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Some information here reported originated in a limited unpublished
cooperative study in 1954 by M. D. Macdonald and J. R. Pfeiffer. Consid-
erable information later added by Pfeiffer and the editor resulted in the
present extended report designed to answer general questions on possibil-
ities for veneer and plywood production in Oregon.

SUMMARY

Limited studies have indicated possibility of making plywood from
Oregon's 9 billion board feet of hardwoods. Tanoak, concentrated in Curry
County, seemed well-suited to production of rotary-cut veneer, with tan
bark as a by-product from all logs, and lumber sawed from logs not peeled
for veneer.

A veneer plant to peel 120,000 square feet of usable veneer daily
was estimated to cost about $315,000 and require a 24-man operating crew.
A plywood mill to assemble veneer into 37,000 square feet of veneer daily,
on a 1/4-inch basis, was estimated to cost about $463,000 and need a work
crew of 20 men.

Operating costs were estimated as about $100 a 1,000 square feet
of plywood on a 1/4-inch basis. The tanoak plywood was expected to sell
for about the same price as rift oak plywood.
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OREGON HARDWOOD PLYWOOD

by

J. R. Pfeiffer

INTRODUCTION

Plywood is the furniture designer's ally, the cabinet maker's
strength, the decorator's standby, the architect's and builder's friend.
To the furniture industry, hardwood plywood is indispensable for provid-
ing unusual and beautiful wood figures on wide surfaces, either flat or
curved, without sacrifice of durability or strength.

Cross laminating with modern glues provides permanent strength and
economy of fabrication, and face veneers selected for grain, figure and
color permit wide-spread enjoyment of rare wood beauty.

Oregon timberland could supply raw material for a new industry to
produce hardwood plywood. The estimated 9 billion board feet of hardwood
sawtimber in the state include species suitable for veneer to manufacture
high-quality plywood for furniture and construction.

Pacific madrone, Oregon myrtle, and Oregon maple provide trees
1 with handsomely figured wood from crotches, burls, stumps, and logs. Tan-
oak, when rotary cut, yields veneer with figure resembling popular rift-
sawed oak. Red alder has desirable qualities for crossband veneer and
can be finished to harmonize with other woods.

Oregon hardwoods, up to 1957, were used locally for plywood manu-
facture in only small quantities. Burls from madrone, myrtle, and maple
have been collected, but mainly for shipment to France or Italy for manu-
facture into fine face veneers.

Softwood plywood has been made in Oregon in huge quantities for
many years. Why, then, has hardwood plywood not been produced? There is

no simple answer, but, among many factors involved, some items are obvi-
ous:

Manufacturing processes and equipment for softwood plywood pro-
duction are not adapted to hardwood plywood manufacture.
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Hardwoods suitable for plywood in Oregon frequently are scatter-
ed in small stands under various ownerships, so that hardwoods
would be difficult to log efficiently with equipment and by
methods common for dense stands of softwoods.

Hardwood logs selected for veneer should be the highest quality
obtainable. Logs not made into veneer should be used for other
products, such as hardwood dimension. Such a market requires
development in Oregon.

Several limited studies of Oregon hardwood veneer and plywood pro-
duction have been made by private firms, by the Oregon Forest Products
Laboratory, and by the U.S. Forest Products Laboratory, Madison, Wiscon-
sin (11, 12)*. No unusual difficulties were reported by the U.S. Labora-
tory in working with Oregon myrtle, Pacific madrone, golden chinkapin,
tanoak, and red alder. Results from the private studies have not been
published.

To further the use of Oregon hardwoods, manufacturing recommenda-
tions, suggestions for hardwood veneer and plywood plant arrangement, and
an analysis of plant and production costs were compiled at the Oregon
Forest Products Laboratory.

In designing the veneer plant, the question immediately arose- -
should the veneer be rotary-cut or sliced?

Sliced veneer is best made from large logs of species that display
handsome figures when cut at an angle to the annual rings. Several Ore-
gon species could provide handsome veneer by either cutting process.
Surface-foot recovery of veneer from given logs would be much the same by
either cutting process, but the cubic volume of sliced veneer would be
less than the volume of peeled veneer from equivalent logs, because
sliced veneer usually is thinner than rotary-cut veneer.

A mill to produce sliced veneer must have a sawmill to cut flitch-
es. Some lumber is recovered when sawing flitches, and backboards remain
for possible sale after the veneer is sliced.

The question of veneer type resolves itself into a decision either
to slice veneer for large surface area of high-grade face material, or to
peel veneer for large cubic volume of veneer not only for faces, but also
for cores and crossbands.

Such considerations led to choice of rotary-cut veneer for the
present analysis.

