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ABSTRACT

Two methods of injJeoting a 5 per cent solution of
pentachlorophenol into Douglas fir poles were developed, to
improve the depth of penetration and to produce an oil-
free surface, through laboratory experiments, which used
one and three foot long pole sections, and were evaluated
by means of commercial scale tests.

During the experiments a theory of liquid flow through
vood was evolved: that eir is trapped within the treated
wood and that the degree of compression of this trapped
air controls the volume of oil that may be injected and 1its
distribution. From this theory the general effeots of time,
temperature, pressure, retention, and other treating var-
iables on penetration and the accumulation of an oil layer
on the pole surface can be predicted.

In both methods of treatment the wood is surrounded
vith oil at'atmoepheric pressure and the pressure 1s in-
oreased to 150 psil to force the oll into the wood. 1In
the "oil-water" treatment, water was injected after the
oil period, then the poles were steamed and a vacuunm
applied to vaporize the injected water. The laboratory
experiments showed that the penetration was improved if the

oll to water change was made at the oil treating pressure,
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and 1f the water period was extended to 6 hours. Raising
the water pressure inoreased the penetration, but lowering
the pressure produced & less o0lly surface. In the "pres-
sure reduction” treatment a high initlial oil pressure was
slowly reduced to atmospherioc, and the vwood was then given
a steaming and a vaocuum cycle. This treatment produced
deep penetrations with low o0ll retentions.

To evaluate these experimentally developed treatments,
five charges were treated in a commercial plant: one by
the conventional method to act as & ocontrol; three by the
oil-water method; and one by the pressure reduction method.
The pressure reduction charge had a retention of about 5
1b per ocu £t of pole and the other retentions ranged from
6 to 7 1b per ou ft of pole. The penetrations were greater
in the non-inoised and inoised areas of the oil-water
charges than in the control, and greater in the inocised but
lower in the non-incised areas of the pressure reduction
oharge than in the control. All treatments produced oil-
free pole surfaces. The inorease of penetration due to
inoising was much greater in the oil-water and pressure re-
duoction charges than in the control, and the pentachloro-
phenol concentrations in the oil-water and the pressure
reduction charges were higher in the incised areas than in
the non-incised, while the reverse was true in the control.

The oll-water treatment appears preferable to the
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pressure reduction treatment, but, because the data from the
latter on a oommercial scale were insuffioclent, no valid
comparison can be made. It is believed that the improvements
resulting from the oil-water and pressure reduction treat-
ments warrant thelr slight additional cost, but this cannot
be definitely concluded until the servioce lives of the poles
are known.

Oontinued commercial scale testing of the oll-water
and pressure reduction treatments on a semi-production bdbasis

is recommended.
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INTRODUCTION

Because preservative treatment prolongs the service
1ife of wood and allows the utilization of low grades and
assorted species of wood, it has become a standard method
of increasing the effeotive supply of this national resource.

In this country, the wood preservation industry began
to develop about the turn of the century, and by 1949 there
were 262 plants treating 290 million ocubic feet of wood and
consuming 205 million gallons of oil preservatives each
year. Rallroad ties were the first objeots of preservative
treatment, but today poles represent about one third of the
volume of all treated wood.

In the past, eleotric power line poles were of western
cedar which, due to its inherent resistance to deocay, gave
long service with little preservative treatment. As the
supply of western cedar diminished, utility ocompanies in
the Chicago area started using Douglas fir which contains
a deep band of easlly decayed sapwood that must be penetrated
by preservatives if the pole is to give long service. Con=-
sidering that it costs from 8$100 to 81,000 to replace an
eleotric power line pole (although the cost of the treated
pole is only about $50) inoreasing its service life 10 to
30 years by preservative treatment becomes an economio

necessity.
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When, by present commerocisl pressure treatment, enough
0il preservative is injected to penetrate the band of sap-
wood in Douglas fir, some of the oil flows back onto the
surface of the pole after treatment. A pole with a wet
surface 1s partioularly objeotionable to linemen and others
coming in physloal contact with it. However, if an oil- %hh.
free surface is produced by injeocting less oil into the T
pole, the resulting shallow sapwood penetration considerably
shortens the expected life of the pole.

Thus, the problem is to develop a method of treatment
that not only obtains deep sapwood penetration in Douglas
fir poles, but also leaves the surface free of oil through-

out the life of the pole.

ﬂ'."J



REVIEW OF THE LITERATURE

Background Information

The following background information on the require-
ments for proper treatment, the struoture of wood, and the
types of commerocial treatment is given to prepare the o,

reader for the disocussions that follow.

Requirements for proper treatment

The requirements for properly treated wood are that
the physical properties other than density should not be
materially altered, that the treatment should keep wood
destroying insects and fungl inaotive, and that the appear-
ance and surface of the wood should not be objectionable.
Usual treating conditions and materials injeoted into the
wood do not appreciably change its eleotrical conductivity.

To be active, the wood destroying fungl and insects
must have proper temperature, suffiocient moisture, suffi-
cient air, and a food supply. When wood is in outdoor
service there is little or no control over moisture, temper-
ature, and air, and so the food supply, the wood itself,
must be poisoned. Injeoting the wood with a preservative

vill aoccomplish this if a sufficlient depth of penetration
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is obtained and a lethal concentration is retalned.

Of the two types of poisons or preservatives, the oil
soluble preservatives (i.e., oreosote or organic solids
such as 0il solutions of pentachlorophenol) are preferred
for out-door service, because the water soluble preserva-
tives tend to leach out of the wood. Wood treated with oll
preservatives sometimes exoretes oil or "bleeds," leaving

an objeotionable oily residue on the surface.

Wood struocture

The soft woods, or conifers, oconsist essentially of
wvood tracheids and wood rays. This is shown in Figure 1l.

The wood tracheids, arranged in definite radial rows,
are hollow, axially elongated, imperforate cells of a
square or reotangular oross seotion, about 100 times as
long as they are wide. In woods such as southern yellow
pine and Douglas fir the cells formed in the earlier part
of the yearly growing season have thin walls and are known
a8 spring wood, while those grown later in the season have
thiock walls wilth relatively smaller cavities and are known
as summer wood.

Small openings between the wood trachelds, called
bordered pit palirs, are ocirocular permeable membranes with
a thickened seoction in the middle, called a torus. The

secondary cell walls overhang the membrane and torus so
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Magnified drawing of the structure of a softwood:®

Figure ]:.

tt, ond surface; tg, tangential surface; rr, radial

surface; tr, trachelds; wr,

wood ray; Dwr, fusiform

hyrd, harigontal

resin ducts ap, springnood; am, swmoraocod; ar,

annual ring.

wood ray; vrd, vertlcal reosin ductg

*Stame, A. J. Passage of ldquids, vapars and dissolved materials

p. 3.

1946,

UIS. Dapto Agr. Bull 9290

through softwoeods,
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that, if the torus is displaced, it rests against the ocell
wall. This 1is oalled pit aspiration. It is reported that
the aspirated pita act as a valve and do not permit fluid
flow. The bordered pit pairs ocour mainly at the ends of the
wood tracheids; they also occur on the sides of the ocells,
the greater percentage ocourring on the radial side.

