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SUMMARY 

Over the past five years a number of factors have come together to revive interest in 
treatment of Canadian softwoods with borates. These include opportunities in overseas 
markets where termites are a problem and the recognition of borate-treated framing as an 
environmentally acceptable alternative to soil poisoning and house fumigation. Pressure 
treatment followed by a short diffusion period is now the favoured approach since it is much 
faster than the old dip-diffusion methods. If Alberta sawmills are to take advantage of this 
new market opportunity they must be able to effectively treat spruce-pine-fir (SPF). This is 
not a simple matter due to the low permeability and low moisture content of the heartwood 
of spruce and pine. The study reported here was designed to compare the treatability of SPF 
with CCA and borates and to examine ways to improve borate treatment of SPF. Process 
factors considered were wood moisture content, pre-steaming and surfactant additives. 
Contrary to expectations, dried rather than green pine and fir appeared to be the best options 
in terms of treatability with borates but a two-week storage period was still required after 
pressure treatment with both 4 and 8% solutions to meet American Wood Preservers' 
Association standards. Based on the rate of movement of borate, dried spruce would be 
expected to meet the AWPA penetration requirement after 6 weeks storage. British Wood 
Preserving and Damp-Proofing Association specifications were achieved in dried spruce, pine 
and fir immediately after treatment. Neither pre-steaming nor the addition of 
didecyldimethyl ammonium chloride (DDAC) gave any detectable benefits in terms of 
preservative penetration in alpine fir and lodgepole pine. There was, however, a detectable 
improvement in treatment of spruce resulting from the addition of DDAC to the treating 
solution. A summary table of recommended treatment options was developed as a result of 
the research undertaken in this project. 
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INTRODUCTION 

Over the past five years a number of factors have come together to revive interest in 
treatment of Canadian softwoods with borates (Byrne 1990a,b). These include opportunities 
in overseas markets where termites are a problem and the recognition of borate-treated 
framing as an environmentally acceptable alternative to soil poisoning and house fumigation 
(Williams 1990). If Alberta sawmills are to take advantage of these new market 
opportunities they must be able to effectively treat spruce-pine-fir (JPicea glauca 
[Moench]Voss, Pinus contorta Dougl., and Abies lasiocarpa [Hook] Nutt.). This is not a 
simple matter due to the resistance of spruce heartwood to pressiire treatment (Morris 1991a) 
and the low heartwood moisture content of pine (Nielson, Dobie and Wright 1985) making it 
unsuited to diffusion treatment. Alpine fir heartwood is relatively permeable and wet, 
making it suitable for pressure or diffusion treatment. This study was, therefore, designed to 
investigate process options to meet standards for borate treatment in export markets. Before 
discussing the approach to this work, a review of some background information is 
appropriate. 

Background 

Borates are highly effective against both wood-rotting fungi and wood-boring beetles 
(Drysdale 1994). Borate-treated Douglas fir is now being used routinely for framing in 
Hawaii where the Formosan subterranean termite (Coptotermes Formosanus Shiraki) is the 
most serious wood deterioration problem (Grace and Yamamoto 1994). Effectiveness against 
termites is still a matter of debate (Drysdale 1994) but recent work suggests that borates may 
prove effective provided that high enough retentions are used (Grace et al. 1994). Borates 
are typically colourless, odourless and waterborne. They have a very low mammalian 
toxicity, comparable to that of table salt. The one major drawback to borates is that they are 
leachable under continuously wet conditions thus borate-treated wood is only suitable for use 
in protected environments. Suitable uses include framing lumber and exterior mill work with 
a three-coat paint finish. Borates have proven effective in these applications over 40 years of 
use in New Zealand (Drysdale 1994). 

In the 1960s and early 1970s, coastal British Columbia sawmills treated hem-fir via dip-
diffusion for export to the United Kingdom (Byrne 1990b). This process was effective, but it 
took seven weeks to achieve through treatment in nominal two inch lumber (Maclean 1962). 
Diffusion proceeded well in saturated sapwood but less rapidly in heartwood which has a 
lower moisture content (Maclean 1962, Smith and Williams 1969), around 50% (Nielson, 
Dobie and Wright 1985). The recent revival of interest in borate treatment has led to a 
search for more rapid treatment processes (Byrne, Morris and Minchin 1995). 

