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OBJECTiVE!
DEVELOP SAFER CHEMICALS FOR CONTROLLING

iNTERNAL DECAY OF WOOD POLES

Internal decay is an important

problem in virtually all wood species
used for utility poles. Internal decay often

develops in thinner sapwood species

following initial preservative treatment as

drying checks open beyond the depth of

the original treatment, but it also occurs
in under-treated regions of thicker

sapwood species such as southern pine.

In all instances, moisture and fungal

spores reach the untreated or under-

treated wood, where they germinate and

begin to decay the wood. Left untreated,

internal decay will eventually weaken the

pole, leaving it susceptible to sudden

failure during wind, ice or other storm

events or when impacted by vehicles.

Controlling internal decay has been an

especially important component of OSU
research over the year, leading to the

joint identification of fumigants for

internal decay control (with Bonneville
Power Administration),then later to the

identification of first methyl isothiocyanate
and more recently hasamid as potentially

safer fumigants for internal decay control.

More recently, we have focused on the
water diffusible rod treatments as

alternatives to the fumigants.

A. Develop Improved Fumigants for

Control of Internal Decay

Fumigants remain the most widely

used chemicals in North American for

controlling internal decay in utility poles,

but many users continue to seek safer

chemicals for this purpose. As

mentioned, previous research identified

the suitability of methylisothiocyanate

(MITC) for this purpose and this active

ingredient was subsequently

commercialized for wood treatment, first

in glass and later in aluminum ampules.

More recently we have studied basamid,

a solid crystalline powder that

decomposes to produce MITC. In this

report, we describe our continuing tests

with MITC and basamid as well as the

results of a field trial of large timbers

treated with metham sodium.

1. MITC movement from MITC-

FUME ampules stored under varying

conditions: Eight 250 mm diameter by

750 mm long Douglas-fir pole sections
were end-coated with an elastomeric

paint. One half of the sections were air-

seasoned to a moisture content below

25% (at 25 mm from the wood surface),

while the others were used while the
wood was above the fiber saturation point



(>30 % moisture content). A single 205

mm long hole (19 mm in diameter) was

drilled at a 45 degree angle near the

center of each pole section and a single

MITC-FUME vial containing 30 g of MITC

was inserted with the open end

downward. The holes were plugged with

cork stoppers. Sets of three pole sections

per moisture content were stored at 5C

(cold room), outdoors at ambient

temperatures, or at 32C and 90% relative

humidity. At periodic intervals, the
ampules were removed and weighed to

assess chemical loss over time. This test

was a small part of the larger assessment

of MITC-FUME field efficacy. The results

of the larger field trial were reported in

1999, ten years after treatment.

MITC loss from ampules exposed

at 32C occurred within one year

regardless of whether the poles were

green or dry (Figure I-i). MITC release

rates from ampules exposed under

ambient conditions outdoors in Corvallis
were far slower than those for the 32C

exposure. Release rates were faster in

poles that were dry at the time of
treatment. The reasons for the differences

in release rate between green and dry

wood are unclear, although they may
reflect the ability of the wood to sorb

MITC. Dry wood is capable of sorbing

larger quantities of MITC, although the

differences are generally small.

Interestingly, small amount of MITC
remained for almost 9 years in the

2

ambient exposure poles treated while

green. Release rates from ampules in

poles stored at 5 C have lagged far behind

those for the other two exposures.

Approximately 25°I of the original MITC

remains in the ampules 12 years after

application. White the number of poles

receiving MITC-FUME ampules in

environments where the temperature

does not exceed SC are virtually non-

existent, the results indicate that chemical

will remain in ampules for longer periods

in poles treated in cooler climates such as

poles exposed at higher elevations or in

northern climates. The amounts of MITC

in the ampules remain relatively small

and pose only minimal risk, however, it

would be important to alert crews to the

possibility that field activities such as

drilling or sawing (i.e. for pole

replacement) could intersect ampules that

still contain some chemical.

2. Effect of copper sulfate on

performance of Basamid in Douglas-fir

transmission poles: Basamid was

identified as a potentially safer internal

treatment as early as 1977, but its slow

rate of decomposition to MITC in wood

largely limited its development. Further

evaluation suggested that Basamid

performance could be enhanced by

adding small amounts of copper at the

time of treatment. Bivalent metals such

as copper markedly enhance basamid

decomposition, suggesting that the rate of
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MITC release could be tailored to

produce varying levels of protection,
depending on the condition of the pole.

In 1993, a field test was initiated

in a Douglas-fir transmission line located

near Corvallis, Oregon. Three steeply

angled holes were drilled beginning at

groundline and moving upward at 150
mm increments and around the pole 120
degrees. Drill shavings from each hole

were collected in plastic bags. These

shavings were later briefly flamed to
minimize the potential for contaminating
surface fungi, then placed on the surface

of malt extract agar in petri dishes. The

3
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Figure I-i. Residual MITC in glass encapsulated ampules in Douglas-fir pole sections
treated with glass encapsulated MITC and exposed in different environments.

shavings were observed for evidence of

fungal growth over one month and any

fungi growing from the wood were
examined for evidence of clamp
connection and other characteristics

typical of the Division Basidiomycota, a

group of fungi containing many important

wood decayers.

The poles were treated with 200 or

400 g of basamid with or without 1 %

copper sulfate. The dosages were

premixed and were evenly distributed

among the three holes. An additional set
of poles was treated with 500 ml of

metham sodium. The treatment holes

ma.

20 1410 124 6 8

Time (Years)



Table I-i. Fungal isolations from Douglas-fir transmission poles 0 to 7 years after treatment with metham sodium or

basamid with or without copper sulfate.

Chemical Dosage CuSO4 Fungal Isolation Frequency (%
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were plugged with tight fitting wooden
dowels.

Chemical movement and efficacy

were assessed 1, 2, 3, 4, 5, and 7 years

after treatment by removing increment

cores from three equidistant points

around each pole 0.3, 1.3, 2.3 and 3.3 m
above groundline. The outer, heavily

treated shell was discarded, then the

outer and inner 25 mm of each core was

removed and placed into 5 ml of ethyl

acetate. The cores were stored at room

temperature for 48 hours, then the

increment core was removed, oven dried

and weighed. This weight was later used

to determine residual chemical on a

wood weight basis.

The ethyl acetate extracts were

injected into a Shimadzu gas

chromatograph equipped with a flame

photometric detector and filters specific

for sulfur (a component of M!TC). Levels

of MITC in extracts were quantified by

comparison with analyses of prepared

standards. The results were expressed on

a ug of MITC/oven-dried g of wood.

The remainder of each increment

core was cultured on malt extract agar for

the presence of decay fungi as described
above for the drill shavings.

Isolations of decay fungi in the
poles have generally been low over the 7

years since treatment, reflecting the good

initial treatment of these poles (Table I-i).

White decay fungi have been isolated

from at least one pole in every treatment

5

group, the isolations have not been

consistent in a single pole over several

years, nor has there been a steady

increase over time. These results suggest

that the isolations represent scattered

fungal colonization rather than a general

failure of the treatment. As with decay
fungi, isolations of non-decay fungi have

also been sporadic in some cases

oscillating between completely absent

and moderately frequent (approximately

30 % of cores with non-decay fungi). The
presence of non-decay fungi, while not an

indicator of imminent treatment failure,

has generally been a reasonable indicator

of declining fumigant levels. The results

suggest that chemical levels remain

protective in all treatments after 7 years.

Last year, we used previous field

data to develop relative thresholds for

MITC. Our previous data suggested that

fungal isolations increased sharply when

levels declined below 20 ug/g of wood.

While this is a relative threshold, it does

provide some guidance for assessing the

significance of chemical assay data.

M!TC levels in poles receiving 200 g of

basamid were generally below the

threshold range except 300 mm above

groundline (Figure 1-2). Chemical levels

further up the poles in this treatment

group were all below the 20 uglg of

wood threshold, suggesting that these

poles are likely to be colonized in the
near future. The addition of copper at the

time of treatment produced a
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Figure 1-2. MITC levels at selected distances above the groundline in Douglas-fir transmission
poles 1 to 7 years after treatment with 200 g of basamid a) with or b) without copper sulfate
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dramatic increase in the levels of MITC

produced for the first five years after

treatment, particularly near the

groundline, but this enhancement

declined slightly between years 5 and 7.

Chemical levels in the groundline zone of

poles treated with basamid plus copper

remain nearly double those found in the

non-amended basamic treatments, while

those 1.3 m above the groundline were

just at the lower threshold range.

Chemical levels further up that pole

differed little between copper amended

and non-amended poles.

MITC levels in poles receiving 400

g of basamid also experienced dramatic

increases 3 to 4 years after treatment, then

a gradual decline (Figure 1-3). Chemicals

levels 7 years after treatment were

approximately double those found in the

200 g treatment suggesting that there

might be some long term dosage effect.

The addition of copper at the time of

treatment produced sharp spikes in MITC

levels 2 to 3 years after treatment. These

levels have declined over time, to the

point where there is little difference in

MITC levels between the copper and non-

copper amended treatments.
MITC levels in metham sodium

treated poles tended to rise more rapidly
than those in the basamid poles and

reached levels slightly higher than those

found with the 200 g basamid treatment
(Figure 1-4). MITC levels in these poles

declined below the protective threshold

7

within 4 years after treatment and this

chemical is virtually absent form the poles
7 years after treatment. Clearly, metham

sodium treatment, while initially effective,
does not provide the long term residual

MITC levels produced by any of the

basamid treatments. The addition of
copper at the time of treatment further

accentuates these differences.

We will continue to monitor these
poles to determine when MITC levels in

the basamid treatments falls below our

presumed thresholds, but this chemical

has clearly shown its ability to provide

long term protection to the wood.
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Figure 1-3. MITC levels at selected thstances above the groundline in Douglas-fir transmission
poles 1 to 7 years after treatment with 400 g of basamid a) with or b) without copper sulfate
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3. Use of copper naphthenate to enhance

performance of basamid in Douglas-fir

poles: While copper sulfate clearly

accelerates of basamid decomposition to

MITC in wood, this chemical is not

labeled for remedial treatment of wood
poles. Rather than seek registration of

copper sulfate for this application, it was

suggested that other copper based

biocides might be equal ly effective for this

application. The most widely used topical
treatment for protecting field damage to

treated wood is copper naphthenate. This
chemical has relatively low toxicity and

its use is not restricted. As a result,

incorporating copper naphthenate into
treating holes at the time basamid

9

application would be a logical approach

to accelerating decomposition.

