheet for Seleclve Caavlic Reduction (SCR ) found al

(08t Exbimation), Eection 2857
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TABLE B2.2-24a

COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants

Diesel Oxidation Catalyst (DOC) Control System

Diesel-Fired 1.25 MN G

gency
Operating Hours 55 hoursiyear

Emission
TAP Avg Pariod Reduction |Cost-Effectivensss
! Toxic Air Pollutant | Emissien Facter” (IbIMMETU} Control Facter * (tev) (Siton)
[ Acrobein 0.70 7 3BE-06
Toluine BATEDS
24-Hour % BIE05 1654702
B41E-04
2 ] T ME-04
Formaldetyde 2.38E-05
[Acetaldehyde BOE-0G
Naphthaleng S2E-05
Benz(ajanthracens BRE-07
Anmal  poinsens L S81207 500,359
Banz(bfluoranthcens 4.TRE-07 335607
Eenz(kjfluaranthcens 0.39E-08 =
111E-07 5E-08
pyTEnE 1.7HE-07 5E-07
Dibenzia,hlanthracene 1.49E-07 1LO4EOT
TPH TTOETI] 3
T SIL ITamaen o VARG 113 400 —
¥ 802, MOZ, G0, and DFM B350 0n €A1 polutan emisson ¢ S ullons, ssening 0% of NOR o5 NOZ. Olher TAES

il factoes used In facent Sabey, W aniage, and Cyrus One data cener NOC applcasons.
* Coe-affaethanass Batad on sl seeusl eonirel £os and amission reduclion by TAP sweRging period group
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TABLE B2.2-25a
COST EFFECTIVENESS CALCULATIONS
Criteria Air Follutants
Diesel Oxidation Catalyst (DOC) Control System
Diesel-Fired 2.26 MW Emergency Generator
Operating Hours 55 hoursfyear

Tost liem I Factar I Tost
L
Frimary Fqupment’ A 2,017
Sales Tac 1,435
Srippng ——
[Furchased Equipmers Cost (PEC) 24 513
1 Instalation Costs
Foundations £ Su pparts
A
nA
Inclused n A
IACIUGEE In A
Incluged in A
JCirect instaliation Cost Incluged in A
[Total Direct Costs (DG) |
[Rarect costs
ir I ation
Engingenngy Inclugedin A
= ruction £ FuEao Exp Inclused in A
Incluged in A
InclL A in A
Caringencies’ 0.03 " PEC 735
[Total Indirect Coses (IC) T T35
[TOTAL CAPITAL INVESTMENT =DC + IC 1 26,243

IEiI’.C(AMUN §°lﬂ
ing Labo:
[

0T Lanor

Maintenance

0005 " Tl

sl

Catalyst hie » OOC senaice Lre

MiscElanEous

[Tatal Direct Annual Costs (DAC)

[malrect Arnual Costs

T O (R A, TR,
Overmnead® Isbir & malerisls 76
scministrative Charges” 00z TEl 505
3ptsl Pecovery Factor CRr 00540
“Aptal Recover [ =] 1616
Tatal Indirest Annual Costs JAC) 2,187
[TOTAL ANNUAL COST =DAC + IAC 2,323
led NCw, CO,VOC, and PM emissions tonshr 114
0. VOC, and PM Emissions with 00OC LOnSHT 083
[Percent reduction from wicontrolied 1%
Total emissicns resuction [ 024
Cost per Ton Controlled $iton 9.649
¥ Captal 0t proc by The engin: virsar (Hrant Biody of ¥ estern Etaes Equprren Co)
* wanringlon sales e
¥ inimum cost from morst ot Eabey. Vantage, and Cymus (o cost efectioness anses
5 Al Priktion Cortre or Selective Catatic Reducion (307 ) found at

_juere 201
* P AR Poltion Contiol Cost Wanusal, Siclion 1, Chigter 2 {Cest Edtimatio), Siclion 2657
® DPA's Ar Polldion Control Cost Wanusl, Seclion 1, Chigter 2 {Cout Estimation), Seclion 26.50
T Thee ol recov iy fichor was caliulilid sssurming a 25-rear equipment Mo and & 4% inbevesd rafe
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TABLE B2.2-25a
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Diesel Oxidation Catalyst (DOC) Control System
Diesel-Fired 2.26 MW Emergency Generator
Operating Hours 55 hoursfyear

TAP Avg Emission | Cost-Effectiveness ¢
Period ' Toxle Al Pollutant | Emission Factor * {Ib/MMBTU) iy . 1Y) [5ton)
[ roiein 7 B8E-06 0.70 5 ABE-08
. Taluene TEIE-04 0.70 1.24E-04 .
RO tenes 1 83E-04 0.70 B53E05 1,805,341
Progylene Z.79E-09 0.70 1.29E-03
Henzent TIBE-U4 0.70 5 ASE
Farmalderyse 1 E9E-05 0.70 5 A9E-
[Acetalnerde 2 52E-05 0.70 1.11E05
Haphthalene 150E-04. 0.70 515E-05
Benziajanthracene 6.22E-07 0.70 ZI5E-0T
pnnga |COTYSENE 1.53E-06 9 6EE07 0.70 6.76E-0T e
Benzibjfluoranthcene 1.11E-08 7.01E-07 0.70 481E-07
Benz(kjNuarantncens TABE-07 136507 0.70 5 63E-08
BenzolalpytEne Z57E-07 = 0.70 1.12E-07
Ingena(1.2 3-co)pyrene 4 14E-07 261E-07 0.70 1.83E-07
Dibenz(a hanihracens 3ABE-07 216607 0.70 1.59E-07
(] FEEH] 025 GOGETD

R |-, B—
“BGIL FEOTRion Fomvis

¥ 502, HOT, 00, arad OPM bassed on creria polkbant errission cakoultions, sssuming 00% of MOx s HOE. Oltws TAPS EomAP-AZ Chapter 1.4 (Large Statiorary Dissel Dngines)
 Gontrod Factins wsaed in e o S, Vantane, ane Cyrus Ong data centin NOG apphcaons
T STwenaes barsed on ot TARP
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Appendix D

DOE/RL-2020-33
Rev.0

Cost Effectiveness Calcualtions for 100 Operating Hours/Year

TAELE B2.2-1b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Tier 4 (Final) Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 100 hoursfyear

Cost tem 1 Factor [ Cost
quipmerit " A
[Saes Tad B=0065"A
|Snepping Included in A
[Furchazed Equipment Cost {FEC, PEC=A+B 110,674
= in A
n o in A
nc inA |
ncluded in A
Included in A
tirig Inchuded in A
JOrect Instalation Cost Tnc inA
Total Direct Costs (DG} | 110,874
(2 58t8
|| En
dind ] e
nstru i Enpen=s Tin A
Contractor F in A
[Start-Uip in A
Conbngencies’ 0.03 " FEC
Tetal Indiract Costs (IC} I
TOTAL CAPITAI WVESTMENT =DC +IC | 114,304
Direst Annua: aél‘l
Opirating Labor
T T T
1 Heghaible ]
| Totsl Operating Labar |
Maintenance
Teabar T T
MaRerals | ]
[Total Maintenance: | 0005 * TC1 [
LUtihes
Elgdriciy |
[Water 1

[Reagent”

[Total Uninies

[Catalyst Cost

[Calalyst Feptace ment

[Total Catafyst Cost

Miscelaneous

I I
I ]
]
Total Direct Annual Costs [DAC) [ 553
|Indirest Annual coste
T
Crernead® matariss 343
-

& drninistrative Charges® 0.4 *Ann. Manl Cosg) 7
C apital Recovery Factor’ CRF 0.0640

C anital Hecover CRF " TC1
[Tetal Indiract Annual Costs (AC]

TOTAL ANNUAL COST =DAC + IAC

 VOC, and PM emissions

and PM Emissions with Tier4 Controls

Percent reduction from uncontrolled
Total errissions reduction

tonsiy

Cost per Ton Controlled

Siton

! Caplial cos geovided by the engine vendor (Drant Driedy of Weslen St
2 s ashingion 535 1

* i e froen L recent Sabey, Vantage, and Cynss One cos N IvemSs analess
riated NG $QUEENS ram EFASAK PoIIon Control Cost Eimaton Spreadsr
e, epa goviedes producton/fies 201 8- 08/ reostmanuabipre adsheel_june- 201 8vlxken
* EPA's Al Pl red st Manusi, Sastien 1, Chaptar 7 (Cost Gativatien), Secton 1657
ontrel Cost Manual, eclion 4, Chapter 2 (SCR)

Cquipment Ca.)

vory Rctorwas caleulited sdsuming & I5-y.

£11r Sekitioe Catatic Feducton (SR} sund at

it Ifa Bnd & 49 FERIRg! r3tR

D-1



TABELE B2.21b
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Tier 4 [Final} Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 100 hourshyear

DOE/RL-2020-33

Emission
TAP Avg Period ' Tozic Air Pollutant Factor* 1y L issions (tpy) | Control Factor * {tpy) ($iton)
[Acrolein 7 88E-06 0.70 | 16E-06
- Taluene 4 14E-D5 s
24-Hour lenes THAES 17,985,542
Propylens A T1E-04
Benzene 1 14E-04
Formakletyce 116E-05
[fucetaldehyde 2 5IE05 371E-06
1 30E-04 1 B1E-05
B.27E-07 9.15E-08
7 ] 7 PR
Annl Benzjbfiuoranthcene T1IE08 0T 1 B3E07 LETAT
Benziklfluoranthcens 2.18E-07 0.7l 321E.08
Eenzofalpyrene 3 5TE-07 070 3 7AE-08
4. 14E-07 6.09E-00
AABE-0T 5 D9E-08
- 4 46E-03

TAZI Informaton fram WAG 173450
2502, MO, €0, and DPH Basd on
? Conbrolfaetors UBd In FReant S564y, V anISg8, S Cyrus One 4583 cantar NOC applestions

* Costeflictiveness based on olal anniss conlrol 603 and emission reduttion by TAP sversgng peod group

D-2

erberta polltant amissice, e Aleubilicns, stsuming 90% of NOx &3 NOJ. OMher TAPS fram AP-42 Chapter 3.4 (Largs S1stonary Diessl Engnes)
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TABLE BL2-2b
COST EFFECTIVENESS CALCULATIONS
Criteria Alr Pollutants
Tier 4 [Final} Control System
Diesel-Fired 750 k¥ Emergency Gener ator
0

g Hours 100 3
Cost ltem | Factor 1 Cost
Direct Costs
ch: Equipment Costs
; ui A 148,376
Sal 0065 A 9644
Shipping Includedn A
JFurchased Equipment Cost [FEC) FEC=A+E 158,001
Direct Installabon Costs
Foundations & Suppons Includedm A |
Handling & Erection Includedm A
Electncal Includedm A |
Piping ncludedmn A
labion for Duchwork ncludedin A~ ] e
Painting ncluded m A
[Cirect Instalaion Cost ncludedin A ] e
[Total Direct Costs {DC) | 158021
Indirect Costs
installation
[Engingering Includedmn A |
Consiruction & Field Expenses Includedm A
Conlracter Faes Includedin A
Start-Up Includedm A
Contingencies’ 0.03* PEC 4,741
Total Indirect Costs (IC) 1 4,741
[TOTAL CAPITAL TNVES TMENT = DC + 1C | AL
[Direct Annual Costs
[Oparabing Labor
|Cperaton | Magigibia |
[Supsrvisor 1 Negigitle 1
JTotal Dperating Labor |
Mantenance
TLabor T T
Matenals | = 1
|Total Maimenance® | 0,005 Tl |
LIbitias
Electiciy Negigbie
fWater 0 e
Reagent’ |

[Total Litlites

C atalyst Cost

| Cenalyst Replacement

TTotal Catalyst Cost

|Catabyet fe » SCR Service Lifd

pist ellaneous

found at hps v epa.govssite
*EPA's Arr Po
S EPA's Air Poll
7 Tha capital recoy

ion Control Cost Manual

Contral Cost Manual, S n 4, Chapter 2 {5C

s/producbonMies 2019-06/screostmanualspreadsh.
tion 1, Chapter 2 {Cost Estimatiol

tactor was calculated assuming a 25-year equipmant i and a 4% ints

— =
d Keeping & Reporting 1 1
JTotal Miscellanecus Costs |
[Total Direct Annual Costs (DAC) 1 2614
Indirect Annual Costs
B0% of oparating. supéarvis
(Ovemaad® maintanancea labar & mab 488
002 * (Op Labor Cost +
Administrat ges’® 0.4° Ann_Maint_Cost)) 10
sital Recovery Factor’ CRE 0 0840
Capdal Recov ey CRE"TCT 10419
[Total Indirect Annual Costs {IAC) 10,917
JTOTAL ANNUAL COST = DAC + IAC 13,531
Lincontrolied MO VO, and PM amissions 079
ons wah Tier 4 Conrols (]
alled 0%
[ 0y
$iton 19,289
st recent Sabey, Vantage,
* Estimated using equations from EPA's Air Pollu (SCR )

. Section 2657

t rati

D-3
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TABLE BL2-2b
COST EFFECTIVENESS CALCULATIONS
Taoxic Air Pollutants
Tier 4 [Final} Control System
Diesel-Fired 750 k¥ Emergency Gener ator
0

DOE/RL-2020-33

g Hours 100 iy
TAF Avg Emission Uncontrolled Emissions Control Factor Cost-Effectiveness *
Perlod ' Toxlc Alr Pollutant Factor? (IiIMMBTU) (tpy) i Emisslon Reduction (tpy) (§ltan)
AcTolein BOE-L ; C 070 2.03E-06
Tolusne 00 L
24-Hour Syienes 5T 16,044,018
Propyleng 070 7 19E-04
z (L 2.00E- 04
070 20305
070 6 50E-06
Haphthalane 070 3.35E-05
Benz(a; 070 1.60E-07
Chryseng 1.53E-08 070 3. 94E.07 -
N - R TI1E0S 070 ZEREDT s
Benz(kjfiucranthcens 070 S62E-08
Jenzolajpyrens 070 6.62E.-08
JoyTen 070 TOTE07
Dibenz{a hjanthracend 070 5 02E-08
DEM 088 647E-02

! ASIL information from WAC 173480
d on criteria pollutant emission ¢

3502, NO
! Control fac

and DPM b
s used in re

ey, Vantage, an
* Cost-effectiveness basad on total annual ce

Cyrus Cne dat:

NOC applications

ol cost and emission reduction by TAP averaging perod group

assuming 90% of NOx as NO2 Other TAPS from AP-4Z Chapter 3 4 (Largs Stationary Digsel Enginas)

Rev.0



TABLE BZ.2-3b

COST EFFECTIVENESS CALCULATIONS

Diesel-Fired 1.25 MW Caterpillar Emergency Generator

Criteria Air Pollutants
Tier 4 [Final) Control System

Operating Hours 100 hoursiyear

Cost ftem | Factor | Cost
rect Cos
[Purchased Equipment Costs
P remary Equipment’ A
Sales Tax” B=0065"A 13,000
[Shipping nchuded n A
[Furchased Eguipmen: Cost (PEC] FEC-A+H 213 000
ns & Suppons nA
on in &
nAa
n A
[insulatian for Ductwark nA
[Fainting in A
JCirect Installation Cost in &
Total Direct Costs (D) I 213,000
indirect
in=taiiation
in &
Field Expenses n A
IE i Fies - I
|Ert-u: in A
antingencies” 37 PEC
Total Indiract Costs [IC] T
[TOTAL CAPITAL INVESTMENT = DC *IC I
[Cireet Annual Costs
[Cpierating Labor
'E..m\m T Neghgible T
[Supervisur 1 Negligibl i -----
|Me.ru:ranzc
s ' !
[Matenas 1 — |
1 0.005 * TC |
Litlibe 5
| Hegligible
|
1 — 3,138

[Total Ublities

[Catabyst Cost

sty Replacement

[Total Catalyst Cost

| I

[Ferformance Test | [ —
|F=cord Keeping & Reporting | |
[Total Miscellaneous Costs 1
Total Diract Annual Costs [DAC] | 1338

|]n3 rect Annual Costs

T0% 01 GRETalng, BoperEor,
[Overhead mantnnance lstor & matsriss
L TN T —

Imnisrabve 04 *Ann. Maint Costy) 1
Capital Recavery Factor CRF 0.0840
[Capial Recovery CRF * TCI 14 044
Tota <t Annual Costs (ALC] 74,778
TOTAL ANNUAL COST =DAC + IAC 18,950
LI ncontrolled NOx and PM ermissaan: bonshyr 132
o= co sions with Ther 4 Controls bonsfr 014
Percen: reduction from uncontrobed 9%
Total emissons reduchion 118
Cost per Ton Controlled Siton 16,107

! Gaptial el provided by e engine vendor Brant Brindy of Wostern States Equipment Go )

v ashinglon saks L
M costirom mos recent Gabey, Vartage, and Cyrus One costefieclinress sl

* Detimatesd usng equations Bom DPA's A« Poktion Contol Codl Debmation Soreadsheet for Selclve Calabvlic Redutson
Cosmanusspraacsheat_june: 101 i xism

Hitps:Ihwww ap:3 guvistesiproductiontiisi i 5
® EPA's Alr Polltion Coninl Gost Manual, Snctian 1. Chapter 2 (Gost Estmaton), Section 28
* EPA' Alr Poliution Conteol Coet Manusl, Saction 4, Chapler 2 (FCR)

CR) faund al

T The caplal recovery Tattorwas calculated assuming a 25vear equipment e and 3 8% nterest rate

DOE/RL-2020-33
Rev.0



DOE/RL-2020-33

TABLE B2.2-3b
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Tier 4 [Final) Control System
Diesel-Fired 1,25 MW Caterpillar Emergency Generator
Operating Hours 100 hoursfyear

TAF Avg Emission Emission Cost-Effactivanass *
Period © | Taxic Alr Pollutant Factar * (IbIMMBTU) Unzontrolied Emissions (tpy) | Control Factor * | Reduction (tpy) ($itan)
Acralein 7 BEE-DE 4. 73E-06 0.70 3 3E-D6
Toluene 2RI1E-4 1 68E-04 0.70 1. 18E-04
24-How 13,780,199
4-How o TR T16E04 070 B.11E-05 5780,
Propylene 2 T9E-03 1 6BE-03 0.70 1.17E-03
[Benzene 7 T6E-04 4 B6E-04 0.70 3.16E-04
Formaldehyde 7.89E-05 4 T4E-05 0.70 3.32E-05
2 52E-05 1 51E-05 0.70 1.0BE-05
1 30E-04 7 B1E-05 0.70 5 ABE-05

Benziajanthracene E.07 SE07 [T SEIEDNT

[Chysenc 1 53606 E07 070 B 43507 A
ALl R.-r":\m soranthon 111E-08 E07 070 LBIE0T ATEIESS

[Benzkiluaranthcene ZAGE07 I1E-07 070 R

Benzolalpyrens 2 STE-0T 154E-07 0.70 1.08E-07

Indeno(1.2,3-cdlpyrens 4 14E-07 2 48E-07 0.70 1.74E-07

Cibenala hjanthracene 3 aBE-07 2 0BE-07 070 Ta5E.07

D - 4 O3E-03 (L] IRE0T |

e i,

73460
asurting 0% of NOX 43 NOT. Othor TAPS framn AP-42 Chapler 34 (Large S1aknary Disssl Engnes)
0C 3ppleatens.

tion by TAP svéraging period group.

b arstefficthoness Dirsed on boal areusl Conlng 6% and emisson reducl

D-6
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TABLE B2.2-4h
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Tier 4 (Final) Control System
Diesel-Fired 1.25 MW Generac Emergency Generator
Operating Hours 100 hourshyear

Cost ftem 1 Factor Cost
Direct Costs
Purchased Eguipment Costs
A 203,293
B=0065"A 13,221
Included in A
[Furchased Equprrent Cost [FEC) FEC =h + B PR
nstalation Costs
[Faundations & Suppons Includedind [ ——
Handiing & Erection Included in A
nical IncludedinA | -
[Fiping included in A
nsulation 1or Duchamrk Tncluded in &
|Fainting Included in &
JOirect instaliabion Cost Included in &
Total Direct Costs (OC) 216613
Indirect Costs
GEEEE
Engineenng ncluded in &
anstruction & Figld ncluded in &
antractar Fees ncudedinA | ——
Start-Up ncluded in A
Cantingencies” 003*FEC FEE:]
Tetal Indirect Cests (IC] FEES]
TOTAL CAFITAL INVESTMENT =DC +IC 223111
[Giract Annual Costs
Cperating Labor
| Neghgele T ——
1 Neglaele [ ——
JTotal Cperating Labar
Maintenance
||:a,|.... T
[Matenaks | N
Jrotal Mainenance™ | 0.005 * TC
Libities
[Electrcity I Heghghile
[\l | — |
|F.'|:nqcrt‘ | 1857
TTotal Utities
ment L Service Lie
[Towl Catabyst Cost |
Tests - — 1 —
2 Cord Keeping & Reporing |
TTotal Miscellaneous Coss | -
Tetal Direct Annual Costs (DAC) 3053
[Indirect Annual Costs
- % 07 GRETEND, BOBENE,
Chverhgad” # babor & rraterisls GBS
Tabar Codt +
2 drninistrative Charges? 3
Capital Recevery Factor CRF
L aptal Hecovery CHRFTTCI
Total Indirect & nnual Costs (AC)
[TOTAL ANNUAL COST = DAC + IAC 18,017
Uncontrolled NOx, CO, VOC, and PM emissions tonshyr 098
ke, CO N, and PM Emissians with Tier4 Contrals tonshr
Percent reduction fram uncontrolled
[Total errissions reduction tonshr
Cost per Ton G Siton 21,186

! Captial cnst provided By the engina wendor (Rrant Briody o7V estem S3ates Foupment Co)
? wiarshinglen saes lin

7 Wisurinarn ¢04t fren m st roceet Ba0ey, Y antage, and Crus One cosbaNbeiveness anakses
* Edtimated using equations from EPA's Ak Polution
FAEE e, BDA QO R SR DU SN es 201 B-DRIECIC O8I ANUAIDI adshas
" OPA's Ar Polution Certrel Codt Manual 5 1, Chigler 2 (Cosl Detirmalian
* OPA's Ak Polution Corirel Codt Manual 5 A, Chigler 2 (5CR)

I5-vew equipment Ife and a 4%

" The caplal recovery fackor was cak uliled sssumi

i Ciost Esimation Spevacshoet for Selectn Cataltic Reduction (365 ) found 2
rie- 20160 xlsm

Section 2857

o ride
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TABLE B2.2-4h
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Tier 4 (Final) Control System
Diesel-Fired 1.25 MW Generac Emergency Generator
Operating Hours 100 hourshyear

DOE/RL-2020-33

TAP Avy Emission Emissien Cost-Effectivanass
Period ' Toxie Alr Pollutant Factor” (IbMMBTL) Uncontrolied Emissions (tpy) | Control Factor’|  Reduction ftpy) {§iton)

Acralein 7 BBE-DE 6.17E-06 0.7
5 Talene ZA1E-I 2 206-04 0.7 S4E-O4 s
24-Hour ienes T9IE m TBE04 10,044, 602

Propylens 2.75E- 3 3

[Benzene E-| ] 4

Forrrialdehyde 7 H9E-DS

A cetaldehyde 252E-05 1.38E-05

riaphthaiens 1.30E-04 T13E-05

Benziajanthracent 6.22E-07 341E-07

Chrysene 1.53E-06 8.39E.07 e
Azl Benzibluaranthcens 1 11E-06 6.09E-07 g

[Benzikifluoranthcens 2. 1BE-0T 1.30E-07

Benzojajpyrene 2.5TE-07 201E-07 1A1E-07

Indenol cdjpyreng 4.14E-07 3.ME-07 2.27E-07

[Cbreniz(a.h) rl | 3 4BE-07 2 ME07 0.70 1.80E-07

CPM I - 216E-02 088 1 80E-02

TOMVWAC 173450
B0, N0, OO, and DM based on criteria poluland emissin calulitons, assuring 0% of NOx a3 MO, Other TAPsfrom AP-42 Chi
? Cantrl 11005 usd I recent Sabay, Vantage, and Cyrus One 383 cenbir NOC appk atiins

* GOt eTec nerwsss basd 0N 10131 IRl Coniol cosl and NN eAUChon by TAR warsging perod group

D-8
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TABLE B2.2-5b
COST EFFECTIWENESS CALCULATIONS
Criteria Air Pollutants
Tier 4 (Final) Contrel System
Diesel Fired 2.25 MW Emergency Generator
Operating Hours 100 hoursiyear

Dhreect Instalkal

Cost tem | Factor 1 Cost
Diirect Costs
Furchazad Equipment Costs
Primary Egquipment’ A 287,715
B=00B5"A 19,701
Included m A
[Furchasd Equiprrent Cost [PEC) FEC =A +B 308416

n Coss
[Foundations & Suppans Tnchuded m & ] —
Included mn A
Includedm s | -
Included n A

Includied n A

Included n A

JDwe &t Instaliation Cost Included n A
[ zo6418
Engnesnng Tncluded n A
Construction & Field Expense: Included o A
Cantractar Fees Includedm A ]  —
Start.Lip Included mn A
Continpencies 003" PEC
Tetal Indiract Ceosts (1G] [ ERE7
TOTAL CAPITAL INVESTMENT = DC +IC | 315609
ract Ann oatE
[Cperating Labor
Cperator 1 Neghoble | E——
[Supervisar | Neghpble T —
[Total Operating Labar I
IanIr.‘l.umr
Tiabe T T
[Matenals | I
[Total Maintenance™ 1 0.005 " TCI | 1,578
Unimes
| EEEEE T Heghihie
[Watier | T
[Feagent” | I 3554
JTotal Unimes
Catayst Cos T
1 t Heplacement 1 Catahyst Me » SCH Senace Life
[Total Catakyst Cost | T
Miscellaneous
I_F Tests ] I l___—
[Fzcord Keepng & Repoming 1 i
— [Total Miscelaneous Costs I =
Total Dirsct Annual Casts [OAC] T [FEH
Indirect Annual Costs
T O COHnY, GRS,
Overhead® manlenae ¢ labor & matsriats w7
T3 D
A drninistrative Charges” 0.4*Ann Maint Costl) 19
Capital Piecovery Factor CRF G

Capital Recovery

CHF " TCI

Total Indirect Annual Costs {IAC)

LIncontrolled MOw, CO, VOC, and PM Emissions tonshr 208
MOk, CO, VOC, and PM Emissions with Tier 4 Controls 15hr 0378
Percent reduc B8%
Tatal errssions red an 178
Cost per Ton Controlled 14,833

! Gl co provided by the engng wendor (Brant Briody of Western States £ quement Co)

TWashinglon sales lax
* Minirma ¢ ost

“EPAS,

r PoRution Control Cost Manual, Se

* EPA'RAF Pokition Conirs Cost Manual Section 4, Chapter 2

e e enl Sabey, Vanlage, arvd Cyrus One cost-eflecliven
* Estimatad using equations from EPA's AF Polution Control Cort Extimation Spresdshest for 5 slectve Calalte Fe
clion 1, Chapler 2 (Cos Edtimetion), Secaon 26 8.7

1eas anabrses

)

" The cagital racovery fachr was cakulated sssuming 3 25-yesr equipment Ife 503 3 4% inerest rate

D-9
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COST EFFECTWENESS CALCULATIONS

TABLE B.2-5b

Toxic Air Pollutants

Tier 4 (Final) Contrel System

Diesel Fired 2.25 MW Emergency Generator
Operating Hours 100 hoursiyear

TAP Avg Emission Emission Cost-Effactive
Peried ' | Toule Alr Pollutant Factor® (I u U lled Emisslons (tpy) | Centrol Factor * | Reduction (tpy) (§iton)
Acralein 7.8BE-06 005E-06 070 6 33E-06
Toluene 2BI1E-04 323E.04 L] 2 26E-04
2 " 10,041,125
Ahowr Mylenes 2 2IE-04 .70 1 55E-04 100wl
Fropylene 3 20609 070
IBcnzcnc 91E-04 i
Forrmaldetnyde (6E-05 i
Acetaldehyde A9E-05 i
Maphthalene 1.30E-04 1 48E-04 0.7o
i ene §.27E-07 7 14E-07 0.70
Chrysene 1.53E-06 1 THE-06 070
) i 5,3
fnna Benzibfluoranthcens 1.11E-06 1 27E-08 0.70 ol
Benz(kiluoranthcens 2.1BE-07 2 S0E-07 070
BEnzojajryrens 3 5TE07 2 95€-07 a7
2, 3-cd)pyriene 4 14E-07 4 I5ED7 0.70
3 ABE-0T 39TEDT 0.70
4 41E-02 [ B8
80k NOZ, G0, and GFM based on crbeia poRitant eesion cakulations, assuming 0% of N a5 O 2. Other TAP s Som AP-&2 Chagtes 3 4 (Large Stationary Dinss! Enginns)

¥ Gontrol futlors used N recent Sabey, Vartage, and Cyrus One dita center
! Cos-ePedtnene st bashd on 10181 Snnusls ol cost and engson reducton by TAR sveraging péiod group.

apeik atkns.

