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SUMMARY

Preservative treatment, performance, and market opportunities for spruce 
as an alternative species for preserved wood products has been the object 
of a Forintek Wood Preservation Seminar. This seminar was held on 
November 4, 1988, in the Kensington room of the King Edward Hotel in 
Toronto and was sponsored by the Canadian Forestry Service and the 
Forintek members and contributors. Over 50 people from industry, 
government, and research organizations attended the seminar.

At this seminar, the latest background information was presented that 
will have an impact on technical and market-oriented questions that, in 
turn, will guide decisions relative to the future of this dominant 
Canadian wood species. During the presentations and discussions, it was 
demonstrated that the material properties of spruce are better understood 
and that spruce wood is more treatable and performing better than 
generally assumed. However, more has to be learned before efficient 
processes can be developed to allow preserved spruce to be used for a 
wide range of applications. This has been found to be true for all its 
material properties including anatomy, permeability, and resistance to 
degradation or dimensional stability. Although no major breakthrough 
has been achieved and no efficient technical solution can be offered to 
the industry this time, the process technology to pretreat and impregnate 
spruce wood is steadily progressing.

The reasons for the reluctance to use this wood in certain environments 
are technical in nature and also due to prejudice and lack of data. This 
seminar helped to initiate a discussion on a topic which might be very 
important for the future of the treating industry. To support this 
discussion, a complete proceeding of the seminar has been drafted. The 
final printed proceedings will be available in spring, 1989. The ex
tended content of the invited papers and the contributions done during 
the discussion periods constitute the main content of these proceedings.
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1.0 OBJECTIVE

To broaden the awareness of 
organization and presentation 
technologies to preserve spruce 
its proceedings.

industry and researchers through the 
of a symposium on existing and emerging 
wood from decay and through publishing

2.0 INTRODUCTION
As spruce is a major component of the Canadian forest resources and 
offers potential for expanded uses in many secondary applications, a 
seminar was organized to identify these opportunities and to oversee the 
development of research and development programs. The seminar addressed 
the latest background information and will be a guide for decisions for 
the future of the most dominant and readily available of our indigenous 
species, spruce .

3.0 BACKGROUND

Spruce wood is one of Canada's major wood species, but its use has been 
limited for service in ground contact because of its low durability and 
its refractory behaviour against chemical treatment. Its successful 
treatment would, therefore, allow it to be employed in new end uses, par
ticularly where the supply of treatable species is limited or where the 
price of treated wood is not competitive.

4.0 STAFF

J.P. HUsli Project Leader 
Research Scientist

5.0 RESULTS

Preservative treatment, performance, and market opportunities for spruce 
as an alternative species for preserved wood products was the object of a 
Forintek Wood Preservation Seminar. This seminar was held on November 4, 
1988, in the Kensington room of the King Edward Hotel in Toronto and was 
sponsored by the Canadian Forestry Service and the Forintek members and 
contributors. Over 50 people from industry, government, and research 
organizations attended the seminar.

During this seminar it was demonstrated that the material properties of 
spruce are now better understood. However, more has to be known before
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efficient processes can be developed to allow preserved spruce to be used 
for a wide range of applications. This has been found to be true for all 
its material properties including anatomy, permeability, and resistance 
to degradation or dimensional stability. Although no major breakthrough 
has been achieved and no efficient technical solution can be offered to 
the industry at this time, the process technology to pretreat and 
impregnate spruce wood is steadily progressing. Unfortunately, the 
performance and other technical data as well as the economical base is 
insufficient to support the marketing of the various potential products. 
For these reasons, spruce is not widely used for ground contact 
application even though some standards include the material for some 
specific uses.

It was also demonstrated during the presentation and the discussions that 
spruce wood is more treatable and performing better than generally 
assumed. This is reflected in the major international research effort 
that has been undertaken to develop data and technical processes which 
could, in the long run, support the development of new substantial 
markets for spruce wood. Spruce is, in fact, a major wood species in 
northern countries; traditionally it is not used widely in applications 
where its low natural resistance to biological degradation and its 
refractory behaviour against chemical preservative treatment are impor
tant .

The reasons for the reluctance to use this wood in certain environments 
are technical in nature and also due to prejudice and lack of data. 
The seminar helped to initiate a discussion on a topic which might be 
very important for the future of the treating industry. To support and 
to continue the discussions initiated during this seminar, a complete 
proceeding is in the editing process for publication as a Forintek 
Special Publication. The extended content of the invited papers and the 
contributions done during the discussion periods will constitute the main 
content of these proceedings.

6.0 RECOMMENDATION

. Continue to produce the proceedings of the seminar

. Discussion should continue on the preservation and performance of 
spruce wood by producing and distributing the printed seminar proceed 
ings and by planning a seminar on the same topic for 1993.

2



APPENDIX I

PRELIMINARY DRAFT

THE PROCEEDINGS OF THE 1988 FORINTEK WOOD 
PRESERVATION SEMINAR ON PRESERVATIVE TREATMENT AND 

PERFORMANCE OF SPRUCE WOOD



PRESERVATIVE TREATMENT AND PERFORMANCE OF SPRUCE WOOD

DRAFT

Proceedings of the 1988 Forintek Wood Preservation Seminar

edited by 

J.P. Hosli

1989
Forintek Canada Corp. 
Eastern Laboratories 
Ottawa



CONTENTS

Preface of the editor 
Content
Program of the seminar

Introduction
The Spruce Wood Resource in Canada 

Discussions
Anatomy and Treatability of 

Spruce Wood
Discussions

The Evaluation of Spruce Wood Using 
Permeability Concepts 

Discussions
The Resistance of Treated and

Untreated Spruce to Biological Degradation
Discussions

Impregnation Processes for Spruce 
Discussions

Incising of Spruce lumber 
Discussions

North American Treated Lumber
Demand and possible market 
opportunities for spruce 

Discussions
Concluding Remarks

H.P. Vokey 
A.G. Teskey

Z. Koran

J.P. Hosli

P .I. Morris 

H. Willeitner 

J.N.R. Ruddick

J.K. Meil 
A.G. Teskey

J.P. Hosli

i
ii

iii

1

List of registered guests

i



PREFACE OF ..THE .EDITQB

Preservative treatment, performance and market opportunities for 
spruce as an alternative species for preserved wood products has 
been object of a Forintek Wood Preservation Seminar. This seminar 
was held on November 4, 1988 in the Kensington room of the King 
Edward Hotel in Toronto and was sponsored by the Canadian Fores
try Service and the Forintek members and contributors. The 
extended content of the invited papers and the the contributions 
done during the discussion periods constitute the content of these proceedings.
As we have recieved many request for the proceedings of the 
seminar, we decided to edit it in the form of a book. Some reader 
might feel that the book is incomplete because it does not cover 
other essential problems in this field such as drying of the 
treated and untreated spruce or its mechanical properties. These 
important aspects, however, are common to many other wood species 
and have, therefore, been deliberatly neglected to focus on the 
most important and specific problems of treating spruce wood.
The editing of this book has been facilitated thanks to the 
cooperation of the authors and the staff of Forintek Canada Corp. 
I hope this book will helpful to all with an interest in using 
difficult to treat alternative wood species as preserved wood products.

Ottawa, 1989 
J.P. Hôsli
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PROGRAM OF-THE... SEMINAR
Morning session

Opening of the seminar
J.P. Hosli, Chairman 
Research Scientist 
Forintek Canada Corp.Introduction
H.P. Vokey 
Group Leader 
Forintek Canada Corp.Spruce resource in Canada.

In addition to a general overview of the spruce 
resource, the allowable cut and market attributes of spruce are discussed.

A. Teskey
Chief Industry and Timber Economics 
Canadian Forestry ServiceAnatomy and treatability.

The effect of minute anatomy of the tissues and 
wood zones on the treatability of spruce wood are 
presented and the impact of provenance, species and 
moisture content on permeability are discussed.

Z. Koran 
Professor
Université du QuébecPermeability concepts.

Various definitions of permeability are presented 
and their use to evaluate the structure of porous 
bodies is explained for spruce wood. Examples and 
problematic of modelling impregnation processes are discussed.

J.P. Hosli 
Research Scientist 
Forintek Canada Corp.Resistance to degradation.

The performance of treated and untreated spruce 
wood and wood products in field and laboratory 
evaluations is presented and the types and occur
rence of degradation are outlined.

P.I. Morris 
Research Scientist 
Forintek Canada Corp.
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Afternoon session

Impregnation processes.
Basics of pressure and diffusion treatment for 
spruce are discussed and results of laboratory and 
industrial experiments and experiences to improve 
treatment are presented. An outlook for future 
developments concludes this contribution.

H. Willeitner
Head Inst. Wood Biol, and Preserv. 
German Federal Research Centre for 

Forestry and Wood Science.
Incising of lumber.

Types and patterns of existing incising for treated 
lumber in North America and their effect on spruce 
penetration and performance is presented. Future 
trends in incising and actual laboratory developments are outlined.

J.N.R. Ruddick 
Professor
University of British Columbia.

Existing and potential markets.
The existing Preserved wood markets in Canada and a 
conceptual approach to understanding potential 
market opportunities for Canadian spruce wood is presented.

A. Teskey
Canadian Forestry Service 

and
J.Meil
Research Scientist 
Forintek Canada Corp.

Closing remarks
J.P. Hosli
Forintek Canada Corp.
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INTRODUCTION

by
H.P. Vokey

Group Leader, Forirtek Canada Corp. 
800 Montreal Road, Ottawa, K1G 3Z5

Preservative Treatment ans Performance of Spruce Wood is a very 
timely and controversial topic for a wood preservation seminar. 
Forintek is, in fact beeing recieving a variety of messages. Many 
primary lumber producers want a commercially viable preservative 
treatment for spruce lumber. The treating industry on the other 
hand is less concerned about the treatability of spruce. They are 
more concerned about recieving a sufficient supply of treatable 
lumber. The end-user has a different concern. He wants assurance 
that the product will actually provide the performance claimed for it.
Spruce is a major component of the Canadian forest resources. To 
date it has been the primary mainstay in the residential construc
tion industry. It does, however offer potential for expanded uses 
in many secondary applications. As we have a responsibility to 
identify these opportunities and to oversee the development of 
research and development programs, we have to address the following questions:

What markets should a treatable spruce be targeted on?
Do existing standards address the performance requirements for these markets?
Can we give the customer the assurance that he needs?

This seminar is presenting the latest background Information that 
will impact on those questions as a guide for decisions for the 
future. Let us hope through a symposium seminar such as this one 
that greater recognition will be given to the potential for the 
most dominant and readily available of our indigenous species, spruce.
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IflE SPRUCE WOOD RESOURCE IN CANADA

by
A.G. Teskey

Chief, Industry and Timber, Economics Branch, 
Canadian Forestry Service, 351, Boul. St-Josrph, Hull, K1A 1G5

Abstract
A review of the forest resources in Canada indicates that spruce 
and the spruce-pine-fir category account for over 60 percent of 
Canada’s forest inventory. As well these species are spread 
fairly evenly across the country. Assuming a crop rotation
period of 100 years, this category could produce an estimated 140 
million cubic metres of round wood annually. Viewed another way 
the spruce-pine-fir resource could support a wood preservation 
industry 50 to 60 times larger than the one operating in 1985.

Introduction

To appreciate the importance of trees in Canada one has only to 
look at the contribution of Canada’s forest sector to the develop
ment of our country over the last two centuries. Starting with 
the British demand for "squared timber" in the early 1800s (oc
casioned by Napoleon’s blockade of the Baltic forests) and the 
transition by the 1850s to meet American demand for sawn lumber 
(because of their urbanization and industrial development), the 
Canadian forest sector has been a major economic force in North 
America for nearly 200 years. For example, Canadian exports of 
forest products represented over 50 percent of total exports in 
the 1850s, 25-35 percent in the 1920s and 14-15 percent in 1986.
Back in the 1800s forest products were mainly timbers, sawn lumber 
and other solid wood products. However, by 1900, Canadian pulp 
and paper products joined lumber as major export commodities in 
the important U.S. market. These exports grew rapidly and by 
1921, 58 percent of Canadian pulp and paper output was exported to 
the United States. This situation has continued to the present 
day where in 1986 the U.S. market took 74 percent of total wood 
products exported and 69 percent of pulp and paper products.
Many Canadians take the forest sector for granted and many others 
wonder what kind of a forest has been able to support such ah 
important industry for so many years. The best information

2



available (although even it has many limitations) can be found in 
Canada’s 1986 forest inventory. Some of the questions most often asked are among the following.
How large is the resource? Where is it located? What kinds of 
trees are the most important? Are we running out of trees? What 
about the future? Of particular interest today are questions such 
as how large is the supply of Canadian spruce and where is it 
located? Is it sufficient for the future needs of tne preserva
tion industry? Will we run out of spruce and if so, when? These 
are some of the questions that I hope will be answered as we analyze the following data.

Area of Stocked, Productive Nonreserved Forest Land in Canada

First, let us look at how much stocked productive forest land is 
available for forest production and second its is location. 
Canada has a total area of about 1 billion (1,000 million) hec
tares. However, when the areas in water, nonforest land, tundra, 
unproductive forest land, etc., are taken out, just over 208 
million hectares remain as stocked productive non-reserved (i.e. 
available for forest production) forest land (Table 1). In other 
words just over one-fifth or 21 percent of Canada is available for and capable of producing merchantable forests.
Although this productive forest land is not distributed in a 
completely uniform manner across the country, still every province 
and territory has a significant amount. Regionally, Quebec leads 
with 23.8 percent followed closely by B.C. (21.6) and the Prairies 
(21.7). Ontario (15.7) is next and then the territories (9.1) 
with the Atlantic (8.1) region bringing up the rear (Table 2).
Slightly over 90 percent (Table 3) of Canada’s stocked productive 
nonreserved forest land is publicly owned. The provinces account 
for just over 80 percent, the Federal government owns 10 percent 
and the remaining 10 percent is held by various types of private land owners.
The Canadian forest is by and large an evergreen or coniferous 
one. On an area basis conifers are the dominant cover type for 
106 million hectares (Table 4) or nearly 75 percent of the clas
sified portion. The evergreen share is probably higher in the 
unclassified forest. This dominance of conifers is general 
throughout the country with more than half the area in every 
province/territory being covered with softwoods.
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Yalumes .of Standing Spruce Wood and Spruce-Pine-Fir

A similar picture of a Canadian coniferous forest emerges when 
data on the volumes of standing timber are examined (Table 5). 
Here conifers represent over 75 percent of the standing timber 
with broadleafs the remainder. Similarly the spruce-pine-fir 
(SPF) group accounts for over 60 percent of standing timber with 
some 30 percent belonging to spruce alone. Not much wonder vhat 
the wood preserving industry is interested in treating spruce. 
After all, who wants to be left out of over 30 percent of the 
total forest or 40 percent of the softwood forest just because they lack the technical know-how?
The regional distribution of standing timber on stocked productive 
nonreserved forest land gives a somewhat different picture when 
compared with area. In terms of total wood volume B.C. leads with 
38.8 percent followed by the Prairies (18.3), Quebec (18.2), 
Ontario (15.2) Atlantic (5.9) with the Territories (4.0) in last place.
In the commercial lumber market SPF refers to a collection of 
species, namely spruce (black, white, red, etc.), pine (jack, 
lodgepole, red, white, etc.) and balsam fir. Similarly, Canada’s 
forest inventory project includes the following species under 
spruce (black, other), pine (white, Jack and other) and balsam fir 
in its SPF category. As is often the case in the actual forest 
several of these species may grow in proximity to each other and 
be all harvested together at the same time. As a result the trees 
can be randomly mixed together in the harvesting, skidding, 
transportation and mill wood yard operations. Once it is sawn 
into lumber and other solid wood products it is very difficult and 
costly to sort accurately into its respective species’ groups.
A different problem occurs in forest inventory work. Although the 
cruising of standing timber may allow for individual trees by 
species to be recorded on tally sheets, this information is 
usually rolled up into some more general grouping before statis
tics on a forest area are produced. Therefore it is impossible to 
get into much specific detail with any great accuracy.
However, Table 7 is an attempt to at least illustrate some detail 
by species and species’ groups by province. In studying Table 7 a 
few things must be kept in mind. The average volume or yield of 
standing timber per hectare implies that all the species’ groups 
are uniformly spread over the entire province. Take the case of 
Newfoundland. The average hectare of timber in that province 
would have 69 cubic metres of merchantable timber on it and each 
hectare would have the same specie mix as well. Of course this 
isn’t the actual case but the calculated average case. Consider
ing the Newfoundland case further, 64 cubic metres per hectare are 
conifers and only 5 are broad-leaved species. Of the 64, 29 are
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arein the spruce-pine-fir category, of which 14 cubic metres spruce.
The average hectare of standing timber for Canada on stocked 
productive nonreserved forest land has 111 cubic metres. This 111 
cubic metres is composed of 26 cubic metres in broad-leaved 
species and 86 cubic metres in softwoods. Further, 68 of the 86 
cubic metres are comprised of species in the spruce-pine-fir group 
with spruce contributing 34 cubic metres. Only the provinces of 
Alberta and British Columbia have average volumes per hectare greater than the Canadian average.
Spruce is a significant species group in all provinces and ter
ritories ranging from a low of 20 percent of all wood per hectare 
in Newfoundland to a high of 66 percent in the Yukon Territory. 
As a share of the spruce-pine-fir group, spruce is even more 
dominant contributing from a low of 35 percent in British Columbia 
to a high of 79 percent in the Yukon Territory. The Canadian 
figure of 50 percent confirms that spruce makes up half of the 
spruce-pine-fir group nationally. Obviously then the problem of 
spruce in wood preservation is a real challenge. Since it is 
difficult to pressure treat and since it is 50% of the spruce- 
pine-fir group it needs to be sorted and identified accurately in order to give it the attention it requires.
I will conclude this paper with a brief review of the Annual 
Allowable Cut, Annual Harvest and volume of softwoods in Canada. 
The latest comprehensive study for Canada on these topics is the 
one done in 1985 by T.G. Honer and A. Bickerstaff of the Canadian 
Forestry Service entitled “Canada’s Forest Area and Wood Volume 
Balance, 1977-1981". In that study the authors provided a nation
al estimate for each province of the softwood annual allowable 
cuts for 1979 and the average annual softwood harvest for the 
period 1975-1979. These attributes are displayed according to the 
respective shares of the national total each province/territory represents (Table 8).
Many comparisons can be made. A few will be noted for illustra
tive purposes. British Columbia has 38 percent of Canada’s forest 
area and 46 percent of its standing softwood volume. The annual 
allowable cut for these softwoods represented 42 percent of the 
nation’s total but the actual harvest in B.C. represented 51 
percent of the total Canadian softwood harvest. However, since 
Canada’s harvest of softwoods was under its estimated AAC this 
comparison does not necessarily mean that B.C. was over cutting. 
It does mean, however, that this province was the single largest 
producer of softwood. On the other hand the province of Quebec 
accounted for 21 percent of Canada’s AAC and 20 percent of its 
harvest in softwoods. Compare these provinces with Alberta. 
Alberta contributed 8 percent of the nation’s AAC in softwoods but less than 5 percent of its annual harvest.
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In relative terms then, the use of Canada’s softwood forests 
varies across the country. Yet in spite of this, the overall 
picture is one of softwood dominance with spruce being a most 
important species if not the single most important in the nation’s forest.
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Fig. 1: Map of the distribution of spruce by volume/ha for Canad



TABLE 1
Area Classification of 

(000,000 hectares) Canada

Total Area in Canada 
Less Water area 997.1

-75.5
21.5 Total Land

Less Nonforest Land -468.2
453.3 Total Forest Land

Less Not Inventoried -55.4
397.9 Total Inventoried 

Land Forest

Less
Less Unproductive -150.8 

Unspecified productivity -3.5
243.7 Total Inventoried 

tive Forest Land Produc-

Less
Less Unproven Stocking 

non stocked -21.4 
-4 • ,3 218.0 Total Inventoried Stocked 

Productive Forest Land
Less Reserved Lands -9.8

208.2 Stocked Productive Non-
reserved Forest Land

Source: Selected Forestry Statistics, Canada, 1987, p.3.
Information Report E-X-40, Economics Branch, Canadian 
Forestry Service Headquarters, Government of Canada, May 1988, Hull, Quebec.
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TABLE 2

.irea of Stocked Productive Nonreserved Forest Land by Province

(000.000 hectares’) % of Total Regional Share
Nf Id. 7.63 3.7N.S. .25 1.6 8.1P.E.I. 0. 25 0. 1N.B. . 68 2.7
P.Q . 49.57 23.8 23.8
Ont . 32.69 15.7 15.7
Man . 12.62 6.1Sask. 13.32 6.4 21.7Alb. 19.08 9.2
B.C . 45.05 21.6 21.6
Y.T. 5.30 2.5 9.1N.W.T. 13.72 6.6
Canada 208.15 100.0 100.0

Source : Selected Forestry Statistics, Canada, 1987, p.3.Information Report E-X-40, Economics Branch, CanadianForestry Service Headquarters, Government of Canada,May 1988, Hull, Quebec.



TABLE 3
' Area of Stocked Productive Nonreserved Forest Land

Province
Federal

by Province and Ownership

Ownership
Provincial Municipal Private Total

Nf Id. 7.26

(000,000 hectares) - - -

0.37 7.63N.S. 0.02 0. 81 - 2.42 3.25P.E.I. - 0.02 - 0.23 0.25N.B. 0. 11 2.80 - 2.77 5.68
P.Q. 0.08 43.61 — 5.88 49.57Ont. 0.24 27.76 - 4.69 32.69
Man. 0.09 11.47 0.09 0.97 12.62Sask. 0. 13 12.79 - 0.39 13.32Alb. 0.03 18.11 0.01 0.93 19.08
B.C. 0.24 43.06 - 1.74 45.05
Y.T. 5.30 - — 5.30N.W.T. 13.72 — — 13.72

Canada 19.97 167.72 0.10 20. 38 208.15
% 9.6 80.6 - 9.8 100.0

Source: Selected Forestry Statistics, Canada, 1987. Table 1-
2k., p .4. Information Report E-X-40, Canadian Forestry 
Service Headquarters, Government of Canada, May 1988, Hull, Quebec.
Note: Totals may not add due to rounding.



TABLE 4
Area of Stocked Productive Nonreserved Forest Landin Conifer and Broad- leaved Species by Province

Province Species Groups

Conifer Broad-leaved Unclassified Total
- (000,000 hectares) -

Nfld. 7.393 0.150 0.090 7.63N.S. 1.469 0. 858 0.920 3.25P.E. I. * 0.124 0.122 - 0.25N.B. 2.652 1.598 1.432 5.68
P.Q. 5.185 5.971 38.411 49.57Ont. 21.509 11.161 0.014 32.69
Man. 9.465 3.158 _ 12.62Sask. 7.727 3.244 2.346 13.32Alb. 10.357 8.607 0.118 19.08
B.C. 40.443 4.602 0.003 45.05
Y.T. - - 5.302 5.30N.W.T. 13.722 13.72
Canada 106.320 39.471 62.357 208.15
° //o 51.1 19.0 30.0 100.0

Source: Special tabulations by the Forest Inventory Project,
Petawawa National Forestry Institute, Canadian Fores
try Service. Taken from Canada’s 1986 Forest Inventory on Sept. 15, 1988.
Note: Totals may not add due to rounding.



TABLE 5
Wood Volume on Stocked Productive Nonreserved Forest Land 

by Province and Species’ Groups

P-go.yince Species Groups

S-P-F All AllSpruce Group Conifers1 Broad-leaved1 Total1 %
(000,000 cubic metres) - -

Nf Id. 107 224 87 38 525 2.3N.S. 85 141 150 94 244 1.0P.E. I. 10 15 16 10 26 0.1N.B. 168 312 362 209 571 2.5
P.Q. 1,774 2,904 3,020 1,204 4,225 18.2Ont. 1,335 2,101 2,205 1,325 3,529 15.2
Man. 264 433 444 236 680 2.9Sask. 205 348 536 370 905 3.9Alb. 920 1,662 1,684 972 2,656 11.5
B.C. 1,958 5,520 8,180 688 8,867 38.3
Y.T. 320 402 436 44 480 2.1N.W.T. — — 315 131 446 1.9
Canada 7,146 14,061 17,834 5,320 23,154 100.0
% 30.9 60.7 77.0 23.0 100.0

l Includes unclassified forest of 4,257 million cubic metres in Canada.This forest category exists in all provinces except PEI and Manitoba. 
All forest volumes in the Yukon and N.W. Territories are recorded as 
unclassified forest with respect to species.

Source: Table 1-3C. p.5 in Selected Forestry Statistics, Canada, 1987.
Information Report E-X-40, Economics Branch, Canadian Forestry 
Service Headquarters, Government of Canada, May 1988, Hull, Quebec.
Note: Totals may not add due to rounding.

See table 7 for additional footnotes



TABLE 6
Wood Volume on Syocked Productive Nonreserved Forest Land 

by Provincial Share and Type of Spruce

Province Species’ Groups

Black Spruce Other Spruce Total SpruceVol. % Vol. %
(000,000 cubic

Vol.
metres) - -

%

Nf Id. 102 2.5 5 0.1 107 1.5N.S. 66 2.9 20 0.4 85 1.2P.E.I. 40 0. 2 5 0. 1 10 0.1N.B. 134 5.9 34 0.7 168 2.4
P.Q. 206 9.1 1,567 32.0 1,774 24.8Ont. 1,254 55.7 82 1.7 1,335 18.7
Man. 224 9.9 40 0. 8 264 3.7Sask. 84 3.7 121 2.5 205 2.9Alb. 155 6.9 764 15.6 920 12.9
B.C. - 0.0 1,958 40.0 1,958 27.4
Y.T. 24 1.1 296 6.1 320 4.5N.W.T — 0.0 - 0.0 0.0
Canada 2,254 100.0 4,892 100.0 7,146 100.0

Source : Special Tabulation by Forest Inventory Project, PNFI, 
CFS. Taken from Canada’s 1986 Forest Inventory and provided October 4, 1988.
Note: Totals may not add due to rounding.



ÏABLE. .7

Volume/Area Yields on Stocked Productive Nonreserved Forest Landby Province and Species’ Groups

Province Species Groups
- - - - (cubic metres per hectare) - - - -

Black All Spruce- Broad-Spruce1 Spruce1 Pine-Fir1 Conifers* 1 2 leaved3 Total4
Nfld. 13 14 29 64 5 69N.S. 20 26 44 47 29 76P.E.I. 18 39 59 65 41 106N.B. 24 30 55 64 37 101
P.Q. 4 36 59 61 24 85Ont. 38 41 64 67 41 108
Man. 18 21 34 35 19 54Sask. 7 16 27 42 29 70Alb. 8 48 87 88 51 139
B.C. - 43 123 182 15 197
Y.T. 5 60 76 82 8 91N.W.T. — - - 23 10 32
Canada 11 34 68 86 26 111

Source: Special tabulation by Forest Inventory Project, PNFI, CFS.
Taken from Canada’s 1986 Forest Inventory and provided October 7, 1988.
Note: Totals may not add due to rounding.

1 Black Spruce is a single species in the inventory data set. 
It is combined with the category "other spruce" to give the 
category "all spruce" which includes all spruce species 
together. Spruce-pine-fir or S-P-F is a combination of all the spruces, all the pines and Balsam fir.

2 Conifers include S-P-F and all other softwood species includ
ing hemlock, Doug.-fir, larch, cedar, etc.

3 Broad-leaved includes all deciduous species.
4 The data in the total column is the sum of conifers and 

broad-leaved species.



TABLE 8
Summary of Provincial Shares of Selected Attributes of 

Stocked Productive Nonreserved Forest Land

Province Forest Attributes

% Share

Forest ConiferArea Area
Nfld. 3.7 6.9N.S. 1.6 1.4P.E.I. 0. 1 0.1N.B. 2.7 2.5
P.Q. 23.8 4.9a
Ont. 15.7 43.4
Man. 6.1 8.9Sask. 6.4 7.3Alb. 9.2 9.7
B.C. 21.6 38.0
Y.T. 2.5 —

N.W.T. 6.6 -

Canada 100.0 100.0

Forest Conifer S-P-FVol. Vol. Vol.
2.3 2.7 1.61.0 0.8 1.00. 1 0. 1 0.12.5 2.0 2.2

18.2 16.9 20. 715.2 12.4 14.9
2.9 2.5 3.13.9 3.0 2.511.5 9.4 11.8

38.3 45.9 39.2
2.1 2.4 2.91.9 1.8 -

100.0 100.0 100.0

Conifer* 1 Conifer1Spruee 1979 75-79Vol. AAC Harvest
1.5 1.7 1.71.2 1.9 2.60.1 0. 1 0. 12.4 3.9 4.9

24.8 20.7 20.418.7 15.4 11.0
3.7 3.5 1.32.9 2.0 1.912.9 8.4 4.5

27.4 42.3 51.4
4.5 0.0 0. 1- 0.0 0. 1

100.0 100.0 100.0

Source: Calculated from Tables 1-6 unless otherwise noted.
a Over 77 percent of P.Q.’s forest area is unclassified in 

terms of conifer or broad-leaved species.
1 Taken from Table 3.1.1 in "Canada’s Forest Area and Wood 

Volume Balance 1977-1981” by T.G. Honer and A. Bickerstaff, 
Pacific Forestry Centre, CFS. Publication BC-X-272, 1985.



