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Objective |

DEVELOP SAFER CHEMICALSFOR CONTROLLING
INTERNAL DECAY OFWOOD POLES

Remedid treatments continueto play amgor rolein extending the servicelife of wood poles. Whilethefirst remedial
treatmentswere broadly toxic, volatile chemicals, thetreatmentshave gradually shifted to more controllabletreatments.
Thisshift hasresultedintheavailability of avariety of internd treatmentsfor arresting fungal attack (Tablel-1). Inthis

section, wediscussthe activefield tests of the newer formulationsaswell asadditiona work to more completely
characterize the performance of severa older treatments.

Tablel-1. Characteristicsof internal remedia treatmentsfor wood poles.

. . Corc. Toxicity
Trade Name Active Ingredient %) (LD, rat) M anufacturer

TimberFume trichloronitromethane 96 205 mg/kg Osmose Utilities Services, Inc.
WoodFume sodium n- Osmose Utilities Services, Inc.
ISK Fume methyldithiocarbamete 321 1700-1800 mykg || 5 Biosriences
MITC-FUME | methylisothiocyanate 96 305 mg/kg Osmose Utilities Services, Inc.

5 Tetrahydro- 3,5-dimethyl- 2H- Pole Care Inc.
fJLIJE SFE#EHE 1,3,5-thiodiazine- 2-thione 98-99 Zz:g)orrn\g?{(kg dg?lral Copper Care Wood

(Dazomet) g Preservatives, Inc.
Impel Rods boron 100 >2000 mgkg Pole Care Inc.
Pole Sve | poronfuoride 58/24 | 2000 mgkg | Preschem Ltd.
Flurods fluoride 98 105 mg/kg Osmose Utilities Services, Inc.
10000 mg/kg oral .

Cobra-Rods boror/copper 97/3 5000 mgkg dermdl Genics Inc.

A. Effect of Temperatureon Release Ratesof MITC From MITC-FumeAmpules

MITC-Fumehasbeen commercially availablefor over 12 years, first asaglassencapsul ated material and later in

aluminum ampules. In both cases, the cap wasremoved and the tube wasinserted, open end down, into the treatment
hole. Aswith any encapsulated material, thetimerequired for the chemical to movefrom thetubesand into the sur-
rounding wood hasimportant implicationson efficacy. Asapart of our initial evaluationsof MITC-Fume, we estab-
lished small scaletriasto assesstheratesof MITC release under varying temperature conditions. Eighteen untreated
Douglas-fir pole sections (250 mmin diameter by 750 mm long) were obtained either freshly cut or air-seasoned. The
objectiveof using green material wasto determineif excessmoisturewould affect releaserate. A singlehole (205mm
long by 189 mm in diameter) wasdrilled at a45 degree angle near the center of each polesection
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and asingleMITC-Fumeampule containing 29 g of MITC wasadded to the hole. The holeswere plugged with rubber
stoppers, and then sets of three poles each were stored at 5 C, outdoors at ambient temperatures(0to 30 C) or at 32
C and 90 % relative humidity. Theampuleswere periodically removed and welghed to determinetherateof MITC
release. Asnoted previoudy, ampulesstored at 32 Clost most of their chemical within 1year (Figurel-1). Ampules
stored outdoorslost chemical moredowly and therewasadight, but noticeably morerapid releaseratefor pole
sectionsthat wereinitialy seasoned. Thereasonsfor thesedifferencesremainunclear. Ampulesstored at ambient
conditionsrequired 4to 8 yearstoloseall of theinitia chemical, although thevast mg ority of chemical waslost within
thefirst 4 yearsafter trestment.
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Figurel-1. MITC remainingin glassampulesinstalled in Douglas-fir pole sectionsexposed at 5 C, 32 C or ambient
outdoor conditions.

Ampulesstored at 5 C continueto lose chemical very dowly at ratesthat will require 25 to 30 yearsfor thechemical to
completely leavetheampule. MITCisaninteresting chemical inthat it sublimesdirectly from asolidto agasat room
temperature. Clearly, cooler temperaturesretard thisprocess. Conversely, decay fungi areonly marginaly activeat 5
C, makingit unlikely that any significant decay would occur under these conditions. Thus, thedow releaseof MITC
may beattractivefrom apractical aspect for polesexposedin cooler climates. The only concern about thisprolonged
releasewould bethat the ampul es continueto retain activeingredient for many years. Thismight becomeaconcern
werethe poleto beinvolved in avehicle accident, since theampul e could be g ected from the hole, or the chemical
could bereleased if the polewere cut through with achainsaw. However, prior testsby the manufacturers have shown
that even cutting through an ampulein thewood resultsin little or no airborne exposureto thechemical toworkers. In
addition, thereisonly 5 g of chemical inthetubes stored under the cooler condition at thistime. Thus, thereareminimal
risks posed by long term residual chemical inthetubes.
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B. Pre-Installation Fumigant Treatment of Douglas-fir PolesWithMITC

WhileMITCiscurrently soldinduminumvials, thefirst testswith thischemica wereactually performed using gelatin
encapsulated MITC. The premisewasthat the gelatin would protect workersfrom contact with this caustic chemical
during application, and then dissolvein water in thewood to rel ease the chemical into thewood. Thisapproachwas
dropped because of the cost of the gelatin aswell as concernsabout the potential for capsule damage prior to applica
tion.

One potentia application for these systems, however, wasthe protection of the above ground zones of poles. In many
coastal regions, wind-drivenrain createsidea conditionsfor decay well abovethegroundline. Thisproblem canbe
both difficult to detect and costly. One approach to limiting thisdamage might beto apply fumigantsa ong thelength of
thepoleseither at thetreating plant or at astorageyard prior toinstallation. This processwould limit the potential for
internal decay and the holes could also be used for later supplemental treatment. We assessed the potential for using
gelatin encapsulated MITC for thispurposein Douglas-fir transmission polesinstalled near North Bend, Oregon.

Twenty three pentachlorophenol treated Douglas-fir polesweretreated by drilling holes(11.5 mmin diameter by 550
mm deep at 60 degree angles) inaspiral pattern from either 0to 7.2 m abovetheintended groundline (10 % plus 0.6
m) or 1.2 m below thegroundlineto 6.0 m abovethiszone. Each polereceived 1.15 L of chemica equally distributed
among 6 treatment holes (192 ml per hole). A small amount of water (50 ml) was added to each hole, thentheholes
were plugged with penta-treated wood dowels. The polesweretheninstalled in atransmission linelocated near North
Bend, Oregon. The poleswereinadvertently treated with chloropicrinin 1994, but thistreatment should not interfere
with our test.

MITC inthepoleswasassessed 11.5 and 19 years after treatment by removing increment coresfrom threelocations
around the poles 1.3 or 3.0 m abovethe groundline. Additional coresweretaken at groundline or 0.3 m abovethiszone
19 and 11.5 yearsafter treatment, respectively.

Theouter 25 mm of thetreated zone was discarded, then the outer 25 mm nearest the discarded treated zone and the
inner 25 mm next to the pith of each corewas placed into indivicua test tubescontaining 5 ml of ethyl acetate. The
remainder of each core segment was placed into aplastic straw, returned to thelab, plated onto malt extract agar in
petri dishes, and observed over a30 day period for funga growth. Any growth wasexamined for characteristics of
basidiomycetes, aclassof fungi containing many important wood decayers.

Thecoresin ethyl acetate were extracted for aminimum of 48 hours, then the resulting extract was analyzed for residual
MITC content by gas chromatography. Thewood corewasair-dried, then oven dried and weighed. MITC content was
expressed asug MITC per gram oven dried wood basis. For reference, chemical levelsabove 20 ug/g of wood are
considered to be protective.

MITC wasdetectable at nearly all samplelocations 19 yearsafter treatment (Tablel-2). Prior testsof MITC-FUME
found that resdua MITC levelsdeclined sharply between 5 and 7 years. Chemica levelsinthe pre-installed poleshad
declined only dightly in most zonesbetween 11.5 and 19 years. Thedifferencesprobably reflect therelatively high
dosagesapplied at pre-installation, since the current tests applied nearly four timesasmuch chemical to the polesaswas
appliedintheoriginad MITC-FUME test. They may asoreflect thedifferencesininitia treatmentssincethese poles
weretreated with pentachlorophenol in P9 TypeA oil whilethe origina test polesweretreated with CCA. Theresullts,
however, doillustrate the potential benefitsfor long term protection of the aboveground zones of polesexposedtoa
high decay hazard.
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Funga isolations, whilelessuseful because of the prior chloropicrintreatment, showed thelack of any decay fungi on
thetest poles, even 3.0 m abovethe groundline (Tablel-3). The 3.0 m zoneislesslikely to have been affected by the
chloropicrintreatment.

Tablel-2. Residual MITC (ug/g ODW) in Douglas-fir poles 11.5 or 19 yearsafter applicationof 1.15L of MITC.

ug MITC/ g O.D. Wood after 11.5 or 19 Years
0.0m | 1.3m | 3.0m
inner outer inner outer inner outer

Pole# | 115y | 19y 115y | 19y 115y [ 19y 115y | 19y 115y | 19y 115y | 19y
25861 15.7 0.0 7.7 0.0 35.9 24.8 35.0 6.0 51.2 33.8 40.7 0.0
25863 27.1 54.7 315 29.2 17.7 23.4 19.9 18.1 26.3 53.2 23.6 13.6
25864 17.4 19.8 17.0 12.0 35.0 21.9 12.3 11.3 25.1 23.0 19.3 15.2
25866 17.5 21.8 10.6 25.9 29.3 25.0 21.8 17.1 44.0 30.9 275 26.0
25870 33.2 23.0 18.9 22.9 42.0 23.3 20.6 22.1 69.2 39.8 30.4 27.7
25873 13.1 21.1 21.1 489 24.1 24.0 12.6 21.2 57.0 431 24.4 34.7
25874 18.9 23.1 123 13.8 57.9 325 165 15.1 43.8 46.7 45.0 16.2
25875 55.4 23.3 16.6 355 51.6 23.3 32.7 25.1 52.9 326 325 25.0
25877 14.3 15.9 21.9 346 17.2 304 11.4 18.9 105 17.9 12.4 125
25878 326 28.3 26.9 24.3 26.2 412 18.5 18.0 47.4 57.8 16.6 59.5
25879 13.9 20.4 8.2 12.2 13.6 21.4 74 9.0 46.1 27.2 10.6 13.6
25882 443 321 30.1 38.3 24.4 28.4 19.2 12.0 24.2 35.6 15.8 19.5
25884 7.9 19.2 12.0 22.9 32.2 21.2 29.7 32.7 63.7 453 51.3 16.9
25888 10.6 30.4 21.6 352 10.6 221 9.1 15.5 20.7 21.9 12.8 185
25889 458 26.7 46.0 30.4 54.6 25.8 23.8 19.8 55.8 36.6 245 23.7
25891 30.4 23.2 20.6 245 68.1 20.2 22.9 11.2 80.9 31.0 45.6 14.1

Avg. 24.9 24.0 20.2 25.7 338 25.6 19.6 17.1 449 36.0 27.1 21.0

S.D. 14.2 10.9 10.0 12.1 17.0 5.4 8.1 6.6 19.2 11.2 12.9 13.0

Valuesin bold are abovethetoxic threshold of 20 ug/g O.D. Wood.

Tablel-3. Isolation frequency of decay and non-decay fungi from Douglas-fir poles11.5 or 19 yearsafter application of
1.15L of MITC.
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Thecultural results support the premisethat theresidual MI1TC continuesto protect the polesamost 19 years after
treatment. Wewill continueto monitor these pol esto determine when chemical level sdeclineto the point where some
retrestment might beadvisable.

C. Performanceof Fluoride/Boron Rodsin Douglas-fir Poles

Fluoride/boronrodsareused inAustraiafor remedial treatment of internal decay in Eucalytpus poles. Although not
labeledinthe U.S, theserods have potentia for useinthiscountry. Therodscontain 24.3 % sodium fluoride and
58.2% sodium octaborate tetrahydrate (Preschem, Ltd) and have achalk-like appearance. Intheory, the boron/
fluoride mixture should take advantage of the propertiesof thesetwo chemicalswhich haverelatively low toxicity and
can movewith moisturethrough wood.

Pentachlorophenol treated Douglas-fir poles (250-300 mmin diameter by 3.6 mlong) were set to adepth of 0.6 mand
aseriesof three steeply doping holesweredrilled into each pole, beginning at groundlineand moving upwards 150 mm
and around the pole 90 or 120 degrees. A total of 70.5 or 141 g of boron/fluoriderod (3 or 6 rods per pole) was
equally distributed among thethree holeswhich were plugged with tight fitting wooden dowels. Each treatment was
replicated onfivepoles.

Chemical movement wasassessed 1, 2, 3, 5, 7, and 10 years after treatment by removing increment coresfromthree
equidistant sitesaround each pole 300 mm below groundline (GL ), 300 mm above GL and 800 mmabove GL. The
outer, treated shell (around 25 mm) was discarded, and theinner and outer 25 mm of each corewasretained. Core
segmentsfrom agiven zonefor the same sampling height were combined for thefive polesin each treatment. Thecores
werethen ground to passa 20 mesh screen and the resulting sawdust was thoroughly mixed before being divided into
two equal portions. One portion was extracted in hot water and analyzed for boron content using theAzomethineH
method. The other sawdust portion was extracted in hot water, then thefluoridelevel swere measured using aspecific
ion electrode.

Fluoridelevelswereinitialy elevated in both the 3 and 6 rod treatments, but were dl well bel ow the presumed threshold
for thischemical asaninternal treatment (Figurel-2). A levd of 0.6 kg/m?isnecessary to protect wood from afungal
infestationwhilealeve of 2.2 kg/m® may berequired tokill an actively growing infestation. Fluoridelevelstendedtofall
off sharply after thefirst year, eveninthewetter belowground zones. Fluoridelevelsalsotended to bedightly higherin
polestreated with 3 rodsin the 90 degree spacing, compared to the 120 degree spacing, but thiseffect was not appar-
ent for the 6 rod treatment.
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Figurel-2. Residud fluoridelevelsat selected distancesfrom the groundline and wood surface (inner vsouter) in
Douglas-fir polesections 1 to 10 yearsafter treatment with @ 3 or b) 6 fluoride/boron rods.
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Boronlevelsinthe 3 rod treatment were above the threshold bel ow groundline and 300 mm above groundline oneto
fiveyearsafter treatment in both the 90 and 120 degree spacings (Figurel-3). Chemicaslevelsthenfell below the
lower threshold at most locations. Chemicd levels600 mm above groundlinewere generally low throughout thetest
suggesting that upward movement from therodswasminima.
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Figurel-3. Residual boron levelsat selected distancesfrom the groundline and wood surface (inner vsouter) in Dou-
glas-fir polesections 1 to 10 yearsafter treatment with @) 3 or b) 6 fluoride/boron rods.
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Boron movement inthe 6 rod treatment tended to be higher over the course of thetest, but was sometimes|ower above
thegroundline and declined to bel ow thresholds 7 years after treatment. Giventheoverall trends, it would bedifficultto
justify the use of 2 rods per hole.

Theoverall resultsafter 10 yearsare consistent with thepreviousresults. Thefluoride, while potentially useful asaco-
biocide, appearsto moveat low ratesthrough thewood anditsrolein thissystem isquestionable. Boron does appear
to movewsdll fromtherodsand remained at effectivelevelsfor 5 yearsafter treatment at or near thegroundline. Aswith
many internal remedia treatments, it would be expected that fungal reinvasion would not occur immediately after the
chemical hasdepleted to level sbel ow thethreshold level . For example, metam sodium isonly detectableinwood for 3
to S yearsafter treatment, but the treatment provides7 to 10 years of protection against renewed fungal attack. We
might expect smilarly dow rates of recol onization with boron based treatments.

D. Performanceof Copper/Boron Pasteasan I nternal Remedial Treatment

Whilethe copper naphthenate/ boron pasteistypically sold asan externa supplemental preservative, itisa solabeled
for interna remedial treatment. We assessed the potential efficacy of thissystem in pentachlorophenol treated Douglas-
fir pole sections (250-300 mm in diameter by 3.0 mlong) that were set to adepth of 0.6 m. Three holesweredrilled
beginning at groundline and moving upward 150 mm and around the pole 120 degrees. Ten poleseach received 150 or
300 g of apaste containing 18.16 % amine copper naphthenate and 40 % sodium tetraborate decahydrate. The chemi-
cal was applied using agrease gun and then the holeswere plugged with tight fitting wooden dowels.

Chemica movement wasassessed 3, 5, 8, 10 and 15 yearsafter treatment by removing increment coresfromthree
equidistant sitesat ground lineaswell as 75, 150, 225 and 300 mm above groundline. The outer 25 mm of treated shell
wasremoved and discarded, then theremaining corewasdivided intoinner and outer halves. Thecoresfromagiven
height and treatment were combined and ground to passa 20 mesh screen. Theresulting sawdust wasfirst analyzed for
copper by x-ray fluorescence spectroscopy, then the dust was hot-water extracted and the resulting extract was ana-
lyzed for boron using theAzomethine H method.

Copper levelsin polestreated with 150 g of the copper/boron paste were extremely low throughout the course of the
test and never approached what would be considered aprotectivelevel (Figurel-4). Copper levelsinthe300g
treatment were considerably higher over 15 year sampling period. (Figurel-5). Levelsarehigher withinthetreatment
zoneand decline asdistance from thetreatment increases. Whilethe amine copper naphthenateispresumedto have
greater mobility inwood in the presence of moisture, the effectstend to decline once thewood hasdried. Thus, the
limited copper movement in both treatmentsis cons stent with the premise that the copper component inthissystemis
primarily present to protect the areaaround the treatment site. Similar trends have been noted in our externa groundline
tests.
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Figurel-4. Residual copper in Douglas-fir poles3to 15 years after treatment with @) 150 g or b) 300 g of acopper
naphthenate/boron paste
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Figurel-5. Maps showing residual copper naphthenate (as Cu) distribution at sel ected distances above ground and
inward from the surfaces of Douglas-fir poles3to 15 yearsafter treatment with a) 150 g or b) 300 g of acopper

naphthenate/boron paste.
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Boronlevelsin polestreated with 150 g of the copper naphthenate/boron paste werewell abovethethresholdinthe
entire 3.0 m sampling zone 3 yearsafter treatment, then declined dightly after another two years(Figurel-6). Boron
levelsplummeted to below threshold level s8 yearsafter treatment and little boron was detectable from then onward
(Figurel-7). A similar trend was noted in the 300 g treatment, but some boron was detectableinthemiddle of the
original treatment zone 8 yearsafter trestment. Boron levelswerearound thelower threshold 10 and 15 years after
treatment with both dosages (Figurel-6).
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Figurel-6 Residual boron distributionin Douglas-fir poles3to 15 yearsafter treatment with a) 150 g or b) 300 g of a
copper naphthenate/boron paste
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Figurel-6 Residual boron distributionin Douglas-fir poles3to 15 yearsafter treatment with @) 150 g or b) 300 g of a
copper naphthenate/boron paste

Objectivel - Page 12



Oregon State University Utility Pol e Research Cooperative

a.
Year 8 Year 10 Year 15
0.8 30 30 30
1.1
1.2
1.5
1.4
1.6 25 25 25
14
1.9
20 20 20
15 15 15
10 10 10
5 5 5
0 0 0
6420246 6-4-20246 6-4-202 46 6-4-202 46 6-4-20 246
Distance from pith (cm)
b Year 5 Year 8 Year 10 Year 15

6420246 6-4-20246 -6-4-202 46 -6-4-20246 -6-4-202 46

Distance from pith (cm)

Figurel-7. Mapsshowing residual boron distribution at selected distancesabove ground and inward from the surfaces
of Douglas-fir poles3to 15 yearsafter treatment with @) 150 g or b) 300 g of acopper naphthenate/boron paste.
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Theresultsindicatethat the copper naphthenate/boron paste was ableto moveto protectivelevel swithin the groundline
zone, but thisprotective effect declined between 5 and 8 years after treatment. Theseresultsare cons stent with many
other internal remedial treatmentsand suggest that overall performance of thisinternal treatment should besimilar as
wall.

E. Performanceof Copper-Amended Fused Boron Rods

Theability of boron and copper to movefrom fused rodswas assessed by drilling holesperpendicular tothegrainin
pentachlorophenol treated Douglas-fir polesbeginning at the groundline and then moving upward 150 mm and either 90
or 120 degreesaround the pole. The polesweretreated with either 4 or 8 copper/boron rodsor 4 boronrods. The
holeswerethen plugged with tight fitting plastic plugs. Chemica movement wasassessed 1 and 2 yearsafter treatment
by removing increment coresfrom locations 150 mm bel ow groundline aswell asat groundline, and 300 or 900 mm
abovethiszone. Theouter, treated shell wasdiscarded, then the corewasdivided into inner and outer halves. The
coresfrom agiven height and treatment were combined and then ground to pass a20 mesh screen. The sawdust was
first analyzed for copper by x-ray fluorescence spectroscopy, and then extracted in hot water. Theresulting extract was
analyzed for boron content using the azomethine H method.

Copper levelsin polestreated with 4 rodsweredightly elevated at groundlineintheinner zones of polestreated using
both the 90 and 120 degree treating patterns, but even theselevelswerewel l below the threshold for wood protection
(Figurel-8). Copper wasbarely detectable away from these zones. Copper levelsinthe 8 rod treatment tended to be
lower than thosefound with the 4 rod treatment. While thelower |evel sappear to be counterintuitive, they are consistent
with previoustestsof water diffusible systems. In many cases, higher dosages appear to dow initial chemica move-
ment, possibly astherods sorb moisturefrom the surrounding wood, thereby reducing water availablefor diffusionto
occur.
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Figure-8. Residual copper in Douglas-fir poles1 and 2 yearsafter treatment with &) 4 or b) 8 copper/boron rods
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Figure|-8. Residual copper in Douglas-fir poles1 and 2 yearsafter treatment with @) 4 or b) 8 copper/boron rods

Boronlevelsintheinner zonesof polesreceiving 4 copper/boron rodswere abovethethreshold for internal protection
at and below groundline 2 years after treatment regardless of hole orientation (Figurel-9). Boronlevelswereat or
dightly below the threshold 300 mm above groundline. Theseresults suggest that the boronisdiffusing well fromthe
rods. Boron levelsin the outer zonestended to belower and were only approaching thelower threshold at groundline 2
yearsafter treatment.