A range of methods for speeding up the treatment process of Radiata pine has been 
developed in New Zealand (Vinden, Fenton and Nasheri 1985). One of these methods, 
pressure treatment followed by diffusion, has proved effective on green hem-fir. Byrne, 



Morris and Minchin (1994) showed that, by pressure treating, the diffusion period could be 
reduced from 16 weeks to six weeks for complete penetration of 105 x 105mm lumber. 
Treeline Wood Products Ltd. has been experimenting with borate pressure treatment of 
western SPF with inconsistent results (Maskalyk 1994). While there is no published work on 
this subject, there is considerable information on pressure treatment of SPF with chromated 
copper arsenate (CCA). The major constraint to effective pressure treatment of SPF is the 
impermeability of the heartwood (Morris, Ruddick and Silcox 1991). Morris (1991b) found 
that treatment at moisture contents around fibre saturation improved the penetration of CCA 
into SPF but high-density incising and extended pressure-treating schedules were necessary to 
meet American Wood Preservers' Association (AWPA) and Canadian Standards Association 
(CSA) standards for CCA treatment with this species group (Morris 1991b). 

It was anticipated that there may be a wider range of process options available with borates 
than with CCA treatment. In refractory species, CCA may block penetration pathways 
through deposition of fixation products during the treatment process. Borates, not having a 
fixation mechanism, would not be expected to do this. Furthermore, unlike CCA, borates 
can continue to move within the wood during storage after pressure treatment provided 
moisture contents exceed the fiber saturation point. Finally, unlike CCA, borate treating 
solutions are heat stable allowing the wood or solution to be heated. 

Approach 

The study reported here was set up to compare the treatability of SPF with CCA and borates 
and to examine ways to improve borate treatment of SPF. Process parameters considered 
were wood moisture content, pre-steaming and surfactant additives. 

The moisture content (m.c.) of green lumber normally has to be reduced substantially to 
provide space for solution to enter during pressure treatment. However, kiln drying to 16% 
m.c. can cause closure and sealing of the pit apertures between cells. Morris (1991b) 
showed that SPF treated better with CCA when incised green and treated at moisture contents 
of 30% than if it were kiln dried to 16% more and then incised. A moisture content of 50% 
or more is needed for diffusion to occur at a reasonable rate (Maclean 1962, Smith and 
Williams 1969). 

In order to improve penetration of borates, pre-steaming was considered as a practical 
option. Pre-steaming potentially can provide at least four beneficial effects. First, with 
green pine sapwood, pre-steaming, followed by evacuation or a few days' storage, can 
reduce the moisture content and create empty void space to be filled with preservative 
(McQuire 1962, Vinden, Fenton and Nasheri 1985, Vinden 1987). Murphy and Dickinson 
(1986) and Vinden (1987) found that the wetter sapwood lost considerable amounts of water 
while the drier heartwood did not. Second, steam/evacuation blows out ray tissue in pine 
sapwood creating pathways for preservative penetration (McQuire 1975). Similar increases 
in permeability have also been seen in pine heartwood, although removal of resin deposits 
from pits or resin canals was suggested as the primary mode of action (Bergervoet 1983). 
Third, expansion of the gases and boiling of the water in the wood intensifies the vacuum in 



the wood as it cools. This effect has been used more commonly in combination with 
diffusion (McQuire and Goudie 1972, Murphy and Dickinson 1986, Barnes, Landers and 
Williams 1993) rather than pressure treatment. Fourth, if the solution does not cool the 
wood too much, a higher temperature at the end of the pressure treatment process will speed 
up diffusion into untreated wood. 

Very little work has been done with pre-steaming and borate pressure treatment on wood 
species containing a high percentage of heartwood. Lebow and Morrell (1993) tried a range 
of pre-steaming and equilibration-storage periods on green and dry Douglas fir {Pseudotsuga 
menziesii Mirb. Franco.) prior to pressure treatment with borates. They achieved the best 
results with a one hour steaming and a one hour equilibration period, the shortest times for 
each process. Similarly, with Sitka spruce {Picea sitchensis Bong. Carr.), Murphy and 
Dickinson (1986) achieved their best results with pre-steaming followed immediately by 
dipping in the treating solution. These results suggested that equilibration storage after 
steaming would not be of benefit. Morris et al. (1995) showed that four hours of pre
steaming significantly increased the uptake of treating solution in 105 mm thick hem-fir and 
gave additional benefits in penetration during subsequent storage. 

