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Figure 4.2.1—Interactive Sawing (Expert) tab with key areas identified.

Figure 4.2.2—Detail of the Headrig and Resaw Figure 4.2.3—Projected Sawing Results information area in the
sawing parameters section of the Input Variables Interactive Sawing (Expert) tab.
setup in the Interactive Sawing (Expert) tab.

Figure 4.2.4—Processing Cost / Product Value Analysis information area for expert interactive analyses.
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identical. The remainder of this section describes the
features common to both types of interactive analyses.

4.3.1: Control Buttons

The buttons in the novice and expert interactive analysis
interface allow you to run an interactive analysis, manage
results, and reset the worksheet. Figure 4.3.1 displays these
control buttons, which are subsequently discussed in detail.

Run Analysis: After you have entered all the data (log
specifications, sawing parameters, cost and revenue
information), simply click the Run Analysis button to
perform an interactive analysis. The analysis will complete
in less than a second, and the Projected Sawing Results,
Processing Cost / Product Value Analysis, and a graph
showing the Board Count by Measured Width, i.e., a board
width histogram plot, will be immediately updated with the
new results.

Save Results: This button saves a summary of the current
analysis in the Saved Interactive Sawing Results area at the
bottom of the Interactive Sawing tab.

Clear Results: This button erases all of the saved sawing
results stored in the Saved Interactive Sawing Results area at
the bottom of the Interactive Sawing tab. LORCAT will
prompt you to confirm this action.

Transfer to Batch: This button copies the current sawing
setup to the Batch Sawing tab. This is helpful if you want to
expand your current analysis done on a single log in the
Interactive Sawing tab to a batch analysis in the Batch
Sawing tab, where as many as 1,000 logs can be processed
simultaneously. Because this action will overwrite the
current batch sawing setup in the Batch Sawing tab,
LORCAT will prompt you to confirm this action.

Reset Worksheet: This button will reset the worksheet to the
original or default settings that were in place when you first
downloaded LORCAT. As with other actions, LORCAT will
prompt you to confirm this action.

4.3.2: Warnings and Errors

Located at the bottom center of the Interactive Sawing tab,
the LORCAT Status area (Fig. 4.3.2) reports whether
LORCAT detects any unusual values in the settings, such as
a large-end diameter (LED) less than the small-end diameter
(SED), a log that has excessive taper, a log diameter that is
too small for the specified log grade, or live sawing with a
cant size. Depending on the error, the window will also tell
you how to correct it.

4.3.3: Sawing Pattern

The Sawing Pattern area in the Interactive Sawing tab (Fig.
4.3.3) shows a generic sawing pattern that will be used to
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saw the log based on your input in the sawing fields in the
Input Variables area. Section 3.4.5: Sawing Method gives
more information.

4.3.4: Board Width Histogram

The Board Count by Measured Width histogram, which is
part of both interactive sawing tabs (novice and expert, Figs.
4.1.1 and 4.2.1), summarizes the widths of all the boards
sawn by 1-in. width groupings. As such, it gives a quick way
to visualize sawing results. Figure 4.3.4 shows a sample
Board Count by Measured Width histogram for a log being
sawn.

4.3.5: Saved Interactive Sawing Results

After you have your data entered and the analysis run, you
can save the results in the Saved Interactive Sawing Results
area (Fig. 4.3.5) after each changing of a sawing
parameter(s). For every new saving, a new row is created
containing all the information of this particular run;
therefore, an almost unlimited number of results can be
stored. This area allows you to do a side-by-side comparison
of different sawing parameters on the same log or a
comparison of different logs, sawing parameters, and
sawing patterns. In expert mode, the saved results include
the additional processing options as well as residue volume
and value results.

5: Batch Analyses

The Batch Sawing tab allows you to simulate the processing
of samples that contain up to 1,000 logs using their specified
sawing parameters. As such, a series of interactive analyses
are quick and easy to conduct and the differences among the
analyses are easy to observe. As with the Interactive Sawing
tab previously discussed, there are two distinct operating
modes: novice and expert. However, a notable difference
between interactive sawing and batch sawing, in both
modes, novice and expert, is the amount of time to complete
the analysis. An interactive sawing analysis usually takes
less than a second. A batch sawing analysis can take several
minutes depending on the number of logs being processed
and the complexity of the sawing process. Thus, it is
normally best to first determine what is desired in the
simulation using the interactive sawing tab, then use the
batch sawing tab to perform the analysis for a large sample
of logs.

The Batch Sawing tab requires that you create a sample of
logs to process, as opposed to the Interactive Sawing tab, in
which you specifies only one log. LORCAT provides a
means to create combinations of random distributions to
match the log grades and sizes the user typically process.
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Figure 4.3.1—The same control buttons are used
in the Interactive Sawing (Novice) (left) and the
Interactive Sawing (Expert) (right) analysis.

LORCAT Status

Warning: Current log has excessive taper!
WARNING: To use live sawing method, also set the cant height to 0.

Check out the 'About’ tab for more information about LORCAT and how to contact the authors.

Figure 4.3.2—LORCAT Status area showing warning messages related to the setup of an analysis.
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into the sawing fields in the Input
Variables area.

e wid <5

<4

1 2 3 4 5 & 7

-]

Figure 4.3.4—Histogram showing Board Count
by Measured Width.
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Figure 4.3.5—Left side of the Saved Interactive Sawing Results with one result saved.
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Figure 5.1.1—Batch Sawing (Novice) tab with key areas identified.
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Figure 5.1.2—Batch Sawing (Expert) tab with key areas identified.
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5.2: Expert Batch Analyses

Expert batch analyses give users access to all features and
options that LORCAT provides, including

* Opening face and width settings
» Separate resaw configuration
« Split or full-taper sawing

*  Volume, weight, and values for chips, sawdust, and bark
residues

+ Full control over log sample generation statistics

Although these features make LORCAT simulations more
complex to set up, they do make it possible to more closely
emulate a real-world mill and obtain more meaningful
results.

The major areas of the Batch Sawing (Expert) tab are shown
in Figure 5.1.2. First, you enter the data that define the
sawing process into the Processing Setup area. This is
discussed in more detail in Section 5.2.1: Expert Processing
Setup. The Log Size Distribution Setup area is where you
enter the specifications that define the log samples to be
processed. This is discussed in more detail in Section 5.2.2:
Expert Log Sample Setup. The remaining areas shown in
Figure 5.1.2, e.g., control buttons, board width histogram,
Warnings and Errors!, and Logs and Results, are common to
both novice and expert batch analyses and are discussed in
Section 5.3: Novice and Expert Batch Analyses,
Commonalities.

5.2.1: Expert Processing Setup

The first step in creating a batch analysis is to enter the
variables that define the Processing Setup (Fig. 5.1.2). You
either enter all the variables here into the appropriate cells of
the Batch Sawing (Expert) tab or if you have processing
settings that were created in the Interactive Sawing tab, they
can be transferred to the Batch Sawing tab by clicking on

the Transfer to Batch button in the Interactive Sawing tab
(Fig. 4.2.1).

In the Processing Setup area of the Batch Sawing (Expert)
tab, you must enter the Opening Face Width (in inches) and
the Opening Face Length (in feet) to specify the minimum
acceptable width and length of the opening board face. Cant
Height and Cant Width control the dimensions, in inches, of
the cant produced. Section 3.4.3: Cant Size gives a full
description of the cant height and cant width parameters.
Also, in expert mode analyses, lumber thickness, kerf
thickness, and sawing variation are specified for the headrig
and resaw separately (Fig. 5.1.2). Section 3.4.4: Lumber
Thickness and Sawing Options gives a complete description
of these parameters and Green Allowance. Section 3.4.5:
Sawing Method provides information about sawing
methods. The last item in the Processing Setup area in the
Batch Sawing (Expert) tab is selecting how to deal with
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taper (Split or Full Taper?) More details about split or full
taper sawing can be found in Section 2: Methods.

5.2.2: Expert Log Sample Setup

The next step is to define the log sample that will be used
for the analysis. First, enter the Log Sample Count, which is
the number of logs to be sawn. In Figure 5.1.2, a sample size
of 40 logs is specified. LORCAT can process total sample
sizes of up to 1,000 logs. However, depending on your
computer, it can take several minutes to process samples
larger than several hundred logs. Next, the Mean Small End
Diameter, also known as the average scaling diameter, is
specified. The SED range of the logs is controlled by the
Small End Diameter Std Deviation (SED-STD), where the
SED will always be SED = 2 x SED-STD.

The Mean Taper (average taper) parameter describes the
average overall difference between SED and LED for the
specified log length. Based on the mean SED and mean
taper, LORCAT calculates the minimum and maximum SED
Range, LED Range, and Taper Range and reports these
ranges in the light blue box called Expected Sample Log Size
Range just below the Log Size Distribution Setup box (Fig.
5.1.2). This box can be used as a guide to creating a
distribution of log sizes that matches the diameters of the
logs you normally saw.

After you have the diameter ranges set up, pick the Log
Length, in feet, for the specific sample. The next parameter
is Log Grade. You can choose either a Forest Service factory
log grade or a log grade based on the number of clear,
defect-free faces. Section 3.4.2: Log Grade contains more
information. The remaining required selection to enter is
Species. A pull-down menu with valid tree species will
appear when you click the Species cell. Section 3.4.1: Log
Species provides a complete description of all species
available.

5.3: Novice and Expert Batch Analyses,
Commonalities

The differences between novice and expert batch analysis
are concentrated in the design and setup of the processing
options, the log sample creation, residue calculations, and
the processing cost and product value analyses. However,
the fundamental aspects of sawing lumber are identical. The
remainder of this section discusses the operating aspects that
are common to both types (novice and expert) of analyses.

5.3.1: Control Buttons, Creating Sample Sets, and
Running Analyses

After you have created your processing options and log size
distribution, you are ready to create a sample log set and run
an analysis. The control buttons for novice analyses (Fig.
5.1.1) and expert analyses (Fig. 5.1.2) allow you to perform
these actions. At a minimum, you will need to click
Generate Data to create the log sample and Run Analysis to



perform the sawing simulation. The actions of all the control
buttons found in the Batch Sawing tab are described here:

Generate Data: This button creates a log sample according
to the specifications in the Log Size Distribution Setup
window and stores them after the last log listed at the
bottom of the page in Logs and Results. You can use this
feature to create log samples that consist of multiple lengths,
diameters, tapers, and log grades. LORCAT can process a
maximum sample size of 1,000 logs. To create a log sample
with only the current sample specification in the Log Size
Distribution Setup area, click the Clear Sheet button first.

Update Setup: If you make changes to the Processing Setup
but want to keep the same logs, click Update Setup. This
will replace the processing settings for all the logs stored in
the Logs and Results section with the updated settings in the
Processing Setup box. This allows you to make comparisons
among different processing setups without any differences
in log samples.

Run Analysis: This button commands LORCAT to process
all the logs listed at the bottom of the screen and write the
results of each log processed. Section 5.3.5: Logs and
Results gives information to help you understand the results
of your analyses.

Profit/Loss Analysis: This button will start an analysis that
allows you to determine which log sizes and grades can be
processed profitably, given the processing setup, log costs,
processing costs, and lumber and residue market prices.
Section 5.5: Profit and Loss Analyses gives more
information about this topic.

