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Since 1941, the Forest Research
Laboratory-part of the School of
Forestry at Oregon State University in
Corvallis-has been studying forests and
why they are like they are. A staff of
more than 50 scientists conducts research
to provide information for wise public
and private decisions on managing and
using Oregon's forest resources and
operating its wood-using industries.
Because of this research, Oregon's forests
now yield more in the way of wood
products, water, forage, wildlife, and
recreation. Wood products are harvested,
processed, and used more efficiently.
Employment, productivity, and
profitability in industries dependent on
forests also have been strengthened. And
this research has helped Oregon to
maintain a quality environment for its
people.

Much research is done right in the
Laboratory's facilities on the campus. But
field experiments in forest genetics,
young-growth management, forest
hydrology, harvesting methods, and
reforestation are conducted on 12,000
acres of School forests adjacent to the
campus and on lands of public and
private cooperating agencies throughout
the Pacific Northwest,

With these publications, the Forest
Research Laboratory supplies the results
of its :research to forest land owners and
managers, to manufacturers and users of
forest products, to leaders of government
and industry, and to the general public.

As a research bulletiih, this publication
is one of a series that comprehensively
and in detail discusses along, complex
study or summarizes available informa-
tion on a topic.
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summary
Short-term heating of softwood
veneer blocks temporarily softens
the wood. Because warm wood
is more plastic and pliable, it
can be peeled more readily,
reducing the depth of lathe
checks and the likelihood of
splitting. Heating increases the
quality of veneer recovered from
large, high-grade blocks. More
tangibly, it also increases the
quantity recovered, estimated at
3 to 25 percent by mill studies
and industrial observations.
Furthermore, heating smooths
the veneer surface, possibly
decreasing glue consumption, and
it reduces knife-wear and the
power required for peeling.
However, insufficient or improper
heating may cause spinouts or
end-checks, respectively.

The softwood-plywood industry
conventionally conditions blocks
three ways: steaming blocks in
drive-in chambers, deluging
blocks in such chambers with

hot water, or submerging blocks
in feed-through vats of hot
water. Steaming chambers are
least expensive to build and are
easily maintained; however, the
steam must be saturated or
blocks will end-check. If the
condensate is discharged to
surface waters, the mill must
meet environmental water-quality
standards. Such problems are
avoided by deluging blocks with
hot water that is recirculated.
Cascading water or steam is
unlikely to heat the blocks
uniformly when blocks of
various diameters are treated
together. Submerging blocks in
feed-through vats heats very
uniformly and makes logs easy
to segregate. However, this
method requires the greatest
initial investment and safety
precautions to protect workers.

The best wood temperature for
peeling falls between 120°F and
140°F for most softwoods and is
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slightly higher for some pines.
To reach these wood
temperatures, operators control
the temperature of the heating
medium and the length of
exposure. However, often the
heating periods are too short for
the wood to reach the target
temperature. Sometimes this
happens if blocks are not
properly segregated into diameter
classes. The heating period
depends on the temperature and
distribution of the heating
medium, as well as the diameter,
density, moisture content, and
initial temperature of the blocks.
Most important are the
temperature of the heating
medium and the block diameter.
For example, to heat Douglas-fir
with an intial temperature of
50°F to 120°F at the 6-in. core,
a block 12 to 18 in. in
diameter would require 10 h at
170°F and 8 h at 212° F,
whereas a block 25 to 30 in. in
diameter would take 38 and 28

h at 170° F and 21 2°F,
respectively.

Heated blocks cool rapidly
during transfer from the heating
vats to the lathe, and operating
personnel usually underestimate
the magnitude of the cooling.
However, a newly developed
system-infrared sensor,
knife-positioning recorder,
microprocessor, and
microcomputer-can record
temperature profiles of veneer
blocks as they are peeled,
offering industry a process
control tool superior to
traditional but simpler methods
of gauging block temperature.

The energy required for heating
varies with species, bolt
diameter, heating system, and
climate. For example, in the
western United States, 450 to
1,000 lb of steam are required
to heat blocks with a veneer
volume of 1,000 ft', 3/8-in.
basis.

The profitability of block
conditioning depends on the cost
of the installation and cash
netted from increased veneer
sales. The life expectancy of
such installations commonly is

estimated as 10 to 15 years.
Future cash inflows are mainly
determined by the amounts and
values of additionally recovered
veneers and by operating costs
which are quite acceptable if
existing boiler systems are fired
with self-generated hogged fuel.
If boiler capacity must be
increased or expensive fossil fuel
must be burned, payback or
internal rate of return, or both,
should be carefully calculated.
Increasing wood values will cause
faster payback and a higher
time-adjusted rate of return.
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introduction
Short-term heating of veneer
blocks before peeling softens the
wood, but only while it remains
hot. Softening is most important
for dense woods or softer wood
with dense knots, particularly
when the logs are frozen and
must be thawed.

Early in the softwood-plywood
industry, the method of
heat-conditioning blocks was
adopted from manufacturing
practices for hardwood veneer
(Kuhlmann 1962). In the 1940s
and early 1950s, that practice
was discontinued because the
newly introduced roller-nosebar
simplified peeling.

Then, to investigate whether
improved veneer quality justified
preheating blocks of Douglas-fir
[Pseudotsuga menziesii (Mirb.)
Franco], Grantham and Atherton
(1959) compared veneer
produced from heated and
matched unheated Number 2
Peeler Logs about 36 in. in
diameter and Special Mill Logs
of small diameter. The primary
quality characteristic compared
was yield by grade of dry
veneer. The major advantage of
heating was increased recovery of
A-grade veneer because of
reduced splitting. Preheating
increased value about three times
more for the low quality Special
Mill Logs than for the high-grade
Number 2 Peelers.

Subsequently, Corder and
Atherton (1963) evaluated the
quality of veneer recovered from
Number 2 Douglas-fir Sawmill
Logs. Blocks 24 to 26 in. in
diameter were peeled at four
temperatures ranging from 70°F
to 200°F and at different levels

of nosebar pressure. Based on
surface roughness, splits, lathe
checks, thickness variations, and
strength properties, a heating
temperature near 140°F yielded
the best quality of veneer.

As a result of those studies by
the Forest Research Laboratory
(F R L) at Oregon State
University, heat conditioning
regained popularity. During the
last decade, particularly with the
steady rise in log prices, many
new conditioning facilities have
been constructed using steam or
hot water or both to increase
veneer recovery per unit of log
volu me.

Because warm wood is more
plastic and pliable, heating offers
many possible advantages (Table
1). For example, warm wood
peels more easily, reducing the
depth of lathe checks and the
likelihood of splitting and
thereby increasing the yield of
recovered veneer. Furthermore,
heating increases the quality of
veneer from large, high-grade
blocks; it smooths the veneer
surface, possibly decreasing glue
consumption; and it reduces
knife-wear and the power needed
for peeling.

However, heating also has some
possible disadvantages (Table 1).
For example, it darkens the
sapwood of all species and
discolors heartwood in some.
Moreover, blocks that are
insufficiently or improperly
heated may spinout or
end-check, respectively.

Since the 1950s and 1960s when
the F R L studied block heating,
both the quality and size of logs
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have changed dramatically. Now
high-grade Peeler Logs usually
are manufactured into lumber,
whereas lower grade,
small-diameter Saw Logs are
being peeled into veneer.
Therefore, to update the
technical and economic aspects
of heating softwood veneer
blocks, we (1) surveyed plywood
mills in the western and
southwestern United States, (2)
supplemented those results with

published and internal reports of
studies conducted by industry,
and (3) conducted limited
studies in several mills in the
Pacific Northwest. Drawing on
our findings, we will outline
current industry practices,
demonstrate general approaches
for capital budgeting, and assess
variations between
heat-conditioning techniques now
used in mills.

Table 1.

POSSIBLE ADVANTAGES AND DISADVANTAGES OF HEAT
CONDITIONING.

ADVANTAGE

Increased volume of recovered veneer

Increased quality of recovered
veneer from high-quality and frozen
blocks

BECAUSE OF

Less splitting and breakage in
handling

Decreased splitting, reduced
degrade from surface roughness

Reduced knife-wear

Reduced glue spread

Tighter veneer with finer checks
and reduced nosebar pressure,
especially for thickness above
1/8 in.

Greater tensile strength of veneer
perpendicular to the grain

Reduced power required for peeling

Increased production

Reduced drying time with inline
dryers

Decreased spinouts

DISADVANTAGE

Increased spinouts

Fuzzy veneer surface

End-checking of blocks and veneer

Softened knots

Smoother peel

Wood is more plastic and less
resistant to fine checking, thus
reducing deep splits

Tighter veneer and finer, shallower
checks

Softened wood offers less resistance
to peeling

Faster peeling of softer wood

Some heat is stored in wood, and
steamed wood is more permeable

Thoroughly softened wood requires a
lower turning force

BECAUSE OF

Cold main block despite heat-softened
ends

Overheating

Heating in dry steam
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heat conditioning
Methods

Steam or hot water, applied
directly or indirectly, can be
used to heat blocks in either a
batch or continuous process
(Table 2). Some systems mix
steam with sprays of hot water;
others heat water vats with
steam coils or live steam.

Spraying steam under low
pressure in aboveground
chambers (Fig. 1) seems the
simplest to operate and least
expensive to build and maintain.
In a tight chamber, steam
reaches all but the most covered
blocks. The relatively small
amount of waste condensate may
be discharged to a sanitary sewer
system or treatment facility, but
it does represent some wasted
heat and chemicals for boiler
feedwater treatment. This lost
condensate would be important
for a boiler installed exclusively
for steam chambers, but it is
less important if the vaults use
only part of the total steam
generated at a plant.
Furthermore, if the steam
pressure gets too low, the blocks
can take a long time to heat
up, and steam lines may clog
with water.

Direct steam at higher pressures
can dry blocks, especially the
ends which will check. Yet
heating times must be closely
monitored so blocks do not

INJECTION OF STEAM

Figure 1.
Chamber with direct steam
spray.

overheat; otherwise, the veneer
surfaces fuzz.

So that high-pressure steam does
not dry block surfaces, it can be
saturated by bubbling through a
water bath (Fig. 2) or by
mixing with hot water. Systems
combining steam and water
sprays cost more initially and
are more difficult to operate and
maintain. Furthermore, they
yield significantly more
wastewater. Environmental
regulations (U.S. Environmental
Protection Agency 1974) prohibit
discharge by all existing plants

Table 2.