Didecyldimethyl ammonium chloride (DDAC) is both a biocide and a surfactant. It can be 
added to borate treating solutions to control mould on the wet wood during diffusion storage. 
Morris and Byrne (1995) found that the addition of DDAC to borate treating solutions further 
enhanced penetration of borate into the wood during storage after pressure treatment. 

Two other process options were considered prior to designing the experiments reported here. 
They were, extended vacuum periods and heating the treating solution. Both methods had 
been tested on hem-fir and found to be ineffective (Van de Lagemaat 1994). In the interests 
of confining the study to the processes most likely to improve treatment of SPF, these 
parameters were not included in the experiment design. 



MATERIALS AlNfD METHODS 

Spruce, pine, and alpine fir nominal 2 x 6 inch, 16 ft boards were obtained in rough green 
condition from three sawmills in Alberta. The fir came from Weldwood's HI-ATHA 
sawmill, the pine came from Weyerhaeuser, Grande Cache and the spruce came from 
Treeline Wood Products. Sixty boards per species were selected on basis of minimal 
checking and knots. The boards were then visually checked for identification to genus and 
numbered. From each board two end-matched samples 2.4m long were cut. Sixty samples of 
each species were then planed, equally on all four sides, in green condition to the dimensions 
40 mm X 140 mm. The remaining 60 rough samples from each species were kiln dried using 
the following schedule designed to be typical of those used in Alberta: 

Step Dry Bulb(°C) Wet BulbCC) Time . 
(set point) (set point) ^ 

1 88 71 12 hours-temperature ramp from 23° C 
2 88 71 34 hours 

Moisture contents measured with an electrical resistance moisture meter were around 20% 
for pine, 25% for fir and 30% for spruce. These moisture contents were higher than they 
should be for kiln-dried wood. This may be due to the fact that this lumber was fresh off the 
saw. Lumber commonly undergoes some air drying prior to kiln drying. Nevertheless, 
since this kiln schedule is very similar to that used by Treeline Wood Products and the 
moisture contents are similar to those which Treeline is considering using (Maskalyk 1995), 
the decision was made to proceed with the treatments at this stage. The samples were then 
planed, equally on all four sides, to the dimensions 38 mm x 140 mm. Forty samples of each 
species were then selected on the basis of appearance, and cut into two 1.2m end-matched 
samples. All the samples were then end-sealed with two coats of a two-part epoxy resin, and 
then separated into four groups, each group containing 20 green aiid 20 dry samples per 
species, ready for treating. The following basic treatment process was used: 

30 minute vacuum (740 mm Hg) 
fill retort under vacuum 
2 hours at 1035 kPa 
empty retort 
15 minute vacuum (740 mm Hg) 

Each of the four groups was treated as in Table 1. The solution strength of the baseline 
treatment (#3) was increased from 4% to 8% at the request of US Borax. 



TABLE 1. TREATMENT PROCESS AND PRESERVATIVE USED 

Treating Solutions 

Treatment# %BAE %DDAC %CCA Pre
steaming* 

Pressure 
Treament 

1 3.95 yes yes 

2 3.91 0.46 no yes 

3 8.20 no yes 

4 2.51 no yes 

BAE = Boric Acid Equivalent 
DDAC = Didecyldimethyl Ammonium Chloride 
CCA = Chromated Copper Arsenate 

* - steam for 2.8 hours in kiln 
maximum core temperature of wood = 83°C 

Each sample was weighed before treatment. The total volume of "kickback" after each 
treatment was measured once dripping had stopped. The following day the samples were 
weighed to determine solution uptake. Pre-steamed samples were allowed to cool to room 
temperature before weighing. Immediately after the second weighing, each sample was cut 
(Figure 1) as follows: The 1.2 m sample was cut in half, with 0.6 m going outside to air-
dry and a 50 mm sub-sample was taken from the remaining 0.6 m. The sample was then 
placed in a covered shed at 16-20° C, end-sealed with one coat of a two-part epoxy resin, 
covered and allowed to diffuse for one week. A further 50 mm sub-sample was then taken 
and the above procedure repeated with further sub-samples taken at 2 and 4 week periods, 
with the remainder being discarded. The 50 mm sub-samples were dried in a forced draft 
oven for 4 days at 50°C. The dry sub-samples were then further cut into three slices. The 
centre 10 mm and outer 20 mm slices were retained for chemical analysis. 