In the study the wood considered for veneer was tanoak, although
several species would likely be peeled in an operating plant. This spe-
cies is unique in that several million board feet of logs are felled year-
ly solely for bark, with no recovery from the potentially valuable wood.
Tanoak bark would be a valuable by-product of veneer production. Tanoak

*Numbers in parentheses refer to references in the bibliography.



is a heavy, hard, strong wood, dark brown in color. Oak-type rays and
indistinct growth rings cause rotary-cut tanoak veneer to resemble popu-
lar rift-sawn oak veneer (9), as shown inside front cover.

For purposes of simplification it was assumed that all plywood
manufactured would be from hardwood veneers, although Douglas fir veneer
could provide interior plies, especially for 1/2-inch or thicker panels.
Also, it was assumed that only two thicknesses of veneer would be produced
and that face veneer would be 1/16 inch thick. This factor could vary
considerably, however, since much of the face stock likely would be from
1/20 to 1/28 inch in thickness.

Estimated production capacity was set at about 121,000 square feet
of usable veneer from 15,000 board feet of logs and a plywood output ca-
pacity equivalent to 37,000 square feet a day (1/4-inch basis). Such

capacity was comparable to that of medium to large hardwood plywood mills
in the United States in 1955.

The procedure for estimating plant installation costs followed
general methods developed at the Oregon Forest Products Laboratory for
cost analysis of proposed wood industries (2).

Tanoaks left after softwoods have been logged, near Brookings.
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VENEER PRODUCTION

Recommendations presented in this section arose from information
of various sources on manufacture of hardwood veneer and associated by-

products.

Although veneer and plywood received most attention in this report,
production of hardwood lumber and of tanoak bark was described because
such products are likely to be associated with hardwood plywood manufac-
turing in Oregon.

Availability of hardwood species
Several publications have included estimates of hardwood sawtimber

available in Oregon. Recent estimates of hardwood sawtimber indicate the
volume available is much greater than that reported previously.

Latest estimate from the U.S. Forest Service, California Forest
and Range Experiment Station, Berkeley, California, indicated there are
nine billion board feet of hardwood sawtimber available in Oregon. From
northern California through Washington, there are 23 billion board feet.

Most recent hardwood volume estimates are summarized in Table 1.
Areas of potentially commercial stands are mapped on page 6.

Veneer manufacture
An outline of a possible layout for a hardwood veneer plant is

shown in Figure 2. Logs suitable for veneer production should be bucked
into 17-foot lengths following delivery to the mill site. Within a short
time thereafter (and after removing bark from tanoak) they should be
stored under water unless used immediately. Before peeling, the logs
should be heated. Veneer should be dried before storage.

Log storage. A recommended system of underwater storage might com-
prise four earth-walled ponds, each 50 feet square and 10 feet deep. In-

dividual ponds would have a log capacity of about 50,000 board feet, mak-
ing possible a total underwater storage of 200,000 board feet, or roughly
a 13-day supply at maximum output of veneer. Logs could be stored in, or
removed from, any one of the ponds by a boom located in the center of the
pond layout. Height of water in an individual pond could be controlled
by a variable-level spillway to cover adequately all the logs in a pond.
Both madrone and tanoak logs have a high specific gravity and usually will
sink when placed in water. Logs may be retained in underwater storage
for a considerable period without noticeable discoloration or deteriora-
tion (6).

Log conditioning. Logs removed from underwater storage should be
crosscut into veneer bolts preparatory to placement in hot-water vats for
conditioning.
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Table 1. Hardwood Volume Estimates For the West Coast.
(In millions of board feet)

Species 1 California' Oregon 1 Washington 1 Total

Red alder 150 3,900 5,100 9,150

Black cottonwood --- --- 1,000 1,000

Pacific madrone 800 800 --- 1,600

Oregon maple --- 1,500 1,800 3,300
California black oak 1,900 500 2,400

Tanoak 2,000 1,700 3,700

Others 1,150 600 100 1,850

Totals 6,000 9,000 8,000 23,00o
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Conditioning could be accomplished in 5 covered concrete hot-water
vats 10 feet square and 12 feet deep, all on a common concrete slab.
Each vat would have a capacity of about 5,500 board feet of logs. The
probable heating period would be from 36 to 45 hours with a water temper-
ature of about 180 degrees F. Vat water could be heated by steam heat-
exchange coils built into the bottom of the vats, with individual temper-
ature control for each vat. Vats could be loaded and unloaded with a
bridge crane located between the bolting cross-cut saw and the storage

deck for the lathe (6). Facilities for cleaning log surfaces preparatory
to chucking in the lathe could be provided at the take-off end of the

storage deck.