Wood rays are ribbon-llike aggregations of relatively
samall cells extending radially in the wood. They consist
mainly of parenchyma cells and have simple pits, devoid of
& torus and cell wrll overhang. The membranes of the
simple pits have never been shown to contain perforations,
and 1t 1s generally believed that the rays do not assist
fluid flow.

Resin duots are long, narrow openings in the wood
and when radial are called fusiform rays. They are sur-
rounded by parenchyma cells; which, although they contain
resinous matter, assist the flow of fluid.

Sapwood, the outer part of the tree, is physiologloally
aotive. The inner part, heartvwood, aots only mechanlcally.
As the tree ocontinues to grow, the new cells at the surface
become sapwood end the oldest sapwood cells become heart-
wood. The sapwood in Douglas fir, while diffiocult to treat,
is more easily treated than the heartwood, vhich is more
resistant to decay. Due to the resin deposited within 1its
cells, the heartwood is darker in color than the sapwood.
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Types of commercial treatment

There are three general types of treatments in whioch
pressures above atmospherio are used to force a liquid
preservative into the wood.

In the Lowry process the wood is placed in a oylinder,
the preservative is introduced, and then the pressure 1s

‘appliad. After a sufficient amount of preservative 1as ab-
sorbed by the wood, the pressure is relieved, the liquid
pumped out, and a vacuun applied to recover some of the
preservative.

The two other high pressure treatments are similar
to the Lowry treatment, differing only in that the pressure
is applied to the wood before introducing the liquid.

In the Rueping, or empty-cell process, alr pressure
is epplied to the wood before introduction of the pre-
servative, and after the preservative i1s introduced, the
pressure is inoreased.

In the Bethell, or full-cell process, & vaocuum is
applied to the wood, then the preservative is pumped in,
and the pressure on the precervative is raised.

In addition to the vacuum applled after the pressure
period, steaming of the wood and expansion baths (in vwhich
the wood 18 heated in oil at atmospheric pressure) &are

sometimes used not only to increase the liquld recovery
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during the vaocuum, but also to assist in obtaining non-
bleeding wood.

Faotors Affecting Penetration and Retention

Though the many factors that affeot tne penetrabtion
and retention, i.e., wood, permeability, fluid, pressure,
and viscosity and temperature, are orften interrelated, they

are best discussed individually.
Wood

The effect of the wood on penetration and retention
18 a funotion of its structure, molsture ocontent, and the
conditions imposed upon it before treatment.

Structure. The average fiber length of Douglas fir 1s
3.8 mm, but, due to overlapping, the effective length is
about three fourths of the average length. The average
number of fibers in the radial and tangential direoction is
300 per om, and their average radius (assuming they are
circular) 1s 15.2:10‘“ cm. The effective fractional oross
geotion of pit membrane pores in the tangential direotlion
is 0.00052, and the pit membrane is estimated to be 10~
om thiok (42). The pit membrane pore size varies with the
direotion, wood, ahd other faotors, ranging from 10 to 108
millimlicrons (40), with an average value of 28.2 milli-
miorons in the tangentlial and radial directions (42).
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Though the pit membranes have holes (3) they are not
always effective for fluid flow, sinoce aspiration® may
occur. Aspliration is not osused by fluid pressure (26)
but appears to be a drylng vhenomenon, due elther to the
shrinkage of the tood or the surface tension of the water
in the pit. The degree of asplration inoreases gradually
as the wood dries, as long as the molsture content is above
the flber saturation point. It then inoreascs rapidly as
the fiber saturation point is reached (34). Below the
fiver saturation point, the moisture ocontent has no cffect
on aspiration, and resoaking does not rellieve aapiration
(34). The proportion of unaspirated pits inoreases with
wall thickness, average counte of five woods ranging from
0.5 to 6.3 unaspirated pits per fiber in the spring wood
and from 2 to 1l unaspirated in the summer wood (34). The
struocture, size, and degree of aspiration of the plts are
the same from the pith to the outer heartwood (13, 34).

British grown Douglas fir shovwed an average of 92
spring wood pits and eight summer wood pits per fiber. Of
these, an average of 0.9 pits per fiber (one per oent of
the total) were unaspirated in the spring wood, and 2.0
pits per riber (25 per cent of the total) were unaspirated
in the summer wood (34).

The pit closure in American Douglas fir summer wood 1is

58ee page 4.
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less extensive than that in the spring wood (18, 19, 30).
Mountain-type Douglas fir has a considerable number of
aspirated pits in the green summer wood, both heart and
sapwood, unlike coast-type Douglas fir (18). The air dry
mountain-type Douglas fir has a greater amount of aspira-
tion in both spring and summer wood, &nd oven drying oauses
aspiration in both spring and summer wood (18).

Molsture content. The molsture content, as was pointed

out above, affects the degree of pit asviration. The rate
of longitudinal water flow through green jack pine 1s from
four to five times that through the seasoned wood (26);
and white spruce shows the same tendenoy (44). The flow
rate of benzene and nitrobenzene is reported to deocrease
as the molisture content below the fiber saturation point
inoreases (8).

Erlckson and co-workers (13) found that seasoning did
not arffeot the rate of longitudinal flow in Douglas fir.
However, the size of samples used and method of seasoning
did not represent that found in industry. His work tended
to show how wood can be seasoned without causing pit aspira-
tion, by slowly lowering the humidity while keeping the
temperature constant. The treating industry generally con-
eiders that the method of seasoning affects the eace of
treatment.

The moisture content and specifioc gravity arffeot the

porosity of wood; the void (air) volume inoreases as the
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molsture ocontent deoreases. Then more o0il would be needed
to obtain the same penetration if the void volume of the
wood was inoreased, because the volume of each cavity would
be greater.

Pretreating oonditioning. 1In the most general method

of pretreating wood, inoclsing, knives are thrust into the
wood making inoclsions up to three fourths of an inch deep.
The knives are desligned to split rather than out the wood,
causing little reduction in its strength. This inoising,
generally used for the refractory woods, allows additional
retentions and penetrations (24). In sawed Douglas fir
beams, the non-incised portion absorbed 9.48 1lb of oreosote
per ou ft of wood compared to the 13.60 1lb retention in
the incised portion. The inorease in the depth of penetra-
tion due to inolsing 1s not greater, and sometimes less,
than the depth of the inolsions.

Steaming wood before the oil impregnation period l1s
another pretreating condition whioh generally assiste
treatment. An alternative of thies consisats or.preheating
the wood in the treating oil at atmospheric pressure. 01l
additives have been used to inorease treatability, but are

not generally aoccepted.

Y
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Permsability

Permeability is a funotion of the wood, moisture con-
tent, direction of flow, pressure, fluld flowing, and time
of flow. |

Direction of flow. Wood structure permits fluld flow
more rapidly in a loﬁgitudlnal direction (26, 44) and end
penetration on coast Douglas fir may be 15 to 22 times the
slde penetration (31).

Spring and summer wood. Permeabilities of spring and
summer wood differ. Generally, summer wood 1s more perme-
able (24, 36, 46), however, the springwood in two types of
southern pine (seasoned and unseasoned) (13), redwood, yew,
and tamarack (46) is more permeable than the summer wood.
Water soluble dye solution, forced into red spruce sapwood,
stalned the spring wood more than the summer wood, whereas
in the heartwood, the reverse was found (37). The summer
vood of loblolly pine absorbed 80 per cent more creosote
than the spring wood (46), and the summer wood of freshly
treated southern pine generally absorbed less oreosote
than the spring wood (9).