Boronlevelsintheboron rodswere sometimesdightly higher than thosefor the copper/boron rods, but the differences
appeared to be dight. Once again, the boron levelsbel ow groundline and at groundlinewereat or abovethethreshold.

Boron levelsin polestreated with 8 copper/boron rodstended to belower than those found with the 4 rod treatment,
again suggesting that excessive chemical inthe holeretardsboron distribution. Asaresult, more chemica may not
necessarily bethe best approach to rapid decay control when these systems are employed. | nstead, supplemental
moi sture addition may beamorefruitful approach to enhance boron movement and morequickly arrest fungal attack.

Cultura resultsof wood removed from the boron and copper/boron rod treated pol es suggeststhat the polesare being
invaded by anumber of non-decay fungi at or near groundline. Basidiomyceteisolationswereminimal and did not
appear to betied to any particular treatment (Table1-4). The comparative results suggest that therewaslittle difference
in boron movement from the two typesof rods.
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Figurel-9. Residual boronin Douglas-fir poles 1 and 2 years after treatment with a) 4 copper/boron rods, b) 4 boron
rods, or ¢) 8 copper/boron rods.
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Figurel-9. Residual boronin Douglas-fir poles1and 2 yearsafter treatment with a) 4 copper/boron rods, b) 4 boron
rods, or c) 8 copper/boron rods.

Tablel-4. Isolation frequencies of decay and non-decay fungi from boron or copper/boron rod treated Douglas-fir
poles1and 2 yearsafter treatment.

4 Cobra Rods 4 Impel Rods 8 Cobra Rods
Decay Other Decay Other Decay Other
Fungi Fungi Fungi Fungi Fungi Fungi
Treatment | Ht Above g 9 g 9 9 9
Spacing GL(mm) [ 2yr| 2yr | 2yr | 2yr | Lyr| 2yr | Lyr | 2yr| 1yr | 2yr | 1yr | 2yr
-150 0 0 7 33 0 0 7 20 0 0 7 7
0 0 0 10 20 0 10 10 10 0 0 0 0
90°
300 0 0 20 10 0 0 0 0 0 0 0 20
900 0 7 7 0 0 7 0 0 0 0 7 7
-150 0 0 40 33 0 7 0 13 - -- -- --
0 0 0 0 20 0 0 0 10 - - - -
120°
300 0 0 0 0 0 0 0 0 - - - -
900 0 0 13 0 0 0 20 0 - -- - -
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OBJECTIVE I

IDENTIFY CHEMICALSFORPROTECTING
EXPOSEDWOOD SURFACESINPOLES

Preservativetreatment prior toinstallation providesan excel lent barrier against fungal, insect, and marine borer attack,
but thisbarrier only remainseffectiveaslong asitisintact. Deep checksthat form after trestment, drilling holes after
treatment for attachments such asguy wires, cutting polesto height after setting and heavy handling of polesthat resultin
fracturesor shelling between the treated and untreated zone can al exposed untreated wood to possiblebiologica
attack. The Standards of theAmerican Wood Preservers Association currently recommend that all field damageto
treated wood be supplementally protected with solutions of copper naphthenate. Whilethistreatment will never beas
good astheinitial pressuretreatment, it providesathin barrier that can be effective abovetheground. Despitetheir
merits, these recommendationsare oftenignored by field crewswho didiketheoily nature of thetreatment and know
thatitishighly unlikely that anyonewill later check to confirm that treatment has been properly applied.

INn 1980, The Coopinitiated aseriesof trialsto assessthe efficacy of variousfield treatmentsfor protecting field drilled
bolt holes, for protecting untreated western redcedar sapwood and for protecting untreated Douglas-fir timbersabove
thegroundline. Many of thesetrialshave been completed and haveled to further teststo assessthelevel sof decay
present in above ground zones of polesinthisregion and to develop more accel erated test methodsfor assessing
chemical efficacy. Despitethelength of timethat this Objective hasbeen underway, above ground decay anditspre-
vention continuesto beaproblem facing many utilitiesasthey find increasing restrictionson chemical usage. The
problem of above ground decay facilitated by field drilling promisesto grow inimportance asutilitiesfind adiversearray
of entitiesoperating under the energized phasesof their poleswith cable, telecommunications and other servicesthat
requirefield drilling for attachments. Developing effective, easily applied treatmentsfor the damage doneasthese
systemsareattached can lead to substantial long term cost savingsand isthe primary focusof thisobjective.

A. Evaluate Treatmentsfor Protecting Field Drilled Bolt Holes

Thetest to evaluatefield drilled bolt holeswasinspected in 2002 after 20 yearsof exposure. Thistestislargely com-
pleted, athough somefollow-up inspectionto assessresdua chemica levelsaround boltsin specific polesisplanned.

B. Develop Methodsfor Ensuring Compliance With Requirementsfor Protecting Field-Damageto Treated
Wood.

Whilemost utility specificationscall for supplementa treatment whenever aholeor cut penetrates beyond the depth of
theoriginal preservativetreatment, itisvirtually impossibleto verify that atreatment has been applied without physically
removing the bolt and inspecting the exposed surface. Most line personnd redlizethat thisishighly unlikely to happen,
providing littleor no motivationfor following the specification.

Giventhelow probability of specification compliance, it might be morefruitful toidentify systemsthat ensure protection
of field damagewith little or no effort by line personnel. One possibility for thisapproachisto produce boltsand
fastenersthat already contain the treatment on thethreaded surface. Oncethe*treated” bolt isinstalled, natural mois-
tureinthewood will help releasethe chemical s so that they can be present to inhibit the germination of sporesor growth
of hyphd fragmentsof any invading decay fungi.
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The potential for these treatmentswas eval uated using both field and laboratory tests. Inthe initial |aboratory tests,
boltswere coated with either copper naphthenate (Cop-R-Nap) or copper naphthenate plus boron (CuRap 20) pastes
and installed in Douglas-fir pol e sectionswhich were stored for oneor twoweeksat 32 C. The poleswerethen split
through the bolt holeand the degree of chemical movement wasassessed using specific chemicd indicators. Penetration
was measured as average distance up or down fromthebolt.

Penetration of copper from bolts coated with only copper naphthenate was 2 mm oneweek after treatment and not
detectable after 2 weeksof exposure (Tablell-1). Theseresults suggest that the copper waslargely unableto move
from thethreaded rod into thewood. Whilelimited movement might not poseaproblemif the preservative created a
sufficient barrier around the surface of the bolt hole, small checksor crackscould easily compromisethisbarrier. The
inability of the copper to moveinto these crackswould largely negate the benefits of treatment. Theinability to move
with moistureinto freshly opened checksalso appeared to be one of the primary causes of failurefor topically applied
bolt holetreatments such asthe pentachlorophenol indiesdl oil treatment used intheorigina bolt holetest in Objective
[1A of thisreport.

Boltstreated with the copper/boron paste a so had minimal copper penetration 1 week after treatment, but the depth of
penetration increased markedly with asecond week of exposure. Boron distribution proved morevariable. Initialy,
boron movement appeared to be substantial, but samples exposed for 2 weekstended to have much shallower boron
penetration. Theseresultssuggest that measurement errorsinfluenced theinitia results. Theboronindicator isvery
sengitive and even small amounts of boron inadvertently smeared acrossthewood surface could lead to apositive
result.

The preliminary tests suggested that the presence of awater diffusible component in the pastewould be useful for
providing deeper protection to thefield damaged wood. For thisreason, we established the subsequent field trial.

Tablell-1. Degreeof longitudind penetration of copper or boron from rods coated with
presarvative pagte and inddled in Douglasfir polesfor one or two weeks
Treament Expo_sure Chemicd Pendration (mm)
s Sonpr Boron
Upward Dowrward Upward Dowrward
Cop-R-Nep 1 2 2 - -
2 0 0 - -
CURap 20 1 2 2 %6 42
2 7 10 6 5
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Galvanized rods (300 mmIong by 12.7 mmin diameter) were coated along the center 200 mmwith alayer of either 5g
of Cop-R-Plastic (copper/fluoride) or 3 g of CuRap 20 (copper/boron) (ovendry basis). Therodswereovendried
(54 C), and then painted with 2 coats of Plastidip (Figurell-1). Onerod from each treatment was applied to each of

26 pentachlorophenol treated Douglas-fir poles sectionsthat were exposed at the Peavy Arboretumtest site. Selected
poleswereremoved from thefield one, two or three yearsafter treatment and split lengthwise around the bolt hole. The
average and maximum degree of diffusion of the each paste componentswas measured after thewood had been
sprayed with the appropriate chemical indicator.

Cop-R-Plastic

Figurell-1. Examplesof galvanized rods coated with copper/boron (CuRap20) and copper/fluoride (Cop-R-Plastic)
pastes.

The average degree of copper penetration away from therods continuesto besmall, ranging fromlessthan 1 mmto 4
mm, athough the maximum penetration of copper approached 300 mm in some samples(Tablell-2). Maximum copper
penetration tended to be greater in the Cu/F system thaninthe Cu/B system for thefirst two years, however, these
differenceshave disappeared after threeyears. Maximum distance may reflect the ability of theliquid to movefor long
distancesin thewood a ong openings such aschecksor splits. At thispoint, there appearsto belittledifferencein
movement between the two copper naphthenate systems, one of whichisoilborne and the other an amine-based
waterborne system.

Tablell-2. Degree of copper, boron, or fluoride diffusion from galvanized rodsoneto threeyearsafter instalationin
creosote-treated Douglas-fir pole sections.

Degree of chemical movement (mm)?

Copper Boron/Fluoride

Average Diffusion Average Maximum Average Diffusion Average Maximum
Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

Treatment 1 2 3 1 2 3 1 2 3 1 2 3

. 2.3 30 [ 30 | 238 51 2.0 2.0 118 | 108 15

Cop-R-Plagtic| <1 <1

P 13) | (08 [ (29) | (64) | (48) 28| 18 | @39 | (14 | (17
CuRap 20 3.0 2.3 <1 21 | 10 51 3.3 6.3 2.8 50 46 50
(1.0) | (0.5 (10) | 98) | B3) | 05 | BH | 22| ) | 29 | (55

aValuesrepresent means, whilefiguresin parenthesesrepresent 1 standard deviation.
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Averageboron and fluoride diffusion were aso somewhat limited 1 year after treatment. The degree of movement
increased in the second year, but then failed toincreaseinthethird year (Tablell-2, Figuresil-2,3). We suspect that
the continued dow rate of diffusion might reflect, in part, the presence of the spray-on plastic coating, which was applied
to protect the chemical prior to application. The pastestended to dry after application to therodsand were proneto
flaking during handling. The plastic coating wasdesigned to limit flaking and we presumed that this coating would be
disrupted astherod wasdriveninto the hole all owing the chemicalstointeract with moistureinthe poles. Weaso
presumed that the coating would decomposein the presence of theail. Itisunclear if this, infact, occurred, but the
application of only one coat or the use of other lessrobust coatings might be prudent.

Figurell-2 Degreeof @) copper [bluecolor] and b) fluoride[yellow color] movement away from thesitesin Douglas-
fir poleswhere Cop-R-Plastic coated galvanized rodswereinstalled threeyearsearlier.

Theresults show that the coated rods can deliver chemicalsto asmall areaaround thetrestment hole. Theseresullts,
coupled with previoustrialsof boron and fluoride spraysintofield drilled bolt holes, suggest that treated bolts may
represent onemethod for ensuring that field drilled wood isprotected. Thisapproach would allow utilitiesto specify
specifictreated boltswhen other utilitiesoccupy portionsof the poleand must field drill for attachments. Thisapproach
would alow utilitiesto minimizetherisk of decay infield drilled holesabovetheground. Asuitilitiescontinueto use
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Figurell-3 Degreeof a) copper [blue color] and b) boron [red color] movement away from the sitesin Douglas-fir
poleswhere CuRap 20 coated gal vanized rodswereinstalled threeyearsearlier.

internal and external treatmentsto protect the groundline zone, dow devel opment of decay abovethe ground may
threaten thelong term gains provided by groundlinetrestments. Thistypeof treatment could beused to limit the

potential for aboveground decay, allowing utilitiesto continueto gain the benefitsafforded by aggressivegroundline
maintenance.

C.Ability of Topical Treatmentsto Limit Decay of Untreated Douglas-fir Timbers

Although not directly related to utility poles, we havea so evaluated the ability of various surface treatmentsto protect

untreated Douglas-fir from decay. Theresultsof thesetests can bedirectly related to theability of these same chemicals
to protect untreated wood exposed either through cutting or drilling.

Fivesimulated pierswere constructed to create variousend-grain and butt jointsthat would serve aswater collecting
pointsand encouragefungal attack. Each pier was supported by nine creosoted Douglas-fir pilesthat wereequally
spacedina3.6 msquarearea. A 50 by 300 mm by 2.1 mlong plank was placed across each of three groups of piles
to provide support for the caps. Each pier was constructed with 8 pairs of abutting 250 mm by 250 mmby 2.1 mlong
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caps, 10 pairsof abutting 100 mm by 250 mm by 2.1 mlong stringersand 8 trios of abutting 100 mm by 250 mm by
1.6 mlong deck planks (Figurell-4). A kerf wassawn to the center of thetimber along thelength of oneface of each
of eight caps. Thekerfswereoriented downward inthe piersto prevent water collection. Theremaining eight caps
werenot kerfed.

Figurell-4. Asmulated pier structure 25 yearsafter
condruction

Thefive structureswere used to eval uate nine different wood treatment combinationsand roofing felt (Tablell- 3).
Each treatment was applied to the upper surfaces of the caps, stringersand deck planksof one half of astructure. The
remaining untreated deck served asacontrol. Each treatment wasevaluated on 4 caps, 10 stringers, and 12 abutting
deck planks. Thedecking, laid over roofing felt, received 3.5 liters of fluor-chrome-arsenic-phenol (FCAP), ammo-
nium bifluoride (ABF) or disodium octaboratetetrahydrate (DOT) applied by spraying the upper surfaceand any
seasoning checksor butt joints, approximately 2 yearsafter installation.

Table I1-3 Surface treatments of wood members and roofing felt treatments used in simulated piers
Treatment Carrier Concentration (%)
Pentachlorophenol (penta) Oil 10
Copper-8-quinolinolate Oil 1 (Cu basis)
Fluor-Chrome-Arsenic-Phenol (FCAP) W ater 12

Ammonium bifluoride (ABF) Water 20
Disodiumoctaborate tetrahydrate (DOT) Water 9

FCAP-flooded felt* W ater 2

ABF-flooded felt W ater 20

DOT-flooded felt W ater 9

Roofing felt alone - -

® Felt was applied beneath stringers and decking planks

Resstancetofunga attack was assessed by removing increment coresfrom variouslocationsand placing them on 1%
malt extract agar in petri dishes. The plateswere observed for one month and any fungal growth wasexamined for
characteristicstypical of basidiomycetes, aclassof fungi containing many important wood decayers. Two coreswere
removed from the underside of each cap adjacent to the creosote support. Four coreswereremoved from every fourth
stringer, so that astringer was sampled every fourth sampling time. Two of these coreswereremoved from directly
under the overlaying deck plank, whilethe other two were removed from sites near the stringer/cap junction. Thedeck
plankswere sampled at the junction of abutting boards, at the mid-span between stringersand at the deck/stringer
junction.
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Levelsof fungd isolationsin capswithout treatment gradually increased over time (Figurell-5). Initialy, capswith kerfs
tended to havelower level sof colonization, but thiseffect appeared to decline over time. Kerfing hasbeenfoundto be

especidly effectiveat limitinginterna decay in utility poles, but these polesalso have adeeper preservative barrier.

Kerfing untreated wood appearsto have areduced protective effect, probably because of the potential for funga attack
insmaller checksthat can still develop onthe upper surfacesof thekerfed timbers. Initial treatmentswith FCAP or
ABF both limited fungal attack over timefor both kerfed and non-kerfed capswith or without roofing felt. Both of these
chemicalsare capableof diffusionaschecksopen. Chemical effectivenesswas enhanced when thetreatmentswere
appliedin combinationwith roofing felt, which provided areservoir of chemical and probably limited moisture uptakein
thecritical jointarea. DOT appeared to havealimited protective effect, afinding that differsfrom previoustestsonfield
drilled bolt holes. Thereasonsfor thismorelimited protection are unclear, but they may reflect the higher leaching risk
inthe capsin comparison with themore protected bolt holes. DOT with roofing felt performed much better than
without thefelt. Initial applicationsof pentaand Cu-8 both had limited effectson funga isolationsin comparisontothe
untreated control. Both of these chemica sare oil-borneand have limited potential to migrateinto thewood. Asaresult,
they arelargely unableto moveinto thewood as seasoning checksopen over time. Decay fungi landing inthese unpro-

tected checks can circumvent the surface protection afforded by thesetreatments.
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Figurell-5. Effect of selected fungicidesonlevelsof funga isolation from Douglas-fir capswith (a, b) or without kerfing

(c, d) and with (b, d) or without (a, ¢) roofing felt between the caps and the stringers as measured over a25 year

period.
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Theuse of roofing felt between wood connections produced asimilar enhancing effect on chemical performancefor
stringers, but did not appear to enhance protection of the untreated controls (Figurell-6). Inaddition, there appeared
to belessdifferencein fungal isolations between the varioustreatmentsthan wasfound inthelarger caps. Thelack of
differencesmay reflect thelimited depth of checking onthesesmaller members. Smaller checksincreasethelikelihood
that asufficient quantity of chemical can migratefrom the surfaceinto the shallower checks. Inaddition, smaller timbers
arelikely todry morequickly, reducing theoveral risk of fungal colonization. Thiseffect issupported by thelower
overd| levelsof fungal colonization onthe stingersin comparison with thecaps.

120 120

—— FCAP
100 —— FCAP 100 NH,HF,
——— NH,HF,
Polybor
None 80 1

Polybor
None
Penta
— Cu8

80 1

60 60
40 4 40 4

20 1 20 A

D
0 =~ : 0 4

T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Time (years) Time (years)

Figurell-6. Effect of surface gpplicationsof variousfungicidesto Douglas-fir stringerswith (&) or without (b) roofing felt
on fungal isolations 1to 25 yearsafter treatment.

Fungal isolationsfrom the deck plankstended to belower onthe FCAPand ABF treatmentsthan for theremaining
treatments(Figurell-7). Roofing felt appeared to enhance ABF and FCAP performance dightly, suggesting that the
felt limited fluoridelossesand provided areservoir for repleni shing thetreatment over time. The protection afforded by
DOT was, once again, much lower, despitethewater solubility of thissystem. Thedeckswould clearly be exposed to
the highest |eaching exposure of the three memberstested, increasing thelikelihood that any surface boron could leach
from thewood over time. Colonization of decking treated with one of thetwo oil-soluble systems (Pentaand Cu-8)
provided more variable protection that did not differ markedly from the control. Theseresultssuggest that lessmobile
treatmentsproviderelatively little protection and confirm previoustrialsinfield drilled bolt holes.

Theresultshighlight the benefitsof topical applicationsof water diffusibletreatments, particularly fluoride, to otherwise
unprotected wood. Wewould expect similar resultsfor untreated wood exposed in pressure treated poles.
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Figurell-7. Effect of surfaceapplicationsof variousfungicidesto Douglas-fir decking plankswith (&) or without (b)
roofing felt onfungal isolations 1 to 25 yearsafter trestment.
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Objectivelll

EVALUATE PROPERTIESAND DEVELOPIMPROVED
SPECIFICATIONSFORWOOD POLES

A well treated polewill provide exceptiona performance under most conditions, but even aproperly
treated structure can experience decay in service. Whilemost of our efforts have concentrated on

devel oping systemsfor arresting in-service decay, devel oping methodsfor preventing thisdamagewould
produce even greater investment savingsfor utilities. Thegoalsof Objectivelll areto develop new
treatment methods, explorethe potential for new species, assess variousinspection toolsand explore
methodsfor producing moredurablewood poles.

A.EFFECTSOF THROUGH BORINGAND RADIAL DRILLING ON POLE STRENGTH
PROPERTIES (thissection representsthepreliminary proposal of Lori Elkins)

Theuseof ether through boring or radial drilling inthegroundlineregion of Douglas-fir poleslargely
eliminatesthepotential for fungal attack inthiszoneand isamajor contributor to the excellent pole
servicelivesbeing observed in many regionsof the country (Figurelll-1). Over the past 10 years, we
have performed anumber of studiesexamining thedegree of preservative penetrationin thethrough
bored region of polesand found that poleswith greater than 70 % preservative penetration in the
through bored zonewerefree of decay. Based upon thiswork, we a so examined the potentia for using
morewidely spaced patternsto reduce the amount of wood removed from any given cross section and
thesedatawere used, in part, toincrease hole spacing in poles specified by Bonneville Power Adminis-
tration, Portland General Electric and Pacificorp. Inadditionto thiswork, we examined the effects of
full length through boring on pole bending properties and found that the process caused approximately a
10 % reductionin modulusof el asticity or modulusof rupture. Thenumber of polestested, however,
wasrddively smal.

The question of how much strengthislost when apol eisthrough bored haslong troubled engineerswho
object tothelossof any wood fiber. Thereisno question that through boring or radial drilling remove
somewood inthe critical bending zonesthat could affect polewood strength, but thelossof wood is
considered to be offset by the subsequent high degree of protection against fungal attack inthiszone. As
aresult, thesegroundline boring processes havelong been viewed asgiving up someinitia strengthto
provide more uniform pole performance. Thebody of datasupporting either through boring or radial
drillingisrather limited. Both strategieswere developed inthe 1960’ sinresponseto severeearly
falluresof Douglas-fir polesduetointernal decay. Two through boring patternsand oneradial drilling
pattern emerged from aseriesof utility testsinvolved relatively few full length poles. Whileno significant
effectson bending strength were observed and the polesall broke abovethedrilled zoneat their

predi cted bending moment, the overall number of polestested for each of the processesremains|ow.
Conversdly, through-boring and radia drilling have been used to protect the groundlinezone of millions
of Douglas-fir poleswithlittle or no evidence that the process produces weaker poles.
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Figurelll-1. Exampleof through boring pattern used to enhancetreatment of the groundline zonein Douglas-fir poles.

