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Introduction

County-level forest biomass* estimates can help states develop wood bioenergy policies and
work with local government officials to plan new wood bioenergy facilities. The U.S. Forest
Service continues its efforts to improve the forest biomass supply estimates first made available
in the “Billion-ton Supply” report (Perlack et al. 2005), and an update is expected in the near
future. Meanwhile the forest biomass estimates herein (Table 1) fill an information gap and are
likely accurate enough for planning purposes. These estimates could be used to supplement
U.S. Forest Service CROP (Coordinated Resource Offering Protocol, see USFS 2011) project
assessments of near-term supply plans from public lands where such information exists.

Table 1. Forest biomass supply for western states at roadside prices from $10 to
$40 per dry ton.

State $10 815 $20 825 $30 835 $40
AZ 75,829 145,672 170,010 222,846 230,036 231,423 231,601
CA 1,904,370 2,733,657 3,155,708 3,425,863 3,538,764 3,569,309 3,602,018
co 100,120 123,366 197,806 228,948 274,847 300,161 312,104
ID 796,410 853,887 992,527 1,208,995 1,338,801 1,395,282 1,429,463
KS 8,720 8,720 8,720 8,720 8,720 8,720 8,720
MT 646,769 729,152 1,030,913 1,272,212 1,417,237 1,477,018 1,533,464
NE 4,971 4,971 4,971 4,971 4,971 4,971 4,971
NV 4,799 7,791 7,791 7,871 7,871 7,943 7,943
NM 78,314 90,450 143,710 213,109 279,713 292,336 301,716
ND 265 265 265 265 265 265 265
OR 1,339,728 1,466,478 1,541,285 1,585,410 1,611,490 1,618,589 1,648,377
SD 95,407 95,407 97,729 103,466 108,020 108,020 108,020
TX 3,022 3,022 3,022 3,022 3,022 3,022 3,022
uT 37,927 42,887 50,736 77,294 98,360 104,654 116,094
WA 1,152,105 1,274,302 1,360,558 1,467,007 1,517,302 1,550,350 1,606,562
WY 83,644 105,728 126,208 156,919 183,664 196,388 197,171

Total 6,332,399 7,685,757 8,891,960 9,986,918 10,623,082 10,868,450 11,111,511

As illustrated in Table 1, west-wide forest biomass supply increases from about 6.3
million dry tons per year at a roadside price of $10 per dry ton to 11.1 million dry tons at a
price of $40 per ton. Five states contribute most of the available forest biomass: California,
Oregon, Washington, Montana, and Idaho. County-level tables for individual states are available
separately.

* Forest biomass is a category of woody biomass that includes three components: [1]
forest thinning (removal of small-diameter trees or brush to reduce hazardous fuels and/or
improve forest health conditions), [2] forest residues (logging slash), and [3] mill residues.
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Limitations

Before using this information one should know what it does not include. The results in Table 1
are based on U.S. Forest Service assumptions and models that in addition to “sustainability
screens” excluded lodgepole pine and spruce-fir forest types from fire hazard thinning because
stand-replacing fire is considered the norm in these forest types. Furthermore, moist forests
west of the Cascade Range in Oregon and Washington received pre-commercial thinning rather
than fire hazard reduction thinning. Further explanation is provided in the Methods section
below.

Background

For several years researchers have been developing and refining estimates of forest biomass
supply in the western United States. In 2006, the Biomass Task Force for the Western Gover-
nors’ Association (WGA) Clean and Diversified Energy project refined a national estimate of
biomass supply from the U.S. Departments of Energy and Agriculture “Billion-ton Supply” report
(Perlack et al. 2005) to obtain a west-wide estimate (WGA 2006). In 2008, the 2006 west-wide
estimate was refined further to provide state-level supply estimates for western states (WGA
2008). These estimates were compiled from county-level estimates that were not published.

Objective

The objective of this project was to further refine the state-level forest biomass supply
estimates for western states (WGA 2008) to county-level estimates, similar to published
estimates for Idaho (see O’Laughlin 2009), and make county-level data available to interested
parties. Separately available county-level estimates of forest biomass supply are in easily-read
tabular format and are reported for public and private lands at roadside prices of $10 to $40 per
dry ton in $5 increments. This report provides details on methods and assumptions, which
excerpts from source documents included as appendices.

Methods

Although WGA (2008) estimates of biomass supply were reported at the state level, the model
used to derive the estimates was based on county-level data provided from a U.S. Forest
Service (USFS) Forest Inventory and Analysis (FIA) project. We obtained the unpublished,
county-level data and spreadsheet model from Dr. Ken Skog of the U.S. Forest Service (Skog et
al. 2007). Our county-level forest biomass estimates are derived from the same data using the
same methods, models, and results from which the state-level estimates reported by the WGA
(2008) were developed. We describe those methods briefly in the following paragraphs. Due to
numerous complexities and assumptions of the modeling process used to create both the 2008
and 2006 WGA forest biomass supply estimates, the appropriate sections of each of those
reports were appended to the final project report so users of this information would know
exactly what they had (see Appendix A and Appendix B).
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The most important of these assumptions is that biomass removal is a byproduct, or
secondary output, of other forest management objectives including forest health treatment, fire
hazard reduction work, or the treatment of fuels after logging (Appendix A, p. 9). In the
earlier WGA (2006) study, it was assumed that 50% off the removals would be used for higher-
valued products and 50% available for use as fuel (Appendix B, pp. 16-17).

