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Certified Mail

December 23, 2019

Boise Cascade Wood Products, LL.C

PO Box 100
Medford, OR 97501-0007

Re: Regional Haze Four Factor Analysis; Boiese Cascade- Medford
Dear Boise Cascade Wood Products, LLC:

The purpose of this letter is to inform you that the Oregon Department of Environmental Quality
(DEQ) has identified the Boiese Cascade- Medford as a as a significant source of regional haze
precursor emissions to a Class I area in Oregon, thus triggering the need for a four factor analysis
under the regional haze program. Please complete this analysis and submit it by May 31, 2020.

Background

The Oregon Department of Environmental Quality (DEQ) is required to develop and implement
air quality protection plans to reduce the pollution that causes haze at national parks and
wilderness areas, known as Federal Class I areas. This requirement can be found at 40 CFR
51.308 and 42 U.S.C. § 7491(b), and is implemented under the authority of ORS 468A.025.

DEQ submitted its first regional haze state implementation plan (SIP) in 2010 and is required to
submit a revision in 2021 to address the second planning period, 2018-2028. In this revision,
Oregon is required to update the long-term strategy that addresses regional haze visibility
impairment in each of the twelve Class I areas within Oregon as well as the Columbia River
Gorge National Scenic Area and those Class [ areas outside of Oregon that are impacted by
emissions from sources in Oregon. '

!'The Class I Areas in Oregon are: Kalmiopsis Wilderness, Crater Lake National Park, Mountain Lakes Wilderness,
Gearhart Mountain Wilderness, Diamond Peak Wilderness, Three Sisters Wilderness, Mount Washington
Wilderness, Mount Jefferson Wilderness, Mount Hood Wilderness, Strawberry Mountain Wilderness, Eagle Cap
Wilderness, and Hells Canyon Wilderness.



In establishing the long-term strategy, DEQ must evaluate and determine emission reduction

measures necessary to make reasonable progress for each Class I area within Oregon. Per 40

CFR 51.308(f)(2) this evaluation should consider major and minor stationary sources, mobile
sources, and area sources.

Guidance provided by the U.S. Environmental Protection Agency (EPA) indicates DEQ must
address 80% of the visibility impairment caused by in-state sources.” Data from the EPA and
National Park Service Visibility (IMPROVE) Program monitoring sites for Oregon’s 12 Class I
Areas indicate that sulfates, nitrates, and coarse mass continue to be significant contributors to
visibility impairment in these areas. The primary precursors of sulfates, nitrates, and coarse mass
are emissions of sulfur dioxide (SO2), nitrogen oxides (NOx), and particulate matter (PM o).

DEQ has identified your facility as a significant source of regional haze precursor emissions.
Based on the information in the table below, DEQ selected your facility to provide additional
information about emissions and current and potential controls based on a screening evaluation
of haze-causing emissions relative to distance to Class I Areas in Oregon.

DEQ Facility ID: 15-0004

Federal Facility ID: 8418111

Facility name: Boiese Cascade- Medford
Facility Address 3285 N PACIFIC HWY
Facility City, State, Zip | MEDFORD, OR 97501

Facility 2017 Emissions?
Actual (tons per year)

Potential to Emit (tons per year)

NOx

S02

PM-10

Total Q

NOx

SO2

PM-10

Total Q

113.4

15.0

125.3

233.7

227

31

167

425

Pursuant to OAR 340-214-0110, by this letter DEQ is requiring you to provide information that
will help DEQ prepare its updated long-term strategy. Specifically, you must complete a four
factor analysis of potential additional controls of haze precursor emissions, as described below.
DEQ will review submissions for adequacy and may revise as necessary. DEQ will need to be
able to verify the information submitted in your four factor analysis. In order for DEQ to be able
to approve your submission, please be sure to provide all supporting documents that are not
publicly available, including emissions factors and calculation methods. DEQ will consider
submissions incomplete if submitted without supporting information. The analysis should be

2 Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, (August 2019),
EPA-457/B-19-003. pp. 31 — 34, https://www.epa.gov/visibility/guidance-regional-haze-state-implementation-plans-
second-implementation-period.

3 Annual emissions data taken from the 2017NEIDRAFT data for stationary sources released August 2019
(https://www.epa.gov/air-emissions-inventories/20 1 7-national-emissions-inventory-nei-data). Potential to emit
information taken from facility permits in TRAACS.




prepared using the EPA guidance referenced above as well as EPA’s Air Pollution Control Cost
Manual* and EPA’s Modeling Guidance for Demonstrating Air Quality Goals for Ozone, PM2.5,
and Regional Haze.® Please complete the analysis for every emission point at your facility. If a
unit is too small to control, please demonstrate that.

If you fail to submit your four factor analysis to DEQ by May 31, 2020, you may be subject to
enforcement, including civil penalties.

Four Factor Analysis

Based on our evaluation, your facility warrants an analysis to be included in DEQ’s SIP
submittal, which could mean that additional emission controls will be required. As outlined in 40
CFR 51.308()(2), DEQ must evaluate four factors to determine whether specific control
measures for your facility are reasonable and should be included in an updated long-term
strategy. By this letter, DEQ is requiring you to provide information and analysis of the four
factors. These four factors are:

1) The costs of compliance.

2) The time necessary for compliance.

3) The energy and non-air quality environmental impacts of compliance.

4) The remaining useful life of any potentially affected major or minor stationary source or
group of sources.

DEQ looks forward to your submittal of a four factor analysis for these emission units and
pollutants as soon as practicable, but no later than May 31, 2020, We encourages you to share
drafts with us for comments and we are prepared to engage in consultation to ensure an
approvable submittal before the deadline.

DEQ will host an informational webinar on the Regional Haze Program and the four factor
analysis at 10:00 am on January 9, 2020. The conference call and webinar information is as
follows: Call in number: 888-557-8511; Participant Code: 9544452; Web link:

https://www.teleconference.att.com/servlet/A WMIlogin

For more information, please see https://www.oregon.gov/deq/aq/Pages/Haze.aspx.

Contact
If you have questions or would like to meet, please contact D Pei Wu, PhD at
wu.d@deq.state.or.us or (503) 229-5269.

1 EPA, “EPA Air Pollution Control Cost Manual.” https://www.epa.gov/economic-and-cost-analysis-air-pollution-
regulations/cost-reports-and-guidance-air-pollution. Please refer to the most current finalized version of the relevant
chapters.

* EPA, “Modeling Guidance for Demonstrating Air Quality Goals for Ozone, PM2.5, and Regional Haze,”
November 2018, EPA-454/R-18-009. https://www.epa.gov/scram/state-implementation-plan-sip-attainment-
demonstration-guidance




Sincerely,

Ali Mirzakhalili
Air Quality Division Administrator

Cc:
Richard Whitman, Director, Oregon Department of Environmental Quality

Michael Orman, Air Quality Planning Manager
D Pei Wu, Air Quality Planner



Boise Cascade Wood Products, LLC
PO Box 100
Medford, OR 97501
P 541 776 6666 F 541776 6618
Boise Cascade

June 4, 2020

D Pei Wu, PhD

Air Quality Planning

Oregon Department of Environmental Quality
700 NE Multhomah St, Suite 600

Portland, OR 97212

Re: Boise Cascade Wood Products, LLC — Medford Plywood
Title V Operating Permit No. 15-0004-TV-01
Regional Haze Rule Four Factor Analysis

Dr. Wu,

Enclosed is the Regional Haze Rule Four Factor Analysis for Boise Cascade’s Medford
Plywood Facility. If you have any questions regarding the report, please contact Kathy
Sperle at 541-858-6783.

In accordance with permit Condition G7, / certify that based on information and belief
formed after reasonable inquiry, the statements and information in this document and
any attachments are true, accurate and complete.

Sincerely,

A

Robert Glover
Region Manager

Enc: Regional Haze Four Factor Analysis

\/c: Mr. Byron Peterson, Four Factor Analysis
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BCWP Medford Plywood Mill
Four Factor Analysis

1. INTRODUCTION

The Oregon Department of Environmental Quality (DEQ) Air Quality Division is in the process
of developing a state implementation plan (SIP) revision for the second planning period under the
1999 Regional Haze Rule (RHR) at 40 CFR Part 51, Subpart P. The RHR focuses on improving
visibility in federal Class I areas by reducing emissions of visibility impairing pollutants. DEQ is
required to update the SIP by July 2021 to address further controls that could be applied to reduce
emissions of sulfur dioxide (SO.), nitrogen oxides (NOx), and particulate matter less than
10 microns (PMo) for the 2021-2028 period. DEQ has requested that several sources within the
state submit a Four Factor Analysis to examine the feasibility of additional emissions controls.
This report provides the four factor analysis for the Boise Cascade Wood Products, LLC (BCWP)
Medford, Oregon Plywood Mill (Medford Mill).

In accordance with the August 2019 Guidance on Regional Haze State Implementation Plans for
the Section Implementation Period, “there is no specified outcome or amount of emission
reduction or visibility improvement that is directed as the reasonable amount of progress for any
Class I area.”! The guidance states that it may be reasonable for a state not to select an effectively
controlled source for further measures and provides several examples on pages 23-25, such as
sources subject to recently reviewed or promulgated federal standards, sources that combust only
natural gas, and sources that are already well-controlled for SO, and NOx. Therefore, this report
focuses only on the most significant sources of SOz, NOx, and PMjo emissions at the Medford

Mill.

This report provides a four factor analysis for SO2, NOx, and PMio emissions from the biomass
boilers, veneer dryers, and plywood presses located at the Medford Mill. Emissions from these
sources comprise 99 percent of the total site-wide 2017 actual SO2, NOx, and PMio emissions at

the Medford Mill. The remaining PMjo emissions from permitted sources are from material

I EPA-457/B-19-003, August 2019, “Guidance on Regional Haze State Implementation Plans for the Second
Implementation Period.”
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handling sources that are already controlled by baghouses or from fugitive sources that emit little
PM 0, would not disperse widely from the facility, and would not be cost effective to control. For
example, if we assume, based on an EPA fabric filter fact sheet?, that the annual cost of a fabric
filter is $10 per standard cubic foot per minute (scfm) and if the flow rate from a currently
uncontrolled source is only 10,000 scfm, the cost to apply a fabric filter to any source that emits

5 tpy or less of PM g is at least $20,000/ton of PM o reduced, which is not cost effective.

Although the four factor analysis does not include an evaluation of visibility impacts of additional
controls, the guidance indicates that states may include an analysis of visibility impacts of potential
control measures as part of their determination of whether additional controls should be required
for a particular source during the second implementation period. The material handling and
fugitive PM o sources not included in the four factor analysis have small actual emissions (and
also small portions of the PMjo plant site emission limit [PSEL]) and are not likely to impact
visibility in Class I areas. Emissions from these sources are not likely to travel much further than
the facility’s fenceline and the air permit requires management procedures to be implemented to
control fugitive dust emissions. For example, watering of material handling sources or unpaved
roads is performed if conditions are conducive to the potential for fugitive dust being emitted off

site.

In accordance with DEQ guidance, insignificant sources are not addressed in this analysis.
Sections 2 through 4 provide the four factor analysis for SOz, NOx, and PM ¢ emissions from the
Medford Mill biomass boilers, veneer dryers, and plywood presses. Appendix A presents the

control cost calculations and Appendix B presents 2017 actual emissions data.

2 https://www3.epa.gov/ttn/catc/dir 1 /ff-revar.pdf
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1.1 FOUR FACTOR ANALYSIS

Pursuant to 40 CFR 51.308(f)(2)(i), DEQ has requested that the Medford Mill address the
following four factors to determine if additional emissions control measures are necessary to make

reasonable progress toward natural visibility conditions at Class I areas:

e The cost of compliance
e Energy and non-air quality impacts of compliance
e The time necessary for compliance

e Remaining useful life of existing affected sources

This analysis addresses these factors for additional control options that could be applied to the
most significant SOz, NOx, and PM o emission sources at the mill using available site-specific
data, capital costs of controls from available analyses for similar sources, and operating cost
estimates using methodologies in the U.S. EPA Office of Air Quality Planning and Standards
(OAQPS) Control Cost Manual. No site-specific engineering analyses were performed for this
study. The analysis relies on readily available information to determine if additional emissions

controls may be feasible.

1.2 SUMMARY OF SOURCES EVALUATED AND EXISTING REGULATORY
REQUIREMENTS

Table 1-1 provides basic information regarding the Medford Mill sources that were evaluated in
detail. The sources evaluated in this report are already subject to regulation under several programs
aimed at reducing emissions of conventional and hazardous air pollutants and are well controlled.
Biomass boilers and plywood manufacturing operations are subject to National Emission
Standards for Hazardous Air Pollutants (NESHAP) regulations, which require the use of
Maximum Achievable Control Technology (MACT).
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Table 1-1
Summary of Sources Evaluated

Emissions Unit Fuel

Description Fired Control Technology Emissions Limits

Biomass Boilers (3) Electrostatic precipitator

(EU1) Biomass (ESP) 0.015 gr/dscf PM (LAER)
Veneer Dryers Regenerative thermal
(EU2) e oxidizers (RTO) 1 and 2 0:20 1EMOE Fid
Plywood Presses 0.10-0.15 gr/dscf PM (limits
(EU3a, 3b) NA No add-on controls vairy by preas)

The U.S. EPA developed the RHR to meet the Clean Air Act (CAA) requirements for the
protection of visibility in 156 scenic areas across the United States. The first stage of the RHR
required that certain types of existing stationary sources of air pollutants evaluate Best Available
Retrofit Technology (BART). Specifically, the BART provisions required states to conduct a
specific evaluation of existing, older stationary sources that pre-dated the 1977 CAA Amendments
and, therefore, were not originally subject to the Standards of Performance for New Stationary
Sources (NSPS). The purpose of the program was to identify older emission units that contributed
to haze at Class I areas and that could be retrofitted to reduce emissions and improve visibility in
these areas. The BART requirement applied to emission units that fit all three of the following

criteria:

1. The units came into existence between August 7, 1962 and August 7, 1977;
2. The units are located at facilities in one of 26 NSPS categories; and
3. The units have a total potential to emit (PTE) of at least 250 tons per year (tpy) of NOx,

SO2, or PMjo from all BART-era emission units at the same facility.

MACT standards that limit visibility-impairing pollutants were determined to meet the
requirements for BART unless there were new cost-effective control technologies available. Per
Section IV of 40 CFR Part 51, Appendix Y, Guidelines for BART Determinations under the

Regional Haze Rules: “Unless there are new technologies subsequent to the MACT standards
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which would lead to cost-effective increases in the level of control, [state agencies] may rely on
the MACT standards for purposes of BART.” Although the Medford Mill was not subject to
BART, it is still relevant that EPA determined that sources demonstrating compliance with MACT
are already well controlled for purposes of the RHR. If sources are already well-controlled and
not significantly contributing to visibility impacts at nearby Class I areas, further control should

not be required to reduce emissions for the second planning period of the RHR.

1.3 SUMMARY OF RECENT EMISSIONS REDUCTIONS

Since 2011, the Medford Mill has made improvements to reduce its emissions. The biomass
boilers are subject to the provisions of 40 CFR Part 63, Subpart DDDDD, NESHAP for Industrial
Commercial, and Institutional Boilers and Process Heaters NESHAP DDDDD or Boiler MACT).
Compliance with these standards required changes to operating practices, including use of clean
fuels for startup. Beginning in 2012, combustion efficiency improvements were made on Boilers 2
and 3 so that the Boiler MACT CO limits could be met. These improvements reduced CO
emissions but did not increase NOx emissions. Boilers subject to NESHAP DDDDD were
required to undergo a one-time energy assessment and are required to conduct tune-ups at a

frequency specified by the rule.

1.4 DOCUMENT ORGANIZATION

The document is organized as follows:

e Section 1 —Introduction: provides the purpose of the document and what emission units
are included in the analysis.

e Section 2 — Four-Factor Analysis for Boilers: provides the Four Factor analysis for the
biomass boilers.

e Section 3 — Four-Factor Analysis for Veneer Dryers: provides the Four Factor analysis
for the veneer dryers.

e Section 4 —Four-Factor Analysis for Plywood Presses: provides the Four Factor analysis
for the plywood presses.

1-5



BCWP Medford Plywood Mill
Four Factor Analysis

e Section 5 — Summary of Findings: presents a summary of the analysis.

e Appendix A — Control Cost Analyses

e Appendix B —2017 Actual Emissions
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2. FOURFACTORANALYSIS FOR BOILERS

This section of the report presents the results of a Four Factor analysis for PMio, SO2, and NOx
emitted from the Medford Mill biomass boilers. The three boilers are biomass hybrid suspension
grate units, are controlled by a dry electrostatic precipitator (ESP), and produce 50,000, 70,000,
and 100,000 pounds of steam per hour at capacity, respectively. The Medford Mill typically

operates two of the boilers at a time.

To evaluate the cost of compliance portion of the Four Factor analysis, the following steps were

performed:

e identify available control technologies,
e climinate technically infeasible options, and

e cvaluate cost effectiveness of remaining controls.

The time necessary for compliance, energy and non-air environmental impacts, and remaining

useful life were also evaluated.
2.1 AVAILABLE CONTROL TECHNOLOGIES

Available control options are those air pollution control technologies or techniques (including
lower-emitting processes and practices) that have the potential for practical application to the
emissions unit and pollutant under evaluation, with a focus on technologies that have been
demonstrated to achieve the highest levels of control for the pollutant in question, regardless of
the source type on which the demonstration has occurred. The scope of potentially applicable
control options for industrial boilers was determined based on a review of the RBLC database?
and knowledge of typical controls used on boilers in the forest products industry. RBLC entries

that are not representative of the type of emissions unit, or fuel being fired, were excluded from

3 RACT/BACT/LAER Clearinghouse (RBLC). https://www.epa.gov/catc/ractbactlaer-clearinghouse-rblc-basic-information
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further consideration. Table 2-1 summarizes the potentially feasible control technologies for

biomass boilers.

Table 2-1
Control Technology Summary

Pollutant Controls on Industrial Boilers
Fabric filter
PMio ESP
Wet scrubber
SO Wet scrubber
2

Dry sorbent injection (DSI)

Good combustion practices
NOx Selective non-catalytic reduction (SNCR)
Selective Catalytic Reduction (SCR)

Technically feasible control technologies for biomass boilers were evaluated, considering current
air pollution controls, fuels fired, and RBLC Database information. Note that fuel switching from
biomass to natural gas was not evaluated because the purpose of this analysis is not to change the
operation or design of the source or to evaluate alternative energy projects. The August 20, 2019
regional haze implementation guidance indicates that states may determine it is unreasonable to
consider fuel use changes because they would be too fundamental to the operation and design of a
source. EPA BACT guidance states that it is not reasonable to change the design of a source, such
as by requiring conversion of a coal boiler to a gas turbine.* It is not feasible to convert a biomass
boiler at a wood products mill to a gas-fired boiler because biomass boilers at wood products mills

fire the biomass residuals from the production processes.

4 https://www.epa.gov/sites/production/files/2015-07/documents/igccbact.pdf
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2.1.1 Available PM1o Control Technologies

The following control technologies were identified as potentially available for reducing emissions

of PM¢ from industrial biomass boilers.

Electrostatic Precipitators

ESPs are widely used for the control of PM from a variety of combustion sources. An ESP is a
particulate control device that removes particles from a gas stream by using electrical energy to
charge particles either positively or negatively. The charged particles are then attracted to collector
plates carrying the opposite charge. The collected particles are periodically removed from the
collector plates. There are several different designs that can achieve very high overall control
efficiencies. Control efficiencies typically avefage over 98% with control efficiencies almost as
high for particle sizes of 1 micrometer or less. ESPs have been demonstrated in practice to have
PMio removal efficiencies as high as those achieved by fabric filters. Two ESP designs are
common: dry electrostatic precipitators and wet electrostatic precipitators. The systems are similar
except that wet electrostatic precipitators use water to flush the captured particles from the

collector plates.

Fabric Filters

Various types of fabric filters or bag houses have been successfully used for PM control on solid
fuel-fired boilers. A fabric filter utilizes filtration to remove particles from the contaminated gas
stream by passing the gas stream through the filter media, thereby depositing the suspended
particles in the gas stream on fabric material. The ability of a fabric filter to collect sub-micrometer
particles is due to the accumulation of dust cake onto the surface of the filter, and not the fabric
itself. With the correct design and choice of fabric media, particulate matter control efficiencies of

99% or greater can be achieved even for very small particles (1 micrometer or less).

Wet Scrubbers

In wet scrubbing processes, liquid or solid particles are removed from a gas stream by transferring

them to a liquid, most commonly water. The PM collection efficiency of a wet scrubber system is

2-3



BCWP Medford Plywood Mill
Four Factor Analysis

directly related to the amount of energy expended in contacting the gas stream with the scrubber
liquid. Wet scrubbers cannot typically achieve the levels of PM and PM g reduction obtained by
fabric filters and ESPs without being operated at extremely high energy input levels. In addition,
wet scrubber systems often require higher levels of maintenance and generate a wastewater stream

that must be treated.

2.1.2 Available SO2 Control Technologies

Biomass boilers generally emit low levels of SOz because of the inherent low level of sulfur in
biomass fuel. However, the following add-on control technologies were identified as potentially

feasible for reducing emissions of SO from industrial biomass boilers.

Wet Scrubber

In wet scrubbing processes for gaseous contaminant control, a liquid is used to remove pollutants
from an exhaust stream. The removal of pollutants in the gaseous stream is done by absorption.
Wet scrubbers used for this type of pollutant control are often referred to as absorbers. Wet
scrubbing involves a mass transfer operation in which one or more soluble components of an acid
gas are dissolved in a liquid that has low volatility under process conditions. For SOz control, the
absorption process is chemical-based and uses an alkali solution (i.e., sodium hydroxide, sodium
carbonate, sodium bicarbonate, calcium hydroxide, etc.) as a sorbent or reagent in combination
with water. Removal efficiencies are affected by the chemistry of the absorbing solution as it
reacts with the pollutant. Wet scrubbers may take the form of a variety of different configurations

including plate or tray columns, spray chambers, and venturi scrubbers.

Dry Sorbent Injection (DSI)

DSI accomplishes removal of acid gases by injecting a dry reagent (i.e., lime or trona) into the flue
gas stream and prior to PM air pollution control equipment. A flue gas reaction takes place
between the reagent and the acid gases, producing neutral salts that must be removed by the PM
air pollution control equipment located downstream. The process is totally “dry,” meaning it

produces a dry disposal product and introduces the reagent as a dry powder. The benefits of this
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type of system include the elimination of liquid handling equipment requiring routine maintenance
such as pumps, agitators, and atomizers. The drawbacks to using this type of system are the costs
associated with the installation of a dry PM control device to collect the dry by-product, as well as
ongoing operating costs to procure the sorbent material and dispose of additional dry waste. Dry
sorbents can also prove challenging to maintain a very low moisture content and keep flowing.
DSI systems are typically used to control SO2, hydrochloric acid and other acid gases on coal-fired

boilers.

2.1.3 Available NOx Control Technologies

The following add-on control technologies were identified as potentially feasible for reducing

emissions of NOx from industrial boilers.

Good Operating Practices

Good operating practices were identified in the U.S. EPA RBLC database as a control technique
for industrial boilers. Examples of good operating practices include but are not limited to:
following manufacturer’s written instructions, operating with sufficient excess air, optimum

combustion temperatures, residence time, and maintaining a good mix of combustion air and fuel.

Water/Steam Injection

The addition of an inert diluent, such as water or steam, into the high temperature region of the
boiler flame controls thermal NOx generation by quenching peak flame temperatures, thus
lowering overall NOx levels. While atomized water or steam injection can reduce NOx formation,
flame instability, condensation problems and efficiency losses result when the water-to-fuel ratio

becomes too high.

Low NOx Burners (LNB)

The use of LNB is a front-end control technology for limiting NOx emissions. An LNB is designed
to control fuel and air mixing by staging the air or fuel in multiple zones and thus limit peak flame

temperatures in the burners. NOx reduction is accomplished in an LNB by using techniques such
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as recycling internal gas, staging the combustion air, or injecting natural gas. These techniques
would create burner temperatures that are below the peak NOx formation temperature range, thus
limiting NOx formation, but potentially impacting CO emissions. LNB burner conversion

capability may also be complicated by boiler age, configuration, and fire-box dimensions.

Flue Gas Recirculation (FGR)

FGR systems recirculate a portion of relatively cool exhaust gases back into the combustion zone
to lower the peak flame temperature, thereby reducing NOx emissions. The flame temperature is
lowered as a result of the cooler recirculated air, diluting the oxygen content of the combustion air
and causing the heat to be diluted in a greater mass of flue gas. FGR can be designed using an
induced or external design. External FGR utilizes an external fan to recirculate the flue gases back
into the combustion zone to lower peak flame temperatures. Induced FGR uses a combustion air
fan to recirculate a portion of the flue gases back into the combustion zone where the flue gases

and combustion air are premixed to lower the flame temperature in the burner.

Selective Non-Catalytic Reduction (SNCR)

SNCR is a control technology for NOx emissions that uses a reduction-oxidation reaction to
convert NOx into N2, H20, and carbon dioxide (COz). SNCR involves injecting ammonia or urea
into a combustion chamber or the flue gas stream, which must be between approximately 1,600
and 2,000°F for the chemical reaction to occur. At low loads, temperatures may be less than the
optimum required for achieving NOx reductions. For example, a unit that experiences load swings
according to production demands will have a variable temperature profile. To address this concern
for a boiler, multiple levels of reagent injectors can be installed. Due to the energy penalty
associated with the evaporation of the reagent within the furnace, additional fuel must be

combusted, resulting in increased generation of fly ash.

Wood products mill boilers are operated to track steam loads required for facility processes and
are not operated under base load conditions as are utility boilers. Furnace temperature tracks steam
demand. If optimal furnace temperatures cannot be consistently maintained, the ammonia or urea

injection rate needed to reduce NOx emissions will result in excess reagent being present. This
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ammonia will combine with chlorides and sulfur in the combustion gas and result in increased
corrosion on downstream metal and heat surfaces. In addition, chlorides in the gas stream will
combine with excess ammonia to create condensable PM s particles in the flue gas, thereby
increasing PM2s5 emissions. Ammonia emissions can also result in secondary formation of
ammonia nitrates and sulfates, which are visibility impairing pollutants. Unreacted ammonia can

also become part of the exhaust stream.

Selective Catalytic Reduction (SCR)

Although SCR was not identified in the RLBC search as a technology typically employed on
biomass-fired industrial boilers, it has been applied to coal-fired utility boilers. SCR is a NOx
control technology that uses a catalyst to react injected anhydrous ammonia, aqueous ammonia or
urea to chemically convert NOx into N2 and water (H20). SCR employs a metal-based catalyst,
such as vanadium or titanium, to increase the rate of the NOx reduction reaction®. The flue gases
flow into a reactor module containing the catalyst where the reagent selectively reacts with the
NOx. The reduction reactions used by SCR are effective only within a given temperature range
where ammonia or urea is injected into the exhaust gases in a temperature range of 480°F — 800°F*.
The presence of alkali metals such as sodium and potassium, which are commonly found in wood,
but not fossil fuels, will poison catalysts and the effects are irreversible. Other naturally occurring
catalyst poisons found in wood are phosphorous and arsenic. Therefore, it is not feasible to place

an SCR upstream of a particulate control device on a biomass boiler.

Under optimum temperatures, amount of reducing agent and injection grid design, SCR can
achieve 90 percent reduction of NOx. However, ammonia slip can also occur, which refers to the
emissions of unreacted ammonia due to the incomplete reaction of the reagent and NOx. As

discussed above, excess ammonia can result in formation of compounds that cause corrosion and

5 Chapter 2 Selective Catalytic Reduction, OAQPS 7" Edition (June 2019). https://www.epa.gov/sites/production/files/2017-
12/documents/scrcostmanualchapter7thedition_2016revisions2017.pdf (Section 2.2.1).
¢Air Pollution Control Technology Fact Sheet. EPA-452/F-03-032. https://www3 epa.gov/tincatel/dirl/fscr.pdf. (pg. 1).
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impair visibility. Ammonia slip can also occur, which refers to the emissions of unreacted

ammonia due to the incomplete reaction of the reagent and NOx.