Save Results Summary: This button will create a summary
in the Batch Summaries tab for all the logs and results
processed with their results shown in the Logs and Results
section of the Batch Sawing (Expert) tab. LORCAT will ask
for a descriptive name for this summary. Section 5.4: Batch
Analysis Summaries gives more information about these
summaries.

Default Settings: This button resets the Processing Setup
and Log Size Distribution Setup parameters to the original
LORCAT default settings.

Clear Sheet: This button erases all logs and processing
results stored in the Logs and Results section of the Batch
Sawing tab.

About Batch Processing: This button displays a pop-up box
with information about batch processing.

5.3.2: Log Sample Creation

The simplest use of the batch interfaces is the creation of a
log sample that consists of a single length or single log
grade. However, LORCAT allows you to create log samples
that include multiple lengths, multiple grades, and different
diameter distributions within each grade or length. In short,
LORCAT is capable of replicating almost any diameter,
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length, and log grade that could be encountered in a log
yard.

To create a log sample consisting of multiple lengths or
grades, you must build the sample by creating each length—
grade combination separately. After you specify the
distribution for each length—grade combination and click the
Generate Data button, the logs are added to any logs
already listed in the Logs and Results section (Fig. 28). To
start a new log sample, click the Clear Sheet button first to
delete all Logs and Results from the tab. Section 8.3: Novice
Batch leads you through a novice batch analysis that creates
samples containing 10-, 12-, and 16-ft-long logs.

5.3.3: Warnings and Errors

Located between the Sawing Setup & Sample Parameters
and the Logs and Results section, the LORCAT status area
(Warnings or Errors!) reports if it detects any unusual values
in the settings. This include such problems as an LED less
than the SED, a log diameter that is too small for the
specified log grade, and live sawing with a cant size.
Depending on the error, the window may provide
instructions on how to correct it.

5.3.4: Board Width Histogram

The Board Width Distribution Summary histogram
summarizes the population of the widths of the boards sawn
by l-in. width groupings. As such, it gives a quick way to
visualize sawing results without regard to length. Figure
5.3.1 shows a sample Board Width Distribution Summary
histogram from an analysis that processed 100 logs.

5.3.5: Logs and Results

Information about the logs sawn and the results obtained
(Logs and Results) is contained below the Sawing Setup &
Sample Parameters and the Board Width Distribution
Summary in the Batch Sawing tab in multiple columns and
is color-coded to make it easier to focus on specific
information (Fig. 5.3.2). Each row contains all the data and
results for a single log. Figure 5.3.2a shows a complete set
of columns included in the Log and Results section in the
Batch Sawing (Expert) tab. The leftmost orange columns
contain all the log sample data and processing settings that
were generated when you clicked the Generate Data button
in the Sawing Setup & Sample Parameters section. Because
this section records the log and processing variables, it is
populated before the analysis is run. The blue columns
contain information about the lumber and cants recovered
and the sawing time for each log. The yellow columns
present information about the residues generated; hence,
there will not be yellow columns when LORCAT is run in
novice mode. The green columns labeled Revenue Cost
Analysis contain all financial information from the run,
including profit or loss for a given log sawn. The light blue
columns labeled Over-run Analysis contain information
about over-runs, followed by a gray area that displays the
LRF Statistics. The purple area contains information about
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Figure 5.3.1—Sample board width distribution histogram from a batch analysis.

Figure 5.3.2—Simulation data and results: (a) complete set of log, processing,
and results columns as presented in LORCAT; (b) novice log information and
processing settings; (c) expert log information and processing settings; (d)
NHLA grade recovery, residue volumes, and value by product; (e) log scale
and log recovery factor; (f) board counts by width category.
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Figure 7.1—Costs tab showing operating, log, and lumber costs and prices.

Sawing Time-Based

Use operating cost from "Operations Costs" sheet? | NO

Utilization rate of equipment (100%;80%;60%;40%) 100
Operating cost from Operation Costs sheet 81.27|$ / hour
Operating cost, directly specified 2100.00/ $ / hour

Figure 7.1.1—The Use Sawing Time-Based Costing area from the Costs tab.

Lumber Volume-Based

Use operating cost from "Operations Costs" sheet? | NO

Average Lumber Sawn volume/hour (from "Setup" tab) 3700/ bdft / hour
Utilization rate of equipment (100%;80%;60%;40%) 100

Operating cost from Operation Costs sheet 21.96|% / hour
Operating cost, directly specified 1100.00|$ / hour
Operating cost per 1000 bdft sawn 297.30$

Figure 7.1.2—The Use Sawn Lumber Volume-Based Costing area from the Costs tab.
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Log Volume-Based

Use operating cost from "Operations Costs" sheet? | YES '
Input log volume at utilization rate / hour Scale (bdft) 2000/ bdft / hour
Utilization rate of equipment (100%;80%;60%;40%) 60| %
Operating cost from Operation Costs sheet 42.39|%
Operating cost, directly specified 206.00|$ / hour
Operating cost per 1000 bdft log input volume 21.19|%
Figure 7.1.3—The Use Input Log Volume-Based Costing area from the Costs tab.
Log Costs per Thousand bdft International 1/4 - a
Species Factory-1 Factory-2 Factory-3 Construction |4-Clear-Face |3-Clear-Face |2-Clear-Face | 1-Clear-Face | 0-Clear-Face
ROAK 303 202 101 75 500 425 350 200 100
WOAK 750 500 300 100 750 625 500 300 100
YPOP 300 250 175 75 350 300 250 175 75
HMAP 375 310 250 100 400 350 300 250 100
SMAP 300 250 200 100 300 350 280 200 100
CHERRY 750 500 200 150 750 675 500 250 150
OTHER 432 315 206 87 500 425 350 231 93

Figure 7.1.4—The Log Costs per Thousand bdft table from the Costs tab.

1

Figure 7.1.6—The Residue Prices (prices per ton) table
from the Costs tab.

Figure 7.1.5—The Cant Prices (prices per thousand

bdft) table from the Costs tab.

Costs tab in LORCAT where Residue Prices (prices per ton) — T7.2: Operation Costs
can be entered. Transportation costs, if applicable and which
may be different for each mill, can be subtracted from the
quoted prices if needed.

The Operation Costs tab (Fig. 7.2.1) allows you to calculate
the cost of the products manufactured using either sawing
time-based costing, sawn lumber volume-based costing, or
7.1.7: Green Lumber Prices input log volume-based costing as selected in the Costs tab.

Green Lumber Prices (prices per thousand bdft) are entered Following traditional cost accounting methods, the

into the table below the cant and residue prices in the Costs Operation Costs tab calculates the annual fixed and variable
tab (Fig. 7.1.7). Prices for FAS, FIE, SEL, 1C, 2C, 34, and labor and overhead costs for a sawmill per hour at 100%,
3B lumber grades according to the National Hardwood 80%, 60%, and 40% utilization. The Operation Costs tab
Lumber Association's grading rules (NHLA 2019) for can be used for sawmills of any size. Larger sawmills may
lumber thicknesses of 1, 1.25, 1.5, 1.75, and 2 in. can be have their own costing tools and can use their data directly
entered. Thus, if the mill gets a premium price for thicker in the Costs tab without involving the Operation Costs tab.

However, the cost accounting in the Operation Costs tab
allows you to estimate your own costs for producing your
products. LORCAT 4.00 then shows you whether the
revenues can offset these costs.

lumber, this pricing structure can be replicated.
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Green Lumber Prices (prices per thousand bdft)

Species Thickness FAS F1F SEL 1C 2C 3A 3B

ROAK 1 935 920 886 643| 490 440 400
ROAK 1.25 935 920 886 643| 490 440 400
ROAK 1.5 935 920 886 643| 490 440 400
ROAK 1.75 935 920 886 643| 490 440 400
ROAK 2 935 920 886 643| 490 440 400
WOAK 1 1465 1400 750 675 480 420 400
WOAK 1.25 1465 1400 750 675 480 420 400
WOAK 85 1465 1400 750 675 480 420 400
WOAK 1.75 1465 1400 750 675 480 420 400
WOAK 2 1465 1400 750 675 480 420 400
YPOP 1 860 850 817 420 285 200 150
YPOP 1.25 860 850 817 420 285 200 150
YPOP 1.5 860 850 817 420 285 200 150
YPOP 1.75 860 850 817 420 285 200 150
YPOP 2 860 850 817 420 285 200 150
HMAP 1 1430 1364 1252 1060 688 512 410
HMAP 1.25 1430 1364 1252 1060 688 512 410
HMAP 1.5 1430 1364 1252 1060 688 512 410
HMAP 1.75 1430 1364 1252 1060 688 512 410
HMAP 2 1430 1364 1252 1060 688 512 410
SMAP 1 1122 1070 982 832 540 402 322
SMAP 1.25 1122 1070 982 832 540 402 322
SMAP 1.5 1122 1070 982 832 540 402 322
SMAP 1.75 1122 1070 982 832 540 402 322
SMAP 2 1122 1070 982 832 540 402 322
CHERRY 1 1175 1165 700 650 380 300 225
CHERRY 1.25 1175 1165 700 650 380 300 225|
CHERRY 1.5 1175 1165 700 650 380 300 225
CHERRY 1.75 1175 1165 700 650 380 300 225
CHERRY 2 1175 1165 700 650 380 300 225
OTHER 1 864 800 662 610 622 508 388
OTHER 1.25 864 800 662 610 622 508| 388
OTHER 1.5 864 800 662 610 622 508| 388
OTHER 1.75 864 800 662 610 622 508| 388
OTHER 2 864 800 662 610 622 508| 388|

Figure

7.1.7—The Green Lumber Prices (prices per thousand bdft) table from the Costs tab.

Calculating the labor and overhead costs of the product in
the Operation Costs tab first involves entering some basic
numbers from the specific operation under /nput Data (Row
1), Labor Requirements (Row 12), Labor Costs (Row 16),
and Investment (Row 23). Based on this information,
LORCAT 4.00 then calculates fixed and variable Operating
Cost: Labor per Year (Row 27), Operating Cost per Year
(Row 32), Capital Cost per Year (Row 39), and Overhead
and Miscellaneous Cost per Year (Row 43). These costs
then are allocated to Total fixed cost per year (Row 48) and
Total variable cost per year (Row 49) under the heading
Cost Allocation (Row 47). This information then is used to
give the Equipment Operating Cost per Hour (Row 50) by
variable cost (Row 51) and by fixed cost at % utilization
(Rows 52—56). The sum of variable costs and fixed costs at
a given utilization level yields the Total Equipment Cost per
Working Hour (Row 57).

Only cells highlighted orange in the Operation Costs tab
allow you to enter data (Fig. 7.2.2). The input expected from
you is described in Column B, and Column C either gives
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further explanations or shows the equation from which the
result in Columns D or E or both are being derived.

8: Examples

This section presents different sawmill processing questions
for novice and expert interactive and batch analyses.
Questions related to expected grade recovery, opening face
width, kerf size, and sawing variation will be examined.
Although we treat each of these questions as a single
question, the approaches and solutions may be used to
address a wider range of questions. At the end of this
section, we perform a novice profit/loss analysis. This
example will use the novice user interface, but the same
analysis steps can be used to perform an expert analysis.

