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Summary 
 
To develop a method for establishing a fibre budget in a sawmill, we selected a sample of stems and had 
it converted into lumber. We also took advantage of this opportunity to pursue this exercise somewhat 
further by quantifying volume and value recoveries for the sample, as well as the various performance 
indicators used to monitor the lumber manufacturing process. 
 
A specialized company measured and weighed the stem sample to determine mass/volume ratios. The 
stems were then bucked and debarked, and we recovered all resulting products and by-products to 
measure and weigh them, and develop the different bucking ratios. The debarked logs were sawn in a mill 
and, as for bucking, all resulting products and by-products were quantified, weighed and classified. We 
used all product and by-product volumes or weights to generate the various indicators used to monitor 
operations and process performance. 
 
With products and by-products suitably quantified, we introduced product values, which allowed us to 
determine the value of all products and by-products generated from the conversion of a given log or stem 
sample. In addition to making it easier to control production value, these performance indicators can be 
used to compare values generated from similar samples with modified production criteria, or different 
samples processed through the same production criteria. The ultimate objective is to measure the effects 
of changes in the resource or the sawmilling process. 
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1 Objective 
 
The objective of this project was to detail a method for lumber manufacturers to conduct their own fibre 
audits in sawmills. The method was also to be used to validate key performance indicators in addition to 
providing a simple and practical guide for performance assessment. 
 

2 Introduction 
 
Lumber recovery (in bf/m³) and consumption factor (in m³/Mbf) are the most commonly used indicators 
to control the efficiency of the lumber manufacturing process, but there are others, as shown in Table 1.  
 

Table 1  Definitions of major performance indicators in a sawmill 
 

Performance indicators  Definitions Units 

Wood supply volume  Annual net merchantable volume allocated to a mill m³/year 

Mass/volume ratio  Green weight per cubic metre of merchantable wood 
supply  gmt/m³ 

Processed log volume Solid volume of logs fed into production lines m³ 

Sawmill production Volume of lumber produced by the sawmill (in board 
feet)  bf 

Consumption factor  Volume of merchantable wood used to produce 1 Mbf 
of rough lumber m³/Mbf 

Lumber recovery Volume of rough lumber produced per cubic metre of 
logs bf/m³ 

Chip factor Number of bone-dry metric tons of chips generated per   
Mbf of rough lumber bdmt/Mbf 

Sawdust factor Number of bone-dry metric tons of sawdust generated 
per Mbf of rough lumber bdmt/Mbf 

Bark factor Number of green metric tons of bark generated per 
Mbf of rough lumber gmt/Mbf 

 
While some manufacturers successfully conduct tests to quantify various production indicators from sawn 
samples, others have not been able to generate the required information; for a variety of reasons, even 
with much effort, tests lead to results considered unrepresentative, as they fail to reflect the mill’s process 
or actual conditions.  
 
Periodic sawmill assessments are necessary to determine fibre utilization, quantify round wood 
conversion efficiency, and validate volume, grade and value recovery factors. The methods used to 
develop this information are relatively simple. They require extreme care, however, and flawless attention 
to detail. Shortcuts introduced for the sake of time or convenience usually have a negative effect on the 
accuracy and validity of the results. 
 
Some mills report volume discrepancies of 10 to 15% between volumes of round wood harvested in the 
forest and volumes processed at the mill. Such discrepancies represent from $2.5 to 4 million for a 
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400,000-m³ capacity mill. Obviously, the reasons for and causes of such discrepancies should be clarified. 
Forintek’s Sawmill Improvement Program has also shown that simple periodic monitoring assessments of 
performance indicators lead to a better understanding and appreciation of the process, and provide an 
incentive to improve it.    
 