Time. Permeability data are ordinarily obtained from
liquid flow through wood blooks saturated with the liquid
and therefore do not represent the impregnation process
during actual treatment, where the boundary conditlons vary

and a decreasing amount of liquid enters the wood. Actually,
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steady state flow does not ocour when liquid is forced
through saturated blocks because the flow rate deoreases
vith time (8). The flow rate was first thought to decrease
to a constant value (14), but later was shown to reduce
almost logarithmically with time (1). Postulated causes of
the deoreasing flow rate are: swelling of the woody struc-
ture, plugging of the nit membrane pores by particles, air
in the wood, liquid which would tend to plug the pores by
means of the liquid-alr surface tenslion, and eleotrokinetio
offeots. Anderson and co-workers (1) showed that the above
theorles partially axplained, but were not the primary
reasons for the deoreasing flow. He suggested that the wood
fibers in the pit membrane move so as to produce a greater
resistance to flow. The deoreasing flow rate 1s magnified
by increasing polarity of the liquid (8).

Pressure. The steady state flow rate 1s dependent
only on the pressure differential, not on the statioc pres-
sure, and inoreases direotly with or more rapidly than the
preasure differential (6, 43). The non-linear flow rate in-
oreases with pressure vere thought to be caused by the bulge-
ing of the pit membranes (26), thus inoreasing the pit membrane
pore size (10), which would appear to be true as steaming
wood (which makes it more pliable) increases the flow rate
(21). The above theory has been shown to be mathomatiocally

unsound, and an alternate theory proposed that lateral
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movement of the flbers increases the aresa of the large
capillaries at the expense of the smaller ones (1).

Pits. The plt membrane pores are so small that they
account for the major resistance to flow. The resistance
of the cell walls to radial and tangential flow is con-
sidered negligible and the type of flow has been shown to
be laminar (15, 39, 40, 42). The impact resistance of the
pit membrane pores to the flowing liquid ocan be computed
from Couette's modification of Polseuille's equation, and in
the oase of heartwood is negligible (41).

The number of unaspirated pits and penetration 1s
interrelated (18, 19); the pit aspiration is not arfected
by the pressure (6). Whlle the flow &appears to ococur within
the tracheids (37), the rays may assist flow through local-
ized zones of wood tracheids and from summer wood band to
summer wood band (4). Hartman (20) found the susceptibility
of wood to impregnation to vary inversely with the total
oross sectional area of the resin duots per unit surface
area, and the opeed of penetration to vary direotly with
the average tracheid diameter. Bailey, Teesdale, and
Maclean found little or no penetration into wood rays or
parenchyma ocells.

Two phase flow. The presence of gas in the wood re-
duces the liquid flow rate (1, 12, 35), and water flows
easily through wet wood which resists gas flow at the same
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pressure differential (44). As the flow path lengthens,
reslstance to flow increases more than linearly. This is
expleained by the "Jamin'!s tube" effect, in which caplillary
alternate gas-liquid menisocl transmit less pressure than

they recelve, due tc the menisol adjustment (6).
Fluid

Erickson and co-workers (13) oconcluded from MacLean's
work (28) that the fluid composition significantly affects
fluid flow. Oils of the same viscoslty have different flow
rates (8, 17, 23). The flow rate of normal primary aloohols
foroced through a& cellulose opulp membrane inoreases with the
number of ocarbon atoms more than would be expeoted from a
ochange in viscosity. Flow rates generally deorease as the
1iquid polarity inoreases (6, 8).

The caplllary penetration into vood blocks is greatest
with water, alocohol, diﬁxon, carbitol, ethylene glycol.
diethylene glycol, propylene glycol, and glycerine, in
deoreasing order; the penetration rate inorsases as the

viscosity deoreases (25).
Pressure

Three types of pressures or forces, capillary and sur-
face tenalon, internal ailr preasure, and the external oll

pressure, affect the flow of liquid.
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Capillary and surface tension foreces. Although various

grades of oreosote treat differently, no correlation has
been shown between surface tension, interfaolsl tenslon,

and the distilling range of oreosote (16, 17), nor has any
relation between penetration qualities and interfacisl or
surface tension been found (22). Surface tension is ap-
parently a funoction of the moisture content, beoause the
pressure neoessary to overcome the surface tension of bengene
in wood increases as the moisture content of the wood in-
oreases (8).

Initisl alr pressure. Inltial alr pressure cffeots
oreosote retention but not penetration (7, L5). Teesdale
(45) found that maximum initial absorption depends not only
on the initial air pressure, but also on the wood treated.
Initial absorption is greateat at 75 psi for hard maple,
hemlock, and red oak, and with a vaocuum for loblolly pine.
He found that the initial pressure did not retard the rate
of impregnation in oak and maple, while it did so in hem-
lock. The net retention deoreases as the initlal air
pressure inoreases, and the ugse of vaocuum may or may not,
denending on the wood, materially inocroase the rscovery.

01l pressure. Inoreasing the pressure on the lmpreg-
nating liquid inoreases penetration and retention rates
(27, 29, 30, 33), and large timbers withstand more pressure
than emaller ones before collapaing (27).
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The flow rate incresses linearly or more then lin-
esrly, depending on the wood, with increasing pressure
differentials (6, 8, 26, 44); and not as the square root
of the pressure differentisl as theoretically determined
by Hawley (21). Anderson and co-workers (1) determined the
relationship:

Ry/Rq = (Pz/Pl)n
wvhere R is the flow rate at the corresponding pressure dif-
ferontial P. The value of n remalned fairly oconstant for
non-resinous wvoods, hut deoreased for other woods when the
pressure differential increased; an average value of n is

2.0.

Viscosity and temperature

Viscosity is a funotion of temporature but each
individually affeots penetration and bleeding.

Viscosity. Hawley (21) theoretiocally determined that
the penetration, retention, and flow rate varied inversely
with the square root of the absolute viscosity. MacLean
(27, 28, 29) varied the viscosity by blending oils, and
concluded that viscosity was the primary faotor affecting
retention and penetration; but Erickson and co-workers (13)
ooncluded from MeoLean's vork that this was not necessarily

true.

Tempersture. Inoreased temperatures of zinc ochlorlde

solutions (27, 30, 32, 33), oreosote, and oreosote-oil
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solutions (5, 28, 29, 30, 32, 33, 42) inoreased nenetration
and retention, even when the viscosity was held oconstant
(28, 29, 33). The flow rate of water increased with an
increase in temperature more thsn can be predicted by the
decrease in viscosity and the flow rate 1s permanently in-
oreased if the temperature 1s temporarily raised above
160°F (26, 44). 1If the temperature rises sbove 260°F, the

flow rate inoreases vwith time (6).

Factors Affeoting Bleeding

Bleeding, & flow of oil from the wood interior to the
surface, results in an objeotionable layer of oil on the
wood surface. The most important faotors causing bleeding
are oconsidered to be the type of oil used, the treating
schedule, and the wood (2, 24, 33, 48, 50).