Despitethewidespread success of through boring and radial drilling, we have recently examined severa
through-bored polesthat failed at the groundline under extremewind loads. 1none case, thepolewas
inaH-frame structure, whilethe otherswerein asingle poletransmission line. Inthe case of thesingle
poleline, aseriesof polescascaded under an extremewind load. Inthiscase, thelinecontained both
through-bored and older non-through-bored polesand both failed at groundline. Inaddition, alarge
heavy duty steel pole acting asatangent buckled and another waspulled out of itsfoundation. These
actionsattest to the severity of theweather event and suggest that no line could have withstood the
forcesapplied. Thesefailures, however, havea so caused anumber of utility engineersto ask for
additional dataon the effectsof through boring and radia drilling on polestrength. Ancillary tothese
concernsisadesireonthe part of thetreating industry to standardize the patternsto allow for automa-
tion of the process.

Thegoal of our work isto identify the possibleeffectsof variousthrough boring and radial drilling
patternson pole strength with theultimate goal of identifying aunified patternfor each processthat
minimizesstrength effectswhile maximizing trestment. These patternswoul d then be presented toANS
for possibleinclusonin ASNI 05. Thefirst stepinthisprocesswasto calculatethe effectsof various
common through boring and radia drilling patterns on section modul usin comparison with no groundline
preparation.
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Thepreviousy employed BPA pattern resulted inthelargest |ossin section modul us of the 4 patterns
examined (Tablell1-1). Section moduluswasreduced over 10 % inthispattern. Thislossof section
occurred because, over theyears, thetreater had substituted larger drill bitsfor the process. Whilethis
reduced drifting of bitsduring drilling and undoubtedly reduce breakage, it also increased the possible
effectsof the processon section modulus. Theresultsof thiscalculation (performed by Scott Kent, an
OSU Graduate Student) led to changesin BPA specifications. Thenew pattern using smaller bitshasa
dightly lower reductionin section modulus. Spreading the pattern even further such asthewidely
spaced pattern used in full length through bored pol estested in cooperation with BPA, PGE and
PacifiCorp, only produced 4 to 4.5 % | ossin section modulus.

Inall instances examining through boring, thelossin section wasdirectiona sincethethrough boring
holesareonly applied on oneside of the pole. Asaresult, section modulusreductionstended to be
dightly lower perpendicular to the through boring direction. One outcome of thesefindings, whichwere
confirmed by previoustests on through bored lodgepol e pine, isthe need to alternate polesto avoid a
directiond effectintheline. Thisisreatively smpletoaccomplishfor BPA, sincedll polesarethrough
bored inthe crossarm zone so they can befield drilled, however, it becomes more problematic for
utilitiesthat use pre-boring for attachments (ahighly recommended practice) sincethetreater must
aternatethrough boring and pre-drilling patternsto create poleswherethese holesline up and where
they are 90 degrees around from one another. Thismay not befeasible on afield basisand it will be
important to determineif the2 % gainin section modulusisred ly worthwhile given thewidevariationsin
wood propertiesand the saf ety factorsthat are already applied to poles.

Tablelll-1. Effect of through-boring or radial drilling on section modulus of
Douglas-fir poles.
Boring pattern AXxis Calculated Section Reduction (%)
Modulus (i n3)
None X-X 402 -
Y-Y 402 -
Original BPA X-X 328 10.4
Y-Y 336 8.2
New BPA X-X 372 7.5
Y-Y 381 5.2
Simplified X-X 379 5.8
Radial
Y-Y 379 5.8
Newhbill Pattern X-X 386 4
Y-Y 384 4.5
" Values based upon a pole 15.5 inches in diameter at groundline for the old
BPA pattern and 16 inches for all others. Newhbill patternisfrom full length
through bored poles.
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Calculationsof section moduluslossappliedtoradia drilled polesusing 4 inchlong holesevery 45
degreesaround the poles(i.e. 8 holesaround the polein agiven cross section) showed that section
loseswere 5.8 % in comparison with the non-bored pole. Thesevaluesaredightly greater than those
found withthe Newhbill pattern, but lower than thosefound with either BPA pattern. Theradial drilling
effect isuniform around the poles, reflecting the presence of holeson al faces.

OBJECTIVES

Theobjectivesof theresearch project arerelated to hole size, potential holeinteraction, and the effect of holeson pole
strength. Three specific objectivesare:
1. Tofindabore(hole) sizethat isoptimal intermsof materia removed and stress concentrations created due
to geometry.
2. Tocreateaspacing patternthat achievesadequate preservative penetration yet minimizes stressinteractions.
3. Todeterminethestrongest direction of loading of the poleswith respect to the direction of thethrough-
bored holes.

BACKGROUND

In 2003, Kent examined the strength effect of through boring by conducting astatic analysisof through bored poles
based strictly on sectionremoval. Theresults showed astrength loss of 8% up to 23% depending oninteraction
between layersof holesand loading direction. Theworst case was assumed to bewhere holeswithin6in. of each
other along thelongitudinal axisacted onthe same plane, and the best case was assumed to beasinglelayer of holes
with nointeraction with holeson another plane. He al so found that the reduced section on aplanewould have agreater
effect if the poleswereloaded parall€l to the axis of the holesthan perpendicular totheholeaxis. The present study
sought to delve deeper into the effects of through boring by using more advanced computational methods; specificaly,
examining theeffect of stressconcentration factorsthroughfiniteelement anaysis.

Effectsof stressconcentration onfailure are predicted by e astic stress concentration factors (SCF) (Wu and Hu 2003).
A literaturereview of SCF attributabl e to holes showed that for the case of asolid shaft, the SCFisafunction of hole
diameter, aswell asshaft diameter. Specifically, for round memberswith diametral holesunder bending stresses, at first,
SCFsdecrease with decreasing hole diameter to somecritical, very small diameter hole, but then the stress concentra-
tionsincrease astheholesizeisreduced further (Pilkey 1994). Thistrend accountsfor both the material being removed
and the stress concentration dueto geometry.

Polesexhibit variationsintheir strength propertiesdueto growth features such asknots, spiral grain, and proportions of
juvenilewood to maturewood. Theeffectsof such growth characteristicswere beyond the scope of the current
research and werenot modeled inthisanalysis. Pellicane and Franco (1994) have developed athree-dimensional finite-
element polemode that incorporated thesefeatures.

HoleSize

Using theempirical formulagenerated by Pilkey, for aclass4, 40-ft. polethe optimum holesizerangeis3/4in.to 1-1/8
in. (Figll1-2). Thisassumesafixed polediameter of 10.66in., whichistheminimum groundlinediameter for thisclass
asspecified by ANSI (1992). Thegroundlineisapproximately the average diameter of thebored section and the
differenceintaper acrosstheregion had aminimal effect onoptimal holesize.

Thissame behavior isnot seenin cylindersunder other typesof loading. Inthe case of tensileloads, the SCFsfollow

themore predictabletrend of increasing with increasing bore diameter (Wu and Mu 2003). However, the SCFfor a
diametrical holein ashaft subjected to torsionishigher than thosefor bending or tension (Jessop et a. 1958).
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Figurelll-2. Distribution of stressconcentration factor ina40ft., Class4 utility poleasafunction of diameter of bore
hole. Thepolediameter of 10.66in. was assumed constant for purposes of calculation.

Theanalytical solutionfrom Pilkey (1994) that polesunder bending stresseshave acharacteristic“dip” inthe SCFis
supported by the outcome from previous poletests. Portland General Electric’ stestsfrom 1961 found that two pole
groupsdrilledwith /4 in. holes, “ showed cons stently lower strengthsthan any of the polesbored withthe 7/161n.
holes.” Thereport stated that the reason for thisresult was* obscure’ but observed that fewer, larger holesin wood
appeared better ableto withstand stressesthan the more numeroussmaller holes.

Hole Spacing

When designing an optimal bore pattern, thefirst factor to consider ispreservative penetration. Research conducted by
the Utility Pole Research Cooperative at Oregon State University found that creosote preservative penetration averaged
8.5in.longitudinally (+ 3.8in.) and 0.72in. transversaly (£ 0.16in.) (1998). Using aconservative estimate of these
valuessuggeststhat alongitudina and transverse spacing of 5in. and 1.51n., respectively, would providethe necessary
coverage (Fig. I11-3).

Figurelll-3. Average preservative penetration based on
Utility Pole Research Cooperative (1998).

~ 16"
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Theexisting literature by Pilkey onthe effect of unloaded, aligned, holesislimited to holesin platesand does not ad-
dresscylinders. However, theresearch showed that for longitudinal spacing of theholesinaplate, inatwo-hole
configuration, the stress concentration continually increased up to aseparation distance of about 10 holeradii (10a).
Then the holeswere spaced far enough apart to act independently and the SCF wasthe same asfor onehole. Thus,
the SCFsfor longitudinally spaced holesare never greater than the SCF for one holewhen thelongitudinal spacingisat
least 10a. For transverse hole spacing, the plate research showsthat for aligned holes, aspacing equal to 6aisthe
critical spacing wherethe SCF of thetwo holeswill interact at spacingslessthan 6a. Theinteraction of thetwo holes
causesastressreduction while holes spaced greater than adistance of 6awill behavemorelikeasinglehole.

Falk et a. (2003) found that holelocation may be ascritica afactor ashole size when comparing bending stresses
around holesinlargedimensiona lumber. Specificaly, itisimportant to keep holesout of highly stressed regions.

L oad direction

Intuitively, poleswill exhibit lower stressesif theloadingisapplied perpendicular to theaxisof the boreholesand thisis
reflected in construction practicetoday. Jessop et al. (1959) found “much lower” SCFsfor cylinderswith holesunder
bending stresswhen theload was applied in aplane perpendicular to the axis of the bore hole.

BASC MODELS

Global Pole M odel

Theresearch optimizing astandard through boring pattern began with finite element modeling theentire utility pole. The
polemodel wasa40-ft., Class4, tapered cantilever polewith groundlineandtip diametersequal to 11.55in. and 7.5
in., respectively. Thepolewasmodeed with typical Coastal DouglasHir, linear, elastic, orthotropic materia properties
(USDA 1999).

Theglobal coordinate systemis X andY asorthogona diametersacrossthegrain and Z isthelongitudina axisof the
pole. Theradia and tangentia materia propertieswere averaged and set equal so only two distinct directional elastic
propertieswere entered, parallel and perpendicular tothegrain. Solid elementswere used to represent the volume,
with al-kipload applied 2 ft. below thetip and thelower 6 ft. of themodel wasfixed fromtrandation. The model
output was compared against predicted stressesfor verification. Figurelll-4 showsthe e ement stress solution; the
range of non-peak stresseswaswithin 10-15% of predicted stressesfor afixed cantilever at the groundline, and the
maximum and minimum stress occurred, as predicted, at thetop of therestricting boundary conditions (thegroundline).
Thus, themodel was accepted.

(081, 0 S i | --m
Figurelll-4. Thethree-dimensiona, globd, =
cantilever polemode with 1-kip test [oad applied 2
ft. fromtip and bottom 6 ft. restrained from
trandationinall directions. e e n
N e —a— 1
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Next, the moded wasintended to run with the borings removed from the pol e above and bel ow the groundline. How-
ever, the complex geometry created by the addition of the borings made numerical convergencedifficult toimpossible.
Onceasolution with the boringswas obtained, it was not sufficiently refined to ascertain the detail ed, peak stresses,
whichareof primary importanceinthisresearch. Attemptsto further smplify the geometry, such asremovingthe
section of polebel ow ground, did not adequately reduce the problem.

Sump Submodel
Submodeling was employed to examinethe detail ed stress effectsaround the borings. Most of thework wasdoneona

2 ft., tapered section of the pole, representative of the global pole at the groundline ([ op = 2-50 in, 0, ... =574in).
Thestump submodel isshowninFig. [11-5. Nodal trandationsarefixed at thegroundline. Theeffect of thefixed
boundary condition wasthat the stump submodel could not trandate asarigid body or rotate at the base. The magni-
tude of stressinthefull-size pole under the 1-kip test |oad was applied to the sscump submodel by applying adisplace-
ment to thefreeend.

Theloading of the submode was accomplished by impos ng adisplacement onthe other, freeend of thestump. This
wasamore efficient computational approach asit did not produce any fal se, peak stressesthat are common around
point loadsand it adequately represented the section of the pole subjected to mechanical forces

AN

GLE=574"

Free end Length =24"

(7 =5.50"

Figurelll-5. Stump submodel representsthe polefrom groundlineto 24 in. abovethegroundline.
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PARAMETER ASSESSMENT

Hole Size

Eq. (1)

Finite-element analysiswas used to model the effect of hole size on peak SCF. SCFisdefined, for purposesof this
analysis, asthe maximum peak stressin or around thehole (7., ), divided by thenominal stressat the samelocation

g
without the holepresent (2, ..): SCF = —PEAC

NOM UNOM

Oneholewasplaced inthe center of thestump, 12in. from thegroundline, and digned withtheY-axis. Bending
stresseswere created by applying displacement separately in the stump, either parallel or perpendicular to the axisof the
boreholes. Displacement applied parallel tothe holeaxis (FY'), produced maximum stressin the center outer edge,
paralel totheY-axis, sotheholewaspositioned in the peak stressregion in thetransverse center of thepole (Fig. I11-
6). For loading perpendicular to the hole axis (FX), the center of the polewherethelast holewas positionedisnow the
lowest stressed region in the polewith the peak stress occurring on the outer edgesalong the X-axis. Asaresult, the
holewas offset approximately 2 in. to positionthe holein the higher stressregion and produce apesk stressat thehole
instead of thegroundlineto adequately investigate theimpact of theholesize,

Theholesizewasthen varied inthemodel in /4 in. increments, from 1/4in. upto 1-1/4in. to eval uateitseffect. All
other conditionswerekept asuniform aspossible. The offset in the X-direction was adjusted for each hole size, so that
the edge of the holewas cons stently the same distance from the edge of the pole. Thiswasdoneto minimizethe effect
of edge distance onthe peak stress.

ERIEMT SILUTCON m FHTENT B3LUT108 m
PRl JUL 2T D0 SEFe] — UL 2 2004
el s gL ETE sl ERE SR
TIRE=L TinE=1
|4 [s 1l )] 14 CHORNGD
e EIVI=0
W =, LEdilE OIS = LEdlES
Fe i IR AT HEM s-sEfL
HIE =120 B =704
I— I — —
=LUE5Rd =g=L =110 dLEd aiie -afzL -4 il —lind N 1423
=014 =1Tq% 15IE ES0E 13001% P -3 -41% £24 T+
Tiole sige = 3T Pole wige = 259

Figurelll-6. Holesizemode sfor loading inthe Y-direction, paralld tothe hole (FY) (shown left) and X-direction,
perpendicular to the hole (shownright) asviewed inthe X-Z plane.
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Meshesaround thevarying hole sizeswere difficult to cons stently maintain and thismadethe stressanal ysisoutput for
hole size somewhat incons stent. Asthehole sizewas changed inthemodel, the mesh around the hole changed d so.
Smaller diameter holeshad a“tighter”, morerefined mesh thanthelarger diameter holes. Thefiner meshesinfluenced
the magnitude of the peak stress concentrations; typically, showing higher peak stresses. To addressthis, attemptswere
made to converge model swith added refinement until astable stress sol ution was reached but thiswas beyond the
software capabilities. Alternatively, two model runswere used; one, wherethe mesh refinement washeld constant, and
the second, whererefinement wasincreased in the areas of larger holes. Both resultsare presented in Figuresl -7 and
8 and thetwo different refinements produce very smilar stressoutputs suggesting therefinement of theinsdeareaof the
holesisnot akey factor in determining the peak stresses. Maximum tension stressisnot shown for the FX loading case
asthe peak stressoccurred at the groundline and was not pertinent for our analysis.

A TENSION (S,) B COMPRESSION (S,)
6.40 - 6.00
6.20 - 5.90 -
L 6.00 ] L 5.80
3 5.80 /'\-\. o 5.70
5.60 - \./ 5.60 -
5.40 ‘ ‘ ‘ ‘ 5.50 ‘ ‘ ‘ ‘
1/4" 1/2" 3/4" 1" 11/4" 1/4" 1/2" 3/4" 1" 11/4"
Hole Diameter Hole Diameter
C Compression
7.60
7.40
L 7.20 |
O
9 7.00 \
6.60 ; ; \ \
0 1/2 1 11/2 2 21/2
Hole Diameter

Figurelll-7. SCFfor bending stress (S ) asafunction of holesize. INCREASING meshrefinement inareaof holes.
Loadingisparalle toholeaxis(FY)in(a) and (b). Loadingis perpendicular to holeaxis(FX) in(c).
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Figurelll-8. SCFfor bending stress (S ) asafunction of holesize. UNIFORM mesh refinement in areaof holes.
Loadingisparalle toholeaxis(FY) in(a) and (b). Loadingisperpendicular to holeaxis(FX) in(c).

Itisunreasonableto try to confirm model results experimentally by measuring stresseswith strain gages, etc. aspeak
stressesinthemodel were cons stently found insidethe bore holearea(Figurel11-9). Thisfinding was consistent with
theliterature, confirming the adequacy of the submode results (Jessop et al. 1958, EDSU 1989, and Thum and Kirmser
1943, cited in Pilkey 1994). Theinterior |ocation of the peak stresswas al so the reason for mesh refinement being
added totheinside areas of the holein the model s as opposed to around the exterior of the hole.
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AN
Maximum compressive
stress location

Figurelll-9. Peak bending stressoccurred intheinterior of bore holewhen loaded inthe X and Y-directions
Hole Spacing

Usingfinite-element analys's, the sump submodel wasrunwith aprogression of longitudinal and transverse hole spac-
ingsranging from 3ato 12a. Longitudinal spacingsarethose parallel tothelong axisof the pole and transverse spacings
arediametrical. Two, 3/4in. holeswereplaced at the center of the stump (12in. abovethegroundline). With regard to
thebending stress(S)), the stressesincreased asthe two holeswere moved farther apart, but increased dlightly again as
the holesbecamevery close(3a). Thiswasgeneraly truefor compressive and tensileloading conditionsaswell asfor
thetwo bending conditionsof strain appliedintheY (Fig. 111-10) and X-directions(Fig. 111-11).

Thistrend fitswith thetheory of using defense holesto reduce SCFsaround themain hole (Ting et a. 1998). As
transverse hole separationisincreased, the SCFisthe sameasthat for asingle holeand asthetransverse separationis
decreased, the SCFsincrease. However, at intermediate spacings, nearby holes can actually reducethe peak stresses
aroundthemainhole.
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Figurelll-10. Maximum bending stresses (S)) asafunction of TRANSVERSE spacing. LoadingwasappliedintheY-

direction.
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Figurelll-11. Maximum bending stresses(S,) asafunction of TRANSVERSE spacing. Loadingwasappliedinthe X-

direction.

Longitudina spacingswith holesaligned werea so run through the gamut of spacingsand theresultsweresimilar to
those predicted for aplate by Pilkey. Thecloser spaced holes had lower peak stressesthan those spaced farther apart
(Figurelll-12). Thelarger spacing peak stresseswere closeto those from asingle hole but dightly abovethesingle

vaues.
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Figurelll-12. Maximum bending stresses(S) asafunction of LONGITUDINAL spacing. Loading appliedintheY-

direction.
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Typical boring patterns, however, utilize holes offset at some angleto oneanother so thiscasewasa so examined. Two
holesin the stump submodel were analyzed for lateral offset spacingsof 1and 2in (Figurelll-13). For 1-by spacing
patterns, theinitial holewas placed 1in. abovethegroundlineand 2in. offcenter. For the2-by spacings, theinitial hole
was placed at thegroundlineand 2 in. off center. When loaded by displacement, perpendicular to the holes, both of the
spacing patterns produced the samelocation of peak stresses. Thetensile peak bending stresswasawaysinsidethe
groundline holeand the compressive bending stresswasawaysat the groundline.

No comparison wasintended between the 1-by and 2-by spacing groups, the varying locations of the base holewere
only to examineany effect of the groundline onthe SCFs. The high stresses seeninthe 2-by group areindicative of the
effect of theimposed boundary restriction on the end and are not thought to be accuratein magnitude, but rather reflect
the effect of increasing thelongitudinal spacing whilethelatera spacingiskept fixed.

a) b}

111 22

2%5

x5

Figurelll-13. Rangeof hole spacingsin atwo-dimensional plane. a) 1-by and b) 2-by spacing geometries.

Peak stresswas consistently found in the samelocations - inside the groundline hole (M X) and at the base of the stump
(MN).

Themaximum compressive stresseswere higher at close spacings, then decreased in theintermedi ate spacings (except

for oneoutlier) (Figurelll-14). Stressesincreased again asthe holeswere spaced further apart (1x3 wasthe exception
tothistrend).
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Figurelll-14. 1-by and 2-by hole spacing comparison of peak bending, compressive, (Sz) stressfor varioushole
geometries.

Finaly, in an attempt to examine atypical bored section, modelswere made of a 15 in. section of the stump boredin
variouspattern spacings (Figurel11-15). Longitudina spacingswere utilized that produced an even number of holes
alongthe 15in. section and these were combined with typical lateral spacings. 1.5x3 compared to 1.5x5 (Fig. 111-16)
aswell as2x3 compared to 2x5 (Fig. 111-17).

Thetransverse spacing appeared to have thelargest influence on the peak groundline stresses asthelarger spacing
moved the holefarther from the axis of the pole and closer to the pole edge. In polesloaded perpendicular to thehole
axis(the preferred |oading orientation asdiscussed | ater in thisdocument), holesin higher stressed regionsproduce
higher SCFs. Thisfollowstheresultsby Falk et al. (2003). Longitudinal spacing, 3in. versus5in., appeared to have
little or no effect on peak SCFs.

Again, it should be noted that because the holeswere model ed at the groundlinewheretherewill beanincreasein stress
due soldly to theimposed boundary conditions, the magnitude of the stressesare over-estimated but the comparisons
between thetwo latera spacing configurationsarevalid.

Longitudinal Bending Stress (S,)
25000
20000 -
z 15000 - mComp.
% 10000 - ETension
Zhlinn
0 T
2X3 2X5 1.5X3 1.5X5
Pattern

Figurelll-15. Comparisonsfor 1-by and 2-by spacing patterns of peak bending stresses(Sz) inat 15in. sump with
multipleholes.
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Fig. 111-16. Longitudinal spacing comparisonsover al15in. bored sectionwithal.5in. transverse spacing.
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One other spacing issuethat was examined, clear edge distance, had minimum effectson stresses. Variousedgedis-
tanceswererunfor threedifferent polesizes. Themagnitudesof the peak stressasafunction of edgedistanceare
showninFigurelll-19 and show the expected trend of increasing stresswith smaller edge distances.

