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Abstract 
BC Coastal mills will need to diversify the drying technologies currently used and consider new 
approaches in order to improve productivity, reduce drying costs, regain competiveness and continue to 
play a significant role in the increasingly stringent quality market for forest products. New demands for 
drying are related to energy efficiency, low environmental impact and of course, quality of the final 
product.  

The specific objectives of the project were: (1) to improve the conventional drying of 4.5” x 4.5” 
Douglas-fir lumber, (2) to evaluate the superheated steam/vacuum (SS/V) drying of 4.5” x 4.5” Douglas-
fir lumber, (3) to develop a green sorting strategy for hem-fir lumber and (4) to determine the time 
required to reach 56°C in the core of 5¼ x 5¼ lumber using the requirements of CFIA PI-07 Heat 
Treatment schedule Option D - Generic Phytosanitary Heat Treatment Schedule, Heat Treatment with 
Moisture Reduction. 

The results showed that the drying time in conventional drying of 4.5” x 4.5” Douglas-fir lumber can be 
reduced by up to 25% without compromising the quality of the lumber. This can be achieved by 
increasing the temperature in the final drying stages and using lower relative humidity at the beginning 
of the drying process. In addition, final moisture content (MC) variation was reduced from 6.2% to 3.9%. 

Reductions of drying times from 26% to 41% were observed when drying 4.5” x 4.5” Douglas-fir under 
SS/V drying. Quality of the lumber at the end of drying was better when compared to the quality of the 
lumber at the end of conventional drying. In addition, specimens exhibited less final MC variation. 

Based on drying rate measurements of green hem-fir lumber dried to 9.0% MC, a new database was 
developed which in turn was incorporated into OASiS 2.0 software to evaluate different pre-sorting 
scenarios. Pre-sorting simulations allow end users to estimate the impact of kiln productivity, final MC 
distribution and drying degrade. The results showed that different correlations between the time to 
reach 19.0% MC and initial weight or initial MC could be established. The best correlation with an R 
square of 0.77 was made between initial weight and MC. After performing several simulations with the 
new database an optimum cut-off point of 65% yielded the best results in terms of potential increase of 
productivity and quality of the final product. 

Wood heating rate test results showed that CFIA Option D may be extended for 5¼ x 5¼ lumber as 
long as the dry-bulb ≥ 71°C (≥ 160°F) for 36 hours at the end of the heat treatment. Total heat 
treatment time required, including the time required to reach 71°C (160°F), is 72 hours. 
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1 Needs and Objectives 
The drying of BC Coastal wood species continues to be of major importance to lumber producers’ 
access to new and competitive markets. Several reasons such as species mix (hemlock and amabilis 
fir), large variation of initial moisture content, presence of wet pockets in hemlock and a large variety of 
products and sizes with different drying requirements due to their final applications continue to create 
problems for drying operations. Current drying technology is for the most part conventional drying and 
associated longer drying times increase cost and can be a disadvantage in today’s competitive 
international market.  BC Coastal mills will need to diversify by exploring other  drying technologies  and 
consider new approaches in order to improve productivity, reduce drying costs, regain competiveness 
and continue to play a significant role in the increasingly stringent quality market for forest products.  

Manufactured commodity products such as construction lumber are more suitable to be dried in large 
standard kilns to ensure lower production costs and relatively shorter drying times. Operations 
producing various types of products, for example boards (<1” in thickness), timber (>5.5” in thickness), 
machine-stress-rated lumber, finger-joined products, edge-glued lumber and glulam beams have more 
flexibility in terms of market penetration but on the other hand must face more complex challenges 
regarding kiln drying. The drying operation of forest products can be specific that is, different products, 
due to quality requirements and handling operations are dried using types of equipment that are best 
suited for a particular product. For example, dimension lumber products are dried in larger batch kilns 
whereas large dimension lumber (timber), due to volume and final quality requirements might be better 
processed in smaller kilns and/or with different drying technologies or a combination of drying 
technologies. For a mill producing significantly different types of products, the traditional option of 
having dedicated types of equipment to dry each product will inevitably add complexity to the operation 
and thereby increase processing costs associated with maintenance and the need for having 
specialized personnel for each drying operation. Thus, a future multi-modal approach for drying BC 
coastal products might be an attractive solution so that mills could pre-dry and dry their products using 
a combination of drying technologies to achieve their production goals for each of their products.  