When you are performing the batch examples, novice or
expert, or the profit/loss analysis, it is important to
remember that LORCAT uses a random distribution
function to create log samples that meet the required
distributions of log diameters and tapers. Thus, even if you
follow the examples directly, the resulting log samples will

26



Load Default Costs
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# B c D E
1 |Input Data Source of Calculation or Fermula Unit
2 space requirament layout sqft (1]
3 |costof space per year per sgft company accounting $/sqft per year $0.00
4 machine energy consumption per hour users' manual, company information KWh, gal, t 1_I
5 cost of energy per hour market prices 5/ kWh, gal, t $4.00
] fixed energy cost as % of total energy costs company accounting % 10
7 |depreciation period ight line depreciation) |IRS years 10
B assumed interest rate company information % 5
9 estimation of start-up and training costs percentage of purchase price incl. installation % 5
10 [estimated labor overhead costs (benefits) percentage of tolal labor cosls % 50
11 [total working hours per year company information hours 1801
12 |Labor Requirements
13 |# of skilled operators (employee) company information person|
14  [# of unskilled operators (employee) company information P
15  |[# of supervising employees company information P
16 |Labor Costs
17 [labor cost skilled employee company accounting $ J/ year m
18 [cost benefits skilled employee =H1Tx(#10/100) $/ year $25.000.00
19 [labor cost unskilled employee company accounting S/ year SSS.WWI
20 |cost banefits unskilled employee =#19x(#10/100) $ / year $17.500.00
21 |supervisor cost company ing § /year $65.000.00!
22 |cost banefits supervisor =H21x(#10100) 5§/ year $32,500.00
23 |Investment
24 |purchase price incl. transport and installation final invoice 5 $55.000.00!
25 |cost of start-up and training =H0 xf#24 $ $2.750.00
26 |Total investment =H24+825 3 $57,750.00
Cost Type

27 |Operating Cost: Labor per Year Fixed Variable |
28 [lotal skilled employes cost =13 (H17+818] $75,000.00]
29 |total unskilled employee cost =H14*(#19+520) $52,500.00|
30 |total supervisor cost =H15"(#214522 $0.00|
31 [Total labor cost =#28+#29+#30 50.00] §127,500.00
32 |Operating Cost per Year
33 |tools, blades, and jigs estimation $0.00| $2,400.00
34 |space cost =HIxHI $0.00]
35 |[fived energy cost =HAHSH(HE/100)x# 11 §720.40
36  [variable anargy cost =HAxASR(1-(RE/100)x#11 $6,483.60
37 |maintenance cost estimation $100.00 $500.00
38 |Total operating cost =HAT+EI4+HIS+HIG+H3T $820.40 $9,383.60
39 |Capital Cost per Year
40  |depreciation =H26x(1/87) $5.775.00
41 [interest =H26x(#8/100) $2,887.50
42 |Total capital cost =HA0+ 41 $8,662.50
43 |Overhead and Miscellaneous Cost per Year
44 |production overhead estimation $0.00 $0.00]
45 |miscellaneous cost estimation $0.00) $0.00|
46 |Total overhead and miscell cost =HA4+#45 $0.00| $0.00]
47 |Cost Allocation
48  |Total fixed cost per year =HI1+H3B 424546 $9,482.90
49  |Total varlable cost per year =HI1+H3B 424546 $136,883.60
50 |Equipment Operating Cost per Hour
51 |vafiable cost (quantity-depandent) =401 $76.00
52 |fixed cost (lime-dependent) at % utilization
53 [100% utilization level =HARM §5.27
54 [80% utilization level =HABI#11%0.8 $6.58
55 [60% wtilization level =H4B/(#11x0.6, $8.78
56 |40% utilization level =H4B/(#11x0.4 $13.16
57 |Total Equipment Cost per Working Hour
58 |100% utilization level =4514#53 $81.27
59 |80% wtilization level =H51+#54 §82.59
60 |60% wtilization level =H51+855 $84.78
61 |40% utilization level =H51+856 $89.17

Figure 7.2.1—The Operation Costs tab in LORCAT 4.00.
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$50,000.00 i Insert Data

$25,000.00 m@mp No Data

Figure 7.2.2—Orange highlighted cells in Columns D and E
accept entry of data; cells that are not highlighted orange
do not accept entry of data.

be slightly different from the ones created in this example,
leading to slightly different results. However, the results of
the analysis and overall trends in comparisons between
analyses of different sawing setups should be similar.

8.1: Interactive Sawing (Novice)

In this analysis, we wanted to know the expected NHLA
grade recovery for a specific log and a set of sawing
parameters and the recovery for a Factory 2 red oak log that
is 12 ft long with an SED of 20.00 in. and an LED of 22.5
in. We used a grade-sawing approach to produce a dried
lumber thickness of 1 in. with a standard green allowance of
0.125 in. We used a saw blade with a kerf of 0.125 in. In
addition, we estimated our total sawing variation to be 0.035
in. Lastly, we sawed to produce a cant that is 6 by 4 in.
When this log information and these sawing parameters are
entered into LORCAT, the Input Variables section of the
novice interactive interface will look like that in Figure
8.1.1.

After these variables are entered, click the Run Analysis
button to perform the simulation and see the Projected
Sawing Results (Fig. 8.1.2). The sample analysis shows that
a total of 226.5 bdft (lumber and cant combined) should be
expected from sawing this log with these sawing variables.

Input Variables
Species ROAK
Log Grade Factory-2
Small End Diameter 20.000
Large End Diameter 22.500
Log Length 12.000
Cant Height 6.000
Cant Width 4.000
Green Allowance 0.125
Lumber Thickness 1.000
Sawing Variation 0.035
Saw Kerf 0.125
Target Thickness 1.194
Sawing Method GRADE

Figure 8.1.1—Input Variables for the
interactive example (novice) discussed.

Projected Sawing Results

Boards Sawn
Board Feet
Sawing Time (minutes)

Grade Recovery
FAS
F1F
Selects
1 Com.
2 Com.
3A Com.
3B Com.

Figure 8.1.2—Projected Sawing Results for the
interactive example (novice).
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The NHLA grade recovery is shown on the left side under
Grade Recovery in Figure 8.1.2.

8.2: Interactive Sawing (Expert)

LORCAT's Interactive Sawing (Expert) tab can be used to
conduct a more in-depth analysis in which we are interested
in determining the NHLA grade recovery for a log, along
with the projected profit or loss associated with sawing it.
For this analysis, we wanted to know the recovery for a
Factory 2 red oak log that is 16 ft long with an SED of 18.00
in. and an LED of 21.5 in. For sawing, we used a standard
opening face size of 6 in. wide by 8 ft long. We sawed to
produce a random-width cant that is 6 in. high (as indicated
by setting the Cant Width at 0.000). We had a standard
0.125-in. green thickness allowance and were sawing to a 1-
in. dry thickness on both the headrig and resaw. On the
headrig, we had a kerf thickness of 0.135 in. with a total
sawing variation of 0.030 in., giving a Target Thickness of
1.184 in. For the resaw, we had a kerf thickness of 0.130 in.
with a total sawing variation of 0.035 in., giving a Target
Thickness of 1.194 in. We used a split-taper grade sawing
method to saw the log. After entering this information, the
Input Variables window on the Interactive Sawing (Expert)
tab looks like that shown in Figure 8.2.1.

In this example, we are interested in knowing the
profitability related to sawing this log. Hence, we needed to
enter the costs associated with buying the log and its
processing in our sawmill. To assign log costs, we needed to
specify the log scaling method. For our example, we scaled
logs using the International 1/4 scale (Fig. 8.2.2). Let’s say

Input Variables
Species ROAK
Log Grade Factory-2
Small End Diameter 18.000
Large End Diameter 21.500
Log Length 16.000
Opening Face Width 6.000
Opening Face Length 8.000
Cant Height 6.000
Cant Width 0.000
Green Allowance 0.125
2 Lumber Thickness 1.000
o Sawing Variation 0.03
9§ Saw Kerf 0.135
T Target Thickness 1184
Lumber Thickness 1.000
z Sawing Variation 0.035
§ Saw Kerf 0.125
Target Thickness 1.194
Full / Split Taper SPLIT
Sawing Method GRADE

Figure 8.2.1—Input Variables
for the Interactive Sawing
(Expert) example.
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setu p Reset Options
Operating Mode G
About Modes
Novice
Log Scaling Method:nternational 1/4
Grade y Prediction Model:
Hourly Production -
Average bdft volume sawn / hour 5330 Sawing Time

Figure 8.2.2—Setup tab showing Operating Mode, Log
Scaling Method, and Hourly Production settings.

that the mill we are analyzing saws approximately 12
million board feet (Mbdft) per year and operates 2,250 h per
year. Thus, our Hourly Production is about 5,330 bdft,
which we entered into our Setup tab (Fig. 8.2.2).

For our operating cost (hourly wages and mill operating
costs combined), we directly specified an operating cost of
$1,800.00 per hour (Fig. 8.2.3). We used Forest Service
factory log grades with a specified cost of $202 per 1,000
bdft (International 1/4 scale; Fig. 8.2.4). For residue prices,
we specified that the price of chips, sawdust, and bark were
$25, $17, and $17 per ton, respectively (Fig. 8.2.5). The
market prices of 1-in.-thick green red oak lumber in this
example were $935, $920, $886, $643, $490, $440, and
$400 for FAS, F1F, SEL, 1C, 2C, 3A, and 3B per thousand
board feet, respectively (Fig. 8.2.6). In addition, we used the
default residue expansion factors as shown in Figure 8.27.
Section 6.5.3: Bark Residue gives a complete description of
expansion factors.

When all the input variables (log information, operation
settings, costs) have been entered into LORCAT as shown in
Figures 8.2.1 through 8.2.5, you are ready to proceed. Click
the Run Analysis button on the Interactive Sawing (Expert)
tab to process the log. The results will then appear in the
Projected Sawing Results and Processing Cost / Product
Value Analysis areas on the Interactive Sawing (Expert) tab
as shown in Figures 8.2.8 and 8.2.9. The left side of Figure
8.2.8 reports the number of boards and total board footage
sawn along with the NHLA grade recovery and the number
of minutes it took to saw the log into lumber. The right side
of Figure 8.2.8 shows the scale volume for each log scale as
well as a summary of the volume and weight of residue
produced. We did not saw a solid cant; therefore, cant width,
height, and volume are all 0.00.

Figure 8.2.9 reports the profit or loss associated with sawing
the log in the Processing Cost / Product Value Analysis
section of the Interactive Sawing (Expert) tab. The
rightmost column in Figure 8.2.9 reports the value of the
lumber sawn by NHLA grade. The center column reports the
total value of the lumber sawn, the cant, and the residues
generated during sawing. The leftmost column provides a
summary of the costs, values, and, most importantly, the

FPL-GTR-307

overall estimated Profit/Loss from sawing this log (Fig.
8.2.9).

8.3: Batch Sawing (Novice)

For the novice example, we performed a Batch Sawing
(Novice) analysis. Figure 8.3.1 shows the Processing Setup
that was used for this example. We sawed to a 6-in.-high,
random-width cant that will then be sawn into lumber. To do
this, we entered 6.0 for the Cant Height and 0 for the Cant
Width. We also used the standard Green Allowance of 0.125
in. (Fig. 8.3.1). In this example, we produced 6/4, or 1.5-in.-
thick, lumber. The mill we are simulating has a total Sawing
Variation of 0.038 in. and uses a saw that has a Kerf'
Thickness of 0.135 in. Lastly, we sawed the logs using
GRADE sawing. When all these settings are entered in the
Processing Setup area of the Batch Sawing (Novice) tab, the
Processing Setup should look like that shown in Figure
8.3.1.