 

3 Technical Team 
 
Yvon Corneau Group Leader, Lumber Manufacturing Technology 
Pierre Bédard Project Leader, Lumber Manufacturing Technology 
Francis Fournier Project Leader, Lumber Manufacturing Technology 
 
Ghislain Veilleux Technician, Lumber Manufacturing Technology 
Yves Giroux Technician, Lumber Manufacturing Technology 
Luc Bédard Technician, Lumber Manufacturing Technology 
 
 

4 Fibre Audit Method 
 
4.1 Sampling, Measuring and Bucking 
 
4.1.1 Stem Sampling 
 
This fibre audit was based on a sample consisting of 172 stems with stump height diameters (SHD) 
ranging from 8 to 40 cm. We selected approximately 10 stems per SHD class from a sample of stems 
being measured as part of another project underway at the mill. The sample retained for the fibre audit 
was not representative of the mill’s wood supply but it served to develop a detailed method on how to 
conduct a fibre audit, a project for which sample representativity was not essential. By eliminating the 
need for selecting and measuring another sample, this approach led to significant time and labour savings.  
 
Under normal conditions, the sample should be as representative as possible of the mill’s wood supply. 
Diameter distribution should be identical to stem distribution, and the average stem volume should also 
be close to the actual average.   
 
4.1.2 Mass/Volume Measurement 
 
Dendrotik, a company specializing in forest measurements, conducted stem measurement. Stem diameters 
were measured under the bark at stump height, at one-metre intervals along the stem up to the minimum 
merchantable diameter, and at 0.1-metre intervals up to the minimum usable diameter. All diameters were 
measured to the nearest 0.1 cm. In addition, the lengths and diameters of tree tops were measured to the 
nearest 0.1 cm. This part of the stem, which is not included in the merchantable volume, is typically used 
for chip production. 
 
The stem sample was then weighed on the mill's scales to determine its mass/volume ratio. Table 2   
shows the characteristics of the stem sample and the mass/volume ratio obtained. 
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Table 2  Mass/volume measurement  
 

 Volume 
(dm³) 

Weight 
(kg) 

Merchantable volume 61,865 - 

Additional volume 1,004 - 

Total volume - Total weight 62,870 39,970 

Stem mass/volume ratio (including bark) 636 kg/m³ 
 
The merchantable volume is the portion of the volume invoiced by the Quebec Ministry of Natural 
Resources and Wildlife (QMNR) under the timber measurement method used in Quebec. The additional 
volume is the non-merchantable portion of the stems, i.e. top ends under 10 cm in diameter. The 
mass/volume ratio is useful to estimate round wood deliveries on the basis of net weight measurements at 
the mill’s scales. This exercise should therefore be repeated frequently over a long period of time to 
determine a reliable ratio. One approach is to measure stem specimens in relation to loads being shipped 
in from the forest, and to weigh them to determine their mass/volume ratio. The ratio includes bark. 
 
4.1.3 Bucking 
 
When the stems had been measured and weighed, they were bucked into logs. At that stage of the test, it 
is critical to isolate the stem specimens, their products and by-products from regular production, which 
means emptying the buffer deck (for the stems) and all conveyors (bark, sawdust and chips). Let the 
conveyors run empty for a good five minutes to flush out their contents. Check all conveyors visually to 
make sure they are empty and there are no piece of wood or debris jammed anywhere. Also check the 
conveyors at the end of the test to ensure that all products have been recovered. 
 
You also have to recover the logs, log ends or chips as well as bark to measure and weigh them. Ideally, 
debarked logs should be recovered and moved to the yard for weighing and measurement. When 
measuring the butt logs, you should preferably take three measurements per log: one at the butt end, a 
second one metre from the butt end and one at the small end. This will minimize the effect of taper and 
generate a more accurate evaluation of log volume. Also recover and weigh the chips, bark and, if 
possible, sawdust.  Table 3 shows the results of the bucking test and the indicators that can be derived 
from this test. 
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Table 3  Bucking audit 
 

 Volume  
 (dm³) 

Volume 
(%) 

Weight   
(kg) 

Weight 
 (%) 

Mass/volume 
ratio 

(kg/m³) 
Merchantable volume  61,865 98.4 39,970 - 646  

Additional volume 1,004 1.6 - -  

Total sample  62,870 100.0 39,970 100.0  636 

Bark - - 3,010  7.5  

Logs 60,986 97.1 35,860 89.8 588 

Chips 1,836 2.9 1,080 2.7  

Sawdust - - - -  

Total products 62,822 100.0 39,950   100.0  
 
Several indicators can be developed from the bucking test. Stem measurements indicate an additional 
volume of 1.6%, and the logs obtained from the bucking operation amount to 97.1% of the total volume 
of the sample. Due to the small size of the sawlog sample, we were unable to recover the sawdust 
generated from bucking, but one could presume that that the 20 kg discrepancy between the total weight 
of the sample and the weight of the products is sawdust; in this case, however, this would not be very 
significant. As for the bark, the mass/volume ratio can be obtained by weighing the bark with a loader. 
 