2.2 ELIMINATION OF TECHNICALLY INFEASIBLE OPTIONS

An available control technique may be eliminated from further consideration if it is not technically
feasible for the specific source under review. A demonstration of technical infeasibility must be
documented and show, based on physical, chemical, or engineering principles, that technical
reasons would preclude the successful use of the control option on the emissions unit under review.
U.S. EPA generally considers a technology to be technically feasible if it has been demonstrated
and operated successfully on the same type of emissions unit under review or is available and
applicable to the emissions unit type under review. If a technology has been operated on the same
type of emissions unit, it is presumed to be technically feasible. However, an available technology
cannot be eliminated as infeasible simply because it has not been used on the same type of unit
that is under review. If'the technology has not been operated successfully on the type of unit under
review, its lack of “availability” and “applicability” to the particular unit type under review must

be documented in order for the technology to be eliminated as technically infeasible.

PMio Emissions

Due to the typically lower PMjo removal efficiencies than dry ESPs, and the generation of
wastewater, this analysis does not consider the use of wet controls for PMio emissions control.
Fabric filters are rarely implemented on wood-fired boilers due to risk of fire (any retrofit
implementation would require a long stretch of ductwork between the economizer and the control
device to reduce the risk of fire). ESPs are almost as efficient as the best fabric filters without the
fire risk.” ESPs can withstand higher temperatures, have a smaller footprint, use less energy, and
have lower maintenance requirements and better separation efficiencies than fabric filters.

Therefore, use of a fabric filter for PM o control was not considered feasible and was not evaluated.

7 https://www.biomasscenter.org/images/stories/FSE_PM _Emissions.pdf
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The Medford Mill biomass boilers are already very well controlled and are subject to a stringent
PM emission limit based on a LAER analysis, as well as Boiler MACT emission limits and work
practices. Because the August 20, 2019 EPA Regional Haze Guidance® mentions that states can
exclude sources that have been through LAER review from further analysis, we have not evaluated

further PM o controls on the biomass boilers.

SOz Emissions

The Medford Mill biomass boiler emits very little SO, because biomass is an inherently low-sulfur
fuel. Biomass boilers typically do not require add-on SO> controls unless they are burning fuels
or process gases that contain significant amounts of sulfur. A wet scrubber is not feasible because
the mill does not have a wastewater treatment plant. It may be technically feasible to inject trona

prior to the ESP to achieve some SO, control.

NOx Emissions

NOx emissions from biomass boilers originate primarily from oxidation of fuel bound nitrogen”®.
The Medford Boilers are in the biomass hybrid suspension grate subcategory under the Boiler
MACT rule. Biomass is fed to the boilers via air-swept spouts, begins to combust in suspension,
and then completes combustion on a grate. Low-NOx burners and water injection are not
applicable to this design. The air system is optimized during required Boiler MACT tune-ups and
FGR is not likely to provide a significant reduction in NOx.

Add-on NOx controls such as SNCR and SCR require a specific temperature window to be
effective. These controls were developed for and have predominantly been applied to fossil fuel
fired boilers. There are challenges associated with applying SNCR to an industrial biomass boiler
due to variability in boiler load. Good mixing of the reagent and NOx in the flue gas at the

optimum temperature window is the key to achieving a NOx reduction for SCR and SNCR. In

8 See page 23 of the guidance at https://www.epa.gov/sites/production/files/2019-08/documents/8-20-2019 -
regional_haze guidance_final guidance.pdf
9 NCASI Technical Bulletin 1020, Compilation of Criteria Air Pollutant Emissions Data for Sources at Pulp and Paper
Mills Including Boilers — An Update to Technical Bulletin No. 884, December 2013.
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biomass boilers, this temperature window is a function of the variations in fuel quality and the load
on the boiler. The temperature profile in a wood-fired industrial boiler is not as constant as that of
a fossil fuel-fired utility boiler. Biomass boilers at forest products mills are often subject to highly
variable swings in steaming rate, fuel flow, fuel mix, and bark moisture, depending on mill steam

demand, availability of bark, amount of other fuels fired, and weather conditions.

In biomass boilers, the firebox temperature varies with boiler load and fuel quality. Bark quality
and moisture are not consistent. Wide variations in firebox and flue gas temperatures are
associated with varying steam load and fuel mix. This causes the narrow temperature window for
SNCR to vary spatially in the boiler. The variability of the SNCR temperature window is a critical
issue, because of the consequences of ammonia injection outside this window. Below the
temperature window, ammonia slip will occur due to incomplete reactions of the injected
chemicals with the NOx. Above the temperature window, the reducing chemicals could be
combusted to form additional NOx. Multiple injection levels must typically be installed if SNCR

is applied on a biomass boiler.

Additional water, power, and boiler fuel are required to operate the SNCR system because the
SNCR process reduces the thermal efficiency of the boiler. The reduction reaction uses thermal
energy from the boiler, which decreases the energy available for power or heat generation. As a
result, additional fuel is required for the boiler to maintain the same steam output (resulting in
additional emissions of other pollutants, including greenhouse gases). Despite operational
challenges, SNCR cost effectiveness was evaluated at a control efficiency of 40% and using a
retrofit factor of 1.5 to account for difficulty of a potential retrofit and the need to install multiple

injection points.

The feasibility of SCR application to biomass boilers is also uncertain. SCR uses a catalyst to
reduce NOx to nitrogen, water, and oxygen. SCR technology employs aqueous or anhydrous
ammonia as a reducing agent that is injected into the gas stream near the economizer and upstream
of the catalyst bed. The catalyst lowers the activation energy of the NOx decomposition reaction.

An ammonium salt intermediate is formed at the catalyst surface and subsequently decomposes to
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elemental nitrogen and water. This technology has been demonstrated mostly on large coal- and

natural gas-fired combustion units in the utility industry.

In practice, SCR systems operate at NOx control efficiencies in the range of 70 to 90% for fossil
fuel utility boilers. Optimum temperatures for the SCR process range from 480 to 800°F. Due to
catalyst plugging and poisoning problems associated with locating the catalyst prior to the
particulate control device, an SCR system would have to be installed after an existing particulate
control device, and would likely require installation of a gas-fired flue gas re-heater to achieve the
optimum reaction temperature (the flue gas temperature for biomass boilers is typically less than
480°F). This would incur associated fuel costs and pollution increases, running counter to the
administration’s goal to reduce greenhouse gases, assuming there is adequate space to install the
size re-heater needed to raise the temperature of the exhaust gas stream to the optimum temperature
of 600 °F. Despite these challenges, for purposes of this analysis, we evaluated cost effectiveness
of an SCR achieving 90% control, but we incorporated a retrofit factor of 1.5 to account for the
difficulty of applying SCR to a biomass boiler and the likely need to add ductwork and to replace

the fan to overcome additional pressure drop through the system.

2.3 COST AND IMPACTS OF TECHNICALLY FEASIBLE CONTROL
TECHNOLOGIES

Cost analyses were developed where add-on controls could be technically feasible. Budgetary
estimates of capital and operating costs were determined and used to estimate the annualized costs
for each control technology considering existing equipment design and exhaust characteristics. A
capital cost for each control measure evaluated was based on company-specific data, previously
developed industry project costs, or EPA cost spreadsheets. The cost effectiveness for each
technically feasible control technology was calculated using the annualized capital and operating
costs and the amount of pollutant expected to be removed based on a typical expected control
efficiency and the procedures presented in the latest version of the U.S. EPA OAQPS Control Cost
Manual. An interest rate of 4.75% and the typical values for equipment life shown in the Cost
Manual examples were used to calculate the capital recovery factor. A 4.75% interest rate

represents the prime rate just prior to the pandemic (at the time of DEQ’s request for the Four
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Factor Analysis) and is representative because the prime rate has varied over the past two years

from the current low of 3.25% to a high of 5.5% in December 2018.

Control technologies that were evaluated and for which a cost analysis was performed are

summarized in Table 2-2.

Table 2-2
Control Technologies Evaluated for Boilers
TR Additional Control
didie Existing Control Technology Technology Costed
Unit Fuels Fired
PMjo NOx SO, PMyo NOx SO,
Biomass None
Boilers (3) Biomass ESP Con?lflf’s‘:ion ) ll‘;s:vf'uel (ESP is S;‘JCCRR DSI
(EU1) ' LAER)

Capital, operating, and total annual cost estimates for each feasible pollution control technique are
presented in Appendix A. We note that these are screening level cost estimates and are not based
on detailed engineering studies of the Medford Mill boilers. Where initial cost estimates
demonstrated that a particular control technology was not cost effective, we did not attempt to

refine the analysis further.

Although DEQ has not indicated what additional controls they would consider cost effective, the
Medford Mill has referenced similar analyses performed by U.S. EPA and others to get a general
idea of the level above which additional controls on industrial boilers are not cost effective. As
part of the 2016 CSAPR update rule!?, U.S. EPA performed an analysis to characterize whether
there were non-EGU source groups with a substantial amount of available cost-effective NOx

reductions achievable by the 2017 ozone season. They evaluated control costs for non-EGU point

1081 Fed. Reg. 74504
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sources with NOx emissions greater than 25 tpy in 2017. '' U.S. EPA did not further examine
control options above $3,400 per ton. This is consistent with the range U.S. EPA analyzed for
EGUEs in the proposed and final CSAPR rules and is also consistent with what the U.S. EPA has
identified in previous transport rules as cost-effective, including the NOx SIP call. Note that
industrial boilers were among the source categories that the very conservative U.S. EPA cost
analysis determined were above $3,400/ton. In addition, the Western Regional Air Partnership
(WRAP) Annex to the Grand Canyon Visibility Transport Report (June 1999) indicated that
control costs greater than $3,000/ton were high.'?> The costs presented in this report were

developed using conservative assumptions and are above these thresholds.

2.3.1 Site Specific Factors Limiting Implementation

Currently known, site-specific factors that would limit the feasibility and increase the cost of
installing additional controls include space constraints. Note that a detailed engineering study for
each of the controls evaluated in this report would be necessary before any additional controls

were determined to be feasible or cost effective.

2.3.2 SOz Economic Impacts

Trona Injection for Boiler SO2 Control

The capital cost for a system to inject milled trona prior to the ESP on the boilers was estimated
using an April 2017 Sargent and Lundy report prepared under an U.S. EPA contract.'® Industry
standard labor, chemical, and utility costs were used to estimate the annual cost of operating the
system. Table 2-3 summarizes the capital cost, annual cost, and cost effectiveness of implementing

this control technology for the boilers. The Sargent and Lundy report indicates that 50% SO»

! Technical Support Document for the Cross-State Air Pollution Rule for the 2008 Ozone NAAQS, Docket ID EPA-
HQ-OAR-2015-0500, Assessment of Non-EGU NOx Emission Controls, Cost of Controls, and Time for
Compliance, U.S. EPA, November 2015.

12 https://www.wrapair.org//forums/mtf/documents/group_reports/TechSupp/SO2Tech.htm

13 Sargent & Lundy LLC. 2017. Dry Sorbent Injection for SO/HCI Control Cost Development Methodology. Project
13527-001, Eastern Research Group, Inc. Chicago, IL.
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control can be achieved without an increase in PM emissions when injecting trona prior to an ESP.
The cost of installing DSI prior to the ESP is not considered cost effective because the estimated
capital cost is more than $4 million and the cost effectiveness value is in excess of $60,000/ton of
pollutant removed, even when evaluated at the allowable SO, emission rate of 39 tpy. The cost
per ton would be even higher if evaluated based on the actual SO2 emission rate from biomass.

Detailed cost calculations are presented in Appendix A, Table A-1.

Table 2-3
Trona Injection System Cost Summary

Cost
o S < s Capital Cost Effectiveness of
Emissions Unit Description $) Annual Cost ($/yr) Controle
($/Ton SO,)
Biomass Boilers $4,361,740 $1,192,287 $61,143

2.3.3 NOx Economic Impacts

This section describes the economic impacts associated with each NOx add-on control option
evaluated for the boilers. Note that cost effectiveness was evaluated based on the PSEL, and the

cost per ton would be even higher if evaluated based on actual emissions.

SNCR for Boiler NOx Control
The cost of installing and operating SNCR on the boilers was estimated using U.S. EPA “Air

Pollution Control Cost Estimation Spreadsheet for Selective Non-Catalytic Reduction (SNCR)”
(June 2019) that reflects calculation methodologies presented in the U.S. EPA Air Pollution
Control Cost Manual, Section 4, Chapter 1. The spreadsheet, using algorithms presented in the
control cost manual, calculates estimated capital and annualized costs of installing and operating
an SNCR based on site-specific data entered, such as boiler design and operating data. Note that
the cost algorithms were developed using project costs for large coal-fired utility boilers and the
spreadsheets are labeled as if costs are being estimated for a coal-fired boiler. As a result, they
likely underestimate costs for smaller industrial boilers as costs for large utility boilers where this
technology is routinely installed may not scale to smaller, variable load industrial boilers. The

U.S. EPA cost manual allows a retrofit factor of greater than one where justification is provided.

2-14



BCWP Medford Plywood Mill
Four Factor Analysis

A retrofit factor of 1.5 was applied to account for the need to add multiple levels of reagent

injectors and to perform additional tuning of the system across variable loads.

SNCR control efficiencies vary widely, but urea-based systems typically achieve reductions from
37 to 60 percent on industrial boilers, according to the OAQPS Control Cost Manual. However,
operating constraints on temperature, load, reaction time, and mixing often lead to less effective
results when using SNCR in practice. Our analyses assume that SNCR would achieve 40% NOx
control because the biomass boilers are subject to regular load swings. This control efficiency is
supported by the range provided in the OAQPS Cost Manual and information publicly available

from vendors. '

A formal engineering analysis would be required to ultimately determine if
SNCR would be effective on the boilers. This type of analysis would include obtaining
temperature and flow data, developing a model of each boiler using computational fluid dynamics,

determining residence time and degree of mixing, determining placement of injectors, and testing.

Table 2-4 summarizes the estimated capital cost, annual cost, and cost effectiveness of
implementing SNCR control technology. The cost analysis is based on the boilers’ capacity and
their 210 tpy portion of the NOx PSEL, although actual emissions in 2017 were only 105 tpy. The
installed cost is likely underestimated because the cost is based on combined emissions from the
three units. In reality, each boiler would need its own system. However, the boilers’ portion of the
PSEL and all emissions data are based on the three units combined because they vent to a common
ESP and stack. Installing SNCR is not considered cost effective because the capital cost is over
$5 million and the cost effectiveness is in excess of $3,400/ton of pollutant removed, the cost
effectiveness threshold for non-EGUs used by EPA for similar studies. Detailed cost calculations

are presented in Appendix A, Table A-2.

4 See for example, https://www.eescorp.com/solutions/sncr/, https://www.cecoenviro.com/selective-non-catalytic-
reduction-sncr-cca-combustion-systems, https:/www.ftek.com/en-US/products/productssubapc/urea-sncr
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Table 2-4
SNCR Cost Summary
Cost
Emissions Unit Description | Capital Cost ($) Annual Cost ($/yr) Effeé:;:::‘;:s of
($/Ton NOx)
Biomass Boilers $5,442,414 $856,480 $10,196

SCR for Boiler NOx Control

The cost of installing and operating SCR on the boilers was estimated using the U.S. EPA “Air
Pollution Control Cost Estimation Spreadsheet for Selective Catalytic Reduction (SCR)” (June
2019) that reflects calculation methodologies presented in the U.S. EPA Air Pollution Control Cost
Manual, Section 4, Chapter 2. The spreadsheet, using algorithms presented in the control cost
manual, calculates estimated capital and annualized costs of installing and operating an SCR based
on site specific data entered, such as boiler design and operating data. Note that the cost algorithms
were developed based on project costs for large coal-fired utility boilers and the spreadsheets are
labeled as if costs are being estimated for a coal-fired boiler. As a result, they likely underestimate
costs for smaller industrial boilers as costs for large utility boilers, where this technology is
routinely installed, may not scale to smaller, variable load industrial boilers. The U.S. EPA cost
manual allows a retrofit factor of greater than one where justification is provided. A retrofit factor
of 1.5 was applied because the EPA cost equations were developed based on utility boiler
applications and to account for space constraints, additional ductwork, the need for stack reheat,

and the likelihood of needing a new induced draft fan to account for increased pressure drop.

Table 2-5 summarizes the capital cost, annual cost, and cost effectiveness of implementing SCR
control technology on the combined emissions of the three boilers. The cost analysis is based on
the boilers’ capacity and their NOx PSEL of 210 tpy, although actual emissions in 2017 were only
105 tpy. Installing an SCR is not considered cost effective because the capital cost is estimated at
more than $27 million and the cost effectiveness values are well in excess of $3,400/ton of
pollutant removed, the cost effectiveness threshold for non-EGUs used by EPA for similar studies.

Detailed cost calculations are presented in Appendix A, Table A-3.
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Table 2-5
SCR Cost Summary
Cost
Y ; ek Capital Cost Effectiveness of
Emissions Unit Description $) Annual Cost ($/yr) Controls
($/Ton NOx)
Biomass Boilers $27,100,909 $2,527,428 $13,373

2.3.4 Energy and Non-Air Related Impacts

The environmental and energy impacts associated with SNCR include storage of additional
chemicals onsite (the reagent), ammonia slip, and generation of additional emissions due to
additional fuel combustion to overcome the energy penalty associated with SNCR. The
environmental and energy impacts associated with SCR include the additional fuel usage and
emissions from a stack reheat system and the transport, storage, handling, and use of aqueous
ammonia, a corrosive hazardous material. Ammonia poses a potential exposure health and safety
risk. The spent catalyst from the SCR would be required to be periodically replaced and disposed
of properly, creating residual waste that would need to be landfilled or otherwise disposed. SCR
systems can have adverse air impacts due to ammonia slip, possible formation of a visible plume,
oxidation of carbon monoxide (CO) to carbon dioxide (CO3), and oxidation of SO; to sulfur
trioxide with subsequent formation of sulfuric acid mist due to ambient or stack moisture. Impacts

of any NOx reduction strategy on CO emissions would need to be carefully evaluated.

2.4 TIME NECESSARY FOR COMPLIANCE

U.S. EPA allows three years plus an optional extra year for compliance with MACT standards that
require facilities to install controls. The process to retrofit air pollution controls on existing facility
equipment is complex. Although our analysis shows there are no additional controls that would
be economically feasible, if controls are ultimately required to meet RHR requirements, facilities
would need at least four years to implement them. The facility would need time to obtain corporate

approval for capital funding. The affected units at the facility would have to undergo substantial
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re-engineering (e.g., due to space constraints) to accommodate new controls. Design, procurement,
installation, and shakedown of these capital intensive projects would easily consume three years.
The facility would need to engage engineering consultants, equipment vendors, construction
contractors, financial institutions, and other critical suppliers. The facility would also need to
initiate and execute modifications to air permits, which are often time-consuming and have an
indeterminate timeline and endpoint. Lead time would be needed to procure pollution control
equipment even after it is designed and a contract is finalized, and installation of controls must be
aligned with mill outage schedules that are difficult to move due to the interrelationships within
corporate mill systems and the availability of contractors. The facility would need to continue to

operate as much as possible while retrofitting to meet any new requirements.

Any work on the boilers themselves would need to be staggered so only one unit was out of service
at a time. Staggering work on separate units at the same facility allows some level of continued
operation; however, this staggering extends the overall compliance time. Extensive outages for
retrofitting must be carefully planned. Only when all the critical prerequisites for the retrofit have
been identified and secured, e.g., the engineering is complete and the control equipment is staged
for immediate installation, can an owner afford to shut down equipment to install new controls.
This takes planning and coordination both within the company, with the contractors, and with

customers.

2.5 REMAINING USEFUL LIFE OF EXISTING AFFECTED SOURCES

The emissions units and controls included in this analysis have a remaining useful life of twenty

years or more.

2.6 CONCLUSION

Based on the Four Factor analysis presented above, no additional controls were determined to be

cost effective for the biomass boilers at the Medford Mill.
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3. FOURFACTORANALYSIS FOR VENEER DRYERS

This section of the report presents the results of a Four Factor analysis for PMio, SO2, and NOx

emitted from the veneer dryers at the Medford Mill.

3.1 FEASIBILITY, COST, AND IMPACTS OF ADDITIONAL CONTROLS

The scope of potentially applicable control options for plywood veneer dryers was determined
based on a review of the RBLC database and knowledge of typical fuels fired and controls used in
the wood products industry. The RBLC database provides only one entry for PMjo (ID MT-0021),
two entries for NOx (IDs LA-0125 and LA-0259), and no entries for SO, emissions from plywood
veneer dryers. Emissions of volatile organic compounds (VOC) associated with plywood veneer
dryer hot zones are controlled with either regenerative thermal oxidizers (RTO) or regenerative
catalytic oxidizers (RCO) to meet Plywood and Composite Wood Products (PCWP) NESHAP
requirements for HAP emissions control. The Medford Mill uses two RTOs to control volatile
HAP emissions from the veneer dryers. Originally, the units operated in RCO mode, but are
currently operated in RTO mode at a higher temperature. Although some types of wood products
plants utilize PM control devices between the dryers and the RCO/RTO, veneer dryers have much
lower PM emissions rates and do not use intermediate PM controls because they are not needed to
protect the catalyst of an RCO or the heat exchange media of an RTO. Emissions of PMio from
the veneer dryers are controlled by the RTOs because the majority of the PMjo is condensable.
Based on 2017 emissions test data, RTO1 total PM emissions were determined to be 1.06 Ib/hr
(less than 5 tpy) and RTO2 total PM emissions were determined to be 1.77 Ib/hr (less than 8 tpy).

There are no plywood veneer dryers that are equipped with traditional PMio controls and additional
PMio emissions controls may not provide a meaningful reduction in emissions. However, for
completeness, and because the veneer dryers’ portion of the PMo PSEL is 60 tpy, a cost estimate
to add one polishing wet ESP to control emissions from both RTOs is provided. (Note that due to
the distance between the two RTOs it may not actually be feasible to control emissions from both

RTOs in one device, which would increase the cost.) The capital cost is based on the low end of
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the range presented in an EPA wet ESP fact sheet!®

and is within the range of particleboard,
oriented strand board, and medium density fiberboard dryer wet ESP capital cost data obtained by
EPA as part of the PCWP MACT information collection request (ICR'®). The operating costs are
based on the EPA OAQPS Cost Manual algorithms for ESPs in Section 6, Chapter 3, dated
September 1999. Even assuming that a wet ESP would achieve a 99 percent reduction of the PSEL
of 60 tpy, installing a wet ESP for additional PMio control is not cost effective. Detailed cost
calculations are presented in Appendix A, Table A-4. Other environmental and energy impacts

from installation of a wet ESP include water use, wastewater disposal, and additional electricity

use.
Table 31
Wet ESP Cost Summary
Cost
0 : S Capital Cost Effectiveness of
Emissions Unit Description ($) Annual Cost ($/yr) Gohtrols
($/Ton PMy()
Veneer Dryer RTOs $15,330,560 $1,908,545 $34,686

The Medford Mill veneer dryers are indirect steam heated and do not have burners. The RTOs
each have actual and allowable NOx emissions of less than 5 tpy (1.3 tpy for RTO1 and 2.0 tpy
for RTO2). Therefore, they are already low-emitting and there is no additional control technology

that would be cost effective.

Insignificant SO, emissions are expected from the veneer dryers RTOs (0.1 tpy or less). Therefore,

there are no control technologies to evaluate for SO, emissions from the veneer dryers RTOs.

15 https://www3.epa.gov/ttn/catc/dir1/fwespwpi.pdf
16 The ICR database is available in the rulemaking docket at https://www.regulations.gov/docket?D=EPA-HQ-OAR-
2016-0243
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3.2 TIME NECESSARY FOR COMPLIANCE

U.S. EPA allows three years plus an optional extra year for compliance with MACT standards that
require facilities to install controls. Although our analysis shows there are no additional controls
that would be economically feasible, if controls are ultimately required to meet RHR requirements,

facilities would need at least four years to implement them for the reasons discussed in Section 2.

3.3 REMAINING USEFUL LIFE OF EXISTING AFFECTED SOURCES

The emissions units included in this analysis have a remaining useful life of twenty years or more.

3.4 CONCLUSION

Based on the Four Factor analysis presented above, no additional controls were determined to be

economically feasible for the Medford Mill veneer dryers.
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4. FOUR FACTORANALYSIS FOR PLYWOOD PRESSES

Plywood presses emit fugitive VOC and PM as sheets of wood veneer are pressed together using
hot platens; they do not emit NOx or SO2. Plywood assembly operations are located within two
buildings. Because plywood presses are co-located with other process units, it is likely that the
limited plywood press emissions data that have been collected by the National Council for Air and
Stream Improvement (NCASI)!'7 also includes fugitive emissions from other different types of
process units in the same building. Nevertheless, estimated plywood press PMio emissions are

less than 25 tpy.

Plywood manufacturing facilities are subject to the NESHAP for Plywood and Composite Wood
Products (PCWP) at 40 CFR 63, Subpart DDDD. Although veneer dryers are subject to standards,
EPA determined that emissions from plywood presses were not amenable to capture and control
and did not set any standards for these sources. EPA distinguished emissions control requirements
for plywood presses from certain other reconstituted wood products presses (e.g., particleboard,
OSB, and medium density fiberboard) “because of different emissions characteristics and the fact
that plywood presses are often manually loaded and unloaded (unlike reconstituted wood product
presses that have automated loaders and unloaders).”'® By virtue of issuing emission control
standards only for certain reconstituted wood products presses, EPA essentially determined that
emissions capture and control is practicable for other types of presses, but not plywood presses.
In the September 2019 PCWP NESHAP risk and technology review proposal, EPA determined
risk from the PCWP source category is acceptable and did not propose to add standards for

plywood presses.

17 NCASI is an association organized to serve the forest products industry as a center of excellence providing unbiased, scientific
research and technical information necessary to achieve the industry’s environmental and sustainability goals.

B EPA, “National Emission Standards for Hazardous Air Pollutants for Plywood and Composite Wood Products
Manufacturing— Background Information for Final Standards.” February 2004.
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BCWP Medford Plywood Mill
Four Factor Analysis

The RBLC includes no entries for plywood presses with add-on emissions controls. The EPA
database of emission sources that was developed for the risk and technology review of the PCWP
NESHAP indicates that no plywood presses at HAP major sources are enclosed or controlled. We
are aware of one minor source (Freres Lumber) that installed a partial enclosure and a biofilter to
control formaldehyde and methanol emissions to reduce HAP emissions below major source levels
and avoid coverage under the PCWP NESHAP, but they are the only facility that has any emissions

controls on a plywood press, and the biofilter is not in place to control PMj¢ emissions.

Plywood presses are fugitive sources, although some emissions pass through the building roof
vents above the presses. Existing vents in the vicinity of these process units are not intended to
quantitatively capture and exhaust gaseous emissions specifically from the plywood presses;
rather, they are strategically placed to evacuate building air. When the process and building
ventilation layouts were designed, the possibility of emissions capture or testing was not

contemplated and is impracticable for these existing sources.

Plywood presses are not enclosed because they are constantly accessed by employees. Plywood
manufacturing facilities typically have one layup line that feeds multiple presses. On the layup
line, layers of dried veneer are laid down in alternating directions with resin applied between each
layer. At the end of the line, the layered mat is trimmed, stacked, and moved to the press infeed
area for each press. This configuration requires more operating space and manual input than other
wood products manufacturing processes. Plywood presses are batch processes and loading the
press is manually assisted (the press charger is manually loaded). Operators must be able to
observe press operation to check that the press is properly loaded. Each batch of pressed plywood
is removed from the area using a forklift. Accordingly, forklifts are entering the press unloader
continuously. Adding an enclosure to capture emissions is not feasible because it would disrupt
operation of the press (both infeed and outfeed), inhibit maintenance activities, and create unsafe

working conditions for employees (isolation, reduced egress, heat, and emissions).

There are no technically feasible controls to reduce plywood press PMio emissions. Therefore, the

cost of controls has not been evaluated.
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BCWP Medford Plywood Mill
Four Factor Analysis

5. SUMMARY OF FINDINGS

The largest emission sources at the Medford Mill are already well-controlled and are subject to
various stringent individual source emission limits. However, in response to a request from DEQ,
the Medford Mill evaluated whether additional emissions controls for SOz, NOx, and PM g are

feasible for its significant emissions units.