Asdiscussedinthe previoustransverse hole spacing section, the stressesincrease asyou move outward on the pole
diameter (Fig. 111-18). Therefore, the SCFswill belower if holesareplaced intheinner, lower stressed regionsonly.
Toexamineif thereisacritical edgedimension that should bemaintained for all poles, itisnecessary to analyzethe
resultsconsidering theincreasein stressesinherent in the pole geometry and loading conditions. Thiswasdonebe
examining the SCFsfor the various edge distances; dividing the peak stressaround the hole by the peak stressinthe
poleregionif the holewasnot there. Peak stressestimateswere based on finite-element stress contourswith alinear
increase asthe hole was moved out to the edge of the pole.

In examining the SCFsfor all three polesizes, therewasalargeincreasein SCFs between the edge distanceof 1.5in
and 1.0in(Figurelll-20). However, the magnitude of the peak stresseswere quitelarge and within thetheoretical
failure stressesfor clear specimensat an edge distancesof 2.0 infor the Class 4, 40-ft. poleand 2.5in. for the Class 2,
70-ft. pole.
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Figurelll-18. Cross-section of stressestaken 12 in. up from thegroundlinewitha1/2in. holeplaced 2in. fromthe
edge.
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Figurelll-19. Pesk bending stress(S)) inadutility pole holeasafunction of edge distance where edge distanceis
measured a ong theflat projected plane.
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Figurelll-20. SCFsasafunction of edgedistanceinthreepoleclassifications.
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L oad Direction
Toinvestigateif the Jessop theory on loading direction was correct, two hol e spacing patterns (2x3 and 1.5x5) were

model ed for comparison with five boreholesin atypical pattern. Themode used for examining the effect of load
direction was complex because of themultipleholes. Therefore, no refinement of the hole areas could beappliedanda
very “loose” mesh wasnecessary to allow themode to run. Onemodel witha“tighter” meshwasabletorunto

compl etion for comparison purposes, but the difference between thetwo wasminimal. Therefore, theloose meshwas

accepted as adequate.

Thedifferencesin the peak stresses between thetwo loading patternswere clear. Intension and compression, for both
spacing patterns, |oading perpendicul ar to the hol es produced significantly lower peak stresses. Peak stressesintension
for thelongitudinal and transverse directionswere 36 and 26% higher respectively when loaded parallel tothe holes
(Fig. 111-21). Thedifferencesin compressionwere even higher becausethe peak stresslocationsdiffered. Loading
perpendicular to the polesactually did not producethe peak stressat the hole boundary, but rather at the groundline
whichwas considerably lower than the peak stressaround the hole. (Fig. 111-22)

Longitudinal Bending Stress (S;) Transverse Bending Stress (Sy)
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a mFX g 80 B FX
& 20000 - & 600
g 10000 o g 400 1— e
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Figurelll-21. Comparisonof load direction (FX vs. FY) and spacing patterns (2x3 vs. 1.5x5) on stresses.
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Figurelll-22. Peak stressin the 1.5x5 spacing pattern for both the FX and the FY loading condition.
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SUMMARY

Hole Size

Despitethelimitations of the hole sizemodeling dueto variable meshes, agenera trend fromall sourcesof information
emerges showing the SCF reachesaminimum at someintermediate hole size and that very small hole sizestend to have
much higher SCFs. Theresearch supportsthistrend for polesin bending; thelimited number of polestested in-situ
concluded thesame, and finaly, thefinite-element modeling supported theresults. Viewed initsentirety, theinformation
supportslarger holes used for through-boring (1/2in. — 1 in.) based on peak SCFs.

Hole Spacing
Inthe absence of any research onthe significance of unloaded holesin asolid cylinder, thefinite-element modeling
results, coupled with the avail able preservative penetration knowledge, must be used asthebasisfor design.

Thestressesaround laterally aligned holesincreased for very closely spaced holesor distant hole spacingswhilelongitu-
dinal holesdecreased SCFsastwo holeswere placed closer together. The presence of asecond hole appearsto
lessen theintensity of the SCF until thetwo holesare spaced sufficiently far apart that they behave asone, singlehole.
Holesset at an angleto one another appear to follow adightly different trend but intermediate spacings had the lowest
peak stressesand spacingsat the extremes exhibited the higher stresses.

Theimportance of holelocation wasdemonstrated in these analyses. The critica spacing interactionswere not encoun-
tered in current boring practices and the key to keeping SCFslow istransverse spacing.

Theoutput stresses showed little change between model swith six holeswhen compared to model swith eight holes but
therewere markedly higher stresses between transverse spacingsof 1-1/2in. versus2in. Thewider transverse
spacing pushes holesfarther out the pol e diameter and closer to the pole edge, where base stressesare higher for the
perpendicular loading case. The narrower spacing will allow aboring pattern to havealarger clear edgedistance,
whichwill keep peak stresseslower. Thisisassuming that the narrower coverage of preservative penetration remains
adequate.

Finaly, themodeling results showed that aclear edgedistance of at least 2.0 in. should be maintained for al pole classes
toavoidlarge SCFs.

L oad Direction

Theassumption that poles should be loaded perpendicular to the bore hole axis appearsto bejustified. Past research
and current finite-element anal yses show that bending stressesresulting from | oads applied perpendicular to the axis of
the holesresult in SCFsthat were much lower than those incurred when the bending forcewas applied parallel tothe
holes.

B. Condition Assessment of Aging Douglas-fir Crossar ms
Crossarmsare animportant component of the overhead transmission and distribution system. Despite

their importance, these assets are often over-looked in the overall inspection process becausethey are
difficult and expensivetoinspect.
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Wooden cross-arms continueto bethe mainstay of distribution and lower voltagetransmission lines, but
thereislittledataonthe overal servicelivesof these materials. Themgjority of crossarmsare Douglas-
fir pressuretreated with pentachl orophenol in PO TypeA oil. Thearmsaregenerally pre-drilled prior to
treatment, sharply reducing therisk of internal decay devel opment through exposed untreated wood and
thelocation of thearmsaway from direct soil contact sharply reducestherisk of decay. Onthedown
side, crossarmsare often treated while the moi sture contents are el evated and the mgj ority of the
exposed surfaces are heartwood, sharply reducing the depth of treatment, even whenthewood is
incised prior totreatment. Theeffectsof the combination of reduced decay risk and shallower treat-
ment on crossarm performance remain poorly understood. In most instances, utilitiesreplace crossarms
asneeded- usualy whenfailures occur or during routine upgrades or other service changes- becausethe
cost of line personnel time on the polefar exceedsthereatively small cost of thewood. Asaresullt,
thereislittleinformation on thetypesof failuresexperienced with crossarmsor therate at which these
faluresoccur.

Crossarm performancewill take on increased importance as utilities continue to use groundlineinspec-
tion and treatment programsto arrest internal and external decay at groundline. We have already begun
to see utilitiesentering their third and fourth cycleswith polesinthe 40 to 60 year range asthey limit the
extent of decay at groundline. Decay aboveground, which typically occursdowly and requiresmany
yearsto becomeaperformancefactor, will becomeincreasingly important. Crossarmsthat might
typically have been replaced aspart of apole change out will now bein servicefor many decades, often
with minima inspection aslong asthey perform acceptably. The performance of these components
will then become animportant part of theoverall structural performance.

Asapart of our effort to assesstherisk of decay above ground, we have examined theincidence of
decay intheabove ground portionsof older Douglas-fir polesin the Pacific Northwest, both through a
survey of aboveground decay intransmission poles and inspection of the conductored portionsof older
Douglas-fir distribution poles. Both of these surveyshighlighted theincidence of internal decay above
ground in older poles. In addition, we have examined the condition of older Douglas-fir laminated davit
arms, but we have had little opportunity to examinethe condition of older solid-sawn crossarms. This
past year, we had the opportunity to examine aseries of older wishbone crossarmsin the Portland
Generd Electric (PGE) system. The crossarmswere pentachl orophenol treated Douglas-fir armsthat
wereinstalled in awishbone-type configuration (Figurell1-23). Thearmshad beenin servicefor 45to
60years. Itisunclear whether thearmswere pre-drilled prior to treatment although post testing
sampling of somearmssuggested that they were.
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e
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. . 6]
Figurelll-23. Exampleof awishbone .
typecrossarm configuration. 2
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The condition of thearmswas assessed intwo tests. In one phase, 30 armswereremoved from service
and returned to OSU aong with 2 newly treated arms, where they were conditioned to astable mois-
ture content, then tested to failurein bending. Theresulting datawere used to determine modul us of
elagticity and modulus of rupture. These val ues can then be used to assesstheresidua material proper-
tiesof thearmsinrdationtothelineloads. Inaddition, thearmswere examined prior to bending tests
using several non-destructive acoustic toolsthat used timeof flight along thelength of the poleto predict
bending strength.

Prior to mechanical testing, increment coreswere removed from each arm. Sampleswereremoved
fromwithin 50 mmof bolt holesat four locationsaong each crossarm (Figurell1-23). Thecoreswere
examined for evidence of visible decay, then cultured for the presence of decay fungi. The combination
of visual examination and culturing should provideinformation on both the presence of existing damage
aswedll astherisk of continued fungal attack.

Thearmswerethen cut into 0.6 m lengthsusing achainsaw. A 50 mm thick section was cut from one
end of each resulting section to determinethe extent of internal decay, and the sectionsfromagiven
crossarm were photographed for later assessment. The outer 15 mm from the upper surface and one
side of each 50 mm section wasthen removed and ground to pass a 20 mesh screen. A subsampl e of
theresulting material wasthen analyzed for pentachlorophenol by x-ray fluorescence spectroscopy. The
purpose of these analyseswasto determineif the arms contained sufficient preservativeto provide
continued protection against fungal attack. Inaddition to the above assessment, wealso havea
Resistograph whichwewill useto assessthe condition of thearms.

Inadditiontothelimited destructivetesting, we performed amoregeneral sampling of armsin servicein
cooperation with PGE linepersonnel. A total of 120 arms(on 60 poles) wereinspected by PGE line
personndl. Linepersonnel sounded each arm and tested in their normal manner and reported any
defectsthey found. In addition, they removed increment coresfrom zonesimmediately adjacent to each
bolt hole on the upper arm and increment coresfrom thejoint end of thelower crossalong with cores
from thetwo bolt holeson thisarm (Figure [11-23). The holesfrom each core were plugged with tight
fitting wood dowels. Thecoreswere placed in plastic strawsand stapled shut for transport to OSU.
Oncethere, each corewas examined for the presence of decay, and then the untreated portion was
cultured for the presence of decay fungi and the depth of preservativetreatment wasnoted. Finaly, the
outer 15 mm of corewas ground to passa20 mesh screen. The ground wood from the coresfroma
given crossarm were combined and anayzed for pentachlorophenol by x-ray fluorescence spectros-
copy. Theobjective of these additional inspectionswasto devel op alinkage between our |aboratory
findingsand thosethat theline personnel might detect using conventional inspection techniques.

Thearmsinspectedin servicetended to be heavily weathered and had numerous checks on the upper
surfaces. In many instances, mosses and other vegetation were present on the upper surfacesof the
armsand the outer appearance would suggest the presence of internal decay. Increment coresremoved
from thearmstended to be broken and fractured; often asign of some decay. However, the coresdid
not contain evidence of advanced decay and culturing of the coresresulted inlittle or no evidencethat
viabledecay fungi were present in most of thearms(Tablell1-2). Decay fungi wereisolated fromonly 1
of the 120 armsexamined. |solationsof non-decay fungi inthearmswerealsorelatively low, with only
25 of the 120 armscontaining any viablefungi. These seemingly contradictory resultsare perplexing;
however, we suspect that most of the external damage noted on thearmswastheresult of ultraviolet
light degradation. Thedevelopment of deep checksmost probably resulted from the repeated wetting
and drying over the45to 60 yearsof service. Thesecyclescan beparticularly severein Western
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Tablelll-2. Residua pentachlorophenol and degree of funga colonizationin 120 Douglas-fir crossarmsinspected after
45t0 60 yearsof serviceintheWillamette Valley of Western Oregon.

Pole # Pentachlorophenol (Kg/ms) Decay fungi (% of cores) Other fungi (% of cores)
upper lower upper lower upper lower
1 2.22 2.16 0 0 50 0
2 2.37 1.61 0 0 25 0
3 2.78 1.97 0 0 0 0
4 1.39 2.08 0 0 0 0
5 0.95 1.76 0 0 0 0
6 1.25 2.82 0 0 25 0
7 2.20 1.99 0 0 50 50
8 1.55 1.71 0 25 25 25
9 1.17 2.13 0 0 0 0
10 1.58 1.47 0 0 0 0
11 1.25 1.66 0 0 0 25
12 0.30 0.22 0 0 50 50
13 0.16 0.04 0 0 25 25
14 0.04 0.18 0 0 0 25
15 0.10 0.14 0 0 0 50
16 0.19 0.22 0 0 0 25
17 0.24 0.24 0 0 25 25
18 0.11 0.06 0 0 100 25
19 0.06 0.18 0 0 0 0
20 0.26 0.15 0 0 0 25
21 0.20 0.22 0 0 0 0
22 0.22 0.17 0 0 0 0
23 0.10 0.06 0 0 0 25
24 0.02 0.14 0 0 0 0
25 0.17 0.24 0 0 0 0
26 2.27 1.59 0 0 0 0
27 2.99 1.61 0 0 0 0
28 151 4.52 0 0 0 0
29 2.15 4.36 0 0 0 0
30 3.11 1.68 0 0 0 0
31 1.93 4.73 0 0 25 0
32 1.86 1.07 0 0 25 0
33 1.38 6.25 0 0 0 0
34 1.88 2.07 0 0 0 25
35 1.17 0.42 0 0 0 0
36 0.34 0.68 0 0 0 0
37 2.02 2.16 0 0 0 25
38 1.66 0.21 0 0 0 0
39 0.46 0.48 0 0 50 0
40 0.76 0.35 0 0 25 0
41 0.36 0.89 0 0 0 0
42 0.43 1.91 0 0 0 0
43 0.81 0.53 0 0 0 0
44 0.64 1.40 0 0 0 0
45 0.04 0.14 0 0 0 0
46 0.16 0.17 0 0 0 25
47 0.24 0.17 0 0 0 25
48 0.13 0.05 0 0 0 0
49 0.06 0.10 0 0 0 0
50 -0.02 0.17 0 0 25 0
51 141 2.48 0 0 0 0
52 0.24 0.20 0 0 0 25
53 0.12 0.08 0 0 0 0
54 0.03 0.10 0 0 0 0
55 -0.01 0.13 0 0 0 0
56 0.20 0.21 0 0 0 0
57 0.19 0.21 0 0 0 0
58 0.13 0.00 0 0 0 0
59 0.18 0.09 0 0 0 0
60 0.16 0.20 0 0 0 0
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Oregon because of the very wet wintersfollowed by the near absence of rainfall duringthesummer. As
aresult, armscan bevery wet inthewinter but extremely dry during the summer. Thedrying stresses
induced by these cyclic moisture changes could gradua ly exacerbate checking.

Thereatively low levelsof funga colonizationinthearmsmay reflect the continued protection of the
initia treatment coupled with thelower decay risk for wood exposed aboveground. Thisisparticularly
truefor Douglas-fir heartwood, whichismoderately durableand hasperformed extremely well inabove
ground exposures, even without supplemental preservative protection. Theaddition of evenasmall
amount of chemical protection can produce dramatic increasesin durability of thisspecies, asshownin
Objectivell. Pentaassaysrevealed that retentionsranged from aslow as0.03 kg/m®to 6.25 kg/m?
(Tablelll-2). Thecurrent specificationfor trestment of Douglas-fir crossarmswith pentachl orophenol
(C25-01) specifiesretentions of 4.8 or 9.6 kg/m?, depending on the degree of decay hazard towhich
thearmwill beexposed. Thevast mgority of armsinspected in our testscontained far lessthan the
recommended initia retentions; however, theinitia retentionsare designed to provideasafety factor so
that avast mgjority of wood pieceswill betreated to retentions above the threshold for fungal growth.
Thethreshold for fungal attack of pentain soil contact isconsidered to be approximately 2.4 kg/m?.
Thislevel islikely to befar in excess of that needed to protect wood in non-soil contact, but we can use
itasaguideline. Of the 120 assays performed, only 11 exceeded the threshold for soil contact, while
26 werewithin 0.1 kg/m? of thethreshold. Clearly, thearmsdo not contain high levelsof residual
penta; however, itisdifficult to usetheresidua chemica levelsasameasure of futurerisk inthe absence
of knowledgeof theoriginal preservativeretention. Thereare, however, anumber of aamswherethe
level of surface protectionisextremely low.

Thecurrent ANSI Standard 05.3 listsassumed designated fiber stressesof 7800 psi for armslessthan
12 feet or 7400 psi for heavy duty crossarms. Itisimportant to remember that not all armsinagiven
population will meet thisvalue, but theaverage of al armsshould fall near one of these values (depend-
ing ontheapplication). Full scalebending testsreveaed that MOR’sfor most armsfell below the 7400
ps vaue(Tablelll-3). Only 4 of the 28 armsthat had been removed from service met thisvalue, while
13 of 28 armshad MOR’sgreater than 6000 psi and 18 of 28 had MOR’sof at least 5000 psi. If we
usethecurrent fiber stressdesignation (7400 psi) asaour basisfor initial strength, then usethe NESC
requirement that the system be ableto hold at least 67 % of itsoriginal design value, thenthearms
should be ableto support 4958 psi. Clearly, anumber of thearmshave MORsthat arewell bel ow
that value; however, it isimportant to remember that the strength of wood varieswidely and the pres-
enceof someweaker amsiscongstent withthisvariation. Inaddition, theeffectsof initial treatment
(theANSI vauesarefor untreated wood) would further reducetheinitial material properties. Wesather-
ing of thearms and the presence of deep checkswould also impact bending strength to some extent.
Giventhese possibleeffects, thesearmsappear to bein excellent overall condition, despitetheir ap-

pearance.

The potentia for using non-destructiveteststo assessarm condition wasexamined using twotests. The
Metriguardisatimeof flight acoustictest. Briefly, sound will move moredowly through weaker wood
and thistime can be correlated to variouswood properties, particularly density. In our tests, thedevice
was used to assesstimeof flight longitudinaly inthearmseither prior to bending testsor whenthearms
had been loaded to 3000 or 6000 psi. The Metriguard provided atime of flight valuein microseconds.
TheMK-4 Hammer was used on thearms under smilar loading conditionsand provided anumber
ranging from 1to 10. Each arm wastested in at |east threelocationsa ong thelength of thearm at a
givenloading condition and these val ueswere averaged for that oading condition.
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Tablelll-3. Condition of Douglas-fir crossarmsfollowing 45to 60 years of service as measured by
bending teststo cal culate modul us of rupture (MOR), modulusof easticity (MOE) aswell astwo non-
destructive acoustic tests (Metriguard and the MK -4 Hammer).

CI’OSSél’ml# Avg penta MOE MOR Max load . Metriguard . hammer

Location™. (Kg/m3) prior 3000 6000 prior 3000 6000
586 L 0.798 1.914 7512 13288 768 781 783 1.0 1.0 1.1
587 ) 1.207 2.319 5934 10497 776 773 762 1.6 1.7 1.7
588 U 3.228 1.884 5336 9439 832 837 828 1.6 1.1 1.3
589 U 2.024 2.404 6087 10768 846 821 827 1.0 1.4 1.4
590 L 1.683 1.751 4755 8411 773 775 765 1.4 1.0 1.4
591 U 4.841 1.824 3982 7045 857 866 865 2.7 2.0 2.4
592 L -0.197 1.872 4560 8067 758 767 751 1.6 1.3 1.4
593 L 2.152 1.956 6752 11944 790 774 789 1.4 1.3 1.1
594 U 2.408 2.290 5294 9365 775 778 778 1.4 1.4 1.4
595 L 1.939 1.813 5461 9661 735 719 716 1.9 2.1 2.3
596 L 4.663 2.534 7398 13087 715 722 1.3 1.3
597 L 1.606 1.567 3296 5831 754 761 1.9 1.4
598 U 0.864 2.341 4320 7641 761 768 768 1.9 1.6 1.4
599 L 2.557 0.276 1490 2636 775 2.0
600 U 0.980 9430 769 788 779 2.1 1.6 1.9
1582 U 0.326 1.185 2948 5215 838 845 1.3 1.9
1583 U 2.483 1.777 3221 5698 827 829 2.0 1.6
1584 U 1.147 1.724 6699 11851 818 820 822 1.7 1.7 1.7
1585 L 0.718 1.953 7148 12645 798 808 784 1.6 1.6 1.3
1586 L 2.250 1.931 6262 11077 752 741 736 1.4 1.9 1.7
1587 U 0.686 1.677 3963 7011 829 829 822 1.4 1.4 1.4
1588 U 4.820 1.988 8579 15175 810 802 800 1.7 1.9 1.7
1589 L 1.590 1.825 7244 12814 787 770 755 2.0 1.4 2.1
1590 L 1.404 1.606 6006 10625 792 771 770 1.6 2.3 2.0
1591 U 0.881 1.629 5411 9571 805 820 825 2.4 2.1 2.9
1592 L 2.690 1.817 4693 8302 818 808 805 1.3 1.3 1.3
1593 U 0.188 1.682 4939 8737 813 813 800 1.9 1.9 1.6
1594 U 0.146 1.861 6602 11678 822 817 797 1.1 1.4 1.3
1595 L 2.495 1.947 6327 11192 815 819 832 2.1 2.1 2.4
1596 L 1.728 2.173 8390 14841 702 710 730 2.3 2.1 2.0
1597 NS 5.301 1.066 6001 6592 455 455 452 1.3 1.0 1.3
1598 NS 4.927 0.902 4887 5369 446 446 442 1.1 1.0 1.0

1. L =lower crossarm, U = upper crossarm and NS = never in service.

Vauesfor the Metriguard system varied only dightly withloading condition (Tablel11-3). Asaresullt,
wewill discusstheresultsintermsof theinitial testswith no applied load. There appearedto beno
cons stent relationshi p between time-of -flight and MOR for thearms (Figure11-24). Inmany cases,
the highest valueswere associated with weaker arms, whilethe oppositewastruein others. TheMK4
Hammer produced similar inconsistent results. In anumber of cases, the valueswere higher for weaker
samples, but in other casesstronger armshad high readings (Figure[11-25). Theincons stenciesinher-
entin both deviceshighlight thedifficulty of usng non-destructivetoolsfor ng residua strength of
materia swithout prior knowledge of wood condition. A portion of thisincons stency probably derives
from the excessi ve weathering associated with many arms. Surfacefeatures such asthesearemore
difficult to detect usng thetimeof flight instrumentsinthelongitudina direction, but thisdamagecan
have substantia impactson bending properties. Theresultsindicatethat thereareno smpletoolsfor
line personnel tousein ng the condition of aging crossarms.