The later WGA (2008) study allocated a higher proportion of removals to higher-valued
products (30 million dry tons + 43 million dry tons = 70%; see Appendix A, p. 10). It should
be noted that previous estimation efforts by the WGA (2006) established “sustainability
screens” that imposed constraints on forest management activities in order to protect soil
productivity, wildlife habitat, biodiversity maintenance, and water quality. These screens
reduced the “Billion-ton Supply” estimates for western states by about one-third. In addition,
lodgepole pine and spruce-fir forest types were excluded from fire hazard thinning because
stand-replacing fire is considered to be the norm in such forest types, and moist forests west of
the Cascade Range in Oregon and Washington pre-commercially thinned instead of fire hazard
reduction treatment (Appendix A, pp. 10-13).

Skog et al. (2007) used the USFS'’s Forest Inventory and Analysis (FIA) and Timber
Products Output (TPO) databases to model forest biomass supply for western states.* In
general, forest biomass in the model comes from four sources: [1] thinning of timberland with
high fire hazard, [2] logging residue left behind after anticipated logging operations for
conventional products, [3] general thinning on private woodlands, and [4] unused mill residue.’

Skog et al. (2007) modeled fire hazard thinnings using two tools developed by U.S.
Forest Service researchers. First they used the Fuel Treatment Evaluator 3.0 (Skog and Miles
2006), applying several screens and treatments (see Appendix A). Then they used the Fuel
Reduction Cost Simulator (Fight et al. 2006) to estimate forest hazard thinning biomass
guantities that would be available at various prices. Fire hazard thinning treatments were not
applied to national forest timberlands in counties in western Oregon and Washington; instead a
pre-commercial thinning treatment was applied.

We used the same supply assumptions that Skog et al. (2007) used in their Base Case
estimates (WGA 2008; see Appendix A). Fire hazard thinning volumes are harvested over

* Western states include: Arizona, California, Colorado, Idaho, Kansas, Montana,
Nebraska, Nevada, New Mexico, North Dakota, Oregon, South Dakota, Texas, Utah,
Washington, and Wyoming.

f Skog et al. (2007) also included biomass from treatment of pinyon-juniper woodlands.
However, it is excluded in our analysis because the price at which it enters the model ($60 per
dry ton) is above our range of analysis ($10 to $40 per dry ton).
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a period of 22 years, while private timberland thinning volumes for various purposes are
harvested over a period of 30 years. Stumpage prices for fire hazard thinnings and logging
residues are $0 and $2 per dry ton on public and private lands, respectively, while the cost of
chipping biomass is $8 per dry ton for both public and private lands. There is no cost ($0) for
unused mill residues.

Difference in modeling method for logging residue. One assumption used in estimating
the amount of logging residue in the model is that as thinning to reduce fire hazard increases
and general thinning on private land increases (including harvesting biomass for fuels) then the
extent of traditional timber harvesting operations will decrease along with associated logging
residue. Both the WGA 2008 estimates and our estimates account for this reduction in volume
by decreasing logging residue used for fuels by one-quarter unit for each unit increase in
biomass for fuels coming from new thinnings (WGA 2008, p. 16). However, the method by
which we decrease logging residue is different than the way Skog et al. (2007) did, and our
method results in slightly different estimates.

The model used by Skog et al. (2007) model divides biomass from thinnings and logging
residue into two land ownership categories: public and private. They computed the reduction in
logging residue by subtracting one-quarter unit for each new unit of thinning regardless of land
ownership. We compute the reduction for public and private land ownerships separately.
Despite the differences in computation, our results aggregated at the state level did not differ
by more than 4% from the results attained by Skog et al. (2007).

Dividing “public” categories into federal and state categories. Both fire hazard thinning
volumes and logging residue volumes are computed and reported by public and private land
categories based on model results by Skog et al. (2007). It was our desire to further divide the
public category into federal and state categories. We hypothesize that there are differences in
the availability of forest biomass based on land ownership. Federal lands contain a greater pro-
portion of public timberlands and timber volumes in western states than state lands do (Smith
et al. 2004). However, federal timberlands tend to be managed under objectives and laws that
are more restrictive of biomass removal (e.g., timber harvesting) compared to state trust
timberlands that generally are managed for revenue production (Cook and O’Laughlin 2000).

Current forest conditions also may make a difference in biomass availability. Because
state trust timberlands tend to be actively managed for revenue production, we hypothesize
that there is less need to conduct fire hazard thinning operations on state lands compared to
federal lands, which tend to be less actively managed (Koontz 1997). An informal survey of
state forest land managers generally confirmed this hypothesis. Both of the above hypotheses
led us to attempt to divide the “public” estimates into federal and state categories. Our
attempts were unsuccessful for a variety of reasons (see Appendix C); therefore, we report
the results herein using only “public” and “private” categories.
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Appendix A

Material copied from pages 13-18 of
Strategic Assessment of Bioenergy Development in the West:
Biomass Resource Assessment and Supply Analysis for the WGA Region

(WGA 2008)
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4 Forest Biomass Resources

4.1  Sustainability

Estimates of forest biomass supply were developed for several sources by first
identifying sustainability principles to guide their use. Specific guidelines are noted for
each source discussed. In general terms sustainability means today’'s management
actions will not degrade the ecological functioning of a natural system'’. In the context
of biomass removal from forests, the question of sustainability requires consideration of
a wide range of issues, including: nutrient cycling and soll productivity, maintenance of
biodiversity, water quality, and wildlife habitat. These factors, and resulting constraints
on forest operations to address concerns, are generally very site-specific. Soil
productivity in certain soil types, for example, may be more sensitive to micro-nutrient
levels and thus require retention of some level of woody residue. Wildlife habitat
requirements may stipulate retention of snags or maintenance of coarse woody debris.
Again, ecological factors including wildlife and endangered species need careful site-
specific evaluations in determining biomass availability.