Discussions :

Jack Slogget: There has been a tremendous amount of money and 
effort expended on spruce research in Canada. I think that is 
just great for the spruce producers, but in these discussions I 
always wonder if the efforts are being spent in the right direc
tions. The predominant species that has been used for treating in 
Canada have been the pines. In the CCA industry we have been very 
successful in treating and marketing these woods. There has 
always been a concern over the durability of treated spruce and in 
fact the CSA 080 Standard does not recommend the species for ground contact use.
The- net result of this work will be simply to benefit the spruce 
producers and hurt the pine producers, with everyone else being no 
better off than they are today. In fact the consumer may be worse 
off as spruce seems to have no advantages, and perhaps several 
disadvantages, such as dimensional stability, when compared to pine.
The objective of this work is supposedly to optimize the use of 
our Canadian species. If that is in fact the case, and if pine 
has better dimensional stability, better resistance to checking 
and cracking, better natural durability, and has a proven track 
record as an acceptable treated product, then why are we trying to 
replace it with spruce? I would seem logical to me to promote the 
use of pine species for exterior treated applications, and promote 
spruce for general construction lumber, thereby making best use of each woods natural characteristics.
Of course the argument against this concept has been that there is 
not enough pine available to satisfy the demand. I believe that 
this is an incorrect conclusion to make. With regard to spruce, 
we have seen some very nice statistics on volumes available in 
Canada. Unfortunately, nobody has presented statistics on how 
much pine is being cut. It seems that the rationale for all this 
spruce work is to upgrade our spruce production at the expense of the pine market which now exists. I
I have spent quite a bit of time reviewing the most recent "Selec
ted Forestry Statistics" report from the Canadian Forestry Ser
vice. My intention was to identify the true challenges faced by 
our industry, by determining the actual volumes of the various 
species being cut in Canada. By reviewing the statistics, and 
with assistance from the employees of the Economics Branch of the 
Canadian Forestry Service, I came to the conclusion that 20 - 22% 
of the softwood lumber produced in Canada is of the pine species. 
This translates to over 6 billion board feet annually, or about 
ten times the market for CCA treated products.
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I see a note in the material handed out by Mr. Tesky that if we 
treated all the SPF produced in Canada, we could increase our 
production by 80 - 90 times. From a market standpoint, I wonder 
why we would want to do that. We have enough problems selling the 
wood that we produce now. If we treated only the pines, we could 
increase our production by 10 times. I wonder where we will sell 
all this wood. The Americans don’t want it. The Europeans don’t want it.
I think if half the amount of time and effort being spent on 
spruce was put into separating pines for treating from SPF then we 
would not have this great area of controversy. Sawmills gain many 
advantages by separating the species. Little effort has been put 
into promoting these. Strengths, weights, and drying characteris
tics vary between species as do nailing properties. Many pulp 
mills demand separation of pine and spruce ships, requiring 
sawmills to sort the logs. Maybe somebody can tell me why we are 
putting so many of our resources into treating spruce instead of 
taking advantage of the natural characteristics of each species and channeling them to their optimal use.
Chairman : Well, I would like to remember that Harvey Vokey men
tioned that we have to look on future applications with changing 
markets and changing market opportunities. As spruce stands, in 
regard to wood preservation, for all other refractory wood, 
particularly for all softwood heartwood which is difficult to 
treat, I think that the comparison among the wood species is out 
of context of this seminar. However, I feel the note in the 
authors abstract regarding the potential market for treated spruce 
being 80 to 90 times the present market is a too fantastic figure.
Allan Teskey: Well I appreciate your comments. I am not in a 
position to make a comment on the reasons for this seminar. 
However, my point is that there is no problem about a supply of 
spruce or S.P.F. I am sure that everybody knew that before you 
came in here. To confirm this, I went through the figures presen
ted in this seminar. I mean spruce is perhaps the most uniformly 
and widely distributed species of any significance commercially in 
Canada, and it occurs in every province, in every territory from 
one coast to the other even if it is totally non-recognized in the 
construction industry. I am not differentiating between spruce, 
pine or any other species as long as the species I get will do the 
job I want to do. That is what the consumer is interested in.
The general impression I always had anyway is that spruce is 
spruce. I did not want to call it something more pejorative than 
that because it does a good job even if it has been discredited 
just like aspen poplar. I think, therefore, that the industry 
which is profit oriented should take the opportunity to have a 
closer look at spruce and the possibilities to add value to spruce 
in studying alternative products.
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Abstract

The effect of minute anatomy of the tissues and wood zones on the 
treatability of spruce wood is explored with the aid of micro
scopic techniques. At the same time, the influence of the physi
cal characteristics of wood on its permeability is discussed.
More specifically, radial and tangential pit features were studied 
in a 55-year old black spruce (Picea marianal tree by means of 
light microscopy, as well as by scanning and transmission electron 
microscopic techniques. It was found that tangential pitting is 
lacking from the greatest part of the growth ring, except for the 
last four tangential rows of latewood tracheids and the first row 
of earlywood tracheids. The average number of pits per tangential 
wall of a 3.7 mm-long tracheid is 234, 144, 28, 4 and zero, 
respectively, in the last 5 tangential rows of latewood tracheids, starting at the growth ring boundary.
On the average, tangential pits measure 5.4 m in diameter, possess 
oval to elliptical apertures, and are randomly distributed over 
the tangential tracheid wall. All tangential intertracheid pits 
are bordered and in that respect are similar to those in the radial walls.
Although most of the pits contain membranes with tori, some at the 
growth-ring boundary lack tori and exhibit randomly oriented microfibrillar structure.
On the radial faces of tracheids, an average earlywood tracheid 
(3.6 mm long) contains 53 intertracheid pits per radial wall. 
This number is reduced to an average value of 15 in latewood and 
to a minimum of 5 pits at the growth-ring boundary. Pit diameter 
measures an average of 16.4 m in earlywood and a minimum of 6.1 
m latewood. The average radial diameter of an earlywood tracheid 
is 36 m, while the smallest latewood tracheid measures 12 m. The 
positive linear relationship between tracheid diameter and pit 
diameter shows that the larger tracheids contain larger pits and
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vice versa.
In heartwood, a high degree of encrustation appears over the pit 
membranes and the large percentage of pits are aspirated and at 
the same time are covered with a thick layer of extractives. The 
combined effect of pit aspiration and encrustation renders the 
heartwood of spruce highly impermeable to preservative liquids and to cooking liquors in pulping.

Introduction

During the greater part of this century, a considerable amount of 
work has been done on the evaluation of the factors affecting 
penetration of preservatives, pulping agents, and other liquids 
into various species of wood. As a result, the influence of some 
of the factors on treatability have been partially or fully 
clarified and the superior permeability of sapwood over heartwood well established.
Movement of liquids in wood has been of interest to a large number 
of investigators working in the areas of wood preservation and 
pulping. Studies have been made on the specific pathways through 
which preservatives, pulping liquor, fire-proofing agents and 
other substances can enter wood. Earlier investigators (Tiemann 
1909, Weiss 1912) believed that liquid penetrates wood through 
microscopic drying checks, while later researchers recognized the 
importance of natural pathways available for liquid movement. 
Initial penetration is believed to take place through the cut ends 
of the tracheids, followed by passage to other tracheids or ray 
tracheids via bordered pit-pairs or to longitudinal parenchyma 
cells, epithelial cells, or to ray parenchyma cells through half 
bordered pit-pairs. Communication between adjoining parenchyma 
cells and between individual ray parenchyma cells is provided by simple pit-pairs.
Fusiform rays were reported to aid in radial penetration when the 
horizontal resin ducts are not obstructed (Hung and Garratt, 
1953). Bailey (ASTM, 1959) suggested that the readily penetrable 
rays may be of some significance in conduction from one band of 
permeable summerwood to another band. In many cases, longitudinal 
resin ducts were reported to facilitate liquid penetration in 
wood, depending on their number, distribution, freedom from 
resinous materials, and the permeability of the surrounding tissue 
(Hung and Garratt 1953, Proctor and Wagg 1959, Scarth 1928).
Intensive studies have been made on the fine structure of bordered 
pit-pairs of tracheids (Griffin 1919, Griffin 1924, Koran 1977),
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on the magnitude of the permanent pores in the pit membrane 
(Buckman et al. 1935, Smith 1928, Stamm 1964), and on pit aspira
tion (Cote et al. 1964, Erickson et al. 1937, Griffin 1919, Mork 
1928, Philipps 1959, Stamm 1929, Stoine 1939) in regard to liquid 
conduction. The permanent pores in coniferous pit membranes have 
been^recognized as the most important channels available for liquid conduction when these membranes are free from incrusting material.
Liquid transport between subsequent annual rings are accomplished 
through the bordered pits occurring on the tangential walls of 
adjacent summerwood and springwood tracheids and through the rays, as suggested by Bailey (ASTM 1959).
As a result of numerous studies, it became evident that bordered 
pits located in the common walls of adjacent tracheids provide the 
principal pathways during the upward conduction of sap in the 
standing tree. The same intertracheid pits are the primary 
control elements of the movement of liquids and gases in and out 
of wood during the various wood treating processes, such as wood 
drying, preservation and pulping. Therefore, some knowledge of 
pit features is important from the point of view of industrial wood utilization.
The objective of this investigation is to explore systematically 
some important morphological features which affect the treatabil
ity of wood. These include pit features across the growth ring of 
spruce wood in both sapwood and heartwood, in earlywood and 
latewood; in longitudinal, radial and tangential directions. 
Special attention is paid to distribution, shape, size, structure, 
and to the condition of all pit pairs. The minute anatomy of 
rays, tracheids and resin canals are also studied in relation to the treatability of wood.

Haterials and Methods

A section of a standing black spruce (Picea mariana) tree, 10 
inches in diameter and 55 years old, was used in this investiga
tion. Slides containing 15- m-thick, cross, radial, and tangen
tial sections of both sapwood and heartwood were studied by light 
microscopy. In addition, matched specimens were examined with the 
scanning and transmission electron microscopes.
For scanning electron microscopy (SEM), split specimens were 
mounted onto aluminum stubs, coated with a 20nm thick layer of 
gold-palladium alloy and subsequently examined in an electron 
microscope. For transmission electron microscopy (TEM), ultrathin 
sections and direct carbon replicas (6) were examined. The three
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types of microscopie techniques provided complementary observa
tions of the structure of intertracheid pit pairs in cross, 
radial, and tangential views at various magnifications and resolutions .
Pit and tracheid diameter measurements and pit counts were made in 
three separate growth rings, each containing 85 tracheids in a 
radial file. The individual tracheids were numbered from one to 
85 across each growth ring. At the same time, five pit diameter 
measurements were made in the immediate vicinity of each tracheid diameter measurement.
Pit counts were also made in two locations in each of the three 
growth rings. Bands were selected to include both the end regions 
and the central parts of tracheids, and to exclude ray contact 
areas. In each of these bands, 1/2 mm in width, a pit count was 
made in six 1/2 mm wide radial bands, which corresponds to a pit 
count on the radial face of a 3 mm long tracheid. These values 
were then used to calculate the number of pits for the 3.6 mm long 
tracheid. The 3.6 mm figure is the average tracheid length 
obtained from measurements on macerated fibers (n=300) of the three above growth rings.

Results and Discussions

Introduction

The treatability of wood is affected by its general characteris
tics, physical properties, and by the anatomical features of 
growth rings, rays, resin canals, as well as by the minute anatomy 
of the tracheids and their pit features. The various wood charac
teristics and features are discussed from the point of view of treatability under the following headings.

General characteristics

The spruce family of trees (Picea) includes the five well-known 
species of wood listed in Table I. The term "Eastern spruce" 
refers to red, white and black spruce; all of these have the same 
properties, consequently no distinction is made between them in 
commercial use. These woods are moderately light in weight, 
strong, stiff, tough and hard. The wood has medium to fine 
texture and has no characteristic taste or odour. It is generally 
straight grained, light in colour and there is little difference between sapwood and heartwood.
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Sitka spruce grows along the Northwestern Coast of North America. 
In general, this species has similar properties as easter spruce, 
although its heartwood is colored to light pinkish brown.

Physical properties of wood

In comparison with sapwood, the heartwood of most species of wood 
is known to resist penetration of preservatives. This is true for 
the £i_çeâ species as well with some variation among the five 
species. For example, a round wood of Sitka spruce is easily 
penetrated during its pressure treatment, while the red and white 
spruces are, somewhat more resistant to impregnation under the same conditions.
Other variations in treatability are due to variations in physical 
properties, which include density, moisture content, growth rate, 
percent summerwood, tracheid length, and even its extractive 
content. These factors are interrelated to one another in many 
ways, therefore it is very difficult to determine the effect of a 
single factor on the treatability of wood. This may be the reason 
for the contradictory relationships reported between the per
meability of wood and such factors as percent summerwood (18), 
specific gravity (Brown et al. 1956, Miller 1960), tracheid length 
and growth rate (Bryan 1930, Miller 1960, Raffael and Graham 
1951). Moisture content of wood is one of the principal paramet
ers that influences the permeability of wood, especially to coal 
tar oils. In a standing tree moisture content may vary from 30% 
to more than 200%, based on the oven dry weight of wood substance. 
In the case of spruce, the moisture content of sapwood is con
siderably higher than that of heartwood. Table I gives some 
representative values for heartwood and sapwood of five species of 
spruce wood. Although these are considered typical values, 
considerable variation can be observed within and between trees depending on the various growing conditions.
The treatment of spruce wood with waterborne preservatives can be 
carried at high moisture levels in certain diffusion methods. 
However, in most processes drying before preservative treatment is 
essential. As a general rule, the moisture content of the wood in 
its final use varies between 10 to 14%, in normal air dry condi
tion. As a result of drying, numerous checks are produced on the 
wood surface. This accomplishes two things: it increases the 
depth of penetration during the preservative treatment and at the 
same time reduces the risk of checks opening up after treatment 
and exposing untreated wood to decay. Good penetration of preser
vative is possible with wood at a moisture content as high as 40 
to 60%, but serious checking after treatment can result once the
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wood begins to dry in its final use. Therefore, wood should be 
treated only when its moisture level is brought down to the equilibrium moisture content in its final use.

Wood structural features

Some of the important structural aspects of wood are illustrated 
in Figures 1 to 23. Figure 1 shows an overall view of the basic 
structure of black spruce in cross-sectional (X), radial (R) and 
tangential (T) views. As seen, a tree is built up of a succession 
of concentric growth rings, which in turn are made up of about 80% 
springwood and 20% summerwood (Su). About 94% of spruce wood is 
made up of tracheids (t) and the remaining 6% of ray cells (r). 
Figure 1 also shows a vertical resin canal (RC) which is a characteristic feature of spruce wood.

The superior permeability of summerwood over spring- 
wood is attributed to the greater degree of aspiration in the 
former (Griffin 1919, Griffin 1924), and to the fact that the 
capillary forces in the lumens of summerwood tracheid are con
siderably _ greater than those in the cavities of the relatively 
large springwood tracheids. Since the width of summerwood remains 
relatively constant over the years, an increase in growth rate, 
for example, results in a corresponding increase in the width of 
springwood only. Consequently, this phenomenon results in the 
reductions of percent summerwood and in the overall density of 
wood. The treatability of wood is thus affected by the combined effects of these changes.

Tracheid Features

Figure 1 shows that tracheids and rays are arranged in 
regular radial rows, running from the centre of the tree towards 
the bark. Tangentially, regular tracheid arrangement does not 
exist. The long axes of tracheids are parallel with the vertical 
axis of the tree, while the ray cells are oriented radially and horizontally with respect to their long axes.
Radial rows of tracheids originate in the pit, while others 
develop in subsequent annual rings as the tree grows. All of
these rows continue outward to the bark. On the average, each row 
contains 88 tracheids, the majority of which are formed in June 
and July in the peak growing season. On a fifty foot tall tree, 
eight inches in diameter, over 100 million tracheids would be
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formed per day! The number varies from tree to tree, year to 
year, and between species, depending upon growth conditions, 
including moisture, temperature and elevation.
Spruce tracheids are tubular structures, measuring 3.6 mm in 
length and 28 micrometers in diameter. They are closed at both 
ends. The window-like openings on the tracheid wall, called pits, 
serve for the conduction of sap between tracheids in its movement 
up to the tree crown (Koran 1974, Koran 1977). Tracheids formed 
in the early part of the growing season are thin-walled and are 
generally larger in diameter than the corresponding thick-walled 
tracheids, formed in the summer (Fig. 1). The earlywood tracheids 
die shortly after they are formed and function in the transport of 
water and minerals from the roots to the crown. In contrast, 
latewood tracheids provide strength to the tree and their conducting function seems less important.

Kays

Rays make up seven percent of black spruce wood. They are made up 
of short ray parenchyma cells running horizontally and radially; 
in many instances from pith to bark. Figures 18 & 19 show three- 
dimensional views of ray parenchyma cells exhibiting radial and 
end-wall pitting. The ray in Figure 22 contains a horizontal 
resin canal, therefore it is called a "fusiform ray" (fr). One of 
these rays can also be seen in Figure 12 in tangential view. Ray 
cells in sapwood are alive and function in the radial transport of 
assimilates from the bark across the cambium into the living wood.

Resin Canals
Spruce is one of the coniferous woods which contains both vertical 
and horizontal resin canals. These are intercellular spaces 
surrounded by living epithelial cells which function in the 
secretion and movement of resin for protective purposes. A 
vertical resin canal is shown in Figure 1 (RC), while a horizontal resin canal is seen in the fusiform ray of Figure 22.
Hunt and Garrat (1953) stated that in heartwood, resin ducts may 
be penetrated to a greater or lesser extent, but so little preser
vative enters the adjacent wood cells that the resultant penetra
tion is little improved. On the other hand, maximum penetration 
along the resin ducts was observed by Scarth (1928), who attributed great significance to this factor.
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Intertracheid pitting

The importance of intertracheid pitting in the preservative treat
ment of woods has been first recognized by Bailey (ASTM 1959) at 
the beginning of this century and subsequently studied by a number 
of other investigators during the past decades (Cote et al. 1964, 
Griffin 1919, Koran 1964, Philipps 1959, Proctor and Wagg 1959, 
Tiemann 1909). Pit occurrence and the minute anatomy of inter
tracheid pits arose the curiosity of many scientist, consequently 
much information can be found in the literature on this subject 
(ASTM 1959, Greguss 1955, Griffin 1924, Koran 1964, Koran 1974, 
Koran 1977, Laming snd Welle 1971). Greguss (1955), for example 
reported the occurrence of tangential pitting in different parts 
of the growth ring in various spruce species. More recently, the 
tangential pitting was studied in Picea abies by Laming and Welle 
(1971). They observed the occurrence of these pits in the last 
four rows of latewood tracheids and in the first 8 rows of ear- 
lywood tracheids with preferential location in the second and third rows of earlywood.
Representative examples of intertracheid pitting of black spruce 
are shown in the radial walls (Figs. 6 & 7) and in the tangential 
walls of tracheids (Figs. 12 & 13). Following an extensive 
microscopic study carried out in this investigation, intertracheid 
pit features on the radial and tangential walls of earlywood and 
latewood tracheids are summarized in the drawing of Fig. 5 and in 
Table 2. It is apparent that the largest pits occur on the radial 
walls of both earlywood and latewood tracheids, while they are 
randomly distributed over the tangential walls of latewood trac
heids, where they occur. There may be two to three pits in a 
horizontal row measuring 5.4 m in diameter. This is unlike the 
pit distribution on the radial faces of tracheids, where the pits are arranged in single vertical rows.
Figure 2 contains a plot of pit number against tracheid position 
in a radial file of tracheids. This plot shows that on the average 
there are 53 intertracheid pits over a single radial wall of a 
3.6-mm long earlywood tracheid (range=29 to 77), or 106 in its two 
radial walls. The number of pits per radial wall decreases from an 
average of 53 pits in earlywood to 15 pits in latewood and to a 
minimum of 5 at the growth-ring boundary. This significant decre
ase occurs rapidly over the transition zone and across the late
wood zone (Fig. 2). Note also that average pit count varies from 
tracheid to tracheid and across the growth ring. However, pit 
count is considerably more uniform in latewood and at the transition zone than in earlywood.
It was further observed that pit distribution varies along the 
length of each tracheid exhibiting regions of high, inter
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mediate and low pit concentration (Fig. 6). In the regions of high 
pit concentration (Figs. 6 and 7), the large pits (16.4 m) are 
spaced as close as 8 m to one an-other, while in areas of low pit concentration, large segments of the radial walls are completely 
free of pitting in both earlywood and latewood. A typical example 
is seen on the right-hand side of Figure 6. Intermediate pit 
concentration is the characteristic feature of latewood trache- ids.
The occurrence of tangential pits was studied on longitudinal- 
tangential serial sections across numerous growth rings. A 
representative example is seen in Figure 12 across two adjacent annual rings.
Microscopic observations revealed that tangential pitting is 
absent from the greater part of the growth ring, except for the 
last four rows of latewood tracheids and the first row of early- 
wood tracheids. In this region, pitting is most frequent at the 
growth-ring boundary (Fig. 12), and increasingly less so in the 
previously formed tracheids. Figure 4 is a plot of the number of 
pits per tangential wall of a 3.6 mm-long tracheid against trach- 
eid position within the growth ring. Each point represents an 
average count on 75 tracheids (about 8.5mm2). Figure 4 shows that 
there are no tangential pits in latewood four tangential rows 
(five double walls) away from the growth-ring boundary. However, 
in the fourth double wall (Position 4) there are on the average 
four pits per tracheid wall. This number increases to 28 in the 
third row (Position 3), to 144 in the second row and to 234 pits 
in the common walls of the last-formed latewood tracheids and the 
first-formed earlywood tracheids (Position 1). There are no 
tangential pits in the second row of earlywood tracheids and in 
the subsequent rows until we reach again the fourth tangential row 
of summerwood tracheids away from the next growth-ring boundary. 
Here again a similar pattern of pitting is found as seen in Fig. 4.

Earlywood vs. Latewood Pitting

The data plotted in Figure 2 shows that radial tracheid diameter, 
pit diameter and pit number are considerably larger in earlywood 
than in latewood. From the point of view of tree physiology, this 
is understandable since the large and more numerous pits can 
transport a considerably greater volume of sap during the active 
growth season than can the relatively fewer and smaller pits 
formed during the slow part of the growth season.
Figure 2 implies that for these three growth rings the end of 
earlywood falls around tracheid number 55 and that beyond this
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point, the physiological processes decrease rapidly. Therefore, 
it seems logical to believe that this is the time when latewood 
formation begins, and from here on it continues steadily until the end of the growing season.
Assuming that the average inflection point falls at tracheid 
number 55 (Fig. 2), the so-called "physiological latewood" amounts 
to 35 percent on a number basis and to 28 percent on a distance basis (ring width = 2.76mm; latewood = 0.78 mm).
According to Mork’s definition (20), latewood formation begins 
where twice the double wall thickness of a tracheid exceeds its 
diameter. On the basis of this definition, latewood formation 
begins with tracheid number 70 (Fig. 2), as indicated by the 
vertical line in the diagram. This yields 18 percent latewood 
based on tracheid number and 9.7 percent latewood based on the 
distance (0.28 mm). Comparison of the above figures shows that 
"Mork’s percent latewood" is only half of the value of the "phy
sio-logical latewood". This suggest that the meaning of "percent 
latewood might require a closer examination, especially from the point of view of tree physiology.

Pit size and tracheid size

Average changes in radial tracheid diameter and pit diameter are 
plotted in Figure 2 across three growth rings. It is apparent 
that pit diameter remains fairly constant (16.4 m) across the 
entire earlywood, up to about tracheid number 60, but decreases 
rapidly at the transition zone and in latewood to a minimum value 
of 6.1 m at the growth-ring boundary (Fig. 2). Note also that 
earlywood pits are fairly uniform in diameter (range = 15.3 to 
18.5), but pit size decreases abruptly in latewood.
Similarly, radial tracheid diameter remains fairly constant (avg. 
=36 m; range = 32 to 42 m) across the earlywood band up to about 
cell number 50 to 60, but beyond this point it decreases rapidly 
to a minimum value of 12 m at the growth-ring boundary (Fig. 2). 
Figure 3 shows a positive linear relationship between average 
tracheid diameter and average pit diameter. The relationship is 
particularly true across the transition zone and in latewood, but 
does not hold so well in earlywood, where both pit and tracheid diameter remain fairly uniform.
On the average a tangential intertracheid bordered pit measures 
5.4 m in diameter (Range = 4-6 m; average of 418 measurements). 
This is only one-third of the size of a radial pit in earlywood 
and about half the size of an average pit in latewood (Table 1). 
Figure 8 shows cross-sectional views of bordered pits in the
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radial walls of earlywood tracheids and in the tangential walls of latewood tracheids.

Pit Structure

Typical examples of intertracheid pitting in black spruce are 
shown in Figures 6 to 11. Among these electron micrographs, 
Figure 10 shows a pit membrane in sapwood that is free of encrus
tation. The structure of the thickened torus and the margo 
composed of radial stranus of various sizes and distributions are clearly visible.
In contrast, a corresponding pit membrane in heartwood (Fig. 11) 
is encrusted with a heavy layer of extractives. In spite of this 
masking effect, the radial strands of the margo can still be 
recognized. In addition to encrustation, many of the pits in 
heartwood are also aspirated (Figs. 8 & 9). Because of the 
combined effects of encrustation and aspiration, the permeability 
of heartwood to liquids and gases is reduced considerably.
The pit apertures in earlywood are mostly circular in outline 
(Figs. 6 & 7) in contrast to those in latewood, which tend to 
become oval to elliptical in shape. The pit border extends into 
the lumen of a tracheid and forms the well-known dome-shaped 
structure on the radial wall. Three dimensional views of these 
structures can be readily seen in split tracheids. Transmission 
electron microscopic observations reveal that the inner surface of 
the pit border exhibits a circularly oriented microfibrillar structure (Fig. 10).
As it was observed in the radial walls of tracheids, pit-pairs in 
the tangential walls of tracheids also possess distinct pit 
borders (Figs. 8, 13, 14, 15, 16). However, the tangential bor
dered pits exhibit two-types of pit membranes : some with tori 
(Fig. 16) and others without tori (Fig. 17). In general, inter
tracheid pits without tori are located at the growth-ring boun
dary; that is, in the common walls of the last-formed latewood 
tracheids and first-formed earlywood tracheids. Figure 17 is a 
representative surface view of the pit membrane type without 
torus. This membrane possesses randomly oriented microfibrillar 
structure without any thickening in its centre. In contrast, 
Figure 16 is a representative example of a pit membrane that 
possesses a torus. This pit is located in the third tangential 
wall of latewood tracheids away from the growth-ring boundary. 
This type of torus is much thicker than the tori in radial pits. 
It is surprising to see two such different types of pit membranes 
in the tangential walls of latewood tracheids only a few rows away 
from one another. Although, the function of these pits is un
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known, physiologically they may be involved in the conduction of 
sap at the very beginning of the growing season. This is further 
inferred from the absence of tangential pits in the second row of 
earlywood tracheids. It seems that from this point on there is no need for sap conduction in the radial direction.