As part of the analysis, the following information was reviewed: site-specific emissions and
controls information, industry- and site-specific cost data, previous similar control evaluations, the
EPA RBLC database, and the EPA Control Cost Manual. BCWP and ALL4 used the best
information available in the time allotted to perform the analyses. Site-specific engineering

analyses were not performed.

Our review of the best available information indicates that additional emissions controls for SO,
NOx, and PM|j are either not technically feasible or they are not economically feasible when they
may be technically feasible. Any determination that additional controls are economically feasible
would need to be further justified based on a detailed engineering evaluation that fully considers

site-specific factors. In addition, the following points are noted:

e Medford Mill significant emissions units amenable to cost effective emissions capture and
control are already well controlled.

e The biomass boilers included in the analysis are subject to MACT emission limits and work
practice standards that directly limit emissions of PMjo. The boiler tune-up requirement
serves to minimize NOx emissions by promoting good combustion techniques.

e EPA will continue the required process to evaluate particulate and acid gas control
technology improvements for the industrial boiler source category with its upcoming
periodic technology reviews for NESHAP Subpart DDDDD sources.

e EPA determined in its CSAPR rulemaking that additional NOx controls on non-EGU

boilers are not cost effective.
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e The plywood manufacturing operations are subject to MACT requirements that are
currently undergoing review by EPA. Veneer dryer emissions are controlled using RTOs

and plywood press emissions are not feasible to capture and control.
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Table A-1

Medford Biomass Boilers
Capital and Annual Costs Associated with Milled Trona DSI System with an ESP

Variable Designation Units Value Calculation
Unit Size " MW 30 77f 108+154 MMBtu/hr, assumes 30% efficiency to convert to
equivalent MW output
Retrofit Factor B - 1.5 Based on space constraints
Gross Heat Rate C Btu/kWh 8,619 Assumes 30% efficiency
SO, Rate (uncontrolled) D Ib/MMBtu 0.025 AP42 Table 1.6-2
Type of Coal E - NA
Particulate Capture F - ESP
Sorbent G - Milled Trona
Renoval Tarigef H % 50 Petr the Sargent and Lundy dogument, 50% reduction can be achieved
without an increase in PM emissions.
Heat Input J Btu/hr 3.39E+08 77 MMBtw/hr + 108 MMBtu/hr + 154 MMBtu/hr
INSR K - 1.43 Milled Trona w/ ESP = if (H<40, 0.0270*H, 0.353e"(0.0280*H))
Sorbent Feed Rate M ton/hr 0.01 Trona = (1.2011*10"-06)*K*A*C*D
Estimated HC] Removal v % 92.89 Milled or Unmilled Trona w/ ESP = 60.86*H"0.1081
Sorbent Waste Rate N ton/hr 0.01 Trona = (0.7387+0.00185*H/K)*M
Ash in Bark = 0.05; Boiler Ash Removal =0.2; HHV = 4600
Fp At WasteRale v i 112 (A*C)*Ash*(1-Boiler Ash Removal)/(2*HHV)
Aux Power Q % 0.01 Milled Trona M*20/A
Sorbent Cost R $/ton 170
Waste Disposal Cost S $/ton 50
Aux Power Cost T $/kWh 0.07 2019 mill cost
Operating Labor Rate U $/hr 33 Typical operator labor cost including all benefits
SO, Control Efficiency: 50%
PSEL, tpy 39.0 represents all 3 boilers - actual emissions are only 15 tpy
Controlled SO, Emissions: 19.5
[[Capital Costs
Direct Costs
BM (Base Module) - $ $ 3,461,698 Milled Trona if(M>25, 820000*B*M, 8300000*B*(M"0.284))
Mect Costs
Engineering & Construction
Management Al $ $ 346,170 10% BM
Labor adjustment A2 $ $ 173,085 5% BM
Contractor profit and fees A3 $ $ 173,085 5% BM
Capital, engineering and construction
cost subtotal CECC $ $ 4,154,038 BM+A1+A2+A3
Owner costs including all "home
office" costs Bl $ $ 207,702 5% CEC
Total project cost w/out AFUDC TPC $ $ 4,361,740 BI+CEC
AFUDC (0 for <I year engineering and
construction cycle) B2 $ 0 0% of (CECC+BI)
Total Capital Investment TCI $ $ 4,361,740 CECC+B1+B2




Annualized Costs

[Fixed O&M Cost
Additional operating labor costs FOMO $ $ 137,280 (2 additional operator)*2080*U
Additional maintenance material and
labor costs FOMM $ $ 23,078 BM*0.01/B
Additional administrative labor costs  FOMA $ $ 4,395 0.03*%(FOMO-+0.4*FOMM)
Total Fixed O&M Costs FOM $ $ 164,753 FOMO+FOMM+FOMA
[Variable O&M Cost
Cost for Sorbent VOMR $ $ 16,429.7 M*R
Cost for waste disposal that includes
both sorbent & fly ash waste not
removed prior to sorbent injection VOMW $ $ 492,664.4 (N+P)*S
Additional auxiliary power required ~ VOMP $ $ 1,353.03 Q*T*10*ton SO,
Total Variable O&M Cost YOM $ $ 510,447.1 VOMR+VOMW+VOMP
Indirect Annual Costs
General and Administrative 2% of TCI $ 87,235
Property Tax 1% of TCI $ 43,617
Insurance 1% of TCI $ 43,617
Capital Recovery 7.86% % TCI $ 342,617
Total Indirect Annual Costs $ 517,086
Life of the Control: 20 years 4.75% interest
Total Annual Costs $ 1,192,287
Total Annual Costs/SO,; Emissions $ 61,143

@Cost information based on the April 2017 "Dry Sorbent Injection for SO,/HCI Control Cost Development Methodology" study by Sargent & Lundy for a milled
Trona system.



Table A-2. SNCR Cost for Medford Biomass Boilers

Data Inputs

Enter the following data for your combustion unit:

Industrial v e tn
Is the combustion unit a utility or industrial boiler? il What type of fuel does the unit burn? Coal A4

Is the SNCR for a new boiler or retrofit of an existing boiler? | Retrofit %

Please enter a retrofit factor equal to or greater than 0.84 based on the level of

e 5 & 1. . fact
difficulty. Enter 1 for projects of average retrofit difficulty. ° ;::3:;::::: dojcuc:nm e KN T e 5
proje:

Complete all of the highlighted data fields:

Provide the following information for coal-fired boilers:

What is the maximum heat input rate (QB)? | 339 MMBtu/hour I Type of coal burned: Bituminous v
What is the higher heating value (HHV) of the fuel? [ 4,600 Btu/lb | Enter the sulfur content (%S) = 0.07 percent by weight
or
Select the appropriate SO, emission rate: |Not Applicable ¥
What is the estimated actual annual fuel consumption? 297,504,000 lbs/Year
Ash content (%Ash): S percent by weight
Is the boiler a fluid-bed boiler? No V.
Note: The table below is pre-populated with default values for HHV, %S, %Ash and cost. Please
Enter the net plant heat input rate (NPHR) 10 MMBtu/MW enter the actual values for these parameters in the table below. If the actual value for any
parameter is not known, you may use the default values provided.
If the NPHR is not known, use the default NPHR value: Fuel Type Default NPHR Bituminous
Coal 10 MMBtu/MW Sub-Bituminous
Fuel Oil 11 MMBtu/MW Lignite
Natural Gas 8.2 MMBtu/MW




Enter the following design parameters for the proposed SNCR:

Number of days the SNCR operates (tsycg)

Inlet NO, Emissions (NOx;,) to SNCR

Oulet NO, Emissions (NOX,,,) from SNCR

Estimated Normalized Stoichiometric Ratio (NSR)

Concentration of reagent as stored (C.oreq)
Density of reagent as stored (p.ored)
Concentration of reagent injected (C;y)
Number of days reagent is stored (t,rage)
Estimated equipment life

Select the reagent used

Enter the cost data for the proposed SNCR:

Desired dollar-year
CEPCI for 2019

Annual Interest Rate (i)

Fuel (Costg,e)

Reagent (Cost,¢,)

Water (Costy,ter)

Electricity (Costeject)

Ash Disposal (for coal-fired boilers only) (Cost,.;)

Note: The use of CEPCI in this spreadsheet is not an endorsement of the index, but is there merely to allow for availability of a well-known cost index to spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is

acceptable.

Maintenance and Administrative Charges Cost Factors:

Maintenance Cost Factor (MCF) =
Administrative Charges Factor (ACF) =

365 days

Ib/MMBtu (based on 0.26 |b
0.17 NOx/Mlbs steam and est.
65% efficiency)
0.102 Ib/MMBtu

2.75

50 Percent
71 Ib/f
10 percent
14 days
20 Years

‘ Urea v

Plant Elevation 1382 Feet above sea level

*The NSR for a urea system may be calculated using equation 1.17 in Section 4, Chapter 1 of the Air Pollution
Control Cost Manual (as updated March 2019).

Densities of typical SNCR reagents:
50% urea solution

29.4% aqueous NH;

71 Ibs/ft®
56 Ibs/ft®

2019

603.1 Enter the CEPCI value for 2019

[543 2016 CepCi

4.75 Percent

2.39 $/MMBtu

1.66 $/gallon for a 50 percent solution of urea*

0.0042 $/gallon*

0.0700 $/kWh

39.00 $/ton

* The values marked are default values. See the table below for the default values used

and their references. Enter actual values, if known.

0.015

0.03

CEPCI = Chemical Engineering Plant Cost Index



Data Sources for Default Values Used in Calculations:

If you used your own site-specific values, please enter the value used

Data Element Default Value |Sources for Default Value and the reference source. ..
Reagent Cost ($/gallon) $1.66/gallon of |U.S. Environmental Protection Agency (EPA). Documentation for EPA's Power Sector

50% urea Modeling Platform v6, Using the Integrated Planning Model, Updates to the Cost and

solution Performance for APC Technologies, SNCR Cost Development Methodology, Chapter 5,

Attachment 5-4, January 2017. Available at:
https://www.epa.gov/sites/production/files/2018-05/documents/attachment_5-
4_sncr_cost_development_methodology.pdf.

Water Cost ($/gallon) 0.00417 Average water rates for industrial facilities in 2013 compiled by Black & Veatch. (see
2012/2013 "S0 Largest Cities Water/Wastewater Rate Survey." Available at
http://www.saws.org/who_we_are/community/RAC/docs/2014/50-largest-cities-
brochure-water-wastewater-rate-survey.pdf.

Electricity Cost ($/kWh) 0.0676 U.S. Energy Information Administration. Electric Power Monthly. Table 5.3. Published
December 2017. Available at:
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a.

Fuel Cost ($/MMBtu) 2.40 U.S. Energy Information Administration. Electric Power Annual 2016. Table 7.4.
Published December 2017. Available at:
https://www.eia.gov/electricity/annual/pdf/epa.pdf.

Ash Disposal Cost ($/ton) 48.8 Waste Business Journal. The Cost to Landfill MSW Continues to Rise Despite Soft
Demand. July 11, 2017. Available at:
http://www.wastebusinessjournal.com/news/wbj20170711A.htm.

Percent sulfur content for Coal (% weight) 1.84 Average sulfur content based on U.S. coal data for 2016 compiled by the U.S. Energy
Information Administration (EIA) from data reported on EIA Form EIA-923, Power Plant
Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Percent ash content for Coal (% weight) 9.23 Average ash content based on U.S. coal data for 2016 compiled by the U.S. Energy
Information Administration (EIA) from data reported on EIA Form EIA-923, Power Plant
Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Higher Heating Value (HHV) (Btu/Ib) 11,841 2016 coal data compiled by the Office of Qil, Gas, and Coal Supply Statistics, U.S. Energy
Information Administration (EIA) from data reported on EIA Form EIA-923, Power Plant
Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Interest Rate (%) 5.5 Default bank prime rate Used pre-COVID prime rate of 4.75




SNCR Design Parameters

The following design parameters for the SNCR were calculated based on the values entered on the Data Inputs tab. These values were used to prepare the costs shown on the Cost
Estimate tab.

Parameter Equation Calculated Value Units

Maximum Annual Heat Input Rate (Qg) = HHV x Max. Fuel Rate = 339|MMBtu/hour

Maximum Annual fuel consumption (mfuel) = PSEL worksheet 604,800,000|lbs/Year

Actual Annual fuel consumption (Mactual) = 2017 actual 297,504,000|lbs/Year

Heat Rate Factor (HRF) = NPHR/10 = 1.00

Total System Capacity Factor (CFioral) = Based on 8538 operating hours, 2017 actual 0.97|fraction

Total operating time for the SNCR (t,,;) = CFiotal X 8760 = 8760|hours Based on 8760 hours PTE
NOx Removal Efficiency (EF) = (NOX;,, - NOXoye)/NOX;, = 40|percent

NOx removed per hour = NOx;, X EF x Qg = 23.05|lb/hour

Total NO, removed per year = Based on 210 tpy PSEL 84|tons/year

Caal Factor (Coald) = 1 fo.r bltun'fmous; 1.05 for'sub-b|tum|nous; 1.07 for 1.00
lignite (weighted average is used for coal blends)

SO, Emission rate = (%S/100)x(64/32)*(1x10%)/HHV = < 3|lbs/MMBtu
Elevation Factor (ELEVF) = 14.7 psia/P = 1.05
Atmospheric pressure at 1382 feet above sea level |2116x[(59-(0.00356xh)+459.7)/518.6]>° x (1/144)* 14.0|psia

(P)= =

Retrofit Factor (RF) = Retrofit to existing boiler 1.50

* Equation is from the National Aeronautics and Space Administration (NASA), Earth Atmosphere Model. Available at
https://spaceflightsystems.grc.nasa.gov/education/rocket/atmos.html.



Reagent Data:

Type of reagent used Urea Molecular Weight of Reagent (MW) =  60.06 g/mole
Density = 71 |b/gallon
Parameter Equation Calculated Value Units
Reagent consumption rate (M,eagent) = (NOX;, x Qg X NSR X MWg)/(MW o, X SR) = 104|lb/hour
(whre SR = 1 for NH;; 2 for Urea)
Reagent Usage Rate (m,,) = My eagent/ Csol = 207|Ib/hour
(m,, x 7.4805)/Reagent Density = 21.8|gal/hour
Estimated tank volume for reagent storage = (Myo) X 7.4805 X tyorage X 24 hours/day)/Reagent i gallons (storage needed to store a 14 day reagent supply
Density = 4 rounded up to the nearest 100 gallons)
Capital Recovery Factor:
Parameter _ Equation Calculated Value
Capital Recovery Factor (CRF) = i(@+i)/@a+i)"-1= 0.0786

Where n = Equipment Life and i= Interest Rate

Parameter
Electricity Usage:

_ Equation

Calculated Value

Electricity Consumption (P) = (0.47 x NOXx;, X NSR x Qg)/NPHR = 7.5|kW/hour
Water Usage:
Water consumption (q,,) = (my1/Density of water) X ((Cstored/Cing) - 1) = 99|gallons/hour

Fuel Data:
Additional Fuel required to evaporate water in

injected reagent (AFuel) = HY X Myeagent X ((1/Cin))-1) = 0.84|MMBtu/hour
Ash Disposal:
Additional ash produced due to increased fuel

P (bfuel x %Ash x 1x10°%)/HHV = 9.1{Ib/hour

consumption (Aash) =




Total Capital Investment (TCl)

Cost Estimate

For Coal-Fired Boilers: :
TCl = 1.3 X (SNCRogq + APH, et + BOPcq)
For Fuel Oil and Natural Gas-Fired Boilers:
TCl = 1.3 X (SNCR o5t + BOPost)

Capital costs for the SNCR (SNCR_.;) = $1,695,535 in 2019 dollars
Air Pre-Heater Costs (APH o) * = $0 in 2019 dollars
Balance of Plant Costs (BOP.) = $2,490,937 in 2019 dollars
Total Capital Investment (TCI) = $5,442,414 in 2019 dollars

* Not applicable - This factor applies only to coal-fired boilers that burn bituminous coal and emits equal to or greater than 0.31b/MMBtu
of sulfur dioxide.

SNCR Capital Costs (SNCR,;)

For Coal-Fired Utility Boilers:
SNCR o5t = 220,000 X (Byy X HRF)*** x CoalF x BTF x ELEVF x RF
For Fuel Oil and Natural Gas-Fired Utility Boilers:

SNCR o5 = 147,000 X (Bypw X HRF)**?

x ELEVF x RF
For Coal-Fired Industrial Boilers:

42 x CoalF x BTF x ELEVF x RF

SNCR¢o = 220,000 x (0.1 x Qg X HRF)
For Fuel Oil and Natural Gas-Fired Industrial Boilers:

SNCR_q = 147,000 x ((Qg/NPHR)x HRF)*** x ELEVF x RF

ISNCR Capital Costs (SNCR.o.t) = $1,695,535 in 2019 dollars

| Air Pre-Heater Costs (APH o) *
For Coal-Fired Utility Boilers:

APH,q = 69,000 X (Byyy X HRF x CoalF)®’® x AHF x RF
For Coal-Fired Industrial Boilers:
APH,, = 69,000 x (0.1 x Qg X HRF x CoalF)®’® x AHF x RF

[Air Pre-Heater Costs (APH,qq) = $0 in 2019 dollars

* Not applicable - This factor applies only to coal-fired boilers that burn bituminous coal and emit equal to or greater than 3lb/MMBtu of
sulfur dioxide.

—

| Balance of Plant Costs (BOP,.)
For Coal-Fired Utility Boilers:

0.33

BOP o5 = 320,000 X (By)™
For Fuel Oil and Natural Gas-Fired Utility Boilers:
BOPq = 213,000 x (Byw)** x (NO,Removed/hr)™** x RF

0.12

x (NO,Removed/hr)™""“ x BTF x RF

For Coal-Fired Industrial Boilers:
BOP,. = 320,000 x (0.1 x Qg)*** x (NO,Removed/hr)*** x BTF x RF
For Fuel Oil and Natural Gas-Fired Industrial Boilers:
BOP,o, = 213,000 x (Qg/NPHR)*** x (NO,Removed/hr)>*2 x RF

Balance of Plant Costs (BOP.y) = $2,490,937 in 2019 dollars




Annual Costs

Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs

Direct Annual Costs (DAC) = $426,257 in 2019 dollars
Indirect Annual Costs (IDAC) = $430,223 in 2019 dollars
Total annual costs (TAC) = DAC + IDAC $856,480 in 2019 dollars

Direct Annual Costs (DAC)

DAC = (Annual Maintenance Cost) + (Annual Reagent Cost) + (Annual Electricity Cost) + (Annual Water Cost) + (Annual Fuel Cost) +
(Annual Ash Cost)

Annual Maintenance Cost = 0.015xTCI = $81,636 in 2019 dollars
Annual Reagent Cost = Qsol X COStreg X top= $317,295 in 2019 dollars
Annual Electricity Cost = P X CoSteject X top = $4,572 in 2019 dollars
Annual Water Cost = Qusater X COStyater X top = $3,626 in 2019 dollars
Additional Fuel Cost = AFuel x Costgye X top = $17,570 in 2019 dollars
Additional Ash Cost = AAsh x Cost,g, X to, X (1/2000) = $1,557 in 2019 dollars
Direct Annual Cost = $426,257 in 2019 dollars

Indirect Annual Cost (IDAC)
IDAC = Administrative Charges + Capital Recovery Costs

Administrative Charges (AC) = 0.03 x Annual Maintenance Cost = $2,449 in 2019 dollars
Capital Recovery Costs (CR)= CRFxTCl = $427,774 in 2019 dollars
Indirect Annual Cost (IDAC) = AC+CR= $430,223 in 2019 dollars

Cost Effectiveness

Cost Effectiveness = Total Annual Cost/ NOx Removed/year

Total Annual Cost (TAC) = $856,480 per year in 2019 dollars
NOx Removed = 84 tons/year
Cost Effectiveness = $10,196 per ton of NOx removed in 2019 dollars




Table A-3. SCR Cost for Medford Biomass Boilers

Data Inputs

Enter the following data for your combustion unit:

Is the combustion unit a utility or industrial boiler? Industrial %% What type of fuel does the unit burn? Coal v
Is the SCR for a new boiler or retrofit of an existing boiler? Retrofit v

Please enter a retrofit factor between 0.8 and 1.5 based on the level of difficulty. Enter 1 for

% 2 1.5 * NOTE: You must document why a retrofit factor of 1.5 Is appropriate for
projects of average retrofit difficulty.

the proposed project.

Complete all of the highlighted data fields:

Provide the following information for coal-fired boilers:

What is the maximum heat input rate (QB)? 339 MMBtu/hour Type of coal burned: Bituminous v
4,600 Btu/lb Enter the sulfur content (%S) = 0.07 percent by weight
What is the higher heating value (HHV) of the fuel?

What is the estimated actual annual fuel consumption? 297,504,000 Ibs/Year
Enter the net plant heat input rate (NPHR) | 10 MMBtu/MW |
Coal Type
If the NPHR is not known, use the default NPHR value: Fuel Type Default NPHR Bituminous
Coal 10 MMBtu/MW Sub-Bituminous
Fuel Oil 11 MMBtu/MW Lignite
Natural Gas 8.2 MMBtu/MW
Plant Elevation | 1382|Feet above sea level |
For coal-fired boilers, you may use either Method 1 or Method 2 to calculate the
catalyst replacement cost. The equations for both methods are shown on rows 85 (L
and 86 on the Cost Estimate tab. Please select your preferred method: © Method 2
© Not applicable




Number of days the SCR operates (tscp)

Number of days the boiler operates (t;,,)

Inlet NO, Emissions (NOXx;,) to SCR

Outlet NO, Emissions (NOX,,,) from SCR

Stoichiometric Ratio Factor (SRF)

*The SRF value of 0.525 is a default value. User should enter actual value, if known.

Estimated operating life of the catalyst (Hcyalyst)

Estimated SCR equipment life
* For industrial boilers, the typical equipment life is between 20 and 25 years.

Concentration of reagent as stored (Cyyoreq)

Density of reagent as stored (p.tored)

Number of days reagent is stored (t,orage)

Select the reagent used |Urea

Desired dollar-year

CEPCI for 2019

Annual Interest Rate (i)

Reagent (Costyey)

Electricity (COStyeq)

Catalyst cost (CC ropjace)

Operator Labor Rate

Operator Hours/Day

Note: The use of CEPCI in this spreadsheet is not an endorsement of the index, but is there merely to allow for availability of a well-known cost index to spreadsheet
users. Use of other well-known cost indexes (e.g., M&S) is acceptable.

365 days

365 days

|b/MMBtu (based on 0.26 Ib
0.17 NOx/Mlbs steam and est.
65% efficiency)

0.017 b /mmBtu

0.525

24,000 hours

20 Years*

50 percent*

71 Ib/cubic feet*

diffe

Number of SCR reactor chambers (n,,)

1
Number of catalyst layers (Rjyer) a
Number of empty catalyst layers (Rempy) 1
Ammonia Slip (Slip) provided by vendor 2 ppm

Volume of the catalyst layers (Voleays)
(Enter "UNK" if value is not known)
Flue gas flow rate (Qpuogas)

(Enter "UNK" if value is not known) 165000 acfm

Gas temperature at the SCRinlet (T) 650 °F

Base case fuel gas volumetric flow rate factor (Qg)

*The reagent concentration of 50% and density of 71 Ibs/cft are default
values for urea reagent. User should enter actual values for reagent, if
from the default values provided.

14 days

2019

603.1 Enter the CEPCI value for 2019

—2016 CEPCI

4.75 Percent

Enter the following design parameters for the proposed SC|

UNK Cubic feet

484 ft*/min-MMBtu/hour

Densities of typical SCR reagents:
50% urea solution 71 |bs/ft®
29.4% aqueous NH; 56 |bs/ft®

Enter the cost data for the proposed SCR:

CEPCI = Chemical Engineering Plant Cost Index

1.660 $/gallon for 50% urea*

* $1.66/gallon is a default value for 50% urea. User should enter actual value, if known.

0.0700 $/kWh

$/cubic foot (includes removal and disposal/regeneration of existing catalyst

227.00 and installation of new catalyst

* $227/cf is a default value for the catalyst cost based on 2016 prices. User should enter actual value, if
known.

33.00 S$/hour (including benefits)

4.00 hours/day*

* 4 hours/day is a default value for the operator labor. User should enter actual value, if known.



Maintenance and Administrative Charges Cost Factors:
Maintenance Cost Factor (MCF) = _m
Administrative Charges Factor (ACF) = m

Data Sources for Default Values Used in Calculations:

If you used your own site-specific values, please enter the value

Data Element Default Value |Sources for Default Value used and the reference source...
Reagent Cost ($/gallon) $1.66/gallon 50% |U.S. Environmental Protection Agency (EPA). Documentation for EPA's Power Sector
urea solution  [Modeling Platform v6 Using the Integrated Planning Model, Updates to the Cost and
Performance for APC Technologies, SCR Cost Devel 1t Methodology, Chapter S,

Attachment 5-3, January 2017. Available at:
https://www.epa.gov/sites/production/files/2018-05/documents/attachment_5-

2 il i "
Electricity Cost ($/kWh) 0.0676 U.S. Energy Information Administration. Electric Power Monthly. Table 5.3. Published
December 2017. Available at:
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a.

Percent sulfur content for Coal (% weight) 1.84 Average sulfur content based on U.S. coal data for 2016 compiled by the U.S. Energy
Information Administration (EIA) from data reported on EIA Form EIA-923, Power Plant
Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Higher Heating Value (HHV) (Btu/Ib) 11,841 2016 coal data compiled by the Office of Oil, Gas, and Coal Supply Statistics, U.S. Energy
Information Administration (EIA) from data reported on EIA Form EIA-923, Power Plant
Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Catalyst Cost ($/cubic foot) 227 U.S. Environmental Protection Agency (EPA). Documentation for EPA’s Power Sector
Modeling Platform v6 Using the Integrated Planning Model. Office of Air and Radiation.
May 2018. Available at: https://www.epa.gov/airmarkets/documentation-epas-power-
sector-modeling-platform-v6.

Operator Labor Rate ($/hour) $60.00 U.S. Environmental Protection Agency (EPA). Documentation for EPA’s Power Sector
Modeling Platform v6 Using the Integrated Planning Model. Office of Air and Radiation.
May 2018. Available at: https://www.epa.gov/airmarkets/documentation-epas-power-
sector-modeling-platform-vé.

Interest Rate (Percent) 5.5 Default bank prime rate Used pre-COVID rate of 4.75




SCR Design Parameters

The following design parameters for the SCR were calculated based on the values entered on the Data Inputs tab. These values were used to prepare the costs shown on the Cost Estimate tab.

Parameter Equation Calculated Value Units
Maximum Annual Heat Input Rate (Qg) = HHV x Max. Fuel Rate = 339|MMBtu/hour
Maximum Annual fuel consumption (mfuel) = PSEL worksheet 604,800,000|lbs/Year
Actual Annual fuel consumption (Mactual) = 2017 actual 297,504,000|Ibs/Year
Heat Rate Factor (HRF) = NPHR/10 = 1.00
Total System Capacity Factor (CFyoq) = Based on 8538 operating hours in 2017 0.97|fraction
Total operating time for the SCR (t,,) = Based on 8760 PTE 8760]|hours
NOx Removal Efficiency (EF) = (NOXi, - NOXqy,)/NOX;, = 90.0|percent
NOx removed per hour = NOx;, X EFx Qg = 51.87|lb/hour
Total NO, removed per year = Based on 210 tpy PSEL 189|tons/year
NO, removal factor (NRF) = EF/80 = 1.13
Volumetric flue gas flow rate (qaye gas) = Qquer X QB x (460 + T)/(460 + 700)n,,, = 165,000(|acfm
Space velocity (Vspace) = five gas/ VOl catalyst = 118.89|/hour
Residence Time 1/Vspace 0.01|hour

1 for oil and natural gas; 1 for bituminous; 1.05 for sub-
Coal Factor (CoalF) = bituminous; 1.07 for lignite (weighted average is used for 1.00

coal blends)
SO, Emission rate = (%S/100)x(64/32)*1x10°)/HHV = < 3|lbs/MMBtu
Elevation Factor (ELEVF) = 14.7 psia/P = 1.05
Atmospheric pressure at sea level (P) = 2116 x [(59-(0.00356xh)+459.7)/518.6]> > x (1/144)* = 14.0|psia
Retrofit Factor (RF) 1.50

Retrofit to existing boiler

* Equation is from the National Aeronautics and Space Administration (NASA), Earth Atmosphere Model. Available at
https://spaceflightsystems.grc.nasa.gov/education/rocket/atmos.html.