Sustainability is explicitly addressed in this analysis through several assumptions. On
Federal lands, vegetation management projects are implemented within the framework
of environmental analyses and regulations that ensure consideration of ecological effects
and sustainability. While less restricted, treatments on private lands are also
constrained through various environmental laws and regulations'?. The potential forest
biomass supply that is modeled here is a secondary output of other management
objectives. We consider biomass that would be available from forest health treatments,
fire hazard reduction work, or treatment of activity fuels after logging where questions
of sustainability are addressed in the larger management plan.

The present assessment also assumes ecological considerations and practical limitations
would have the effect of reducing the amount of biomass available for removal and
utilization. The process used models silvicultural treatments and estimates total
available biomass. The total available biomass is then further reduced to reflect material
left on site to meet ecological constraints or is otherwise impractical to remove. The
reduced amount is the net biomass available for removal. For example, a previous
study®® with limited environmental screens estimated 345 million oven dry tons {odt) of
biomass may be available from fire hazard reduction thinnings whereas with our
additional screens - for our Base Case — we estimate 114 million odt tons are currently
available. For each estimate it is assumed these amounts would be harvested over a
period of years.

As a final gross check on sustainability, the net annual growth in western forest types
was calculated from Forest Inventory and Analysis (FIA) plot data and compared to the
estimated biomass removal volumes., While growth, mortality and removal are not

*Helms, J.A.. ed. The Dicticnary of Forestry. Society of American Foresters, Bathesda, MD. 210 p. {1938).
2 Ellefson, P.V., Chen, A.5., Moulton, R.T. "State forest practice regulatory programs: an approach to
implementing ecosystem management on private forest lands in the Unitad States.” Envirenmental Forestry
21{3):421-432. (1997).

3 USFS. 2003. & strategic assessment of forest biomass and fuel reducticn treatments in western states.
http:/fwww fs.fad.us/research/infocenter. html
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holistic measures of ecological integrity, they provide a benchmark of management
intensity and impact. For 2002 the total net annual growth of growing stock on
timberland in western states was about 97 million odt per year and of this 43 million odt
was removed'®. Growing stock growth does not include growth in tops and branches or
in non growing stock trees. Our Base Case would use about 13 million odt of biomass
per year, which is an ameount less than 25% of currently unremoved net growth of
growing stock (13/ (97-43) = 0.24). The estimated fraction would be less if we included,
in the denominator, the growth of tops of growing stock trees and growth of non-
growing stock trees.

The key effort is to recognize that forest practice laws and guidelines®® will place
ecological constraints on the impacts biomass removal can have. Our adjustments to
attempt to reflect these guidelines are very gross and further evaluations will be needed
to determine availability in local areas. However, we estimate that public lands would
allow less removal than private lands. For a County Commissioner looking at this report,
and if they knew that there were no endangered species in their county and no water
quality issues or sensitive soils, the estimates of available biomass from this report
would be overly conservative. Similarly, if they were in a county with the only remnant
population of an endangered species, the estimates may not be conservative enough.

4.2 Biomass sources

The forest biomass sources used for this report are very similar for those used for the
Western Governors Association CDEAC report!®. In general terms the forest biomass
sources for the current report are:

« Thinning of timberland with high fire hazard,

Logging residue left behind after anticipated logging operzations for conventional
products,

Treatment of Pinyon Juniper woodland,

General thinning of private timberland,

Precomnmercial thinning on National Forest land in western OR and WA, and
Unused mill residue.

Our analysis includes supply of biomass from federzal lands. But this supply from federal
land may not be a viable since the Energy Independence and Security Act of 2007 would
not allow biofuels made using biomass from most federal lands®’ to count toward the

" Smith. W. Brad; Miles, Patrick D.; Vissage, John S.; Pugh, Scott &, 2003, Forest Resources of the United
States, 2002, Gen. Tech. Rep. NC-241. St Paul, MN: USDA Faorest Service, North Central Research Station.
137 p. See Table 26 — Net growth for ND, 5D, all intermountain states, OR, WA, C& is (5.5 billion cu. ft. x 30
lbs/ of / 2000 lbs/ton = ) 97.5 million od tons. Removal of growing stock in 2002 was 2.9 billion of [= 43
millicn od tons).

* Ellefsen, P.V.. Chen, A.5., Moulton, R.T. "State forest practice regulatary programs: an approach to
implementing ecosystem management on private forest lands in the United States.” Environmental Forestry
21(3):421-432, (1997).