The future approach and/or equipment for drying different forest products may be based on different 
types of technologies which, when combined, could handle products of different dimensions and 
different drying requirements. New demands for drying will certainly be related to energy efficiency, low 
environmental impact, lower costs and of course, quality of the final product. Thus, exploring the 
utilization of hybrid or multi-modal systems offered the possibility for a diversified mill to produce 
various products and achieve comparable or even better results when compared to the outcomes 
obtained by traditional types of drying equipment. 

The demand for heat treatment (HT) or conventional kiln drying (KD) of wood commodities with cross 
sections larger than 4¼ inches has increased in the past years. As part of the strategy to gain a 
competitive advantage related to kiln drying and heat treatment, several mills have requested the 
assistance to develop specific KD / HT schedules to extend CFIA standards. The new KD / HT 
schedules (kiln-product-sort specific schedules) will need to fulfill CFIA requirements regarding HT of 
lumber products that is, the core of the lumber is required to reach a minimum of 56°C and remain at 
this temperature for at least 30 minutes.  
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The overall goals are: 

• Evaluate hybrid systems for drying coastal lumber products; 
• Reduce drying times and increase productivity; 
• Improve moisture content uniformity and quality of the final product; 
• Examine the potential to extend Canadian Food Inspection Agency (CFIA) heat treatment 

schedules for large cross section lumber. 

The specific objectives are: 

• Improve the conventional drying of 4.5” x 4.5” Douglas-fir lumber; 
• Evaluate the superheated steam drying of 4.5” x 4.5” Douglas-fir lumber 
• Develop a green sorting strategy for hem-fir lumber; 
• Determine the time required to reach 56°C in the core of 5¼ x 5¼ lumber using the 

requirements of CFIA Heat Treatment schedule Option D - Generic Phytosanitary Heat 
Treatment Schedule, Heat Treatment with Moisture Reduction. 

 

2 Benefits 
In summary, the benefits expected from the multiple activities of the project are: 

• Improve competiveness; 
• Possibility of re-entering certain markets with some products (supplying dried products); 
• Increased productivity; 
• Reduced energy consumption; 
• Improved quality. 

It is expected that drying times for certain products can be reduced by 20 to 50%.  Thus, the resulting 
benefits related to energy conservation and productivity can significantly contribute to lowering currently 
high drying processing costs. 
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3 Materials and Methods 
3.1 Conventional Drying of 4.5” x 4.5” Douglas-fir Lumber 

3.1.1 Lumber 

Green unsorted 4.5” x 4.5” x 18’ Douglas-fir lumber was used in all experimental runs. From each 18 
foot-long specimen, two equally long specimens were cut and used in separate runs. The moisture 
content (MC) of each specimen was calculated as oven-dry-basis using measurements performed on 
three small cross sections (1 inch thick) cut 1/2 feet away from each end and the middle area (Figure 
1). These small sections were immediately weighed and then oven-dried at 103 ± 2ºC until constant 
weight was recorded for two similar measurements separated by 4 hours. The average MC value, in %, 
of two sections (either MC1 and MC2 for “Control” or MC2 and MC3 for “Run 1”) was used to calculate 
the oven-dry weight (WOD ,in kg) of the 8.5 foot-long specimen by: 

WOD= 100*Wgreen/(MC+100)         (1) 

Where: 

Wgreen  =  green weight of the 8.5 foot-long specimen (kg). 

 

 

Figure 1. MC measurements for each tested lumber 

All specimens were visually inspected for significant initial defects; packages were 21 pieces wide by 6 
pieces high with ¾” stickers placed every 2 feet (Figure 2). Steel plates weighting 2500 lbs were placed 
on top of the load to reduce the warping, mainly twist for this type of product. 
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Figure 2. Front view of a load before a drying run 

The target MC was 20.0%, air velocity during conditioning was 290 feet/min and for all the other drying 
steps 375 feet/min, fan reversal was set every 5 hours. The charge rests on a scale (load cell) so that 
the change of weight and therefore, MC of the whole charge, could be monitored and the drying 
stopped when the target MC was reached. 

3.1.2 Drying Schedules 

An industrial drying schedule used to dry 4.5” x 4.5” Douglas-fir lumber (Table 1) was used as a 
“Control” run.  