The outer slice of the dried borate treated samples was sprayed on the freshly cut face with a 
two-part curcumin indicator. A red or pink colour indicated the presence of boron. Part A 
was 0.28 g curcumin in 100 ml of ethanol and part B was a saturated solution of salicylic 
acid in 90 % ethanol\ 10 % concentrated hydrochloric acid. The cut face was sprayed with 
part A and, after two minutes with part B. After waiting 30 minutes for the colour to 
develop, the boundary of the treated zone was marked with a felt tipped pen. The outer slice 
of the CCA treated sample was sprayed with chrome azurol indicator, which is made by 
dissolving 0.5 g Chrome Azurol S concentrate and 5.0 g sodium acetate in 500 ml water. 

The penetration of borate and CCA was measured at the centre of the heartwood face from 
the block surface to the edge of the line nearest the surface of the block. This procedure was 



used instead of an increment borer to avoid the redistribution of borate associated with the 
use of an increment borer in wet wood (Byrne, Morris and Minchin 1994). Since CCA is a 
fixed preservative and will not diffuse, it was only sampled once, after one week fixation. 

Samples for chemical analysis were taken as shown in Figure 2. The 20 samples from the 16 
mm analysis zone, for borates (AWPA 1994c) and CCA (AWPA 1994b), were combined and 
ground into one composite sample. The individual, l/9th core samples taken from 0,1,2 and 
4 week borate treatments (BWPDA 1988) were also ground and then bagged individually. 
The AWPA retention specification is given in terms of kg/m' boric oxide, whereas the 
BWPDA specification is given as percent boric acid equivalent (% BAE). The CCA analysis 
was carried out using x-ray spectroscopy (AWPA 1994a). The borate samples were 
extracted, using hot water extraction, 95°C for 4 hours. The leachate was then titrated using 
a mannitol titration method (Johnson and Ingram 1992, Winters, undated). 

The mean penetration data were analysed by ANOVA to evaluate the significance of the 
overall differences between species, moisture conditions and the three borate treatments. 
Comparisons between individual treatments were done using the t test. 

RESULTS AND DISCUSSION 

Uptake 

In terms of solution uptake, there was not a great deal of variation among the three borate 
treatments or between these three and the CCA treatment (Table 2). Unlike the results 
obtained with hem-fir (Morris and Byrne 1995, Morris 1995), neither the pre-steaming nor 
the addition of DDAC improved initial solution uptakes in alpine fir and lodgepole pine. 
There was some indication of a higher solution uptake in spruce with the DDAC additive and 
this was confirmed by chemical analysis (Table 5). 

Mean Penetration 

In terms of penetration immediately after treatment, the 8.0% BAE samples showed the best 
mean penetration results overall, with the dry spruce, pine, and fir having average 
penetrations greater than 10 mm (Table 3). Dry pine had virtually through treatment at 17 
mm. The penetration with the 8% solution appeared to drop after one week diffusion. It is 
therefore possible that the zero week data were incorrect. These samples were re-surfaced, 
re-sprayed and re-measured but the results were the same as the first examination. No 
explanation for this phenomenon appears obvious. Neither pre-steaming nor DDAC in the 
solution appeared to have provided any benefit. Since the solution uptakes were similar for 
the 4% and 8% solutions it is possible that the apparent deeper penetration with the 8% 
solution was due either to diffusion prior to drying of the samples or to the sensitivity of the 
curcumin reagent. If a preservative gradient had been created by stripping or diffusion, this 
reagent would show up the higher retention given by the 8% BAE more effectively than 
those given by 4% BAE. For the borate treatments, the green samples generally showed 



lower initial penetration than the dry samples. This was probably due to water-filled cells 
preventing inflow of treating solution. 