¥ Western Governors Association. 2006. Forest fuel treatment & thinning biemass - Timberland. In: 2006
Biomass Taskforce Report: Clean and diversified energy initiative — Biomass Task Force Report - Supply
Addendum. Denver, CO. p 11-12ff. http://www.westgov.org/wga/initiatives/cdeac/Biomass-supply . pdf

17 Supply would be allowed from tribal lands hald in trust by the federal governmeant and frem all lands in ™
the immediate vicinity of buildings and othar areas regularly cccupied by peopls, or of public infrastructure, at
risk from wildfire.”
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biofuels RFS (renewable fuels standard). The RFS requires 21 billion gallons of
“advanced biofuels” need to be supplied by 2022 and only certain biomass sources may
be used in meeting meet this standard. The only one of our sources that would not be
notably reduced by this restriction would be the estimated 2.7 to 4.3 million od tons of
biomass per year from general thinning on private land.

Biomass supply estimates were made for each county in selected Western states. We
make a Base Case supply estimate for each source and for some sources we make a
High Case estimate to cover a range of uncertainty about supply from the source.
Supply estimates include amounts available at roadside in each county for each of
several successively higher costs.

Base Case and High Case estimates of total potential annual supply by source are shown
in Table 6. Base Case and High Case estimates of potential annual supply by state and
roadside cost are shown in Tables 8 and 9, and in Figures 5 and 6.

4.2.1 Thinning of timberland with high fire hazard

Thinning of timberland with high fire hazard contributes to forest sustainability by
reducing the risk of uncharacteristically severe fire. By conducting a thinning, the intent
is to move toward a natural fire regime pattern with natural recurrence of less severe
fire. Supply was estimated by simulating thinnings on federal and non-federal land using
the FTE 2.0 model*® and Forest Service FIA plot data!®. It is assumed that timberland
with current high fire hazard will be thinned over a period of years with either 1) an
uneven aged thinning (where some trees of all size classes may be taken) or 2) an even
aged thinning where trees where small diameter trees are taken first followed by
successively larger trees until the hazard reduction target is met. A series of screens
were applied to identify about 23 million federal and non federal acres that would
receive simulated treatment (see Clean and Diversified Energy (CDEAC) Biomass Task
Force Exhibit 1-1). One screen excluded from treatment is those forest types where
stand replacement fire is the norm (lodgepole pine and spruce-fir). &n additional screen
excluded treatment of wet climate counties in western Oregon and Washington (see
separate source below). These areas were excluded because such treatments would not
be consistent with our ecological objectives. These screening steps are the same as
those used for the WGA CDEAC report.

For federal lands it is assumed even aged and uneven aged treatments are used equally
but for non-federal land it is assumed only uneven aged treatments are used. The WGA
CDEAC report assumed all eligible timberland was treated equally by each type of
treatment. The change was made to reflect the likelihood that non-federal land would
seek higher value and profit by using uneven aged treatments on all treated land.

For this source and sources C, D, and E in Table & it was assumed biomass velumes
identified would be harvested over a period of years. Over this period of harvest, tree
growth and mortality will continue and - depending on these growth and mortality rates
- additional material would be available for harvest beyond the estimated harvest
period. For the Base Case, for sources A and E, we chose a harvest period of 22 years.
This time period was previously chosen for the CDEAC study, and used here, so fire

2 Miles, Patrick D. Aug-04-2005, Fuel Treatment Evaluator web-application versien 3.0. St. Paul, MN: U.5,
Dapartment of Agriculture, Forest Service, Morth Central Research Station. [Available only on internet:
http:/fvwwernors2.fs.fed.us/4801 fiadb/fte_test/fte testwc.asp ]

¥ Saa http://fia.fs.fed us/toals-data/
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hazard reduction treatments (source A) would be done on about 500,000 acres per year.
For sources C and D we chose a harvest period of 30 years to match the harvest period
used in the DOE/USDA “Billion ton supply” report®™® for thinning treatments.

For the source A Base Case it is assumed that tops and branches of all trees and main
stem of trees up to seven inches diameter at breast height {dbh) are supplied for
biofuels and for the High Case trees removed up to nine inches are also supplied for
biofuels. Main stem of larger trees not used for biofuels are assumed to be used to make
lumber or other higher value products. The cost to remove tops and branches to
roadside was assumed to be covered by the cost of removing the whole tree. At roadside
there is an assumed $8/dry ton chipping cost. The cost for removing the main stem of
trees supplied for biofuels was estimated using the FRCS model®* for wood removals
from each FIA forest plot. It was assumed stumpage cost would be $2/odt on private
land and $0 on public land. Using this data wood biomass supply curves were estimated
for each county in 12 Western states™.

422 Logging residue left behind after anticipated logging operations for
conventional products

Wood harvested and left on the ground at harvesting sites (or land clearing sites) may
be taken to a certain degree subject to limits including (but not limited to) the need to
maintain nutrients on site and to retzin habitat. For the Base Case supply estimate we
use the allowable removal fractions from the DOE/USDA "Billion-ton-supply” report -
65% for logging residue is available for biofuels from harvest sites and 50% from land
clearing sites. The High Case is the same as the Base Case for this source as only a Base
Case exists for this source. Data on logging residue and land clearing is from the Forest
Service 2002 RPA Timber Product Output data base®. To estimate the roadside cost we
assume that whole tree removal will be used (where not already used) to bring out tops
and branches to roadside. The cost for removing tops and branches to roadside will be
covered by the cost of removing the main stem material. That is, the only cost to
provide the wood at roadside will be to chip for $8/odt. It is assumed stumpage cost
would be $2/odt on private land and $0 on public land. It is recognized logging residues
come from current logging operations that provide sawlogs, pulpwood, posts and poles.
It is assumed if thinning to reduce fire hazard expands and general thinning on private
land expands (including biomass for fuels) then the extent of traditional operations will
decrease along with associated logging residue. Given the uncertainty about the degree
of displacement - we decrease logging residue use for fuels by one-quarter unit for each
unit increase in biomass for fuels coming from new thinnings.