Figures 1 and 2 illustrate fibre audits derived from the bucking test. The major mass/volume ratios can be 
calculated as follows: 
 

• Merchantable mass/volume = 39,970 kg ÷ 61.865 m³ stems = 646 kg/m³ 
• Total mass/volume = 39,970 kg ÷ 62.870 m³ stems = 636 kg/m³ 
• Log mass/volume = 35,860 kg ÷ 60.986 m³ logs = 588 kg/m³ logs (This ratio can be used to 

convert sawdust or chip weight into cubic metres).  
Bark
8%

Logs
89%

Chips
3%

 
Figure 1 Fibre audit from bucking test, based on stem weight 
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Logs
97%

Chips
3%

 
Figure 2  Fibre audit from bucking test, based on total stem volume 
 
4.2 In-mill Recovery Test 
 
The recovery test provides further information for the fibre audit in addition to allowing for the 
development of several key performance indicators for process control. Forintek’s Sawmill Improvement 
Program demonstrated that a better understanding of the process made for easier control and acted as a 
stimulus for improvement. Out-of-control periods were easier to detect, which led to faster corrective 
action.    
 
4.2.1 Measurement and Conversion of Log Specimens 
 
The logs obtained from the bucking test were moved back to the yard for accurate measurement. These 
were the logs we used to quantify all products and by-products resulting from the conversion operation. 
As with the bucking test, the first step is to ensure that the mill and all conveyors are empty. Before 
breaking down the log sample, it is advisable to validate the performance of the various pieces of 
equipment as well as the log and lumber scanners. You should typically check scanner calibration, 
optimization parameters, sawing accuracy and positioning systems at the different machine centres. You 
also need to provide for physically recovering the lumber, chips and sawdust in order to weigh them. 
 
Reset all scanner computers for logs (primary breakdown) and lumber (optimized trimmer), and record all 
data and production statistics relating to the recovery test. For easier lumber recovery, you can collect 
several sizes and lengths together to reduce the number of sorting bins required. As with the bucking test, 
we recommend an inspection of the mill before and after the test to ensure that nothing has been 
forgotten.   
 
There are two ways to proceed with the recovery test. The first method is to deal with the whole mill as 
one lot, which eliminates the need to monitor log sub-samples. This method does not detract from the 
results of the fibre audit, but it only provides production statistics for the whole mill. With the second 
method, you deal with one production line at a time; this involves more work, but it generates a wealth of 
information on individual production lines. In this case, you have to sort and colour-code the logs when 
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you measure them in the yard, feed them into the mill one lot at a time and retrieve all results for each lot 
(i.e., lumber, by-products and computer information). 
 
In this project, we chose to process all the sample logs in a single lot. The statistics on products and by-
products are shown in Table 4. The 60.986 m³ of logs yielded 16,400 bf of lumber, i.e. 269 bf/m³ on 
average, which gives a consumption factor of 3.72 m³ logs/Mbf. In actual volume, 16.4 Mbf represent 
33,776 dm³ of fibre, which gives a ratio of 2.06 m³ of fibre per Mbf. This ratio is rather difficult to 
quantify, but, once it has been determined, it eliminates the need to weigh the lumber. The fibre audit 
shown in Figure 3 indicates that we recovered about 55% of the volume of the logs as lumber, 34% as 
chips and the balance, 10%, as sawdust.    
 