The next step is to create the log sample to analyze with the
given information in the Processing Setup. For this part of
the example, the assumption is that we typically process red
oak Forest Service Factory Grade 2 logs in 10-, 12-, and 16-
ft lengths and that there is no significant difference in the
numbers of logs processed among these lengths. For all
logs, the Mean Small End Diameter is 17 in. and the overall
Mean Taper is 2.25 in. We built a sample that contains 50
logs for each length (10, 12, and 16 ft) and matches our
diameter and taper distribution. Figure 8.3.2 shows these
values entered into the Log Size Distribution Setup for the
10-ft-long logs. After you enter the data for the 10-ft logs,
click the Generate Data button (Fig. 5.1.1). This will
populate the Logs and Results area with the processing setup
and the sample of 10-ft-long logs. To create the 12-ft-long
log part of the sample, enter 12 for the Log Length and click
the Generate Data button (Fig. 5.1.1). This step can be
repeated for the 16-ft-long logs. LORCAT allows users to
create samples containing multiple lengths (and any other
log characteristics) using this method, although the total
sample size must be less than 1,000 logs.

Before we started the analysis, we specified the operating
costs, log costs, and market prices for our lumber. For our
operating costs (hourly wages and mill operating costs
combined), we used Lumber Volume-Based costing with an
Operating cost, directly specified of $1,500.00 per hour
(Fig. 8.3.3). Our Average Lumber Sawn volume/hour is
4,000 bdft, as shown in Figure 8.3.3. This amount should
not be entered into the Average Lumber Sawn volume/hour
field in the Costs tab but instead should be entered into the
Average bdft volume sawn / hour field in the Setup tab (Fig.
8.2.2). LORCAT will automatically calculate the Operating
cost per 1000 bdft sawn (Fig. 8.3.3). We are using Forest
Service factory log grades with a specified cost of $202 per
1,000 bdft (International 1/4 scale; Fig. 8.2.4). The market
prices (Green Lumber Prices; Fig. 8.3.4) of 1.5-in.-thick,
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Operating Costs

Either sawn volume or input log volume-based costing can be used to apply

About Equipment
operating costs to LORCAT's sawmill recovery estimates.

Utilization Rate

Sawing Time-Based

Use operating cost from "Operations Costs" sheet?

| NO
Utilization rate of equipment (100%;80%;60%;40%) 100
Operating cost from Operation Costs sheet 81.27|$ / hour
Operating cost, directly specified 1800.00$ / hour
Figure 8.2.3—Specification of hourly operating cost into the Costs tab.
Log Costs per Thousand bdft International 1/4

Species Factory-1 Factory-2

Factory-3 Construction
ROAK 303 202 101 1D
Figure 8.2.4—Specification of Factory 2 red oak log costs into the Costs tab.
25
17
T
Figure 8.2.5—Market prices of chips, sawdust, and bark into
the Costs tab.
Green Lumber Prices (prices per thousand bdft)
Species Thickness FAS F1F SEL iC 2C 3A 3B
ROAK 1| 935| 920| 886| 643| 490| 440| 400|
Figure 8.2.6—Market prices of 1-in.-thick green red oak lumber into the Costs tab.

Residue Expansion Factors Residue Expansion

Type Factor B;;,;"ﬁo,,
Chips 2.86 Factors
Sawdust 2.50
Bark 2:35

Figure 8.2.7—Default Residue Expansion Factors used by LORCAT as a default in the Costs tab.
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Figure 8.2.8—Projected Sawing Results as shown on the Interactive Sawing (Expert) tab.

Processing Cost / Product Value Analysis

Lumber Value

Log Cost $46.46 Primary Product Value by NHLA Grade

Cost to Process $89.66 Lumber $158.78 E
Total Costs $136.12 Cant $0.00 F1F $22.12
Selects $4.75
iPrlmary Product Value $158.78 Residue Product Value 1 Com. $57.23
Residue Value $7.78 Chips $5.29 2 Com. sza.57|
Total Value $166.56 Sawdust $1.50 3A Com. $12.15
Bark $0.99 3B Com. $5.36

IProﬁthoss $30.44

Figure 8.2.9—Estimated Processing Cost/ Product Value Analysis as shown on the Interactive Sawing (Expert)

tab for the example discussed.

Lumber Thickness

Sawing Variation

Kerf Thickness
arget Thickness

6.000
0.000
0.125
1.500
0.038
0.135
1.762
GRADE

Figure 8.3.1—Processing Setup with sawing variables
used for the Batch Sawing (Novice) example analysis.

Log Size Distribution Setup

50
17.00
2.25
10
Factory-2
ROAK
USFS LoE Grades

Figure 8.3.2—Log Size Distribution Setup in the Batch Sawing
(Novice) tab showing the setup for 10-ft-long logs.
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Lumber Volume-Based

Use operating cost from "Operations Costs" sheet? [ NO
Average Lumber Sawn volume/hour (from "Setup" tab) V]| 4000bdft / hour
Utilization rate of equipment (100%;80%;60%;40%) [ 100

Operating cost from Operation Costs sheet

Operating cost, directly specified
Operating cost per 1000 bdft sawn

| 20.32/$ / hour
V] 1500.00$ / hour
V] 375.00(%

Figure 8.3.3—Costs tab showing Lumber Volume-Based operating costs for the example.

Green Lumber Prices (prices per thousand bdft)
Species Thickness FAS F1F SEL 1C 2C 3A 3B
ROAK | 8BS 920 ¢ 886 643 490 440, 400
ROAK 1.25 944 929 895 649 495 444 404
ROAK 1.5 953 938 904 655 500 448 408

Figure 8.3.4—Costs tab showing Green Lumber Prices of 1.5-in.-thick green red oak lumber.

green red oak lumber in this example were $953, $938,
$904, $665, $500, $448, and $408 per thousand board feet
for FAS, F1F, SEL, 1C, 2C, 3A, and 3B, respectively.

After you have the Processing Setup entered, the log sample
created, the Lumber Volume-Based operating costs set up,
and the log and lumber prices entered, you are ready to click
the Run Analysis button to start the analysis (Fig. 5.1.1).
Depending on your computer and software, it may take
anywhere from a few seconds to several minutes for
LORCAT to perform the analysis. When the analysis is
complete, LORCAT will display a completion pop-up
window (Fig. 8.3.5). Clicking OK will return you to the
Batch Sawing (Novice) tab (Fig. 5.1.1) where the results
may be examined in the Logs and Results section at the
bottom of the screen.

Information of key interest when performing these analyses
is the profit or loss related to processing each log and the
results for the sample of logs as a whole. In the Logs and
Results section, the green-shaded columns contain
information about the different costs and the value of the

Saw Process Modelling Done

OK

Figure 8.3.5—LORCAT batch analysis
completion notification window.
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lumber and cant produced (Fig. 8.3.6). LORCAT shows the
results of all logs sawn individually. For the green columns,
simply scroll down in the Logs and Results section to view
results for all logs. You can also create a summary of the
results for the entire analysis. To do this, click the Save
Results Summary button on the Batch Sawing (Novice) tab
(Fig. 5.1.1) and enter a description for the results summary.
For our example analysis, we entered /50 Log Novice Test
for the description.

As we look at the results from this batch simulation, it is
important to know that when you create a log sample with
LORCAT, it generates a random sample of logs that matches
the specified diameter distribution. Thus, although the
sample is representative of the logs that are normally
encountered in your log yard, it is extremely likely that
repeating the analysis will result in a slightly different yet
statistically representative sample. In addition, it is also
likely that the results presented here will be slightly
different than the ones you receive in your simulation.
However, the overall trends will be the same.

Revenue Cost Analysis
Total Total

Product Cant Lumber Total Log
Value  Value Value

Processing Profit
Costs  Cost Cost Loss

T 5458  0.00 5458 51.13 17.17 3306 3.45
| 9153 000 9153 79.67 2525 5442 11.86
74.83  0.00 74.83 67.36 22.22 45.14  7.47

| 103.00 000 103.00 91.95 32.32 59.63  11.06
| 64.88  0.00 64.88 5893 19.19 39.74 595
i 117.88 0.00 117.88 102.77 35.35 67.42 15.12
| 8304  0.00 B83.04 74.62 25.25 4937  8.41
| 8097 000 8097 73.40 2525 48.15  7.58
122.55  0.00 122.55 105.44 35.35 70.09  17.12

| 96.05 0.00 96.05 84.61 28.28 56.33  11.44

Figure 8.3.6—First 10 rows of the Revenue Cost Analysis
columns of the Logs and Results section.
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Figure 8.3.7 shows the Batch Summaries tab with saved
results from the example analysis and the description we
used. In Figure 8.3.7, we see that the sawing of the 150 logs
produced a total of 2,177 boards with a Total Recovery of
26,726.8 bdft with an Average Recovery per Log of 178.2
bdft. Scrolling the tab to the right several rows will show the
costs, lumber value, and profit/loss columns with a green
background (Fig. 8.3.8). In Figure 8.3.8, we see that we
have a Total Lumber Value of $17,024.41 with a total cost of
$15,037.20, which gives a profit of $1,987.22.

In the sample analysis, we used a Kerf Thickness of 0.135
in., as shown in Figure 8.3.1, to estimate the total recovery
and profit related to the 150-log sample. However, it might
be interesting to learn whether reducing the kerf to 0.125 in.
would improve recovery or profit. The first step is to change
the Kerf Thickness setting in Processing Setup in the Batch
Sawing (Novice) tab (Fig. 8.3.1) to 0.125 in. When the
processing settings are updated (or for that matter, any
setting pertaining to the simulation run), the settings in Logs
and Results are not automatically updated. Click the Update
Setup button (Fig. 5.1.1) to update the settings in the Logs
and Results section of the Batch Sawing (Novice) tab for the
entered changes to be used in the next analysis. Notice that
now, the log sample in Figure 8.3.9 shows the new Kerf
Thickness of 0.125 in.

Next, click the Run Analysis button (Fig. 5.1.1) to rerun the
analysis with the new kerf thickness. To make comparing
results using the two kerf sizes easy, click Save Results
Summary and enter . 125 Kerf Analyses for the description.
Figures 8.3.10 (sawing information) and 8.3.11 (cost and
revenue information) show the summarized results for the
two analyses. The first row shows the results for the first
analysis with the 0.135-in. kerf, whereas the second row
shows the results for the second analysis using a 0.125-in.
kerf. Comparing Total Recovery shows that we gained 205.7
(26,932.5 — 26,726.8) bdft, an increase in the Average
Recovery Per Log of 1.4 bdft (Fig. 8.3.10). The decrease in
kerf thickness resulted in an increase in Total Lumber Value
of $129.90 (§17,154.31 — $17,024.41) (Fig. 8.3.11).