* parlack, R.D. et al. 2005 Bicmass as feedstock for a bisenergy and bispreducts industry: the technical
feasibility of a billien ton supply. Oak Ridge National Laboratary, Oak Ridge, TN &0 p.
http://feedstockreview.arnl.gov/pdf/billion_ton_vision.pdf

* Biesecker, R.L.; Fight, R.D. 2006. My fuel treatment planner: a usar guide. Gen. Tach, Rep. PNW-GTR-553,
Portland, OR: U.S. Department of &griculture, Forest Sarvice, Pacific Northwest Reszearch Staticn. 31 p.
http:/fvwww s fad.us/pnw/data/myftp/myftp_home.htm

# arizona, California, Colorade, Idaha, Montana, Nevada, New Mexico, Oregon, South Daksta, Utah,
Washingten, and Wyoming

¥ gee http://ncrs2.fs.fed.us/4801/fadb/rpa_tpe/we_rpa_tpo.ASP
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423 Treatment of Pinyon-Juniper woodland

Pinyon-Juniper is a category of woodland forest which produces less than 20 cu. ft. per
acre per year. Pinyon-Juniper forest type has expanded extensively beyond its historic
range and our ecological objective in treating this area over time is to bring the extent of
this forest type closer to its historic range. For the Base Case supply estimate we use
allowable removal fractions from the DOE/USDA "Billion-ton-supply” report (table A-6) -
45.9% of wood on these public Pinyon-Juniper lands is available for biofuels and 61.2%
of wood on private Pinyon-Juniper lands is available. This study excludes wood supply
from other woodland categories in the west because we could not cite an ecological
reason for such treatment.

For the Base Case we estimate 1/30 of the total volume would be supplied each year (as
assumed in the Billion ton supply report.) We made a general estimate that the average
cost of harvest would be $60/odt and roadside chipping would cost $12.60/0dt for a
total of $72.60/odt. The chipping cost for Pinyon-Juniper trees is estimated to be higher
than for tops and branches of other trees based on case studies that indicate chipper
throughput is lower for Pinyon-Juniper. This is though to be due in part because of the
irregular form of Pinyon-Juniper trees. It was assumed stumpage cost would be $2/odt
on private land and $0 on public land. For the High Case we assume that the
treatments would occur over 20 years and costs would be subsidized at $20/odt based
on proposed legislation.

Mote that Figure 5 shows that large quantities of biomass from Pinyon-Juniper land
become available in several states when price reaches $72.60. This is because we have
a single price estimate for removing this biomass. In reality the supply would increase
more gradually over a range of prices we estimate would be centered on a price of
$72.60.

4.2.4 General thinning of private timberland

It is presumed that as demand and prices for biomass for fuels increases, there will be
an increase in operations to harvest both woody biomass and sawlogs/pulpwood in
combined operations on private land. Some private land is excluded from this source
because it is already treated under the fire hazard reduction thinnings noted above. This
source estimates supply from private land acres that have sufficient stocking to warrant
thinning but hawve lower fire hazard. For the Base Case supply estimate we simulated an
unevenaged thinning on private land FIA timberland plots that were not treated by a fire
hazard thinning procedure {source A.) The estimation procedure is the same used to
estimate biomass from thinning U.5. timberland for the Billion ton supply report (stands
with density greater than 30% of maximum stand density index are thinned back to
30%.) Since the thinnings may be heavier than appropriate for lodgepole pine and
spruce-fir forest types - they are subject to wind throw if thinned too heavily - we did
not treat those forest types. A lighter thinning could have been developed and applied as
was done in wildland urban interface areas for the CDEAC report and source A above,

The Base Case supply is assumed to be provided in equal annual amounts over 30
years. The supply costs were estimated in the same way as for the fire hazard reduction
thinnings (source A.) For the High Case, trees removed up to nine inches are also
supplied for biofuels and the annual supply is assumed to be provided in equal amounts
over 20 years. It is assumed stumpage cost would be $2/odt.
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4.2.5 Precommercial thinning on National Forest land in western counties in OR
and WA

We did not simulate fire hazard reduction thinnings on National Forest® timberland in
counties west of the Cascade Mountains in Oregon and Washington where the thinning
objective would not be focused on reducing fire hazard but on maintaining appropriate
stocking and habitat conditions. Instead, for source E, we simulated a precommercial
thinning of FIA plots to remove trees five to nine inches dbh in stands up to 40 years
old. For the Base Case it is assumed that 1/22 of this volume could be harvested each
year (the same as for source A.) The cost to harvest and move wood to roadside was
estimated for each treated FIA plot using the FRCS model. Harvest costs for individual
plots ranged from a low of $22/odt to about $70/odt for many plots with some plots
costing over $500/odt. It is assumed stumpage cost on National Forest land is $0/odt.
The High Case supply is the same as the Base Case.