Production data for veneer. Although for purposes of the study it

was assumed that only 1/16-inch and 1/8-inch veneer would be produced, an

operating plant would produce veneer in several thicknesses, such as 1/28,

1/20, 1/10, 1/16, and 1/8 inch. Production rate in square feet of veneer
surface might not vary greatly, but volume of logs peeled would grow with
increased veneer thickness.

Production data for veneer of various thicknesses from bolts of
diameters from 12 to 28 inches are shown in Table 2. A delivery speed of

150 feet per minute was assumed. Spindle revolutions would change with
bolt diameter; such information may be found on page 142 of Modern Ply-

wood;
written by T. D. Perry and published by Pitman Publishing Corpo-

ration, New York.

Manpower requirements. The schematic drawing of the veneer plant

(Figure 1) shows stations for 24 individuals.

Maximum production would require operation of the dryer installa-

tion 24 hours daily. Cost estimates on veneer production should, there-
fore, include labor costs for a 4-man crew for the 16 hours daily that
the dryer would be operated in excess of the normal 8-hour schedule for

plant operation.

Lumber manufacture
Expectations are that not more than one-third of the total log

supply would be suitable for processing into veneer. It would be de-

sirable, therefore, to make provision to use two-thirds of the available
log volume in some economically advantageous manner. It is recommended
that a hardwood sawmill be installed in conjunction with a veneer plant
because of indications that a favorable market could be secured for tan-

oak lumber. An independently financed wood products manufacturing plant
could be located on property adjacent to the veneer and plywood mill site.
Such a plant would be capable of processing tanoak logs unsuitable for

veneer. Sawlogs could be diverted to the sawmill after barking.

In addition to lumber, the sawmill could produce hardwood dimen-

sion. Substantial market demand exists for this material. Because of

restricted development of the West Coast hardwood industry, western de-
mand for hardwood dimension has feen filled almost entirely by southeast-

ern sources. Freight rate differences and character of the wood indi-
cate much purchasing directed to distant supply point could be redirected

9



Table 2. Production Data for Veneer
from 8-foot Hardwood Bolts.'

Bolt
diam-
eter

Veneer
thick-
ness

Peel-
ing
time2

Usable veneer3
Daily

log volume
A
log

A
day

Log
Number scale4

In. In.

178
1/16

1/10
1/8

Min Sq ft

]4;-

427
267
107

M sq ft

120
82

55
22

M fbm
160 -67-
192 7.7
204 8.2
204 8.1

12

3 .0

2.5

2.2
2.2

14

1/28
1/16
1/10
1/8

4.0
3.1
2.6
2.5

1,162
677
416
331

140
106

77
64

120
155

185

192

7.2

9.3
11.1
11.6

16

1/28
1/16
1/10
1/8

4.5
3.4
2.7
2.6

1,664
954

597
48o

178
135
105
89

106
141
175

184

8.5
11.3
14.o
14.7

18

1/28
1/16
1/10
1/8

5.6
4.0
3.2
3.o

2,25o
1,290

805
646

194
156
121
104

86

120
149
160

9.4
13.2
16.5
17.6

20

1/28
1/16
1/10
1/8

6.2
4.4
3.4
3.1

2,911
1,680
1,045

832

227
184
148
130

78
109
141
155

10.9
15.2
19.7
21.7

22

1/28
1/16
1/10
1/8

8.1
5.4
4.1
3.6

3,652
2,093
1,312
1,045

218
187
154
140

59
89

117
134

10.1
15.1
19.9
22.7

24

1/28
1/16
1/10
1/8

8.9

5.9
4.4

3.9

4,470
2,564
1,60o
1,280

241
210
175
158

54
82

109
123

11.3
17.1
22.9
25.9

26

1/28
1/16
1/10
1/8

9.6
7.6

4.6
4.1

5,364
4,010
1,920
1,536

267
254
201
180

5o

63

104
117

12.4
15.8
26.0
29.2

28

1/28
1/16
1/10
1/8

10.4
6.8
4.9
4.2

6,318

3,637
2,271
1,818

295
257
223
209

46

7o

98
114

13.5
20.4
28.3

33.2
1
Computed from table on p. 826, Journal of Forestry, November 1953.

2Includes estimated 25% down time plus 1 1/2 minutes to chuck each bolt.
Assumed delivery speed was 150 feet a minute.

3A deduction of 1/3 the total footage of veneer was made to allow for
clipping loss.

4
Scribner log scale.

10



to West Coast species when dependable sources of high-quality material
become available.

It is recommended that equipment for manufacture of furniture
squares and other hardwood dimension be installed as experience develops
and as markets are gained.