Table 1. Drying parameters for the “Control” schedule 

Drying step 
Elapsed time Ramp DBT* Ramp WBT* Ramp EMC** 

(hrs) (°F) (°F) (%) 

start - up 0.0 115 115 25.7 

d1 24.0 145 140 16.0 

d2 100.0 168 140 6.1 

d3 105.0 170 140 5.8 

Conditioning*** 111.5 150 145 15.9 
* Dry and Wet-bulb Temperatures 
** Equilibrium MC 
***Based on on-line measurements this step was reduced to 6.5 hours instead of the usual 11.0 hours performed in the 

industry 
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Four (4) other conventional runs targeting the same MC (20.0%) were carried out (Table 2 to Table 5). 
Drying process conditions (temperature and/or relative humidity of air) were changed after each run in a 
step by step process based on results of previous runs.   

Table 2. Drying parameters for “Run 1” schedule 

Drying step 
Elapsed time Ramp DBT Ramp WBT Ramp EMC 

(hrs) (°F) (°F) (%) 

start-up 0.0 115 115 25.7 

d1 24.0 145 131 10.0 

d2 91.0 168 132 5.0 

Conditioning 97.5 150 145 15.9 
 

Table 3. Drying parameters for “Run 2” schedule 

Drying step 
Elapsed time Ramp DBT Ramp WBT Ramp EMC 

(hrs) (°F) (°F) (%) 

start-up 0.0 115 115 25.7 

d1 24.0 155 150 15.7 

d2 97.5 178 150 6.0 

Conditioning 104.0 150 145 15.9 
 

Table 4. Drying parameters for “Run 3” schedule 

Drying step 
Elapsed time Ramp DBT Ramp WBT Ramp EMC 

(hrs) (°F) (°F) (%) 

start - up 0.0 115 115 25.7 

d1 24.0 145 131 10.0 

d2 48.0 178 150 6.0 

d3 83.5 180 151 5.8 

Conditioning 90.0 150 145 15.9 
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Table 5. Drying parameters for “Run 4” schedule 

Drying step 
Elapsed time Ramp DBT Ramp WBT Ramp EMC 

(hrs) (°F) (°F) (%) 

start - up 0.0 115 115 25.7 

d1 24.0 145 131 10.0 

d2 48.0 183 156 6.1 

d3 75.5 185 156 5.8 

Conditioning 82.0 150 145 15.9 
 

The strategy behind the modified schedules may be summarised as follows: 

(a) “Run 1” has the same DBT as “Control” but more aggressive EMCs; 

(b) “Run 2” has the same EMCs as “Control” but more aggressive DBT; 

(c) “Run 3” has very similar parameters with “Run 2” the difference being a lower EMC at the beginning 
of the drying schedule; 

(d) “Run 4” is very similar with “Run 3” except an additional 5F increase after 48 hours. 

After drying the specimens were stored in the yard under cover for two weeks during summer time (16-
18 C daily average temperatures). 

3.1.3 CT-scanning 

Several specimens were CT-scanned before and after the drying process to check for internal checks 
(Figure 3). The high penetration power of the scanner allowed packages of 9 specimens to be scanned 
simultaneously at a time; the distance between two cross scans was set to 50 mm or 1/16 feet. 
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Figure 3. CT-scanner loading (left) and scanning area 

3.2 Superheated Steam/Vacuum (SS/V) of 4.5” x 4.5” Douglas-fir lumber 

3.2.1 The Drying Process 

The basic principle of superheated steam vacuum (SS/V) drying is to lower the ambient pressure of the 
kiln to a pressure varying between 100 mbar to 200 mbar (the atmospheric pressure at sea level is 
1,000 mbar). Under those circumstances, water boils between 50 and 60°C (131 and 140F). Contrary 
to other types of vacuum drying, SS/V drying is always carried out under vacuum. During the drying 
schedule, the temperature inside of the kiln is set to be above the boiling point and as a result, the 
moisture leaving the wood becomes saturated steam. In practical terms, the drying phenomenon during 
the SS/V drying process is similar to the moisture movement mechanism that takes place in high 
temperature drying (temperatures above the boiling point of water). However, temperatures in SS/V 
drying are significantly lower and as a result, the wood dried in SS/V kilns is less susceptible to drying 
defects (wood is stronger at lower temperatures). Potentially, SS/V drying can not only dry faster but 
also produce higher quality lumber at the end of the process when compared to conventional drying 
schedules using elevated temperatures. That is the main reason it is used in Europe and some parts of 
Asia to dry high quality and difficult-to-dry hardwood products. In Europe, SS/V is also used to dry 
thicker than two inches high quality softwood products.  