SUMMARY OF METHODS FOR HEAT CONDITIONING VENEER
BLOCKS.

Process

Method Batch Continuous

Steam sprayed under: Aboveground Aboveground chamber
low pressure chambers (drive- (conveyors)
high pressure in vaults)

Spray or deluge with hot water: Aboveground or Aboveground chamber
below 200°F belowground (conveyors)
super heated chambers
mixed with steam

Immersion in water heated by: Submerged, Feed-through soaking
steam coils covered soaking vats, above or below
live steam vat ground
external heat exchanger
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HOTSATURATED:ATMOSPHERE

HOT WATER TROUGH

Figure 2.
Chamber with saturated steam
atmosphere.

except those using direct steam
to condition logs; standards for
new sources prohibit any
discharge of processed water. By
1983, even existing plants will
have to comply with the
no-discharge limitation.

Newer methods avoid that
limitation on wastewater
discharge by using a "closed
loop" approach-blocks are
deluged with either hot water or
a superheated water spray that
recirculates through strainers
(Fig. 3). Either can heat
effectively, but both require
sophisticated installation and
good maintenance. The
arrangement of spray nozzles for
steam, water, or a mixture is
extremely important. Otherwise,
an installation cannot distribute
the heat uniformly, causing hot
and cold spots within the
chamber, especially when blocks
of greatly different diameters are
treated together. Hot-water flows
for drive-in chambers generally
range from 60 to 120 gal/min
per 1,000 ft3 of wood,
depending on climatic conditions.

immersion system was first used
with southern pines and, more
recently, with softwoods of the
Pacific Northwest. Older
submersion systems are
batch-type soaking vats
constructed belowground, heated
with steam coils, and covered
with heavy insulated lids (Fig.
4). Although they are energy
efficient and heat rapidly and

CONDENSATE
TO BOILER

HEAT EXCHANGER

STEAM TRAP
PUMPS

DRY SUMP

WET SUMP-

SOLIDS

uniformly, such belowground vats
require expensive log handling,
usually with cranes. Furthermore,
unless good pumping systems are
used, underground vats are
difficult to drain, clean, and
refill. In contrast, newer
aboveground chambers are
efficiently loaded and unloaded
by forklifts and similar
motorized vehicles or by chain

-"=TRAVELING SCREEN

Figure 3.

Chamber with hot-water deluge.
(Courtesy of Bonney, Bennett &
Peters, Inc., Eugene, Oregon)

Traditionally used with very Figure 4.

dense hardwoods, a hot-water Hot-water soaking pits.

SPRAY NOZZLE

BON' BQNEff 8 PEfEPS, INC
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conveyors that continuously
move the Iogs. Modern
feed-through vats with hold-down
conveyor chains and heavy
covers (Fig. 5) also overcome

MAIN
CIRCULATION PUMPS

Figure 5.

Feed-through immersion tank.
(Courtesy of Bonney, Bennett &
Peters, Inc., Eugene, Oregon)

the waste disposal problem by 6) will require a large surface
recirculating water through area and a high initial outlay of
external heat exchangers. Any c a p i t a l . Greater s a f e t y
immersion system with numerous precautions to protect workers
parallel vats for sorting logs (Fig.

HEAT EXCHANGER
DRAINAGE

CONTAINMENT AREA

DEBARKER

Figure 6.

Layout of a feed-through
immersion tank with block
sorter.

I

UNLOADING PLATFORM

LOG SORTER

I

I

I

I
C

I
I I

I

I

CONVEYOR 0
LATHES

BONNEY, BENNETT & PETERS, INC.

I

I

I I

J
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must be observed with
immersion vats.

Peeling Temperatures

Optimum peeling temperatures
are often difficult to identify for
all the different species and log
diameters used to produce
veneer. Ideally a mill manager
should be able to weigh the
benefits and the associated costs
of heat conditioning; for
softwoods, many managers
believe that the benefits
outweigh the costs, but few are
certain to what temperature the
wood should be heated.

Higher target temperatures take
longer and therefore cost more.
Although the temperature of
steam or hot water is easily
controlled, the actual
temperature achieved in the log
is seldom monitored. Also,
heated blocks sometimes cool
between the heating vat and the
lathe, yet mill managers
frequently overlook or greatly
underestimate the degree of
cooling.

For a given species, no single
temperature will be optimal for
cutting wood under all
conditions (Fleischer 1959).
Fortunately, a moderately wide
range of temperature will yield
good results. Lutz (1978)
suggested wood temperatures
ranging from 60°F to 180°F for
peeling 1/8-in. veneer from most
U.S. softwood species (Table 3).
In general, 1/16-in. veneer or
thinner may be cut at lower
temperatures, and wood with
considerable cross-grain or hard
knots should be heated 20° to
30° F higher. The Canadian
Forestry Service (Feihl and Godin
1975) recommends cutting
Canadian softwoods at
50° F to 100° F, figures
surprisingly lower than those
recommended for U.S. species, a
discrepancy that may indicate
the need for more research.
Experimentally, 140°F has proven
the best temperature for peeling
Douglas-fir (Corder and Atherton
1963) because fewer lathe

Table 3.

SUGGESTED TEMPERATURES FOR CONDITIONING U.S.

SOFTWOODS FOR ROTARY PEELING.

Approximate temperatures

Species °F
°C

WESTERN

Alaska yellow cedar 120-140 50-60

Incense cedar 70-120 20-50

Port Orford cedar 120-160 50-70

Western red cedar 140-160 60-70

Douglas-fir 60-140 15-60

Balsam fir 70-130 20-55

California red fir 70-150 20-65

Grand fir 70-150 20-65

Noble fir 70-150 20-65

Shasta red fir 70-150 20-65

White fir 70-150 20-65

Western hemlock 120-160 50-70

Western juniper 140-160 60-70

Western larch 140-150 60-65

Digger pine 140-180 60-80

Lodgepole pine 140-180 60-80

Ponderosa pine 140-180 60-80

Sugar pine 120-140 50-60

Western white pine 120-140 50-60

Redwood 160-180 70-80

Englemann spruce 120-140 50-60

Sitka spruce 120-140 50-60

Pacific yew 180-200 80-95

SOUTHERN

Loblolly pine 120-160 50-70

Longleaf pine 120-160 50-70

Pond pine 120-160 50-70

Shortleaf pine 120-160 50-70

Slash pine 120-160 50-70

Spruce pine 120-140 50-60

Adapted from Lutz (1978).

checks-which largely determine
veneer breakage and, thus,
volume recovered-developed (Fig.
7).

However, heating to desired
temperatures within the blocks is
governed by the heating medium
(its temperature, distribution, and
circulation) and by the block
(its diameter, density or species,
and moisture content), as well as
other variables of the heating
system.

The rates of heating in steam
and hot water are similar. In
general, steam heats wood 5 to
10 percent faster than hot water
(Fleischer 1959) because steam
gives off heat as it condenses on
the cool surface of the wood.
However, if logs of different
diameters are heated in a chamber,
steam and hot-water deluge may
not reach all parts of the blocks,
whereas hot water will
simultaneously contact all parts of
an immersed block and, with
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transmitted per units of time,
area, distance, and temperature
gradient. The specific heat is the
quantity of heat required to
produce a given change in
temperature per unit volume.
Both thermal conductivity and
specific heat are related to the
density and the moisture
content.

Figure 7.

Maximum depth of lathe checks
in Douglas-fir blocks peeled
under light and heavy nosebar
pressure. Source: Corder and
Atherton (1963).

good circulation, will uniformly
heat block surfaces (Feihl 1972).

Frozen blocks take substantially
longer to heat, so time charts
for heating unfrozen wood
(Fleischer 1959, MacLean 1935)
are inadequate (Steinhagen
1977).

Although the type of heating
sytem and, therefore, the rate of
heat transfer to the log surface
are important, nonetheless the
time required to raise the
temperature in the center of the
block is mainly influenced by
the rate of heat conduction
through the wood.

The ease with which heat
penetrates wood, thermal
diffusivity or a (in.2 varies
directly with the conductivity or
k [Btu/min in. 'F], but inversely
with density or p (lb/in.3) and
the specific heat or c (Btu/lb°F)
of the wood:
a = k/cp (1)

Thermal conductivity expresses
the amount of heat being

Wood is not isotropic, so the
accuracy of Equation 1 is
limited. MacLean (1930, 1932)
pointed this out when_ he solved
the first nonsteady-state heat
transfer equation for logs being
heat-conditioned. However,
Equation 1 can be used to
approximate required heating
times.

Table 4, based on MacLean's
work, indicates the shorter
heating times required with
higher vat temperature. Much
more importantly, it shows the
influence of block diameter. A
24-in. diameter block takes
about five times longer to heat
under the conditions stated than
a 12-in. diameter block. This
diameter-temperature-time
relationship strongly suggests that
segregating blocks into diameter
classes can save time and money.

Table 4.

APPROXIMATE TIMES FOR
HEATING DOUGLAS-FIR
B L O C K S (I N I T I A L
TEMPERATURE = 50°F) TO
120°F AT A 6-INCH CORE.a

Block diameter Hoursb heating at
(in.) 170°F 212°F

12 6.0 4.5

15 10.5 6.0
18 16.5 11.5

21 23.0 16.5
24 30.0 23.0
27 39.0 29.0
30 47.0 35.0

aAdapted from McLean (1930, 1935).

bRounded to nearest half-hour.

Energy Requirements

The energy required for heating
depends on the amount of wood
to be heated, design and

10



maintenance of the heating
system, scheduling and loading
procedures, and ambient air
temperatures.

Because most energy is used to
increase the temperature of the
wood and the moisture it
contains, calculations must be
based on the specific gravity of
wood and its moisture content.
Specific gravity is a pure number
that must be multiplied by 62.4
to convert it into pounds of
ovendry wood per cubic foot of
green volume. Moisture content,
expressed as a percentage of the
dry weight of wood, varies
widely between species, as well
as between heartwood and
sapwood within some species-for
example, sapwood in conifers is
much wetter than heartwood.
Because smaller trees generally
have proportionally more
sapwood, moisture content will
be much higher in small trees
than in larger, old-growth trees.
Table 5 lists average values for
specific gravity and moisture
content (U.S. Forest Products
Laboratory 1974).

