
Introduction to Lumber 
Dry Kiln Operations –

Week 1

November 1, 2021

Hosted Virtually by the Southwest Ecological Restoration 
Institutes Wood Utilization Team

Instructor: Patrick Rappold, Regional Wood Utilization 
Specialist, USDA Forest Service Wood Education & 

Resource Center



Week 1 Agenda November 1, 2021

12:00pm MST – 1:00pm MST 
 Orientation to the course.
 Importance of the lumber drying operation.
 Economics of the lumber drying operation.
 How wood cellular structure impacts warp, twist, and other drying 

defects.
 How lumber sawing accuracy impacts lumber quality.
 Importance of good air-dry yard practices.

1:00pm MST – 2:00pm MST
 Tools and techniques for determining moisture content. Followed by 

calculation exercises.
 How to select and prepare lumber dry kiln sample boards.
 Determining moisture contents of the shell and the core of the 

sample boards.



Instructor

Patrick Rappold
USDA Forest Service 
Regional Wood Utilization Specialist
626 E. Wisconsin Ave.
Milwaukee, WI 53202
patrick.rappold@usda.gov
Mobile: 414-477-9167

mailto:patrick.Rappold@usda.gov


A 13 – acre campus in Princeton, WV 
that includes a training center, a 
maintenance building, and a rough mill. 

The Wood Education and Resource Center 
(WERC) Forest Markets program has 
grown to become a virtual hub for 
technical assistance to forest products 
manufacturing.

Objective is to contribute to a more 
competitive, productive, and profitable 
forest products industry in the U.S. 

Provides technical assistance nationally 
and financial assistance at the regional 
level.

Photographs taken pre-pandemic

Wood Education & Resource Center



Non-Discrimination Statement

In accordance with Federal law and U.S. Department of Agriculture, 
the Forest Service is prohibited from discriminating on the basis of
race, color, national origin, sex, age, or disability. 

To file a program discrimination complaint, complete the USDA 
Program Discrimination Complaint Form, AD-3027, found online at 
How to File a Program Discrimination Complaint and at any USDA 
office or write a letter addressed to USDA and provide in the letter all 
of the information requested in the form. To request a copy of the 
complaint form, call (866) 632-9992. Submit your completed form or 
letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of 
the Assistant Secretary for Civil Rights, 1400 Independence Avenue, 
SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) 
email: program.intake@usda.gov. 

USDA is an equal opportunity provider, employer, and lender.

https://www.usda.gov/oascr/how-to-file-a-program-discrimination-complaint
mailto:program.intake@usda.gov


Discussion of Pricing and Costs

Refrain from discussing lumber costs and purchasing activities.



Books and Materials

Dry Kiln Operator’s Manual, USDA Forest Service Forest Products Laboratory  –
1991 Edition https://www.fs.usda.gov/treesearch/pubs/7164

Air drying of Ponderosa Pine, USDA Forest Service Forest Products Laboratory 
https://ir.library.oregonstate.edu/concern/conference_proceedings_or_journals/
7w62f942j?locale=en

Air Drying of Lumber, USDA Forest Service Forest Products Laboratory 
https://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr117.pdf

Design Considerations for Lumber Pile Covers in Air-Dry Yards, University of 
New Hampshire Cooperative Extension 
https://scholars.unh.edu/cgi/viewcontent.cgi?article=2088&context=extension

Wood handbook- Wood as an engineering material – 2021 Edition, USDA Forest 
Service Forest Products Laboratory 
https://www.fs.usda.gov/treesearch/pubs/62200

https://www.fs.usda.gov/treesearch/pubs/7164
https://ir.library.oregonstate.edu/concern/conference_proceedings_or_journals/7w62f942j?locale=en
https://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr117.pdf
https://scholars.unh.edu/cgi/viewcontent.cgi?article=2088&context=extension
https://www.fs.usda.gov/treesearch/pubs/62200


Federal Interest in Forest Products
Past – Wood was a Strategic Material

Source: University of North Texas Digital Archives 
https://digital.library.unt.edu/ark:/67531/metadc420/

Source: University of North Texas Digital Archives 
https://digital.library.unt.edu/ark:/67531/metadc390/

https://digital.library.unt.edu/ark:/67531/metadc420/
https://digital.library.unt.edu/ark:/67531/metadc390/


Federal Interest in Forest Products
Current – Conservation of Natural Resources

Processing Logs and Drying Lumber Requires:

 Forest Resources

Water

 Electricity



Federal Interest in Forest Products
Current – Conservation of Natural Resources

Control of Invasive Insects

July 28, 2021



Federal Interest in Forest Products
Current – No Markets, No Management

How Fuel Treatments Saved Homes from the 2011 Wallow Fire in Arizona
August 16, 2011 Report 



Forest Restoration Economics 



Forest Restoration Economics 



Forest Restoration Economics 

Source: Ecological Restoration Institute





By-Product of Forest Restoration -
Lumber

Source: Popular Woodworking



Lumber Grade Yields Impact 
Economics



Lumber Grade Yields Impact 
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Lumber Grade Yields Impact 
Economics
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Lumber Grade Yields Impact 
Economics
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Source: https://archive.org/details/PonderosaPineThePickOThePinesItsPropertiesUsesAndGrades

https://archive.org/details/PonderosaPineThePickOThePinesItsPropertiesUsesAndGrades


Source: https://archive.org/details/PonderosaPineThePickOThePinesItsPropertiesUsesAndGrades

https://archive.org/details/PonderosaPineThePickOThePinesItsPropertiesUsesAndGrades


Source: https://archive.org/details/PonderosaPineThePickOThePinesItsPropertiesUsesAndGrades

https://archive.org/details/PonderosaPineThePickOThePinesItsPropertiesUsesAndGrades


A study published in 2000 
by USDA Forest Service 
researchers found the same 
distribution of grade yield

Report available at: 
https://www.fs.usda.gov/treesearch/pubs/5706

https://www.fs.usda.gov/treesearch/pubs/5706


Why Dry Lumber?

Add value to the lumber

Source: https://www.nrcan.gc.ca/our-natural-resources/domestic-and-international-markets/current-lumber-pulp-panel-
prices/13309



Why Dry Lumber?

Add value to the lumber

Source: https://madisonsreport.com/

https://madisonsreport.com/


Source: https://insights.risiinfo.com/permanent-sawmill-curtailments-british-columbia-pacific-northwest-september-
2019/index.html September 2019

Permanent curtailments rise: British Columbia and Pacific Northwest

https://insights.risiinfo.com/permanent-sawmill-curtailments-british-columbia-pacific-northwest-september-2019/index.html


Why Dry Lumber?

Adhere to Phytosanitation Standards

Kiln Drying (KD) as defined by International Standards for 
Phytosanitary Measures (ISPMs)

• Definition - A process in which wood is dried in a closed chamber 
using heat and/or humidity control to achieve a required moisture 
content [ISPM No 15, 2002].

• Goal – to reduce the amount of moisture to a percentage that is 
not likely to support pests, regardless of temperature.





KAIBAB LUMBER COMPANY, Fredonia, AZ 1960
Source: Arizona has trees : an analysis of forest products potential in Arizona 
https://azmemory.azlibrary.gov/digital/collection/statepubs/id/15149/

https://azmemory.azlibrary.gov/digital/collection/statepubs/id/15149/


Wood Structure and Lumber Drying

Gymnosperm Angiosperm

Images Source: Wood Handbook: Wood as an Engineering Material, 2021

Ponderosa Pine Sugar Maple



Anisotropic – Different Properties 
in Different Directions



Anisotropic – Different Properties 
in Different Directions



Images Source: https://www.wood-database.com/

Ponderosa Pine Sugar Maple

https://www.wood-database.com/


Sugar Maple Southern Red Oak

Images Source: https://www.wood-database.com/

Sugar Maple Red Oak

https://www.wood-database.com/


Images Source: https://www.wood-database.com/

Honey Mesquite

https://www.wood-database.com/


Ponderosa pine Cross Section, N.C. Brown Center for Ultrastructure Studies, Syracuse, NY, Softwood Image Gallery – NC Brown Center 
for Ultrastructure Studies (wordpress.com)

Wood Ray

Resin Duct

Latewood

Wood Cell Cavity

https://ncbrownultrastructure.wordpress.com/2021/02/16/softwood-image-gallery/#more-594


A Wood Cell Cavity and the 3 
Layers of the Wood Cell Wall

Image Source: Wood Handbook: Wood as an Engineering Material, 2021



Images Sources: Wood Handbook: Wood as an Engineering Material, 2021
Air Drying Lumber, 1999

Juvenile Wood



Anisotropic – Different Properties 
in Different Directions

Images Sources: Wood Handbook: Wood as an Engineering Material, 
2021 & Air Drying Lumber, 1999



Northern Arizona University – Ecological Restoration Institute

Fact Sheet: Wood Properties of Southwestern Ponderosa Pine:
Implications for Utilization of Forest Restoration Byproducts