Table 4  Fibre audit from recovery test, based on log volume 
 

 Volume  
 (dm³) 

Volume 
(%) 

Weight   
(kg) 

Weight 
 (%) Ratio 

Logs 60,986 - 35,860 - 588 kg/m³ 

Lumber (16.4 Mbf) 33,776 55.4 19,860 55.4 269 bf/m³ of logs 
2.06 m³ of lumber/Mbf 

Chips 20,867 34.2 12,270 34.2  

Sawdust 6,344 10.4 3,730 10.4  

Total sample 60,986 100.0 35,860 100.0  

 
The key ratios to be calculated are as follows: 
 

• Lumber recovery: 16,400 bf ÷ 60.986 m³ of logs = 269 bf/m³ of logs 
• Volume of fibre/Mbf: 33,776 dm³ lumber ÷ 16.4 Mbf = 2.06 m³ actual wood/Mbf  
• Ratio bf/m³ of lumber: 16,400 bf ÷ 33.776 m³ = 485.5 bf/m³ of lumber 

 
The easiest approach is to weigh all the material and develop a ratio relating log weight to log volume. 
You can then use this ratio to quantify the lumber, the chips and the sawdust. When you know the volume 
of the sample logs, you can compare it to the volume obtained from the primary breakdown scanners. 
After conducting several tests like these, you will be able to determine an average deviation between the 
volume obtained from standard scaling measurements and the volume provided by the scanners; with 
time, this deviation should decrease. You can also adjust the scanner-derived volume in relation to the 
deviation to determine log volume. This is a relatively simple approach, especially when it is difficult or 
impossible to return the logs to the yard after debarking.  
 
You can quantify total production from the log sample manually by conducting an inventory of the 
lumber in terms of sizes and grades, and validating the results against the information provided by the 
optimized trimmer. To avoid having to sort and weigh the lumber, which takes a fair amount of work, you 
have to develop factors. Production in board feet is relatively easy to quantify; the next step is to develop 
the associated weight/Mbf ratio. You could simply weigh bundles of lumber for the different sizes to 
determine an average weight per Mbf for each size produced in the mill and multiply the weight obtained 
for each size by the corresponding number of board feet to generate the total weight.  
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An alternative approach would be to calculate the actual fibre contents of the resulting lumber. To do this, 
you need to calculate the actual volume of each lumber product as sawn (e.g., 1.700’’ x 3.850’’ x 8’ for a 
2x4-8’ piece, and so on with other products). After some time, you will have a fairly accurate ratio for 
fibre volume/Mbf and the ratio bf/m³ of lumber calculated above.   
 

Lumber
56%

Chips
34%

Sawdust
10%

 
 

Figure 3  Fibre audit based on log volume 
 
4.2.2 Mass/Volume Ratio of By-products 
  
Table 5 shows the volume and weight of chips and sawdust generated by the bucking and breakdown 
tests. As the mass/green volume ratio was based on the volume and weight of debarked logs, the green 
weight of by-products generated (in green metric tons) is very easy to determine by dividing the weight 
obtained (in kg) by 1000 kg/gmt. The weight of chips and sawdust is usually reported in relation to 
lumber production. In our test, lumber production was 16.4 Mbf. These ratios would therefore be 0.814 
gmt/Mbf for chips, and 0.270 gmt/Mbf for sawdust. 
 
Determining the bone-dry density of the fibre at the mill is rather complex and requires some laboratory 
equipment. We recommend the procedure established by ASTM Standard D 2395-93 (Method G for 
chips). For accurate results, you may have to determine densities for individual species at the different 
logging sites. In this project, the average bone-dry density of the wood after conversion was 450 kg/m³. 
To calculate the bone-dry weight (in bone-dry metric tons) of by-products, proceed as follows: 
 

• Chips: 22.703 m³ x 450 kg/m³ ÷ 1000 kg/mt = 10.22 bdmt 
• Sawdust: 6.344 m³ x 450 kg/m³ ÷ 1000 kg/mt = 2.85 bdmt 

 
You can also obtain bone-dry density values from pulp mill chip laboratories or from research 
laboratories working on forest products (Paprican, FERIC, Forintek, CEGEPs or universities), which can 
do this work under contract. You will find some very useful factors and densities in a Forintek publication 
entitled “Conversion factors for the forest products industry in Eastern Canada”. The statistics it contains 
are averages, but they still represent a very good source of information (Appendix I). 
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Table 5  Mass/volume ratios for by-products 
 
