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Presenter
Presentation Notes
Good afternoon and thank you for allowing me to share our research.I am Eric Simmons a research associate at the UM BBER FIRP. This research was as a part of the Northwest Advanced Renewables Alliance (NARA) research grant from the USDA National Institute of Food and Agriculture; and with support from USDA Forest Service, Pacific Northwest Research Station, Forest Inventory and Analysis Program, Portland, OR.  I am not a log scaler and my meager attempts to learn the art a few years back led me to the conclusion that the landowners would love me, mill owners, not so much.  I respect your profession. Unfortunately, we did not scale every tree we measured which makes this research of limited utility for refining log scaling practices.  However, we did assess cubic volume loss due to cull from defect and loss due to logging damage.  

http://www.umt.edu/printingandgraphics/imx/logos/UM%20Main%20Logo%20Maroon.jpg
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State Level Logging Utilization Objectives
The goal was to update logging residue data for Oregon and 
Washington. The study was designed to provide factors that are 
scalable to commercial timber harvesting operations at the state level. 
For this research, the logging residue factors were used to aid in 
quantifying feedstock supplies.
Objectives:  

• Characterize harvest operations.
• Profile harvest by tree dbh.
• Develop residue ratios for calculating residue quantities based 

on harvest volume.

Presenter
Presentation Notes
The last logging residue studies for Oregon and Washington were conducted in 1973 and 1981.  These studies were conducted post skidding/yarding and quantified slash or logging residue per thousand board feet (MBF) harvested; however, these studies did not directly associate the residue volume to harvest volumes and growing-stock vs. non-growing stock sources.  At the time, the felling and merchandising operations were conducted with chainsaws primarily within the unit.  Practices have changed significantly since then and technologies have improved the utilization of harvested trees both on site and at mills necessitating updated analyses.Objectives1) Characterize harvesting methods and equipment used in each state2) Profile timber harvest by tree d.b.h. 3) Develop state-level timber product and logging residue removals factors/residue ratios for use with TPO mill studies & FIA plot data 
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Growing stock vs. non-growing stock

Removals = volume cut

• Timber products = logs to mills

• Logging residue = left in woods, 

component of “slash”

Growing stock logging residue is from 
the bole portion of trees from the 1 
ft. stump to the 4” dob and does 
not include tops and limbs.

Terminology

Presenter
Presentation Notes
The diagram shows the “growing stock” portion of the live tree 5 inches dbh and larger. These are FIA defined tree components and are core to inventory research and analysis REMOVALS: the growing-stock volume of trees removed from inventory by harvesting or cultural operations; include timber products and logging residue.TIMBER PRODUCTS: are the logs harvested to make wood products. Timber products include sawlogs used to make lumber; veneer logs used for plywood and veneer manufacturing; pulp logs used for pulp and paper; etc… Timber product volume can include volume from growing stock and non-growing stock sources. LOGGING RESIDUE: the unused portion of trees cut or otherwise killed during logging operations. NOT the same as slash, which includes material from both growing stock and non-growing stock sources (stumps, tops above the 4-in DOB, limbs, dead trees, etc.).






Site selection
• Based on recent county 

level harvest volumes. 
• Measurable felled trees & 

stumps.
• Commercial products 
• Not salvage.
• Safe!

Map courtesy of Chelsea McIver, Research Specialist in our program

State Sites Trees
Oregon 34 835
Washington     30 726

Presenter
Presentation Notes
Hopefully you can all see the yellow dots indicating the sites.We sampled 64 sites across both states. Sites were concentrated west of the Cascades where the majority of the harvest occurs.Site selection was based on recent county level harvest volume, constrained by ownership.Potential sites must have measurable felled trees & stumps.Commercial products being  harvested (not pre-commercial thinning)Trees live prior to harvest (not salvage)Safe to work in! These are active logging operations & we are there while trees are being cut, yarded, and processed.



Logging Utilization Methods

Site information from loggers & 
foresters

• Equipment & methods used.
• Products & receiving mill(s). 
• Log lengths & small-end 
diameters.
• Cutting card was a utilization 
guide!
• Checked log decks and residue 
piles for top diameters.

Presenter
Presentation Notes
At each site, the loggers and foresters supervising the sales provided information: the equipment & techniques they were using (much was also observed)What products they were cutting and which mills were receiving them—Particularly if pulpwood or biomass material is being taken also …provided their cutting cards—with preferred and acceptable lengths and small-end diameters.These last items are critical –for understanding how much of the tree was being utilized.BBER field crews performed all of the tree measurementsMeasured 20-25 felled trees at each site



Logging Utilization Methods

Felled-tree measurements: 
• Species & cut stump height.
• Diameters along bole at key 

points & sections ≤ 16’ 
from ground to tip of main 
stem.