Temperature

Heat is oconsidered partially responsible for bleeding
(24) as temperatures up to 168°F have been recorded on the
hot side of a standing pole (11), and generally the hot
side is from 12 to 249F hotter than the shaded side (50).
The bleeding on the hot side stops if the sun is obscured
(49), and no bleeding has been observed on the shaded sides
of poles. While bleeding is heaviest in the firat year, 1t

may appear periodiocally for several years thereafter (24).
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The bleeding of straight coal tar oreosotes is less
objectionable than mixtures, and that of the lower boiling
oreosotes less objeotionable than those with higher residues
(24, 50). This may be due to the relative rates of evapora-
tion (9, 33), for if the evaporation rate of oil is suf-
ficient, no oll will acoumulate on the surface. The bloed-
ing of aromatic oils 1s less objeotionable than naphthenio
or paraffinic olils of comparable viscosities, and above a
oritiocal viscosity of aromatic oils (over 200 S.U.S. at
100°F) dleeding apparently does not ocour (38). When
vegetable phosphates are added to oreosote the bleeding is
reportedly reduced (48).

VWood

The more refractory the wood, the more severely it

bleeds (24). Hunt and Garratt reason that since the summer

~wood 01l conocentration is higher than the spring wood

concentration, wood high in summer wood would bleed more

than that low in summer wood.
Treating schedule

Full cell treatments bled more than empty cell treat-

ments, even when higher retentions were obtained in the
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empty oell treatments (50). In southern pine poles minimum
bleeding oococurred with the Lowry treatment, with an oil
temperature of 160°F (in contrast to 180 or 200°F), and
with lower retentions (11). A steaming and vacuum oyole
used before or after impregnation reduced bleeding, and,

if the vacuum period after the treatment was prolonged

from 30 to 60 minutes, bleeding inoreased (1ll). High re-
tentions near the surface apparently inorease bleeding (24).
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LABORAEORI EXPERIMENTS

This section is divided into the plan of investigation,
equipment, supplies, procedure, results, and discussion of

results.

Plan of Investigation

At the time the experiments were commenced, very little
reliable information was known upon which to formulate a
theory of liquid flow through wood, or otherwise design
experiments. As commercially oonducted, wood preservation
was an art rather than a soience. The observations reported
in the literature were often not in agreement, or not ocom-
plete, or not applicable to the development of a theory of
flow. Only the effect of s few treating conditions could
be predicted and these in only a very general way.

Therefore, 1t was neceusary to base the design of the
experiments on assumptions derived from an analysis of the
most reliable information that could be obtalned. Evalua=-
tion of the experimental roesults formed the basis of new
assumptions. During the cxperiments a oonorete theory of
fluld flow through wood was developed and this theory was
applied to the design of experiments vwhenever possible.

However, 1t was impossible to determine the relative effect



of final conditioning, vacuum, steaming, and expansion bath,
by means other than experimentation.

Previous experimente had shown that deep penetrstion
and dry poles ocould not be obtained by the standard methods
of treatunent without long stoaning periods, whioh wvere
oonsidered detrimental to Douglas fir wood and prohibited
by the standards of American VWood-Preservera! Assooclstion.*
Therefore, two eclternste hypotheses were possible, one that
steady-state flov ccourred and the other than unsteady-state
flow ocourred. From these assumptions, two methods of
treatnent were developed.

Oll-wvater treatments wvere based on the aasumption that
steady~-state flow occurred. In this type of flow injecotion
of water after the oll would push the oll farther into the
pole and increase the penetration. If the water was re-
moved to leave a vold apace near the wood surface, thoen any
0oill moving towards the surface aftor the treatment would
£11l the vold volume rather than flow onto and wet the
surface.

Presoure reduction treatments were based on the un-

steady=-state flow theory which prediets that ponetration

*Mis was true vhen the work was started, but recently
the Assoclation has considered an amendment to permit
extension of the steaming period for Douglas fir polea. It
ie probable that this action is due more to a desire to
produce non-bleeding poles than a conolderation of the
effects of steaming on the strength of the wood.
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will be inoreased snd bleeding reduced if a low treating }
pressure 1s used. Use of a low treating pressure will re-
quire unecononlioally long times. 8o the experiments were
based on the nrineiple that s high initial nressure is
used to obtain, relatively quickly, the retention and then
the pressure is slowly reduced so as to end the tresatment
with a low treating pressurec.
Since the problem was to develop treating schedules
applicable to ocommereclal use, all of the data nssded for

complete veriflication of the theory were not obtalned.

Equipment

The treating unit consisted of five major parts:

l. Treating oylinder. This was made from a standard
gauge 12 inch iron pipe 5 feet long and was placed vertiocal-
ly. The bottom was oclosed with a 5/8 inch steel plate re-
inforoed with a 3 by 3 by 3/4 inch angle iron. A 1lid,
placed at the top, was bolted to a flange. Both flange and
114 were made from 5/8 inch thick steel plate and the 1id
was reinforeced with a 3 by 3 by 3/4 inch sangle iron.

2. 8tandpipe. This was made from a standard gauge
5 inch pipe 4 feet long, placed vertiocally with the top and

bottom oclosed. A 4-foot long sight glass was used to measure
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the licuid in the standpipe and was ocalibrated in pounds
of oil.

3. Pump. A 3% gpm capacity, reversible flow, solid
displacement rotary pump with # inch ports was used. It
was driven at 1725 rpm by a 1/3 HP eleotric motor equipped
with a reversing switoch to permit pumping in either direo-
tion.

L4, Heat exchanger. This consisted of a 3/8 inch stand-

ard iron pipe through which the treating liquid flowed, sur-
rounded by a 3/4 inch standard iron pipe and had a heated
length of 4 feet. Steam, water, or a mixture of steam and
water was introduced into the annular space between the two
pipes to heat or cool the treating liquid.

5. Rueping tank. This was made from a standard gauge
12 inoh iron pipe 7 feet long and was placed vertioally.

The bottom and top were olosed with 5/8 inch steel plates
vhich were reinforced in a manner similar to the bottom and
114 of the treating ocylinder.

The treating unit was designed for a maximum working
pressure of 250 psi. The treating tank, Rueping tank, heat
exchanger, and piping were covered with 85 per cent magnesia
insulation.

The temperature of the treating liquid was regulated by
& solenoid valve on the steam line to the heat exchanger,

the valve was controlled by a recording thermometer with the
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sensitive element in the treating cylinder. Pressure was
developed by introducing compressed air into the top of the
treating oylinder and was regulated by means of a manually
controlled pressure reducing valve. Thermometers, pressure
gauges, and steam and vacuum lines were also installed.

A schematioc drawing of the treating unit is shown in
Figure 2a and Figure 2b is a photograph of the equipment.
In operation the wood and o0il were placed in the treating
oylinder &nd half of the standpipe was filled with oil. The
0il was pumped from the standpipe through the heat exchanger
and into the bottom of the treating oylinder. The liquid
flowed to the top of the oylinder and then overflowed back
into the standpipe; the o0il was continuously circulated
during the treatment. As a constant volume of oil was
maintained in the treating oylinder, any liquid entering
the wood resulted in a drop in level in the standpipe.

Supplles

The supplies consisted of Douglas fir wood and a treat-
ing solution of five per cent by weight of pentachlorophenol
in a light petroleum oil.

Wood

Both mountain-type and coast-type Douglas fir was used.