NDE assessment of thearmsusi ng the Hitman soni ¢ testing device produced resultsthat weresmilar to
thosefound with the other two NDE devices(Figurelll-26, Tablell1-4). The device detected the one
armwith seriousinterna decay, but it also indicated low strength for two other armsthat had moderate
residua strength and missed severa other armswith smilarly lower strength values. Anideal inspection
devicewould haveahigh probability of detecting serioudy damaged materialsand arelatively lower
probability of suggesting that sound material swere decayed. Devicesthat predict too many samplesare
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Figurelll-24. Relationship between non-destructive assessmentsusing aMetriguard and 8) MOR or b)
MOE of Douglas-fir crossarmsremoved after 45 to 60 years of exposure.
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Tablelll-4. Condition of Douglas-fir crossarmsfollowing 45to 60 years of service asmeasured by the
non-destructive Hitman acoustic test at 0.6 m incrementsa ong thelength of thearm.

Hitman
position on crossarm

Crossarm # A B C D E F average
586 25558 12073 11745 11745 25623 17349
587 18701 18701 18701
588 17717 17717 17782 17739
589 17848 17913 17848 17870
590 11549 18340 14945
591 24442 24442 24442
592 8825 8891 8891 8869
593 25427 25427 25361 11155 8235 19121
594 18570 18406 18340 18439
595 18734 18734 18734 18734
596 18274 18274 18274 18340 18340 18300
597 17913 17871 9285 9361 13608
598 19012 18996 19127 19045
599 7120 7119 7119 7119
600 18635 18570 18701 18570 18471 18589
1569 18799 18799 18799 18734 18799 18799 | 18788
1582 16503 16503
1583 19423 19357 19423 19401
1584 18405 18209 18143 18252
1585 18209 18471 18208 18296
1586 18406 18471 18471 18449
1587 8891 8871 8957 17910 11157
1588 18340 18340 18274 18318
1589 26148 26148 26083 26126
1590 18307 18307 12041 18307 18307 17054
1591 18635 20046 19521 19816 19505
1592 8891 8878 8889 8886
1593 18274 18274 18340 18296
1594 20471 18406 18471 18471 18955
1595 18012 24705 24770 24705 18605 22159
1597 16962 15059 17028 15748 17093 16378
1598 16399 16273 16339 16337

decayed will result in either excessive additiona inspectiontimeor, in the absence of thisadditional inspection,
excessivergectionrates. Either of these outcomes sharply reducesthevalueof the NDE device. Thethree
NDE devicesexamined inthisstudy all failed to reliably separate the damaged wood without also identifying an
excessive number of sound armsas decayed under thetest conditions. Asaresult, nonewould be suitablefor
ngarmconditioningitu.

TheRes stograph isacontrolled torquedrill that was originally designed for detecting internal delay pocketsin
standing trees. Whilethisdeviceisnot truly non-destructive, theholeit createsisfairly
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smal. Theadvantage of the Resistographisthat it produces hardcopy output showing readingswith
distanceinward from the surface. Thisoutput can then be used to detect decay pocketsor other interna
defects. We used the Resistograph at 13 locations along thelength of three arms. One of thearmshad
obviousdecay pockets, another had asmall decay pocket in one portion of thearm and thethird had
no visibledecay. Thelocations corresponded to sitesimmediately adjacent to wherethecrossarms
were cut and photographed aswel | asmidway between cut segments.

Theresults showed that the Resi stograph was capabl e of detecting the advanced decay in the most
seriously degraded arm aswell asthearmwith the small decay pocket (Figurelll-27). Theinstrument
seemed to berelatively insensitiveto surface checking, which makesit moreuseful for thispurposesince
it canignorethesurfacedamage. It may, however, be useful to develop somerating for degree of
surface damagethat line personnel could useto assesexterna conditionin additiontotheinternal
inspection. Thedevicedid appear to havesomedifficulty inproducing distinctivelinesin ol treasted
portionsin the center of thearms; however, the patterns produced were very different from those
produced in the decayed zones. In addition, the use of thisdevicein the energized zone of the pole may
be problematic, however, the preliminary tests suggest the Resi stograph may be auseful tool for assess-
inginterna condition.
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Figurelll-25. Relationship between non-destructive assessmentsusing an MK -4 Hammer and @) MOR
or b) MOE of Douglas-fir crossarmsremoved after 45 to 60 years of exposure.
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Dissection of the crossarmsreveal ed that the vast majority of armshad no visible evidence of advanced
decay (Figurelll-28). Theseresultsare cons stent with theisolation studies of thelarger field popula
tion, which showed little or no evidence of fungal attack. Preservativetreatment wasgenerdly shallow
along thefaces, although cuts near bolt holesindicated that armshad been pre-drilled prior to treatment.
Pre-drilling may be onereason for thelow levelsof fungal decay after such prolonged service. Only
onearm (#599) contained advanced decay and thisdecay wasa so clearly evidenced by themuch
lower bending propertiesexhibited by thisarm.

Theresultsindicatethat crossarms have experienced considerable physical degradation but relatively
littlebiologica degradation over the45to 60 yearsof service. Whilethe exterior damage can clearly
reducethe effective section modulus of thearms, amajority of thearmstested still exceedthe 67 %
residual strength requirement and anumber of otherswerevery closetothislimit. Itisdifficulttointer-
pret how to apply these datato the specific configuration without additional knowledge about the
deadloads, iceloading and wind criteria, and the saf ety factors used by the cooperator. NDE tests
detected the weakest arm, but al so tended to reject other armsthat retained acceptableresidual
strength. Theseresultsimply that the NDE tool s assessed were probably not suitablefor thisapplica-
tion. Further testsare underway on severa other non-destructive testing methods.
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Crossarm # 586 Crossarm # 587

Crossarm # 588 Crossarm # 589

Figurelll-28. Crosssectionscut at 0.6 minterval sfrom pentachlorophenol treated Douglas-fir cross
armsinservicefor 45to 60 years.

Objectivelll - Page 42



Oregon State University Utility Pol e Research Cooperative

Crossarm 590 Crossarm 591

Crossarm 593 Crossarm 593

Objectivelll - Page 43



24t h Annual Report

Crossarm 594 Crossarm 595
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Crossarm 1584 Crossarm 1586

Crossarm # 1587
Crossarm # 1588
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Crossarm # 599
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C. Assessment of Bending Testsand Ground Penetrating Radar for Assessing Residual
Srength of Western Redcedar Poles

Last year, wereported on theinitiation of atest to assess several promising new toolsfor non-destruc-
tively ng residual strengthin standing utility poles. TheMechanical Pole Tester wasdevelopedin
Audtraiafor ng eucalyptus polesand usesflexural responseto calculate aresidual pole capacity
based upon specificinput criteriafor each pole (circumference, configuration, etc.). Ground penetrating
radar usesradar energy to assesstheinternal condition of apole. Thedeviceswere assessed on aset
of western redcedar transmission polesin service near Spokane, Washington. The poleswere sched-
uled for removal because of alineupgrade. Theoriginal field testing was completed last year, but pole
removal wasdelayed for many months because the contractor had not yet reached the polesin ques-
tion. The poleswere removed thispast summer; however, for unknown reasons, only six polesarrived
intestable condition. These poleswill betested in bending thiscoming Fall and theresultswill be
compared with those obtai ned using the two non-destructive measurements. Theresultswill beincluded
inthenext annual Report.

D.Ability of External PoleBarrierstoLimit Moisturelngressinto Copper Naphthenateand
Pentachlorophenol Treated Western Redcedar Poles

Thegroundline haslong been recognized asthe critical decay zone of polesin most regionsof the country owingtothe
presence of elevated moisturelevelsand an abundance of wood degrading organisms. One approach to extending
servicelifewould beto protect thiszone using synthetic barriersthat restricted moisture and microbia accesstothe
wood. A number of systemshave been devel oped for this purpose. For exampl e, the Port of L osAngel esexperi-
mented with apolyurethane coating to protect piling from marine borer attack, but these systemswere never commer-
ciaized. Recently, however, theincreasing concernsabout therisk of preservativeleaching from the polesinto the
surrounding soil have encouraged renewed interest in these systems, both for protecting thewood and limiting preserva:
tivemigration. Onesystemiscurrently used by autility in Washington State and othersare being considered. There
are, however, limited reportson the ability of these systemsto restrict moisture uptake. Thispast year, weinitiated a
test in cooperation with JH Baxter to examine moisture sorption characteristicsin western redcedar polesprotected
withtwo of thesebarrier systems.

Western redcedar pole sections (200-250 mm in diameter by 2.4 mlong) weretreated with either pentachlorophenol or
copper naphthenatein PO TypeA oil. The copper naphthenate was applied using athermal processwhilethe pentawas
applied using apressurecycle. Thepoleswerethenwrapped with either the Biotransbarrier originaly developedin
South Africaor the UPC coating. The Biotrans materialswereall applied with aclosed end onthe butt. Thissea was
not complete, but it should presumably restrict moisture sorption from the surrounding soil. The UPC sampleswere
applied with the ends open. The sampleswere either exposed inwater from their buttsto just below thetopsof the
barrier or they wereburied in soil toasimilar depthinlargetanks maintained at 23-25 Cinour testing laboratory. The
soil wasregularly watered to maintain moisture conditions, but every effort wasmadeto limit the potential for wetting
abovethegroundline so we could assessthe potentia influence of soil or water contact onthelined zones of the poles.

Prior to setting, the moisture content of each polewas sampled at the butt, 80 cm, and 140 cm abovethe butt by
removing increment coresfrom two sides of each pole. These coresweredivided into zones corresponding to 0-13,
13-25, 25-50, and 50-75 mm from the surface. These cores segmentswere weighed, then oven dried and reweighed to
determine wood moisture content. Inaddition, each polewasweighed. M oisture content was monitored 4 weeks after
immersion or setting in soil by removing increment coresfromlocations adjacent to the original sampling Sites. These

Objectivelll - Page 50



Oregon State University Utility Pol e Research Cooperative

coreswere processed as described above. The poleswere alsoweighed at thistimeto determinetotal moisture
uptake.

Moisture contents of the samplesat thetime of immersionwerefairly uniform, ranging from 16 to 24.8 % and there
appeared to belittledifferencein moisturelevel with distancefrom the surface (Figures|11-29-37) (Tablelll-4). Mois-
turelevelsweredightly elevated in some Biotranswrapped poles 80 cm inches abovethe butt, but it was unclear why
these particular poleshad dightly higher moisture contents prior to moisture exposure.

Moisture contentsfor al poleshad risen dramatically 4 weeks after immersion, particularly near the surface at the butt 4
weeksafter immersion or setting. Moisture contentsin the outer 13 mmin uncoated poleswere 196 and 239 % when
exposed to water or soil, respectively. Moisture contentsdeclined dightly further into the poles, but werestill well
above 100 %. Moisture contentsweresimilarly high at the butt for the untreated pole wrapped with the UPC system.
These elevated moisturelevel sin untreated wood il lustrate the val ue of the oil-borne preservative asawater repellant.
Moisturelevelsinoil copper naphthenate treated pol eswith the UPC wrapsincreased dightly (42 or 46 % in the outer
zone), but theselevelswerefar lower than those found with the untreated wood.

Moisture contentsfurther upward from the butt al so increased dightly, but thiseffect waslargely limited tothe outer 13
mm. Moisturelevels140 cm abovethebutt were similar to the starting moisture values, indicating that the barrierswere
effectivein thisregion. Thegradua moisture movement upward from the butt would suggest that eventually, the moisture
levelsintheentirebarrier zonewill become elevated. Elevated moisturelevelscould be abenefit werethey torisetothe
point where oxygenwaslimiting and funga growthwaslimited. However, moisturelevel sbelow inhibitory levelscould
provideideal conditionsfor the development of internal decay.
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Figurelll-29. Moisture contentsof untreated western redcedar polesimmersed inwater for 0to 12 weeks.
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Figurelll-30. Moisture contentsof untreated western redcedar polesimmersed in moist soil for 0to 12 weeks.
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Figurelll-31. Moisture contentsof copper naphthenate treated western redcedar poleswrapped with aBiotransliner
fromthe butt to the groundline and immersed in water for 0to 12 weeks.
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Figurelll-32. Moisture contents of copper naphthenate treated western redcedar poleswrapped with aBiotransliner
from the butt to the groundline and immersed inmoist soil for 0to 12 weeks.
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Figurelll-33. Moisture contentsof pentachlorophenol treated western redcedar poleswrapped with aBiotransliner
fromthe butt to the groundline and immersed in water for 0to 12 weeks.
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Figurelll-34. Moisturecontentsof pentachlorophenol treated western redcedar poleswrapped with aBiotransliner
from the butt to the groundline and immersed in moist soil for 0to 12 weeks.
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Figurelll-35. Moisture contents of copper naphthenate treated western redcedar poleswrapped withaUPC liner
fromthe butt to the groundline and immersed in water for 0to 12 weeks.
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Figurelll-36. Moisture contentsof copper naphthenate treated western redcedar poleswrapped withaUPC liner
from the butt to the groundline and immersed in moist soil for 0to 12 weeks.
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Figurelll-37. Moisture contentsof untreated western redcedar poleswrapped with aUPC liner from the butt to the
groundlineand immersed in moist soil for 0to 12 weeks.

Exposureto either soil or water for an additional 8 weeks (12 weekstotal) produced little or no changein moisture
contentsat most locations. Moisturelevelsdid not appear to appreciably increase 80 or 140 cm abovethe butt. These
resultssuggest that moisture movement upward from the open ends of thepolesislimited. Thereatively dow upward
movement may reflect therefractory nature of western redcedar heartwood, whichisnormally resistant to fluid flow.

Theresults, while preiminary, indicatethat the barriershavelimited moistureingressat thegroundline. Further sampling
will be necessary to assess upward moisture migration from the open ends of these systems.
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E. Effect of Pole Seasoning M ethodson Residual Strength of Utility Poles

Themoisture contentsof freshly cut coniferoustreesused for utility polesusualy rangefrom 80to 120
% intheouter living sapwood and 40 to 60 % in the heartwood. Thismoisture can haveimportant
impactsonthequality of theresulting pole. First, thewood will remain susceptibleto biological attack
aslong asthe moisture content remainsabove 30 %. Excessive moisture can also result in uneven
preservativedistribution, which can result in bleeding and create zoneswhere decay canlater develop.
Polestreated at higher moisture contents al so have atendency to continueto season and check in
service and these checks often open beyond the depth of the original preservativetreatment. Untreated
wood exposed in these checks can then serve as points of entry for fungi and insects. Thus, animpor-
tant part of the pole production processinvol vesremoving moisture from thewood without adversely
affecting other poleproperties. Inanidea world, poleswould bethoroughly seasoned totheirin-
service moisture contentsprior to treatment, however, thisislargely impractical because of thelarge
dimensionsand difficulty indrying the poleinterior. Instead, seasoning primarily focusesonthe outer
sapwood zonethat will ultimately betreated with preservative, whiletheinterior heartwood till remains
well abovethefiber saturation point.

Thereareavariety of methodsfor removing moisture prior to treatment and each canimpact the quality
of theresulting product. Many utility engineers have expressed concerns about theimpacts of various
practiceson pole strength, but there are few comprehensivereviews of these potential impacts. The
American National Standards|nstitute Standard 05.1 incorporatesthese effectsin thefiber stressvalues
for various pole species, but thereistill alingering concern about the effects of heat onwood poles.
Inthissection, wewill review the methodsfor seasoning of polesand discussthe potential impacts of
eachon polequality. Thisisaninitia draft of thissection, whichwill eventually be placed onthe Coop
websitefor futurereference.

Poles can be seasoned in avariety of ways, but the most commonly used methods are air-seasoning,
kilndrying, steam conditioning, and Boulton seasoning. 1n someinstances, combinationsof these
methods are used such asthe useof initia air-seasoning followed by Boulton-seasoning.

Air Seasoning: Air seasoning haslong been used for moisture removal from wood because of itslow
cost and simplicity. Polesare peeled assoon aspossible after felling, then stacked to allow for maxi-
mumair-flow. Air seasoning can produce acceptable moisture contentsin the outer sapwood zonein
aslittleasthree months under the proper conditions; however, the processisnot without risk. The
freshly felled poleissusceptibleto attack by avariety of wood boringinsectsand wasps. Theseinsects
tendtolay their eggson or inthe bark. The eggs hatch and theresulting larvae tunnel into thewood. In
most cases, prompt bark removal sharply reducesthisrisk, but it a so exposesthe moist sapwood to
possiblefungal attack. A number of studies have shown that freshly exposed polesarerapidly colo-
nized by awidearray of fungi, including many possibledecay fungi. Therisk increaseswiththeamount
of sapwood present in thewood and with the climatic conditions. Thicker sapwood speciessuch as
southern pinetend to be more susceptible to degradation than thinner sapwood species such asDou-
glasfir or westernredcedar. Environmental conditionsalso play aroleintherate of both colonization
and decay. Fungal attack will tend to occur morerapidly under warmer wetter conditions. Although it
was not devel oped for this purpose, the Scheffer climateindex, which usesthe average monthly number
of dayswith rainfall and the mean monthly temperatureto produce adecay risk number that rangesfrom
0to 130for the continental U.S. can be used to assesstherisk of decay in stored poles. The Pacific
Northwest has climate indicesranging from 30to 60, while central Floridahasanindex approaching
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130. Whenthisindex isused in combination with wood species, it becomes obviousthat seasoning a
southern pine polein Foridaposesaconsderably greater challengethan seasoning aDouglas-fir polein
Oregon.

Therearerdatively few previous studiesof the effects of air-seasoning polequality. Taylor produced a
seriesof paperson seasoning of polesand concluded that the practice should be banned. Graham
(1983) countered in areview paper that air seasoning could be practiced, but sterilization following
seasoning wasakey factor in performance. Severa papershave noted extensive decay in southern pine
polesthat wereimproperly air-seasoned (Toole, 1963; Lindgren, 1963). Infact, Lindgren, inwhat was
oneof thefirst gpplicationsof biocontrol, attempted to limit fungal attack by applying fluorideto stimu-
lategrowth of Trichoderma spp. onpoles. Thisfunguscan inhibit thegrowth of many decay fungi.
Thethick sapwood present on southern pineand thewarm, humid conditionsunder which most of the
polesof thisspeciesarelikely to be handled, sharply limit the potential for air-seasoning of thisspecies
without inducing severe strength losses.

Conversdly, extensive studies of air-seasoning of Douglas-fir poles showed that most poleshad at | east
onedecay funguswithin 6 monthsof air-seasoning and all were colonized withinoneyear. Fungal
colonization steadily increased over timeand most of theimportant decayersof thisspecieswere
present. Testsof beamscut from thesefungal colonized pol e sections, however, showed no significant
changesin material propertiesfor thefirst two yearsof air seasoning and only asuggestivelossinthe
third year of seasoning. Theseseemingly contradictory resultsillustratethe differencesbetween funga
colonization and serious effectson thewood polymers. Whilefungi can rapidly colonizethewood, they
initidly utilizethereadily available sugarsstoredintheray cellsand do not appear to cause substantial
effectson wood propertiesuntil these stored sugarsare consumed. The moderately durable heartwood
of Douglas-fir and the more benign climate conditionsin the Pacific Northwest appear to further dow
thisprocess. Asaresult air-seasoning of this species does not pose ahazard to pole quality, provided
thefungi colonizing the polesarelater eliminated at some point in thetreatment process. Limited studies
of western redcedar indicate that fungal colonization during air-seasoning isminimal owing to thenatural
durability of the heartwood and the rel ative thinness of the sapwood, which driesbel ow thefiber
saturation point relatively quickly. Thesecharacteristicslimiting the potential for fungal attack. In addi-
tion, field trid shave shown that thefew fungi that do colonize polesof thisspeciesarekilled duringthe
thermal treatment process

When polesareair-seasoned, there are several important practicesthat can reducetherisk of funga
attack. Theseinclude:

Placing poleson stickersout of soil contact inwell-ventilated stacks

Removing all vegetation beneath and around the poles

Providing adequate drainageto avoid standing water

Removing ol der, decay wood that might serve asan inoculum source

Rotating pole stock so that polesare not seasoned for too long

Ensuring that the polesare sterilized at some point after seasoning

Sk owdpE

Thesepracticescan allow polesto be safely air-seasoned within the constraint posed by wood species
and environmental conditions.

Seam conditioning: Steam conditioningisaprocesswhereby freshly cut and peeled polesare

subjected to high pressure steam (115 C) for periodsranging from 17-20 hours, then the polesare
allowedto cool. The steaming processraisesthetemperature of any moisturein thewood abovethe
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boiling point and resultsin substantial drying prior to trestment. Steam conditioningisallowed for
southern pine and ponderosapine poles, but isnot alowed for Douglas-fir polesbecausethelatter
species experiences cons derable strength losswhen heated at high temperaturein thewet or green
condition.

Stream conditioning was oncewidely used becauseit allowed rapid processing of freshly cut pine poles
and al so allowed polesto be treated when the moi sture content remai ned somewhat higher (25-40 %).
Theprocessalso ensuresthat polesare sterilized prior to treatment. The negative attributesof the
processwerethat inadequate steaming could result in pockets of higher moi sture content wood that
wouldthen bedifficult totreat. Thesewet pocketswould havelower preservativeretentionsthat would
be more susceptibletointernal decay. Therewereanumber of incidencesof very early failures of
steam conditioned pentatreated southern pine polesin Canadaand themid-West. Steam conditioning
wasalso energy intensive and created cons derable quantities of preservative contaminated waste water
(sncetheprocesswasgenerdly doneinthe samecylindersused for treating). Finaly, steam condition-
ing was oneof the processes used to condition southern pine poles prior to treatment with copper
naphthenate. Subsequent work showed that excessivewater inthetreating solutionsasaresult of
steaming led to serious emulsion problemsthat produced inadequately treated poles. Theresult of these
treatment problemswasarash of early failuresof copper naphthenate treated southern pine. The
switchfrom steam conditioning tokilndrying largely diminated thisproblem.