For the CCA treatment, there was no significant difference between the mean penetrations 
for the green and dry samples (Table 3). This treatment is a useful reference since it 
confirms that the test material has a pattern of treatability typical of SPF. Without incising, 
the order of treatability with CCA is normally pine> fir > spruce (Morris 1991a,b). 

The dry pine and fir showed no significant increase in penetration with storage. This was 
expected since there should be no diffusion in dry wood. However, contrary to expectations, 
the dry spruce samples showed a statistically significant 120% increase for 4%BAE-pre-
steamed and a 133% increase, for 4%BAE-0.5%DDAC over 4 weeks storage. This must 
have been due to the higher moisture content of the spruce after drying (30% mc). 

As expected, the green samples showed a significant increase in penetration after 4 weeks 
diffusion. With the 8% solution, fir and spruce had 88% and 33% increases in average 
penetration respectively. The green pine was well treated to begin with and showed no 
subsequent increase in penetration. Overall after 4 weeks diffusion all the samples had an 
average penetration of 10 mm or greater, with the exception of green spruce. From the 
ANOVA the effects of different species, moisture conditions and borate treatments were all 
statistically significant. 

Compliance with AWPA Standards 

The borate treatment standard, AWPA C31-90, currently references only southern pine but, 
based on data presented by Forintek, it will include hem-fir in its next issue. This will have 
a requirement for 80% at or over 10mm penetration and a retention of 2.7 kg/m' oxide (0.17 
pcf oxide). Since penetration and retention requirements for hem-fir and SPF are similar in 
other AWPA standards, the treatment quality obtained with SPF will be compared to the 
proposed requirements for hem-fir. 

As discussed previously, the 8% solution apparently gave better penetration after zero weeks 
than after one week. The zero week data may therefore be artifactual. Dried pine and fir 
met the AWPA requirement for 80% at or over 10mm penetration two weeks after treatment 
with either an 8% solution or a 4% solution with DDAC (Table 4). Green pine and fir met 
this requirement four weeks after treatment with the 8% solution. Spruce failed to meet the 
AWPA penetration requirement after 4 weeks diffusion, whether it was green or dry and 
whichever treating process was used. Based on the rate of penetration of borate into the 
dried spruce (Table 4), compliance with the AWPA penetration requirement might be 
expected after six weeks diffusion. 

All the borate treatments, with the exception of the spruce pre-steamed and treated with 4% 
BAE, passed the retention requirement of AWPA C31-91. The higher retentions in the 
spruce non-steamed and treated with 4% BAE plus DDAC compared to the pre-steamed 4% 
BAE treatment (Table 5) confirmed the apparent difference in uptakes (Table 2). This 



suggests that, at least for spruce, there was some benefit to the addition of DDAC. 

Although AWPA C31-91 is the appropriate standard for the continental United States, in 
Hawaii the retention requirement has recently been increased to 4.3 kg/m' oxides (Manning 
1995) to provide adequate protection against the Formosan subterranean termite. Dried fir, 
pine and spruce and green pine treated with the 8% solution met this specification. So did 
green fir, green and dry pine and dry spruce treated with 4% BAE plus DDAC. In practice 
it is not difficult to meet a retention requirement simply by raising the solution strength. It is 
the penetration requirements which are the more difficult to achieve. 

The fir, pine and spruce, green or dry, treated with CCA failed to meet the penetration or 
retention requirements for the AWPA C2-94 standard (Tables 4 and 5), 80% at or over 
10mm and 6.4 kg/m'. Dried fir did come close on the retention. 

Compliance With BWPDA Specifications 

The BWPDA Manual (BWPDA 1988) specifies a minimum of 80% of samples must have a 
retention of 0.1% BAE in a one-ninth core. Dried fir, pine and spruce treated with 8% BAE 
solution all met this requirement immediately after pressure treatment. Green fir and spruce 
met this requirement one week after treatment with the 8% solution but green pine had still 
not met this requirement after four weeks. This could be due to the difference in heartwood 
moisture content between these three species. Lodgepole pine has an average green 
heartwood moisture content of 38% whereas fir and spruce have moisture contents of 55% 
and 51% respectively (Nielson et al. 1985). A moisture content of 50% is generally 
regarded as a practical minimum for diffusion (Maclean 1962, Smith and Williams 1969). 