3.2.2 SS/V Schedule 

Forty eight (48) 4.5” x 4.5” x 16’ Douglas-fir lumber equally divided between three runs were used in 
this study; the specimens were similar to the ones used during the conventional tests. The schedule, 
shown in Table 6, is mildly aggressive and it follows the recommendations of the SS/V kiln 
manufacturer for this wood species; schedule changes are based on MC (MC based schedule). The 
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MC was continuously measured throughout the drying process by probes inserted in the geometric 
center of 10 specimens (Figure 4). Changes in the drying schedules take place only when the last 
sensor reaches the MC set up for the step.  

Table 6. Drying parameters for the SSV schedule 

 

  

 

Figure 4. MC pins inserted in specimens 

  

Drying step MC DBT WBT EMC 

 (%) (°F) (°F) (%) 

d1 40.0 149 142 15.4 

d2 28.0 158 146 11.7 

d3 24.0 167 144 8.1 

d4 20.0 176 131 4.7 

Conditioning 19.0 158 129 7.2 
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3.3 Extension of the Canadian Food and Inspection Agency (CFIA) Option 
D for 5¼ x 5¼ cross section lumber 

3.3.1 Background 

Presently the Option D of the CFIA PI-071 cannot be used for softwood products thicker than 60 mm.  
Some lumber producers, especially on Coastal British Columbia, have developed a market segment in 
Europe that would import significant volumes of thicker products (thicker than 5 ¼”) for some special 
purposes. However, before entering the European market, these types of products must be heat 
treated according to strict regulations established by CFIA to be accepted by European phytosanitary 
agencies. One of the most potentially important products for that market is 5 ¼” x 5 ¼” thick hem-fir 
lumber. Producers and Grading Agencies approached FPInnovations so that a series of tests, following 
well-established protocol, could be carried out with the objective of developing a heat treatment 
schedule to be added to Option D of the PI-07 document (extension of Option D for thick lumber 
products up to 5 ¼” x 5 ¼” ). 

3.3.2 Material and Methods 

Seventy two (72) 5 ¼” x 5 ¼” x 9’, unsorted green hem-fir lumber, were used in the study. The MC of 
each specimen was calculated as oven-dry-basis using measurements performed on two small cross 
sections (1 inch thick) cut 1 foot away from each end (Figure 5). Formula (1) was used to estimate the 
oven-dry weight of the 7 foot-long specimen. 

 

Figure 5. Schematic of cutting the cross sections used to measure the MC 

 

1 CFIA PI-07 4th Revision Report (2008): The Technical Heat Treatment Guidelines and Operating 
Conditions Manual, Canadian Food Inspection Agency, Ottawa, Canada 
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The test run was carried out at FPInnovations laboratory kiln in Vancouver which is capable of holding 
a package 4’ high x 4’ wide x 8’ long (~2.4 Mfbm). The test load was 12 pieces wide by 6 pieces high 
with 3/8” (9.5 mm) stickers placed every 1½ foot (Figure 6). During the run no steam to control relative 
humidity was used. The vents were kept open 100% and fan speed was adjusted to 100 feet/min after 
measurements in several locations. Fan reversal was set every two hours. 

 

Figure 6. Photo of the load in front of the kiln 

Twenty-four (24) of the heaviest specimens were selected for monitoring the temperatures (Figure 7) 
using thermocouple sensors inserted in the geometric centre and connected to data acquisition 
systems (OctTemp 2000 from Madge Tech).  

      

Figure 7. The positioning of temperature sensors and initial temperature measurements 
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All specimens were dried until they reached MCs below fiber saturation point (25.0 to 30.0%). After 
drying the specimens were cooled down until their internal temperature was between 15 and 20 °C. Kiln 
temperature was then ramped for 6 hours to reach 160F (71°C) and then maintained at this 
temperature. 

The time required to heat treat the specimens – reach 56 °C and maintain the temperature for half an 
hour – was calculated as follows: 

T56°C = ₸ + K * Standard deviation          (2) 

Where ₸ is the average time to reach 56 °C and maintain the temperature for half an hour and K = 6, K 
is a coefficient that accounts for the data to be within 99.99% of a normal distribution. 