Steam conditioning islessfrequently used for pole seasoning because of the advent of largepolekilnsin
much of thesouthern U.S.

Kilndrying: Kilndrying haslong been used to remove moisture fromwood prior to use. For many
years, kiln drying of poleswasrare because of therdatively large volumes of wood and theavailability
of other seasoning methods. Changesinwastewater handling, energy costs, and theemergence of CCA
treatmentsfor polesall combined to encourage the construction of polekilnsin many treating plants. As
with steam conditioning, kiln dryingisfar more prevalent for pine polesinthe southern U.S. thanitisfor
either western redcedar or Douglas-fir. Inpart, thisreflectsthe ability of western treatersto partially or
completely air-season poleswith lessrisk of damage.

Kiln-drying involves placing polesin achamber and then using combinations of heat and relative humid-
ity todrivemoisturefrom thewood. Typicaly, thekiln processesuse elevated heat and then lower the
humidity to varying degreesover timeto enhancedrying. Generally, thehumidity ismaintained at a
relatively highlevel early inthe processto enhance heating and dow therate of drying, then the humidity
islowered and thetemperatureisraised over theremainder of the process. Kiln drying of polescan be
dividedintotwo very different processes. Southern pinepolesareusualy dried using relatively aggres-
sive schedulesthat employ high temperatures (88-110 C) owing to the ability of these speciesto with-
stand higher temperaturesin the green condition without experiencing structural damage. A typical
southern pine poledrying schedulemight last 3or 4 days. Schedulesused for Douglas-fir polestend to
be milder with maximum temperatures between 60-82 C and rel atively narrow differencesinrelative
humidity areused. Thedow rateof dryingisimportant because of the potential for the pitsconnecting
individual cellsinthisspeciesto closeor aspirateif thedrying rateistoo rapid. Inaddition, Douglas-fir
ismuch more sengitiveto el evated temperatureswhen wet. A typical schedulefor drying Douglas-fir
polesmight last 4to 6 days.

Theadvantagesof kiln dryingincludeacontrolled drying rate, the ability to processpolesfrom green to
dry conditioninareatively short time, and the ability to sterilizethepole. Thelatter aspect isparticularly
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important for southern pine polesthat are subsequently treated with waterborne chemicalssuch as
chromated copper arsenate. Thesetreatmentsdo not generdly involvetheuse of heating and the
sterilization fromkiln drying ensuresthat no fungi are present in the pole center after treatment. Kiln
drying sterilization isa so important when polesaretreated with oilborne solutionsfor shorter periods
that may not allow for adequate heating of the pole center.

The primary negative aspectsof kilndrying arethe cost of installing kilnsand the energy costsinvolved
inprocessing. Secondary issuesinclude stringent vol atile organic compound emissionregulations. In
addition, kiln drying does not prevent reinfestation of polesby decay fungi, sothedry polesneedto be
treated relatively soon after dryingtolimit thispotential. Excessively high kilntemperaturescan have
obviouseffectsonwood strength, but these effectsarerelatively well documented and therearelimita-
tionsinthe American Wood Preservers A ssociation Standardsto minimizethe potential for such effects.

Boulton-seasoning was devel oped in the 1880’ sto season polesin thetreating cylinder. Inthispro-
cess, heated oil (usualy containing the preservative) isadded into thetreating cylinder along with green
poles. Theoil isheated and avacuum isdrawn over thetreating solution. Thevacuum lowersthe
boiling point of water in thewood, producing morerapid drying. Thewater removed by thevacuumis
collected and condensed so that the rate of moistureremoval can be assessed. Moistureisremoved
relatively rapidly early inthe process, thentherate  owsasmoisturelevelsfall below thefiber saturation
point. Boulton seasoning haslong been used to dry Douglas-fir polesandisconsideredtobearela-
tively mild seasoning process because the water leavesthewood in vapor form. Limited testing con-
firmed theminimd effectsof Boulton seasoning on strength. Boulton seasoning typicadly lastsfrom 20to
50 hoursand resultsin moisture contents between 15 and 20 % in the outer sapwood. The process
also sterilizesthewood and hel psto open seasoning checks, thereby reducing (but not eliminating) the
risk that untreated wood will later be exposed in checks.

The primary negative aspects of Boulton seasoning arethe higher energy costs (compared with air-
seasoning) and the enormous quantitiesof oil contaminated water that are generated viathis process.
These aspects can be managed and do not affect the quality of thefinished pole, but can add to produc-
tion costs. Many treaters use partial air-seasoning, followed by ashorter Boulton cycleto reduce
energy costs, but still sterilize and condition thewood prior to treatment. Inaddition, itispossibleto
over-dry polesby Boulton-seasoning, resulting in case-hardening. Careful monitoring of condensation
ratesfrom thevacuum line canlimit the potential for case hardening.

In addition to thetraditional moistureremoval processes, there are other heating stepsin thetreatment processthat
might affect polequality. Theseincludeinitia steaming, pre-heating, expanson bathsand fina steaming.

Initial Seaming: Inadditionto steam conditioning, some steaming isallowed prior to treatment to either removeice
from poles, or inthe case of treatmentsof kiln dried or air-seasoned poleswith ammoniacal copper zinc arsenate,
ammoniacal copper arsenate or anmoniacal copper quat asapreconditioning process. Steaming islimited by the
AWPA specificationsto between 4 and 8 hours, depending onthewood species. The primary goa of steamingisto
soften thewood and help to openthepits.  1nmost cases, thetreatment isfollowed by the use of heated treating
solutionsthat further improvetheability of thefluid to moveinto thewood.

Limited testing has shown that pre-treatment steaming has no negative strength effectson thewood within the stated
parameters.
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Heatingin Preservative: Heating in preservativeistypically used with oil-borne solutionsto condition thewood prior
to application of pressure. Thewarmer conditionsreduce solution viscosity and may also alow pitsto open, permitting
deeper, more uniform treatment. Initial heating isnot aseasoning process, per se, but the heat can more evenly distrib-
utemoistureinthewood and also hel psin sterilization. TheAWPA Standardslimit thetemperaturesfor this process,
but not thetotal time.

Expansion Baths: Expansion bathsaretypically used at the end of thetreated cycle. Thetemperature of thetreatment
solutionisraised 15to 20° F and then held for varying period of times. The primary purposesof the expansion bath are
to recover excess preservative solution and reduce the potentia for preservative bleeding. A number of studieshave
shownthat thereisconsiderableinternal pressurein apoleat the conclusion of thetreatment processand failureto
relievethispressure canlead to bleeding and unsightly preservative deposits. Theinclusion of expansion bathswithin
thelimitsof theAWPA Standards does not appear to affect pole strength, although prolonged exposed to elevated
temperature can inducelossesin bending properties.

Final Seaming: Fina steamingisused on many pole speciesto encourage preservative solution recovery, reduce
internal pressure and cleanthepole surface. 1t may aso beused toincreasetherate of preservative deposition or
fixation for water based solutionssuchasCCA,ACQor ACZA.

Summary: Pole seasoning can be performed using avariety of methodsthat, when used properly, havelittle negative
effect on material propertiesof the pole. Careful inspection of treatment facilitiesto ensurethat polesare not stored for
long periods, that treatment conditions are adequatefor sterilization, and that moistureisuniformly removed at some
point inthetreatment process, canal help to ensurethat polesinstalled in the utility system providethe highest possible
reliability .
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Objective 1V

PERFORMANCE OF EXTERNAL GROUNDLINE PRESERVATIVE SYSTEMS

While preservativetreatment providesexcel lent long term protection against funga attack inavariety of environments,
thereareanumber of service applicationswherethetreatment eventualy losesitseffectiveness. Soft rot fungi canthen
decay thewood surface, gradually reducing the effective circumference of the poleuntil replacement isnecessary. In
theseingtances, pole servicelife can be markedly extended by periodic below ground application of external preserva-
tive pastesthat eliminatefungi inthewood near the surface and provideaprotective barrier against reinvasion by fungi in
the surrounding soil.

For many years, the pastesused for this purposeincorporated adiverse mixture of chemicalsincluding pentachlorophe-
nol, potassium dichromate, creosote, fluorideand an array of insecticides. There-examination of pesticideregistrations
by theU.S. Environmental Protection Agency inthe 1980’ sresulted in several of these componentsbeing listed as
restricted use pesticides. Thisaction, inturn, encouraged utilitiesand chemical suppliersto examinedternative preser-
vativesfor thisapplication. Whilethese chemicalshad prior applicationsaswood preservatives, therewaslittledataon
their efficacy aspreservative pastesand thislack of dataled to the establishment of thisobjective. The primary goalsof
thisobjective areto assessthelaboratory and field performance of external preservative systemsfor protecting the
below ground portions of wood poles.

A. Perfor manceof Exter nal Preservative Systemson Douglas-fir, Wester n redcedar, and Ponderosa
PinePolesin California

Thefiddtestin Cdiforniaisnow completed. Thefina resultswere provided inthe 2002 annual report.

B. Performance of Selected Supplemental Groundline Preservativesin Douglas-fir- Poles Exposed Near
CorvallisOregon

Thepole sectionsinthefield test of copper/boron and copper/boron/fluorides have declined to the point where they can
no longer be sampled and thistest wasterminated in 2003.

C. Performance of External Treatmentsfor Limiting Groundline Decay in Southern Pine PolesNear
Beacon, New York

Eighty southern pinetransmission polesinthe Central Hudson Electric and Gas system were selected for study. The
poleswererandomly all ocated to groups of 10 and received one of thefollowing treatments:

Osmose Cop-R-Plastic (now Osmoplastic)
Osmose PoleWrap RTU

BASFWrap with Cu/F/B

BASFWrap with Cu/B
GenicsCobraWrap

GenicsCobraSlim
TriangleLaboratoriesBiologica Treatment
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Thetreatmentswere applied 0to 450 mm below the groundline, and then the soil wasbackfilled. Thetotal amount of
chemical applied to each polewas determined by weighing containers before and after chemical application or by
measuring thetotal amount of prepared wrap applied. Anadditional set of ten poles served asnon-treated controls.

Sincethetime of thetest installation, the Cobra Slim, which was an experimental product, has been removed fromthe
market. The chemical hasbeen kept in thetest becauseit can provide useful information about the effects of the ban-
dagematerial on performance; however, themateria used for the backing differswith that used inthe commercia
system.

Thepoleswere sampled 2 and 3 yearsafter treatment by removing increment coresfrom selected locations 150 mm
below groundline. Thecoreswerecut into two different patterns, depending on theremedial trestment chemical in-
volved. For copper based systems, the coresfrom agiven treatment were cut into zones corresponding to 0-6 mm, 6-
13 mm, and 13-25 mm. Theseassayszoneswerekept nearer the surfacein recognition of thelimited ability of copper
tomoveintothewood. The samplesfrom polestreated with systems containing either boron or fluorideweredivided
into zones corresponding to 0-13 mm, 13-25 mm, 25-50 mm and 50-75 mm from the surface, in recognition that these
chemical sare capable of moving rather deeply into thewood with moisture. Two setsof coreswereremoved from
polestreated with systems containing both copper and awater diffusible component. Inaddition, wood from each pole
was cultured for the presence of fungi by placing small chips cut from each pole onthe mat extract agar and observing
for evidenceof funga growth. Any fungi were examined under amicroscope and identified using the appropriate keys.
ThepolesweresampledinAugust and culturing and identification iscurrently underway.

Copper level stended to follow adecreasing gradient from the surfaceinward, reflecting therel ative inability of copper
tomovefor long distancesinto thewood (FigurelV-1). Copper levelsin polestreated with copper containing systems
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FigurelV-1. Residual copper levelsat selected distancesfrom thewood surface 150 mm bel ow groundline on southern
pinepoles2 and 3 yearsafter treatment with sel ected external supplemental preservative bandage systems. Vaues
represent the average of six boringsfromfive poles.
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were generally below thethreshold for protection against fungal attack, except for the 3 year datafor the 0-6 and 6-10
mm zonesfor the BA SF copper/fluoride/boron bandage and the 2 and 3 year datafor the 0-6 mm assay zonefor the
Cop-R-Plastic. Copper levelswere generally low with both the Cobraand Cobra Slim and were approximately 85 %
of thethreshold in the outer zonefor the BA SF copper/boron system. Itisimportant to remember that the copper
thresholdisthelevel required for protection when only copper ispresent anditislikely that thelevel will bemuchlower
inthe presence of other preservatives. Theresults, however, do show that copper movement was better in the Cu/F/B
and Cu/F systems.

Boronwas present only inthetwo BASF systems. Boron levelswerejust below thelower threshold 2 years after
treatment with the Cu/B wrap and declined dightly after an additiona year of exposure (FigurelV-2). Therewaslittle
evidence of aboron gradient from the surfaceinward, suggesting that boron wasmoving relatively uniformly throughthe
wood. Boronlevelsinthe Cu/F/B wrap were much lower than those found with the copper/boron system, perhaps
reflecting areduced initial boron loading or someinterference between thetwo chemicals.
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FigurelV-2. Residual boron levelsat sel ected distancesfrom thewood surface 150 mm below groundline on southern
pinepoles2 and 3 yearsafter treatment with selected external supplemental preservative bandage systems. Values
represent the average of six boringsfromfive poles.

Fluoridewaspresent in one BA SF system aswell asthe Cop-R-Plastic and Pole Wrap systems. Fluoridelevels
tended tofollow agradient fromthe surfaceinward for al three systems, athough the gradientswith the BASF system
wererelatively shallow (FigurelV-3). Fluoridelevelswerebelow thelower threshold for fungal protection after 2and
3yearsfor the BASF system, whilelevelswereat or above the upper threshold 0-25 mm from the surfacein both the
Cop-R-Plastic and Pole Wrap systems. Fluoridelevelsinal four assay zoneswereall abovethelower threshold 3
years after treatment with both the Cop-R-Plastic and Pole Wrap systems.
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FigurelV-3. Residual fluoridelevelsat selected distancesfrom thewood surface 150 mm bel ow groundline on southern
pinepoles2 and 3 yearsafter treatment with sel ected external supplemental preservative bandage systems. Values
represent the average of six boringsfromfive poles.

Asinpreviousyears, it remainsdifficult to determinetheamountsof individua chemicasneeded to performinthemulti-
component systems. Thereisclearly thepotential for synergy among the various components, but examining
theseinteractionshasbeen difficult. Inaddition, theorigina preservative, while at asomewhat reduced retention, still
contributesto the performance. Asaresult, theseanalysesmust beviewed asrelative. Systemswhich deliver greater
amountsof activeingredientsthat remain for longer periodsin thewood aremorelikely to provide better long term
protection against renewed fungal attack.

D. Performanceof aFluoride/Boron Bandage on Douglas-fir Pole Subs

Tenair-seasoned Douglas-fir pole sections (250-300 mmin diameter by 2 mlong) weretreated with afluoride/boron
bandage system from the butt to approximately 0.6 m abovethat zone. The pole sectionswerethen set to adepth of
0.6 mat the Peavy Arboretumtest site. Thewrap consisted of adimpled plastic sheet and each dimple contained a
pellet of afluoride/boronrod (Preschem, Ltd.). Chemica movement from the sheetswas assessed 4, 6, 8, and 10
yearsafter treatment by removing increment coresfrom three equidistant | ocations around each pole 150 mm below the
groundline. Theouter 25 mm from each corewas assayed at thefour year sampling point. Inlater analyses, the cores
weredivided into zones corresponding to 0-5, 5-10, 10-15, and 15-25 mm from the surface. Thesezonesfroma
given polewereground to pass a 20 mesh screen, then assayed for boron by the azomethine H method and for fluoride
by hot water extraction and analysisof the extract using aspecificion electrode.
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Thepolesinthistest have remained extremely sound over the 10 year test, aresult quite different from many of our
other tests, where untreated pol e sectionsrapidly degrade and are unusable within 5 yearsof installation. Fluoridelevels
inthe poleswerelow 4 yearsafter treatment (0.062 kg/m? for the combined sample), then rose sharply over the next
two years (Figure | V-4) though they never reached thelower threshold level for fluoride at any point during thetest.
Levelshave steadily declined sincethat timeand thereislittle or no fluoridein the poles 10 yearsafter trestment.

Boron level swere abovethe protective threshold 6 years after treatment. Boron hasbeen present at level sabovethe
lower thresholdinal four assay zonesfor each of the next three sampling dates. Whilethelevelshavegradudly de-
clined between 6 and 10 years, the boron level sremain sufficient to protect thewood. Theelevated boronlevelsare
surprising inlight of the performance of other boron containing systemsasexternal preservatives. Boron hashigh water
solubility and, whileit can moverapidly into thewood, it al so tendsto be depl eted into the surrounding soil over time.
Thisdid not occur inthesefluoride/borontests. Thisdower lossmay be dueto theexterna plastic bandage, which
minimizessoil contact with the poleand reducestherisk of leaching. Theseattributesmay help account for the condi-
tion of these postsso long after installation.

Whilethefluoride/boron systemisnot currently registeredinthe US, thereisan effort to do sointhe near future. Should
thisoccur, our datasuggeststhat thissystem should provide excellent protection against surface decay
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FigurelV-4. Residua a) fluoride and b) boron at sel ected distancesfrom the surface 150 mm bel ow thegroundlinein
Douglas-fir poles6 to 10 yearsafter application of afluoride/boron bandage.
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FigurelV-4. Residua a) fluoride and b) boron at sel ected distancesfrom the surface 150 mm bel ow thegroundlinein
Douglas-fir poles6 to 10 yearsafter application of afluoride/boron bandage.
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Objective V

PERFORMANCE OF COPPER NAPHTHENATE
TREATED WESTERNWOOD SPECIES

Copper naphthenate has been avail able asawood preservative sincethe 1940’ sbut thereal commercia useof this
system hasonly occurred inthelast decade, as utilities sought chemicalsthat werelessrestrictively labeled. Copper
naphthenateiscurrently listed asanon-restricted use pesticide, meaning that thischemical doesnot require specia
licensing. Thishaslittle bearing onthe use of preservativetreated wood, since there are no restrictions on who can use
any of the preservativetreated wood products currently on the market (although there are recommended applications
for each product); however, many usershave sought to soften their environmenta image by shifting to dternative preser-
vativessuch ascopper naphthenate.

Copper naphthenate has provided reasonable protectionin avariety of field staketests, but thereisrelatively littlelong
term dataon western wood species. To help devel op thisinformation, we established thefollowing test.

Western redcedar sapwood stakes (12.5 by 25 by 150 mlong) were cut from either freshly sawn lumber of the outer
surfacesof utility polesthat had beenin servicefor approximately 15 years. Weathered wood wasincluded inthetest
to explorethe possihility of retrestment and reuse of polesremoved from service. Thelatter poleswere butt treated,
but had not received any supplemental trestmentsto the above ground portion of the pole.

The stakeswere conditioned to 13 % moisture content, then weighed prior to pressuretreatment with copper
naphthenate dilutein diesal oil to producetarget retentionsof 0.8, 1.6, 2.4, 3.2, and 4.0 kg/m®. Each retention was
replicated on 10 freshly sawn and 10 westhered stakes. The stakeswerethen exposed in afungus cellar maintained at
28 C and approximately 80 % rel ative humidity. Soil moisturewasallowed to cycle between wet and dry conditionsto
avoid favoring soft rot attack (which tendsto dominatein soilsthat are maintained at high moisturelevels). Thecondi-
tion of each stakewasvisually assessed annually using ascalefrom 10 (compl etely sound) to O (completely destroyed).
Stakeratingsincreased dightly at 120 and 140 months because they were eval uated by different researchers.

The stakes cut from freshly sawn sapwood continue to out-perform those cut from weathered wood at each retention
level (FiguresV-1, 2). Wesatheringisgenerally asurface effect, the stakesa so tended to have numeroussmall checks
that could act as pathwaysfor chemical lossand fungd attack. Ratingsfor stakes cut from freshly sawn lumber tended
to average between 8.0 and 10.0 after 172 months of exposure, while stakestreated with diesel alonerated approxi-
mately 2.6. Thediesal stakesperformed well for approximately 100 months, but then their condition declined precipi-
toudly. Untreated stakes havelargely been destroyed. Thediesdl performance probably reflectstheinitia highloadings
of solvent inthesematerials (80to 90 kg/md). Inactual practice, post treatment steaming and other activitieswould
reducethe amount of residual solvent dightly. Weathered stakeshad consi stently lower ratings 172 monthsafter
treatment. Diesdl treated weathered stakeswere nearly completely decayed, whilethe untreated controlshad failed
after 5 yearsof exposurewith ratingsranging from 4.2 for the 0.8 kg/m#to 8.4 for the 4.0 kg/m? (Figure V-2).
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FigureV-1 Condition of freshly sawn western redcedar sapwood stakestreated with sel ected retentions of copper
naphthenatein diesal oil and exposured in asoil bed for 172 months.
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FigureV-2 Condition of weathered western redcedar sapwood stakestreated with selected retentions of copper
naphthenatein diesal oil and exposured inasoil bed for 172 months.
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Thedifferencein condition of thediesa stakesin comparisonwith similarly trested stakes cut from freshly sawn lumber
emerged early inthetest and illustrates the effects of weathering on performance. Weathered wood wasoriginaly
included inthistest because the cooperating utility had planned to remove polesfrom servicefor retreatment and reuse
inother partsof the system. Whilethisprocessremainspossible, it isclear that the performance characteristics of the
weathered retreated materia will differ substantialy from that of freshly sawn materia. Theeffectsof thesedifferences
onoveral performance may beminimal sinceevenif the outer, weathered wood wereto degrade over time, thiszoneis
relatively shalow on cedar and would not markedly affect overal poleproperties. The copper naphthenate should
continueto protect the weathered cedar sapwood above ground, alowing line personnel to continueto safely climb
these polesand any dight decreasein above ground protection would probably take decadesto emerge. Asaresult,
retreatment of cedar still appearsto befeasible method for avoiding poledisposal and maximizing thevalue of the
origind poleinvestment.
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Objective VI

ASSESSTHE POTENTIAL ENVIRONMENTAL IMPACTSOFWOOD POLES

Preservativetreated wood polesclearly provide excellent service under adiversearray of conditions, but theincreasing
sengitivity of thegeneral publictoal thingschemica hasraised anumber of questionsconcerning the preservatives used
for poles. Whilethereare no dataindicating that preservativetreated wood polespose arisk to the environmentsin
whichthey areused, it isimportant to continueto devel op exposure datawherever possible. Thegoal of thisobjective
isto examine usage patternsfor preservativetreated wood (specifically poles) and devel op exposure datathat can be
employed by utilitiesto assesstheir use patternsand to answer questionsthat might arisefrom either regulatorsor the
generd public.