As with many species, tanoak lumber requires long, slow drying to
retard collapse, checks, and splits. Kiln drying fresh from the saw is
expensive, but a period of air drying, followed by short kiln drying,
lowers expense without excessive damage to the lumber. Extended periods
of rain and high humidity along the coast where tanoak is plentiful may
slow the rate of air drying and encourage decay in piled lumber. Ship-

ping fresh-sawed lumber to inland areas such as the Illinois valley,
where improved conditions for air drying are found, may prove desirable.

Information on drying hardwood lumber is available in several pub-
lications (1, 3, 4).

Tanoak bark recovery
All logs delivered to the veneer plant should be barked following

bucking into 17-foot lengths. The yield of tanoak bark would amount to
about 1,500 pounds a 1,000 board feet of logs. Removed bark could be
conveyed to a grinder for reducing to particles of a size and character
desired by the tanning industry. Ground and, possibly, screened bark
particles could be dried to a low moisture content in a continuous-type
apron dryer for subsequent packaging in reshippable fiber drums or paper
bags.

k

Tanoak and Douglas fir along the Pistol river.
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PLYWOOD PRODUCTION

It was expected that most plywood from an Oregon hardwood plywood
plant would be sold to store fixture, furniture, and door manufacturing
industries. The raw-material requirements of these industries have been
such that it has been either undesirable or impossible for a supplier of
decorative plywood to confine production to standard panel sizes. Indi-
vidual volume orders for panels would vary according to customer require-
ments as to surface dimensions and thicknesses. It would be the respon-
sibility of those concerned with production planning in a plywood plant
to make the optimum-size panel that would satisfy customers' requirements

Ind yet require least cost of manufacture. Whenever possible, large pan-
els should be constructed to yield two or more small panels during cut-up.

Much plywood production would not be 4- by 8-foot panels, but,
nevertheless, a press to accomodate this size was recommended. The extra
capacity available with such a press would require only a small increase
in capital investment and would provide excellent insurance against pos-
sible loss of business from new markets that might evolve. Current pop-
ularity of wood paneling is one example of an expanding market potential
for large plywood panels.

Plywood constructions
Many combinations of wood species, veneer thickness, veneer grade,

construc-
tion. One soLrce of such information is Commercial Standard CS35-56, of
the U. S. Department of Commerce (5). Various combinations of veneer
thickness and wood species are listed in Table 3.

To simplify calculations in the present study, faces and backs
were considered to be 1/16-inch veneer, cores and crossbands were 1/8-
inch veneer--all of tanoak.

Adhesives requirements
Standard panels could be bonded with moderately extended urea-for-

maldehyde resin adhesive. This general category of adhesives requires a
press temperature maintained around 280 degrees F ; cure is almost instan-
taneous when temperature of the bond-line is elevated to this temperature
level.

Urea-formaldehyde adhesives of the type specified cost about 12
cents per pound (liquid basis in 1955). Optimum spread requirement has
been established at about 60 pounds a thousand square feet of double-
surface area. Subsequent cost data are based on these figures.

Manpower requirements
Stations for 20 individuals are shown in the schematic sketch of

the plywood plant installation (Figure 2). Not shown are supervisory and
management personnel.
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Table 3. Suggested Constructions of Hardwood-Faced Plywood.

Plywood
thickness Plies

Core material Veneer thickness
Hard-
wood

Douglas
fir Face

Cross-
band Core Back

In.

3

5

3

3

5

5

7

7

x
x
x

x
x

x
x

x

In. In. In. In.

1/8
1/4
1/4
1/4
1/2
1/2
3/4

3/4

1/28
1/28
1/16
1/16
1/16
1/16
1/16
1/16

1/16

1/8
1/8
1/8
1/8

1/16
1/16
1/8
1/8
1/8
1/8
1/8
1/8

1/28
1/28
1/16
1/16
1/16
1/16
1/16
1/16

0
LVENEER

TORAGE

CROSSCUT
AND R p

VENEER CORE
STOCK STORAGE

\\V

f>-
JOINTER/GLuER

CLIPPER

FACE
DEPARTMENT

P-,
TAPELESS

SPLICERS

ADNEsivE
SPREADER

CROSS

OR CORES

CORE
DEPART

TAPELESS
SPLICERS

JOINTER/GL

c)

(3- MANPOWER REQUIREMENT
I INDIVIDUAL STATION 1

FIGURE 2. PLANT LAYOUT FOR

HARDWOOD PLYWOOD MANUFACTURE

13

O

ARE
TOR FUTURE PANEL
CUT -UP INSTALLATION

v
TAUS

PAWL ASSEMOL

1
CORES A BACKS

I

®<5.

J
aEGALCE r-f
SANDER V C, 4.

C..) .(1

PRESS

BELT
SANDER

SNIPPING
AND

STORAGE

ENO
Rm.