D-10
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TABLE B2.2-6b
COST EFFECTVENESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction {SCR) Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 100 hourshyear

I Cost lem T Facter T Tost
rect Costs
Purchased E Costs
[Prirmary Equipment’ A 1
=0 065" A A 064
luded in A
sA+B
Cirect Installaten |
ncluded in A
[
in A
3 Y-
nsulabion for Ductwork in A
Panting ncludedind 1 -
[Cirectinstaliation Cost ncluded in A
1
ncludedind 1 -
Construchon & el Cxpenzes neluded in A
Contractor Fees ncluded in A
Z3an-Lp dedind |
Contngendies 0.03° PEC 1,933
Total Indirect Costs [IC] | 1998
OTAL CAPITAL INVESTMENT =DC + IC | 68,582
[Cirect Annual Costs
Operating Labor
Diperator | |
MO! | |
[Taral Coperabng Labor T
Maintenance
[Lahor | l___—
Matenals | |
Tatal Mantenance” | 0005 TEl | 343
Uilities
[Electnicity | Healgole | —
[wiater |
Reagent” | [FH
[Total niities ] e
[Catalyst Cost
[Catabest Replacerment [ Catalyst lfe > SCR Serdce Life]
[Tatal Catalyst Cost
Miscellaneous
|Pemarmance Tests | 1
|Fecard Keeping & Reparting | I
ITatal Miscellaneous Costs |
Total Direct Annual Costs [DAC) I 764
|ndTrect Annual Gosts
Administrative Chares® 4
Capstal Recovery Fador 0 0§40
Capital Recovany 4,330
Total Indirect Annual Costs (IWC) 394
[TOTAL ANMUAL COST = DAC + IAC 5,159
controlled NOx, VOO and PM ermissions tonshr
M Errissions with SCR lanshr
n from uncontrolled
5 reduction

er 1on L-ontro

pial cost provddded by e engine vendor (Brart Srindy of Wistern States Equipment Go)

*yyashington sk b

? Minirum cos Fom most necent Sshey, Vantige, and Cyrus Or coSeTeclineness anay s
Dstimated using equations from EPA's Air Pollion Conkrol Cosl Eslimation Spreadshe

s D 05 g S STroduE LTl 201 - 08/ sere ostmasmsipresd shest_june- 201 xsm

*EPA AR Poluton Contiol o Manual, Secton &, Chapter 2 (BCH)

* The captal recovery TBI0r wirs cHkCUlseE ASRMING 4 25-yiar euiprwnt e and & &% nleres rde

Sekctive Catalrbs Reduclion
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TABLE B2.2-6b

COST EFFECTIVENESS CALCULATIONS

Toxic Air Pollutants

Selective Catalytic Reduction (SCR) Control Systam
Diesel Fired 400 kW Emergency Generator

Operating Hours 100 hoursfyear

TAF Avg Emission Emlssion Cost-Effectiveness *
Pariod * Toxic Air Pollutant Factor ” issions (tpy) | Control Factor” | Reduction (tpy) ($fton)
JAcrolen 7 BBE-D8 1 BBE-0B 0 0DE+DD
Tolugne 2 <04 5 91E-05 0.00DE+DD
24-Howr = i 0E+D
Hylenes 4. 06E-05 0 00E+00
Fropylene 5 RIE-04
Benzene 1 BIE-D4 0 00E+DD
Formaldehyde | BEE-05 0.00E+DD
[Acetaldehyde 5 30E-06 0 00E+DD
MNaphthalene 2 73E-05 0 00E+0D
Benz{a)arthracens 1.31E-07 0.00E+00
Ariritial Chrysent 3.22E-07 D00EHID
Benzibjfluoranthcene 233607 0.00E+DD
Benzlk)fluoranthcene 4 S8E-08 0 00E+0D
Esnioialpyrens 540E-08 0.00E+DD
Indeno[1,2 3-cd)pyrene §.70E-08 0.00E+00
Dibenzia hjanthracens 7.27E-08 D.00EHID
DFM — 5.07E-03 0.00EHID

mfarriation freen VRAG 11460

? ool fackors used i necenl Sabey, Vanlage, s Cyrus One data center HOC appl slons

"co

Dased on totsl | contrl

TAP avetaging peried gn

D-12

* 502, NOZ, GO, and DFM based on critéria polutant eisson cak ulabONY, assuming 90% of NOx &5 NOZ Ciher TAPS from AP-42 Chapler 3.4 (arge Statonary Diesel Engnes)
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TABLE B2.2-Tb
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction (SCR) Control System
Diesel-Fired 750 kW Emergency Generator
Operating Hours 100 hoursiyear

Cost fem | F actor 1 oSt
Trect Costs —
Purchased Eguipment Costs

u
Primary Eguipment’ A
Sales Tax* B=00E5"A
Shipging Incluged in A
T Zed E qupmient Cos ] PEC=A+E
[Cirect Installation Costs
Foundations & Supports nchaded in A
[Fanging & Erecuen nciig2g in A
Electrical d
Piping
nsulationforOuetwork |  InclgedinA | -
Fainbng
[Direct Instalation Cost
Total Direct Costs [DC] I
|Indlrect Costs
Installaban
[Engineenng Incluged in A
[Construction & Field Expenses Includedind | o
= or Fees In i
Sta Tn
[Contingenc 003 *PEC
Total Indirect Costs {IC} 1
TOTAL CAPITAL INVESTMENT = DC #IC [ 97.657

iract Annual Cests
[Operating Labor

arator | Magligible |
Supervisor 1 Heglgible i
[Total Operating Labor T —
| CETET
Labor - T
[Matenas { 1
[Total Maintenancs™ 1 0,005 " TC! 1 498
(NS
Ele cncity 1 Hegligible
[Water |
|Reagent” 1
[Tatal Lt
1 Cost |
[Catalyst Replacement I Catatystlife > SCF Service Life |  ——
[Total Catahyst Cost 1
|Miscelianeous
[Perforance Tess T T
[Fecord Keeaing & Reporing | 1
Trotal Miscelan 1

[Total Direct Annual Costs [DAC) | 2,288
|IRdlract Annual Coste
0.00% (0p. Labor Cust =

Administrative Charges® 0.47Ann. Maint Cosg)
ary Factor CRE
CRF* TC1

Ca e cavery
Total Indiract Annual Costs (IAC)

TOTAL ANNUAL COST = DAC +IAC I 8,546
Uncontrolled NOx, CO, VOC, and PM emissions tonsiyr 0.e
MOy, CO, VOC. and PM Emissions with SCR torehyr 014
[Percent reduction from uncontrolled B2%
Total emissions reducbon tonsiyr 0.65
[Cost per Ton Controlled S/on T3, 37

" Captial £ 5 provited by Lhsk engirst vendor (Beant Briody of W esten States Equipment Co)

* W ashington saes i
F Minirmum ¢os #om mas rae et SRbEY, VARtga, . na cod-Alactveneag srakyias

" Edtimated usng egesions hom EPAS Ar Pelution Conlrol Codt Extenation Spreddsheel for Selec e Catikle Feducl
D I, (38 o SISO TR 101 B DY s et sbeprisad shibid_juree- 2011 xlsm

* EFAS ALK Polulion Conteol Cost Manual Eection 4, Chaptur 2 (SCH)

* The capstal necoviry Bl wis £akcuslid ssuming @ 28-yiar eguiprant e and 4 4% infe:

A raty
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TAELE B2.2-Tb
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Selective Catalytic Reduction (SCR) Control System

Diesel-Fired 750 kW Emeargency Genarator

Operating Hours 100 hourstysar

TAP Avy Emissien Emission Cost-Effectivenass
Period ' | Toxic Alr Pollutant Factor* (IbIMMBTU) Uncontrelied Emissions (tpy) | Control Factor* | Reduction (tpy) “ (siton}
[Acrolen 7 BEE-06 2 BOE-06 (] 0 00E +00
4 i Toluens 0.00 0.00E+00
B 0.00 0 00E+00
Fropyent 0.00 0 00E+00
[Benzene 000 TO0E -0
Formaldehyde 0.00 .00 +00
[Acetaldetyde 000 .00E +00
Maphthalene 00 NOE+(
[Benz{ajanthracens 0 O0E+
Chrysene 0 O0E+
Annual (o en o Mluoranthcene T11E-06 0 T0E +0
[Benzkifuoranthcene 218E-07 8 D3E-0B 0.00 0 00E+00
[Benzo(ajpyrens 2 57E-07 9 ABE-OE 0.00 0.00E+00
[ingene(1.2,3-cd 4 14E-07 1.82E07 0.00 0.00E+I0
[Dienzla hlanthracene 3 ABE-07 1.27E-07 000 0 00 +00
}W 7 35E-03 [ T 00E +00

TASIL demation from WAL 173
02, CO, 3 DFM based on rteis poletant smisson cakulatons, assuming 90% o NOx 35 NOT Other TAP S from AP-47 Chapter 3 4 (Lage Stascraey Dissl Engings)
factors used in recent Sabey, Yartage, and Cyrus One dala cenler NOC appicalions.

*307.
? Conitrad

o)

* Cot-afiazivenass basad on 1013l SNUAlEoNYDl OBt 3nd RN reduction by TAP svarsging peiod group

D-14
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TAELE B1.1-8b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction (SCR) Control System
Diesel-Fired 1.25 MW Catery gency
Operating Hours 100 hoursiyear

I Cost tam T Factor T Tost
Trect Costs
Furchased Eguiprrent Costs
Primary £ gupment’ A 120,000
|Sales Tax® B=0D0B5S"A TEOD
Shippine Iric 2d in A
[FPurchased Equpment Cos! FEC=A+E 127,000
Instalation C
Foundations & Supparts InchidedinA_____ 1 -
Handing & Erection Inchigedind 1 -
Electacal Incluged in A
N g Iric nA ] e
nsulahon for Ductwark Inig in A
Fainiting Tnchsded in A
[Direct Installation Cost Included in A
Total Direct Costs (DC) 1
Indirect Costs
Installal
in A
[Construction & Field Expenses ded in A
[Contractor Fees ncluded in A
g ncluced in A
003" PEC
Toml Indiret Costs (1G] I EICEE]
TOTAL CAPITAL INVESTMENT = DC +IC | 131,634
[Birest Annual Costs
[Cpierating La:
[Cperatar T et T
[Supervisor 1 Healiible 1
[Total Opersting Labar 1
[Maintenance
Labior | 1
Materials 1 1
[Total Maintenance™ | Q0057 TCI I
Dnies
Eleciricity T [T
[Vater
|Eizagent® | —— EREE]
[Total
[Catalyst Cost
[Cataly Replacerrent [ Tatatyst e » SCR Serace Lie
[fomiCatanystCost | — ]
|F=eaneous
Ferh | | -
I l
1
Teotal Direct Annual Cests [DAC) | 3797
|TRdrest Annual Coste
G037 (0p Labor Gos +
sdrmimnistratie Charges® 0.4 *Ann Maint Cosg)
[Capital Recovery Factor CRF 00840
Captal Recovel CRF* TCI 2428
Total Indirect Annual Costs (IAC) BA34
TOTAL ANNUAL COST = DAC +IAC 12,231
Uncortralled MOx, €O, VOC, and FM ermmissions torgsher
MO, £, VOC, and PM Emigsions with SCR tonshr
Percent rieduction frorm antrolled
T
[Cost per Ton Controlled

pe 2 Brindy of W

Tquipment Co )

¥ Minimum ¢ &5 Bom most nc nt Sabey, Vartags, and Cynas Ond cost-Hleciveness snalyses
D Dwww, 03 GOVIEHREIDINIUCTONIESI301 S-DRISCrenstmanuaispraadshaet_lng- 3013 xism

® EPA's AR Polticn Gontrol Cost Mai
* Thia capital racovary fheios wis eakuldad assumng & J5-yase

Enction 4, Chagter 2 (BGR)

prevnt 108 And 5 4% intBrast rats

D-15

DOE/RL-2020-33
Rev.0



DOE/RL-2020-33
Rev.0

TABLE B2.2-8b
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Selective C.'ll:alml:.l Reduction {SCR) Control System
DieselFired 1.25 Caterpillar Emergency Generator
Qperating Hours 100 hoursfyear

TAF Avg Emission Emission Cost-Efectiveness
Period | Toxic Air Pollutant Factor * (Ib/MMBTU) Uncentrolled Emissions (tpy) | Contrel Factor*| Redustion (tpy) ® [Shon)
[Acrlen 7 BEE-06 4 T3E-06 0.00 0.0DE+DD
} Tohens 281E-04 1 B9E-U4 0.00 0.00E+00
-Hour - - = —
[Hykenes 1 53E-04 T1BE-04 000 [TE]
Propylens 2 T8E-03 1 BBE-D3 0.00 0.0DE+DD
[Benzane 7.76E-04 E-4 0.00 0.00E+00
[Formsigzhyde 7 BEE-05 4.T4E-08 0.00 0.00E+D0
[Acetaldehyde 2 57E-05 1 51ED5 0.00 0.00E+DD
Naphithalens 1 J0E-04 0.00 0.0DE+0D
Benziajanthracens B 20E-07 000 0.ODE+00
Anrual | [ChTysEne 153606 D ).ODE+D0
Bien b fluorantheene 1.11E-08 O0ES00
Benakifluaranthcens 2.18E-07 ODE+DD
Jryrene 2 51E-07 ) DOE +00
Indenc{1.2.3-cdlpyrene 4 14E-07 ODE+DD
[Dinenz(a.hjanthracene 3 ABE-07 0.00 0.00E+D0
CFM s 4 D3ED3 0,00 0.00E+DD

" AGL infeemation frem'WAC 173460
TH02, NO, CO, #d DPM based on cribera
? ool faclors used i recent Satey, Varlage, srd Syrus One dala cenber NOC applalions.

* Comt-afiscivenass bassd on 10t3] S| Eonrol 0%t nd amEssion reducton by TAP sversging pens

dbtant emission cakuldtions, sssuming 90% ofNOx s NOZ ¢ TAPs fom AP-42 Chapler 34 dLarge Stalionary Diesel Dngines)

D-16



TABLE B2.2-9b

COST EFFECTIVENESS CALCULATIONS

Selective Catalytic Reduction (SCR) Control System
DieselFired 1.25 MW

Criteria Air Pollutants

gency
Operating Hours 100 hoursiyear

Factor 1 Cost

I'D_ru:t Costs L

Purchased Equipment Costs

rehased Equpment Cost [FEC]

A
B=0065"A
Inciuded in A
FEC=A+E

Direct Installahon Costs

TFaundations & Suppons

Incl

Inci

Inci

[Handiing & Erection
Elecinical
ing

Inciu

Ation for Duchwork

|Fainting

Included in &

[Direct installation Cost

Included in A

[Total Girect Costs [DC)

I 129

|rnﬂ rect Ea
in=taiabon

TEngineering nouded
[Construction & Field Expenses nclude
[Contractar Fees ncudedind | 0 ——
Start-Up nclude:

ngencies’ [LER

Tetal Indirect Costs (IC] |

TOTAL CAPITAL INVESTMENT =DC + IC |

|Diract Ennual Costs

[Cperating Labar
[Operator I Heligile | -
Supervizor | Nealighle l____—

JTotal Cperating Labar

IM.1|.'|I—'|.1r|<:r-

||:a,|.... T T
Matemaks | I —
[rotai Mainenance™ | 0.005 7 TC1 | BB
Linities
| EEE I Heghghile
[Water | — |
Reagent™ I = 1857
[Total Utities
[Catalys I
JCatatyst Heplacemant | Catakyst life » SCH Senvice Lee
[Total Catabyst Cost | N
[Miscellaneous
[Ferfamance Tests | — I —
|Rzcore Keeping & Heporing | |
JTotal Miscellaneous Cous .
[Temal Diract Annual Casts [DAC] I ZH07
indirect Annual Costs
T LamTCon -
adrmnistrate Charges” Mairk. Costl) [}
Capital Recovery Fagar CRF 0.0640
Captal Recovery CRE*TCI 8569
Total Indirect Annual Costs (IAC) BATT
TOTAL ANNUAL COST =DAC + IAC 11,184
Uncontrolled MCw, £0_VOC, and PM ermissions tonshr 088
NOx, O VOC, and PM Emissions with SCR 0.28
Percent reduction fn uncorirolled 1%
[Total emissions reduction 063
[Cost per Ton Controlled 16,106

! Captial cos gromided by the engine vendor (Brant Briody of Westerm Stales Equpmet Co)
7 washingon sikes

* MniTM £ from Mo Acent Sahey, ¥ antage, and CYIuS ONA o5 eMACHVANess anakses
* Estimatad using equations from EPA's
FRpE W BPA W SEESEDUC IR TIRS 201 B-0BISE o manuaispaadshaat_june: 201 ST xksm

* EPA'S AF Pelution Coneol Cost Manus, Secton 4, Chaplar 7 (SCR)

® The capkal ecavery facor was cak Ulited AEsUming 3 75-pRar aoupment e and & 4% nferast rale

llytion Gonrol Gost Esimation Spmadsheet for Seiective Catalic Recuction (3GR ) found at

D-17
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Diesel-Fired 1.25

TAELE B2.2-9b

COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Selective Catalytic Reduction (SCR) Control System

MW gency
Operating Hours 100 hoursiyear

TAP Avg Emission Emission | Cost-Effectiveness *
Paried ' Texic Air Pellutant Fastor* (IbIMMBTU} Uncentrelled Emissiens ftpy) | Contrel Facter * | Redustion ftey) (§iten)
Acrolein 7 88E-06 1 06 0.00 0.00E+D0
24-Hour Taluene 2.81E-4 og DDE+OD .
[Hykenes 1.93E-04 oo ODEHDD
Fropylens 2.79E-03 000 0.0DE+DD
[Bienz 7 7BE-D4 000
Farmaldeyde 7 89E-D5 000
Acetalds e 2 52E-05 000
Maphthalene 1.30E-D4 0.00
Benzialanthracene 6.22E-07 0.00
[Chrysene 1 53E-08 0.00
AR ue:z(n:ruarzrm:ene TEDE 0.00
[Benzikfluoranthcens 2, 1BE-0T 0.00
Benzafalpyrene 2.57E-07 0.00
Indenail .3 3.cd)pyrene 4 14E-07 0.00
Cibienz(a.hjanthracens 3 46E-07 0.00
DPM 0.00

omaton om WA 173450

: AR a0t

¥ o eTestventss Basad on batal

ang

uction by TAR adraging peniod group.

D-18

MOZ, 0, 30 DFM Ba26d 00 £rHera poRtant emesion cak ulatons, Ssuming S0% of NOX 98 NOZ, Otfher TAPSTIom AF-£2 Chapler 3.4 (Large S3tionany DestIEngnes
? Control Tacines ushd n ocent Sabey, Vantage, and Cyrus 0nn data censr Y
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TABLEB2.2-10b
COST EFFECTIVEMESS CALCULATIONS
Criteria Air Pollutants
Selective Catalytic Reduction (SCR) Contral System
Diesel-Fired 2,26 MW Emergency Generator
Operating Hours 100 hourslyear

Tost Tem I Factor 1 L2
s
i qugren Come
[Frenary Equpemant” a
Sales Tax E=0065"A
Shoprg nduded A
TPurchused Equpment Cost MEC) TEC-A+E
[rect instalation Coss
TFoundaton: & Suppons [T LY
Handing & Eveclion nduded n A
(T noudud
g ncuded n A
Insulition for Ductwork ndudedind T -
g nouded
[oici nalbsnn Cox ncudnd
[Total Direct Coste 0C] | L]
lewdive il Cunts
nalinon
(T [N
i ndudednA | -—
noudud
nuded n i
003 *FEC 5515
[Trial Tl Tosis (0] | AL
(TOTAL CAPTTAL TNVESTRENT = DG + 1&. | L
Truct Pwu,
araing Labor
P T T Teainibls T
Super 1 Hegigible 1
TV ot Cip eeating Labar |
s nlenance
[Caber I I
[Merials | 1
[rotiMantenance” | 0005 " TCI | a47
{TRAT] | Meghgible |  -—
Viater 1
Raagent | I
| I
alyst Cok I
Catala Rapheamant | Ctaie e > S0 Savies Ui
Tl Catalys Cos |
Wi slanans
| —  ——
n T |
ta Waralanaons Coste |
UTal Trect Aumual Costs ___tom
[T el Cos s
I T (7 L o+
J2aminstrstice Chy 0.4 * 20 Mant, Coetl 1
aptal Hacovary Fach | {3 0 0EAD
apkal Fecuvery | CRE-TCT T2
Tutal Indivect Anaal Custs (AL [FEE:]
TOTAL ANNUAL COST =DAC + IAC 16,734
Unconrelled NOx COVOC, and PM emssons londiyr 206
[N CO. V0T, 3nd PH Ems sions wih SCR Tonsyr 075
Parcent reduction from uncortrolied E3%
Total amesions @ ducton Tonsiyr 131
Cast per Tan Controlled Sitan 12777
mehinggn s b
it o e s swcred S, g,
" sttt oy mp e buem £, A Pelutin (0K et

PP R Belben Cortroh € oot M, SHen 4, Chagtse 3 (SCR)

* The captal recovery facior was calculated assaming » 25-vear squgment iie and s 4% inéwed rite
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TABLE B2.2-10b
COST EFFECTIVENESS CALCULATIONS
Toxle Alr Pollutants
Selective Catalytic Reduction (SCR) Control System
Diezel-Fired 2.25 MW Emergency Generator
Operating Hours 100 hourslyear

TAP fwvg Emission Emsion Cost Effectaneness *
Porind | Toxic Adr P olutant Factor (I/MMBTU) Uncontralled Emissions (py) | Contral Factor * | Reduction eyl o)
LIS 7 IEE oo
’ Telane. i TAF T
How I T TIEW i)
Fiegiion ) TAET o
enzune I3 e gy
[Feemarsetyde £ TIGETS
= EA
[T ASETH
Arrual F03 T -
T 1)
! T
TIET oo
TACEDT o0
= TOEDD [0 [
VRGIL Faormeton #0m VAL 17 3-000
2502, M0, GO, and DM searming 9% 06 HOZASNOZ. Otter TAPS hors A&7 Cliagher 3 8 (Livge S3irery Dirsed Engihes)
? Cortrel et Sabry, Niwdagr, et
et srvas orird it p g
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TABLE B2.2-10b
COST EFFECTIVENESS CALCULATIONS
Texic Alr Pollutants
Diesel Particulate Filter [DPF JDiesel Oxidation Catalyst (DOC) Control System
Diesel-Fired 400 kW Emergency Generator

TABLEB22-11b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Particulate Filter (DPFNDiezel Oxidation Catalyst (DOC) Controel System
Diezel-Fired 400 kW Emergency Generator
Operating Hours 100 hoursfyear

Tost Tam T Factor T Tom
I§|m§
Fusrchased Fqupment Cods

[Frimary Eﬁlgﬂerl' A
[Sales Tax E= 0085° A
[Snipging Included n A
[Ficrasi Equpmint & PEC= A H
Cirec Inetalation Costs
[Frundabars & Supors [
Hanoling & Erecton Included in A
Elerirical TnChen A
Fiping Tnchiced 1 A
lation for Ductwark Included in A
Fainkng Tnchuded i A
| EEAEE T [ET T
[Tetal Direst Costs (DC) | 49350

[Total Indirect Eosts {IE) I
[TOTAL CAFTTAL INVESTMENT = OC +1C | EENE

irect Annual Costs

I Hegiighie I
| HegE e |
[Tatal Operafing Labior 1
[Labar | —_ I —
EEIIED I |
[Total Martenarce™ | T Ci |
Eiies
[Eleciricty | Hegligkie
[Prater I
[Reanent |
| EENE
[Catayst Cost |
[Catatyst Heplacement | Catatyst ife » DOC Senice LEe
[T ot Catarys | —
Miscedlareous
[Farformance Tests | |
[Fecord Keeping & Repori | — | —
Total M | ==
[Toml Direct Annual Costs (DAC] T =)
i wet Annval Costs
B,
Crvemead® o 3 atrmints
[=aminisarative Charges el
al Rt oviry Factor
RECovery
i e WAL
[TOTAL AMMUAL COST = DAC +IAC 4,207
Uncortrolled NOX CO, VOC, ard FM emisuons toryT 031
NCw, GO, VOC, and PM Emissions with DPF & DOC Controls bonshr 018
[Percent reduction froen troled 16%
Total emiggions reguction tonsAT 003
Cost per Ten Controlled $iton 128504

et by I e ek (o Bty 01 Vestran Snges E upment £6)

t #0m Mozt recent Sabey, Vaninge, and Cynus Oine codetieciveness anafyzes

otrol s st Sermctiomd ox Setecton Catahte: Reckaon (52
5 e e 1 s

¢ Pelluion Cerbrel Cosl Manus, Section 1, Chepter 2 (Cest Estimation), Secion 2857

#EP s A Podusien Control Cost Manus, Saction 1, Chapter 2 (Dot Estenation), Sacsen 1658

o o 5 et et

" Eetrnatit utineg acustns bon £ RS

* Tt ol vy faSor i Ao e AEELETI A Ty Aepip
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TABLEB22-11b

COST EFFECTIVENESS CALCULATIONS
Texic Air Pollutants

Diesel Particulate Filter (DPFNDiezel Oxidation Catalyst (DOC) Controel System

DiezelFired 400 kW Emergency Generator

Operating Hours 100 hourafyear

Emission
TAF Avg Emission Cost-Effectivensss
Period ' Toxic Alr Pallutant Factor® (Ib/MVBTU) Uncentrolled Emissions (tpy) | Gontrol Factor en}
ACrolein 1.E9E-06 1.65E-06 0.70
Toluens 2B1E-4 §91E-05 0.70
MHour 8,717,565
o 1 53E-4 4 DEE05 0.70 .
[Proprytenie PR & BIED4 [§T7]
IB=I’I!el‘e 7.76E-4 163E-04 0.70
[Fomm st 1 BIE-5 1 0.70
|Acetd cermde 2.52E-05 0.70
ragmimaene DE-4 0.70 1 81E-08
[Eero( 3)anthrac ens 6.22E-07 0.70 9.156-08
—_— |c:r s 1 53E-06 0.70 225607 A
[Eenz(bjfucranthcane 1.11E-08 0.70 1.636-07 o
||' ] 2 18E-07 0.70 T
2.57E-07 0.0
ingency1 2 3capryrens 4.14E-07 0.70
Dibenz(a hianthracene 346E-07 0.70
DPM = L0E-03 038

ASIL e 10 froem W 17460

Teoa, MR L0

*Com-ech

™"

D-22

‘ammumineg S0% of o s NOZ. Gther TAPS Yom A%.4% Chapter 3.4 Large Strtionary Diesel Ergnes)
" ontred toutors wred i revent Sabery, Vanbags, arrd € s One dida corder MOS sppicalions.
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TABLE B2.212b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants

Diesel Particulate Filter (OPF J/Diesel Oxidation Catalyst (DOC) Control System

ge|Fired 750 kW Emergency Generator
Operating Hours 100 hoursfyear

Tost e T Facior T Tost ]
nent 513

|Primary € quipmera”
Salies Tax™ B = 0065~ A
Shipping nCiuded in A

vased Equipment Cost (PECT FEC-AsD

TIHamENEon ot

[Foundations & Sups ncluded in A

Handling & Erecbon

e Ircal

[Fioing

naulation for DUChwork:

Fainting

|Diract inztakation Cost

[Tatal Direct Costs (DC) I
Indrect Costs
Installation
=
O ] 098
Contngencies 1 %6
[Total Indirect Costs {IC) | 1 056
[TOTAL CAPITAL INVESTMENT =DC +IC | 65,106
|Direst Annual Costs
=
I I
FEEE ' ——
Tatal Cperating Labor
IMJﬂDZ‘I"
|Lanar | 1
|mazerias | — | —
Tatal Maintenance™ | 0,005 * TEl | a6

| Negligibie —

EEEET
W ater
Feagent

[Tatal Ubides

[Catalyst Cost

[Catatst meptac ement

Calalys ife > DOC Senice Lite

TTatal Catalyst Cost

WSl

[Ferformance 1ess | - ! =
ing & Repoeting | |
JTatal Miscellaneous Costs 1 —
Total Direct Annual Costs (DAC) | EF

|Insirect Annual Cests

607% of cpuraing. surv i
= /‘ Lior & Frgariats
ADMinisirative Charges [
[Capital Recovery Factor CRY
Canital Recover CRF* TCI
Toml Indirect Annual C osts (RG]
[TOTAL ANNUAL COST = DAC = IAC 5,930
Lnd ontrodied NOx, CO, VOC, and PM emissions BOnsAT 0.9
NOx, CO, VOC, and PM Emigsions wel £ DOC Controls tonsAr
F ercent reduction fram urkonirol
Toal Grnis$ans reduction tore 0.08
Cost per Ton Controlled §iton 108,752

" C:aptial cost provided by the enping vendor (frant Rriody of Westem Siates Fgupmert o)

o et recent Sabey, Wartage, and Cy1Us NG Coak-eifactveness mnalysss

* Detimadind usingg squations Fom DPA's Ak Polution Conbrol Cost Delimnalion Spreadshisd for Selctve Calablic Reduction (SCR) found o

D T 03 DO ek lass 2015 064 5 el spenacshin_use 301 0t xiem
¥ A Polation Control G Marsi, Section 1, Chagter 2 (Cost Estrrutiony, Secton 2 68,7
= Alr Polution Cortrol Cost Wares, Soction 1, Chagler 2 (Cost Estrralion, Snction 2658
" The caplalreconery factor was caEuisEsd SUmIng 3 5y RM eoUpment Fe and 3 £% terest rate
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TABLE B2.212b
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Diesel Particulate Filter (DFF JDiesel Oxidation Catalyst (DOC) Centrel System
ge|Fired 750 kW Emergency Generator
Operating Hours 100 hoursfyear

TAP Avg Emission Emission | Cost-Effectiveness *
Period ' | Teuic Alr Pollutant Factor * | (py) | Gontrol Factor * | Reducton fpy) (Sman)
[Acrlin 7 8BE.06 2 SOE-06 0.70 2 03E-06
Tolusrie 1.03E-D4 070
24 Hawr 7,102,951
ytenes TS, 070 =
Frapylene 1.03E-0% 0.70
[Eerzene 2.B5E-04 0.70
[Formaloehyde 281E-05 0.70
[Acetaldenye 9.20E-05 070
Mapninaiens 479E-05 0,70
[Benz(ajanthrac ene 2 29E-07 0.
Annual S0 g 285,636
0
0.7m
TR 0.7m
Ditseraz{a njantnracene 0,70
0P 7.35E-03 [
S

B Raemain oM WAL 173- 460
502 NO2, ©0, snd DPM bised o criberispobubard errission cakuldions, ssuming 30% of HOx s NOZ Other TAP's fram AP-42 Chgis 14 (Large Slationary Diessel Erngiress)
2 Control faetors s i raead Gskay, Vantags, snd Cynss (in data eentar MOC sepliesions

¥ ot afactivenesss hasad on total annual control cost 3 e SSIon PeGLCHon By TAF ¥ eEaging perind grIup
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TABLE B2.2-13b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Poliutants
Diesel Particulate Filter (DPF )Diezel Oxidation Catalyst (DOC) Contrel System
Diesel-Fired 1.26 MW C E G it
Operating Hours 100 hours/year

Tost itam I Facter I Toat
imen Costs
i ary Equigment A 80,000
Sales Taw B=0Ds5"A 5,200
Ehipoig TnChioed In A
TP hased E quipnert Cost PEC] PEC A<D 5 200
oo i Co
F oundit Supports Inchuded in A
E NChJBEd in A
nciuoed in A&
P iins nchuced in A .
INs18 3o Tor Ducwork nChoEd In A
P ainting ncised in A —
[Cirectinztaliation Cost nchugad in A
[Total Direct Costs (BC) I 85,200
Indirect C osts
instailation
TACILIBE I A
Tion & Field Expenzes Inciiged in A
Contracioe Fees Inciiged in A
StatUp TnChioed In A
Contingencies” 003" FEC
[Total Indirect Costs IC) T
[TOTAL CAPITAL INVESTMENT = DC + IC |
[BirectAnnual Costs
Dprating Lab
Operator T T =
SuptTvisor | T ==
|Total Dperating Lapar 1
Maintenance
Cabor T T
Matenas | = 1
[Total Mantenance” 1 4005 TCI I
|Electricity T Hegligibie —_—
W aler |
Feapant 1
ot Utiiies
Miscellaneous
Feromance Tests I == I =
Fecoen Reeping & Reparing I T
Total MisCeRAneOUS Costs | o
(Total Diract Annual Costs [DAC) I [
IIM rmEMUi Eom
TFoE O cperating, spiraier, mantancy
Crvemnead 50 & materis
A0 inistrative Charges’ 0027 TC1
Captal Recovery Factor 0 0E20
Captal Fecove: 5617
[Tetal indiract Annual Costs (A.C] T
[TOTAL ANNUAL COST = DAC + IAC 8,076
ncontrolled NCw, CO. YOC  and PM emissions 152
MO, CO, VOC, 3nd PM Emissions with DPF & DOC Controls 1.7
A%
0.08
Cost per Ton Controlled $iten 166,692

¥ Cagtial cost provoad by the enging vendor (Brant Bricdy of YRS 52885 Fqupment Ca)

? wanringlon sl

3 Mirireurn et from et recend Sabay, Vantags, snd CyTus Cne cosk eectiveness. analyses

* Celimaded from EPA's Al Palluion hasd Sr Dol Catablic Ped) CR ) fourd o
g vt 158 e i - Juries 301 Gt adsen

A5 A Polltion Control Cost Wanusl, Sietien 1, Chagisr 2 {Cest Estivation), Sactien 2657

' A Pollition Control Cost Manual, Saction 1, Ghapser 2 {Cost Estimation), Seclion 26 58

T captal recovery Tactor wass calculated aEsUIG 3 J5-Ra aquipment e and 3 &% interest e
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TABLE B2.2-13b
COST EFFECTIVENESS CALCULATIONS
Texic Alr Pallutants
Diesel Particulate Filter (DPF )Diezel Oxidation Catalyst (DOC) Contrel System