Douglas-fir poles sections (250-300

mm in diameter by 3 m long) were

pressure treated with pentachlorophenol

in P9 Type A oil. The poles were set into

the ground to a depth of O.6m, then three

steeply sloping holes were drilled

beginning at groundline and moving

upward 150 mm and around the pole

120°. Two hundred grams of Basamid

was equally distributed among the three

treatment holes. One set of three poles
received no additional treatment, three

received 20g of copper sulfate, and three

received 20g of 2°I copper naphthenate.

The treatment holes were then plugged

:...03m 3
0

'-4-1.3m1
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8-2.3m1

--3.3m1
t--3.3mo

0 2 3 4 5 6 7 B
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Figure 1-4. MITC levels at selected distances above the groundline in Douglas-fir transmission
poles 1 to 7 years after treatment with 500 ml of metham sodium.
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with tight fitting wood dowels.
The poles were sampled 1, 2, and

3 years after treatment by removing

increment cores from three equidistant

points around each pole at sites 0.3, 1.3,

and 2.3 m above groundline. The outer

and inner 25 mm of each core was placed

into 5 ml of ethyl acetate and extracted for

48 hours at room temperature. These

extracts were then analyzed for residual

MITC as described in Objective l-A-2.

The remainder of each core was briefly

flamed and then placed on the surface of

1.5 % malt extract agar and observed for

evidence of fungal growth.

MITC levels have generally been

above the minimum threshold for fungal

colonization for all three years of

sampling 0.3 m above groundline. MITC

levels at the two higher sampling

locations have been minima!, suggesting

that MITC distribution was largely

confined to the groundline treatment zone

(Table 1-2). MITC levels after one year

tended to be higher in poles receiving
copper sulfate, while levels were lowest

in non-amended poles. MuG levels in
copper naphthenate amended treatments

tended to be intermediate between those

for copper sulfate and non-amended poles

for the first 2 years after treatment. MITC

levels in the copper naphthenate

treatments have continued to rise over the

three year period and now exceed those

present in either of the other treatments.

These results indicate that copper
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naphthenate should be an acceptable

alternative to copper sulfate for

accelerating basamid decomposition n

wood.

Fungal isolations were generally low from

all poles except those initially treated with

copper sulfate amended basamid (Table I-

3). Decay fungi were isolated from 1.3 m

above groundline after one or two years,

suggesting that the treatment had been

ineffective. Chemical analyses, however,

revealed that the wood in this zone had

only minimal amounts of MITC in either

year. The decay fungus was not isolated in

the third year, suggesting that the

fumigant had finally eliminated the

infestation. Isolation of non-decay fungi

varied widely with position over time.

Isolation levels of non-decay fungi were

generally low at all three sampling heights

three years after treatment. As noted

previously, the role of non-decay fungi in

fumigant performance is not clear, but

these fungi do tend to recolonize wood

more rapidly than decay fungi and their

absence is an indicator of continued

chemical protection.



Table 1-2. Residual MITC in Douglas-fir poles 1 to 3 years after treatment with 200 g of
basamid supplemented with copper naphthenate or copper sulfate,

aValues represent means of 9 analyses per position. Figures in parenthesis represent one
standard deviation
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Treatment

Distance

Above GL

Inner/Outer Residual MITC (uglg of wood)a

Year 1 Year 2 Year 3

none 0.3 Inner 21(14) 72 (47) 57 (27)

Outer 18 (37) 36 (33) 32 (42)

1.3 Inner 0(0) 0(0) 0(0)

Outer 0(0) 0(0) 0(0)

2.3 Inner 0(0) 0(0) 0(0)

Outer 3(8) 0(0) 0(0)

Copper 0.3 Inner 103 (78) 101 (36) 78(25)
sulfate Outer 55 (86) 32 (17) 29 (17)

1.3 Inner 4(6) 7(7) 7(7)

Outer 0 (0) 3 (7) 5 (8)

2.3 Inner 0(0) 0(0) 0(0)

Outer 0 (0) 0 (0) 0 (0)

copper 0.3 Inner 34 (19) 94 (45) 110 (29)

naphthenate Outer 43 (54) 94 (64) 59 (46)

1.3 Inner 0(0) 6(7) 7(7)

Outer 0(0) 5(11) 4(8)

2.3 Inner 2(5) 0(0) 0(0)

Outer 6(19) 0(0) 0(0)



Table 1-3. Isolation frequency of decay fungi and non-decay fungi from Douglas-fir poles sections one and two years after

treatment with Basamid alone or amended with copper naphthenate or copper sulfate.

Treatment

Distance Above CL

(m)

Percentage of Cores With Fungi

Year 1 Year 2 Year 3

None 0.3 011 0° 0°

1,3 011 1111

2.3 011

Copper Sulfate 0.3 0 0 ° 0

1,3 22 4456 o33

2.3 0°

Copper Naphthenate 0.3 3333 0° 00

1.3 022 00 00

2.3 067 22



4. Performance of basamid in rod

or powdered formulations: While field

tests have shown that basamid performs as

well or better than metham sodium, one

of the major advantages of this chemical is

its form. This crystalline solid reduces the

risk of direct worker exposure due to

spillage and the material can be more

easily removed should spills occur.

While basamid is currently sold as a

powder, previous Coop data has

demonstrated the potential for forming

this material into either pellets or rods.

Basamid rods would be simpler to apply

and would reduce the risk of dust
inhalation during treatment.

Douglas-fir pole sections (250-300

mm in diameter by 3 m long) were set to

a depth of 0.6 m in the ground at the

Corvallis test site. Three steeply angled

holes were drilled beginning at

groundline and moving upward 150 mm

and around 120°. The holes received

either 160 g of powdered basamid, 107 g

of basamid rod plus 100 g of copper

naphthenate, 160 g of basamid rod, or

490 g of metham sodium. The powdered
basamid, 107 g basamid and metham

sodium treatments were replicated on 5

poles each The higher rod dosages were

replicated on 15 poles. The treatment

holes in five poles each of these fifteen

received 100 g of copper naphthenate or

water, or were left unamended.

The poles were samples one year

after treatment by removing increment
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cores from equidistant points around each

pole 0.3 m, 0.8 m and 1.3 m above

groundline. The inner and outer 25 mm of

each core were placed into 5 ml of ethyl

acetate and the resulting extract was

analyzed for MITC as described

previously.

MITC was usually present 0.3 and

0.8 m above groundline, but was either

absent or present only a tow levels 1.3 m

above groundline (Table 1-4). MITC levels

were highest in the metham sodium

treatment 0.3 m above groundline. MITC
levels in the remaining treatments were

similar in the inner zone 0.3 m above
groundline suggesting that the copper

naphthenate had little effect on the rod

treatments. More importantly, similar

MITC levels in the powder and rod

treatments at comparable dosages indicate

the rod formulation did not affect the

initial rate of MITC release. One concern

with the rod was that the reduced

wood/chemical contact would reduce the

decomposition rate. This apparently did

not occur and indicates that the treatments

should perform comparably.

5. Performance of metham sodium in

Douglas-fir timbers: Over the years, we

have traditionally focused our fumigant

research on round timbers, but many

wood users also use fumigant to control

decay of sawn timbers in bridges, cross

arms, building timbers, and a host of other

applications. There is, however, little
data on the performance of fumigants in



aValues represent means of 15 analyses per treatment. Figures in parentheses represent one standard deviation

Table 1-4. Residual MITC in Douglas-fir pole sections at selected distances above the groundline one year after treatment

with metham sodium, basamid powder, or basamid rods with or without supplemental copper.

Treatment Dosage

(g)

Supplement Residual MITC (ug/g wood a

0.3m O.8m 1.3m

inner outer inner outer inner outer

Basamid

powder

160 none 50(35) 24(24) 6(17) 4(8) 0(0) <1(1)

Basamid rod 107 Cu naphthenate 45 (57) 46 (44) 2 (4) 6 (8) 0 (0) 0 (0)

Basamid rod 160 none 54 (95) 30(30) 2 (4) 4 (7) <1(2) 1(3)

Basamid rod 160 Cu naphthenate 49(63) 85 (88) 9(16) 9(16) 1(2) 1(2)

Basamid rod 160 water 22 (22) 29 (35) 4 (6) 6 (10) 0 (0) 1(2)

Metham

sodium

490 none 64(44) 75(74) 17(18) 22(27) 1(3) 2(4)



these applications. This section

addresses evaluation of metham sodium

performance in a bridge timbers.

Metham sodium was applied to

creosoted douglas-fir timbers in a bridge

located near Salem, Oregon. The

chemical was applied through 19 mm

diameter holes drilled at 1.2 m intervals

along the length of each timber. The

holes were plugged with tight fitting

treated wood dowels. Residual chemical

levels were assessed 1, 3, 6, 7, and 10

years after treatment by removing

increment cores from near the top and

bottom edge of each timber 0.6 m from

the original treatment Holes on each of 8

stringers. The outer, treated shell was

discarded, then the inner and outer 25

mm of the remaining core were placed

into 5 ml of ethyl acetate and extracted for

48 hours at room temperature. The

resulting extract was analyzed for MITC

by gas chromatography as described

earlier. The remainder of each core was

placed on malt extract agar and observed

for growth of decay fungi which would
serve as an indicator of failure of the

remedial treatment.

While decay fungi were isolated

from the timbers prior to treatment and for
up to 3 years after chemical application,

no decay fungi have been isolated from

the timbers over the past 7 years (Table I-

5). In addition, levels of non-decay fungi
continue to remain low, suggesting that
chemical levels in the wood remain

Is

protective against fungal invasion,

MITC levels in most timbers

remained between the threshold range

(20-40 ug/g of wood) for the first 7 years

after treatment, suggesting that the

treatment continued to provide protection

against reinvasion by decay fungi (Table I-

6). Sampling after 10 years revealed that

MITC levels were at the threshold in 4 of
the 8 timbers sampled. These results

indicate that the protective effects of the

treatment have declined to the point

where fungal attack is possible; however,

the cultural results indicate the fungi have

not yet begun to invade the wood.