"Sensible" heat is used to raise
the temperature of both wood
and the water it contains from
the ambient to the desired
temperature. Disregarding other
energy losses, the minimum
energy required for that is

expressed as:

Q = W0 AT(c + M/100) (2)

where Q is the amount of heat
(Btu); W. is the ovendry weight
of wood (Ib); AT = temperature
rise ('F); c = specific heat of
wood (Btu/1b 'F); and M =
moisture content (%).

The specific heat of wood is

approximated by:

c = 0.266 +

0.000644 [(T1 +T2 )/2 - 321 (3)

The energy required to reheat
concrete structures and
compensate for heat losses

Table 5.

DENSITY AND GREEN MOISTURE CONTENT FOR SOME
SOFTWOOD-PLYWOOD SPECIES.

Specific Green moisture content (%)
Species gravity Heartwood Sapwood

Douglas-fir 0.45 37 115

Grand fir .35 91 136

Noble fir .37 34 115

Pacific silver fir .40 55 164

White fir .37 98 160

Western hemlock .42 85 170

Western larch .48 54 110

Loblolly pine .47 33 110

Longleaf pine .52 31 106

Ponderosa pine .33 40 148

Sugar pine .34 93 219

Western white pine .35 62 148

Western red cedar .31 58 249

Redwood (old growth) .38 86 210

Englemann spruce .33 51 173

Sitka spruce .37 41 142

Source: U.S. Forest Products Laboratory, 1974.

increases as heating times
increase for larger logs and as

outside temperatures decrease; it
decreases with better insulated
walls and roofs.

Block conditioning in plants of
the western U.S. requires from
450 lb (along the Pacific coast)
to about 1,000 lb (for winter in
the Rocky Mountain region) of
steam per thousand board feet
(M bd ft) of timber. The source
of this energy may be live steam
direct from the boiler or flash
steam from other users, which
may constitute up to one-third
of the energy requirement for
block heating.

The energy used in any heat
conditioning system consists of:

A.

B.

C.

D.

heat to warm the wood
and water
heat to warm the
cooled-down concrete
structure
heat lost by conduction,
convection, and radiation
heat lost because of
mechanical problems (e.g.,
Ieaks, faulty heat
exchangers or steam
generators)

As an example, we will calculate
the energy required for a typical

steam heat-conditioning plant in
western Oregon.' Values to be

exchanged are the specific heat
of wood, which depends on
species (in our example,
Douglas-fir), temperature
differential, and the heat
required for warming the
chamber itself.

Assume that the chamber-100 ft
long, 10 ft wide, and 12 ft
tall-can hold 8,000 ft3 of
small-diameter blocks. Originally
the wood is 40° F to be heated
to an average temperature of
140°F in 18 h. If the heating
medium is 180°F, how much
energy is required?

1 These figures may not typify the
broad range of heating systems
encountered in industry.
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A. Specific heat of wood or c
= 0.266 + 0.000644[(40°F + 140°F)/2 - 32] = 0.3034 Btu/Ib °F

Heat required or Q
= (0.45) (62.4 lb/ft3) (100°F) (0.3034 Btu/lb ° F + 0.60) = 2,537 Btu/ft3

Heat required per charge = (8,000 ft3) (2,537 Btu/ft3) =_ 20,300,000 Btu

B. Reheating of concrete chamber (estimated) 10,000,000 Btu

C. Heat lost from chamber by conduction (assuming an outside
temperature of 50° F, i.e , a temperature difference of 130° F)

Conductance, Area Heat loss,
Location Btu/h ft2° F ft2 Btu/h ° F

Side walls 1.0 2,400 2,400
Back wall 1.0 120 120
Door .3 120 36
Roof .9 1,000 900
Floor .8 1,000 800

Heat loss by conduction
_ (4,256 Btu/h ° F) (130° F) (18 h) = 9,960,000 Btu = 10,000,000 Btu

D. Heat lost to leaks and other causes 6,000,000 Btu

Therefore, the total heat required per 8,000 ft3 charge = 46,300,000 Btu
That total approximates 482,300 Btu/M bd ft or 482 lb steam/M bd ft.

In addition, let us compare the
energy required for steam spray
and water deluge systems. Steam
spray produced from makeup
feed-water of a lower
temperature loses heat when it
condenses on the blocks. If the
baseline temperature of cold
water is 32°F and the
recirculating makeup water in a
hot-water deluge system is 60° F,
then a steam heating system
loses 28 Btu/lb of water. The
costs of makeup chemicals for
the boiler must be considered as
an operating expense.

Cost Analyses

Capital budgeting for
expenditures such as
heat-conditioning vats or
chambers with their associated
equipment involves long-term
planning, which contrasts greatly

with the current-period
orientation of operations
planning and income
determination.

The profitability of a
block-conditioning installation
depends on the required
investment and future increases
in net cash inflows. Depending
on alternate investments that are
available, corporate offices must
set a maximum payback period
or a minimum rate of return to
make a new installation a
desirable investment. Payback (P)
measures the time required to
recoup the initial dollar
investment:

P = I/0C years. (4)

where I = initial incremental
amount invested, and 0 =
uniform annual increment in
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cash flow. Thus the useful life
of the installation and the
uniform cash flows must be
determined. Although payback
does not measure profitability, it
may be a good clue.

Another quantitative approach to
the investment decision,
comparing predicted cash flows
and the required investment,
focuses on the rate of return.
The discounted cash-flow method
recognizes that the use of
money has a cost, so it weighs
the time value of money and
focuses on cash inflows and
outflows rather than on net
income. Cash is invested now in
hope of receiving more cash in
the future.

The discounted cash-flow method
has two main variations: (1) the
time-adjusted (internal) rate of
return or the maximum rate of
interest that could be earned by
the capital used during the life
of an investment that does not
lose money; and (2) the
net-present-value method, which
assumes some minimum desired
rate of return that is used to
discount all expected cash flows
to the present (a positive result
means the investment is desirable
because its return exceeds the
desired minimum, and vice
versa). The net-present-value
method is straightforward, so the
exact time-adjusted rate of
return is easily computed using
present value or present-annuity
value tables and an electronic
calculator or computer.

Our examples make some
reasonable assumptions for
current costs of constructing a

hot-water immersion system and
drive-in chests with hot-water
deluge. Cost breakdowns are
given in percent; costs of site
preparation are not included
because they vary widely.

Example: water-immersion system-

A continuous-flow conditioning
system with four vats serves a

plywood plant with two lathes
annually producing about 160
million ft2 3/8-in. basis. The
total capital cost of $1.25
million breaks down as:

Concrete structure (1,200 yd3 )
2 control houses
2 water storage tanks
with foundations

Heat exchanger, pumps,
valves, piping

Mechanical transfer equipment
and conveyors

Electrical equipment,
500-hp pumps

Engineering
Total

The operating costs of $2.54/M bd ft reflect:

Labor (2 people)
Maintenance
Lubricants
Chemical water treatment

Steam from hogged fuel
($0.82/1,000 lb steam,
using 750 lb steam/M bd ft
_ $0.62/M bd ft)

Total

Example: water deluge system-

Another plywood plant has 10
drive-in chests with 2 lathes
constructed at a cost of
$799,913 for:

Concrete structure,
1,665 yd3

Mechanical parts (doors,
stairs, trash conveyor,
supports)

Electrical system
(including motors, pumps,
power, and control)

Piping (circulation pump,
heat exchanger,
condensation system,
temperature recorder-controller,
water distribution)

Engineering

Total

Percent of cost
21

1

4

18

36

10
10

100

75

25

100

Percent of cost

58

7

5

20
10

100
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In addition to that $799,913,
the mill must buy a lift truck
at $100,000 every 5 years, a

10-year investment of $200,000.

Therefore:

Total Capital = $799,913
+ $200,000

Investment = $999,913

As one way to make decisions
about quantitative investments,
we outline payback calculations
(Table 6) and net present value
(Table 7) for the water-immersion
system. Based on the initial
investment and annual cash flow
in Table 7, we used a computer to
find a time-adjusted rate of return
of 26.5 percent.

Such calculations using the
original investment and annual

Table 6.

CALCULATING PAYBACK.

CASH BASIS

Construction costs

7% investment tax credit

Initial net investment, I

Annual cost of operation 2
Recovery factor 2.61 ft /bd ft
61,303 M bd ft at $2.54/M bd ft

Annual additional revenue
Recovery increase, 5%
Wood cost, $90/1,000 ft2, 3/3 in. basis

Less annual operating costs

10% depreciation over 10 years

Net before 50% taxes

Net profit

Plus depreciation

Annual cash inflow, 0c

Payback, P = I/0c

INCOME BASIS

Payback = Net investment/Net profit
(deleting depreciation)

cash inflow values are sensitive
mainly to operating costs, the
veneer recovery factor, the
increased veneer recovery due to
heat conditioning, and the wood
cost. The higher the amount
(conservatively assumed at 5%)
and value (assumed $90/1,000
ft2, 3/8-in. basis) of the
additionally recovered veneer, the
faster one can recoup the initial
investment or the higher the rate
of return. We have neglected other
benefits like glue savings or lost
revenue from lower chip
production.

The assumed operating costs fall
at the low side of the range,
mainly because steam is
inexpensive. Low-cost steam
comes from large, often
depreciated, hogged fuel boilers.
If oil or gas were used for
steam generation, the operating
cost could increase dramatically.

$1,250,000

(87,500)

$1,162,500

155,710

$

720,000

(155,710)

(116,250)

448,040

224,020

116,250

340,270

3.42 yr

5.19 yr
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Table 7.

CALCULATING NET PRESENT VALUE.
Original investment = $1,162,500; useful life = 10 years; minimum
return = 12%.

Calculation

1

DISCOUNTING EACH YEAR'S CASH INFLOW

Annual cash savings for year 1
2

3

4
5

6

7

8
9

10

Present value of future inflows
Initial outlay

Net present value

USING AN ANNUITY TABLEa

Annual cash savings
Initial cash outlay

Net present value

a

Based on Pn=r[1

annuity,

Present value of $1 Total present
discounted at 12% value

$0.893 $303,861

$1,922,866
$1.000 (1,162,500)

$ 760,366

$5.560 $1,922,525
$1.000 (1,162,500)

$ 760,026

] where P
(1 + r)n

n
= present value of an ordinary

r = interest rate, and n = time period.