 Chips Sawdust 
 (m³) (kg) (m³) (kg) 

Bucking 1,836 1,080 - - 

Sawing 20,867 12,270 6,344 3,730 

Total 22,703 13,350 6,344 3,730 

Green material ratios 

Green weight (gmt) 13.35 3.73 

Ratio (gmt/Mbf) 0.814 0.270 

Bone-dry ratios (for a density of 450 kg/m³) 
Bone-dry weight 
(bdmt) 10.22 2.85 

Ratio (bdmt/Mbf) 0.622 0.173 
 
4.3 Audit for Stem Sample 
 
The stems have been bucked and all products recovered, weighed and/or measured. The logs have been 
sawn and all the lumber and by-products have also been quantified or weighed. The information is 
therefore available to establish an audit of the stem fibre in terms of products and by-products generated 
by the entire conversion process (Table 6). Figures 4 and 5 illustrate the fibre audits following 
breakdown. 
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Table 6  Production statistics in relation to merchantable stem volume 
 

 Volume  
 (dm³) 

Volume 
(%) 

Weight   
(kg) 

Weight 
 (%) Ratios 

Merchantable volume 61,865 98.4 39,970 - 646 kg/m³ 

Additional volume 1,004 1.6 - - - 

 
Total volume  
 

 
62,870 

 
100.0 39,970 100.0  636 kg/m³ 

Bark - - 3,010  7.5 0.184 gmt/Mbf 

Lumber (16.4 Mbf) 33,776 54.6 19,860 49.7 588 kg/m³ 
3.77 m³ merch./Mbf 

Chips   22,704 36.7 

13 350 
(13.35 gmt) 

(10.22 
bdmt) 

33.4 0.623 bdmt/Mbf 

Sawdust 6,344 10.3 
3,730 

(3.73 gmt) 
(2.86 bdmt)

9.3 0.174 bdmt/Mbf 

Product total 
 

62,824 
 

(101.6) 
 

39,950  
  

(99.9) - 

 
Bark
8%

Chips
33%

Sawdust
9%

Lumber
50%

 
Figure 4  Fibre audit at breakdown in relation to stem weight 
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Chips
36%

Sawdust
10%

Lumber
54%

 
 

Figure 5  Fibre audit at breakdown in relation to stem merchantable volume 
 
 

5 Grade and Value Recovery Factors 
 
5.1 Grade and Value of Lumber and By-products  
 
Table 7 shows the distribution in sizes and grades of the 16.4 Mbf of lumber generated in the sawmill test. 
All boards are included in a single grade, Utility & Better. Dimension lumber is graded into Stud, No.3 or 
Economy. In Figures 6 to 8, diagrams display the lumber volume distribution in terms of sizes, lengths 
and grades. Table 8 shows prices for the different lumber sizes and grades, and for chips and sawdust. 
Table 9 shows total lumber value. 
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Table 7  Lumber volume distribution  
 

Length 
Product Grade 

5’ 6’ 7’ 8’ 9’ 10’ 
Total 

1x3 Utility & Btr. - 40.4 41.9 23.9 31.4 79.8 217.4 
1x4 Utility & Btr. - 69.8 65.2 61.2 74.8 202.8 473.7 

Premium 15.0 9.0 14.0 31.9 4.5 34.9 109.2 
Stud 57.3 50.9 34.9 51.9 130.1 359.0 684.1 
No.3 37.4 23.9 41.9 31.9 40.4 89.8 265.3 2x3 

Economy - -  -  -  -  - -  
Premium 29.9 27.9 46.5 101.1 263.3 4,507.7 4,976.4 

Stud 142.9 159.6 190.8 441.5 867.6 2,213.9 4,016.4 
No.3 126.3 - 55.8 117.0 101.7 179.5 580.4 2x4 

Economy - - - - 6.0 - 6.0 
Premium - - - 55.8 62.8 2,882.1 3,000.8 

Stud - 59.8 27.9 215.4 305.2 947.4 1,555.7 
No.3 - 23.9 34.9 446.8 9.0 - 514.6 2x6 

