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Chapter 1

A model application using realistic data

4.1 Introduction

Thinning from below is often used to improve the4iolerance of the dense,
small-diameter stands (Healthy Forests 2002). Tineuat of woody biomass
resulting from increased thinning activities cobklsubstantial. Removal of the
biomass with subsequent use for energy generatimdsthe heavy emissions of
smoke and air pollutants from open-burning of bies@sidues and creates a
renewable source of energy (Morris 1999).

Use of forest biomass will become commonplace waitilgn it becomes
economically advantageous for users (GAO 2005)vé#ing, processing, and
transporting forest biomass of sub-merchantabkeisiexpensive when using
conventional harvesting systems, due to the higitadacosts of equipment and
decreased production rates when handling smallrrab(elan et al. 2002).
Compounding the problems associated with estimgiiroduction and costs are
that estimates of harvest and transport costsiéondss are either incomplete or
are based on localized knowledge not applicabtgtier regions (Becker et al., No
date). There is a need for a general analyticadlth@d can aid forest managers in
developing cost-effective fuels reduction treatrsent

4.1.1 Application of Western Biomass

This manual reports the usage of a Microsoft Espetadsheet-based, public
domain forest engineering and financial progranedaVestern Biomass. The
software was developed for use by forest managksners, and project
contractors to estimate the production rates astsa fuel reduction treatments
through evaluation of harvest prescriptions, prédecovery scenarios, and the
machines to be used.

The Western Biomass model is based on an accumlatiscientific and
engineering information on harvest production aost of fuels reduction projects
over the past 30 years. To make the site-speaifidyction equations applicable in
more general conditions, the model applies a metfi@dmbining multiple
regression equations (Pan et al., 2008b) to makeighted average of operation
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cycle time, which is the most critical factor irtiggating machine productivity.
The Western Biomass model also uses an embedded&rwith the widely used
forest growth and yield model, FVS, to predict bh@mass quantity of the
recovered products. This greatly improves the amguof estimating the biomass
amounts when performing production cost calculation

Development of Western Biomass was supported byifigrnfrom the National
Fire Plan through USDA Forest Service, Rocky MoumResearch Station.
Researchers at the University of Idaho creategtbgram with assistance from
the Rocky Mountain Research Station.

4.1.2 Model Users

The target audience for the Western Biomass modtldes forest managers,
forest planners, contactors and loggers, forestutants, and community
development and non-profit organizations. The madlelvs forest managers and
planners to compare silvicultural prescriptionsalaate contract bid rates, and
assess the stumpage value of material removedrdCtmts are able to use the
model to estimate production rates and costs afabip@s and to generate cost
estimates for project bidding. The model can béh&irrused to assess project
feasibility, assist in project design, and for conmity development purposes. The
Western Biomass model is not intended to take ldeemf sound financial
analysis, but to supplement business planning.

4.2 Getting started
4.2.1 Required User-Inputs

For any project simulation, the Western Biomass ehoeljuires user input values
for:

» Harvest system selection;

* Product recovery scenario (single or multipleduts);

» Equipment type selection;

» Biomass weight calculation selection;

* Amount of biomass retention on the site;

* Loss of biomass in primary transportation (skndgiforwarding);
» Harvest area treated,;

» Secondary transportation road type selection; and

» Machine hourly cost calculation method selection.
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In the following descriptions, all places that requnumeric user input are marked
in a light yellow color in the “Inputs” worksheet the Western Biomass model.

4.2.2 Optional User-Inputs

Default input values are provided for most produtiparameters including:
* Machine productivity variables (ex. skidder trbdistance);

* Number of machines (ex. 3 sawlog trucks if they @sed);

* Truck load weight (ex. 12 Bone dry tons for 12®ic yards chip van); and

* Mobilization cost variables.

In all cases, model default values can be overndgethe best-estimate of the user.
If the user-defined value (optional user-inputRept unchanged at 0, the model
will take the/ default value for calculation; othese, a user-defined value will be
automatically used.

Variables less likely to be changed on a case-bg basis are contained in a
“Defaults” worksheet. These default values includaables for calculating
machine hourly cost (i.e. machine economic lifgjdder / forwarder loading
capacity (ex. the grapple enclosure area of thadsk), and biomass moisture
content. User input adjustments are allowed inwusksheet as well. The areas
accepting user input values are marked light biude “Default” worksheet.

4.2.3 Software Outputs

The Western Biomass model provides various outjoufiscilitate different user
needs. Among those are production rates in terrbsé dry tons per productive
machine hour (BDT/PMH) and bone dry tons per sclegtioachine hour
(BDT/SMH), costs in terms of dollars per bone dmy {$/BDT), costs in terms of
dollars per acre ($/ac), and costs in dollars Ipeusand board feet ($/MBF) for
sawlog products. Users are given choices of viewhegcosts of a hot operation
only (production of sequential operations depentherproduction of earlier
operations), cold decking biomass only (materiatpssed in each operational
component is decked for the next component so s¢iqieperations do not
depend on production of the previous operationpath. Prediction errors
resulting from combining multiple productivity ediams are calculated
automatically by the Western Biomass model. Thesdyztivity errors are then
transformed to an error estimate about productos, avhich allows the
development of a confidence interval around thatpestimates of production cost.
The confidence intervals are presented in the fmrminimum-maximum value
interval in the “Results” worksheet.



Western Biomass Documentation -5-

4.2.4 Software Disclaimer

The Western Biomass software is in the public doméican be downloaded to PC
at the following webpagéattp://fsweb.moscow.rmrs.fs.fed.us/fswepp/

The software was developed for softwood speciéisanwvestern United States. The
model has not been developed or applied to hardwpedies. Models used in
other regions of the country may be subject taedgit site and terrain conditions
and these factors may influence equipment prodiitivhis model was
developed around production equations developeadgithie dry season in the
region and assume experienced equipment operatOpgerations during the wet
season or with less skilled operators may resuliengreater variations in
equipment productivity and generally lower produtyi

It is important to note that the Western Biomasslehds a decision-support tool
and is not a substitute for a thorough financiallgsis. The accuracy of the
software relies on the quality of data enteredtaedeliability of other software.

4.3 Using the model
4.3.1 Model Inputs
Step 1 - Harvest Prescription and FVS Prediction

The Western Biomass software is a stand level B&angeproduction and cost
prediction model. Production and cost estimatedased upon specific harvest
prescriptions and stand conditions, including s&sen weight, crown weight,
whole-tree weight, stand density, diameter breasgjt (DBH), total volume,
merchantable volume, tree height, biomass retemtoounts on site, biomass
losses in primary transportation, and total haraesa.

The Forest Vegetation Simulator (FVS) is a treavgincand yield model (Dixon,
2008) and is the US Forest Service’s nationallypsuied framework for forest
vegetation modeling (Fig 4-1). The FVS model isatdp of calculating the stand
condition information required by the Western Bi@saodel, as shown in the
case study in Pal¥. The FVS model will automatically generate atteenal
Microsoft Excel spreadsheet database with a defilihame of FVSOut.xls,
storing the calculated stand information. UserthefWestern Biomass model need
to open this databasdelete the first four columns in the worksheet of
“FVS_Compute” and then save this changeMoving this file from the folder of
“FVS data” to the Western Biomass default data folder “C:/Western Biomass”
will let the Western Biomass model automaticalgnsfer the FVS predicted
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information as input values. Refer to the illustratexample in Part IV for the
detailed procedures of the FVS data preparations.

i Suppose v2.02 Simulation file: #new filex

File Edit Data Preparation Simulation Preparation After Simulation Preferences Help

- Simulation Preparation

[Select Stands | SetTime Scale

Select Management | Select Outputs J

0 Stands
1 Groups

Add Keywords I Insert From File Select Post Processors I Select Modifiers ‘

[E Simulation file contents: ~| Affected Stands...

14 |+

Edit Simulation

After Simulation

Read FVS Outputs I Generate Graphs ‘ Generate Reports ‘ Exit
L & 025

:Q;_;A % 115

Figure 4-1: FVS (Suppose) model interface

Obtaining stand conditions through the FVS moddlgenerally be more accurate
than a knowledge-based estimate. However, if th8 F\del is unavailable or the
user is unfamiliar with FVS, the Western Biomasiveare allows inputs and use
of user-defined stand condition information (seeuein the “Biomass weight”
section). Either the FVS-predicted or the userrazfistand conditions will be used
as the input values for the Western Biomass soéiywasductivity and cost
predictions.

Step 2 — Harvest System Selection

The first section in the Western Biomass softwarpiiring a user-input value is
the section of “Harvest System Selection” (Fig 4t23ers can make a selection
from a whole-tree system, a cut-to-length systema, econd entry system. The
definitions of these three systems are as follows:
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Ed Kicrosoft Excel — ¥estern Biomass 5.5

i3] ple Edt View Imset Format Teols Dats  Window  Help  Adobe PDF
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» Enter your
selection here
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9=Sawlogs & Hog fuel 15=Sawlog, Pulplogs, & Hog fuel

16=Sawlog, Clean chips, & Hog fuel (grindin

R 71 NGREY O favits BEVERS S B

T Feling { Harvesting /Skidding 4 Forwardin | < | |

Read UM
:Q{u Prc -

Figure 4-2: Harvest system selection in the WedBdomass model

Whole-tree system \WVT) is a mechanized harvesting system where tredeléad
by a feller-buncher prior to primary transportattorthe landing or roadside with
top and limbs intact by a skidder. The trees aea ttelimbed, topped, and bucked
at the landing with a processor. This method reguinat slash be treated at the
landing (McDonald, 1999).

Cut-to-length system(CTL) is a mechanized harvesting system in which trees a
delimbed and cut into log lengths at the stump.aZdd. is typically a two-person,
two-machine operation with a harvester that feldimbs, and bucks the trees and
a forwarder for transporting the processed logsftioe felling to a landing area
close to a road accessible by trucks (McDonald91.99

Second entry biomass recovergystem involves recovery of the largest sizes of
the primary commercial product on one entry andvecy of the smaller
commercial pieces and residue on a second entgyoiider of the two entries can
be varied (Johnson, 1989).

Step 3 — Product Recovery Scenario

Given the selection of a harvest system, the astmtproduct recovery scenarios
will appear (Fig 4-3). There are sixteen, elevem six product recovery scenarios
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designed for the whole-tree system, cut-to-lenggtesn, and second entry
biomass recovery systems, respectively.

Ed Kicrosoft Excel — ¥estern Biomass 5.5
i3] Fle Edt Miew Inset Format Teols Dats  Window Help  Adobe FDF Type a que:

RN~ NEWE T NENEa | e e - 28+ B U |=E=EF% . €83

|

1-Whole tree system
2-Cut-to-length system
3-Second entry biomass recovery

Enter your

Multiple products
6=Sawlogs & Pulplogs
7-Sawlogs & Clean chips

selection here

N T
£ =2 K

8=Sawlogs & Hog fuel (chipping) 14-Sawlog, Pulplogs, &
9=Sawlogs & Hog fuel (grinding) 15=Sawlog, Pu

Arihding)
& Hog fuel (grinding)

C
5=Hog fuel {grinding)

12 10=Pulplogs & Hog Teer
13 11=Pulplogs & Hog fuel (grinding)
14
il Felling and processing equipment
Feller- Skidder Delimber Chipper for
18 |buncher hog fuel
Machine type Machine Machine type Machine size  Material
17 type
1=Smeall, drive- 1=Smal whesl 1=Strokeboom 1=Small =500k 1=Whole
to-dree ==150hp (without loader)  tree <5-in
18
2=Small, swing 2=Smallfrack 2=Dangle headt Z=Large 2-¥hole:
oo <=120np ==S00Np (with  tree =5n
19 Ioader)
3-Meciin-large, 3-Large,whe 3=Fixed base SeLimbs /
2 |swing boom el =150hp tops
4=Large frack
| 21| =120hp
22| Input value Input value Input value Inputvalue  Input value
23 0 0 0 0 0
|24
e = T i)
WA P BSIEE) dnouts JREEVTRRR GG CESE IR Feling {Harvesting {Skidding £ Forwardin | ¢ | el
Ready HUM

=8 L&m 12

Figure 4-3: Product recovery scenario selectiothénWestern Biomass model

In the six product recovery scenarios of the se@rid/ biomass recovery system,
the choice of using a slash bundler to collect laissns temporarily unavailable
due to the lack of useful production equations. 3&lections of “Harvesting
sawlogs after biomass harvesting” and “Harvestiogiass after sawlog
harvesting” are currently considered as advancetcapions of this model due to
the fact that stand conditions will be changedraftiéial activity.  Advanced
applications require a more experienced user toerttak necessary adjustments to
defaults and the stand and biomass conditions.

Step 4 — Felling and Processing Equipment Selection

Feller-buncher

A typical mechanical feller-buncher consists ofeawgavator-based carrier with a
felling attachment such as a hydraulically drivéstar chainsaw. It can move the
trees to bunches after felling and can work inegittiear cut or partial cut
prescriptions.

Four major characteristics distinguish the varitypes of feller-buncher: 1) the
method for advancing the felling head to the tB®dhe carrier type, 3) the
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machine’s size, and 4) the type of felling head Pdcald, 1999). The Western
Biomass software contains three major types oéifddlncher: small drive-to-tree
feller-bunchers, medium-sized swing-boom fellerdhers, and large-sized
swing-boom feller-bunchers with leveling cabs (&tg). This categorization is
primarily based on the machine advancing methodlamdnachine size. The type
of cutting head (saw) is not used to further dguish the feller-bunchers, as the
hotsaw felling head (continuous rotation of a diakv) is considered as the most
popular type in the western states and is the feflipg head included in the
model.