PAWL
CUT-UP

DUST
COLLECTOR



Rotary-cut Oregon myrtle plywood.
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PLANT COST ESTIMATE AND CAPITAL REQUIREMENTS

The preblueprint estimate was intended to furnish an outline of
costs in building and equipping a plant to make veneer and plywood from
tanoak and other Oregon hardwoods, and to suggest the amount of working
capital needed to .start production.

The estimate of physical plant costs was based on installed costs
of new process equipment, important items of which are outlined in some
detail. Other costs, such as site preparation, building construction,
process piping, electrical installations, utilities, overhead, and con-
tingencies, were calculated as percentages of the estimated cost of proc-
ess equipment (2).

The suggested amount of working capital needed was based on an
estimate of operating expenses during the first three-month period of
full operation.

The plant equipment, facilities, and operating expenses were based
on a planned daily production of 584 plywood panels 4 by 8 feet in size,
or about 4 million square feet annually. Half the panels were to be 1/4
inch in thickness; the balance, 3/4 inch.

Estimated Physical Plant Costs

An outline of estimated costs for the physical plant to manufac-
ture hardwood veneer and plywood is shown in Tables 4 and 5. Costs of
other items were calculated in Table 6 as percentages of process equip-

1 ment costs. Estimated costs of the physical plant totaled $778,332.

Process equipment costs
Process equipment was planned for production of hardwood plywood

up to 4 by 8 feet in size, peeling mostly tanoak logs from which the bark
was to be removed, dried, and sacked for shipping.

The installed costs of process equipment for the veneer plant and
the plywood plant totaled $389,166 (Tables 4, 5).

Veneer plant. As illustrated in Figure 1, the veneer plant was
planned to include log barker, bark grinder and dryer, log storage ponds,
heating vats for veneer bolts, veneer lathe, veneer dryer, clipper, and
storage space for green and dry veneer (7, 8).

The veneer plant was planned for tray storage of green veneer be-
tween lathe and clipper. Another arrangement would include green veneer
storage on reels, with no trays. Trays for green veneer storage were

15



chosen in the present study because of low initial investment required.
Reel storage, however, has the advantage of allowing increased production,
and has replaced tray storage in several eastern mills (10).

Items of process equipment are listed in Table 4, together with
estimated costs which totaled $231,504, installed.

Plywood plant. The plywood plant, as illustrated in Figure 2, was
designed to include equipment such as veneer trim saws and jointers,
gluers, splicers, press, plywood trim saws, sanders, and panel cut-up
saws.

Items of process equipment are listed in Table 5, together with
estimated costs. The installed cost of the plywood process equipment
totaled $157,662.

Plant costs other than process equipment
Plant costs other than those for process equipment were calculated

as percentages of the estimated total installed costs of the process
equipment. The cost items calculated are outlined in Table 6. Total
costs for the physical plant are listed as $778,332.

The estimate did not include land costs. An adequate amount of
land necessarily should be procured, either by long-term lease or pur-
chase, to allow for future plant expansion; from 5 to 10 acres should
suffice.

The following cost factors should be considered in determining
site location:

Availability of raw material.
Nearness to railroad or other transportation.
Availability and cost of electric power.
Availability of adequate water supply for fire protection,
log storage and other operational requirements.
Availability of labor.
Features of terrain which may affect costs of drainage,
water storage, waste disposal, construction of roads and
railroad siding.
Local taxes.

Site preparation. Site preparation included such items as:

Site clean-up.
Installation of roads and walks.
Grading and drainage.
Erection of necessary fencing.
Log storage-pond construction.

Buildings and services. Building costs included necessary plumb-
ing, lighting, and heating facilities. It was assumed that no unusual
features of terrain would be involved to necessitate increased foundation
and other construction costs such as driving of piling.

16



Process piping. Process piping included pipe, fittings, brackets
and valves for steam, water, air, hydraulic and sewage lines from the
source to the process equipment, plus cost of installation.

Electrical installations. Electrical installations included sub-
station, feeders, control centers and wiring, plus cost of installation.

Utilities. Utilities included boiler plant and fuel-storage fac-
ilities, air compressor and miscellaneous equipment such as office furn-
iture and first aid.

Construction overhead. Construction overhead included insurance,
taxes, and other office expenses such as engineering, drafting, and ad-

ministration payrolls.

A huge Pacific madrone near Powers.
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Table 4. Process Equipment Costs for a Plant to Make
Hardwood Veneer from Tanoak Logs.

Costs Were Based on Values in 1954.