With the 4% solution and pre-steamed wood both green and dry fir met the BWPDA 
specification immediately after pressure treatment. The pine and spruce, whether dry or 
green, did not. Green and dry pine took one week, dry spruce took four weeks and green 
spruce took two weeks to meet the standard. 

With 4% solution and 0.5% DDAC, dried and green fir, dry pine and dry spruce all met the 
BWPDA specification immediately after treatment. Green spruce took two weeks and green 
pine took four weeks to meet the standard. 

It would appear contradictory that a one-ninth core loading can be achieved without diffusion 
while a 10mm penetration requirement takes two weeks diffusion. However, with 4% 
solution strength or higher it takes only a small penetration of treatment into part of the one 
ninth core to provide a core loading of 0.1 % BAE. This penetration need not be in the 
centre of the heartwood face where the penetration measurement is made for the AWPA 
standard. 



CONCLUSIONS 

Dried pine and fir appear to be the best options in terms of treatability with borates. 
BWPDA specifications can be met immediately but a two-week storage period is required 
after pressure treatment to meet AWPA standards. 

Spruce may require partial drying, pressure treatment and a lengthy diffusion period to meet 
the AWPA standard. 

Neither pre-steaming nor the addition of DDAC gave detectable increased preservative 
penetration in alpine fir and lodgepole pine. There was, however, a detectable improvement 
in treatment of spruce resulting from the addition of DDAC to the treating solution. 

RECOMMENDATIONS 

Treating plants wishing to treat SPF with borates to AWPA standards should use dried pine 
and fir. If spruce is to be treated, DDAC should be added to the treating solution and an 
extended storage period (6 weeks or more) should be used. A summary of treatment 
recommendations is given in Table 7 and 8. 
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TABLE 2. SOLUTION UPTAKE 

Uptake per sample(Kg) 

Treatment 

8% BAE 

mean 

(SD) 

4% BAE - Pre-steamed 

mean 

(SD) 

4% BAE,0.5%DDAC 

mean 

(SD) 

2.5%CCA 

mean 

(SD) 

Fir 

Dry Green 

0.83 0.65 

(0.34) (0.31) 

0.91 0.97 

(0.79) (0.89) 

0.74 0.85 

(0.28) (0.49) 

1.39 0.74 

(1.15) (0.76) 

Pine 

Dry Green 

Spruce 

Dry Green 

1.42 0.78 

(0.61) (0.49) 

1.44 0.62 

(0.72) (0.24) 

1.18 0.70 

(0.57) (0.40) 

1.20 0.68 

(0.54) (0.29) 

1.27 0.59 

(0.75) (0.27) 

1.66 0.99 

(0.64) (0.42) 

1.26 0.81 

(0.45) (0.37) 

1.24 0.76 

(0.34) (0.27) 



Table 3. HEARTWOOD PENETRATION DATA 

Mean Penetration(Standard deviation) 