ES Nicrosoft Excel — Western Biomass 5.5

i3] Fle Edt  Yiew Insert Format  Jools Data  Window Help  Adobe PDF
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= Q;_F'- e 1:25
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Figure 4-4: Harvesting and processing equipmesetseh in the Western Biomass model

Skidder

A skidder is ground-based equipment that travelsifthe landing or roadside to
the stump and returns with a payload of treegdtires that haul roads be located
within an acceptable skidding distance from therfglsite, and that the site have
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terrain that is not too steep or broken and haile stsong enough to support the
machine (McDonald, 1999).

Two major features distinguish the various skiddiems one another: the carrier
type and the machine size. These two features batheconsidered for the
Western Biomass software and resulted in four megtegories of skidders: small
wheeled skidder, small tracked skidder, large waakekidder, and large tracked
skidder (Fig 4).

An additional characteristic of skidders is the moet used for holding the trees.
This can further divide the skidders into threeugsa grapple skidder, cable
skidder, and clam bunk skidder. The Western Biorsafisvare includes only
grapple skidders. The exclusion of cable skiddexs @due to the lack of available
information and the probability that they would hetused in a complete tree
recovery operation that included biomass. A clamkiskidder operates more like
a forwarder with a self contained loader and ldngek, but is designed to move
whole trees rather than logs. The Western Biomastehdoes not include this
type of skidder because of the lack of data. Cbamk skidders have not been
commonly used in western harvesting operations.

Feller-processor (Harvester)

Harvesters combine the felling and log manufactufimctions into one machine.
Single-grip harvesters use a single, boom-moungéad lfor both felling and
manufacturing, while double-grip harvesters haymsse felling and processing
heads (McDonald, 1999).

The categorization for harvesters in the Westeontiss model was based upon
the machine engine size (Fig 4-4). Harvesters hatisepower less than or equal to
150hp were regarded as small harvesters; otherthisg were defined as large
harvesters. All the harvesters included in the \WesBiomass are single-grip type
as that machine type is more common in westernatipes.

Forwarder

Forwarders are highly specialized machines usedtito-length (CTL) systems
with equipment such as feller-processors and sloadvwoaders and trucks.
Forwarders are built on an articulated chassis tth three, or four axles and
large rubber tires. On forwarders with two reareaxthe rear tires are usually
equipped with tracks over the tires; the front axteay or may not have tracks. The
rear of the forwarder consists of a bunk to holgsland a log loader mounted
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behind the cab. The logs are loaded onto the fatgvarsing its log loader, and
then carried to the roadside where they are untb@deDonald, 1999).

The Western Biomass software divides the forwaruhostwo major groups based
on machine load capacity: large forwarders and Isimabarder (Fig 4-4).
Forwarders with load capacity of less than or etudl0 tons were considered as
small forwarders (e.g. Timberjack 230-A, 8-ton farder); otherwise, they were
regarded as large forwarders (e.g. Valmet 892 ph&drwarder).

Delimber

Whole-tree delimbing typically involves cutting éiinto logs that meet the
merchantability requirements of the secondary prartssystem and the mills.

Processor types (dangle-head and stroke delimaers)sed to classify the
delimbers in the Western Biomass software (Fig.484jh the dangle-head
processors and stroke delimbers are widely usédtimroadside and landing
operations and are documented in the Western BostwBvare. Stroke delimbers
have a sliding boom with a grapple at the end fckipg up the logs and movable
knives that circle the log and remove the branchasgle-head processors consist
of a processing head mounted at the end of thengagpe boom, often mounted
on an excavator-style carrier. The processing egdddes grapple arms,
delimbing knives, a cutoff saw, and a drive systemmoving the logs through the
processor. Less common is “fix-based” processor&telimbing knives move
along a fixed conveyor base. Production informatarthis type of delimber is so
limited that the Western Biomass software curredtgs not support this machine.

Delimber-Debarker

Chain-flail delimbers can be stand-alone machioesyhen also used to debark
logs, can be integrated into chippers. Chain-flalimbers remove the branches
from trees by means of chains fastened to one oe natating drums. The
branches are literally beaten off the stems bydhee of the flailing chains. These
machines were originally developed as a methodétmbing small trees.
However, chain flails cannot cut the tops off tlees, so additional processing is
still required after they have completed their wibilbg-length products are being
produced. Because of this limitation, chain flaite seldom used except as part of
an integrated delimber-debarker-chipper machineDdfald, 1999). Chain-flail
delimber-debarkers are similar to delimbers, batpurpose-built, and have more
aggressive settings for removing bark. These mashare large and heavy, and are
usually seen as part of a semi-permanent instahlati
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Modern technology has built the function of delimdpi debarking, and chipping
into single machine, such as Peterson Pacific 3b@@limber-debarker-chipper.
This concept reduces capital expenditures and altbes use of a single engine,
which reduces machine mobilization, fuel consumptiad maintenance. The
Western Biomass model assumes that the chaird8aihber-debarker always
works with a pulp wood chipper to accomplish theclions of delimbing,
debarking, and chipping. This machine selectionldi@nly be used in a system
designed to produce both “clean chips” for hautmg pulp mill and “hog fuel” for
hauling to an energy facility.

Chipper

Chippers can be used for chip production from rags lor from salvage and debris
cleanup. There are two types of chippers — discdanch. The main differences
between them include the amount of energy consumptbduce chips, their
ability to produce chips of uniform size, and thaaility to simultaneously handle
different size logs, limbs and tops (McDonald, 19%¥sc chippers require less
energy because of the kinetic energy stored imthekly spinning disc. They can
also produce more uniform chips than drum chipfrera larger-diameter logs,
but they do not perform as well for short piecesclzhippers are preferred for
long logs, while drum chippers are preferred whandtng short, non uniform
material likely to be present in landing debrisrocleanup operations.

The Western Biomass model splits the chipperstuatomajor categories: chippers
for clean chips and chippers for hog fuel (Fig 444)each group, chippers are
further characterized by their horsepower. Chippetis engine size less than 500
hp are defined as small chippers (e.g. Morbarkhi@per, 200 hp); otherwise, they
are treated as large chippers (e.g. Morbark 27pehj650 hp). In addition to the
engine size, chippers used for producing hog fisel meed to be characterized by
the average piece size, which is considered am#isant factor influencing the
chipper productivity.

Grinder (Hogger)

Grinders are used to grind waste material (limiysstand small whole tree) into a
mixture that can be used for fuel in various pogeneration plants. They are
usually large horsepower machines (typically gretiiten 500 hp in engine size)
working in energy plants, landings, or roadsidesrafons.

The definition of grinders in the Western Biomassdel requires selection of
working location (one landing or moving betweerdisugs) and material piece size,
which have the greatest effects on grinding praditgt(Fig 4-4). The Western
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Biomass model works for horizontal grinders. Duéh® limited information on
the productivity of the tub grinders, they are maiuded in the model.

Step 5 — Loading / Sorting and Trucking Equipmesie&tion

ft Excel — Western Biomass 6.5
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Figure 4-5: Loading / sorting equipment selectiothie Western Biomass model

Loader

Loaders fall into two categories: front-end loaderkich travel between the log
pile and the truck while loading, and swing loagersich remain more-or-less in
one location while loading (McDonald, 1999).

The Western Biomass model characterizes loadetisdayhorsepower (Fig 4-5).
Any loaders with engine size greater than 150 tpmnser are defined as large
loaders (e.g. CAT 324 D FM log loader, 188 hp)eottise, they fall into the small
loader category (e.g. Prentice RT-100 log load&®, Hip).

Selection of loading / sorting equipment in the Was Biomass model has two
sub-steps. The first sub-step requires model uearsoose the number of loaders
that will be used in a hot operation if that is tdase being modeled. Cold decking
operations assumes a loader is needed with eacagsar and/or chipper/grinder
to move materials from cold decks to the procesHuwe. following sub-step asks
users to define the loader(s) engine size for rex@m/products.
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Hauling equipment
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Figure 4-6: Hauling equipment selection in the WesBiomass model

The Western Biomass model requires selection difgaaquipment for each
recovered product (Fig 4-6).

a) Hauling equipment for hog fuel and clean chips

The Western Biomass model allows choices for hguiiog fuel, including
roll-on/-off container truck (10-ton container)itks with 120 cubic yard chip van,
and trucks with 148 cubic yard chip van.

Roll-on/-off container truck refers to a straight frame truck configuration in
which modular containers are “rolled” onto and affthe straight frame truck by
means of a truck-mounted hydraulic winch and a hdbks system is often
designed to be short (30 feet) and with a higheuigd clearance (1 foot) to better
negotiate sharp curves on many western forest rtiadted landing areas, and
uneven road surface conditions (Han et al 2008).

Truck with chip van refers to a truck design in which chip vans camdeked or
disconnected from the truck. It is commonly useddading-to-market chip
hauling. Trucks with chip vans are often long (é8tffor chip van) and have low
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ground clearance, which limits their maneuverapoi forest roads with poor
surface conditions and sharp curves.

b) Hauling equipment for sawlog, pulp logs, anohiiass logs

Western-style logging truckrefers to a design of truck-trailer combinatioattts
equipped with 5 axles and single log trailers wlitate long tree length
transportation. The trailers are connected tdrinek in a way that allows
maneuverability on narrow roads with sharp curvdhe Western Biomass model
also allows selection of trucks with short trailassa method for hauling short logs
resulting from cut-to-length harvesting.

Step 6 — Biomass Weight

To facilitate the calculation of machine produdfyithe first part of the Biomass
Weight section in the Western Biomass model diyetciinsfers the predictions
from the FVS model (ex: DBH and tree height) anelsusVS projections as
intermediate parameters to calculate variable alady. biomass weight per tree
and biomass volume per tree) (Fig 4-7). The Wadanmass model also allows
entering user-defined stand parameters independ&\S output. This choice is
suitable for the users who are not familiar wite BVVS model or where the
FVS-ready data are unavailable (Fig 4-8).

Enter “1” here will
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Figure 4-7: Transferring FVS predicted stand infation in the Western Biomass model
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Figure 4-8: User input stand information in the Yées Biomass model
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Figure 4-9: Enter the biomass retention amountidikp / yarding loss, and total harvest area in the
Western Biomass model

The second part of the Biomass Weight section reguinputs for biomass
retention amount (BDT/ac), skidding/forwarding 1¢%6 of total harvested trees),
and total harvested area (ac) (Fig 4-9). The biesmetgntion amount specifies the
amount of biomass in BDT/ac that is to be left lom $ite for retention of site
nutrients. It may be a target value specified prescription or the amount of
residue that will naturally be left on a site eadter a whole tree or biomass
removal operation. This amount will be deductexhfithe total harvested
biomass to determine the amount of actual collelotechass. Skidding/forwarding
loss refers to the percent of recovered treesnduatrally break off during primary
transportation of the trees to the landing. Thatenal is left on site and will also
be subtracted from the total harvested biomassWéstern Biomass model users
should enter the value of the total harvested laasad upon specific project
prescription. This value will be used by the mamebroject the machine
mobilization cost in terms of dollar per acre an@&donvert production costs in
dollars per BDT to dollars per acre.

Step 7 — Machine Productivity Inputs

Based on the machines selected for conductingrthjeqs, the Western Biomass
model will automatically select the best suitablechine productivity projection
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equations. The independent variables required ésetiselected equations will be
reflected in the section of Machine Productivitpuiss (Fig 4-10).
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Figure 4-10: Machine productivity variable inputsthe Western Biomass model

The section of machine productivity inputs contdms columns for a specific
machine: variable name, model default values, deéned values, and observed
variable value range. The column of Variable shttvesnames of the independent
variables that are included in the automaticallgsted machine productivity
projection equations. These variable names arewelll by the units that are
commonly used. Productivity equations with metmétsihave been converted to
English units. The Model Defaults column showswakies that are initially used
by the Western Biomass model for the machine pridtyccalculation. These
model default values are embedded in the softwade.dOverriding any model
default value is allowed, however, and requiressigemake inputs in the
corresponding yellow-marked cells in the User-dedicolumn where an initial
value is set at zero. When a cell in the User-@eficolumn is changed from zero to
a non-zero value, the corresponding model defalltevwill be automatically
changed to zero and the Western Biomass modelgalthe user-defined value for
calculations. The column of the Observed Rangectflthe independent variable
range that is covered by all software-included jmtack equations. This is
designed to provide the model users with a usualatjpnal range. An
out-of-range user-defined value is allowed by tlogled, but a bias correction
procedure will be used to weight the out-of rangeable values (Pan et al.,
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2008b). Out of range equations will be given lesphasis in the final result than
those with values within the observed range.
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Figure 4-11: Automatic FVS prediction transfer andchine load capacity reminders in the

Western Biomass model

It is important to note that any FVS-predicted dtatree parameters will be
automatically transferred to the Machine Produttisection as a user-defined
value if that variable is required by a model-seddqredictive equation (Fig 4-11).
For example, if the FVS model predicts that the 8ee is 8.8 inches in DBH and
DBH is also a required variable to calculate tHkefdouncher cycle time, the value
of 8.8 in the Biomass Weight section will be trameéd to the cell of user-defined
DBH in the Machine Productivity section. When thagppens, the color of the
cell of the user-defined DBH will be changed froellgw to green, indicating
there is no need to make any further value change.