Diesel-Fired 1.26 MW C E
Operating Hours 100 hours/year

Emission
TAF Avg Emission Reduction | Cost-Etfectivensss '
Feriod ' Toxic Air Pollutant Factor” (IbAMBTU) Uncontrolled Emissions ftpy) | Contral Factor * 2 i$/ton)
ACrolein 7 B6E-06
Tolene 21E- CRTTRIE
iatenes
Propyiene TE.
Benzens 0.70 3 26E-04
Fonmmaidermyae 0.70 08
Acetalderyae
Naphihalent o |
Benz(ajanthracers 261E-07 |
Annu SN ] posias
AETE-07 )
=
FE0T]
wne 4E-07_|
Diberz(a,njanthracens A5E-07
] S5E-03

2, NO3, CO, 5 DPM bassd on ertens polltant smission e seul sboe, Ss2uming G0% of MO 35 NO'Z. Otree TAPS #om AP-A2 Chagler 1.4 (Largs Stationsry Diessl Enginas)

* Conteol factoes usied In cond Sabey, Vantage, and Cyrus One data conter NOG appications.
THe

¥ Cuost affoc Svenass based on total
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TABLE B2 2-14b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Particulate Filter [DPF VDies el Oxidation Catalyst (DOC) Contrel System
DieselFired 1.25 MW Generac Emergency Generator

Operating Hours 100 hoursfyear

Gost ftem

[ Factor

Cost

B1.357

[Futhasad Equipment Cost (FEC )

FEC 51 A +B

0

Foungations & Suppods

Ingluded in A

Handling & Erecoon

Included in A

Includes in A

Included in A

Includes n A

Included in A

JOirect Instaniation Cost

InCluded in A

Included in A

Included in A

Included in A

Total Indirect Costs {IC]

TOTAL CAPITAL INVESTMENT = DC # IC

CIparatoe [ Negligible
SupEr/isar 1 Neglaiblie
JTotan Operating Lagior
|La [ —— =
[Hatzials |
JTotal Maingenance™ | 0.005* 446
O
I Negiginie —
T —
I
T otal Utilkies
[Catanyst Cost

Catalyst Replacement

Total Catatyst

[
| Calalyst e > DOC Bervice Life
1

[Miscelanems

[Feromance Tests

[Fecom weeping & Repormng

TTotal Wiz elaneous Costs

[Total irect Annual C osts [DACT

|Indrect Annual Costs

7% O cpersing, Uperasor, eRSnAnCE
oveteag® ior & muterioiz

omintstratve Chamges o tel
[Capital Recoviry Factor CRE
Capital Recovery CRF * TCl
Total Indirect Annual Costs {IAC)
[TOTAL ANNUAL COST = DAC +|AC 8,212
Uncontroiied NOx, CO. VOC, and PM emissions 10nSHT 0398
MO, CO, VOC, and PM Emissions wil £ DOC Controls tonshr 082
P ercent eduction from uncontrolled 16%
Total emis o reduction [ 016
Cost per Ton Centrolled $hon 52 828

! Captia ihe engine dprant Ca)
vin:
*Misirum, cost wom mosirecent Sabey, Vanige, and Cynizne cost efiectivensss analy
* Bt tnd sy mcpustions Yom ER A A Beiktion Con
hits 2013085 20194
® £ A's Alr Polution Control Cost Manual, Section 1, Chagber 2(C od E stmation, Sedion 2657
P A Al Polubion Contrel Sosl Manual, Section 1, Chepter 2 (C ol E dimaliond, Sedion 26 55

ot F et s S ot fomnt or S ebactios £ aa e Bimckicton (SCR | i

7 T s sty Shctie it SR AT g & 75 pRar SRR I8 80 & U5 larad itk
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TABLE B2 2-14b
COST EFFECTIVENESS CALCULATIONS
Texie Air Pollutants
Diesel Particulate Filter [DPF VDies el Oxidation Catalyst (DOC) Contrel System
DieselFired 1.25 MW Generac Emergency Generator
Operating Hours 100 hoursfyear

TAP Avg Emission Emission Cost-Effectivenses *
Period ' Toxic Alr Pollutant Factor~ ipy) | Contrel Factor “ [Reducten itpy)| #ren)
Acrolgin 7. 6.17E-06 070 4 32606
Moy LN 220504 B30, 4,577,930
[Xylenes TE1E-04 070 ’
Propylene 2 19E-03 070
Benzeng 6.0BE-04 0.70
Formalostyde 6.18E-05 070
[EE [T
1 02E04 ]
4 BIEQT 00
Annual 1208 08 Al 418,854
8.69E-07 0.70
1.71E-07 0.70
I 2 BTE- ZOIEAT 070
Indend(1 .2 Tene 4. 14E-| 3.24E07 0.70
Dibenzia hjanthracent 2. TEDT 0.70
oPM 2.16E-02 088
TRGIL Inormation Fam VYAG 173460
502,N02, 20, e DPM suenie 90% ol x5 D2, Offer TAPs tom AP—42 Chepter 3.8 L args Stabionsey Dicest Engies)

7 2 onkred terdors wsed in recent S, Ventage, ord £ yeus Ore dale conler NOS appbosbions.

! Conenmctvmnes an ey
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TABLE B2.2-15k
COST EFFECTIVENESS CALCULATIONS
Criterla Alr Pollutants
Diesel Particulate Filter (DPFYDlesel Oxldation Catalyst (DOC) Control System
DieselFired 2.25 MW Emergency Generator
Operating Hours 100 hoursirear

Tast ltem

T Facker T Toat

oam
[Furhased Equipment Costs

[Ernmary Equament

A

B=0065"A

[Furchased Equipmenn Cost (PEC)

INCIUGed in A
FE + 0

IncInEe

Includes

RN
Piging TS
Tnsuiation for Duciwork [T
Fariing TN
[Cirect Installabon Cost InclLcs;
[Tetl Diract Costs OC] 1
ndirect Cosi
(EEIEE
[Engineenng FICILGED In A —
(Construction £ Field Expensas nclused in A
rAcios Fees ncluGed in A
fart-Up ncluBEd in A
Contirgencies 003" PEC 3677
[Taml Indirect Costs (IC) [ BETT
[TOTAL CAPITAL INVESTMENT = DC + IC I 126,243
[Brrect Arral €
Dperator | N Egligitile [
Suparaisor I Heqligible I
[Total Dperating Labar I
Warienance
Labor | |
Matenals 1 — I e
Trctal hesintenar 1 0005 * TE | &al
Uiities
| R T Hegligible
Ter 1
Feapert 1 — =
[Total ilities
Catalyst Cost I
Jcatatyst Reglac emert | Catatyst b1e » DOC Senace Life —
|Total Catabyst Cost 1
I I
1 |
|
[ToT Direct Annual C osts (DAC) | 2]

BT 0 gl FUEATALELR M

ovemesd” Iatur & mrind
[2omirestrative €namges” on2eTc)
Capital Rec overy Factar’

Capital Hes ovel

CRE™TCI

[Toml Indirect Annuai Costs [IAC)

[TOTAL ANNUAL COST = DAC # |AC

LUnc ontrolied NOx, CO, VOC, and PM emissions

| L2 CO,VOC, and PM Ei Contrals
tons AT
Cost per Ton Controlled $iton 24,707

" Coptel vest provded by B v "

ey, Voritnge, aid Cymu

e L

4 Estmated usng squaions fom E7 &' A Polltion Control Cast E stmation Spresdsheet for Selective Catahbic Redudion (SCR ) found

Epasar Poas
¥ A Al P Bt C oot €8t Miinl, Skctin, 1, Cragh

Morual, Secton 1

¥ The capsl recovery ictoe was osulsied assuming B 25.year qupment e and & 4% intered 1
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TABLE B2.2-15k
COST EFFECTIVENESS CALCULATIONS
Toxle Alr Pollutants
Diesel Particulate Filter (DPFYDlesel Oxldation Catalyst (DOC) Control System
DieselFired 2.25 MW Emergency Generator
Operating Hours 100 hoursirear

Emission
TAP Avg Emission Reduction | Cost-Effectivensss
Period ' Toxic Air Pollutant Factor * (Ib/MMETU) itpy) . Ity (tan)
L roitin 7.E9E-U6 9 USE-06 0.70
sitow  [TOETE ZEHIE-04 0.70 ot
Hienes 1.59E-04 0.70
Propyiene 2 19E-03 32003 070
Beniene 7 TEE-0% BATE DL 070
Formaderryde 7B3E-05 3 06E-05 070
Acetadetyie 2 52E-05 e 070
Naphenalene 1.50E-04, 14504 0.70
Benz{ajanthracens £ 22E-07 7407 0.70
RS 72 1.59E-06 0.70 93172
B 1. 11E-06 0.Tn
BEng(KNuarantne eng 7 18E-07 L)
Benza#|prymens 2 57E-07 070 T
Ingenajl 2.3-cojpyrene 4 18E-07 070 333607
Cienzia hjarinvac ene 548E-07 070 2 76E-07
OF M - 0os A 8BE-07
TREIL Inormation ¥om WAL 173850
», aned DR M emieulafions, as 83K02 Other TAPs Wom AP-42 Chapter 3.4 (Lame Stasionary Diesel Engnes)

e 1 rcant oty Viage, el Cynust e it coter NOC agplcations

rusnl ctedved et
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TAELE B2.2-16b
COST EFFECTIVENESS CALCULAT
Criteria Air Pollutants
Diesel Particulate Filter [DPF) Control System
Diesel-Fired 400 kW Emergency Generator
Operating Hours 100 hours/year

Cost ltem | Factar | Cost
rect Costs
Furchased Equipment Costs
Primary Egupment’ 33344
Tax® 167
ing

Ct Installation Costs

Foundations & Suppors

Handing & Erection

g
[Insulation for Duchwark

[Painbing

[Direct Instalation Cost

Total Direct Costs (O

[Indireet Costs.

nstallanon

Ergneenng

[Corsiruction & Fueld Exp

[Contractor Fees

[ Start-L Inc -

ingencies’ 0 1,065

Total Indirect Costs (I} | 1,065
[TOTAL CAPITAL INVESTMENT =DC +IC | 36,577

|Direct Annual Costs

Tierabg Labor

1 Heghaible |
1 Hegigible I
[Total Gperating Labar |
Maintenance
E:mo.' T T
[Materiats | |
[Total Maintenance™ | 0,005 * TC1 I 183
Utilities.
[Elecanc 1 MNagh
[Vvial | e
[Fezgent 1
Catalyst Cog |
TCatalys Replacement | I N
Miscellangous J
Ferformance Tests T T
[Fecord Keeping & Reporin 1 |
ot |
Tatal Direct Annual Costs [DAC) | 163
I|I'|§ netEnnual §°|‘I
- G0% of operatng, supenasor,
Overhead Ananance Lt f. natarias 110
administrative CF a0z TCl 731
CRF 0 0640
CRF*TCI 2341
3,183
[TOTAL ANNUAL COST = DAC + IAC 3,366
d NOke GO, VO, and PM emis 021
MO, CO,VOC, and PM E with DI 0.18
Percent reduction from uncontrolied 16%
Total ermi s reduction 003
Cost per Ton Controlled Siton 102,565

" Captia cost provided by the ergine vendor (Brant Srindy of Westem States Equipment Co)

T astinglon sakes b

¥ Minivum cost Trom most recent S sy, Vantage, 0 Cyrus O coSUTRCeniss andl s

rrteed g e KNS from EFAYS Air Poluson Control
5 0fiscrs osmanual

Estimation Epreadits

ot for Sewctive Catalbe Reducton (SCR ) found al
13 x

Tha eapdal tenvary Telor was ek Listad ASURING 5 25-yR3r acuipenant e 3nd & 4% ntarest rte
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TABLE BZ.2-16b

COST EFFECTIVENESS CALCULATIONS

Toxic Air Pollutants

Diesel Particulate Filter [DPF) Control System
Diesel-Fired 400 kW Emergency Ganerator

Operating Hours 100 hoursiyear

Emission
TAP Avg Emission Reduction | Cost-Effectiveness
Period ' Toxic Air Pollutant Factor * (IbIMMBTL) Uncontrolled Emissions (tpy) | Control Factor * * (§hon)
Acroien T BEE.0C TEEE0E 070
4 g 2 BE-04 5 91E-05 070 —
24-Hour A 0BEDE TT0 6,590,052
5.87E-04 0.70
1 BIE-04 070
1 BBE-D5 070
Acetaldehyde 5.30E-06 0.70
aliri E-05 070
[Benz{alanthracene 1.31E07 7
[Chrysene 30E-07 70
I fluoranthcene PR 7 S
4.SBE-0B T
3 5TE-07 5 ADE-0B 070
4. 14E-07 8.70E-08 0.70
Divenz(ahjanthra 3 ABE-07 T27E08 070
OFM - S.OTE-D2 040 4 SEE-03

‘AEIL formation from VA G 173860
#1502, NOQ, CO, and DPM basad on critarias polulant emizsion cak ulsons, BEsuming D0% of MOw &8 NO2. Cihar TAPS from AP-42 Chaptar 3.4 (Laeps Ststonary Diesal Engined)

? Conol faetars ussd i racant Sabiy, Vantags,

Cynys 0na dats canter NOC spple MOnE

¥ Coskafiacivaness hased on total annual contml cost and emission reduction By TAF averaging pencd groug
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TABLE B2.217b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Farticulate Filter (DFF] Control System
Diesel-Fired 750 KW Emergency Generator
Operating Hours 100 hoursfyear

DSt Tem T Factor T o]
’olm: Gosts
Furchased E quipmern Costs
[Primary Equipmeant’
S ates Ta
[Snipoing
JFurchiased E guipment Cost{PEC]
[Cirect Instaliaton Costs
Foundations & Supg Included n A
Handing £ Erection Included in A
Electrical Included n A —
‘lping INEIDEE i A
nsulAton 107 DUCTWorK INCINges m A
Incluged n A
|Ciract instalistion Cost Ingiugdes in A
[Total Diract Costs [DC) |
1ln¢ rect Costs
[(nstanznon
INCINges o A p—
Included in A
Conbngenties” D03 "PEC 1517
[Total Indirect G osts (1G] | 1517
[TOTAL CAPITAL INVESTMENT = DC +IC I 52,084
[ETrect Annual Costs
[Operabing Labar
[ perator T Hegir T
upErASar 1 Ml inlE | p—
TTatal O prativeg Labor I
[Manterance
[Labar I I
Matenais 1 1
[Tatal Maimenance™ 1 1
(]
Flecticly T
F T T —
[Feagent |
JTotar Utites —
Catalyst C
- —JCatays! Replacement I
[Tatal Catakyst Cast |
[FcEanecs
| 5 I I
|Eecorn Keeping & Repoaing
TTatal rscelancous Costs 1
[Total Direct Annual Costs (DAG) 1 60
. T, oGP, AR
Cvemesd® e et 6 st 15
dministrative Charges” n07°TC! 1042
|C apial Recavery Factor CRF 00640
- apral Recavery CRF*TC 3334
[Total Indirect A nnual Costs (IAC) 4532
[TOTAL ANNUAL COST = DAC +IAC 4,792
-, and PM emissons ey 0,79
s with OPF T [0
[Fercent recuction from uncontroiled T
Total Emissiony red oy 006
Costper Ton Controlled $iton 85,178
" Captial cod proviid by lhe enging versdur {Drind Deicady of Wssterr: Stabes Dquismnent Co)
? i arshington saies fac
? Minieruen eest from o recent Sakey, Vankags, snd Cyns Ong eost-efacliveness snalriss
4 Estimatest s Goudbons st Tor Sekectivg Catayte Reuttion (SCR ) found o
bt 30 o

“EPA's AR Polution Contro
" EFA's AR Polution Control Cost Manu,

tion 1, Ghaper 2 {Cos
T The capial recovery factor was Caculaed assuming a 25y ear eaupmond e and a 4% imerest mie
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TABLE B2.217b
COST EFFECTIVENESS CALCULATIONS
Toxic Air Pollutants
Diesel Farticulate Filter (DFF] Control System
Diesel-Fired 750 KW Emergency Generator
Operating Hours 100 hoursfyear

Emission
TAP Avg Emission Reduction |Cest-Effectveness |
Pariod ' | Toxic Air Pollutant Factor? {IMMBTU) Uncantrolled Emissions itpy) | Control Factor ® fton)
[=esaiein THEe 6 Pl 010
e LIS ZAIEA LosE LE 5,687,361
K ytenes 1.93E-04 7 11E-05 0.70
Propdens 2.79€-03 1.03E-03 0.70
Berzens 7 TEE04 2 BEE-04 0.70 2 00E-04
Fomaisenyae 7 BEE 08 2 RIES 0.70 2 03E-08
= cotalerme 257808 0.70 6 S0E-06
M aphthalene 1.30E-04 0.70
Berz(ajanthracens 6 07 0.70
Arvua fonieng 1558 ni 696,496
B en(BFluoranticens 1 1ED6 0.0
Berz(kifluoranthoene: 2 1EEO7 0.70
Benzofamrent 2 57E-07 0.7d
Ingerail,2,3-cdjpyrene 4 14807 0.7a
Dibera{a njankhracene J4EE-07 0.70
|IJFM - 090

AL informaion [eoe WAL 173480

3 02, MO2, 0, and DPM based on eriteria politant amission calculations, assuring S0 of MO a5 HOZ. Other TAPS from A 42 Ghapter 3 & (Lame Etationary Diesl Engnes
? Controd Faetons usisd i recent Saboy, Vantige, are Cyrus One dald contir MOC appicalins.

* o efliivirerss birsend on ol annusl conlrol COSE AN ennission reuClion by TAP ivarging geriod grous.
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TABLE B2.218b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diezel Particulate Filter (DPF) Control System
Diesel-Fired 1.26 MW Caterpillar Emergency Generator
Operating Hours 100 hoursfyear

I Facter |

Ost ltem
[Direct Costs

chased Equipment Casts

Pimary Eguiment

-
B=00ES"A

Tt in A

PEC =A+B

uded in A
Tl 1N 2
juded in s
uded in A
Jires Liafice for Ducowans uded In
Eainting e in A
Joirest Cost uded in & —
[Tetal Direct € ests (OC) 1 E8.160
[Indirect Costs
nstakation
juded in A
Ui In & -
juded in b
2,045
[Total indirect Costs (IC) I 2,045
TOTAL CAPITAL INVESTMENT =DC +IC | 70,205
[Gireet Annal €
[Cperatnn Labor
Dperator 1 Negigibie | ==
Suparasor 1 1
JTotan Ciperating Labor 1 -
[Maintenance
Cator T = T =
[ateran I I
[Tctal Maintenance 1 1 E
Jtites
EleCicity I —
water |
i gt | —— —
[Total Uiliies
|
I =
I —
= | |
|Fecord Keeping & Feporing | |
[rona miscenanenus Costs |

[Total Direct Annual Costs (DAC)

I 351

[Irdirast Annual ¢ ests

Cverhead®

Bir Of operding, spenascr,
e N [aEa & malenas

[Lommistratroe

0027 e

[ apinal Recavery 7 I
o 3pRa) HELOvery ]

[Total Indirect & nnual Costs IAC)

TOTAL ANNUAL COST = DAC +IAC 8,460
neorirolled NC, C0, VDT, 3nd PM emissions oAsAT 132

M Ow, T, VDC, 3nd PM Emissions with DPF tongAT 126
[Fercert regucion from uncansollid A%
Total emissions reduction fonshyT 0.05
CostperTon Controlled sﬂﬂ 1§.153

" Captial 058 provided by the engine vindor (Beant Briody of Wiestom Stales Equipment Coy
Wastington s li
M ¢4t Mrom ot rocent Sady, Vantags, nd Gy Ong £ ost SRt entas inalk 5o

 Estimeted ting aquaions from EPA's A Palution Contral Cue Fatmation Sprasdshadt for Gelsctive Catase Reuion
# 29 e =

FEpE I
*EPA's Ar Polusion Corteol Cost Marusl, Seetion 1, Chagter 7 (Cost Fetimas

¥ Tive captl revoviy actor was cakulatid aisining @ Tyesr equnment I and 3 4% nlenest rle
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TABLE B2.218b

Toxic Air Pollutants

COST EFFECTIVENESS CALCULATIONS

Diezel Particulate Filter (DPF) Control System
Diesel-Fired 1.26 MW C E

Operating Hours 100 hoursfyear

TAP Avg Emission Cost-Effectiveness *
Period ' Toxic AirPoliutant | Emission Facter” (IWMMEBTU) | Uncentreiled Emissions (tpy) | Control Facter * | Redustion (tpy) 5en)
Acrokein 7 BAE-L 4 T3E- 7 SiE06 |
Toluene 2BIE-04 1.69E-D4 7 16E04 i
o enes T.53E.0d TIeE 04 H TiEQs | ARz
= ropylens 2.79E 1.68E 7 17E
Senaent 4 B6E 0.71 '
Formaldehyde 4. TAE 0.7 E
2 cetaderiyes P 1.51E 0.7
P aphihalene 1.50E-04 7 E1E 7
Senz{ajanthracene 5. 22E-L T3E- 7
PR il LE3ES 1E07 z 1,592,885
enzbfiuaranthcens 1.11E ESE-07 7
enz{k)iuoranthcens 18E 1.31E-07 7
Enzoiajpyrens STE 1.54E-07 7
ndenoll.2.3-colgyrEne 14E Z49E-07 7
Dienzia hanthracene A5E 2.089E-07 7l
DPM 4. 03E-03 3
RS IRt On Froen WAL 173 o8
TR0, NOZ, C0, 3 DPM Eased on Criters polltan amission CacuRions, aRsuring S0 of NOw a5 NOZ Othar TAPS fom AP-43 Chagter 3 4 (Large S2tiorary Dissal Engnes

* Control taclons v in recent Sabey, Vintuge, and Cyrus One dala cenler NOC spbcations.

* ot eflitvisninss birsisd o Total annusl coneol GOSN rission 1IClion by TAR ivargng pod groue.
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TABLE B2.2-18b
COST EFFECTIVEMESS CALCULATIONS
Criteria Air Pollutants
Diesel Particulate Filter (DPF) Control System
Diesel Fired 1.26 MW Generac Emergency Generator
Operating Hours 100 hoursiyear

€ it Iltam 1 Facter T Cast
Trect C osts
[Furchas ed Equipmers Coses
iPrllr ary B quipen A
[Sales Tax® B=0065"A
[Eripping TAE e I A
Furchazed Equipment Cost (PEC) FEC=A+B
Dirgct Installabon Costs
[Founoanons & Suppoes AChI02d In A
Aanding & Ei nchuded in A
Electncal mchIoEd In A
Fiping RChIGed in A&
nsulation for Duttwark AChGEd In A
Fainting AcRIGed in A
JDirect instailation Cost Inciioed in &
Total Direct Gosts (0G) 63316
[Farecicosts
[nsEailation
neering Tnchiged in A
& =
clor Fees
TN e
| Contingant 2,078
[Total inarect Costs 5] 1 2,079

[TOTAL CAPITAL INVESTMENT = DC + IC

|CirectAnnual Gosts

raing Lanar
I I I
1 1
Totan Cperating Labar 1 —
[Mainterance
[E5er ! !
[materars | 1
[Total Maintenance™ 1 0,005 * TCI 1 357
(Oiites
[Etectnciey T N —
[Waler 1
[Feagent 1 —_— ==
o=l Utiiiies
[Catahyst Coat I
|Catanyst Replacement 1
Trotal Catabyil Cost 1 — p—
[Miscelaneous
TFeronmance TEs T T
1 1
ANEDLE L T =
[Total Droct Annual Costs (DAC] T 3857
Casts
T Of e aling, BIEerie,
rirtenan & |abor & dirile 214
& Charges [T 1428
[Capital Recovery Facto? C 00640
[Capital Recovery CRE " TCI 4,570
[Teeal Indirect Annual casts JAcC) 6212
[TOTAL ANMUAL COST =DAC +IAC 6,669
EM Ernissians lonshr [T
slons with DFF tanshr 082
rireded 16%
tonshT 016
[Cost per Ton Controlled $iton 41.984

3 yshingten salis i
? Mnimum cos from moet ercent Sabey, Vantagn, and

et proveisd by M enpires vendor (Bl Briosy of Viestinn S1aties Equpmies Co)

45 (ne cost-offactivenass analyses

e A Pulkgion Control ¢
iy DS

Eprnadshent for Sninctive Cataiviic Fnduct

* IPA'S Al Pollution Corlrol Cosl Manusl, Sec
© ERAs A Puution Conlrol ol M, Sect

7 T capial vistovery activ wers calcubiled i

11, Chapter 2 (Cosl Debimation), Section
Creptie 2 (Cost Extimation, Sition

_june- 200 el xtgmi
T
{11

g & M year eiprind I and @ 4% Intieee rae
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TABLE B2.2-13b
COST EFFECTIVEMESS CALCULATIONS
Taxic Air Pellutants
Diesel Particulate Filter (DPF) Control System
Diesel Fired 1.26 MW Generac Emergency Generator
Operating Hours 100 hoursiyear

TAP Avg Emission | CostEffactivenass *
Period ' | Toxic Alr Pollutant | Emission Factor (Ib/MMBTU) | Uncontrolled Emissions {tpy) | Centrol Facter * | Reducton ipy) i#1an)
A ol ein 7 BOE-06 D& 70 4. 2E
e 2 B1E-04 2 70
24-Hour o = = 3,662,304
2.79 =] T0
04 7
[Formaldenyde 5 7
|Acetalderyde 5 7
Naphthalens 04 7
IBan::z]swmmewe 7 7
Anrual [ShIysene 0, 10 337,844
70
70
07 70
0.70
0.70 1 90E-07
090 1 55E-02
-

L rfrmetion from WAC 173460

SO0 MOZ, 00, and DFM b on eriiria POl eisson ¢aeculsons, sesoring S0% of NOw i MO, Other TAPS from AP.£1 Crpti 3.4 (Lirgs B1a60niry Chsstd Engis
? Cortrol fictors used inrecent Sadey, Varkage, and Cyrus One dala center HOC sppbcatione.

* Costeffect b o lokal dl control cost TAP
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TABLE B2.220b

COST EFFECTIVENESS CALCULATIONS

Criteria Air Pollutants

Diesel Particulate Filter (DPF) Contral System
Diesel Fired 226 MW Emergency Generator
Operating Hours 100 hours/year

Cost ltem I Factor I Tost
ract C ost:
Furchased Equipment Costs
Primary Fguipment’ A
|Sa|: T B=0065° 4
[SHigping RIS n A
[Furchased Equipment Cos: | FEC=A+H ELNEE]
Cirect instalation Gosts
Foundations £ SUJEEHS Incluged in A
1 Inclhuded in A
[ S
INCIueed in A
IN5Ukatan for Ductwark INCIuGed in A
|Fa ing Incluged in A
JDirect instaniabon Cost Inclused in A
Total Direct Gosts (OC) | ETGEE]
i3
|I:ng nEEMng TNEIoed in A
[Construction & Fueld Ex Inciused in A

Incluged in A
TREIoe 0 A
0.03*PEC
Total Indirest Costs (IC) 1 2942
[TOTAL CAPITAL INVESTMENT =DC +IC | 100935
rect A nnual Gosts
[Cpersting Lanor
[Cperator | 1 —
[Eoperviser I I
T —
[Maintenance
Labor 1 E== 1 =
Matarials 1 1
1 0005 " TCI 1 505
iiities.
ETeCineity T e
Wwater 1
REagert 1
[Total Uilities.
Catayst Cost

I
IC!'.Z'YS': Replacement I
TTotal Catahyst Cost 1

M st ellantous

TIPS, of Cpevslig, UparE,
Crverhead® roinbonand @ |abor & nhaborals 303
j2aminestrative :n;gcs" 002*TCl 2020
C3pnal Recovery Facr CRF 00640
Capia Recove CRF - TCI B A65
Tatal Indirest Annual Costs (IAC) 8788
[TOTAL ANNUAL COST =DAC + IAC 9,293
Uncordrolled Nox NWOC and PM emissi tarshT ]
rice: €0 WOC, and PM Emissians with DPF tonshT 153
Percent reduction from un 2%
Total emissions reduction tonshT 047
(Cost per Ton Controlled Siton 19,728

" Captia eoet guivioed by e erging vende |
T nahingion ealen 1
* Minium coet from most recent Sabry, Vantage, and Cyrus One cont efectvnness analyses

ot Briy of Wiestirn Statiss Equprmint Co)

* Estimatrd using equaione from ERA's A Polltion Control ost Esmation Spemadshest for Soinctve Catabic Fnduction (308 ) found ot

LS Do 0 v ST O TR0 1 9 D6 e st st st _une- 01 asn

© EPA's Al Frlbgion Confrol Gost Manual, Section 1, Chapter 7 (Gost Estmaon, Section 266 7
raton, Secton 2688

© PR A Polbion Control Cost Marual, Secten 1, Chapler 2 (Cor

© The captal revaery Factor wis calc i irsuming 2 25 yuar equiprmant i and o 4% infirest rile
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TABLE B2.220b

COST EFFECTIVENESS CALCULATIONS

Toxic Air Pollutants

Diesel Particulate Filter (DPF) Contral System
Diesel Fired 2.26 MW Emergency Generator
Operating Hours 100 hours/year

TAP Avg Emission CostEMectivaness *
Pariod ' Tewie Air Pollutant | Emission Factor ™ (IB/MMBET U} Centrel Factor ReducBon tpy) ($en)
sl 7 BAE-O5 070 5 33E-05
e T BIE-0 (R 726604
24How 3,534,390
xyleres 1 93E-04 0.70 1 556-0a
[Fripryien 2 TAE-03 0.70 T 2aE-00
Berzene 7 76E-04 0.70 6.09E-04
[Formsenyae 7.69E-05 070 6IED5
icetainenyoe 252605 0.70 ZO9E-05
Raphihalene [EET] 070 104E-4
Berzia)anthacene 622607 070 5 00E-07
Chrys T53E-05 070 1 2006
A y Thtene T1IE-06 n70 B 92607
| BengkNuoranthceng 28E-07 0.7 1.756-07
[Ben o ajgyn 257807 0.7
Incenogl 2 3-cojgyren 4, 14E-07 0.70
[Dimenzia,hjari 3 AGE-0T 0.70
[OPM - 0.20

WAL 115850

¥ GontronFactors useadin recen Sabey, Vantage, and Cynus e dats centis NOG appc stons

ol col

by TAP

Fam
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TABLE B2.221b
COST EFFECTIVENESS CALCULATIONS
Criteria Alr Pollutants
Diesel Oxidation Catalyst (DOC) Control System
DigselFired 400 kYW Emergency Generator
Operating Hours 100 hoursfyear