3.4 Evaluate Sorting Prior to Drying for Green 2 x 4 Hem-fir lumber 

3.4.1 Lumber Preparation 

One hundred and twelve (112) green, unsorted 2” x 4” x 8’ hem-fir lumber from the coastal area of 
British Columbia were used in this study. All specimens were scanned in three locations (1, 4 and 7 
feet) with our newly acquired MC Pro 1500 NC (NMI). Several sets of coefficients used in the industry 
were lab tested and together with manufacturer support an optimum set of coefficients for hem-fir was 
implemented (Figure 8). 

 

 

Figure 8. The coefficients used to read green MC of hem-fir lumber 

All specimens were visually inspected for significant initial defects and weighed prior to shipping to 
Quebec City. 
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3.4.2 Drying Schedule 

The parameters of the conservative drying schedule (maximum temperature 185F) used to dry the 
hem-fir lumber are shown in Table 7. The drying rates were measured by individually weighing each 
specimen at different time intervals throughout the whole drying process. Data was collected until all 
the specimens reach a target MC of 9.0%. Other details related to the drying process are: sticker 
thickness ¾ inches (19 mm), air velocity 600 ft/min (3 m/s) and fan reversal every two hours. 

Table 7. Drying parameters for the conservative hem-fir schedule 

Drying step  
Ramp 
time 

Step 
duration DBT WBT RH EMC 

(°F/hr) hrs (°F) (°F) (%) (%) 

heat-up 8.8 8 140 140 100.0 25.1 

d1 5.0 4 160 156 90.5 17.0 

d2 2.5 12 165 158 84.2 13.6 

d3 0.4 6 167 160 84.3 13.5 

d4 0.4 6 170 163 84.5 13.5 

d5 0.7 3 172 163 80.6 12.0 

d6 0.7 3 174 164 78.8 11.4 

d7 0.7 3 176 164 75.2 10.3 

d8 0.8 3 180 166 72.1 9.4 

d9 0.0 12 180 166 72.1 9.4 

d10 0.5 6 183 163 62.5 7.5 

d11 0.4 6 185 160 55.4 6.5 

d12 0.0 Up to 
9.0% MC 

185 160 55.4 6.5 

 

The results from these measurements are intended to be used to estimate the impact of pre-sorting on 
dry kiln productivity, final MC distribution and drying degrade. The results are interpreted as estimates 
of the relative improvements obtainable from drying pre-sorted as opposed to unsorted lumber. The 
main software interface and the set of drying variables that can be set are shown in Figure 9. 
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(a)        (b) 

Figure 9. Main software interface (a) and the set of drying variables that can be manipulated (b) 

The simulations can be done for different cut-off points and final MC distributions (Figure 9, b). 
Optimum drying time based on final MC distribution of the sorts and estimated drying degrade can be 
simulated for different scenarios (Figure 10).  

 

 

Figure 10. Simulation of final MC distribution and estimations of the final degrade 
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4 Results 
4.1 Conventional Drying of 4.5” x 4.5” Douglas-fir Lumber 

The average initial MC (IMC) of the lumber used in the study was 41.4% with a standard deviation of 
13.3%. After drying the average final MC (FMC) was 20.3% with a standard deviation of 6.2%. The 
distributions of these values are shown in Figure 11. Around 18% of the specimens, mostly containing 
large amounts of sapwood exhibited IMC higher than 55.0% and did not dry below 28.0%. 

   

Figure 11. IMC (left) and FMC distributions 

After drying the boards were visually evaluated for drying related defects. Twist amounted to 80% of the 
defects. The remaining 20% were surface checks that extended well into the thickness of the 
specimens. Examples of surface checks considered defects are shown in Figure 12. 

 

  

Figure 12. Examples of surface checks visually identified after drying 
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CT-scanning of specimens showed that 1.5% from the total population developed internal checks 
during the drying of the Control run. Those checks were either associated with the pith or large knots 
(Figure 13).  

 

 

Figure 13. Examples of internal checks generated by pith presence (top scans) or large knots; white 
numbers represent the distance from the end for the same specimen 

The drying times, IMC and FMC and the drying defects for all the runs are displayed in Table 8. The 
drying curves are shown in Figure 14. During the first drying hours the IMC increased because wood 
surface absorbed some of the high demand steam required to meet the initial drying conditions. 