The purple-marked area between lines 77 to 79 leaésia skidder / forwarder
loading capacity reminder (Fig 11). It uses macaimum load capacity and
tree size / weight information predicted by the Fvi8del to estimate the



Western Biomass Documentation -20 -

maximum number of pieces that can be delivereatyae by a skidder or a
forwarder. Users should use this as a reference wheering the value for the
variable of “Number of trees per cycle”. Exceedihg calculated machine
capacity in pieces per cycle will result in unrsti production and cost estimates.

Step 8 — Landing-to-Mill Transportation

The Western Biomass model uses the Byrne, NelsahGaogins (BNG) travel
time model to calculate the trucking cycle timeeBNG travel time model was
first introduced by Byrne, Nelson, and Googins (BNit1940’s. This model was
tested again in 1990’s and was proved to be thenbedel for predicting logging
truck travel times on various road standards (Moll Copstead, 1996).

The forest road travel speeds of long chip trueld short container trucks are
generally slower than typical logging trucks orefstrroads due to the design of
chip van and container truck-trailer combinatiofise Western Biomass model
uses a chip truck study and a container truck stadylucted by Pan et al (2008a)
and Han et al (2008), respectively, and calculspesds for chip trucks and
container trucks traveling on forest roads as ageage of the speeds that would
be realized by typical logging trucks. These petages will be assigned in the
Western Biomass model to adjust the logging truakel speed to either chip van
or container truck speed if the equipment is setkets the hauling method.

Bl Kicrosoft Excel — ¥estern Eiomass 5.5

(5] Fle Edt Wiew Insert Format Took Dats  Window Help  Adsbe PDF

N EE A E R R E -l & e <8 o B zu|=El=HE% . €W -h-A-f
el Twenty road types
E121 T A 19 e
- 5 i E - [ )~ specified by the BN(
lltz) Transportation
11D Transportation road types and = :
(111 Hi=pets, supereley vy, ign exc 621N pav align feir 11=1 In grav wito-citch,alior tair 18=1 I cirt wito,alion tair | trucki ng model
1120222 In e glign exc 7=21n grav Align far 12=1 In dirt wAo-diteh alion fair AF=1 In dirt witoalign poar
E“ﬂq PR AT - R oY T, AT ] ) R O e e PR W O, e e
1114 4=2 In v glion good 9=1 In grawy wiho-dich,alin good 14=1 In dirt wRo-sitch alion paor 19=1 In parv vwro-diteh,align good
115{5=2 In grav,alion good Qe In elirt wo-citch alion good #=T T cirt Winglon aoord 20=1 In parv

I

Select the road type

=

Chip van for hog fuel,
ion:

Chip van for clean dfiips
Road sections i

Sawlog truck

i
o

18] Road sections Road sections

(119 section 1 Section 1 Section 1 > codes for each

1120 Section 2 Section 2 Section 2

1121 |section 3 Section 3

122 secten 3 Section 4 recovered product
Road sections were .. Road sections wi

1123 Positive slope means going dgfnhill load lope means going downhilf6aded.

{124 |Chip van for hog fuel Chip van for clean chipf and enter hel’e

Variable Model Variable Model J/ User define

1125 defaul
Ovenchy load Ovenchy load e : Ovenchy load

126 | weight (BDT) weight (BOT) weight (BOT)

Unlod + prep Unlozd + prep o

127 time (min) time (i)

. Sent gt Enter road grade and

128 oadled tirec(9) i

129 Sec.1 dist.(miy 20 H

= sec2uiin distance for each

1130 loaed drect lnaded clirec(%) &

131 sec 2 dist mi Sec 2 dist (mi) 1 N, Zec 2 dist (mi) H H
: = o alan section of the road if

1132 loaded direct Inaded direc(%) Inaded direc(36)

133 | gec 3 dist.(mi) Sec 3 dist.(mi) 2 it Sec 3 dist.mi) model defau ItS are

134 v

W4 Resulish Inouts JFETETER Hour cast (e Feling { Harvesting 4 Skidding { Forwardin | < | el not sati SﬁEd

Ready UM

Figure 4-12: Transportation network road definiton the Western Biomass model
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Twenty road types and standards defined by the BN@el are listed as a
reference for inputting road type codes (Fig 4-12}he Western Biomass model,
chip vans are not allowed to travel on spur roatignavel road with poor
alignment, and road type codes representing thatiton will not be accepted by
the model. In reality, this implies that a differérauling combination need to be
specified to operate on those roads or that ropdawements are needed before
conventional chip vans can operate in the spec#etting. Road type codes need
to be entered for each section of the transportateiwork. The road sections are
assumed to begin at the mill and proceed to théingn The hauling cycle will
include the time traveling both ways along the dgmztroute.

Once the road type code is entered, the road gradielistance input area for that
section of road will appear in the spreadsheet.\Wiestern Biomass model
assumes that the road grade refers to the gragditgdownhill in the loaded
direction, which is consistent with the BNG truditime model. This means a
positive value for grade will be entered when ttengeloaded downhill.  Values
of model defaults, user-defined values, and themes range of values are also
available in this part. Users need to be awarertieat grades should be within the
range of -21 to 21 percent; otherwise, the inpulisnet be accepted by the model.
The road distances refer to the one-way distarncih&b section of road.

In addition to defining the road standard, gradhel distance, model users also
need to provide an estimated truck unloading afetyspreparation time. A
transportation cycle includes four parts: travepgnio the landing, loading, travel
loaded to the mill, and unloading.

Finally, users need to provide the allowed ovenwaeight for a truck load based
on federal and regional legal transportation limitsis load weight will be used to
predict the loading time (e.g. grinder loads hogj fo chip van) and hauling
production rates.

Step 9 — Number of Machines, Potential Productiatyd Operational Delay
Line 139: Model

default # of machines
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Figure 13: Enter number of machines in the WedBomass model

Timber harvesting / biomass recovery operationsnoiftvolve the use of multiple
pieces of equipment. System production rates camobstrained by the machine
that has the lowest productivity in the system. &intlis circumstance, an
operation manager can improve system productiwtgdjusting the number of
machines so that the productivity of various systemponents can be matched.
The section of Number of Machines, Potential Praitg, and Operational Delay
is created to allow analysis of these factors.

Model line 139 shows the model default number ofmges in the system (Fig
4-13). Line 141 contains production rates of singkchine if they are operated
independently of each other. Users can use théesimgchine productivities as a
reference to balance the system productivity bustdjg the number of machines
in each machine component. Lines 142 through 14w she machine operational
delays and utilization rates in a system as ate$uiser-defined number of
machines.

Step 10 — Machine Hourly Cost

The Western Biomass model enables users threeecfusicalculation of the
machine hourly cost (Dollar per scheduled machme hor $SMH): 1) use model
default machine hourly costs (Fig 4-14), 2) inpatiable values that allows the
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model to calculate the machine hourly costs (Fib%-and 3) enter user estimated
machine hourly costs directly as $/SMH (Fig 4-16).
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Figure 4-14: Use of model default machine hourlgtson the Western Biomass model

Entering “1” in the cell “L151” will bring up the odel default machine hourly
cost for the three operation methods — hot opersticold decking biomass, and
cold decking all the products. The machine utilaatrates calculated in the lines
145 through 147 are applied here.
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[181]

182

[is2| U
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Figure 4-16: Use user defined machine hourly dostise Western Biomass model
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If users prefer to use a self-defined machineahgrice, horsepower, salvage
value, mechanical delay percentage, interestiregarance rate, tax rate, fuel cost,
labor cost, and SMH, a number “2” should be ent@negte cell “L151".

However, there are default values for machine egontfe, repair and
maintenance cost, fuel consumption rate, lube drabst. These will be used to
calculate machine rates for this option, but theesebe changed in the “Defaults”
worksheet if required. The values specified in“befaults” worksheet apply
globally across all machines in the machine raleuéation.

When users believe they have a direct estimateachime hourly costs, a number
“3” representing user-defined machine hourly cesisuld be entered. It is
important to note here that the user-defined machourly costs are independent
of any utilization rates calculated by the modeal ahould be entered very
carefully.

Step 11 — Machine Mobilization Cost

The last section of the “Inputs” sheet represdmstachine mobilization costs.
The Western Biomass model includes machine mowests as part of total
production costs. The machine move-out costs atlei@ad, as they are usually
assigned to the subsequent recovery projects.

The Western Biomass model embedded the featuresdél default values and
user-defined values for the one-way distance, ldd@enpty average speeds,
loading / unloading time per turn, and lowboy cdbig 4-17). The model will
automatically calculate the number of turns bagethe number of machines
specified in the section of Number of Machinesofat machine mobilization cost
will then be projected in terms of total dollar&Vhen divided by the acres
specified for the treatment area, these values@areerted to $/ac and
subsequently to $/BDT.
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Figure 4-17: Calculate machine mobilization coghie Western Biomass model

It is important to note that the BNG trucking modehot applied in the section of
Machine Mobilization Costs section for the follogithree reasons: 1) The BNG
trucking model is designed for logging trucks. esformance of trucks with
lowboy is different from common logging trucks. )ere was no study found that
focused on the performance of trucks with lowbaya speed difference could not
be assigned to adjust the BNG trucking table. 3 flachine mobilization costs
usually represent small portion of the total prdsuccost, especially when the
harvest area is large.

4.3.2 Model Process
Other working sheets 1 — Defaults (User adjustrmmgnits allowed)

The first part of the “Default” worksheet contawfsdefault values used for the
machine hourly costs calculation (Fig 4-18). Thesgables include machine
economic life, repair and maintenance cost, fuakomption rate, lube and oil cost,
and mechanical delay percentages. Users can makgehto the default values so
that the model-default machine hourly cost willtredlect the true values for their
situation.



Western Biomass Documentation - 27 -

5 Wicrosoft Fxcel- Western Biomass 5.5 Default values to calcula

P9) Fle Edt Yiew Iwet Fomet Tools Daba Window Help

sl o i .8 5 o R o sl 1 | machine hourly costs
used ta calculate the model default machine hourly cost "
[ F T &1 AT T [ J T wRTLCT ™[ N o]l PJTaTlRrRIx

A
Aol defult volue et colenlate f < nedel e | e e — Users may change the

HEN=N" RrwENi= SeNk-4 V)
Al = A Wodel defalts

default values in the

eeeeeeeeeeeeeeeeeeee

we  m | o % o o | 1 won o | e | o
gz oon | oon  oon oo ome | oo oo | 002 002 e o5 0zs blue-marked area

e o T e | a% | am

[ % | 0w ow | o os 0w oo | os 0w | 0% o6 o% | 0w | 0% 0w

Default values to calcula

» skidder / forward load

capacities. Users may

change the default values

Model defaults for biomass charaWeristics
Wet based maisture content (%)

in the blue-marked area

T =
B8N B R RN N2

Model default tree /
biomass wet-based

moisture content. Users

1 QTR efauies (B EERE AR el A riaresting £, Skeking{ Farvaing BTN i | < > may change the default

i
5 [O g AFERE.. e &",:’_E"l;@ .45 PH

7 i el
CLIR T e e Rl

values in the blue-marked

Figure 4-18: Worksheet of “Defaults” in the West&inmass model

The second part of the “Default” worksheet is des@jto help the model predict
maximum load capacities of the skidder and forwar@lee blue-marked places
reflect the default variable values used to cateullae loading capacities in the
cells “I78” and “179” of the “Inputs” worksheet. @s-defined adjustments are
allowed. For example, users can make changes tshkhdeler grapple enclosure
area” based on an alternate machine specification.

The bottom section of the “Default” worksheet Haes model default “wet-based
tree moisture content”. It has a direct linkagewtite model default tree moisture
content for the chipping operation in the “Inputgdrksheet.

Other working sheets 2 — Hourly cost (User adjustshaot allowed)

The worksheet labeled “Hourly cost” performs cadtiains for the default machine
hourly costs and calculates hourly costs basedseninput (Fig 4-19). The
calculations follow standard machine hourly cosinegte principles introduced by
Miyata (1980). The resulting machine hourly cosftect the difference for
various operation methods, including hot operaticotd decking biomass, and
cold decking all the products. These results ateraatically transferred to the
“Inputs” sheet (lines 154 through 156) and the ‘IS sheet (column B).
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Figure 4-19: Worksheet of “Hourly cost” in the West Biomass model

Other working sheets 3 — BiomassWt (User adjustsneot allowed)

Model calculated
machine hourly costs
for different operation
methods. The model
only calculates
user-selected machines.
User inputs are NOT
allowed in this

worksheet

The first function of the worksheet “BiomassWt” gF-20) is to predict the cycle
biomass weights for calculating machine productedrs, as reflected in lines 1
through 6. This section derives tree weight infarorafrom eight FVS predictions
or user-defined values in the “Biomass weight” mecof the “Inputs” worksheet.
It also collects the values of piece count pereyam the “Inputs” sheet. Using
this information, this worksheet then projects ¢lele biomass weights. The
biomass weight information is then used to caleuthe machine production rates
in the “Inputs” sheet, line 141.
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Figure 4-20: Worksheet of “BiomassWt” in the WentBiomass model

The worksheet “BiomassWt” also calculates a prapactf tree weight
percentages for the various recovered producthoAtih the FVS model can
estimate the weights in terms of BDT per acre fmous products, due to biomass
losses in skidding or forwarding and possible dpmtions for biomass retention
on the site for nutrient management, the actuave®d product weights will be
different from the FVS projections. The weight pertage projection in the
“BiomassWt” sheet specifies the weight percentaggidution for each
delivered-to-landing product. This information Wk used to calculate the product
recovery cost in terms of dollar per acre.