Summary

A detailed microscopic study was made on the minute structure of 
black spruce. It was found that radial tracheid diameter (average 
37 m) and pit diameter (average 16.4 m) remain fairly uniformly 
constant across earlywood, but the number of pits per radial wall 
varies considerably, from 29 to 77 (average = 53). In latewood 
all features, including tracheid diameter, pit diameter, and pit 
count, decrease rapidly to a minimum value at the growth-ring 
boundary. In heartwood a large percentage of the pits were 
aspirated to various degrees. This is the principal reason for 
the impermeable nature of heartwood in comparison with a highly 
permeable sapwood. The physiological latewood, as defined in this 
study, amounts to 25 percent of the entire ring width, as compared to Mork’s latewood of 11 percent.
It was also found that tangential pitting is present only in the 
last four rows of latewood tracheids and in the first row of 
earlywood tracheids; it is absent from the remaining part of the 
growth ring. Surprisingly enough, there are 234 pits in each one 
of the double walls of the last-formed latewood tracheids and 
first formed earlywood tracheids. This number is reduced to 144, 
28, 4, and to zero in the previously formed latewood tracheids, in 
that order, away from the growth-ring boundary.
The tangential bordered pits measure on the average 5.4 m in 
diameter and possess elliptical apertures in contrast to the round 
apertures in the radial pits. Some of the pits at the growth-ring 
boundary lack tori and exhibit a randomly oriented microfibrillar 
structure. The membranes of tangential pits in heartwood are also 
heavily encrusted, as in the radial pits of heartwood.
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TABLE 1.
PHYSICAL CHARACTERISTICS OF 

EIYE SPECIES OF SPRUCE WOOD (32)

\

Physical characteristics

Wood species Moisture Specificcontent % Gravitv
Heart- Sap- Green DryWood Wood Wood Wood

Eastern spruce 34 128White Spruce Picea glauca .33 .36Black Spruce Picea mariana . 33 . 36Red Spruce Picea rubens .37 .40
Engelmann Spruce Picea engelmannii 51 173 . 33 . 35
Sitka Spruce Picea sitchensis 41 142 .37 .40
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TABLE 2 -INTERTRACHEID PIT FEATURES 
BLACK SPRUCE

Features Radial Plane Tangential PlaneEarlywood Latewood Earlywood Latewood

Average tracheid diameter, m 36 18 32 32
Average number or inter
tracheid pits per tracheid 
wall based on 3.6 m length

53 15 234 m  =234 
n2 = 14 4 
n3 = 28 

n4 = 4 
ns = 0

Intertracheid pit diameter, m 16.4 9 5.4 5.4

ni , n2 , na, n4,and ns, are the number of intertracheid 
pits in the last five tangential rows of latewood 
tracheids; ni= number of pits in the double wall of the 
first row of earlywood tracheids and last row of latewood tracheids.
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Figure 1. A 2/3-mm cube from black spruce showing radial (R), tangen
tial (T) and transverse (X) views of springwood (Sp) and 
summerwood (Su) tracheids (t) and rays (r) in adjacent 
growth rings. Also indicated are the radial (RML) and 
tangential (TML) middle lamellae of tracheids and the middle 
lamellae of rays (rML). A resin canal (RC) is also shown. (67 X).
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Figure 2. Average (n = 6) radial tracheid wall features across three 
growth rings, each containing 85 tracheids per radial file 
including radial tracheid diameter, intertracheid pit 
diameter on the same tracheid, number of bordered pits per 
radial wall based on a 3.6 mm tracheid length.
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Figure 3 Relationship between average pit diameter and tracheid diameter. average
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Figure 4. A plot of the number of pits per tangential tracheid wall 
(3.6 mm long) against tracheid position within the growth
ring. Positions 1 to 5 represent the last 5 rows of latew- 
ood tracheids. Position 1 represent the double wall of the 
first-formed eai'lywood and last-formed latewood tracheids at the growth-ring boundary.
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Figure 5. A schematic diagram of pitting in the radial and tangential 
walls of earlywood and latewood tracheids in black spruce. 
All structures are drawn to scale, which permits the com
parison of the various tracheids and pit features.
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Figure 7. 
Figure 8.

Figure 9. 
Figure 10.

Figure 11.

Figure 6. Scanning electron micrograph (SEM) of intertracheid pits in 
the radial walls of tracheids showing high pit concentration 
as well as a pit-free region on the right (153 X).
Enlarged views of intertracheid pits from Figure 6 (382 X). 
Cross-sectional view of spruce showing intertracheid pits in 
the radial walls of springwood tracheids and in the tangential walls of summerwood tracheids (77 X).
Cross-sectional views of two aspirated pits in heartwood tracheids (300 X).
A direct carbon replica of a bordered pit membrane in 
sapwood showing the thickened torus and the radial strands 
of the margo (7500 X) of the pit membrane taken by the transmission electron microscope (TEM).
Surface view (TEM) of a bordered pit showing a thick layer 
of encrustation over the torus and the pit membrane (5000
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Figure 13. 
Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 12. A tangential section of latewood and earlywood tracheids at 
the growth-ring boundary showing intertracheid pitting in the tangential walls (200 X).
SEM of the same intertracheid pits (Fig. 12) showing pit membrane and aperture features (600 X).
Cross-sectional views of the same intertracheid pits (Figs. 
12 & 13) in the tangential walls of latewood tracheids (900 X).
An SEM of an intertracheid pit in the tangential wall of a 
latewood tracheid showing the inner pit border and the pit aperture (6000 X).
Cross-sectional view (TEM) of a bordered pit pair in the 
double tangential walls of two adjacent summerwood tracheids 
showing the pit borders , aperture, membrane and the torus (6700 X).
Surface view (TEM) of a pit membrane showing random microfi
brillar orientation on the radial face of a summerwood tracheid ( 20,370 X).
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Figure 18. SEM of ray cells on the tangential surface of wood showing 
ray pitting and intertracheid pits (430X).

Figure 19. SEM showing pitting in the end walls of ray cells and 
intertracheid bordered pits (1000 X).

Figure 20. A light micrograph showing a resin canal surrounded by
epithelial cells among the radial rows of tracheids (180 X).Figure 21. TEM of two pits in the ray contact area of a summerwood
tracheids showing a pit membrane (right) and a ellipticalpit aperture (left) (10,000 X).

Figure 22. SEM of a horizontal resin canal in a fusiform ray in the tangential plane (1000 X).
Figure 23. TEM of pitting in the ray contact area of a springwood

tracheid showing elliptical aperture (10,000 X).
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Discussions

J-Pt— H.P5li: Do you see, from that anatomical standpoint, if there 
are difference amongst the spruce species as far as the pit 
aspiration or the openings in the pits, rays or resin canals are concerned?
Z.Koran : There is a variation with elevation if the wood is very
dense. In Northern regions, such as the Abitibi region, or on 
growth location at a higher altitude, there is more summerwood in 
the growth ring whereby the pit does not aspirate in summerwood as 
much as in spring wood. The reason is that the pits are smaller 
and the membranes are more rigid. Consequently, the variation 
would be associated with growing condition rather than with the species.
£i..Morris : I know that it has been reported that checking is as
sociated with resin canals at the surface of the lumber and that 
checking initiates from resin canals. We know also that spruce 
has a greater tendency to split and check than pine. Are there a 
greater number or are there larger resin canals in spruce than in pine species?
Z.Koran : There are two types of rays: The simple ray consisting of 
a layer of parenchyma cells and the fusiform ray which is larger 
and has a horizontal resin canal in it. Basically, both types of 
rays would represent a weak point in the wood. As there is in wood 
about 12% shrinkage in the tangential direction from green condi
tion to dry condition, the horizontal resin canals would be an 
ideal place for splitting and checking. One of the points I 
wanted to make is that it is essential to dry wood before preser
vative treatment because you want to create all of the checks, all 
of the splits before treatment. Once wood is treated, we must not 
form any new drying checks because these are direct channels into the untreated wood.
P .Morris : Is there a difference between spruce and pine in thenumber of resin canals?
ZL_Koran : Pines are loaded with resin canals. Balsam fir has no
resin canals and spruce has very few resin canals in summerwood.
JL— Vilhavainen: You made it look so very easy to impregnate
sapwood even if you said that you should dry it first. But 
certainly in European spruce we get pit aspiration in sapwood also when we are drying it.
2L_Kor^n: The reason is that the rays remain open because the pits
between the fibers and the ray cells are considered as half
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bordered pits which have a simple pit membrane without a torus. We 
have never observed any pit aspiration in ray tissue. As you have 
seen, these rays, in sapwood, are very efficient open channels for 
the introduction of liquids into wood. The liquids are conducted 
in the rays towards the centre of the tree in the radial direc
tion. At one point I actually entered stain into the wood imitat
ing preservative and observed along the rays intensive stain going deep into the wood.
Rj— DeLigsa: As we have treated with CCA quite a considerable 
volume of S.P.F. of the last three years, and some of tTis has 
been kiln dried and some of this has been air dried stock, we have 
found that the best results of treatment of the heartwood of 
spruce and pines have been achieved at moisture contents in the 
range from 30% to 50% as opposed to kiln and air dried stock.
Z_z— Koran : For water born preservative the impregnation is better 
in green condition. The only problem is that once you get the 
liquor in it, and then you dry the treated wood, new checks are formed and your whole treatment is compromised.
Unknown : We have to be careful to respect our standard which says 
that the wood has to be below by the saturation point. If we take 
what you said out of context, we could end up people treating green wood.
Zj— Koran : Wood in green condition means wood at the fibre satura
tion point or slightly above. There must be a very fine layer of 
water inside the lumen. Additionally, I think that we always must 
think differently for water born and oil born preservative because the considerations are no longer the same.
In the green condition, the pits have not been aspirated in the 
sapwood. The difference in moisture content between sapwood and 
heartwood has also to be considered. While the moisture content in 
green heartwood might be 40%~45%, the sapwood can have easily 
140%-150% moisture content. This means that you have to deal with 
two different zones, one containing mainly bound water and the other containing liquid water.
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Abstract

Present impregnation processes have been developed by wood treat
ers through their experience and are lacking a rigorous scientific 
base. In order to establish a technical basis for the development 
of new impregnation processes or to optimize existing processes, a 
mathematical description of the physical parameters involved is 
required. Most of the approaches to describe fluid movement during 
the impregnation processes are based on various definition of per
meability which always is an expression of the porous structure of 
the wood. As this porous structure is extremely complex, the use 
of permeability to develop models for impregnation processes are 
almost mathematically or technically infeasible, impractical or 
can be used for very specific purposes only. Various definitions 
of permeability are presented and their use to evaluate the 
structure of porous bodies and its impregnability is explained for 
spruce wood. Examples and problematic of modelling impregnation processes are discussed.

Introduction

The Nato Science Committee meeting of 1975 on Flow in Wood stated 
in its report that flow in wood can not be described precise 
enough because wood has a too heterogeneous porous structure to be 
defined mathematically. The Committee made, therefore, several 
recommendations regarding the research requirements to improve 
this situation. The progress in this area has been update in 1985 
by W.A. Côté who stated that no essential progress has been achieved since.
Spruce wood, as a very important low permeable wood, has been 
objective of many research projects aiming its evaluation for 
permeability and treatability or its improvement to preservative
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treatment. These projects, however, did not result in general 
mathematical models useful for the development of new efficient 
treatment processes. They were rather related to the evaluation of 
the porous structure and to such models where mathematical simpli
fying^ assumptions were not of importance to answer to specific 
questions or problems. Basically new ways to achieve essential 
improvements of treatment processes appear to be possible once the 
mechanism of liquid penetration into wood is better understood. 
This would allow to develop treatment processes on basic scien- 
fific knowledge and not mainly on the experience of the treater as it is the case today.
In all definition of permeability, a geometrical expression such 
as a mean pore diameter is included. This makes that permeability 
is used for the description of both flow in wood and pore sizes. A 
better comprehension of these parameters useful for impregnation 
models might help to progress in developing improved processes for the difficult to treat spruce wood.

Single phase flow through wood

The transport of fluids can basically occur with two types of 
flow, bulk flow or diffusion. Diffusion is important for the 
movement of gases through cell wall and lumen of wood and for the 
transport of bound water or ions within the cell wall while bulk 
flow of importance for the injection of preservatives into wood.
The amount of bulk flow through a porous structure depends on the 
driving force applied, called pressure gradient, and the resis
tance of the structure to flow, called permeability and defined by 
the amount of flow divided by the pressure gradient. This form of 
permeability is only exact when the fluid is incompressible, 
homogeneous, perfectly viscose, when it does not interact with the 
porous structure and when it flows laminar through a homogeneous 
substrate. This certainly is not the case for the impregnation of 
wood with preservatives. However, measurements using this type of 
definition of permeability show that the longitudinal permeability 
for spruce sapwood is 10 to 80 times lower then for pine sapwood 
and spruce heartwood is over 100 times less permeable than its sapwood (Siau,1984).
When a liquid is flowing through a regular tube, the resistance to 
flow can be calculated using the definition of viscosity which is 
the force required to move two adjacent liquid layers relative to 
each other with a constant speed. The result is then the equation
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of Hagen-Poiseuille which expresses that permeability is dependent 
on the open size of the tube, and the viscosity of the liquid.

k = 8 / R4 R= pore radius [1]
= viscosity

As the pore size appears in the 4th power, small differences in 
pore sizes have a great influence on the resistance of flow. If 
this formula is developed for a bundle of parallel pores of 
different sizes, it can be shown that the right side of this 
formula has to be multiplied by the number of pores and the pore 
size has to be replaced by the mean pore size and a great dif
ference in permeability can be found for small changes in pore sizes as well.
Wood does not consist of regular parallel tubes and a measured 
mean diameter is therefore only a fictive entity. In order to 
approach this value to a more realistic value and to take in 
account that liquid might not flow laminar, might interact with 
the wood or might not be homogeneous, various improvements have 
been described. It is, however not possible to describe fully the 
porous structure of the wood because it uses mean values and can, 
therefore not take into account that wood is a very heterogeneous 
material. However, the method is widely used as a base to compare 
permeability and to evaluate the porous structure of wood.

Movement of liquid gas interfaces through wood.

When a liquid is forced to penetrate a wood it follows the path of 
the lowest resistance, not only in respect to the resistance due 
to viscosity but also due to obstacles such as pits through which 
it is forced to penetrate. When the liquid is pushed out of the 
pores of such an obstacle, a liquid meniscus is formed and has to 
be increased in volume until it is tall enough that the liquid can 
continue to penetrate the wood. The additional energy required to 
make penetrate the liquid is called surface energy or surface 
tension of the liquid and can be described for completely wetting liquid as follows

P = 2 /r, [2]
whereby P is the force required to push the liquid having a 
surface tension through a pore of the radius r. The formula says 
that the more force has to be applied the smaller the pore is. 
This allows to measure pore size distributions. Therefore, surface 
tension of various liquids have been used to evaluate the porous 
structure of spruce and its impregnability.
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If time is introduced in [2], a spacial dimension, the viscosity 
of the liquid and the density of the gas and the porous system 
have to be respected and new definitions of permeability have to 
be developed as proposed by Ford (1971). This permeability then 
describes the competition for flow among the possible penetration 
paths and explains also that counterflow of the gaseous phase is 
possible. Again, detailed knowledge on complex porous structure of 
wood is crucial to define such a permeability and to develop corresponding flow models.
Surface tension is also responsible for capillary absorption which 
is most important for non pressure processes and not negligible 
for the development of general flow models. For the description of 
capillary absorption, formula [2] is also applied, whereby P, the 
capillary tension, means the force generated to soak a liquid of 
surface tension in a capillary of the radius r.
Out of the context of permeability, but important to understand 
the behaviour of spruce wood before and after treatment, is the 
fact that surface tension is responsible for pit aspiration and 
cell-collapse (washboard effect) whereby the capillary tension 
might develop inside the wooden cells during the drying of the 
wood. The reason is that the pores in the pits are very small and 
considerable forces are required to make air penetrate in the 
cells while water is evaporating from the liquid filled lumens 
thus creating a vacuum. Cell collapse might also be due to exces
sive liquid pressure differences through obstacles within the wood during treatment.

Permeability of spruce

The impregnation of wood with preservatives occur essentially on 
the same path ways than the sap of the living tree is assuming for 
the transport of water, nutrients and assimilates (Bosshard, 
1975). Therefore, other pore structures such as inter and intra 
micellar spaces or spaces within the cell wall are not considered in this paper.
The simplest way to assess the porous structure, and thus to 
evaluate the permeability of wood, is the measurement of pore 
sizes using microscopical observations. Inherent to these methods 
are imprécisions and artifacts because the preparation for micros
copical analysis requires drastic alterations of the material to 
be investigated. Côté (1958) showed evidence that the measurements 
of pores in coniferous pits using microscopical techniques can 
lead to erroneous conclusions because of artifacts during the 
sample preparation. When properly applied , however, those techni
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ques give precious indication on the porous structure of the wood 
in regard to its permeability as shown in detail by Koran (1988). 
A typical softwood has a pit chamber diameter of 6-30 m and 
opening in the pit membranes of 0.02 m to 4 m with a mean value 
of 0.3 m (Siau, 1984) whereas the dimension for the openings in 
white spruce pits were 1.3 m and in sitka spruce pits 0.4 m. 
Detailed information on the microscopical observation on the 
pitting in Black spruce tracheids have been given by Koran (1974, 
1977). In view that permeability depends on the 4th power of the 
dimension of the conducting pore, these values indicate that 
spruce is indeed very impermeable. Thus Griffin (1924) and Phi
lipps (1933) already found that the treatability of softwoods such 
as spruce depends on the number and sizes of pores which are 
greatly reduced in spruce wood because of pit aspiration. As far 
as the ray tracheids important for the radial penetration of the 
liquid are concerned, Liese and Bauch (1967) found that their 
cross sectional area is about 0.7% of total wooden area and 
completely encrusted while these values for the permeable pine 
wood was 3.3% with a pore size in pit membranes of over 1 m. The 
same authors also suggest that resin canals do not contribute to 
the penetration of liquids during pressure treatment, regardless 
that spruce resine canals build a coherent network in the wood 
(Bosshard and Hug, 1980). Microscopical analysis of spruce wood 
showed also that earlywood and latewood pits have a very different 
structure (Koran 1977), thus explaining the difference in per
meability of the two zones which have "zebra treatment" for effect as shown by Liese (1950).
The result of the determination of treatability and pore sizes 
using liquid or gas permeability depends largely on the defini
tion of permeability. As the pore size stands for a porous struc
ture which is difficult to define mathematically, great discrepan
cies between the values have been published as it can be seen on 
table 1. Thus Choong (1972) found very different permeability 
values than the other authors. However, the table shows the 
increased permeability of sapwood for all direction of flow and 
the enhanced permeability of pine thus indicating that the resis
tance of the pits to flow might be of crucial importance. Boulton 
and Petty (1973) found, in fact, on the example of Sitka spruce 
that far over 90% of the resistance to flow occurs in the pits and 
only a relative small loss of energy is due to other factors such 
as the type of flow. They also proved (1978) that all current 
methods approach but do not measure true viscose permeability. In 
view of the very small pores in the cell walls, spruce cell wall 
permeability has not to be considered here. Palin and Petty (1983) indicated a value of is 5.4x10-21 m2 for sap and 4.3x10-21 m2 for heartwood.
From permeability data, as shown in table 1, it appears that all 
spruces have about same values as far as sapwood is concerned.
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However, it seems that the heartwood of Sitka and White spruce are 
more permeable than Norway spruce.
Tesoro et al. (1966) and Choong et al.(1972) found a significant 
relationship between permeability and treatability as evaluated on 
penetration and retention, even if their values for permeability 
differ considerably and were somehow erratic. The comparison of 
permeability and treatability indicates that the relationship can 
not be used for specific cases and is only an indication and not 
an absolute value. Erratic relationship between the permeability 
and treatability of spruce wood has also been reported by Cooper 
et al. (1974). However, measurements of preservative penetration 
in small samples showed, according to Hackbarth and Liese (1975), 
that permeability of spruce sapwood as compared to heartwood was 
2.8 times grater in the axial direction, 1.5 times in the tangen
tial direction and 1.3 times in the radial direction whereby it 
was 2 to 3 times higher for pure water than for salt solutions. 
The higher permeability is also reflected by the uptake of an 
actual laboratory treatment reported by Olesen who found that the 
sapwood of Norway spruce can absorb under standard conditions 400 
to 500 kg/m3 preservative solution while this value was for the heartwood 200 kg/m3.
Permeability is only then independent from the flowing fluid for 
the case that the fluid does not react with the wood substrate 
(Comstock 1967) . Thus, the rate of flow depends not only on the 
value of permeability as shown by Rak (1976) who reported that he 
found for spruce earlywood a 5 time higher flow rate for an 
ammoniacal preservative system then for the same aqueous preser
vative solution. For the latewood, this value was 3 times higher.
According to Markstrom and Hann (1972), permeability is not 
affected by the time of felling of the tree. The authors found for 
various wood species, including Engelmann spruce, that the time of 
season of felling do not influence water and nitrogen permeability.

Egre sizes in spruce

Most permeability measurements were done to determine the number, 
sizes and arrangements of pores in spruce wood focussing on Sitka 
spruce. Petty (1970, 1974) characterized in detail Sitka spruce 
wood using length flow and staining techniques. He found that pit 
membrane pores had a radius of 0.13-0.17 m and that one tracheid 
contains 200 to 400 pores. Furthermore he found that only 3 to 7% 
of the 6000 to 13000 tracheids per cm2 were conducting, most of 
them being in the latewood and that one pit contained between 35 
and 100 pores. According to Petty and Preston (1969), the openings
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ind the 0.1 m thick Sitka spruce sapwood pits are about 1 m. 
Stamm and Wagner (1961) who measured the rate of length flow when 
octyl alcohol is pressed through a water saturated sample found 
for 1.5 inch thick sitka spruce samples a mean pore size of 0.15 
m. The true mean pit opening would then be below this value. For 
other species, Bao et al. (1986) indicated for Chinese spruce wood 
a pit pore radius 0.61 m to 0.95 m and Liese and Bauch (1977) 
measured between 14000 and 80000 pits per mm3 Norway spruce 
earlywood. Even if the size of pores is largely determined by the 
definition of permeability, it appears that there are little 
differences among the spruce species. Unfortunately, only little 
information is available for the number and distribution of conducting pores.
In regard to Eastern Canadian spruce species, Sebastian et al.
(1965) developed a method to evaluate white spruce wood using lon
gitudinal oxygen permeability to calculate pore sizes and number 
of conducting pores. They found radii of pit membrane pores 
ranging from 0.7 m to 2.5 m with an average of 1.25 m in the 
sapwood and 1.0 to 4.7 urn with an average of about 2.3 urn in the 
heartwood. By assuming a constant wall thickness he compared the 
number of conducting pores per tracheid of samples of various 
length. For sapwood, 12 pores per tracheid were conducting in a 
3.2mm long sample while only 1.3 pores were conducting in a 10 mm 
sample. For heartwood, these values were 0.3 and 0.0001. The 
frequencies of conducting pores, being 40 and 10’000 times lower, 
clearly show the enhanced permeability of the sapwood. The author 
confirmed these results through microscopic observations and 
concluded from his work that only a very small fraction of pores 
are accessible for flow. Perng (1981) who confirmed Comstock’s 
(1967) finding that permeability is independent of the fluid used 
to measure it as long as the fluid does not swell the wood, found 
that the pore size and number of conducting pores are function of 
the wood structure alone and independent of the specimen length. 
He found for red spruce, black spruce and white spruce sap wood 
very similar pore sizes which were about 1 m. However, the number 
of conducting pores are very different for these three species. He 
found for red spruce 4.8x105, for black spruce 5.3x105 and for 
white spruce 53.3x105 conducting pores per cm2 and illustrated 
thus the enhanced permeability of white spruce wood. There is no 
information on the dependency of permeability from specific 
gravity for spruce wood described for white spruce by Chang(1966) .
Permeability is usually determined by using a pressure difference 
through a wooden sample. Because water assumes an electrical 
charge against wood, it is also possible to use an electrical 
gradient to induce flow and to measure pore sizes. Using this 
principle, Hôsli (1981) reported for water saturated white spruce 
sapwood a pit pore diameter of 0.5 m and an effective cross
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sectional area of 4%. For heartwood these values were 0.25 m and 
34. Using this methods, a fair agreement with the above mentioned 
values for white spruce was found. Due to the method, however, the 
conducting area for the heartwood pores differ with a factor of about 10.
Pore size determination using mercury porosimetry is based on the 
principle that the surface tension of the liquid has to be over
come to make penetrate mercury in a given pore. Thus, the method 
uses the same penetration path ways than an intruding preserva
tive. Schneider (1970) found for European spruce normal heartwood 
a pore radius of 6 m and for the reaction wood 3.7 m. These 
values are much larger than other values reported, thus indicating 
that the method of evaluation is crucial and that published data 
have to be interpreted very carefully. In fact, Boulton and Petty 
(1980) showed that too high speed of pressure increase to measure 
pore sizes can alter the porous structure of the wood itself. With 
an improved methodology, Trenard (1980) found by mercury porosim
etry for European spruce sapwood pit opening pore radius of 0.1 to 
0.3 urn and a total void space of about 1400 mm3/g wood. The author 
indicated that the pore radius in rays might be about 1 to 3 urn. 
For the Canadian white spruce Hosli and Orfila (1985) indicated 
for sapwood characteristic pore sizes ranging between 0.12 urn and 
0.11 urn and for heartwood between 0.12 urn and 0.08 um. Hosli 
(1985) plotted characteristic pore sizes in function of the sample 
length and found that the treatability has to be described as the 
slope of this function. For spruce sapwood he found a value of 
0.003 and for heartwood a value of 0.014. For comparison, the 
values for the heartwood of Hemlock was 0.005 and for pine close to zero.

Flow models

A complete description of the physics involved in the pressure 
treatment of wood would allow the development of mathematical 
models useful to optimize existing processes, to develop new 
impregnation processes for refractory species or to automatize the 
treatment itself using actual measurements of parameters inside or 
outside of the wood. Unfortunately, major obstacles are impeding 
such an undertake. Beside of the mathematical problems to solve 
differential equations for three dimensional non steady state 
multiphase flow involving adsorption and chemical reactions and 
beside of the mathematically difficult to describe porous struc
ture, little is known on the physical processes at the obstacles 
for flow. The acting of capillary forces is an example thereof. As 
air is present in the preservative solution and as liquid water is 
generally present in the wood to be treated, air bubbles might 
develop which have to be pushed through obstacles such as pit
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membrane pores. Because considerable force has to be applied to 
overcome the surface tension of the bubbles, the knowledge of 
their number, size and location is crucial for the development of 
practical general impregnation models. The complexicity of this 
problem might be also the reason that, to our knowledge, no 
permeability data have been presented for wood above fiber satura
tion point while the influence of moisture below fiber saturation 
has been described different times (e.g. Comstock, 1968).
Most models refer to the definition of permeability or the defini
tion of pore sizes using permeability. Thus Comstock (1967) proved 
that permeability is a property of the wood independent from the 
flowing fluid using a model which combines superficial flow and 
molecular flow. Other models describe from the theoretical standp
oint general physical developments in regard to preservative 
treatment such as Torres Juan who proposes a theoretical model for 
the description of penetration (1972) and uptake (1973) of preser
vatives during treatment without giving actual data. Statistical 
treatment of data to describe the relationship between permeability and treatability are not discussed here.
Various times, it has been tried to predict permeability of wood 
by using geometrical values obtained from microscopical observa
tions. Smith and Lee (1958) found considerable discrepancies (up 
to, 4 times) between the theoretical values derived from observed 
mean pore sizes and measured values for 9 different species. The 
same authors measured permeability values for far over 100 species 
and indicated for Norway spruce wood a value of 7.5x10-15 m2 and 
for Sitka spruce a value of 9.8x10-i4 m2 . The great discrepancies 
between calculated and measured values can be explained that the 
authors did not respect a pore size distribution, arrangement or 
the length of flow along the pit membrane pores. A more sophis
ticated geometrical model has been presented by Comstock (1970) 
who assumed that flow is occurring through cell cavity pits and 
that the pits offer the only significant resistance to flow. As a 
consequence, permeability is directly proportional to the number 
of pits conducting in parallel to flow and inversely proportional 
to the number of pits traversed in series. This allows to compare 
permeability for specific geometrical models. By assuming that 
tracheids have tapered ends that overlap on the radial surface, 
but not on the tangential surfaces and by assuming that the pit 
pores are uniformly distributed on the overlapping portion, but 
lacking elsewhere, he compared theoretical and measured ratios of 
longitudinal and tangential permeability. For Sitka spruce, he 
found a theoretical value of 17900 and a measured value of 22000 
thus indicating that the length permeability of this wood is about 20000 times higher than the tangential permeability.
Some models involving computer simulations have been developed to 
answer specific questions. Thus Riechert (1976) calculated pos
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sible pressure development, inside the wood during pressure treat
ment to evaluate the conditions required to make penetrate the 
liquid through minute>pores. To do this, he assumed one dimen
sional viscous flow without turbulence and developed a function 
he called pressure spreading equation. This equation is then 
presented by a system of two differential equation for which 
solutions are calculated resulting in a series of plots showing 
the pressure development inside wood of various permeability 
values during pressure treatment. For low permeable wood, such as 
spruce heartwood, half of the outside pressure is reached after 50 
minutes of pressure in a depth of 2mm. For medium permeable wood, 
this value is obtained after 20 minutes in a depth of 12 mm and 
for permeable woods after 1 second in a depth of 12 mm. Because of 
the great pressure drop in the outer zones of the wood, the 
results of these simulations indicate also that it is not probable 
that the required pressure to destroy obstacles inside the wood, 
such as pits, can be developed and that new penetration path ways can be created.
O^fila and Hosli (1985) studied the pressure development inside 
white spruce round wood during the initial air pressure and vacuum 
phase of pressure treatment an developed a model used in a com
puter program to assess the influence of the rate of pressure 
application on the pressure development in poles. They developed a 
basic partial differential flow equation using the law of con
tinuity and respected both bulk flow and slip flow. To determine 
permeability they compared theoretical pressure inside small 
samples with actual measurements of samples submitted to air pres
sure or vacuum. For white spruce sapwood they found a value of 
2.8xl0~17 and for heartwood 9.1x10-19. The basic flow equation was 
used and combined for two values of permeability in series (sap- 
wood and heartwood) to be applied for simulation of air movement 
in a hypothetical 20 inch diameter pole with 1 inch sapwood during 
the initial phases of the Bethell and Rüping processes. They 
showed that the vacuum or the pressure have to be raised as quick 
as possible to evacuate the sapwood when the initial phase is 
short but that the rate of pressure or vacuum application is not 
of importance when the initial phase is longer than 90 minutes. 
They also showed that air pressure develops very slowly in the 
heartwood. Even after 10 hours exposure, no change in air pressure 
can be detected 4 inch inside the pole. After 24 hour exposure to 
vacuum, only 70% of the outside vacuum can be detected 2 inch 
inside the wood. For practical purposes, these simulations clearly 
show that a powerful pressure/vacuum pump is useful if a relative 
short initial phase is applied and that the inner parts of the 
wood are not affected by the initial phase at all. Even if it was 
possible to make practical conclusions from these simulations, 
many simplifications were done such as the assumption that air is 
an ideal gas or that the permeability of the wood is homogeneous. 
Furthermore, there was only one main penetration direction respec-
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ted.

