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INTRODUCTION

My lecture is entitled "Forgotten Results in Hemlock Drying". I chose this
topic for two reasons:

1) To raise the awareness of researchers who are conducting wood drying
investigations;

2) To indicate where ideas and practices can be expanded and improved.

I will briefly cover a few areas which are of great interest to researchers and
kiln operators, and which were thoroughly explored and investigated by Charles
Kozlik, Marion Salamon, Tom L. Abner, and others. These areas are:

a) Sinker heartwood and its effect on moisture content and drying rates;
b) Wide range of initial moisture content and its effect on overdrying and

underdrying;
c) The occurrence of compression wood and its effect on degrade;
d) The effect of different types of kiln schedule on lumber quality.

I. Sinker Heartwood (Characteristics) 

Kozlik and Ward investigated the characteristics of sinker heartwood in
western hemlock; its occurrence, moisture content and chemical constituents as
well as kiln drying properties. Figure (1) shows the location of sinker heartwood
in a 105 year old tree. This type of wood contains anaerobic bacteria, has a higher
extractive content, higher specific gravity, dries at a slower rate than normal
sapwood and heartwood. Lumber containing sinker heartwood develops shake
when kiln dried and retains wet pockets areas.

LOWER BOLT UPPER BOLT

Figure 1. Sinker Heartwood Characteristics. Schematic of end sections of 2-foot-
long bolts cut from a 105-year-old western hemlock tree. Lower bolt was cut at 18-
inches above ground line and upper bolt at 52-feet. Sinker heartwood was infected
with anaerobic bacteria. The sap streak was infected with both bacteria and fungi,
and could be traced to a mechanical root injury. Normal heart and sapwood was
non-infected. (Kozlik)	 80



Sinker heartwood is found in young growth as well as old growth and can be
divided into two categories:

a) lighter (easy to dry) occurring in young growth; and,
b) heavy (hard to dry) occurring in old growth.

Table (1) compares the drying rates of sinker heartwood, sapwood and
heartwood in young growth as well as old. The percentage of sinker wood was
estimated for sapwood and heartwood and were examined for bacteria infection.
The relationship between drying rates and length of time of the infection were
correlated.

Improvement in drying rates was attempted by removing the extractive with
acetone and ethanol and then pre-steaming. The results of this work can be
summarized as the following:

a) Sinker heartwood seem to occur in trees which were subjected to injury;
b) Moisture content, specific gravity and chemical extractives are higher

than that of normal sapwood or heartwood;
c) "Wet spots" persist after kiln drying;
d) Drying rates are slower than that of normal sapwood or heartwood;
e) Improvements in drying rates can be obtained by acetone and ethanol

treatment and then pre-steaming.

One proposed solution for dealing with the "wet spots" issue is to subject
lumber to radio frequency for a short period after the material has been kiln dried.
This area requires research because a number of parameters need to be
investigated.

II. Occurrence of Compression Wood in Western Hemlock 

Earlier studies have shown that most of the kiln drying degrade of western
hemlock is associated with differences in shrinkage rate during drying. The
presence of compression wood results in an uneven shrinkage pattern causing twist
in 2x4, cup in 2x8, 2x10 and 2x12. One possible explanation for the occurrence of
compression wood streaks was given by Kellogg and Warren (1978). The
observation was made while they were investigating the effect of drying
temperature on the colour and strength of western hemlock. The findings were:

a) Compression wood streaks introduced variability in both of these
parameters;

b) Less severe and slower kiln schedules minimized degrade and gave a
much better final moisture uniformity;

c) Compression wood affects the strength of the lumber.

Many kiln operators are regularly asked to correct the problem of twist, cup
and splits by applying better kiln schedules without realizing that the degrade may
be occurring due to the presence of compression wood. Understanding the physical
characteristics such as sinker heartwood, wet spots, compression wood, are critical
factors in seasoning western hemlock.

III. Sorting for Kiln Drying

Marion Salamon in 1965 presented some interesting results in his paper
entitled "Four-Day Drying of Western Hemlock". These results show the relation
of initial moisture content to specific gravity, calculates the drying rates using
different air velocities, and describes the development of kiln schedules. Specific
gravity calculations revealed that western hemlock can be sorted into moisture
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TABLE 1

Moisture content of normal and microbially infected wood from young and old-growth western Hemlock
at various stages of drying. (Kozak)