Cost iem I Factor T [T
L B
TrectCosts
Furchazed

Equipment Costs
[Frimary Equpment” Fy B336
Sales Tax E=0085°A 542
Shipping Incluged in A ——
[Furchased Equpment Cost (PEC) FEC - A+8 BEIE
[Cirect instanation Coats
Foundatons & Suppars TNCIioEs i A
Hangling & £ rectan nA —
A o
nA =
nA —
A
[Direct Inztaliation Coe A
[Tetal Direct Costs (DC) T BETE
Indirect € osts
Tanon
TnElaed £ A
InCluged in A =
Inclugen in A
TNCILoEE i A ==
0.03*PEC 265
[Total Indirect Costs ’IC T 286
[TOTAL CAPITAL IN VE_STM ENT=DC +IC | 9,144
[Birect Annual Costs
[Operating Latio:
[Gperator | Hegbie: I
3 | Negigitie 1
T0tal Uperabing Lanor 1 =
Mairtenance
Labar I — 1 =
IEEED | 1
Trotal Mairnenance™ | 0.00% " TCI 1 a6
Utimes
[Elecinicity Il NEGIGItiE ——
[ ater |
[ 1 e ==
[Total L
Catatyst Cost
[Catshet Replacement | Catahstine = oG oo
Trotar Catanyst © | — =
Mizcellaneous
T 1 T T =
TeeCord KEEping & REpoming I T e
Tctal Miszelianecas 1
[Total Direct Annual Costs Eﬁ('. T 46
" TFoR of trnating, supervieor, marbanance)
Crvernead® Labor & materials 27
|aoministrative Charges” 002~ Ta 163
Captal Recovery Factar 0 0540
[Capeal Recovery SES
[T otal Indirect Annual Costs JAC) THE
[TOTAL ANNUAL COST =DAC + IAC 841
3 WOC_ 30 P emissi 0371
/OC, and PM Emissions with DOC 0.18
enil rEOUENGN from Lncontralied 1%
Tatal emissions reduction tons At 0.03
Cost per Ton Controlled §iten 28,606

" C:aptil £ peovioed by the enging windw {Erant Bndy of Westem Sates Equement Co)

W anstington sades b

2 Mirirvun cost from ot recent Saay, Vantage, and Cym
# Fstimated using aquations from EPA'S Alr Pllfion Control Cost

1 [0t ATRCNBNBSS ANakEES
& for Belectve Catatic R ) found &

LD I s 8T P LTS 1) 15 0 e st st _junes 201 v xdsn

® FFA's AF Priltion Contral
© EPW'S A Polktion Cortrol

Manual, Section 1, Chagier 3 {Cost Fstmationd, Saction 26
o Wanugl, Section 1, Chagter 2 {Cost Estmabon, Section 2655

FThe capial recovery Tattor was Calued assuming 3 25-vear Sauoment e and a 8% inenst rale

D-41

DOE/RL-2020-33
Rev.0



TABLE B2.221b

COST EFFECTIVENESS CALCULATIONS

Toxie Alr Pellutants

Diesel Oxidation Catalyst (DOC) Control System
DieselFired 400 kKWW Emergency Generator
Operating Hours 100 hoursfyear

Emissien
TAF Avg Reduction | Cost-Effectiveness *
Period" | Toxic Alr Pollutant | Emission Factor* (Ib/MMBTU) | Uncontrolled Emissions (py) | Gontrol Factor * [Py} iitom
[Acroiein 7.B0E-06 1 GEE-06 0.70 T16E-06
Toluene 2B1E-04 0 4.14E-05 s
L L o e ot = 1,747,513
rogvient: ﬂ-us 7
Benzens 76E- 04 i E-0d
Farmaldetyoe 7 B9E-05 0.70 1.16E-05
[Acetalneryde 2 52E.05 0.70 3TIE-06
Naphinalene 1 30E-04 0.70 1.91E-05
Denz(ajartrracens 6.22E-07 1.91E07 0.70 9.15E-08
1.59E-06 22007 0.70 2.25E-07
Anaual 1.11E-06 293607 70 GIE-07 e
2 1BE-07 4 50E-00 0 2.21E-08
2 57E-07 5 4DE-00 0 2.70E-08
o A 14E-07 8.706-00 0 D3E-08
|I:mrn.'f.&_I‘.!m'll'ml:r-.l'r. JABE-07 T 2TE-08 0.70 5 09E-08
|E -~ 5 07E-05 0.25 1.27E-08

AEIL fOrTRon FOm VWA 17 4t

* Gt i Svirsesss Exrand 01106 rrnsal £ ol 0751 ] ision it o by TAR awraging piniod group

D-42
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TABLE B2.222b
COST EFFECTIVEMESS CALCULATIONS
Criterla Alr Pollutants
Diesel Oxidation Catalyst (DOC) Control System
DigselFired 760 kYW Emergency Generator
Operating Hours 100 hoursfyear

Cost Item [ Factor | Cost
irect Costs
[FUmnased Equipment Costs.

iimary E quipmens” A
Sales Tax™ BEDOS5* A
[Shipging InEIuded in 2
[Furcnacen Equipment Cost (PEC) PEC tA+E
Cirect inatallalion Costs
[Founostions & Suppons Tneluded in A
Aanding & Erechon nCIudEd In &
LEncal ncluded in A
ApinG T i A
nsulation for Ductwork ncluded in A
Faineing ncluded in &
[Cirect Instalation Cost Included in A
[Tomal Direct Costs oC] T

indirect Costs
[instalianion

Ering u
SrUCHOn & F 1E1d EXpEnsEs Tl uded I = —
Contractor Fees Included in &
Fat-Up Included in A ——
[Conbngancies’ 009 PEC 379
otal Indirect Costs 1€ | 378
TOTAL CAPITAL INVESTMENT=DC +IC | 13,021

I!uect Annual Coste

erabng Labar

[Ceerat [ REalgele |
[Supervisar | REglgEle 1
[Tatal Opérating Labor 1
[Maintenance
[Lanor | — | =
EEEES | 1
ance’ | 0,005 TEI 1 [
[ines
I NEglgnle =
I = =
| Tatal Liblibes
iyt Co
[Catatyst Replacement | Satalyst life > DOC Serdce Life
Tratal Cananst | —— =
! !
[Record Keeping & Reporting | 1
[Tatal Miscelaneaus Costs |

otal Direct Annual Costs {BACH | &5
Ennunt Annual Cotle

T T e T
crverhead® laox & bl 35
[dministrative Charmges™ 260
[Capital Recovery Facor 00540
I R CviEny B33
otal Indirect Annual G osts (IAC) {REE]
TOTAL AMNUAL COST = DAC +IAC 1,138
Uncantrolied NOx, CO. WOIC, and P emnis sions 10NEAT 0713
MO _CO, WO, and PM Emizsions with DOC tans AT 074
[ e el reduc lion from uncontroles T%
Tatal emis sions reduclion lanshr 005
Cost per Ton Controlled $iton 23,272

SE3 28 Erov iR by T 40 {Ewari Eirody of g o)
W ashinglon s L
Mk st Trom st recent ey, Vaniage, and CYTus One Coskeftactiveness analyses
* Estivotad sing aquations from EFA's Alr Folljtion Control Cost Estimaion Sprasdshast i
R M Sespro. " 0
® EFA's Air Poluson Conteol Cost Manual, Ssction 1, Chiapte 7
* ERAS M Polson Conbol Cost Manual, S6ction 1, Chagtir 208t Estivation), Section 2658
" The €0t rocovery 1actar wass CauIalEd B3N 8 25 edr oaupEnent Mo ind 4% terest rite

Selactive Catabylic Reduction (3CR ) found 2
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TABLE B2.222b

COST EFFECTIVENESS CALCULATIONS

Toxle Alr Pollutants

Diesel Oxidation Catalyst (DOC) Control System
DigselFired 760 KYW Emergency Generator

Operating Hours 100 hoursfyear

TAP Avy Emission  |CostEffectiveness '
Penod ' Texic Air Pollutart Emission Factor * (IbMMETU) | Uncontrolied Emissions (o) | Gontrol Facter * | Reduction () i$on)
Az mlein 7.06E-05 0.70 2.09E-06
. Tolusne 201E-04 7 =
-Hour [ N = 1,420,580
IF"Echn 03 0.7
e 0 7
Formalgetyde 2.81E-05 0.70
Acataldemyds 9.73E-06 0.70
Maphihalens 4.79E-05 0.70
[Eerziajantracens 2.29E-07 0.70
Chrysene 5.6IE-07 0.70 pas
AUl oo o mapranticens 409E-07 0.70 2 B6E-07 Zub L
Berz(kifuoranthcens B.09E-08 070 5.62E-00
Berizoalinrene 9.46E-00 0.70 6.62E-00
2.3 cilinyrens 1 526-07 070
Cibereya manthracene 1.376-07 070
EE - 7 35E-03 025
L

AL Fioniabon from WA 1 72+ &5

FH02, MO, G0, it DEW birkind o0 £riers poutan ersion caubations, duiing S0% of NOX SENOL Other TARS

? Cortrel taclors usad In recent Sahey, Vantage, and Cyrus One data center NOC appications,
! Cost-effectivernss bised on foldl srwd conlrol cost and emission reduction by TAP avenaging pariod rove.
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TABLE B2.223b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Oxidation Catalyst {DOC) Contrel System
DieselFired 125 MW Caterpillar Emergency Generator
Operating Hours 100 hoursfyear

Cost tam | Fagter 1 Cost
Irect L 051
Purchased Eguipmen 3
Primiaty Equipenent’ A 16,000
|zales Tax® B=0065* A 1,040
|Enipging Included in A
[Furchased Fguipment Cost (PEC) FEC-A+B 17 040
Crect instatanon Costs
CUNEENONS & Supec Inciuded in A —
Handing & Erechon Vel e In 2 —
ectncal Included in A
"Elnc Included in A —
n3ulabion for Ductwork Included in A
Fainting 16 in A —
[Cirect Instakation Cost ded in A
[Total Direct Costs (DC) | IR
Indiract C osts
Instal aton
[Engniring TRETLCIET 11 2 =
[Construchon & F e Expenses Inchuded in &
Contractor Fees Included in A
X Tncluded in A
- OnbrGerciEs” 003~ PEC S11
[Tatal Indiract Costs ill: || 511

[TOTAL CAPITAL INVESTMENT = DC +IC

| Reglignle |
| HEQIamie 1 —
[Tatal Ciperating Labor 1
Mairdenance
[Cagor T T
Materials | - | —
[Tatal Maintenance” | 0005 TC1 1 &6
ULIRIE S
[Exectnicizy | Negligole
[Water [
[Feagent |
Tiota Ubites —
Catatyst Cost
[Catanst mepiacement | Catatyst life > DOC —
TTatal Catatyst Cost | = —
[Miszelanzcas
[Performance Tests I == I =
[Pecord Kesping & Raporing | 1
[Tatal Miscelaneo. | =
[Total Diract Annual Costs [DAC) | =]
indlr ect & nnual Gosts
5% of opuralng, super ey, e
rvernead® bior & rratarisis 53
Aaministrative Charges” 0027701 351
Capeal Recovery Factar CRF 00840
Capkal Recovel CRF*TCI 1123
[Total indiroct Annual Costs QAT T 82T
[TOTAL ANNUAL COST =DAC + IAC 1616
contralled NOw, €O, YOC and PM eémissions BorsAT
L and PM Emissions with DOC tonsAr
Pescent reguction from uncantralied
Total emi schon Tans AT
Cost per Ton Controlled $iton 32,963
" Captial cost penvinad by the ergie vende (Brart Briody of Westem Sies EqUEFTen! ©0)
* wresnington s i
? Mirisnen cot from sl el Sabey, Vinlinge, and Cynas O couk ey enesss anshrses
for Selecive Catabtic Reduction (CR ) found &

* Detinalend wsing egualions from DPA's A Pollulion Corlrol Cost I
itnes v g 1 o 2 o
" OPA's Al Polhation Control Cost W anusl, Seclion 1, Chagter 2 (0

Jun 31 St adsm

4 Catirnatiord, Seclion 2657

© EFA's AR Prilion Control Cost M anusl, Saction 1, Chager 7 (Cost Esamation, Saction 26 5 8
¥ The capial recovery factor was CacuEAd SSSUTInG 3 J5-yRar squioment e and 3 4% interest rate

D-45

DOE/RL-2020-33
Rev.0



TABLE B2.2-23b

COST EFFECTIVENESS CALCULATIONS

Diesel Oxidation Catalyst (DO

Toxic Air Pollutants

Diesel-Fired 1.256 MW Caterpillar Ei ] ¥
Operating Hours 100 hoursfyear

C)Control System
o "

TAF Avg Emission  |Cost-Effectivensss |
Pariod’ | ToxicAirPoliutant | Emission Factor® (IMMBTU) | Uncortrolied Emissions itpy) | Contrsl Factor” | Redustion itpy) fsan)
[Acmlein 4.73E-06 0.10 5.51E-06
. Touene TEIE-D4 070 1.18E-04 |
D4 Hoer [oyienes 1.16E-04 070 BAIE-D5 1174328
Frapyiene 1.58E-03 070 117E-03
[Eerene 4 BGE-[1 0. 326E-04
Formalgerde A TAE-D5 0.70 5.54E-0%
[Acetalden e TEEDS 0.0 T.D6E
0 TEIE-US 0.70 S ABE-Ds
Eerziajantacene 5.73E-07 .70 ZEIE-DT
Chrysene 519E-07 0.0 £43E-07 g
ranthier 5.EBSE-07 0.70 4 B7E-07 e
[E=nzixfuarantncene 21BE-O7 TEIEDT 0.0 G.16E-08
[Eerzo(ajpyene 257E-07 1.58E-07 070 1.08E-07
indeno(,2,5-cd)pyrens A14E-07 T49E-07 070 1.74E-07
Ditrz(a njenhracene JAGE-07 Z.09E-07 0.70 TASE-07
R 4 (9E-03 025 T01E-03

TRGL rormeton

O WAL 173 46D

Cort

* Gt officTviryesss Rerand O 105 sl ool €076t ] ernission rituction by TAR dveraging piviod group

D-46
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TABLE B2.2-24b
COST EFFECTIVENESS CALCULATIONS
Criteria Air Pollutants
Diesel Oxidation Catalyst (DOC) Control System
Diesel-Fired 1.25 MWW Generac Emergency Generator
Operating Hours 100 hoursfyear
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) is proposing several projects that will renovate and
upgrade the Hanford Site’s Export Water, Raw Water, and Sanitary Water Systems to support
ongoing operations on the Hanford Site (“the facility”). New emissions of criteria (CAP) and toxic
air pollutants (TAP) from sources in these projects may require a minor source operating permit.
Among the new emission units proposed for these projects, six new diesel enginepowered
emergency generator sets will be installed and operated. Washington State Department of Ecology
(Ecology) will review the emissions of CAPs and TAPs from these new stationary air pollution
sources as part of the Notice of Construction permit process.

The proposed diesel engines are expected to emit toxic air pollutants (TAP), four of which (i.e.,
benzene, diesel particulate matter, naphthalene, and nitrogen dioxide) are estimated to exceed the
WAC 173-460-150, “Table of ASIL, SQER and de minimis emission values,” small quantity
emission rate (SQER) levels. Of these four, diesel particulate matter and nitrogen dioxide have
been predicted by air dispersion modeling to exceed the applicable WAC 173-460-150 acceptable
source impact levels (ASILs). In cases where a modeling analysis predicts concentration increases
that exceed one or more ASILs, WAC 173-460-090, “Second tier review,” provides a second-tier
review process to determine a means of compliance with the ambient impact requirement.

Ramboll US Consulting, Inc. (Ramboll) submitted a Health Impact Assessment (HIA) Protocol
to the Ecology on behalf of Mission Support Alliance (MSA), in contract with DOE, on
December 2, 2020, and Ecology notified MSA via email on December 2, 2020, that it had been
reviewed and approved for use in developing an HIA.

The remainder of this document describes the methodology and results of the HIA, which
includes descriptions of the project and project location, identification of exposed populations, a
discussion of the toxicity of the TAPs of concern, an outline of the air dispersion modeling
methodology used to estimate exposure, and a description of the calculations used to quantify
increased hazards and risks attributable to the project, as well as the results of those calculations,
all of which conforms with the HIA protocol.
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2.0 PROJECT DESCRIPTION

The DOE is preparing for several upgrades to the Hanford Site Water Systems. These upgrades
are necessary to ensure the Water Systems infrastructure is adequate throughout the lifecycle of
the Hanford Site cleanup mission. The various water infrastructure upgrade projects (hereafter,

“the Projects”) include installation and operation of six diesel engine-powered emergency
generator sets (Table 2-1). The locations of the proposed emergency generator sets are shown in

Figure 2-1.
Table 2-1. Proposed Generator Sets.
Proj. Description Rated Capacity | Approx. Engine Power

ID (kWe) (bhp)
L895 Standby Generator 1,250 1,829
L897 Standby Generator 750 1,112
L781 Feed Pump | Feed Pump Building Standby 400 617

Generator

L781 Pump House | 181-D Pumphouse 2,500 3,352
L826 Pump House | 181-B Pumphouse 2,500 3,352
L849 282EC Standby Generator 1,250 1,881

2-1
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TOXICS AIR POLLUTANT EMISSIONS

181-D Pump House
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Figure 2-1. Locations of Diesel-Powered Generator Sets

@ Proposed Sources
A Hanford Met Tower (HTWR)

@ Hanford Ambient Alr Boundary

B todeted Buildings

TAP emission totals for all emission units associated with the various water systems upgrade
projects are summarized in Table 2-2. Additional emission calculation details for all emission
units associated with the proposed Projects were developed for the Notice of Construction
(NOC) application submitted to Ecology (DOE/RL-2020-33, in draft), are also provided in
Appendix A of this document for convenience.

Table 2-2. Toxic Air Pollutant Total Emissions Estimate Summary. (2 Pages)

PR Total De Minimis | Exceeds SQER Exceeds
Common Name CAS # . (Ib/avg. (Ib/avg. De (Ib/avg.
Period ) ) . . ) SQER?
period) period) Minimis? period)
Acetaldehyde 75-07-0 year 1.073023 3 No 60 No

Table 2-2. Toxic Air Pollutant Total Emissions Estimate Summary. (2 Pages)
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Total De Minimis | Exceeds SQER
Common Name cas# | AVEraBing | (bjavg. | (Ib/avg. De (Ib/avg. | Exceeds
Period period) period) Minimis? period) SQER?

Acrolein 107-02-8 24-hr 0.000919 0.0013 No 0.026 No
Benz[a]anthracene 56-55-3 year 0.026485 0.045 No 0.89 No
Benzene 71-43-2 year 33.04228 1 Yes 21 Yes
Benzo[a]pyrene 50-32-8 year 0.010943 0.0082 Yes 0.16 No
Benzo[b]fluoranthene 205-99-2 year 0.047264 0.045 Yes 0.89 No
Benzo[k]fluoranthene 207-08-9 year 0.009282 0.045 No 0.89 No
Bromodichloromethane | 75-27-4 year 0.179824 0.22 No 4.4 No
Bromoform 75-25-2 year 0.000417 7.4 No 150 No
Carbon monoxide 630-08-0 1-hr 1.064468 1.1 No 43 No
Chloroform 67-66-3 year 29.92262 0.35 Yes 7.1 Yes
Chrysene 218-01-9 year 0.065148 0.45 No 8.9 No
Dibenz[a,h]anthracene 53-70-3 year 0.014733 0.0041 Yes 0.082 No
Diesel engine exhaust,

particulate ; year 1263.156 | 0.027 Yes 0.54 Yes
Formaldehyde 50-00-0 year 3.359583 14 Yes 27 No
Indeno[1,2,3-cd]pyrene | 193-39-5 year 0.017628 0.045 No 0.89 No
Naphthalene 91-20-3 year 5.535434 0.24 Yes 4.8 Yes
Nitrogen dioxide 10102-44-0 1-hr 6.64125 0.46 Yes 0.87 Yes

2-3
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o-Xylene 95-47-6 24-hr 0.022515 0.82 No 16 No
Propylene 115-07-1 24-hr 0.325477 11 No 220 No
Sulfur Dioxide 7446-09-5 1-hr 0.007641 0.46 No 1.2 No
Toluene 108-88-3 24-hr 0.032781 19 No 370 No
SQER = small quantity emission rate

2.2 CONTROL TECHNOLOGY

2.2.1 Best Available Control Technology for Toxics

Per WAC 173-460-060, “Control technology requirements,” new or modified sources that
increase TAP emission rates must employ Best Available Control Technology for toxics
(tBACT). In the NOC application submitted to Ecology, DOE proposed that tBACT for the
diesel engines that would power the proposed emergency generator sets is:

« Tier 2 engine certification for engines with a rated power output greater than 751 bhp

- Tier 3 engine certification for engines with rated power outputs of between 100 and 751 bhp,
exclusive combustion of ultra-low sulfur diesel (ULSD), and use of proper operation and
maintenance procedures recommended by the engine manufacturer.

2.2.2 Emissions Standards

As stated in the NOC application, the proposed emergency generator sets will comply with
applicable new source performance standards, national emission standards for hazardous air
pollutants, and state emission standards. The applicable standards have the potential to require
work practices or add-on controls that could affect TAP emissions. This section provides an
evaluation of these potentially applicable standards and the effect, if any, on TAP emissions
relevant to this analysis.

40 CFR 60,”Standards of Performance for New Stationary Sources,” Subpart IIII, “Standards of
Performance for Stationary Compression Ignition Internal Combustion Engines,” applies to
manufacturers, owners, and operators of certain stationary compression ignition (CI) internal
combustion engines (ICE). Specifically, this regulation applies to owners and operators of a
stationary CI engine that commenced construction after July 11, 2005, was manufactured after
April 1, 2016, and is not used to drive a fire pump. As part of the Projects, DOE proposes to
install and operate six emergency CI ICEs that meet the criteria for applicability to this Subpart.
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Subpart I111 requires that the affected emergency engines burn only ULSD with a sulfur content
equal to or less than 15 parts per million by weight, and that the owner install a non-resettable
hour meter, operate the engine according to emergency provisions (i.e., no limit to emergency
operation, 100 hours per year of non-emergency operation, 50 of which can be non-emergency,
non-maintenance, and/or non-testing operation), and purchase a certified engine that has a
permanent label demonstrating that it meets the emission limits in 40 CFR 89.112, “Oxides of
nitrogen, carbon monoxide,hydrocarbon, and particulate matter exhaust emission standards,” and
40 CFR 89.113, “Smoke emission standard,” applicable for its model year and power rating. DOE
will be in compliance with this Subpart as a result of installing certified engines that meet the
emission limits applicable for its model year and power rating and operating the engines in
accordance with the requirements of this Subpart. No performance testing, notification, or
reporting is required by Subpart I111, and, other than the required engine certification, the rule will
have no effect on pollutant emissions attributable to the proposed engines.

40 CFR 63, “National Emission Standards for Hazardous Air Pollutants for Source Categories,”
Subpart ZZZZ, “National Emissions Standards for Hazardous Air Pollutants for Stationary
Reciprocating Internal Combustion Engines,” regulates emissions of hazardous air pollutants
(HAPs) from existing, new, and reconstructed stationary reciprocating internal combustion
engines (RICE) located at area and major sources of HAP emissions. The generator set engines
proposed for the Projects are subject to this rule.

Under Subpart ZZZZ, a RICE located at a major source? is considered “new” and not “existing”
if it meets one of two criteria:

0 A power rating equal to or less than 500 bhp and is constructed on or after June 12, 2006 O
A power rating greater than 500 bhp and is constructed on or after December 19, 2002.

The proposed generator set engines will all have power ratings greater than 500 bhp and will
have been constructed after December 19, 2002; therefore, each of the proposed engines will be
considered new.

In accordance with Subpart ZZZZ, a new emergency RICE with a power rating greater than

500 bhp located at a major source that does not operate or is not contractually obligated to be
available for more than 15 hours per calendar year for the purposes specified in 40 CFR 63

(i.e., an Energy Emergency Alert Level 2 under the North American Electric Reliability
Corporation

Reliability Standard or where there is a deviation of voltage or frequency of 5% or greater below
standard voltage or frequency) does not have to meet the requirements of 40 CFR 63 Subparts A

! The Hanford Site, currently operating under Air Operating Permit Number 00-05-006 Renewal 3 (July 15,
2019), is a “major source” of hazardous air pollutants as defined in the Clean Air Act Section 112. Section 112
defines the term “major source” as “any stationary source or group of stationary sources located within a
contiguous area and under common control that emits or has the potential to emit considering controls, in the
aggregate, 10 tons per year or more of any hazardous air pollutant or 25 tons per year or more of any combination
of hazardous air pollutants.”
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and ZZZZ, except for the initial notification requirements. Because the proposed generator sets
will not operate or be contractually obligated to be available for the purposes specified in

40 CFR 63, the proposed engines will not be subject to the requirements of 40 CFR 63 Subparts

A and ZZZZ, except for the notification requirements; the rule will have no effect on pollutant
emissions attributable to the proposed engines.

This Page Intentionally Left Blank
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3.0 HAZARD IDENTIFICATION

As noted in the previous section, the maximum potential emission rates of four TAPs are expected
to exceed the assigned SQERs, and diesel particulate matter and nitrogen dioxide are predicted by
the dispersion modeling to exceed the assigned ASILs. Diesel particulate matter and nitrogen
dioxide, which exceeded the applicable ASILs (see Section 4), along with the TAPs that exceeded
the SQERs but did not exceed the ASILs (i.e., benzene and naphthalene), were also included in
the second-tier analysis. This section presents the physical properties, environmental fate and
transport (e.g. chemical reactions and transportation in the atmosphere), and general health effects
when humans are exposed to these four TAPs. Principal sources of this information include the
Integrated Risk Information System (IRIS), Agency for Toxic Substances and Diseases Registry
(ATSDR), and California Office of Environmental Health Hazard Assessment (OEHHA) toxic air
contaminant databases.

3.1 DIESEL PARTICULATE MATTER

3.1.1 Chemical and Physical Properties

Diesel exhaust is a complex mixture of hundreds of constituents that exist either in the gas phase
or in particle form, produced during the combustion of diesel fuel. Gaseous components of diesel
exhaust include water vapor, carbon dioxide, carbon monoxide, oxygen, nitrogen, nitrogen
compounds, sulfur compounds, and numerous low-molecular-weight volatile organic
hydrocarbons (including aldehydes [e.g., formaldehyde, acetaldehyde, acrolein, benzene, 1,3-
butadiene, polycyclic aromatic hydrocarbons (PAHSs) and nitro-PAHSs]).

Diesel particulate matter is a source-specific type of particulate matter formed by various physical
processes as diesel engine exhaust cools and dilutes. Diesel exhaust emissions vary significantly
in chemical composition and particle sizes are dependent on engine types (heavyduty, light-duty),
engine operating conditions (idle, accelerate, decelerate), and fuel formulations (high/low sulfur
fuel).

The structure of diesel particulate matter is similar to particulate matter in general, in that it consists
of a solid core consisting of elemental carbon, with other compounds such as organic compounds,
sulfate, nitrate, metals, and other trace elements adsorbed to the surface. The solid portion includes
particulate matter less than 2.5 microns (i.e., PM25s), fine, and ultrafine particles. These particulate
size classes have a large surface area-to-volume ratio that makes them an efficient medium for
adsorbing organics and allows them to penetrate deep into the lung (EPA 2002).

Diesel exhaust composition has changed considerably over the years due to changes in the
combustion process as well as the application of filters and after-treatment technologies to diesel
engines. This is especially important when comparing results of health studies that rest on health
endpoints with long latency periods, such as those for lung cancer, as the epidemiology studies
that these assessments are based on need to examine workers whose exposures started more than
20 years earlier. Starting in 1988 (trucks) and continuing in 1991 (trucks), 1994 (trucks),



HNF-RPT-65735 REV. 0

1996 (buses), 1997 (locomotives), 2007 (trucks), and 2008 (locomotives), the

U.S. Environmental Protection Agency (EPA) has progressively tightened standards for
particulate emissions from heavy-duty diesel engines, resulting in the development of new
technology diesel engines that emit lower amounts of particulate matter and other emitted
pollutants (e.g., gases), and diesel exhaust with an inherently different composition. These
changes have not only resulted in the quantitative reduction in mass emitted by new technology
diesel engines as compared to engines pre-regulation but have also resulted in qualitative
differences in the composition of what is emitted, both with respect to size and with respect to
chemicals associated with the exhaust (Hesterberg et al. 2011). Thus, depending on the
components of diesel exhaust that may be causally linked to the increased risk of lung cancer,
simple dependence on particle mass (i.e., expressing cancer risk as "per pg/m*") may not be an
accurate metric of exposure, as the composition of the particles has changed dramatically.

3.1.2 Environmental Fate and Transport

Diesel particulate matter is directly emitted from combustion engines as a component of diesel
engine exhaust. Like PM2s, diesel particulate matter is removed from the atmosphere through
both wet and dry deposition, although less efficiently than larger particles, resulting in longer
atmospheric residence times. Studies have shown that diesel particulate matter can be dispersed
widely after emission (EPA 2002). In addition, diesel exhaust may "age" in the atmosphere,
undergoing chemical and physical transformation and dispersion over a period of days. The
physical and chemical transformation of diesel exhaust will vary depending on the environment.
In an urban or industrial environment, there may be high concentrations of oxidizing and nitrating
radicals present, which may affect chemical stability and atmospheric residence time of the
resulting "aged" particles.

3.1.3 Health Effects

There is a large body of literature examining cancer risk specific to diesel particulate matter. As
early as the early 1990s, several epidemiology studies addressing the association between
exposure to diesel particulate matter and lung cancer were available. These included a casecontrol
and a retrospective cohort study of US railroad workers (Garshick et al. 1988) along with an
associated industrial hygiene survey (Hammond et al. 1988; Woskie et al. 1988a, 1988b), and a
case-control study and exposure-response analysis of truckers (Steenland et al. 1990, 1992) along
with an industrial hygiene study (Zaebst et al. 1991) and an exposure-response analysis (Steenland
et al. 1998).

More recently, several epidemiology studies have been published that examine occupational
exposure among non-metal miners, railroad workers, and workers in the trucking industry. The
Trucking Industry Particle Study (Garshick et al. 2012) reflects a large cohort in the U.S. trucking
industry of drivers and dockworkers with regular exposure to diesel exhaust. The Diesel Exhaust
in Miners Study (Attfield et al. 2012; Silverman et al. 2012) included a cohort analysis and a nested
case—control analysis that was adjusted for tobacco smoking. Both of these studies show positive
trends in lung cancer risk with increasing exposure to diesel exhaust, using elemental carbon as a
measure of diesel exposure.
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In 2012, the World Health Organization International Agency for Research on Cancer assembled
an expert working group to evaluate the scientific literature and assess the carcinogenicity of diesel
exhaust (along with gasoline engine exhausts, and some nitroarenes) (IARC 2014). Based on a
number of occupational cohort studies, as well as supporting case-control studies, the expert group
concluded that the epidemiological literature supports a causal association between exposure to
diesel engine exhaust and lung cancer in people. An increased risk for bladder cancer was also
noted in some (but not all) available case—control studies. This finding was not observed in cohort
studies. The expert group concluded that there was "sufficient evidence™ in humans for the
carcinogenicity of diesel-engine exhaust. Furthermore, their assessment of animal studies and
other related studies supported this assessment, leading to an overall assessment of diesel
particulate matter as "carcinogenic to humans"” (Group 1) (IARC 2014).

3.2 BENZENE

3.2.1 Chemical and Physical Properties
Benzene is a colorless liquid with a sweet odor that evaporates quickly into the air (ATSDR 2007).
It is slightly soluble in water and highly flammable.

3.2.2 Environmental Fate and Transport

Benzene is found primarily in the vapor phase. It is a multipurpose solvent and a chemical
intermediate (OEHHA 2014). It is used in the manufacturing of various chemicals (e.g., styrene,
phenol, cyclohexane) and in various industries (e.g., fertilizer, pharmaceutical, tire, and shoe
manufacturing). Benzene is produced during petroleum refining, released from underground
tanks, and emitted from mobile sources. Indoor sources of benzene include cigarette smoke and
use of some solvents.

3.2.3 Health Effects

Non-cancer effects from benzene exposure include irritation of the eyes, nose, and throat and
depression of the central nervous system at very high levels of exposure (greater than 50 parts
per million (ppm) or greater than 150 mg/m?) for short periods of time (~1 hr) to effects on the
hematopoietic and immune systems (NAC 2009).