Item

Capacity
Or

size

Quan-
tity

required
Delivered

cost
Installed
cost

1. Conveyor from log storage
deck past crosscut saw to
barker

2. Crosscut saw

3. Hoist and monorail from
conveyor to barker

4. Scraper-type log barker

5. Bark conveyor from barker
to grinder

6. Saw-tooth bark crusher

7. Pneumatic conveyor system
from bark crusher to dryer,
with 17-foot plywood bin

8. Apron dryer

9. Pneumatic conveyor system
from dryer to sacking unit,
with storage bin

10. Semi-automatic scale and
sacking unit

11. Bag closer complete with
belt conveyor and motor

12. Boom with double drum and
rigging to convey logs to
and from storage pond

13. Conveyor from storage pond
through crosscut saw to
deck cradle

75-foot
length

5-foot bar

one ton

17-foot
carriage

24-inch
belt, 30-
ft length

15-hp motor

6 ton

15-20 tons
a day

6 ton

40-foot
length

(Continued)

18

Dollars Dollars

1

1 1,195

1 1,500

1 19,750

1

1 3,012

1

1 11,300

1

1 500

1 1,847

1 4,000

1

3,500

2,000

3,500

3,500

2,600



Table 4. (Continued)

Item

Capacity

or
size

Quan-
tity

required
Delivered

cost
Installed

cost

14. Steam vats (concrete) 10- by 10- 5

by 12-foot

15. Overhead bridge crane 25-foot span, 1

to convey logs into 70-foot length;

and out of vats 5-ton, 22-foot
lift

Dollars Dollars

3,500

16. Crosscut saw 5-foot bar 1 1,195

17. Hoist and monorail to 1/2 ton 1 800

convey heated logs to
lathe

18. Veneer lathe 48-inch swing, 1 25,692

109-inch knife

19. Main drive for lathe 1 10,870

20. Semi-automatic green- 120-inch knife 1 10,820

veneer clipper

21. Four-deck tray system 100-foot length 1 16,830

22. Lift truck 2-ton lift; 1 4,051
120-inch fork
height

23. Four-line veneer dryer 8 sections, 1 55,150

5 1/4-inch roll
centers, 14 1/2-
foot lengths

24. Waste conveyor from
lathe to hog

25. Veneer hog

11,000

1 3,000

30-inch belt 1 4,590

feed

172,012 33,690

Installation costs 25,802

197,814

Total cost of installed veneer equipment 231,504

19



Table 5. Process Equipment Costs for an Oregon Hardwood Plywood Plant.

Item

Capacity
Or

size
Units
needed

Delivered
cost

Installed
cost

Dollars Dollars

1. Dry clipper 110-inch knife 1 4,144

2. Veneer jointers 2 14,686

3. Tapeless splicers 4 21,108

4. Core-sizing crosscut saw 1 900

5. Glue mixer 1 1,650

6. Glue spreader 1 5,600

7. Hoists and rack for loading
and unloading press

2 3,000

8. Hot press 10 openings, 1 34,000
54- by 106-inch

9. Skinner saw to cut panels 1 13,070
from 5 to 78
inches wide

10. Precision cutoff saw to size panels 1 13,600
for sizing panels up to 4 by 8

feet

11. Three-drum sander

12. Belt sander

13. Lift truck

49-inch machine, 1 15,620
12 to 36 ft per
min feed speed

single belt 1 2,000

2 tons; 120-inch 1 4,051
maximum fork
height

14. Dust collection system 1 4,000

134,489 3,000
Installation costs 20,173

154,662
Cost of installed plywood equipment 157,662
Cost of installed veneer equipment 231,504

Total cost of installed process equipment 389,166
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Table 6. Physical Plant Costs, Calculated as Percentages
of Process Equipment Costs

Item

Proportion of
process equipment

cost Cost

Per cent Dollars

Site preparation 5.5 21,404

Buildings and services 20.0 77,833
Process piping 6.5 25,296

Electrical installations 9.0 35,025

Utilities 9.0 35,025

Construction overhead 30.0 116,750

Contingencies 20.0 77,833

Costs other than process equipment

Process equipment

Total physical plant costs

389,166

389,166

778,332

Location makes some trees valuable for scenic recreation,
as in this magnificent grove of Oregon myrtle near Powers.
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Rotary-cut Pacific madrone veneer.
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Estimated Operating Costs

For a plant with a single lathe, plant capacity in veneer or ply-
! wood can be determined easily for given thicknesses of veneer or plywood,
1 provided certain conditions are assumed. Assuming logs of a given dia-
1 meter, each log's peeling time can be estimated for a given lathe speed

and veneer thickness. The estimate of veneer production will enable de-
1 termination of plywood production of stated panel thicknesses.

Bases for production estimate
Hardwood plywood is made in various thicknesses, veneer grades,

and panel sizes. To simplify estimation, possibilities were limited
arbitrarily:

Annual plywood production of about two million square
feet surface in each of two thicknesses.