Reinvasion of these timbers is likely to

proceed more slowly than would be

found at the groundline, given the lack of

direct soil contact. As a result, it may be
possible to extend the retreatment period

for these timbers for several more years.



aFull scale numbers values represent decay fungi while superscripts represent percentages of non-decay fungi isolated.

Table 1-5 Fungal isolations from Douglas-fir timbers Oto 10 years after treatment with metham sodium

Structure

Number

Percentage of Cores with Fungia

Year 0 Year 1 Year 2 Year 3 Year 6 Year 7 Year 10

5 - 042 o° o 00 00 00

10 o' 042 058 o5° 00 08 00

15 017 0° 0100 067 00 0° 08

20 - 00 0'°° 08 o

25 029 0° 0100 58 00 017 08

30 08 0100 00 08 00 0°
35 1387 0° 0 17 g33 027 0 0 0

40 017 - 842 - - 00

Mean 013 1
70 460 o7 o



Table 1-6. Residual MITC in increment cores removed from Douglas-fir timbers 1 to 10 years after application of metharn

sodium

Timber Residual MITC ug/gofwood)a

Inner 25 mm Outer 25 mm

Year 1 Year 2 Year 3 Year 6 Year 7 Year 10 Year 1 Year 2 Year 3 Year 6 Year 7 Year 10

5 32 (64) 44(76) 21(40) 40 (47) 15 (28) 17 (19) 12 (22) 70(96) 44 (106) 79 (97) 66 (76) 19(27)

10 58(66) 126 (106) 57(60) 53(32) 32(20) 14(11) 47(39) 60(47) 97(151) 50(32) 29(26) 10(8)

15 22 (28) 83 (85) 32(30) 51(38) 43(24) 25(26) 31(49) 86(90) 94(105) 61(40) 36(25) 20(20)

20 48(64) 80(100) 63(54) 43(27) 48(44) 42(55) 46(54) 75 (139) 104 (131) 59(31) 54(44) 20(22)

25 30(32) 73(103) h3 (58) 38(34) 37(27) 29(19) 39(57) 70(72) 42(31) 40(28) 39(25) 15 (12)

30 78 (58) 84 (90) 80(66) 34 (20) 42 (23) 23 (12) 88 (85) 81(79) 60 (42) 39 (24) 30(20) 20(15)

35 29(40) 75(90) 64(90) 33(20) 46(28) 21(23) 35 (67) 82 (166) 33 (46) 48 (42) 47(46) 6 (6)

40 - 71(111) - - 1704) 2505) - 99(95) - - 29(40) 22(21)

Mean 42 79 54 42 35 25 43 78 68 54 41 17

a. numbers in parentheses represent one standard deviation.



B. PERFORMANCE OF WATER

DIFFUSIBLE PRESERVATIVES AS

INTERNAL TREATMENTS

While fumigants have proven to be highly

effective at arresting fungal attack inside

large timbers and poles and have

provided excellent long term protection

against renewed fungal attack, many

wood users have expressed concern

about the toxicity of these chemicals.

One alternative to fumigants for internal

decay control is to substitute water

diffusible chemicals such as boron or

fluoride, Both boron and fluoride are
capable of moving with free water in the

wood, allowing them to diffuse from the

point of application whenever the wood

moisture content exceeds 3Q0/ These

chemicals are both good fungicides and

boron has the added advantage of

affecting insect attack. While both boron

and fluoride have been available as

fungicides since the 1 930's, there is

relatively little data on the performance of
these chemicals as internal remedial

treatments. In this section, we discuss the

results form various field trials of boron

and fluoride rods.

1. Performance of fused boron rods in

Douglas-fir poles sections: Fused borate

rods are produced by heating boron to

approximately 800 C, in the process,

expelling moisture. The molten boron is
then poured into molds and allowed to

cool. The resulting rods provide a highly
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concentrated boron treatment that can be

applied to the same holes typically used

for internal fumigant treatment. Boron

rods have been used in Europe for many

years to arrest decay in window frames,

railway ties, and utility poles, but there is

little data on their performance on U.S.

species, particularly in larger wood

members such as poles. In order to

develop this data, we have established a

number of field tests, both in Corvallis

and at utility test sites.

Untreated Douglas-fir pole

sections (200-250 mm in diameter by

1.05 m tong) were dipped in 2 %
chromated copper arsenate and allowed

to dry. A 9 mm diameter hole was drilled

through each pole 400 mm from the top

and a galvanized bolt with a slot cut

perpendicular to the threads was inserted

into the hole. A second 9 mm diameter

by 200mm long hole was drilled into the

pole 150 mm above the original hole to

serve as a treatment hole. Each hole

received 40 or 80 g of fused boron rod (1

or 2 rods), then the holes were plugged

with tight fitting wood dowels. One half

of the poles were sent to Hilo, Hawaii,

while the remainder were exposed at our

Corvallis site. All poles were placed on

racks out of ground contact. The Hito
poles quickly experienced extensive

checking that we believe largely negated

the value of the test. The poles at the

Corvallis site did not check and have

continued in test for 10 years.



Boron movement from the rods

was assessed 1,6, 7, and 10 years alter

treatment by removing increment cores

from two sites 90 degrees around from

and 75 mm below the bolt hole. The

cores were segmented into zones

corresponding to the inner and outer 50

mm. The segments were ground to pass a

20 mesh screen and analyzed for boron.

Initially, these analyses were performed

by ion coupled plasma spectroscopy, but

later were performed using the

Azomethine H method. In addition, one
core was removed from 75 mm above the

treatment hole. This core was ground as

one sample and analyzed for boron. A

second set of cores was removed from 75

mm below each bolt. These cores were

placed on malt extract agar and observed

for growth of decay fungi as described

earlier in this section.

Boron levels in untreated control

poles ranged from 0.005 to 0.19 kg/m3

(Table 1-7). Boron levels in poles

receiving 40 g of boron rod were

generally below the upper threshold for

protection against fungal attack one year

after treatment except for the inner zone

at the lowest point sampled. Boron

levels were generally higher in the inner

zone, reflecting the tendency for moisture

conditions to be more stable deeper in

the wood, thereby facilitating more

sustained boron diffusion. Boron levels
tended to rise between 1 and 6 years after

treatment and were often above the
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threshold. Once again, inner boron

levels tended to be higher than outer

levels. Boron levels in the lower dosage

treatment tended to decline slightly

between year 6 and 7, then more

precipitously between years 7 and 10.

None of the boron levels were above the

threshold 10 years after treatment.

Boron levels in the higher dosage

tended to be higher above the treatment

hole but lower below that zone for most

of the sample times. As with the lower
dosage, chemical levels tended to be

higher in the inner zone, although the

differences were nearly absent 10 years

after treatment. As with the lower
dosage, boron levels at all sampling sites

were below the threshold 10 years after

treatment.

Fungal isolation from boron

treated poles 7 and 10 years after

treatment revealed that decay fungi had

begun to colonize the untreated poles,

while levels tended to be low in the 40
and 80 g treatments (Table I-B).
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Table 1-7. Boron levels at selected distances above and below the threaded rod in
Douglas-fir pole sections 1 to 10 years after treatment with 40 or 80 g of fused boron
rod. Treatment was applied 75 mm below rod.

Dosage
(g)

Distance
from bolt

Treatmen
t zone

Residual boron levels (kg/rn3 BAE)

Year 1 Year 6 Year 7 Year 10

40 75mm whole 1.457 1.176 0.471 0.387
(1.694 (1.121) (0.422) (0.294)

-75mm inner 0.343 4.445 1.832 0.520
(0,514) (5.499) (2.085) (0.985)

outer 0.29 1 1 .321 1 .432 0.524
(0.235) (0.753) (1.562) (0.541)

-225mm inner 3.159 1.711 1.248 0.119
(5.863) (1.292) (0.942) (0.121)

outer 0.291 1.363 0.780 1.235
(0.146) (0.814) (0.575) (3.147)

80 75 mm whole 3.987 3.487 1.667 0.382
(3.616) (6.004) (1.857) (0.252)

-75 mm inner 0.33 1 2.878 5.700 0.485
(0.593) (3.270) (4.026) (0.326)

outer 0.137 1.071 1.484 0.693
(0.090) (0.765) (1 .276) (0.562)

-225mm inner 0.240 1.338 1.990 0.531
(0.139) (1.278) (1.256) (0.546)

outer 0.217 0.599 0.682 1.143
(0.182) (0.577) (0.439) (1.721)



2. Performance of fused boron rods in

internal groundline treatments of

Douglas-fir poles: Twenty

pentach Iorophenol treated Douglas-fl r

pole sections (2 50-300 mm by 2 m long)

were set to a depth of 0.6 m at the Peavy

Arboretum test site. Three 19 mm wide

by 200 mm long holes were drilled

perpendicular to the grain beginning at

groundline and moving around the pole

120° and upward 150 mm. Each hole

received either 1 or 2 fused boron rods

(180 or 360 g of rod, respectively, per

pole). Each treatment was replicated on

10 poles.

The poles were sampted 1, 3, 4, 5,

and 7 years after treatment by removing

increment cores from sites located 1 50

mm below ground as well as 75, 225,
450, and 600 mm above the groundline.

The outer treated shell was removed, then

the remaining core was divided into inner
and outer halves. Core segments for a

given height and position (inner/outer)

2t

were combined for a given treatment and

ground to pass a 20 mesh screen. The

wood was hot water extracted, then the

extract was analyzed for boron by either

ion coupled plasma spectroscopy or the

azomethine H method and expressed on

a kg/rn3 of boric acid equivalent (BAE)

basis (wtlwt).

Boron levels in poles receiving

180 g of rod tended to be low for the first

3 years after treatment, particularly above

ground in the outer zone (Figure 1-5).

Boron levels rose sharply in the outer

zones 5 years after treatment, then

gradually declined 2 years later. This

spike in chemical levels followed a very

wet year and suggests chemical levels in

the poles was closely tied to climatic
conditions. Boron levels 7 years after

treatment in the outer zone were still
above the lower threshold, but the rate of

Table I-B. Fungal isolations from Douglas-fir pole sections 7 and 10 years after

application of fused boron rods at two dosages.

Borate Rod Dosage

(g)

Fungal Isolations (% decay°°')

Year 7 Year 10

0 20100 80100

40 090 10100

80 10'°° 0100
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Figure 1-5. Boron levels in the a) inner and b) outer regions of Douglas-fir pole sections 1 to 7
years after treatment with 180 g of fused boron rod.

a.

