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My presentation is concerning equipment and kiln design changes based on
research performed by the Forest Products Lab from Madison, WI. I'd like to start
with some background and history of the Boise Cascade Emmett facility, tell about
how the study came about in the first place, describe the research procedures, share
the study results and changes based on those results, and finally discuss the benefits
derived from those changes.

BACKGROUND

Boise Cascade at Emmett is the drying, planing and shipping facility for the
Idaho Region of the company. Our green lumber comes to us from 3 sawmills
within a 100 mile radius. The kilns are 1950's vintage, masonry walls with flat roof
construction. Steam is supplied by two 90,000 pound boilers. The kilns are
controlled by a Foxboro computer control system, which incidentally is the first kiln
control computer system by Foxboro. There are 16 single tracks and 1 double
track. The yearly production through the kilns at Emmett is approximately 180
millon board feet. We process around 45-50% pine, 40-45% white fir, with the
remainder being Douglas-fir, spruce, and alpine fir.

As for me, I am fairly new to the drying end of things. I came to the kilns at
Emmett in June of 1988 from a grading position in the planers there. Being new
to the drying process and being used to seeing the results as a grader, I was
confident we were doing as good as possible with our drying. And we were doing
as well as anyone at the time. Part of my training took me to kiln schools and on
tours of other facilities and the more I learned, the more I could see opportunities
for improvement.

As I mentioned, our green lumber comes from three different mills, Council
is located approximately 100 miles north, Cascade approximately 90 miles northeast,
and Horseshoe Bend is 25 miles east. All three mills could be cutting different
aged logs, from different geographical locations, to a different target size. One mill
may be sawing pine logs fresh from the woods, while another is cutting pine logs
from a deck that has been under sprinklers for 8 months, and at the same time the
last mill could be processing white fir. The lumber is shipped in from Cascade and
Council on rail cars and Horseshoe Bend's production is trucked in daily. The
lumber coming by rail is delivered 3 times weekly. The point of this being, the
lumber going into the kilns can have extreme variation in age and moisture content.
Our kilns were old with dirt floors, poor (if any) floor baffling, cross shaft fans, and
fin pipe heating coils. Moisture testing showed a wide moisture distribution within
a kiln.

In May of 1989, I attended the Western Dry Kiln Association meeting in
Coeur d' Alene Idaho. While there I heard Jeanne Danielson present a talk
concerning research the Forest Products Lab was conducting in the area of lumber
drying. I discussed her talk with my boss, Bob Hoff, and we decided to invite
Jeanne and her research crew to Emmett. My goal in doing so was to find out what
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we were doing right, what we were doing wrong, and areas in which we could
improve. And, also, to find out what we could do to reduce variation within kiln
as well as between kilns.

RESEARCH PROCEDURES

Three tests were conducted by a research team consisting of Jeanne
Danielson, John Tschernitz, and Sid Boone. They were assisted during one test by
Mike Milota and Bob Maki. The first test was to determine how variation in
temperature and air velocity affect drying and establish a baseline. This test was
conducted in May of 1990. The second test was conducted in July of 1990 to
determine to what extent improved baffling reduced variation within the kiln. The
final test, in July of 1991, was to verify the effects of implemented design changes.

The kiln selected for testing was our only double track. This kiln was
constructed in 1958, using conventional concrete block wall construction. Prior to
these tests, the original flat roof had to be replaced with a peaked aluminum roof.
The vent system consisted of 15 vent openings located on each side, in the middle
of a prefabricated panel the vent openings were unevenly spaced. The interior of
the kiln had a dirt floor, no floor baffling, fin pipe coils, with a large gap between
the fan deck and the overhead coils.

The stock processed for each test was 5/4 pine shop. Thermocouples were
used for temperature sensing. Four rows of thermocouples were attached in the
sticker openings on each side of each load in the kiln, for a total of 96 sensors. The
wires were run down the tops of the loads to the front of the kiln, under the door
and to a computer. The computer was used to collect data and continuously display
the thermocouple readings. Air velocity tests were done after the kiln was loaded,
before start-up. These readings were taken at every thermocouple location and
under the kiln carts.

RESULTS

The results of test 1, conducted with no improvements to the kiln, are shown
in Table 1. The air velocity profiles for all tests are shown in Figure 1.

Several factors contributed to the variation in air velocity and temperature.
The lack of adequate baffling, both floor and end, was a major factor. Uneven vent
spacing was also a contributing factor. Some variation between forward and
reverse fan directions can be attributed to the cross shaft fan motors and mounting
brackets. This was consistent through all testing. Our shop lumber is pulled 2
lengths to a load, this also contributes to uneven air flows. Again, this was
consistent in all tests.

Approximately 14 hours into the run, we decided to put some temporary floor
baffling in place. We used 2x10's and leaned them against the kiln carts. Almost
immediately the temperature distribution became more even. Before the boards
were put in place, temperature differences up to 30 F were noted along the reheat
coil. After the temporary baffles, this difference was less than 20°F. This
prompted the second test to determine how much the variation could be reduced
by better baffling.