The EPA reference concentration (RfC) of 30 pg/m® was based on an occupational study of
exposed workers and levels of absolute lymphocyte counts (ALC) as a measure of adverse
hematologic effects (Rothman et al. 1996). The study included 44 workers exposed to measured
benzene concentrations and 44 unexposed controls for which hematologic outcomes were
determined (i.e., absolute lymphocyte count, white blood cells, red blood cells, and platelets).
The study results reported statistically significant differences in ALC vs. controls at median
8-hour time weighted average of 7.6 ppm (25 mg/m?®) benzene for a subgroup of 11 workers.
EPA used benchmark dose (BMD) modeling to derive a benchmark concentration of 13.7 ppm
(44 mg/m?®), with the point of departure set as the 95% lower bound estimate of 7.2 ppm (23
mg/mq). This value was adjusted for continuous exposures (24 hours a day, 7 days a week), and
a 300-fold uncertainty factor representing effect-level extrapolation (3), human variability (10),
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subchronic-to-chronic extrapolation (3), and database deficiencies (3) to obtain the RfC value
30 pg/m?®.

OEHHA (2014) based the chronic reference exposure level (REL) of 1 parts per billion (ppb)

(3 ng/md) on different occupational study involving workers in the shoe manufacturing industry
in China with an average employment duration of 6.1 (£2.1) years as compared to clothing
manufacturing workers in China (Lan et al. 2004). As with EPA RfC, decreased peripheral blood
cell counts were the basis of the chronic REL. While higher exposure groups showed effects in
up to 7 blood cell types, the most sensitive cell type was identified as the B-lymphoblast.
Benchmark dose modeling was applied using a benchmark concentration of 1.62 ppm (5.2 mg/m?)
and a lower of 0.476 ppm (1.5 mg/m®). This value was further adjusted for continuous exposure
and default minute ventilation to obtain the human equivalent concentration

(HEC) of 0.204 ppm (0.66 mg/m®). To obtain the chronic REL the HEC was further adjusted by

applying a 200-fold uncertainty factor, taking into account human variability (60) and subchronic-
to-chronic extrapolation (V10 or approximately 3). OEHHA (2014) set the 8-hr REL equal to the
chronic REL based on the same study and assumptions.

The OEHHA (2014) acute benzene REL is based on hematotoxicity (decreased early nucleated
red cell counts) in an animal study of fetal and neonatal mice exposed 6 hours per day for 10
days. The lowest exposure concentration (5 ppm or 16 mg/m?) was considered to be the lowest
observed adverse effect level (LOAEL), and OEHHA then applied an uncertainty factor of 600
taking into account factors for human equivalent concentrations (1), use of a LOAEL (V10 or
approximately 3), interspecies extrapolation (2 * V10 or approximately 6), human variability
(10* V10 or approximately 33), and database uncertainty (1) to obtain the value of 27 pg/m?®.
ATSDR (2007) developed acute (14 days or less), intermediate duration (15 to 364 days), and
chronic (greater than 365 days) minimum risk level (MRL) for benzene. The acute-duration
inhalation MRL of 0.009 ppm (29 pg/m?®) was based on a study in mice exposed to 0, 10.2, 31,
100, and 301 ppm benzene for 6 hours/day for 6 days (Rozen et al. 1984). The LOAEL in this
study was reduced mitogen-induced B-lymphocyte proliferation, observed at 10.2 ppm (33
mg/mq). This value was adjusted for a full day exposure (6 hours vs 24 hours), converted to
HEC, and adjusted using an uncertainty factor of 300 (10 for the use of LOAEL, 3 for
extrapolation from animals to humans, and 10 for human variability).

ATSDR (2007) based the intermediate duration MRL for inhalation exposures of 6 ppb (19
ug/m?®) on delayed splenic lymphocyte reactions to foreign antigens following exposure of male
mice to benzene 6 hours per day, 5 days a week for 20 days (Rosenthal and Snyder 1987). These
effects were observed at the lowest exposure concentration of 10 ppm (32 pg/m?) and this was
used at the LOAEL. The value was adjusted for continuous exposure (24 hours/day, 5 days/week)
and converted to a human equivalent concentration, then adjusted using an uncertainty factor of
300 (10 for use of a LOAEL; 3 for extrapolation from animals to humans, and 10 for human
variability).

The chronic ATSDR (2007) MRL for inhalation exposure of 0.003 ppm (3000 ppb; 9.7 pg/m?)
was based on the same occupational study of Chinese workers used by OEHHA (Lan et al.
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2004), and the same endpoint (decreased B-lymphocyte cell counts) to develop the inhalation
chronic duration REL of 3 ppb (0.003 ppm; 9.7 ug/m®). ATSDR employed benchmark dose
modeling to determine the point of departure of 0.1 ppm. This value was then adjusted for
continuous exposure, then adjusted with an uncertainty value of 10 (human variability) to yield
the chronic duration MRL.

Benzene is a known human carcinogen based on occupational studies in humans and supporting
evidence from animal studies (EPA 2002). Specifically, occupational exposures to certain
concentrations of benzene are associated with hematopoietic cancer. EPA developed an inhalation
unit risk factor for benzene that ranges from 2.2 x 10 to 7.8 x 10 per ug/m?® benzene. This range
is based on a low-dose linear model using maximum likelihood estimates of occupational data
collected from Pliofilm workers exposed to benzene (e.g., Rinsky et al. 1981, 1987). The range
of values reflects differences in model selection, exposure estimates, and the dose-response model
used.

The OEHHA (2009) inhalation unit risk factor for benzene is based on analysis of both human
occupational studies and animal studies (OEHHA 2009, Appendix B). This value, 2.9 x 10°
(ng/m®)t, was recommended for use in 1988 by OEHHA as part of Proposition 65 regulations to
estimate risk from benzene exposures.

3.3 NAPHTHALENE

3.3.1 Chemical and Physical Properties
Naphthalene is a white, solid aromatic hydrocarbon at room temperature and insoluble in water. It
is produced by distillation, petroleum, or coal tar (EPA 1998).

3.3.2 Environmental Fate and Transport

Naphthalene is primarily used in an intermediate to produce phthalic anhydride, which is used to
manufacture a range of chemicals including plasticizers, resins, dyes, leather tanning agents,
deodorants and insecticides. Indoor exposures are typically from the use of Naphthalene as a moth
repellent and/or a deodorizer for diaper pails and toilets (EPA 1998).

3.3.3 Health Effects

Inhaled naphthalene is readily absorbed in the lungs and distributed throughout the body. It is
metabolized by the cytochrome P-450 family of enzymes, with significant differences observed
across species. Rats metabolize naphthalene much faster than other rodent species or primates
(including humans). Naphthalene may cause respiratory system damage in animals, with effects
differing between rats and mice. Short-term exposure to high concentrations of naphthalene may
cause hemolytic anemia, cataracts, and respiratory toxicity (Alberta Environment and Parks
2015).

The EPA (1998) RfC for naphthalene is based on a chronic inhalation study in mice (NTP 1992).
Mice were exposed by inhalation to concentrations of naphthalene of 0, 10, and 30 ppm
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(corresponding to 0, 52, and 157 mg/m?, respectively) 6 hr/day, 5 days/week, for 103 weeks.
Nasal effects (hyperplasia and metaplasia in respiratory and olfactory epithelium) were identified
as the most sensitive endpoint, with a LOAEL of 10 ppm (52 mg/m?®). The value was adjusted for
a continuous exposure (24 hr/day for 7 days) to obtain a human equivalent LOAEL and then
adjusted using an uncertainty factor of 3,000 (10 to extrapolate from mice to humans, 10 for
human variability, 10 for use of a LOAEL, and 3 for database deficiencies) to obtain the RfC of
0.57 ppb (3 pg/md).

The OEHHA (2014) chronic inhalation REL was based on the same chronic mouse study as the
EPA RfC using respiratory endpoints (i.e., respiratory and olfactory epithelial metaplasia and
hyperplasia) as the most sensitive endpoint. As with the RfC, 10 ppm (52 mg/m?) was identified
as the LOAEL. This value was adjusted for continuous exposure (24 hours/day, 7 days/week)
and an uncertainty factor of 1,000 (10 to extrapolate from mice to humans, 10 for human
variability, 10 for use of a LOAEL) to obtain a chronic inhalation REL of 2 ppb (9 pg/md).

The ATSDR (2005) chronic inhalation MRL for naphthalene was based on two studies, the
National Toxicology Program (NTP) (1992) study in mice as well as a chronic inhalation study in
rats where rats were exposed to naphthalene at concentrations of 0, 10, 30, or 60 ppm (NTP 2000).
The lowest exposure concentration associated with effects in either study was 10 ppm (52 mg/m®),
based on nonneoplastic lesions in the olfactory and respiratory epithelium of the nose of rats and
mice. This LOAEL was adjusted to a human-equivalent concentration, and then adjusted using an
uncertainty factor of 300 (10 for the use of a LOAEL, 3 for animal to human extrapolation, and 10
for human variability) to derive the chronic inhalation MRL of 0.0007 ppm

(3.7 pg/md).

In 2009, OEHHA published a unit risk factor based on the incidence of male rat nasal respiratory
epithelial adenoma and nasal olfactory epithelial neuroblastoma reported in NTP (2000). The
inhalation unit risk of 3.4 x 10° (ng/m3)* was derived using a linearized multistage procedure. In
the 1998 Toxicological Review of Naphthalene (EPA 1998), EPA concluded that there was
inadequate evidence in humans and limited evidence in animals of naphthalene carcinogenicity.
In female mice, there was an increased incidence of lung tumors. Furthermore, the mechanisms
for these observed effects in mice is not well understood.

3.4 NITROGEN DIOXIDE

3.4.1 Chemical and Physical Properties
Nitrogen dioxide is a highly reactive gas, and one of the gases in a group known as "oxides of
nitrogen” or "nitrogen oxides (NOx)."

3.4.2 Environmental Fate and Transport

The major sources of nitrogen dioxide are in its use as a nitrating agent, a component of rocket
fuels, and as an intermediate in the making of nitric acid (OEHHA 2008, Appendix B).
Occupational exposures result from formation of nitrogen dioxide as a byproduct of nitrate
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decomposition, various processes that involve formation of nitric oxide, or from vehicle engine
exhaust. In indoor air, exposures to nitrogen dioxide can occur from unvented gas stoves or other
gas appliances and from kerosene heaters. Outdoor exposures are primarily from vehicles,
locomotives, aircraft, and stationary combustion sources (such as oil and gas production, refining,
manufacturing/industrial, and electric utilities).

3.4.3 Health Effects

Health effects of nitrogen dioxide are primarily related to effects of the respiratory system. Short-
term exposures can produce irritation of the airways and can exacerbate respiratory diseases such
as asthma or result in increased respiratory symptoms such as coughing, wheezing, or difficulty
breathing. The OEHHA (2008) acute REL of 0.25 ppm (470 pg/m3) is the California Air Quality
Standard for nitrogen dioxide for a 1-hour exposure and is based on airway hyperreactivity in
asthmatic subjects (CARB 1992). This level is considered to be the no adverse effects level
(NOAEL) and was not adjusted for any uncertainty because the results are for a sensitive
population group (i.e., asthmatics).
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4.0 POLLUTANT CONCENTRATION CALCULATIONS

4.1 MODELING METHODOLOGY

Air dispersion modeling is frequently used to estimate ambient air concentrations for calculating
inhalation exposure to airborne toxic compounds. This section provides the methodology used to
calculate ambient concentrations and the results of the modeling analysis.

4.2 MODEL SELECTION

Regulatory modeling techniques were reviewed to select the most appropriate air quality
dispersion model to simulate dispersion of the air pollutant emissions of concern. The American
Meteorological Society/Environmental Protection Agency Regulatory modeling system
(AERMOD), the preferred model in the EPA’s "Guideline on Air Quality Models" (codified as
Appendix W to 40 CFR 51, hereafter referred to as “the Guideline™) was selected for the modeling
analysis primarily because it is the most up-to-date dispersion model currently available, and is
recommended for use in Ecology’s Second Tier guidance document.

4.3 MODELING PROCEDURES

AERMOD was applied using regulatory defaults to evaluate benzene, diesel particulate matter,
and naphthalene concentrations. In consultation with Ecology, nitrogen dioxide concentrations
were evaluated using the Ambient Ratio Method (ARM2) option and a lower, more representative
minimum nitrogen dioxide-to-oxides of nitrogen (NO2/NOXx) conversion ratio than the regulatory
default. Modeling options and data used in the analysis are discussed in this section.

4.3.1 Setup and Application

The most up-to-date version of AERMOD (Version 19191) available was applied using options
for dispersion that depend on local meteorological data, regional upper air data, and the local
physical characteristics of land use surrounding the facility. The facility was categorized as rural,
as opposed to urban, for modeling purposes and rural dispersion coefficients were used.

4.3.2 Averaging Periods

The TAPs listed in WAC 173-460-150 have assigned averaging periods: 1-hour, 24-hour, or
annual. Of the four TAPs expected to exceed the assigned SQERs, benzene, diesel particulate
matter, and naphthalene are assigned an annual averaging period, and nitrogen dioxide is
assigned a 1-hour averaging period. AERMOD was executed to provide ambient concentrations
averaged over those periods. However, based on the different characteristics of potentially
exposed receptors and the possibility for acute and chronic effects,; AERMOD was also
configured to provide concentrations averaged over periods that can be used to estimate acute
effects (i.e., 1-hour and 8-hour) and chronic effects (i.e., annual) results for all four TAPs.
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4.3.3 Terrain Elevation Data and Receptor Network

Receptor terrain elevation data were obtained using 1/3 arc-second elevation data from the
National Elevation Dataset (NED), which is a product of the United States Geological Survey
(USGS). The NED is a seamless elevation dataset covering the continental United States, Alaska,
and Hawaii. The elevation dataset for the modeling demonstration was downloaded from the
USGS National Map Viewer. These data have a horizontal spatial resolution of approximately 10
m.

Model receptor grids were developed in consultation with Ecology. Receptors were located at 200-
m intervals along the ambient air boundary of the facility. Beyond the ambient air boundary,
receptors were modeled with 200-m spacing in an area 37 km wide by 50.2 km tall, centered on
the facility. Additional receptors were located every 25-m within 1 km of emission units located
outside the Hanford Site's ambient air boundary. The flagpole receptor option was used to set the
height of each receptor at 1.5 m above ground level. The final receptor locations are shown in
Figure 4-1. The base elevation and hill height scale for each receptor were determined using the
EPA’s terrain processor AERMAP (Version 18081), which generates the receptor output files that
are read by AERMOD. All receptor locations are in Universal Transverse Mercator, Zone 11
coordinates using the spatial reference of NAD 83.
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Figure 4-1. Receptor Locations

4.3.4 Meteorological Data

Pollutant dispersion was evaluated with surface and upper air data for the years 2015 through
2019. Surface meteorological data from the Hanford meteorological station and upper air data
collected at the Spokane, Washington, National Weather Service station were processed with the
latest version of AERMET (Version 19191). A windrose summarizing the wind speed and wind
direction data is provided in Figure 4-2. This meteorological dataset, as processed, was approved
by Ecology for air dispersion modeling in support of air permit applications prepared for projects
at the Hanford Site.

4-3



HNF-RPT-65735 REV. 0

2015-2019 Windrose for Onsite Station (HTWR)
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Figure 4-2. Hanford Meteorological Station Windrose for 2015 through 2019

4.3.5 Emission Unit Characterization
Figure 2-1 shows the locations of emission units at the facility, as well as significant structures
that could potentially influence emissions. It should be noted that the modified facility will
include both new buildings and existing buildings that remain. Table 4-1 provides a summary of
the parameters used to represent exhaust from the diesel engines. All emission units were
represented in the model as vertical point sources.

Table 4-1. Release Parameters. (2 Pages)
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Table 4-1. Release Parameters. (2 Pages)

Stack Stack Stack Stack
Height Temp [ Velocity | Diameter
(m) (K) (m/s) (m)

X Coord Y Coord

ID Description
. (m) (m)

Feed Pump Building

L781FD 299315.07 | 5159066.07 3.50 744.15 74.01 0.15

Standby Generator
L781PH| 181-D Pump house | 30520120 | 5174387.30| 4.70 | 77315 | 44.08 053
L826PH| 181-B Pump House | 29695260 | 5168209.60| 4.70 | 77315 | 44.08 053
1849 282EC Standby | 550110 05 | 515815263| 550 | 77315 | 59.74 0.36
Generator

Emission units modeled within the Hanford Site ambient air boundary are located at such a large
distance from receptors that the effects of building downwash do not meaningfully impact
dispersion. Therefore, downwash effects from buildings within the ambient air boundary were not
evaluated. However, two of the emission units (L781PH and L826PH) are located outside the
ambient air boundary. Building dimensions from structures near units L781PH and L826PH were
processed using EPA's Building Profile Input Program (BPIP) including the PRIME algorithm
(BPIP PRIME Version 04274). The facility layout and heights of structures, as shown in Figure
2-1 and Table 4-2, were used to prepare data for BPIP PRIME, which calculates the necessary
input data for AERMOD.

Table 4-2. Significant Onsite Structure Heights.

ID Description X Coord Y Coord Elevation Height
(m) (m) (m) (m)
182D 182D (Project L-781) 305438.0 5174328.2 142.8 10
1804D 1804D (Project L-781) 305331.7 5174406.5 143.0 5
181D 181D (Project L-781) 305162.4 5174350.5 128.3 5
181D102 181D102 (Project L-781) 305246.3 5174342.0 142.7 5
181B 181B (Project L-826) 296895.8 5168224.9 130.8 10

For the TAPs modeling, positive maximum potential emission rates attributable to the proposed
diesel engines were provided to AERMOD along with building profile information unique to
each diesel engine. Using those inputs, AERMOD calculates the net concentrations for
comparison to the ASILs.

4.4 MODELING RESULTS

To evaluate ambient concentrations (i.e., impacts on air quality) attributable to the Project for each
TAP with the potential to exceed its assigned SQER, the emission rates and source release
parameters described in the previous sections were applied using the modeling methodology

4-5



HNF-RPT-65735 REV. 0

outlined above. The maximum predicted concentrations for all TAPs with the potential to exceed
the assigned SQERSs are presented in Table 4-3.

Table 4-3. Maximum Predicted Project Toxic Air Pollutant Concentrations.

Averagin Highest 1st High ASIL ASIL
Toxic Air Pollutant raging Concentration? (ng/m?d) Exceeded?
Period 5
(Hg/md)
1-hr 1.85 -- -
Benzene 8-hr 0.885 - -
Annual 0.00591 0.13 No
1-hr 91.8 -- -
Diesel Particulate Matter 8-hr 43.8 -- --
Annual 0.292 0.0033 Yes
1-hr 0.311 - -
Naphthalene 8-hr 0.148 -- -
Annual 0.00099 0.029 No
1-hr 670 470 Yes
Nitrogen Dioxide 8-hr 320 - -
Annual 8.69 -- -

@ Highest first high concentration represents the maximum concentration modeled over the 2015 to 2019 5-year meteorological
data set.

The maximum concentration receptor for all TAPs and averaging periods of interest occurred in
the fine receptor grid near L781PH. Contour plots showing the spatial variation of the 1-hour
average, 8-hour average, and annual average benzene, diesel particulate matter, naphthalene, and

nitrogen dioxide concentrations throughout the modeling domain are provided in Figures 4-3
through 4-14.
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4-3. Spatial Variation of 1-Hour Average Benzene Concentrations

Figure
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4-4. Spatial Variation of 8-Hour Average Benzene Concentrations

Figure
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4-5. Spatial Variation of Annual Average Benzene Concentrations

Figure
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4-6. Spatial Variation of 1-Hour Average DPM Concentrations

Figure
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4-7. Spatial Variation of 8-Hour Average DPM Concentrations

Figure
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4-8. Spatial Variation of Annual Average DPM Concentrations

Figure
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4-9. Spatial Variation of 1-Hour Average Naphthalene Concentrations

Figure
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4-10. Spatial Variation of 8-Hour Average Naphthalene Concentrations

Figure
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4-11. Spatial Variation of Annual Average Naphthalene Concentrations

Figure
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4-12. Spatial Variation of 1-Hour Average Nitrogen Dioxide Concentrations

Figure
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4-13. Spatial Variation of 8-Hour Average Nitrogen Dioxide Concentrations

Figure
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4-14, Spatial Variation of Annual Average Nitrogen Dioxide Concentrations

Figure
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4.5 BACKGROUND CONCENTRATION

The EPA has developed, and periodically updates, the National-Scale Air Toxics Assessment
(NATA) to identify and prioritize air toxics, sources, and locations of concern. The most recently

issued NATA was

for

2014 (https://www.epa.gov/national-air-toxics-assessment/2014-

nationalair-toxics-assessment). The total modeled benzene, diesel particulate matter, and
naphthalene concentrations in the census tract and and two nearby census tracts are presented in
Table 4-4. Because nitrogen dioxide is not included in the NATA, data at the node closest to the
maximally impacted receptors from the current Northwest Airquest (https://arcg.is/1JXmHH) was

used as nitrogen dioxide background concentrations.

Table 4-4. NATA 2014 and NW Airquest Predicted Toxic Air Pollutant Concentrations.

Toxic Air Pollutant

Background Concentration? (ug/ms3)

Census Tract/Receptor

Hourly Average

Annual Average

53005012000 -- 0.193
Benzene 53025011402 -- 0.188
53021020800 -- 0.190
53005012000 -- 0.104
Diesel Particulate Matter 53025011402 - 0.0799
53021020800 -- 0.0967
53005012000 -- 0.0243
Naphthalene 53025011402 - 0.0331
53021020800 -- 0.0265
Preliminary MIR 22.0 451
Preliminary MIRR 14.3 3.01
Nitrogen Dioxide Preliminary MICR 199 432
Preliminary MIAR 22.0 4.20

@ Benzene, diesel particulate matter, and naphthalene background concentrations were taken from NATA
(2014); nitrogen dioxide background concentrations were taken from NW Airquest (https://arcg.is/1jXmHH),

accessed October 2020.

MIAR = maximally-impacted angler receptor

MICR = maximally-impacted commercial receptor
MIR = maximally-impacted receptor MIRR =
maximally-impacted residential receptor

Ramboll is unaware of any ambient monitoring studies involving benzene, diesel particulate
matter, naphthalene, or nitrogen dioxide. In the absence of site-specific monitoring data, Ecology
typically concurs that the use of NATA and NW Airquest estimates to quantify background
concentrations are appropriate for analyses.
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5.0 IDENTIFICATION OF POTENTIALLY EXPOSED POPULATIONS

The HIA evaluates potential airborne exposure to modeled benzene, diesel particulate matter,
naphthalene, and nitrogen dioxide concentrations attributable to the projects. Potentially exposed
populations within the simulation domain are identified in this section. Various population groups
include residents and workers as well as sensitive subpopulations.

5.1 RECEPTORS OF CONCERN

The primary populations that may be exposed to facility emissions include residents and workers.
The maximally-impacted residential receptor (MIRR) and maximally-impacted commercial
receptor (MICR) were identified for each type of exposure (i.e., acute noncarcinogenic, chronic
non-carcinogenic, and carcinogenic) and hazards were quantified at these receptor locations. The
locations of these receptor categories were identified using land use data: receptors in residential
areas were designated MIRR and receptors in commercial and industrial areas were designated
MICR. A visual representation of the land use data employed to make these designations is
provided in Appendix B.

Typically, the HIA also identifies the maximally-impacted boundary receptor (MIBR) location
for those receptors that experience the highest concentration of TAPs of interest along an
ambient air perimeter that serves as the boundary for publicly-accessible land, but, in this case,
because two of the proposed generator sets will be located outside of the ambient air boundary
(see Figure 2-1), the maximally-impacted receptor (MIR) was used to quantify periodic
exposures of short duration. Potential receptors that may be periodically present at the MIR
include DOE employees or contractors.

A special type of receptor, the maximally-impacted angler receptor (MIAR), was developed for
the analysis to account for anglers on the Columbia River that are participating in the
Pikeminnow Sport Reward Fishery Program funded by the Bonneville Power Administration and
administered by the Pacific States Marine Fisheries Commission, which pays anglers for each
Northern Pikeminnow that they catch. Receptors located in the Columbia River were designated
as MIAR.

5.2 SENSITIVE POPULATIONS

For the purpose of this HIA, sensitive populations are identified as children, the infirm, and
elderly persons. These subpopulations may be more sensitive to the effects of TAPs on their
immune systems. The nearest identified sensitive receptors are listed in Table 5-1, and the
locations relative to the Project are presented in Figure 5-1. Concentrations of all TAPs were
predicted by the modeling to be less than all applicable ASILs, so adverse impacts are not
expected at any sensitive receptors as a result of the Projects being implemented.

5-33



HNF-RPT-65735 REV. 0

Table 5-1. Sensitive Receptors.

Distance®
Sensitive Receptor Type Receptor Name Receptor Address (mi / km)
517 1st St
Daycare/Preschool Maria’s Childcare Center Mattawa, WA 99349 14122
Coventry House Assisted 430 N 2nd Ave
Convalescent Home Living Othello, WA 99344 20/32
) ) ) 315 N 14th Ave
Hospital Othello Community Hospital Othello, WA 99344 20/33
Sentinel Tech Alternative 505 N Boundary Rd
School School Mattawa, WA 99349 14722

@ Distance from the sensitive receptor to the nearest Project emission unit.

-
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Othello, “
AR s s LA Assisted

Sentinel Jung o |
: Tech b _ - . Othello
Maria's Alternative ot Community
Childcare S School - - B ; Hospital
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Convalescent/Nursing Home
Daycare/Preschool
Hospital
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4 *Basemap: Imagery frof'Google Maps
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Figure 5-1. Sensitive Receptor Locations
It is possible that individuals with heightened sensitivity to NO2 (i.e., asthmatics) could
experience acute exposure while located near one of the proposed engines. However, based on
the engines’ expected infrequent operation and remote location, it is unlikely that sensitive
individuals will be located sufficiently close to the engines during operation to receive a
significant acute exposure. DPM has chronic rather than acute health effects and sub-populations
with heightened sensitivity to these chronic effects have not been identified.
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6.0 EXPOSURE ASSESSMENT

This section describes the routes and manner by which population groups identified in the
previous section may be exposed to new sources of benzene, diesel particulate matter,
naphthalene, and nitrogen dioxide emitted by the Project. Concentrations to which receptor
populations may be exposed and key exposure assumptions also are described.

6.1 IDENTIFICATION OF EXPOSURE PATHWAYS

Receptors presented in the previous section (residents, workers, and sensitive subpopulations)
may be exposed to chemicals in the environment. Specifically, contact with emissions from the
facility may occur primarily through direct inhalation. Contact with emissions attributable to the
facility may also occur indirectly, through incidental ingestion of and skin contact with emissions
deposited on area surface soils. However, for the TAPs of interest, indirect exposures through
ingestion and skin contact pathways are not considered significant in comparison with the direct
inhalation pathway.

Ecology’s Second Tier guidance document (Ecology 2011) references California Air Toxic Hot
Spots Program guidance to assess the need for consideration of indirect exposure pathways in
addition to consideration of inhalation exposure. Benzene, diesel particulate matter, naphthalene,
and nitrogen dioxide are not chemicals for which the California Air Toxic Hot Spots Program
recommends consideration of multiple exposure pathways. Typically, chemicals considered for
alternate ingestion pathways (e.g., soil, produce, breast milk, livestock/game) are those that are
persistent and bioaccumulative. Benzene, diesel particulate matter, naphthalene, and nitrogen
dioxide do not bio-accumulate and are, therefore, not prioritized for multi-pathway evaluation.
Based on Ecology and California Air Toxic Hot Spots Program guidance, inhalation was the only
exposure pathway assessed in the HIA.

6.2 EXPOSURE CONCENTRATIONS

Airborne exposure concentrations (ECs) of benzene, diesel particulate matter, naphthalene, and
nitrogen dioxide were estimated for each type of maximally impacted receptor (e.g., MIRR,
MICR, MIR, and MIAR). The MIR, MIRR, MICR, and MIAR concentrations are presented in
Tables 6-1, 6-2, 6-3, and 6-4, respectively. The locations of the maximally impacted receptors
are shown in Figure 6-1.
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Table 6-1. MIR Concentrations and Receptors.

Averaging Coordinates

Chemical Period Concentration (ug/m3) | (UTM Zone 11N)

305238.0

1-hr 1.85 5174362.8

305238.0

Benzene 8-hr 0.885 5174362.8

305238.0

Annual 0.00591 5174362.8

305238.0

1-hr 918 5174362.8

305238.0

Diesel Particulate Matter 8-hr 43.8 5174362.8

305238.0

Annual 0.292 5174362.8

305238.0

1-hr 0311 5174362.8

305238.0

Naphthalene 8-hr 0.148 5174362.8

305238.0

Annual 0.000990 5174362.8

305238.0

1-hr 918 5174362.8

_ _ 305238.0

Diesel Particulate Matter 8-hr 43.8 5174362.8

305238.0

Annual 0.292 5174362.8

_ o 305238.0

Nitrogen Dioxide 1-hr 669.8 5174362.8
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Table

305238.0

8-hr 319.8 5174362.8
305238.0

Annual 8.688 5174362.8

6-2. MIRR Concentrations and Receptors.

Averaging Coordinates
Chemical Period Concentration (ug/m3) [ (UTM Zone 11N)
287463.0
1-hr 0.0176 5173262.8
295663.0
Benzene 8-hr 0.00553 5178662.8
296463.0
Annual 9.03E-06 5178462.8
295663.0
1-hr 0.772 5178662.8
296463.0
Diesel Particulate Matter 8-hr 0.165 5178462.8
296463.0
Annual 0.000361 5178462.8
287463.0
1-hr 0.00294 5173262.8
295663.0
Naphthalene 8-hr 0.000927 5178662.8
296463.0
Annual 1.51E-06 5178462.8
295663.0
1-hr 0.772 5178662.8
Diesel Particulate Matter
296463.0
8-hr 0.165 5178462.8
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296463.0

Annual 0.000361 5178462.8

296063.0

1-hr 29.2 5178462.8

- o 295663.0
Nitrogen Dioxide 8-hr 10.3 5178662.8
296463.0

Annual 0.014 5178462.8
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Table
6-3. MICR Concentrations and Receptors.
Averaging Coordinates
Chemical Period Concentration (ug/ms3) | (UTM Zone 11N)
287463.0
1-hr 0.0292 5170062.8
295663.0
Benzene 8-hr 0.00623 5177062.8
3134775
Annual 1.43E-05 5150107.6
287463.0
1-hr 1.44 5170062.8
_ _ 291463.0
Diesel Particulate Matter 8-hr 0.209 5175062.8
313089.4
Annual 0.000480 5150013.6
287463.0
1-hr 0.00490 5170062.8
295663.0
Naphthalene 8-hr 0.00104 5177062.8
313477.5
Annual 2.39E-06 5150107.6
287463.0
1-hr 1.44 5170062.8
291463.0
Diesel Particulate Matter 8-hr 0.209 5175062.8
313089.4
Annual 0.000480 5150013.6
286263.0
1-hr 55.8 5166462.8
_ o 295663.0
Nitrogen Dioxide 8-hr 11.3 5177062.8
313477.5
Annual 0.023 5150107.6
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6-4. MIAR Concentrations and Receptors.