Economy - - - - - - -  
Utility & Btr. - 110.2 107.1 85.1 106.2 282.6 691.1 

Premium 44.9 36.9 60.5 188.8 330.6 7,424.7 8,086.4 
Stud 200.3 270.3 253.6 708.7 1,302.9 3,520.4 6,256.2 
No.3 163.7 47.8 132.6 595.7 151.1 269.2 1,360.3 

Sub-
totals per 

grade 
Economy -  - - - 6.0 -  6.0 

Total  408.9 465.2 553.8 1,578.4 1,896.8 11,496.9 16,400.0 
 

1% 3%
6%

58%

31%

0%

10%

20%

30%

40%

50%

60%

70%

1x3 1x4 2x3 2x4 2x6
 

Figure 6  Lumber volume distribution by size 
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Figure 7  Lumber volume distribution by length 
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Figure 8  Lumber volume distribution by grades 
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Table 8  Price of lumber (in Mbf) and by-products (in bdmt) 
 

Length 
Product Grade 

5’ 6’ 7’ 8’ 9’ 10’ 
1x3  Utility & Btr. - 160 154 155 156 148 
1x4  Utility & Btr. - 190 171 173 173 174 

Premium 240 203 203 300 291 270 
Studs 240 203 203 298 291 270 
No.3 240 203 203 253 233 262 

2x3  

Economy - - - - - - 
Premium 399 335 311 431 457 417 

Studs 399 335 311 429 455 416 
No.3 399 - 289 283 282 255 

2x4 

Economy  - -   -  - 218 -  
Premium - - - 388 431 402 

Studs - 380 327 375 430 402 
No.3 - 380 327 349 310 - 

2x6 

Economy - - - - - - 
Chips: $130/bdmt 
Sawdust: $30/bdmt 
 
As shown in Table 9 the total lumber value was $6,329.75 for 16.4 Mbf, i.e. $386.96/Mbf on average. 
After adding the value of the chips ($130/bdmt x 0.623 bdmt/Mbf, i.e. $80.99/Mbf) and the sawdust 
($30/bdmt x 0.174 bdmt/Mbf, i.e. $5.22/Mbf) (Table 6), we obtain a total value for all products of 
$473.17/Mbf. 
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Table 9  Lumber values in relation to size and grade 
 

Length 
Product Grade 

5’ 6’ 7’ 8’ 9’ 10’ 
Total 

1x3 Utility & Btr. - 6.46 6.46 3.71 4.89 11.81 33.33
1x4 Utility & Btr. - 13.26 11.17 10.55 12.96 35.28 83.23

Premium 3.59 1.83 2.83 9.57 1.31 9.42 28.55
Stud 13.76 10.34 7.08 15.43 37.89 96.94 181.43
No.3 8.98 4.87 8.50 8.06 9.42 23.52 63.34

2x3 

Economy -  - - - -  - -
Premium 11.94 9.35 14.46 43.58 120.23 1,879.70 2,079.27

Stud 57.03 53.45 59.29 189.55 394.77 919.90 1,673.99
No.3 50.40 - 16.16 33.13 28.65 45.77 174.11

2x4 

Economy - - - - 1.31 - 1.31
Premium - - - 21.64 27.09 1 158.61 1,207.34

Stud - 22.74 9.14 80.78 131.22 380.86 624.73
No.3 - 9.10 11.42 155.81 2.78 - 179.11

2x6 

Economy - - - - - - -
Utility & Btr. - 19.73 17.63 14.26 17.85 47.09 116.56

Premium 15.53 11.18 17.29 74.80 148.62 3,047.74 3,315.16
Stud 70.80 86.53 75.50 285.76 563.88 1,397.69 2,480.16
No.3 59.38 13.96 36.07 197.00 40.86 69.29 416.56

Sub-totals 
per grades 

Economy -  - - - 1.31 -  1.31
Total  145.70 131.40 146.50 571.82 772.52 4,561.81 6,29.75