At first 3-foot seotions were ocut from unbored anchor logs



s

oo

Tank

,—.—.,.——n..<....<...
'

-25 a-

I r
| 1 |
| !
i i
© Water .
. Tark
i
- th‘ 4 -

-f"“

-~ L
Sight- Stand-
Glass Pipe

i

. P

- ‘"‘.3-‘)‘1

r

Heat Exchanger

Rueping
Tank

Air, Steam

. laond VPcuum
: Vent
: wle R S L. .
. ‘:}\ 4. - i‘\ /.<
G il
Treating
Cylinder
{ 1
, " X
. ‘}- 3 "l

Schematic drawing of the treating equipment



PR

ot e e o 8

+
1

Figure 2b, Laboratory treating equipment




R )

Ml < e et i s

26~

5 feet long; these seotions (all coast type Douglas fir)
are designated by numbers. Later 30-foot poles were ocut

into 1l- or 3-foot seotions and designated by two sets of

numbers separated by & hyphen; the first reopresents the pole

number, the second the number of the section ocut from the
pole. Pole No. I was mountain-type Douglas fir and the
remainder cosst-type Dougles fir.

All neotlions were alr dried, contained well developed
seasoning oheocks, and had a minimum number of large knots.
Exocept for a few csses, the sections were selected with

sap-wood depths greater than 1} inches.

01l preservative

The preservative used was a five per oent by weight
solution of pentachlorophenol in an aromatic petroleunm
ocracking oil which had the following specifications:
specifio gravity 26° A.P.I., aniline point 115, viscosity
35-=40 Saybolt at 100°F, boiling range 485-700°F. The
pentachlorophenol solution was supplied by the Franklin
Park plant of the Joslyn Manufaoturing and Supply Company.

Prooedure

The three phases in the experimentsl procedure were:
thie preparation of the wood samples; operstion of the

treating equipnent; and colleotion of data.



Preparation of wood

The pole seotions were coated on each end to prevent
end penetration. The coating (the procedure is given in
Appendix A), when properly applied, limited the end pene-
tration to about 1 inch. Any large knots present in the
sections were ocoated with Tygon paint to retard oil flow.

Operation of treating unit

In all treatments the 0ll was introduced into the
treating oylinder at atmospherioc pressure. About 15 to
30 minutes were required after the pole was surrounded by
oil to bolt on the 1lid and regulate the oil temperature to
the desired value. The pressure was inoreased from atmos=-
pheric to the maximum pressure (usually 150 psi) in less
than 2 minutes.

In the oll-water treatments about # hour was required
to remove the oll and replace it with water. The Rueping
tank was used when the water was introduced under pressure.

About 10 minutes were required to vent the oylinder
of air and bring the steam preassure up to 10 psi, and about
2 minutes were required to reach a vacuum of 22 inches of

meroury.

golleotion of data

Data on the physical properties of the pole seotions,
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01l retention, penetration, oil distribution, and bleeding
were obtained.

Pole. The average diameter and sapwood depth at each
end of the section, the length, and weight of the section
after coating the ends were measured, and the moisture
content was determined by oven drying at 105°C for 24 hr.

A sharp sapwood-heartwood line was obtained by painting the
oross seoction with water glass.

Retention. The gross oll retention was determined
from the sight glass readings and the net retention from
the welght gain of the section. When the water in the
oll-water treatment was introduced at pressures above
atmospheric, the net olil retention was assumed equal to
the gross retention, and the net water retention was assumed
to be the difference between the gross oil retention and
the total welght gain of the seotion. When the water was
introduced at atmospheric pressure, the section was weighed
between the oil and water parts of the treatment and the
net water retention was ocalculated from the weight gain
after the oil impregnation.

Penetration. The penetration vwas recorded as the

average of the penetration in from four to six inorement-
borer cores, taken in the center of the seotion and away
from checks and knots. The depth of two types of penetra-

tion were measured as: complete type, the distance from



———..

29~

the surface to the inside edge of the last consecutive
growth ring in which both the spring and summer wood show
visual signs of oil; ring type, the distance from the
surface to the inslde edge of the last consecutive summer
wood ring which shows visual signs of oil. The depth of
penetration was determined by splitting the borer core
with the grain and inspeoting the split surface. Du Pont
011 Soluble Red Dye was sprayed on the split surface
(except sections 51 through 86) and the dye turned from a
brown to & red color wherever thore was olil.

0il and water distribution. The oil and watexr dis-

tributions were determined by extracting the treated wood
with benzene in a Soxhlet extractor equlipped with a Dean-
Stark water trap between the condenser and extraction tube.
To obtain the samples, ocuts were made about 3 inch apart
in the treated wood with a circular saw and the segment re-
moved with a chisel. The flat segment was immediately out
into 3-inch inorements, measured from the surface, the
samples weighed (about 25 grams of sample were collected),
and placed in the extraction apparatus and extraoted for
about six hours. After extraotion they were dried in an
oven and then reweilghed. The weight of the oil was found
by subtracting the weight of the water collected in the
Dean-3tark trap during extraction from the total vwelight

loss of the wood. (The resin content was found to be less
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than the analytical error.) The oil concentration was
then caloculated as pounds per oubic foot of wood, based
on the wood denslity before treatment.

Bleeding. The surface of a treated seotion was con-
sidered to be dry of oil when the palm of a hand, firmly
rubbed aocross the surface, removed only dry coloring mat-
ter; otherwise the seotion was considered wet. At times
it was questionable whether the surface was dry or wet and
these surfaces were classed as slightly wet. V¥hen the
bleeding tendency of a section was to be observed 1t was
kept in a building for four months, or until dry, and then
placed vertically in a test plot on the west side of a
sloping hill so that it would get the full effect of the
afternoon sun. The bleeding charaoteristics were de-
termined either by recording the number of days required
to dry or the condition of the surface one day after treat-

ment.

Results

The results are divided into the oil-water and pres-
sure reduction treatments. The seotions were treated by
the Lowry method (introduction of the oil into the treating
oylinder at atmospheric pressure) and an oll temperature

of 150°F was used.



Oil-water treatment

The stages in the investigation consisted of: (1) the
original treatments to determine the merit of the procedure
(Table 1); (2) the effeot of the oil to water ratio (Table
1); (3) the effeot of lowering the water pressure (Table 1);
(4) the introduction of water at high pressure (Table 1);
(5) the development of a treating schedule appliocable to
commercial plants (Table 2). 04l and water dlstributions
in the treated wood, as determined by extraotion, are given

in Figure 3 and in Appendix C, Table 1l3.
Pressure reduction treatment

The treating conditions and results of treatment are
given in Table 3, and the oil and water distributions in
the seotions are shown in Figure 4 and in Appendix O,
Table 1lb.