Other working sheets 4 — Felling, Harvesting, SkiddForwarding, Delimbing,
Grinding, ChippingHogfuel, ChippingCleanchip (User
adjustments not allowed)

The machine cycle time prediction worksheets diogeaegression equations
obtained from published studies (Fig 4-21) andyaeal for inclusion in the model.
When model users select specific machines, the shiédlter out unqualified
equations and keep the suitable equations forTiseindependent variables for
the selected suitable equations will be sent tdItiguts” sheet, asking for either
model default or user-defined values. Once thesahla values are available,
these worksheet will calculate the machine openatiele times. For example, in
the “Felling” worksheet, the predicted felling cgdimes are shown in column “I”.
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All regression equations that did not qualify feewvill have a predicted cycle
time of zero.

This area transfer independent This area stores the published productivity equatio
variable values from the and calculates the cycle time or production rate fo
“Inputs” sheet. User inputs a each selected equation based on input variables:
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Figure 4-21: A typical worksheet in the WesterniBass model to calculate the weighted average
cycle time or production rate

After calculating the operation cycle time for eaeected regression equation, the
worksheets will use the established theory for domlg multiple regression
equations to obtain a weighted average cycle tioeexample, in the “Skidding”
worksheet the sheet area “J1:N17” performs theutation of the variable
satisfaction values. Then, these variable satisiagtlues are used to calculate the
normalized variable weights in the area of “J18:N34e calculation of
un-normalized equation weights in the area of “NiBA” combines the variable
satisfaction values with the normalized variableghts, and provides the
information to calculate the normalized the equateights in the area “J52:N68”.
A weight averaged operation cycle time will be fipaeached at the cell “K70".
This value is the product sum of the individualleyitmes and the normalized
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equation weights. The weighted average operaticleayill then be used to
predict the machine production rates in the ling itdthe “Inputs” worksheet.

Other working sheets 5 — Hauling (User adjustmpaotsallowed)

The BNG trucking model is stored as the first pduthe “Hauling” worksheet (Fig
4-22). This worksheet also has direct link with tiser selected road type, road
grade, and road distance in the “Inputs” sheetplpumarked area). Using the
input information, the BNG trucking model will calate the transportation time
for each section of the road network. The calcdladéal cycle time represents the
sum of the two-way transportation time (calculdtgdhe BNG model), loading
time (from the “Inputs” worksheet), and the unlaagtime (from the “Inputs
worksheet). The estimated hauling cycle time viadirt be used to calculate the
hauling production rates for each recovered prodiscteflected in the “Inputs”
sheet, line 141.
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Figure 4-22: “Hauling” worksheet in the Western Biass model NOT allowed.

4.3.3 Model Outputs

Cost Prediction Summary

The “Results” worksheet of the Western Biomass rhedexmarizes the cost
predictions for each recovered product (Figs 41&8424). Users can select to
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view the results for the corresponding operatiothmés: hot operation, cold
decking biomass only, or cold decking all the picdu
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Figure 4-23: Cost prediction results summary woelethn the Western Biomass model
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Figure 4-24:

cold decked

Cost prediction results summary woelethn the Western Biomass model
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Within the cost prediction summary section, machnaerly costs ($/SMH) and
potential production rates are transferred from‘thputs” worksheet and listed.
Machine flow production rates (BDT/SMH) are alsegented to show the actual
productivity when individual machines are workimgthe system.

To facilitate different model users, the WesternrBass model has predicted
production cost in terms of dollar per bone dry (88D T) and dollars per acre
($/ac) for all products. In addition, a productmst in the units of dollar per
thousand board feet ($/MBF) is also assigned tadmdog product as it is the most
common unit designation for sawlogs in the westémited States.

When multiple products are recovered concurretitly,production cost allocation
to different products follows guideline introdudeygl Hudson et al (1990). These
are as follows:

a) All operations which do not produce a product gnfihal form are charged
equally to the products. For example, felling arttaetion costs are
calculated in units appropriate to the whole tnee eharged to each
product.

b) An input which produces a product in its final forsrcharged solely to this
product with the by-products not incurring a cé%ir example, the total
cost of delimbing should be carried by the sawluith the residues being
considered as a by-product.

Cost Prediction Errors

The prediction errors about the production costcateulated automatically by the
Western Biomass model. The prediction errors aa thansformed to a
confidence interval (or C.l.) for a point estimatehe production cost. As long as
users make a selection about the preferred rgsuitoperation, cold decking
biomass only, or cold decking all the productsg, @l. will appear together with
the point estimate of the production cost (Fig53-2
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Figure 4-25: Confidence interval (C.1.) of the pueton cost point estimate

It is important to note here that the confidenderval of the point estimate only
accounts for the errors resulting from combinindtiple productivity equations.
The FVS predicted stand parameters and the mabbumty cost calculations are
also associated with prediction errors more or, lesgever, these errors are
difficult to estimate and are not reflected in tomfidence interval.

4.3.4 Model Working Summary

Figure 4-26 shows how the different worksheetdhefWestern Biomass model
work together to predict the production costs tel$ reduction treatment
operations.
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4.4 Conclusion

The Western Biomass model is an analytical tooigthesi and developed for use
by forest managers, planners, and project contimtboestimate the costs of fuel
reduction treatments through evaluations of harpestcription, product recovery
scenarios, and the machines to be used. Machimatagpecycle times are
predicted by combining multiple regression equatisa that site-specific
productivity equations can be adjusted to a poimtne they are suitable for other
regions. The Western Biomass model is also linkid twe FVS model output to
predict the biomass weight information and to miaererrors often resulting from
knowledge-based estimates. The Western Biomasslnsaaeseful valid working
tool to help forest managers and planners conaets feduction treatments in a
cost-effective way.
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Chapter 2

A model application using realistic data

5.1 Introduction

In Chapters 1 and 2, a method using weight gemgréainctions, a relevance
network model, and generalized mixed operator veagldped to make
predictions from multiple regression equations.sihiethod was validated using
computer simulations structured in SAS 9.0. Theusation results showed that
this method is capable of making reliable predidithat are not significantly
different from the true model predictions£ 0.05). Computer simulation offers an
opportunity to experiment with the proposed metfasdhousands of times which
is not possible using traditional case studies. weéier, in the simulation
adjustments made in the validation steps, thetyeaflithe system is greatly
simplified. There is a need to use a realistic cigdy as a supplement to the
computer simulations to test the validity of thersed method under the real
operation conditions. This model application emplogalistic data to demonstrate
the use and the accuracy of the Western Biomasglmod

5.2 Methodology
5.2.1 Stand description and harvesting prescription

This realistic case involved a fuels reductiontireant to a stand (Swampy TS unit
15A) located in the state of Oregon (Latitude: 8392, Longitude: 122°25’ W).
The total area included in the thinning project Wasacres. The stand inventory
data was taken when the stand was cruised in1983 &rels reduction thinning
treatment was conducted in 2005.

The silvicultural prescription required the stande thinned to 70 trees per acre.
Sawlogs were recovered if the removed trees haB @reater or equal to 7
inches; other removed trees were hand piled faréuburning. There was no
specific nutrient management prescription for grasticular thinning project, but
the thinning was done with a cut-to-length system.

5.2.2 Harvesting operation
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A cut-to-length system was contracted to perforenttiinning project. The system
included a single-grip harvester (Timberjack 127@Bijell and process the trees
prior to forwarding the logs to the landing by adarder (Timberjack 1210B) with
15-ton loading capacity. The harvester worked iedejently for a couple of days
before the forwarder came onto the site as theelségv was expected to have a
lower production rate than the forwarder. The logse loaded onto trucks by a
large loader and hauled to the mill by three trudikee total hauling distance was
approximately 74 miles. Detailed road types, distsnand grades are summarized
in Table 5-1.

Table 5-1: Road types, distance, and slope indhlistic case

Road type Road type code in Distance (miles) Grade (%)
BNG model

Highway 2 70 1

Paved road 4 3 4

Gravel road 9 1 0

Spur road 15 0.1 0

5.2.3 Cost prediction and assumptions

The initial stand data was structured to run inEN& model, and the model was
used to project the stand parameters requirededoWbstern Biomass model. The
FVS predictions with other operational parametegsathen transferred or entered
into the Western Biomass model to make a predid¢tothe production rates and
costs.

In addition to the original information provided tye Swampy TS unit 15A
project, several basic assumptions were made fastah as recovery distances
and transport losses. These assumptions are supechami Table 5-2.

Table 5-2: Assumptions applied in the realisticecas

Parameters Assumption
Harvester move distance per cycle (ft) 15
Number of logs per tree for processing 2

Forwarder intermediate travel distance (ft) 400
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Truck unloading & preparation time (min) 25
Forwarding loss (%) 2
Oven dry weight per truck load (BDT) 18
5.3 Results

5.3.1 Stand parameters predicted by the FVS model

Using the Swampy TS unit 15A data from 1987, th&HFnodel predicted the stand
parameters for harvested trees in 2005 (Table 5-3).

Table 5-3: FVS predicted stand parameters for Iséedetrees

Harvested trees

2.0<DBH <5.0 5.0<DBH < 7.0 748DBH <15.0
Inches

Crown weight (BDT/ac) 0.39 2.15 10.32
Stem weight (BDT/ac) 0.75 4.56 42.02
Stand density 49 83 154
Avg. DBH (inches) 412 6.13 10.67
Total volume (ft*/ac) 57.96 347.23 3138.47
Merch. volume (ft¥ac) 0 0 3027.57
Tree height (ft) 24.51 36.88 60.48

5.3.2 Cost and production rates predicted by the Waern Biomass model

Using the FVS predicted stand parameters and tlohime@aoperation information
the Western Biomass model predicted that the tmistl is 439.70 dollars per
thousand board feet (or $/MBF) or 6034.90 dollansgxre ($/ac) if a “hot”
operation is utilized; while the total cost is $3BEMBF or $4597.50/ac if the logs
are cold decked at the landing before hauling @&b4). The cost difference
between the hot operation and cold decking treeaused by the loading and
hauling productivity increase when the processgd &re cold decked.

Table 5-5 summarizes the point estimates and cemdigl interval s of the
production cost predictions. For this fuel reductibinning project, the contractor
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observed stump-to-truck cost was $210/MBF wheropetation was used. The
Western Biomass model predicted that the stumpditktcost is $240.40/MBF-.
The Model predicted value is less than 14% of the,tobserved value. Further,
the model predicted confidence interval for stumytrtick production cost is
[135.5, 345.3], which covers the value of 210 (Babi5). This indicates that the
Western Biomass model works well in predicting laalde cost.

Table 5-4: Cost comparison between costs and ptioduor hot operations and cold decking

“Hot” operation Cold decking
Flow Flow
production Cost production Cost
rate rate

(BDT/SMH) ($/MBF) ($/acre) (BDT/SMH) ($/MBF)  ($/acre)

Harvesting 5.5 72.40 993.80 16.6 26.90 368.90

Forwarding 4.2 83.30 1142.70 15.4 24.10 330.20

Loading 4.2 84.80 1163.50 4.2 84.80 1163.50
Subtotal to N/A 240.40 3300.00 N/A 135.70 1862.50

truck

Hauling 2.0 197.50 2710.10 2.0 197.50 2710.10
Mobilization N/A 1.80 24.90 N/A 1.80 24.90

Total N/A 439.70 6034.90 N/A 335.00 4597.50
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Table 5-5: Summary of the point estimates and deniie intervals of the production cost.

“Hot” operation Cold decking

Point estimate  Confidence interval  Point estimate  Confidence intervaf

($/MBF)
Harvesting 72.40 [58.1, 86.7] 26.90 [21.6, 32.2]
Forwarding 83.30 [69.1, 97.4] 24.10 [20.0, 28.2]
Loading 84.80 [84.8, 84.8] 84.80 [84.8, 84.8]
Subtotal to 240.40 [135.5, 345.3] 135.70 [44.2, 227.2]
truck
Hauling 197.50 [197.50, 197.50] 197.50 [197.50, 197.50]
Mobilization 1.80 [1.80, 1.80] 1.80 [1.80, 1.80]
Total 439.70 [334.8, 544.6] 335.00 [243.5, 426.4]

& single conservative standard deviation used.

5.3.3 Simulation for a more balanced system

Operational delays have a potential to be minimtzg&nowing the productivities
of system parts. In the realistic case, the sysitlimation rate could be increased
by adding one more harvester, because the potpntiduction rate of the
forwarder is more than twice the production rat¢hefharvester. The number of
trucks was assumed to increase to 8 as a redié aficrease of the forwarding
productivity.

Table 5-6summarizes the utilization rates for the origingtem and an assumed
balanced system. As a result of employing one rhareester and more trucks, the
minimum machine utilization rate was increased o to 24%. The system
production cost was reduced to $340.80/MBF (hotatpmn) and $273.20/MBF
(cold decking) (Table 5-7). This represents 78% {iperation) and 82% (cold
decking) of the unbalanced condition.
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Table 5-6: Machine utilization rates of the oridiagstem and the simulated more balanced system.

Original system utilization rate (%) More balanced system utilization rate (%)

Hot operation Cold decking Hot operation Cold decing
Harvester 31 31 31 31
Forwarder 10 10 25 25
Loader 10 10 24 24
Truck 95 95 95 95

Table 5-7: Production cost of the original systamd the simulated more balanced system.