In test 2 temporary baffling was again used, 2x10's for floor baffling and
plywood to close the gaps under the reheat coils and between the fan deck and the
overhead coils. A plywood baffle was constructed in the front end of the kiln but
no rear baffle was used. Air velocity tests showed some improvement; however,
there were still some areas with low airflow. The 2x10's completely blocked the
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Air speed, ft./min.

Forward ReverseFans

300-720Sticker Openings 540-1140

Under Carts

Table 1. Air velocity and temperature variation for test 1.

Air speed, ft./min.

Fans
	 Forward

	
Reverse

Sticker Openings
	

540-980
	

420-740

Under Carts
	

820-1140
	

880-1020

Average Maximum

Reverse

Track 17 15.9 26.9

Track 18 17.4 35.5

Forward

Track 18 19.2 31.2

Track 17 25.0 37.8

space under the kiln carts so no readings were obtained. The variations likely
resulted from the lack of a rear baffle and uneven vent spacing. The temperature
and air velocity data are given in Table 2.

Table 2. Air velocity and temperature variation for test 2.

Average Maximum

Reverse

Track 17 14.8 27.1

Track 18 17.6 27.7

Forward

Track 18 15.9 22.9

Track 17 17.6 23.9
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Figure 1. Air velocity profiles for all three tests for track #18 and the fans
forward.
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Some of the boards used as floor baffling blew over during the course of the
run. This added to the temperature variation noted, however we felt the results
were positive enough that we proceeded with permanent improvements to our kilns.
The changes made to the kilns consisted of pouring concrete floors, with permanent
concrete floor baffling as part of the floor. Reconfiguration of the overhead
heating coils and fan decks. (In our single tracks the fan deck only extended on one
side of the fans and we only baffled on that side. We extended the fan deck to the
other side of the fans and now baffle both sides of the load.) Before the final test
was conducted, we also added a vent heat exchanger that replaced our conventional
venting system.

The air velocity test results for the third test are shown in Table 3. The 1500
fpm air velocity measured under the carts probably has little effect on drying as the
space between the concrete floor baffle and the wood is less than 1". The
remaining variation is probably attributable to inadequate end baffling and the
practice of pulling two lengths to a load, as well as the fan motors and mounting
brackets. In the opinion of the research team, it is impossible to separate the effect
of the floor baffles on airflow uniformity from that of the vent heat exchanger
which replaced the vent openings. Both greatly improved the airflow through the
sticker openings.

The maximum variations in temperature occurred only during start-up, the
remaining portion of the drying schedule had a maximum temperature variation of
around 12 F (Table 3). Air bypassing the reheat coils was probably the largest
source of temperature variation, and therefore the biggest contributor to
non-uniform drying. The concrete floor baffles not only minimized the airflow
bypassing the sticker openings, going under the kiln carts, they also forced all the
air through the reheat coils. This noticeably improved the temperature distribution.

Table 3. Air velocity and temperature variation for test 3.

Air speed, ft./min.

Fans Forward Reverse

Sticker Openings 750-1100 500-1100

Under Carts 1000-1500 300-600

Average Maximum

Reverse

Track 17 9.1 17.1

Track 18 10.4 18.6

Forward

Track 18 10.7 18.5

Track 17 10.1 17.1
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BENEFITS

The benefits gained from having this research performed extends beyond
mere process improvements. Less temperature variation and more uniform air
flows have contributed to better quality drying. We have seen tighter moisture
distributions, not only within kiln, but between kilns (Figure 2). Our grade
recovery is improving. The percentage of 2 & btr commons in our 4/4 pine, which
is a benchmark we use, has gone from 23.8% in 1990 to 39.8% year-to-date in 1992
(Figure 3). Of course the kilns cannot claim the entire increase in recovery, but
they have been a major contributor. I feel that possibly the greatest benefit from
this research is an intangible, that is difficult, if not impossible, to measure. From
the very beginning, I have been a believer in employee involvement, empowerment
is the current buzz word. Even before we had heard of this research project, I had
a team of kiln employees working on a better baffling system. And most of the
floor baffle improvements came from their ideas and suggestions. This research
project provided another opportunity for the kiln operators to expand their
knowledge and understanding of the drying processes. Providing, and having the
opportunity for, this type of learning experience, seeking out the employees input,
and involving them in the decision making process builds a sense of employee
ownership. One of the kiln operators I work with stated it best. She said I used to
do things because I was told what to do and how to do it, and if I didn't do it I
would get in trouble. Now I do these things because I understand why. Call it
employee involvement, empowerment, or total quality management, long term
continuous improvement depends on creating this type of environment.

Finally, I would like to thank Jeanne and her team of researchers. They
provided us with not only suggestions for process improvements and the testing to
verify the improvements, but they also assisted me in my attempts to create the
environment necessary for continuous improvement.
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Figure 2. Moisture distribution before and after kiln improvements.
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Figure 3. Grade recovery, percent 2 & btr, during period of study.
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