Catalyst Data:

Parameter

Future worth factor (FWF) =

Equation

(interest rate)(1/((1+ interest rate)” -1), where Y = Heatayts/ (tscr X

Calculated Value

integer)

24 hours) rounded to the nearest integer 0.3180|Fraction
Catalyst volume (Vol yeayyst) =

2.81 x Qg X EF .4 X Slipadj x NOX,q; X Syqj X (Tog/N.cr) 1,387.80|Cubic feet
Cross sectional area of the catalyst (A tayst) = Gnue gas /(16ft/sec x 60 sec/min) 172|f?

Vol Riayer X A, +1 (rounded to next highest
Height of each catalyst layer (Hjyer) = (VOlcatayse/ (Riayer X Acsayst) + 1 ( & 4feet




SCR Reactor Data:

Parameter
Cross sectional area of the reactor (Ascg) =

Equation
1.15x Acatalvst

Calculated Value

198|ft?

Units

Reactor length and width dimensions for a square
reactor =

(Ascr)*®

14.1|feet

Reactor height =

(R[aver * Remptv) X (7ﬁ: ek hlayer) ! 9ft

52|feet

Reagent Data:

Type of reagent used Urea Molecular Weight of Reagent (MW) =  60.06 g/mole
Density = 71 Ib/ft?
Parameter Equation Calculated Value Units
Reagent consumption rate (Myesgent) = (NOXx;, X Qg X EF X SRF X MW¢)/MW o, = 36|Ib/hour
Reagent Usage Rate (m,) = Myeagent/CSOl = 71|lb/hour
(Mo X 7.4805)/Reagent Density 7|gal/hour
Estimated tank volume for reagent storage = (Mo X 7.4805 X tyorage X 24)/Reagent Density = 2,600]|gallons (storage needed to store a 14 day reagent supply rounded to t|

Capital Recovery Factor:

Parameter

Capital Recovery Factor (CRF) =

Equation
i(1+0)"/(@a+i)"-1=
Where n = Equipment Life and i= Interest Rate

Calculated Value

0.0786

Other parameters
Electricity Usage:

Electricity Consumption (P) =

Equation

A x 1,000 x 0.0056 x (CoalF x HRF)*** =
where A = (0.1 x QB) for industrial boilers.

Calculated Value

189.84 (kw




Cost Estimate
Total Capital Investment (TClI)

TCl for Coal-Fired Boilers

For Coal-Fired Boilers:

TCl = 1.3 X (SCR o + RPC + APHC + BPC)

Capital costs for the SCR (SCR o) = $14,242,172 in 2019 dollars
Reagent Preparation Cost (RPC) = $2,527,689 in 2019 dollars
Air Pre-Heater Costs (APHC)* = S0 in 2019 dollars
Balance of Plant Costs (BPC) = $4,076,992 in 2019 dollars
Total Capital Investment (TCI) = $27,100,909 in 2019 dollars

* Not applicable - This factor applies only to coal-fired boilers that burn bituminous coal and emits equal to or greater than 3lb/MMBtu of sulfur dioxide.

I

SCR Capital Costs (SCR4s1)

For Coal-Fired Utility Boilers >25 MW:

For Coal-Fired Industrial Boilers >250 MMBtu/hour:

SCReost = 310,000 X (NRF)*? X (Byny X HRF x CoalF)®*? x ELEVF x RF

SCR o = 310,000 x (NRF)>?x (0.1 x Qg x CoalF)®** x ELEVF X RF

[ScR capital Costs (SCReoy) =

$14,242,172 in 2019 dollars

Preparation Costs (RPC)

For Coal-Fired Utility Boilers >25 MW:

For Coal-Fired Industrial Boilers >250 MMBtu/hour:

RPC = 564,000 x (NOX;, X By, X NPHR x EF)*?*x RF

RPC = 564,000 x (NOx;, X Qg X EF)°% x RF

lReagent Preparation Costs (RPC) =

$2,527,689 in 2019 dollars

_—

Air Pre-Heater Costs (APHC)*

For Coal-Fired Utility Boilers >25MW:

For Coal-Fired Industrial Boilers >250 MMBtu/hour:

APHC = 69,000 X (Byw X HRF x CoalF)*”® x AHF x RF

APHC = 69,000 x (0.1 x Qg x CoalF)*”® x AHF x RF

|Air Pre-Heater Costs (APH, o) =

$0 in 2019 dollars

* Not applicable - This factor applies only to coal-fired boilers that burn bituminous coal and emit equal to or greater than 3lb/MMBtu of sulfur dioxide.

Balance of Plant Costs (BPC)

For Coal-Fired Utility Boilers >25MW:

For Coal-Fired Industrial Boilers >250 MMBtu/hour:

BPC = 529,000 X (Byyy X HRFx CoalF)

42  ELEVF X RF

BPC = 529,000 x (0.1 x Qg x CoalF)** ELEVF x RF

Balance of Plant Costs (BOP ) =

$4,076,992 in 2019 dollars




Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs

Direct Annual Costs (DAC) = $394,225 in 2019 dollars
Indirect Annual Costs (IDAC) = $2,133,203 in 2019 dollars
Total annual costs (TAC) = DAC + IDAC $2,527,428 in 2019 dollars

Direct Annual Costs (DAC)

DAC = (Annual Maintenance Cost) + (Annual Reagent Cost) + (Annual Electricity Cost) + (Annual Catalyst Cost)

Annual Maintenance Cost = 0.005x TCl = $135,505 in 2019 dollars
Annual Reagent Cost = Mg X COStreyp X top = $108,918 in 2019 dollars
Annual Electricity Cost = P X Costejee X top = $116,410 in 2019 dollars
Annual Catalyst Replacement Cost = $33,393 in 2019 dollars

For coal-fired boilers, the following methods may be used to calcuate the catalyst replacement cost.

Method 1 (for all fuel types): Neer X VOlegy X (CCreprace/Riayer) X FWF * Calculation Method 1 selected.
Method 2 (for coal-fired industrial boilers): (Qg/NPHR) x 0.4 X (CoalF)*? x (NRF)*™ X (CC/apiace) X 35.3
Direct Annual Cost = $394,225 in 2019 dollars

Indirect Annual Cost (IDAC)
IDAC = Administrative Charges + Capital Recovery Costs

Administrative Charges (AC) = 0.03 x (Operator Cost + 0.4 x Annual Maintenance Cost) = $3,071 in 2019 dollars
Capital Recovery Costs (CR)= CRFxTCl = $2,130,131 in 2019 dollars
Indirect Annual Cost (IDAC) = AC+CR= $2,133,203 in 2019 dollars

Cost Effectiveness

Cost Effectiveness = Total Annual Cost/ NOx Removed/year

Total Annual Cost (TAC) = $2,527,428 per year in 2019 dollars
NOx Removed = 189 tons/year
Cost Effectiveness = $13,373 per ton of NOx removed in 2019 dollars




Table A4

Boise Cascade Medford Mill
Capital and Annual Costs Associated with WESP for Dryer RTOs

CAPITAL COSTS ANNUALIZED COSTS
COST ITEM COST FACTOR COST ($) COST ITEM COST FACTOR RATE COST ($)
Direct Costs Direct Annual Costs
Purchased Equipment Costs Operating Labor
(a) A WESP $ 40 perscfm $5,800,000|(b) Operator® 1 hours/shift $33.00 per hour? $34,906
(b) Instrumentation and controls 0.10 A $580,000|(b) Supervisor 15% of operator labor $5,236
(b) Sales Tax 0.03 A $174,000|(b) Coordinator 33% of operator labor $11,519]
(b) Freight 0.05 A $290,000 Maintenance
B Total Purchased Equipment Cost $6,844,000 |(b) Maintenance labor® 0.5 hours/shift $60.00 per hour'? $31,733]
(b) Maintenance materials 1% of purchased equipment costs $68,440
Direct Installation Costs Utilities ©
(b) Foundations and Supports 0.04 B $273,760 Electricity - unknown kw $0.07 per kwh'® $0|
(b) Handling and Erection 050 B $3,422,000
(b) Electrical 0.08 B $547,520 Total Direct Annual Costs $151,833
(b) Piping 0.01B $68,440
(b) Insulation for Ductwork 0.02 B $136,880
(b) Painting 0.02 B $136,880|/ndirect Annual Costs
Direct Installation Cost $4,585,480 |(b) Overhead 60% Labor and Material Costs $91,100
Total Direct Costs $11,429,480|(b) General and administrative 2% of TCI $306,611
(b) Property taxes 1% of TCI $153,306
Indirect Costs (b) Insurance 1% of TCI $153,306
(b) Engineering 020 B $1,368,800|(b) Capital recovery 0.079 x TCI $1,204,223)
(b) Construction and Field Expenses 020 B $1,368,800 Life of the control: 20 years at 4.75% interest
(b) Contractor fees 0.10 B $684,400
(b) Start-up 0.01 B $68,440 Total Indirect Annual Costs $1,908,545
(b) Performance test 0.01 B $68,440
(b) Model Study 0.02 B $136,880| Total Annual Costs $2,060,378
(b) Contingencies 0.03 B $205,320!
Total Indirect Costs $3,901,080 | Cost Effectiveness ($/ton)
PMj, Control Efficiency”.  99.0%
Total Capital Investment (TCI) $15,330,560 PM,, PSEL: 60 tpy Total Annual Costs/Controlled PM,, Emissions:
Controlled PM,, Emissions: 59 tons of PM,, removed annually $34,686

® et electrostatic precipitator (WESP) capital cost based on low end of the range provided in the EPA fact sheet, which indicates capital cost of a wet ESP ranges from $40 to $200 per scfm. Combined flow rate from the RTOs is 145,000 scfm.
https://www3.epa.gov/ttn/catc/dir1/fwespwpi.pdf Capital cost is consistent with cost for WESPs on dryers obtained by EPA for the PCWP MACT ICR.

® Cost information estimated based on the U.S. EPA OAQPS Control Cost Manual, Section 6, Chapter 3, September 1999,

© Based on 2017 operating hours.
@ Facility-specific cost.

© The electricity requirement for a new WESP is not known.
O Assumes installation of a WESP after the existing control equipment will achieve an additional 99% reduction in PM, emissions. The estimated reduction is likely high because actual emissions are much lower than the PSEL.






APPENDIX B -
2017 ACTUAL EMISSIONS







Medford Mill Reported 2017 Actual Emissions

2017 Actual Emissions, tpy

Fugitive
Source ID Source Concrol T-echnology °" | Source?
Technique Used (Y/N) PMio SO; NOx
EU1 Biomass boilers (3) ESP N 24 15 105
EU2 Veneer Dryers 2 RTOs N 81.5 0.1 8.4
EU3a Presses 1,2,3 & 4 None Y 16 - -
EU3b Press 5 & future presses None Y - -- --
EUS5a BH C Baghouse N 0.9 -- --
EUSb BHE,F& G Baghouse N 0.8 -- --
EU506 Material Handling Watering as needed Y 0.04 -- --
Facility-wide speed
EUS08 Unpaved Roads limit Y 1.1 - --
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Case Narrative

Client: LPG Associates, Inc. Job ID: 580-94493-1
Project/Site: Willamina Washpad or Oaks

Job ID: 580-94493-1 3
(ST ====
Laboratory: Eurofins TestAmerica, Seattle
Narrative
Job Narrative
580-94493-1
Receipt

One sample was received on 5/6/2020 11:45 AM; the sample arrived in good condition, properly preserved and, where required, on ice.
The temperature of the cooler at receipt was 3.0° C.

Metals
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

General Chemistry
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

Eurofins TestAmerica, Seattle
Page 3 of 13 5/19/2020



Definitions/Glossary

Client: LPG Associates, Inc.
Project/Site: Willamina Washpad or Oaks

Job ID: 580-94493-1

Qualifiers

Metals
Qualifier

Qualifier Description

F1 MS and/or MSD recovery exceeds control limits.
J Result is less than the RL but greater than or equal to the MDL and the concentration is an approximate value.
Glossary

Abbreviation

These commonly used abbreviations may or may not be present in this report.

o4

%R
CFL
CNF
DER
Dil Fac
DL
DL, RA, RE, IN
DLC
EDL
LOD
LOQ
MDA
MDC
MDL
ML
MQL
NC
ND
PQL
QC
RER
RL
RPD
TEF
TEQ

Listed under the "D" column to designate that the result is reported on a dry weight basis
Percent Recovery

Contains Free Liquid

Contains No Free Liquid

Duplicate Error Ratio (normalized absolute difference)

Dilution Factor

Detection Limit (DoD/DOE)

Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample
Decision Level Concentration (Radiochemistry)

Estimated Detection Limit (Dioxin)

Limit of Detection (DoD/DOE)

Limit of Quantitation (DoD/DOE)

Minimum Detectable Activity (Radiochemistry)

Minimum Detectable Concentration (Radiochemistry)

Method Detection Limit

Minimum Level (Dioxin)

Method Quantitation Limit

Not Calculated

Not Detected at the reporting limit (or MDL or EDL if shown)

Practical Quantitation Limit

Quality Control

Relative Error Ratio (Radiochemistry)

Reporting Limit or Requested Limit (Radiochemistry)

Relative Percent Difference, a measure of the relative difference between two points
Toxicity Equivalent Factor (Dioxin)

Toxicity Equivalent Quotient (Dioxin)

Eurofins TestAmerica, Seattle
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Client Sample Results

Client: LPG Associates, Inc.
Project/Site: Willamina Washpad or Oaks

Job ID: 580-94493-1

Client Sample ID: Washpad
Date Collected: 05/05/20 07:00
Date Received: 05/06/20 11:45

Lab Sample ID: 580-94493-1
Matrix: Water

Method: 6020B - Metals (ICP/MS) - Total Recoverable

Analyzed Dil Fac B

| Analyte Result Qualifier RL MDL Unit D Prepared

| Copper 0.0024 0.0020 0.00060 mg/L "~ 05/12/20 07:12 05/12/20 15:22 1

| Lead 0.00020 J 0.00080 0.00020 mg/L 05/12/20 07:12 05/12/20 15:22 1
Zinc 0.020 0.0070 0.0019 mg/L 05/12/20 07:12 05/12/20 15:22 1

' General Chemistry

‘ Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac

‘ HEM (Oil & Grease) ND 5.1 5.1 mg/L "~ 05/13/20 12:54 05/13/20 15:37 1

Page 5 of 13
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QC Sample Results

Client: LPG Associates, Inc.
Project/Site: Willamina Washpad or Oaks

Job ID: 580-94493-1

Method: 6020B - Metals (ICP/MS)

| Lab Sample ID: MB 580-328108/7-A
| Matrix: Water
1 Analysis Batch: 328187

Client Sample ID: Method Blank
Prep Type: Total Recoverable
Prep Batch: 328108

MB MB
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
Copper ND 0.0020 0.00060 mg/L "~ 05/12/20 07:12 05/12/20 15:19 1
| Lead ND 0.00080 0.00020 mg/L 05/12/20 07:12  05/12/20 15:19 1
Zinc ND 0.0070 0.0019 mg/L 05/12/20 07:12 05/12/20 15:19 1
Lab Sample ID: LCS 580-328108/8-A Client Sample ID: Lab Control Sample
| Matrix: Water Prep Type: Total Recoverable
Analysis Batch: 328187 Prep Batch: 328108
Spike LCS LCS %Rec.
| Analyte Added Result Qualifier Unit D %Rec Limits
Copper 1.00 1.07 mg/L - 107 80-120
| Lead 1.00 1.01 mg/L 101 80-120
| Zinc 1.00 1.07 mg/L 107  80-120
\rLab Sample ID: LCSD 580-328108/9-A Client Sample ID: Lab Control Sample Dup
| Matrix: Water Prep Type: Total Recoverable
Analysis Batch: 328187 Prep Batch: 328108
‘ Spike LCSD LCSD %Rec. RPD
Analyte Added Result Qualifier Unit D %Rec Limits RPD  Limit
Copper 1.00 1.07 mg/L o 107  80-120 0 20
Lead 1.00 1.01 mg/L 101 80-120 1 20
| Zinc 1.00 1.07 mg/L 107  80-120 0 20
| Lab Sample ID: 580-94620-D-1-C MS Client Sample ID: Matrix Spike
| Matrix: Water Prep Type: Total Recoverable
\ Analysis Batch: 328187 Prep Batch: 328108
\ Sample Sample Spike MS MS %Rec.
Analyte Result Qualifier Added Result Qualifier Unit D %Rec Limits
Copper 0.016 1.00 1.14 mg/L 112 80-120
| Lead 0.00072 J 1.00 0.968 mg/L 97 80-120
| Zinc 0.066 F1 1.00 1.34 F1 mg/L 127 80-120
Lab Sample ID: 580-94620-D-1-D MSD Client Sample ID: Matrix Spike Duplicate
- Matrix: Water Prep Type: Total Recoverable
Analysis Batch: 328187 Prep Batch: 328108
Sample Sample Spike MSD MSD %Rec. RPD
Analyte Result Qualifier Added Result Qualifier Unit D %Rec Limits RPD Limit
| Copper 0.016 1.00 1.19 mg/L T T 117 T 80-120 4 20
| Lead 0.00072 J 1.00 0.988 mg/L 99  80-120 2 20
Zinc 0.066 F1 1.00 1.37 F1 mg/L 131 80-120 2 20
| Lab Sample ID: 580-94620-D-1-B DU Client Sample ID: Duplicate
' Matrix: Water Prep Type: Total Recoverable
} Analysis Batch: 328187 Prep Batch: 328108
| Sample Sample DU DU RPD
| Analyte Result Qualifier Result Qualifier Unit D RPD  Limit
| Copper 0.016 0.0157 mg/L - 3 20
| Lead 0.00072 J 0.000710 J mg/L 2 20
1 Zinc 0.066 F1 0.0641 mg/L 2 20
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QC Sample Results

Client: LPG Associates, Inc.
Project/Site: Willamina Washpad or Oaks

Job ID: 580-94493-1

Method: 1664A - HEM and SGT-HEM

rLab Sample ID: MB 580-328236/1-A
‘ Matrix: Water
| Analysis Batch: 328260

Client Sample ID: Method Blank

Prep Type: Total/NA
Prep Batch: 328236

‘ MB MB
| Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac
| HEM (Oil & Grease) ND 5.0 5.0 mg/L " 05/13/20 12:54 05/13/20 15:37 1
' Lab Sample ID: LCS 580-328236/2-A Client Sample ID: Lab Control Sample
Matrix: Water Prep Type: Total/NA
Analysis Batch: 328260 Prep Batch: 328236
Spike LCS LCS %Rec.
Analyte Added Result Qualifier Unit D %Rec Limits
HEM (Oil & Grease) 43.8 34.14 mg/L - 78 ~ 78-114
Lab Sample ID: LCSD 580-328236/3-A Client Sample ID: Lab Control Sample Dup
Matrix: Water Prep Type: Total/NA
| Analysis Batch: 328260 Prep Batch: 328236
3 Spike LCSD LCSD %Rec. RPD
| Analyte Added Result Qualifier Unit D %Rec Limits RPD  Limit
| HEM (Oil & Grease) 429 37.30 mg/L o 87 ~ 78-114 9 18
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Lab Chronicle

Client: LPG Associates, Inc. Job ID: 580-94493-1
Project/Site: Willamina Washpad or Oaks
Client Sample ID: Washpad Lab Sample ID: 580-94493-1
Date Collected: 05/05/20 07:00 Matrix: Water
Date Received: 05/06/20 11:45
[ Batch Batch Dilution Batch Prepared
Prep Type Type Method Run Factor Number orAnalyzed Analyst Lab
| Total Recoverable Prep 3005A 328108 05/12/20 07:12 A1B TAL SEA
| Total Recoverable  Analysis 6020B 1 328187 05/12/20 15:22 FCW TAL SEA
Total/NA Prep 1664A 328236 05/13/20 12:54 FCG TAL SEA P
1 Total/NA Analysis 1664A 1 328260 05/13/20 15:37 FCG TAL SEA @

Laboratory References:
TAL SEA = Eurofins TestAmerica, Seattle, 5755 8th Street East, Tacoma, WA 98424, TEL (253)922-2310

Eurofins TestAmerica, Seattle
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Accreditation/Certification Summary

Client: LPG Associates, Inc. Job ID: 580-94493-1
Project/Site: Willamina Washpad or Oaks

Laboratory: Eurofins TestAmerica, Seattle
The accreditations/certifications listed below are applicable to this report.

| Authority Program Identification Number  Expiration Date
| Oregon NELAP WA100007 11-06-20

Eurofins TestAmerica, Seattle
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Sample Summary
Client: LPG Associates, Inc. Job ID: 580-94493-1
Project/Site: Willamina Washpad or Oaks

Lab Sample ID Client Sample ID Matrix Collected Received Asset ID
580-94493-1 Washpad Water 05/05/20 07:00 05/06/20 11:45

Eurofins TestAmerica, Seattle
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TestAmerica._ortland
8920 SW Gemini Dr (Building 7)

Beaverton, OR 97008-7123
phone 503.906.9200 fax 503.906.89210

Chai.

Regulatory Program: [bw  [“NPDES

D!CRA :bther:

Jf Custody Record

TestAvmerica

THE LEADER IN ENVIRONMENTAL TESTING

TestAmerica Laboratories, Inc.

|Possible Hazard Identification:

Comments Section if the lab is to dispose of the sample.

Are any samples from a listed EPA Hazardous Waste? Please List any EPA Waste Codes for the sample in the

Client Contact Project Manager: Frank Jones Site Contact: Bel, Do Date: S -5 -20C COC No:
LPG Associates Tel/Fax: (503) 230-1240 Lab Contact: Carrler: 1 Of o COCs
122 6th St. Analysis Turnaround Time & Sampler:
Lake Oswego, OR 97034 [_] CALENDAR DAYS [_] WORKING DAYS § For Lab Use Only:
(503) 230-1240 Phone TAT if different from Below Z|lz Py Walk-in Client:
(503) 895-0445 FAX 2 weeks o i 1 B Lab Sampling:
Project Name: 1173 Willamina Washpad 0 1 week SNHE
Site: O 2 days 1 HEE Job / SDG No.:
PO# O 1 day Elale| e
al=zls | &
Sample w elo
Type HEH K
Sample | Sample | (c.comp, sof |S[E2]2 |2
Sample Identification Date Time G=Grb) |Matrix| Cont. [Z|& |5 | S Sample Specific Notes:
Washpad S F-LP etpd G Wl o InInfx
Washpad S3-20 | TRAN G Wl Nl | x
94493 Chain 0
58094493 € ‘
T
|Preservation ' Used: 1= lce, 2= HCI; 3= H2S04; 4=HNO3; ' 5=NaOH; &= Other 2|4 o ; 0 v
Sample Disposal ( A fee may be assessed if samples are retained longer than 1 month)

[“WNon-Hazard i [kin Irritant [“TPoison B [ Junknown [Retum to Client [“Ioisposal by tab [TTarchive for Months
Special Instructions/QC Requirements & Comments:
Custody Seals Intact: Ol ves [Jwo Custody Seal No.: |Caoler Temp. (°C): Obs'd:_<&> — Corrd: Therm BN
Relinquished by; . ompany: Date/Time: Regeived by >\ Company; Date/Time; i
Q’"“"Q“‘\ \) ASGe v O de W\emad S3 i/ en] N £~ 4,.///- | AXC\— P llj% CP, (D)
Relinquished by: i Company: Date/Time: Received by: Company: DatefTime:
Relinguished by: Company: Date/Time: Received in Laboratory by: Company: Date/Time:

PH c.aq

Form No. CA-C-WI-002, Rev. 4.11, dated 1/24/2017




TestAmerica__ortland Chai._.f Custody Record Tes’rAmeriCO
e T T S Tl R SR L e

8920 SW Gemini Dr (Building 7)

THE LEADER IN ENVIRONMENTAL TESTING

Beaverton, OR 97008-7123

phone 503.906.9200 fax 503.906.9210 Regulatory Program: [TJow [UNpoes  [Rera  [(Jother: TestAmerica Laboratories, Inc.
Client Contact Project Manager: Frank Jones Site Contact: b Db+ Date: S -5 -20O COC No: ;
LPG Associates Tel/Fax: (503) 230-1240 Lab Contact: Carrler: 1 of 1 COCs i
122 6th St. Analysis Turnaround Time - Sampler: 14
Lake Oswego, OR 97034 (L] CALENDAR DAYS (] WORKING DAYS § For Lab Use Only:
(503) 230-1240 Phone TAT if different from Below zlz|& Waik-in Client;
(503) 895-0445 FAX = 2 wieeks b= It B3 el Lab Sampling:
Project Name. 1173 Willamina Washpad O 1 week =I5lE e i
Site: ] 2 days =|2) x|~ Job / SDG No..
alZ1e |« |
PO# ] 1 day Eln| 5| & ;
slZ|s| & ;
Sample w 2o L

Type HEHEI™ g -
Sample | Sample | c.comp, sof |S1E]2 IS :
Sample Identification Date Time | cecrb) {Matrix{ Cont. jir[a. |5 |3 Sample Specific Notes:
Washpad 512 1retad G Wl 2 ININ{x :
Washpad SF-h | T AR 6 W1 NN [ x

i
i

580-94493 Chain of Custody )

3 army e

RreservationiUsed:i1=ilce;:2=HCI;i3=H2S04;4=HNO3;*5=NaOR;:6=:Other*

IPossible Hazard Identification:
Are any samples from a listed EPA Hazardous Waste? Please List any EPA Waste Codes for the sample in the

Comments Section if the lab is to dispose of the sample.

[¥on-Hazard [k [ Jskin Irritant [“Jpoison 8 [ nkrown "Return to Client [“lpisposal by Lab [Archive for ... Months

Special Instructions/QC Requirements & Comments:

Sample Disposal ( A fee may be assessed if samples are ratained longer than 1 month)

R;oofer Temp ("C) Obs'd:_xele>___Corrd: Therm ID No.:
Reli hed b, i Da
elinquishe: y‘g 5}‘ \L\)ﬂ" v CNLAJ-L A Nemue]  S3743/ 7 &o CQ%(\—’ éegg/ 20 L(Uls
Relinquished by: % Corf(p\a'&\ Date/Time: | Com Dat 1
» R0Q Slpile A5t SFho o0

Relinquished by;_—~ Company: Da@ﬁ ime: Received in Laboratory by: Company: Date/Time:

i ¢.9 P f
P C.a age 12 of 13 m/(/ . qu

Custody Seals Intact; ] Yes [ no Custody Seal No.:
ompany: Date/Time:

Form No. CA-C-WI-002, Rev. 4.11, dated 1/24/2017
5/19/2020




Login Sample Receipt Checklist

Client: LPG Associates, Inc. Job Number:; 580-94493-1

Login Number: 94493 List Source: Eurofins TestAmerica, Seattle
List Number: 1
Creator: O'Connell, Jason |

Question Answer Comment
Radioactivity wasn't checked or is </= background as measured by a survey True
meter.

The cooler's custody seal, if present, is intact. True
Sample custody seals, if present, are intact. True
The cooler or samples do not appear to have been compromised or True
tampered with.

Samples were received on ice. True
Cooler Temperature is acceptable. True
Cooler Temperature is recorded. True
COC is present. True
COC is filled out in ink and legible. True
COC is filled out with all pertinent information. True
Is the Field Sampler's name present on COC? False

There are no discrepancies between the containers received and the COC.  True
Samples are received within Holding Time (excluding tests with immediate ~ True

HTs)

Sample containers have legible labels. True
Containers are not broken or leaking. True
Sample collection date/times are provided. True
Appropriate sample containers are used. True
Sample bottles are completely filled. True
Sample Preservation Verified. True
There is sufficient vol. for all requested analyses, incl. any requested True
MS/MSDs

Containers requiring zero headspace have no headspace or bubble is True
<6mm (1/4").