:--.- -76cm
- - - 22.5cm

e--4scrn
-60cm

--
II

N

II
- -

I

jt-,_-c__

N
'N

- - -I-'

- - - . - - . . -

0 2 3 4 5 6 7

Year

3

2

0 3 5 6 7

-15cm
b.

- - 225cm

---45ctT1
* 60cm -



decline between 5 and 7 years suggests

that levels will be below the threshold

within 1 to 2 years. Boron levels in the
inner zone were generally higher than

those nearer the surface and exceeded the

threshold at all sample locations except

600 and 450 mm above the ground line

location 7 years after treatment.

Boron levels in the inner zones of

poles receiving 360 g of fused boron rod

tended to be lower than those found in

the lower dosage one year after treatment,

then rose sharply between 2 and 5 years

just below and above the treatment zone

(Figure 1-6). Boron levels higher above the

treatment zone tended to remain below

the lower threshold as did the lowest
sampling point below groundline. Low

levels further below ground may reflect

the wet site in which these poles were

exposed. Boron would be expected to

migrate with moisture and the high water

table during the wet winter months
probably accelerated this process. Boron

levels in the inner zones 7 years after

treatment were at or above the threshold

in 32 of four zones sampled, suggesting

that retreatment may he necessary within

1 to 2 years. Boron levels near the

surface remained low for most of the test

period, but have gradually increased over

the last 3 years and are now at or above

the threshold in 3 of the sampling zones.
3. Use of glycol additives to enhance

movement of boron from fused boron

rods: Boron has been widely studied as a
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wood preservative because it effectively

controls insect and fungus infestations in

wood and has a low toxicity to non-target

organisms. This chemical can be applied

in a fused rod form that will diffuse

through wood from the point of treatment

if sufficient water is available (Dickinson
et al., 1988; Dietz and Schmidt, 1988;

Dirol, 1988; Edlund et aL, 1983; Ruddick

and Kundzewicz, 1992). Diffusion

through Douglas-fir heartwood occurs
slowly at moisture contents below the

fiber saturation point, but does not

usually produce levels necessary for

wood protection (Morrell and Freitag,

1995; Morrell et. al. 1990). Diffusion
occurs rapidly at moisture contents above

40% (Smith and Williams, 1969; Morrell

et. al. 1990). Adding water at the time of

boron rod application has been shown to

have little effect on boron levels away

from the treatment application point or on
the isolation frequency of decay fungi

(Morrell and Schneider, 1995). One
approach for enhancing boron diffusion is

to add glycol (Bech-Anderson, 1987;

Edlund et aT., 1983).

Several commercially available

formulations of boron and glycol have

been shown to enhance the diffusion of

boron into drier wood (Edlund et al
1983). These products have been used in

buildings, but their use in larger
structures, such as utility poles, has not

been investigated. The objective of this
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Figure 1-6. Boron levels in the a) inner and b) outer regions of Douglas-fir pole sections 1 to 7
years after treatment with 360 g of fused boron rod.

24

.
,/ \

N
N

-.--------.--
a.

.75cm
*"22.5cm
.e-.45cm

_____
P.

/

--- -------

"
I

III

'. /
I

//I S.

S.

S.

S.

V
/

£...
....

S.

I'

'1
..

.

..
..

.

..-. '.
..

..
.

S.

S.

S.

S.

S.

.. ..

S.

S.

S.

III

b.
I

'

S---lScm
.7.5cm

22.Scvn

/1I,
1

A.

-
,

0 2 3 4 5 6 8

Year

6

5

'U

th
I"

a

3

2

7

6

a

3

2

0 2 3 5 6 I S



study was to determine the effect of

various boron/glycol formulations appl led

in conjunction with Impel rods® on the

diffusion of boron through Douglas-fir

utility poles.

Pentachlorophenol treated

Douglas-fir pole sections (25 to 30 cm in

diameter by 2.1 m long) were set to a

depth of 0.6 m in the ground at the

Oregon State University test site near

Corvallis OR, USA. The pole test site in
Corvallis receives average yearly rainfall

of 1050 mm with 81% falling between
October and March. The soil around the

poles is an Olympic silty-clay loam and is

saturated during much of the year.

Four 20 mm diameter holes were

drilled at a 450 downward sloping angle

in each pole, beginning at 75 mm above

groundline, then moving 90° around and

up to 230, 300 and 450 cm above

groundline. An equal amount of boron

(227g BAE) was added to each pole, but

was delivered from a combination of

sources in the different treatments (Table

I-B.) The Impel rods® were 100mm long

by 12.7 mm in diameter and weighed

24.4 g each. An equal weight of boron
rod composed of 1 whole rod and a
portion of another was placed in each

hole followed by the appropriate liquid

supplement or left dry. The holes were
then plugged with tight fitting,
preservative-treated wooden dowels.

Each treatment was replicated on 5 poles.

The pole sections were treated in

25

March, 1995 and were sampled after 1, 2

and 3 years by removing 2 increment

cores 180°apart from 300mm below

groundline, and 3 increment cores spaced

120° apart at groundline, 1 50 and 300

mm above groundline. The

pentachlorophenol treated portion of

each core was discarded and the

remainder of each core was divided into

outer (0-50 mm), middle (5 1-100mm) and

inner (101-150 mm) sections. The 3 core
sections from the same depth and height

taken at groundline and above were

combined and ground to pass a 20 mesh

screen. The boron content of the sawdust

was determined by ion coupled plasma

spectroscopy for the first year samples

and by the azomethine method

(American Wood Preservers Association

Standard A2) for the remaining samples

(AWPA 1999).

Wood moisture content was

assessed gravimetrically 1 year after

treatment on all poles. Moisture content
cores were taken at the same heights and

zones as those removed for boron

analysis This single moisture

measurement does not reveal seasonal

variations, but provided an internal
moisture profile at one point during the

test.

The toxic threshold required for

boron to kill fungi in wood in contact
with soil has been estimated to be
between 0,4 and 0.5% BAE (Williams

and Amburgy 1987), however levels as
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Table I-S. Combinations of boron treatments applied internally to Douglas-fir pole

sections in 1995. All treatments deliver 227 g boric acid equivalent per pole.
Impel

Rod®

(g)

Supplement Supplement

(g)

Total

Glycol

(g)

Total

water

(g)

Supplement

Source

Supplement

Formulation

156 None 0 0 0

137 Bora-Care®

1:1 in

water

118 28 65 Nisus Corp.

Rockford,

TN

Disodium
octaborate
tetrahydrate
plus poly and
monoethylene
glycol

137 Boracol

20®

122 77 20 CS! Inc.

Charlotte,

NC

Disodium

octaborate

tetrahydrate

plus

polyethylene

glycol (20°Io)
104 Boracol

40®

164 95 0 CSI Inc.

Charlotte,

NC

Disodium
octaborate

tetrahydrate

plus

polyethylene

glycol (40'To)

156 Ethylene

glycol

100 100 0 VanWaters

and Rogers,

Seattle, WA
146 Timbor®

10%s in

water

118 0 106 U.S. Borax

Inc.

Disodium

octaborate

tetrahyd rate



low as 0.10 %BAE may be sufficient to

prevent colony formation from spores and

hyphal fragments (Morrell et. al. 1998).

Boron levels 300 mm below

groundline: One year after treatment,
the wood moisture content 300 mm

below groundline was above the fiber
saturation point(-30°fo) in all core

sections. The boron content of the wood

was below the upper toxic threshold

value of 0.5°Io BAF in all but the rod only

and rods plus Boracol 40 treatments.

The Boracol 4O treatment produced a

level of 0.56% BAE in the inner core

sections one year after treatment, then

declined to just above the lower

threshold level over the next 4 years.

Boron levels were generally higher in the

inner segments, probably because most of

the treatment was at the bottom of the

sloping holes, near the center of the pole.

The bottom of the lowest treatment hole

was approximately 230 mm above the
lowest sample zone, Boron levels below

ground remained fairly steady over 5

years with most treatments. Boron levels

in poles treated with Boracol 40®

declined in the inner segments, but

increased in the middle and outer
segments.

Boron levels at groundline: Wood

moisture contents at groundhne one year

after treatment were slightly above the

fiber saturation point in the inner

sections, but slightly below in the middle
and outer sections. Boron levels were
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above the toxic threshold in the inner
sections in all treatments except for the

rods alone at one year in all 4 sample

years. Boron levels in the middle

segments did not reach the threshold with

most treatments until 2 to 3 years after

treatment, then most increased to levels

well above the threshold (Figure 1-8).

Boron levels in the middle zones of the

Boracol 40® treated cores again exceeded

0.5% BAE in all 5 years while levels in

the outer sections rose above the

threshold in the third year. All 3

segments from the Boracol 20 treated

poles also exceeded

the threshold in the fifth year as welt.

Boron levels in the Boracol 40® treated

poles followed the same trend over time

as found with the below ground sample
(Figure 1-7). Levels in the middle and

outer sections increased each year. The

Impel rod® treatment without any

supplement resulted in levels of boron

approaching the threshold after 3 years

and well above that level 5 years after

treatment. The groundline sampling zone

was approximately 50 mm above and 100

mm below the first and second treatment

holes. The assay results indicate that

boron has become well distributed in the
groundline zone between the treatment

holes.