 
5.2 Lumber and By-product Values in Relation to Round Wood 
 
Table 10 shows total product values, the measured volumes of stems and logs, and several other useful 
indicators. The total product value for our sample was $7,744 for a merchantable stem volume of 61.865 
m³, i.e. $125.18/m³. Lumber represented 82% of the total product value per cubic metre of merchantable 
timber, while chips amounted to 17%, and sawdust approximately 1% (Figure 9). 
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Table 10  Product value in relation to round wood 
 
 Volume  

 (dm³) 
Product 
volumes Selling price Product values 

($) 
Indicators 

($/m³) 

Merch. stem volume  61,865 - - 7,744.10 125.18 

Log volume  60,986 - - 7,744.10 126.981

- Lumber 33,776 16.4 Mbf 385.96 $/Mbf  6,329.70 102.31 

- Chips   22,704 10.22 bdmt $30 $/bdmt 1,328.60  21.47 

- Sawdust 6 344 2.86 bdmt $30 /bdmt 85.80 1.39 

Product total 62 824 - - 7 744.10 125.18 
1. Based on log volume. 
 
 

Chips
17%

Sawdust
1%

Lumber
82%

 
Figure 9  Product value distribution  
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6  Conclusion 
 
The method described in detail in this report to develop a fibre audit in a sawmill may appear simple, but, 
to generate adequate and accurate results, actually requires extreme care and attention to detail. Any 
deviation from the method or shortcuts to save time frequently leads to disaster because it causes one of 
the variables to get out of control. 
 
After products and by-products have been weighed and measured repeatedly, you are in a position to 
develop indicators that can be used to validate result accuracy. The bone-dry density of the wood is 
probably the most difficult factor to determine; the procedure is complex and must be repeated with the 
different species and logging sites. We suggest that you have your specimens analyzed by a specialized 
organization; the cost involved is minimal, and it will be a lot easier for you. 
 
Tools are also available to help you develop a number of indicators. Log scanners can be used to quantify 
log volumes once you have established a ratio (adjustment factor) between scanned volume and actual 
measured volume. You can also use the trimmer optimization system to compile the nominal and actual 
volumes of the lumber. A simulation tool such as Optitek, which is used to simulate log breakdown and 
estimate lumber and by-product volumes, may also prove quite useful to validate results or detect a bad 
ratio. 
 
The development of accurate fibre audits takes time, experience and much care. Success with several 
audits is no guarantee for the next one. You will need patience, thoroughness and discipline; there is no 
other way. 
 
 

7 References 
 
Anon., (2003). Méthode de mesurage des bois « Instructions ». Quebec Ministry of Natural Resources, 

Parks and Wildlife, Bibliothèque nationale du Québec. 267 p. 
 
Anon., (2000). Standard Grading Rules for Canadian Lumber. National Lumber Grades Authority, New 

Westminster, B.C. 276 p. 
 
Anon., (1993). Standard Test Methods for Specific Gravity of Wood and Wood-Base Materials. ASTM, 

Philadelphia, PA, USA. 348-355. 
 
Figueiredo Filho et al. 2000. Testing accuracy of log volume calculation procedures against water 

displacement techniques (xylometer). Can. J. For. Res. Vol. 30, 990-997. 
 
Kostiuk, Alan and Frank Pfaff, 1997. Conversion factors for the forest products industry in Eastern 

Canada. Special Publication SP523E, Forintek Canada Corp., 102 p. 
 
Phillips D. R and Taras M. A. 1987. Accuracy of log volume estimates by density and formulas compared 
with water displacement. Forest Product Journal. Vol. 37, No.10, 37-42.  

 



Conducting a Fibre Audit in a Sawmill 

 
 
 

 
17 of 17 

 

Appendix I 
 

AVERAGE WOOD FIBRE DENSITIES FOR VARIOUS SPECIES  
 

Species 
Relative wood density 

(Bone-dry dry weight/green volume) 
(kg/m³) 

Characteristic green wood density 
(Green weight/green volume) 

(kg/m³) 

White spruce 354 549 

Black spruce 406 719 

Red spruce 380 718 

Larch (tamarack) 485 771 

White pine 364 612 

Jack pine 421 636 

Red pine 392 839 

Eastern hemlock 404 852 

Balsam fir 335 730 
Source: Conversion factors for the forest products industry in Eastern Canada (Forintek Canada Corp) 
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