Averaging Coordinates
Chemical Period Concentration (ug/m3) | (UTM Zone 11N)
305113.0
1-hr 0.740 5174362.8
296938.0
Benzene 8-hr 0.412 5168262.8
296938.0
Annual 0.000694 5168237.8
305113.0
1-hr 36.6 5174362.8
296938.0
Diesel Particulate Matter 8-hr 20.4 5168262.8
296938.0
Annual 0.0343 5168237.8
305113.0
1-hr 0.124 5174362.8
296938.0
Naphthalene 8-hr 0.0690 5168262.8
296938.0
Annual 0.000116 5168237.8
305113.0
1-hr 36.6 5174362.8
296938.0
Diesel Particulate Matter 8-hr 20.4 5168262.8
296938.0
Annual 0.0343 5168237.8
305113.0
1-hr 267.1 5174362.8
Nitrogen Dioxide 206938.0
8-hr 167.1 5168262.8
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Figure 6-1. Locations of MIR
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6-2. Locations of MIRR

Figure
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6-3. Locations of MICR

Figure
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6-4. Locations of MIAR

Figure
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6.2.1 Calculating ECs

For noncancer hazards, acute exposures were calculated using the model-predicted maximum
1-hour and 8-hour average concentrations at the maximally impacted receptors, and the
maximum annual average concentrations were used to calculate chronic exposures.

It is important to note that EPA and OEHHA offer slightly different guidance for assessing
chronic hazards to offsite workers. EPA recommends adjusting the long-term exposure
concentration to account for the fact that workers may not be present in the vicinity of a facility
on a continuous basis. In the absence of 8-hour RELs, OEHHA recommends using the chronic
REL and the annual average air concentration at maximally impacted commercial receptors
without adjustments to estimate chronic hazards at nearby workplace. OEHHA Hot Spots
guidance also notes that, if available, “the 8-hour RELS can be used to evaluate the potential for
health impacts (including effects of repeated exposures) in offsite workers, and to children and
teachers exposed during school hours.” In this case, 8-hour RELS are available only for benzene
and were used to estimate the potential for health impacts at the MICR.

ECs for increased cancer risk were based on the maximum annual modeled air concentration,
modified by a representative exposure time (ET), exposure frequency (EF), exposure duration
(ED), and averaging time (AT), as shown in the following equation:

EC (ug/m®) = [modeled air concentration (ug/m®) x ET x EF x ED] / AT
Exposure parameter values used to calculate the increased cancer risk ECs are presented in Table

6-5.

Table 6-5. Exposure Parameters Used to Calculate ECs for Increased Cancer Risk.

Commercial/Industrial Maximum
Exposure Parameter Resident Worker Angler Receptor
Exposure Time (hours per day) 24 8 4 2
Exposure Frequency (days per
year) 350 250 180 250
Exposure Duration (years) 70 40 30 30
Averaging Time (hours) (70
years X 365 days/year X 24 | 613,200 613,200 613,200 613,200
hr/day)
Fraction of 70-Year
Continuous Exposure 0.959 0.130 0.0352 0.0245

The assumed angler exposure duration is based on the Washington Department of Fish and
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Wildlife’s Northern Pikeminnow Sport-Reward Fishery Program, which is in effect annually
from May 11 through September 30.2 As for the assumed maximum receptor exposure duration,
the angler exposure duration was inflated somewhat to ensure a conservative risk estimate.

6.2.2 Background ECs

The second tier review outlined in WAC 173-460-090 includes a requirement that TAP
background concentrations be considered as part of the second tier review but does not describe
the form or method of this consideration. To satisfy this requirement, ambient background
concentrations at the locations where the maximally-impacted receptors are located were
estimated using the latest NATA data for benzene, diesel particulate matter, and naphthalene, as
well as the Northwest Airquest data for nitrogen dioxide (see Section 4.5).

6.2.3 Cumulative ECs

Cumulative exposures were evaluated by combining ECs based on the modeled concentrations
with those based on background air concentrations. The resulting cumulative ECs were used to
estimate non-cancer hazards and cancer risk for all identified receptor groups.

2

https://wdfw.wa.qgov/fishing/reports/creel/pikeminnow#:~:text=Anglers%20are%20paid%20%246%20for,for
%20s pecially%20tagged%20Northern%20Pikeminnow!
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7.0 TOXICITY ASSESSMENT

This section contains specific information on the toxicity of TAPs of concern, which, in this case,
are benzene, diesel particulate matter, naphthalene, and nitrogen dioxide. Risk-based
concentrations from EPA (IRIS and National Ambient Air Quality Standards), ATSDR, and
OEHHA were compiled in order to determine quantitative estimates of acute and chronic toxicity,
as well as cancer risk. Table 7-1 provides the non-cancer values for each chemical and Table 7-2
provides the cancer unit risk values. Section 3 discusses the details of how each value was derived
and the uncertainty factors used in the derivation. All conflicting values were carried through the
risk characterization.

Table 7-1. Non-Cancer, Risk-Based Concentrations.

Concentration
Chemical Source Type (Hg/m?)

EPA Chronic RfC 30

Acute REL 27
OEHHA 8-Hour REL 3
Benzene Chronic REL 3

Acute MRL 29.2

ATSDR 8-Hour MRL 19.5

Chronic MRL 9.74
Diesel Particulate =PA Chronic RIC °
Matter OEHHA Chronic REL 5
EPA Chronic RfC 3
Naphthalene OEHHA Chronic REL 9

ATSDR Chronic MRL 3.73

Nitrogen Dioxide OEHHA Acute REL 470

ATSDR = Agency for Toxic Substances adn Disease Registry EPA
= U.S. Environmental Protection Agency

OEHHA = Office of Environmental Health Hazard Assessment
MRL = minimum risk level REL =

reference exposure level

RfC = reference concentration
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Table 7-2. Cancer Inhalation Unit Risk Values.

) Inhalation Unit Risk
Chemical Source (per pg/md)
EPA 2.20E-06 to 7.8E-062
Benzene
OEHHA 2.90E-05
EPA 1E-05 to 1E-03°
Diesel Particulate Matter
OEHHA 3.0E-04
EPA -
Naphthalene
OEHHA 3.4E-05
a The true cancer risk from exposure to benzene cannot be ascertained because of uncertainties in the low-dose

exposure scenarios and lack of clear understanding of the mode of action. A range of estimates of risk is recommended, each
having equal scientific plausibility, EPA recommends this range of lifetime risk increases. (EPA 2002)

b As a result of broad uncertainties and issues, which are outlined in a white paper provided in Appendix C to this
document, Ramboll recommends this range of lifetime risk increases. ¢ EPA has classified naphthalene as a Group C

carcinogen, which classifies it as a “possible human carcinogen;” naphthalene’s carcinogenicity “cannot be determined”
based on human and animal data. (EPA 1998)

EPA = U.S. Environmental Protection Agency
OEHHA = Office of Environmental Health Hazard Assessment
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8.0 RISK CHARACTERIZATION

For the risk characterization, the results of the exposure and toxicity assessments were integrated
into quantitative estimates of potential health hazards. Cancer risk and non-cancer hazard estimates
were quantified for the MIRR, MICR, MIR, and MIAR. Where available, the cancer risk
attributable to background concentrations were added to the calculated cumulative cancer risk
increases attributable to the project emission increases.

8.1 CALCULATION OF NON-CANCER HAZARDS

The potential for non-cancer adverse health effects from exposure to benzene, diesel particulate
matter, naphthalene, and nitrogen dioxide was evaluated by comparing exposure concentrations
at the identified receptors to relevant non-cancer toxicological reference values presented in
Table 7-1. A concentration that exceeds the relevant value indicates the potential for an adverse
health effect. The magnitude of the potential is quantified by the hazard quotient (HQ), which is
the calculated ambient concentration divided by the relevant toxicological value. An HQ of one
or less indicates that the predicted exposure is unlikely to result in adverse non-cancer health
effects, while values greater than one indicate increased probability of health effects. However,
because uncertainty factors are employed in the derivation of toxicological reference values, a
value greater than one does not necessarily mean a negative health impact will occur.

In cases where there are multiple chemicals with similar toxic effects (i.e., the same tissue or organ
system is affected), a Hazard Index (HI) is calculated by summing the HQs with the same
averaging periods for all TAPs that exceed the SQER and have similar toxic effects. As indicated
in Section 3, benzene, diesel particulate matter, naphthalene, and nitrogen dioxide all target the
respiratory tract, so HIs were calculated for each maximally impacted receptor and averaging
period.

Non-cancer hazards are presented with ranges where the toxicity values from different agencies
are carried through the analysis, as described in Section 7. The non-cancer Hls calculated for
ambient concentration increases attributable to the project, as well as for project increases
combined with background concentrations, are summarized in Table 8-1. All calculated HIs except
one are less than unity, which indicates no adverse health impacts are expected for acute and
chronic exposures. Only 1-hour average exposure to NO2 concentration increases attributable to
the project at the maximally-impacted boundary receptor, as well as to project increases combined
with background at the same receptor, is greater than unity. We believe it is highly unlikely that
engine operation (i.e., an engine test/maintenance event) will coincide with meteorological
conditions that produce the maximum NO> concentration and a member of the sensitive population
upon which the adverse health effect is based (i.e., asthmatics) being located at the maximally-
impacted receptor.
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Table 8-1. Acute and Chronic Non-Cancer Hazard Indices. (3 Pages)

Project Project + Background
Receptor Avg. Pollutant
Per. EPA OEHHA | ATSDR | EPA | OEHHA | ATSDR
MIRR 1-Hr Benzene -- 0.00065 | 0.00060 - 0.0076 0.0070
DPM - - - - - --
Naphthalene - - - -- -- --
NO2 -- 0.062 -- - 0.092 -
MIRR 1-Hr Hazard Index -- 0.063 0.00060 -- 0.10 0.0070
MIRR 8-HR Benzene - 0.0018 0.00028 - 0.064 0.0099
DPM -- -- -- - - -
Naphthalene - - - -- -- --
NO> -- -- -- - - -
MIRR 8-Hr Hazard Index - 0.0018 | 0.00028 -- 0.064 0.010
Benzene 3.0E-07 | 3.0E-06 | 9.3E-07 | 0.0063 0.063 0.019
DPM 7.2E-05 | 7.2E-05 -- 0.016 0.016 -
Naphthalene 5.0E-07 1.7E-07 | 4.1E-07 0.011 0.0037 0.0089
MIRR Annual | NO? - - - - - -
MIRR Annual Hazard Index 7.3E-05 | 7.5E-05 | 1.3E-06 | 0.033 0.082 0.028
MICR 1-HR Benzene -- 0.0011 0.0010 - 0.0082 0.0076
DPM -- -- -- -- -- --
Naphthalene -- -- -- -- -- --
NO2 -- 0.12 -- - 0.16 -
MICR 1-Hr Hazard Index -- 0.12 0.0010 -- 0.17 0.0076
MICR 8-Hr Benzene -- 0.0021 0.00032 - 0.066 0.010
DPM -- -- -- - -- --
Naphthalene -- -- - -- -- --
NO> -- -- -- - - -
MICR 8-Hr Hazard Index - 0.0021 0.00032 - 0.066 0.010
MICR Annual | Benzene 4 8E-07 | 4.8E-06 | 1.5E-06 | 0.0064 0.064 0.020
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Table 8-1. Acute and Chronic Non-Cancer Hazard Indices. (3 Pages)

DPM 9.6E-05 | 9.6E-05 | 0.0E+00 | 0.021 0.021 -
Naphthalene | 8.0E-07 | 2.7E-07 | 6.4E-07 | 0.0081 | 0.0027 0.0065
Project Project + Background
Receptor Avg. Pollutant
Per. EPA OEHHA | ATSDR | EPA | OEHHA | ATSDR
NO> -- -- -- - - -
MICR Annual Hazard Index 9.7E-05 | 1.0E-04 | 2.1E-06 | 0.036 0.088 0.026
MIBR 1-Hr Benzene -- 0.069 0.064 - 0.076 0.070
DPM -- -- -- - - -
Naphthalene - - - - - -
NO> -~ 14 -- - 15 -
MIBR 1-Hr Hazard Index - 15 0.064 - 15 0.070
MIBR 8-Hr Benzene -- 0.30 0.045 - 0.36 0.055
DPM -- -- -- - - -
Naphthalene - - - -- -- --
NO; -- -- -- -- -- --
MIBR 8-Hr Hazard Index -- 0.30 0.045 - 0.36 0.055
MIBR Annual | Benzene 0.00020 | 0.0020 0.00061 | 0.007 0.066 0.020
DPM 0.058 0.058 -- 0.079 0.079 -
Naphthalene | 0.00033 | 0.00011 | 0.00027 | 0.0084 | 0.0028 0.0068
NO; -- -- -- -- -- --
MIBR Annual Hazard Index 0.059 0.061 0.00087 | 0.094 0.15 0.027
Benzene -- 0.027 0.025 - 0.035 0.032
DPM -- -- -- -- -- --
Naphthalene - - - -- -- --
MIAR LHr NO, - 0.57 - - 0.62 -
MIAR 1-Hr Hazard Index - 0.60 0.025 - 0.65 0.032
MIAR 8-HR Benzene -- 0.14 0.021 -- 0.20 0.031
DPM -- -- -- -- -- --

8-3




HNF-RPT-65735 REV. 0

Table 8-1. Acute and Chronic Non-Cancer Hazard Indices. (3 Pages)

Naphthalene - - - - - -
NO; -- -- -- -- -- --
MIAR 8-Hr Hazard Index - 0.14 0.021 - 0.20 0.031
MIAR Annual | Benzene 2.3E-05| 2.3E-04 | 7.1E-05 | 0.0065 0.065 0.020
Project Project + Background
Avg.
Receptor Pollutant
Per. EPA OEHHA | ATSDR | EPA OEHHA | ATSDR
DPM 0.0069 0.0069 - 0.028 0.028 --
Naphthalene 3.9E-05 | 1.3E-05 | 3.1E-05 | 0.0082 | 0.0027 0.0066
NO; -- -- -- -- -- --
MIAR Annual Hazard Index 0.0069 0.0071 0.00010 | 0.042 0.095 0.026
ATSDR = Agency for Toxic Substances and Disease Registry
DPM = diesel particulate matter
EPA = U.S. Environmental Protection Agency
NO2 = nitrogen dioxide

OEHHA = Office of Environmental Health Hazard Assessment TAP
= toxic air pollutant

8.2 QUANTIFYING INCREASED CANCER RISK

Quantified cancer risk reflects the hypothetical increase in cancers within a given exposed
population. Ecology’s acceptable increased cancer risk is no more than 1 person per 100,000
exposed people, which is commonly reported as 1E-05 (i.e., 1/100,000). The cancer risk value is
calculated by multiplying the annual air concentration for a TAP by the inhalation unit risk factor
for that TAP (provided in Table 7-2) and summing the resulting risk values. The cancer risk
calculations include only benzene, diesel particulate matter, and naphthalene,® because nitrogen
dioxide is not classified as a carcinogen.

EPA and OEHHA provide different inhalation unit risk factors for benzene and diesel particulate
matter, so cancer risk increases were calculated using both the EPA and OEHHA values. The
cancer risk increases calculated for benzene, diesel particulate matter, and naphthalene were
summed to obtain a cumulative cancer risk increase attributable to proposed project emission
increases. Per WAC 173-460-090(7), Ecology’s project approval threshold is an increased cancer
risk of no more than one in one hundred thousand (i.e., 1E-05).

3 EPA has classified naphthalene as a Group C carcinogen, which classifies it as a “possible human carcinogen;”
naphthalene’s carcinogenicity “cannot be determined” based on human and animal data; therefore, naphthalene
was not included in cancer risk calculations based on risk factors developed by EPA.
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Table 8-1. Acute and Chronic Non-Cancer Hazard Indices. (3 Pages)

As discussed in Section 6.2.3, the calculated cancer risk increases were combined with
background concentrations to satisfy a regulatory requirement, but the resulting concentrations
are not intended for comparison to the project approval threshold or for use as the basis for
Ecology’s decision to recommend approval of the project.

As shown in Table 8-2, calculated cumulative cancer risk increases attributable to the project at
the maximum impacted receptors are all predicted to be less than Ecology’s project approval
threshold of 1 in 100,000 (i.e., 1E-05).
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Table 8-2. Calculated Cancer Risk Increases.

Project Project + Background
Receptor Pollutant EPA OEHHA | EPA OEHHA
MIRR Benzene 2E-11to 7E-11 3E-10 4E-7 to 1E- 5E-6
6
DPM 3E-9 to 3E-7 1E-7 8E-7 to 8E- 2E-5
5
Naphthalene - 5E-11 - 1E-6
MIRR Cancer Risk 3E-9 to 3E-7 1E-7 1E-6 to 8E- 3E-5
5
MICR Benzene 4E-12 to 1E-11 5E-11 6E-8 to 2E- TE-7
7
DPM 6E-10 to 6E-8 2E-8 1E-7 to 1E- 4E-6
5
Naphthalene - 1E-11 - 1E-7
MICR Cancer Risk 6E-10 to 6E-8 2E-8 1E-7 to 1E- 4E-6
5
MIBR Benzene 3E-10to 1E-9 4E-9 1E-8 to 4E- 1E-7
8
DPM 7TE-8 to 7E-6 2E-6 1E-7 to 1E- 3E-6
5
Naphthalene - 8E-10 - 2E-8
MIBR Cancer Risk TE-8 to 7E-6 2E-6 1E-7 to 1E- 3E-6
5
MIAR Benzene 5E-11 to 2E-10 7E-10 1E-8 to 5E- 2E-7
8
DPM 1E-8 to 1E-6 4E-7 5E-8 to 5E- 1E-6
6
Naphthalene - 1E-10 - 3E-8
MIAR Cancer Risk 1E-8 to 1E-6 4E-7 6E-8 to 5E- 2E-6
6
DPM = diesel particulate matter
EPA = U.S. Environmental Protection Agency
NO2 = nitrogen dooxide

OEHHA = Office of Environmental Health Hazard Assessment TAP
= toxic air pollutant
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9.0 UNCERTAINTY CHARACTERIZATION

9.1 UNCERTAINTY CHARACTERIZATION

This HIA employs several assumptions, each with an associated uncertainty. There are
uncertainties associated with the emissions rate calculations, air dispersion modeling,
background concentrations, and toxicity values. Wherever possible, assumptions were designed
to overestimate rather than underestimate hazards and risks to enable regulators to make
decisions and recommendations confident that risks and hazards were not underestimated.

9.1.1 Emissions Rate Calculations

An emission rate, which is a quantity of pollutant per unit time (e.g., pounds per hour), is
calculated from an emission factor, which is a quantity of pollutant per unit of an activity (e.g.,
pounds per brake-horsepower), and an activity rate, which is a measure of an activity per unit
time (e.g., brake-horsepower per hour).

For analyses conducted in support of a permitting action, worst-case emission factors and activity
rates are employed to ensure that regulatory limits or levels are not exceeded. As a result of these
unrealistic assumptions, the exposures calculated by the model and the risk characterizations
presented in this report are likely to overstate, rather than underestimate, the potential.

9.1.2 Air Dispersion Modeling

Any attempt to mathematically model a physical process will involve uncertainties. In this case,
potential exposures were based on short-term and annual average ambient concentrations
calculated using AERMOD, a regulatory model designed and demonstrated to over-predict
ambient concentrations. In addition, the concentrations used to calculate exposure are outdoor
concentrations, which do not account for effects that tend to diminish concentrations as air
migrates indoors (e.g., absorption by building materials, deterioration, chemical reactions, or
filtration by ventilation systems). Uncertainty associated with the design of the dispersion model
is most likely characterized as the degree to which the predicted concentrations overestimate the
actual concentrations.

The meteorological data provided to the model can be a source of uncertainty, related to the
quality of the data, and whether the selected data are representative of conditions at the area of
interest. In this case, the level of uncertainty has been mitigated by selecting data gathered at the
Hanford Meteorological Tower. Based on the quality of the data and the proximity of the source
to the location where the data were collected, the meteorological data is not considered a
significant source of uncertainty.

While there are uncertainties associated with estimating ambient concentrations using an air
dispersion model, we believe that reasonable care has been taken to consistently err on the side
of more exposure rather than less.
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9.1.3 Background Concentrations

Background concentrations of a compound are typically added to modeled concentration
attributable to emissions from a given source to obtain a more realistic estimate of the exposure
that a population of interest will experience. Because no monitoring data are available in the
vicinity of the facility, background concentrations for benzene, naphthalene, and diesel
particulate matter were estimated using an annual average concentration from the 2014 NATA.
The NATA provides only annual average concentrations, so short-term background
concentrations were not estimated. Because nitrogen dioxide is not included in the NATA, data
at the node closest to the maximally impacted receptors from the current Northwest Airquest
were used as nitrogen dioxide background concentrations.

9.1.4 Toxicity Values

There is uncertainty associated with development of toxicity values due to study interpretation and
agency method of value derivation. To derive non-cancer toxicity values, agencies such as the
EPA, OEHHA, and ATSDR choose critical studies that show effects from exposure to the
chemical of interest. Agencies do not always choose the same studies, which may result in
variation between the animal species or chemical formulation tested, the exposure duration, and
the exposure concentrations. These differences can result in different LOAEL and NOAEL values.
Some studies also may not present a NOAEL if only high concentrations of the chemicals were
tested. The database of studies on any given chemical expands over time and new studies may
present different NOAEL or LOAEL values. Even if two agencies choose the same critical study,
if benchmark dose methodology is used in place of a NOAEL or LOAEL, the resulting toxicity
values will differ.

Once a LOAEL/NOAEL or benchmark concentration is chosen, the agency then extrapolates to a
value relevant to humans for an exposure duration (acute or chronic). This requires the use of
uncertainty factors, which are intended to account for sensitive populations. Uncertainty factors
are intended to reflect intra-individual variation and early-life exposure, and their magnitude is
often based on professional judgment and may differ between agencies.

It should be noted that OEHHA developed an inhalation lifetime unit risk value for diesel exhaust,
where several other authoritative groups, including the EPA, have examined the same
epidemiology evidence used by OEHHA and determined that it is inadequate for derivation of a
discrete, quantitative estimate of human risk, and have offered a range of risk values. In the case
of diesel exhaust, we believe that the range of risk values derived by EPA should be used to
evaluate potential cancer risks; while this report presents risk calculations that include the
OEHHA risk value for diesel exhaust, we do not believe it is appropriate to base decisions on
calculations that rely on this OEHHA risk value.

9.2 CONCLUSIONS
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Our conclusions, based on the results from the risk characterization as well as the uncertainties
explained above, are presented for the non-cancer hazards and the cancer risks.

9.2.1 Non-Cancer Hazards

The acute and chronic non-cancer hazard indices calculated for ambient concentrations
attributable to the project do not exceed unity for all types of receptors, with the exception of
acute 1-hour average exposure at the maximum impacted boundary receptor, which is almost
entirely caused by the NO, concentration predicted by the modeling. We believe that the
likelihood of adverse health impacts at this location is unlikely, and that the analysis results
indicate that non-carcinogenic hazards are not likely to occur at any ambient receptor.

9.2.2 Cancer Risk

The calculated cumulative cancer risk increases attributable to TAP emission increases associated
with the project are not predicted to exceed one per hundred thousand (i.e., 1E-05) at any ambient
receptor, which is the cancer risk increase project approval threshold for the second tier
methodology provided in WAC 173-460-090.
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APPENDIX A
PROJECT EMISSION RATE CALCULATIONS

Table A-1. Carbon Monoxide Emission Estimate.

Emissions Engine Emission Annual Emission
Stationary Engine | (g/kW-hr) or | Power (kW) Rate Emissions Estimate
(g/HP-hr)? or (HP)® (g/hr) (g/year) (Tons/year)
A B C=A*B D=C*500°¢ E=D*0.00000110
L-897 4.1E-012 1.112E+03b 4.56E+02 2.28E+05 2.5E-01
L-895 2.1E-01° 1.829E+03P 3.85E+02 1.92E+05 2.1E-01
L-849 6.0E-01 1.403E+03 8.42E+02 4.21E+05 4.6E-01
L-826 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.8E+00
L-781 (200-West 6.0E-01 4.6E+02 2.76E+02 1.38E+05 1.5E-01
Feed Pump Building)
L-781 (181-D Pump 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.8E+00
House)
Total Carbon Monoxide Emission Estimate (Tons/year) 4.7E+00
3 g/HP-hr provided in manufacturer’s specification instead of
g/kW-hr ° HP provided in manufacturer’s specification instead of
kW €500 operating hours per year assumed based on EPA (1995)
Table A-2. Particulate Matter Emission Estimate.
Stationary Emissions Engine Emission Ar.ml.JaI Emfssion
Engine (g/kW-hr) or | Power (kW) Rate Emissions Estimate
(g/HP-hr)? or (HP)® (g/hr) (g/year) (Tons/year)
A B C=A*B D=C*500°¢ E=D*0.00000110
L-897 6.0E-02° 1.112E+03° 6.67E+01 3.34E+04 3.7E-02
L-895 2.0E-02° 1.829E+03° 3.66E+01 1.83E+04 2.0E-02
L-849 1.4E-01 1.403E+03 1.96E+02 9.8E+04 1.1E-01
L-826 1.6E-01 2.5E+03 4.0E+02 2.0E+05 2.2E-01
L-781 (200-West 1.0E-01 4.6E+02 4.6E+01 2.3E+04 2.5E-02
Feed Pump
Building)
L-781 (181-D 1.6E-01 2.5E+03 4.0E+02 2.0E+05 2.2E-01
Pump House)
Total Particulate Matter Emission Estimate (Tons/year) 6.3E-01
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3 g/HP-hr provided in manufacturer’s specification instead of
g/kW-hr ° HP provided in manufacturer’s specification instead of
kW €500 operating hours per year assumed based on EPA (1995)

Table A-3. Sulfur Dioxide Emission Estimate.

. Operating Fuel Fuel Molecular Emission
Stationary Time c i Densit Fuel Sulfur Content Weight Estimat
Engine onsumption ensity by Weight 'eg s e
(hrs/year) | Rate (gal/hr) | (Ibs/gal) Ratio, SO,:S (Tons/year)
A B C D E F=A*B*C*D*E*
5.0E-04
L-897 5.0E+02? 5.36E+01 7.2E+00 1.5E+01/1.0E+06 2.0E+00 2.9E-03
L-895 5.0E+02? 8.74E+01 7.2E+00 1.5E+01/1.0E+06 2.0E+00 4.7E-03
L-849 5.0E+022 1.14E+02 7.2E+00 1.5E+01/1.0E+06 2.0E+00 6.2E-03
L-826 5.0E+02? 1.671E+02 7.2E+00 1.5E+01/1.0E+06 2.0E+00 9.0E-03
L-781 5.0E+02? 3.06E+01 7.2E+00 1.5E+01/1.0E+06 2.0E+00 1.7E-03
(200-West
Feed
Pump
Building)
L-781 5.0E+02? 1.671E+02 7.2E+00 1.5E+01/1.0E+06 2.0E+00 9.0E-03
(181-D
Pump
House)
Total Sulfur Dioxide Emission Estimate (Tons/year) 3.4E-02

@ 500 operating hours per year assumed based on EPA (1995)

Table A-4. Volatile Organic Compound Emission Estimate.

Stationary NMHC Engine Emission Annual Emission EPA Conversion
Engine Emission Power Rate Emissions Estimate Factor for Diesel
Rate (kW) or (g/hr) (g/year) (Tons/year) Engines
(8/kW-hr) or (HP)® (VOC/THC :
HC Emission NMHC/THC)¢
Rate?
(g/HP-hr)?
A B C=A*B D=C*500¢ | E=D*0.00000110 | F=E*1.053/0.984
L-897 1.1E-01° 1.112E+03°| 1.22E+02 6.12E+04 6.7E-02 7.2E-02
L-895 1.0E-01° 1.829E+03°| 1.83E+02 9.15E+04 1.0E-01 1.1E-01
L-849 5.8E-01 1.403E+03 | 8.14E+02 4.07E+05 4.5E-01 4.8E-01
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L-826 7.5E-01 2.5E+03 1.88E+03 9.38E+05 1.0E+00 1.1E+00
L-781 (200- 1.1E-01 4.6E+02 5.06E+01 2.53E+04 2.8E-02 3.0E-02
West Feed
Pump
Building)
L-781 (181- 7.5E-01 2.5E+03 1.88E+03 9.38E+05 1.0E+00 1.1E+00
D Pump
House)

Total Volatile Organic Compound Emission Estimate (Tons/year) 2.9E+00

3 HC emission rate in g/HP-hr provided in manufact. specification instead of NMHC emission rate in g/kW-
hr ® HP provided in manufacturer’s specification instead of kW € 500 operating hours per year assumed
based on EPA (1995) ¢ Conversion factor from EPA (2005)

Table A-5. Nitrogen Dioxide Emission Estimate.

- Engine . -
. Emissions Emission Annual Emission
Stationary Power . .
i (g/kW-hr) or Rate Emissions Estimate
Engine (kW) or
(g/HP-hr)? (HP)® (g/hr) (g/year) (Tons/year)
A B C=A*B D=C*500°¢ | E=D*0.00000110
L-897 5.85E+00° | 1.112E+03°| 6.51E+03 3.26E+06 3.6E+00
L-895 6.20E+00° | 1.829E+03°| 1.13E+04 5.7E+06 6.3E+00
L-849 4.99E+00 1.403E+03 | 7.0E+03 3.5E+06 3.9E+00
L-826 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.3E+00
L-781 (200- 3.31E+00 4.6E+02 1.52E+03 7.6E+05 8.4E-01
West Feed
Pump
Building)
L-781 (181- 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.3E+00
D Pump
House)
Total Nitrogen Dioxide Emission Estimate (Tons/year) 2.9E+01

Note: All NOx data provided in manufacturer’s specifications and EPA.gov emission tables
assumed to be nitrogen dioxide

3 g/HP-hr provided in manufacturer’s specification instead of

g/kW-hr ® HP provided in manufacturer’s specification instead of

kW ¢ 500 operating hours per year assumed based on EPA (1995)

Table A-6. Carbon Monoxide Emission Estimate.
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Emissions Engine Average

. Emission Annual Emission
Stationary (g/kW-hr) Power o Hourly .

. Rate Emissions L. Estimate
Engine or (kW) or (&/hr) (g/year) Emissions (Ibs/hr)
(8/HP-hr) | (HP)® & &y (g/hr)

A B C=A*B D=C*500° E=D/8760 | F=E*0.0022
L-897 4.1E-01° 1.112E+03| 4.56E+02 2.28E+05 2.6E+01 5.7E-02
L-895 2.1E-01° 1.829E+03°| 3.84E+02 1.92E+05 2.19E+01 4.8E-02
L-849 6.0E-01 1.403E+03 | 8.42E+02 4.21E+05 4.81E+01 1.1E-01
L-826 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.86E+02 4.1E-01

L-781 (200- 6.0E-01 4.6E+02 2.76E+02 1.38E+05 1.58E+01 3.5E-02
West Feed
Pump
Building)

L-781 (181- 1.3E+00 2.5E+03 3.25E+03 1.63E+06 1.86E+02 4.1E-01
D Pump
House)

Total Carbon Monoxide Emission Estimate (lbs/hr) 1.1E+00

@ g/HP-hr provided in manufacturer’s specification instead of g/kW-
hr ® HP provided in manufacturer’s specification instead of kW
¢ 500 operating hours per year assumed based on EPA (1995)

Table A-7. Diesel Engine Exhaust, Particulate Emission Estimate.