Outlook

As discussed above, models of processes involving fluid flow are 
imprecise because too many assumptions have to be done to formu
late and solve mathematical systems useful for simulations. 
Particularly, the models assume homogeneous wood structure and 
one-phase-one-directional viscose flow. Because of major mathe
matical impediments there is also no model known which involves 
the flow of a liquid/gas interface or models which respect fully 
three dimensional flow. This implies that the models solely are 
useful for very specific purposes and have not be described for 
general impregnation processes. To avoid this and to have never
theless an indication of the mechanism of the impregnation proces
ses, the pressure development inside wood and the preservative 
consumption (e.g Hosli 1983) or the continuous determination of 
weight and internal pressure during treatment (Arganbright and 
Resch, 1970) have been studied. However, these method can not lead 
to general impregnation models because the local flow conditions are not known.
An alternative procedure to generate models for impregnation 
processes while avoiding a permeability concept has been proposed 
by Hosli (1986). He suggest to measure fluid flow within wood 
directly and to relate the measurements to the outside treating 
conditions. The measurement could then be used to develop a 
statistical model describing the outside conditions and their 
influence on flow at specific points of measurements and on the 
success of the treatment. To realize such a stochastic model, he 
proposes (1988) to use negative coefficient thermistors implanted 
into wood which are heated electrically and cooled by the flowing medium.

Conclusions
Wood has a very variable porous structure which extremely dif
ficult to be described. As a consequence, modelling of impreg
nation processes using a permeability concept has only be applied 
for very specific purposes even if permeability has been used 
successfully to determine pore sizes in wood and its impregnabili
ty. To avoid mathematical and physical major problems in develop
ing treatment models for the difficult to treat spruce wood, it 
has been proposed to develop statistical data instead of a per
meability concept using flow measurements in wood. These data 
could be used to describe stochasticly the impregnation of the wood and to develop new impregnation processes.
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GOSSELIN S326
Table 1: Permeability values (m2) for various 

spruce and pine species

LENGTH RADIALSAPWOOD HEARTWOOD SAPWOOD HEARTWOOD AUTHORSpruce:
White 23xl0"-16 12x10"-16 Choong a1.White 2. 8xl0"-17 9.Ixl0"-19 Orfila/HosliWhite 8xl0"-14 PerngRed lxl0"-14 PerngSitka 9.8xl0"-14 Smith/LeeSitka 8.1x10^-14 1.5x10^-19 Smith/LeeChinese 4xl0"-15 Bao al.Norway 7.5x10^-15 Smith/LeeNorway 2*10"-15 0.4*10"-17 BanksNorway 6xl0"-14 3xl0"-16 0.8xl0"-17 13xl0"-20 OsnachSpruce(?) 1.3xl0"-16 Tesoro alPine:
Southern 12x10"-16 18xl0"-16 Choong alPine(?) 6.3xl0"-10 12xl0"-17 Tesoro alScots 3*10"-12 2xl0"-13 2x10"-16 4xl0"-17 OsnachScots 1*10"-14 2.5*10"-16 Banks
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gOSSELIN S326
Table 2: Characteristics of pores in spruce wood

Spruce PORE RADIUS NUMBER OF PORES AUTHORspecies sapwood heartwood
Flow measurements :Sitka 0.15 um 300pores per tracheid 

10000 tracheids/cm2 
500 tracheids/cm2 are

Petty

conducting
Sitka 0.9 um 70 pores per pit0.23 0.1 um membrane thickness Petty/PrestonSitka
Chinese
Norway
White -

0.8 um <0.15 um
50000 pits/mm3 earlywood 
up to 25% pits open (sapw)

Stamm/Wagner Bao
Liese/Bauch

1.3 um 2.3 um <12 pores/tracheid (sapwood) 
<0.3 pores/tracheid (heartw) Sebastian al.

White 1 um 5300000 pores/cm2 (sapwood) PerngBlack 1 um 530000 pores/cm2 (Sapwood)Red 1 um 480000 pores/cm2 (Sapwood)Electroosmose:White 0.5 0. 25 3%-4% area conducting HosliMercury porosimetry :Norway
0. 2 6 um probably collapsed SchneiderNorway

White
1400mm3 void space/g wood 
2 um pores in ray Trenard

<0. 12 <0.10 decreasing with flow length Hosli
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.Discussions

Zs— Koran. I was wondering if we could not use a process similar to 
the explosion process to destroy the pits in the wood to render it more permeable.
J .P ._Hosli: During the explosion process used for the separation 
of fibers in wooden chips, very high steam pressure is applied and 
suddenly released. This creates very high pressure differences 
able to destroy the wood itself. Therefore, the process is not 
suitable to destroy selected structures to render the wood more 
permeable. In this context, I also would like to refer to my 
presentation where I illustrated that, due to the pore size in 
pits, relative low pressures can provoke significant damages on the wood.
I also would like point out that many ideas to improve the 
treatment processes, such as your suggestion, have been tried 
without success because the physics involved is still not under
stood. As a result, we use basically the same treatment processes 
which have been invented almost 100 to 150 years ago. To develop 
new treatment processes we need to have more knowledge on the 
mechanism of preservative penetration during the impregnation 
processes, whereby the use of a permeability concept appears to me to be inappropriate.
K f„ Knowling: As a layman, I have a great deal of difficulty

digest all of that scientific information in a very short period of time. If I read you right, white spruce has ten 
times the volume of conducting pores per square centimetre than 
black spruce and that the permeability of Noway spruce was six times greater that the value for White spruce.

— Hosli. As far as the comparison of white and black spruce is 
concerned, I indicated that the pore size of both species was of 
the same order and that white spruce has 10 times more conducting 
pores. These values allow a comparison of some extent but do not 
allow a comparison of the treatability because the two values do 
not describe the geometrical arrangement of the pores.
The comparison of White spruce and Norway spruce is more problem
atic because the work was done by different authors using dif
ferent definition of permeability and pore size. I would like to 
emphasize that comparison of permeability data or any data on the 
porous structure has to be done very carefully to avoid wrong 
conclusions. However, the values for red, white and black spruce are from the same author.
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According to the published values, most data on Norway and White 
spruce indicate comparable permeability and pore sizes. It ap
pears, therefore that the two species are very similar as far a their impregnation is concerned.
iL— Willeitner: From the same data that was just mentioned, it 
appears that Black spruce has ten times less pores than white 
spruce. From the first paper presented in this seminar I under
stood that there are regional differences among the spruce speci
es. Does this mean that mean that the spruce of Ontario is easier to treat compared to spruce of Quebec?
il•£•_Hos1i: The data presented for white, red and black spruce is
originating from New Brunswick. I am not aware of any data descri
bing the difference in permeability or treatability for different 
regional locations and I feel personally that this difference is 
not very much important. However, the origin of the wood it is 
very important as far as the annual ring width and the density of 
the wood is concerned. This has an impact on the treatability of 
the wood because the pits in the latewood are much less aspirated. 
The reasons for this has been presented in our first paper. As a 
conclusion from the anatomical considerations, the denser wood 
should be more permeable than the fast growing wood. Therefore, a 
noticeable difference might exist between spruce from different 
elevations, clime or soils but no difference might be expected 
from comparable growth sites of different geographical locations.

V .N .P Mathur: I think you would have to differentiate betweensapwood and heartwood.
J • ,P •__H.osli : Sapwood and heartwood have to be differentiated
because, in heartwood, very close to 100% of the pits are aspira
ted while in sapwood about 10% of pits are still open. However, 
these numbers refer to the surface of the cross-section and do not 
include the number of open pits along a possible intrusion path 
way. Consequently, they do not indicate fully the accessibility to preservative treatment.
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THE RESISTANCE OF UNTREATED AND TREATED 
SPRUCE TO BIOLOGICAL DEGRADATION

by
P. Morris, Research Scientist 

Forintek Canada Corp. 6620 MArine Drive 
Vancouver, B.C. V7T 1X2

Abstract

Some of the principles behind preservative treatment of refractory 
non-durable heartwood species are discussed including the in
fluence on performance of low levels of natural durability. The 
very similar durabilities of untreated spruce, hemlock, jack pine 
and lodgepole pine heartwood are highlighted. The theory of 
envelope treatments and the influence of checking on commodity performance is also covered.
Data from the literature on the performance of small test stakes, 
decking, roundwood fence posts and sawn lumber is reviewed and its 
degree of relevance to the Canadian treating industry is con
sidered. Tests with roundwood posts demonstrate that spruce 
commodities can provide service lives comparable to jack pine 
provided they have a thick shell of preservative treated wood around the non-durable heartwood.
Incised spruce 2X4’s in field tests in Mississippi, Wisconsin and 
the United Kingdom showed no signs of decay after 11, 11 and 16 
years respectively. These results suggest that, if a deep con
tinuous shell of treatment can be provided, the durability of 
treated spruce commodities is a less important question than that of dimensional stability and appearance.
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Introduction

This paper discusses the prime factors impacting on the perfor
mance of treated spruce and examines the available data on this subject.
The^ paper begins with a discussion of the potential impact of 
various wood properties on commodity performance. It outlines the 
theory ̂ of envelope treatments, on which all Canadian pressure 
treater wood relies, and then points out how checking could impact 
on performance. The review of data begins with the above ground 
situation for which very little information is available. It goes 
on to present data from stake tests, from evaluation of unincised 
sawn lumber performance and from roundwood post tests. The last 
section describes two tests of incised spruce lumber from which medium-long term data is available.
Since the major concern of the treating industry is with sawn 
lumber and timbers, this is the area on which the paper is con
centrated. Much of this data was previously reviewed by Ruddick 
(1987) and his collection of data on stakes, posts and lumber has 
been updated and expanded for this paper. Whenever possible, data 
on wood species of known performance has been presented for comparison with spruce species.

Natural Durability

Historically, as supplies of naturally durable heartwoods have 
diminished, so the use of wood preservatives to protect sapwood 
and non durable heartwood has become increasingly important. This 
change began when the industrial revolution of the 1700’s com
pleted the decimation of the oak forests of Europe. Fortunately 
that same time of innovation soon yielded a solution to the 
shortage of durable wood: pressure treatment with preservatives 
including oily substances from natural sources, e.g. creosote and 
mixtures of inorganic salts dissolved in water. Since Bethell’s 
1838 patent for pressure treatment is generally regarded as the 
birth of the treating industry as we know it today, the importance 
of deep penetration of preservatives was obviously recognised even 
at that time. The emphasis was on complete penetration of the 
perishable sapwood backed up by the moderate durability of the 
relatively impermeable heartwood of Baltic Redwood (Scots pine).
In Canada we have also recognised that our forest resource is not 
unlimited and that our traditional durable species, Western 
redcedar, may be best used for higher value products where desira
ble characteristics, other than durability, may be more important.
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The pressure treatment of wide sapwood species such as red pine 
and non durable heartwood species such as hemlock and jack or 
lodgepole pine has therefore burgeoned in the last decade.
It is worth emphasising that the sapwood of all species is perish
able, readily decayed and in most cases permeable to preservative 
treatments. The heartwood of our softwood species varies widely 
both in durability and permeability. Unfortunately, the least 
treatable species are not always the most durable. According to 
the Building Research Establishment UK (1977) and Brown and 
Panshin (1940). White spruce, Western hemlock, Engelmann spruce, 
lodgepole pine, Sitka spruce, Jack pine, Black spruce, the true 
firs and Red spruce are all non durable. Put into practical 
terms, this means that small (50mm x 50mm) test stakes of un
treated heartwood would be expected to last between 5 and 10 years 
in UK test sites (Building Research Establishment UK 1977). Table 
1 gives examples of data on the performance of untreated spruce 
stakes in ground contact at various test sites. The variation in 
service life between sites and between spruce species is 3.3 to 11 
years and this does not seem to be due to the various stake sises used.
Where untreated roundwood is used, such as in fence post tests, a 
similar variation in performance has been found. The service life 
of Engelmann spruce posts has been reported variously as 3.1 years 
in Mississippi (Gjovik and Davidson 1976) and 18.0 years (es
timated) in Colorado (Markstrom 1984). In the original 1937 tests 
at Forintek’s Petawawa, Ontario, site (Krzyzewski and Sedziak 
1976) untreated eastern white spruce had a service life of 3.2 
years, jack pine of 6.9 years and red pine 3.3 years. More recent 
post tests gave service lives of 3.5 years for eastern white 
spruce, 4.5 years for black spruce, 5.5 years for jack pine and 
3.8 years for red pine (Doyle and Dubois 1988). These are the 
only ground contact tests where the natural durability of white 
spruce can be compared to that of jack pine and the difference in service life was only 2 - 3 . 5  years.
When exposed out of ground contact at Saucier, Mississippi, the 
service life of experimental cross-shaped units has been estimated 
at 14 years for Engelmann spruce heartwood or sapwood, 7 years for 
lodgepole pine sapwood and 16 years for lodgepole pine heartwood 
(Eslyn, Highley and Lombard 1985). Southern pine sapwood had a life of 10 years.
The above data all supports the grouping together of Engelmann, 
black and eastern white spruce with western hemlock, jack and 
lodgepole pine under the heading of non durable. It is therefore 
unlikely that the contribution of heartwood durability to the 
performance of a treated product with a service life of over 30 
years would vary noticeably between these species. It is the

66



quality of the preservative treatment applied which will determine 
the long term performance of the commodity.

Esriormance of the Treated Zone

Since it is the preservative treatment which will provide protec
tion to a treated commodity, it might be asked, ‘‘are there any 
differences between spruce and pine in the performance of water
borne preservatives other than those due to the treatability 
problems?" Differences m  chromated copper arsenate (CCA) perfor
mance between softwoods and hardwoods are well known, but no such 
differences have been uncovered between individual softwood 
species. Among the few researchers to have addressed this ques
tion, Murphy and Dickinson (1986) used very small blocks (30 x 15 
x 5mm) of Scots pine and sitka spruce sapwood to overcome the 
permeability problems of spruce. They treated the blocks with a 
range of retentions of CCA and ammoniacal copper arsenate (ACA) 
and exposed them to white-rot, brown-rot and soft-rot fungi as 
well as to unsterile soil. They found no differences in perfor
mance between Scots pine and spruce sapwood when similar treatment qualities were compared.

The Theory of Envelope Treatments

Due to the low permeability of heartwood, the best we can expect 
to achieve in most cases is an envelope of treated wood surround
ing a central untreated core. There is no reason why this type of 
envelope treatment should not provide as good a performance as 
complete penetration provided a number of conditions are met.
Firstly, the envelope of treatment must have sufficient preserva
tive retention, no gaps in the treatment and it must be deep 
enough so that it is not readily breached by mechanical damage or 
checking. Secondly, any cuts which are made through that envelope 
must be repaired by application of a field-cut preservative. 
Under these circumstances, the only means of access of the fungi 
to the untreated interior is to grow through the treated wood. 
There are fungi which can do this, but they do so extremely 
slowly. Their rate of attack will be determined by the environ
ment - soil or air, and by the preservative retention and penetration.
Nurmi (1988) recently reported work in Finland in which small 
blocks (25x15x50mm) cut from CCA-C treated incised and unincised 
spruce and Scots pine sapwood and heartwood were end sealed, 
leached and exposed to fungi in a laboratory test. Checking was
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not a factor in this test method. The pine sapwood was completely 
treated, the pine and spruce heartwood had average penetrations of 
2.5mm and the spruce sapwood and incised spruce heartwood had 
penetrations of 4.5 - 6mm. Retentions in the treated zone varied from 11.0 - 19.7kg/m3. After 26 weeks exposure to decay, most of 
the untreated material had weight losses of over 20% and all the 
treated material was sound. This suggests that relatively thin 
integral envelopes of preservative treatment can provide protec
tion against decay by wood-rotting basidiomycetes.
If a treated envelope is breached and fungi can gain direct access 
to the untreated interior, preservative retention in the envelope 
may have little effect on the rate of decay of the interior wood. 
Whether or not the treated envelope is breached by a check depends 
on its depth and integrity. These two factors would also con
tribute to the residual load-carrying capacity of a structural 
member should the interior be completely decayed. For example, a 
2x6 inch joist treated to precisely meet the minimum standards in 
CSA080.2 (6.4 kg/m3 and 10mm penetration), with a cut end left 
untreated, may have its untreated interior completely decayed. 
The remaining treated wood would theoretically have on edge about 
70% of the load-carrying capacity of the original joist. If the 
depth of penetration were 5mm, it would have about 40% of its undecayed load carrying capacity.

.Checks as Entries for Wood-Decaying Fungi

Other than uncoated cut ends, the breaches in the treated envelope 
of most concern are the checks which may develop in service to 
expose the untreated interior. One way of trying to prevent this 
from happening is to provide as deep a preservative penetration as 
possible by incising the wood and by optimising the wood moisture 
content for permeability prior to treating, probably at about 30%. 
An^alternative approach would be to dry the wood to the lowest 
moisture content it is likely to reach in service (e.g. perhaps 
12% for decking) and fully develop the checks prior to treating. 
The overall penetration may be less but the checks will be fully 
lined with treated wood (Figure 1). Which of these treatments 
would provide the better performance is not known at present.
Certainly at 12% moisture content the wood would not be suscep
tible to decay but it is possible that the majority of the cross 
section may be dry enough for the checks to open but the wood 
immediately adjacent to the check may be wet enough to decay. 
This could occur at the beginning of a period of rain and would 
coincide with fungus spores being washed out of the atmosphere.
There is a perception that spruce is more prone to checking than
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pine or hemlock but there is little firm data on this point. 
Krzyzewski (1969) reported on a test of dip diffusion treated 
railway cross ties after 17 years exposure where all the spruce 
ties had a checking rating of 3 or more indicating full length 
checks (on a 0-4 scale) whereas about half of the Jack pine ties 
had checking ratings of 3 and half had ratings of 2 or less. No 
data was given on the depth, width or precise length of these 
checks. Dolenko and Desai (1977) described a test of white 
spruce, eastern white pine, red pine and western red cedar boards 
treated with an ammoniacal zinc salt latex system and exposed out 
of ground contact. After 240 days expo'ure, "deep cracks" and 
considerable surface checking" were recorded in the spruce boards; no mention was made of checking in the pine boards.

Ruddick, Ross and Byrne (1985) evaluated lodgepole pine and 
western spruce siding after about 4 years exposure. Spruce boards 
25 x 200 mm cross section had ratings of 3 (on a 0-4 scale) for 
checking on the southern exposure whereas lodgepole pine boards 25 
x 200 mm, with a cut channel on the unexposed face had a rating of 
2. Spruce boards with a 25 x 200 mm cross section and a channel had a checking rating of 4.
A comparison of the data on dimensional stability of various North 
American wood species does not provide an explanation for this 
difference in checking characteristics. Table 2 presents the 
radial and tangential shrinkage values for a range of North 
American wood species. With the possible exception of Sitka 
spruce, the shrinkage values for the spruces and the pines are not 
dissimilar from each other or from western hemlock and Douglas fir.
There are some indications that incising prior to drying may 
ameliorate checking by providing outlets for moisture and reducing 
the moisture gradient during drying and by distributing drying 
stresses between a number of small checks rather than allowing them to be released in one large check.
The contrary opinion is also to be found within the industry that 
incising promotes checking. Forintek is addressing this question 
as part of the work on improved conventional incising. No data is available as yet.

The. ..Performance of. Treated Spruce in Field Tests

Since data is available on several types of test units, this 
section will be divided into five. The first will cover decking, 
the second will cover small sapwood stakes, the third will deal 
with sawn lumber and posts, the fourth will be concerned with
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roundwood posts and the fifth will cover incised lumber.

Decking

Two reports of the performance of treated spruce as decking have 
recently been published although in both cases the duration of
exposure was relatively short. Boutelje and Sebring (1988)
described a test of Scots pine and Norway spruce decking units on 
battens m  direct contact with the ground at two test sites.
Preservative penetrations in this material were not measured and
were not mentioned in the paper, however, Boutelje (1988) reports 
that the pine had complete sapwood penetration and the spruce varied from complete penetration down to 1 or 2 mm.
After four years exposure, the first signs of decay were detected 
in the slats of untreated decks. At this stage pressure treated 
decking of both pine and spruce were all still sound. No analysis 
of checking has been done to date but this is planned for the five 
year inspection. Moisture contents of spruce slats were lower 
than those of pine slats and moisture contents of treated slats 
were lower than untreated slats. CCA treated spruce reached a 
maximum moisture content of around 32% whereas CCA treated pine 
reached a maximum of around 54% at the site with the most severe 
decay^ hazard. It has often been suggested that the poor wet
tability of spruce may contribute to commodity performance (Inter 
âliâ: Baines 1986, Ruddick 1987, Boutelje and Sebring 1988).
Dost (1988) also reported the results of a decking test but with a 
variety of commercially treated materials, including spruce-pine- 
fir and Sitka spruce, selected for their poor preservative penetr
ation. ̂ No penetration measurements were reported. The exposure 
conditions were extremely severe. The treated slats were nailed 
to untreated frames and some of the sawn ends were left without 
application of field cut preservative. Wood shavings were packed 
between the boards to simulate accumulation of leaf litter. It 
was also noted that checking was frequently deeper than the 
penetration of preservative. In addition, both natural and 
accelerated decay conditions (sprinkling plus insulation during 

were included in this study. After five years exposure 
the decks were sampled for the presence of wood rotting basidiomy- 
cetes by culturing cores and after six years some slats were 
destructively sampled to look for decay. No wood-destroying 
basidiomycetes were isolated from any of the test pieces after 
five years and no advanced decay was found in the interior of test 
pieces sawn up after six years. All the treated boards were sound 
despite the fact that the untreated frames had begun to decay and 
had yielded sporophores of decay fungi. Dost (1988) concluded 
that six years exposure without significant biodeterioration is
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promising, but, is not conclusive evidence that treatment requirements for this material can be reduced.

Stake tests

Simply because the stakes in these tests are normally sapwood of 
comparatively small dimensions, it cannot be assumed that the 
material was treated through and through. This is particularly 
the case with European tests where a process specification would 
have been followed and gauge or uptake retentions determined.
It is worth noting at this point that, in Europe, spruce sapwood 
is regarded as refractory whereas in Canada it is regarded as 
treatable. This may be due to species differences but could be 
due to two other factors. Firstly, in Europe the requirement is 
for 100% sapwood penetration whereas in Canada it is 90%. Second
ly, in Europe spruce sapwood is compared to the very permeable 
Scots pine sapwood whereas in Canada it is relatively treatable by 
comparison with the heartwood of our Canadian softwood species. 
The treatment schedules required to achieve 10mm penetration in 
heartwood are normally sufficient to achieve the required sapwood penetration.
Bearing these factors in mind, the poor performance of spruce 
sapwood in European stake tests may reflect poor preservative 
penetration due to comparatively short pressure cycles.
Dickinson and Gray (1986) presented eight year test results of the 
International Research Group on Wood Preservation collaborative 
field experiment in which Norway spruce sapwood was tested at the 
Silwood Park field site in the UK. After eight years, spruce 
stakes 20mm x 20mm treated to about 2.8 kg/m3 had the equivalent 
of a stake score of 80. Comparable pine sapwood stakes had log 
scores of almost 100 on the American Wood Preservers Association 
(AWPA) scale of 100-sound to 0-failed. Stakes of both spruce and 
pine at retentions of about 6.8 kg/m3 and higher had ratings of around 100.
Bergman and Mazur (1986) presented the results of field tests on 
20 x 50mm spruce sapwood and heartwood stakes treated by the 
oscillating pressure method with Boliden K33 (chromated copper 
arsenate) after 24 years exposure. Spruce sapwood treated to 1.9 
and 2.8 kg/m3 had average service lives of 17.5 and 16.0 years 
respectively. Spruce heartwood treated to 2.1 and 3.9 kg/m3 had 
service lives of 5.6 and 8.7 years respectively. Borsholt (1982) 
presented the results of (25 x 50 mm) stake tests using Norway 
spruce treated with a range of preservatives. After eight years 
in test spruce stakes treated with Boliden K33 at 5.3 kg/m3
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(oxides) and with Tanalith C at 6.7 kg/m3 had log stake scores of 
97 when converted to the AWPA scale. All spruce stakes at 7.5 
kg/m3 Boliden K 33 and 7.1 kg/m3 Tanalith C were completely sound. 
Comparable Scots pine sapwood stakes had log stake scores of 95 at 7.5 kg/m3.
Gambetta and Orlandi (1982) reported very similar performance for 
spruce and pine stakes (25 x 25 mm) treated to 2.5 kg/m3 with 
pentachlorophenol PCP in an organic solvent. The service lives of 
the spruce stakes ranged from 12 to 13 years and the Scots pine from 10 to 11 years.
In the Forintek field exposure site at Petawawa in Ontario, 35 x 
35 mm eastern white spruce stakes pressure treated with ACA to 5.9 
and 11.5 kg/m3 remained 90% sound after 6 years in test (Doyle and Dubois 1986).

Sawn Posts and Dimension Lumber (Unincised)

One of the earliest reports of problems with treated sawn spruce 
came from a survey of motorway fencing carried out by the Prices 
Risborough Laboratory in the UK. Some spruce posts treated with 
creosote had found their way into use despite the fact that Picea 
species were specifically excluded from the original specifica
tions. Of the posts removed from the motorway after 12-15 years 
service, 25% contained internal fungal decay and all of these were 
spruce posts with poor preservative penetration. None of this material was incised.
Unlike the other field and service tests described here, the type 
of decay was specifically identified. It was caused by wood- 
rotting basidiomycetes. This suggests that untreated wood may 
have become exposed by checking, allowing the fungi direct access to the untreated interior.
In Canada unincised eastern white spruce ’2x6s’ treated with 5.3 
kg/m3 ACA and CCA (unknown retention) have now been in test at 
Petawawa for 13 years. None of these had failed after 10 years 
exposure (Hosli and Dubois 1988). Of the ammoniacal copper zinc 
arsenate (ACZA) treated (9.7 kg/m3) material installed at the same 
time, 21% had failed after 10 years exposure. Unincised white 
spruce "2x4s" treated with ACA to 6.0 and 12.2 kg/m3 and with ACZA 
to 9.0 and 20.0 kg/m3 had been in test at the same site for 8 
years at which time all the test material was sound (Hosli and Dubois 1988).
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Roundwood Posts

The posts in these tests would all have been cut from small 
dimension logs or thinnings rather than peeler cores. Such posts 
would have had a band of comparatively treatable sapwood allowing 
a envelope of treated wood to be provided around the impermeable 
heartwood. In this respect they would be somewhat similar to 
effectively incised dimension lumber although checking would likely be more serious.
Gjovik and Davidson (1976) reported projected average service 
lives of 17 years for Engelmann spruce posts pressure treated to
56 kg/m3 with creosote -coal tar. Similar posts treated by
oscillating pressure method with Boliden S 25 (CCZA) to retentions 
of between 4.5 and 15.2 kg/m3 were all still in service after 15 years in test.
Markstrom (1984) also described service tests of Engelmann spruce 
fenceposts but these were treated by double diffusion processes 
with copper sulphate followed by sodium chromate/sodium arsenate. At retentions of 5.1, 6.6 and 8.2 kg/m3, all posts were still in
service after 15 years in test. This was, however, not a par
ticularly severe hazard environment since untreated posts had a projected average life of 18 years.
Some of the oldest and most relevant tests for Canadian condition 
were recently reported by Doyle and Dubois (1988). These tests, 
installed between 1937 and the present day, included a great 
variety of wood species, treatment methods and preservatives.
In 1937 posts of various species were treated by butt immersion in 
hot creosote followed by a full length cold soak. In 1985, 
calculated service lives varied from 40.2 years for black spruce 
through 42.1 years for white spruce and 47.3 years for Jack pine to over 48.0 years for red pine.
White spruce and Jack pine treated by sap displacement with 
chromated zinc chloride were installed between 1955 and 1958. In 
1985, after 27-30 years, 100% of the white spruce posts treated to 
13.1 and 14.9 kg/m3 were still in service. At 27.9 kg/m3 , 80% of 
white spruce posts were still in service. Of the Jack pine posts 
treated to between 12.8 and 21 kg/m3, 90 to 95% of posts were 
still in service (Table 3). Jack pine and spruce posts were also 
sap displacement treated with acid copper chromate to between 11.9 
and 16.6 kg/m3 . Average service lives varied from 22.5 to over 30 

for Jack pine and from 26.2 to over 28.2 years for white 
spruce (Table 4). It should be noted here that sap displacement 
is a green treatment, thus there is no opportunity for development 
and treatment of checks or for heartwood penetration. This does
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not, therefore, provide an unbreachable envelope treatment.
Similar material pressure treated with CCA type A (Greensalt) was 
installed in 1951. In 1985, the predicted service lives ranged 
from 33.2 to over 34 years for Jack pine at retentions between 7.7 
and 18.6 kg/m3 and from 29.6 to over 34 years for white spruce at retentions between 7.5 and 12.8 kg/m3 (Table 5).
More recently, white spruce posts pressure treated to 4.8 and 6.4 
kg/m3 with modified ACA were installed and all were still in 
service after 10 years exposure in 1985. Posts treated with ACZA 
in 1975 yielded somewhat confusing results with service lives of 
over 10 and 9.4 years being reported despite some apparent losses 
of posts particularly at the higher retentions. This particular data requires reexamination.
In summary, eastern white spruce posts gave very similar service 
lives to Jack pine posts when treated with the same preservative and process.