Original system production cost ~ More balanced system production cost

($/MBF) ($/MBF)

Hot operation Cold decking Hot operation Cold declng
Harvesting 72.40 26.90 72.40 26.90
Forwarding 83.30 24.10 34.20 12.10
Loading 84.80 84.80 34.30 34.30
Subtotal to truck 240.40 135.70 140.90 73.30
Hauling 197.50 197.50 197.50 197.50
Mobilization 1.80 1.80 2.40 2.40
Total 439.70 335.00 340.80 273.20

5.3.4 Simulation for biomass recovery

Biomass harvesting, processing, and transportaioften cost prohibitive due to
the low production rates when conventional mackistems are used. Biomass
recovery, therefore, is often integrated into avemtional sawlog harvest so that
the revenue generated from sawlog harvesting cafopdhe cost of biomass
recovery. Although the case of Swampy TS unit 1%Armt include biomass
recovery, simulation using the Western Biomass rhildstrates how much it
would cost if biomass were harvested together satllog harvesting.

In addition to the existing harvester and forway@garge chipper and three chip
trucks (120 cubic yards chip van) were simulatebean the system. Trees from 2
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inches to 6.9 inches in DBH were processed to bssnays by the harvester. Trees
that were too small for the harvester to procesg@warded to the landing as
whole trees. These biomass logs were shuttlecettatiding by the forwarder prior
chipping into hog fuel by the chipper. The chipfieen blows the processed hog
fuel into the chip van. An energy plant is assuntelde at the same location as the
mill so that the chip truck transportation netwodvers the same route as the
sawlog trucks.

The results of the Western Biomass model predichaw that the potential
productivities of the harvester and forwarder lead low volume of wood
delivered at the landing for the other machingsroxess. The forwarder, chipper,
and hog fuel truck are heavily underutilized in bio¢ operation (Table 5-8),
resulting in an extremely high hog fuel productemst of $286.90/BDT (Table
5-9). However, if the biomass logs are cold dedbefdre chipping, the utilization
rate of the chipper will increase to 12% (Table)5A a result, the hog fuel
production costs are lowered to $187.70/BDT andd$8&BDT (Table 5-9).

Considering that the potential production ratehef harvester is significant lower
than the forwarder, one more harvester is addduetgystem to better match the
productivity of the forwarder. As a result, threenm sawlog trucks and three more
chip trucks are also added to the system. Undsetbenditions, the Western
Biomass model predictions show that the utilizatates of the forwarder, loader,
chipper, and hog fuel trucks are greatly increg3eadble 5-10), resulting in much
lower production costs for both hog fuel and sawlfbable 5-11).

Table 5-8: Potential productivity and utilizaticstes of the machines.

_ Sawlog Hog fuel
Harvester  Forwarder Loader  Chipper

truck truck
Potential prod. rate
18.6 46.2 43.2 24.4 1.4 2.1
(BDT/PMH)
Utilization - hot
29 9 10 5 51 95
system (%)
Utilization - cold
9 9 10 12 51 95

decking biomass (%)

Utilization - cold
decking biomass and 29 9 10 12 51 95
sawlog (%)
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Table 5-9: Production costs of biomass and savdogvery.

. ) Cold decking Cold decking
Production cost Hot operation . .
biomass biomass and sawlog
Hog fuel ($/BDT) 286.90 187.70 150.50
Sawlog ($/MBF) 444.10 444.10 332.60

Table 5-10: Potential productivity and utilizaticates of the machines.

) Hog fuel  Sawlog
Harvester  Forwarder Loader Chipper

truck truck

Potential prod. rate

18.6 46.2 43.2 24.4 1.4 2.1
(BDT/PMH)
Utilization - hot

29 22 24 14 51 95
system (%)
Utilization - cold

29 22 24 29 95 95

decking biomass (%)

Utilization - cold
decking biomass and 95 95 75 24 95 95
sawlog (%)

Table 5-11: Production costs of biomass and savdogvery.

Production cost Hot operation Cold decking Cold decking
biomass biomass and sawlog

Hog fuel ($/BDT) 220.70 154.30 130.70

Sawlog ($/MBF) 342.20 342.20 271.50

5.4 Discussion

For this model application, the predictions madeugh the Western Biomass
model were very close to the observed values. Towgever, does not indicate that
the Western Biomass model has such accuracy foasdls. To ensure model
reliability over a large area, long term model nb@nmance is required. The most
important aspect of this case study is that it shthe capability of the Western
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Biomass model to work with realistic data, whicloats the computer simulation
to be validated in the real world.

In this case study, a harvester was added to #terayto match the productivity of
the forwarder. This, however, is not the only methmat can be used to lower
system costs. For example, given the long delag fonthe forwarder, it could
have been used as a loader to load the logs toutles. This would eliminate the
use of a separate loader and simultaneously inetbaauitilization of the forwarder.
However, the current version of the Western Bionmasdel is not capable of
handling such machine use variability. The nextegation of the Western
Biomass model will include this feature.

55 Conclusion

This model application used a forest stand in tate©f Oregon called Swampy
TS unit 15A data to illustrate stand parameter igtenhs using the FVS model and
fuels reduction thinning cost predictions using Western Biomass model. The
difference between the Western Biomass model-piestialues and the observed
values were less than 3% of the observed valus. Jiggests a good prediction
accuracy of the Western Biomass model. Furtherlsition cases focused on
balancing the system and integrated biomass reg@est prediction show that
Western Biomass model can be used as an effectivéntdesigning a
cost-effective fuels reduction thinning projects.
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Appendix A

Regression Prediction Equations Used in the WestefBiomass Model

Felling

1. Pan et al (2008a) — Valmet 603, drive-to-tree
Cycle time (centi min) = 1.3358
+ 0.3785(Move to tree distance in feet)
+ 7.1646(Number of cuts per cycle)
+ 0.3151(Intermediate travel distance in feet)
+ 0.3991(Move to bunch distance in feet)

2. Halbrook and Han (2005) - Timberjack 2628, levatg cab
Cycle time (min) = 0.191
+0.017*(Travel empty distance iethe
+0.184(# of trees per cycle)

3. Adebayo (2006) — Timbco 445EXL, Swing boom
Cycle time (min) = 0.178
+0.000163(DBH in inches)

(For felling one tree per cycle only. Regressionapn was redeveloped from
original data.)

4. Watson et al (1995) — Hydro Ax121, drive-to-tree
Cycle time (min) = 0.395
+0.0187 (Slope in %)

(For felling one tree per cycle only.)

5. Johnson (1988) — Timbco 2520, leveling cab
Cycle time (min) = 0.078
+0.045 (DBH in inches) (# of trees pycle)
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6. Johnson (1988) — CAT 227, Swing boom
Cycle time (min) = 0.145
+0.0106 (Slope in %)
+0.0086 (Travel empty distance in feet + Intedimte travel distance in feet)

+0.3 (# of trees per cycle)

7. Keatley (2000) — Timbco T445-C, leveling cab
Travel empty time (min) = 0.135
+0.009 (Travel empty distaincéeet)
Felling time (min) =-0.078
+0.0116(DBH in inches)
+0.1383(# of trees per cycle)
Move with tree time (min) = 0.0537
+0.0112 (Move with tree disfeet)
Placing time (min) = 0.1413
(For trees from 4 to 12 inches in DBH)

8. Keatley (2000) — Timbco T445-C, leveling cab
Travel empty time (min) = 0.135
+0.009 (Travel empty distancéeet)
Felling time (min) = 0.186
+0.035(DBH in inches)
+0.125(# of trees per cycle)
Move with tree time (min) = 0.0537
+0.0112 (Move with tree disfeet)
Placing time (min) = 0.1413

(For trees from 4 to 6 inches in DBH)

9. Largo (2004) - Timberjack 2628, leveling cab
Cycle time (min) = 0.235
+ 0.115 (# of trees per cycle)
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Skidding
1. Hartsough et al (1997) — CAT 528, wheeled
Travel empty time (centi min) = 45.7

+0.2617 (Travel dist &ef)

+0.00429 (Favorable slop&o) (Travel dist in feet)
Loading time (centi min) = 80.6

+4.33 (# of trees)
Move time (centi min) = 6.4
+8.4 (# of trees)

Travel loaded time (centi min) = 40.8

+0.2706 (Travel dist &ef)
Unloading time (centi min) = 51.5

(For biomass trees only)

2. Hartsough et al (1997) — CAT 528, wheeled
Travel empty time (centi min) = 45.7
+0.2617 (Travel dist intlee
+0.00429 (Favorable slapé&4d) (Travel dist in feet)
Loading time (centi min) = 31.3
+6.03 (# of trees)
+0.178 (Favorable slope in(%bf trees)
Move time (centi min) = 6.4
+8.4 (# of trees)
Travel loaded time (centi min) = 40.8
+0.2706 (Travel dist &ef)
Unloading time (centi min) = 51.5

(For merchantable trees only)

3. Hartsough et al (1997) — Timberjack 450B, wheele
Travel empty time (centi min) = 45.7
+0.222 (Travel dist irefe
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+0.00429 (Favorable slop&o) (Travel dist in feet)

Loading time (centi min) = 80.6
+4.33 (# of trees)
Move time (centi min) = 6.4
+8.4 (# of trees)

Travel loaded time (centi min) = 40.8

+0.221(Travel dist intiee
Unloading time (centi min) = 51.5

(For biomass trees only)

4. Hartsough et al (1997) — Timberjack 450B, wheele
Travel empty time (centi min) = 45.7
+0.222 (Travel dist irefe
+0.00429 (Favorable slop&o) (Travel dist in feet)
Loading time (centi min) = 31.3
+6.03 (# of trees)
+0.178 (Favorable slope in(%obf trees)
Move time (centi min) = 6.4
+8.4 (# of trees)
Travel loaded time (centi min) = 40.8
+0.221(Travel dist intiee
Unloading time (centi min) = 51.5

(For merchantable trees only)

5. Adebayo (2006) — CAT 518, tracked

Cycle time (centi min) = 393.79
+0.000496 (Travel dist in fe®et)
+4.423 (# of trees)

(Regression equation was redeveloped from origlatd)

6. Adebayo (2006) — CAT 518, tracked
Cycle time (centi min) = 273.3
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+0.000539 (Travel dist in fe®et)
+16.36 (# of trees)

(For biomass trees only. Regression equation wiesvetoped from original data)

7. Spinelli and Hartsough (2001) — CAT 528, wheeled
Travel empty time (centi min) = 35.5
+0.299 (Travel dist in ter®
Positioning time (centi min) = 35.3
Loading time (centi min) = -43.3
+45.6 (# of stops during ey
+13.8 (Cycle weight in wetetmc ton)
Move time (centi min) = -21
+30.4 (# of stops during loagjin
Travel loaded time (centi min) = 24
+0.436 (Travel dist in meter)
+0.0379 (Travel dist in meter) (Gyeleight in wet, metric ton)

Unloading time (centi min) = 24.8

8. Halbrook and Han (2005) — John Deere 648E, wheel
Cycle time (min) = 3.396

+0.006 (Travel dist in feet)

+0.054 (Re-grapple dist in feet)

+0.092 (Favorable slope in %)

9. Pan et al (2008a) — CAT 525B, wheeled
Cycle time (centi min) = 111.9500
+ 0.2132 (Travel dist in feet)
+ 0.6881 (Positioning distance in feet)

—0.5881 (Number of trees per cycle)
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10. Han, H-S. and C. Renzie (2005) — John Deere Bi8vheeled
Cycle time (min) = 4.113
+0.0204 (Travel dist in meter)

11. Han, H-S. and C. Renzie (2005) — CAT 527, traell
Cycle time (min) = 3.1971
+0.0204 (Travel dist in meter)

12. Johnson, L.R. (1988) — CAT 518, wheeled
Cycle time (min) = 1.068
+0.0056 (Travel dist in meter)
+0.1682 (Favorable slope in %)

13. Coulter, (1999) — CAT 527, tracked
Cycle time (min) = 1.045
+0.0061 (Travel dist in feet)

(For both merchantable and biomass trees)

14. Coulter, (1999) — CAT 527, tracked
Cycle time (min) = 1.356
+0.0042 (Travel dist in feet)

(For biomass trees only, regression equation waesvedoped from original data)

15. Keatley (2000) — CAT 518, wheeled
Travel empty time (min) = 0.329
+0.0028 (Travel dist in feet)
Loading time (min) = 0.0838
+0.399 (# of stops during loading)
Move time (min) = 0.2938
+0.004 Intermediate travel distant)
Travel loaded time (min) = 0.3629
+0.0035 (Travel dist in feet
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Unloading time (min) = 1.00

16. Largo (2004) — John Deere 648E, wheeled
Cycle time (min) = 1.75
+0.0056 (Travel dist in feet)

Harvesting
1. Hartsough et al (1997) — Timbco T435

Move time (centi min) = 51.6
+1.01 (Move dist in feet)
Felling time (centi min) = 39.8
+0.114 (DBH)
Processing time (centi min) = 22.8
+0.2 (DBH)

2. Adebayo (2006) — Valmet 500T
Cycle time (min) = 0.337

+0.0023 (DBH)

+ 0.0557 (# of logs per tree)
(For trees from 4 to 24 inches in DBH)

3. Adebayo (2006) — Valmet 500T
Cycle time (min) = 0.428
+0.131 (DBH)
- 0.022 (# of logs per tree)

(For trees from 5 to 8 inches in DBH. Regressioma¢ign was redeveloped from
original data)

4. Klepac et al (2006) — Timberjack 1270
Cycle time (sec) = 24.796
+0.31419 (DBH)
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5. Schroder (1996) — Timbco T425

Cycle time (min) = [0.48859
+0.04159 (# of logs per tree)
+0.09496 (Vol per tree if)ft-] 2