TYPE OF WOOD
Associated

Micro-Organisms
Number of
Samples

Average Board Moisture Content %
Initial	 51 hr	 74 hr	 98 hr	 144 hr 227 hr

UM/WSW YOUNG GROWTH
Sapwood 100% None 10 131 35 19 13 8 7

Sap 65%, Sapstreak 35% Mixed 4 95 27 16 11 8 6

Sap 60%, Sinker 40% Bacteria 5 100 34 22 16 10 7

Sinker 60%, Heart 40% Bacteria 5 107 38 27 19 11 7

Upper Ster11:..
Sapwood 100% None 7 153 31 16 10 7 6

Heartwood 100% None 2 53 16 11 9 7 7

cots)
Sap 50%, Heart 50% None 4 97 22 14 11 9 8

OLD GROWTH
Sapwood 100% None 3 185 43 19 10 7 6
Heartwood 100% None 2 55 17 12 9 7 6
Sap 60%, Sapstreak 40% None 1 69 25 16 11 8 7
Sap 70%, Sinker 30% Bacteria 2 105 30 20 14 9 7
Heart 50%, Sinker 50% Bacteria 2 100 29 20 14 9 7
Sinker - Light 2 Bacteria 4 146 45 28 17 10 7
Sinker - Heavy 3 Bacteria 3 155 63 47 33 18 9

TOTAL 54

Mixed population of bacteria and fungi. Sapstreak originating from root injury.
2 Apparently early stage of sinker formation, generally easy to dry.
3 Older or more advanced stage of sinker formation, generally harder to dry.
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classes based on weight before kilning. This method eliminated overdrying and
underdrying. Figure (2) shows a typical initial moisture distribution. The average
is 73% whereas the range is 30% to 160%. There is also a large variation in
specific gravity .30 to .50; due to the presence of sinker heartwood.

Table (2) presents data from Tom Abner's work "Drying West Coast
Hemlock and Douglas Fir to the New Moisture Specification with Minimum
Degrade". Hemlock lumber was sorted into 2 groups by weight "heavy" and "light".
After kiln drying the charges with similar schedules, it was found that 2/3 of the
wet pieces were in the heaviest 30% by green weight.

Kozlik and Hamlin (1971) noted the ease of visual segregation of sinker
heartwood on the green chain, while his later work (Kozlik and Ward, 1981) noted
the variability of sinker heartwood specific gravity.

Ward and Kozlik (1975) indicated the particular importance of sorting by
electric resistance to segregate sinker heartwood in young growth Western hemlock
to prevent shake.

Other methods employed in sorting for kiln drying are:
a) Segregating sapwood from heartwood;
b) Sorting by initial moisture content.

Moisture sorting of "SPF" is being done by several mills in the interior of
British Columbia and one mill on the coast. The Novax moisture sensor is used to
perform this task. Data on the economics derived from sorting can be obtained
from their brochure.

IV. Drying Schedules

As noted above, much work has been done by Abner, Kozlik, Lin, Salamon
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and others on schedules to successfully dry western hemlock despite the unusual
difficulties of sinker heartwood and compression wood. An excellent resume of
these results are given in Tables (3,4,5,6,7).

Salamon showed in 1965 that it was possible to dry common dimension
lumber with combined conventional/high temperature schedule, using air
circulation rate of 450-850 ft/min.

Subsequent work by Kozlik (1971, 1981) and Kozlik and Hamlin (1971),
documents the improvement in drying quality and time with higher kiln
temperatures. The later work clearly indicates the differences between heartwood,
sapwood, and sinker heartwood. Kozlik (1975) also warns of the loss of strength
in western hemlock due to high temperature drying. Salamon (1965) had earlier
developed schedules (low-high temperature) to minimize the loss of strength.

CONCLUSION

As coastal mills in British Columbia consider major investments in drying
facilities for western hemlock, it is essential that we be familiar with the work
carried out since the early times on the particular problems of this species and the
solutions offered by sorting and special drying schedules. This will be invaluable
in specifying equipment and quantifying economic benefits, but is also necessary as
a foundation to further research, by avoiding blind alleys and focusing on the key
problem areas that remain.

Suggested areas of future research are (1) selective treatment of residual
"wet spots" by the use of radio-frequency drying, (2) development of improved
sorting technique for segregating "sinker heartwood" and compression wood, (3)
drying schedules for sorted lumber as well as schedules for lumber containing "wet
spots" and compression wood.
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TABLE 2

Proportion of Pieces Over 19% Dry Moisture
Content in Green Weight Classes (Abner)

Heavy Light

Pieces Over 10 9 8 7 6 5 4 3 2 1
19% Moisture

# Pieces 41 41 51 23 20 13 10 9 4 1

% in Each Class 19.3 19.3 23.8 10.8 9.4 6.1 4.7 4.2 1.9 0.5

Cumulative % 19.3 38.6 62.4 73.2 82.6 88.7 93.4 97.6 99.5 100.0

About 2/3 of "wet" pieces are in the heaviest 30% by green weight (10% in each class).
Total number of pieces in each "green" weight class is approximately 100.