A.Assessthe Potential for Preservative Migration From Pentachlorophenol Treated Polesin StorageYards

Inanideal system, utilitieswould only receive polesasneeded for specific activities; however, most utilitiesmust stock
polesof varioussizesat selected depotsaround their system so that crews can quickly access polesfor emergency
repairsthat result from stormsor accidents. In previous studies, we examined the potentia for decay inthese stored
polesand made recommendationsfor either regular stock rotation of polesso that no single polewas stored for longer
than two to threeyearsor for asystem of periodic remedial treatment of stored polesto ensurethat these structuresdid
not develop internal decay during storage. These recommendationswere primarily based upon long term storage, but
therewaslittle concern about the potential for any preservative migration during thisstorage.

Thepotential for preservative migration from stored poleshasreceived little attention, but could beaconcernwhere
large numbersof polesare stored for long periods. Preservative present on thewood surface could be dislodged or
solubilized during rain events and subsequent heating in sun could encouragefurther oil migrationto thewood surface.
Thereis, however, little dataon the potential for migration of preservativefrom polesin storage. Treating plantshave
less concern about thisissue because surface water from their sitesare aready regulated and must betreated prior to
discharge (or be shownto contain lessthan permissiblelevels). Polestoragefacilities, however, are not currently
regulated, nor arethere recommendationsor best management practicesthat might help utilitiesminimizethe potential
for chemical loss.

The purpose of thissection wasto assessthelevelsof preservative migrating from pentachl orophenol treated Douglas-
fir polessections subjected to natural rainfal in Western Oregon with the ultimate god of devel oping recommendations
for polehandling and storage by utilities.

Douglas-fir poles sections (250 to 300 mm in diameter by 1.0 mlong) were air-seasoned and pressure-treated with
pentachlorophenol in P9 TypeA oil to atarget retention of 9.6 kg/m?intheouter 6 to 25 mm of the poles. Treatment
conditionsfollowed the current Best M anagement Practices asoutlined by the Western Wood Preservers' Ingtitute.
Following treatment, one end of each polewas end seal ed with an e astomeri ¢ paint designed to reduce the potential for
chemical lossfrom that surface, whilethe other end wasleft unsealed. Theideawasto simulatealonger pole section
where some end-grain losswas possible, but the amount of exposed end-grain did not dominatethe overal surfacearea
exposed. Six poleswerethen stacked on stainlessstedl supportsin astainlesssteel tank designed sothat all rainfall
striking the poleswoul d be captured.
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The poleswere set 150 mm above the tank bottom to reduce the risk that the wood woul d be submerged and, there-
fore, havethepotential tolosemorechemical. The poleswerethen exposed outsidethe Richardson Hall 1aboratories
wherethey were subjected to natural heating and rainfall. Weallowed this systemto operatefor approximately 1 year,
then weremoved the pol es, cleaned the system and reset the tank so that different pole surfaceswere exposed.

a.

FigureVI1-1. Photo showing thetwo 6 pole configurationsa)configuration 1 and b) configuration 2 evaluated in our
smdll scae preservative migration chamber.
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Thetank was sampled whenever therewas measurablerainfall by draining al of thewater collected in thetank bottom
assoon aspossibleafter therainfall event had concluded, or daily when storms continued for morethan oneday. In
somecases, therainfal, whilemeasurable, did not result in collectible water samples because the conditionswereso dry
prior to therainfall that thefalling moisture waseither sorbed by thewood or evaporated. Inaddition, early inthe
process, it became obviousthat debris (primarily leaves) wasfaling into the tanks between collections. Sincethese
materialshad the potential to sorb any chemical solubilized by therainfall, we placed alarge mesh screen around the
tank to limit the potentia for debrisentering thetank, whilestill allowingrainfal to strikethewood.

Tank sampling involved collecting al liquid and weighing thismateria. Approximately 230 ml of thismaterid wasthen
retained for penta (PCP) anadlysis. Two extractionswererequired for the separation of PCPfrom an oil contaminated
aqueous environment. Theagueoussample, or filter solid, wasfirst adjusted to ahigh pH with sodium hydroxideto
form pentachl orophenate anioninthe aqueous phase. An extraction withiso-octanethen removed the petroleum ail
residuesfromthewater phase, leaving the PCPin the agueous phase. Thewater phasewasthen acidified, converting
the pentachl orophenate back to pentachl orophenol. A second extraction with iso-octane now removed the PCPfrom
theaqueous phase. Thissecond extraction wasanayzed for PCP content using high resol ution gas chromatography
with low resolution mass spectrometer detection system (HRGC-LRMYS).

Reagents.
aDl water: Deionized water from Richardson Hall DI water line
b. Sodium Hydroxide: VWR, reagent grade
d.Hydrochlorideacid: JT baker, Baker analyzed
e.Ethanol: McCormick, absolute-200 proof
f.Iso-octane: Fisher, Optimagrade
g.Methanol: Fisher, HPLC grade
h.Pentachlorophenol: Aldrich, 98%
i.[*C,] labeled Pentachl orophenol: Cambridge I sotope L aboratories 99%, interna standard (1S)
j-P9A oil (Imperial): Shell, 124 process

Extractionfrombase: A 50 uL portion of 200 ug/mL ISwas spiked into thetwo volumetric flasks. Then 2.4 mL
0.1N NaOH was added to each of the two flasks using an Oxford pipetteyielding apH of approximately 11. Water
wasadded to bring thetotal volumeto the bottom of the neck of the volumetric flask. Theflaskswereplacedona
stirring plate. Thestirring speed wasincreased until avortex was obtained and continued for 1 minute. Theflaskswere
then allowed to stand for 30 minutes, after which 2.4 mL of iso-octane was added to the #1 flask using abottletop
dispenser. Both flaskswerestirred for oneminute. The solvent layer was removed with adisposable glass pipetteand
discarded. Thestirring and separation were repeated; except the stirring timewas reduced to 30 secondsand 2.0 mL
iso-octanewas added. After the second separation, theweight of thetwo flaskswasrecorded. A 3mL aliquot of
aqueous sol ution wasremoved with an Oxford pi pette.

Extractionfromacid ThesolutionswereacidifiedtoapH of approximately 3 by adding 3mL of 0.5M H_SO, tothe
flask with an Oxford pipette. Theflask wasstirred for 1 minute and allowed to stand for 30 minutes, then 2.4 mL of
iso-octanewasadded. Theflask wasstirred for 1 minute. Theextract was collected using anew glass pasture pipette
and transferred to 20 mL HRGC-LRM Svids. The procedurewas repeated; except using 2.6 mL of solvent and 30
secondsstirring. The second extract wastransferred to the samevial asthefirst and mixed.

HRGC-LRMSanalysis. TheHRGC-LRM Sanalysiswascarried out on a Shimadzu HRGC-LRM S system class 5000
withinjector AOC-17 and capillary column XTI-5from Restek. Thiscolumniscomposed of fused silicawitha0.25
mm thick film of 95% dimethyl, 5% diphenyl polysilarylene. Thecolumndimensionswere0.25mmID X 30mlong.
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HRGC parameters

Carrier gas: Heliumgrade5.0

Flowrate: 1.2mL/min

Splitrate: 5

I njector temperature: 250°C

Detector interfacetemperature: 280°C

Temperature program: 2min. hold, 35°C to 260°C at 25°C/min.,
Injectionvolume: 1uL

Solvent wash: methanol

TheNationa Ingtitute of Scienceand Technology (NIST) Mass Spectra Library #107 softwarewasinstalled onthe
system. The PCP standard (50 ug/mL) and [**C_] PCPinternal standard (50 ug/mL ) were scanned and identified by
theLibrary search function of the HRGC-LRM Sinstrument. Theretentiontimefor PCPwas9.70 min. The selected
ionfor PCP quantitative analysiswas m/z = 266, the referenceionswere 264 and 268. Thesdlectedionfor theinternal
standard [*C,] PCPwasm/z = 274, thereferenceionswere 276 and 172.

HRGC-L RM Sauto-tuning was performed with perfluorotributlyamine. Thecalibration was carried out with PCP
concentrationsof 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, and 20.0 ug/mL ; 2 ug/mL | Swas added for each standard solution
or sample. Fivepoint calibration wasemployed, i.e., for each single batch aminimum of five consecutive standards
were sel ected depending on therange of concentration of the samples.

Each samplewasdiluted to bring the PCP concentration into the selected calibration range. Linear regression software
waschosenfor the cal cul ation of the calibration curve.

Thevolume of water collected was measured by weight. A density of 1.00 g/mL wasused for water. Thelimit of
detection (LOD) of thismethod was estimated to be 0.025 ng/mL cm?. The LOD isdefined according to Part 136,
Appendix B, procedure (b) (Federal Register, 1984), asthreetimesthe standard deviation of replicate analysesof the
andyte.

Pentalevelsinrunoff from the stored polesinthe orignal 6 polealignment ranged between 1 and 2.5 ug/mL of water
over 62rainfall events(FigureVI-2). Pentalevelsintherunoff fromthefirst 6 rainfal eventswerelower thanamost
other samples; however, therewasadelay in anaysisof these samplesand we believethelower levelswere dueto
degradation or sorption of the pentaduring storagetime. Theremaining sampleswere processed within 3 daysof
collection, limiting the potentia for degradation or lossin storage. Therelatively narrow range of concentrationssug-
geststhat pentasolubilizationinrainwater isrelatively predictable. Pentalevelsintherunoff from 13rainfal eventsfor
therealigned 6 pole stack were dightly higher than thoseintheoriginal 6 pole stack (2.3t0 2.9 ug/mL of water) (Figure
V1-2), but thedifferencesweresmal.

Inadditionto the apparent lack of concentration changewith timeor pole configuration, thetotal amount of rainfall did
not appear to affect therunoff concentration for either pole stack configuration. Instead, increased rainfall was associ-
atedwithan overall increaseintotal pentamigration, but the runoff concentrationsdid not vary (FigureVI-3). These
resultssuggest that migration from the polesisafunction of water contact with the poleand pentasolubility inthe
rainwater. Thesimilarity in runoff concentrationsover time suggeststhat | osses can be predi cted based upon therainfall
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FigureVI-2. Pentaconcentrationsasafunction of sampling datein leachate collected from pentatreasted Douglas-fir
polesfollowing rainfall eventsover a2.5 year exposure period showing datafor two configurationsof poles.

amountsand total surface areaexposedto direct rainfall to somelimit (i.e. at some point pentaconcentrationswould
reach saturation and increasing pole surface areawoul d not impact subsequent levels).

Another factor that was assessed waswhether time between rainfall eventsaffected pentaconcentrationsin the runoff.
Long term storagein the absence of preci pitation might allow chemical to migrateto the surface, whereit would be
more proneto migration. Onceagain, however, thetimebetweenrainfall events appeared to havelittle effect on runoff
concentration (FigureV1-4). Thiseffectisclearly illustrated by thefina sampling of thesix stack configurationin
September 2003 where the previous measurablerainfall event was5 monthsprior to the sampling, yet runoff concentra-
tionsweresimilar to thosefoundinthewet season. Theseresultssuggest that pentamigration from polesismore
affected by the exposed surface areaand total rainfall than other environmental factors such astemperature.

Thetotal areaexposed onthe pole sectionsin the 6 pole configuration was approximately 6.21 square metersincluding
theends. A largeproportion of thissurface wason the underside of the polesand was not actually exposed torainfall.
Whilesmall streams of water flowed over these under-surfaces, the actual areaexposed to potential rain contact was
estimated to be approximately 5.3 square meters. If we convert our six short pole sectionsto 6 Class 4 forty-foot
poles, wewould multiply our total pentalossesby approximately 12 to arrive at theamount of migration fromthese
poles. We collected atotal of 1910 mg of pentafrom all of therainfall events. Thiswould trand ateto atotal of 22.9g
of pentafor the polesover thepast year. A typica Douglas-fir polewould contain approximately 2.89 kg of penta
(calculated by considering 25 mm thick trestment zone and multiplying thisvolume by an assumed 9.6 kg/m? retention)
and thesix poleswould contain 17.34 kg of penta. Thistrandatesto alossof 0.13 % of thetotal available pentainthe
approximately 2.5 year exposure period.
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FigureVI-3. Pentaconcentrationsasafunction of total amount of rainfall collected inleachate from pentatreated
Douglas-ir polesfollowing rainfall eventsover a2.5 year exposure period showing datafor two stacking configurations
of poles.

An additional factor to consider in these cal culationsisthe potential flow pathson polesin solid piles. Inour tests, the
poleswere stacked in tierswhich tended to protect thelower polesfrom wetting. In alarger stack, thisprotective effect
would beeven greater. Thus, it may be possibleto examinethe potential for [osson the basis of the exposed upper
portionsof the stack rather than considering al polesinanindividua stack. We plan further testsof polesstackedin
different configurationsto determine which storage practices minimize the potentia for lossof chemical.

Theinitia evaluationsclearly dow that pentacan migratefrom stored poles, afinding supported by previousstudiesin
aqueatic environments. Unlike aguatic environments, however, themigrating chemical windsup inthesoil beneath the
poleswhereit can betrapped and d owly degraded. Thereisalso the potential for application of absorbent materials
beneath the storage areato capture any migrating chemical. These materias could then beremoved from the site once
theoperationsare completed. Asaresult, thelossof chemical should have minimal impact on the surrounding environ-
ment. Our dataalso suggeststhat stacking polesto minimizetheareaexposed torainfall isprobably an effective
approachtolimiting preservativemigration. Spreading polesout alowsmorerainfal to strike pole surfaces, solubilizing
aproportionaly higher total amount of penta. Inaddition, polerotation (i.e. last infirst out inventory approaches) does
not appear to affect losseswhich appear to belargely driven by the solubility of pentainwater. Inpreviousstudies
(Annual Report ) we have advocated for regular rotation of stored polesto avoid the devel opment of deep checksand
limit the potential for internal decay development during prolonged storage. Our current findingsshould not affect that
recommendation.
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FigureVI-4. Pentaconcentrations asafunction of interval s between collections (# of dry days) inleachate collected
from pentatreated Douglas-fir polesfollowing rainfall eventsover a2.5 year exposure period showing datafor two
stacking configurationsof poles.

Wewill continueour testsusing other polesand different storage configurationsto better understand the primary factors
that affect migration. Thesedatawill be used to devel op more accurate storage recommendationsto minimize potential
releasesof chemical into theenvironment.

B. Chemical migration from polestreated with inorganic salt preservative systems

While pentachl orophenol continuesto be one of the dominant wood preservativesused by electric utilitiesacrossNorth
American, anumber of utilitieshave substituted waterborne, metal-based preservativesincluding chromated copper
arsenate (CCA) or ammoniacal copper zinc arsenate (ACZA) intheir systems. Therecent shift from CCA tothe
aternativeakaline copper based systemsfor residential applicationswill not affect these usages, but one concern that
may ariseinthisprocessishow ahomeowner can not obtain wood treated with thischemical, but autility could placea
poletreated with the same chemical into their back yard. Given thesensitivity of the publicto any chemical, webdieve
that devel oping datashowing theminimal risksassociated with metd preservativesin poleswill prove useful for answer-
ing those questions. Oneimportant question ishow much and how far do CCA components migratefrom polesinto
thesurrounding soil.
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Whilewe could establish field plotsof test poles, theseteststaketimeto develop. Instead, we el ected to |ook for
existing field tests of CCA that could be sampled to assess chemica movement. The advantage of thisapproachisthe
ease of sampling aswell asthetendency for thematerid infield teststo be more closely controlled intermsof treatment
and prior record keeping. Wewerefortunateto develop aworking relationship with Dr. Jacob Huffman, Professor
Emeritusat the University of Floridawho managesthefield test Steat theAustin Carey Memoria Forest near
Gainesville, Florida. Most of themagjor chemica companiesoperatetest Stesat thislocation and thereisawedlth of
older test materialsin placethat could be used to examine avariety of wood performanceissues. Among thesetestsis
an older CCA test on southern pine. The postsweretreated with CCA TypeA, amore mobileform of CCA, but they
can gtill serveasameasure of metal migration through soil.

Severa CCA formulationsarelisted in the Standards of the American Wood Preservers Association (AWPA, 1999),
but the most commonly used CCA formulation contai nsapproximately 47.5% chromium trioxide, 18.5% cupric oxide,
and 34.0% arsenic pentaoxide (CCA Type C)(AWPA, 1999). CCA isnormally specified on an oxidebasis, and
trandating theseto e emental levelswould result in onekg of CCA containing 247 g of chromium, 146 g of copper and
163 gof arsenic. Thetreatment inthewood istypically expressed on abiocideweight per wood unit volumebasis. For
residentia soil contact applications, the CCA retention isspecified to be 6.4 kg/m® onan oxidebasis. Asaresult, each
cubic meter of treated wood contains 1.58 kg of chromium, 0.93 kg of copper and 1.04 kg of arsenic onametal basis.

CCA normally undergoesaseriesof reactionswith wood following treatment. Thechromium isreduced, copper reacts
with both thewood and the chromium and the arseni ¢ reacts with both the chromium and copper (Dahlgrenand
Hartford, 1972 a, b, c; Dahlgren, 1974; Pizzi, 1982). Themost easily measured reactionisthereduction of hexavaent
chromium and tests have been devel oped for detecting thischemical inwood. Thereaction ratesdiffer withwood
speciesand treatment sol ution concentrations, but the most important factor istemperature. Fixation usually occurs
within daysat warmer temperatures, but fixation can poseamaor challengefor treatersoperatingin colder climates.

Whilefixation waslong viewed as permanent, CCA componentsdo migrate from thewood over time (Cooper, 1994;
Cooper andUng, 1994; Jinet a., 1992). Themost significant losses occur shortly after ingtall ation when unfixed
componentson the surface leach into the surrounding environment. Thelossesfrom CCA treated wood have generaly
been studied by water immersion, owing to greater concernsabout therisks of copper to aguatic organisms. Migration
into soil surrounding treated wood hasreceived far less attention.

Migration of preservativesinto soilssurrounding treated wood isnot anew concern (Mortimer, 1991). Murarkaet d.
(1996) studied pentachlorophenal (penta) in soil around penta-treated utility polesand found little evidence of migration
beyond 300 mm fromthe poles. Therecent concernsabout the use of CCA-treated wood in Floridahave highlighted
thelack of dataon migration of CCA componentsfrom treated wood into soil (Matus, 2001; Solo-Gabrieleet al.,
1999; Townsend et al., 2000; Conklin, 2001). While such datacan be devel oped by installing freshly treated, properly
fixed wood into soil and monitoring subsequent meta levels, thisapproach takestoo long to supply meaningful datain
thetimerequired by regulatorsto makeinformed decis ons concerning the handling of wood treated with this
preservative. Anaternativeto developing new dataisto take advantage of materialsthat have been previoudy ingtalled.
Inmost cases, thismateria isunsuitablefor testing because of thelack of adequate characterization prior toingtallation.
Theexceptionsarefield teststhat have been used to develop new preservatives. TheAustin Cary Forest at the
University of Floridaisfortunateto bethe stewhere most of thewood preservatives devel oped over the past 50 years
have been eva uated prior to commerciadlization. Whilemany of the systemstested are proprietary, some of thetestsare
public and contain test samplesthat could be used to assess preservative migration into soil over time. Among these
testsarea 1954 test of CCA treated postsand a1957 test of CCA treated dimension lumber stakes.
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Inthisreport, we assessed metal level sin soil surrounding and beneath CCA treated wood aswell asinthewood from
thesetwo tests.

Southern pine poststhat had been treated to aretention of either 8 or 12 kg/m?® with aformulation of chromated copper
arsenate similar tothe currently used Type B, wereinstalled at the Austin Cary Memoria Forestin 1954. CCA TypeB
containshigher levelsof arsenic and lower levelsof chromium than the more commonly used Type C formulation. This
should makethe system lessstrongly fixed and more proneto metal losses. The postswere part of alarger evaluation
of CCA. Onehalf of the postshad beeninthe plot for the entire 47-year exposure period, whilethe remainder had
been removed for 7 months (the postswere stolen), set into another site, then recovered and returned to their original
holes. Although theremoved postswere set into their origina holes, it wasimpossibleto avoid some soil disturbance
around the holes. Asaresult, we might expect dightly different soil metal characteristicsaround these posts.

Thetest Siteistypical of northern Floridascrub forest and contains palmetto and other brush beneath asouthern pine
and mixed hardwoods overstory. The soil hasbeen described aspoorly drained, siliceous, hyperthermic and ultic
haploguod of the Pomona Sand Series. The surface pH measured 4.47 and the water holding capacity was8 %. The
A horizon (0to 100 mm) wasdark grey sand (Munsell Color Notation:10Y R 3/1), having aweak fine crumb structure,
very friableand extremely acidic. The E1 horizon (100 to 500 mm) wasgrey sand (10Y R 7/2) singlegrained, loose
and also strongly acidic. Thenext layer (500 to 650 mm) wasdark brown (5Y R 2.5/2), sand, moderateto granular
structure. Thislayer adsorbssignificant amountsof trace metalsdueto the organic materialsand duminum. TheE2
horizon extendsfrom 650 to 1500 mm (10'Y R 8/1), wassinglegrained, looseand light colored and haslittleion reten-
tion capacity. The 1500 to 1800 mm layer wastan/yellow (2.5Y 6/2) silt/clay that absorbs metalsduetoitshigh surface
area. Thislayer had distinct brownishyellow mottles(10Y R 7/8). The sitewashand cleared of palmetto prior to
sampling, taking careto minimize surface disturbance.

Sixteen postswere selected for study. Eight of the posts had beentreated to aninitial retention of 8 kg/m?®whilethe
remainder had been treated to 12 kg/m?. Four of the postsin each treatment group had been at the original sitesince
installation, whilethe remainder had been removed and reinstalled asdescribed earlier.