Discussion of Results

The results of the laboratory experiments are divided
into the oil-water treatment, pressure reduction treatment,
bleeding, and a discussion of the unsteady-state flow theory
developed during the experiments.
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Table 1. Conditions and results of oil-water treatme

Preservative: 5 per cent pentachlorophenol solution

Pole msecations

Trealg.gg conditions: initial air pressure atmospheric, remainder ¢
' temperature 150, water introduced at Wood data: 9
atmospheric pressure unless ctherwise noted 10 in.
- Pressure period, hour - (1l retention,
oil, __ _ water Steam Vacuum 1b per cu ft

Section 150 150 50 &t hr at hr at Steam _Eross net_
muber pst psi pst OF 230°7 22" Hg hr at ¢ pole sapwood pole sapwc
1. Original tmtmnts

52 M 104‘} 3.00 —— 90 — a—— 6.00 230 6.3 13.6 —— —
54 34687 3% — 90 — 1.75 250 13.0 2.3 12.8 2.
57 2,48 2,28 -~ 130 — 1,10 0.75 230 9.0 15,6 -— —
65 4,02 2,00 w= 90 1,00 0.33 250 7.6 2.0 -— —
2, 0il to water ratio

96 2,95 160 «= 100 2,00 -— - 8,0 13.0 - —_—
BoOSREm SR C P g a1 oC o
99 2% 2. — 10 — - 6.8 260 97 Ul — -
3. Reduction of water pressure '

101 2,33 2.65 2.68 200 — -— 0.75 260 4.8 12.2 -— —
12& 5.93 0050 5.50 2w 0017 —_— '—'1000 1605 901 150
123 3.85 0.50 1.50 200 0.25 0.50 — - 8.9 1,.8 8.5 1.
126 2.01 0,50 3.50 200 0.25 0.50 - - 8.2 12.3 57 8.
120 Le22 0.50 5.75 200 0.25 0.50 -— - 8.2 12.0 -— -—
125 1&006 0050 6.50200 0025 0050 - — 8.6 16.5 8.6 16.
4, Introduction of water at high pressure

b= L 1.18 none — — —-— -_— - — %% § 9.
Iy—lz 1.20 none — — — -— 8.2 17.0 6.1 12,
L= 2 2,80 none — -— — == 7.0 15,3 6.3 13.
IV‘B 2090 2.03 ——_— 200 hanad — — e — - 80‘0 170
4-16 1.27 2,05 =— 200 o= — — - 6.8 1.2 bhe3 9.
l&"6 1050 60110 — 2w — — - — 6.2 12‘2 — —
4= 9 2,30 2.07° — 200 -~ - —_ = 6,3 10,7 6.3 10
IP'18 1.96 k.OOc —— 2m — — — — 5.8 11.8 5.8 no“
b= 4 0.50 6.16° 200 — — - — 58 12,0 5.8 1.
4,~20 1.66 0.50° 3.50 200 — - — == b6 WO 6.6 Ui
1&—7 1.29 0.50° 5.50 200 — _— — - 608 1207 608 12.'

a- QOross water retention

b- Negative water retention, indicating somes oil lost during water phase of treatme

c- Water introduced at 150 psi







8 and results of oll-water treatments, research phase .

solution Pole sections: pole ) mountain-type Douglas fir,
tmospheric, remainder coast-type »
. Wood data: 9 to 17 per cent moisture, 6 1/8 to
~OLL retenticn, NSt wWater

te 1b per cu ft " :‘.:;eterﬂ'.iouit Pen;ntr::ion, s:g;ho:d D:ys

am mﬂl 1ne r ¢ ches . g o
»at OF pole sapwood pols sapwood pole sapwood complete ring inc!;o: dry
25 175 99 U5 - —_ -— — 13/8 11/2 1 1/2 105
00 230 6.3 13.6 '— -— -— — 7/8 77/8 1 0
75 25013.0 2.3 12,8 2.0 2,7 by 11/ 11/2 11/2 8
75 230 9.0 156 —~ - -~ —~ 13/8 13/8 13/8 16
33 250 7.6 2.0 - - -_— -— 5/8 5/8 5/8 140
wah 3z T B ML M 3
Bl 280 9.7 Ul — -  9.68 13,98 1 1 11/2 0
75 260 4.8 12,2 - — - — 1/2 1/2 3/b 0
- =-=100 16,5 91 150 0.6 09 11/8 13/8 13/8 30
- == 89 WU.8 85 1.0 b 11/ 13/8 13/8 30
— == 8,2 12,3 5.7 8.6 0.3 0.5 5/8 7/8 1 5/8 0
—_ == 8,2 12,0 ~— - - - 1 13/8 15/8 0
— - 86 16,5 8,6 165 0.1 0.2 13/8 13/8 13/8 30
—_ - - — L 9.0 none  none 1/ /2 114 -
— -~ 8,2 17,0 6.1 12.7 none nonme 3/8 5/8 13/8 -
— = 7.0 153 6.3 13.6 none none 5/8 11/ 11/i
— -~ - - 84 17.5 11 22 114 114 LY -
—— em 6.8 142 b3 9.1 1.0 2.0 3/8. 58 13/8 -
—_— - 6.2 12,2 -~ - -— —_ /2 114 11/ -
— = 63 10,7 6,3 107 0.5 09 1/4 3 112 -
-~ — 58 12,0 58 12,0 34 7.1 58 11/ 1Y/ -
— == 66 U0 6.6 U0 b 3/8 11/8 13/8 -
— == 6.8 12,7 6.8 12,7 0.8 1. /4 114 11 -

. lost during water phase of treatment or some of original water lost during treatment
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Table 2,

Conditions and results of oil-water treatm

Preservative: 5 per cenﬁ pentachlorophenol solution Pole

Trea conditions: initial air pressure atmospheric rem

emperature 150°F, water introduced at minimum Wood

il temperature 10
Net oil -

mration. hour, of pressure gzriod at psi
Seotion ______odl water

Steam Vacuum retention,

T aond

hr at hr at

number 150 120 90 150 90 50 25 15 O 240° 22" Hg

5. Development of commercial schedules

h=21. .05 0.95% 0, 3.20 — — e e e - — 5.2 10.9
32-1 1.848 1.00‘ 1.40° 0,50 d by —~ —~ = 0,50 0.50 9.3 19.9
32-2 0.8, 4 050 o= 550 e == wm  w- — 6.6 14.2
32-3 1,22 b 4 1,16 -— 1,08 2,90 1,05 =~ == — 6,6 4.5
30-5 1.0 o — 050 = 550 o= = = - — 5.1 12.0
30-1 6.80 0.50 0050 0050 5.50 haand - — — f'- 508 11.2
30-2 2.40 0.50 0.50 0,50 0.50‘ 1,00 2,00 1.00 1.00 o - 6.2 1.8
30-3 1.30 0.50 0.50 - 2,00 1.00 1.00 1.00 1.00 - -— 6.2 13.2
30-6 0,50 g -— 2,00 1,00 1,00 1,00 1.00 — - 7.1 8.2
30-4 — — 240 - 2,00 1,001001001.00 — -— 5.0 121
35=5 5,02 0.50 0.50 0450 = 5,50 oo o om O. 0.50 2.4 4.8
354 16.10 0,50 0,50 — 2,00 1.00 1,00 1,00 1,00 — 0.50 7.4 16.6
356 16.26 0.50 0.50 = 2,00 1001001001.00 0. 0.50 9.2 17.9
a= 100 pei

b= 50 psi

¢- Pressure reduced from 150 to 120 psi

d- Pressure held at 100 psi for 0,55 hr, then at 70 psi for 0,51 hr
o- Negative water retention, indicating some d.l lost during water phase of treat:

treatment

f- Pressure reduced to keep retention constant, minimum pressure 90 psi
g~ Pressure reduced from 150 to 90 psi; 15 psi every 0.50 hr
h- Pressure reduced from 150 to 90 psi, 15 psi every 1,00 hr






ons and results of oil-water treatments, development phase
1 solution : Pole gections: pole 4 mountain-type Douglas fir,

atmospheric remainder coast-type ~
at minimum Wood data: 10 to 18 per cent moisture, 8 3/8 to