6. Keatley (2000) — Valmet 500T
Travel time (min) = 0.09
+0.01 (Move dist in feet)
Cut & process time (min) = -0.044
+0.05 (# of logs per tree)
+0.025 (DBH in inches)
Grab & swing time (min) = 0.124

7. Schroder (1996) — Hitachi EX150

Cycle time (min) = -0.022
+0.152 (# of logs per tree)
+0.024 (Butt diameter in inches)

8. Adebayo (2006) — Valmet 500T

Cycle time (min) = 0.275
+0.025 (# of logs per tree)
+0.0046 (DBH)

(For trees from 3 to 14 inches in DBH)

9. Turner, D.R. (2004)
LOG (Cycle time (sec)) £.4491
+0.0096(Moving dist in meter)
+0.0151(DBH in centimeter)
(Average brush code = 1.5)
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Forwarding
1. Hartsough et al (1997) — Timberjack 1010

Travel time (centi min) = 153

+0.498 (Dist in feet)

+ 0.0122 (Dist in feet)(Slapeo)
Load time (centi min) = 642.5+10.7 (# of logs)
Move time (centi min) = 458.9+0.808 (Dist rangdant)
Unloading time (centi min) = 359.7+2.196 (# of Ibgs

2. McNeel and Rutherford (1994) — No machine modé&hformation
Move-in-woods time (min) = 0.2084
+0.0146 (Intermediate tladist in meter)
Move-at-landing time (min) = 0.1763
+0.0061 (Move at landingtdn meter)
Travel loaded time (min) = 0.2386
+0.0125 (Travel dist in méter
Travel empty time (min) = 0.3418
+0.0135 (Travel dist in meter)
Sort-at-landing time (min) = 2.1041
Unloading time (min) = 5.3847
Loading time (min) = 9.4284

Sort-in-woods time (min) = 2.0543

3. Adebayo (2006) — Valmet 890
Travel empty time (min) = 0.782
+0.005 (Travel dist in feet)
Loading time (min) = 2.413
+0.113 (# of logs)
Intermediate travel time (min) = 0.204
+0.008 (Intermediate &hdist in feet)
Travel loaded time (min) = 0.814
+0.006 (Travel dist in feet)
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Unloading time (min) = 5.388

(For biomass logs only)

4. Adebayo (2006) — Valmet 890
Travel empty time (min) = 0.663

+0.0036 (Travel dist in feet)
Loading time (min) = 3.984

+0.0937 (# of logs)
Intermediate travel time (min) = 0.53
+0.0051 (Intermediateréiadist in feet)

Travel loaded time (min) = 0.374

+0.0036 (Travel dist in feet)
Unloading time (min) = 3.857

(For biomass logs only)

5. Klepac et al (2006) — Timberjack 1010B
Travel time (min) = 1.4657
+0.006102 (Round trip travel disfeet)

Intermediate travel time (min) = 1.128

+0.02541 (Load volumditif)

- 0.2773 (# of logs)
Loading time (min) = 47.157

-678.01 (# of swings during loag)iit

6. Keatley (2000) — Valmet 892
Travel empty time (min) = 0.008
+0.0052 (Travel dist in feet)
Loading time (min) =-0.8
+0.537 (# of swings during loagin
Intermediate travel time (min) = 0.781
+0.0067 (Intermediateséiadist in feet)

Travel loaded time (min) = 0.539
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+0.005 (Travel dist in feet)
Unloading time (min) = 0.227
+0.0147 (# of logs)

7. Schroder (1996) — Timberjack 230-A
Travel empty time (min) = 1.526
+0.0044 (Travel dist in feet)
Loading time (min) = 0.984
+0.537 (# of stops during loading)
+0.083 (% of bunk)
Intermediate travel time (min) = 0.381
+0.214 (# of stops duriogding)
+0.0024 (Intermediateséiadist in feet)
Travel loaded time (min) = 1.4
+0.005 (Travel dist in feet)
Unloading time (min) = 0.143
+0.06 (% of bunk)

8. Adebayo (2006) — Valmet 890
Travel empty time (min) = 0.663

+0.0036 (Travel dist in feet)
Loading time (min) = 3.554

+0.103 (# of logs)
Intermediate travel time (min) = 0.53

+0.0051 (Intermediateséiadist in feet)

Travel loaded time (min) = 0.374

+0.0036 (Travel dist in feet)
Unloading time (min) = 3.857

(For sawlogs and biomass logs)

9. Adebayo (2006) — Valmet 890
Travel empty time (min) = 0.782
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+0.005 (Travel dist in feet)

Loading time (min) = 2.413
+0.113 (# of logs)
Intermediate travel time (min) = 0.204
+0.008 (Intermediate &hdist in feet)

Travel loaded time (min) = 0.814

+0.006 (Travel dist in feet)
Unloading time (min) = 5.388

(For sawlogs and biomass logs)

10. Hartsough et al (1997) — Timberjack 1010
Travel time (centi min) = 153
+0.498 (One-way travel dist ietle

+0.0122(One-way travel dist ietjgFavorable slope in %)

Load time (centi min) = 642.5
+12 (# of logs)
Move time (centi min) = 458.9
+0.808 (Dist range in feet)
Unload time (centi min) = 359.7
+6.69 (# of logs)

Delimbing
1. Halbrook and Han (2005) - Daewoo DH 280, stroke
Cycle time (min) = 0.712

+0.43 (# of logs per tree)

2. Adebayo (2006) — Komatsu PC200, stroke
Cycle time (min) = -0.006

+0.03 (DBH in inches)

+0.36 (# of logs per tree)

3. Hartsough et al (1997) — Timberjack 90, stroke
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Cycle time (centi min) = -58.3
+3.8 (DBH in inches)
+78.3 (# of sawlogs per tree)

+27.5 (# of trees per cycle)

4. Johnson (1988) - Rogers-Denis, stroke

Cycle time (min) = -0.13
+0.001 (Butt diameter in inchés)
+0.5842 (# of logs per tree)

5. Johnson (1988) - Harricana, stroke
Cycle time (min) = 0.118
+0.0117 (DBH in inches)
+0.0532 (# of logs per tree)

6. Keatley (2000) - Kobelco Mark 1V SK200 LC, dang head
Cycle time (min) = 0.118

+0.0117 (DBH in inches)

+0.0532 (# of logs per tree)

7. Coulter (1999) - CAT 320L-Waratah Warrior, dangle head
Cycle time (min) = 0.1106

+0.0038 (Volume in¥

+0.2774 (# of logs per tree)

8. Largo (2004) - Daewoo DH 280, stroke
Cycle time (min) = 0.431
+0.49 (# of logs per tree)

Grinding
1. Halbrook and Han (2005) - Vermeer HG6000TX
Cycle time (min) = 14.905
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+0.023 (Travel dist in feet)

+0.317 (# of loader grapples per chip van load)

2. Pan et al (2008a) - Bandit Beast 3680
Cycle time (min) = -1133.4000

+ 0.1510 (Hog fuel weight per chip van load in greeunds)

3. Largo (No date) - Bandit Beast 3680
Cycle time (min) = 0.19
+0.16 (# of trees per loader grapple)

Chipping for hog fuel
1. Watson et al (1986) — Morbark 20
Chipping production rate (BDT/hr) = 6.41
+2.57 (DBH in inches)

2. Watson et al (1986) — Morbark 27
Chipping production rate (BDT/hr) = 22.7
+0.211 (DBH in inches]

3. Hartsough et al (1997) — Morbark 60/36

Cycle time (centi min) = 25
+2.64 (# of logs per loader cycle)
+0.0498 (weight per stem in dry Ib)

(For small log length only)
4. Hartsough et al (1997) — Morbark 60/36
Cycle time (centi min) = 25
+2.64 (# of logs per loader cycle)
+0.0498 (weight per stem in dry Ib)
(For whole tree with 2-10 inches in DBH)
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5. Johnson (1988) — Morbark 18

Production rate (green tons / PMH) = 15.43
—1.087 (Avg. residergth)
+0.217 (Avg. pieceigld in wet Ib)

(For limbs and tops only)

6. Westbrook et al (2007) — Conehead 565
Production rate (green tons / PMH) = -0.68

+0.000513 (Avg.
piece weight in wet Ib)

(For limbs and tops only)

Chipping for clean chips
1. Hartsough et al (2002) - Peterson Pacific DDC500
Chipping production rate (BDT/hr) = 16.6

-0.63(Chipping hours per cycle)
+0.081(Dry chip weight per tree in Ib)

Appendix B

Using the FVS model to calculate the Western Biomasequired stand
parameters

The Forest Vegetation Simulator (FVS) is a forestngh and yield model. It
allows users to make predictions from their owremwory data, while
incorporating the effects of various disturban&®gh the embedded calculation
functions, the FVS model is capable of projectiagaus parameters for harvested
trees, including biomass weights, DBH, volume, treght, etc. The calculated
information can be exported to an external databksge.g. an Excel or Excess
file), allowing the information to be transferredthe Western Biomass model as
input.

Step 1 — FVS input files preparation

The FVS model uses three different types of fild® first is a FVS formatted Tree
Data file with the format of “<filename>.fvs”. Treecond and third are the
“Suppose” interface Stand List file (<filename>)slhd Locations file
(<filename>.loc), respectively. Most Forest Seniagions have data translators
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that format regional-specific data into Supposefévi8 formatted files. Save these
three files together in one working folder (Fig £-1

FVS tree Suppose Suppose
data file  stand list file  location file

Figure C-1: Three FVS input files in a working feld

Step 2 - Select location file, stand file in the F¥Y model
2-1 Start the FVS model (Suppose interface).

2-2 From the “File” menu, select “Select LocationgTilThe locations file dialog
box appears.

2-3 Find the location file in your FVS working folder the locations file dialog
box, then highlight the file, click “Open” (Fig. €). A dialog box called
“Select Simulation Stands” appears (Fig. C-3)
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ippose v2.02 Simulation

T parati
Select Stands | SctTimcScalcl Select Management | Select Outputs | ation

Add Keywords | Insert From File | S:I:v:vastPlvc:sswsl Select Modifiers | ? z‘;’l“‘:fs

2| Affected Stands...

[BL_Simulation file contents:

Locations file:

The location ke [BWem = - @ ckE

file

Documents

G

Deskiop

&

My Dacuments

@

My Computer

&

e I | [T
Files of ype: Files [*loc) = Cancel

Figure C-2: Find the location file in the Locatidfige dialog box

i . T parati
nghllght Select Stands | SetTime Scale | Select Management | Select Outputs | Run Simulation |
0 Stands

. Add Keywords | Insert From File | Select Post Processors | Select Modifiers |
location 1teps
- ion fi n «| Affected Stands...

) “elect Simulation Stands

Pick Locations First Pick Groups First
= —

ORPh.Z Wy

Highlight
group

A stand is listed...
© ifin any selected group

n every selected group ‘ Al Stands |

Desired stand: 15038721023

Delete Stand Bare Ground | Close |

Highlight 4]

stand name

Click “Add
Stand” A Ls

(s s |

el

- After Simulati .
‘ Read FVS Outputs | Generate Graphs | Generate Reports H Exit

Figure C-3 “Select Simulation Stands” dialog box

2-4 Highlight the location, group, and the stand na@igk “Add 1 Stand”, then
click “Close” (Fig. C-3).
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2-5 Check the included stand. When a stand is suadbsatided into FVS for
analysis, it will look like Figure C-4.

Simulation Preparation

[ Select Stands ’ SclTimcScaIc‘ Select Management ‘ Select Outputs ‘ Run Simulation

Add Kej Insert File | Select Post Processors ‘ Seleet Modifiers ‘ e
The stand adde 2 Gups
imulytion fi

4—
to the FVS for

| Affected Stands...
15038721023

analysis

Edit Simulation

| | | | | l

Change Group Membership ‘ 3 ‘

After Simulation
Read FVS Outputs ‘

YJstart [T craper

Figure C-4: Add a stand to the FVS model for arialys
Step 3 — Set time scale

For any FVS projection, users are required to ch@gsrojection start and end time,
and are required to define a common cycle length.

3-1Click the “Set Time Scale”, a small dialog windoalled “Set time scale” will
appear (Fig. C-5).

3-2 Manually input projection start time, end timedarycle length (Fig. C-5).

It is important to note that the FVS default cyléegth is 10 years. Setting other

user-defined cycle length will make the predictmased. However, setting cycle

length less than 10 years will create less bias sedting cycle length longer than
10 years.



Western Biomass Documentation - 68 -

BEE|

Click “Set Time

Select Management [ Select Outputs ‘ Run Simulation

Scale”

elect Post Processors [ Select Modifiers ‘ ’ 3“"15

4| Affected Stands...
15038721023

Manually set

1 1998 ﬂ Common cycle length: 10

lagycar:
n ending year:

projection start time

Manually set e
projection start time

Manually set cycle

length

Edit Simulation

Figure C-5: Set projection start time, end timed aycle length in the FVS model

Step 4 — Select Management

Since the FVS model is being used to predict tbenbss information for
mechanical fuels reduction treatments, the manageawtion belongs to
“Thinning & Pruning Operations”.

4-1 Click “Select Management”, a dialog window call&tianagement Actions”
will appear (Fig. C-6).

4-2 Select “Thinning and Pruning Operations” on tHedale of the “Management
Actions” window, and highlight “Mechanical Thinnihgn the right side (Fig.
C-6), a sub-window called “Mechanical Thinning” l\abpear (Fig. C-7).

4-3 Manually input thinning treatment time, residut@ns density, DBH range,
and species preference, then click “OK”(Fig. C-7).