Incised Lumber

Medium long term data on the performance of incised spruce in 
field tests is available from Princes Risborough Laboratory (PRL) 
(Table 6) and Madison. The PRL material was produced from a study 
on the effect of close spaced incising patterns on the treatment 
of Norway spruce (Banks 1973 Purslow 1974). Two different incis
ing patterns, 6000 and 9000 incisions/m2; two incision depths, 6 
and 9 mm and three CCA solutions strengths plus creosote were 
used. No data is available on retention by assay or on penetra
tion because the British wood preservation standards rely on 
process specifications. Examination of the photographs in the 
original paper (Banks 1973) suggests that, in most cases, bridging 
of gaps between incisions by preservative was achieved. The 0.1, 
3.0 and 5.0% salts solutions would be comparable to 0.06, 1.8 and 
3.0% solution strengths on an oxide basis respectively. CCA 
retentions by uptake were around 4 kg/m3 (oxides) for the incised 
material treated with 1.8% CCA (oxides) and around 6 kg/m3 (oxid
es) for the incised material treated with a 3% solution.
After 16 years in test, 40 out of 60 of the incised and 13 out of 
20_of the unincised stakes treated with 0.06% CCA (oxides) had 
failed. All of the incised stakes treated with 1.8% CCA (oxides) 
were sound but 2 of the 20 unincised stakes treated with the same 
solution strength had failed (Smith 1988). No stakes treated with 
3.0% CCA (oxides) or creosote had failed at this time whether incised or unincised.
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Although the predicted life for incised spruce treated with 1.8 or 
3.0% CCA (oxides) or creosote was over 27 years, it should be 
noted that this site did not present a very severe decay hasard since untreated spruce had a mean life of 11 years.
The data of most relevance to the North American treater comes 
from the latest edition of the Madison stake test report (Gjovik 
and Gutsmer 1989). The material in question was derived from a 
study of the effect of incising on the treatability of Engelmann 
spruce and other species (Gjovik 1983) with CCA and ACA. No 
preservative penetration data was presented but observation of the 
photographs in the paper suggests that penetrations in the Engel
mann spruce varied from 1-2 mm to almost through and through in 
both incised and unincised groups. The incised material did have 
generally better penetration than the unincised but the incising 
pattern was much too widely spaced to get bridging of the gaps 
between incisions by preservative. The pattern was not described 
in the original paper but the photographs show only four rows of incisions across the broad face of a "2x4".
The material was installed in both the Mississippi and Wisconsin 
test sites. After 11 years exposure, all the ACA treated material 
at retentions between 3.2 and 22.6 kg/m3, whether incised or 
unincised, was still sound. Of the CCA-C treated material at 
retentions between 3.6 and 18.3 kg/m3 all the incised material was 
still sound and only two unincised stakes, one in Mississippi and 
one in Wisconsin, at the middle retention level showed early signs 
of decay. Gjovik (1983) suggested that the low moisture content 
prior to treatment (around 6-7%) might explain the good perfor
mance of some shallowly penetrated specimens since any seasoning 
checks would have been fully developed prior to treatment. This 
provides an excellent example of the potential for good perfor
mance of envelope treatments when the treated envelope cannot be 
breached by checking as discussed in the section on envelope treatments.

Conclusions

The data reviewed in this paper covers a wide range of test units 
from small blocks through stakes to lumber and roundwood posts. 
Nevertheless, there seems to be a common theme running through the 
data: an acceptable performance can be obtained from spruce 
commodities if attention is paid to preventing checks from breach
ing the treated envelope. This can be achieved by providing a 
relatively thick envelope of treated wood, as in roundwood posts 
and close spaced micro incised lumber, or by fully developing 
checks prior to treatment. The examples of poor performance of 
treated spruce can almost invariably be ascribed to poor preserva-
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t,ive penetration. Since sawn material is the major concern of the 
treating industry, the question remains, how can a deep integral 
treated envelope be provided to sawn lumber? It seems likely that 
the answer lies in alternative treatment processes or in close 
spaced micro incising: topics to be covered in the two papers to follow in this symposium volume.
The question of whether to treat spruce is currently a marketing 
decision based partly on various levels of confidence in the 
likely performance of unincised material in residential construc
tion and partly on the appearance of the treated product. On both 
of these subjects, this paper has added very little to the on
going debate and further data is needed in both of these areas.
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TABLE 1

Service Life Of Untreated Spruce 
Heartwood Stakes

Average
Species Test Site LifeDimension (Years 1

White spruce Ontario, Canada "2X4" 3.6
Engelmann spruce Wisconsin, U.S.A. " 2X4" 7.5
Engelmann spruce Mississippi, U.S.A. "2X4" 3.3

Norway spruce Buckinghamshire, U.K. 50x50mm 11.0
Norway spruce Bogesund, Sweden 20X50mm 7.3
Norway spruce Simlangsdalen, Sweden 20X50mm 6.8
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TABLE 2
Radial and Tangential Shrinkage % Of 

Some Canadian Wood Species

Species Source
Strength and Related Handbook
Properties of Woods of
Grown I.i Canada Softwoods

Shrinkage green - air dry / Shrinkage green - 12% me

White Spruce

Radial % 

1.4

Tangential % 

4.0

Radial % 

2.0

Tangential ' 

4.0
Black Spruce 1.7 4.0 - -
Sitka Spruce - - 3.0 5.0
Engelmann Spruce - - - -

Lodgepole Pine - - 2.6 4.0
Jack Pine 2.1 3.8 - -
Western Hemlock - - 2.8 4.0
Balsam Fir 1.2 4.3 - -
Douglas Fir - - 2.5 4.0
Western Redcedar - - 1.5 2.5
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TABLE 3
Predicted Service Life Of Spruce and Pine Roundwood 

Posts Treated With Chromated Zinc Chloride 
By Sap Displacement

Species Retention (kg/m3) Service Life/Years

White Spruce 13.1 > 27.014.9 > 27.027.9 > 24.2

Jack Pine 5.3 > 29.712.8 > 26.819.1 > 24.821.0 > 29.5

TABLE 4

Predicted Service Life Of Spruce and Pine Roundwood 
Posts treated With Acid Copper Chromate 

By Sap Displacement

Species Retention ('kg/m31 Service Life/Years

White Spruce 12.3 > 26.215.1 > 24.216.0 25.5

Jack Pine 11.9 > 22.515.7 > 26.916.6 > 30.0
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TABLE 5
Predicted service Life Of Spruce and Pine Roundwood 

Posts Treated With CCA-Type A 
By A Pressure Process

Species Retention fkg/m3) Service Life/Years

White Spruce 7.5 > 33.0
8.0 > 29.6
8.3 > 34.0

1 0 . 7 > 31.7
12.8 > 33.0

Jack Pine 7.7 > 34.0
14.9 > 33.2
18.6 > 34.0

TABLE 6

Predicted Service Life Of Incised and Unincised 
CCA-treated Spruce (50 x 50mm) at Princes Risborough Labs, U.K.

Solution Strength 
(Salts) Incising Service Life/Years

0.1% - 16.0
+ 14.7

3.0% - 24
+ >27

5.0% - >27
+ >27
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Discussion;

A .Teskey: You made mention of a test done to accelerate decay by
sprinkling the wood. What were the conditions?
Li^orris: I think that it was not being kept in a completely
saturated condition but sprinkled occasionally to make sure that 
the wood stayed at moisture content favorable for decay. I do not 
think it was spraying which would load the wood excessively with water.
J.,N.R.Ryiddick: I noticed in the last slide with the PRL data that 
the incised and unincised materials seem to be giving very similar 
performance. Bearing also in mind what you have said earlier about 
the difficulty of treating even sapwood of Norway spruce in 
Europe, I wonder if this would provide a partial explanation for that observation?
P.Morris : For both the PRL work and the Madison work, the authors 
have commented that they would not have expected the unincised 
material to have lasted so long and I must admit neither would I. 
And in both cases, they speculated that this would be due to the 
fact that the material had been dried down to a very low moisture 
content before it was treated. Therefore any checks which might 
have developed had been developed prior to treating. However, the 
major problem with this data is that almost none of the material 
has shown any signs of decay and essentially no decay has really 
occurred in either the unincised or the incised material. We might 
expect to see some differences in performance showing up at later time.
— Knpwling: I suspect that the samples were very small since they did not have big checks.

P .Morris : The PRL sample size was 50 mm by 50 mm and there was no 
comment in the original work on checking. The Madison material 
was 2" X 4” and there was a comment that checking developed in that material.
Lu— Moryto: In your conclusion you mentioned "spruce adequately
treated to a good depth”. How do you classify a "good depth"?
P-Morris : In this presentation, I have not tried to define good 
and bad treatment but I have made an attempt to clarify what the 
basic questions are in regard to the performance of spruce. I 
think the main question is whether you can or can not get an 
integral shell of preservative treatment in spruce, comparable to 
other species, that would not allow a check developing in service
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to reach the untreated portion of the wood.
this was a political answer to your technical question. I suspect

1L— Knowling: I always was under impression that spruce, in most 
parts of the world, was classed as perishable. There is, in fact, 
a major difference between the spruce and pine species, despite 
the fact that there is a also a major difference between the 
sources cited. I would have thought that some of that data must 
have an impact on the final outcome of the treated product.
Pj— Morris : Certainly, it has a major impact on the performance of 
an untreated commodity in the sense that the jack pine is likely 
to last double the time of the spruce commodity, perhaps six 
instead of three years. However, I think we are looking at ab
solute values here. In respect to a preservative treated com
modity, we might conclude that a jack pine commodity would last 
about 33 years and that a spruce commodity might last 30 years 
plus or̂  minus whatever standard of deviation we get. The dif
ference in life of one, two or three years would not make a great 
of difference to the ultimate performance of the treated commodity .
Kj— Knowling: In regard to the performance of treated wood, there 
seems to be a tremendous lack of data on white spruce or on black 
spruce for all these tests. Each time I got to the data everywhere 
I see, it is referring to Engelmann spruce, Sitka spruce or Norway 
spruce. White spruce, however, is the species we are most interested in Canada.
L._.Morris : There is, in fact a tremendous lack of data on treated 
white spruce out of ground contact and in ground contact. The 
service life of untreated white spruce tends to be from two to 
four years and the range for Engelmann tends to be from three to 
six or seven years. However, I think that it would be very 
difficult to try to determinate statistically significant dif
ferences between them and the performance would vary widely 
between different sites. The variation between species is no 
greater than the variation and difference between sites and the variation within one species.
K,:.Knowling: I was told that the degradation of a fallen tree in
the forest is very different for spruce as compared to pine. If it 
is a spruce tree, the sap wood is gone, the heartwood is gone and 
the log is totally decayed. If it is a jack pine log, the sap 
wood is decayed and the heartwood is fairly solid.
fih^itnian'• For this case, we have not only to consider the natural 
durability of the wood but also the condition of decay of a fallen 
tree in the forest. Therefore, we cannot make a connection between 
the degradation of a fallen tree and the degradation of a wooden
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product.
IL_Morris : I would like to emphasize that I found in the refere
nces that spruce, Jack pine and Lodgepole pine are regarded as 
non-durable and I did not find a reference indicating that spruce heartwood is perishable.
J •N.R Ruddick: With regard to the influence of penetration on the 
performance, the data provided in the paper indicate that, even 
with very limited penetration, a good performance of the treated 
spruce can be achieved. Some people may think that perhaps the 10 
mm that we have in our standards might be reduced while others may 
be concerned with a reduction of penetration, because the in
fluence that this may have upon the longevity of the product. I 
think, however, that everyone would agree that there is some 
encouragement for all of us, because we seem to be getting some 
extremely good performances with what we would generally consider 
is poor penetration. I believe also that, if we focus only on 
preservative penetration, we can miss what the general public is really looking for; namely a quality product.
A Hobbs: You recommended that spruce has to be dried down to 
moisture content of 12% or 14% to open up the cracks. Such a 
moisture content practically implies that the wood is very dif
ficult to impregnate. As it has been discussed this morning, the 
moisture content which is more feasible is 30% to 40%.
P-=— Morris : I hope I did not say that the best answer was neces
sarily- to bring it down to a very low moisture content. I dis
cussed the two options of treating in a green condition to give a 
good depth of penetration or of drying down to a low moisture 
content to favour cracks which can be sealed through the preserva
tive treatment. I would not like to predict how two commodities 
treated the most different ways would perform.
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Abstract

This paper describes the present knowledge on treatability of 
spruce and the various efforts undertaken worldwide for its 
improvement with special reference to investigations in Europe. 
The term "spruce" in this paper is understood for the European 
species Picea abies, also known as "Norway spruce". The results 
may be transformed similarly to white spruce (P. glauca) and sitka 
spruce (P. sitchensis). The preparation to preservative treatment 
and technical methods for the impregnation of spruce wood are 
discussed. The overall-view on features for a proper treatment of 
spruce demonstrates the manyfold efforts undertaken and the rather 
poor success reached so far. Nevertheless it is important to know 
the various trials undertaken to find the most promising ways and 
not to waste efforts for investigations in methods which already have been demonstrated for being less effective.

Introduction

The low penetrability of dry spruce wood is well known and the 
papers of Z. Koran and of J.P. Hosli demonstrate the reasons for 
this behaviour in the specific anatomical structure of spruce. In 
connection with the restricted passage through the rays and from 
the rays into the tracheids, which allow only limited transport 
for liquids, the closure of pit membranes, the so-called irrever
sible pit aspiration, is of special importance. As a result the 
retention as well as the penetration into dry spruce wood normally 
is rather poor. The heartwood is still more resistant to impregna
tion than sapwood. Even the longitudinal penetration over the 
cross-end is limited. Typical is a very irregular penetration in 
all anatomical directions with some preference for the latewood.
This paper describes the present knowledge on treatability of
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spruce and the various efforts undertaken woi-ldwide for its 
improvement with special reference to investigations in Europe. 
The term "spruce" in this paper is understood for the European 
species Picea abies, also known as "Norway spruce". The results 
may be transformed similarly to white spruce (P. glauca) and sitka spruce (P. sitchensis).
Much research work has been done in the 60’s and 70’s whereas at 
the early 80’s little new results were published. Only in recent 
time the treatability of spruce again is subject of intense 
collaborative research, mainly sponsored by EEC (European Economic 
Council) in its programme "Wood as a renewable material", the second part of which still goes on.
The literature in this field is enormous and comprises much more 
than 1000 papers, some of them are summarized by Boutelje (1983).
Before discussing the treating methods for spruce it has to be 
mentioned, however, that its low penetrability may also be an 
advantage when the wood is exposed to temporary wetting. In 
contrary to pine sapwood, which shows good penetrability, spruce 
wood becomes very slowly wetted and as a result it is less suscep
tible to fungal attack. Only in permanent moist conditions, i.e. 
in ground contact also spruce reaches a moisture content high enough for intense fungal attack.

Ee.at.ures f o r  a P r o p e r  T re a tm e n t  o f  S p r u c e

P r i n c i p l e s

As during drying the pathways for liquids are closed by the 
aspiration of pits there are three basic principles to reach a proper treatment:

0 To avoid pit aspiration.
0 To overcome pit aspiration.
0 To create new pathways.

For all of these principles various possibilities exist in theory, 
but only few of them are realised in practice. Nevertheless it is 
useful to have a survey on the manyfold trials made so far to improve treatability of spruce.

To A v o id  P i t  A s p i r a t i o n

The easiest way to avoid the effects of pit aspiration is a
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treatment of the wood before aspiration takes place, which means 
the wood must be in fresh or at least in moist condition; in any 
case above fibre saturation. The respective methods used since long time are

0 for fresh roundwood - sap displacement
Sap displacement is one of the classical principles of wood 
preservation methods introduced already 150 years ago, originally 
as Boucherie-treatment. The process has been improved, i.e. as by 
new types of caps (i.e. Gerso.nde 1968). Nevertheless it is no more 
very common and shall be mentioned only very briefly.
For sap-displacement, fresh roundwood is needed which involves 
some management problems to avoid any drying between felling and 
treatment. Environmental problems will be created by the sap 
dropping out of the timber containing more and more preservative with increasing treatment time.

for moist roundwood - oscillating pressure method
° for moist sawn wood - diffusion treatment

These methods will be discussed below in more details.
Theoretically it would be also possible to avoid the aspiration of 
pits during the drying process. Since long it is known that the 
aspiration is an effect of the surface tension of water which 
brings the pit membrane during its flow out of the timber in an 
intense contact to the pit chamber wall. If the surface tension 
will be reduced no pit aspiration takes place. Liese and Bauch
(1967) demonstrated this phenomenon by replacing the sap with a 
liquid of low surface tension : like water plus tensors or alcohol. 
In both cases no pit aspiration took place during drying and the 
treatability of the respective samples was similar to the one of 
green spruce sapwood. These experiments were of high scientific 
importance to explain the mechanism of pit aspiration. For the 
practice of wood preservation, however, it makes not much sense to 
replace water by a liquid of low surface tension and to treat the 
wood afterwards with a wood preservative. It would be easier to 
replace the sap immediately by the preservative solution and to 
avoid an additional treatment with a low tension liquid, except 
oil-borne preservatives are needed.
Many further trials to vary the drying process i.e. by using 
vacuum or organic solvents to get no or at least reduced pit 
aspiration finally didn’t succeed. A brief review is given by 
Boutelje (1983). Also recent research work by Laming and Bonsen 
(1986) within the EEC-programme demonstrated once more the dif
ficulties for avoiding the pit aspiration by various drying 
schedules but so far no solution could be found.
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To Overcom e P i t  A s p i r a t i o n

As there are only limited means to avoid aspiration the logic 
alternative would be to find means for deblocking the aspirated 
pits. Respective trials are rather old and some of them seemed to 
be promising ones. However, up to now none of the various principles succeeded on a commercial basis:

To break the connection between membrane and pitwall by high pressure.
Already a short glance through a microscope demonstrates how thin 
the pit membrane is compared to the cell wall. Thus it might be 
only a question of pressure to destroy the membrane or at least to 
displace it from the aspirated position which would allow an easy 
flow. In reality, however, this very thin membrane is extremely 
resistant against high pressure and experiments demonstrated that 
even 8 N/mm2 (more than 1100 lb/in2) won’t be able to loose it (Liese 1979, Liese, Riechert 1976, Riechert 1974).
In contrary to the high resistance of the pit membrane the cell 
wall will be destroyed already by a rather low pressure due to 
internal cracks and splits, mainly in the middle lamella, without 
improving the treatability. Only the retention is increased due to 
"the inside cracks. The breakdown of the cell wall starts already 
at a pressure of only 1 N/mm2, at first creating one type of a 
washboard-effect (Willeitner, Murphy 1987). Above some 2 to 3 
N/mm2 the degradation goes along with a serious deformation of the 
wood (Liese ̂ 1979, Liese, Riechert 1976, Riechert 1974). If the 
pressure raises above about 4 N/mm2 one can hear how the internal 
cracks occur with a noise like slight explosions inside the treating cylinder.

To deblock aspiration by steaming.
Pre-steaming to deblock pit aspiration at least to some extend has 
been tried by several authors like Coggins (1981). It has only a 
very limited effect and was not generally introduced in practice. 
In this connection also the pre-steaming for sawn douglas-fir in the states (ASTM 1971) shall be mentioned.

To surmount aspiration by special types of preservatives .
Trials to improve treatment by special types of preservatives, 
mainly ammoniacal ones, which show a good penetrability (i.e. 
Hulme 1979) gave only limited success but no major improvement.
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Nevertheless in connection with needle perforation (see below para 
2.4) Sell and Gjovik (1985) mention a significant better penetration for ACA compared to CCA.

To use the microbial decomposition of pit membranesduring water-storage.
During water-storage bacteria will settle in the wood and partly 
dissolve pit membranes, thus improving penetrability, as demonst
rated already by Ellwood and Ecklund 1959 for pine and Liese and 
Karnop (1968) for spruce. Respective trials for treatment of 
spruce in commercial dimensions took place in the late 60’s by 
Dunleavy and McQuire (1970) and by Schulz (1968) by ponding poles 
up to three months. They achieved increased permeability in the sapwood, but not in the heartwood.
One major problem of this process is the difficulty to get a 
homogeneous spread of bacteria in the wood, which decompose the 
pit- membranes enzymatically. As a result the wood only partly 
shows good penetrabi1ity, whereas other parts remain refractory, 
which is of course of no practical use. In contrary the inhomogen- 
ous improvement of penetrability, known as excessive absorption, 
becomes a disadvantage especially when treated timber shall be painted (Hof 1971).

To dissolve the pit membranes by enzymes.
For an immediate dissolving of the pit membrane by enzymes labora
tory trials gave promising results (Adolf 1974, Bauch, Adolf, 
Liese 1973, Bauch, Liese, Berndt 1970). If i.e. small samples were 
stored for 5 days at 40°C in a 7.5% solution of pectinase or a 2% 
solution of cellulose a good treatability could be achieved. 
Larger air-dried samples needed 28 days exposure to achieve 
complete penetration. For a commercial use this method was too 
time-consuming and too costly. As in the meantime enzymes were 
improved and became cheaper it seems worthwhile to follow this principle once more.
It has to be mentioned that both water-storage and the use of 
enzymes in fact don’t deblock aspiration, but destroy the pit 
membrane in the sapwood only by dissolving it. As a result the 
function of this membrane to restrain the flow of liquids is lost. 
In addition it is important to go with the enzymatic reaction not too far and to avoid any harm for the cell wall.

To improve the treatment process.
Many efforts have been undertaken almost since the beginning of 
pressure treatment of spruce to improve the treating result, 
however, up to now no real solution for this problem could be
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presented. Even the intense research work after world war II could 
only give some improvements but no sufficient penetration. Details 
on the tremendous efforts are discussed below.

To C r e a t e  New P ath w ays

As in dry wood pit aspiration neither can be avoided nor really 
overcome the only remaining possibility will be the finding of new 
pathways for the wood preservative. Again several procedures have been tried with varying success.

0 To use fungi for making holes into the wood.
Blue-stain fungi and slight soft-rotters make small holes when 
attacking the wood. These holes could act as pathways for the 
preservative. The unsolved problem is to get a homogeneous attack 
without harmful influence on the strength properties of the wood.

0 To create mechanical openings.
Most efforts to create new pathways where directed on mechanical 
means. Also in this case the difficulty is the need for sufficient 
openings^ close enough to obtain homogeneous treatment without 
diminishing the mechanical wood properties (Mohler 1969). In 
general 10% to maximum of 15% diminishing are accepted.
Common is incising by pressing suitable tools into the wood 
without cutting the wood fibre itself. Traditionally rather big 
long openings are obtained by knifes as usual for Douglas-fir. New 
developments make very fine holes with small needles, which gave 
very promising treating results in laboratory tests and pilot 
plants. Similar holes can be reached by laser (Kropf, Sell 1983), 
but this creates a lot of technical problems to obtain sufficient 
holes in due time. Also high liquid pressure has been used to get 
fine holes but amongst the various incising principles HLP is the 
less developed one. Further methods are fine sawings on the wood 
surface in an angle of 45° to the fibre direction. As these 
sawings really cut the fibre their influence on the strength properties is rather high.
The German post-office demands for poles in the ground level zone 
bored holes with a drill of 4 mm diameter thus reaching a good and 
deep penetration (Horn, Dohle, Gersonde 1977, Mohler 1969). For 
lumber in Germany sometimes perforation by special blades is used 
which cuts the fibre at 3 to 5 mm width and maximum 8 to 10 mm depth (Seepe, Dahms, Kolb 1983).
For all mechanical openings the pattern of the arrangement is most
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important for the treating result as well as for the mechanical properties.
Most promising for the future seems needle-incising which will be handled in the presentation of J.N.R. Ruddick.

To reach slight cracks by pressing the wood.
An other mechanical treatment to improve the penetrability is 
rolling and squeezing of the wood (Cech, Huffmann 1970, Günzerodt, 
Walker, Whybrew 1988) which leads to some internal cracks allowing 
the liquid to penetrate into the wood witnout giving too much harm 
to mechanical properties. So far no practical application of this method is known to the author.

-QPM Treatment

The oscillating pressure method (OPM) has been developed in Sweden 
after world war II by Henriksson (1954, 1958). The philosophy 
behind the method is to get the sap out of the wood by high vacuum 
and to replace it by pressing the preservative solution into the 
wooden tissue. The process needs many changes between vacuum and 
pressure with a total treating time of up to 20 hours. It starts 
with very short intervals which are increased during the treating 
time. The sap is replaced step by step by wood preservatives. Thus 
the OPM-method in principle is a sap replacement method.
The OPM-process only works with roundwood where the rays act as 
the pathways for the sap and the treating solution. The treatment concerns only the sapwood.
An essential for the OPM-process is a suitable moisture content of 
the wood. It should be below complete saturation because some air 
inside the wood will support the extraction of the sap during the 
vacuum periods. At the same time all parts of the wood to be 
treated must have a m.c. above fibre saturation, to ensure that no 
pit aspiration took place. If m.c. partly drops below fibre 
saturation the respective area will not be properly treated.
The retention of the wood preservative cannot be obtained by 
weighing because during treatment almost no change of the weight 
takes place. Therefore the concentration of the treating solution 
before and after treatment is measured and the difference is the 
basis for calculation of the dry salt retained of the treated 
wood. This calculation gives, however, only a very rough figure 
and no exact calculation is possible. As the amount of treating 
solution to run OPM-treatment is very high, differences in con
centration are only low and can't be measured exactly with the
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means available in a treating plant. On the other hand it is not 
possible to reduce the volume of treating solution because during 
the process a considerable amount of heat must be taken up by the 
treating solution which shall not be heated too much.
The OPM-method is used in Europe with good success since long time 
(Henriksson, Bellmann, Benker 1961). In recent time some inves
tigations took place to improve the process and especially to 
obtain detailed data on the specific treating conditions like 
optimum moisture content, duration and height of vaccum/pressure 
intervals and their range from the beginning to the end of the process etc (Goetsch 1987, Peek 1987):
As wood never dries homogeneously the average m.c. before treat
ment must be markedly above fibre saturation, so that no part of 
the wood has already dried below fibre saturation and no pit 
aspiration occurred. Therefore in Germany a minimum average m.c. of 80% in the sapwood is demanded (Anonym 1988).
According to intense investigations on the distribution of the 
moisture in the wood after various types of drying (Goetsch 1987, 
Peek 1987) the optimum range of average m.c. is between 100 and 
120%. Above 125% the treatability declines considerably due to 
lack of air necessary for extrusion the sap during the vacuum periods.
The average minimum m.c. may be only 60%, if a homogeneous drying 
of the roundwood to be treated is assured. In theory the m.c. 
could be even as low as 40%, which means just above fibre satura
tion, but nobody then can guarantee that all parts of the wood are 
above the critical point of aspiration of pits. Theory and prac
tice are quite different and even a minimum average m.c. of 60% of 
the sapwood often will be too low to ensure that no pit aspiration 
took place. As a result the minimum of 80% practiced in Germany seems to be a reasonable and advisable limit.
It is not suitable to fix the average m.c. on the whole log 
including heartwood. For the treating result only the m.c. of the 
sapwood is important because heartwood always is refractory. If 
the average m.c. is calculated on the basis of the whole log the 
value for the sapwood will increase with increasing heartwood 
portion. As a result it would be necessary to give separate figures for different log diameters.
The demand of a rather high minimum m.c. in the sapwood creates 
problems for the daily working practice because it is difficult to 
obtain respective logs throughout the year. The higher the re
quired m.c. the shorter will be the storage time possible and the 
more a rapid drying of wood has to be avoided. According to the 
investigations of Goetsch (1987) respectively Peek (1987) logs
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from winter felling stored with bark preferably in the shade will 
provide a high m.c. until spring and even early summer if they are 
debarked only shortly before impregnation. For summer felling the 
storage time would be much less. Mixed treatment of logs from 
winter felling after some storage and of summer felling without storage must be avoided.
Further results from Goetsch (1987) respectively Peek (1987) 
revealed deeper penetration for logs with broader annual rings than for those with small rings.
Ongoing experiments in our institute shall reveal more details on 
the influence of variations in the ratio of vacuum/pressure 
intervals depending on log diameter and moisture content.