426 Unused mill residue

Forest Service surveys of wood products mills (e.g. lumber, plywood, pulp) periodically
estimate amounts of coarse and fine wood and bark residue generated by county and
how much goes for various uses (e.g. fuel, fiber input for pulp or panels.) Source F is the
estimate of mill residue that goes unused. We assume this entire unused amount is
available to make biofuels. The amount supplied is the same for the Base Case and High
Case. It is assumed the cost at the mill is $0/odt.
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Appendix B

Material copied from pages 9-13 of
Biomass Task Force Report: Supply Addendum
(WGA 2006)



Final Report | 15

1.2.2 Forest Biomass

Unused logging slash

Estimated quantities of unused logging slash were obtained from the Timber Products Output
(TPO) interactive web assessment tool maintained by the US Forest Service®. Output from the

TPO database in cubic feet of logging residue was converted to dry tons using a density of 25
lbs/ft’.

Forest fuel treatment & thinning biomass — Timberland and Other Forest Land

The two sections below indicate estimates of wood biomass that may be supplied annually for
fuel from: 1) timberland; and 2) other forest land given selected assumptions about treatments.
Timberland and other forest land area in the sixteen Western states are 141 million acres, and 80
million acres, respectively.

Two sources are cited for biomass supply estimates from timberland: 1) FTE 3.0 and 2) the
DOE/USDA “Billion-ton-supply” report (references below). The Billion-ton-supply report
indicates wood biomass supply that may be removed from timberland area that has a higher
density of trees that would benefit from thinning. including areas that are and are not currently at
high risk for stand replacement fire - 10.8 million od tons per year. The FTE 3.0 estimate
indicates supply from treatments focused on areas currently at high risk for stand replacement
fire — 6.2 million od tons per year. The FTE 3.0 estimate would treat a subset of the area
identified for treatment by the Billion-ton-supply report. The FTE 3.0 estimates are included in
Exhibit 1-1 based on the assumption that there would be greater focus on treating land with high
fire hazard. Annual biomass supply from timberland could be larger if some areas with lower fire
risk are treated for other forest health reasons or because they could be treated to reduce fire
hazard at low cost along with nearby high fire hazard areas.

Estimates for biomass supply from other forest land area are from the “billion-ton-supply” report
and indicate thinning for all forest health purposes including high fire hazard — 10 million od
tons per year.

* Jenkins, B M. (ed.). 2005. Biomass resources in California: preliminary 2005 Assessment. PIER Collaborative
Report, California Energy Commission Contract 500-01-016, Sacramento, CA,
(http:/facultv.engineermme. ucdavis.edu/jenkins/ CBC/UpdateFiles/ ResourceUpdate.html

6 hitp://mers2 fs.fed us/4801/fiadb/rpa_tpo/we rpa_tpo.ASP
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Forest fuel treatment & thinning biomass - Timberland

Estimates of forest thinming biomass to be removed m order to nutigate fire hazard on
timberland were obtained using the Fuel Treatment Evaluator Version 3.0.° The Fuel Treatment
Evaluator identified 23 million acres of timberland in 12 Western states’ at high risk for stand
replacement fire (crowning index (CI) or torching index (TI) less than 25 mi/h)." Several
thinning treatments were simulated for these acres to improve CI and TI values.' Treatments
include (a) talung trees across all diameter classes (uneven-aged treatment) or (b) taking small
trees first and then progressively larger trees until CI and TI targets are met (even-aged
treatment).'* For this Western Governors™ Association study. a composite treatment SCEnario was
developed for which half the eligible area (11.5 nullion acres) was considered for treatment a
and half for treatment . Treatment would be carried out on an eligible area only 1f 1t produced at
least 300 £t° (or about 4 ovendry (od) tons) of merchantable wood per acre. Sales of
merchantable wood (wood that can be used for lugher value products, mcluding pulpwood,
lumber, posts, and poles) could offset thinning costs. Thinmings would also provide additional
biomass from small trees, tops, and branches.

The 300-ft’ amount was chosen to ensure minimal revenue from merchantable wood to help
offset thinning costs. We assume that areas not providing 300 ft*/acre of merchantable timber
may be more inexpensively treated using other mechanical and/or burming treatments, without
biomass removal. That 1s. the loss incurred in utilizing a small volume of small trees may excead
the cost of treating without utilization.

This composite scenario would treat 10.6 of the 23 nullion acres identified; more than half the
eligible area did not meet the 300-ft*/acre criterion. The 10.6 million acres would provide

270 million od tons of biomass. If 0.5 mullion acres were treated per vear. then 123 mullion od
tons of total biomass would be provided per vear over 22 years. One-half mullion acres 1s chosen
as a tentative annual treatment area to represent a plausible moderate mcrease in thinning area on
public and private timberland. If 50% of the biomass would be used for higher value products,

" This and the following section prepared by Ken Skog and Jamie Barbour, USDA Forest Service. Timberland is
forest land that has not been withdrawn from timber utilization by statute or regulation and is capable of producing
20 fr'/acre/vear of merchantable wood in natural stands.