Engi
Emissions neine Emission Annual Emission
. . Power L .
Stationary Engine | (g/kW-hr) or Rate Emissions Estimate
s (kW) or
(g/HP-hr) (HP)? (g/hr) (g/year) | (lbs/year)
A B C=A*B D=C*500°¢ | E=*0.0022
L-897 6.0E-02°2 1.112E+03%| 6.67E+01 3.34E+04 7.4E+01
L-895 2.0E-02° 1.829E+03%| 3.66E+01 1.83E+04 4.0E+01
L-849 1.4E-01 1.403E+03 | 1.96E+02 9.8E+04 2.2E+02
L-826 1.6E-01 2.5E+03 4.0E+02 2.0E+05 4.4E+02
L-781 (200-West 1.0E-01 4.6E+02 4.6E+01 2.3E+04 5.1E+01
Feed Pump Building)
L-781 (181-D Pump 1.6E-01 2.5E+03 4.0E+02 2.0E+05 4.4E+02
House)
Total Diesel Engine Exhaust, Particulate Emission Estimate (lbs/year) 1.3E+03

Note: All PM data provided in manufacturer’s specifications and EPA.gov emission tables
assumed to be diesel engine exhaust, particulate

3 g/HP-hr provided in manufacturer’s specification instead of

g/kW-hr ® HP provided in manufacturer’s specification instead of

kW ¢ 500 operating hours per year assumed based on EPA (1995)
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Table A-8. Nitrogen Dioxide Emission Estimate.

Engi A
. Emissions neine Emission Annual verage Emission
Stationary Power L Hourly .
Engine (g/kW-hr) or (KW) or Rate Emissions Emissions Estimate
/HP-hr)? /hr /year Ibs/hr
(8 ) (HP)° (g/hr) (g/year) (g/hr) ( )
A B C=A*B D=C*500¢ E=D/8760 F=E*0.0022
L-897 5.85E+00% | 1.112E+03°| 6.51E+03 3.26E+06 3.72E+02 8.2E-01
L-895 6.20E+00° | 1.829E+03°| 1.13E+04 5.7E+06 6.51E+02 1.4E+00
L-849 4.99E+00 1.403d=03 | 7.0E+03 3.5E+06 4.0E+02 8.8E-01
L-826 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.53E+02 1.7E+00
L-781 3.31E+00 4.6E+02 1.52E+03 7.6E+05 8.68E+01 1.9E-01
(200West
Feed
Pump
Building)
L-781 (181-D| 5.28E+00 2.5E+03 1.32E+04 6.6E+06 7.53E+02 1.7E+00
Pump House)
Total Nitrogen Dioxide Emission Estimate (lbs/hr) 6.7E+00

Note: All NOy data provided in manufacturer’s specifications and EPA.gov emission tables assumed to
be nitrogen dioxide
@ g/HP-hr provided in manufacturer’s specification instead of

g/kW-hr ° HP provided in manufacturer’s specification instead of
kW €500 operating hours per year assumed based on EPA (1995)

Table A-9. Sulfur Dioxide Emission Estimate.

) Operating Fuel Fuel Fuel Sulfur Molecular Emission
Stationary Time Consumption | Density | Content by Weight Estimate
Engine
& (hrs/year) Rate (gal/hr) | (Ibs/gal) Weight Ratio, SO2:S (Ibs/hour)
A B C D E F=A*B*C*D*E
8.76E+03
L-897 5.0E+022 5.36E+01 7.2E+00 | 1.5E+01/1.0E 2.0E+00 6.6E-04
+06
L-895 5.0E+022 8.74E+01 7.2E+00 | 1.5E+01/1.0E 2.0E+00 1.1E-03
+06
L-849 5.0E+022 1.14E+02 7.2E+00 | 1.5E+01/1.0E 2.0E+00 1.4E-03
+06
L-826 5.0E+022 1.671E+02 7.2E+00 | 1.5E+01/1.0E 2.0E+00 2.1E-03
+06
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L-781 (200- 5.0E+022 3.06E+01 7.2E+00 | 1.5E+01/1.0E 2.0E+00 3.8E-04
West Feed +06
Pump
Building)
L-781 (181- 5.0E+022 1.671E+02 7.2E+00 | 1.5E+01/1.0E 2.0E+00 2.1E-03
D Pump +06
House)
Total Sulfur Dioxide Emission Estimate (lbs/hr) 7.7E-03
@ 500 operating hours per year assumed based on EPA (1995)
Table A-10. Benzene Emission Estimate.
Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate
(hrs/year) Rate (gal/hr) (MMBTU/gal) (lbs/MMBTU) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02° 5.36E+01 1.374E-01 7.76E-04° 2.9E+00
L-895 5.0E+02° 8.74E+01 1.374E-01 7.76E-04° 4.7E+00
L-849 5.0E+02° 1.14E+02 1.374E-01 7.76E-04° 6.1E+00
L-826 5.0E+02° 1.671E+02 1.374E-01 7.76E-04° 8.9E+00
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 7.76E-04° 1.6E+00
Feed Pump Building)
L-781 (181-D Pump 5.0E+02° 1.671E+02 1.374E-01 7.76E-04° 8.9E+00
House)
lotal Benzene Emission Estimate (lbs/year) 3.3E+01

2 500 operating hours per year assumed based on EPA (1995)  Emission rate obtained from
AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1, Chapter 3, Table

3.4-3

Table A-11. Toluene Emission Estimate.

Operating Fuel Diesel Fuel . Em.|55|on
) ] i . Emission Rate Estimate
Stationary Engine Time Consumption Energy
(lbs/MMBTU) (lbs/24
(hrs/year) | Rate (gal/hr) | (MMBTU/gal)
Hours)
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+022 5.36E+01 1.374E-01 2.81E-04° 2.8E-03
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L-895 5.0E+022 8.74E+01 1.374E-01 2.81E-04° 4.6E-03
L-849 5.0E+02? 1.14E+02 1.374E-01 2.81E-04° 6.0E-03
L-826 5.0E+022 1.671E+02 1.374E-01 2.81E-04° 8.8E-03
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 2.81E-04° 1.6E+01
Feed Pump
Building)
L-781 (181-D| 5.0E+022 1.671E+02 1.374E-01 2.81E-04° 8.8E-03
Pump House)

Total Toluene Emission Estimate (lbs/24 Hours) 3.3E-02

@ 500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-3

Table A-12. Xylenes Emission Estimate.

Operating Fuel Diesel Fuel . Em.|55|on
. ) i . Emission Rate Estimate
Stationary Engine Time Consumption Energy
(Ibs/MMBTU) (Ibs/24
(hrs/year) | Rate (gal/hr) | (MMBTU/gal)
Hours)
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+022 5.36E+01 1.374E-01 1.93E-04° 2.0E-03
L-895 5.0E+022 8.74E+01 1.374E-01 1.93E-04° 3.2E-03
L-849 5.0E+02° 1.14E+02 1.374E-01 1.93E-04° 4.1E-03
L-826 5.0E+022 1.671E+02 1.374E-01 1.93E-04° 6.1E-03
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 1.93E-04° 1.1E-03
Feed Pump
Building)
L-781 (181-D| 5.0E+022 1.671E+02 1.374E-01 1.93E-04° 6.1E-03
Pump House)
Total Xylenes Emission Estimate (lbs/24 Hours) 2.3E-02

@500 operating hours per year assumed based on EPA (1995)

b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-3

Table A-13. Propylene Emission Estimate.
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. Operating Fuel Diesel Fuel o Emi'ssion
Statpnary Time Consumption Eneray Emission Rate Estimate
Engine (hrs/year) Rate (gal/hr) (MMBTU/gal) (Ibs/MMBTU) I:Ibs/24
ours)
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+022 5.36E+01 1.374E-01 2.79E-03 2.8E-02
L-895 5.0E+022 8.74E+01 1.374E-01 2.79E-03° 4.6E-02
L-849 5.0E+02? 1.14E+02 1.374E-01 2.79E-03 6.0E-02
L-826 5.0E+022 1.671E+02 1.374E-01 2.79E-03 8.8E-02
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 2.79E-03° 1.6E-02
Feed Pump
Building)
L-781 (181-D| 5.0E+022 1.671E+02 1.374E-01 2.79E-03° 8.8E-02
Pump House)
Total Propylene Emission Estimate (lbs/24 Hours) 3.3E-01

2500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-3

Table A-14. Formaldehyde Emission Estimate.

Engine (hrs/year) Rate (gal/hr) (MMBTU/gal) (los/MMBTU) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+022 5.36E+01 1.374E-01 7.89E-05° 2.9E-01
L-895 5.0E+022 8.74E+01 1.374E-01 7.89E-05P 4.7E-01
L-849 5.0E+022 1.14E+02 1.374E-01 7.89E-05° 6.2E-01
L-826 5.0E+022 1.671E+02 1.374E-01 7.89E-05° 9.1E-01
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 7.89E-05° 1.7E-01
Feed Pump
Building)
L-781 (181-D| 5.0E+022 1.671E+02 1.374E-01 7.89E-05P 9.1E-01
Pump House)
Total Formaldehyde Emission Estimate (lbs/year) 3.4E+00

@ 500 operating hours per year assumed based on EPA (1995)

b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-3

Table A-15. Acetaldehyde Emission Estimate. (2 pages)
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Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate
(hrs/year) Rate (gal/hr) |(MMBTU/gal) (Ibs/MMBTU) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+022 5.36E+01 1.374E-01 2.52E-05P 9.3E-02
L-895 5.0E+022 8.74E+01 1.374E-01 2.52E-05 1.5E-01
L-849 5.0E+02? 1.14E+02 1.374E-01 2.52E-05 2.0E-01
Table A-15. Acetaldehyde Emission Estimate. (2 pages)
Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (Ibs/year)
L-826 5.0E+02° 1.671E+02 1.374E-01 2.52E-05° 2.9E-01
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 2.52E-05° 5.3E-02
Feed Pump
Building)
L-781 (181-D| 5.0E+02° 1.671E+02 1.374E-01 2.52E-05° 2.9E-01
Pump House)
Total Acetaldehyde Emission Estimate (Ibs/year) 1.1E+00

2500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-3

Table A-16. Acrolein Emission Estimate.

Operating Fuel Diesel Fuel L Em_ISSIOn
Stationary Engine Time Consumption Energy Emission Rate Estimate
(hrsfyear) | Rate (gal/hr) | (MMBTU/gal) | (PS/MMBTU) | (lbs/24
hours)
A B C D E=A*B*C*D
3.65E+02
L-897 5.0E+02° 5.36E+01 1.374E-01 7.88E-06° 8.0E-05
L-895 5.0E+02° 8.74E+01 1.374E-01 7.88E-06° 1.3E-04
L-849 5.0E+02? 1.14E+02 1.374E-01 7.88E-06° 1.7E-04
L-826 5.0E+02° 1.671E+02 1.374E-01 7.88E-06° 2.5E-04
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 7.88E-06° 4.5E-05
Feed Pump
Building)
L-781 (181-D 5.0E+022 1.671E+02 1.374E-01 7.88E-06° 2.5E-04
Pump House)
Total Acrolein Emission Estimate (Ibs/24 hours) 9.3E-04
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@500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-3

Table A-17. Naphthalene Emission Estimate. (2 pages)

Operating Fuel Diesel Fuel L. Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (Ibs/year)

A B C D E=A*B*C*D
L-897 5.0E+02? 5.36E+01 1.374E-01 1.3E-04° 4.8E-01
L-895 5.0E+022 8.74E+01 1.374E-01 1.3E-04° 7.8E-01
L-849 5.0E+02? 1.14E+02 1.374E-01 1.3E-04° 1.0E+00
L-826 5.0E+022 1.671E+02 1.374E-01 1.3E-04° 1.5E+00
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 1.3E-04° 2.7E-01
Feed Pump
Building)
Table A-17. Naphthalene Emission Estimate. (2 pages)

Operating Fuel Diesel Fuel L. Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (lbs/MMBTU) (Ibs/year)
L-781 (181-D 5.0E+02? 1.671E+02 1.374E-01 1.3E-04° 1.5E+00
Pump House)

Total Naphthalene Emission Estimate (lbs/year) 5.5E+00

3500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-4

Table A-18. Benz(a)anthracene Emission Estimate.

Operating Fuel Diesel Fuel L Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (los/MMBTU) (Ibs/year)

A B C D E=A*B*C*D

L-897 5.0E+02° 5.36E+01 1.374E-01 6.22E-07° 2.3E-03
L-895 5.0E+02° 8.74E+01 1.374E-01 6.22E-07° 3.7E-03
L-849 5.0E+02° 1.14E+02 1.374E-01 6.22E-07° 4.9E-03
L-826 5.0E+02° 1.671E+02 1.374E-01 6.22E-07° 7.1E-03
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L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 6.22E-07° 1.3E-03
Feed Pump
Building)
L-781 (181-D 5.0E+02° 1.671E+02 1.374E-01 6.22E-07° 7.1E-03
Pump House)

Total Benz(a)anthracene Emission Estimate (Ibs/year) 2.6E-02

@500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from “AP-42, Compilation of Air Pollutant Emissions Factors,” Fifth Edition,
Volume 1, Chapter 3, Table 3.4-4

Table A-19. Chrysene Emission Estimate.

Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate
(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (Ibs/year)
A B C D E=A*B*C*D
L-897 5.0E+02° 5.36E+01 1.374E-01 1.53E-06° 5.6E-03
L-895 5.0E+022 8.74E+01 1.374E-01 1.53E-06° 9.2E-03
L-849 5.0E+02° 1.14E+02 1.374E-01 1.53E-06° 1.2E-02
L-826 5.0E+022 1.671E+02 1.374E-01 1.53E-06° 1.8E-02
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 1.53E-06° 3.2E-03
Feed Pump
Building)
L-781 (181-D Pump 5.0E+02° 1.671E+02 1.374E-01 1.53E-06° 1.8E-02
House)
Total Chrysene Emission Estimate (lbs/year) 6.6E-02

@ 500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-4

Table A-20. Benzo(b)fluoranthene Emission Estimate.

Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (Ibs/year)

A B C D E=A*B*C*D

L-897 5.0E+02? 5.36E+01 1.374E-01 1.11E-06° 4.1E-03
L-895 5.0E+02? 8.74E+01 1.374E-01 1.11E-06° 6.7E-03
L-849 5.0E+02? 1.14E+02 1.374E-01 1.11E-06° 8.7E-03
L-826 5.0E+022 1.671E+02 1.374E-01 1.11E-06° 1.3E-02
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L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 1.11E-06° 2.3E-03
Feed Pump
Building)
L-781 (181-D 5.0E+022 1.671E+02 1.374E-01 1.11E-06° 1.3E-02
Pump House)

Total Benzo(b)fluoranthene Emission Estimate (Ibs/year) 4.8E-02

@ 500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-4

Table A-21. Benzo(k)fluoranthene Emission Estimate.

Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (Ibs/year)

A B C D E=A*B*C*D
L-897 5.0E+02° 5.36E+01 1.374E-01 2.18E-07° 8.0E-04
L-895 5.0E+02° 8.74E+01 1.374E-01 2.18E-07° 1.3E-03
L-849 5.0E+02° 1.14E+02 1.374E-01 2.18E-07° 1.7E-03
L-826 5.0E+02° 1.671E+02 1.374E-01 2.18E-07° 2.5E-03
L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 2.18E-07° 4.6E-04
Feed Pump
Building)
L-781 (181-D 5.0E+02° 1.671E+02 1.374E-01 2.18E-07° 2.5E-03
Pump House)
Total Benzo(k)fluoranthene Emission Estimate (lbs/year) 9.3E-03

@ 500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-4

Table A-22. Benzo(a)pyrene Emission Estimate.

Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (Ibs/MMBTU) (Ibs/year)

A B C D E=A*B*C*D

L-897 5.0E+02° 5.36E+01 1.374E-01 2.57E-07° 9.5E-04
L-895 5.0E+022 8.74E+01 1.374E-01 2.57E-07° 1.5E-03
L-849 5.0E+02? 1.14E+02 1.374E-01 2.57E-07° 2.0E-03
L-826 5.0E+022 1.671E+02 1.374E-01 2.57E-07° 3.0E-03
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L-781 (200-West 5.0E+02° 3.06E+01 1.374E-01 2.57E-07° 5.4E-04
Feed Pump

Building)

L-781 (181-D 5.0E+02° 1.671E+02 1.374E-01 2.57E-07° 3.0E-03
Pump House)

Total Benzo(a)pyrene Emission Estimate (Ibs/year) 1.1E-02

@500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,
Volume 1, Chapter 3, Table 3.4-4

Table A-23. Indeno(1,2,3-cd)pyrene Emission Estimate.

Operating Fuel Diesel Fuel . Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (los/MMBTU) (Ibs/year)

A B C D E=A*B*C*D
L-897 5.0E+02° 5.36E+01 1.374E-01 4.14E-07° 1.5E-03
L-895 5.0E+022 8.74E+01 1.374E-01 4.14E-07° 2.5E-03
L-849 5.0E+022 1.14E+02 1.374E-01 4.14E-07° 3.2E-03
L-826 5.0E+02° 1.671E+02 1.374E-01 4.14E-07° 4.8E-03
L-781 (200-West 5.0E+022 3.06E+01 1.374E-01 4.14E-07° 8.7E-04
Feed Pump
Building)
L-781 (181-D| 5.0E+02° 1.671E+02 1.374E-01 4.14E-07° 4.8E-03
Pump House)
Total Indeno(1,2,3-cd)pyrene Emission Estimate (lbs/year) 1.8E-02

2 500 operating hours per year assumed based on EPA (1995)  Emission rate obtained from
AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition, Volume 1, Chapter 3, Table
3.4-4

Table A-24. Dibenz(a,h)anthracene Emission Estimate.

Operating Fuel Diesel Fuel L. Emission
Stationary Engine Time Consumption Energy Emission Rate Estimate

(hrs/year) Rate (gal/hr) | (MMBTU/gal) (los/MMBTU) (Ibs/year)

A B C D E=A*B*C*D

L-897 5.0E+02° 5.36E+01 1.374E-01 3.46E-07° 1.3E-03
L-895 5.0E+02° 8.74E+01 1.374E-01 3.46E-07° 2.1E-03
L-849 5.0E+02° 1.14E+02 1.374E-01 3.46E-07° 2.7E-03
L-826 5.0E+02° 1.671E+02 1.374E-01 3.46E-07° 4.0E-03
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L-781 (200-West 5.0E+02? 3.06E+01 1.374€-01 3.46E-07° 7.3E-04
Feed Pump
Building)
L-781 (181-D| 5.0E+022 1.671E+02 1.374€-01 3.46E-07° 4.0E-03
Pump House)

Total Dibenz(a,h)anthracene Emission Estimate (lbs/year) 1.5E-02

@500 operating hours per year assumed based on EPA (1995)
b Emission rate obtained from AP-42, Compilation of Air Pollutant Emissions Factors, Fifth Edition,

Volume 1, Chapter 3, Table 3.4-4

Table A-25. L-897 Sludge Lagoon Constituent Moles.

Liquid Molecular Molar

Constituent Concentration Weight Concentration Tank Volume Moles

(ug/L) (g/mol) (mol/L) L) (mol)

A B C=A/B/1.0E+06 D E=C*D
Chloroform 4.42E+00° 1.1938E+02° 3.7E-08 2.88E+08¢ 1.07E+01
Bromodichloromethane 7.8E-012 1.6383E+02° 4.76E+09 2.88E+08°¢ 1.37E+00
Water - - 5.55E+01° 2.88E+08°¢ 1.6E+10
Total Moles (mol) 1.6E+10

3 From “BAT/AKART Analysis for Project L-897", HNF-64154, Table 9, Combined Wastewater Stream at

5.0 million gallons per day throughput; Concentrations shown are based on current operating experience

that shows that chloroform accounts for 85% of the total trihalomethanes and bromodichloromethane

accounts for the remaining 15%

b https://webbook.nist.gov/chemistry/ ¢ From “BAT/AKART Analysis for Project L-897”, HNF-64154, Table
9, Combined Wastewater Stream at 5.0 million gallons per day throughput; 6,336,300 gal/month*3.79
L/gal*12 months/year=288,174,924 L/year

Table A-26. L-897 Sludge Lagoon Henry’s Law Calculations.

. Liquid Mole | Henry's Law Constant at 25 OIC Vapor Mole | Ideal Gas
Constituent Fraction (atm) Fraction Law (n/v)
A=Constituent B C=A*B D
Moles/Total
Moles®
Chloroform 6.67E-10 203.0 1.35E-07

4.09E-02

Bromodichloromethane 8.58E-11 88.90 7.63E-09 4.09E-02

2 Constituent Moles and Total Moles from Table A-25
b https://webbook.nist.gov/chemistry/
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¢ Molecular Weight from Table A-25, Ideal Gas Law [(n/v) = P/RT] (mol/L) = 1 atm /(0.082057 L atm /K
mol * 298 K)
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Table A-27. L-897 Sludge Lagoon Fick’s Law Calculations.

Mass Air Mass Air Concentration Diffusion Diffusion Concentration Diffusion Rate
Constituent Concentration (Ib/f)c Coefficient | Coefficient | Gradient dC/dx (Ibs/ft2 sec)
(g/L) (cm?/sec) | (ft¥/sec)*? (Ib/ft4)d
A=Vapor Mole
Fraction®*Ideal
Gas B=A*2.832E+01*2.205E+00 c D=C*1.08E03 E = (B - 0) F= -1*D*E
1.0E+03 (0-1)
Law?*Molecular
Weight?
Chloroform 6.61E-07 4.13E-08 1.04E-01 1.12E-04 -4.13E-08 4.62E-12
Bromodichloromethane 5.11E-08 3.19E-09 2.98E-02 3.21E-05 -3.19E-09 1.02E-13

@Vapor Mole Fraction and Ideal Gas Law from Table A-26
b Molecular Weight from Table A-25
¢ Mass Air Concentration (Ib/ft3) = Mass Air Concentration (g/L) *28.32 (L/ft3)* (2.205 Ib/1000 g) Diffusion Coefficient (ft?/sec) =
Diffusion Coefficient (cm?/sec) * 0.00107639 ft?>/cm?
4 Concentration Gradient dC/dx (Ib/ft) = (Surface Diffusion Coefficient (ft?/sec) - Free Air Diffusion Coefficient (ft?/sec)/(Surface Height
(ft) - Free Air Height (ft))
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Table A-28. L-897 Sludge Lagoon Emission Estimate.

Constituent Seconds/Year Basin Surface Area (ft?)® | Emission Estimate
(Ibs/yr)
A B =3.535E+03*3.0E+00° | S=Diffusion Rate**A*B
Chloroform 3.1536E+07 1.0605E+04 1.55E+00
Bromodichloromethane 3.1536E+07 1.0605E+04 3.42E-02

@ Calculation Number: HNF-CALC-63402,
b Each basin has a surface area of 3,535 ft2, there are three basins total ¢ Diffusion Rate

from Table A-27

Table A-29. L-849 and L-850 Water Tanks Constituent Moles.

Constituent Liquid Molecular Molar

Concentration Weight Concentration Tank Moles

(ng/L) (g/mol) (mol/L) Volume (L) (mol)

A B C=A/B/1.0E+06 D E=C*D
Chloroform 8.56E+01° 1.1938E+02¢ 7.17E-07 1.89E+07 1.36E+01
Bromodichloromethane 3.5E+002 1.6383E+02¢ 2.14E-08 1.89E+07 4.04E-01
Bromoform 6.0E-02° 2.5275E+02¢ 2.37E-10 1.89E+07 4.49E-03
Water - 5.55E+01* 1.89E+07 1.05E+07
Total Moles (mol) 1.05E+07
a Highest concentration from quarterly Disinfection By-Product Compounds Reports from February

2017 — May 2020
b

Product Compounds Reports from February 2017 through May 2020
c https://webbook.nist.gov/chemistry/; Assumes 5.0 million gallons per day output from L-897

CPWTF passes through each tank

Method detection limit used as results were non-detectable for all quarterly Disinfection By-

Table A-30. L-849 and L-850 Water Tanks Henry’s Law Calculations.

o Henry's Law
Constituent Liquid Mole Constant at 25 Vapor Mole Ideal  Gas

Fraction Fraction Law (n/v)

OC (atm)

A=Constituent B C=A*B D
Moles/Total
Moles?

Chloroform 1.29E-08 2.03E+02 2.62E-06 4.,09E-02
Bromodichloromethane 3.85E-10 8.89E+01 3.42E-08 4.09E-02

A-17
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Bromoform 4.28E-12 2.97E+00 1.27E-10 4.09E-02

2 Constituent Moles and Total Moles from Table A-29
b https://webbook.nist.gov/chemistry/

¢ Molecular Weight from Table A-29 Ideal Gas Law [(n/v) = P/RT] (mol/L) = 1 atm /(0.082057 L atm /K mol *
298 K)
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Table A-31. L-849 and L-850 Water Tanks Fick’s Law Calculations.

. Mass Air Mass Air. Diffu.si-on Diffu-si.on Conc.entration Diffusion Rate (lbs/ft?
Constituent Concentration (g/L) Concentration Coefficient | Coefficient Gradient dC/dx sec)
(Ib/ft3)c (cm?/sec) (ft2/sec)*? (Ib/ft)d
A=Vapor Mole A*28.32%2.205
Fraction®*Ideal Gas | B= 1000 E = (B -
LawMoleclar C D=C*0.00108 0-1) F=-1*D*E
Weight®
Chloroform 1.28E-05 7.99E-07 1.04E-01 1.12E-04 -7.99E-07 8.95E-11
Bromodichloromethane 2.29E-07 1.43E-08 2.98E-02 3.21E-05 -1.43E-08 4.59E-13
Bromoform 1.31E-09 8.20E-11 1.49E-02 1.6E-05 -8.20E-11 1.31E-15

@ Vapor Mole Fraction and Ideal Gas Law from Table A-30

b Molecular Weight from Table A-29

¢ Mass Air Concentration (Ib/ft3) = Mass Air Concentration (g/L) *28.32 (L/ft3)* (2.205 Ib/1,000 g) Diffusion Coefficient (ft?/sec) = Diffusion Coefficient

(cm?/sec) * 0.00107639 ft?/cm?

4 Concentration Gradient dC/dx (Ib/ft) = (Surface Diffusion Coefficient (ft?/sec) - Free Air Diffusion Coefficient (ft?/sec))/(Surface Height (ft) - Free Air
Height

(ft)
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Table A-32. L-849 and L-850 Water Tanks Emission Estimate.

. Tank Cross Section Area | Emission Estimate

Constituent Seconds/Year 5
(ft?) (Ibs/yr)
B=
A S=Diffusion Rate?*A*B

3.14159E+00*4.0E+012° iusion Rate

Chloroform 3.1536E+07 5.027E+03 2.84E+01°¢

Bromodichloromethane 3.1536E+07 5.027E+03 1.46E-01¢

Bromoform 3.1536E+07 5.027E+03 4.17E-04¢

@ Procurement Specification for L-850 Sanitary Water Storage Tank; HNF-SPEC-63005,

Rev. 0 P Diffusion Rate from Table A-31 ¢ Emission

Estimate is for both water tanks

Table A-33. Chloroform Emission Estimate.

Emission Unit Emission Estimate (lbs/yr)
L-849 Water Tank 1.42E+01°
L-850 Water Tank 1.42E+01°
L-897 Sludge Lagoons 1.55E+00°
Total Chloroform Emission Estimate (lbs/yr) 2.99E+01

@ Emission Estimate from Table A-32
b Emission Estimate from Table A-28

Table A-34. Bromodichloromethane Emission Estimate.

Emission Unit

Emission Estimate (lbs/yr)

L-849 Water Tank 7.28E-02°
L-850 Water Tank 7.28E-02°
L-897 Sludge Lagoons 3.42E-02°
Total Bromodichloromethane Emission Estimate 1.80E-01

(Ibs/yr)

2 Emission Estimate from Table A-32
b Emission Estimate from Table A-28

Table A-35. Bromoform Emission Estimate.

Emission Unit

Emission Estimate (lbs/yr)

L-849 Water Tank 2.08E-042
L-850 Water Tank 2.08E-042
Total Bromoform Emission Estimate (lbs/yr) 4.17E-04

@ Emission Estimate from Table A-32
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B-ii
APPENDIX B LAND USE DATA

Legend

@ Proposed Sources

D Modeling Demain
|

Hanford Ambient Air Boundary

Landuse Category (LU Codes)
B Residential (10-18)
Bl commercial (50-59, 61-69)

Industrial (21-39, 81-89)

Other

Basemap: Imagery from Google Maps,
Landuse from Washington Geospatial
Open Data Portal (2020)



HNF-RPT-65735 REV. 0

B-1

This Page Intentionally Left Blank



HNF-RPT-65735 REV. 0

B-2

APPENDIX C

WHITE PAPER ON DIESEL EXHAUST QUANTITATIVE HEALTH RISK
ASSESSMENT
VALUES FOR LUNG CANCER



HNF-RPT-65735 REV. 0

C-i

This Page Intentionally Left Blank



HNF-RPT-65735 REV. 0

C-ii



Prepared for:
Moffatt & Nichol
Seattle, Washington

On behalf of:
Port of Seattle Seattle,
Washington

Prepared by:
Ramboll Environ US Corporation
Seattle, Washington

Date
April 2016

WHITE PAPER ON DIESEL EXHAUST
QUANTITATIVE HEALTH RISK
ASSESSMENT VALUES FOR LUNG CANCER

EXECUTIVE SUMMARY

This paper is written for a technical audience interested in understanding the rationale and
justification for use of a range in “unit risk factors” for estimating potential cancer risk from
exposure to diesel exhaust rather than a single number (for example, that proposed by the
California Office of Environmental Health Hazard Assessment [OEHHA]). The paper is not
focused on a specific project but may be incorporated into project-specific risk assessments
as supporting documentation for the selection of alternative unit risk factors.

Typically, a single unit risk factor, derived from one or more studies in the scientific
literature, is applied to a monitored or modelled air concentration to estimate potential
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cancer risk that might result from the project. However, in the case of diesel engine exhaust,
the use of a single, discrete value representing potential cancer potency of diesel exhaust
attributes greater confidence to cancer risk estimates than is appropriate given the
underlying shortcomings in the quantitative assessment of diesel exhaust risk. To adequately
understand the limitations in current unit risk estimates for diesel engine exhaust, one must
appreciate the historical process and causes for continued evaluation of the relationship
between exposure to diesel engine exhaust and potential adverse health effects.

When fully considering the conclusions of multiple science review panels and risk assessment
investigators, it is apparent that the current quantitative assessments for diesel exhaust are
inadequate for deriving a single cancer potency number. While it is apparent that the body of
research as a whole supports a positive relationship between exposure to diesel exhaust
(particularly those with the composition of older diesel engines) and lung cancer, the
numerical values that estimate potential cancer risk are hampered by a large range of
uncertainty that is rarely communicated and considered in project planning and risk
communication efforts. This dilemma can frustrate regulatory agencies, project proponents,
and affected communities alike.

This document presents a summary of this dilemma and a proposal for addressing the
inadequacies in unit risk estimates currently available. It consists of several sections that
discuss the problem and offer a solution:

« Introduction to quantitative health risk assessment process;

+ Overview of various Agency, Expert Panel, and Risk Assessment Investigator evaluations
of the state-of-the-science related to the exposure-response relationship for diesel exhaust
and cancer, along with a descriptions of key studies and their limitations;

» Description of the problems underlying the current quantitative estimates, along with a
summary of different estimates for proposed unit risk factors;

» Proposal for estimating cancer risks associated with diesel exhaust until further
assessment is complete

We conclude that, rather than selecting a single diesel exhaust risk estimate for appraising
potential lung cancer risk, applying a range of unit risk factors allows project managers to
compare relative ranges in impacts of each alternative, which can better support project
planning and design decision-making. Given the uncertainties, we propose a range of
numbers to be used to assess cancer risks, which range from 103 to 10-° per ug/m?3, and
propose to use these numbers to compare relative risks for different projects and exposure
scenarios. Consideration of a plausible spectrum of risks for each proposed project
alternative may provide greater insights into the relative differences in impacts between
each alternative.