Only 2 thicknesses of 4- by 8-foot plywood panels; l/4-
inch (3 ply), and 3/4-inch (7 ply), with same number of
panels made in each thickness.

All veneer to be tanoak (high yields of tanoak face veneer
would permit using Douglas fir cores or crossbands).

Only 2 veneer thicknesses; 1/16 inch for faces and backs,
and 1/8 inch for cores or crossbands.

Log diameter inside bark of 18 inches at the small end.

Estimated recovery of 1,500 pounds air-dried bark from each
1,000 board feet of tanoak logs.

Tanoaks (center and right) and Douglas firs (far left) near Brookings.
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The outline followed in arriving at daily capacity after fixing
desired annual production was as follows:

1. Estimated annual production 2,060,352 sq ft , 1/4 in.
2,060,352 sq ft , 3/4 in.

Or: 8,241,408 sq ft , 1/4-in. basis

2. Down-time loss (estimated at 228,928 sq ft , 1/4 in.
10% of rated annual capacity) 228,928 sq ft , 3/4 in.

Or: 915,712 sq ft , 1/4-in. basis

3. Rated capacity for plant a
year (1 plus 2)

4. Expected production days a
year

5. Expected shifts a day

2,289,280 sq ft , 1/4 in.
2,289,280 sq ft , 3/4 in.

Or: 9,157,120 sq ft , 1/4-in. basis

245

One 8-hr shift except for
veneer dryer, which is a
24-hr operation.

6. Rated capacity of plant for 9,344 sq ft , 3 ply 1/4 in.
9,344 sq ft , 7 ply 3/4 in.

Or: 37,376 sq ft , on 1/4-in. basis
each shift

Summary of production estimate

Table 7. Summary of Veneer Capacity. a Day.

Plywood
thickness

Veneer
thickness Panels

Veneer
each panell

Veneer
a day

In. In. Sq ft Sq ft

1/4 1/16 292 71.1 20,761
1/8 35.6 10,395

3/4 1/16 292 71.1 20,761
1/8 177.8 51,918

103,835

1Assume 10 per cent excess for trim.
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Table 8. Summary of Plywood Capacity'.

Thickness Plies
Daily ca achy Annual

capacityPanels r Area

In. Sq ft Sq ft

1/4 3 292 9,344 2,289,280
3/4 7 292 9,344 2,289,280

Total 584 18,688 4,578,5600
Or 37,3762 Or 8,241,408`

'Assume half of plywood footage is 1 4 inch, and half 3/4 inch thick.
20n a quarter-inch basis.

Estimated raw-material requirements

Table 9. Log Requirements, Assuming Daily Production of 292 Panels
of 1/4-inch and 292 Panels of 3/4-inch Thickness.

Veneer Veneer Usable Logs Lathe Lathe Log
thick- re- veneer re- time time volume
ness quired each log' quired a log a day a day
In. Sq ft Sq ft Min Hours Fbm

1/16 41,522 1,290 32 4 2.2 3,520
1/8 62,313 646 97 3 4.9 lo 6, 7o

Total 129 14,190

1Based on logs all of 18-inch diameter and 8-foot length (plus trim).

Table 10. Adhesive Requirements.

Plywood
thick-
ness Plies

Panels
a

day

Double glue-
line area
a panel'

Double glue-
line area
a day

Resin
cost
a day2

In. Sq ft Sq ft Dollars

1/4 3 292 32 9,344 46.72
3/4 7 292 96 28,032 140.16

Total 186.88

1Not including an estimated 10 per cent loss in trim for each 4- by
8-foot panel.

2Assuming 60 pounds resin a 1,000 sq ft of double glue-line including
25 per cent loss of glue a day, partly from panel trim. Glue-line costs
were estimated to be $5 a 1,000 sq ft of double glue-line.

Operating costs
Factors to be considered in estimating costs of operating a com-

bined hardwood veneer and plywood plant have been listed in Table 11.
Both cost for a thousand square feet (1/4-inch basis) and total cost a
year for the assumed production conditions are shown.
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Table 11. Cost Factors in Operating a Hardwood Plywood
and Veneer Plant.