TABLE 3

Typical High Temperature-Large Wet Bulb
Depression Schedule Used for Drying Western
Hemlock Dimension (Abner)

Hours Dry Bulb
(° F.)

Wet Bulb
(° F.)

0 -18 200 180

18 - 30 200 170

30 - 48 200 160

48 - 72 200 150

72 - 96 200 175

TABLE 4

Constant Depression Schedule (ABNER)

Hours Dry Bulb Wet Bulb
(° F.) (° F.)

0 - 98 174 154

98 - 104 vents spray
closed on
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TABLE 5

Equalization Schedule for Drying
Western Hemlock Dimension (ABNER)

Hours Dry Bulb
(° F.)

Wet Bulb
(° F.)

0 -12 180 170
12 - 24 180 165
24 - 48 175 155
48 - 72 175 145
72 - 96 165 145
96 - 115 155 - 160 145
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TABLE 6

Degrade vs. Dry Moisture Content (ABNER)

Classes of Dry Moisture Content

-7 - 11% 12 - 13% 14 - 16% 17 - 20% 21 - 25+%

No. of Pieces 225 191 234 175 179
(2 x 8" x 16')

No. of Pieces 58 45 34 26 34
Degrading

% of Pieces in MC 25.8 23.6 14.5 14.9 19.0
Class that Degraded

Cost of Degrade $5.20 $4.41 $2.63 $2.39 $3.94
in $/MBF i



TABLE 7

Proportion of Pieces Over 19% Dry Moisture
Content in Green Weight Classes (ABNER)

Heavy Light

Pieces Over 10 9 8 7 6 5 4 3 2 1
19% Moisture

# Pieces 41 41 51 23 20 13 10 9 4 1

% in Each Class 19.3 19.3 23.8 10.8 9,4 6.1 4.7 4.2 1.9 0.5

Cumulative % 19.3 38.6 62.4 73.2 82.6 88.7 93.4 97.6 99.5 100.0

About 2/3 of "wet" pieces are in the heaviest 30% by green weight (10% in each class).
Total number of pieces in each "green" weight class is approximately 100.
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hemlock. Extraction with ethanol or acetone and pre-steaming improved the rate
of drying of sinker heartwood. Electron microscopy was used to examine bordered
pits in normal and sinker heartwood and extracted specimens of sinker heartwood.
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floccosoids, and light, without floccosoids. Green moisture content of sapwood and
sinker heartwood averaged above 140 percent while normal heartwood averaged
about 80 percent. However, the range in moisture content for sinker heartwood
varied from 80 to more than 200 percent. Specific gravity of sinker may or may not
be higher than normal heartwood depending on growth rate and extractive content.
During kiln drying, normal heartwood reached fiber saturation point in one-half the
time of sapwood and sinker heartwood. Total drying time to 15 percent moisture
content for normal heartwood was about 30 percent less with a conventional
schedule (180°F) and 40 percent less with a high-temperature schedule (230°F) than
for sinker heartwood and sapwood. High-temperature drying reduced kiln time
from conventional drying by 50 percent or more for the four board types.
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Conventional (186°F) and high-temperature (230°F) schedules were used. Before
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kiln drying, each specimen was surfaced on four sides to 1.7 by 6-inches, cut to 20-
inch lengths, measured for width and thickness, and weighed. The measurement
areas were given four classifications: normal (no sinker heartwood), streak, band,
and sinker. Measurements and weights were recorded again after kiln drying and
equalizing. Specimens with normal heartwood shrank similarly with both schedules.
High-temperature drying of streak, band, and sinker heartwood specimens produced
greater shrinkage than conventional drying of matched specimens. Sinker
specimens shrank least after kiln-drying, followed by band, streak, and normal
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Lin, R.T., Lancaster, E.P., Kramer, R.L. 1973. Longitudinal Water
Permeability of Western Hemlock. 1. Steady State Permeability. Wood and Fiber.
4(4):278-289.
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heartwood of freeze-dried heartwood was heavily incrusted, but that of wetwood
was relatively free of encrustation. High water permeability of wet heartwood was
attributed to a low level of pit aspiration and freedom from encrustation.

Both sapwood and wetwood exhibited deterioration of permeability with
time. In sapwood the cause was considered to be time-dependent pit aspiration
because of hydro-static pressure differentials during testing, but in wetwood the
deterioration was attributed to extractives transported by water and deposited on
pit membranes to form an impermeable coat of film.