• Identify each bole section 
as used (product) or not 
(residue).
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7’’
top
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Presentation Notes
Field crews sampled individual felled live trees that qualified as growing stock removals and that had their entire bole available for measurement. Trees were selected at random across the site.Each sample tree had species, dbh (diameter at breast height), cut-stump height, and product (e.g., sawlog, veneer log, etc.) information recorded. For each tree, diameter and section length measurements were taken at the cut stump height, at the 1-foot above ground point, at dbh, at every 16 ft. log to the 7.0-inch top, at the 4.0-inch top, at the end-of-utilization, and the tip of the main stem.Each measured section was identified as used (mill-delivered product volume) or not used (logging residue volume). Cubic foot volumes were calculated for each (all) sections using Smalian’s formula in order to conduct the analysis.



Results:
Logging systems
• 53% Oregon sites hand felled and cable yarded, Washington 53% 

mechanically felled with 73% ground based skidding.   
• All but 2 of 64 sites were merchandised mechanically.
• On 97% of sites trees were yarded/skidded whole tree & 

merchandised at landings. 

Presenter
Presentation Notes
Shovel logging was common on Industrial ground in both states (where applicable). Oversize trees were frequently bucked at the first log prior to yarding. Based on other logging utilization studies conducted by the BBER, logging methods have shown to be good predictors of where the majority of residue ( i. e. including tops and limbs) will be accumulated.  Sites with whole tree skidding and merchandising at the landing with mechanical processors tends to concentrate the logging residue at the landings. Not a surprising finding but a good one to remember if you intend on using the residue for non-sawn products like pellets, mulch, or other biomass uses. 53% Oregon sites hand felled and cable yarded, Washington 53% mechanically felled with 73% ground based skidding.   All but 2 of 64 sites were merchandised mechanicallyOn 97% of sites trees were yarded/skidded tree length & merchandised at landings. 



Trees by species
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• Douglas-fir and western hemlock comprised 90 percent of the delivered volume in Oregon and 86 
percent in Washington. 

• Hardwood volume was about the same in both states.
• Pines represented the lowest volume and were <2 percent of the delivered volume in both states.

Presenter
Presentation Notes
The creation of logging residue by species was not significant between species for softwoods, in and between states.  However, hardwood logging residue factor was 58% higher in Oregon than in Washington and was likely a function of tree conformity.Douglas-fir and western hemlock comprised 90 percent of the delivered volume in Oregon and 86 percent in Washington Hardwood volume was about the same in both statesPines represented the lowest volume in both states 



• 50% of trees OR/WA were ≤ 14 inches dbh produced about 17% 
of the mill delivered volume.

• Same trees produced 23% of residue in Oregon, 13% 
Washington.

• 50% of the mill delivered volume came from trees ≥ 18 inches 
dbh in both states.

Trees by diameter

Presenter
Presentation Notes
Over 1,500 trees were measured in both states ranging from 5 to 37 inches dbh with an average dbh of 15.3 inches. 50% of trees OR/WA were ≤ 14 inches dbh produced about 17% of the mill delivered volume.Same trees produced 23% of residue in Oregon, 13% Washington.50% of the mill delivered volume came from trees ≥ 18 inches dbh in both states.



Proportions of mill delivered volume, harvested trees, and residue per mill 
delivered volume by tree dbh.
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• Mill delivered volume (green 
bars) is the measure all other 
components are compared to 
create the ratios that are the 
factors (residue volume/ 
delivered volume = logging 
residue factor).

• It takes considerably more small trees 
to equal the mill delivered volume of 
larger trees (blue line vs green bar).

• Smaller trees create proportionally 
more logging residue* ( red dotted 
line).

*Oregon 6” diameter class Washington 26-34”

Presenter
Presentation Notes
This figure shows the inverse relationship between tree size and the logging residue created. The smaller diameter trees create proportionally more residue compared to their delivered volume than larger diameter trees. However, the 6” d class in Oregon showed an unexpectedly low residue ratio due to better pulp utilization than in Washington. As well the 26-34 inch d class in Washington had an unexpectedly high residue ratio due to abnormal logging damage in 4 sites. Mill delivered volume (green bars) is the measure all other components are compared to create the ratios that are the factors (residue volume/ delivered volume = logging residue factor).It takes considerably more small trees to equal the mill delivered volume of larger trees (blue line vs green bar).Smaller trees create proportionally more logging residue* ( red dotted line).*Oregon 6” diameter class Washington 26-34



Oregon and Washington removals factors

For every 1,000 cubic ft. (cf) of volume delivered to the mill in Oregon:
• 1,018 cf of growing stock (GS) is removed.
• 990 cf of GS is delivered to the mill.
• 28 cf of GS logging residue is created.
• An additional 10 cf of non-GS (stumps and tops) is delivered to the mill.