* Miles, Pameck D. Aug-04-2005. Fuel Treatment Evaluator web-application version 3.0. 5t Paul MIN: US.
Department of Agnculture, Forest Service, North Central Fesearch Station. [Available only on imternet:
httpcwww ners? fa fed us/4801 fiadb/fre testl/fie test?asp ]

¥ Arizona, California, Colorado, Idaho, Montana, Wevada, New Mexico, Oregon, South Dakota, Utah, Washington
and Wyoming.

* Eligible timberland acres excluded forest types where high severity fire regimes are the norm—Ilodgepole pine
type and spruce—fir type—with the gqualhfication that these types recerved linuted Teatment m wildland urban
wmterface areas. Eligible imberland acres also excluded mventoried roadless areas.

** The hazard reduction targets are to (1) mmcrease CT and TI both to =25 mu'h or (1) merease CT to =40 muh. The
attainment of TT and CT targets is limited for scenaros used here by a limitation to take no more that 50% of the
imitial basal area in order to limit change in ecosystem structure and habitat. Removing this constraint increases
biomass vield and number of acres treated to a limited degree but ensures that TI and/or CI target ars attamed.

* The mweatments exclude from treatment (1) amberland in counties west of the Cascade Mountzins in Oregon and
Washmgton, (2) timberland m mventoried readless areas, and (3) timberland in severe fire regime forest types
{lodgepole pme and spruce—fir). An exception to exclusion (3) was that severe fire regime forest types received
limuted treztments m wildland-urban mterface areas—they were reated with a thinming from below untl TT and/or
CT targets were met or 25% of basal area was removed.
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then the remamning 50%, or 6.2 million od tons per year, may be available for fuel (included in
biomass estimates for the Forest portion of Exhubit 1-1 of the WGA full report). After 22 vears,
more area will have moved into the higher fire hazard class. and continued thinmngs would
likely be required on at least 0.5 million acres per vear.

Total numbers of eligible and treated acres and amount of biomass to be removed were
determined using treatment features developed by specialists m fire science. silvicultre, wood
utilization, and economics."” Features of these treatments may differ when implemented. The
total number of acres treated and the total amount of biomass removed could be increased by
lowering the 300-ft*/acre merchantable wood requirement, removing the limitation to harvest no
more than 50% of basal area, treating more area with the uneven-aged treatment rather than the
even-aged treatment, treating areas with less stand replacement fire nisk (higher CT and TI), or
requiring hazard to be reduced by more than indicated by the current CT and TI targets. For
example. if the requirement to provide at least 300 ft”/acre were elinunated. then 23 nullion acres
of timberland would be thinned (verus 10.6 nullion acres) and 318 mullion od tons would be
removed i the 12 Western States (versus 270 million od tons).

In comparison to the 6.2 million od ton annual biomass supply for fuel estimated above, the
DOE/USDA report Biomass as feedstock for a bioenergy and bioproducts industry: The
techmical feasibility of a billion-ton annual supply estimated 10.8 nullion od tons annual supply
for fuel and loproducts for 14 Western States. The DOE/USDA report estimated a total of 323
million od tons to be removed for fuel over 30 years while the estimate above would provide 135
million od tons for fuel over 22 years. The DOE/USDA estimate 1s higher primanly because 1t
considered thinnings on all timberland without screens for fire hazard. fire regume seventy, or
change 1n structural diversity (BA removal Linut).

Forest fuel treatment & thinning biomass — Other forest land

Estumates of forest thinming biomass to be removed 1n order to nutigate fire hazard on “other
forest land " were obtained from the report Biomass as feedstock for a bivenergy and bioproducts
industry: The technical feasibility of a billion-ton annual supply.™* Other forest land 1s forest land
other than timberland or reserved forest land. It includes forest land that 1s incapable of
producing 20 f/vear of merchantable wood. 16 western states™” contain 141 million acres of
tumberland and 80 mullion acres of other forest land. The “billion-ton™ report estimates 10
million od tons of wood biomass could be supplied annually for fuel or bioproducts from other
forest land (included in biomass estimates for the Forest portion of Exhibit 1-1 of the WGA full
report). State-level estimates of biomass removals were apportioned to the county level in
proportion to the amount of “other forest land™ in each county 1 each state.

** USDA Forsst Service researchers desizning the treatments include Elizabeth Feinhardt and Wayne Shepperd,
Rocky Mountain Fesearch Station; Jamie Barbour, Pacific Northwest Research Station; and Ken Skog, Forest
Products Laboratory.

** Perlack, B.D. et al. 2005 Biomass as feedstock for a bigenergy and bioproducts industry: the technical feasibility
of &  bilhen ton  supply. ©Oak Fidge  Natiomal Laboratory, Oak Eidge, TN 480 p.
htip:/feedstockreview oml gov/pdfhillion_ton_vision pdf

¥ Arizena, California, Colorado, Idaho, Kansas, Montena, Nebraska, Nevada, New Mexico. North Dakota, Crezon,
South Dakeota, Texas, Utah, Washington, and Wyonung.
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Primary Sawmill Residues

Estimates of unused mill residues were obtained from the Timber Products Output database’®.
The mull residue estimate does not so far include potential additional residues from sawlogs
removed as part of forest thinmng operations.

fht.‘ﬂ:--ucnﬁ.fs.fed.uz 42801 fiadb'ma tpowe ma po ASP
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Appendix C

Description of Methods for Attempting to Separate
Fire Hazard Thinnings and Logging Residue Estimates

From Public Lands into Federal and State Categories
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Separating Fire Hazard Thinning

Attempting to separate into federal and state categories the public fire hazard thinning
category results produced by Skog et al. (2007) proved to be challenging. First, we attempted
to recreate the results obtained by Skog et al. (2007), keeping separate the more specific land
ownership categories (e.g., national forest, BLM, state) contained in RPA data on which the
USFS’s Full Treatment Evaluator 3.0 (FTE) is based rather than combining them into one
“public” category. Unfortunately, we encountered numerous problems, including that the 2002
RPA database and FTE 3.0 are no longer publicly accessible via the internet.