Table 1-9. Boron levels in increment cores removed from various distances above and
below groundline from Douglas-fir pole sections treated with fused boron rods with or
without diffusion enhancers.
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height (mm from
treatment groundline) depth year 1 year 2 year 3 year5

Average boron content
(KgIm3 BAE)Jstandard deviation

rods only -300 I 0.518 1.400 0.865 0,527
0.448 1.229 0.825 0925

M 0.807 0.827 0.373 0.372

1.339 0.905 0.301 0.686

O 0.299 0.431 0.243 0.499
0.097 0.561 0.228 0.594

0 I 1.306 2.161 2.147 2.884
1.910 0.970 1.965 1.976

M 0.345 1.054 2.427 1.864
0.240 0.853 2.660 0.818

o 0.236 0.229 1.669 0.423
0.128 0.289 2.093 0.461

150 I 0.450 1.655 2.118 1.872
0.289 2.236 1.624 1.724

M 0.223 1.386 2.878 1.473
0.067 2.472 3.325 1.429

o 0.293 0.429 0.543 0.409
0.182 0.859 0.861 0.489

300 I 0.230 0.301 0.489 1.144
0.132 0.540 0.586 2.030

M 0.202 0.165 0.327 1.787
0.063 0.159 0.339 3.127

o 0.158 0.097 0.109 1.063
0.094 0.098 0.096 1.766

Rods plus Boracare -300 I 1.567 0.360 0.510 0.195
1.801 0.251 0.319 0.163

M 0.361 0.431 0.560 0.070
0.197 0.370 0.278 0.096

O 0.226 0.157 0.584 0.041

0.046 0.030 0.587 0.064

0 I 2.803 7.592 2.397 5.677
1.864 6.378 1.510 6.605
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M 0.316
0.179

4.766
4.784

1.344
0.920

5.031
4.708

o 0 223 0.402
0.394

0.865
0.926

0.830
0.9150.052

150 I 4.352 3.549 4.125 5.165
3.611 1.219 4.665 3.721

M 1.062 1.323 4.097 1.862
1.096 1.667 4.495 0.966

o 0.497 0.490 0.405 1.075
0.341 0.904 0.304 1.864

300 1.789 1.221 0.811 2.270
1.167 1.095 1.045 3.191

M 1.161 0.328 0.886 4.226
1.905 0.292 1.358 8.090

o 0.328 0.148 0.998 1.621
0.192 0.185 1.775 2.882

Rods plus Boracot 20 -300 I 0.871 0.690 0.496 0.264
0.710 0.746 0.530 0.186

M 0.490 0.287 0.256 0.222
0.480 0.258 0.241 0.231

o 0A66 0.198 0.219 1.619
0.491 0.211 0.146 3.360

0 4.513 2.406 3.933 3.331
5.324 0.730 2.952 1.952

M 1.444 0.790 2.379 1.986
2.085 0.527 2.323 1.251

o 0.318 1.109 2.982 0.546
0.119 2.109 2.906 0.633

150 1.84.5 3.640 1.547 3.692
0.949 3.998 1.793 1.562

M 0.735 1.004 3.388 1.849
0.695 0.648 5.037 1.158

o 0.363 0.925 0.301 0.441
0.230 1.453 0.274 0.414

300 2.869 0.702 0.932 0.362
4.368 0.721 1.120 0.696

M 0.669 1.085 0.580 0.268
0.620 1.161 0.817 0.565

o 0.241 1.359 0.203 0.399
0.065 2.443 0.240 0.722
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Rods plus Boracol 40 -300 2.493 0.923 0.715 0.517
2.375 0.633 0.622 0.734

M 0.552 0.710 1.526 0.369
0.411 1.093 2.573 0.358

0 0.209 0.740 1.359 0.067
0.076 0.994 2.656 0.069

0 I 11.152 10.407 5,817 10.822
6.976 9.501 3.208 9.222

M 3.382 5.156 9.540 13.818
2.692 3.233 10.730 10,665

o 0.448 1.263 2.651 2.532
0.305 1.475 2.214 1.847

150 I 0.366 0.326 0.350 0.635
0.245 0.302 0.301 0.864

M 0.219 0.438 0.408 0.332
0.030 0.428 0.314 0.528

o 0.180 0.334 0.257 0.139
0.108 0.279 0.082 0.272

300 I 0.178 0.100 0.085 0.029
0.118 0.085 0.073 0.043

M 0.147 0.082 0.094 0.036
0.099 0.055 0.079 0.050

o 0.153 0.073 0.051 0.017
0.109 0.035 0.070 0.023

Rods plus Ethelyne Glycol -300 I 0.318 0.326 0.162 0.143
0.290 0.204 0.135 0.209

M 0.186 0.184 0.069 0.041
0.065 0.108 0.132 0.092

o 0.159 0.104 0.103 0.032
0.103 0.113 0.125 9,948

0 5.297 3.712 3281 2.837
8.913 2.920 3.836 1.972

M 0.975 0.612 0.667 2.812
1.196 0.393 0.459 2.001

o 0.211 0.171 0.679 1.6121
0.158 0.173 1.198 .900

150 I 2.983 5.024 5.308 2.766
3.501 4.325 1.722 2.529

M 1.343 1.085 2.344 6.532
1.528 1.363 2.632 10.115
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o 0.289
0.218

0.104
0.084

1.453
2.034

4.289
7.081

300 I 0.172 0.237 1.498 1.572
0.112 0.164 1.831 2.789

M 0.189 0.177 0.556 3.437
0047 0.224 0.690 6.665

o 0.197 0.613 0.911 2.335
0.040 0.973 1.717 4.853

Rods plus Timbor 300 0.830 0.665 0.303 0.323
0.428 0.373 0.220 0.388

M 0.305 0.264 0.542 0.126
0.070 0.109 0.367 0218

o 0.335 0.136 0,509 0.027
0.181 0.064 0.603 0.040

0 2.752 2.677 5.670 7.576
2.361 2.364 4.813 11.414

M 0.324 1.841 1.463 1.538
0.173 1.989 1.345 0.781

o 0.342 0.203 0.537 0.472
0.230 0.170 0.551 0.493

150 I 3.534 2.888 2.835 2.217
3.439 2.220 2.853 1.096

M 8.597 1.421 1.744 6.151
12.260 1.893 1.984 7.508

o 0.719 0.353 0.935 1.133
0.790 0.299 0.744 0.833

300 I 2.940 1.736 1.571 3.378
5,566 2.218 1.913 5.192

M 0.377 0.402 1 836 0.678
0.234 0.352 2.423 0.663

o 0.448 0.152 3.143 0.336
0322 0.069 2.419 0.482
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Figure 1-7. Roron levels in the outer (a), middle (b). and inner (c) zones of increment cores removed
300 mm below groundline from Douglas-fir poles sections I to 5 years after treatment with fused boron
rods with or without various diffusion enhancers.
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Boron levels 150 mm above
ciroundine. Wood moisture content 150
mm above groundline averaged 27°/a,
with a significant moisture gradient from
the outer to the inner segments Boron
levels in this zone were lower than at
groundline, particularly 5 years after
treatment, despite the close proximity to
the treatment holes. Inner core
segments from this zone were taken
approximately 50 mm above the bottom
of the second and 50 mm below the
bottom of the third treatment holes.
Boron levels above 0.5% BAE were
consistently found in the inner core
segments of the Bora-Care®, ethylene
glycol and Timbor treatments (Figure
1-9).

Year.

Figure 1-7. Boron levels in the outer (a), middle (b). and inner (c) ZOflCS of increment cores
removed 300mm below groundline from Douglas-fir poles sections Ito 5 years after treatment
with fused horon rods with or without various diffusion enhancers.
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Levels in the Boracol 20@
treatment were variable, but rose with
time in the middle core segments. The
ethylene glycol treatment also resulted
in higher boron levels over time,
exceeding the threshold in the outer and
middle segments by the third year. The
Boracol 40® treatment resulted in
uniformly low boron levels 150mm
above groundline. The boron rod
without supplemental treatment resulted
in boron levels approaching 0.5% BAE
by the third year. All boron levels rose
sharply between 3 and 5 years. Rain in
the two previous years were either
average or well above average for the
test site, suggesting that the additional
moisture had enhanced diffusion from
the treatment zone.
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Figure 1-8. Boron levels in the outer (a). middle (bi. and inner (c) zones of increment cores
removed at groundline From Douglas- fir poles sections I to 5 years after treatment with fused
boron rods with or without various ilifftisinn enhancers.
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Figure 1-9. Boron levels in the outer (a), middle (b), and inner (c) zones of increment cores
removed 150mm above groundline from Douglas-fir poles sections 1 to 5 years after treatment
with fused boron rods with or without various diffusion enhancers
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Figure 1-8 cont. Boron levels in the outer (a). middle (b). and inner (c) zones of increment cores
removed at groundline trom Douglas fir poles sections I loS years after treatment with fused
boron rods with or without various diffusion enhancers.
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Figure 1-9. Boron levels in Lhe outer (a), middle (b). and inner (c) zones of increment cores
removed 150 mm above groundline from Douglas-fir poles secttons I to 5 years after treatment
with fused boron rods with or ichout various diffusion enhancers.
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Boron levels 300 mm above

groundline. Wood moisture content 300
mm above groundline averaged 27°/s with

no significant gradient from the outer to

inner core segments . The 300 mm

sampling zone was close to the bottom of

the highest treatment hole. Boron levels
in this zone were below threshold with

most treatments over the first 3 years after

treatment, then rose sharply over the

additional 2 years to the point where
many boron levels were at or above the

threshold (Figure 1-10). The Timbor

treatment resulted in the highest boron

levels, near or above threshold in all 3

core segments by the third year. Boron

levels in this treatment remained high in
the inner zone, hut declined in both the

middle and outer segments. Both

Boracol treatments resulted in fairly

steady , but low boron levels that were

mostly below the toxic threshold. Boron

levels in Boracare® treated poles were

initially low, but increased to levels
above the threshold 5 years after

treatment. Roron levels from the

ethylene glycol treatment increased each

year and may have provided some

protection by the third year. Levels were
clearly above the threshold with this
treatment 5 years after chemical

application.

The uniform moisture contents

above the groundline do not seem to

account for the large differences in boron
retention 1 50 mm and 300 mm above
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grounclline, but our single sample could

not account for seasonal variations. The

test site tends to experience very dry

summers, which would likely lead to low
internal wood moisture contents for a

major portion of the year. The relatively

low levels of boron below ground may be

due to diffusion from the pole into the
surrounding soil. Boron Irom fused
borate rods has been shown to he highly

mobile at moisture contents above 4006

(Morrell et. al. 1990). Boracol 40® was

able to move more quickly through drier

wood than the other formulations,

resulting in early depletion from the

higher sampling zones. The moisture

content of these poles seems conducive

to diffusion of boron from most

treatments at groundline and 1 50 mm

above groundline.

All of the supplements tested

enhanced boron movement through

Douglas-fir heartwood. Boron diffused

from the fused rods alone at levels high

enough to protect wood at groundline

and 150 mm above after 3 years, but

levels diffusing from treatments with

supplements were usually much greater.

The Boracol 40 treatment appeared to

increase the mobility of the boron to the
point where it moved down the pole from

the higher treatments even after one year.