Although we demonstrate only a
computational approach, an
investment decision for a specific
plant must be based on a

detailed analysis. Considering the
absolute and relative increases in
the value of wood and the real
potential for increased veneer
recovery, heat conditioning
certainly promises an adequate
financial return.

Energy costs seem similar, but
continuous-flow water-immersion
systems cost more to build than
drive-in chests despite the
expensive mobile equipment
necessary for a drive-in system.
A crucial but unanswered
question is the real life
expectancy of these systems.

Current Practices

To assess how industry currently
heat- conditions logs, we mailed

a questionnaire to American
Plywood Association mills in the
western and southeastern United
States. Of the more than 100
mills queried, only a fraction
responded, but their answers
reflect industry practices and
opinions.

In addition, we followed up
those questionnaires by
personally contacting some

plywood mills in the Pacific
Northwest. A few companies
shared internal reports on heat
conditioning as well.

Mill managers generally feel that
heating blocks yields more and
higher grade veneer, smoother
peel, and reduced knifewear
(Table 8). Those mills in western
Oregon that installed
block-conditioning facilities in
1978 indicated that increased
recovery of veneer, ranging from
3 to 25 percent, was by far the
greatest benefit of heating.

Actual mill studies support that
benefit with a changed log mix.
In a number of matched-block
studies of Douglas-fir Number 2
Sawmill Logs ranging from 17 to
26 in. in diameter, Roseburg
Lumber Company peeled steamed
blocks to geometric center and
cold blocks to actual pith
(Wilson 1975). In one study, the
q u a I i ty-control team reported
overall wood recovery from
heated logs as 7 percent higher
on a Scribner-scale basis and 5
percent higher on a

cubic-foot-volume basis. Steamed
blocks yielded more 54s and
27s, less random width sheets,
higher grade recovery, and
increased drying efficiency.
Recovery of A- and B-grade
veneer from high-grade logs
increased 4 to 6 percent.

Similarly, in studying how block
heating affects softwood veneer
quality and the efficiency of the
plywood process, Molinos (1974)

Table 8.

BENEFITS OF BLOCK HEATING OBSERVED BY SURVEYED
MILLS.

Benefit

Higher volume recovery
Higher grade recovery
Improved veneer quality
Smoother peel
Knots remain
Improved veneer drying
Fewer spinouts
Reduced knifewear
Less lathe maintenance

Response by individual company Total

X X X X X X X X X X 10

X X X X X X X 7

X X X X X 5

X X XXX XXXXX 10

X X X 3

X X 2

X X X X 4

X X XX XX X X 8

X 1
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considered the general cost
structure for a sheeting plywood
plant, as well as potential
increases in veneer yield and
quality. Assuming that block
heating increases total recovery
of green veneer by 8 percent,
the added dollar return
outweighed the increased
production costs.

However, other data suggest that
heat conditioning does not
always increase yield. Using a
computer program to calculate
volume and value of recovered
veneer (Woodfin and Mei 1967),
the Pacific Northwest Forest and
Range Experiment Station of the
U.S. Forest Service studied
veneer recovery from old-growth
coastal Douglas-fir (Lane et al.
1973) and from second-growth
Douglas-fir (Fahey 1974). From
those studies, the U.S. Forest
Service shared raw data on yield
and grade recovery of Number 2
Sawmill Logs from three mills
peeling "cold" and three peeling
"hot" blocks. Recognizing that
many other factors influence
veneer yield per volume of log
input, we compared the
production of "cold" and "hot"
mills and failed to find any

statistically significant advantage
in heating.

Most mills responding to our
survey heat blocks between
140°F and 180°F for 4 to 24 h
to achieve core temperature
between 100°F and 140°F
(Table 9). Notably, redwoods
require much longer and
southern pine in steam tunnels
require less time to reach the
target temperature.

Likewise, most mill managers
recognize that different heating
times may be required for
different diameters, as well as
for different species, of logs. Of
22 mills responding whether they
sorted blocks before heating, 19
did and 3 did not. Of the 19,
15 sorted by species, 8 by
grade, 11 by diameter, and 1
length.

by

The Springfield, Oregon, facility
of Georgia-Pacific Corporation
compared hot water and steam,
finding that hot water heats logs
more efficiently and more
rapidly (Briggs 1975). Yet, as
detailed in Table 9, more than
half the mills responding to our
survey use steam spray, either
alone or with water.
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Table 9.

BLOCK HEATING PRACTICES REPORTED BY 22 PLYWOOD MILLS.

Heating Desired core Log sort Heating Veneer
temperature temperature Wood for diameter time thickness

System (°F) °F (at in.) species (in.) (h)

Steam spray 140 100 Red fir Species ? 11/10
White fir Grade ? 1/8

Diameter ? 1/6

Steam spray 180-220+ 100 Redwood 14-23 28-30 0.136
24-39 38-40
40+ 48+

Large butts 50+

Steam spray 137 105 (5 1/2) Douglas-fir Grade
d

? 1/8
erosaPon

pine > 19
White fir < 20

Steam spray 160, 120-130 Douglas-fir > 22 4-6 11/10
then 130 (5 7/8) Ponderosa pine then 1/8

Larch engl. 4-6 1/6
spruce 22 1/16

Steam spray 260a 100-120 Species
> 21 8 1/8
< 21 18 1/6

Steam spray 180 105-120 Douglas-fir 12-20 lg b 20 ?

190 (5 1/4-5 1/2) 12-20 hg 21

180 21-30 lg 30
190 21-30 hg 32

Steam spray 180 100-115 Douglas-fir Species
White fir > 15 6-7 1/10

15-40 8-10
40-50 12

50-60 48-50

Yield
increase

Benefits

10% quality increase
12 30% quality increase

(estimate)

Redwood not
peelable with-
out heating

7-10 $2.50/cunit

unknown Softened knots,
easier peeling,
reduced knife-
wear

5 Higher recovery,
higher grade
yield, higher

of 53's.

6+ Improved quality,
grade, total
yield, better
handling

12 Improved grade
and yield, wider
veneer, reduced
knifewear

aValues as reported, actual steam temperature at the log surface is 212°F (at atmospheric pressure)
blg = low grade
hg = high grade

(continued)
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Table 9.

(continued)

Heating Desired core Log sort Heating Veneer Yield
temperature temperature Wood for diameter time thickness increase

System (°F) °F (at in.) species (in.) (h) (in.) NO Benefits

Steam spray 160-180 100-120 Douglas-fir Species Flatter, smoother
Grade veneer; improved
Large 16 1/10, 1/8 6 and grade and
Small 12 1/16 10 (wider volume

160-180 90-100 Western red 6 1/6 sheets)
cedar

Steam spray 155 100 Douglas-fir Species 48 0.0136
150 100 Redwood 72 0.0140

Longer knifewear,
better veneer
quality and
recovery

Steam and 200 110-130 Southern None 6-8 0.102 Undeter- Cost benefitwater yellow pine .128 mined positive forspray .167 heated blocks
Water 170 100-140 Douglas-fir Species 15-17 1/8 50 Smoother peel,
s apr y 100-125 (5 3/8) White-fir Grade (estimate) better recovery,

100-140 Larch reduced spin-
out, reduced
knifewear

Steam and 180 120 (6 3/4) Douglas-fir Species 16 1/10 ? Less down-time,water spray Hein-fir Grade 1/8, 1/6 less nicks in
1/16 knife, increased

recovery

Steam and 212 130 (4 3/4 Southern 8-12 ['1/8, 1/6 10-15 Smooth, uniformwater spray to (5 1/4) yellow pine 3/16 peel, less lathe
maintenance,
fewer spinouts

Steam and 150-180 120 (5 1/2) Douglas-fir 12-16 0.130 Better recovery,water spray Hemlock Species 20-24 .137 smoother peel
Spruce 20-24 .137

130 Cedar 6-8 .178

Steam chambers 150-180 120 (5 1/2) Southern None 8-10 1/6,and water bath pine 1/8
? Improved yield,

smoother peel,
better grade,
higher % A-B,
veneer, more
stable
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Table 9.

(continued)

Heating Desired core
temperature temperature

system (°F) °F (at in.)

Water spray 180 100-120 (6)

Continuous 180

water

Continuous
steam tunnel 180

Continuous 180

water vat

Hot-water 212

batch

Continuous 190

water vat

100 (5 1/8)

Log sort
Wood for diameter

species (in.)

White fir
Douglas-fir
Larch
Spruce
Ponderosa

pine

Southern None
pine

100 (5 1/8) Southern None
pine

100 (5 1/4) Species
Douglas-fir 8-20

20-50
Western

hemlock,
spruce

130 (5 3/8) Southern ?

yellow pine

150 (4 1/2- Loblolly Species
4 7/8) pine

Pond pine

Water vat 180 125 (5) ? Species

Water vat 180-195 100-110 (5 1/4) Douglas-fir Species
Larch 3-12
Ponderosa

pine 13-18
Spruce 18+

Heating Veneer Yield
time thickness increase

(h) (in.) (111) Benefits

16 1/8 Unknown, Uniform smooth
16 1/6 but neces- peel, less
8-12 sary with damage to knife,

12-16 white-fir, fewer spinouts
12-16 hemlock,

pine

6-8 1/6, 1/8

2+

Smoother peel,
longer knife-
wear, easy
cutting knots,
higher recovery

Increased yield,
3.5-8 1/8 10 smoother peel

5-8

3.5-4

estimated

4 0.128, 0.168 20 $1.5 million annually

7.5 to 1/8, 1/6 Smoother peel,
8+ 3/16 increased re-

7/32 covery, faster
drying

1/8, 1/6 30 Better yield and
3/16 peel quality

6-8 1/10, 1/8 Mandatory for
brittle larch

9 1/6, 3/16 and Douglas-
10-12 All fir

frozen
logs
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techniques
for measuring temperature
Mills with heat-conditioning
systems usually measure the
temperature of the steam or hot
water, rather than of the wood.
The techniques are simple and
convenient, and the temperature
determines how long the logs are
heated to achieve a desired
internal temperature.

However, to peel a log at a
desired temperature, mill
managers must not only consider
the temperature of the medium
and the heating period, but also
the time required to transfer a
block from a heating vat to the
lathe. Out of the vat the wood
surface cools rapidly, a
temperature drop that can be
significant yet unexpected by
most lathe operators. Therefore,
the exact temperature of wood
at the lathe is unknown unless
it can be monitored.