An increase of $129.90 in Total Lumber Value (Fig. 8.3.11)
for a sample of 150 logs is not a very large gain. If we look
at Boards Sawn (Fig. 8.3.10), which is the number of boards
sawn in each analysis, we see that the smaller kerf allows us
to saw 14 additional boards, or 0.6% more boards. One
reason for such a small increase is that we are sawing 1.5-
in.-thick boards, which results in approximately 50% less
kerfs in the log compared with cutting 1-in.-thick lumber.
Accordingly, if we were sawing thicker lumber, such as 2.0-
in.-thick boards, we would expect less of a difference in
total recovery caused by the decrease in kerf thickness.
Repeating the example with a lumber thickness of 1.0 in.
should confirm that a greater recovery difference will be
achieved with thinner lumber and more kerfs.
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8.4: Batch Sawing (Expert)

In the expert example, we present a Batch Sawing (Expert)
analysis of sawing low-grade yellow-poplar logs. Logs were
sawn using a 6-in.-wide by 8-ft-long opening face (Fig.
8.4.1). All logs were sawn to a 6-in.-high, random-width
cant that was then sawn into lumber. To do this, we entered
6.0 for the Cant Height and 0 for the Cant Width (Fig.
8.4.1). We also used the standard Green Allowance of 0.125-
in. (this should be checked to ensure that it is set correctly)
(Fig. 8.4.1). We produced 4/4 or 1-in.-thick lumber at the
headrig. Also at the headrig, the saw kerf was 0.135-in. and
total sawing variation was 0.035-in. The random width cants
were sawn to 6/4 or 1.5-in.-thick lumber at resaw. The total
Sawing Variation at the resaw was 0.030 in., and a saw with
a Kerf Thickness of 0.125 in. was used. Lastly, we sawed the
logs using GRADE sawing. When all these settings are
entered in Processing Setup of the expert batch tab, the
Processing Setup should look like that shown in Figure
8.4.1.

The next step is to create the log sample to analyze given the
Processing Setup. For this example, we processed a low-
grade sample of 50, one-clear-face, yellow-poplar logs. For
all logs, the Mean Small End Diameter was 15 in. with a
standard deviation of 2.0 in. In addition, the Mean Taper of
the logs was 2.0 in. with a standard deviation of 0.75 in. The
logs in this sample were all 12 ft long. Figure 8.4.2 shows
these values entered into the Log Size Distribution Setup
area of LORCAT. This sample setup will create a sample of
logs with SEDs ranging from 11 to 19 in. and LEDs ranging
from 11.5 to 22.5 in. When you have all the setup variables
entered, click the Generate Data button (Fig. 5.1.2) to
populate the Logs and Results section with the log sample
and processing options used in the analyses (Fig. 8.4.3).

Before the analysis can be started, the average hourly
sawmill production volume, operating costs, log costs, and
the market prices for the lumber must be specified. In the
expert example, we used the Doyle log scale for determining
log volume (Fig. 8.4.4). The average volume sawn per hour
in our example was 5,000 bdft, as entered into the Setup tab
(Fig. 8.4.4).

For the operating cost in this example (hourly wages and
mill operating costs combined), we used Lumber Volume-
Based costing with a directly specified operating cost of
$1,000.00 per hour. The Average lumber sawn volume/hour
was 5,000 bdft (Fig. 8.4.5), as previously entered into the
Setup tab (Fig. 8.4.4). LORCAT will automatically calculate
the Operating cost per 1000 bdft sawn (Fig. 8.4.5). We used
trimmed clear-face grades, in which one-clear-face logs
have a cost of $175 per 1,000 bdft (Doyle scale; Fig. 8.4.6).
The prices of residue, chips, sawdust, and bark are specified
per ton. For this example, we specified $25, $17, and $17
for the price per ton of chips, sawdust, and bark,
respectively (Fig. 8.4.7). The market prices of our green
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Summarized Batch Analyses Resuilts

Total Total Total Log Average
Logs Sawing Log Recovery Boards Total Recovery
Processed Time Volume Factor Sawn Recovery Per Log
B ] (minutes) (ft") (bdft)
1 150 459.7 3926.94 6.75 2177 26726.8 178.2

Figure 8.3.7—Batch Summaries tab showing the saved summary for the example Batch Sawing (Novice) analysis.

Total Total Total
Product Cant Lumber  Residue Total Log Processing  Profit
Value Value Value Value Cost Cost Cost Loss
($) ($) ($) ($) ($) ($) ($) ($)
$17,024.41 $0.00 $17,024.41 --------- $15,037.20 $5,014.65 $10,022.55 $1,987.

Figure 8.3.8—Batch Summaries tab showing the saved summary for cost and revenue for the example Batch
Sawing (Novice) analysis.

Figure 8.3.9—Logs and Results section showing updated Kerf Thickness of 0.125 in.

Summarized Batch Analyses Results

Total Total Total Log Average
Logs Sawing Log Recovery Boards Total Recovery

| Processed Time Volume Factor Sawn Recovery Per Log
(minutes) (ft?) (bdft)
150 459.7 3926.94 . 2177 26726.8
150 459.7 3926.94 - 2191 26932.5

Figure 8.3.10—Summarized Batch Analyses Results for the sawing information with the two kerf sizes selected.

Total Total Total
Product Cant Lumber  Residue Total Log  Processing Profit
Value Value Value Value Cost Cost Cost Loss
($) ($) ($) ($) ($) ($) ($) ($)
$17,024.41 $0.00 $17,024.41 --------- $15,037.20 $5,014.65 $10,022.55 $1,987.
$17,154.31 $0.00 $17,154.31 $15,114.35 $5,014.65 $10,099.70 $2,039.

Figure 8.3.11—Summarized Batch Analysis Results for cost and revenue with the two kerf sizes selected.
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Opening Face Width
Opening Face Length
Cant Height

Cant Width

Green Allowance

rget Thickness

Split or Full Taper?

Figure 8.4.1—Processing Setup for the Batch Sawing
(Expert) analysis example.

Figure 8.4.2—Log Size Distribution Setup showing
sample setup for Batch Sawing (Expert) example.

Figure 8.4.3—Logs and Results section showing the first 14 rows of the sample and processing setup.
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Operating Mode - Export
About Modes
Novice
Log Scaling Method:Doyle
Preferred Grade Recovery Prediction Model: [Revised |
Hourly Production i

Average bdft volume sawn / hour Sawing Time

Figure 8.4.4—Setup tab showing settings used for the Batch Sawing (Expert) example.

j Lumber Volume-Based

Use operating cost from "Operations Costs" sheet? [ NO |

Average Lumber Sawn volume/hour (from "Setup" tab) V] 5000bdft / hour
Utilization rate of equipment (100%;80%;60%;40%) 100

Operating cost from Operation Costs sheet 16.25/% / hour
Operating cost, directly specified 1000.00/$ / hour
Operating cost per 1000 bdft sawn V] 200.00/$

Figure 8.4.5—Costs tab showing the selection of Lumber Volume-Based costing.

350 | 300 | 250 | 175 | 75

Figure 8.4.6—Log Costs per Thousand bdft section of Costs tab with yellow-poplar trimmed clear-face log prices highlighted.

Residue Prices per ton
Chips
Sawdust
Bark

Figure 8.4.7—Green Lumber Prices and Residue Prices sections of the Costs tab with yellow-poplar lumber and
residue prices highlighted.
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yellow-poplar lumber, regardless of thickness, in this
example were $860, $850, $817, $420, $285, $200, and
$250 for FAS, F1F, SEL, 1C, 2C, 3A, and 3B per thousand
board feet, respectively (Fig. 8.4.7).

After you enter the Processing Setup (Fig. 8.4.1), create the
sample logs (Figs. 8.4.2 and 8.4.3), and set up the operating,
log, and lumber costs and prices (Figs. 8.4.4 to 8.4.7), you
are ready to click the Run Analysis button to start the
analysis (Fig. 5.1.2). Depending on your computer and
software, it may take anywhere from a few seconds to
several minutes for LORCAT to perform the analysis. When
the analysis is complete, LORCAT will display a pop-up
window (Fig. 8.4.8). Click OK to return to the Batch Sawing
(Expert) tab and examine the results in the Logs and Results
section at the bottom of the tab as shown for another
simulation in Figure 5.1.2.

You can view the results for each individual log in the Logs
and Results section of the Batch Sawing (Expert) tab. The
blue columns report the Board Count, Estimated Sawing
Time, Total Recovery, and the NHLA grade recovery for
each grade for each log sawn (Fig. 8.4.9). The yellow
columns report the volumes and weights of the chip,
sawdust, and bark residue generated from each log sawn
(Fig. 8.4.10). The green columns (Fig. 8.4.11) contain
information about the different costs and values of the
lumber produced. A summary of the results for the entire
analysis can also be created. To do this, click the Save
Results Summary button on the Batch Sawing (Novice) tab
(Fig. 5.1.2) and enter a description for the results summary.
For the example, we entered Low Grade Yellow-Poplar, 6x8
OF; 6-inch cant for the description. The more descriptive the
example, the easier it is to refer back to past analyses if
needed.

Figure 8.4.12 shows the description and overview of the
Summarized Batch Analyses Results for our example
analysis. The results show that we produced a total of
6,209.2 bdft from the 50 logs with a total sawing time of
91.0 min and an Average Recovery per Log of 124.2 bdft.
Figure 8.4.13 shows the overall values and costs associated
with sawing the 50 yellow-poplar logs. In this case, lumber
with a total value of $2,190.12 and residues with a total
value of $208.16 were produced. A total processing cost of
$1,241.82 was incurred with a log cost of $795.90, giving a
total cost of $2,147.14. Overall, the simulation estimated a
total profit of $360.53. Given that it took 91.0 min, (1.52 h)
to saw the logs, an overall mill profit of $237.19
($360.53/1.52) per hour of operation was realized.

In the example analysis, a sample of 50 low-grade, small-
diameter, yellow-poplar logs were sawn. For the example,
we used a standard opening face width of 6 in. For small-
diameter logs, the wider the opening face, the thicker the
slab cut and the greater the proportion of residue with
respect to log volume. In addition, because we were sawing
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Saw Process Modelling Done

OK

Figure 8.4.8—LORCAT batch analysis completion
notification window.

low-grade logs, the odds of getting an FAS jacket board
were low for each opening face cut. Thus, we could have
explored the option of using a narrower opening face width,
such as 5.5 in. Entering 5.5 for the Opening Face Width as
shown in Figure 8.4.14 reveals the potential impact of a
narrower opening face width. After entering the new
opening face width, click Update Setup to change the
settings in the Log and Results section. Next, click Run
Analysis to repeat the simulation with the narrower opening
face width. To make comparisons with the earlier analysis,
click Save Results Summary and enter Low Grade Yellow-
Poplar, 5.5x8 OF, 6-inch cant as the description.

Figure 8.4.15 shows the summaries for the 6.0- and 5.5-in.
opening face analyses. Using the narrower opening face
allowed us to produce an additional 92.1 bdft (6301.3 —
6209.2) from the 50 logs. This raised the Average Recovery
per Log to 126.0 bdft. As expected, the increase in sawn
lumber volume resulted in a decrease of chip volume and
weight and a slight increase, 3.5 ft, in sawdust volume (Fig.
8.4.16). Overall, the reduction in opening face resulted in a
profit increase of $36.73 ($397.56 — $360.53; Fig. 8.4.17). It
is interesting to note the decrease in Total Residue Value
caused by the reduction in chip volume/weight, as well as
the increase in processing cost caused by the extra boards
sawn (Fig. 8.4.17).