Diffusion Treatment

Diffusion means the transport of a water-borne wood preservative 
into the cell wall which always happens against the concentration. 
It is a well known time-consuming process used since long. It has 
to be mentioned here because in recent years diffusion got new 
attention, mainly within the EEC-program "Wood as a renewable 
material” (Murphy 1986) still ongoing in its second part. But also 
other countries promote research work on diffusion treatment (i.e. 
Vinden 1988). The forthcoming interest on diffusion treatment of 
spruce is due to the good results in penetration to be achieved with refractory wood species like spruce.
Diffusion depends on the m.c. of the wood. It is increased with 
the m.c. and works satisfying only with moist wood. Therefore it 
is much better in sapwood than in heartwood. After application of 
the preservative the wood should be kept moist to promote dif
fusion, normally by storing it as tight as possible and covering it.
Diffusion can be done with logs as well as with sawn wood. As 
diffusion depends on the difference of concentration between the 
preservative solution and the wood, high concentration on the 
wooden surface will be of benefit. For some time even pastes were 
used to treat poles. They were brushed with a thick layer of a 
mayonnaise of preservative and covered for at least 3 months. For 
this process the wrong term "osmose-treatment" was common. Osmose, 
however, needs living cells and in reality the method is a diffusion process.
Diffusion only works with not fixed preservatives. In consequence 
CCA as such won’t give deep penetration. Therefore the components 
were used separately in various manners as double-diffusion-proc-
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ess.
The most common wood preservatives for diffusion treatment are 
boron compounds. Vinden (1988) got good results with a solution of 
copper sulphate (5% elemental copper) and arsenic pentoxide (1.85% 
arsenic) including a surface active agent. The timber was treated 
by subsequent emergence on alternate base for 2 minutes to in
crease absorption. After 13 weeks diffusion time in block storage 
the samples were submerged 2 minutes in 8% ammoniacal solution, a 
second time 2 days later and then block-staked for 1 week for fixation.
Murphy (1986) achieved accelerated diffusion treatment based on a 
steam/dip-process with increased solution uptakes and penetration. 
He heated the samples in an autoclave and submerged the hot pieces 
into the treating solution. The uptake of steam/dip-process 
compared to simple dip diffusion was almost 5 times higher. By 
this method preservative penetration in the sapwood and to a 
lesser extend in the heartwood of green Sitka spruce was deeper 
than that achieved by conventional vacuum-pressure-processes applied to air-dried material from the same source.

P u l s a t i o n  P r o c e s s

The pulsation process has been developed by Hosli (1980) for beech 
wood. This process has strictly to be separated from the OPM-proc- 
ess thought in both cases varying pressures are used. In the 
pulsation process the intensity of the pressure is varied at 
specific intervals (whereas the OPM-treatment alters pressure and 
vacuum). Furthermore the pulsation process works also with dry 
wood, whereas OPM-treatment needs moist roundwood.
Further experiments demonstrated the suitability of the pulsation 
process for treating dry spruce with creosote (Hosli, Filion 1983) 
and CCA-preservatives (Hosli, Ruddick 1988). The results reached 
so far indicate a potential for further development. However, it 
would mean to bear coals to Newcastle to go into details on the 
pulsation process in this seminar guided by J.P. Hosli !

P r e s s u r e  T r e a tm e n ts

G e n e r a l

Before going into details on the pressure treatment of dry spruce 
it has to be stated that the dry sapwood without perforation
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cannot be treated as good as that of pine (Bauch, Liese, Willeit- 
ner 1983). Due to the low penetrability of dry spruce even with 
best equipment and processes and an excellent handling of the 
whole process the result will be always rather poor. According to 
Hackbarth and Liese (1975) the treatability of heartwood is still 
worth with about half of the sapwood retention. The treatability 
in radial and tangential direction is similar; axial the ratio is 
for sapwood about 34:1 and for heartwood 18:1. Liese and Peek 
(1985) investigated the treatability of spruce wood from air-pol
luted stands and couldn't find any influence of forest decline.
For the pressure treatment of spruce three main conditions have to be considered:

To start with an intense evacuation for getting sufficient space inside the wood.
To extend the pressure period as long as necessary to fill all cells to be reached.
Not to extend the pressure above a critical limit, 
to avoid structural deformations.

E v a c u a t i o n

For the first condition regarding evacuation for long time no 
clear views existed. At first v. Kruedener (1959) propagated the 
importance of sufficient evacuation. Profound investigations by 
Hackbarth (1974, 1975) revealed that a vaccum of 80 to 50 mbar (90 
- 95%) for 30 - 60 minutes appears best. According to practical 
experience in Germany an initial vacuum of maximum 150 mbar for 45 minutes is required (Anonym 1988).
Regarding the sufficient space inside the wood the influence of 
the m.c. is discussed by Bellmann (1987/88). Theoretically a m.c. 
just above fibre saturation would be best because then all cells 
are almost empty to obtain good absorption whereas at the same the 
pit aspiration didn’t take place so that the pathways are not yet 
blocked. However, as already mentioned for the minimum m.c. for 
the OPM-method, in a commercial plant this ideal m.c. can't be 
achieved because wood never dries homogeneously. Bellmann con
cludes that an optimum may be up to 50% m.c. but more detailed investigations are necessary to prove this.

D u r a t io n  o f  t h e  P r o c e s s

As to the duration of the process v. Kruedener (1964) introduced 
the principle of the "full cell treatment", which means to treat
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the wood until all cells are filled and to regulate the retention 
via the concentration of the preservative solution. Hackbarth 
(1974, 1975) demonstrated the importance of a long pressure period 
which has more influence than increasing the treating pressure. To obtain optimum retention the treating process cannot be stopped 
after a given time but has to be continued until no further retention takes place. To fix this point it has to be considered 
that various pieces of spruce timber will behave quite different. 
Logs with a rather good penetrability are satisfactory penetrated 
long before those with only poor treatability which are always 
present in a charge. This has been overcome by a regulation that 
the pressure period is maintained until within 15 minutes 3 l/m3 
wood at the most have been absorbed by the timber in Germany 
(Anonym 1988). In Germany the minimum treating time must be 300 - 
480 minutes depending on the dimension with a minimum pressure of 0.8 N/mm2 (Anonym 1988).
It is of no use to increase the concentration of the preservative 
solution for getting higher dry salt retention. Hackbarth and 
Liese (1975) found for CCF in contrary a decrease of retention above a concentration of about 5%.
The pressure treatment of dry spruce may be terminated by a slight 
final vacuum of about 350 mbar for 10 - 20 minutes to diminish 
pollution at the treating plant. Due to such a vacuum the surface 
of the treated wood will be almost dry and no droplets will fall 
down to the ground. Also a short rain will remove less unfixed 
preservative than from wood without a final vacuum (Wischer 1976, Wischer, Willeitner 1977).

Maximum P r e s s u r e

The pressure cannot be increased beyond a critical point. This 
limit is different for roundwood and sawn timber. For roundwood 
the maximum pressure appears to be above 1.5 to 2.0 N/mm2. Beyond 
this the wood structure is damaged (Liese 1979, Liese, Riechert 
1976, Riechert 1974). Even if due to internal cracks the retention 
may markedly increase, such a treatment is of no practical use.
For sawn wood surface deformations occur already above a pressure 
of about 1 N/mm2 (Sell 1985, Willeitner, Murphy 1987). Surface 
deformations according to its appearance called "washboarding" may 
arise below 1 N/mm2 (Sell and Kropf 1988, Willeitner, Murphy 
1987). They^ can be seen mainly on planed boards. Sell and Kropf 
found them just after treatment and describes this phenomenon as a 
collapse after^ impregnation. They observed this collapse only in 
those parts with a low penetrability starting at a pressure of 
about 0.6 N/mm2. Therefore Sell and Kropf proposes not to exceed
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0.5 - 0.6 N/mm2 and to extend the pressure period for a sufficient 
retention. However, the pressure period cannot last too long 
because this also would increase the tendency to washboarding.
Willeitner and Murphy differentiate between washboarding above 
about 1 N/mm2 as a mechanical collapse and the one below about 1 
N/mm2 which occurs mainly during redrying of the wood. They 
conclude that washboarding is a multifactorial phenomenon with no 
single reason responsible. They mention like Sell and Kropf the 
importance of the pressure applied and found washboarding only with water-borne preservatives.
These results demonstrate the necessity not to rise the pressure 
for treating spruce above a critical point which is different for roundwood and sawn wood.

D ouble-V acuum  P r o c e s s

Double vacuum treatment mainly is used for joinery where a more or 
less superficial treatment may be accepted (i.e. Jensen 1975, Kyte 
and Saunders 197S). Penetration as well as retention are much 
lesser than with pressure treatment. Often the process runs only 1 
hour. In any case less time is usual than for pressure treatment. 
For double-vacuum treatment of spruce occasionally a slight 
pressure of about 0.2 N/mm2 is used to improve penetration and retention.

Accelerated Fixation

Accelerated fixation is of special importance for pollution 
control of freshly water-borne treated wood. Promising results 
have been obtained with the steam-fixation, where after the 
treatment process steaming at 100 - 120°C leads to a spontaneous 
fixation of chromated wood preservatives (Peek, Willeitner 1988, 
Willeitner, Peek 1988, Wood et al. 1980). This method is already 
used in various plants in Germany with good success.
The steam fixation of chromated wood preservatives was inves
tigated in our institute within the last 10 years in detail. The 
results were summarised by Peek and Willeitner (1988) and Wil
leitner and Peek (1988). Their main conclusions demonstrate the 
suitability of this method to minimize pollution with water-borne preservatives.
The basic principle of steam fixation is the acceleration of 
chemical processes at rising temperatures. For fixation in wood,
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however, also a moist atmosphere is necessary because the fixation 
process itself needs moist wood and otherwise the wood would dry 
and preservative crystals may occur on the surface. A temperature 
between 100°C and 110°C is most suitable, 120° should not be 
exceeded. The wood quality of spruce is not affected. The degree 

fixation depends on the intensity of steaming. A surface fixation is obtained by a rather short steaming period of about 
half an hour (calculated after heating of the wood itself), but a 
profound fixation by a steaming of more than one hour. The period 
for fixation increases with the diameter of the wood, the retention and the depth of fixation desired.
For steam fixation special equipment is necessary which can be 
heated and which is sufficiently anticorrosive. Suitable is a 
separate steaming device. In Europe already special treating 
plants are constructed, which combine pressure treatment and accelerated steam fixation.

.C o n c lu s io n  and O u t lo o k

The above brief overall-view on features for a proper treatment of 
spruce demonstrates the manyfold efforts undertaken and the rather 
poor success reached so far. Still a lot of work has to be done ! 
Nevertheless it is important to know the various trials undertaken 
to find the most promising ways and not to waste efforts for 
investigations in methods which already have been demonstrated for being less effective.
When summarizing the results obtained worldwide only the following 
three methods seem promising to achieve a proper treatment of spruce on a commercial basis:

To treat moist roundwood by oscillating pressure method.
To treat moist sawn wood by diffusion treatment.
To perforate dry spruce wood before pressure treat
ment, especially by needle perforation.

As the first two methods are restricted on a high moisture content 
of the wood and the first method only works with roundwood the 
perforation may reach some preference. Here especially the needle 
perforation for sawn timber, as demonstrated in this seminar by J. Ruddick, is most promising.
To some extend also the pulsation process will lead to an improved 
"treatment. This process may be something in between the above 
mentioned most promising processes and the classical pressure
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process.
The classical pressure "treatment of unperforated dry spruce may 
give some success for the sapwood if properly done. However, it hardly will be able to reach really satisfying results.
Environmental control will get increasing importance. Operators of 
treating plants have to take special care to avoid losses of wood 
preservatives immediately after treatment. For water-borne preser
vatives accelerated fixation is desired and steam fixation is a promising method.
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Discussions

.Chairman: ̂ I think we all are glad to have heard a more optimistic 
presentation than the one which has been presented this morning from the anatomical point of view.
K. Knowling: There is obviously a lot of information on the 
treatment to spruce round wood and we have proven conclusively 
that you are going to get a long service life if spruce is treated 
well. My first question is: Do you allow spruce in your German 
specifications as well as pine in ground contact as sawn wood? I 
just wonder what the differences were in the specifications. In 
the rest of the world, we tend to have three classes: above ground 
applications, in ground contact and severe exposure. I wonder if 
spruce or pine are allowed in all three types of classification. 
My second question is: What incising requirements do you have in 
Germany, spruce versus pine for above ground? I was interested in 
the treating time of spruce where you talked about hours of 
treatment and refusal time. I am asking, therefore, if you could 
tell me_what the differences are in pine versus spruce in terms of your treating time in Germany.
1L— Wil1eitner: I hope you do not mind if I do not give you an 
answer on the first question. The reason is that we have no 
general treating requirements for timber in Germany. We distin
guish between timber which has to be treated according to official 
regulations and timber which may be treated as you like. Most of 
the timber for out of ground contact use is from the second 
category. Therefore we do not have exact regulations. We just 
changed the official regulations and now we demand for all treated 
sawn wood, pine as well as spruce, incising if used in ground 
contact. Pine is included because a proper treatment of the 
heartwood is not possible. I can show you many pictures where 
treated wood has been destroyed in the heartwood, whereas the 
sapwood was quite all right, thus demonstrating the high efficiency of the proper treatment of the sap wood.
For electricity or telephone poles, we demand borings of 4mm in 
the ground level, not incising. We support a double treatment 
with creosote for the butt end and waterborne preservatives for 
the whole pole. We call this method the white black green method. 
Naturally, the green black white method would be better but more costly.
£j— Vj-lhavainen: Doctor Willeitner was referring to our optimal 
schedule for pressure treatment of spruce. We have this experience 
only for laboratory test and found that we can hardly increase 
penetration by increasing the pressure time . We increase the 
absorption but not so much penetration. As there is very little
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correlation between absorption and penetration in spruce we opted 
for using more concentrated solution rather than for than prolon
ging the treatment period. As I said, we have rather limited ex
perience an I wonder, therefore, if you have any similar experiences .
H. Willeitner: We made similar experiences. Also, John Ruddick
mentioned earlier that absorption and penetration are different 
things and that it cannot be concluded that a good penetration is 
the only factor allowing a good treatment. Even if there is no 
tight correlation between absorption and concentration, we found 
that absorption and penetration decreases if you increase the 
concentration above 5% . This means that you cannot increase the concentration too high.
ÏL_Arsenault : You mentioned that the OPM heats up the solution
too much. Does this mean that the preservative fixes before it penetrates?
JL_Willeitner: This depends how much solution you have in relation
to the timber. We found that even temperatures of 60 degrees 
Celsius in the treating solution might be inappropriate and might 
change the preservative or provoke an increase of sludge formation.
EL Arsenault : The second question is related to your measurement
of leaching when you heat the wood to prevent environmental 
contamination. How you are measuring the leaching?
H. Willeitner: We did not determine the loss of preservative in 
the wood but we put samples into water for a certain time and 
measured the content of wood preservative in the water by atomic 
absorption in assessing copper, chromium, boron and fluorides. Of 
course we also tested concentrations of the wood preservative 
inside the wood. This is a problematic undertaken because you need 
hundreds of parallel samples to find the differences between the 
steamed and unsteamed samples. The problem is that you never can 
investigate the same samples before and after steaming because you 
have to destroy the timber for the analysis.
iL Ni.jman : I would like to mention the non-pressure treatment of
spruce, particularly the excellent performance of spruce wood 
treated by bifluoride by a diffusion as applied in the Nether
lands. A group of 12 Dutch plants use, in fact, successfully an 
immersion process to treat dry spruce with solutions of potassium 
and ammonium bifluoride since 17 years. The effect to be reached 
by these treatments is maintaining the moisture equivalent content 
in the treated timber which means that, in spite of exposure of 
treated timber to bad conditions, it dries back each time to the 
MEC in relation to the relative humility of the surrounding air.
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£L_Hollick: It, was quite interesting to see your slides on the
wash board effect. I wonder if you could give any examples of 
what is the incidence of that with spruce in industry and commerce .
£L--Willeitner: I would be very happy if I could give you an
definitive answer. Certainly, we have this effect also in prac
tice, and from the experience we are convinced that it is a 
multifactorial phenomenon. We do not have one explanation. On one 
hand, -t seems to be cell collapse induced by pressure (even if 
this tneoretically would require a pressure beyond 1.5 newton per 
square millimetre) and ,on the other hand, it seems to be induced 
during redrying. From our experience we also found some dependency 
from density, the annual ring width and the with of the early wood 
zones. If you only have one of these factors you will not get wash 
board effect. You can not predict when it will happen. You only 
can predict that there will be no wash board effect when you use a very low pressure.
iJ....- N . R .— Ruddick: We have observed the same phenomenon in Canadian
spruce I would confirm what Professor Willeitner said. We were not 
able to relate to anything that we examined. It certainly does
appear to be related to pressure, it does appear to be related to 
grain orientation and it does not appear to be related to par
ticular to type of drying. I would also confirm that you see it to
a lesser extent also in other wood species such as Douglas fir.
IL— DeLissa: We made the experience with SPF that the washboard
effect commonly appears with certain drying schedules with spruce. 
We have never observed any form of washboard effect due to theactual treatment itself.
Pj— Coop>er: When you use the Oscillating process, do you have 
problems with sludging an instability from the sap that comes back out into the treating solution?
IL— W.i-1 leitner : We have no such problems if the process is properly 
done with a good make up of the treating solution. As we use 
copper chrome boron and copper chrome fluoride but no copper 
chrome arsenate, our experiences can not be compared with yours.
I suspect that your treating solution would tend to form sludge easier than ours.
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Abstract
A brief review of the development of incising is presented, 
highlighting the advances made during the past decade. Alterna
tive incising processes have been described, and the principal 
advantages and disadvantages of each are identified. The non- 
—mechanical methods described were fluid jet and laser incising. 
Mechanical methods included both needle and conventional ring-type 
incisors. It was concluded that while fluid jet and laser incis
ing are attractive, equipment limitations currently are inhibiting their development.
The success of the various incising techniques in improving the 
treatability of spruce to levels consistent with the requirements 
in the North American wood preservation standards for other 
non-durable wood species, is reviewed. Data was drawn from 
published sources, including the Incising Workshop held in Van
couver in 1986, the Proceedings of which were published in 1987.
It was concluded from an evaluation of all the data that current 
incising technology has brought the treatment of spruce to within 
reach. However, it was recognised that the routine treatment of 
all spruce in Canada remained a challenge. It is possible that 
even this may be achieved using a close-spaced staggered or needle 
incising pattern with a longitudinal spacing of the incisions of 20 mm and a lateral spacing of 1.5 mm.
Research on the distribution of CCA preservative at different 
distances from the incision was discussed. It showed that whereas 
in western hemlock, a longitudinal penetration of 145 mm was 
achieved, in spruce it was not possible to reach the required 
retention at even 5 mm from the incision. The degree of cross-s
ectional treatment required to prevent decay by two wood destroying fungi was discussed.
It was concluded that while the technology has brought the routine 
incising of spruce within reach, research must continue to examine 
other factors which could limit the acceptability of spruce in 
certain market areas. Factors identified in this review were, the
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’washboard effect', the severity of checking, the retention of 
colour on pre-stained CCA-treated spruce and the absence of field 
performance data for many of the end-uses being considered for spruce.

Backaround

Despite considerable research on alternative techniques for 
improving the treatability of wood, including the use of lasers 
(Kropf ̂ 1987a, Ruddick, 1987a), fluids (Jewell et. al 1985) and 
bacteria (Dunleavy et. al 1973), mechanical incising remains the 
universal method for improving the preservative penetration in 
refractory woods. Indeed it is ironic that one of the more recent 
mechanical innovations studied, is the use of needles to incise 
wood (Ruddick, 1986) since the first two patents for incisors, 
issued over seventy five years ago, described the use of rotating 
needles for incising timber, (Kolossvary, Haltenberger and Ber- 
denich,_1911 and 1912). It was not until 1915, that the Columbia 
Creosoting Co. of Portland build an incisor with revolving rollers 
to which were fitted teeth, which has since become the standard 
design for incisors. These early machines were designed to 
improve both the penetration and retention in creosote treated 
Douglas-fir timbers. Consequently, appearance was unimportant, as 
were such factors as strength loss and to some extent uniformity 
of penetration. This classic approach remained largely unchanged 
for almost half a century, before improvements in metal technology 
combined with the need to produce incised material with minimal 
surface degrade, stimulated the development of incisors using thin 
bladed teeth which were mounted on rings. This innovation was 
accompanied by the ability to produce staggered arrangements of 
incisions, in place of the traditional widely spaced diamond 
patterns, (Tobeg 1979). The staggering of the incisions substan
tially improved the uniformity of the penetration, allowing more 
difficult to treat wood species to be utilized in preservation.
However, even with the use of staggered patterns, the successful 
treatment of refractory woods remained elusive. Attempts to 
reduce the lateral spacing between the rings caused substantial 
degrade, as well as increased machine downtime due to the frequent 
need to remove debris which had been stripped from the wood 
surface and which lodged between adjacent rings. This problem of 
cleaning the incisor heads has been solved in several ways. One 
method involves the use of ’combs’, placed between the toothed 
rings, which clean the rings as the rollers rotate. A similar 
device using toothpicks has been recently patented in the U.S.. In 
Canada, the current universally accepted method was developed by
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Silcox (1987), in which idler rings placed between the toothed 
rings automatically eject the lodged wood fibre.
Clearly the design of conventional mechanical incisors has ad
vanced considerably during the past decade, to the point where 
moderately refractory wood can be treated routinely to conform to 
Canada’s wood preservation standard. Unfortunately, the routine 
treatment of the very refractory heartwood of such species as 
white spruce (Picea glauca), black spruce (Picea mariana), lodge- 
pole pine (Pinus contorta), jack pine (Pinus banksiana) and 
Douglas-fir (Pseudotsuga menziesii), with preservatives such as 
chromated-copper-arsenate (CCA), remains a challenge (Baines and 
Saur 1985). Since spruce represents 40 percent of Canada’s 
softwood forest resource, its’ improved utilization through 
effective preservative treatment would be very beneficial, and 
research continues to improve current technologies towards that goal.
The- objective of this review, is to identify the status of the 
various incising techniques in Canada, with particular reference 
to their applicability to spruce sawn wood. In addition the 
information from the various investigations on the treatment of 
incised spruce, has been compiled in order to identify the incis
ing parameters required to successfully treat spruce.

A l t e r n a t i v e  I n c i s i n g  T e c h n o l o g ie s  

F l u i d  J e t  I n c i s i n g

The use of high velocity fluid jets to machine wood has been 
studied by several researchers, but there is relatively little 
information on the incising of wood using fluids. Such a process 
would be inherently attractive since it would provide the pos
sibility of treating the wood during the incising process. 
Perhaps the most comprehensive information available is that 
published by Jewell et. al. 1985. In that study, Douglas-fir, 
western hemlock and ponderosa pine stakes were incised using high 
velocity jets (416 MPa) of ammoniacal copper arsenate (ACA) or 
pentachlorophenol. The penetration was assessed in the stakes 
with reference to the minimum penetration in the U.S. and Canadian 
standard for sawn wood, of 10 mm. The ACA penetrations generally 
were good with several charges showing 100 percent of the stakes 
meeting the minimum value. This resulted in good field perfor
mance during the thirteen year life of the test. Conversely, the 
pentachlorophenol treated stakes did not perform well except at 
extremely high retentions of 25 to 38 kg/m3. The results were 
therefore encoui'aging for the ACA where post-treatment diffusion
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of the preservative was able to take place. The fixation mechan
ism of CCA is somewhat different so that the reliance on diffusion 
to distribute the preservative, is less likely to be useful. The 
preservative composition would vary markedly and since the rates 
of fixation of chromium copper and arsenic are dependent upon the 
interaction of all three components, this may lead to a reduction in the efficacy.
Therefore for CCA fluid jet treatments to be developed the separa
tion of the incisions would have to be much less than that employed by Jewell et. al. (1985).
Current limitations which may inhibit the development of fluid jet 
incising, include the lack of suitable pump capacity to produce 
the large number of high velocity jets needed to incise wood, and 
the tendency of the jet to follow the path of least resistance in 
wood.^ This results in the jet being deflected in certain woods by 
the direction of the growth rings. Nevertheless, this technique 
remains relatively unexplored, and when equipment limitations are 
overcome, this technique could prove useful, particularly with diffusable preservatives.

L a s e r  I n c i s i n g

Industrial application of laser technology has expanded dramati
cally, during the past decade. It is therefore not surprising 
that its application to incising of wood has received attention. 
Obvious advantages of the technique include low maintenance 
requirements since there is no contact with the timber. In 
addition incisions are unaffected by wood density, and so could be 
made equally well in any Canadian wood. The principal disad
vantages of the technique are, firstly the limited laser power 
currently available in commercial equipment, and secondly the cost 
of the equipment, which is likely to be more than $400,000. The 
lack of laser power results in a relatively small number of beams 
which may be produced (by beam splitting) from the primary source 
at one time. Consequently, in order to produce the large number of 
incisions necessary to improve the treatment of spruce, either the 
laser beams or the timber must be moved laterally as well longi
tudinally. This additional movement seriously slows the through
put, and results in a rate of only ca. 5 to 8 m/min. which is too 
slow to be commercially viable. Current research in the use of 
lasers had therefore focussed on the production of slit incisions. 
In this way fewer incisions are required, and the speed approaches 
an acceptable level. In addition, because there is no contact 
with the wood surface, it is possible for the incisions to be made 
at an angle to the grain direction, thus improving the penetration 
attainable. A similar approach is not possible with the ring
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incisors because the mechanical strain on the relatively thin 
teeth results in deformation and increased breakage of the teeth. 
Because the fibre damage is limited by the well focussed beam, the 
loss in strength is much less than that produced by the old-style 
conventional ring incisors. A minor disadvantage of the technique 
is the burn mark associated with the incision. This may of course 
be easily removed by planing the surface after incising and before preservative treatment.
Despite the current limitations outlined above, laser incising 
remains an attractive prospect, and should the laser power be 
substantially increased, it would certainly have vhe potential to 
produce the close spaced incising patterns necessary for the treatment of spruce.

M e c h a n ic a l  i n c i s i n g

a) Needle incising

Perhaps one of the most significant developments in novel ap
proaches to incising has been the development of needle incising. 
Certainly, while the thin toothed ring incisors have dramatically 
improved the surface quality of the treated product, they are 
still unable to match that attainable with needle incising.
Developed by PHB Weserhutte in West Germany, and tested and 
modified by J.K. Benker KG, it has undergone a prolonged testing 
program. The principal disadvantages of the current machine are a 
slow throughput and a limited needle life. The latter is overcome 
to some extent by the ease of replacement and low cost of the 
needles. Nevertheless, the current life of ca. 100,000 incisions 
is regarded as inadequate. A life of one million incisions would 
allow the machine to operate continuously for more than 9000 
linear meters of spruce, before the needles would require to be 
changed. Current research is therefore focussed in Germany on 
improving both the needle life and the throughput. It is intended 
that the latter should be more comparable to those used with 
conventional incisors. The improved needle life should be at
tainable through the use of more appropriate steel. Very little 
research was done on this aspect during the development of the 
prototype, and subsequent investigations were seriously hampered 
by the lack of support and interest by the metal industry.
A third limitation of the original prototype was its ability to 
incise only one face of the lumber at a time. This should be 
relatively easy to overcome, but does require additionally rework
ing of the machine. An alternative approach which would prove
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most useful for dimensional lumber and siding where only one high 
quality face is required for appearance purposes, would be to 
needle incise one face and conventionally incise the remaining 
three faces. Such a strategy is used in plywood industry to make 
the product more economical to produce. If applied to needle 
incising it would significantly improve the throughput, par
ticularly for a machine having multiple needle platens, since 
several pieces of lumber could be incised simultaneously.
Current estimates of the throughput for the first prototype are 10 
to 15 m/min, including the downtime to replace needles. This will 
be improved in the next version. The estimated cost of the multiple head machine is $80,000 to $100,000.

b) Conventional ring-type incisors.