A further proposal is that formation of wet pockets during drying of western
hemlock lumber is caused by formation of an impermeable zone from the
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constructing two experimental apparatus to investigate the permeability of western
hemlock to water. When unsteady-state and steady-state permeability were
compared, the unsteady-state permeability of both sapwood and normal heartwood
was found to be higher than the steady-state permeability, but that of wetwood was
generally lower than the initial steady-state permeability and was of the order of
the final steady-state permeability. The permeability of western hemlock to water,
regardless of whether it is measured by steady-state or unsteady-state techniques,
is the highest for sapwood, followed by wetwood and normal heartwood.

Under unsteady-state conditions, sapwood permeability is time-independent,
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but wetwood exhibits time-dependent behaviour, probably caused by blocking of the
openings on pit membranes by movable extractives when water flows through the
cell lumen. Storing western hemlock wetwood in water at room temperature
reduces its water permeability. Wet pockets that form when wetwood of western
hemlock is subjected to kiln drying have lower permeability than the dried portion
of the lumber.

Additional Keywords: Tsuga heterophylla, sapwood, heartwood, kiln drying, wet
pockets.
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Salamon, M. 1965. Four-Day Drying of Western Hemlock. Proceed. Kiln Drying
Seminars, Vancouver, B.C.

Conclusion: Four-day drying of western hemlock and balsam fir common
dimension was carried out successfully by the use of a combined schedule of
conventional temperatures and high- temperatures in a kiln capable of working with
air circulation rates of 450 and 850 f.p.m.

For industrial operations which are unable to raise both the temperature and
the air circulation rate, it might be possible to raise one or the other. Upon the
basis of preliminary experiments it is expected that an increase of air circulation
rate will reduce the drying time as well as lower the range of final moisture content.

Salamon, M. 1965. Effect of High-Temperature Drying on Quality Strength of
Western Hemlock. For. Prod. J. 15(3):122-126.
Abstract: Western hemlock dimension lumber was kiln dried under special
schedules and then compared to matched samples dried under conventional
schedules. One schedule was conventional until the fiber saturation point was
reached, and then temperatures above 212°F were used. In the other schedule a
constantly high-temperature of 220°F was used from the start. The degrade was
greatest in the conventionally dried lumber and least in the lumber dried at the low-
high temperature schedule. The range in the distribution of final moisture content
decreased with increasing time of exposure at temperatures above 212°F. The
saving in drying time compared to the conventional schedules was about 33 percent
for the constant high-temperature schedule and up to 10 percent for the low-high
temperature schedule.
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The study shows that the strength properties of kiln dried western hemlock
are unaffected by temperatures ranging up to 230°F when applied as in the kiln
schedules presented here. It also shows that the strength properties of lumber
dried under the low-high temperature schedule are not reduced below those of
lumber dried under a conventional schedule, even when the drying times for the two
different schedules are equal.

Salamon, M., McBride, C.F. 1965. A comparison of western hemlock and balsam
fir dried at high and conventional temperatures. Proc. 17th Annual Meeting,
Western Dry Kiln Clubs, West Coast Dry Kiln Association, Portland, Oregon.

Schroeder, H.A., Kozlik, C.J. 1972. The Characterization of Wetwood in
Western Hemlock. Wood Sci, and Tech. Vol. 6: 85-94.
Summary: One of the problem areas in the kiln drying of western hemlock lumber
is the wide variation in final moisture content of the wood. This variation in
moisture content is due to the presence of sinker or wetwood in the heartwood.
The features of wetwood which differentiate it from the normal heartwood include
higher specific gravity, higher extractives content, and lower permeability. The
apparent higher specific gravity can be fully accounted for by the higher extractives
content. The principal extractive is conidendrin. The wetwood in western hemlock
often occurs together with ring shake and under these circumstances the white
deposit on the shake surfaces is also conidendrin and not matairesinol, the
substance usually associated with ring shake in western hemlock.

A viewpoint is presented on the origin of wetwood as the end product of a
reaction by the tree to injury, i.e., ring shake, in which additional extractives are
deposited. The extractives result in a greatly lowered permeability, which prevents
loss of moisture during heartwood formation and thereby resulting in wetwood.
Bacteria usually found in wetwood and responsible for many of the symptoms
associated with wetwood are a result of the high moisture content which favours
bacterial growth in wood. Presumably, the two primary sources of loss in kiln
drying of western hemlock, shake and wetwood, are often intimately associated.
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