Boron movement at groundline tended to
occur from the center of the pole

outward. Further sampling will reveal
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Figure 140. Boron levels in the outer (a). middle (b). and inner (c) zones of increment cores
removed 300 mm above groundline from Douglas-tur poles sections I inS years after realment
with fused boron rods with or without various diffusion enhancers.

64



5

4

3
w
C

2

I-.- rfl .,
acafo

roe. &wac 20

--ro&BoacoJ4Q
-a--- rQ. etetyne *c
Lts T(T

whether boron is being lost from the
pole to the surrounding soiL The Bora-
Care®, Boracol 20®, ethylene glycol
and Timbor® treatment all tended to
produce more uniform levels of boron
throughout the sampling zone. The
Timbor treatment does not contain any
glycol, yet it improved boron diffusion
and resulted in the most even
distribution of boron throughout the
sampling zone. The limited wood
moisture content data available confirms
that boron diffusion was highly
dependent on moisture.
4. Performance of sodium fluoride rods
in Douglas-fir poles: While most of our
work has concentrated on boron as a
water diffusible remedial treatment,
fluoride based systems are also
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available. Fluoride has a long history of
use for protection the external surfaces
of poles below ground and has also
been used for internal treatment around
spikes in railroad ties. The formulation
use for the latter purpose is also
registered for application to wood poles
and might prove useful for internal
treatments either above the groundline
or in locations where utilities object to
the use of tumigants.

Fentachlorophenol treated
Douglas-fir poles sections (250-300 mm
in diameter by 2.4 m long) were set to a
depth of 0-6. Three 19 mm diameter by
200 mm long holes were drilled into the
poles beginning at groundline and
moving around 1200 and upward 150

5 6

Figure J -10 corn. Boron levels in the outer (a). middle (5). and inner (c) zones of increment cores
removed 300 mm above groundline from Douglas-fir poles sections I to 5 years alter treatment
with fused boron rods with or without various diffusion enhancers.



mm. Each hole received either one or two

sodium fluoride rods, then the holes were

plugged with tight fitting wood dowels.

Each treatment was assessed on 7 or B

poles for the Iirst 3 years and S poles at

year 5. Fluoride movement was assessed

by removing increment cores from 3 sites

around each pole 150 mm below

groundline as well as 225 mm above

groundline and 150 mm above the

highest treatment hole (450 mm above

groundline). The outer treated shell was
discarded, then the remainder was

divided into inner and outer halves.

These halves from a given treatment and

position were combined and ground to

pass a 20 mesh screen. The samples were

then analyzed by Osmose Wood

Preserving Inc. (Buffalo, NY), on a blind

sample basis, for fluoride according to

procedures specified in AWPA Standard

A2 Method 7 (AWPA, 2000).
A precise threshold value for

fluoride or other diffusible chemicals

used to protect wood against deacy is

somewhat difficult to determine. The

difficultyin determining which value to
use reflects the problem of assessing a

chemical which moves with moisture and
therefore is capable of migrating from the

wood during conventional decay tests.

As a result, initial chemical loadings may
not accurately reflect the amount of

fluoride actually required to protect
wood. In addition, fluoride levels
required to prevent fungal attack of large

amounts of actively growing (ungal

myceliuni in direct soil contact would

probably be considerably higher than that

required to kill individual spores or
hyphal fragments. In most instances,

internal decay control above ground more

closely reflects that latter instance. As a

result, it is probably prudent to consider

two thresholds; one for direct soil contact

where the fluoride can move with soil
moisture and is challenged by a diverse

array of organisms and an internal

threshold, where fluoride moves more

slowly and has fewer biological

challenges.

Laboratory trials of fungi exposed

to agar amended with sodium fluoride

suggested that the threshold for some

fungi was 0.11 % fluoride (Richards,

1924). Soil block trials by Baechler and

Roth (1956) suggested that the threshold

for many fungi ranged from 0.26 to 0.31

0I fluoride, although thresholds for some

fungi including I. versico!or, were much

higher, ranging from 1.33 to 2.27 %.

Fahlstrom (1964) confirmed these

thresholds, then examined the effect of

the presence of creosote on the threshold.

Thresholds for southern pine blocks with

32 kg/m' of creosote plus fluoride ranged

from 0.11 to 0.14 0/ fluoride. The
evaluation of the impact of a subthresholc

creosote retention on the fluoride
threshold value is a reasonable approach

for external remedial preservatives

applied to in-service utility poles.

40
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However, this approach has less

application to internal treatments, where

heartwood impermeability largely limits
the potential for creosote or any other oil-

based preservative to be present. Our
laboratory tests of sodium fluoride in

Douglas-fir sapwood suggested that the

threshold for protection against C.

trabeum and P. placenta were lower than

the elevated levels suggested by Baechler

etal. (1956), falling between 0.02 and

0.05 0/0. No significant weight losses

were found with these two fungi in

Douglas-fir heartwood when fluoride was

present, suggesting that the combination

of fluoride and heartwood extractives
provided enhanced wood protection.

These tests were performed using

procedures designed to limit the potential

for leaching during treatment and used

limited amounts of fungal inoculurn to
simulate natural colonization. These
procedures should result in a decay

environment that more closely

approximates the interior of a Douglas-fir
pole. On the basis of our results, a

threshold of 0.10 to 0.15 0/0 as originally

proposed by Fahlstrom (1964) is probably

a reasonable, but conservative guide for

control of internal decay given the
presence of both the fluoride and

heartwood extractives.

Fluoride levels in Douglas-fir poles

1 to 5 years after treatment varied widely

with distance above groundline and
dosage (Figure 111). Fluoride levels were
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initially low in most locations except in

thc outer zone 150 mm below the
groundline in the higher dosage. Most

fluoride levels gradually increased

between 1 and 3 years, although the

increases were not always consistent.

Fluoride levels in several locations were

well above the minimum 0.100/

threshold 5 years after chemical treatment

even 450 mm above the original

treatment zone. The reasons for the

sudden increase in fluoride concentration

are unclear, although they may reflect the

higher rainfall totals in the 411 and 5th

years of the test. Chemical levels tended

to be higher in the inner zones, except for
the 150 mm below groundline sample
from poles receiving the higher fluoride

dosage.

The results clearly show that

fluoride continues to move from the
original application point and is well
above the internal threshold at many

locations 5 years after treatment.

5. Performance of fluoride/boron rods in

Douglas-fir pole sections:

Pentachiorophenol treated Douglas-li r

poles sections (250-300 mm in diameter

by 2.4 in long) were set to a depth of 0.6

m. Three 19 mm diameter by 300 mm

long holes were drilled into the poles

beginning at groundline and moving

around 90 or 1 20 degrees and upward

150 mm. Each hole received either one or

two rods each containing 23.5 g of a

mixture consisting of 24.3 0/ sodium
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fluoride and 58.2 % sodium octaborate
tetahydrate (Preschem Ltd. Australia).
then the holes were plugged with tight
fitting wood dowels. Each treatment
was assessed on 5 poles. Fluoride
movement was assessed 1, 2, 3, 5. and
7 years after treatment by removing
increment cores from 3 sites around
each pole 300 mm below groundline as
well as 300 and 800 mm above
groundline. The outer treated shell was
discarded, then the outer and inner 25
mm of the remaining core were
retained. Core segments from a given
zone for the same sampling height were
combined for the five poles in each
treatment. These segments were then
ground to pass a 20 mesh screen and
the resulting sawdust was divided into 2
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us h a rye tie

.15 15 ZI 23 45 4.5 -15

lrW 1r IrcC 1r lraJ lrj 2i

Core sec*Iorvsrpung Locaban (an. Irc.n Q4frreamer*

Figure I-Il. Fluoride concentrations at selected distances above or below groundline in Douglas-fir pole
section I to 5 years after treatment with 3 orG fluoride rods per pole.
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equal portions. One portion was hot-
water extracted and analyzed for boron
using the azomethine H method. The
remainder was extracted in hydrochloric
acid and eventually fluoride was
determined using a specific ion
electrode.

Boron levels 150 mm below and
300 mm above groundline in the inner
assay zone tended to be above 0.5
kg/rn3 within one year after treatment
with three fluoride/boron rods (Figure 1-
12), but were much lower 600 mm
above groundline. Boron levels tended
to be at or above the threshold in most
inner zones at the two lower sampling
sites over the 7 year test
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period. Boron levels 600 mm above

groundline remained below the threshold
for the entire test period. Altering the

application pattern also appeared to affect

boron distribution. Treatment holes

spaced 900 degree apart around the pole

were consistently associated with higher

boron levels 150 mm below and 300 mm

above groundline. The reasons for this
enhanced boron distribution are unclear

in light of the use of the same rod dosage

for both treatment patterns.

Boron levels in poles receiving the

6 rod treatment tended to be much higher

than those for poles receiving 3 rods.

Once again, little boron was detected 600
mm above groundine, until nearly 7 years

after treatment. Boron levels again

tended to be higher iii the inner zone,
reflecting the delivery of the rods towards

the pole center. While there appeared to
be differences in boron levels between

the two treatment patterns, the differences

were small in comparison with those seen

in poles receiving the lower dosage.

Nearly all boron levels rose sharply 7

years after treatment, following two wet
years. This sharp rise in boron levels

highlights the importance of local climate

conditions on performance of these

diffusible systems.

Fluoride levels in poles receiving

the fluoride/boron rods tended to nearly
uniformly (all below the 0.1 0/0 fluoride

threshold for internal protection against

fungal attack (Figure 1-13). The exceptions
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were the 9O spacing low dosage samples

1 50 mm below and 300 mm above

groundline and the 120° spacing 150mm

below groundline at the higher dosage.

Fluoride levels remained uniformly low in

all other treatments, sampling locations

and times. The limited levels of fluoride

reflect, in part, the small percentage of

this component present in the rods (10.9

% as fluoride compared with 58 %

sodium octaborate), but even these

differences do not completely account for

the low levels of fluoride found in the
poles. These results suggest that either

the fluoride is less capable of moving

from the rods or that once it migrates, it is

rapidly lost from the system.

The presence of adequate levels of

boron suggests that these treatments are

performing well within the groundline
zone of the poles 7 years after treatment,

but do not appear to protect wood further

above the treatment zone.

I



I

2

'5

0.5

0

Year 1

Year 2

o Year 3

oYoa 5
Yea'

Cor. S.ctlonfC.nllniet.r. lroai GUsagn and spacing

Figure 1-13. Residual levels of fluoride in Douglas-fir poles I to 7 years ater treatment with three
orb) six tluoride/horon rods distributed in holes spaced 90 or [20 degrees around the pole.