8.5: Batch Sawing (Novice) Profit/Loss
Analyses

LORCAT’s Profit / Loss Analysis, whether in novice or
expert mode, operates by creating a set of logs that cover a
wide range of diameter classes within each log grade, from
the minimum diameter allowed for the log grade to the
maximum normally observed, typically 30 in. For each
diameter class, LORCAT creates 10 logs for each inch, with
SEDs separated by 0.1-in. increments, e.g., 10.1, 10.2, 10.3,
etc. The LED is determined using the observed taper
distribution for that diameter class, log grade, and tree
species using the data collected to develop the Forest
Service log grades (Wood and others 2020). Figure 8.5.1
shows the beginning of the Logs and Results section,
specifically the first 13 logs of a Profit / Loss Analysis for
Forest Service log grades. For analysis with Forest Service
log grades, LORCAT creates a 470-log sample, whereas
clear-face log grade analyses use a 730-log sample. Given
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Figure 8.4.9—First 14 rows of the sawing results (Board Count, Estimated Sawing Time, Total Recovery,
and the NHLA grade recovery) in the Logs and Results section of the Batch Sawing (Expert) tab.

Residue

Chip Sawdust Bark Chip Sawdust Bark
Volume Volume Volume Weight Weight Weight

===== Cubic Feat -—==-- ===== POUnds -—---
19.8 4.3 9.6 254.4 63.6 Bl.4
22.4 5.9 10.8 287.4 87.2 91.6
12.5 3.5 8.4 161.0 51.7 71.3
13.9 3.8 8.7 178.9 55.4 73.9
21.7 7.0 11.3 278.7 102.5 96.5
19.1 4.7 9.8 245.0 69.0 83.2
17.3 3.8 9.0 221.8 56.2 76.8
11.8 2.5 7.4 152.0 36.2 63.3
17.3 4.6 9.6 222.6 67.5 81.4
19.7 4.7 9.8 253.2 69.4 83.8
22.1 6.7 11.2 283.5 98.4 95.5
12.3 3.8 8.6 158.0 56.2 73.0
23.2 6.0 10.9 298.3 87.9 92.5
12.4 3.2 8.1 158.9 47.6 69.2

Figure 8.4.10—First 14 rows of the Residue area in the Logs
and Results section of the Batch Sawing (Expert) tab.

Figure 8.4.11—First 14 rows of the Revenue Cost Analysis section
showing product values, costs, and profit in the Logs and Results
section of the Batch Sawing (Expert) tab.
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Low Grade Yellow-Poplar, 6x8 OF, 6-inch cant

Figure 8.4.12—Overview of batch summaries entry for the low grade yellow-poplar analysis.

Total Total Total

Product Cant Lumber Residue Total Log Processing Profit
Value Value Value Value Cost Cost Cost Loss
($) ($) ($) ($) ($) (%) ($) ($)

$2,398.27 $0.00 $2,190.12 $208.16 $2,037.74 $795.90 $1,241.84  $360.53

Figure 8.4.13—Product value and costs summary with overall profit/loss for the analysis in the Batch Summaries tab.

ing Setup

mbe
Sawing Variation
Kerf Thickness
Target Thickness
Lumber Thickness
Sawing Variation
Kerf Thickness
Target Thickness

Figure 8.4.14—Processing Setup for an analysis using
a narrower opening face width.

Summary Name

Low Grade Yellow-Poplar, 6x8 OF, 6-inch cant
Low Grade Yellow-Poplar, 5.5x8 OF, 6-inch Cant

Figure 8.4.15—Left-end of the Batch Summaries entry for the low-grade yellow-poplar analysis with either a 6-in.
opening face (top) or 5.5-in. opening face (bottom).

Figure 8.4.16—Summary of residuals for the analysis of the two simulation

runs (6-in. opening face (top) and 5.5-in. opening face (bottom)) in the Batch
Summaries tab.
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Total Total Total
Product Cant Lumber Residue Total Log Processing Profit
Value Value Value Value Cost Cost Cost Loss
($) (%) ($) ($) ($) ($) ($) (%)
$2,398.27 $0.00 $2,190.12 $208.16 $2,037.74 $795.90 $1,241.84 $360.53
$2,454.12 $0.00 $2,249.69 $204.44 $2,056.16 $795.90 $1,260.26 $397.96

Figure 8.4.17—Product value and costs summary with overall profit/loss for the analysis of the two simulation runs
(6-in. opening face (top) and 5.5-in. opening face (bottom)) in the Batch Summaries tab.

Small Large
End End Log Log
Diameter Diameter Len Grade Species

13.00 13.30 12 Factory-1 ROAK
13.10 16.21 12 Factory-1 ROAK
13.20 16.12 12 Factory-1 ROAK
13.30 17.60 12 Factory-1 ROAK
13.40 15.02 12 Factory-1 ROAK
13.50 16.31 12 Factory-1 ROAK
13.60 17.43 12 Factory-1 ROAK
13.70 17.55 12 Factory-1 ROAK
13.80 14.64 12 Factory-1 ROAK
13.90 17.49 12 Factory-1 ROAK
14.00 18.95 12 Factory-1 ROAK
14.10 18.71 12 Factory-1 ROAK
14.20 16.98 12 Factory-1 ROAK

Figure 8.5.1—Segment of the log sample created by LORCAT for a Batch Sawing

(Novice) profit/loss analysis.

the size of these log samples, a Profit / Loss Analysis can
take several minutes to complete.

The replication of logs within each diameter class was
designed to allow users to see if all, none, or some within a
diameter class were likely to make a profit. Users then can
gauge their own risk for a particular log grade—diameter
combination. For example, if most of the logs within a
diameter class for a given log grade were sawn at a loss,
then the likelihood of making a profit on those logs in your
sawmill is low.

The first step in performing a Profit / Loss Analysis is to
enter the Processing Setup of the mill. For this example, we
preferred novice mode for the Profit / Loss Analysis;
therefore, we enabled novice mode in the Setup tab (Fig.
8.5.2).

We used the same settings that were used for our novice
interactive analysis (Section 8.1: Interactive Sawing
(Novice)) with the exception that we are not going to saw
the 6- by 4-in. cants, but we will saw a cant that is 6 in high
and allow the width to vary by entering a width of 0 to
produce 1-in.-thick lumber. As before, we used a grade-
sawing approach to produce a dried lumber thickness of 1
in. with a standard green allowance of 0.125 in. We used a
saw blade with a kerf of 0.125 in. and 0.035 in. of total
sawing variation. When these processing variables are
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entered into LORCAT, the Processing Setup section of the
Batch Sawing (Novice) tab will look like that shown in
Figure 8.5.3.

The next step is to specify the operating cost, log cost, and
market prices for the lumber to be sold based on NHLA
lumber grades. For this example, we used the Lumber
Volume-Based costing approach (Fig. 8.5.4). Our mill
produces 3,500 bdft of lumber per hour, on average, based
on the fact that our mill produces approximately 8 Mbdft of
lumber per year (8 Mbdft/2,250 h/year; Fig. 8.5.2). Based on
our accounting, we specified an hourly operating cost of
$1,500. LORCAT then calculated the Operating cost per
1000 bdft sawn as $428.57. We sawed red oak, and we used
Forest Service factory log grades with a specified cost of
$303, $202, and $101 per 1,000 bdft (International 1/4
scale) for Factory 1, Factory 2, and Factory 3, respectively
(Fig. 8.5.5). The market prices of 1-in.-thick, green red oak
lumber in this example were $935, $920, $886, $643, $490,
$440, and $400 for FAS, F1F, SEL, 1C, 2C, 3A, and 3B per
thousand board feet, respectively (Fig. 8.5.6).

A Profit / Loss Analysis is always performed for a single log
length (up to a maximum of 16 ft), as shown in Figure 8.5.7
where we used 12 ft. Restricting the analysis to one length
requires 470 logs and 730 logs for Forest Service log grades
and clear-face log grades, respectively. When multiple
lengths are allowed for the Profit / Loss Analysis, the
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Reset Options
Setup
Operating Mode PR
About Modes
Novice
Log Scaling Method:|nternational 1/4
Preferred Grade Recovery Prediction Model: Revised |
Hourly Production oo
Average bdft volume sawn / hour Sawing Time

Figure 8.5.2—Setup tab showing selection of novice mode.

Proce g Setup

6.000

0.000

0.125

Lumber Thickness 1.000
Sawing Variation 0.035
Kerf Thickness 0.125
arget Thickness 1.194
GRADE

Figure 8.5.3—Processing setup used for the example in
the Batch Sawing (Novice) tab for a profit/loss analysis.

Lumber Volume-Based

Use operating cost from "Operations Costs" sheet? [ NO |

Average Lumber Sawn volume/hour (from "Setup” tab) V]| 3500/bdft / hour
Utilization rate of equipment (100%;80%;60%;40%) 100

Operating cost from Operation Costs sheet 23.22/$ / hour
Operating cost, directly specified V] 1500.00($ / hour
Operating cost per 1000 bdft sawn V] 428.57|%

Figure 8.5.4—Segment of Setup tab showing the specification of Lumber Volume-Based operating cost.

Log Costs per Thousand bdft International 1/4

Species Factory-1 Factory-2 Factory-3 Construction
ROAK 303 202 101 75

Figure 8.5.5—Specification of red oak log costs in the Costs tab.

Green Lumber Prices (prices per thousand bdft)
Species Thickness FAS F1F SEL ic 2C 3A 38
ROAK 1| 935| 920| 886| 643 490 440 400|

Figure 8.5.6—Market prices of 1-in.-thick green red oak lumber as entered into the Costs tab.
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Log Size Distribution Setup

12
USFS Log Grades

Generate Data

Update Setup

Run Analysis

Profit / Loss Analysis

Figure 8.5.7—Setup options chosen for our Profit / Loss Analysis as entered into the
Log Size Distribution Setup matrix of the Batch Sawing (Novice) tab.

number of samples to be processed gets too large. Running
the analysis over all log lengths would require 2,250 logs for
Forest Service log grades and 3,650 logs for clear-face log
grades, which would exceed the maximum sample size of
1,000 logs per simulation that LORCAT can perform. To
examine multiple log lengths, a separate Profit / Loss
Analysis needs to be conducted for each log length.

After selecting the length of the logs to be processed, the
Log Grade, species, and log grading system, either Forest
Service log grades or clear-face grades, to be used in the
analysis must be selected. In our example, we used USFS
Log Grades as shown in Figure 8.5.7. All the other input
data into the Log Size Distribution Setup matrix of the Batch
Sawing (Novice) tab (e.g., Log Sample Count, Mean Small
End Diameter, Mean Taper, and Log Grade) do not need to
be updated because the Profit / Loss Analysis does not use
these data from the matrix but instead uses its own
specifications.

When the Processing Setup (Fig. 8.5.3), operating costs
(Fig. 8.5.4), Log Costs (Fig. 8.5.5), Green Lumber Prices
(Fig. 8.5.6), and Log Size Distribution Setup (Fig. 8.5.7)
have been configured as shown, you are ready to click the
Profit / Loss Analysis button from the Batch Sawing tab
(Fig. 8.5.7). To perform the Profit / Loss Analysis, LORCAT
needs to clear all data from the Logs and Results section in
the Batch Sawing (Novice) tab. Before clearing the data,
LORCAT will ask if this is okay. After this is accepted, the
run starts, which can last several minutes. This will not only
block spreadsheet programs but the computer may also
respond sluggishly to any other command.