Multiphasic samples are not present. True
Samples do not require splitting or compositing. True
Residual Chlorine Checked. N/A

Eurofins TestAmerica, Seattle
Page 13 of 13 5/19/2020



Department of Environmental Quality
Agency Headquarters
700 NE Multnomah Street, Suite 600
Portland, OR 97232
(503) 229-5696
FAX (503) 229-6124

TTY 711

August 14, 2020

Kathy Sperle

Boise Cascade Wood Products LLC
PO Box 100

Medford, OR 97501-0007
KathySperle@BC.com

Sent via EMAIL

Re:  Round 2 Regional Haze Program, Four Factor Analysis
Boise Cascade — North Medford, 15-0004

Dear Kathy Sperle,

Thank you for submitting the four-factor analysis for your facility for Round 2 of the Regional
Haze Program.

As you know, the Regional Haze Rule (40 CFR 51.308) was issued as part of the Clean Air Act on
July 1, 1999. The goal of the Regional Haze program is to improve visibility conditions in Class I
Areas back to natural conditions by 2064. Regional Haze is a long-term program that sets goals for
visibility improvement in 10-year periods of time from 2004 through to 2064, with interim checks
on visibility conditions every 5 years.

The letter DEQ sent to you regarding four factor analysis on December 23, 2019, is part of
Oregon’s requirements for Round 2 of the Regional Haze program, as detailed in 40 CFR 51.308(),
for the period from 2021 to 2028. DEQ used the 2017 PSELSs to screen Oregon Title V and ACDP
facilities for applicability to conduct four factor analyses for the 2018-2028 time period. DEQ
requested the four-factor analysis under OAR 340-214-0110.

DEQ operations, planning, and permitting staff have reviewed the submitted four-factor analysis.
DEQ staff in AQ planning and operations consulted with other states to strive for consistency,
where appropriate, in identifying criteria and screening levels used in assessing presumed cost-
effectiveness of pollution controls. The criteria that DEQ staff used to identify the emission units
that require additional review and information were the following:


mailto:KathySperle@BC.com

e Step 1: Divide emissions units for each facility into three bins:

o Bin 1. Likely cost-effective candidates. Control devices with cost less than
$10,000/ton, or those that appear to be technically feasible but for which no cost
analysis was provided.

o Bin 2. Retain for further analysis. Control devices with cost more than
$10,000/ton but less than $30,000/ton.

o Bin 3. Cost is unlikely to be reasonable. Above $30,000/ton.

e Step 2: Adjust cost estimates to get close to an apples-to-apples comparison for EUs.

o Bins 1 & 2. Adjust for basic factors (PSEL, interest rate, useful life).

o Bin 3. No further analysis. Unlikely to be cost effective.

After initial review, DEQ ruled out control devices that:
a) Cost of control was greater than $10,000 per ton, after adjustment to current prime rate
(3.25%),! 30 year lifetime, and emissions at PSEL, or
b) Provided an emissions reduction (using emissions at PSEL) of less than 20 tons/year.

DEQ staff selected 43 emissions units at 17 facilities for additional review for a total of 62
control devices.

DEQ found the emissions units and control devices at your facility listed in the table below met
the criteria for further analysis as outlined above.

Emission Unit(s) Control Device
Boilers 1-3 SCR
Boilers 1-3 SNCR

For each of these control devices, please take one of the three actions below, and respond to
DEQ by close of business, September 14, 2020.

(1) Agree that the control device is cost effective. In this case, DEQ does not need more
detailed cost analysis, and work can shift to planning for installation.

(2) If your facility’s Q/d based on actual emissions is less than the screening value of 5.00,
you have the option to reduce PSELs to a level below 5.00 Q/d. Facilities with Q/d below
5.00 are not required to do further regional haze analysis or control device installation
during Round 2.

(3) Provide a site-specific cost estimate for each emissions unit and associated control device
listed in the table above. DEQ prefers unit-specific vendor quotes but will consider other
recent, similarly supported cost estimates. DEQ will continue to use criteria used in the
first FFA screening step to evaluate the more detailed cost information facilities submit.

! Per EPA Cost Control Manual, pages 14-17: https://www.epa.gov/sites/production/files/2017-
12/documents/epaccmcostestimationmethodchapter 7thedition 2017.pdf



https://www.epa.gov/sites/production/files/2017-12/documents/epaccmcostestimationmethodchapter_7thedition_2017.pdf
https://www.epa.gov/sites/production/files/2017-12/documents/epaccmcostestimationmethodchapter_7thedition_2017.pdf

Please provide your response by close of business, September 14, 2020. Responses can be
emailed to D Pei Wu (d.wu@state.or.us) and Joe Westersund (joe.westersund(@state.or.us) and
cc: the DEQ permit writer for your facility.

DEQ appreciates your commitment to protecting air quality and improving visibility in Oregon’s
National Parks and Wilderness Areas. If you have any questions about the content of this letter
or need technical assistance, please feel free to contact D Pei Wu, PhD, at wu.d@deq_.state.or.us
or 503-229-5269.

Sincerely,

Ali Mirzakhalili
Air Quality Division Administrator
Department of Environmental Quality

Cc: Karen Williams
D Pei Wu, PhD
Joe Westersund
Michael Orman
Byron Peterson
Claudia Davis


mailto:d.wu@state.or.us
mailto:joe.westersund@state.or.us
mailto:wu.d@deq.state.or.us

Boise Cascade Wood Products, LLC
PO Box 100
Medford, OR 97501

P 541776 6666 F 5417766618 Boise Cascade

September 17, 2020

Dr. D. Wu / Joe Westersund
Department of Environmental Quality
700 NE Multnomah Street, Suite 600
Portland, OR 97232

Re: Boise Cascade Wood Products, LLC — Medford Plywood
Round 2 Regional Haze Program, Four Factor Analysis
Title V Operating Permit 15-0004-TV-01

Dr. Wu,

This letter serves as Boise Cascade’s response to the Department’'s August 14 Round 2
Regional Haze letter requesting that we take one of three actions. Your letter indicated
that SCR and SNCR control devices for our three biomass boilers met your criteria for
further analysis.

Option 1 — Agree that the control device is cost effective.

Boise Cascade does not agree that NOx controls are cost effective for our three
biomass boilers. DEQ's cost effectiveness threshold of $10,000/ton based on PSELs is
arbitrary and unsupported, especially given the lack of analysis showing that spending
millions of dollars in capital to reduce actual NOx emissions from our biomass boilers
will significantly improve visibility at the nearest Class | areas. A review of the WRAP
modeling information at http://vista.cira.colostate.edu/TSS/Results/HazePlanning.aspx
shows that overall, Oregon point sources of NOx contribute very little to visibility
impairment at Oregon Class | areas. Medford Plywood’s contribution to the overall
Oregon point source NOx emissions inventory is likewise very small.

Option 2 — Reduce the facility’s PSELs to a level below an actual Q/d of 5.00.
Boise Cascade does not wish to reduce the Medford facility’s PSELSs.

Option 3 — Provide a site-specific vendor cost estimate for SNCR and SCR for the three
biomass boilers.

Boise Cascade provided available site-specific information to CECO Environmental, a
vendor of SNCR and SCR systems, to evaluate whether SNCR or SCR would be
feasible for our three biomass boilers. Based on available data, CECO is not certain
that the temperature window and residence time within the furnace of each boiler are
adequate to provide NOx control over the entire operational window. Further, they are



not certain that there is adequate space within each furnace to install SNCR injectors
above the overfire airports. Therefore, we are not certain that installing an SNCR
system on each boiler is technically feasible, much less cost effective.

CECO Environmental also provided some information on the feasibility and cost of
installing an SCR system at the outlet of the ESP that controls particulate emissions
from the three biomass boilers. They indicated a low-temperature SCR system installed
after the ESP (to avoid poisoning the catalyst with boiler ash/particulate) may achieve a
NOx reduction of 75 to 85%; but could only achieve 60% reduction (not the 90%
reduction that our four-factor analysis conservatively assumed). The equipment cost
estimate was $2.5 million (not including a new fan or fan upgrade to account for
pressure drop through the SCR system), with an installation cost of $1.95 million, a urea
usage of 19 gallons per hour at $2.25/gallon, an equipment life of 20 years and a
catalyst life of 3 to 5 years (replacement cost $250,000). We entered those variables
into a revised cost spreadsheet to estimate total capital investment and total annual cost
and have estimated a cost per ton of approximately $9,000/ton based on the boilers’
portion of the NOx PSEL if a reduction of 75% is achieved. Actual emissions are
approximately half of the 210 tpy NOx PSEL, so the actual cost per ton would be much
higher. This cost is based on several assumptions and we do not consider installation
of SCR cost effective.

Should the DEQ determine that the significant capital expenditures are cost effective,
Boise Cascade will work with the Department to evaluate the efficiency of the
equipment’s ability to reduce visibility.

Please call Kathy Sperle, Region Environmental Manager, at 541-858-6783 if you have
any questions regarding this submittal.

Sincerely,

Yk —

Robert Glover
Region Manager

c: Byron Peterson, DEQ, Medford
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CECO NOx Reduction Systems on Wood Fired Boilers and High Particulate Applications CECO CCA

J Reduced Emissions

» Combinations of Combustion Upgrades (FGR / OFA) and Post
Combustion Treatments (SNCR / SCR) can result on >90% NOx
reduction.

= Ability to Sell Renewable Energy Credits

= Energy credits to biomass fired utilities for meeting Low NOXx
Levels, allowing facilities to sell power at a higher rate.

= CT=0075b/mmBTU e
= Layered Approach a
= Multiple NOx reduction Technologies working together

= |mproved Combustion on a wider range of fuels, including
biomass

» Flexible operating conditions
» Reduced SCR Catalyst size

= Reduces Ammonia or Urea Injection Consumption for
SNCR/SCR

= Ability to run SCR at Lower Temperatures

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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CECO NOx Reduction Systems on Wood Fired Boilers and High Particulate Applications CECO CCA

J Advanced SCR Performance

» Patented Reverse Flow Technology

= On-line self cleaning system prevents buildup of particulate on
face of catalyst, reducing pressure drop through the system

» Reduces operating costs by minimizing FD / ID fan horse-
power

= On-line self cleaning system prevents masking of catalyst
= Reduced risk of catalyst plugging and reducing efficiency
» |ncreases catalyst life
= Bypass Flow Capabilities

= Can allows for online catalyst maintenance / repair /
replacement

» Prevents soot / moisture from reaching the catalyst during
startup, shutdown and upset conditions.

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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CCA NOx Reduction Systems - Scope of Work

CECO CCA

O Process / System / Equipment Design
 CFD Modeling

« OFA Madifications; Addition of FGR, SCR and SNCR
* OFA Modifications / Optimization and FGR Addition
 SNCR - In Furnace Urea Injection

» Urea Storage and Handling and Advanced Injection
Equipment Including Automatic Tilting and Retracting
Injectors

 SCR - Located downstream of ESP/Baghouse
 Urea to Ammonia Conversion Duct

* Heat Exchanger, Supplemental Electric Heater,
Booster Fan, AlG

 SCR Reactor with Catalyst and Duct Work

* Including patented reverse flow and bypass
capabilities for self cleaning catalyst for
extended operating life

* New ID Fan added to overcome SCR Pressure
Drop

e Commissioning, Tuning and Emissions Testing

O Services

Control Logic Hardware and Software Integration
Structural Steel Design and supply

Installation Services

Startup Services

e Commissioning, Tuning and Emissions Testing

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems 4
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CCA NOx Reduction Systems on Wood Fired Boilers - Installations CECO CCA

0 Wood fired 165,000 pph steam boiler 0 Wood fired 220,000 pph steam boiler
e Baseline NOx: 0.2lbs/mmBtu e Baseline NOx: 0.2lbs/mmBtu

e Controlled NOx : 0.065 Ib/mm Btu e Controlled NOx : 0.065 Ib/mm Btu

« Ammonia Slip: < 10 ppm e  Ammonia Slip: < 10 ppm

 Modified OFA and Added FGR and SNCR  Modified OFA and Added FGR and SNCR

 Urea Based SCR Injectlon System

Urea Based SCR Injectlon System

,,,,, 'I il -
{111 e lJ“ I8

N MMMW; l)

i |
1l
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Horizontal SCR with Bypass Duct and Reverse Flow Capabilities Vertical SCR with Bypass Duct and Reverse Flow Capabilities
C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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CCA NOx Reduction Systems on Wood Fired Boilers - Installations CECO CCA

O Wood fired 190,000 pph steam boiler 0 Wood fired 170,000 pph steam boiler
e Baseline NOx: 0.17lbs/mmBtu e Baseline NOx: 0.18lbs/mmBtu
e Controlled NOx : 0.065 Ib/mm Btu e Controlled NOx : 0.065 Ib/mm Btu
« Ammonia Slip: < 10 ppm « Ammonia Slip: < 10 ppm
» Upgraded existing SNCR * Upgraded existing SNCR
 Urea Based SCR Injection System .
1\\\@{\% »
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Horizontal SCR with Bypass Duct and Reverse Flow Capabilities Vertical SCR with Bypass Duct and Reverse Flow Capabilities
C E Co CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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CCA SCR with Bypass and Reverse Flow Capabilities CECO CCA

O CCA SCR Approach for High Particulate / Low Temperature Applications

 Bypass Duct

« Exhaust gas bypasses SCR in Startup/Shutdown/Upset Conditions
. Easier Startup Procedures
. Extends Catalyst Life
. Allows for online Catalyst Maintenance/Cleaning

« Patented Reverse Flow

« Exhaust gas flow through SCR in different direct every 8-12 hours
. Online Cleaning of Catalyst
. Extends Catalyst Life
. Reduces DP across SCR

Vertical Design

[ / i
|
\ I |
h

Forward FIW

)
ﬂ""l-.__‘
Reverse Flow
C E Co CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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CCA Combustion Systems: Company Profile

CECO CCA

» Established 1982 as Combustion Components Associates, Inc.
(CCA), Monroe, Connecticut, USA.

« Afull-service air pollution control technology company.
« Servicing the international utility and large industrial power industry.

o 2014 — Acquired by Peerless Mfg. Co.

o 2015- Peerless and CCA acquired by CECO Environmental.

Products and Technoloqgies

MARKETS SERVED

Primary Customers

Project Types

Utility Boilers

Boiler OEMs and

Combustion Retrofits (Burners/OFA/FGR),

SNCR Systems

0 Combustion Systems

» Burners: New, Replacements and Upgrades
to decrease NOx and CO emissions and
improve boiler performance

» Over Fire Air (OFA) and Flue Gas
Recirculation (FGR) to decrease NOx and
CO emissions and improve combustion

[ Selective Non-Catalytic Reduction
(SNCR)

End Users : . . .
and Engineering Assessments » Urea and Ammonia Based SNCR Expertise
Auxiliary Bollers| o Lo oems, « Reduces NOx emissions by 50%-70%
e Systems Packagers New Bu_rners_, SCR Systems . . .
GBaCkl:p and End-Users and Engineering Assessments O Selective Catalytic Reduction (SCR)
enerators .
ok ; » Multiple Patented Processes for Urea-
ackage an . Combustion Retrofits (Burners/OFA/FGR),
Field-Erected Boiler End-User SNCR Systems, SCR Systems Based SCR
J . . OEMs " . . . :
industrial |[Boilers, Turbines and Engineering Assessments 0 Custom Engineering Solutions based on:
. . : Combustion Retrofits (Burners/OFA/FGR), * On-Site Emissions Testlng
. ... [Turbines, Boilers| Boiler .
Municipalities d IC Enai OEMs End-User SNCR Systems, SCR Systems e CFD Modellng
an ngines and Engineering Assessments ]
» Spray Laboratory Testing
C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Burners & Combustion Systems CECO CCA

UJApplications
 Utility Power Boilers — Wall-fired, T-fired
» Package Boilers
* Recovery Boilers — Startup & Aux Fuel
Burners
dBurner Heat Input Capacities
o 25 MMBtu/hr to 300+ MMBtu/hr

UFuels: Any combustible gaseous or
liquid fuel
* Natural gas, Refinery gases, Propane,
Hydrogen, Landfill / Digester gases
* Process Off Gases and Liquids
» Hazardous Waste Gases and Liquids
* Heavy Fuel Ol
» Ultra Heavy Fuel Oils (Pitch/Bitumen)
 Light Fuel Oils, Kerosene
* Biomass (wood, nut shells, etc.)

C E C CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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Burners & Combustion Systems CECO CCA

dLow NOx Systems * F ~

Multi-Fuel Burners firing liquids &
gases up to 4 fuels per burner

e Overfire Air
e FGR
* H,O Injection

dPerformance Upgrades
« Flame Stability Improvement
e CO/Carbon Loss Reduction
 Reliability improvements

* Life Extension X

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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Post Combustion NOx Reduction Methods

CECO CCA

DeNQOXx

A method for treating exhaust gas for the removal of NOx (Nitrogen Oxides)

Selective Catalytic Reduction (SCR) is an
advanced active emissions control technology
system that injects a liquid-reductant agent
through a special catalyst into the exhaust
stream, releasing clean and safe exhaust into
the environment

90%+ NOX Reduction

Flue Gas Temperature

NH3 INJECTION
500-900°F

FLUE

]

CO/VOC Oxidation Catalyst

~

Selective Non-Catalytic Reduction (SNCR) is a
proven method for controlling NOx emissions by
Injecting aqgueous ammonia or urea solution into the
hot flue gas stream, where it reacts with nitrogen
oxides to produce safe and clean by-products

30-50% NOX Reduction

Flue Gas Temperature

Amonia (NH,) 1400-1600°F

S A @ +H.0
&> NO. by @b o, -,
Flue B Clean
Gas |I» @ NO, S x” NH; ."Hzo |» Gas
o> o, [ @ o, @
g *’ NH; ‘->H20

NO, — Oxides of nitrogen, especially as atmospheric pollutants and ozone precursors
NH; — Ammonia (NH; reagent can be anhydrous, agueous NH4OH or urea)

N, — Nitrogen Gas
H,O - Water

CECO

ENVIRONMENTAL

CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Selective Non-Catalytic Reduction (SNCR) Systems CECO CCA

1 SNCR System Design Typical SNCR System Package

1w == HEpE

 Injection of Urea or Ammonia (mixed
with air and water) into Furnace Section
of Field Erected Boilers

 NOx Reduction Reaction Temperature
Window: 1,650 — 2,100 °F

o Optimum Injector Locations determined
by CFD Modeling of Furnace and
Exhaust Gas Profiles

 Typical NOx reduction of 30%-50%
* 55%-65% Reductions Possible

 CCA Developed Unique Tilting Injector
Design to Improve Efficiency and
Reduce Equipment Costs 1

Injection Distribution Module

( : E ( : o . Reagent Storage Tank
CCA Combustion Systems A cEco Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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CONFIDENTIAL CECO ENVIRONMENTAL13


https://www.cecoenviro.com/cca-combustion-systems

Advanced SNCR Injection CECO CCA

Urea Trajectories Target Optimal Temperature Zone

* Unique Tilting Urea Injectors Designed
and Fabricated by CCA Tilted Down 30° Level Injection Tilted Up 30°

- Reduce Number of Injector Elevations N
- Reduces Capital and Operating Costs é N

- Atomizer Design and Performance
Confirmed in CCA Spray Laboratory (Drop
Size, Spray Angle, Mass Flux)

* Portable Demo Skid Available for Field
Testing to Demonstrate Feasibility Before
Committing to Full Scale

C E Co CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems

CONFIDENTIAL CECO ENVIRONMENTAL14


https://www.cecoenviro.com/cca-combustion-systems

Selective Catalytic Reduction (SCR) Systems CECO CCA
Typical SCR System Package

1 SCR System Design

« CCA Developed and Implemented Unique,
Patented Direct Injection SCR process on w
Engines, Boilers and Turbines [$]

 Reduces capital and operation costs by as much as
60%

 NOx Reduction Reaction Temperature Window:
350 — 900 °F

Reactor Box w/ Catalyst

o Optimum Injector Locations determined by CFD
Modeling of Furnace and Exhaust Gas Profiles

 Typical NOx reduction of 75%-95%

 CCA Specializes in Urea based SCR

 Urea is a safe, non hazardous alternative to
ammonia as an SCR reagent

Ammonia / Urea Injector

C E C o CCA Combustion Systems A ceco Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139Reagent Storage Tank
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CFD Analysis — Optimization of SCR Systems CECO CCA

Model Analyzing Ammonia Distribution
with Direct Injection of Urea for SCR

Model Analyzing
Ammonia Distribution
with AIG for SCR

Model Analyzing
Ammonia Distribution at
SCR Catalyst

L

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Advanced Engineering Solutions

CECO CCA

d World Renowned Spray Laboratory U On Site Engineering Services / Assessments

FIELD TEST OPTIMIZATION ON ALL
TYPES OF COMBUSTION SYSTEMS

* Liquid Fuel and Reagent Atomizer Spray

Laboratory

« Data used in injector/atomizer design and

as input to CFD models

CECO

ENVIRONMENTAL

» Phase Doppler Particle Analyzer (PDPA)

FUEL AND AIR BALANCING
e Instrumented Main Oil Guns
» Balance Fuel Distribution and
Optimized Steam Supply for
Uniform Spray Quality
* Burner Valve Leakage Testing
» Spray quality analysis and
optimization
e Burner Air Flow Measurement
* Burner to Burner Air Flow
Balancing
» Boiler Outlet Grid Mapping
» Burner Fuel / Air Distribution
Analysis
= « OFA or BOOS Effectiveness
* SNCR Injection Effectiveness
and Urea or Ammonia Spray
Tuning

https://www.cecoenviro.com/cca-combustion-systems

NOx Reduction and Optimization Testing
Opacity, CO and LOI Reduction Testing
Emissions Measurement for Diagnostics

Flame Pattern Optimization

Boiler MACT inspection, tuning and compliance
reports

ADDITIONAL CAPABILITIES

Ammonia Injection Grid (AlIG) Tuning

Mobile CEM Laboratories with 02, CO2, CO
and NOx Measurements

Ammonia Slip and Particulate Testing

In Furnace Camera for Burner Visualization
In Stack Opacity Monitor

Specialty Flow Probes

FURNACE TEMPERATURE AND
EMISSIONS MAPPING

Water Cooled Probes (HVT)
Incineration — Time at Temperature Studies

CO Decay Studies

CONFIDENTIAL CECO ENVIRONMENTAL17
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CECO CCAis Part of Global Environmental Solutions Company

CECO CCA

Contact Information

CCA Combustion Systems

A division of Peerless Mfg Co.

A CECO Environmental Brand

884 Main St, Monroe, CT, USA 06468
PH: 203-268-3139

Jeff Broderick — Sales Manager
[broderick@OneCECO.com
M: 203.610.4673 W: 203.268.3139 x119

Mike Acree — Sales Manager
macree@OneCECO.com
M: 919.744.4742 W: 919.269.0464

Mike Bekech — Sales Engineer
mbekech@OneCECO.com
M: 203.895.4822 W-: 203.268.3139 x137

https://www.cecoenviro.com/cca-combustion-systems

Partnerships with adjacent technology brands who have
established customer relationships or position in market or industry

53 DUALL |

c/ AARDOING
T"E:cg':g‘L-.:cc:“:“T.:u Alr & Water Technologies
C EFFOXFLEXTOR Engineered Industrial
A GECO Environmental Company Equipment Air Quality A = WEST @ DUCT
(Y peERLESS e Kincs 5
\ Market

Contracting Services

\__/-’""‘\‘

Specialty
Pumps

. % FLEX-KLEEN

Dust Collection Svstems

%’ STROBIC AIR

Fans, Silencers & Systems

¥~ DEAN PUMP

‘ Industrial Process Pumps

Zrranoc P
iberglass Reinforced Pumps |
J‘ SETH Co % Filter Systems

‘ Thermoplastic Pumps

"‘1 KEYSTONE

Filters & Pleating

Ability to provide customers with more comprehensive
and robust solutions for their business needs

CECO

ENVIRONMENTAL
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Boise Cascade Wood Products, LLC
PO Box 100
Medford, OR 97501

P 541 776 6666 F 541776 6618 Boise Cascade
October 27, 2020 ‘ Submitted via email
Dr. D. Wu

Department of Environmental Quality
700 NE Multnomah Street, Suite 600
Portland, OR 97232

Re: Boise Cascade Wood Products, LLC — Medford Plywood
Round 2 Regional Haze Program, Four Factor Analysis
Department Request for Vendor Information
Title V Operating Permit 15-0004-TV-01

Dr. Wu,

This letter serves as Boise Cascade’s response to your October 19, 2020 email requesting a
copy of the information provided to us by CECO Environmental on application of SNCR and
SCR to our biomass boilers. We have included both a record of our phone conversation with
Jeff Broderick of CECO Environmental and his emailed response to our request for information.

CECO has applied NOx controls to small biomass EGUs, but our biomass boilers do not
operate at consistently high loads like an EGU and were designed with smaller furnaces. Note
that although the email response indicates SNCR could be feasible, he indicated that
temperature and residence time were important factors, and based on our phone conversation
and our knowledge of our boilers, we do not believe that our boilers meet the temperature or
residence time criteria for SNCR to be effective. In addition, although their email response
indicates an SCR could achieve 75-85% control, he indicated over the phone that it could only
achieve 60% reduction. CECO has not visited our site or performed any site-specific
engineering analyses of feasibility of controls to accurately evaluate either cost or effectiveness.
We continue to believe that application of either SNCR or SCR to our boilers is not reasonable
to require under the Regional Haze Rule.

Let me know if you have any questions.
Sincerely

Kathf::iwz W
Region Environmental Manager

Attachments



Record of Phone Conversation
September 3, 2020
Attendees:
Rhonda Smith — Boise Cascade Elgin
Kathy Sperle — Boise Cascade Medford
Shauna Rosendaul — Boise Cascade Medford
Amy Marshall — ALL4
Jeff Broderick — CECO Environmental
Purpose of Meeting:
Discuss feasibility of SNCR and SCR on small biomass boilers.
Discussion:

CECO has installed NOx controls on biomass EGUs in the 15 to 30 MW range. SCR is installed after the
PM control and the SNCR would be installed in the furnace. An SNCR would be installed on each boiler
while an SCR would be installed after the common PM control device. Installing the SCR with a low
temperature catalyst after the PM control device eliminates concerns with particulate but results in a
lower control efficiency.

CECO needs gas flow rates and the temperature in the furnace. For SNCR to work, the temperature in
the furnace needs to be in the 1800-1900F range. Control effectiveness varies based on operating
range, furnace temperature, turndown, size of furnace.

BC Medford has 3 boilers — they typically only run Nos. 2 and 3 (70 kpph steam and 100 kpph steam).
The units do not typically run at full load, and the load to the boilers swings based on dryer operation.
Three boilers were needed when the site previously operated their lumber kiln and green end. BC does
not believe the temperature in the furnace of the boilers is 1800-1900F or the furnace would glass over.
The temperature prior to the air heater is about 500F. The furnaces are very short and the tubes are on
the back wall. BC mentioned that an overfired air (OFA) project was done to reduce CO emissions for
Boiler MACT. The vendor and BC struggled to make it work correctly and to reduce CO emissions in the
furnace because the furnace was smaller than the vendor was used to.

CECO indicated that if the temperature is not high enough, SNCR will not work. SNCR would also have to
be installed a few feet above the OFA ports so there may not be sufficient residence time for SNCR to be
effective in the small furnace. BC agreed to send a furnace diagram to CECO. CECO indicated that for
the small EGU’s it had worked with that a 40-foot distance from the grate to the first turn was typical.
BC indicated that their furnace is shorter.

BC indicated that the temperature after the ESP should be in the PM test report provided to CECO.
CECO indicated that if the temperature is 380-400F then SCR should provide about a 60% reduction in
NOx at that location.



From: Jeffrey Broderick

To: KathySperle@BC.com

Cc: Michael Acree; Patrick Boyker; ShaunaRosendaul@BC.com; Amy Marshall
Subject: RE: [EXT] BCWP MedPly Boiler drawing

Date: Wednesday, September 9, 2020 8:18:24 AM

Attachments: image001.png

200406-CECO Peerless-CCA-Hiah Particulate Emissions Control.pdf
RFP_NOx Reduction 2020-CECO Enviro.docx

Kathy,

Please see the attached file with answers to your questions in RED text.