45

25

n,er ooler
.15 15

301200 301200

inner ,4,, nner culer liner auler sire,
30 30 60 60 15 '5 30

30120o 30120o 3Cl20o 3012Cc 309Cc 309Cc 30900
Core SecflorvCntlmel,i Irom GLJssge and spacIng

outer
30

30900

inner outer

60 60

3090o 309Cc

1 a' 2

1 "ear 5

3 Vr 7

.me. Quiet
is is

601200 601200

rtloi cue,
ac 30

601200 601200

fliei
60

6012Cc

Dole'

60
612120o

irrer auto'
15 15

609Do 613900

nie,
30

60900

Quiet

30

6090o

irvf Dolor

60 60
60900 60900



Literature Cited

American Wood Preservers' Association. 1999. Standard A2-98. Analysis of waterborne

preservatives and fire retardant formulations. Methods 16. Determination of boron in

treated wood using azomethine of carminic acid. In: Book of Standards, AWPA, Granbury,

TX. Pages 207-209.

Baechler, R.H. and HG. Roth. 1956. Laboratory leaching and decay tests on pine and oak

blocks treated with several preservative salts. Proceedings American Wood Preservers'

Association 52:2433.

Bech-Anderson, j. 1987. Practical experiments with Boracol 10 Rh used as a fungicide in

the repair process after attack by the dry rot fungus (Serpula Iacrimans). International

Research Group on Wood Preservation document No IRGIWP/3458. Stockholm, Sweden.

9 pages.

Chudnoff, M., W.E. Eslyn, and R. Wawriw. 1978. Effectiveness of groumndline treatments

of creosoted pine poles under tropical exposure. Forest Products Journal 28(4):26-32.

Dickinson, D.J., P.1. Morris, and B. Calver. 1988. The secondary treatment of creosoted

electricity poles with fused boron rods. International Research Group on Wood

Preservation Document No. IRGIWP/3485. Stockholm, Sweden. 3 pages

Dietz, MG. and E.L. Schmidt. 1988. Fused borate and bifluoride remedial treatments for

controlling decay in window miliwork. Forest Products Journal 38(5)9-14.

Dirol, 0. 1988. Borate diffusion in wood from rods and liquid product: Application to
laminated beams. International Research Group on Wood Preservation Document No.

IRG/WP/3482. Stockholm, Sweden. 11 pages.

Edlund, ML., B. Henningsson, A. Kaarik, and P.-E. Dicker. 1983. A chemical and

mycological evaluation of fused borate rods and a boron/glycol solution for remedial

treatment of window joinery. International Research Group on Wood Preservation

document No. IRGIWP/3225. Stockholm, Sweden. 36 pages.

Fahlstrom, GB. 1964. Threshold values for wood preservatives. Forest Products Journal

46

II

I



14:529-530.

Leutritz, J. and G.Q. lwmsden. 1962. The groundline treatment of standing southern pine

poles. Proceedings American Wood Preservers' Association 58:79-86.

Morrell, Jj. and CM. Freitag. 1995. Effect of wood moisture content on diffusion of boron-

based biocides through Douglas-fir and western hemlock lumber. Forest Products journal
45(3):51-.55.

Morrell, J.J., Freitag, C.M. and S. Unger. 1998. Development of threshold values for boron

compounds in above ground exposures: preliminary trials. International Research Group

on Wood Preservation Document No. IRG/WP/98-30179. Stockholm, Sweden. 7 pages.

Morrell, I.]. and P.F. Schneider.1995. Performance of boron and fluoride based rods as

remedial treatment of Douglas-fir poles. International Research Group on Wood

Preservation Document No. IRGIWP/95-30070. Stockholm, Sweden. 11 pages.

Morrell, j.J., Sexton, CM. and A.F. Preston. 1990. Effect of moisture content of Douglas-

fir heartwood on ongitudinal diffusion of boron from fused borate rods. Forest Products

Journal 40(4):37-40.

Panek, E., J.O. Blew Jr, and R.H. Baechler. 1961. Study of groundline treatments applied to

five pole species. U.S.D.A. Forest Products Laboratory Report 2227. Madison, WI. 22

pages.

Richards, C.A. 1924. The comparative resistance of 17 species of wood-destroying fungi to

sodium fluoride. Proceedings American Wood Preservers' Association 20:1-7.

Ruddick, J.N.R. and A.W. Kundzewicz. 1992. The effectiveness of fused borate rods in

preventing or eliminating decay in ponderosa pine and Douglas-fir. Forest Products

Journal 42(9):42-46.

Smith, D.N. and R. Cockroft. 1967. The remedial treatment of telephone and electric

transmission poles. Part 1. Treatment for external decay. Wood 32(9)35-37.

Smith, D.N. and Al. Williams. 1969. Wood preservation by the boron diffusion process-

47



The effect of moisture content on diffusion time. J. Institute of Wood Science 4(6):3-1O.

Theden, G. 1967. The effectiveness of wood preservatives against soft rot determined by

the soil burial method. HoIz als Roh-und Werkstoff 19(9):352-357 (German).

Williams, L.T. and T. L. Amburgy. 1987. Integrated protection against Lyctid beetle
infestations. IV. Resistance of boron treated wood (Vito/a spp.) to insect and fungal attack.

Forest Products Journal 37(2):1O-17.

48



OBJECTIVE II

IDENTIFY CHEMICALS FOR PROTECTING EXPOSED

WOOD SURFACES IN POLES

Preservative treatment prior to

installation provides an excellent barrier
against fungal, insect and marine borer

attack, but this barrier only remains

effective as long as it is intact. Deep

checks that form after treatment, drilling

holes after treatment for attachments such

as guy wires, cutting poles to height after

setting, and heavy handling of poles that

results in fractures or shelling between

the treated and untreated zones can all

expose untreated wood to possible

biological attack. The Standards of the

American Wood Preservers' Association

currently recommend that all field

damage to treated wood be treated with

solutions of copper naphthenate. While
this treatment will never be as good as

the initial treatment, it provides a slight

barrier that can be effective above the
ground. Despite their merits, these

recommendations are often ignored by

field crews who dislike the oily nature of

this treatment and know that it is highly
unlikely that anyone will later check to
confirm that the treatment has been

properly applied.

In 1980, the Coop initiated a series

of trials to assess the efficacy of various

field treatments for protecting field drilled
bolt holes, for protecting untreated
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western redcedar sapwood, and for

protecting untreated Douglas-fir timbers

above the groundline. Many of these
trials have been completed and have led

to further tests to assess the levels of

decay present in the above ground zones

of poles in the region and to develop

more accelerated test methods for

assessing chemical efficacy. Despite the

length of time that this Objective has

been underway, above ground decay and

its prevention continues to be a problem

facing many utiflties as they find

increasing restrictions on chemical
usage. The problem of above ground

decay facilitated by field drilling promises

to grow in importance as utilities find a

diverse array of entities operating under

the energized phases with cable,

telecommunications, and other services.

Developing effective, easily applied

treatments for the damage done as these

systems are attached to the poles can lead

to substantial long term cost savings and

is the primary focus of this objective.

A. EVALUATE TREATMENTS FOR

PROTECTING FIELD DRILLED BOLT

HOLES

Douglas-fir pole sections (200 to

250 mm in diameter by 4.5 m long) were

a



Boultonized in pentachiorophenol in P9

Type A oil then removed from the

cylinder. The goat was to create dry, but

shallowly treated poles. A series of eight
25 mm diameter holes were then drilled

perpendicular to the grain beginning 600

mm above groundline and extending

upwards at 450 mm intervals to within

450 mm of the top. The holes were off

set 90 degrees from those above and

below. The holes were then randomly

assigned 'to be treated with 10 %

pentachlorophenol in diesel oil,

powdered ammonium bifluoride,

powdered sodium octaborate tetrahydrate

(Timbor), or4O % boron in ethylene

glycol (Boracol). Each chemical was

replicated on eight holes in each of 4

poles. An addition set of 8 poles received

no chemical treatments. The holes were

then plugged with galvanized metal

hardware and either metal or plastic gain

plates. An additional set of four poles

received no chemical treatment, but

chemically impregnated washers

containing 37.1 % sodium fluoride, 12.5

% potassium dichromate, 8.5 sodium

pentachlorophenate, 1 % sodium

tetrachlorophenate, and 11 0/ creosote

were used to attach bolts to these poles.

For the first 4 years, fungal colonization

was assessed on four control poles by

removing increment cores from sites

directly below the gain plates on one side

of the pole and from directly above the

washer on the opposite side. The cores
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were placed in plastic drinking straws

which were labeled with core location

and stapled shut. The cores were then

stored at 5 C, generally for 3 to 7 days.

The cores were later removed from the

straws, flamed briefly to kill

contaminating surface microflora and

placed on 1 malt extract agar in plastic

petri dishes. The plates were observed

over a 30 day period and any fungi

growing from the wood was examined

microscopically for the presence of

clamp connections and characteristics

typical of fungi in the Division
Basidiomycota. This group contains

many important wood decay fungi. Fungi

were then classified as either decay or

non-decay fungi. The initial pole

sampling was designed to allow fungi to

develop in all the poles without

disturbing the treated poles. Fungal

isolation levels in the 4 control poles after

4 years remained low and we became

concerned that the other poles might

already be experiencing fungal attack, As

a result, we began sampling all of the

poles in the test using the same

procedures 5 years after installation.

I

The slow development of fungal

attack was initially puzzling, given the
known prevalence of above ground decay

in this region; however, nearly 30 % of

increment cores removed from zones

around the untreated bolt holes in control

poles were eventually colonized (Figure

Il-i). The presence of decay fungi in 30%

I

I
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Figure Il-i. Effect of application of supplemental treatments to feud drilled bolt holes in
Douglas-fir poles on the isolation frequency of decay fungi 1 to 20 years after treatment.

of the field drilled bolts holes in

underbuilt telecommunication lines

should be a major concern to any utility
and clearly illustrates the insidious nature

of the failure to apply supplemental

treatments in these regions.