Following the development of the thin toothed ring type incisor by 
Toberg (1979) further modification in North America, has been 
restricted largely to variation in the shape of the tooth and 
longitudinal spacing of the teeth on the rings, with one notable 
exception. The development of the clean ring concept by Silcox 
(1987) provided a significant improvement to the incisor opera
tion, by eliminating the downtime required to removed wood fibre 
lodged between the rings of teeth. In addition, it has improved 
the quality of the incising by eliminating the need for ultra-high 
roller pressures to overcome the resistance caused by lodged 
material and ensure adequate penetration of the incisor tooth. 
The use of the high pressures often resulted in surface degrade, 
(known as "dimpling") which also caused increased loss in streng
th. The widespread acceptance of the clean ring concept has confirmed its value to the industry.
In the original roller type incisors designed for use with heavy 
Douglas-fir timbers, surface appearance and loss in strength were 
not considered to be important. In any case, the relatively small 
number of incisions were unlikely to cause substantial strength 
reductions in large timbers. These factors now have become of 
prime importance. The large number of incisions required to 
ensure adequate treatment of refractory species such as spruce, 
will cause unacceptably large strength losses unless thin sharp 
teeth are used. These minimize the strength loss because they 
separate the fibers during the incising process and cause less 
tearing of the fibre. While this inevitably will lead to a 
reduction in the volume of wood associated with each incision 
which is penetrated by the preservative, the fibers adjacent to 
the incision in this case retain their integrity, and hence their 
strength. In addition any reduction in the movement of the 
preservative into the wood adjacent to the incision is minor.
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Thus the use of sharp teeth (or needles) will substantially reduce 
strength losses associated with incising, (Ruddick, 1987b, Keith 
and Chauret 1988). Assessment of the ratio of the damaged area to 
the degree of preservative penetration clearly showed the super
iority of the needle incision over that produced by the conven
tional thick toothed incisor. (Presumably this superiority would be equally applicable to the thin sharp toothed incisors).
The development of ring-type incisors with sharpened teeth has 
been possible because of improved metals and machining capabilit
ies. Incisor rings cut with the aid of lasers programmed by 
computer, allow the tooth design to be carefully controlled. In 
addition, saw technology has improved material processing, result
ing in superior tooth life and less machine downtime. The recent 
incisor development reported by De Lissa (1987) utilizes this ap
proach, with ’razor sharp’ teeth mounted on small (12.7 cm) 
diameter rollers. The 10 mm long teeth have a smooth surface, and 
are canted to improve their performance. They also have a rounded 
tip. The rings are manufactured from high tensile steel which is ’case hardened' for improved durability.
The incisor developed by Silcox (1987) also employs sharp teeth. 
In this case the 10 mm long teeth are trapezoid in shape with a 
bevelled cutting edge. The leading and trailing edges, as well as 
the truncated tip, are all sharpened. These rings have a diameter 
of almost 22 cm. and are fitted with 16 teeth. Unlike the De Lissa incisor, the teeth are not canted.
The desire to improve the preservative penetration in refractory 
timber is not confined to North America. In Europe and Japan, 
research aimed at improving the quality of treatment of woods such 
as spruce, has focussed on incisor development. Increasing 
attention is being given to the shape, size and degree of sharp
ness of the teeth. (Kropf 1987b) described the development of a 
timber incisor in West Germany, by the Schiele Company. In 1971, 
the incisors were similar to those used in North America, with 
blunt teeth which produced 6 mm deep incisions. The first im
provements were to sharpen the tip, or to produce a canted tooth 
so that the incisor ring resembled a circular saw blade. The 
depth of the incision remained relatively shallow at 3 to 5 mm.
As a consequence of input from the Western European Institute of 
Wood Preservation (WEI), the incisor was further modified. The 
teeth^ returned to being blunt, since it was believed that for 
incising to be effective, the wood fibers must be cut to produce 
end grain. They were also canted. The depth of the incision was increased to 10 mm.
A study was made of the relative effectiveness of blunt and sharp 
teeth. It was concluded (Kropf 1987b) that the two types of teeth
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produced equivalent, improvements in preservative penetration. 
However, the sharpened tip markedly reduced the force necessary to 
produced 10 mm depth incisions. In addition the length of the 
tooth was reduced, since longer incisions caused greater strength 
reductions, and in glue laminated beams utilized more adhesive. 
The length of the tooth was reduced from 10 mm to 5 mm, but this 
was too drastic a reduction, as the durability of the teeth 
suffered and they began to break off during use. The principal 
cause of the tooth breakage was the frequent deflection produced 
when incising latewood inclined at an angle to the vertical. 
Research continues to develop an incisor with thin teeth for 
processing lumber to be used by the glue laminating industry.
Several companies in Japan have also been researching design 
improvements for incisors. Professor Nunomura and his co-workers 
at Hokkaido Tokai University, have examined the strength reduction 
associated with incising in Japanese larch (Nunomura et. al. 1982) 
and Douglas-fir (Nunomura and Saito, 1983). When 3,300 incisions 
per square meter were used no effect on the strength could be 
detected, but doubling the number of incisions resulted in a ca. 
10 percent strength loss. These researchers also examined the 
effect of tooth width, but could not detect any reduction in 
strength when the thickness was increased from 2.5, 3.8 and 4 mm. In all cases the depth of the incision was 10 mm.
Kashiwasaki in 1987 reviewed recent developments in the design of 
incisors in Japan. It was stated that in studies of the influence 
of the tooth profile on improvements in preservative penetration, 
chisel-type teeth were more effective than either sharpened teeth 
or needles, but the difference ’was not great’. The chisel-type 
teeth produced unacceptable surface degrade, and were therefore not used in Japan.

Inflwence of the Incising P a t t e r n  on t h e  P r e s e r v a t i v e  t r e a t m e n t

A large number of studies have been reported on the influence of 
the incising pattern on the preservative penetration in spruce 
sawnwood. It should therefore be possible to compile an accurate 
profile of the pattern characteristics required to successfully treat spruce.
In the early work described by Banks in 1973, and also reported to 
the International Research Group in Wood Preservation by Morgan 
(1972) the heartwood of both Norway spruce (Picea abies) and Sitka 
spruce (Picea sitchensis) could successfully be treated with CCA, 
after^ incising with the pattern shown in figure 1. The lon
gitudinal separation of the 1 mm wide incisions was 28 mm, and the 
lines of staggered incisions were 3 mm apart. Each 8 mm long
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incision penetrated 8 mm from the surface. Inspection of the 
illustrations showed that an integral shell of treated wood had 
been formed in almost all cases. These results would imply that 
in these two spruces, a longitudinal movement of the CCA of 14 mm 
and a lateral diffusion of 1.5 mm can be anticipated, and the 
incising pattern described above is adequate, (Table 1).
Several experiments involving the CCA treatment of incised Canad
ian^ spruce have been reported. Ruddick in 1986 compared the 
efficiency of a conventional incising pattern in commercial use at 
that time, with the incising pattern produced by the needle 
incisor, for the treatment of western white spruce. The incisions 
in the conventional staggered pattern (Figure 2) were separated 
longitudinally by 31 mm and laterally by 14 mm. The closest 
spacing achieved by adjacent ranks of incisions was 5 mm. The 
needle incisor produced incisions with a longitudinal separation 
of 72 mm and a lateral separation of 9 mm, (Figure 3). Adjacent 
ranks of incisions in this case were separated by only 1 mm. The 
conventional incisor produced slits 14 mm long, while the hole 
produced by the needle incisor was extremely small (and after 
treatment could not be detected). The results of CCA treatment 
showed that the longitudinal penetration of the CCA ranged from 15 
to 20 mm. Consequently, although much of the lumber as well 
treated, the needle incision density of 13,888 per square meter 
was insufficient to achieve consistently good results. The 
conventional incising pattern was even less successful, confirming 
the need to improve the pattern. This has since been done by the 
industry, and the recent results described later will confirm the 
improvement in the treatments achieved. This study suggested that 
in western white spruce, the longitudinal separation of the 
incisions should be ca. 30 mm in order to achieve an integral shell of treated wood, (table 1).
A second study comparing needle and conventional incising of 
spruce was reported by Ruddick in which both eastern black and 
western white spruce were evaluated (Ruddick 1987b). The commer
cial conventional pattern and one of the needle incising patterns, 
was identical to that used in the first study. The second needle 
pattern had double the number of incisions, which reduced the 
longitudinal separation from 72 mm to 36 mm. As expected the 
higher incision density improved the preservative treatment 
substantially. At a 5 mm sampling depth, the percent of CCA 
treated wood in both the eastern black spruce and the western 
white spruce exceeded 90 percent, while ACA treatments achieved 
100 percent penetration at this sampling depth (table 2). Assess
ment of the fibre damage resulting from the needle and convention
al incising processes showed that the needles damaged 3 mm3 while 
the conventional roller machine damaged 140 mm3. Thus much of the 
treated wood associated with the conventional incision while being 
well treated had no strength. (As indicated earlier, this problem
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has since been overcome through the use of thin bladed, sharpened 
teeth). Examination of the CCA penetration from the needle 
incisions allowed a further refinement of the parameters required 
to ensure successful treatment of these spruces. The longitudinal 
distance between incisions was reduced to ca. 24 mm, while the lateral spacing remained at 1 to 1.5 mm. (table 1).
A second study on eastern black spruce using a carbon dioxide 
laser, operating with 125 watt of continuous power, at a wavelen
gth of 10.6 microns and a duration of 0.03 seconds, has been 
reported, (Ruddick 1987a). The pattern was essentially the same 
as that shown in figure 2, although longitudinal separations of 
24, 36 and 72 mm were used. Planning the surface of the CCA-tre- 
ated lumber to a depth of 4 mm showed that the longitudinal 
movement of the preservative from the incision was limited to 10 
to 15 mm. In addition it was noted that wood containing angular 
grain distorted the penetration pattern, causing areas of poorly 
treated wood to occur. It was concluded from this investigation 
that the maximum longitudinal separation of incisions separation of incisions should be 24 mm in this wood species (table 1).
In completing this review of the influence of the incising pattern 
on the CCA preservative penetration in spruce lumber, data from 
four other studies was compiled. An investigation of the treat
ment of incised eastern spruce using a staggered incising pattern 
produced by a thin toothed roller-type machine, showed that in 
order_an_integral shell of treated wood to be formed, the 10 mm 
long incisions should be separated by no more than ca. 25 mm. The 
lateral spacing was recommended to be limited to 1.4 mm. (Cooper 
and Dollimore, 1987). Western white spruce appears to be less 
refractory based upon the treatment information provided by De 
Lissa (1987), who reported that lumber incised with a lateral 
off-set diamond pattern, having a longitudinal separation of 30 mm 
and a lateral spacing of 8 mm could be successfully treated. The 
lateral separation between adjacent ranks of incisions was 2.4 mm. 
Thus preservative penetration along the grain of 15 mm is being achieved.
In 1987, Nakamura and Nishimoto studied the movement of CCA in 
incised lumber of a number of wood species, including spruce 
sapwood. They cut grooves into the surface of flat sawn boards to 
a depth of 10 mm, and measured tlie penetration from the saw cut at 
various depths. At 2 mm from the surface, the CCA movement was 
reported to be 46 mm (longitudinal) and 3.5 mm lateral, while 
nearer to the limit of the depth at 10 mm, the movement was found 
to be 22 mm (longitudinal) and 2.0 mm lateral, (table 1).
Kashiwasaki (1987), discussed the penetration achieved by pressure 
treatment of several wood species, using CCA-type B. He showed 
that in spruce the longitudinal and lateral penetrations were 20
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mm and 2 mm, so that incision spacings of 40 mm (longitudinal) and 
3-4 mm (lateral) should be effective, (table 1).
The results of all the studies are compiled in table 1. It may be 
concluded from this data, that a successful incising pattern must 
have a longitudinal separation of the incisions of no more than 20 
to 25 mm, with a lateral separation of 1.5 to 2.0 mm, if an 
integral shell of treated wood is to be produced consistently. 
While less intensive patterns will be successful for spruce from 
some sources, the variability in the permeability is such, that 
the limiting parameters identified above will be required to 
ensure the quality of treatment from a wide range of sources.

I n f l u e n c e  o f  I n c i s i n g  o n  P r e s e r v a t i v e  R e t e n t io n  and C o m p o s it io n

The majority of the research on the effectiveness of incising has 
concentrated on identifying whether an integral shell of treated 
wood is formed. Very few studies have examined the variation in 
the preservative retention at increasing distances from the 
incision. Clearly while one would anticipate very high concentra
tions associated with the fibers immediately adjacent to the 
incision, the movement of the various components in CCA and ACA 

differ. Thus at 20 or 30 mm distance the composition and 
retention of the CCA or ACA may differ markedly from that usually found in easy to treat wood species.
Nakamura and Nishimoto (1988) have reported the variation in the 
distribution of CCA as it diffuses away from an incision. They 
used CCA-type B and a full cell process (980 kPa), to impregnate 
spruce heartwood boards. A incision made laterally across the 
face of the board, was 12 mm long and penetrated to a depth of 12 
mm. The boards were sampled at various distances from the in
cision for both preservative retention and composition. As may be 
anticipated the CCA retention decreased markedly with increasing 
distance from incision (figure 4). The maximum distance that the 
CCA retention met the minimum value in the Japanese Industry 
Standard. (JIS-K-1554, 1985) was examined for each of the wood 
species. For Hinoki (Chamaecyparis obtusa) this limit was more 
than 200 mm from the incision. Western hemlock (Tsuga heterophy- 
11a) also gave excellent penetrations, with a limiting penetration (with the minimum retention) of 145 mm.
Fox' spruce it was difficult to attain the minimum retention at 
even 5 mm. The three CCA components showed similarly poor dif
fusion rates, with ax'senic possibly penetrating slightly more 
effectively than chi'omium or copper. Nevertheless, at 5 mm the 
CCA retention was only 1.3 kg/m3 and at 25 mm distance this had been reduced to 0.9 kg/m3 .
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At 85 mm the retention had fallen to 0.3 kg/m3. The ground 
contact retention for CCA in Canada for lumber (if approved) would be 6.4 kg/m3.
As anticipated, the percent composition varies slightly with 
arsenic showing better movement, (figure 5). Thus, provided 
sufficient preservative can be introduced into the wood, it is 
likely that the composition would conform to that found to be effective in field tests.
In a second part to this study, Nakamura and Nishimoto examined 
the effectiveness of the pz-eservative against two wood destroying 
fungi, Tyromyces palustris Hurra and Coriolus versicolor (Fr.). 
Tney examined the anti-aecay effectiveness" by assessing the 
percent of the cross-sectional area that needed to be treated in 
ozdez foz the decay to be controlled. The l-esults shown in table 
o, indicate that 80-95% of the cross-section must be penetrated 
for the decay to be controlled. (The extent of decay was based 
upon a weight loss assessment). The authors also concluded that 
minimum copper (as CuO) and CCA retentions of 0.5-0.7 kg/m3 and 
2.7-3.5 kg/m3 must be maintained throughout the treated area for 
the wood to be protected. As can be seen from the figure 4 this 
would not be achieved in spruce in this study. It is possible 
that a close spaced incising pattei'n could achieve those condi
tions, but further work is necessary to confirm this.

Future Research Considerations

Technical improvements in incising have brought the consistent 
treatment of Canadian spruce to acceptable standards, within 
reach. However, additional research is needed to ensure that the 
preservative distribution is able to provide both an integral 
shell of treated wood, and an even distribution of the preserva
tive components. Further, other factors are thought to possibly 
limit acceptance of treated spruce (Ruddick, 1987c). These 
include, for example: the "washboard effect" in which the weaker 
early wood shows signs of surface collapse following standard 
treatment and either air or kiln drying; the degree of checking 
which occurs in spruce sawnwood and round wood; lack of dimen
sional stability in treated products; and poor colour retention 
when treated with coloured CCA treatments. More fungal cellar and 
field testing (Gjovik, 1983) is required to determine the in
fluence of  ̂preservative penetration and distribution upon perfor
mance, particularly for products where dimensional stability is 
critical. It does appear that incising can, in addition to 
improving treatment, also contribute to significantly reducing the 
formation of deep checks, and may also reduce distortion of
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treated spruce in service. By improving the preservative dis
tribution, incising may allow alternative pressure processes to be used to eliminate the "washboard effect".
Performance data on incised preservative treated products will be 
essential if spruce if to gain market acceptance. Incising 
therefore has a key role to play in developing the full potential of the Canadian spruce resource.

gfins-luslcns

While_ spruce is refractory to preservative treatments, modern 
incising technology has brought its successful treatment within 
reach. However research must still be done to further improve the 
process to produce close-spaced, staggered incising patterns which 
ensure that ^all spruce can be routinely treated. Other factors 
such as the washboard effect", colour retention and checking must 
also be researched before a quality spruce product can be assured.
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TABLE 1
Incising Parameters Required to Successfully Treat Spruce

Spruce
Species Longitudinal*

Separation
(mm)

Lateral
Separation(mm)

Incision 
Density/Type (per m2 )

Reference

Norway 28 3 • Staggered Banks (1973)
Sitka 28 3 ■ Staggered Banks (1973)
Western white 30 1 28,000 Needle Ruddick (1986)
Eastern black 24 1 28,000 Laser Ruddick (1987a)
Western white 24 1.5 40,000 Needle Ruddick (1987b)
Eastern black 24 1 40,000 Needle Ruddick (1987b)
Spruce 25 1.4 Staggered Cooper and 

Dollimore (1987)Western white 30 2.4 - Offset 
diamond De Lissa (1987)

Spruce 40 3-4 - Kashiwasaki (1987)
Spruce 44 3-4 - Nakamura and 

Nishimoto (1987)

* Longitudinal 
penetration separation is calculated by from end incisions. doubling the longitudinal
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TABLE 2

Treatment of Needle and Conventionally Incised Spruce

Wood Species CCA (%) 
Needle Treated Wood 

Conventional
ACA (%) 

Needle
Treated Wood 
Conventional

Eastern black 
spruce 74 38 100 93

Western white 
spruce 66 68 100 100

Lodgepole pine 
(Cranbrook) 49 37 88 92

Jack pine 84 64 92 88

TABLE 3
Percent of Area Penetrated on Cross-Sections and retention of 
CCA-Type B Components required to Prevent Decay by the two

Test Fungi

Fungi Wood Species Penetration Cr03 CuO As205 Total
area (%) kg/m3 kg/m3 kg/m3 kg/m3

Tyromyces Hinoki 30 0.22 0.12 0. 45 0. 86palustris Western Hemlock 88 0.92 0.54 1.01 2.47Douglas-fir 80 1.01 0.51 1.18 2.70Spruce Control Not Achieved

Coriolus Hinoki 40 0.43 0. 30 0.67 1.40versicolor Western Hemlock 95 1.02 0.60 1.12 2.74Douglas-fir 95 1.20 0.59 1.38 3.17Spruce Control Not Achieved
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Discussions

M. Hollick: I might, for the record, point out, in so far as the 
cleaning concept for incising is concerned, that the successor 
company of L&M has, in fact, recently patented a new toothpick 
concept which is also extremely effective.
J.N.R. Ruddick: You will find in my manuscript that I do mention 
several alternatives including the toothpick and the use of combs. 
The Europeans have several patents in this area as well. In a 
limited time available, I preferred to talk about Canadian developments .
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HQRTH AMERICAN TREATED LUMBER DEMAND 

AND A POSSIBLE MARKET OPPORTUNITY FOR SPRUCE

by
J.K. Meil, Business Economist, Forintek Canada Corp.

800 Montreal Road, Ottawa, K1G 3Z5
and

A *eskey, Chief Industry and Timber, Canadian Forestry Service 
351 Boul. St-Joseph, Hull, Quebec, K1A 1G5

PART I

Abstract

Since 1978, North American treated lumber demand has increased by 
more than three-fold and is currently about 6.7 billion board feet 
annually. The major end-use markets for treated lumber are 
residential decks and fences. The use of lower price SPF lumber 
affords Canadian treaters a potential input cost advantage over 
U.S. southern yellow pine when competing for a share of Northern 
U.S. regional markets. Whether Canadian treaters can produce a 
SPF product of the right quality and successfully cultivate the U.S. market remains to be seen.

Market trends

Since 1978 the North American treated lumber market has grown over 
three-fold (panel 1). The Canadian market itself has grown at a 
compound annual rate of 15%. Similarly, the U.S. market has grown 
at a 14% annual rate. Presently, it is estimated that the U.S. 
market is approximately 12 to 13 times the size of the Canadian 
market. Besides this impressive growth, it is also worth noting 
that treated lumber demand continued to grow during the 1981/82 
recession, indicating that treated lumber demand was relatively 
insensitive to the high interest rates which characterised the 
recession. Two obvious questions regarding the market’s future 
come to mind: (1) can the 15% market growth rate be sustained; and 
(2), will treated lumber demand remain insensitive to interest rates?
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In my opinion, the answer is no on both counts. First, markets 
will approach saturation. That is, traditional markets will grow 
more slowly and new product markets, while perhaps growing rapidly 
themselves, will not be able to push up total market demand at 
historic rates. Second, treated lumber is maturing as a product 
and may be heading for commodity status, and as we all know mature 
products are subject to large demand slowdowns during a recession. 
By observing treated lumber demand during the next recession we 
will be able to characterize treated lumber's position on the 
product life-cycle curve and hence, the competitive aspects that 
will dominate the product’s immediate future.

Market Growth Segments

What market segments are responsible for the phenomenal growth in 
treated lumber demand during the 80’s? In the early 1970’s PWF 
(Preserved Wood Foundations) and AWWF (All Weather Wood Founda
tions) in the U.S. were touted as large growth segments for 
treated lumber. This expectation has not been realized (panel 2). 
During the last 10 years lumber treated to PWF/AWWF standards has 
grown only marginally and has remained relatively flat for the 
last five years while the total market for treated lumber has 
grown substantially. Three factors cloud the future of PWF’s:

The long-term performance of treated lumber and 
plywood is still relatively unknown.
PWF’s challenge "traditional” values and its cost 
savings advantage is small in relation to the total cost of a home.
The PWF has not received enough marketing effort 
which needs to be substantial to get developers 
interested in selling it to both municipalities and the public.

So what are these other end-uses for treated lumber which explains 
the market’s grow’th? Canadian end-use information is generally 
unavailable, but in the U.S. consumer demand, via residential 
remodeling and repair, is the largest market segment contributing 
to the product’s growth (panel 3). It is believed that the 
Canadian market parallels the U.S. market in this respect.
Increased leisure time has brought with it a return to outdoor 
living. Hence, wooden decks (which increase ground floor living 
space) are attractive to many consumers and are being constructed 
as do-it-yourself projects. The movement towards smaller, nar
rower urban lots has also created a large demand for fences to 
keep these deck areas private. Decks and fencing are the two 
major treated lumber end-uses that explain past market growth,
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especially during the last recession.
During the last recession remodeling and repair expenditures 
actually increased. Here we had a situation where homeowners who 
wished to trade-up were stifled by high interest rates. Instead 
they renovated to both satisfy their immediate desires and in
crease the market value of their homes, which made future trading- 
up more affordable. A survey of U.S. homeowners indicates the 
perceived return on investment when undertaking a number of home 
improvement projects (panel 4). As is evident, exterior and 
outdoor projects (deck's and fences) rank a close second to bath
room renovations. These large perceived returns underscore our 
observations regarding investment to increase home equity, the 
effects of increased leisure time and a return to outdoor living.

Growth Opportunities for Treated Snruce Lumber

Before pursuing the opportunities for treated spruce it is best 
that we set out what the impetus for treating spruce is in the 
first place. I see the proper treating of spruce as having three advantages :

It increases the available lumber volume for treatment here in Canada.
It moves treated spruce closer to treated pine in 
terms of treatment/product quality.
It allows the use of lower cost SPF lumber.

The bottom line here is a new capability for treaters to secure 
and offer more product of a consistent quality at a lower price.
Now I know much of the industry is already treating SPF. However, 
present^ treatment methods in tandem with SPF use may well backfire 
on the industry in time if the product is viewed to be of inferior 
quality in the market place. Premature spruce failure will not 
only reflect poorly on spruce but on all treated lumber, since the 
consumer doesn’t know one bad apple from another. So higher, 
consistent product quality should be enough of a motivator for 
industry to adopt better spruce treatment right now. Otherwise 
the industry stands to lose the quality conscious do-it-yourselfer to cedar.
Combined spruce and SPF shipments in 1985 were some 40 times 
higher than domestic treated lumber demand (panel 5). So given 
the size of the Canadian treated lumber market and the availabil
ity of spruce lumber in Canada, especially in light of future 
declining housing starts, simple arithmetic suggests export 
markets. But where are these export opportunities for a Canadian
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spruce product?
Looking at the U.S. we see that both the N. Central and N. East 
regions are large net importers of treated lumber (panel 6). Rel
ative to the Canadian market these import volumes are twice that 
of the Canadian market. The south with its southern yellow pine 
(SYP) specie is the dominant supplier to these two regions and 
represents the competition for a treated SPF product.
As here in Canada, price will be an important competitive tool for 
gaining market share in these two export markets. Presently, over 
55% of all SYP lumber is treated while SPF remains largely un
treated and is used primarily for residential construction fram
ing. Hence, SPF demand is tied more closely to housing starts, 
and its price fluctuates more, than SYP in the event of a decline in housing starts.
For example, in peak housing periods such as experienced in 1978, 
both untreated SPF and SYP of similar grades traded at comparable 
prices (panel 7). In 1978, the price ratio between SPF and SYP 
was .94 which means the price of SPF was 94% that of SYP. But as 
housing starts fell, the price of SPF decreased more rapidly than 
that of SYP, which subsequently lowered the price ratio between 
the two products. The addition of new SPF production capacity 
limited SPF returning to pre-recession price levels in spite of 
the rebound in housing starts. At present, SPF prices are only 
75% to 80% that of SYP. This substantial price differential 
between the two untreated products is expected to remain steady or 
widen further as housing starts in the 1990’s drop to 1960 levels of 1.5 million units.
So even with a 15% export tax to the U.S., a treated SPF product 
would still have a significant price advantage, which could serve 
as the initial impetus for northern U.S. consumers switching to a 
treated SPF product from SYP. The remaining question is whether 
Canadian treaters can produce a SPF product of the right quality 
(retention, penetration, product appearance and performance) for 
the U.S. market. This is the major question industry participants 
have to answer before cultivating the U.S. market.
To conclude, I am going to speculate on how I think the treated 
lumber market in the 90’s will differ from that experienced during 
the 80’s (panel 8). I think it safe to say that slower market 
growth is in store for the industry. Right now U.S. market demand 
is concentrating in the 0.4 retention level product and if the 
quality assurance program gets off the ground here in Canada we 
will see North American treated lumber products become more 
standardized; making substitution and exports a possibility. New 
technologies are going to afford more specie competition which 
will add to the production capacity of the industry. And finally, 
as the market slows and competition grows marketing and product 
quality will become that much more important in the 90’s as product differentiation tools.
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PART II

Abstract

The challenges facing preserved spruce wood products are reviewed, 
their advantages and disadvantages discussed and potential market 
opportunities outlined. The paper outlines an approach that could 
be used to realize some of the potential market opportunities of 
treated spruce. Special emphasis is placed on marketing the 
product through market development strategies in the areas of a) 
import substitution, b) domestic market expansion and c) develop
ing export markets. It is further emphasized that all market 
development must be based on quality control and quality assurance of the product.