We then attempted to develop a surrogate measure that would allow us to divide the
“public” estimates generated by Skog et al. (2007) into separate federal and state categories.
We analyzed proportions of total and overstocked timberland acreage and growing stock
volume by ownership for logical patterns that might be useful for dividing the public fire hazard
thinning estimates. No logical division was evident.

After discussions with state land management officials in Idaho, who indicated they did
very few forest management activities on state timberlands with the primary purpose of fire
hazard reduction, we decided to ask state land agencies throughout the West about their fire
hazarding thinning activities. We developed a simple survey that we e-mailed to state lands
agencies in 11 western states:

Does your agency conduct thinnings on state timberlands with the primary
purpose of reducing fire hazard? If yes, in what counties has your agency
conducted thinnings on state trust timberlands to reduce fire hazard in the last 2
years (2008-2009)?

We did not send the survey to state foresters in several states because no public land fire
hazard thinnings were estimated by the model in the price range we were examining (KS, NE,
ND, and TX) or no state timberland existed in the county where public land fire hazard
thinnings were estimated (NV-Washoe Co.).

Seven of the 11 state foresters we surveyed responded (Table C1). The only state that
has a significant amount of forest biomass from public lands that did not respond is California
(see Results). The other states that did not respond (AZ, UT, and WY) have lesser amounts of
available biomass from fire hazard thinnings on public lands.
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Table C1. State lands agencies responses about counties with fire hazard reduction
thinnings.

State Response

Colorado No fire hazard reduction thinnings.

Idaho One 6-acre project in Bonner County.

Montana No fire hazard reduction thinnings.

New Mexico Bernalillo, Colfax, Cibola, Lincoln, Otero, Grant, Rio Arriba, and Torrance
counties.

Oregon Klamath, Josephine, and Jackson counties in FY2008-2009. Douglas,

Josephine, Jackson, Klamath, Marian, and Linn counties in FY2010-2011.
South Dakota Custer and Pennington counties.

Washington Lincoln, Spokane, Kittatas, Stevens, Klickitat, Yakima, Mason, Okanogan, and
Pacific counties. 4,713 acres in FY2008; 5,593 acres in FY2009

State trust land managers in Colorado and Montana reported no fire hazard thinning
treatments on state timberlands in 2008-2009 (Table C1). Idaho reported on one small project
in one county. South Dakota reported projects in two counties. New Mexico, Oregon, and

Washington reported projects in several counties.

Because of the variability in state lands agencies’ participation in and reporting of fire
hazard reduction projects, we decided not to split the public fire hazard thinning category into
federal and state categories for all states and counties. In those states that report some fire
hazard thinnings on state lands, further investigation of our estimates is recommended for the

specific counties where fire hazard reduction activities are reported (Table C1).
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Separating Logging Residue

We were able to obtain logging residue estimates with the “public” category divided into
“U.S. Forest Service” (i.e., national forests) and “other public” from the 2007 TPO database.
Although the “other public” category includes other federal agencies (e.g., BLM) and county and
municipal lands, we assumed the majority of logging residue would come from state lands.
However, after looking at results from both the TPO data and Skog et al. (2007), there were
inconsistencies, with counties producing public logging residue in both cases (Table C2). Only
154 of the 272 (57%) counties west-wide had public logging residues appear in both the TPO
estimate and the results from the model used by Skog et al. (2007). We felt this inconsistency

made separating the public logging residue results into federal and state categories unreliable.

Table C2. Number of counties with public logging residue estimated in TPO
database, Skog et al. (2007) model, or both.

Skog et al. (2007) model Both TPO database and Skog

State TPO database only only et al. (2007) mode!/
AZ 1 3 2
CA 0 9 22
CO 6 9 17
ID 2 14 13
MT 4 12 19
NE 4 0 0
NV 1 1 0
NM 0 3 8
ND 1 0 0
OR 5 1 27
SD 2 0 4
TX 16 0
uT 3 4 12
WA 8 2 22
WY 3 4 8

(o2
N

Total 56 154
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In addition, the model used by Skog et al. (2007) and our adaptation of it reduced
available logging residue estimates by one quarter unit for each unit increase in fire hazard
thinnings. Without the ability to separate fire hazard thinnings into federal and state categories,
separating logging residue into those categories would have required further guesswork subject
to question. Therefore, we did not separate public logging residues into federal and state

categories.

In summary, we were unable to separate the public fire hazard thinning and public
logging residue estimates into federal and state categories because of the difficulties described

above. Therefore, our results are presented with public and private land categories only.