Vaughan, D., D. Auty, and K. Mackes. 2020. Wood Properties of Southwestern Ponderosa Pine: Implications for 
Utilization of Forest Restoration Byproducts. ERI Fact Sheet. Ecological Restoration Institute, Northern Arizona 
University. 2p. https://cdm17192.contentdm.oclc.org/digital/collection/p17192coll1/id/1046/rec/5

https://cdm17192.contentdm.oclc.org/digital/collection/p17192coll1/id/1046/rec/5


Compensating for Juvenile Wood

• Minimize lumber thickness variation

• Practice proper lumber stickering techniques

• Use weighted covers when possible



Monitoring Lumber Thickness 
Variation

• Regularly monitor lumber thickness using digital calipers

• Variations in lumber thickness decreases lumber volume yields 
and can cause drying defects

Oregon State University Extension publication EM 8731, Lumber 
Size Control 
http://owic.oregonstate.edu/sites/default/files/pubs/EM8730.pdf

http://owic.oregonstate.edu/sites/default/files/pubs/EM8730.pdf


Practice Proper Lumber Stickering 
Techniques

1. Use dry stickers that are 
uniform in thickness. 
Planed/surfaced stickers 
would be ideal

2. Stickers should be aligned 
vertically

3. Use box piling techniques

4. Use adequate supports 
under the lumber piles





















Box Piling – Support the Ends and 
the Sides

Image Source: Manufacturing and Marketing Eastern Hardwood Lumber Produced by Thin Kerf Band Mills 
https://mdc.itap.purdue.edu/item.asp?Item_Number=FNR-435

https://mdc.itap.purdue.edu/item.asp?Item_Number=FNR-435


Box Piling – Support the Ends and 
the Sides

Image Source: Air Drying Lumber, Wisconsin Department of Natural Resources
https://widnr.widen.net/view/pdf/fdrca8oy8r/Air-Drying-Lumber.pdf?t.download=true&u=ustuql

https://widnr.widen.net/view/pdf/fdrca8oy8r/Air-Drying-Lumber.pdf?t.download=true&u=ustuql


















Use railroad ties to support the bottom of the piles, not pallet 
cants 



A lack of air circulation in the lower courses of the piles

Keep weeds out of your air-dry yards



Review - Compensating for Juvenile 
Wood

Minimize lumber thickness variation

 Practice proper lumber stickering techniques

Use dry stickers that are uniform in thickness. Planed/surfaced stickers 
would be ideal

Stickers should be aligned vertically

Use box piling techniques

Use adequate supports under the lumber piles – Use steel tracks or rail ties 
and replace every two or three years

Use weighted covers when possible. If lumber discoloration and 
the weather are not a problem, strap your lumber piles together 
with banding.







Image Source: Andrew Fast, University of New Hampshire Extension





Design Considerations for Lumber 
Pile Covers in Air-Dry Yards

New publication from the 
University of New Hampshire 
Extension and the USDA 
Forest Service Wood 
Education & Resource Center

https://extension.unh.edu/resource/design-considerations-
lumber-pile-covers-air-dry-yards

https://extension.unh.edu/resource/design-considerations-lumber-pile-covers-air-dry-yards


San Francisco Peaks, Flagstaff, AZ 1960
Source: Arizona has trees : an analysis of forest products potential in Arizona 
https://azmemory.azlibrary.gov/digital/collection/statepubs/id/15149/

https://azmemory.azlibrary.gov/digital/collection/statepubs/id/15149/


Selecting and Preparing Sample 
Boards

Purpose of Sample Boards

1. Monitor moisture content of 
lumber in the dry kiln

2. Monitor for drying stresses

3. Monitor shell and core 
moisture contents





Image Source: Conway-Cleveland Corp. 
https://www.conwaycleveland.com/nelsonite/duroseal

Image Source: UC Coatings 
https://uccoatings.com/products/b-o-s-s/

Sample Boards Need to Be End 
Sealed

https://www.conwaycleveland.com/nelsonite/duroseal
https://uccoatings.com/products/b-o-s-s/






Sample Board Preparation
https://www.youtube.com/watch?v=6VZn2tczE7Y

https://www.youtube.com/watch?v=6VZn2tczE7Y








Images Sources: Wood Handbook: Wood as 
an Engineering Material, 2021
Air Drying Lumber, 1999







How Many Samples Are Needed?

Images Sources: Wood Handbook: Wood 
as an Engineering Material, 2021
Air Drying Lumber, 1999







What about large material?

Image Source: North Carolina State University Wood Products Extension 





Work in Teams When in Hot Kilns
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