Washington:
• 1,020 cf of growing stock (GS) is removed.
• 991 cf of GS is delivered to the mill.
• 29 cf of GS logging residue is created.
• An additional 9 cf of non-GS (stumps and tops) is delivered to the mill.

Even if the mill is 
across the ocean.

Presenter
Presentation Notes
Cubic volumes for over 17 thousand measured tree sections were calculated using Smalian’s formula to develop Oregon and Washington’s removals factors.The growing stock removals factors are expressed as ratios to the mill delivered volume.  These ratios are then incorporated into the Timber Products Output (TPO) process and used for Federal resource planning and research purposes. Removals factors for Oregon and Washington were nearly identical, even though utilization differed site to site, tree by tree, and as a result of logging practices, demonstrating that the overall effect of these variations on statewide removals factors, when all the data are combined, can be minimal. For every 1,000 cubic ft. (cf) of volume delivered to the mill in Oregon:1,018 cf of growing stock (GS) is removed990 cf of GS is delivered to the mill28 cf of GS logging residue is createdAn additional 10 cf of non-GS (stumps and tops) is delivered to the millWashington:1,021 cf of growing stock (GS) is removed991 cf of GS is delivered to the mill29 cf of GS logging residue is createdAn additional 9 cf of non-GS (stumps and tops) is delivered to the mill



Oregon and Washington harvested tree bole 
utilization

In Oregon and Washington , 3.5% of the harvested bole volume 
(plus limbs & tops) remains in the woods as logging residue.

1.0% 95.5% 2.7% 0.8%

Harvested tree bole* Oregon
(portions of tree from cut stump to tip of main stem)

Non-growing stock mill delivered Growing stock mill delivered
Growing stock logging residue Non-growing stock bole residue

*Excludes branches and forked tops 

0.9% 95.6% 2.8% 0.7%

Harvested tree bole* Washington
(portions of tree from cut stump to tip of main stem)

Non-growing stock mill delivered Growing stock mill delivered
Growing stock logging residue Non-growing stock residue

*Excludes branches and forked tops 
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Presentation Notes
Since measurements were taken for the entire length of the bole we are able to do analyses that go beyond characterizing growing stock removals.  We even have bark measurements that have not been incorporated into the process at this time.  Being able to use data to make assumptions about whole tree utilization, either with or without branches, makes this research a valuable tool for land management and industry planning in Oregon and Washington.   In Oregon and Washington , 3.5% of the harvested bole volume (plus limbs & tops) remains in the woods as logging residue in



Uses for this information

• Removals factors.
• Whole tree volume equations 

for tops and limbs.
• Mill study data.
• Scalable to harvest.

2.07 green tons of residue per MBF 
of commercial harvest Oregon 
(2013 TPO data) and 1.89 
Washington (2014 TPO data). 

Presenter
Presentation Notes
By using the information in the TPO database that combines all the components comprising logging residue we are able to estimate that for every thousand board feet Scribner harvested for commercial products about 2.07 green tons of logging residue will be generated in Oregon and 1.89 in Washington.  This estimate is conservative since it does not account for small trees or treatments that are not related to a commercial harvest (i.e. non-commercial thinning, fuels reduction, or other specialized treatments). Removals factorsWhole tree volume equations for tops and limbsMill study dataScalable to harvest



Thank you and see you in the woods!
Eric Simmons: eric.simmons@business.umt.edu
Erik Berg: erik.berg@business.umt.edu
Steve Hayes: steve.hayes@business.umt.edu
On the web at: http://www.bber.umt.edu/fir/
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Presentation Notes
And you cant work in Oregon and Washington without a mountain pic or two.Thank you for letting us share our work!

mailto:eric.simmons@business.umt.edu
mailto:erik.berg@business.umt.edu
http://www.bber.umt.edu/fir/


Northwest Advanced Renewables Alliance (NARA)

Washington State University, Oregon State University, 
Idaho State University, University of Washington and The 
University of Montana

• The answers will not be the same for 
• Methodologies may be useful
• Supply chain
• Logistics
• Life cycle analysis (carbon accounting)
• Socio-economic analysis
• Quantifying residues (already partially done with this 

study) 

http://nararenewables.org/

Presenter
Presentation Notes
NARA, a 4 state research project funded by the USDA National Institute of Food and Agriculture with the goal of making 1,000 gallons of jet fuel from commercial logging residues took the analysis from the stump to the pump.  Some of the best minds in forest sciences in the 4 state region were engaged in the project and though not all of the pieces in the project would be of use for this area some could.  (see slide)
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