Item

Suggested
factor
or rate

Amount
used
daily

Raw materials1

Logs
Resin
Bags for bark2
Oil for apron dryer

Subtotal

Utilities
ElectFicity3
Steam"-

Water5 & Sewage

Subtotal

Labor
Direct operating labor,
Labor-determined costs

Investment-determined costs

All production costs

Selling, distribution, and
management costs

Total Operating Costs
=<,== 1.1.00.119.1.17 =2.19.117

$50/M fbm 14,190 fbm
8.4.0/1b 2,240 lb
5t/obag 432
1 /gal 48 gal

0.70/kwh 3,700 kwh
700/1,000 lb 92,500 lb
110/100 cu 6,167 cu
ft/month

$2.21/hr 416 man hr
80% of di-
rect labor

20% of physical
plant costs

15% of all pro-
duction costs

Cost
a
day

Total
cost
a year

Cost per M
Sq ft ,
1/4" basis

Dol- M Dol-
Dollarslars Iars

710 156.4 17.08
188 41.5 4.53
22 4.8 0.52
7 1.5 0.16

204.2 22.29

26 6.3 0.69
65 15.9 1.73

ft 7 1.5 0.18

23.7 2.60

919 225.2 24.59
735 180.2 19.67

155.7 16.99

789.0 86.14

118.2 12.92

907.2 99.06

1Costs of raw materials a year were based on 245 operating days with 10 per cent
down time.

2 Assuming that used bags are available. Each bag to contain about 3 cubic feet or
50 pounds of bark.

3Data taken from operating costs of Douglas fir plywood plants. Costs shown are
based on an average of 120 kwh per M sq ft on 3/8-inch basis.

"-Costs taken from Douglas fir plywood plants, based on an average of 3,000 lb of
steam per M sq ft of 3/8-inch plywood. Fuel was assumed to be oil; if wood is
used the cost would be considerably less.

5Costs in Douglas fir plywood plants, based on an average of about 200 cubic feet
per M sq ft of 3/8-inch plywood.

6Such as direct supervision and payroll overhead.

7
Such as general overhead, maintenance, operating supplies, depreciation, taxes,
and insurance.
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Total Initial Capital Requirements

Since some time elapses from start of production to time of re-
ceiving payments in volume, some capital is necessary to buy raw materials
and pay for labor, utilities and other operating expenses. A usable
correlation exists between total production costs and the initial oper-

ating capital requirements. As shown in the accompanying list, initial
working capital has been calculated as three times the amount of one

month's total production costs.

Physical plant cost $778,000

Land costs

Promotional, organiz-
ational and develop-
mental costs 1

Initial working capital 196,900

(Three times value of
one month's total pro-
duction costs)

Total initial capital requirements $975,200

1No amount has been assigned to these items
because of lack of bases for estimating.
The total costs of these items, however, are
not expected to be more than three per cent
of the total capital requirements.
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Form for Estimation of Profit

A. Estimated Total Plant Investment) $778,332.00

B. Estimated Annual Production
Plywood 3/4-inch; 2,060,352 sq ft

1/4-inch; 2,060,352 sq ft
Bark 2,450 tons

C. Expected Average Selling Price
Plywood
Bark $50.00 /ton

D. Estimated Annual Sales (B X C)
Plywood2

Bark $122,500

Total Annual Sales

E. Estimated Annual Operating Costs
Production 789,000
Selling & Management 116,200

Total 907,200

F. Net Annual Profit Before Income Taxes (D - E)

G. Profit per Invested Dollar (F 4. A)

H. Profit per Sales Dollar (F D)

IExcluded are land costs and promotional, organizational, and
developmental costs.

2
Selling prices and sales for plywood should be estimated for volumes
anticipated in each grade and thickness.
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ESTIMATION OF PROFIT

To assist in estimating returns from a hardwood plyw000d plant
peeling tanoak logs primarily, a form has been included for guidance.

An expected selling price of $50 a ton for tanoak bark has been
included because tanoak bark has been for years a stable article of com-
merce. A selling price for tanoak plywood has not been indicated, be-
cause records of previous sales of this product are few in number and are
not readily available.

Rotary-cut tanoak veneer, however, closely resembles rift-sawn oak
veneer (sawed or sliced at about 45 degrees angle with the rays) in ap-
pearance and in strength.properties. The almost indistinguishable growth
rings, small pores, and oak-type rays of tanoak combine in rotary-cut
veneer to present the appearance of rift oak veneer.

Market prices of rift oak plywood might approximate prices for
plywood from rotary-cut tanoak veneer because of close resemblance in the
two veneers. Some mill prices quoted in 1953 for rift oak plywood for
1/4-inch by 4- by 8-foot panels ranged from about $390 a thousand square
feet for grade A-3 to about $575 for grade A-A. Prices quoted for 3/4-
inch by 4- by 8-foot panels were about $575 a thousand square feet for
grade A-3 to about $770 for grade A-A.

Plywood grades mentioned apply to quality of face and back veneer.
Grade A veneer resembles good grade 1 of Commercial Standard CS35-56 (5),
which includes only high-quality veneer suitable for natural finish.
Grade 3 veneer resembles backing grade 4 of Commercial Standard CS35-56,
which allows holes, splits, and discoloration not seriously impairing
strength.
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Pacific madrone (left) and tanoak (right) near Pistol river.
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A large oak on logged-over land near Oregon Caves.
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