Table 8. Summary of drying results  

Drying run Drying time  
(h) 

IMC  
(%) 

SD 
(%) 

FMC 
(%) 

SD 
(%) 

Drying defects/population 
(% of population) 

Time reduction  
(%) 

Control 111.5 41.4 13.3 20.3 6.2 13/126 (10%) 4* 

Run1 97.5 43.3 12.3 19.4 5.2 21/126 (17%) 16 

Run2 102.0 45.8 11.6 20.0 5.0 4/126 (3%) 11 

Run3 92.0 46.7 13.3 20.5 5.3 4/126 (3%) 21 

Run4 86.5 40.8 9.1 20.7 3.9 4/126 (3%) 25 
* The time reduction in Control was achieved by changing the conditioning time from 11.0 h (industry) 
to 6.5 h – no cooling and reheating after drying. 
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Figure 14. The drying curves for all conventional runs 

Following these findings, Run 1 was designed to have the same temperatures and with lower relative 
humidity of air in all drying stages. This strategy reduced the drying time by 16% but increased the 
number of drying related defects from 10% to 17%. The following run (Run 2), which maintained the 
same relative humidity but had higher dry bulb temperatures when compared to the Control, achieved a 
rather modest reduction in drying time (11%) but the quality of the final product was superior, only 3% 
defects. 

To minimize the absorption of moisture by the wood in the early stages of drying due to high EMC 
conditions and at the same time obtain the best quality of the product at the end of the process, the 
following strategy was devised: (1) drop the EMC in the initial stage and (2) increase the temperature in 
the other drying stages but maintain the same EMC as in Control. A time reduction of 21% was 
achieved in Run 3. Using more aggressive conditions in Run 4, which had only an increase in 
temperature with 5°F after the first 48 hours when compared with Run 3, it was possible to obtain a 
reduction in drying time of 25% without compromising the quality of final product. In addition, final MC 
standard deviation was reduced from 6.2% in the Control to 3.9%. CT-scanning also showed a 
reduction in internal checks from 1.5% in Control to 0.5% on Run 3 and 4.  
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4.2 Superheated Steam/Vacuum (SS/V) of 4.5” x 4.5” Douglas-fir Lumber 

A summary of the results for the SS/V drying runs is presented in Table 9 and the drying curves are 
illustrated by Figure 15. Reduction in drying times without compromising the quality of the lumber, 
ranged between 26 and 41% when compared to industrial conventional drying. The standard deviation 
values of the final MC were also smaller than the ones registered after the conventional runs. 

 

Figure 15. The drying curves for all SSV runs 

The drying curves in SSV drying are different from those obtained in conventional drying. Vacuum 
conditions coupled with temperature (superheated steam conditions) are likely more efficient for 
removing moisture towards the end of drying by increasing diffusion rates. In conventional drying, 
moisture removal towards the end of the process slows down considerably even when process 
temperatures are increased.  

Table 9. Comparison between the SSV runs 

Drying run Drying time 
(h) 

IMC 
(%) 

SD 
(%) 

FMC 
(%) 

SD  
(%) 

Drying 
defects/population 
(% of population) 

Time 
reduction 

(%) 

SSV1 68.5 44.7 9.7 18.4 1.8 1/16 (6) 41 

SSV2 85.9 49.8 6.2 16.8 2.5 1/16 (6) 26 

SSV3 73.9 48.0 13.5 21.0 2.8 1/16 (6) 37 
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4.3 Extension of CFIA Option D for 5¼ x 5¼ Lumber 

The average initial MC (IMC) of the lumber used for the heat treatment test was 60.5% with a standard 
deviation of 18.1%. After drying the average MC (FMC) was 15.3% with a standard deviation of 4.1%. 
The distributions of these values are shown in Figure 16. Drying conditions and wood temperature are 
shown in Figure 17. 

 

 

(a)       (b) 

Figure 16. Initial MC (a) and final MC (b) distributions 

 

Figure 17. Several kiln drying parameters 
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Core temperatures for all specimens are shown in Figure 18. Individual times for each monitored 
specimen to reach 56°C and remain at or above this temperature for 30 minutes is shown in Figure 19. 