4-4 Close the “Management Actions” window, a commanthaéchanical
thinning” will appear in the main FVS interface FC-8).
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Simulation Preparation

Click Hselect‘- lectStands | SetTi L Select Outputs || Run Simulation

Select Modifiers ‘ 1 tands)

” Add Keywords | Insert From Fi B
Management S
[ Simulation file contents: »| Affected Stands...
. 1B Stand: 15038721023 [15038721023 |
& Group(s) with no attached components:
fl rSt [— Group: All
~ Group: CWC

1) Management Actions

Planting & Natural Regeneration
Regeneraliga aaged
pofETation Methods: Uncven alitu
2 Pruning Ope:
& Release Operations
peratjs

Tratwiang inning Operatiga
Tree Remov

Biomass Removal and Retention
Fuel Treatments

Salvage Operations

Select ey Syvcon Booups
Fertilizer
Disease Management

“Thinning and
Pruning
Operations”

Close

Highlight /'
“Mechanical

bose | wie | mwens | ey | o |

Change Group Membership ‘

After Simulation
Read FYS Outputs. [ Generate Graphs | Generate Reports. ‘

thinning”

Figure C-6: Select management actions in the FV8eino

] Suppose v2.02 Simulation file: *new file*

Fle Edt Data Preparation Smudation Preparation After Simulation Preferences Help

S Manually input
Select Stands I Set Time Scale J Select Management | Select Outputs. ‘ Run Simulation / th|nn|ng t|me

1 Stands
2 Groups

Add Keywords | Insert From File ‘ Select Post Pmcessnvsl Select Modifiers ‘

[& Simulation file contents:

'@ Stand: 15038721023

@ Group(s) with no attached components:
Al

“!! Mechanical thinning,

Mechanical this

uﬂﬁe/f'smedulz by Condition Speclfy residual

Planting & Natural Regeneration Thin from below
Regeneration Methods: Even-aged Thin throughout a diameter range Q] 7 LT

Regeneration Methods: Uneven-aged Thin from above I years fter ondifion7| 1s met »

ning Operations g L t d d .

[Cleaning & Release Operations Thin individually "marked” trees » ty
Traditional FVS Thinning Operations Prune Residual trees per acre (within specified DBH range) - > stan ensity,

Tree Removal Preference 4

Biomass Removal and Retention 5

Eiomass Remev Smallest DBH to be considered for removal (greater thanjequal) T » DBH range and
Salvage Operations » 1

Identify Species Groups Largest DBH to be considered for removal (less than) | o >

Fertilizer .

Disease Management Species to be removed in this cut Douglas-fir -] SpeCIeS preference

Close This management action simulates a mechanical thinning operation by thinning
equally throughout the diameter range specified. Only species selected will be
thinned.
0k | Use Parms. Reset Cancel
1]
ol | el | M| s | |
Change Group Membership ‘ Paste |
After Simulation
‘ Read FVS Outputs [ Generate Graphs | Generate Reports ‘ Exit

Figure C-7: Manually input thinning time, residstnd density, DBH range, and species
preference in the FVS model
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4] Suppose v2.02 Simulation file; *new file’
Preparation

Simulation Preparation

Select Stands ‘ SetTime Scale ‘ Select Management | Select Outputs ‘ Run Simulation
- i 1 Stand
5dd Keynsts_| e Fram e | Sotet o uncnsors | et ntrs | | Slond
[ Simulation file contents: = | Affected Stands...

Newly added '8 Stand: 15038721023 [s03s721023 |

’E\ Group: All

< L ical thinnin
« H 12 Group(s) with no attached components:
Mechanical 1~ Group: CWCS

thinning” action

Edit Simulafinn ‘ ‘ = ‘ ‘ J ‘

Change Group Membership ‘ aste ‘

After Simulation
Read FVS Outputs ‘ Generate Graphs ‘ Generate Reports ‘ Exit

i | %L BT -RER

Figure C-8: The FVS interface including the newllglad management actions.

Step 5 — Select output

5-1The Fire and Fuels Extension (FFE) report neethe timcluded to the output
first as it is a prerequisite for calculating therbass information. Click “Select
output”, a small window called “Model Outputs” wadbpear (Fig. C-9).

5-2 In “Model Outputs” window, select “Fire and Fuégtension (FFE) Reports”,
and highlight “Select Fire and Fuels Reports” ia tight side window. A
window about the detailed FFE settings will appé&ag. C-10).
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& Suppose 2.01 Simulation file: *new file*

It DataPreparation Simulation Preparation  After Simulstion  Prefersnces

Highlight “Select

Simulation Preparation

[ setoct stands | [ setTime Scale | [ Select Management | [ select outputs | | Run simutation | Ly

[ Add Keywards H Insert From File HS:I:\:I Post Processors ] [ Select Modifiers I : g',’:lrl‘.’:fs Fire and Fuels
Eoted Stands... Reports"

161304900439

[El Simulation file contents:
|E Stand: 161304900439
E Group: All

!— From Database

Bl Group(s) with no a
I— Group: 'FIA_PLOTS'

Group: 26812

Golrct Fire and Fuels Reports

-_\ .
T  Select fire and

fuels report

UELS LA (FIL]

FFE Carbon Reports
Event Monitor (EM) Compute Variables

Multi-Stand Reports

1=

£
Edit Simulation
s ny Cut

Ed
Change Group Membership Pasie
After Si if
£

=W 100% &L

[ Read FVS Outputs ] I Generate Graphs ] [ Generate Reports

Figure C-9: Select the Fire and Fuels Extensiopntep

5-3 Select “Standard output file only” for any itenmuywant to view. This will ask
FVS to transfer the fire and fuels report to themmautput file. Then, click
“OK”. In the main FVS interface, there will be anomand showing “Select
Fire and Fuel Reports” (Fig. C-11). Make sure,“Medel Outputs” window is

still active at this time.
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Prsferences Help

1! Select Fire and Fuels Reports

Sele i eports

Select Stands Set Time Scale

Add Keywords

Insert From File | S

Sele:

elect

Name:

~ outpyffhe potential fire report \
f destinati

~Out

[B Simulation file contents:
13 Stand: 15038721023
& Group: All

— Mechanical thinning
& Group(s) with no attached companents:
|- Group: CWCY

Rl

Standard output file only
© Output only to the database
€ Both

’ ¥ Output the fuels output report

Output
 Standard output file only
© Output only to the database
© Both

Close

 Output the burn conditions report

Select the FFE

~Output
# Standard output file only
© Output only to the database
 Both

¥ Output the fire-related mortality report

Output destination:
@ Standard output file only
© Output only to the database
© Both

~ ¥ Output the fuel consumption report

/

~Output
& Standard output file only
© Output only to the database
Both

~Edit Simulati

|

Write

>
results you want

to view

Output

Change Group Membership ]

& s‘,HW
© Output only to the database

After Simulation

Read FVS Outputs |

Generate Graphs | G ]

| Both

Use Parms l

Cancel

Reset |

Newly added

4—-

fire and fuel
report

P
Select Stands

SetTime Scale |  Select Management ‘ SelectOutputs || Run Simulation |
Add Keywords | Insert From File | Select Post Processors | Select Modifiers | Bt
2 Groups

[B Simulation file contents:

g
elect Fire and Fuels Reports

& Group(s) with no attached companents:
|~ Group: CWCY

1 Model Outputs.

- | Affected Stand:
15038721023

Database Extension

Base FVS Treelists

Base FVS Reports

Dwarf Mistletoe Impact Model Reports

Fire and Fuels Extension (FFE) Reports
FFE Carbon Reports

Event Monitor (EM) Compute Variables

Multi-Stand Reports

Close

;I<I

| |

Change Group Membership ]

After Simulation

‘ Read FVS Outputs | Generate Graphs

Figure C-11: The FVS interface including the firelduels report
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5-41n the “Model Outputs” window, select “Event Monit(EM) Compute
Variable” and in the right side window, highlighfE6mpute Stand Variables in
Editor” (Fig. C-12) , then a dialog window with thame “Compute Stand

Variables in Editor” will appear (Fig. C-13).

0l Suppose ¥2.02 Simulation file; *new file*

Fle Edt DatsPreparation Smulation Preparation After Simulstion Prsfersnces Help

P
Select Stands

Set Time Scale Select Management Select Outputs. Run Simulation

1 Stands
2 Groups

Add Keywords

Insert From File | Select Post Processors

Select Modifiers

[B Simulation file contents:
13 Stand: 15038721023
& Group: All
k— Me chanical thinning
— Select Fire and Fuels Reports
& Group(s) with no attached companents:
|~ Group: CWCY

] Model Outputs FER
uild Compute Table in Databasi

Compute Pre-Defined Stand Variables

Reports Compute Stand Variables with SpMcl

Duwarf Mistletoc Impact Model Reports and Varia

Fire and Fuels Extension (FFE) Reports

Database Extension
Base FV; i

Multi-Stand Reports

Close

Change Group Membership } Paste ‘

After Simulation

Read FVS Outputs ‘

Generate Graphs ‘ Generate Reports “

0l Suppose ¥2.02 Simulation file; *new file*
File Edit DataFreparation Simulation Preparation After Simulation Preferences Help

P

Select Stands

Set Time Scale

Select Management

Select Outputs

Run Simulation

1 Stands
2 Groups

Add Keywords Insert From File

Select Post Processors | Select Modifiers

[B Simulation file contents:
13 Stand: 15038721023
& Group: All
k— Me chanical thinning
— Select Fire and Fuels Reports
& Group(s) with no attached companents:
|~ Group: CWCY

~| Affected Stands...
[rrosrzinz_—
EED

] Compute Stand Variables in Editor

Name: |Compute Stand Variables in Editor

all cycles, entey 7in the 'Schedule by Year/Cycle' inputbox.
& Schedule by Yele  © Schedule by Condition
I Tlect Year U years after C is et

Directions:

Database Extension

Base FVS Treelists

Basc FYS Reports

Dwarf Mistletoe Impact Model Reports
Fire and Fuels Extension [FFE) Reports

FFE Carbon Reports
| Event Monitor [EM) Compute Variables

Multi-Stand Reports

[Build Compute Table in Database
Compute Pre-Defined Stand Variables
Compute Stand Yariables with SpMcl
Compute Stand Variables in Editor

1. Specify the scheduling option above.
2. Specity database option below.
2 se Parms' button, below, to create the Compute expressions.

Compute Variable”

Highlight

™ “Compute Stand

Variables in Editor

Manually enter
the treatment

time again

Check this box

)

Compute Variables to a database

Description:

Close

Creates user-defined reporting variables.

0Ok Use Parms Cancel

Reset J

Change Group Membership } Paste ‘

After Simulation

Read FVS Outputs ‘

Generate Graphs ‘ Generate Reports “

“4 start

) crep

Figure C-13: Compute stand variables in editors

" to ask FVS to
transfer the
predictiors to ar
external

databas:
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5-5 Manually input thinning operation year again, ahéck the box before “Send
Compute Variables to a data base” (Fig. C-13), thiek “Use Parms” and
“Proceed” in the follow-up dialog box, a statemeditor window will appear

(Fig. C-14).

Select Stands ‘ SetTimeScaleJ Select Management ‘ Select Outputs ‘ RunSimuIatinnJ

rds ‘ Insert From File J Select Post Processors ‘ Select Modifiers ‘

=i

15036721023

— Select function

here

Edit Simulation

Change Group Membership ‘ aste ‘

After Simulation

Read FVS Outputs ‘ Generate Graphs ‘

Generate Reports ‘

» Statement editor

window

Figure C-14: Statement editor window in the Evemirlifor

5-6 In the pull down window beneath the “FVS functipeélect the function of
“TreeBio()” to calculate the biomass weights. Théok “Set function
arguments”, a dialog window with the name “Compsitend Variables in

Editor” will appear (Fig. C-15).
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) Suppose v2.02 Simulation file; C:\Documents and Settings\FP\Desktop\My FVS project\.key
Fie E

Simulation Preparation

Select Stands ‘ SclTimcScaIc‘ Select Management ‘ Select Outputs ‘ Run Simulation

Add Keywords ‘ Insert From File J Select Post Processors ‘ Select Modifiers ‘ 1

| Affected Stands...
15038721023

+2) Compute Stand Variables in Editor.

Name: ]Cnmpute Stand Variables in Editor

Select

“Removed tree”

Select “Dead and

Calculate Biomass for:

Tree Status:

Portion of Tree

Species covered in the calculations

Lower DBH (in) limit in the calculations [GE)

|

Bl
Upper DBH [in] limit in the calculations (LT)
b | b
Lower height [ft) limit in the calculations [GE] \
Al
TreeBio[) - Returns estimates of tree biomass for dead andfor live standing andfor removed ™
trees by species and size class.[Fire and Fuels Extension is required)
X

0Ok ‘ Finished Setting Function ‘

Edit Simulation ‘ - ‘ | J ‘ ‘ _ ‘

Change Group Membership ‘ 3 ‘

After Simulation
Read FVS Outputs ‘

Generate Graphs ‘

Generate Reports ‘

Live”

— Select “Crown”

Select “All

™

Species”

\Specify DBH

range

Figure C-15: Set calculation parameter for Evennito.