Steam/Water Temperatures in the
Vat

Most log heating systems use
on-off recorder-controllers similar
to those used for dry kilns. One
or more thin-walled tubular
bulbs are placed to expose their
surfaces to conditions within the
chambers or vats. The bulbs are
connected to capillary tubes
which, in turn, are linked to a
Bourdon tube, a thin, metal
tube that is elliptical in
cross-section and can be coiled
into a spiral or helix. This shape
and elasticity allows the tube to
deflect under internal pressure
and return to its original shape
when the pressure is released.
The Bourdon tube is connected
to index pointers and to a relay
that regulates the amount of
heat supplied to the conditioning
system. The whole system is
filled with a liquid or vapor or
both, so its internal pressure
changes with temperature to
provide a sensitive monitor.

The temperature in the heating
chambers, as well as in the
blocks, may be measured with
thermocouples. Linked
thermocouples of two dissimilar

metals-for example,
iron-constantan (J) or
copper-constantan (T)-give off
voltage in response to the
surrounding atmosphere.
Temperature recorder-controllers
take the input voltage from the
thermocouples, automatically
compensate for ambient
temperature changes, and apply
them to the input of an
integrated circuit amplifier. The
output of the amplifier drives a
full range indicator and may be
used to control the temperature
in the chamber. Basically two
types of temperature
recorder-controllers, analogue and
digital models, are available.

Thermistors also provide fast
surface temperature
measurements. A large variety of
probes are available, and digital
displays are easy to read.

Infrared thermometers may be
used as quality control
instruments (Preusser 1965) and
possibly for process control. The
operation of infrared
thermometers is based on the
surface temperature. Usually an
optical system focuses radiation
from the surface area of a
material onto a sensitive infrared
detector which, in turn, converts
the radiation to an electrical
signal that a calibrated meter
displays as a temperature
reading. Infrared thermometers
are noncontact and, within
limits, independent of distance.

Wood Temperatures at the Lathe

Although verified in controlled
experiments, theoretical
considerations of the
time-temperature relationships in
heated blocks do not completely
portray industrial conditions.
F u rthermore, thermocouple
measurements of temperatures
within heated logs represent spot
checks only. Yet block
temperature at the time of
peeling is the critical factor
determining veneer yield and
peel quality.
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For these reasons, we developed an
accurate, reproducible system to
automatically monitor wood
temperature and position in the
block. This system-a noncontact,
infrared sensing device and a

microprocessor as a

controller-could be used as a

process control tool by industry.
Mounted over the lathe, the
infrared sensor measures the
temperature of the veneer being
peeled. We also constructed a

lathe-knife position sensor, a

potentiometer positioned in a

cam-controller, so the system
reports veneer temperature at a

known depth of peel (Fig. 8).

The infrared monitor consists of a
broad-band, low temperature
sensor; a potentiometer; two
analogue-to-digital (AID)
converters; an INTEL SDK-80
single-board microcomputer; and a
Hewlett-Packard 9825A desk top
calculator. The sensing head
controller is housed in a

rack-mounted cabinet with the
operating controls and digital
readout of temperature.

The temperature sensor, Nova
TD-22L2, has a large field of view
and a temperature range from 32° F
to 400° F, calibrated to ± 2° F from
85° to 160° F and ± 4° F over the
entire range. The diameter of the
circular target area, or the field of
view, is D = distance/15. The
spectral range of the instrument is 8
to 14 p, which reduces atmospheric
and steam-vapor effects on the
temperature sensed from the
desired target. A 0 to 10 volt output
from the sensor head is linear with
temperature. Table 10 lists
complete specifications, and Figure
9 shows the factory-supplied
calibration.

We developed a lathe-knife position

Figure 8.

F R L-designed system for
gathering veneer temperature
data.

400

0 300

CORRELATION COEFFICIENT R=1.000

0

0 100 200

I

CALIBRATION SOURCE, OF

Figure 9.

sensor consisting of a 10-turn Manufacturer-supplied calibration
bushing mount potentiometer. curve for the Nova TD-22L
Positioned in a cam-controller for temperature sensor.
the lathe, the potentiometer
produces a voltage linear with knife
position. The linearity is 0.20

2Model Nova TD-22L, E2 Thermodot
Co., Carpenteria, California.

300
1
400
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percent. Together with the
temperature sensing head, the
potentiometer indicates the
temperature at a known depth of
peel.

An AID converter3 accepts the
continuous electrical signal from
the monitors and converts the input
to digital form, acceptable as input
to the Hewlett-Packard calculator
for further processing. Calibration
tests show that the converters do
not impair accuracy and linearity of
the sensing devices.

The microcomputer, INTEL
SDK-80, is inexpensive yet capable
of process monitoring, control, and
data logging if configured and
programmed appropriately. In our
system, it controls the rate and
duration of data collection, stores
data from the AID converter, and
transmits the data to the
Hewlett-Packard 9825A. Sensing a
signal corresponding to the "cap"
closing of the lathe, the
microcomputer collects the
temperature-distance data five
times per second until core kick-out
is detected. For each 12-, 18-, and
24-in. diameter block, about 100,
166, and 220 data sets were
collected.

3Designed, built, and tested at the FRL
by Richard Baskin.

The Hewlett-Packard 9825A
calculator is actually a small
computer with a high level
language, advanced input/output
capabilities, and a magnetic tape
storage system-features all
exploited when interfacing to the
SDK-80 microcomputer. The
calculator is programmed to accept
data from the microcomputer,
perform manipulations on the data,
and then store the post-peeling data
on magnetic tape. To maintain data
integrity, a new program cycle is
initiated after storage. The
Hewlett-Packard computer also
controls the microcomputer. The
microcomputing programs for data
acquisition, program editing, and
system calibration are all stored on
magnetic tape. The
Hewlett-Packard calculator can also
transfer the stored data to a large
computer for extended
computations.

The final configuration of the data
acquisition system allows a

measurement at the lathe to be
processed at the highest computer
speed so mill personnel receive
results and the desired analyses
quickly and accurately.
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Table 10.

SPECIFICATIONS FOR OPTICAL TEMPERATURE SENSOR, MODEL
TD-22 L.

Temperature range
Three-digit panel meter readout
Peak hold with adjustable hold time
Dual set points (better than 1%) with relay contacts
Recorder output
Proportional control output, approximately + 15 V
Response time
Accuracy
Sensitivity
Repeatability
Spectral range
Emittance
Target distance
Ambient temperatures

controller
sensing head

Power requirements
Size and weight of the control unit

32°-400°F

1 to 120 sec

0 - 10 V

0.5 sec (to 99%)
+ 2°F 85°-160°F; + 4°F over full range

+ 0.2% full scale
+ 0.5% full-scale range, long term

8-14 m
0.1 to 1.0

Distance/15 beyond 15 m

32°-150°F
32°-150°F, no cooling required

150°-250°F, with up to 30 gal/h cooling
150°-500°F, 150 gal/h water cooling

extreme environment housing
115 V, 60 Hz, 7 W

5 3/4 in., 5 lb
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onsite measurements of
veneer temperature
To supplement the information
shared by the industries responding
to our survey and followup
contacts, we worked onsite at five
mills in the Pacific Northwest to
evaluate their actual
heat-conditioning operations. At
those five mills, we used our
computerized system to
continuously measure the
temperature of veneer being peeled
from blocks of different diameters
and heat treatments:

Mill Method Block sorting

GS Flow-through hot water submersion none
GT Flow-through hot water submersion by diameter and species
SS Drive-in steam chests by diameter and grades
WL Drive-in steam chests by diameter, grade and

BW Hot water deluge
species
by species

During peeling, veneer temperature
was monitored with the Nova
infrared detector, and the knife
position was measured
continuously with a potentiometer,
gear-driven by the tipple
speed-control-chain. The
Hewlett-Packard 9825A computer
recorded all this information on
magnetic tape.

Table 11 summarizes the results of
our mill measurements of veneer
temperatures. The block data have
been grouped by four diameter
classes to emphasize the effect of
size. Although mean maximum
temperatures and temperatures at a
depth of 4 in. usually vary little,
core temperatures and indices of
heat content are affected by
diameter. Therefore, for comparing
different conditioning treatments,
we calculated an index of heat
content-the area under a veneer
temperature trace from a 4-in.
depth to the depth of the core
divided by the total cross-sectional
area of the block. The higher the
index, the greater the heat content
of the wood unaffected by surface
cooling. Obviously small-diameter
blocks heated well with most
conditioning systems and time
periods; the opposite was true for
larger blocks. Furthermore, our
results show that the deck time (the

time between heating and peeling)
was significant, especially in cold
weather.

For more detail, we will discuss
each mill individually.

Mill GS: Continuous
Baths

Cold blocks inserted in one end of a
hot-water bath are kept submerged
by chains that pull the blocks out
at the other end close to the veneer
lathe. The water recirculates
counter to the block flow so that
the hottest water enters the bath at
the block output. Blocks are
removed from the vat as needed.
The green end runs three shifts per
day, 5 days a week. Over the
weekend, blocks may be left in the
baths, but the heat is turned off so
the water usually does not
completely reheat until Monday
afternoon.

procedure-

We marked several blocks with
metal tags and recorded when
they entered the water and
when they arrived at the other
end of the bath, then we
determined average treatment
time. Thermocouples in the
water bath at the block input ,

bath center, and block exits
recorded temperature for several
hours. To determine block
temperature for 10 blocks in
each of three diameter
classes-10 to 20 in., 21 to 30
in., and 31 to 40 in.-we
recorded the time nonadjacent
blocks left the bath, their deck
times, and the ambient
temperature.

results-

Blocks averaged 9.8 h in the
bath. Actual times ranged from
8 to 10 h, depending on
production and downtime.

From one end of the bath to
the other, the water temperature
varied by 2° F to 4° F, the
hottest end being at the block
exit. Temperature controls were
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Table 11.

VENEER TEMPERATURES FROM BLOCK HEATING METHODS USED AT FIVE MILLS.