 

 

Figure 18. Core temperature of all specimens 

 

Figure 19. The distribution of times required to reach 56ºC 
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The average time to reach and maintain for half an hour 56ºC was 17.4 hrs with a standard deviation of 
2.6 hrs. The numbers were rounded up to 18 hrs and 3 hrs, respectively. Based on Equation 2 the time 
required to fulfill the phytosanitary requirements is: 

T56°C = 18 + 6* 3 = 36 hrs 

The proposed extension of the CFIA standard is shown in Table 10. 

\Table 10. Proposed extension of the CFIA Option D schedule 

Lumber thickness Heat treatment run time Minimum Time at the End of the Treatment 
with the Dry-Bulb ≥ 71°C (≥ 160°F) 

Up to 133 mm (5 ¼ inches) 72 hours 36 hours 
Note: The “Minimum Time at the End of the Treatment with the Dry-Bulb ≥ 71°C, is included in the “Heat treatment Run Time”, 

measured in hours. 
 

4.4 Evaluate sorting prior to drying for green 2 x 4 hem-firs 

The average initial MC of the hem-fir specimens was 101.0% with a standard deviation of 39.1%. The 
distribution of these values is shown in Figure 20. The final MC of all specimens was 9.0%. 

 

Figure 20. Initial MC distribution 

The drying curves for 10 specimens with different initial MC are showed in Figure 21. 
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Figure 21. Drying curves for different initial MC 

Different correlations between the time to reach 19.0% MC and initial weight or initial MC are shown in 
Figures 22 and 23. Around 65% of the variation in both variables could be explained by the time 
required to reach 19.0% MC using power models. The best correlation with an R square of 0.77 was 
made between initial weight and MC (Figure 24).  

 

Figure 22. Time to reach 19% MC versus initial weight 
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Figure 23. Time to reach 19% MC versus initial MC 

 

Figure 24. The correlation between initial MC and initial weight 

Several simulations using these results were performed using the OASiS 2.0 software. Best result was 
obtained using a cut-off point of 65% (MC) which resulted in two sub-populations of 23% “Sort 1” and 
77% “Sort 2” (Figure 25). 
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Figure 25. Initial sorting distribution for a cut-off point of 65% 

 

The drying curves for this simulation and a summary of the results including the impact of pre-sorting 
and an example of potential costs associated with it are illustrated in Figure 26 and 27. 

 

 

Figure 26. Simulated drying curves for two sorts 
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Figure 27. Summary of the simulation results for two sorts with a 65% cut-off point  

5 Conclusions and Discussions 
5.1 Conventional Drying of 4.5” x 4.5” Douglas-fir Lumber 

A new schedule for drying 4.5” x 4.5” Douglas-fir lumber was developed and the total drying time was 
reduced by 25% without compromising the quality of the lumber at the end of the drying process. Final 
moisture content variation was also improved from 6.2% (Control run) to 3.9%. CT-scanning of lumber 
dried with the new and improved schedule showed that 1.5% from the specimens  developed internal 
checking during the Control run and only about 0.5% in the modified drying runs. 

After a storage period of two weeks in Vancouver, with daily average temperatures varying between 16 
and 18°C, moisture content was reduced by 4 percentage points. 

5.2 Superheated Steam/Vacuum (SS/V) of 4.5” x 4.5” Douglas-fir Lumber 

Drying times were reduced by 26 to 41% without compromising the quality of the lumber dried in the 
SS/V kiln. Quality of the lumber at the end of drying was better when compared to the quality of the 
lumber at the end of conventional drying. In addition, specimens exhibited less final moisture content 
variation.  

5.3 Extension of CFIA Option D for 5¼ x 5¼ Lumber 

The experimental results showed that the minimum time at the end of the treatment with the dry-bulb ≥ 
71°C (≥ 160°F) for 5¼ x 5¼ cross section lumber is 36 hours. The total heat treatment time, including 
the time required to reach 71°C (160°F), is 72 hours. 

5.4 Evaluate Sorting Prior to Drying for Green 2 x 4 Hem-firs 

Based on the drying rate measurements of green hem-fir lumber dried to 9.0% MC a new database 
was created for OASiS 2.0. The results showed that different correlations between the time to reach 
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19.0% MC and initial weight or initial MC could be established. Around 65% of the variation in both 
variables can be explained by the time required to reach 19.0% MC using power models. The best 
correlation with an R square of 0.77 was made between initial weight and MC.  

After performing several simulations with the new database an optimum cut-off point of 65% showed a 
good balance between productivity increase and an estimated drying degrade. 
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