Thesoil around each post was sampled using asoil auger, with soil samples collected based upon both horizontal
distance away from thewood and vertica depth at that horizontal location. Soil coreswereremoved from three
equidistant | ocations around each post immediately adjacent to thewood, aswell as 150 mm and 300 mmaway. Soil in
individual coreswas collected from depth zones corresponding to 0-25, 150-175, 300 to 325, and 425 to 450 mm
fromthesurface. Thethree samplesfrom the same depth and distance from the post were combined for agiven post.
In additiontotheradia sampling pattern, two posts(treated to 12 kg/m?®) were carefully removed from the ground and
the soil augur was used to remove soil from directly beneath the postsaswell as300 mm and 1200 mm bel ow the post
to determineif metal losseswere potentially higher from theend grain of thewood indirect soil contact. Theend-grain
of thepost should absorb higher levelsof initia treatment which might be morevulnerableto migrationinto thesoil. In
addition, the post would protect any migrating chemicasfrom downward water flow through the sandy soil.

In addition to the post sampling, four 2 by 4 by 18inch stakestreated to 23-24 kg/m? with CCA and installed in 1957
were sampled by removing the stakes and using the soil augur to collect soil samplesfromimmediately below the stake,
and 450 mm, 900 mm, and 1350 mm bel ow the end of the stake.
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In addition to soil samples, 50 mm long increment coreswere removed from the posts at Sites approximately 150 mm
below groundline and 300 mm above groundline. These coresweredividedinto theouter and inner halves. Three
increment coresweretaken from each height for each post.

Background metal levelsin soil were assessed by digging asoil pit away from any of the staketests. Sampleswere
collected from the surface, then approximately 300, 600 mm, 900 mm, and 1200 mm beneath the surface. The 900 mm
layer coincided with anauminalayer that wasbelieved to contain higher level sof soil minerals.

The soil samples(10 g) wereextracted in 20 ml of 0.025 M diethylenetriaminepentaacetic (DTPA) for 2hoursona
mechanical shaker (Anonymous, 1989). The extract wasfiltered through Whatman No. 42 filter paper, then theresult-
ing extract wasanalyzed for metal content by ion coupled plasmaspectroscopy and the resultswere compared with
prepared standardsaswell asablank samplecontaining only DTPA.

Wood sampleswere microwave digested and analyzed according to previousy described procedures (Gaviak et al .,
1994). Briefly, 500 mg of material was placedina120 ml teflon digestion vessal. 0.5 ml of trace meta grade concen-
trated nitric acid and 2 ml of 30 % hydrogen peroxide were added to each vessdl, then the sampleswere predigested
for 30 minutes. The sampleswere then capped and microwaved for 4 minutesat 296 watts, then 8 minutesat 565
watts. Thesamplesweretransferred to acentrifuge tube and the volumewas adjusted to 15 ml with dionized water.
The sampleswerethen analyzed by | CP asdescribed above.

Thesoil analyseswere subjected to an ANOVA using aGeneral Linear Model to determineif thedifferencesin metal
level saround the posts differed statistically with depth and distancefor poststreated to agivenretention.

Copper, chromium and arseniclevelsinthecontrol soil pit wereall uniformly low, afinding that iscons stent withthe
inability of sandy soilsto sorb and retain metals. Interestingly, eventheauminalayer at about 100 mm from the surface
had relatively low meta levels. Weoriginally excavated to this depth with the understanding that thislayer would tend to
sorb any metalsthat moved downward inthe soil column (TableVI-1). Theselow metd levelssuggest that either little
meta migrated downward or that thislayer wasunableto trap the metals.

Table VI-1. Copper, chromium, and arsenic levels at selected depthsin a soil pit dug in native soilsin the
Austin Cary Memorial Forest located away from any possible source of CCA.
Sampling Depth (mm) Metal Level (ppm)
Copper Chromium Arsenic
0-25 0.40 <0.02 0.13
300-325 0.10 <0.02 <0.05
600-625 0.10 0.04 0.21
900-925 0.10 <0.02 0.38
1200-1225 0.10 <0.02 <0.05

Objective VI - Page 10



24t h Annual

Report

Preservativelevelsin posts: Thepostswereoriginally treated to target retentions of 8 and 12 kg/m?, both level sthat
exceed the currently recommended 6.4 kg/m3for wood used in soil contact for residential construction (TableV1-2).
Preservativelevelstended to be higher inthe outer 12 mm of the poststhan in the next 37 mm, but none of thelevels
approached theorigina respectivetarget retention. The presenceof elevated preservativelevelson the surface suggests
that extensive depl etion of preservative components hasnot occurred since depletionismost likely to occur nearer the
wood surface. Thedifferencesin surface retentions between the bel ow and above-ground sampl es, however, suggest
that some depl etion has occurred over the prolonged exposure.

Table VI-2. Copper, chromium and arsenic retentions in CCA treated southern pine posts exposed near Gainesville Florida for 47 years.
M etal Retention (kg/m®)?

Retention (kg/m®) | Distance AAssay Zo As;05 CrO; Cuo Total
8.00 [Original | (150.00)|inner 0.53 (0.58) 1.07 (1.07) 0.65 (0.54) 2.24 (2.19)
outer 0.96 (0.63) 1.92 (0.78) 0.70 (0.10) 3.58 (1.51)
300.00 [inner 1.08 (1.07) 0.65 (0.66) 0.29 (0.30) 2.02 (2.03)
outer 1.99 (0.95) 1.79 (0.77) 0.97 (0.37) 4.74 (2.09)
Replaced | (150.00)|inner 0.57 (0.45) 1.15 (0.67) 0.93 (0.32) 2.65 (1.45)
outer 0.84 (0.33) 2.09 (0.43) 0.68 (0.22) 3.60 (0.98)
300.00 |inner 1.69 (0.63) 1.07 (0.45) 0.62 (0.40) 3.38 (1.48)
outer 2.19 (0.61) 2.08 (0.43) 1.15 (0.31) 5.42 (1.35)
12.00 |Original | (150.00)|inner 0.86 (0.73) 1.39 (0.75) 1.10 (0.72) 3.34 (2.19)
outer 2.72 (1.68) 3.67 (1.67) 0.86 (0.34) 7.26 (3.68)
300.00 [inner 2.30 (1.41) 1.28 (0.73) 0.72 (0.46) 4.30 (2.60)
outer 3.52 (1.87) 3.09 (1.62) 1.51 (0.83) 8.12 (4.33)
Replaced | (150.00)|inner 1.76 (0.57) 1.97 (0.48) 1.39 (0.50) 5.11 (1.54)
outer 3.86 (1.36) 4.33 (0.95) 1.25 (0.40) 9.43 (2.71)
300.00 |inner 2.74 (1.43) 1.49 (0.75) 0.82 (0.40) 5.05 (2.57)
outer 4.98 (1.40) 4.01 (0.90) 2.10 (0.63)] 11.09 (2.92)

Metal Levelsin Soil Around Posts: Soil typescan strongly influence metal solubility, although the effectsdo not
necessarily mean that preservative componentswill migratedifferently in differing soils(Schultz et d., 2002; Cooper et
al., 2001; Wang et al., 1998). Copper tended to be present at the highest levelsof all three elements, particularly near
the soil surfaceimmediately adjacent to the posts. Copper levelsdeclined over 6 fold from the upper surfaceto the
deepest sampling zone nearest the posts (Significant, p value< 0.0001), but theselevelswere still well abovethe
backgroundlevel foundinthesoil pit (TablesVI-1, 3).

Table V1-3. Copper levels in soils at selected depths and distances from southern pine posts treated with chromated copper arsenate.®
Retention]| Original/ Residual M etal Level (ppm)
(kg/m-g) Replaced 0-25 mm from pole 150 mm from pole 300 mm
0-25 mm| 150-175| 300-325|450-475|0-25 mm| 150-175] 300-325 | 450-475]0-25 mm| 150-175| 300-325 | 450-475
mm mm mm mm mm mm mm mm mm
8|original | 253.5 | 39.5 31.0 25.9 179 [150.7)| 1.00 |1.5(1.0)]1.5(0.9)|1.1(0.2)|2.8(3.9)|1.2(0.9)
(137.3) | (23.0) (6.5) (19.0) | (17.9) (0.8)
Replaced| 144.4 36.0 30.0 32.0 |7.8(6.0)|5.7(5.7)|2.4(1.7)|4.9(3.6)]1.6 (0.1)| 3.8 (4.5)| 5.6 (6.9) | 5.9 (8.1)
(70.0) | (25.3) | (22.6) | (20.70
12|Original | 301.0 | 285 28.0 158 [3.2(1.9)[1.3(0.7)]0.9(0.5)]2.0(2.9)]2.2(1.9)[0.3(0.2)|1.5(1.8)[0.9 (0.9)
(301.3) | (27.7) | (19,2) | (12.3)
201.4 | 337 41.2 24.6 195 [3.0(3.9)(2324)]|5806.6)] 1 <0.1 0.4 1.4
(147.2) | (26.2) | (13.1) | (22.7) | (18.6)
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Copper levelsin soil weresignificantly higher around poststreated to higher retentions. Copper levels 150 mm away
from the posts declined significantly from thoseimmediately adjacent to the posts. Thecopper level wasnearly 15fold
lower at the surface 150 mm away from the pole than found at the same depth next to thepole. Copper levelsbel ow
the surface also declined sharply with increased distancefrom the pole. Copper levels 300 mm away from the posts
wereagainlower at the surface, but copper level sdeeper in the soil weresimilar to thosefound at corresponding zones
150 mm away fromthe post. Thelack of further declinesin copper level with distance from the post may reflect the
close proximity of the postsintheplots. The postsweregenerally set approximately 0.9 m apart inrows, but some
postswere closer together and it ispossiblethat chemica migration from one post may have overlapped with that of an
adjacent post.

Chromium levelsweregeneraly low for al of the soil locationsand depths sampled and ranged from 0.36 t0 0.72 ppm
immediately adjacent to the high retention postsand 0.47 to 1.02 ppm next to thelow retention posts (Table V1-4).
Chromium level swere at background levels 150 and 300 mm away from the posts. Aswith copper, the chromium
level sdecreased significantly with distance away form the post and depth beneath the surface, for each retention. The
low chromium levelsinthe soil reflect the strong reactions of thismeta with thewood. Asaresult, wewould expect
littlechromiumto be present in the surrounding soil.

Table VI-4. Chromium levelsin soils at selected depths and distances from southern pine posts treated with chromated copper arsenate.’
Retention | Original/ | Residual Metal Level (ppm)

Replaced | 0-25 mm 150 mm 300 mm

0-25 150- 300- 450- 0-25 150- 300- 450- 0-25 150- 300- 450-
mm 175 325 475 mm 175 325 475 mm 175 325 475
mm mm mm mm mm mm mm mm mm
8.0 Origind | 0.47 0.94 0.76 0.85 0.09 0.05 0.07 0.11 0.03 0.05 0.05 0.03
(0.09) |(033 [(014) |(032) |(0.08) |(0.02) |(0.05 |(0.08) |(0.01) |(0.03) |(0.03) | (0.02
Replaced | 0.54 0.77 0.70 1.02 0.09 0.15 0.05 0.07 0.06 0.06 0.04 0.04
(028) |(021) [(011) |(038) |(0.03) |(0.19) [(0.02) |(0.02) |(0.05) |(0.02) |(0.000 |(0.02
12,0 Origina | 0.50 0.40 0.36 0.27 0.04 0.05 0.07 0.03 0.04 0.03 0.03 0.05
(0.26) |(028) [(0.18) |(0.03) |(0.02) |(0.03) |(0.05 |(0.01) |(0.03) |(0.02) |(0.01) | (0.03
Replaced | 0.46 0.72 0.62 0.44 0.08 0.03 0.03 0.08 0.03 0.02 0.02 0.03
(0.10) |(051) [(0.16) |(0.19) |(0.04) |(0.01) |(0.01) | (0.05

Arseniclevelswereelevated immediately adjacent to the posts near groundline, then declined with both depth and
distance(TableVI1-5). Thesedifferences, however, werenot significant. Elevated arseniclevelsimmediately adjacent
to the postswasnot surprising, giventhehighinitial levelsof arsenicinthe preservative. Background arseniclevels
ranged from 0.13t0 0.38 ppm. Arseniclevels 150 and 300 mm from the postswere similar to or dightly abovethe
background level.

Table VI-5. Arsenic levelsin soils at selected depths and distances from southern pine posts treated with chromated copper arsenate.?
Retention|Original/ |Residual Meta Level (ppm)
Replaced 0-25 mm 150 mm 300 mm
0-25 mm] 150-175| 300-325 | 450-475 0-25 mm 150-175 | 300-325 | 450-475] 0-25 mm| 150-175| 300-325 | 450-475
mm mm mm mm mm mm mm mm mm
8lOriginal 8.19 3.59 2.06 2.88 0.50 (0.38) 0.17 0.20 0.39 0.21 0.16 0.24 0.15
(9.73) (4.25) (1.88) | (3.37) (0.10) (0.11) (0.41) (0.19) (0.04) (0.21) (0.09)
Replaced 141 0.91 0.94 3.07 0.31(0.17) 0.18 0.11 0.67 0.20 0.13 0.34 0.22
(0.28) (0.34) (0.31) | (3.10) (0.15) (0.05) (0.61) (0.02) (0.00) (0.24) (0.16)
12{Criginal 7.16 2.19 1.74 334 0.45 (0.42) 0.43 0.68 0.37 0.35 0.26 0.80 0.32
(8.36) (3.34) (2.27) | (2.48) (0.60) (0.51) (0.48) (0.41) (0.36) (1.26) (0.23)
Replaced| 2.18 3.09 2.19 1.76 0.77 (0.99) 0.09 0.15 0.49 0.15 0.09 0.06 0.16
(1.33) (4.21) (2.35) | (2.08) (0.03) (0.16) (0.42)
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Theexposed cellsalong the cross section of awood samplearefar morelikely to sorb higher amountsof preservative
during treatment than theradial or tangential faces. Oncein service, theend-grainisalsomorelikely tolose
preservative at afaster rate. Samplingthesoil directly beneath selected postsfor metal content reveal ed that copper,
chromiumand arsenicwered| at dightly elevated levelsimmediatel y beneath the post and 300 mm bel ow that zone, but
were at background levelsat the deepest sampling point (TableV1-6).

Table VI-6. Residual metal levels beneath the exposed end-grain of southern

pine posts treated with 12 kg/m> of CCA and exposed for 47 years near
Gainesville, Florida

Depth Beneath Post Residual Metal Level (ppm)
(mm)
Copper Chromium Arsenic
0 18.3(10.2) 0.60 (0.05) 1.09 (0.66)
300 5.5 (6.6) 0.41 (0.04) 2.41 (2.48)
1200 0.3(0.1) <0.02 <0.05

Values represent means of 2 samples. Vaues in parentheses represent one
standard deviation

Theformulation used to treat these postswas similar to CCA Type B, which containshigher level sof arsenic than would
be present inthe currently used Type C formulation (TableV1-7). Thehigher arseniclevelsand correspondingly lower
chromium level sshould resultinlesscompl etefixation and higher leachinglosses. Asaresult, metd levels, particularly
arsenic, should be higher inthe soil than would be found with wood treated with CCA TypeC.

Table VI-7. Relative proportions of copper, chromium, and arsenic in
chromated copper arsenate (CCA) solutions (oxide basis).?

CCA Type Proportion in Solution (% oxide basis)
CuO CrOq As,O4
Type A 18.1 65.5 164
Type B 19.6 35.3 45.1
TypeC 185 47.5 34

? Source: Standard P5 (American Wood Preservers’ Association, 1999).
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Metal LevelsBeneath CCA-Treated Southern pine stakes: Although not the primary focus of the study, soil samples
were a so removed from beneath southern pine stakestreated with CCA to aretention of 23 to 24 kg/m? and exposed
for 44 yearsat the Gainesville plot. Copper and chromium levelswere elevated immediately beneath the stakes, but
concentrationsdeclined sharply 450 mm beneath the bottom of the stake and reached background level swithin 900 mm
(TableV1-8). Arseniclevelswerewithin background levelsat al of the sampling depthsand were at thelimit of
detection 1350 mm below the stake. Theseresults suggest that the metals can migrate, but the degree of downward
movement from thetreated stakeswasminimal.

Table VI-8. Residua metal levels beneath four southern pine sapwood stakes treated
with CCA to aretention of 23 to 24 kg/m® and exposed for 44 years near Gainesville,
Florida.

Depth Beneath Residual Metal levels (ppm)

Stgke (mm) Copper Chromium Arsenic

0 71.4 (56.0) 1.75 (0.44) 0.22 (0.10)

450 6.5 (7.5) 0.24 (0.19) 0.32(0.28)

900 1.7 (2.6) 0.12 (0.07) 0.06 (0.02)
1350 0.1 <0.02 <0.05
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Summary

The Cooperative undertook projectsunder six Objectives. The progresson each onewill be summarized below along
with recommendations.

Under Objectivel, we continueto examinethe performance of variouschemicalsfor arresting internal decay of wood.
Testsof MITC-FUME treated Douglas-fir pole sectionsindicate that the rel ease of methylisothiocyanate (MITC) is
very dow at lower temperatures. Based upon this parameter, utilities need to be awarethat tubesin polesin cooler
climatesmay retain chemical for longer periods. Thisdelayed release should not negatively affect performance. Evaua-
tionsof Douglas-fir polestreated in the above ground regionswith MITC prior to pole setting indicated that MITC

level sremained protective 19 yearsafter treatment. Theseresultsillustratethevalue of aboveground treatment in areas
wheretherisk of decay iselevated.

Evaluation of fluoride/boron rodsin Douglas-fir pol e sections showed that the fluoride component remained well below
protectivelevelsover al10 year period, whiletheboron levelswereinitial €l evated then declined over time. Neither of
the chemical’slevelswould be considered protective. Inaddition, increasing dosages (i.e. morerods per hole) ap-
peared to result in reduced chemical loadingsinthewood. We suspect thisrelatesto moistureissuesand are now
investigating thisphenomenon. For the present, it appearsthat increasing dosages do not result in markedly higher
chemicaslevelsover time.

Polestreated with acopper/boron paste asan internal treatment were eval uated after15 years. Copper levelswere
below the protectivethreshold in thelower dosage (150 g per pole) but abovethat level inthe higher dosage. Boron
levelswerejust abovethe protectivelevelsin the higher dosagetrestment aswell, suggesting that interna treatment with
thispaste could provide protection that was at | east equival ent to the other water diffusible systems.

Theahility of copper and boron to diffuse from copper boron rodswas a so assessed under Objectivel. Copper
migration from therodswasgenerally dight 2 yearsafter treatment and probably did not contributeto theefficacy of this
remedial treatment. Boron levelswere abovethe protectivethresholdin several locationsnear groundline. Thelevels
were similar to thosefound with rods containing only boron. Theresultssuggest that the boron and copper/boron rods
should producesimilar performance over time.

Objectivell addressed treatmentsfor untreated wood exposed during install ation- such ascutsor drilling for attach-
ments. Testsof preservative coated gal vani zed rods suggest that boron, fluoride or copper move only ashort distance
fromtherods2 yearsafter ingtallation. The plastic coating applied to therodsto prevent damageto the preservative
coating may havelimited movement.

Eva uation of varioustopica trestmentsfor protecting untreated exposed wood showed that water diffusibles provided
protection for thelongest period, particularly when applied in conjunction with an absorbent felt that acted asapreser-
vativereservoir. Many oil borne preservativeslacked the ability to move and protect thewood. Theresultssupport
previouswork onfield treated bolt holesand indicate that the most appropriate treatmentsfor bolt holesand other
untreated wood must have somewater solubility so the preservatives can migrateinto small checksasthey open and
close.
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Objectivelll evaluatesimproved specifications of wood poles. We have begun to examinethe effects of through-
boring andradia drilling on pole properties. Theseinvestigationsbegan after some storm related failuresof through-
bored poles suggested that the through-boring wasthe causefor faillure. Theanalysesindicated that smaller holesizes
could affect strength to agreater extent than dightly larger holesbecause of atendency for the smaller holesto concen-
trate stresses. Full scaletesting will begin thiswinter to confirm theresults of themodeling. Thegoal of thiswork isto
move standardsfor through-boring and radia drilling through the American National Standards Institute standards.

Anevaluation of Douglas-fir crossarmsthat had beenin servicefor 45to 60 yearsrevea ed that most of thearms

retai ned sufficient strength, although they appeared to be badly weathered. A seriesof non-destructivetestswere used
inan attempt to predict material properties, but none appeared to be sufficiently reliable. Further testsare planned on
additiona crossarmswith agoa of developing better toolsfor assessing wood condition.

Assessmentswere also made of various externd barriersbeing marketed for protecting the groundline of polesfrom
both moistureingressand preservativeloss. Moisture uptakewasrapidin polesexposed without barrierswhilethe
barrier treatmentstended to sharply reduce moisture changes. Exposing the butt of the poleswhilewrapping the sides
resulted inaninitialy rapid moisture uptakein the butt, but therate of moisture uptake slowed. The moisture conditions
of these poleswill continueto be monitored to assessthe ability of thesetreatmentsto act asbarriers.+

ObjectivelV addressed externa groundline preservative systems. Fieldtestsin New York show that chemicalscon-
tinueto diffuseinward on pentatreated southern pinepoles. Older testsof afluoride/boron bandage systemindicate
that the polesstill contain protectivelevelsof chemica 10 yearsafter gpplication. Further testing isplanned to determine
thethresholds of chemical required for each of these external preservative systems.

ObjectiveV examinesthe performance of copper naphthenate treated wood in soil bed tests. Copper naphthenate
continuesto provide excellent protection to western redcedar sapwood after 172 months of exposure. Further evalua
tionsof field exposed polesare planned for the coming year to ensurethat thistreatment continuesto provide accept-
ableprotection.

Objective VI examinesthe potential for migration of preservativesfrom treated wood. Studiesof preservative migration
from pentachl orophenol treated Douglas-fir polesrevea ed that some pentawasawayspresent in rainwater runoff from
thepoles. Pentaconcentrationswerenot affected by rainfall amountsor timebetweenrainfall events, only total amount
of rainfall. Theseresultsindicatethat pentalosses can be predicted alowing for pole storage management to minimize
losses. Assessment of metal migration from chromated copper arsenatetreated southern pine postsindicated that metal
levelswere elevated within 300 mm of the posts, but fell to background level sat distancesfurther fromthewood. The
resultssuggest that CCA treated utility polesposelittlerisk to the surrounding environment in soil exposures. These
resultsmirror smilar testsson ACZA treated poles.
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