=0 174 in. diamster

: Net ol - Net water: . Surface,

b psi Steam Vacuum retention, retention, Penetration, Sapwood £ wet one
hr at hr at 1b per cu ft 1b per cu ft inches depth, day after

15 0 240°F 22" Hg pols sapwood pole sapwood oamplete ring inches treatment

52 10.9 51 2.5 1/2

—_— - - -— 13/8 13/8 100 wet
- == 0,50 0,50 9.3 19.9 e 13/8 11/2 11/2 100 s. wet
- — 66 U2 2.2 Kb 1 11/8 11/2 100 wet
1.05 —~ o= - 6.6 .5 e 114 11/2 11/2 100 s, wet
—_ = - — 51 12,0 1.7 &4 7/8 1 11/8 100 wet
— em == = 5,8 1.2 1.2 2.2 5/8 3/4 13/8 100 wet
1,00 1.00 . ~ - 6.2 1.8 e 118 11/4 13/8 60wet
1.00 1.00 - - 6.2 13.2 1.0 21 34 7/8 11/h 50 wet
1.00 1.00 — - 7Jd 18.2 e 1 1 11/8 90 wet
1,00 1,00 == — 51 12,1 0.5 1.3 5/8 7/8 11/8 100 wet
— e = 0,50 6,7 1 07 11 3/4 1 11/2 25 wet
= == 0,50 0.50 2.4 L8 0. 0.8 1/2 /b 11/2 Owet
1,00 200 — 0,50 7.4 16,6 3.1 56 7/8 11/, 11/2 5 8. wet
1,00 1,00 0,50 0.50 9.2 17.9 e  11/4 11/2 11/2 50 s, wet

at 70 psi for 0.51 hr '
11 lost during water phase of treatmsnt or some of original water lost during

s minimm pressure 90 psi

every 0.50 hr
every 1.00 hr

e e ol S
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Table 3. Conditions and results of pressure reduction treatments
Preservative: 5 per cent pentachlorophenol solution
Trea condition: initial air pressure atmos-
Eeﬁc,mratnro 150°¢ :
Pole sections: pole 4 mountain-type Douglas fir,
er coast-type
Wood data: 9 to 18 per cent moisture, 73 to
in. diameter
Pressure period Net oil -
Reduced Total retention, Penetration,  Sapwood
Section Hr at pressure time, 1b per cu ft inches depth, Surface
number 150 psl psi per hr houra Pﬁ Sapwood Complete ring  inches condition
93 0.25 15 0.25 2,50 4.2 5.8 1/2  3/4 2 20 days to dry
86 0.50 15 0.50 5.30 6.4 9.5 13/ 13/k 13/  35days todry
95 0.75 15 0.75 8.00 6.6 9.2 2 2 2 30 days to dry
94 1.00 15 1.00 1.2 6.6 9.5 13/ 17/8 17/8 30 days to dry
4-17 0.40 10 0.25 4.00 4.8 9.9 /2  3/4 1 3/8 —_—
4- 8 0.50 10 0.50 7.50 6.7 11.9 /5 13/4 13/8 —
b5 1.1 a 7.18 5.3 114 1/2 11/8 11/8 —
35- 3: 1.00 15 075 7.75 3.9 6.8 /2 3/ 11/2  0f wet
357 1.00 15 1.00 10.00 6.2 12.9 11/8 11/2 11/2 50% 8. wet

a- Pressure reduced to keep retention constant ‘
b~ Given final conditioning of: 0.50 hr steaming at 24,0°% followed by 0.50 hr vacuum at 22 in, Hg
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01l-water treatments

The five stages of the oil-water experiments are dle-
ocussed in chronologiocal order.

Original treatments. The five pole ssotlons original-
ly treated to determine the effect of injeoting water after
0il gave results vhich indicated that further work along
this line would be profitable.

Effeot of oil to water ratio. The steady-state flow

principle upon which the oll-water treatments were based
would prediot that the amount of injcoted water would affeot
the penetration and bleeding tendenocy; however, the oil

to water ratio had no appreoiable effect on the penetration
and bleeding tendenoy. The 0l1l and water distributions,
determined shortly after treatment, indicated that the
vater flowed around the oil, rather than pushed it ahead.
The surfaces of pole sections 98 and 99 were visually
arffeoted by the exocessive steaming oconditiona.

Reduotion of water pressure. This serles was run to

determine the effect of water pressure and temperature on
bleeding. The bleeding tendenoy was reduced by deoreasing
the water pressure from 150 to 50 psi and ralsing the
temperature from 150 to 200°F during the treatment. Under
these conditions, plus a short steaming and vaouum oyole,
dry sections were produced with a retention of 12 1b of

0il per ocu ft of sapwood.
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Introduction of water at high pressure. The depth

of penetration was increased vhen the oil to water change
was made at 150 psl (the treating pressure of the oil) and
vhen the duration of the water perlod was extended. The
penetrations obtained by the oil-water treatment were great-
er than if the water treatment was not given. WwWhile the
penetration of pole No. 4, mountain-type Douglas fir,
appeared shallow for the retentions, a very high oll ocon-
centration was needed to visually deteot the oil, as shown

in Table &4,

Development of commercial treatments. The commercial
plant, at which the oll-water treatment was to be tested,
was limited to & maximum oil to water change pressure of
90 psi. In order to reduce the time of treatment an oil
treating pressure of 150 psi was uased and the pressure re-
duced to 90 psi. The most advantageous procedure was %o
reduce the o0il pressure 30 psi every 30 minutes after the
desired retention was obtained. Of two methods of reduoc-
ing the water pressure, a gradual reduction from 90 to 0
psi in 6 hours produced drier sections than if the pressure
was ralsed for the first 0.5 hour to 150 psi and then re-
duced to 50 psi and maintailned for 5.5 hours. The latter
method appeared to give better penetration. A short steam-
ing and vaouum ocyole after the water phase decreased the

bleeding tendenoy.

't



Table 4. Average oil concentrations at the limit of ring and complete type
penetration in mountain type Douglas fir sapwood®

Average oil concentration,
¥, at depth of penetration

Pole Standard Standard Number of Surface of
no. Complete deviation Ring deviation pole sections pole sections
3 12.5 1.5 1n 1.5 4 not incised
L 37 1 2 7 1 not incised
n U, 4 8 b 6 not incised
3A 16 [ 1 c 2 1 section incised
8 16 L 7 AL 5 not incised
8 17 N 10 6 L incised

a- The average oil concentration was found by extracting 1 inch increments of wood cut from a
segment of treated wood and plotting the per cent by weight oll concentration in each in-
crement vs the average depth of the increment. The average depth of penstration was
calculated from the depths msasured in from four to eight increment borer cores and the
oil concentration at this depth was read from the oil distribution curve., All pole sections
were treated by surrounding the wood with oil at atmospheric pressure before applying
pressure. The pole sections were treated by the oil-water and pressure reduction methods
as well as oil impregnation with and without steaming and vacuum and the results are the
averages of the various methods.

b- Too many pole sections had 100 per cent ring type penetration to calculate standard deviation.
c- Too few pole sections to calculate standard deviation.



v et o

B RGBT L L § TR RS & BT e T e ey L e

b3~

Preasure reduction treatments

The pressure reduction treatments, based on the un-
steady-state flow prinociple, gave deep penetrations with
light oll retentions. The data indicate that a satis-
faotory retentlion can be obtained in coast-type Douglas fir
if the pressure 1is reduced 15 psi every hour. This treate
ment reduced the bleeding tendenoy.