Block
Temperature °F Index of

Method and conditions

Diameter class

(in.) Number Average maximum 4 in. deep Corea heat content

Hot-water bath 14-18 5 149 139 -129 4.3

170°F for 10 h, 18-22 4 148 122 --- 2.5

allowed to cool 40 min 22-26 5 143 125 88 2.1

26-30 3 144 144 77 1.6

Hot-water bath
152°F for 12 h, 14-18 3 140 122 118 4.4

allowed to cool 11 min

Hot-water bath 14-18 3 140 131 123 4.2

152°F for 14 h, 18-22 3 129 119 96 2.7

allowed to cool 26 min 22-26 4 128 116 75 1.9

26-30 4 110 110 66 1.2

Hot-water bath 22-26 6 128 110 80 1.8

152°F for 9.5 h, 26-30 3 115 115 72 1.3

allowed to cool 35 min

Steaming vaults
150°F for 17 h, 14-18 4 117 114 116 2.9

allowed to cool 62 min 18-22 3 125 113 123 2.9

Steaming vaults 14-18 2 120 119 113 3.4

150°F for 16 h, 18-22 5 120 109 101 2.7

allowed to cool 28 min 22-26 6 119 109 98 2.3

26-30 4 120 120 93 1.8

Hot-water deluge 14-18 5 102 102 102 3.1

165°F for 13 h, 18-22 3 96 92 82 2.3

allowed to cool 29 min 22-26 4 93 93 70 1.7

26-30 2 89 89 51 1.0

aOnly those cores peeled to diameters at least 6.5 in.

set at 185° F, but water
temperature averaged 170°F.

This plant typically peels smaller
blocks so blocks 30 to 40 in. in
diameter were not monitored.
Differences between measured
block ' diameter and roundup
diameter averaged 1.2 in.
regardless of diameter class.
Post-treatment deck times ranged
from 22 to 69 min, averaging
45 (Table 12) depending on
scheduled coffee breaks, shift
changes, and other interruptions.
U n i nterrupted deck times
averaged 40 min. In the decking
area, ambient temperature varied
between 67°F and 72°F.

We collected block
temperature-depth data from the
setting of the lathe cap until the
completion of roundup with the
veneer starting to go to the

Table 12.

TEMPERATURES OF DOUGLAS-FIR BLOCKS AT MILL GS
HEATED IN A HOT-WATER BATH 9.8 HOURS TO INCREASE
SURFACE TEMPERATURE TO 170°F.

Roundup Deck Temperature (°F) Core
diameter time diameter

in.) (min) Roundup Maximum At 4 in. depth At core (in.)

11.9 22 116 154 (2.0)a 152 5.3
11.9 45 125 154 (1.3) 150 5.3
14.2 38 123 152 (0.8) 141 141 5.7
14.8 47 118 152 (2.5) 143 141 5.3
16.5 48 102 146 (2.0) 139 129 5.3
17.5 37 106 150 (1.5) 133 112 5.7
17.5 45 131 146 (1.1) 139 123 5.3
18.4 37 131 150 (1.1) 127 125 9.6
19.1 34 100 154 (2.0) 133 110 5.3
20.1 38 143 143 (0.0) 114 89 8.3
20.1 63 143 143 (0.0) 114 89 8.3
22.7 63 114 139 (1.5) 127 96 6.0
22.7 42 110 150 (0.8) 123 89 5.7
24.0 44 110 148 (1.1) 123 100 9.6
25.3 63 87 131 (2.8) 123 85 9.3
25.6 50 98 148 (2.0) 127 83 5.3
26.6 38 125 146 (2.3) 129 133 17.8
27.3 69 118 137 (2.3) 116 75 5.7
28.2 35 89 148 (2.3) 133 79 6.0

aNumber in parentheses is depth (in.) of the maximum temperature.
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trays. Typically the blocks were
cooler on the surface than a few
inches deep because of heat loss
during deck time (Fig. 10).
Large temperature drops within
the curves, especially near the
surface, were probably caused by
gaps in the veneer sheet.

At mill GS, the temperature
maxima were below the surface
because block surfaces invariably
cooled during transfer to the
lathe (Table 12), and
temperature decreased towards
the core. With larger logs, the
core temperatures were quite
low, indicating that heating
periods generally were too short.
Again, this indicates that
segregating blocks into diameter
classes with different heating
times can be beneficial.

Those blocks outside the bath
during the employees' half-hour
lunch had internal temperatures
lower than other blocks.
Eliminating the four blocks in
the 21 to 20 in. diameter-class
with deck times over 1 h,
maximum temperatures averaged
149°F or 88 percent of the
treatment temperature, regardless
of diameter class, 1.6 in. from
the roundup surface or 2.8 in.
from the debarked block surface
(Table 12). The temperatures 2
in. below the roundup surface

averaged 147°F. Core
temperatures (at most 6 in.
deep) averaged 132°F for logs in
the 11 to 20 in. diameter-class
(mean roundup diameter = 15.3
in.) and only 84°F for logs 20
to 30 in. in diameter (mean
roundup diameter = 25.3 in.).

Mill GT: Continuous Hot-Water
Baths

Blocks are sorted in a pond,
pulled out on a chain, and
dumped into one of four
covered hot-water baths.
Typically, vats 2 and 4 hold
Douglas-fir blocks (20 in. in
diameter and larger) for the large
lathe, vat 3 holds blocks smaller
than 20 in. for the smaller
lathe, and vat 1 holds spruce.
Chains keep the blocks
submerged and move them
slowly from one end to the
other. This mill runs two shifts
.per day, resulting in essentially
two sets of blocks: "hot" blocks
that spend the night in the
baths and "warm" blocks that
are submerged in the morning.
Boilers are shut off during the
weekend, so water usually does
not reheat to the desired
temperature until Monday
afternoon. The water flows with
the block movement, i.e., the
hot water and blocks are input
at the same end.

150
AVG. TREAT. TEMP.: 170 of

TREAT. TIME 9.8 H

DECK TIME 35 MIN
DECK TEMP. . 67 of

ROUND-UP DIA. 28.3 IN.

lJ BLOCK DIA. 28.8

AVG. TREAT. TEMP: 170°F

100
TREAT TIME: 9 H

DECK TIME: 37 MIN.
AVG DECK TEMP: 670F

ROUND-UP DIA: 17.5 IN.
BLOCK DIA: 17.5 IN

0 I
0 5 10 15 0 5 9

BLOCK RADIUS, IN.

Figure 10.

Temperature profiles for
Douglas-fir veneer peeled from
blocks heated by hot-water
submersion at Mill GS.
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procedure-
In the morning, we marked
several small and large blocks
and noted the time they entered
the bath. These blocks would
signal the start of the "warm"
blocks and indicate their
treatment times at the other
end. Because two baths were
holding the large lathe supply,
the marked block indicated when
to switch baths. Several
nonadjacent blocks near the bath
exit were timed and marked as
they left the water. Thirty
blocks were sought for each of
the two treatments ("hot" and
"warm").

results-

"Hot" blocks were treated 12 h
for the small diameter and 14
to 14.5 h for the larger blocks.
Small "warm" blocks were
submerged only 6 h and the
large ones for 9.5 h. Water
temperature did not vary more
than 5°F from one end of the
bath to the other, and the
temperature averaged 152°F with
the temperature controller set at
158° F.

Deck times after heating were
subject to production breaks.
However, during continuous
production, the small "hot"
blocks waited an average of 11

min, and the small "warm"
blocks waited 16 min. For the
larger blocks, deck times were
longer and differed significantly
for "hot" (26 min) and "warm"
(34 min) blocks. The
temperature near the log deck
varied from 52°F in the morning
to 72°F in the late afternoon.

For temperature analysis, we
subdivided the "large" blocks
into two diameter groups, 21 to
30 in. (medium) and 31 to 40
in. (large).

Maximum temperature reached in
the small "warm" blocks
averaged 128°F or 85 percent of
the treatment temperature (Table
13A); the small "hot" blocks
averaged 141°F or 93 percent

Table 13.

TEMPERATURES OF DOUGLAS-FIR BLOCKS AT MILL GT
HEATED IN A HOT-WATER BATH TO INCREASE SURFACE
TEMPERATURE TO 152°F.

Roundup Deck Temperature (°F) Core

diameter time diameter
(in.) (min) Roundup Maximum At 4 in. depth At core (in.)

A. HEATING TIME: 6.0 HOURS

8.2 17
8.5 15
9.2 17

10.2 15
3 1611

106
121
108
125
112

131
129
127
135
125

(1.2)a
(1.2)
(1.2)
(0.9)
(1.0)

b
131

b 125
b

118
b 116
b

116

4.7
5.4
4.7
4.7
7.5. b 108 4 711.3 16 112 127 (0.5) b

.

13.0 15
13.7 16

96
106

127
125

(1.2)
(0.7)

112
b

102
7.1
7.5

13.7 16 114 127 (1.0) 93 91 4.7
15.1 17 98 127 (1.4) 98 93 5.0

B. HEATING TIME: 9.5 HOURS

18.8 29 123 137 (0.7) 116 98 5.8
22.4 32 112 129 (1.2) 188 79 5.8
22.7 32 108 127 (2.5) 116 91 5.5
22.7 33 114 133 (1.5) 114 85 8.2
22.7 41 106 133 (1.7) 108 77 5.5
24.4 39 108 123 (1.7) 108 75 5.8
25.7 30 108 123 (1.3) 104 85 9.2
29.1 39 89 110 (3.4) 106 68 5.8
29.4 38 85 123 (7.8) 102 79 6.2
29.4 37 87 112 (2.5) 75 106 22.7
31.8 36 81 121 (5.2) 106 73 5.8
39.9 31 83 112 (7.8) 85 91 20.3
42.2 30 83 85 (1.3) 85 73 9.6
44.6 31 81 85 (3.0) 85 73 5.8
45.6 37 81 123 (3.4) 112 79 9.6

C. HEATING TIME:

8 0 11

12 HOURS

108 139 (0.5) b 137 6.0.

8.3 11

8.7 12
10.0 10
11 3 9

123
141
135
102

143
146
139
139

(0.8)
(0.8)
(1.2)
(0.8)

b 143
b

143
b

137
b

135

6.0
6.0
6.0
6.0.