Between this file and our previous discussion | believe we have addressed your overall questions
about SNCR and SCR.

Regarding the SCR system we typically provide for biomass units:

For biomass units with SCR located downstream of an ESP or baghouse, we prefer to provide a
reverse flow type system. This system allows for the exhaust gas to flow in 2 directions through the
catalyst. Using a set of dampers with actuators, the gas flow direction can be changed to the catalyst
intermittently. This results in the particulate buildup on the face of the catalyst to be removed. The
flow direction is typically changed every 8-12 hours. The system also includes a bypass duct to allow
the gas flow to bypass the SCR during startup/shutdown/upset conditions. This helps keep the
catalyst clean. Overall these type of system can extend the life of the catalyst by several years. The
attached slide deck will help explain this system as well as the overall approach we take to these
projects.

Regarding the fit up of SNCR into your #3 boilers:

The drawings you sent indicate there is very little room for SNCR injectors above the OFA ports. This
would limit the amount of reduction from SNCR in this unit.

We would need to conduct a study to know what reductions to expect.

Let me know if a follow up discussion is needed to go into more detail on this.

Regards,

Jeff Broderick | Director — Retrofit Sales
CECO Environmental
CECO Peerless | CECO CCA Combustion Systems

884 Main St | Monroe, CT 06468

M: 203.610.4673 | W: 203.268.3139 x119
E: jbroderick@onececo.com

CECO ===~

E

Need information on CECO Environmental’s COVID-19 plans? Read more here.

From: KathySperle@BC.com <KathySperle@BC.com>
Sent: Thursday, September 3, 2020 8:29 PM
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CECO NOx Reduction Systems on Wood Fired Boilers and High Particulate Applications CECO CCA

J Reduced Emissions

» Combinations of Combustion Upgrades (FGR / OFA) and Post
Combustion Treatments (SNCR / SCR) can result on >90% NOx
reduction.

= Ability to Sell Renewable Energy Credits

= Energy credits to biomass fired utilities for meeting Low NOXx
Levels, allowing facilities to sell power at a higher rate.

= CT=0075b/mmBTU e
= Layered Approach a
= Multiple NOx reduction Technologies working together

= |mproved Combustion on a wider range of fuels, including
biomass

» Flexible operating conditions
» Reduced SCR Catalyst size

= Reduces Ammonia or Urea Injection Consumption for
SNCR/SCR

= Ability to run SCR at Lower Temperatures

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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CECO NOx Reduction Systems on Wood Fired Boilers and High Particulate Applications CECO CCA

J Advanced SCR Performance

» Patented Reverse Flow Technology

= On-line self cleaning system prevents buildup of particulate on
face of catalyst, reducing pressure drop through the system

» Reduces operating costs by minimizing FD / ID fan horse-
power

= On-line self cleaning system prevents masking of catalyst
= Reduced risk of catalyst plugging and reducing efficiency
» |ncreases catalyst life
= Bypass Flow Capabilities

= Can allows for online catalyst maintenance / repair /
replacement

» Prevents soot / moisture from reaching the catalyst during
startup, shutdown and upset conditions.

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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CCA NOx Reduction Systems - Scope of Work

CECO CCA

O Process / System / Equipment Design
 CFD Modeling

« OFA Madifications; Addition of FGR, SCR and SNCR
* OFA Modifications / Optimization and FGR Addition
 SNCR - In Furnace Urea Injection

» Urea Storage and Handling and Advanced Injection
Equipment Including Automatic Tilting and Retracting
Injectors

 SCR - Located downstream of ESP/Baghouse
 Urea to Ammonia Conversion Duct

* Heat Exchanger, Supplemental Electric Heater,
Booster Fan, AlG

 SCR Reactor with Catalyst and Duct Work

* Including patented reverse flow and bypass
capabilities for self cleaning catalyst for
extended operating life

* New ID Fan added to overcome SCR Pressure
Drop

e Commissioning, Tuning and Emissions Testing

O Services

Control Logic Hardware and Software Integration
Structural Steel Design and supply

Installation Services

Startup Services

e Commissioning, Tuning and Emissions Testing

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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CCA NOx Reduction Systems on Wood Fired Boilers - Installations CECO CCA

0 Wood fired 165,000 pph steam boiler 0 Wood fired 220,000 pph steam boiler
e Baseline NOx: 0.2lbs/mmBtu e Baseline NOx: 0.2lbs/mmBtu

e Controlled NOx : 0.065 Ib/mm Btu e Controlled NOx : 0.065 Ib/mm Btu

« Ammonia Slip: < 10 ppm e  Ammonia Slip: < 10 ppm

 Modified OFA and Added FGR and SNCR  Modified OFA and Added FGR and SNCR

 Urea Based SCR Injectlon System

Urea Based SCR Injectlon System

,,,,, 'I il -
{111 e lJ“ I8
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Horizontal SCR with Bypass Duct and Reverse Flow Capabilities Vertical SCR with Bypass Duct and Reverse Flow Capabilities
C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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CCA NOx Reduction Systems on Wood Fired Boilers - Installations CECO CCA

O Wood fired 190,000 pph steam boiler 0 Wood fired 170,000 pph steam boiler
e Baseline NOx: 0.17lbs/mmBtu e Baseline NOx: 0.18lbs/mmBtu
e Controlled NOx : 0.065 Ib/mm Btu e Controlled NOx : 0.065 Ib/mm Btu
« Ammonia Slip: < 10 ppm « Ammonia Slip: < 10 ppm
» Upgraded existing SNCR * Upgraded existing SNCR
 Urea Based SCR Injection System .
1\\\@{\% »
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Horizontal SCR with Bypass Duct and Reverse Flow Capabilities Vertical SCR with Bypass Duct and Reverse Flow Capabilities
C E Co CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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CCA SCR with Bypass and Reverse Flow Capabilities CECO CCA

O CCA SCR Approach for High Particulate / Low Temperature Applications

 Bypass Duct

« Exhaust gas bypasses SCR in Startup/Shutdown/Upset Conditions
. Easier Startup Procedures
. Extends Catalyst Life
. Allows for online Catalyst Maintenance/Cleaning

« Patented Reverse Flow

« Exhaust gas flow through SCR in different direct every 8-12 hours
. Online Cleaning of Catalyst
. Extends Catalyst Life
. Reduces DP across SCR

Vertical Design

[ / i
|
\ I |
h

Forward FIW

)
ﬂ""l-.__‘
Reverse Flow
C E Co CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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CCA Combustion Systems: Company Profile

CECO CCA

» Established 1982 as Combustion Components Associates, Inc.
(CCA), Monroe, Connecticut, USA.

« Afull-service air pollution control technology company.
« Servicing the international utility and large industrial power industry.

o 2014 — Acquired by Peerless Mfg. Co.

o 2015- Peerless and CCA acquired by CECO Environmental.

Products and Technoloqgies

MARKETS SERVED

Primary Customers

Project Types

Utility Boilers

Boiler OEMs and

Combustion Retrofits (Burners/OFA/FGR),

SNCR Systems

0 Combustion Systems

» Burners: New, Replacements and Upgrades
to decrease NOx and CO emissions and
improve boiler performance

» Over Fire Air (OFA) and Flue Gas
Recirculation (FGR) to decrease NOx and
CO emissions and improve combustion

[ Selective Non-Catalytic Reduction
(SNCR)

End Users : . . .
and Engineering Assessments » Urea and Ammonia Based SNCR Expertise
Auxiliary Bollers| o Lo oems, « Reduces NOx emissions by 50%-70%
e Systems Packagers New Bu_rners_, SCR Systems . . .
GBaCkl:p and End-Users and Engineering Assessments O Selective Catalytic Reduction (SCR)
enerators .
ok ; » Multiple Patented Processes for Urea-
ackage an . Combustion Retrofits (Burners/OFA/FGR),
Field-Erected Boiler End-User SNCR Systems, SCR Systems Based SCR
J . . OEMs " . . . :
industrial |[Boilers, Turbines and Engineering Assessments 0 Custom Engineering Solutions based on:
. . : Combustion Retrofits (Burners/OFA/FGR), * On-Site Emissions Testlng
. ... [Turbines, Boilers| Boiler .
Municipalities d IC Enai OEMs End-User SNCR Systems, SCR Systems e CFD Modellng
an ngines and Engineering Assessments ]
» Spray Laboratory Testing
C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Burners & Combustion Systems CECO CCA

UJApplications
 Utility Power Boilers — Wall-fired, T-fired
» Package Boilers
* Recovery Boilers — Startup & Aux Fuel
Burners
dBurner Heat Input Capacities
o 25 MMBtu/hr to 300+ MMBtu/hr

UFuels: Any combustible gaseous or
liquid fuel
* Natural gas, Refinery gases, Propane,
Hydrogen, Landfill / Digester gases
* Process Off Gases and Liquids
» Hazardous Waste Gases and Liquids
* Heavy Fuel Ol
» Ultra Heavy Fuel Oils (Pitch/Bitumen)
 Light Fuel Oils, Kerosene
* Biomass (wood, nut shells, etc.)

C E C CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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Burners & Combustion Systems CECO CCA

dLow NOx Systems * F ~

Multi-Fuel Burners firing liquids &
gases up to 4 fuels per burner

e Overfire Air
e FGR
* H,O Injection

dPerformance Upgrades
« Flame Stability Improvement
e CO/Carbon Loss Reduction
 Reliability improvements

* Life Extension X

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Post Combustion NOx Reduction Methods

CECO CCA

DeNQOXx

A method for treating exhaust gas for the removal of NOx (Nitrogen Oxides)

Selective Catalytic Reduction (SCR) is an
advanced active emissions control technology
system that injects a liquid-reductant agent
through a special catalyst into the exhaust
stream, releasing clean and safe exhaust into
the environment

90%+ NOX Reduction

Flue Gas Temperature

NH3 INJECTION
500-900°F

FLUE

]

CO/VOC Oxidation Catalyst

~

Selective Non-Catalytic Reduction (SNCR) is a
proven method for controlling NOx emissions by
Injecting aqgueous ammonia or urea solution into the
hot flue gas stream, where it reacts with nitrogen
oxides to produce safe and clean by-products

30-50% NOX Reduction

Flue Gas Temperature

Amonia (NH,) 1400-1600°F

S A @ +H.0
&> NO. by @b o, -,
Flue B Clean
Gas |I» @ NO, S x” NH; ."Hzo |» Gas
o> o, [ @ o, @
g *’ NH; ‘->H20

NO, — Oxides of nitrogen, especially as atmospheric pollutants and ozone precursors
NH; — Ammonia (NH; reagent can be anhydrous, agueous NH4OH or urea)

N, — Nitrogen Gas
H,O - Water

CECO

ENVIRONMENTAL

CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Selective Non-Catalytic Reduction (SNCR) Systems CECO CCA

1 SNCR System Design Typical SNCR System Package

1w == HEpE

 Injection of Urea or Ammonia (mixed
with air and water) into Furnace Section
of Field Erected Boilers

 NOx Reduction Reaction Temperature
Window: 1,650 — 2,100 °F

o Optimum Injector Locations determined
by CFD Modeling of Furnace and
Exhaust Gas Profiles

 Typical NOx reduction of 30%-50%
* 55%-65% Reductions Possible

 CCA Developed Unique Tilting Injector
Design to Improve Efficiency and
Reduce Equipment Costs 1

Injection Distribution Module

( : E ( : o . Reagent Storage Tank
CCA Combustion Systems A cEco Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Advanced SNCR Injection CECO CCA

Urea Trajectories Target Optimal Temperature Zone

* Unique Tilting Urea Injectors Designed
and Fabricated by CCA Tilted Down 30° Level Injection Tilted Up 30°

- Reduce Number of Injector Elevations N
- Reduces Capital and Operating Costs é N

- Atomizer Design and Performance
Confirmed in CCA Spray Laboratory (Drop
Size, Spray Angle, Mass Flux)

* Portable Demo Skid Available for Field
Testing to Demonstrate Feasibility Before
Committing to Full Scale

C E Co CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139
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Selective Catalytic Reduction (SCR) Systems CECO CCA
Typical SCR System Package

1 SCR System Design

« CCA Developed and Implemented Unique,
Patented Direct Injection SCR process on w
Engines, Boilers and Turbines [$]

 Reduces capital and operation costs by as much as
60%

 NOx Reduction Reaction Temperature Window:
350 — 900 °F

Reactor Box w/ Catalyst

o Optimum Injector Locations determined by CFD
Modeling of Furnace and Exhaust Gas Profiles

 Typical NOx reduction of 75%-95%

 CCA Specializes in Urea based SCR

 Urea is a safe, non hazardous alternative to
ammonia as an SCR reagent

Ammonia / Urea Injector

C E C o CCA Combustion Systems A ceco Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139Reagent Storage Tank

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems
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CFD Analysis — Optimization of SCR Systems CECO CCA

Model Analyzing Ammonia Distribution
with Direct Injection of Urea for SCR

Model Analyzing
Ammonia Distribution
with AIG for SCR

Model Analyzing
Ammonia Distribution at
SCR Catalyst

L

C E Co CCA Combustion Systems A CECO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

ENVIRONMENTAL https://www.cecoenviro.com/cca-combustion-systems

CONFIDENTIAL CECO ENVIRONMENTAL16
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Advanced Engineering Solutions

CECO CCA

d World Renowned Spray Laboratory U On Site Engineering Services / Assessments

FIELD TEST OPTIMIZATION ON ALL
TYPES OF COMBUSTION SYSTEMS

* Liquid Fuel and Reagent Atomizer Spray

Laboratory

« Data used in injector/atomizer design and

as input to CFD models

CECO

ENVIRONMENTAL

» Phase Doppler Particle Analyzer (PDPA)

FUEL AND AIR BALANCING
e Instrumented Main Oil Guns
» Balance Fuel Distribution and
Optimized Steam Supply for
Uniform Spray Quality
* Burner Valve Leakage Testing
» Spray quality analysis and
optimization
e Burner Air Flow Measurement
* Burner to Burner Air Flow
Balancing
» Boiler Outlet Grid Mapping
» Burner Fuel / Air Distribution
Analysis
= « OFA or BOOS Effectiveness
* SNCR Injection Effectiveness
and Urea or Ammonia Spray
Tuning

https://www.cecoenviro.com/cca-combustion-systems

NOx Reduction and Optimization Testing
Opacity, CO and LOI Reduction Testing
Emissions Measurement for Diagnostics

Flame Pattern Optimization

Boiler MACT inspection, tuning and compliance
reports

ADDITIONAL CAPABILITIES

Ammonia Injection Grid (AlIG) Tuning

Mobile CEM Laboratories with 02, CO2, CO
and NOx Measurements

Ammonia Slip and Particulate Testing

In Furnace Camera for Burner Visualization
In Stack Opacity Monitor

Specialty Flow Probes

FURNACE TEMPERATURE AND
EMISSIONS MAPPING

Water Cooled Probes (HVT)
Incineration — Time at Temperature Studies

CO Decay Studies

CONFIDENTIAL CECO ENVIRONMENTAL17
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CECO CCAis Part of Global Environmental Solutions Company

CECO CCA

Contact Information

CCA Combustion Systems

A division of Peerless Mfg Co.

A CECO Environmental Brand

884 Main St, Monroe, CT, USA 06468
PH: 203-268-3139

Jeff Broderick — Sales Manager
[broderick@OneCECO.com
M: 203.610.4673 W: 203.268.3139 x119

Mike Acree — Sales Manager
macree@OneCECO.com
M: 919.744.4742 W: 919.269.0464

Mike Bekech — Sales Engineer
mbekech@OneCECO.com
M: 203.895.4822 W-: 203.268.3139 x137

https://www.cecoenviro.com/cca-combustion-systems

Partnerships with adjacent technology brands who have
established customer relationships or position in market or industry

53 DUALL |

c/ AARDOING
T"E:cg':g‘L-.:cc:“:“T.:u Alr & Water Technologies
C EFFOXFLEXTOR Engineered Industrial
A GECO Environmental Company Equipment Air Quality A = WEST @ DUCT
(Y peERLESS e Kincs 5
\ Market

Contracting Services

\__/-’""‘\‘

Specialty
Pumps

. % FLEX-KLEEN

Dust Collection Svstems

%’ STROBIC AIR

Fans, Silencers & Systems

¥~ DEAN PUMP

‘ Industrial Process Pumps

Zrranoc P
iberglass Reinforced Pumps |
J‘ SETH Co % Filter Systems

‘ Thermoplastic Pumps

"‘1 KEYSTONE

Filters & Pleating

Ability to provide customers with more comprehensive
and robust solutions for their business needs

CECO

ENVIRONMENTAL

CCA Combustion Systems A cEcO Environmental Brand 884 Main St, Monroe, CT, USA 06468 PH: 1-203-268-3139

https://www.cecoenviro.com/cca-combustion-systems
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Boise Cascade – Medford Plywood



Boise Cascade operates three biomass boilers at our facility located at 3285 North Pacific Hwy, Medford, OR 97501.  The boilers provide steam for six veneer dryers and five presses.  Typically, only two boilers operate at a time and are normally Boilers 2 & 3.  When maintenance is needed to be conducted on either of those boilers, Boiler 1 is brought on line and operated in tandem with either Boiler 2 or 3, depending on the situation.



Although the plywood facility attempts to run steady, we do experience steam load swings for conditions such as dryer plug ups or fire, change in veneer specie and moisture sort and thickness.



Boise Cascade is requesting a quote for the installation of a SCNR and SCR for the boilers described above.  We of course will only choose one of the systems, but need to evaluate both of them.    Please have your response to me by September 8th.  Submittal by email is appropriate (kathysperle@bc.com).

[bookmark: _GoBack]

From Thomas Wassel - things that will be useful:



1. How much reduction of NOx do you need?



· Boise Cascade has not been provided with a required reduction.  What percent reduction does each system provide? See below



1. Pictures of the equipment arrangements will be good.



· Aerial photo with boilers and DESP identified.  See Power House Map.docx

· Equipment arrangement pictures.  See Boise Cascade Boiler Pictures.pptx.



1. Confirm that you have three boilers   1 – 100,000 lbs./hr.    1 – 70,000 lbs./hr.  and 1 – 50,000 lbs./hr.   All wood fired.



· Yes, that is correct.  Our boilers are rated at the following steam values and identified as follows:  B1 50,000 lbs/hr; B2 70,000 lbs/hr; B3 100,000 lbs/hour.



· Our biomass fuel is primarily bark from soft woods (Douglas fir, pine and white fir).  Also included in the mix is sawdust (green and dry), plytrim, minimal amount of office paper and sanderdust (B2 & B3).



· B2 and B3 have the ability to burn sanderdust via a NG burner.  We normally burn 8 hours of sanderdust, one day a week on one or the other boiler.



See BC MedPly 062020 BMACT test results.pdf and BC MedPly 062020 PM test results.pdf for information on our most recent boiler source testing.  Included is data collected from the DESP exhaust stack during each test run e.g.,  stack flow and temperature.   The stack height is approximately 100’.



1. Confirm that each boiler system has a separate multiclone and ID Fan which then goes to a common Dry ESP to the stack.



· Yes, that is correct. Each boiler has a multiclone and an ID Fan; the exhaust from all three boilers is controlled by one DESP.   



1. Drawing of the boiler would be useful.



· At this time do not have the detailed drawing of each individual boiler, but can be provided if needed.  Additional information regarding the boilers is the height of the boiler furnace or firebox.  Boiler 1 is 22’, Boiler 2 is 26’6” and Boiler 3 is 33’10” 



1. An arrangement drawing of the three systems would be useful. 



· A schematic of the boilers, DESP is provided.  See Powerhouse Schematic.pdf



1. If an SNCR is used do you want to use Urea or aqueous Ammonia?



· Is one more effective than the other? Urea is more efficient at higher temperatures and in some cases can reduce the formation of ammonia slip.

· Based on our conversation, the Urea comes in powder form and then we have to mix it with water? It can be delivered as a powder and then mixed on site with a Solutionizer system. More typically it is delivered as a liquid reagent, eliminating the need for the on-site Solutionizer system. The liquid is simply pumped from the urea truck to the storage tank.

· Probably Urea, as aqueous ammonia sounds concerning to have onsite in large volumes. OK



1. We understand you need something by September 14th.  When do you expect to be required to be in compliance?



· The Oregon DEQ has requested that the Boise Cascade submit the cost estimate for each emissions unit and associated control device for SCR and SNCR by the close of business September 14.  We do not have a compliance date.  This request was Round 2 of Oregon DEQ’s Regional Haze Program, Four Factor Analysis.



As this type of system is new to Boise Cascade, we have a list of questions that would be helpful to us in understanding future costs associated with maintenance and operation.  Some of these may be answered in your quote.  



SNCR

Is this technology feasible on my size of boiler, which experiences load swings with production demand? Yes, this is a feasible technology. A detailed look at the boiler dimensions, temperature profile in the furnace and residence time at those temperatures will need to be determined. If the ideal temp for SNCR moves up and down the furnace multiple levels of injectors may be required.

What are the challenges of operating SNCR on this type of biomass boiler? Following the load if temperature move a lot.

What percent NOx emissions reduction would be achieved? Depends on temperature, residence time and turndown requirements. Preliminarily we believe 50% reduction is achievable

Would multiple levels of injectors have to be installed to achieve NOx control over all load conditions? If not, at what load would NOx reduction be achieved? Preliminarily, I expect 50% reduction is achievable with 1 level of injectors from 60% - 100% load. Lower loads may require and additional injection level.

What would be the equipment cost and installed cost of SNCR on each of my boilers (including any ancillary equipment such as tanks)? ESTIMATED SNCR Equipment (tank, pump skid, PLC control panel, metering stations, injectors and mounting equipment, piping/fittings) cost for 3 units: $950,000.00

ESTIMATED Installation Cost: $750,000.00

What reagent would be used, how much, and what would the unit cost be? 40% Urea Solution, ESTIMATED usage: For all 3 units total ~30 GPH Urea; plus ~30 GPM dilution water; plus about 450 scfm of compressed air (not instrument air). Urea cost is about $2.25/gallon

Would the reagent be stored at a different concentration than injected? Yes. Stored at 40%, injected at about 5%.

What is the expected life of the system? 20 years

Would use of SNCR accelerate corrosion within the boiler? Not if properly designed

Would use of SNCR increase emissions of any other pollutant? Yes, ammonia slip. This is typically controlled to <10 ppm

How long would each boiler be down during installation? Installation would take about 6 weeks. Each boiler would need to be offline for about 1 week.

What annual maintenance is required? Changing of filters, cleaning / replacement of injectors. Inspection of equipment, rebuilding of pumps.

What additional electricity is required to run the system? May require heat tracing. Maybe 1-2 kW depending in temperature / pipe runs. Two 2 HP pumps, skid instrumentation and PLC panel power. Potentially a new air compressor of existing plant air is limited.

What is the energy penalty associated with using SNCR (e.g., from evaporation of the water in the solution that is injected)? minimal



SCR

Is this technology feasible for my application?  Is SCR installed on boilers of size similar to mine? Yes and Yes

Where would the SCR be installed?  If after the ESP, please include size and cost of a duct burner to reheat the stack gas to the necessary temperature window.  If prior to the ESP, please explain how this would not cause fouling of the catalyst. We would use low temperature catalyst and locate the SCR after the ESP. estimated catalyst cross section is about 16’ x 16’. With duct work included I expect a footprint of about 25’ x 25’ to be needed to fit the system.

What percent NOx reduction would be achieved? 75%-85%

What would be the equipment cost and installed cost of SCR (including any ancillary equipment such as tanks)? ESTIMATED SCR Equipment (tank, pump skid, PLC control panel, Catalyst, catalyst housing, inlet/outlet duct work, dampers and expansion joints, injectors and mounting equipment, piping/fittings) cost for 1 SCR units serving 3 boilers: $2,500,000.00

ESTIMATED Installation Cost: $1,950,000.00

What reagent would be used, how much, and what would the unit cost be? 40% Urea Solution, ESTIMATED usage: ~18 GPH Urea; plus about 40 scfm of compressed air (not instrument air). Urea cost is about $2.25/gallon

Would the reagent be stored at a different concentration than injected? No, stored and injected at 40% urea

What is the expected life of the system? Catalyst life = 3-5 years, balance of equipment = 20 years

How often would the catalyst need to be replaced and at what cost? 5 years at ~$250,000.00

Would use of SCR increase emissions of any other pollutant? Yes, ammonia slip. This is typically controlled to <10 ppm

How long would the boilers be down during installation? Installation would take about 8 weeks. Boilers would need to be offline for about 2 weeks.

What annual maintenance is required? Cleaning of catalyst 2 times per year, changing of filters, cleaning / replacement of injectors. Inspection of equipment, rebuilding of pumps, greasing of dampers and actuators.

What additional electricity is required to run the system? May require heat tracing. Maybe 1-2 kW depending in temperature / pipe runs. One 1 HP pump, skid instrumentation and PLC panel power. Potentially a new air compressor of existing plant air is limited.

Would a new fan be required due to pressure drop through the SCR system? Possibly, depends on status of existing fan(s). Existing fan upgrade retrofit may be an option.

How much space would the SCR take up? 25’ W x 25’ D x 30’ H



Thank you for your time and if you have any questions please call me.



Kathy Sperle

Region Environmental Manager

541-858-6783

kathysperle@bc.com
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To: Jeffrey Broderick <jbroderick@OneCECO.com>
Cc: Michael Acree <macree@0OneCECO.com>; TWassel@airtechniquesinc.com; Patrick Boyker

<pbovker@QOneCECO.com>; ShaunaRosendaul@BC.com
Subject: [EXT] BCWP MedPly Boiler drawing

External Source: Use caution before opening or clicking attachments or links.
Jeff,

Per our conversation this morning, I've attached the following documents:

1. BC MedPly B3 dwgs.pdf should provide you with boiler 3 dimensions and other information
that may be useful. Keep in mind these are not as-built drawings.

2. BC MedPly B2 drwgs.pdf are elevation and plan views of boiler 2. These are not as-built
drawings.

3. BC MedPly 082006 PM test.pdf are pages from a 2006 source test report that was conducted
with all three boilers operating. | thought the air flow and steam production information may
be of interest. Unfortunately it was just a PM test, no NOx data. Also, it was before the
combustion efficiency improvements were made on B2 & B3.

| will see what we have for Boiler 1, but it resembles B2 more than B3. | wanted to get this to you
today before | headed home so that you’d have the information available first thing and not wait for
us here on the west coast to get our day going!

Thanks,

’Kmtf»y

Kathy Sperle - Region Environmental Manager
Boise Cascade Wood Products, LLC.

Western Oregon Region

Office: 541-858-6783

Cell: 541-944-5422


mailto:jbroderick@OneCECO.com
mailto:macree@OneCECO.com
mailto:TWassel@airtechniquesinc.com
mailto:pboyker@OneCECO.com
mailto:ShaunaRosendaul@BC.com

Boise Cascade — Medford Plywood

Boise Cascade operates three biomass boilers at our facility located at 3285 North Pacific Hwy, Medford,
OR 97501. The boilers provide steam for six veneer dryers and five presses. Typically, only two boilers
operate at a time and are normally Boilers 2 & 3. When maintenance is needed to be conducted on
either of those boilers, Boiler 1 is brought on line and operated in tandem with either Boiler 2 or 3,
depending on the situation.

Although the plywood facility attempts to run steady, we do experience steam load swings for
conditions such as dryer plug ups or fire, change in veneer specie and moisture sort and thickness.

Boise Cascade is requesting a quote for the installation of a SCNR and SCR for the boilers described
above. We of course will only choose one of the systems, but need to evaluate both of them. Please
have your response to me by September 8. Submittal by email is appropriate (kathysperle@bc.com).

From Thomas Wassel - things that will be useful:
1. How much reduction of NOx do you need?

e Boise Cascade has not been provided with a required reduction. What percent reduction
does each system provide? See below

2. Pictures of the equipment arrangements will be good.

e Aerial photo with boilers and DESP identified. See Power House Map.docx
e Equipment arrangement pictures. See Boise Cascade Boiler Pictures.pptx.