Fir Pine Spruce 

Treatment Dry Green Dry Green Dry Green 

8% BAE 

0 Week 15(5) 8(6) 17(4) 13(7) 10(6) 6(5) 

1 Week 9(7) 6(6) 15(6) 12(7) 8(6) 6(5) 

2 Weeks 16(6) 12(6) 17(4) 13(7) 9(6) 7(5) 

4 Weeks 15(6) 15(6) 18(3) 15(6) 13(5) 8(5) 

4% BAE - Pre-steamed 

0 Week 10(8) 12(8) 12(7) 7(4) 5(5) 4(4) 

1 Week 9(8) 13(7) 10(7) 5(6) 5(3) 4(3) 

2 Weeks 11(7) 9(8) 13(7) 11(7) 10(6) 7(5) 

4 Weeks 12(7) 10(8) 15(5) 13(6) 13(5) 7(6) 

4% BAE, 0.5% DDAC 

0 Week 11(7) 6(7) 11(7) 7(6) 6(6) 4(3) 

1 Week 12(7) 5(6) 13(8) 8(6) 7(4) 3(3) 

2 Weeks 14(6) 12(7) 15(5) 10(6) 11(6) 6(5) 

4 Weeks 12(7) 9(7) 14(7) 12(7) 14(5) 8(6) 

2.5% CCA 

1 Week 8(8) 9(8) 11(7) 10(7) 3(2) 4(2) 



Table 4. PERCENT PENETRATION > 10 mm 

Percent 

Fir Pine 

Treatment Dry Green Dry Green 

Spruce 

Dry Green 

8% BAE 

0 Week 

1 Week 

2 Weeks 

4 Weeks 

80 30 

45 20 

80 55 

70 80 

4% BAE - Pre-steamed 

0 Week 

1 Week 

2 Weeks 

4 Weeks 

50 60 

40 65 

55 45 

60 45 

4% BAE, 0.5% DDAC 

0 Week 45 20 

1 Week 

2 Weeks 

4 Weeks 

2.5% CCA 

1 Week 

55 

80 

60 

15 

60 

40 

95 

75 

95 

95 

70 

50 

65 

75 

60 

65 

80 

80 

70 

65 

60 

80 

25 

15 

45 

65 

25 

25 

45 

60 

35 40 55 45 

50 

30 

45 

70 

15 

20 

50 

70 

15 

15 

55 

75 

0 

10 

25 

20 

35 

10 

0 

20 

25 

5 

5 

30 

35 



Table 5. BORATE RETENTION IN 16 M M ASSAY ZONE 

Treatment 

Retention kg/m^ oxides 

Fir Pine Spruce 

Dry Green Dry Green Dry Green 

8% BAE 5.3 2.7 9.5 8.4 6.3 2.7 

4% BAE - Pre-steamed 3.4 3.1 3.5 2.9 1.8 1.3 

4% BAE, 0.5% DDAC 3.3 6.6 9.4 4.7 5.1 3.2 

2.5% CCA 6.3 4.4 5.9 5.3 2.4 1.7 



Table 6. PERCENT ONE NINTH CORES WITH 0.1% BAE 

Fir Pine Spruce 

Treatment Dry Green Dry Green Dry Green 

8% BAE 

0 Week 90 65 95 ND 80 50 

1 Week ND 80 ND ND ND 85 

2 Weeks ND 85 ND ND ND 90 

4 Weeks ND 90 ND 65 ND 80 

4% BAE - Pre-steamed 

0 Week 80 90 75 55 ND 30 

1 Week ND ND 80 80 ND 70 

2 Weeks ND ND ND 80 60 85 

4 Weeks ND ND ND 85 90 95 

4% BAE, 0.5% DDAC 

0 Week 95 80 80 ND 90 30 

1 Week ND ND ND ND ND 75 

2 Weeks ND ND ND 75 ND 80 

4 Weeks ND ND ND 85 ND 95 

ND - not done because other analyses make these ones redundant 



Table 7. RECOMMENDED SPECIES/TREATMENT COMBINATIONS TO MEET 
AWPA STANDARD 

Species Condition Solution DDAC Steaming Diffusion 
Strength Weeks 

AWPA Fir dried 4% + 2 
dried 8% - 2 
green 8% - 4 

Pine dried 4% + • 2 
dried 8% - 2 
green 8% - 4 

Spruce dried 4% + 6' 
dried 8% - 6' 

SPF dried 4% + 
dried 8% - 6' 

• - Estimated 



Table 8. RECOMMENDED SPECIES/TREATMENT COMBINATIONS TO MEET 
BWPDA SPECIFICATIONS 

Species Condition Solution 
Strength 

DDAC Steaming Diffusion 
Weeks 

BWPA Fir dried 4% + 0 
dried 4% - . + 0 
green 4% + - 0 
green 4% - + 0 
dried 8% - - 0 
green 8% - - 1 

Pine dried 4% + - 0 
dried 4% - + 1 
green 4% + - 4 
green 4% - + 1 
dried 8% - - 0 
green 8% - - >>4 

Spruce dried 4% + - 0 
dried 4% - 4 
green 4% + - 2 
green 4% - + 2 
dried 8% - - 0 
green 8% - - 1 

SPF dried 4% + - 0 
dried 4% - + 4 
green, 4% + - 2 
green 4% - + 2 
dried 8% - 0 
green 8% - - > >4 



Figure I: Processing plan for samples after pressure treatment. 
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