Figure 8.5.8 shows the Logs and Results section from the
Profit / Loss analysis without the Board Width Distribution
Summary. The results are in the same format as those from
the batch analyses (Sections 8.3: Novice Batch and 8.5:
Batch Sawing (Novice) Profit/Loss Analyses). For a Profit /
Loss Analysis, two sections are important: the orange
section that lists the log diameters and grades and the green
section that reports the costs, revenue, and profit for each
log. Figure 8.5.9 shows these sections for the 10- through
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12-in. SED Factory 2 logs. Profit Loss in the Revenue Cost
Analysis section in the Batch Sawing (Novice) tab (the green
column in Fig. 8.5.9) is the difference between total revenue
and total costs. The results should be examined for logs that
resulted in a loss or a minimal, unacceptable profit after
sawing. For example, for the 10-in.-diameter class logs,
every log resulted in a loss of $3.79 or more. For the 11-in.-
diameter class logs, only the 11.9-in.-diameter log resulted
in a profit ($0.61; Fig. 8.5.9). Thus, if the goal is to
maximize profit for the sawmill, these grade—diameter class
combinations should be avoided. Instead, the grade and
diameter class combinations that resulted in higher profits
should be maximized.

8.6: Defining Operation Costs

Some mills know their operating costs as a Sawing Time-
Based, Lumber Volume-Based, or Log Volume-Based cost
from their own calculations. However, some operations may
not have much information about their cost structure. For
this reason, LORCAT allows users to calculate their
operating costs on the Operation Costs tab. This example
explains the default values contained in LORCAT 4.00 that
mimic a two-person mobile bandsaw operation.

Figure 7.2.1 shows the Operation Costs tab in LORCAT
4.00, starting with /nput Data on Row 1. Figure 8.6.1 shows
the Input Data section (Rows 1 to 11) of the Operation
Costs tab. Column B lists the input data description, starting
with space requirement for your operation. A mobile
bandsaw operator might not need a space for his or her
operation that is owned or rented; therefore, such an
operation may have no square footage to enter and also may
not have anything to enter into Row 3, cost of space per
year per sqft. The next row (Row 4) is where the amount of
energy the operation consumes per hour is entered. In our
case, we estimated that we used 1 gallon of diesel fuel per
hour under normal operating conditions. Row 5 asks for the
price paid per unit of energy. For our example, we entered
about $4.00 per gallon. You also have to enter how the usage
of energy fluctuates with the capacity utilization of the
machines (Row 6), e.g., when the machine is idle or not
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Figure 8.5.8—Partial overview of the Logs and Results section from our Profit / Loss Analysis in the Batch Sawing

(Novice) tab.

Figure 8.5.9—Detail of the Profit /Loss Analysis results from the Batch Sawing (Novice) tab.

A B C D

1 Input Data Source of Calculation or Formula Unit

2 | space requirement layout sqft 0
3 costof space per year per sqft company accounting $/sqft $0.00
4 machine energy consumption per hour users' manual, company information kWh, gal, t 1
5 | cost of energy per hour market prices $/kWh, gal, t $4.00
6 fixed energy cost as % of total energy costs company accounting % 10
7 | depreciation period (straight line depreciation) IRS years 10
8 |assumed interest rate company information % 5
9 | estimation of start-up and training costs percentage of purchase price incl. installation |% 5
10  estimated labor overhead costs (benefits) percentage of total labor costs % 50
11 |total working hours per year company information hours 1801

Figure 8.6.1—Input Data (Rows 1 to 11) in the Operation Costs tab.

fully used because of low-capacity utilization. Row 7 asks
for the depreciation period of the machine(s), which can be
according to the IRS or based on your own estimate.
LORCAT then will use straight-line depreciation for your
investment in equipment. Row 8 asks for assumed interest
rate, Row 9 asks for estimation of start-up and training costs
as a percentage of purchase price and installation, and Row
10 asks for estimated labor overhead costs, e.g., what is
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added to the base pay of worker’s pay, which should, at a
minimum, include benefits. Finally, Row 11 asks for total
number of hours the operation is running per year.

In Labor Requirements (Fig. 8.6.2; Rows 12 to 15), you are
asked to enter the total number of employees (including
yourself) working in the operation. For ease of use,
LORCAT distinguishes only between skilled, unskilled, and
supervising employees. Part-time employees can be entered
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12 |Labor Requirements

13 |# of skilled operators (employee)
14  |# of unskilled operators (employee)
15  |# of supervising employees

company information
company information
company information

‘pe rson(s) 1
person(s) 1
person(s) 0

Figure 8.6.2—Labor Requirements (Rows 12 to 15) in the Operation Costs tab.

as fractions. Our example operation employed two persons,
the owner and one employee.

In the next section, Labor Costs (Fig. 8.6.3; Rows 17 to 22),
employee costs and cost benefits are entered (skilled,
unskilled, and supervisor). In our example, the owner was
listed as a skilled operator and the helper was listed as an
unskilled operator. If there is more than one person in any
position (skilled, unskilled, or supervisor), their salaries
should be averaged and this average should be entered in the
orange cells on Rows 17, 19, and 22 in Column E. The
benefits of all the employees are calculated automatically
from the input in Row 10 (estimated labor overhead costs
(benefits); Fig. 8.6.1).

Rows 23 to 26 deal with /nvestment as shown in Figure
8.6.4. In Row 24, you can enter the total investment costs of
your equipment, i.e., the total sum of all investments into all
your equipment including transport and installation.
LORCAT will then automatically add your start-up and
training costs that were entered into Row 9 (estimation of
start-up and training costs).

Figure 8.6.5 shows, starting with Row 27, the Operation
Cost: Labor per Year. These costs are calculated based on
the input previously given but are divided into Fixed and
Variable costs. Fixed costs are any expenses that stay the
same no matter how much the company produces, whereas
variable costs are any expenses that change with the amount
of products that a company produces. For example, labor
costs are typically viewed as variable costs because an
employee can be laid off, whereas depreciation of assets are
Fixed because depreciation accumulates whether a product
is being produced or not. For the example, we assumed that
the owner (skilled) and the helper (unskilled) will forgo
their pay if no work is being conducted. Hence, LORCAT
4.00 enters the Operating Cost: Labor per Year into the Cost
Type Variable in Rows 28 to 30 with the total being shown
in Total labor cost on Row 31.

Operating Cost per Year is assembled in Rows 32 to 38
(Fig. 8.6.6). We estimated annual expenses for tools, blades,
and jigs to be $2,400 as a variable cost because those costs
only occur if the mill is indeed producing products. One
could also argue that part of the variable costs for tools,
blades, and jigs could be fixed costs because some of those
tools, blades, and jigs are being used whether products are
being produced or not. This example shows that judgment
must be used to make these calls depending on the situation.
Energy costs were divided based on our original assumption
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in Row 6 that fixed energy makes up 10% of total energy
costs, and the respective amounts were entered into Rows 35
(fixed) and 36 (variable) in Figure 8.6.6.

Figure 8.6.7, showing Rows 39 to 42, deals with the Capital
Cost per Year of the operation. Row 40 calculates the annual
depreciation, and Row 41 calculates the annual inferest of
any investments. The sum of the operation's Total capital
cost in shown in Row 42.

Rows 43 to 46 (Fig. 8.6.8) calculate the Overhead and
Miscellaneous Cost per Year. Production overhead costs
(Row 44) are manufacturing overhead costs that cannot be
directly attributed to an individual cost object or product
such as costs for auxiliary materials, auxiliary wages,
auxiliary materials, or other costs. Miscellaneous cost (Row
45) are any costs that your operation incurs that are not
attributable to any other cost listed in this Operation Costs
tab. For the example, we decided to forgo any estimation of
production overhead or miscellaneous cost, fixed and
variable. Hence, the Total overhead and miscellaneous cost
is zero (Row 46).

Figure 8.6.9 shows the sum of the mill’s Cost Allocation,
both fixed (Row 48) and variable (Row 49). According to
these numbers, this mill incurred $9,482.90 fixed costs and
$136,883.60 variable costs per year, of which $127,500.00
were labor costs.

Figure 8.6.10 shows the Equipment Operating Cost per
Hour and the Total Equipment Cost per Working Hour
(Rows 50 to 61). Row 51 shows that the variable cost was
$76.00 per hour. Our fixed cost was dependent on the
utilization of the mill and was $5.27 per hour when the mill
was being fully utilized (100%; Row 53) and was $13.16
per hour when the mill was only 40% utilized (Row 56).
Rows 57 to 61 give the total cost of using the mill at a
specific utilization level. In our example, values ranged
from $81.27 for the 100% utilization level (Row 58) to
$89.17 for the 40% utilization level (Row 41).

9: Troubleshooting Simulations

Some of the benefits of using simulation are that it can help
identify potential issues in the operation as well as
opportunities for improvement. For example, if the LRF is
lower than expected on some or all logs in the simulation,
there are several potential reasons ranging from a typo in the
sawing parameters in the simulation to an inefficient
process. Identifying and correcting such issues outside of
normal processing will lead to an improved understanding
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16 |Labor Costs

17  |labor cost skilled employee company accounting $/ year $50,000.00

18  |cost benefits skilled employee =#1Tx(#10/100) $ [ year $25,000.00

19 |labor cost unskilled employee company accounting $ / year $35,000.00

20 |cost benefits unskilled employee =#19x(#10/100) $ / year $17,500.00

21 |supervisor cost company accounting 5/ year $65,000.00

22 |cost benefits supervisor =#21x(#10/100) $ [ year $32,500.00
Figure 8.6.3—Labor Costs (Rows 16 to 22) in the Operation Costs tab.

23 |Investment

24 |purchase price incl. transport and installation final invoice $ $55,000.00

25 |cost of start-up and training =H#9 x#24 $ $2,750.00

26 (Total investment =H24+#25 $ $57,750.00
Figure 8.6.4—Investment (Rows 23 to 26) in the Operation Costs tab.

| Cost Type |

27 |Operating Cost: Labor per Year Fixed Variable

28  |total skilled employee cost =#13"(#17+#18) $75,000.00

29  |total unskilled employee cost =#14"(#19+#20) $52,500.00

30 |total supervisor cost =H15"(#21+#22) $0.00

31 |Total labor cost =H#28+#29+#30 $0.00 $127,500.00
Figure 8.6.5—Operating Cost: Labor per Year (Rows 27 to 31) in the Operation Costs tab.

32 |Operating Cost per Year

33 [tools, blades, and jigs estimation $0.00 $2,400.00

34 |space cost =H2xH#3 $0.00

35  [fixed energy cost =HAxH5x(#6/100)x#11 $720.40

36 |variable energy cost =HAx#5x%(1-(#6/100)x#11 $6,483.60

37 |maintenance cost estimation $100.00 $500.00

38 |Total operating cost =HIZHHIA+HIS+HHI6+#3T $820.40 $9,383.60
Figure 8.6.6—Operating Cost per Year (Rows 32 to 38) in the Operation Costs tab.

39 |Capital Cost per Year

40  |depreciation =H26%(1/#7) $5,775.00

41 linterest =#26x(#8/100) $2,887.50

42 |Total capital cost =#40+#41 $8,662.50
Figure 8.6.7—Capital Cost per Year (Rows 39 to 42) in the Operation Costs tab.