5-7 In the “Compute Stand Variables in Editor” windese)ect “Removed Trees”,
“Dead and Live” trees, “Crown”, “All species”. Maally input numbers for
lower DBH limit, upper DBH limit. Then click “Finised setting function” and
“Insert”. This will result in a statement in theaBment editor window that

asks the Event Monitor to calculate the “Removeadifdwn”

“Biomass

Weight” for harvested “Dead and Live Trees” in @afic DBH range. This
specified DBH range should reflect the trees thitbe harvested for a
product (e.g. trees from 9 to 17 inches in DBH Wwél harvested for sawlogs).
Then, type in a variable name (e.g. BioWt) and’asign in front of this
statement. This means you are asking the Eventtilaioi calculate the

variable value using this statement (Fig. C-16).
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] Suppose v2.02 Simulation file: *new file*

N Simulation Freparation After Simulation  Prsfersnces Help

ISEEH

Simulation Preparation

Select Stands ‘ Set Time Scale ‘ Select Management ‘ Select Outputs. ‘ Run Simulation

Add Keywords ‘ Insert From File ‘ Select Post Processors ‘ Select Modifiers ‘

Newly added

statement for <]

calculating variableg||-

gl
Nothing is selected.

o | \ | o |

Affected Stands...
16036721023

Edit Simulation

| | | | | |

Change Group Membership ‘ 3 ‘

After Simulation

Read FVS Outputs ‘ Generate Graphs ‘ Generate Reports ‘

Figure C-16: Edit variable calculation statemerthia Event Monitor

5-8 Repeat the procedures from 5-6 to 5-7 to calcubediomass weight for
various products and portions of the removed trigestder to get the biomass
weight information required by the Western Biomiasslel, the crown and
stem biomass weights of the trees for each prauesd to be projected by the
Event Monitor. The Western Biomass model will audbically use the sum of
the crown biomass weight and the stem biomass wagthe whole tree

biomass weight.

5-9 Repeat the procedures from 5-6 to 5-7 to calculegdollowing parameters for
HARVESTED trees: the stand density, DBH, merchdetablume, total
volume, and tree height. All these parameters eaprbjected using the FVS
embedded function SpMcDBHY(), and need to be prediftir each recovered

product.

5-10Check the sequence of the Event Monitor stateméntsder to transfer the
predictions to the Western Biomass model correthly,sequence of the
statements need to be: stem weight, crown weitdnidsdensity, DBH, total
volume, merchantable volume, and tree height. CliiK” after finishing
editing the statements. In the main FVS interféoere will be a statement of

“Compute Stand Variables in Editor” (Fig. C-17).
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!l Suppose v2.02 Simulation

cuments and Settings\FP\Desktop\My FVS projectil.key.
ration  After Simution Preferences  Help

Edt DataPreparation Simulation P

parati
Select Stands ] SctTimcScalcl Select Management ‘ Select Outputs | RunSimuIaliunl

1 Stands
2 Groups

Add Keywords ‘ Insert From File | s:lmPnsthcssws‘ Select Modifiers |

[ Simulation file contents:
LB Stand: 15038721023
& Group: All
|— Mechanical thinning

2 Model Outputs

Newly added

Database Extension

- 2| Affected Stands...
=1k 15038721023

Base FVS Treelists

Base FVS Reports

Dwarf Mistletoe Impact Model Reports
Fire and Fuels Extension [FFE) Reports
FFE Carbon Reports

Multi-Stand Reports

K— Tompute Stand Variables in Editor

— Select Fire and Fuels Reports
 Group(s) with no attached components:
- Group: CWC9

“Compute Stant
Variables in
Editor”

| Compute Stand Variables in Editor

Close

[EAl

Change Group Membership ]

~After Simulation

Read FVS Outputs | Generate Graphs | Generate Reports H

Figure C-17: The FVS interface including Event Monicalculations.

5-11Highlight “Database Extension” and “Specify Outdtabase” in the
“Model Outputs” window (Fig. C-17), a dialog windasalled “Specify
Output Database” will appear (Fig. C-18). In thialog window, make sure
the database file name is “FVSOut.xIs”, which isigeated by the Western

Biomass model. Then click “OK”.

{l Suppose ¥2.02 Simulation file; C:\Documents and Settings\FP\Deskto pWy FVS projectil ey,
ile Edit DataPreparation Simulatior

ation After Simulation  Preferences  Help

P

Select Stands

Set Time Scale

Select Management ‘ Select Outputs Run Simulation

Add Keywords Insert From File

Select Post Processors

1 Stands
2 Groups

Select Modifiers

Database Extension
Base FVS Treelists
Base FVS Reports

Enter the outpete@Ease file or DSN: =
Dwarf Mistletoe Impact Model Repors il e dloor
Fire and Fuels Extension (FFE) Reports FYSOutxs
FFE Carbon Reporis

Event Monitor (EM) Compute Variables
Multi-Stand Reports

| Browse

Description:

Specify the output database.

Close

ok Use Parms

Reset Cancel

L

Change Group Membership ]

~After Simulation

‘ Read FVS Outputs | Generate Graphs | Generate Reports ||

Figure C-18: Specify output database in the FVSehod

__—» Make sure the
file name is
“FVSOut.xIs”
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5-121In the “Model output” window, select “Event Monit€ompute Variables”
again and highlight “Build compute table in datadjaa the right side
window. A dialog window called “Build compute takbledatabase” will
appear (Fig. C-19). Make sure the code for “Add nawables to existing
table” is “0=Yes” and the code for “Include variablstarting with underscore
is “0=No”", then click OK. Close the “Model Outputa/indow and return to

the FVS main interface.

uments and Settings\P\Desktop\My FVS projectVl.key:
after Smuation Preferences Help

e E ]

Simulation Preparation
Select Stands ‘ SelTim:ScaIeJ Select Management ‘ Select Outputs ‘ RunsimnlaﬁnnJ

1 Stands
2 Groups

Add Keywords ‘ InserlmeFileJ Select Post Processors ‘ Sele\:andiliels‘

ok ¢ Parm Reset Cancel

Edit Simulali’nn | oo | - == | v | 0|

Change Group Membership ‘ - ‘

After Simulation

Read FVS Outputs ‘ Generate Graphs I Generate Reports ‘

02 5., | Ed Micrasoft Excel - o QLY

Figure C-19: Build Compute Table in Database infk& model

5-13Check the main interface of the FVS model. Make siie main interface
includes five commands IN SEQUENCE: mechanicalrting, compute
variables in editor, select fire and fuels repspecify output database, and

build compute table in database (Fig. C-20).



Western Biomass Documentation

-79-

/! Suppose v2.02 Simulation fils

ocuments and Settings\FP\Desktop\My FVS project¥l key

File Edt Dota Preparction Simuletion Preperation ~After Simulation Preferences Help

- Simulation Prep

Select Stands } SelTim:ScaleJ Select Management ‘ Select Outputs H Run Simulation

Add Keywords

Insert From File J Select Post Processors

Select Modifiers

‘ 1 Stands
| 2 Groups

[B Simulation file contents:
151 Stand: 15038721023
@ Group: All

fect Fire and Fuels Reports
pecify Output Database

ild Compute Table in Database

€] with no attached components:
NG C9

Five commands
|

in sequence

“ [+

Edit Simulation

Change Group Membership ‘ Bante ‘

After Simulation

Read FVS Outputs ‘ Generate Graphs | Generate Reports H

-| Affected Stands...

15038721023

Exit

Figure C-20: Five required commands in the FVS naierface.

Step 6 Select Post Processors

Click “Select Post Processors” in the FVS mainriiaiee. Select “Compute 1-
Table of compute variables (with headers)” andkclloclude” (Fig. C-21). Then
click “Close”.

Select post

—>
7 processor

Select Stands |  Set Time Scale J Select Management ‘ Select Outputs | Fun Simulation J
Add Keywords |  Insert From File J Select Past Processors | Select Moifiers | | Bt
2 Groups
[B Simutation file contents: T o s ~| Affected Stands...
'3 Stand: 15038721023 < 15038721023
B Group: All Available post processors:
— Mechanical thinning Spruce Beetle Risk Rating ]
— Compute Stand Variables in Editor Calibration Summary Statistics
— Select Fire and Fuels Reports Compute1 - Table of Compute Variables [with headers]
— Specify Output Database Compute2 - Table of Concatenated Compute Variables (comma delimited) =
— Build Compute Table in Database Compute3 - Table of Compute Variable Averages
B Group(s] with no attached —
| Graup: CWCY — |
ComputeT - Table of Computc Yariables (with headers) ‘
DescriptionfNotes:
[This post processor reads the FYS-gencrated standard output filc and =
creates an output file which contains a summary listing of the values
of all the Event Monitor Compute variables displayed by year.
Vou must select the "Event Monitor (EM) Compute Variables - Compute User-
Defined Variahles" madel muinat i the. Comoune kevenrd fa defing e vaables |7]
Close Del j
% 1

Edit Simulation

Change Group Membership ‘

After Simulation

Read FVS Outputs ‘

Generate Graphs ‘

Figure C-21: Select Post Processor in the FVS model
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Step 7 Run simulation

By now, the FVS model has been set to calculatihalstand parameters required
by the Western Biomass model. Click “Run simulati@mnd input a filename for
your project, click “Run” (Fig. C-22).

Simulation Preparation

[ Select Stands H Set Time Scale ” Select Management H Select Outputs ] [F\un Simulation l

[ Add Keywords ] [ Insert From File I lsmm Post Prm:essursl l Select Modifiers I 13 2“’"‘15
roups

B Simulation file contents: | Affected Stands...
B Stand: 161304900439 161304900439
B Group: All

— From Database

— Select Fire and Fuels Reports =

~ Compute Stand Variables in Editor 2 LI
— Specify Output Database

— Build Compute Table in Database

B Group(s] with no attached components:
I— Group: 'FlA_PLOTS"
— Group: 26812

L4} I | =
Edit Simulation
E dit Selection Delete Write Append Copy
[ Change Group Membership ] Paste
After Si i
[ Reod v ouputs ] [_Generots Grophs_] | Genorst Repors
u in 1 100% J 5,

Figure C-22: Run simulation in the FVS model

Step 8 Check the Results

The FVS model will run the simulation in a DOS lhafite (Fig. C-23). The
prediction results will be presented in a “Notepéld’ as the main output (Fig.
C-24). Meanwhile, an external Excel file will bengeated (Fig. C-25), showing
the same information as the Notepad file. This Edatabase will be transferred to
the Western Biomass model as input.
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). T R P 511 key. E\E@]
[0
Simulation Preparation
[ Select Stands H Set Time Scale l[ Select Management ][ Select Outputs I l Run Simulation l
. - 1 Stands
Add Keywords Insert Frem File | | Select Post Processors | | Select Medifiers
3 Groups

Affected Stand.
161304900439

|2 Simulation file c C:\WINDOWS\system32\cmd.exe

RO LI RN e 1T ER vaIN OUTPUT FILE NAME <16>
ERCIGITIPEN N -1 TER TREELIST OUTPUT FILE NAME
BN AL ENTER SUMMARY OUTPUT BILE“NAME <B4):
B IS CNIER CHEAPOII/CALGSTAT OUTPUT FILE NAME ¢13):
— Compute St
— Specify Out
— Build Comp
B Group(s) with STAND = 161304900439
— Group: "FIA
— Group: 268

1E FUS UARIANT — RU:11.88.87

HANAGEHENT CODE = NONE
Stand 161394988439 at Western Montana PZ FIA
SUMMARY STATISTICS (BASED ON TOTAL STAND AREA)
AFTER TREATMENT nnmn;
— CU FT

TOTAL TREES TOTAL MERCH PER
CU FT ~ACRE CU FT BD FT AcC

START OF SIMULATION PERIOD REMOUALS /ACRE

3836 [} 2 97
149 418 4088 .4 184
482 474 4982 11
= 2131528 5832 77186
Edit Simulation 235 54¥ 6568 -4 108

£

1256 255 568 7252 .1 112
Change Group Membership
After Sii
[ Read FVS Outputs ] [ Generate Graphs ] [ Generate Reports

I=[=]X]
BEE|

F Table of Computed Yariables - FVS Post Processor.
Fle Edt View Variobles Toble Help
SEHS B#aLxE2EE mh ?

T VALUES CONPUTED IN THE FOREST VEGETATION STHULATOR
VESTSIDE CASCADES PROGNOSIS Rev: 07/07/08

[ ~| Affected Stands...
15038721023

SINULATION:1
Source: l.out 11-13

//V

\_
/

resdy i |
« o

Edit Simulation

Change Group Membership ‘ J

After Simulation

Read FVS Outputs. ‘ Generate Graphs ‘ Generate Reports ‘ Exi

Figure C-24: Main output of the FVS model

Run simulation
in a DOS batch

file

Predicted stand
parameters
required by the
Western Biomass

model



Western Biomass Documentation

-82-

Data Window Help

B F 00T SR [ ; 5 sons sert 210 B LU |E==GH$ % 9 S

E 1 F [ & T ®w 1 4 T J T ® T L T W [ & ] & [ P

[ a

Ready

]
1 (g ICaselD  StandD Year  BSW _ PSW 35w  BOW  PCW 80N BDE  PDE  SDE  BOBH _PDBH_ SDBH _BTY  PTY Bt
[iz2a] 7 17150387210 2008 5782681 1047861 1135321 3206019 1169137 16.85853 0 5532637 7371783 0 6253532 1353002 0 447.0854 2715543
3
[z
[5]
[ 6]
2]
e
8]
[10]
1
[12]
[13]
{14}
|15 |
[Eied
1]
[18]
ficEnl
|20 |
1
|2z |
|23
[zl
|25
|26 |
fi= 7l
|28
L2
|30
1
[l
|33
[34]
L
|36
Lk
|38
|39
0
1
[42 |
[43]
[44]
L5
[ 46|
{47 -
15 |
|49
A | = L |
4+ Wy FUS_Cases ), FVS_Compute / |3 | 5|

Figure C-25: External Excel database for FVS préestis