Introduction

In recent years it has become possible to preserve spruce lumber 
and timber to industry standards. However, spruce is still a 
difficult species to pressure treat and requires incising or other 
special procedures to obtain the required chemical penetration and 
retention levels. Significant progress has been made in this area 
recently, as we have heard today, and more is expected in the 
future. New incising technology, treating regimes and chemical 
formulations are anticipated to hold significant promise for the future use of spruce.
As far as the availability of spruce in Canada is concerned there 
is a sufficient supply of spruce wood and the spruce-pine-fir 
(SPF) category for the foreseeable future. An analysis of 
existing inventory data and current usage of this type of wood for 
preservation purposes indicates a large surplus both now and in the future.
There is still much to be accomplished. Preserved spruce wood 
products of the future need to retain the desirable properties of 
untreated spruce. They should also equal if not exceed the 'life 
in service’ periods of pine and similar species and be available 
for lower prices than competitive products.
If we want to make preserved spruce wood products the success 
story of the 90s that preserved southern yellow pine (SYP) has 
been in the 80s then we have to focus clearly on the job at hand.
This entails determining what the potential market opportunities 
are for preserved spruce over the next two decades. Among other things it includes doing the following:
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O defining potential market opportunities 
° investigating each one
0 assessing each opportunity and selecting those 
which meet your criteria 

0 developing an action plan with specific time targets
ensuring that a marketing strategy is an 
integral part of the action plan adopted 
building your marketing strategy on the 
cornerstones of quality control, product 
integrity, and consumer recognition

In the final section of this paper I will outline an approach 
which I hope will be useful in initiating discussion on this very interesting and challenging subject.

Ass-essinfi the Challenges Facing Preserved Spruce Wood

The many challenges facing preserved spruce wood products can be 
generally grouped into two areas. They are technical and economic. 
The question of availability of spruce wood is not a problem. As 
indicated in my presentation on the spruce resource, thex-e is 
enough spruce to more than meet the demands likely to be made by the preservation industry.
In the technical field the challenge boils down to being able to 
produce a spruce wood product that will last in service for up to 
60 years or more, depending on the specific application. This 
must be able to be achieved either in soil contact or exposed to 
weather in a horizontal, inclined or vertical plane. At the same 
time this product should keep the desirable properties of un
treated spruce such as its light weight and ease of nailing. The 
retention of its light natural colour would be a bonus.
As well as keeping the desirable properties of spruce it would be 
nice if preservation would ameliorate some of spruce wood's less 
desirable traits. A reduction in warping, bowing, twisting, 
surface hardening and brittleness resulting from some chemical 
treatments and splitting and surface slivering would be welcome. 
Improvements in painting and staining properties, because of the 
preserving process, would be a definite advantage. No doubt this list could be extended.
Another technical challenge is to develop treating procedures that 
will ensure the uniform distribution of the preserving chemicals 
throughout the wood product. This feature would overcome the 
problems associated with the exposure of untreated wood due to 
cutting, boring or other machining activities after treating.
The economic challenge concerns the cost-effective achievement of 
these technical objectives in a preserved spruce wood product.
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Product performance in conjunction with the final cost of the 
treated product in service is the bottom line. The goal should be 
to put preserved spruce wood on the market at a price lower than 
competitive wood products. This would provide a price advantage 
that would aid in expanding existing markets and opening up new ones.

AdyantaKes and Disadvantages of Canadian Spruce

A few words should be said about the inherent advantages of 
Canadian spruce both in its natural state and as a preserved wood 
product. In comparison to other wood species some of the advantages of spruce are described below.

Advantages :
Spruce is light weight both as a treated and 
untreated material in comparison to SYP.

° Spruce in its untreated state has a clean, light colour.
Spruce has very few knots which are usually tight 
and small. They present few problems in nailing 
and seldom cause failures due to large knotholes

0 Spruce has limited checking and splitting tendencies .
Spruce is the most inexpensive and plentiful tree species throughout Canada

° Spruce is strong enough for most applications in 
light construction and SPF is the industry standard .

0 Spruce is easy to saw, nail, drill, plane and 
work in general, even on a construction site 
Spruce has good consumer recognition and accep
tance as the framing material of choice in Canada for new housing

No doubt each of you could add to this list of advantages. In 
fairness though we need to note some of the disadvantages of spruce as well.

Disadvantages :
° Spruce suffers from gum pockets which bleed and 
stick things up, although pines and other resin
ous species have this problem as well.

° Spruce is weaker and deflects more easily than D. 
fir (a softwood renowned for its strength) placing it in the same league as SYP.

0 Spruce tends to twist and warp if not properly seasoned.
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What are the advantages and disadvantages of spruce in relation to 
other building materials such as concrete, stone, steel, aluminum and plastics?

Advantages :
0 Treated spruce is much lighter than steel or 
concrete. This can be a major advantage where a 
lot of hand labour is required.
Treated wood does not rust or crumble with age

0 Treated wood will give with frost and frozen soil 
and return to its original position unlike 
concrete, masonry, or stone in such uses as 
retaining walls, patios, walkways, or foundations .
Untreated spruce is known worldwide and dominates 
as the framing material of choice in the housing 
construction market in North America. It is also 
recognized in national building codes.

0 Spruce, like other woods, has a low coefficient 
of thermal expansion and is a good insulator for heat, sound and electricity.
Both treated and untreated spruce products 
require less energy to produce than other build- , ing products.
Wood is easy to use by unskilled people with just a hammer and saw.

Disadvantages :
° Wood swells and shrinks with changes in humidity 
Some chemicals in treated wood may corrode metal 
fasteners used in such things as trusses, etc.° Even treated wood will rot in time.

° Everyone knows that wood burns but what most 
people ignore is the fact that metals lose all 
their strength when they get hot and fail in 
service usually well before solid wood products. Just ask any fireman.

° Wood weathers but does not shrink like some plastics when exposed to sunlight.

Again, I am sure each of you could add to this list from your own 
experiences. The real goal then is to keep or enhance as many of 
spruce’s natural advantages as possible and through preservation 
get rid of as many of spruce's disadvantages as possible.

This brings us to the question "what should the Canadian wood 
treating industry do to meet the challenges and realize the 
potential opportunities of preserved wood in general and preserved 
Canadian spruce in particular?". Before the industry responds to
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this question it may be useful to discuss some of the considera
tions that should go into the answer. What are the opportunities 
for marketing preserved spruce wood? Can the technical treating 
problems be solved? Can an aggressive marketing strategy lead to 
an economically viable treating industry in Canadian spruce?

The resource availability question was covered in my previous 
paper. The technical feasibility of treating spruce has already 
been analyzed by several excellent presentations today. Let us 
now turn our attention to the question of how to determine the 
potential market opportunities for preserved spruce.

F u t u r e  M a rk e t  O p p o r t u n i t i e s

Potential market opportunities can be discussed under three 
general headings. These are a) import substitution b) domestic 
market expansion and c) foreign market development. Each of these will be discussed in turn.

Im port S u b s t i t u t i o n

One of the first potentials in expanding a domestic industry is to 
cut out imports. Preserved spruce could offset imports of treated 
wood from both the US and other countries should such products become a threat.

D o m e stic  M a rk e t  E x p a n s io n

Expanding the Canadian market centers around developing new 
applications for treated wood especially treated spruce wood 
products. The new applications could include using treated wood 
for utility trailers, farm implements, parking lot barriers, guard 
rails, floor decks in travel and house trailers, utility pole applications, etc.
It could also include substituting for other building products 
such as using treated wood rather than concrete or steel for 
foundations, wooden decks on grade instead of concrete or masonry 
blocks , wood siding instead of aluminum, vinyl, steel, or masonry 
products and new opportunities in roofing such as preserved wood shingles.
In order to achieve wider use of preserved wood in fencing and 
deck applications it is necessary to compete with cedar. To be 
competitive it should give two to three times the service life at 
less cost. It will also be essential to create quality control 
and quality assurance programs to ensure the credibility of the
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spruce product in the consumer’s mind.
It is also important to develop recognized product names and trade 
marks in the consumer’s mind in order to rid the marketplace of 
the fakes and the 'dippers and cheaters’. The use of product 
guarantees which include fi-ee replacement of any treated items 
that fail in service is an important feature for successful 
marketing. Successful advertising and promotion is essential to achieve the above.

Developing Export Markets

The third option for the Canadian industry is to develop export 
markets. This effort could use the many and varied experiences of 
other natural resource industries in Canada. Strategies that have 
been followed successfully by many agricultural product industri
es, forest product producers and mining businesses could certainly 
provide some useful models for the wood preservation industry to 
follow. When assessing export markets it seems that most people 
think of the US market as different from other export markets. This discussion tends to follow a similar format.
As anyone who has tried to establish an export market will tell 
you it is a difficult job, but it can be done and it has been 
done. Look at Japanese cars. To make it easier and improve the 
chances of success there are some general things that need to be 
considered. Because of the cost of developing a market analysis 
and initial contacts it is usually much safer for several small 
producers to band together as a single exporter. This can be done 
in many different ways. For example several companies could form a 
marketing company to develop foreign markets and handle export 
sales. This would avoid the duplication of expensive market 
research and product servicing. It could also have the advantage 
of hiring professional expertise to look after the special probl
ems associated with exports rather than each producer trying to do 
it in his spare time. Such an approach could also have tax 
advantages that producing companies do not have. In addition this 
type of company could obtain government assistance for export 
development that might not be available to the smaller and more 
fragmented efforts that a smaller individual company might mount.
Because the wood preservation industry is a relatively new in
dustry, except for the creosote and penta products, and is com
prised of small producers, a single company for exports would make 
a lot of sense. It could act as a lobby with both levels of 
senior governments and obtain assistance that small producers 
could not get on their own. Other organizational structures such 
as a marketing cooperative or a marketing association could also 
be^ used. However, a company with a profit motive, a single 
objective and a clear purpose to find export markets for the 
products of its shareholders could, in my opinion, have a better chance of success.
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One of the advantages of a single exporting company would be its 
ability to put together a large shipment of standardised quality 
product to meet an export opportunity by coordinating and collect
ing the products from a large number of its producers to fill such 
an order on short notice. Thus to begin the process of developing 
a foreign market_ development strategy it is useful to consider 
some of the criteria to obtain the best chance of success. These can include such things as:

0 Single export agency
° Quality guaranteed product.
° License the treating of Canadian Spruce in the 
foreign market using their cheaper labour

° Lobby governments for start-up assistance.
Do testing to ensure your products meet domestic 
and foreign building codes, market standards and requirements.

0 Do real market research to see what the foreign 
consumer really wants and then produce it.
Make a commitment to service what you sell and 
stand behind your product guarantee.
Make a long term committment to export marketing 
and each market you open up. It could mean 
supporting a losing effort for three to five 
years to establish a presence in a new market.

What does this mean for the Canadian wood preservation industry? 
It means that the industry must become informed, imaginative, and 
aggressive in promoting its products. To do this successfully it 
must study the competition. This includes the steel, aluminum, 
plastics and cement industries. After carefully analysing and 
understanding why these other industries do what they do, the wood 
preservation industry can develop a marketing strategy that really fits its situation.
It also entails obtaining the most up-to-date market information 
on preserved wood in Canada and other countries as well as product 
end uses. This fact finding should also cover the historical development of these products and their markets.
Wood treatment falls under the purview of the Pest Control Produ
cts Act. In addition, when preserved wood is used around lives
tock, greenhouses and food processing and handling areas, other 
data may need to be developed to satisfy relevant regulatory requirements.
In the beginning, the industry needs to adopt a mechanism of 
collecting information on the goals and objectives of its members 
in order to obtain a vision of the future for their industry that 
they can agree on and pursue. Such a mechanism is essential if a 
majority of the industry are to pool their ideas, invest in a new 
marketing agency and focus their energy on developing the preser-
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ved spruce wood industry.
Before going on to suggest how this might be done it may be useful 
to make a few observations on the structure of some of the com
petitive industries such as steel and cement. These industries 
are characterized by a very few, large or dominant firms that 
control the industry. Because of this it is relatively easy for 
them to collect fees or set aside funds to undertake research for 
product development or marketing. Similarly, they have little 
difficulty in policing their members to follow an agreed upon 
course of action. This is more difficult generally in the solid 
wood products area because of the relatively large number of small 
producers. However, it must be kept in mind when observing what 
the competition is doing to be careful not to misinterpret what 
they do and why they do it. This prudence is critical if this 
industry is to imitate only those activities of the competition 
which are appropriate for the wood preservation industry.

A S u g g e s t e d  A p p ro a ch  Tow ards R e a l i z i n g  P o t e n t i a l  M a rk e ts

The first step is to select a small group of two or three of your 
most imaginative and committed members to direct and coordinate 
the effort. This group of individuals needs to be able to com
municate with their members and at the same time direct a program 
of activities to identify potential market opportunities. This 
will require supervising consultants and dealing with various 
groups in industry and government both within Canada and interna
tionally. This group would have the primary responsibility to 
develop ideas, screen proposals and initiate activities. In order 
to keep industry members informed and to make use of their exten
sive knowledge this group needs a mechanism to solicit their 
opinions on a range of questions, feed back this information in a 
confidential format to the members and allow the membership to 
move towards a consensus on the course of action they want the 
industry to follow. Such mechanisms exist. They are often referred 
to as interactive surveys. Another name is a Delphi survey procedure.
Such a survey process could be conducted with the membership and 
other interested parties such as researchers, builders, government 
representatives, and do-it-yourselfers (DIYers). It is imperative 
to involve all members of the industry as much as possible in the 
establishment of goals and objectives for any plan of future 
action that will require their support. It is also vital to get 
the industry to focus on the needs and attitudes of the consumer 
as soon as possible. Only with a dedicated committment to serve 
the consumer can the industry hope to grow and prosper. Some sort 
of interactive and iterative mechanism is invaluable in fostering this attitude.
Once a mechanism to collect and synthesise the members’ opinions 
is selected it can be used to develop an action plan. For example
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the goals and objectives of the industry can be articulated and a 
plan of action to achieve them can be developed. One of the 
advantages of the Delphi technique is that it tends to encourage 
consensus building. This is vital when a group of independent- 
minded people are involved in developing a common course of action 
for the future. The goals and objectives developed can be refined and priorised.
A program of planning such as outlined above can also be used to 
factor in the opinions and contributions of government support 
groups as well as representatives from the chemical industry, 
architects, distributors, wholesalers, retailers ana end users 
such as DIYers. This can foster a supportive attitude among your 
clients when you want support for your market development initiatives .
An advantage of this approach is that it allows for the iden
tification of interests and talents within the group that would 
otherwise have gone unnoticed. Strategic questions can be answered 
as to which activities should be done and in what order. For 
example^ the following items are illustrative of what could be considered by the industry.

Explore the idea of setting up a marketing 
company that would be owned by the wood preser
vers. Its purpose would be to develop and
service foreign markets. It or another company 
could do market research, develop new products, 
advertise, operate quality assurance programs and 
conduct a host of other market development
activities such as work with government on trade promotion programs, etc.

° Conduct an indepth study of the SYP experience in 
the US to see if there are lessons that can be 
applied to the Canadian spruce situation.
Approach the market development and economic 
analysis groups in federal government departments 
such as the Canadian Forestry Service, External 
Affairs,Industry Trade and Commerce and others 
for assistance. Many provinces have trade 
promotion activities as well. It is important to 
be aware of what services your governments 
provide and to make them aware of your activities 
and requirements.

0 Promote the development of a preserved spruce 
wood product that is equal to or superior to any 
other preserved wood product and cheaper. Then 
advertise it, promote it and sell it.

Remember the consumer would like to buy a preserved spruce wood 
product that always looks like fresh cut spruce, is stable, will 
hold stain for 10 -15 years, and paint for 15-30 years, has the
treating chemical dispersed uniformally throughout and permanently 
fixed in place. Add to this the characteristics that it will
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resist, burning, rot, mildew or attack by insects, and is environ
mentally benign and non-toxic to humans and animals. Finally it 
should not split or sliver in applications involving livestock or 
food handling and should be noticeably cheaper than its nearest competitor.
A to u g h  t a s k  yo u  s a y ?  Y e s ,  b u t  i f  yo u  c a n  do t h i s ,  I  j u s t  m ig h t  
n o t  buy t h o s e  s t e e l  s t u d s  a f t e r  a l l .

D i s c u s s i o n s

£L— Atkinson : I would just like to know the mill locations where 
your SPF and Southern yellow pine pieces come from. SPF has been selling at higher prices that SYP.
is— : The quoted prices for SPF and SYP are FOB mill prices in 
E.C. and Southern U.S., respectively, for #2 and better 2” x 4" 
stock. Recently, the overheated housing market in Eastern Canada 
has pushed up ESPF prices and the seasonal fall off in treated 
lumber stock is just beginning to run its course. If you look at 
the price differentials over a whole year and back through time, the price differential is still present.
K_.— Knowling: We have 20 times more pine that we know what to do 
with now. I do not think there is a specification in the States 
today which allows treated spruce in the market.
J„;., Mei 1 : First, let me say that this 20 fold pine availability 
figure is questionable. When you look at shipments of species, as 
pure species there is only 3 times more pine lumber shipped in 
Canada than all the lumber treated in Canada. Lets not pretend 
that the treated lumber industry has a corner on the pine lumber 
market. Second, I think this seminar is testimony to the fact 
that there is a movement to look at spruce a little more careful
ly. Also the Southern Forest Products Association is lobbying 
very hard to keep spruce out of the U.S. market place for reasons 
which are purely self motivated. I think we are forgetting to ask 
the consumer what he wants. He wants a quality product at the cheapest price.
If the treated lumber market went totally over to spruce it would 
have very little effect on the price of SPF lumbei’ domestically.
I am not advocating spruce treatment for everyone in the industry.
I think there are going to be some firms that are going to be 
export oriented while there wil be others who will remain domestic 
market oriented. All I am saying is that there is an opportunity 
to expand our horizons and for those companies that are a little 
more dynamic and forward thinking, they may take up spruce treat
ment. I am not saying that this is the way you must go or other
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wise you will not be able to compete and you will have to close up shop.
K, Knowljng: My final comment is one of the poor treatment we have 
today. I saw one of the comments on your slide that there would 
be an increased number of treating plants in Canada. And I think 
one of the things is alot of the sawmillers have been kept out of 
the business because of the question of treating spruce. Do you 
see that if we get into a spruce market that the sawmillers in 
Canada will getinto the treating business? Will they see the ad
vantages in shipping South and therefore, create even more competition among out treating brother today?
i — Hei-l: If spruce develops into a viable market south of the
boarder you will see Canadian sawmillers enter the treated lumber 
business. However, after talking with a couple of sawmillers I am 
of the opinion that they are not really interested in the domestic 
market. They believe that lumber treatment offers a potential to 
diversify out of commodity SPF which is not the greatest market to 
be in the long-term. They are always looking for value-added 
opportunities and if this is a viable one, then sure they are goig to take it up.
•E-:— • I wanted to make sure that, when you export substrate to the United States, do not fall under any dilusions. You export 
substrate to the U.S.. It is as simple as that. You do not export 
technology. On a recent trip to Alabama, I was quoted $28.50 U.S. 
per thousand for treatment costs. So do not fall into the trap of 
thinking that you are going to send mass amounts of treated wood 
to the U.S. unless you enjoy a slight geographic advantage into 
some place like Buffalo or perhaps Murray in the Minneapolis. As 
soon as a SPF becomes acceptable in the U.S., every custom treater 
in the U.S. will buy it directly by the carload and will land it 
cheaper in Orlando than in Toronto. You wil have lost you technological edge.
J : Mei1 : Sure enough. However, the market can possibly develop
much like the SPF lumber market has already develped. We have 
producers in B.C. shipping untreated lumber all over the U.S., 
hence they are very competitive. Admittedly, there prices are 
lower because they want to maximize their competitive arena. I am 
not saying that margins are going to remain the same in export 
markets as in the domestic market. Right now, we are shipping a 
lot of SPF lumber south of the boarder. I do not see any dif
ference in shipping treated lumber south of the boarder, if the 
price and quality is right. Potentially, Canada can hit the U.S. 
treated lumber market as hard as it currently does the softwood lumber market in the U.S.
TL— Gardiner : Can we meet the treatment specifications for jack 
pine, red pine and any of the other pines without incising?
JL— H.prris : We can not meet the specification without incising any
of our Canadian species. Our spoecies require incising with the
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latest technology, and not only with the old type of incisors.
M- Ai,kj.nson: Regarding to the twisty studs Mr. Teskey mentionned, 
I think that all we need to solve that problem is to apply the 
National Building code as it is written. Regarding the treatment 
of spruce, I do not think that there is any difference in the 
costs of treating spruce and pine. However, LP22 in the U.S.A is 
designed in a manner that the material should resist termite 
attack and our material, as it is treated today, would be destroyed very quickly by these organims.
J.P. Hosli: Regarding the termite activity in Canada, I would like 
to mention that Forintek has started to develop data on the 
performance of treated wood. These tests include field test of sawn spruce material.
JL--Knowling: The comment I would like to make relative to the
market opprtunities for treated spruce is that we are not going to 
increase our markets by one board foot. Those markets exist today 
already. Even if we could treat spruce conveniently, all we would 
do is to substitute wood species. Therefore, we do not have to do 
everything that Alan has listed. However, I think that we have to 
have an open mind. I think that one advantage to the treating 
industry may be that there is one more product for the case that 
pine^ is used for other products and substituted by a cheaper 
species. I do not think that a successful treatment of spruce will increase our market.
— Teskey : Over the years, wood has lost position against other 

materials such as steel or plastics. I think that there could be 
opportunities here to defend preserved wood material in the sense 
that we should increase quality to satisfy the consumer and that 
we should be open minded for new avenues we can go after. I said 
in my paper that there is a process, a system to go through to achieve this.
¥_JLJL_^athur: I think this symposium pointed out that the spruce 
research and the market potentials are real. It is to the Canadian 
industry to accept the challenge and move ahead. I think that 
technical aspects can bring new opportunities because the market may be changing.

1 5 6



CONCLUDING REMARKS
by

J.p. Hosli
Rescarch Scicnt: si , Forintek Canada Co800 Mc-i.tra] Rond , Ottawa, Ont. KlG 3Z

157



LIST OF REGISTERED GUESTS

D.G. ANDERSON
HICKSON WORLD TIMBER LTR
WHELDON ROAD
CASTLEFORD
WEST YORKSHIRE
WF10 2JT
UNITED KINGDOM

F .A . COOPER
WOOF SCIENCE DEPARTMENT 
FACULTY OF FORESTRY 
UNIVERSITY OF TORONTO 
20.? COLLEGE STREET 
TORONTO ONTARIO 
MLS IAI

E. D. ARSENAULT 
AMINEX INC.
F. O. BOX LI74
pTT 7 ) 7 ?  7 >  A f A V

WA S 80S •? U.3.A.

J. CORNWALL 
MACMILLAN FLCEREL 
50 OAK STREET 
WESTON, ONTARIO MPN IS!

!4. ATKINSON
CHEAT WEST TIMBER I IMITER 
F.O. POX 2390 
THUNDER PAY ONTARIO 
P7B 5G5

R. do- LISSA
WESTERN WOCO' FFESEPV 2CO?5 ? IF AVE.
ALDERGROVE T:- C 
VOX IAO

7? TDprT'r 1̂7T:’?/ •>  y y - r

r,t.TTTMT r* a t *:• ^^ •*̂■>■0 ..-, i a.. . - i i ,i_ . j «*. *11 . * ...
*• /f ROVO',J H  r i - p x - t r i T n

r '.'')T>.TniT1 ^ T / ■'f r  ^rir.r.’nr.
[7 C p rn r

£ T)HVT TT1

FORINTEX CANADA CORF. 
800 MONTREAL ROAD
r s m r n  * n # r-« vt pt. »
R-- - I /x ft/. , ‘.i • . ; .x\ ^
K2C 225

T T? T">T% T T-. T—
V/ . i- . r-L. -. A
yr/-s T-.-pvy» r . /r-s r > r -r »•»/-.
i - •>- - L l \ >  L _. .
"  ̂r O /“« r-. * v-y rp fim-.r.'nm 
_ - ' x_ \JÏ i. ui i ; N L ».  ̂  ̂-j L  __• *
riTTSPURG, FA ill:s 
U . S . A .

F .A . FULFORR
^E'P'Tm rp T  »/TC77'rN f*nt~»•pi ̂  m t > • » s i  t i ■»

R.o. POX 1.7cc
T̂T?mT~,'r TV"» n * t rn a 7“' t

i i l  *0-'. -P
r -  i ~ \ T !-» ̂  r / - *

*. J . AO

■p ta t rn*_rp Ti-’iTirvr

TIMBER: SPECIALTIES LTR. 
CPI!A M:0CISCAUSA R C AR MI SSIS0A”0A ONTARIO 
LIN 1AC

m n * n T-, > rn n
. . i/i .
mr,r, \̂TmA mnn , m-rn,-,
- ‘-MOA iO J j ,i;.4R.C. BOX 2CG
A rirp/*vv’ onrp a -r
/, , - _Rs »Ji>' - vj 
T 7 t AvrulJv.

■' p CAMORON 
TIMBER SPECIALTIES LTD. 
C 51 IA MI SSI S CAUSA ROAT' 
MISS I CSA UG A ONT ARI r. 
L5N I AC

S. HANCOCK 
HANCOCK LUMBER 
? 5 JOHN DEX7CN PLANT 
MARKHAM ONTARIO
r r\ /■-< o n r )

I m i »_■ V' i L .

P. CASCONE
TEL WOOD TREATIKS
7447 BREN ROAR
MI SCICCAUSA, ONTARIOL4T 1H3

A. HOBBS
TAIGA FOREST PROD. 
320 EWER AVENUE 
NEW WESTMINSTER, 3.0 V3M 5EI
*! r o



MOLLICK
::3 BUILDING PRODUCT! 

2233 ARGENTIA ROAD
PM T  mt-1O v_' i. x i.K/ **■<"* C! T OP £ T7 * fsvrrn ADtari*»jOic *.'AU'üA OINi 1 Alw- S-'

E t powt'Op

TDD WOODTREATING LTD 7447 BREN ROAD 
MIGOIS3AUGA ONTADI0 L4T 1H3

D . K . 3 f l O T

FLETC;HER CHALLENGE105C 'W. FENDER
VAN S O '

1 ■’ T71RT-S T ' r *
L- V I L n  JL . .

LANADA

VGE 2X2
j . r .

i ] . f v ^ T  T

P ’  O ^  T
n t e i R g a

803 £

0 .  .  y \
V »  A r v v i f t '

> S a » ,  V J i N  X

k  :  0
p  p  r.

R . A .
T 7-1 T .TT*> -r T 

1 1
T,7T n v r  n n r t   ̂ r v n n r r
f t j l ï ü .

W T C
 ̂ »~i O

rr» * /*-, v *  *i r *r *A /'j v VSs\

ü . G . A .

nr> L E ^ K - ^ V

K0FPER3 " BUILDING P] 
2233 ARGENTINA ROAD 
MIS31S3AUGA, ONTAR10

■> T*\ r v r> m ■'
W'-'X.- v- -w- 1 K

r r, u n y v
G. LEON TO VII UK 
WESTERN WOOD PRESERVERSOP/7P T r* - P * MrtvifTT-'
• - l x 1 s.> *.•> »J x x. /A V i l ;IN i ltnpp/t t-, »-s ̂ yt-i T-' <~iii-i'tuur.v/Vii , X . v, .
V ü / l -L

 ̂ A T Tk'T'-r̂ n.̂ rvf- 
-  .  t» J. h i ' L A i ' J i V v i
rn  r* r r̂pv-rrn ^Ar.r.r,T-. * m t

1  v l U l  x x  X->1
T/PV*/Vrr?VTP  Tvrr'.rv-MT.T T * r rm r. ' 
i .  J i i S x  Jiw 1 -  1  ■ x  Ai O iv''.T? P ° P A "O O r ? f* ttt*> r ̂ T)* m n m
x wJ— v«. i. Ai.. ij\x * i Lx» x»' v -î xj 1 x x x ^ I' P . r p7.0{'~< T/fTT

x w-< ! xJi! • . v Ü v.. rT o o r»r “»■
. n ^ . i x ' K . ' i UFINLAKI

i . t T P

up^orp"'' 77’ 7 t 7' 7O r> o r» f 7“%17 > T rri t t ■p’ P '■ T~'
"» J“* o , in■ «-• >w •_

» « T •*» T r< p A P p  ?■ AVTrn r i*. ~r r\
- - x ■ - x *w! ‘j x x. i * o r s  - A llv  -  V. • 
T r  v t o  -t*- *7

V  -5. TT^TP*-
i  a x>x-vV . N . D

PA*’  ̂r 'T  ̂V* T^,-,T'n^rTvnv r'^nrT- a Ti Xfti'i/wi.i-.i'x r i i\ i v _ ...
o  r  -  f  ^  7./'1 /“', 77,P r ? p r t»t-.
^  x. . v  •J .-.- il.i - i  I__ : » 1  .

o TTT ? u r o

tr * * *«

7
xj » 
T fV

KORAN
• -r ▼  ■» r-i -1-, .-x -r rp-rp t-v ■»

P T ,7?

P  r  O  ^
-  . w >_
O  'r T.- 7  Y  T T7T2,r-'3 O'
A !'FI7

QT7PPP^

P  j./ A T J7  T V7 r*
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