43 |Overhead and Miscellaneous Cost per Year

44 |production overhead estimation $0.00 $0.00|

45 |miscellaneous cost estimation $0.00 $0.00|

46 |Total overhead and miscellaneous cost =H44+#45 $0.00 $0.00
Figure 8.6.8—Overhead and Miscellaneous Costs per Year (Rows 43 to 46) in the Operation Costs tab.

47 |Cost Allocation

48 |Total fixed cost per year =H31+#38+#42+3#46 $9,482.90

49 |Total variable cost per year =H31+H#38+#42+7#46 $136,883.60
Figure 8.6.9—Cost Allocation (Rows 47 to 49) in the Operation Costs tab.
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50 |Equipment Operating Cost per Hour

51 variable cost (quantity-dependent) =#49/#11 $76.00
52 [fixed cost (time-dependent) at % utilization

53  |100% utilization level =#48/#11 $5.27

54  |80% utilization level =#48/(#11x0.8) $6.58

55 |60% utilization level =#48/(#11x0.6) $8.78

56 |40% utilization level =HAB/(#11x0.4) $13.16

57 |Total Equipment Cost per Working Hour

58 |100% utilization level =#51+#53 $81.27
59  (80% utilization level =#51+#54 $82.59
60 (60% utilization level =#514#55 $84.78
61 [(40% utilization level =#51+#56 $89.17

Figure 8.6.10—Equipment Operating Cost per Hour (Rows 50 to 56) and Total Equipment Cost per Working Hour (Rows 57 to

61) in the Operation Costs tab.

of the processing methods and an improvement in mill
efficiency and profitability.

The following are several common problems that may be
apparent when performing interactive or batch simulation
analyses in LORCAT 4.00. For each problem, we offer
potential causes that depend on the particular setup.

e LRF lower than expected

o An oversized opening face width or an opening
face too wide for a log with a small SED

o Long opening face length on a short log or a log
with a high degree of taper

o An above average kerf thickness or an error in the
specification, e.g., 1.25 instead of 0.125

o An above average sawing variation or an error in
the specification, e.g., 0.30 instead of 0.030

e Aloss or very low profit

o Can be related to a low LRF (see potential causes
for low LRF)

o Incorrect (low) prices for lumber

Incorrect (high) prices for logs

o Incorrect (high) processing cost (See potential
causes for high processing cost)

o If a sawing time-based processing cost was used
and the sawing time per log is high, then hourly
throughput will be lower and the associated cost
per log will be high. To correct, examine and adjust
sawing time. Section 6: Customizing LORCAT
gives more information.

e No cant was sawn

o Cant dimensions were too large for the log
diameter

o Log diameter coupled with board thickness or an
oversized opening face width does not leave
enough log area after slabbing and boards to
produce cant

o Cant height or cant width is 0

e No recovery or value by NHLA grade

o Ensure that the length and SED of the log meets the

minimum size requirements for the grade (check

(@)
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the LORCAT status window for a warning or error
message)

o Grade recovery can only be projected for logs up to
16 ft long

o The original grade recovery prediction method uses
the data as published by the Forest Service (Hanks
and others 1980). These data have gaps and do not
cover all diameters for all species. Thus, logs not
included in the original Forest Service data will not
have projected grade recovery. The revised method
includes projected grade yields for all diameters.
Section 6: Customizing LORCAT gives more
information.

Processing cost(s) for analyses higher than expected

o Verify that the correct operating cost method and

the correct costs and values were entered
on the Costs tab

o If sawing time-based or lumber volume-based
costing was used, verify that the hourly production:
average board feet volume sawn per hour is correct
on the Setup tab.

Warning message: “Log diameter is less than minimum

diameter for the log grade”

o The Forest Service log grades have minimum SED
requirements to make each grade. These
requirements are shown in Table 9.1.

Warning message: “Current log has excessive taper”

o LORCAT shows this warning whenever there are 6
in. or more of taper present in the log being
processed. Although LORCAT will process this log
without any issues, this amount of taper is
uncommon and should be verified.

Table 9.1—Minimum small-end
diameters (SED) for Forest Service log

grades

Minimum SED
Forest Service log grade (in.)
Factory 1 13
Factory 2 10
Factory 3 8
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10: Glossary

1 Common: Quality grade for lumber as specified by
NHLA. A grade for medium quality, standard hardwood
lumber that is widely used in the manufacture of furniture
and kitchen cabinet parts (NHLA 2019, AHEC 2017).

2A Common: Quality grade for lumber as specified by
NHLA. A lower quality, standard hardwood lumber grade
that is often referred to as the economy grade because of its
price and suitability for a wide range of furniture parts. It is
also the grade of choice for the U.S. hardwood flooring
industry (NHLA 2019, AHEC 2017). Must yield 50% of its
surface area in clear cuttings.

3A Common: Quality grade for lumber as specified by
NHLA. A standard hardwood lumber grade that has 33.3%
of its surface area in clear cuttings (NHLA 2019). A lower
quality, economically priced lumber grade commonly used
for utility products such as crates, palettes, fences, etc.

3B Common: Quality grade for lumber as specified by
NHLA. A standard hardwood lumber grade that has 25% of
its surface area in clear cuttings (NHLA 2019). A lower
quality, economically priced lumber grade commonly used
for utility products such as crates, palettes, fences, etc.

Bark: The outer protective covering of trees. A byproduct or
residue of sawmills. Often sold to specialized processors,
burned for biofuel, or used for landscaping.

Cant: In LORCAT, it is the center section of a log, sawn on
at least two faces. A cant can be produced to a dimensional
size, such as 4 by 6 in., or to a thickness, such as 6 in. and a
variable width. In LORCAT, variable width cants are resawn
into lumber according to the specified sawing parameters.

Chips: Small pieces of wood formed by cutting or chipping
slabs or edgings. In LORCAT, these are produced from slabs
and edgings. Woodchips may be used for biofuel or for
producing wood pulp.

Diameter Class: Categorification of logs by scaling or
small-end diameter, typically by 1-in. groups, e.g., a 12-in.
diameter class would include all logs with diameters from
12.0 to 12.99 in.

Doyle: The most widely used log scaling rule, especially in
the eastern United States. This log rule was first published
in 1837. Doyle is considered to be the least accurate at the
small-to-medium range of diameters because of a deduction
for waste that is excessive in small logs (Cassens 2001).

Equipment Utilization Rate: Expresses the ratio of total
hours used to total hours available as a percentage. Used to
adjust fixed costs, i.e., costs that do not change regardless of
the sales or production volume of the business.

Expansion Factor: A multiplication factor that is used to
calculate the volume of chips or sawdust that would be
produced if a solid block of wood was converted to these
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products. For example, an expansion factor of 2.86 means
that if 1 ft* of solid wood was chipped, it would produce
2.86 ft3 of chips.

F1F (FAS One Face): Quality grade for lumber as specified
by NHLA. The better face must meet all FAS requirements,
whereas the poorer face must meet all the requirements of 1
Common grade, thus ensuring the buyer with at least one
FAS face (AHEC 2017). A standard hardwood lumber grade
(NHLA 2019).

Face: During log grading and sawing, the log surface is
divided into four equal segments referred to as a face (Fig.
10.1) (Rast and others 1973).

Figure 10.1—The four equal segments referred to as faces
that are sawn off a log during processing.

FAS: Quality grade for lumber as specified by NHLA. The
highest quality standard hardwood lumber grade. The name
comes from the previous NHLA grades “Firsts and
Seconds” (NHLA 2019). This grade is best suited for high
quality furniture, interior joinery, and solid wood mouldings.
The minimum board size is 6 in. and wider and 8 ft and
longer (AHEC 2017).

Fixed Cost: Cost that the business incurs irrespective of the
sales or production of the business.

Green Allowance: Specifies the additional thickness to be
sawn per inch such that when the board is dried (and hence
shrinks), the final thickness is the desired thickness.

Head Rig: The main saw in the sawmill that saws logs into
lumber and cants. Head rigs can use either a bandsaw or a
circular saw.

International Y4: A log rule that was developed in 1900 by
Judson Clark (Cassens 2001). It is considered to be one of
the more accurate of the current log rules. However, it is
also one of the least used rules.

Log Volume-Based: Bases the operating cost on the
average volume (International 1/4, Scribner, or Doyle) of
logs sawn per hour.

Lumber Volume-Based: Bases the operating cost on the
average board feet of lumber sawn per hour.

Opening Face Length: Specifies the target length of the
first board that is sawn from a log face. Typically, the
opening face length is 8 ft. On lower quality log faces that
are unlikely to make a FAS board, the opening face length is
sometimes shortened to 6 ft.
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Opening Face Width: Specifies the target width of the first
board that is sawn from a log face. An opening face that is
too wide for the log diameter will result in a thick slab and
lower lumber recovery. Too narrow an opening face width
will often result in high quality lumber that is too narrow to
make the higher NHLA grades.

Operating Cost: The cost of running a sawmill to produce
lumber and other products. Operating cost can be based on
sawing time, lumber volume, or log volume.

Residue: Typically, the materials that remain when a log has
been sawn into lumber at the sawmill. In the context of
LORCAT, residues are bark, sawdust, slabs, and edgings.
LORCAT further simulates the chipping of slabs and
edgings into chips. In some mills, these are used for
bioenergy, and in other mills, these are sold to specialized
processors.

Saw Kerf: The thickness of wood removed by the saw
blade during the sawing process.

Sawdust: The wood dust created by the saw blade during
the sawing process. This type of residue is commercially
sold by the ton.

Sawing Time-Based: Bases the operating cost on the
estimated amount of time needed to saw a log. Sawing time
is estimated using the scaling diameter, length, and grade of
the log. This method is based on mill timing studies by
Adams (1984).

Sawing Variation: The degree of deviation from a specified
target lumber thickness incurred during the sawing process
(Brown 2000). Two measurements of sawing variation exist:
within-board and between-board variation. The two together
combine to report total sawing variation, commonly referred
to simply as sawing variation.

Scribner: A log rule first published in 1846. Scribner
Decimal C is the most prevalent form of the rule. The rule
rounds the predicted volume to the nearest 10 bdft (Cassens
2001).

Selects: Quality grade for lumber as specified by NHLA
(2019). This grade is virtually the same as F1F except for
the minimum board size required. Selects allows boards 4
in. and wider and 6 ft and longer (AHEC 2017).

Taper, Full: Sawing method in which logs are sawn parallel
to the outside faces of the log (Hallock and others 1978).
Thus, the grain is parallel to the board surface in the
resulting boards, making the lumber stronger in general than
split-taper sawn lumber.

Taper, Split: Sawing method in which the taper of the log is
split between opposite faces and the log is sawn parallel to
its central axis (Hallock and others 1978). This sawing
method has the potential to produce shorter boards, if the
amount of taper is large enough, yet increase the recovery of
lumber.
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Target Thickness: Green sawn lumber thickness that is the
sum of the desired final lumber thickness, green allowance,
and sawing variation. The target thickness is calculated to
account for shrinkage caused by drying and for variation in
sawn thickness such that the number of scant boards
produced is minimized.

Variable Cost: Cost that the business incurs based on the
number or volume of goods produced.
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