11.7 11 89 139 (1.2) b 133 6.0
14.3 11 118 135 (1.2) 121 116 6.0
14.7 11 112 146 (1.7) 125 127 6.0
16.0 10 121 139 (1.7) 121 112 6.0

D. HEATING TIME: 14 HOURS

15.3 25 137 137 (0.0) 123 116 5.5
17.0 26 108 139 (1.9) 131 121 5.8
17.6 26 106 143 (2.4) 139 133 5.8
19.0 18 87 131 (2.4) 123 96 5.5
19.3 28 75 127 (1.7) 114 75 9.2
20.7 54 87 129 (1.9) 121 96 5.8
22.0 55 96 131 (2.2) 114 81 5.8
23.0 28 106 127 (2.0) 116 79 5.8
24.0 28 81 129 (2.5) 114 71 5.5
25.1 27 68 127 (2.5) 118 71 5.5
26.7 27 89 102 (1.0) 83 66 5.8
29.4 24 75 116 (2.9) 116 79 6.9
29.8 29 68 102 (2.7) 98 66 9.6
29.8 59 64 118 (4.2) 116 66 5.8
41.9 30 71 75 (1.9) 73 71 14.9
42.2 27 58 77 (8.3) 64 77 24.0
42.2 24 66 77 (6.9) 71 77 11.6
44.6 21 64 75 (2.0) 73 71 33.8

a Number in parentheses is the depth (in.) of the maximum temperature.
bBlock too small.
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(Table 13C). Temperatures for
the medium blocks (21-30 in.
diameter) were comparable
(Table 13B, D), averaging 127°F
or 84 percent of bath
temperatures. However, the large
blocks (31-40 in. diameter) had
unexpected and unexplained
differences for "hot" logs (81°F
or 54%) and "warm" logs
(103°F or 68%). The depth of
the maximum temperature
differed with block size but
differed little between "hot" and
"warm" blocks of the same size.
The temperature profile in
Figure 11 is typical for large
blocks. Maximum temperatures
occurred at 1 in. in small
blocks, 2.4 in. in medium
blocks, and 4.4 in. in large
blocks. Block temperatures 4 in.
from the surface and at the core
(no more than 6 in. diameter)
varied with block size and
heating time (Table 14).

150

AVG. TREAT TEMP 152 °F
TREAT. TIME : 95H

results-

BLOCK RADIUS, IN.

Figure 11.
Temperature profile for
Douglas-fir veneer peeled from
large "cool" blocks heated by
hot-water submersion at Mill GT.

Mill SS: Steam

Near its log pond, Mill SS has
built eight vaults-70 ft long, 16
ft high, and 1,1.2 ft wide-for
steaming veneer blocks. Blocks
are separated by grade and by
diameter .(11-20 in. and 21-30
in.), then steaming temperature
and time are adjusted
accordingly. For instance, during
autumn, high-grade blocks are
steamed at 180°F, the small
blocks for 16 h and medium
blocks for 24 h. Steam enters
the vaults from nozzles in pipes
attached in the corners and
running the length of the vaults.
Treatment time and temperature
are controlled automatically, and
an equalization period (usually
0.5-2 h) may be programmed
into the scheduling. Heated
blocks are forklifted to a small
deck where they wait 5 to 15
min for peeling.

procedure-

Thermocouples suspended from
roof openings near the middle
and rear of the vault monitored
the temperature of nonadjacent
blocks during the entire heating
process. We recorded when a
block left the vault, noted deck
time, and monitored peeling.

Blocks were heated 16 h. During
that period, temperature inside
the vault increased almost
linearly from 79°F to 180°F:
linear regression (OF) = 4.8 (h)
+ 113 4, r2 = 0.82. Over time,
the treatment temperature

Table 14.
AVERAGE TEMPERATURES BY DIAMETER CLASS OF HOT AND
COOL BLOCKS AT MILL GT.

Diameter
Blocks class (in.)

"Hot" 11-20
21-30
31-40

"Cool" 11-20
21-30
31-40

Temperature (°F)
At 4-in. depth At core

122 (3)a 131 (9)

121 (10) 96 (9)

87 (8) 100 (2)

96 (2) 112 (7)

106 (10) 81 (6)

95 (5) 73 (2)

aNumber in parentheses indicates the replications.
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averaged 150°F (however, this is
a purely artificial term).

Post-treatment deck times were
comparable for both diameter
groups, averaging 28 min. Near
the deck, temperatures, varied
from 49°F to 54°F, averaging
52°F; the entrance to the vault
averaged 68° F.

As shown in Figure 12,
maximum block temperature at
the lathe was 120°F (80% of
the mean treatment temperature)
and, as determined from
statis-the--ical t-tests, occurred 3.3 in.
from roundup surface for
both block sizes (Table 15).
Also the veneer temperatures 2
in. from the surface statistically
proved the same, 109°F.
However , the t w o
diameter-classes differed in
average core temperatures: 92° F
and 64°F for the small and
medium classes.

Table 15.

TEMPERATURES OF DOUGLAS-FIR BLOCKS AT MILLS SS
HEATED BY STEAM FOR 16 HOURS TO INCREASE SURFACE
TEMPERATURE TO 150°F.

Roundup Deck
diameter time

Temperature (°F) Core
diameter Heat

(in.) (min) Roundup Maximum At 4 in. depth At core (in.) index

17.4 35
17.7 29
18.4 22
19.7 22
20.4 32
20.8 28
21.1 28
22.1 27
23.1 36
23.1 23
23.5 7

23.8 22
25.5 27
27.6 20
28.6 24
28.9 25
29.3 37
31.3 32
40.2 34

104 118 (2.0)a 116 110 5.4 3.2
81 121 (3.1) 121 116 5.4 3.5
75 127 (5.1) 106 125 5.4 3.6
85 123 (4.1) 123 118 5.4 3.2
85 125 (6.0) 121 121 5.4 3.1
60 127 (2.6) 108 87 5.8 2.3
62 98 (1.5) 87 52 5.4 1.3
71 106 (3.7) 102 77 5.4 1.9
91 123 (3.9) 121 98 5.4 2.5
83 125 (3.4) 121 102 5.4 2.5
77 116 (6.6) 77 87 5.4 2.2
91 123 (6.8) 114 121 5.4 2.6
75 121 (2.6) 118 102 5.4 2.2
71 121 (2.9) 116 96 5.4 1.9
71 116 (6.1) 89 83 5.4 1.7
81 123 (6.1) 116 106 5.4 2.0
77 121 (6.6) 73 78 5.4 1.6
85 125 (1.5) 121 89 6.1 1.5
79 123 (6.5) 116 83 5.4 1.2

aNumber in parentheses is depth (in.) of the maximum temperature.

Mill WL: Steam

To steam blocks before peeling,
Mill WL uses 16 vaults 75 ft
long-8 are 10 ft wide, the
others 8 ft. Each vault has a

separate temperature control
usually set at 150°F. Length of
treatment varies with grade, size,
and species; a large (48 in. or
more diameter) low grade block
of Douglas-fir will heat 18 to 20
h, whereas a smaller (8-18 in,
diameter) block heats only 10 h.
Small cedar blocks heat for 8 h,
but small hemlock blocks heat
10 to 18 h. After heating, the
blocks are forklifted to one of
two lathes where they wait 45
to 60 min until peeling. One
vault had a large hole where the
ceiling collapsed, so blocks
heated there are labeled "cool,"
differentiating them from the
normal "warm" blocks.

150
AVG TREAT. TEMP 150'

TREAT. TIME . 16 H

DECK TIME

AVG DECK TEMP

36 MIN
68 °F

ROUND-UP DIA. 19,7 IN

Too

z

150
AVG TREAT TEMP . 150 °F

TREAT TIME 16 H

100

DECK TIME 20 MIN.
AVG DECK TEMP - 68 OF

ROUND UP DIA 272 IN.

C

10 15

BLOCK RADIUS, IN.

Figure 12.

Temperature profiles for
Douglas-fir veneer peeled from
small and large blocks heated by
steam at Mill SS.

procedure-

Thermocouples inserted through
the ceiling monitored the entire
treatment in a "cool" and a

"warm" vault. The "cool" vault
held blocks 21 to 30 in. and 31
to 40 in. in diameter; "warm"
blocks were 11 to 20 in. and

21 to 30 in, across. Scheduling
allowed 17.5 h of steaming per
treatment. After heating,
nonadjacent blocks were marked
with paint to signify a diameter
class: 11 to 20 in., 21 to 30
in., or 31 to 40 in. The deck
time was recorded, along with
ambient temperature of the
log-deck area.

results-

The vault containing smaller
blocks averaged 150°F; the vault
filled with larger blocks
approached 150°F near the front
but was 105°F at the back near
the collapsed roof. The large
blocks were located near the
front, so we used an average
temperature of 128°F for
comparison only.

Post-treatment deck times were
consistent for each vault but
varied significantly between
vaults: 62 min for the "warm"
and 49 min for the "cool"
blocks. Deck temperatures were
51°F with winds gusting off the
Columbia River.

Maximum temperature in each
block and temperature 2 in.
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Figure 13.
Temperature profiles for
Douglas-fir veneer peeled from
small and large ("warm" and
"cool") blocks heated by steam
at Mill W L.

deep both differed significantly
between vaults but not between
diameter classes. Figure 13 shows
typical temperature-depth profiles
for "cool" and "warm" vaults.
Temperatures peaked at 118°F
or 79 percent of the treatment
temperature in the "warm"
blocks and at 97° F or 76
percent in "cool" blocks. The
"warm" and "cool" blocks
averaged 99° F and 86° F at a
depth of 2 in. However, the
depth of maximum temperature
from the roundup surface was
statistically the same, 4.3 in.,
regardless of vault or diameter
class.

For cores peeled down to at
least 6.2 in. in diameter,
temperatures were similar for
both diameter classes in the
"warm" vault, averaging 117°F
(Table 16). However, core
temperatures in "cool" blocks
varied significantly between
diameter classes, averaging 56°F
for the medium blocks and 35°F
(very near the lower limit of the
infrared detector) for large
blocks. Core temperatures
definitely differed between the
21 to 30 in. diameter blocks

15 20

heated in the "warm" and
"cool" vaults.

Mill BW: Hot Water Deluge

About a year ago, BW Mill
installed seven vaults with
canvas-curtained doorways for
heating veneer blocks. Hot water
pumps through about 20 pipes
spaced 7 ft apart in the ceiling,
drops on a pile of veneer
blocks, runs down the sloping
floor to the drain, reheats, and
recycles. Typically three vaults
receive water at any given time.
A 3,000 gal/min pump transports
the water which is heated
indirectly by a hogged fuel
boiler. Blocks are not sized
because the log inventory
includes few blocks over 25 in.
in diameter: The mill tries to
heat Douglas-fir blocks for about
12 h with the water set at
160°F, but the actual times vary
with production.

procedure-

Vault temperatures were
monitored by a pyrometer
stationed on the roof and fed
by thermocouples in the vault at
the water input and outtake and
at the bottom and top of the
block pile.. Temperatures were
recorded throughout the
treatment. After heating, 10
nonadjacent blocks were picked
from each of two diameter
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Table 16.