The selected topicaf treatments

produced varying effects on the presence

of decay fungi in the poles. As noted

earlier, the chemically impregnated

washers failed to perform as expected,

probably because they were poorly

positioned to allow chemical to difuse
from the washers into the exposed,

untreated wood inside the hole. Bolt
holes treated with 10 %

pentachiorophenol also experience levels

of fungal colonization that were similar to
those for the control, a surprising finding
given the long time recommendation to
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treat field damaged wood with this

chemical. We suspect that the penta was

unable to migrate for substantial distances

from the initial point of chemical
treatment. As a result, it was incapable of

protecting the wood as small splits or

checks opened over time.

In general, water diffusible

preservatives provided excellent

protection against fungal attack, although

performance differences emerged over

time. Fungal isolation levels were low
from poles treated with the three

diffusible compounds for 12 years after

installation. We believe these lower
levels of fungal colonization reflect the

ability of the boron and fluoride to
migrate further into the wood. As a result,

these compounds were ideally positioned

to protect against fungal attack as small
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checks or splits opened around the bolt

holes. Over time, however, we suspect

that continued diffusion would result in
depleted boron and fluoride levels around

the bolt holes. Eventually, fungal spores

and hyphal fragments would penetrate

into the unprotected wood and fungal

attack would be initiated. This process

appears to have begun for both boron

compounds around 13 years into the test

and has progressed to the point where

isolation levels in these treatments are

similar to those for the untreated controls

(Table Il-i). However, the sharp increases

have only occurred in the last 3 years,

suggesting that substantial fungal attack

has only recently been initiated. While

the protective effects of the boron have

declined after 20 years, the benefits of

delaying fungal attack for 2 decades

should not be overlooked. Delaying
colonization should sharply reduce the

risk of above ground decay, reducing

long term maintenance costs as poles age.

While all of the other compounds appear

to have lost their effectiveness, fluoride

continued to provide a reasonable level

of protection to the wood. Bolt holes

treated with ammonium bifluoride had
fungal colonization levels that were one

third of those from the untreated controls.

While fluoride compounds are less

commonly used for protecting wood

against fungal attack, they clearly out-

performed all other chemicals in this
application.

One remaining question from this

test is how much of the original treatment

chemical remains around the bolt holes.

This winter we plan to sample selected

poles to assess residual chemical

distribution.

B. DEVELOP METHODS FOR

ENSURING COMPLIANCE WITH

REQUIREMENTS FOR PROTECTING

FIELD-DAMAGE TO TREATED WOOD

Over the past 2 decades, we have

developed a wealth of knowledge

concerning the fungi invading poles

above ground and the efficacy of various

alternative treatments, it is readily

apparent that most of these treatments are

not being employed, either by contractors

working on poles, or even many of the

utility employees. As a result, utilities
face the risk of an increasing level of

decay in the telecommunication region of

their poles that only promises to become

worse as groundline maintenance extends

the service life of poles. This will save

utilities many millions of dollars, but it
also means that slower decay

development above the ground may now

become an issue.

Developing effective methods for

preventing decay in field damaged wood

that will actually be used by line

personnel poses a major challenge. Line

52
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Table Il-i. Effect of application of supplemental treatments to field drilled bolt holes in Douglas-fir poles on the

isolation frequency of decay and non-decay fungi 1 to 20 years after treatment.

Treatment Increment Cores containing Decay (%)a

YrO Yr5 Yr6 Yr7 Yr8 Yr9 YrlO Yril Yr12 Yr13 Yr14 Yr16 Yr17 Yr20

Control 063 232 433 12 766 935 1186 356 681 968 30 1467 32b00

NH4HF2 041 217 o5 016 019 2
39 535 953 io

Boracol4o 344 19 246 o64 316 o' 342 860 gBO 1O' 953 30

Patox 060 1041 13 522 8
31 1667 11 846 14 14 27 71 72 3Q96

10 0/ penta 0 56 2 25
2

19 8 31 53 25 80 6 61 15 67 13 64 19 70 17

Timbor o 38 527 0 11 025 28 238 2 14 2 ' 040 760 369 746 397 33 100

Values represent cultural results from 64 samples for the control and 32 samples for all other treatments.



personnel dislike oily materials, but they

also object to water-based systems that

might be conductive. While some line
crews will use rod type treatments, these

systems are not suitable for protecting

field drilled holes unless an additional

hole is drilled above or below the initial
hole to hold the rod treatment. Given the

cost of crews, we suspect that this

additional drilling would be unacceptable

to many contractors. As a result, most of

the traditional methods for protecting

field damage appear to be unsuitable for

this application.
One possible alternative to

traditional treatment of the wood is to

incorporate the treatment around the

fastener that is inserted into the hole. Dry

or paste-like chemical systems could be

applied to rods and then this material

could be thinly encapsulated with a water
resistant barrier. The barrier would be

strong enough to resist damage during

storage, transportation, and handling, but

would fracture as it was driven into the

bore hole. Water that later entered the

hole would then release the chemical

allowing it to diffuse into the wood
around the treatment hole. An ideal
system would contact both oil- and water-

soluble components. The oil component

would create a barrier on the exposed

wood surface, while the water-soluble

component would penetrate into the

wood and protect wood that might be
exposed through later drying and
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checking. This approach would take

advantage of the attributes of both types

of preservatives in a system where line

personnel did not need to remember to

apply treatment.

The potential for producing treated

field bolts was assessed using threaded,

galvanized rods which were first

weighed, then the threads were packed

with commercially produced pastes

containing copper naphthenate with or

without sodium tetraborate decahydrate.

The rods were then weighed and oven

dried for 48 hours at 60 C dry. The rods

were then inserted in Douglas-fir pole

sections and stored at 90 0/0 relative

humidity and 32 C for 2 weeks. The pole

sections were then split and the distance

which the copper and boron moved were

assessed by spraying the exposed surface

with the appropriate indicator and
measuring the visibly colored wood.

Each treatment was assessed on 2 pole

sections. Copper movement from the

copper naphthenate alone treatment was

largely confined to the zone in contact

with the rod, white copper moved 7 to 10

mmm from the copper/boron coated rods.

The differences in penetration reflect the

differences between an oil and water

soluble copper naphthenate. The

copper/boron paste contained the water

soluble copper naphthenate which was

apparently capable of much greater

movement in the wood. Boron
movement in the copper/boron system



ranged from 5 to 6 mm from the rods,

suggesting that this component had not

yet begun to move a substantial levels.

Further trials have been installed

to evaluate the effects of various surface

sealers that could be used to limit the

potential for flaking of chemical from rods

during storage and handling. The inftial

trials, however, suggest that reasonable

levels of chemical can be applied to the

rods and that these chemicals are capable

of good movement away from the rods

once they are inserted in the wood.



OBJECTIVE III

EVALUATE PROPERTIES AND DEVELOP IMPROVED

SPECIFICATIONS FOR WOOD POLES

A. SEASONAL VARIATIONS IN WOOD

MOISTURE CONTENT IN DOUGLAS-

FIR AND WESTERN REDCEDAR POLES

Moisture content in poles in service

has important implications for

performance. First, moisture content can

affect strength properties below the fiber

saturation point (-30%). Wet poles have
lower strength values and the need to use

wet strength design values requires

substantially stouter poles to carry the

equivalent load. Moisture is also

important for the development of fungal

decay. Most fungi grow poorly in wood
at or below 30010 moisture content.

While moisture has important

implications on performance, relatively

little is known about in service moisture

contents of commercially important
species. In this report, we summarize

seasonal moisture measurements in

Douglas-fir and western red cedar poles

in the Willamette Valley of Western

Oregon.
Douglas-fir and western red cedar

transmission poles were assessed for

moisture content using a resistence type
moisture meter equipped with 75mm

long pins. The moisture contents of each
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pole was measured 125, 25, 50 and 75

mm from the wood surface at four

equidistant points around the pole at
groundline, 0.3m and 1.2m above
groundline. The Douglas-fir poles were

all either kerfed or through-bored prior to

treatment. The western redcedar poles

were either bun-treated or full-length

treated. Moisture contents were

measured in June 2000, September 2000,

December 2000, and March 2001.
Rainfafl in the valley is seasonally

concentrated between November and

march. Total rainfall averages 1125mm

per year. Rainfall totals during the

measurement period were well below

historical levels (Figure Ill-i). Internal

moisture contents should lag behind but

reflect seasonal precipitation.

Moisture contents in kerfed poles

ranged from 20 to 400/a at groundline in

creosote treated poles and 15 to 3O°/ for

pentachlorophenol treated poles (Figure

111-2). The reasons for the variations

between treatments are unclear, since

both oil-type treatments tend to have

water repellency.

Moisture contents above 30°I MC

should support development of fungal

attack, although previous sampling of
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these poles indicates that relatively few

were attacked by fungi. The moisture

lev&s in these poles suggest that kerfing

did not appreciably alter the moisture
absorbing characteristics at ground! me.

Moisture contents above ground also

increased with distance from the surface

but decreased with height above

ground line.

Moisture contents of through-bored

poles were consistently lower than those
found with kerfed poles (Figure 111-3).

The presence of oil throughout the cross

section of through bored poles should

provide excellent water repellency and
this effect is largely reflected in the

measurements. Moisture contents at

groundline in creosoted and copper

naphthenate treated poles were all below
30°I, indicating that conditions were not
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suitable for fungal growth. Moisture
contents at groundline for penta treated

poles just exceeded 30% seventy-five mm

from the surface suggesting that the oil

used for this treatment was slightly less

water repellent, but still largely limited
moisture ingress. MC's above the

grouridline declined to well below 30°I,
suggesting that conditions were largely

unsuitable for fungal growth in these

poles.

Moisture contents in western red

cedar poles varied widely between butt-

end and full-length treated poles. MC's in
full length-treated poles followed trends

that were similar to those found with

Douglas-fir poles with highest MC's at
groundline 75mm from the surface

(Figure (111-4). Moisture also varied

slightly seasonally. MC's above

4 5 6 7 8 9 10 II 12 1 2 3

Month

Figure Ill-i - Monthly rainfall totals for the mid-Willamette Valley for March 2000 to
March 2001 and for the historical average.
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Figure 111-2. Wood Moisture content at selected depths for kerfed Douglas-fir poles treated
with a) pentachiorophenol, b) creosote or c) deeply incised and creosoted.
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pentachiorophenol treated poles, b) western red cedar poles that were full length treated
with peritachiorophenol or c) western red cedar poles that were butt-treated with
creosote.
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