3. Confirm that you have three boilers 1-100,000 Ibs./hr. 1 -70,000 Ibs./hr. and 1 —50,000
Ibs./hr. All wood fired.

e Yes, thatis correct. Our boilers are rated at the following steam values and identified as
follows: B1 50,000 Ibs/hr; B2 70,000 Ibs/hr; B3 100,000 Ibs/hour.

e Our biomass fuel is primarily bark from soft woods (Douglas fir, pine and white fir). Also
included in the mix is sawdust (green and dry), plytrim, minimal amount of office paper and
sanderdust (B2 & B3).

e B2 and B3 have the ability to burn sanderdust via a NG burner. We normally burn 8 hours of
sanderdust, one day a week on one or the other boiler.

See BC MedPly 062020 BMACT test results.pdf and BC MedPly 062020 PM test results.pdf for
information on our most recent boiler source testing. Included is data collected from the DESP
exhaust stack during each test run e.g., stack flow and temperature. The stack height is
approximately 100’

4. Confirm that each boiler system has a separate multiclone and ID Fan which then goes to a
common Dry ESP to the stack.

RFP NOx Reduction 2020 Wassel.docx



Yes, that is correct. Each boiler has a multiclone and an ID Fan; the exhaust from all three
boilers is controlled by one DESP.

Drawing of the boiler would be useful.

At this time do not have the detailed drawing of each individual boiler, but can be provided
if needed. Additional information regarding the boilers is the height of the boiler furnace or
firebox. Boiler 1 is 22’, Boiler 2 is 26’6” and Boiler 3 is 33'10”

An arrangement drawing of the three systems would be useful.

A schematic of the boilers, DESP is provided. See Powerhouse Schematic.pdf

If an SNCR is used do you want to use Urea or agueous Ammonia?

Is one more effective than the other? Urea is more efficient at higher temperatures and in
some cases can reduce the formation of ammonia slip.

Based on our conversation, the Urea comes in powder form and then we have to mix it with
water? It can be delivered as a powder and then mixed on site with a Solutionizer system.
More typically it is delivered as a liquid reagent, eliminating the need for the on-site
Solutionizer system. The liquid is simply pumped from the urea truck to the storage tank.
Probably Urea, as aqueous ammonia sounds concerning to have onsite in large volumes. OK

We understand you need something by September 14", When do you expect to be required to
be in compliance?

The Oregon DEQ has requested that the Boise Cascade submit the cost estimate for each
emissions unit and associated control device for SCR and SNCR by the close of business
September 14. We do not have a compliance date. This request was Round 2 of Oregon
DEQ’s Regional Haze Program, Four Factor Analysis.

As this type of system is new to Boise Cascade, we have a list of questions that would be helpful to us in
understanding future costs associated with maintenance and operation. Some of these may be
answered in your quote.

SNCR

Is this technology feasible on my size of boiler, which experiences load swings with production demand?
Yes, this is a feasible technology. A detailed look at the boiler dimensions, temperature profile in the
furnace and residence time at those temperatures will need to be determined. If the ideal temp for
SNCR moves up and down the furnace multiple levels of injectors may be required.

What are the challenges of operating SNCR on this type of biomass boiler? Following the load if
temperature move a lot.

What percent NOx emissions reduction would be achieved? Depends on temperature, residence time
and turndown requirements. Preliminarily we believe 50% reduction is achievable

RFP NOx Reduction 2020 Wassel.docx



Would multiple levels of injectors have to be installed to achieve NOx control over all load conditions? If
not, at what load would NOx reduction be achieved? Preliminarily, | expect 50% reduction is achievable
with 1 level of injectors from 60% - 100% load. Lower loads may require and additional injection level.
What would be the equipment cost and installed cost of SNCR on each of my boilers (including any
ancillary equipment such as tanks)? ESTIMATED SNCR Equipment (tank, pump skid, PLC control panel,
metering stations, injectors and mounting equipment, piping/fittings) cost for 3 units: $950,000.00
ESTIMATED Installation Cost: $750,000.00

What reagent would be used, how much, and what would the unit cost be? 40% Urea Solution,
ESTIMATED usage: For all 3 units total ~30 GPH Urea; plus ~30 GPM dilution water; plus about 450 scfm
of compressed air (not instrument air). Urea cost is about $2.25/gallon

Would the reagent be stored at a different concentration than injected? Yes. Stored at 40%, injected at
about 5%.

What is the expected life of the system? 20 years

Would use of SNCR accelerate corrosion within the boiler? Not if properly designed

Would use of SNCR increase emissions of any other pollutant? Yes, ammonia slip. This is typically
controlled to <10 ppm

How long would each boiler be down during installation? Installation would take about 6 weeks. Each
boiler would need to be offline for about 1 week.

What annual maintenance is required? Changing of filters, cleaning / replacement of injectors.
Inspection of equipment, rebuilding of pumps.

What additional electricity is required to run the system? May require heat tracing. Maybe 1-2 kW
depending in temperature / pipe runs. Two 2 HP pumps, skid instrumentation and PLC panel power.
Potentially a new air compressor of existing plant air is limited.

What is the energy penalty associated with using SNCR (e.g., from evaporation of the water in the
solution that is injected)? minimal

SCR

Is this technology feasible for my application? Is SCR installed on boilers of size similar to mine? Yes and
Yes

Where would the SCR be installed? If after the ESP, please include size and cost of a duct burner to
reheat the stack gas to the necessary temperature window. If prior to the ESP, please explain how this
would not cause fouling of the catalyst. We would use low temperature catalyst and locate the SCR after
the ESP. estimated catalyst cross section is about 16’ x 16’. With duct work included | expect a footprint
of about 25’ x 25’ to be needed to fit the system.

What percent NOx reduction would be achieved? 75%-85%

What would be the equipment cost and installed cost of SCR (including any ancillary equipment such as
tanks)? ESTIMATED SCR Equipment (tank, pump skid, PLC control panel, Catalyst, catalyst housing,
inlet/outlet duct work, dampers and expansion joints, injectors and mounting equipment,
piping/fittings) cost for 1 SCR units serving 3 boilers: $2,500,000.00

ESTIMATED Installation Cost: $1,950,000.00

What reagent would be used, how much, and what would the unit cost be? 40% Urea Solution,
ESTIMATED usage: ~18 GPH Urea; plus about 40 scfm of compressed air (not instrument air). Urea cost
is about $2.25/gallon

Would the reagent be stored at a different concentration than injected? No, stored and injected at 40%
urea

What is the expected life of the system? Catalyst life = 3-5 years, balance of equipment = 20 years

How often would the catalyst need to be replaced and at what cost? 5 years at ~$250,000.00

RFP NOx Reduction 2020 Wassel.docx



Would use of SCR increase emissions of any other pollutant? Yes, ammonia slip. This is typically
controlled to <10 ppm

How long would the boilers be down during installation? Installation would take about 8 weeks. Boilers
would need to be offline for about 2 weeks.

What annual maintenance is required? Cleaning of catalyst 2 times per year, changing of filters, cleaning
/ replacement of injectors. Inspection of equipment, rebuilding of pumps, greasing of dampers and
actuators.

What additional electricity is required to run the system? May require heat tracing. Maybe 1-2 kW
depending in temperature / pipe runs. One 1 HP pump, skid instrumentation and PLC panel power.
Potentially a new air compressor of existing plant air is limited.

Would a new fan be required due to pressure drop through the SCR system? Possibly, depends on status
of existing fan(s). Existing fan upgrade retrofit may be an option.

How much space would the SCR take up? 25" W x 25’ D x 30’ H

Thank you for your time and if you have any questions please call me.

Kathy Sperle

Region Environmental Manager
541-858-6783
kathysperle@bc.com
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Department of Environmental Quality
Agency Headquarters

700 NE Multnomabh Street, Suite 600

Kate Brown, Governor Portland, OR 97232
(503) 229-5696

FAX (503) 229-6124
TTY 711

January 21, 2021

Kathy Sperle

KathySperle@BC.com

Boise Cascade Wood Products, LLC - Medford
PO Box 100

Medford, OR 97501-0007

Sent via EMAIL

Re: Round 2 Regional Haze Program, Preliminary Determination of Cost Effective Controls;
Boise Cascade Wood Products, LLC - Medford, 15-0004

Dear Kathy Sperle:

Thank you for your responses to Department of Environmental Quality’s (DEQ) December 23,
2019 request for four factor analysis for your facility, and DEQ’s request for additional
information on August 14, 2020, as DEQ gathered information on how to fulfill Round 2 of the
Regional Haze Program in Oregon.

Based on the information provided in the four factor analysis, the cost information that you
submitted, the additional information you provided, and the process DEQ is proposing to use to
screen facilities, DEQ estimates the following controls are likely to be required at your facility:

Emissions Unit | Control Device | Target Pollutant

Boilers 1-3 SCR NOx

DEQ intends to proceed with a rulemaking that adopts the process for this analysis. If DEQ’s
proposed rules are approved by the Environmental Quality Commission, DEQ will likely require
your facility to install these controls.

If you disagree with, or would like to discuss DEQ’s preliminary determination as outlined in
this letter, we encourage you to reach out to the DEQ now. After DEQ adopts rules, it intends to
impose Round 2 regional haze requirements promptly thereafter and without additional
discussion to meet federal timelines for submission of the State Implementation Plan.


mailto:KathySperle@BC.com

DEQ appreciates your commitment to protecting air quality and improving visibility in Oregon’s
Class 1 Areas. If you have any questions about the content of this letter or need technical
assistance, please contact Michael Orman, at michael.orman(@deqg.state.or.us or 503-509-8623.

Sincerely,

Ali Mirzakhalili

Air Quality Division Administrator
Oregon Department of Environmental Quality

Cc: Karen Williams
Joe Westersund
Michael Orman
Byron Peterson


mailto:michael.orman@deq.state.or.us

Regional Haze 4FA $/Ton Calculator
Boise Cascade Medford

- ) Annual
tetimeof| . | annualeed | Operating PSEL for —_—
Emission | Control initalcapital | interest | control | *P'? | capital | veC Expenses | totalannual | Target target | control | SRS
Unit(s) | Device expense | rate | device |“TONY| recovery | T | aiannuatcoss costs | Pollutant(s) | pollutant(s) | eficiency | *° *
(vears) expense except capital (tons/year)
recovery
HSSUb’“}::d"‘"ma' $27,100,109 4.75% 20 7.855% | $2,128,726 | $394,225 | $398,702 | $2,527,428 NOX 213 90% 1917 | $13,184
initial 4FA estimate
_‘:’M:d"fmd o |$27100109| 325% | 30 | 5268% | $1,427,680 | $394,225 | $398702 | $1,826382 |  NOx 213 9% | 1917 | s$9527
interest rate an
lifetime
Boilers | SCR :
as submitted-
e $4,450,000 | 3.25% | 20 | 6.878% | $306,066 $436,990 | $743,056 NOX 213 75% | 15975 | $4651
CECO estimate
withadjusted | $4,450,000 | 325% | 30 | 5.268% | $234,434 $436990 | $671424 NOX 213 75% | 159.75 | $4,203
equipment lifetime

SCR costs from the original 4FA provided by Boise Cascade

Table 2-5
SCR Cost Summary
Cost
Emissions Unit Description Capnt(asljcost Annual Cost ($/yr) E"’;:;:f:‘.;zs of
($/Ton NOx)
Biomass Boilers $27,100,909 $2,527,428 $13,373

The "CECO estimate" described above is based on the paragraph below. The $8,000/ton listed in the paragraph
may include expenses that are not listed in the text.

CECO Environmental also provided some information on the feasibility and cost of
installing an SCR system at the outlet of the ESP that controls particulate emissions
from the three biomass boilers. They indicated a low-temperature SCR system installed
after the ESP (to avoid poisoning the catalyst with boiler ash/particulate) may achieve a
NOXx reduction of 75 to 85%; but could only achieve 60% reduction (not the 90%
reduction that our four-factor analysis conservatively assumed). The equipment cost
estimate was $2.5 million (not including a new fan or fan upgrade to account for
pressure drop through the SCR system), with an installation cost of $1.95 million, a urea
usage of 19 gallons per hour at $2.25/gallon, an equipment life of 20 years and a
catalyst life of 3 to 5 years (replacement cost $250,000). We entered those variables
into a revised cost spreadsheect to estimate total capital investment and total annual cost
and have estimated a cost per ton of approximately $9,000/ton based on the boilers’
portion of the NOx PSEL if a reduction of 75% is achieved. Actual emissions are
approximately half of the 210 tpy NOx PSEL, so the actual cost per ton would be much
higher. This cost is based on several assumptions and we do not consider installation
of SCR cost effective

Boise Cascade estimated $9,000/ton but calculation details were not
provided to DEQ.
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Boise Cascade Wood Products
Rhonda Smith

90 South 21st Avenue

Elgin, OR 97827-9614
RhondaSmith@bc.com

Reference: Boise Cascade, Elgin - Elgin Boiler NOx Control
CPL Systems, Inc Proposal No.: B301590

Dear Mrs. Smith,

At the time the boilers at Elgin were designed and installed, NOx and CO emissions were not a major design
consideration. CO emissions were concerned mostly from the standpoint of combustion efficiency, so
combustion effectiveness was improved to keep CO low and in doing so, adversely affected the NOx
production. To keep CO low, fuel and combustion air were mixed rapidly, and combustion air was pre-heated
to over 400°F to improve efficiency. Both techniques created high flame temperatures and NOx formation
was prevalent.

Newer generation bio-mass boilers incorporate design changes to reduce NOx formation and keep CO
emissions lower, however, the existing boilers would take major modifications to approach the new
performance capabilities of bio-mass boilers today, even without end of pipe mitigation.

The following is a list of techniques that are used to reduce NOx on boiler systems today, however there are
major challenges using these techniques due to cost of implementation and the cost to maintain and in most
cases are difficult to implement on existing bio-mass boilers.

e SCR Systems: Selective Catalytic Reduction (SCR) is a common method of NOx reduction in boilers,
just not bio-mass boilers. There are technical challenges when using selective catalytic reduction
(SCR) for NOx emission reduction on bio-mass boilers. The challenges include managing gas stream
temperature, gas stream cleanliness and catalyst effectiveness; therefore, SCR is determined to be
technically infeasible on bio-mass boiler conversions.

e SNCR: Selective non-catalytic reduction (SNCR) is determined technically infeasible because the boiler
has no locations with temperatures within the temperature window required for the reaction. SNCR
requires temperature zones between 1550 and 2000°F. Additionally, boilers firing plywood trim, or
dust from plywood can cause other environmental issues when the formaldehyde from the glues
reacts with the ammonia.

e Staged Combustion: Implementing staged combustion technology presents numerous challenges,
including injection port location limitations, hots spots on tubes, and possible damage to the unit's
structural integrity. Many applications have been deemed infeasible because of the amount of
modifications required to affect the results. In some cases, fuel bound nitrogen is a major contributor
to the NOx formation, and staged combustion has little to no effect on NOx attenuation. Gasification
in our opinion is a form of Staged Combustion.

e Flue Gas Recirculation: FGR when combined with staging combustion works to improve NOx reduction
by slowing down the mixing of the volatilized fuel with the combustion air. Slower combustion reduces
flame temperatures however, due to the size of the furnaces on older bio-mass boilers, FGR is not
feasible. There is not enough room in the furnace to increase the time to affectively reduce the flame
temperatures without adversely affecting CO emissions.

Dedicated to the Art of Performance
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Background on Pollutant Formation

Nitrogen oxides (NOx) are formed during combustion when nitrogen contained in the fuel and
combustion air oxidize at high temperatures. Nitrogen is introduced to the system from either the fuel
as fired (Fuel NOx) and/or from the combustion air (Thermal NOx). The NOx is formed at combustion
temperatures, and is not linear, as the temperature goes up, typically above 2200°F, NOx formation
increases exponentially. Therefore, control of combustion temperature is critical to NOx formation.

"Fuel NOx" forms when the fuel bound nitrogen compounds are released from the fuel and are
converted into nitrogen oxides during combustion. The amount of fuel bound nitrogen converted to
fuel NOx depends largely upon the fuel type (i.e. particle size, hardwood, softwood, moisture content
and fuel age), nitrogen content of the fuel, air supply, combustion air temperature and boiler design.
The reaction between elemental nitrogen and oxygen to form nitrogen oxides happens very rapidly.
The primary methods for reducing fuel NOx involves minimizing or slowing down the amount of oxygen
(combustion air) that mixes with the fuel in the hottest part of the combustion zone.

“Thermal NOx” is largely formed in the high-temperature portion of a flame, and post-flame
combustion where temperatures are still high enough to drive the reaction. Again, temperature is the
most important factor in the formation of thermal NOx.

Nitrogen dioxide (NO2) can then be formed in a reaction between the NO and oxygen in the
combustion gases. In stationary source combustion, little of the NO is converted to NO2 before being
emitted unless the products of combustion can cool significantly before being emitted. As flue gasses
cool, the NO continues to oxidize in the atmosphere. For this reason, all NOx emissions from boilers
are usually reported as NO2.

Combustion Modification Technologies

The control technologies for combustion modification which are described below decreases NOx
emissions by reducing NOx formation during the combustion process and before the flue gases are in
contact with the boiler heat traps. This technique does not reduce NOx emissions post combustion or
prior to the flue gas being emitted to the atmosphere.

Flue Gas Recirculation (FGR)

Flue gas recirculation (FGR) involves recycling a portion of the exhaust gas back into the combustion
zone where the oxygen molecules are not allowed to rapidly mix with the fuel. Additionally, the inert
gases adsorb some of the heat generated by the flame, thus lowering peak flame temperature. The
reduction of the peak flame temperature reduces the formation of thermal NOx (reaction of N2 and
excess oxygen in the combustion air to form NOx due to high temperatures of combustion).

FGR is effective in reducing Thermal NOx, however in bio-mass boilers, FGR typically causes problems
related to CO formation and ash carry-over because of incomplete combustion due to the increase in
time required to fully combust the fuel. Most bio-mass boilers do not have the furnace volume to
utilize this method.

Combustion Staging

Combustion Staging is performed in several methods. Each technique creates two combustion zones.
Primary zone, where the majority of the combustion occurs, and the secondary zone where additional
fuel and air are mixed again, and combustion is completed. This technique requires furnace length to
produce the zones and affect the results.

Fuel staging is a technique where a portion of the total fuel input can be diverted to a second
combustion zone downstream of the primary zone. Additionally, in a bio-mass boiler, another fuel
source can be introduced into the second combustion zone, such as natural gas, propane, syngas, or
bio-gas to work at reducing the NO formed in the primary combustion zone.
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Combustion Staging techniques not unlike running the primary combustion zone with reduced oxygen
produces CO or unburned fuel that is mixed with air in the secondary zone. Secondary air such as
layered overfire air (OFA) reduces NOx emissions by oxidizing the fuel in the secondary zone.

Air staging involves diverting a portion of the air required through separate ports so that partial
combustion is carried out in the first stage with a lower air to fuel ratio than that of normal
combustion, while secondary air is supplied to complete the combustion reaction in a subsequent
combustion stage. Fuel-rich conditions in the first stage reduce fuel NOx formation by limiting the
amount of oxygen available to react with the fuel-bound nitrogen. Conditions in the secondary
combustion zone result in lower peak temperatures and thus, lower NOx emissions.

In a bio-mass boiler, the strategic use of OFA can provide some additional residence time in the
furnace by creating a Z pattern for the flue gas in the furnace as the products of combustion rise off of
the floor of the boiler. Use of high-pressure nozzles or jets at selective elevations in the furnace can
push the products of combustion back and forth in the furnace. This technique is costly and uses a
high-pressure fan to drive the air which consumes power over time.

Fluidized Recirculating Bed combustion is another means for staging combustion and reducing NOx.
Of course, this technique requires the design of a specialized furnace and bed system. Fitting a
fluidized bed system to a stoker boiler is not practical.

Gasification

Gasification works by basically smoldering the fuel in a chamber without adequate combustion air
creating a synergized gas. The gas is a low btu fuel that can be burned in a burner on a boiler. The low
temperatures of the gasifier create little to no thermal NOx. Combusting the low btu gas in a burner
runs at very low temperatures and additionally oxidizes the NOx that is created in the syn gas as well
as creates very little thermal NOx from final combustion. The system is complex and maintenance
intensive.

Low NOx Burners (LNB)

Low NOx Burners utilize several methods of reducing NOx, (i.e. fuel staging, air staging, FGR, Fuel
Induced FGR, bio-fuels, very low excess air) The Low NOx burners use the techniques to reduce peak
flame temperatures to control the formation of NOx.

The boilers can be fitted with low NOx burners, however, the boilers would no longer be allowed to run
on bio-mass in order to achieve the desired reductions to 30 ppm NOx. In order to go lower NOx than
30 ppm, the boilers would have to be raised and burners fired from the floor. This is not a good
solution.

Low Excess Air (LEA)

LEA involves reducing the amount of excess combustion air to near-stoichiometric levels and reducing
flame temperature, therefore decreasing thermal NOx formation. In most cases, bio-mass boilers will
not run in this technique due to poor mixing of fuel and combustion air. This technique requires
precise metering of fuel, precise fuel quality, moisture and size and precise positioning of fuel from the
stoker.

Post-Combustion Controls

Post-combustion or end of pipe control technologies detailed below include Selective Catalytic
Reduction (SCR) and Selective Non-Catalytic Reduction (SNCR). Each technique works to convert the
NOx to N2 and H20 by spraying a reagent into the products of combustion.

Selective Catalytic Reduction (SCR)

The SCR technique involves injecting a reagent (ammonia or urea) into post combustion flue gas then
passing the gas through a catalyst bed where NOx is converted to N2 and H20. The temperature
target zone for the flue gas is in the range of 550 to 800°F.
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For SCR systems to work in bio-mass applications, the system must be installed at the boiler outlet
where flue gas is between 650 and 750°F. Of course, this is the dirtiest part of the flue gas stream.
The flue gas must pass through high efficiency cyclones, then high temperature bag-houses or a high
temperature Electrostatic Precipitator to remove the ash and char before the flue gas can enter the
catalyst. This minimizes fouling of the catalyst. Online cleaning systems use lances to clean the face
of the catalyst. This technique is considered a Hot Side SCR. The combustion air heater and
economizer must be moved downstream of the SCR to maintain boiler performance.

Cold Side SCR technologies require flue gas temperatures above 550°F. In most cases, the
technique won’t work without some form of flue gas re-heat to increase the temperature of the flue
gas back up over 550°F. Low temperature catalyst has not been used in this application due to the
particulate loading even post particulate treatment. Most of the good performing bio-mass boilers run
at flue gas temperatures below 450°F. The boilers at Elgin operate on average of 414 degF.

Regenerative SCR (RSCR) systems provide a means of Cold Side treatment where the flue gas has
been treated for particulate removal by cyclones and bag-house or ESP. The reagent is sprayed into
the flue gas and then enters a heated ceramic chamber that re-heats the flue gas. After the chamber,
the flue gas enters the catalyst and the NOx is treated and converted to N2 and H20. The flue gas is
then passed through a chamber with a burner that heats the flue gas and passes the heated gas over
the ceramic chamber that is used to re-heat the untreated flue gas. The technique of regenerated flue
gas heating reduces the amount of fuel gas required to reheat the untreated flue gas.

Selective Non-Catalytic Reduction (SNCR)

SNCR is an exhaust gas treatment process in which urea or ammonia is injected into the hot zone of
products of combustion. High temperatures, between 1,600 and 2,100°F, promote the reaction
between urea or ammonia and NOx to form N2 and water without the use of a catalyst. The
effectiveness of SNCR systems depends on the inlet NOx concentration, temperature, mixing,
residence time, reagent-to-NOx ratio, and fuel sulfur content.

Outside of the design temperature window, the emissions are adversely affected. If the temperatures
are too high, then the reagent may be oxidized, causing additional NOx emissions. If the temperatures
are too low, then the reaction between the reagent and NOx is slowed, and emissions of the reagent
will be present in the flue gas.

Retrofitting Options
Applicable NOx control technologies are identified based on:

Published information from research, technical experts, and OEMs
Searching EPA databases

A review of recently issued permits for similar biomass boilers
Expertise in the field of NOx reduction and combustion techniques

The existing boilers at Elgin are 60,000 pph saturated steam Keeler Boilers fitted with Detroit Stoker
water cooled grates. The system has air swept fuel spouts for fuel distribution with three layers of
over-fire air. The combustion controls are operated manually for the most part for setting fuel to air
ratios and draft. The two boilers are piped into a single ESP for particulate removal. Based on the
emissions data provided, the NOx levels are well within the expected range for the boilers. 125 ppmis
typical for this design firing on good bio-mass fuels. CO emissions are good as well in the 250 to 400
ppm range. This is an indication that the boiler is in good condition and not experiencing excessive
fuel bound nitrogen.

Typically, minimal thermal NOx is formed in wood-fired spreader stoker boilers due to the high
moisture content of the wood, and the spreader stoker firing configuration. Even with high combustion
air temperatures, NOx formation is low in these boilers. The fuel as fired appears to be a low
percentage of plywood trim or plywood dust. Each of which will contribute to increased NOx formation.
It is not practical to consider combustion modification technologies in these units that are aimed at
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reducing thermal NOx formation. FGR, OFA, or additional combustion staging are not considered as a
viable solution to create a step change in the NOx emissions. Traditional combustion modifications
that are used in Low NOx or Low Emissions burners will not apply in this case.

These boilers incorporated a minimal overfire air configuration. The OFA system on these boilers were
originally installed to improve particulate emissions by allowing lower under grate air flows. The
technique inherently reduces NOx through staged combustion technology. Overfire air systems are
commonly employed in spreader stoker boilers.

Boiler operations and consistency can be improved by implementation of a combustion control
system. The system would work to reduce excess air, improve staging, and provide better fuel to
combustion air ratio control. Unfortunately, a significant reduction in NOx is not a practical
expectation.

In stoker fired bio-mass boilers, FGR can be fitted on the fuel stokers as distribution air in order to
minimize the NOx formed at the fuel feed throats. In these boilers prompt NOx forms at the fuel
feeder throats due to high peak flame temperatures at this point. Of course, the dryer, the fuel, and
the more fines that are part of the fuel, the more NOx is formed at the stoker throat and therefore the
higher the percentage of NOx is reduced from this technique. The Elgin boiler is already running good
numbers for this type of boiler and no more than 5 to 7% reduction can be expected and may even be
less.

Post-Combustion Controls
Selective Catalytic Reduction (SCR)

High PM concentrations upstream of the PM control equipment (Hot-side/High-dust) impedes catalyst
effectiveness and results in deactivation or poisoning of the catalyst, which requires downtime to
clean and/or replace the catalyst and loss of NOx reduction performance. In biomass boilers, plugging
and fouling of the catalyst occurs due to large amounts of fly ash generated by the biomass.
Relocating of the air pre-heater is required to implement this technique.

The installation of an SCR downstream of the PM control equipment (Cold-side/Tail- end SCR) renders
the gas stream too cold for an effective reaction with the catalyst to reduce NOx.

Implementing an SCR on these hog fuel boilers poses several technical challenges. First,
consideration should be given to the footprint; size constraints makes retrofitting an SCR system near
the boiler near impossible. Second, boilers' temperature profiles are not appropriate for SCR, and the
SCR system pressure drop requirements may create sizing concerns related to existing boiler fans.
Finally, the location of the SCR is critical. Installing an SCR post the ESP is the only solution without
major modifications to the boilers. The flue gas temperature is too low exiting the existing ESP.

The desired minimum temperature for the SCR in this application to achieve 70% control is 575°F.
The annual average exhaust temperature of two Keelers after the ESP is 414°F. The exhaust
temperatures of the two boilers are well below the range of operation of the SCR system, higher
temperatures are needed for optimum control efficiency for the SCR application.

In order to raise the flue gas to temperatures high enough for the SCRs to work, over 11.0 MMBtu/hr.
of natural gas would be used to re-heat the flue gas just to get the SCR system to work. Over 15 lbs.
per hour of anhydrous ammonia is required, about 250 electrical horsepower is required and the
boiler flue gas CO2 flow would increase by 5600 tons per year.

