
 
 
 
 

MEMORANDUM 

20819 72nd Ave S, Ste 610, Kent, WA 98032 
P 253.867.5600  /  F 253.867.5601 

To: Aaron Manley, Olympic Region Clean Air Agency 
cc: Michael Nolan and Christine Yanik, Weyerhaeuser NR Company 
From: Beth Ryder and Maddie Coates, Trinity Consultants 
Date: February 14, 2024 

RE: Weyerhaeuser Raymond NOC Application Addendum (23NOC1614) – Arsenic Emission Factor 

Weyerhaeuser NR Company (Weyerhaeuser) is requesting an update to the proposed emission factor 
associated with arsenic emissions from the Notice of Construction (NOC) application #23NOC1614 
associated with the direct-fired continuous dry kiln (CDK) at the Raymond facility (the “Facility”).  
 
Arsenic emissions are dependent on (1) the fuel used to create the heat for the kiln, and (2) the process of 
producing the heat. Metals, including arsenic, are not destroyed, or created in a combustion or gasification 
process. The originally submitted emission factor for arsenic was determined by National Council for Air and 
Stream Improvement (NCASI) Technical Bulletin 1013: A Comprehensive Compilation and Review of Wood-
Fired Boiler Emissions (March 2023). There is no known dataset of arsenic emissions associated with a 
gasification process or CDK. The combustion process occurring in a wood fired boiler and the gasification 
process occurring in the proposed CDK burner have some important differences that may lead to these 
values being overly conservative.  
 
The gasification burner system generates combustible gases from cooking the green sawdust in a low 
oxygen environment. In stage one, the sawdust is delivered to the top of a sloped grate in a chamber and 
heated as it travels down the grate. This stage is completed in a low oxygen environment, and no 
combustion occurs on the grate. The green sawdust can reach temperatures between 300 – 1,000°F with 
higher temperature expected toward the grate and lower temperature on the outlet side of the pile. 
Temperatures over 800°F are not as energy efficient and are expected to be adjusted using burner operator 
controls. A byproduct of the process is leftover char, which is collected in a water basin and removed from 
the gasifier. The char contains additional heat content that is un-combusted. The wood gas that is produced 
travels up to a separate chamber for stage two. Oxygen is added to the combustible gases created from the 
green sawdust and combusted to create the heat necessary for the CDK drying process.  
 
Arsenic is inherent in the green sawdust used in the gasifier; high heat and oxygen cause the arsenic to 
volatilize and/or oxidize and escape from the wood. Higher heat causes increased volatilization.1 Because 
this process includes the gasification of wood which brings wood to a lower internal temperature compared 
to wood combustion and in a reduced oxygen environment, emission factors for wood-fired boilers are 
conservative for estimating emissions from the CDK.  
 
Weyerhaeuser completed stack testing on the existing hog fuel boiler (EU1) in 2009. The CDK is expected to 
use a similar fuel type as the existing hog fuel boiler. Therefore, emissions from this boiler are 
representative of relative emissions associated with the specific fuel type. As such, Weyerhaeuser would like 
to propose the use of this stack test data to create a linear relationship between particulate matter less than 
10 micron (PM10) and arsenic emissions. Based on data from a study published in The Journal of 

 
1 This is further demonstrated by the fact that arsenic emissions are not listed for indirect fired kilns.  
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Environmental Sciences in 20182, there is a direct correlation between arsenic and PM emissions. Air 
samples near industrial activity in several cities in China were taken and the samples were analyzed for 
heavy metal concentrations. Approximately 73% of the measured arsenic was in the “fine mode” (1.1-2.1 
micron) while the remaining 27% was in the “coarse mode” (9-10 micron). While the majority of arsenic 
was found in the mode that would classify as PM2.5, the proposed method applies a linear ratio of arsenic to 
PM10; this ratio is calculated using the 2009 stack test on the hog fuel boiler at the Raymond Mill. The stack 
test can be found in Attachment A and the ratio calculation can be found in Attachment B.  
 
To account for the differences in a combustion process verses the CDK gasification burner, the arsenic to 
PM10 ratio is applied to the CDK PM10 emission factor from the “EPD Recommended Emission Factors for 
Lumber Kiln Permitting in Georgia.” This factor uses total annual throughput in million board feet (MMBF) to 
determine emissions from both combustion and drying but does not include emissions from startup and 
idling. A combustion emission factor for wood-fired boilers with wet scrubber control technology from NCASI 
Technical Bulletin 10133 will still be used for the expected startup and idling emissions. Updated emission 
calculations can be found in Attachment C. 

Table 1. Arsenic Emissions 

Normal Operation Startup/Idling Total CDK 
lb/MMBF lb/hr tpy lb/MMBtu lb/hr tpy tpy 
5.34E-03 1.97E-04 8.27E-04 1.01E-05 5.05E-04 9.09E-05 9.18E-04 

 
The update to the emission calculations did not change the facility wide total reported hazardous air 
pollutant (HAP) emission rate of 21.68 tpy. The updated emission calculations, along with the project-
netting from the removal of the hog fuel boiler and batch kilns, emissions from arsenic for the project are 
above the small quantity emission rate (SQER) but modeled concentrations are below the acceptable source 
impact level (ASIL) as shown in Table 1 below. Updated arsenic models can be found in Attachment D. 

Table 2. Arsenic Modeling Results 

Averaging 
Period 

ASIL 
(μg/m3) 

Modeled 
Concentration 

Exceeds 
ASIL? 

Annual 0.0003 0.00022 No 
 
Impacts from these updated arsenic emission calculations will also carry over into the Tier II Health Impact 
Assessment (HIA). Therefore, an updated Tier II HIA will be submitted under separate cover.  
 
 

 
2 “Size Distribution and Source of Heavy Metals in Particulate Matter on the Lead and Zinc Smelting Affected Area” published 
in the Journal of Environmental Sciences, April 2018. 
3 NCASI Technical Bulletin No. 1013: A Comprehensive Compilation and Review of Wood-Fired Boiler Emissions, Table 4.3: 
Summary of Trace Metal Emissions from Wood-Fired Boilers 



 

Attachment A 
 
 

2009 Raymond Mill Hog Fuel Boiler Stack Test 
 

 































































































 

Attachment B 
 
 

Arsenic to PM10 Ratio Calculation 
 

Submitted Electronically 
 



 

Attachment C 
 
 

Updated Emission Calculations 
 

Submitted Electronically 
 



 

Attachment D 
 
 

Updated Arsenic Models 
 

Submitted Electronically 
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