INTRODUCTION

Quantitative health risk assessments (HRAs) are based on combining exposure data with
exposure-response information to quantitatively estimate potential risk. The National
Research Council (1993) describes the risk assessment process as having four components:
(1) a systematic review of evidence from epidemiology and other scientific disciplines
concerning the association between environmental factors and human health (risk
assessment hazard identification); (2) the understanding of the relationship between
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exposure and response (exposure-response assessment); (3) the compilation of exposure
data (exposure assessment), and (4) estimation of the health impacts following exposure to
risk factors (risk characterization). Each step is critical in deriving a useful estimate of risk.

This document summarizes existing information supporting steps 1 and 2 by examining the
evidence and application of scientific information to understand quantitative health risks from
exposure to diesel exhaust, specifically for cancer as a health endpoint. This information
may then be carried forward to support the latter two steps in quantifying risks attributed to
a specific source.

THE RISK ASSESSMENT PROCESS

Step 1: Diesel Exhaust Hazard Identification

Several authoritative bodies have examined the risk assessment hazard identification step of
the HRA process, asking “Is exposure to diesel exhaust associated with an increased risk of
cancer (particularly lung cancer) at some level of exposure?” A large body of more than 50
epidemiology studies of diesel exhaust-exposed occupational populations are available,
including of miners (e.g., nhon-metal and metal), bus drivers and bus garage workers,
trucking industry workers, and railroad workers (Hesterberg et al., 2012; IARC, 2014). A
number of critical reviews, epidemiology meta-analyses, and regulatory cancer hazard
assessments have interpreted this body of diesel exhaust epidemiology studies as providing
support for a causal relationship between diesel exhaust exposure and lung cancer risk (e.g.,
Bhatia et al., 1998; HEI, 1995; Lipsett & Campleman, 1999; Lloyd & Cackette, 2001;
Wichmann, 2007; IARC 2014; National Toxicology Program (NTP), 2011). In 2012, the
International Agency for Research on Cancer (IARC) classified diesel exhaust as a Group 1
“known human carcinogen” based on "sufficient" human data from occupational studies of
non-metal miners, railroad workers, and workers in the trucking industry (International
Agency for Research on Cancer, 2014).

Due to the substantial uncertainties and limitations in the diesel exhaust epidemiology
literature, other published evaluations of the diesel exhaust-lung cancer evidence have
concluded that the epidemiology data are not sufficiently reliable to establish a causal
association between exposure to diesel exhaust and lung cancer (Boffetta, 2012; Bunn et al.,
2004; Gamble et al., 2012; Gamble, 2010; Hesterberg et al., 2006, 2012; Morgan et al.,
1997; Muscat and Wynder, 1995; Stober and Abel, 1996). These analyses have highlighted
inconsistencies in the epidemiology findings (e.g., weak or a lack of statistically significant
associations between diesel exhaust exposure and lung cancer and even negative
doseresponse trends in some studies), and a number of critical study limitations that include
unreliable exposure assessments and often a general lack of quantitative data on workers’
historical exposures to diesel exhaust, as well as inadequate control of confounding
exposures, both from other air pollutants as well as for smoking (Hesterberg et al., 2012).
While some of the more recently published diesel exhaust epidemiology studies (Attfield et
al., 2012; Garshick et al., 2012; Silverman et al., 2012) have reported some of the strongest
diesel-lung cancer associations, they remain affected by inconsistent exposure-response
findings and possible effects of bias and exposure misclassification (Boffetta, 2012;
Hesterberg et al., 2012; Moolgavkar et al., 2015). Nevertheless, the body of evidence
suggests a need for assessing the potential cancer risk due exposures to diesel exhaust.
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Step 2: Diesel Exhaust and Exposure-Response Assessment

A description of the forms exposure-response assessments may take is provided here for
background in understanding the current body of scientific literature regarding diesel exhaust
exposure-response research. Following this introduction are summaries of the critical diesel
exhaust studies considered by regulatory bodies to date and a history of their consideration
for use in quantifying the exposure-response relationship. An understanding of the basic
study design and inherent limitations and uncertainties and regulatory review history is
critical in applying quantitative unit risk estimates for diesel exhaust and interpreting cancer
risk estimates in site-specific risk evaluations.

For the exposure-response assessment step of quantitative HRAs, the preferred basis for the
exposure-response function are studies in human populations. When sufficient human data
are not available, the exposure-response function is often based on experimental animal
studies, but these are associated with additional uncertainties due to inter-species
extrapolation. Studies in human populations may take the form of experimental exposure
studies or observational (epidemiology) studies. Experimental studies are controlled studies
in which the researcher controls the environment (such as the exposure), then observes
what happens as a consequence of changing that environment. In an observational
epidemiology study, the researcher studies the outcome, but the conditions cannot be
controlled (e.g., the exposures). Although experimental study designs are sometimes used
to understand non-cancer endpoints in the drug development process (for example, clinical
trials) or for substances that people are normally exposed to in the environment (controlled
human exposure studies, or chamber studies) the more common approach to understanding
toxicity to substances in humans is through epidemiology studies, where groups of people
who are exposed to a chemical or substance in their environment are studied. These
exposures may be due to exposure in a workplace environment, or to exposures in ambient
air as people go about their lives. Various scientific procedures and tools have been devised
to conduct such epidemiology studies.

There are several types of epidemiology studies, including cohort studies, case control
studies, and cross-sectional studies. Some of these study designs are stronger than others.
A cohort study (also sometimes called a longitudinal or prospective study) involves
identifying groups of individuals with common exposures and then comparing subsequent
rates of certain diseases in those groups with the rates of disease in similar groups with
lower exposures. A case-control study (also sometimes called a retrospective study)
identifies groups of people who have a certain disease and compares their exposure histories
to similar groups of people who do not have the disease. A cross-sectional study examines
the prevalence of a disease or health endpoint in one sample of people with a particular
characteristic, and information about their health is then collected and interpreted in a
systematic manner. This latter design is relatively weak for drawing conclusions about
causation.
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EVALUATIONS OF THE DIESEL EPIDEMIOLOGY
LITERATURE

Evaluation of the Quality of the Science: The Health Effects Institute Diesel
Epidemiology Expert Panel (1996 -1999)

While data from epidemiology studies have been useful in the hazard identification
component associated with exposure to diesel exhaust, the usefulness of applying these data
to develop reliable estimates of the magnitude of risk for lung cancer through quantitative
HRAs has been questioned. In 1994, both the federal Environmental Protection Agency (US
EPA) and the California Environmental Protection Agency, through their Office of
Environmental Health Hazard Assessment (OEHHA), released draft cancer risk assessments
for diesel exhaust through the inhalation pathway. Both agencies depended on the same set
of scientific literature, but came to different conclusions. Although they considered the
retrospective cohort study of US railroad workers (Garshick et al., 1988) and associated
industrial hygiene survey (Hammond et al., 1988; Woskie et al., 1988a, 1988b) to derive an
exposure-response function (Crump et al. 1991), the US EPA concluded that the data were
too limited to support a quantitative HRA, and thus based their assessment on chronic
animal studies. In contrast, OEHHA (Office of Environmental Health Hazard Assessment
(OEHHA), 1998) chose to use the US railroad workers data, in spite of their limitations, as a
basis of their quantitative HRA, as they viewed these data as more appropriate than using
animal data.

In response to differences in addressing the exposure-response relationship, the Health
Effects Institute (HEI) assembled a special panel, termed the Diesel Epidemiology Expert
Panel, in the late 1990’s. This Panel was charged with (1) reviewing the epidemiologic data
that form the basis of the then-current quantitative HRAs for diesel exhaust, (2) identifying
data gaps and sources of uncertainty, (3) making recommendations about the usefulness of
extending or conducting further analyses of existing data sets, and (4) making
recommendations for the design of new studies that would provide a stronger basis for risk
assessment. In addition to the chair, the Panel was comprised of six senior scientists with
expertise in epidemiology, biostatistics, exposure characterization, and exposure
assessment. They focused on available epidemiology in railroad workers and teamsters,
including the following studies and follow-up publications and research: Railroad Worker
Studies

+ Case-control: Garshick et al. 1987
» Cohort: Garshick et al. (1988)
» Industrial hygiene: Hammond et al. (1988), and Woskie et al. (1988a, 1988b)

- Exposure-response analyses: Crump et al. (1991); Crump (1999); Office of
Environmental Health Hazard Assessment [OEHHA] (1998)

Teamster (Trucker) Studies
« Case-control: Steenland et al. (1992); Steenland et al. (1990)
+ Industrial hygiene: Zaebst et al. (1991)

» Exposure-response analysis: Steenland et al. (1998)
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The review performed by this Panel identified evidence for weak increases in lung cancer risk
in exposed workers relative to unexposed workers. The Panel then examined whether the
available epidemiology studies were of sufficient quality in terms of their design and
performance to be useful for input for quantitative HRA, or if the limitations of the individual
studies being considered rendered the study insufficient for this application. Their analysis
also examined whether each study had a sufficient quality of retrospective data for
estimating job-related work exposures. Such data are often difficult to acquire and
investigators often need to make assumptions that cannot be validated in their attempts to
reconstruct past exposures to diesel engine emissions. The Panel noted that many studies
suffered from inadequate exposure assessment, incomplete adjustment for smoking,
unmeasured confounding variables (e.g., other job category differences), and latency periods
being too short. While reasonable for the individual study, limitations that authors recognize
and acknowledge are often ignored when risk assessors or other researchers apply the
results of the studies in ways that go beyond the intent of the original investigators.

Garshick et al. (1987): US Railroad Worker Studies

The Garshick et al. (1987) case-control study, along with the Garshick et al. (1988) cohort
study of US railroad workers have often been considered as a basis of estimating the risk of
lung cancer in the general population. Garshick et al. (1987) examined Railroad Retirement
Board registrants who died between March 1, 1981, and February 28, 1982. Among 650,000
active and retired male railroad workers born in or after 1900 who had at least 10 years of
railroad employment, 15,059 deaths were reported to the Railroad Retirement Board. This
study was actually designed primarily to investigate the relationship between smoking (i.e.,
not occupations or environmental exposures) and lung cancer. This study evaluated
exposure to diesel exhaust using job histories beginning in 1959 as well as the last job
worked before retirement for workers who retired prior to 1959. Jobs were divided into
“exposed” or “unexposed” categories, and cumulative diesel-years of exposure were
estimated for each worker. For 39 job categories, an industrial hygienist (Woskie et al.,
1988a, 1988b) helped define exposures. But workers whose jobs fell outside this group of 39
categories were assigned as either “exposed” or “unexposed” based on comparing their
activities to the primary 39 job categories. The extent of contact with operating diesel
equipment was also taken into consideration. The analysis in the Garshick et al. (1987) study
found that, after adjusting for asbestos and smoking, the relative odds for continuous
exposure to diesel exhaust were 1.39 (95% CI = 1.05, 1.83). Furthermore, among the
younger workers with longer diesel exhaust exposure, the risk of lung cancer increased with
duration of exposure after adjusting for asbestos and smoking.

Although this study was well-designed and conducted, it has several important limitations.
The most important limitation was that occupations were not coded into exposures for
different chemical and physical agents. This prevented calculating relative risks for diesel
exposure. Instead, Interstate Commerce Commission (ICC) job classification were used as a
surrogate for exposure, which may have led to misclassification of diesel exhaust exposure
jobs with low intensity and intermittent exposure, such as railroad police and bus drivers, as
unexposed. Use of a simple “exposed” and “unexposed” scheme for exposure also may have
resulted in exposure misclassification. Another exposure limitation was that the year when
workers were first exposed to diesel was unknown, as dieselization was being gradually
introduced in the early 1950s. Finally, the relative risks decreases with duration of
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employment, so exposure-response functions cannot be derived. This weakens the study’s
potential to provide a reliable quantitative estimate of risk from exposure to diesel exhaust.

Garshick et al. (1988): US Railroad Worker Study

The Garshick et al. (1988) cohort study of US railroad workers was one of only a few studies
at the time that included industrial hygiene measurements of diesel exhaust. These
measurements were correlated with job titles, and number of years of employment was used
as a surrogate for exposure dose. The study found an elevated risk ratio (RR: 1.57 and
1.34); however, the youngest workers were found to have the highest risk of lung cancer,
which is counter-intuitive. And this is not the only study showing a negative dose-response
relationship. Re-analysis of the same data by OEHHA yielded a positive dose response
relationship and reported a steadily increasing risk of lung cancer for exposed workers with
increasing years of employment when examined by overall job category (e.g., train workers
compared to clerks). However, a subsequent analysis in the railroad workers (as presented
by Dr. Garshick in a letter to US EPA in 19911) did not confirm this result. Furthermore,
additional analysis of the data using several metrics of cumulative diesel exhaust exposure
indicated that the greater the exposure to diesel exhaust, the lower the risk of lung cancer
(Crump et al. 1991; 1999).

When OEHHA altered the assumptions of the Crump exposure assessment, they found a
positive association between exposure and risk for cumulative exposure. The OEHHA
assumptions for diesel exposure were higher than the Crump (1991) or Garshick et al.
(1988) assumptions, resulting in peak exposures that were twice as high as assumed in the
exposure patterns by Garshick et al. (1988) and Crump et al. (1991). Crump (1999) has
explained the OEHHA results as resting on the difference between train workers and
clerks/signalmen; the HEI Panel agreed with this assessment. The HEI Panel concluded
“These findings are not consistent with a steadily increasing association between cumulative
diesel exposure and lung cancer risk.” They concluded “At present, the railroad worker
cohort study (Garshick et al. 1988), though part of a larger body of hazard identification
studies, has very limited utility for QRA of lifetime lung cancer risk from exposure to ambient
levels of diesel exhaust...” and listed (1) limitations in the then-available exposure data; and
(2) the dependence on comparing entire job classifications against each other (train workers
with higher exposures as compared to clerks with lower exposures) as serious limitations to
interpreting the data. The HEI Panel noted several possible explanations for the associations
claimed by authors, including exposure misclassification, incomplete ascertainment of lung
cancer deaths by job category, lack of information on other occupational exposures and air
pollutants, a healthy worker effect, confounding by cigarette smoking, and analysis of
relative risks rather than absolute risks.

! Cited in US EPA 2002 as “letter from Garshick, Harvard Medical School, to Chao Chen, U.S. EPA, dated August 15,

1991.”

3.1.3

Steenland et al. (1998): Truckers Study

Steenland et al. (1990) reported an increased risk of lung cancer mortality from a
casecontrol study of truckers belonging to the Central States Teamsters Union, with
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increased risk associated with increasing years of employment. The investigator group then
performed an exposure-response analysis for the study (Steenland et al., 1998). However,
the HEI Panel had concerns about several of the assumptions used in the exposure-response
analysis including the following: (1) 1990 emissions data were used to estimate past
exposures to diesel exhaust, even though more recent data indicate there may have been
higher emissions during that period (which might underestimate average exposures); (2)
date assumed for dieselization in the trucking industry, which, if too early, may overestimate
exposures; (3) assumptions using vehicle miles travelled as a surrogate for exposure to
diesel exhaust for various job groups (may over- or underestimate exposures); (4)
accounting for fleet turnover in the trucking industry; and (5) difficulties in distinguishing
diesel exposure from trucks from background diesel exposures.

This study uses elemental carbon as a measure of diesel exhaust; however, there are also
non-diesel sources of elemental carbon in ambient air, particularly in highway settings where
gasoline vehicles can contribute. Although gasoline vehicles emit less elemental carbon per
vehicle, there are many more gasoline-powered vehicles on the road than diesel, so the
gasoline vehicles may have contributed to elemental carbon concentrations. Although the
range of exposures in the Teamsters study is closer to the exposures anticipated for the
general population than that of the railroad workers, the HEI Panel (and the authors
themselves) were cautious about immediate application of the exposure-response function
before further validation could be achieved because exposure estimates were based on broad
assumptions rather than measurements of exposure.

Overall, the HEI Panel concluded that the studies they reviewed had a number of limitations
that precluded their use in quantitative HRAs. These limitations included (1) questions about
the quality and specificity of the exposure assessments for diesel exhaust, (2) a lack of
quantitative estimates of exposure to allow derivation of an exposure-response function, and
(3) lack of adequate data to account quantitatively for individual worker exposures to other
factors that might also be associated with lung cancer, such as smoking.

The US Environmental Protection Agency Response (2002)

Following the HEI Panel’s assessment, the US EPA concluded that diesel exhaust is likely to
be carcinogenic to humans at environmental levels of exposure, but found that the data from
health studies available at the time were not suitable for estimating cancer potency (U.S.
Environmental Protection Agency [EPA], 2002). Among the occupational studies, the US EPA
considered the US railroad worker studies (Garshick et al., 1987, 1988) and the Teamsters
Union truck driver studies (Steenland et al., 1990, 1998) to have the best available exposure
data for their possible use in establishing exposure-response relationships in support of a
cancer unit risk. Given the equivocal evidence for the presence or absence of an
exposureresponse relationship for the study of railroad workers, and exposure uncertainties
for the study of truck drivers, the US EPA concluded that even though the scientific evidence
supported an association between exposure to diesel exhaust and lung cancer, available data
were too uncertain to be used as the basis of a confident quantitative dose-response analysis
and subsequent derivation of cancer unit risk for diesel exhaust.

Instead, the US EPA chose to take a set of exploratory approaches to estimate the possible
magnitude of cancer risk. The first exploratory approach involved examining the differences
between the exposure concentrations in occupational-exposed cohorts along with their
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cumulative life-time exposures, as compared to ambient environmental exposures that
communities might experience, and infer risks based on how large a difference there was
between the occupational and community exposure estimates. The second approach
explored possible cancer risks from exposure to diesel exhaust in the general population in a
more quantitative manner. This approach examined the risk observed in diesel
exhaustexposed workers, and then made assumptions as to how these risks could be
extrapolated to environmental exposure conditions. This exploratory analysis concluded that
environmental cancer risks from exposure to diesel exhaust were possibly in the range of 10-
5 to almost 10°

3, while acknowledging numerous uncertainties and assumptions in reaching this conclusion.

The California OEHHA Response

In contrast to the US EPA, OEHHA (1998) opted to retain their unit risk estimates for lung
cancer on the then-available epidemiology studies, using the concentration-response
information from two studies in US railroad workers (Garshick et al. 1987; Garshick et al.
1988). They considered a variety of exposure patterns based on average exposure
concentration for the workers (as measured by Woskie et al. 1988) and the extent of change
in exposures during the periods of 1959 - 1980. Using this approach, OEHHA derived a series
of lifetime risk estimates ranging from 1.3 x 104 per ug/m?3 to 2.4 x 103 per pg/m?3, with a
geometric mean risk of 6 x 104 per ug/m3. For risk assessment purposes, OEHHA selected*
3 x 10* per ug/m3. OEHHA did not change this approach or update their findings following
the HEI 1999 publication, or after the US EPA 2002 health assessment.

Evaluation of the Quality of the Science: The Health Effects Institute Diesel
Epidemiology Expert Panel (2013-2015)

More recently, HEI assembled another expert panel to review new epidemiology studies of
diesel exhaust and lung cancer, including key studies in the 2012 IARC evaluation of diesel
exhaust (Health Effects Institute [HEI], 2015). This Panel focused on two studies, the
Trucking Industry Particle Study (the Truckers study; Eric Garshick et al., 2012), and the
Diesel Exhaust in Miners Study (DEMS) (Attfield et al., 2012; Silverman et al., 2012). As
with the previous HEI Panel, this Panel’s overall charge was to evaluate the data and results
in these two large studies for their utility in quantitative characterization of the exposure-
response relationship between diesel e xhaust and lung cancer. In this evaluation, the Panel
found that both the Truckers and DEMS were well-designed, well-conducted studies that
made considerable progress toward addressing a number of the serious limitations identified
in previous studies of diesel exhaust and lung cancer. The studies included better metrics to
specifically quantify diesel exposure, and used better models of historical exposures. Because
of these stronger methods, the 2013-2015 HEI Panel concluded that the studies would be
useful for quantitative estimates of historical exposures to diesel exhaust, and thus be
appropriate for quantitative HRA.

The 2013-2015 HEI Panel also opined on whether findings of these occupational exposures
were generalizable to estimate lung cancer risk in the general populations exposed to diesel
exhaust at lower concentrations (e.g., found in urban areas). They noted that there were
broad and overlapping ranges of exposures to submicron and respirable elemental carbon in

4 http://www.arb.ca.gov/toxics/dieseltac/de-fnds.htm
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these studies, and that the lower end of these exposures was similar to the higher end of
exposures in ambient air.

The decision about whether a given study or set of studies provide data of sufficient
accuracy, precision, and relevance to be useful for quantitative HRAs is often a policy
decision. However, the policy should rest upon basic principles of sound study design and
analysis, while recognizing the strengths and weaknesses of each study. When applied to
quantitative HRAs, the scientific evidence needs to be weighed against uncertainties and
other factors to provide a useful tool. To date, because of the significant uncertainties in the
diesel exhaust epidemiology literature, few regulatory agencies and authoritative bodies
have made quantitative predictions of increased lung cancer risk as a function of diesel
exposure.

Meta-Analyses of Diesel Epidemiology Studies and Associated Risk
Estimates

One method of addressing this issue is to examine the more recent Truckers Study and
DEMS - studies which have been deemed by the 2013-2015 HEI Panel to have sufficient
quality to develop more robust unit risk values. The 2013-2015 HEI Panel stopped short of
doing this, but noted that these studies were appropriate for use in a quantitative HRA. US
EPA will likely be following this recommendation and developing such risk numbers in the
future, but the timing is uncertain and until then there is a need for an alternative that is
better justified by the science. In the meanwhile, it is possible to take a meta-analysis
approach to develop risk numbers. Vermeulen et al. (2014) performed a meta-analysis of the
risk of lung cancer from exposure to diesel exhaust using data from three case-control
studies—two of workers in the trucking industry (Garshick et al., 2012; Steenland et al.,
1998) and one from DEMS (Silverman et al., 2012). From these three studies, Vermeulen et
al. (2014) generated an exposure-response curve based on a log-linear regression model
using relative risk estimates. Individual relative risk estimates were plotted (with their 95%
confidence interval bounds) along with a 95% confidence interval for the exposure-response
curve based on the log-linear model. Figure 1 (from Vermeulen et al., 2014) plots the
relative risks at different levels of cumulative exposure from each of the three studies,
estimated at 5- or 15-year exposure lags (depending on the study).
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Parameter Estimate SE p-Value

6 | Nintercept 0.08813 0.1176 048
Slope (B) 0.000982 0.000219 0.002
{InRR per pg/m*-years)

® Silverman et al. {2012}

A Steenland et al. (1998)

B Garshick et al. {2012)

Prediction log-linear model (95% Cl)

T T
0 200 400 600 800 1,000

EC (pg/m3-year)

Figure 1. Predicted exposure—response curve based on a log-linear regression model using RR estimates
from three cohort studies of DEE and lung cancer mortality. Individual RR estimates [based on HRs
reported by Garshick et al. (2012) or ORs reported by Silverman et al. (2012) and Steenland et al. (1998)]
are plotted with their 95% Cl bounds indicated by the whiskers. The shaded area indicates the 95% ClI
estimated based on the log-linear model. The insert presents the estimates of the intercept and beta slope
factor, the SE of these estimates, and the associated p-values.

Crump (2014) criticized the Vermeulen et al. (2014) meta-analysis for inappropriately mixing
data from exposures with lags of 5 years and 15 years. Crump re-ran the analysis using
several different assumption conditions, and, depending on the assumptions, got different
results. Morfeld and Spallek (2015) performed a re-analysis of the same data using different
modelling approaches. They reported that the data used by Vermeulen et al. (2014) led to
the highest relative risk estimate across all sensitivity analyses performed, and cautioned
against using the meta-analysis of Vermeulen et al. (2014) in risk assessments, especially at
lower exposures.

THE DILEMMA AND A PATH FORWARD

At the time that OEEHA (1998) developed their inhalation lifetime unit risk value for diesel
exhaust, several other authoritative groups had examined the same epidemiology evidence
and judged it inadequate for derivation of a discrete, quantitative estimate of human risk
(HEI 1999; US EPA 2002; Hesterberg et al., 2011; International Program for Chemical Safety
(IPCS), 1996; see Table 1). OEEHA took the position that, in spite of the uncertainties, they
would develop a unit risk value from this literature. Other organizations judged that the
uncertainties were too great to take this step, and offered alternative numbers or ranges of
numbers for this type of assessment. It is possible that the more recent literature evaluated
by the HEI 2015 Panel will be of sufficient quality to develop more robust unit risk values,
but no cancer risk estimates have been developed to date and some find that the available
results are not sufficiently consistency and of sufficient quality to be used in a risk
assessment (e.g., Moolgavkar et al., 2015). Therefore, we face the dilemma of needing a
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risk-based number to evaluate health risks potentially resulting from proposed or existing
projects despite a lack of faith in the numbers generated from the current body of literature.

The various meta-analyses of the same set of 3 studies show the uncertainty inherent in
developing cancer risk estimates. It is important to keep this uncertainty in mind as risk numbers are
developed. Table 1 presents the range of numbers from these meta-analyses, which vary
considerably even though they are based on the same underlying studies. Table 1 also presents other
cancer risk factors proposed by other Agencies and groups. Table 1. Evaluation of studies for
developing cancer risk estimates

Reference Unit risks (per Approach
Hg/m3)
Vermeulen et al. Meta-analysis of 3 studies:
(2014) Silverman et al. (2012)
1.7 x 1073

Steenland et al. (1998)
Garshick et al. (2012)

Crump (2014) letter to
the editor

6.7 x 10 (n.s.)®

Reanalysis of the same 3 studies with consistent
lag period

Vermeulen et al.
(2014) response to
letter to the editor

1.1 x 1073

Reanalysis of the same 3 studies with consistent
lag period, using different methods

Morfeld and Spallek
(2015)

Discussion of variables for
deriving exposure-response
relationship and proposal of
a threshold for cancer risk

Reanalysis of the same 3 studies using different
modelling approaches; other studies considered as
well

US EPA (2002)

10-3- 10-s5

Qualitative approaches to evaluate risk

OEHHA (1998) 3 x 10-4 (b) Based on Garshick et al. (1998) study
WHO (1996) Based on rat data, using modeling to extrapolate
3.4 x10-5 (0 to human lungs

EPA (1994) DRAFT

1.6 x 10-5 - 7.5 x 10-5 (a)

Based on rat data and epidemiology data

(@ n.s.: not statistically significant

(b) Range of 1.3 x 10* - 2.4 x 103 with a geometric mean of 6x10*

(9 Range from 1.6 x 107 - 7.1 x 10> with a geometric mean of 3.4 x 10-°

(9 Geometric mean of upper bound estimates 3.4 x 105

Another important issue in extrapolating results from these older epidemiology studies
(Garshick et al. 1987; Garshick et al. 1988) is that diesel exhaust in these epidemiology
studies are based on diesel exhaust composition that is very different compared to more
contemporary diesel exhaust. Due to the long latency period for lung cancer, epidemiology
studies need to examine workers whose exposures started more than 20 years earlier. These
particular studies are based on exposures from the 1950’s and 1960’s. However, starting in
1988 (trucks) and continuing in 1991 (trucks), 1994 (trucks), 1996 (buses), and 2007
(trucks), the US EPA has progressively tightened standards for particulate emissions from
on-road heavy-duty diesel engines, resulting in the development of new technology diesel
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engines that emit lower amounts of particulate matter and other emitted pollutants (e.g.,
gases), and diesel exhaust with an inherently different composition. That is, these changes
have not only resulted in the quantitative reduction in mass emitted by new technology
diesel engines as compared to engines pre-regulation, but have also resulted in qualitative
differences in the composition of what is emitted, both with respect to size and with respect
to chemicals associated with the exhaust (Hesterberg et al., 2011). Thus, depending on the
components of diesel exhaust that may be causally linked to the increased risk of lung
cancer, simple dependence on particle mass (i.e., expressing cancer risk as “per pg/m3")
may not be an accurate metric of exposure, as the composition of the particles has changed
dramatically.

To reflect these broad uncertainties and issues, we propose using a range of unit risk values
to evaluate potential cancer risks: 10-3- 10-°. This range, which encompasses the various
unit risk values presented in Table 1, better reflects the uncertainty of defining the
exposureresponse curve for assessing potential cancer risk from diesel exhaust, yet allows
comparisons across different exposure scenarios.

SUMMARY

The OEEHA (1998) inhalation lifetime unit risk value for diesel exhaust is based on the study
of Garshick et al. (1988), a study that has been judged by several authoritative bodies to be
inadequate for use in developing a quantitative estimate of human risk for cancer (HEI 1999;
US EPA 2002; WHO, 1996). Nevertheless, the absence of an alternative number has left
agencies and others with a dilemma: either ignore the potential of diesel exhaust to result in
elevated risk of lung cancer, or use a number derived from a study that cannot support such
an application. More recently, a set of epidemiology studies in diesel miners (DEMS) and in
truckers (Garshick et al., 2012) were published that were judged adequate for application in
quantitative risk assessment. Although there have been some attempts to use these studies
to develop quantitative estimates of cancer risk (Vermeulen et al. 2014; Crump 2014;
Morfeld and Spallek, 2015), the numbers they generate can vary considerably. Given the
uncertainties, we propose a range of numbers to be used to assess cancer risks, which range
from 1073 to 10-° per ug/m?3, and propose to use these numbers to compare relative risks for
different projects and exposure scenarios.
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HANFORD SITE AIR OPERATING PERMIT

Notification of Administrative Permit Amendment

This notification is provided to the Washington State Department of Ecology, Washington State
Department of Health, and the U.S. Environmental Protection Agency as notice of an administrative
amendment described as follows.

The following changes are allowed pursuant to WAC 173-401-720(1) and WAC 173-401-720(2):
1. Correct typographical errors,

Description of the Change:

DOE/RL-2020-33, Revision 0, “Water Systems Upgrade Notice of Construction Application Technical
Information,” submitted with the NOC application form provides a complete description of the change.

Submittal Date of Change:

The date of change will be determined by the Washington State Department of Ecology upon issuance
of approval.

Describe the emissions resulting from orders approving notice of construction applications
processed under an EPA-approved program; provided that the program meets procedural
requirements listed in WAC 173-401:

DOE/RL-2020-33, Revision 0, “Water Systems Upgrade Notice of Construction Application Technical
Information,” submitted with the NOC application form provides a complete description of the
emissions.

List the terms, conditions, and provisions from orders approving notice of construction
applications processed under an EPA-approved program; provided that the program meets
procedural requirements listed in WAC 173-401:




The terms, conditions, and provisions will be identified in the Ecology issued approval order.

2. ldentifies a change in the name, address, or phone number of any person identified in the permit, or provides a
similar minor administrative change at the source,

3. Requires more frequent monitoring or reporting by the permittee;

4. Allows for a change in ownership or operational control of a source where the permitting authority determines
that no other change is necessary provided that a written agreement containing the specific information of the
transfer between the current and new permittee has been submitted to the permitting authority,

5. Incorporates into the chapter 401 permit the terms, conditions, and provisions from orders approving notice of
construction applications processed under an EPA-approved program; provided that the program meets
procedural requirements listed in WAC 173-401, and

6. Changes addressed in the administrative permit amendment can be implemented immediately upon submittal.

Permit Number: 00-05-006

Provide the following information pursuant to WAC 173-401-720:
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