Implementing individual SCRs on each boiler is not practical due to the following. To install an SCR on
the boilers, the air heater would have to be removed from the back of the boiler, the primary dust
collector moved to the back of the boiler and resized for high temperature flue gas. A new high
temperature ESP would be installed behind the dust collector to remove the particulate prior to the
SCR. The SCR and injection grid would be installed behind the ESP. After the SCR, the air heater
would be reinstalled with all new combustion air and draft fans.
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The option in this case is the Regenerative type SCR whereby which a re-heat chamber is provided for
the flue gas existing the existing ESP. The technique is described above. The challenge again is real
estate to implement the system and then costs. The actual fuel consumption provided to the re-heat
will be roughly 5 to 6 MMBtu/hr. Maintenance costs to maintain and clean the catalyst are a major
consideration. CO2 increases by 2700 tons per year as well as electrical hp increases by 300 or more
horsepower.

In an RSCR system, the regenerative heating reduces the required heat input; however, this reheating
of the flue gas still represents a significant amount of auxiliary fuel that would be necessary for
successful operation.

Moreover, it is not considered an available technique, as RSCR has not been demonstrated on load-
following boilers. As noted above, locating the SCR in a higher temperature region (Hot-side/High-Dust
SCR) to avoid the issue with use of auxiliary fuel results in catalyst exposure to high particulate
emissions from hog fuel combustion that damages the catalyst.

The technical difficulties described above apply generally to biomass boilers. Advanced technologies
and auxiliary heating of the tail-end flue gas have been developed recently in an attempt to overcome
these difficulties. However, the wide load swings experienced by plywood mill boilers result in unstable
exhaust temperatures and would make it particularly difficult to control the flue gas temperature and
reagent injection rate needed to ensure appropriate NOx reductions while avoiding excessive
ammonia slip. For these reasons, SCR technology has not been successfully demonstrated for a load-
following spreader-stoker boiler with load swings comparable.

Selective Non-Catalytic Reduction (SNCR)

With the recent advancements in SNCR technology, Implementing SNCR on industrial load-following
hog fuel boilers continues to pose several technical challenges. Newer techniques include setting up
multiple injection grids and the use of NOx Continuous Emissions Monitoring Systems (CEMS)-based
feedback loops to control flow to the individual grids. Additionally, with an SNCR system, the injection
of the reagent must be applied in a narrow temperature window for the reduction reaction to
successfully complete. As mentioned above, high temperatures, normally between 1,600 and
2,100°F, promote the reaction between urea or ammonia and NOx to form N2 and water.

In the load- following boiler, the region of the boiler where the optimal temperature range is present
would vary depending on the firing rate, making it very difficult to control the SNCR reaction
temperature. With years of practice and modeling, the boiler grate is the only location that reaches
even the low end of this temperature range. Therefore, no locations exist within the boilers with high
enough temperature for SNCR to be technically feasible.

Another consideration preventing proper implementation of SNCR technology in load-following
biomass boilers is inadequate reagent dispersion in the injection region. This leads to significant
amounts of unreacted ammonia exhausted to the atmosphere (i.e., large ammonia slip). To our
knowledge, the SNCR systems that have been installed on bio-mass boilers have been
decommissioned. In some cases, in plywood mills that do burn ply trim or dust, the reagent reacts
with the formaldehyde causing bigger environmental problems.
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5.0 Budget Estimates

The following chart is a budget estimate of applications. In some cases, the costs were pulled from
actual completed projects.

Recommended Modifications 5 to 7 %
reduction in average NOXx

FGR and OFA Modifications Per Boiler x2 S 250,000.00
Combustion Controls Per Boiler per Boiler x2 S 620,000.00
Total for both boilers S 1,740,000.00

6.0 Conclusion

NOx emissions from the Keeler Boilers are largely un-controlled, however, by original design, based on
current loading, and along with using good operating practices, the emissions are what is expected for
this type of installation.

The NOx emissions are typical, and more on the lower side based on many boilers we have worked on.

The use of a computerized control system to optimize the air and fuel feed rates along with strategic
use of FGR on the fuel feeders can help with a small reduction of NOx. The boilers are already fitted
with OFA, and good particulate controls. It leaves us to state that all discussed NOx control
technologies are determined to be technically or economically infeasible.
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Boise Cascade Wood Products, LLC
PO Box 100
Medford, OR 97501

Boise Cascade

April 20, 2021 Submitted via email

Michael Orman

Oregon Department of Environmental Quality
700 NE Multnomah Street, Suite 600
Portland, OR 97232

Re: Boise Cascade Wood Products, LLC — Medford Plywood
Regional Haze Program, Additional Information
Title V Permit No. 15-0004-TV-01

Mr. Orman,

Medford Plywood (Facility) received a Preliminary Determination of Cost Effective
Controls letter from the Oregon Department of Environmental Quality (DEQ) on January
21, 2021. Based on the Facility submitted June 2020 Four Factor Analysis and October
27, 2020 Supplemental Information, the DEQ concluded installation of a Selective
Catalytic Rection (SCR) control device for NOx would likely be required for the Facility’s
Boilers 1 — 3. This letter summarizes information obtained by the Facility to evaluate the
effectiveness of SCR for control of NOx from their wood-fired boilers.

The Facility’s June 2020 Four-Factor Analysis identified several technical challenges
and uncertainties associated with use of SCR. These included:

e SCRis not identified in the EPA RBLC database as an existing control
technology deployed on biomass-fired industrial boilers.

e The temperatures of boiler flue-gas exiting the Facility’s Dry Electrostatlc
Precipitator (DESP) are generally below the minimum SCR operating
temperature and well below the optimum operating temperatures for catalyzed
reactions.

e Flue-gas reheating would be required for effective SCR operation, which would
result in additional energy usage and GHG emissions.

e The presence of alkali metals and other constituents found in wood could poison
catalysts.

e There is risk of ammonia slip, oxidation of CO to COz2, and formation of sulfuric
acid mist emissions associated with injection of ammonia.

In addition to these concerns, the Facility estimated the annualized cost per ton of
implementing SCR would be $13,373/ton and ultimately screened SCR from further
consideration based on cost effectiveness. Based on the October 2020 Supplemental
Information (Vendor Quote), the Department adjusted the cost per ton to $4,203/ton.
However, it should be noted that this was an expedited estimate that did not include a

{ENV Dept LLC/171/02107294.DOCX: }
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site visit or review of any substantial Facility boiler details and it is unlikely the vendor
that supplied the quote would have provided the same cost estimate, NOx reduction
estimate, or reached a conclusion of technical feasibility had they visited the Facility.

Since receiving the DEQ’s January letter, the Facility has worked diligently to gather
additional information to determine appropriate controls for NOx reduction.

Maul Foster Alongi was consulted to evaluate technical feasibility for installing SCR on
the Facility’s boiler system. Their findings are attached in a Technical Memorandum
and a brief summary of their findings is presented below:

e There are no applications of SCR controls on a wood-fired boiler that are

comparable in size to Facility boilers.

SCR controls have not been implemented on load-following boilers.

SCR controls have not been implemented on primarily bark-fired boilers.

SCR controls have not been implemented on any wood-fired boilers in Oregon.

Oregon soils often have higher concentrations of metals that are catalyst poisons

than other locations where SCR has been implemented. These metals are

accumulated in the wood burned in the boilers

e The average flue-gas temperature following the Facility’s DESP is less than the
typical operating temperature for SCR and well below the optimal temperature
range for catalytic reduction.

e For the reasons described above, SCR was determined to not be technically
feasible for the Facility’s wood-fired boilers.

CPL Combustion & Control Systems (CPL) and Jansen Combustion & Boiler
Technologies, Inc. (Jansen) were brought onsite the Boise Cascade Elgin-Complex in
April 2021 to evaluate their boiler system and identify possible NOx reduction controls.
As discussed in their attached report, CPL determined SCR was not technically feasible
for control of NOx from Elgin’s boiler system and concluded overfire air (OFA) and
combustion controls were technically feasible, but they estimated only a potential 5 to
7% reduction in average NOx with implementation of OFA and combustion controls.
Based on their cost estimate of $1,740,000 to implement, the cost per ton reduction
using PSEL for NOx at the Elgin-Complex would be roughly $150,000/ton, therefore it
was not considered to be economically feasible. CPL indicated extensive modeling of
the system would be required in order to determine actual reduction of NOx achievable
and to obtain a performance guarantee for implementation of OFA and combustion
controls. Jansen is in the process of reviewing Elgin-Complex data and drawings to
complete a proposal for recommended boiler improvements to reduce boiler NOx
emissions, with a tentative completion date of early May. Their preliminary conclusion
regarding SCR on Elgin’s Boiler System was that it was technically infeasible and they
suggested possible approaches may include combustion controls, similar to controls
CPL'’s evaluated. Jansen indicated the typical achievable maximum range for NOx
reduction for these types of controls was 0 - 30%. The achievable range for the Elgin’s
Boilers is expected to be in the lower range, based on CPL’s evaluation and
configuration of the boiler system. Even if the Elgin Boilers were capable of achieving
the maximum reduction using combustion controls at 30%, the reduction would be
roughly $35,000/ton, based on CPL’s cost estimate. While the Elgin-Complex boilers
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are configured differently than Medford Plywood'’s boilers, they share the same
similarities that make NOx controls infeasible (industrial boilers located in Oregon, load-
following, and high percentage wood bark fuel) and therefore the conclusions reached
by CPL and Jansen for the Elgin boilers should also be applicable to Medford’s boilers.
In addition, the Medford boilers are even less likely candidates for combustion control
improvements because substantial upgrades to these systems were already completed
in 2012 (Boiler 3) and 2014 (Boiler 2) to address Boiler MACT requirements.
Improvements included new stokers, under grate air improvements, new Over Fire Air
system, ducting, dampers, instrumentation and relocating/installing new air ports to
improved mixing inside the boiler.

In addition to the technical details described above, the Facility and corporate safety
have expressed a strong preference against storage and transfer of anhydrous
ammonia, required for SCR, due to risk to employees and the community. The Facility
does not have the necessary equipment or training for maintaining transfer and storage
systems or responding to leaks of this hazardous material. Storing and handling
anhydrous ammonia could also require the Facility to implement Process Safety
Management (PSM) and Risk Management Plan (RMP) programs.

Based on the information summarized above and the provided attachments, the Facility
has concluded SCR is technically infeasible for NOx control of emissions from Boilers 1-
3. No other NOx control options have been identified as potentially feasible for further
review.

Please call Kathy Sperle at 541-858-6783 if you have any questions regarding this
submittal.

Sincerely,

LIk D

Robert Glover
Production Manager

cc: J. Westersund, M. Orman, B. Peterson — ODEQ

Attachments:

1. Maul Foster Alongi, Technical Memorandum: Selective Catalytic Reduction (SCR)
Control Evaluation, April 19, 2021

2. CPL Combustion & Control Systems, Elgin Boiler NOx Control Proposal, April 19,
2021
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one | MEMORANDUM

To: Ms. Kathy Sperle Date: April 19, 2021
From: Maul Foster & Alongi, Inc. Project No.: 1270.06.04
RE: Selective Catalytic Reduction (SCR) Control Evaluation—Boise Cascade Medford Facility

Maul Foster & Alongi, Inc. (MFA) was retained by Boise Cascade Wood Products, LL.C (Boise) to
conduct a technical evaluation of SCR for the wood-fired boilers at the Boise facility located at 3285
North Pacific Highway, Medford, Oregon 97501 (the “facility”). The focus of the evaluation is to
assess the feasibility of SCR to reduce nitrogen oxide (NOx) emissions from the facility boilers.

BOILER INFORMATION AND PARAMETERS

The facility operates three wood-fired, hybrid suspension grate boilers that supply process steam to
support the plywood manufacturing operations. The boilers have a maximum heat input capacity of
77, 108, and 154 million British thermal units per hour (MMBtu/hr) and a rated steam production
capacity of 50,000, 70,000, and 100,000 pounds per hour, respectively. The boilers combust hogged
wood that consists primarily of bark. On average, bark represents 90 percent of the total hogged fuel
used, with the balance comprised of stem wood (e.g. clean wood chips, sawdust, plytrim, etc.).

Exhaust from each boiler is routed to a dedicated multiclone, then to an induced draft fan, and finally
a common header where exhaust from the three boilers combine prior to final particulate emissions
control using a dry electrostatic precipitator (DESP). Select exhaust parameters for the boilers at the
combined DESP exhaust stack are shown in Table 1.

6 Centerpointe Drive, Suite 360, Lake Oswego, OR 97035

www.maulfoster.com
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Table 1. Boiler Exhaust Parameters

Parameter Value
Exhaust Flow Rate! 111,691 acfm

Exhaust Temperature? 356°F

Exhaust Moisture Content! 16.3%

NOTES:

acfm = actual cubic feet per minute

1. Data based on average results of performance source tests
conducted in June 2016 and June 2020.

2. Average DESP exhaust temperature from April 2020 to April
2021.

SCR CONTROL FOR NOx REDUCTION

SCR reduces NOx emissions with ammonia in the presence of a catalyst. The major advantages of
SCR technology compared to selective non-catalytic reduction are the higher potential control
efficiency (70% to 90%) and the lower temperatutes at which the reaction can take place (480°F to
800°F', depending on the catalyst selected). The optimal temperature range for catalytic reduction is
650°F to 850°F* SCR is widely used for combustion processes, such as those using natural gas
turbines, where the type of fuel produces a relatively clean combustion gas. The primary reactions that
take place in the presence of the catalyst are:

4NO+4NH;+ O,—4N,+ 6H,O
2N02+4NH3+ Oz—>3N2+ 6H20
NO + NO2 + 2NH3 — 2N2 + 3Hzo

SCR is not widely used with wood-fired combustion units because of the amount of particulate that
is generated by the combustion of wood. If not removed completely, the particulate can cause binding,
plugging, and fouling in the catalyst and can coat the catalyst, reducing the surface area for reaction.
Another challenge with wood-fired combustion is the presence of alkali metals such as sodium and
potassium, which are commonly found in wood but not in fossil fuels. Sodium and potassium will
poison catalysts, and the effects are irreversible. The impacts on catalyst performance due to
manganese, another metal found in higher quantities in wood than fossil fuels, are unproven’. Other
naturally occurring catalyst poisons found in wood are phosphorus and arsenic.

T OAQPS 7t Edition. June 2019. Chapter 2 Selective Catalytic Reduction. https:/ /www.epa.gov/sites/production/files/2017-

12 /documents/scrcostmanualchapter7thedition 2016revisions2017.pdf (Section 2.2.2).

2 OAQPS 7t Edition. June 2019. Chapter 2 Selective Catalytic Reduction. https:/ /www.epa.gov/sites/production/files /2017-

12/documents/scrcostmanualchapter7thedition 2016revisions2017.pdf (Figure 2.2).

3 National Council for Air and Stream Improvement, Inc. INCASI). 2019. An Update on NOX Control Limits and
Technologies for Forest Products Industry Boilers, Kraft Recovery Furnaces, and Lime Kilns. Technical Bulletin No. 1051.
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In order to prevent the plugging, blinding, and/or poisoning of the SCR catalyst, it is necessary to first
remove particulate from the exhaust gases. It is not considered technically feasible to place an SCR
unit upstream of the particulate control device in a wood-fired boiler application due to the potential
for decreasing the useful life of the catalyst and decreasing the control efficiency, which can happen
relatively quickly. In addition to catalyst deactivation via poisoning from contaminants present in the
exhaust gas, ash from wood-fired boiler exhaust is extremely abrasive and can further damage catalyst
by “sandblasting” the active pore sites of the catalyst, resulting in a decrease of the number of sites
available for NOx reduction.

Use of SCR on a wood-fired boiler application requires a high temperature particulate control device
so that the downstream temperature is still in the range of 480°F to 800°F, which is necessary for the
reduction of NOx in the presence of the catalyst. The SCR unit may, in certain circumstances, be
located downstream of the particulate controls, after most of the ash and contaminants have been
removed from the exhaust. This SCR configuration requires that temperatures downstream of the
particulate controls are still within the effective temperature range for NOx reduction by catalytic
reaction.

SCR IMPLEMENTATION AND TECHNICAL FEASIBILITY

MFA conducted a search of the Environmental Protection Agency (EPA) “RACT, BACT and LAER
Clearinghouse”, commonly referred to as the RBLC. This is an EPA database populated with RACT,
BACT and LAER determinations across the United States. The search was conducted to identify
implementation of SCR control systems on biomass combustion units, and the following search
criteria was used:

e Permitting dates: January 1, 2007 through April 7, 2021
e Process types: Biomass fuel combustion (11.120, 12.120, and 13.120)
e Pollutant: NOx

Note that the default search criteria for querying the RBLC is for the past 10 years. MFA is aware of
SCR control systems implemented for biomass combustion units prior to 2010; therefore, to provide
a more comprehensive review, MFA expanded the query beyond the default determination date.
RBLC entries that identified a control device other than SCR as the control method were excluded
from further analysis. The search results are presented in Table 2 in Attachment A, along with select
data on each unit from the RBLC database. MFFA assighed numbers to each RBLC entry that
correspond to the discussion presented below.

Units 1, 2,4, 5, 8, and 9 in the RBLC database were not constructed and therefore do not demonstrate
practical application of SCR control technology. Units 3 and 11 do not combust wood and so are not
representative of SCR control on wood-fired boilers. The remaining RBLC entries are Units 6, 7, and
10, which require additional evaluation. Note that Units 6, 7, and 10 implemented SCR control on
newly constructed combustion units rather than a retrofit installation on an existing boiler.
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The heat input capacities of the units range from 693 to 1,358 MMBtu/hr. Even the smallest unit is
over four and a half times larger than the capacity of the largest facility boiler. Additionally, Units 0,
7, and 10 are all utility boilers, which typically operate at steady-state, base load conditions. This is
fundamentally different than operation of the facility boilers, which operate to supply process steam
to the manufacturing operations. As a result, boiler operating loads follow the steam demand at the
facility. Therefore, the units should not be considered for comparison to the facility boilers.

Another significant difference between the facility boilers and Units 6, 7, and 10 is the type of fuel
combusted. Unit 6 burns only clean wood chips, which are substantially different than the majority
bark fuel used by the facility. Specifically, bark fuel presents additional challenges with regard to
catalyst deactivation via poisoning than wood chips. More details on the differences in bark and stem
wood (e.g. clean chips) is provided in subsequent sections. Based on the description of fuels used in
the RBLC database and permits, only Units 7 and 10 may potentially be using bark as part of the fuel
mix in the form of logging residuals. However, it is unlikely, based on the available information, that
the units combust bark in quantities that approach the 90% bark fuel mix that is typical of the facility
boilers. Therefore, the units are not comparable to the facility boilers based on the fuels combusted.

Table 3 presents the concentrations of select metals in wood fuels based on information from the
National Council for Air and Stream Improvement (NCASI). These data clearly show that bark fuel
has higher concentrations of metals than non-bark fuel (i.e. stem wood). As metals present particular
concern for catalyst deactivation, this suggests that biomass combustion where bark comprises the
majority of the fuel mix may not be suited for SCR control technology.

Table 3. Metal Contaminant Concentrations in Wood Fuels

X Mean Concentration (ppm)!
Contaminant
Bark Stem Wood
Arsenic 1.56 0.419
Lead 2.59 0.550
Manganese 167 32.5
Nickel 3.3 0.700
Selenium 0.593 0.650
Zinc 19.2 4.36
NOTES:
1. NCASI Handbook of Chemical-Specific Information for SARA Section 313 For R
Reporting — Pulp and Paper Facilities — RY2018 (updated May 2019).

Additional contaminants may also be present in bark fuel due to log harvesting, log stacking and
storage, and bark handling activities, where contact with soils can result in foreign particles becoming
entrained in the fuel prior to introduction to the combustion unit. Entrained soil represents an
additional contaminant loading that is unique to bark fuels but is not expected to be applicable to units
burning clean wood chips and other stem wood.
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The fuel data presented in Table 3 are based on composite values for facilities located throughout the
United States. Metals and other minerals present in biomass are the result of uptake from the soil. As
a result, the concentration of metals and minerals in the soil can directly affect the concentration of
metals and minerals in the biomass. The figures in Attachment B present United States Geological
Survey data on soil concentrations for select metals across the United States. The concentration of
these metals in Oregon, which is the primary source of logs and fuel for the facility, are higher than
other regions of the country where SCR controls have been implemented on biomass combustion
units. Note that there are no SCR controls in use on wood-fired boilers in Oregon, and as states above,
no SCR controls on predominately bark burning combustion units in the United States.

The facility boilers are equipped with a DESP for final emissions control. As no control devices are
100% effective, particulate matter in the form of fly ash is still emitted. Table 4 presents typical
concentrations of metals and other minerals in wood combustion ashes.

Table 4. Typical Metal Contaminant Concentrations in Wood Ash

Contaminant Concentration (ppm)
Arsenic! 6.67
Lead! 50.1
Manganese? 4,370
Nickell 45.7
Phosphorus! 6,365
Potassium! 30,000
Selenium! 4.36
Sodium! 2,377
Zinc' 303.5
NOTES:
1. Average of results from facility ash analyses performed in
June 2000 and August 2002.
2. NCASI Handbook of Chemical-Specific InNformation for SARA
Section 313 For R Reporting — Pulp and Paper Facilities - RY2018
(updated May 2019).

Note that known catalyst poisons, including arsenic, phosphorus, potassium and sodium, are present
in elevated concentrations in wood combustion ashes. These contaminants are present in the treated
exhaust gases (i.e., post- DESP control) and therefore can potentially deactivate SCR catalyst and
render the NOx control system ineffective.

As shown in Table 1, the exhaust gas temperature at the DESP exhaust is 356°F. This temperature is
below the typical SCR operating range and is well below the range optimal for catalytic reduction

(650°F to 850°F). The exhaust conditions at the DESP outlet of the facility boilers is significantly
different than utility boilers where SCR control systems have been installed. Specifically, utility boilers
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are typically operated as base-load units where steam loads and resulting exhaust parameters are more
consistent. There are no available data demonstrating that SCR is a proven, effective control
technology for load-following boiler applications such as the facility boilers. In addition, due to the
contaminants present in the exhaust gas after DESP control, SCR is not a technically feasible
technology.

SUMMARY

While SCR control systems have been implemented on wood-fired boilers, as evidenced by the RBL.C
database query, none of the installations were retrofit applications or for units of a comparable size to
the facility boilers. Nor are operating conditions for the RBLC installations comparable to the facility
boilers since those units are electricity generating units rather than load-following units that solely
supply process steam to support manufacturing operations. There are significant differences in fuels
used and none of the RBLC applications demonstrate feasibility for primarily bark-fired boilers.
Furthermore, no wood-fired boilers in Oregon have implemented SCR where the metal
concentrations in the regional soil may present additional challenges with regard to wood fuels and
the resulting contaminant loading and catalyst poisoning. The issues with catalyst plugging and
deactivation are well-documented for wood fuels, and the bark fuel in use at the facility will have
significantly higher concentrations of catalyst poisons than stem wood, as shown in Table 3. Despite
having an existing particulate control, these contaminants are known to be present in combustion
ashes in the post-control exhaust gas, so it is not clear that SCR would be feasible downstream of the
DESP. Additionally, the average temperature of the exhaust gas downstream of the DESP is less than
the typical operating temperature range of SCR and is well below the optimal temperature range for
catalytic reduction.

In summary, there are no identified applications of SCR controls on a wood-fired boiler that is
comparable in size to the facility boilers. SCR controls have not been implemented on load-following
boilers. And no application of SCR controls for primarily bark-fired boilers have been identified.
Therefore, SCR is not a technically feasible control technology with proven applicability for the facility
boilers.
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Table 2

RBLC Search Summary - Biomass Combustion Units with SCR Control for NOx Emissions (")
Boise Cascade Wood Products—Medford, Oregon

@ MAULFOSTER ALONGI

Permit Unit Boiler Input Percent
Unit Facility (a) | Constructed? Process Description N . Primary Fuel Secondary Fuel Control Device Control Location
Type (Yes/No) Eereaiy  (mis) Efficiency
Natural gas and
Power Boiler at a kraft paper Biomass residuals | dewatered sludge Selective Catalytic
1 SUN BIO MATERIAL COMPANY A No ) pap 1,200 (MMBtu/hr)| from the paper from the araly - Arkansas
mill . Reduction
mill. wastewater
treatment plant
Natural gas or ULS
2 MONTVILLE POWER LLC D No 42 MW Biomass utility boiler 600 (MMBtu/hr) Clean wood distillate for startup | Regenerative SCR 70 Connecticut
and peaking.
Biomass, including
wheat straw, N .
Biomass cogeneration boiler at sorghum stubble Selective Catalyfic
ABENGOA BIOENERGY BIOMASS cog 9 ! Natural gas for Reduction System
3 A Yes a biomass-to-energy 500 (MMBtu/hr) corn stover, - Kansas
OF KANSAS (ABBK) N L N startfup (SCR) and an over-
production facility switchgrass and N
LT fire system (OFA)
liquid biomass
residuals
CONCORD STEAM 19.7 MW biomass power plant; . Natural gas for | Selective Catalytic New
4
CORPORATION A No stoker-type boiler 305 (MMBtu/hr) Wood chips startup Reduction 70 Hampshire
29 MW biomass power Selective Catalytic
5 CLEAN POWER BERLIN LLC A No plant/cogeneration p\onATE " (tons/hr) Wood Chips Natural gas for Red.ucnon (SCR) 70 NewA
Wellons close coupled gasifier startup with Staged Hampshire
unit Combustion
75 MW biomass electrical .
. o - . SCR (Cold Side of
BURGESS BIOPOWER generating facility; refurbished . No. 2 fuel oil X New
6 -
BERLIN STATION LLC A ves Babcock & Wilcox Bubbling 1013 (MMBtu/hr)| - Wood Chips backup Baghouse) with Hampshire
. " Ammonia Injection
Fluidized Bed boiler
Wood, primarily . .
LUFKIN GENERATING PLANT; . . . Selective Catalytic
7 ASPEN POWER LLC A Yes 45 MW Wood-fired boiler 693 (MMBtu/hr) Iogglrjg or}\umber - Reduction - Texas
mill residue
" - Good combustion
BEAVER WOOD ENERGY FAIR 34 MW Wood-fired ufility control and a Multi
8 A No cogeneration boiler at a wood 482 (MMBtu/hr) Wood -- . - Vermont
HAVEN ellet manufacturing facilit Pollutant Catalyfic
P 9 Y Reactor (NOx SCR)
NORTH SPRINGFIELD SUSTAINABLE 37 MW Wood-fired electric Bubbling fluidized
9 A No R . 464 (MMBtu/hr) Wood - bed boiler design -- Vermont
ENERGY PROJECT generating unit
and SCR
100 MW electric power plan Efficient
1o |GAINESVILLERENEWABLEENERGY( o Yes utiizZing @ bubbling fluidized | 1358  (MmBtu/hy)| /8GN weedy | Naiural gas for Combustion. - Florida
CENTER 5 . biomass startup
bed biomass boiler SCR system
TATE & LYLE INDGREDIENTS Two fiber-fired boilers and germ . Selective Catalytic B
1 AMERICAS, INC. B ves dryers at a corn wet mill 200 (MMBtu/hr) Com Fiber - Reduction lowa
NOTES:

RBLC = EPA RACT/BACT/LAER Clearinghouse

SCR = selective catalytic reduction.

SNCR = selective non-catalytic reduction.
(a) Permit Types as identified in the RBLC and based on the descriptions below. Sources that were identified as "A" for new construction were excluded.

A = new facility/greenfield

B = Add new process to existing facility
C = Modify process are existing facility

D=BothB&C
U = Unspecified

REFERENCES:
(1) All search results from RACT/BACT/LAER Clearinghouse. Searches were conducted for permitting dates for January 1, 2007 through April 7, 2021 and biomass fuel combustion process types (i.e. 11.120, 12.120, and 13.120).

1270.03.04, 4/15/2021, Tf-RBLC Table-V2.0.xlsx
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Figure 1. USGS Map of Arsenic Concentrations in Surface Soil
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https://pubs.usgs.gov/sir/2017/5118/elements/Arsenic/OFR-2014-1082-As.pdf

Figure 2. USGS Map of Lead Concentrations in Surface Soil
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Figure 3. USGS Map of Manganese Concentrations in Surface Soil
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Figure 4. USGS Map of Phosphorus Concentrations in Surface Soil
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Figure 5. USGS Map of Potassium Concentrations in Surface Soil
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Figure 6. USGS Map of Sodium Concentrations in Surface Soil
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