TEMPERATURES OF DOUGLAS-FIR BLOCKS AT MILL MW
HEATED BY STEAM FOR 17 HOURS.

Roundup Deck Temperature (°F) Core
tidi t diameter Heatame er

(in.)

me

(min) Roundup Maximum At 4 in. depth At core (in.) index

A. SURFACE TEMPERATURE INCREASED TO 150°F

211 64 87 108 (2.0) a 106 6.2.

513 63 81 114 (3.1) a 116 6.2.
14.2 65 83 118 (3.5) 118 6.5
14.8 52 64 114 (4.1) 114 114 6.2 2.2
16.5 69 81 125 (4.5) 123 118 6.2 3.5
16.8 68 58 112 (5.3) 106 112 6.2 2.9
19.5 62 62 125 (6.6) 108 125 6.2 3.0
19.8 67 50 125 (6.0) 116 121 6.2 3.0
21.1 64 71 125 (5.6) 116 125 6.2 2.8
26.7 60 64 123 (9.8) 108 118 6.2 2.1
37.0 51 89 112 (1.8) 106 46 11.5 0.6

B. SURFACE TEMPERATURE INCREASED TO 127°F

24.4 51 71 110 (2.7) 106 68 6.2 1.5
26.1 46 89 96 (3.5) 93 43 6.2 1.1
26.4 49. 60 106 (2.0) 102 58 6.2 1.2
27.1 50 71 104 (5.5) 91 50 10.2 1.3
28.4 55 64 77 (4.0) 77 54 9.8 0.7
31.1 47 62 98 (2.8) 96 39 6.2 0.7
35.7 43 54 96 (5.6) 87 39 6.2 0.8
35.7 43 56 91 (3.6) 91 31 6.2 0.4
38.7 46 73 100 (2.8) 98 33 6.5 0.5
40.0 52 62 93 (2.8) 89 35 6.2 0.4
41.0 53 66 93 (6.6) 87 37 7.5 0.6
45.3 55 79 100 (4.1) 100 37 6.2 0.4

aBlock too small.

classes (11-20 in. and 21-30 in.),
then both ends of each block
were painted to distinguish the
classes so we could time their
exits from the vault.

results-

The length of the 160° F
treatment averaged 13.5 h, and
the water averaged 153° F. The
top log was hotter than the
bottom log, and the
temperatures at the drain as the
water cooled were about 10°F
below that of the top log (Fig.
14). Temperatures inside the
vault increased as the treatment
proceeded. Because the water
drained as soon as it hit the
floor, logs were heated by direct
contact with the cascading water.
Hence, the temperature
difference between the top and
bottom logs might represent the

bottom log's lack of access to
the hot water and account for
some variation in the veneer
temperature.

Post-treatment deck times
averaged 28 min in a 51°F
environment. Figure 15 shows
typical temperature profiles of
small and large diameter classes.
Maximum temperature inside the
blocks averaged 96°F or 58
percent of the treatment
temperature and occurred 2.9 in.
from the roundup surface (Table
17). The temperature at 2 in.
averaged 89°F. Neither the
maximum or 2-in. temperatures
varied significantly between
diameter classes, but core
temperatures did, averaging 92°F
for the 11 to 20 in. group and
64° F for the 21 to 30 in.
group.

TOP LOG

DRAIN WATER
150

d°

100

50

0

BOTTOM LOG

T----T----F
5 10 15

TIME, H

Figure 14.

Temperature distribution in
blocks deluged with hot water at
Mill BW.
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Figure 15.

Temperature profiles of
Douglas-fir veneer peeled from
small and large blocks heated by
a hot-water deluge at Mill BW.

Table 17.

TEMPERATURES OF DOUGLAS-FIR BLOCKS AT MILL BW
DELUGED WITH HOT WATER FOR 13 HOURS TO INCREASE
SURFACE TEMPERATURE TO 153°F.

Roundup Deck Temperature (°F) Core
diameter time dia te atH

(in.) (min) Roundup Maximum At 4 in. depth At core
me r
(in.)

e
index

11.8 35 81 81 (0.0)a b 75 6.3
14.5 26 98 118 (3.4) 118 118 4.9 4.1
15.9 22 68 96 (4.1) 96 96 4.9 2.9
17.3 19 62 89 (3.4) 89 87 4.9 2.4
17.3 30 71 93 (3.4) 93 91 4.9 2.6
17.3 28 64 116 (4.8) 114 116 4.9 3.6
18.6 28 73 89 (2.8) 87 81 4.9 2.2
18.6 30 79 87 (2.8) 81 71 4.9 1.9
20.0 30 68 110 (3.4) 108 95 4.9 2.7
22.8 18 73 96 (2.1) 93 71 4.9 1.7
22.8 32 75 108 (3.4) 108 85 4.9 2.2
22.8 34 68 85 (2.8) 85 66 4.9 1.6
24.1 27 71 85 (2.1) 85 58 4.9 1.3
28.3 32 64 87 (2.1) 83 50 6.3 0.9
28.3 34 58 91 (3.4) 89 52 4.9 1.1

aNumber in parentheses is depth (in.) of the maximum. temperature.
bBlock too small.

32



references cited
BRIGGS, R. D. 1975. Hot water
baths win nod over steam in
peeling Douglas-fir veneer. Forest
Industries 102: 56-58.

CORDER, S. E. and G. H.
ATHERTON. 1963. Effect of
peeling temperatures on
Douglas-fir veneer. Oregon State
University, Forest Research
Laboratory, Corvallis. Information
Circular 18. 31 p.

FAHEY, E. D. 1974. Veneer
recovery from second-growth
Douglas-fir. U.S. Forest Service,
Pacific Northwest Forest and
Range Experiment Station,
Portland, Oregon. Research Paper
PNW-173. 22 p.

FEIHL, 0. 1972. Heating frozen
and nonfrozen veneer logs.
Forest Products Journal
22:41-50.

FEIHL, 0. and V. GODIN.
1975. Heating veneer logs: a
practical guide. Eastern Forest
Products Laboratory of Canada,
Ottawa, Ontario. Technical
Report 9. 20 p.

FLEISCHER, H. 0. 1959.
Heating rates for logs, bolts, and
flitches to be cut into veneer.
U.S. Forest Products Laboratory,
Madison, Wisconsin. Report
2149. 10 p.

GRANTHAM, J. B. and G. H.
ATHERTON. 1959. Heating
Douglas-fir veneer blocks-does it
pay? Oregon Forest Products
Research Center (now Forest
Research Laboratory), Corvallis.
Bulletin 9. 64 p.

KUHLMANN, A. 1962. Heat
consumption and thermal
balances in steaming gaboon
veneer logs. Holz als Roh- and
Werkstoff 20:224-235.-

LANE, P. H., R. 0. WOODFIN,
J. W. HENLEY, and M. E.
PLANK. 1973. Veneer recovery
from old growth coast
Douglas-fir. U.S. Forest Service,
Pacific Northwest Forest and
Range Experiment Station,
Portland, Oregon. Research Paper
PNW-162. 44 p.

LUTZ, J. F. 1978. Wood veneer,
log selection, cutting and drying.
U.S. Forest Service, Madison,
Wisconsin. Technical Bulletin
1577. 137 p.

MacLEAN, J. D. 1930. Studies
of heat conduction-results of
steaming green round southern
pine timbers. Proceedings of the
American Wood-Preservers'
Association 26:197-217.

MacLEAN, J. D. 1932. Studies
of heat conduction in
wood-Part II. Results of
steaming green sawed southern
pine timbers. Proceedings of the
American Wood-Preservers'
Association 28:303-330.

MacLEAN, J. D. 1935.
Temperature and moisture
changes in coast Douglas-fir.
Proceedings of the American
Wood-Preservers' Association
31:77-103.

MOLINOS, V. 1974. Effect of
log heating on softwood veneer

quality and plywood process
efficiency: a systems approach.
M.S. thesis, University of
California, Berkeley.

PREUSSER, R. 1965. Messung
der Grenztemperatur in
Dampfbl_ocken m i t t e I s
Radiosonde. Holzindustrie
18:45-46.

STEINHAGEN, H. P. 1977.
Heating times for frozen veneer
logs-new experimental data.
Forest Products Journal
27:24-28.

U.S. ENVIRONMENTAL
PROTECTION AGENCY. 1974.
Development document for
effluent limitations guidelines and
new source performance
standards for plywood,
hardboard, and wood preserving.Washington , D . C .
EPA-440/1-74-023a. 325 p.

U.S. FOREST PRODUCTS
LABORATORY. 1974. Wood
handbook. U.S. Forest Service,
Madison, Wisconsin.

WILSON, L. 1975. Matched
block study, Douglas-fir No. 2:
steamed conditioned blocks vs.
unconditioned blocks.
Unpublished report, Roseburg
Lumber Co., Roseburg, Oregon.

WOODFIN, R. 0. Jr. and M. A.
MEI. 1967. Computer program
for calculating veneer recovery
volume and value. U.S. Forest
Service, Pacific Northwest Forest
and Range Experiment Station,
Portland, Oregon.

33



Resch, H. and R. Parker. 1979. Heat conditioning of veneer blocks. Oregon
State University, Forest Research Laboratory, Corvallis. Research Bulletin 29 .
33p.
Short-term heating of softwood veneer blocks temporarily softens the wood so
that it can be peeled more readily. Heating reduces the depth of lathe checks
and the likelihood of splitting and thereby increases the quality and quantity
of veneer recovered. The softwood-plywood industry conventionally
conditions blocks three ways: steaming blocks in drive-in chambers, deluging
blocks in such chambers with hot water, or submerging blocks in feed-through
vats of hot water. About 450 to 1,000 lb of steam are required to heat blocks
with a veneer volume. of 1,000 ft2, 3/8-in. basis. The best wood temperature
for peeling falls between 120°F and 140°F, but the heating periods often are
too short for the wood to reach the target temperature because blocks are not
properly segregated into diameter classes. Furthermore, heated blocks cool
rapidly during transfer. An infrared sensor system reported here gives industry
a tool to monitor block temperature. The profitability of conditioning will
depend on the cost of the installation and cash from increased veneer yields.
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process control, current practices.
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