The rate of oll retention tended to remain the sane,
as the pressure was reduged, as if the pregsure were kept
at 150 psi, until a pressure of 50 psi was approached.
This tendenoy was greater as the time between pressure re-
ductions deoreased, that 1s, as the total treating time
wvas reduced. The rate of retention in all sections ap-
proached zero at 50 psl and, with further reduction in
pressure, nmost sections expelled oil.

It 1s more Aiffiocult to obtain a desired retentlon
by a systematio reduction in pressure, but a secnnd method,
treating to the desired retention and then reduocing the
pressure so as to keep the retention conatant, while pro-
ducing deep penetrations, 1s probably not as appliocable to
comnmeroclal production as the first.

The pressure reduction treatment produces deep pene-
trations and reduces the tendenoy to bleed. However, a
steaming and vacuum oycle is necessary to assure a minimum

amount of bleeding.
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Bleceding

Bleeding is cauased by a prescure differcntial foroing
0ll to the surfece of the wood. Two types of bleeding can
ocour: ‘"residusl," ocused by the air pressure left in
the vood efter treatment; and "golar," caused by & rise in
the surface temperature of the wood. If the wood surface
is not free of oil after troatment, and all the oll does
not readily evaporate, &n objectionable olly surface will
result; however, this is seldom the case in commerocial
treatment and it oan hardly be considered bleeding.

Resldual bleeding. Resldusl bleeding usually commenoces
& Gay efter treatment and the olly surface may continue for
several deys or a musber of months. The weight loss (a
measure of residual bleeding) of sections treated at 150
psi and 1509F (o0il introduced at atmospherio pressurs),
and given no water injeotion or any other final conditioning,
varled as the 0.45 power of time and directly as the oll
retention based on the treated volume; below & retontion
of 6 1b per ou ft of treated wood no velght loss or bleed-
ing ocourred.

In the experiments only residual bleeding was con-
sldered (although solar bleeding was determined) as this
gave a rapid, and, At is believed, an accurate indication
of bleeding tendenoy. No residual blceding tendenoles of

pole No. 4 were determined as the experiments were mede to
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determine the effect of treating conditions on penetration
and no attempt was made to produce dry poles.

Solar bleeding. Beoause solar bleeding is devendent

on the surface temperature, it may ococur for several years.
While poles wnich show great residual bleeding tendenocies
are more apt to solar bleed, non-residusl bleeding poles
may solar bleed.

The only sections treated by the oll-water end pressure
reduction treatments which showed signs of solar bleeding
vere the oll-water treated gections 54, 57, and 65. Seo-~
tiona 54 and 57 had a heavy streaked coating of material
vhich was not tacky but indlcated that solar bleeding may
have ocourred. Section 65 was tacky in streaks. All
seotlons were dry, however, after onc ycar in the pole
test plot.

¥hile no experiments have been made to determine the
effeot of the wood and treating conditions on solar bleed-
ing, it appears that, once reasidual bleeding has ceased,
the physioal properties of the wood have more of an effect
on soler bleeding than the treating conditions or the re-

tention.

Unsteady-state flow

The effect of treating conditions on the venetration

and the bleeding tendenoy can be predicted 1f the type of
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liquid flow in wood 1s known. The flow 1s elther steady-
state, when the mass of liquid entering a small volume of
wvood is equal to the mass leaving, or unsteady-state, when
the mass entering is not equal to that leaving, that 1s,
there is an inorease or depletion of liquid in the small
volume of wood.

Proof of unsteady-state flow. If steady-state flow
ocourred in the normal impregnation of wood it would mani-
feat itself with a moving boundary. The conditions for
steady~state flow and its effeot on the results of treat-
ment can be determined from the known equations. If these
conditions and results are contrary to those observed, then
steady-state flow cannot exist and, therefore, unsteady-
state flow is proved. The conditions necessary for, and
prediotions resulting from, steady-state flow can be com=
pared with the experimental observations with regard to
time, oil distribution, and internal wood pressure.

Time. If steady-atate flow with a moving boundary
oocourred, then the retention would vary approximately as
the square root of the time, provided that the temperature
and pressure remained constant. (If impregnation was into
an infinite plane then the retention would vary as the
square root of time; in the case of a 10~inch diameter
pole, the retention due to radial flow is caloulated to vary
as the 0.482 power of time, within the range of retention
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normally obtained in the treating industry.) The labora-
tory experiments showed that the rate of the retention in
the pole seotions ranged from the 0.29 to 0.54 power of
time and averaged 0.38. The high value of 0.54 is probably
due to an inaccuraocy in measuring the rate of retention,
rather than the aotual rate of retention being greater than
the square root of time. Some of the sections were highly
checked, which would ocause a deorease in the power of time;
MacLean's data (33), obtained by impregnation of sawed
timbers, which had no checks, showed that the retention

" varied as the 0.35 power of time. The steady-state flow

theory is not ocompatible with these observations.

01l distribution. If steady-state flow ocourred, the
last liquid to enter the wood would be concentrated in the
outer layers and, from a oonsideration of pore sizes in
the wood, the liquid distribution would take the shape of
a oconoave upwvards parabolic ourve. Because they were made
a day after treatment, the extraction data of the oil=-
vater treatments are not a completely acourate indication
of the distribution immediately after treatment; howvever,
they show that the inorease in water is falrly evenly
distributed in the treated portion of the wood and the dlis-
tribution line of the inorease in molsture content is con-
cave downward, which is contrary to the steady-atate flow

predictions.
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The steady-state flow thcory would not require a uni-
form oll distribution if the effective flow ocourred through
& number of radial tubes, each with a different flow re-
sistance. While the oll concentration in each tube would
be the same, the overall effeot would be that of a decreas-
ing oil gradient, high at the surface and lowest at the
depth of penetration; the retention would still vary as
the square root of time.

Internal wood pressure. If steady-state flow occurred

and each ocavity were completely filled with liquid, then
the treating pressure would have no effect on the average
0il retention per cudblc foot of treated wood, which is
contrary to the observations. Therefore, to have steady-
state flow esach cavity must be only partially filled with
liquid, and the fraoction of the void volume filled with
liquid must be oconstant at any one point (but not neces-
sarily the same as every other point) for the entire pres-
sure period after the liquid hae entered the section. Dur-
ing the pressure period the pressure within the wood at a
given point will inorease. To keep the volume of alr the
same (and, therefore, the fraotion of the cavity filled
with oil oconstant), additional air would have to be intro-
duced into the cavity. There i1s no source from which this
additional alr could come other than other cavities under

high pressure. As a result, the fraotion of the cavities
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filled with o1l would increase and unsteady-state flow con-
ditions would prevail.

The steady-state flow theory 1s not compatible w»ith
the observations and therefore unsteady-state flow exista
in Douglas fir.

Prediocted effeot of treating conditions. The effect

of treating conditions on bleeding and penetration in

Douglag fir can be estimated from the unsteady-atate flow

principle. For purposes of visualization only, assume that

flow ococurs through a number of radlal tubes, and that at

right angles to these tubes are a number of cavitles, only ?

open to the adjacent tube. Further, assume that the oross

seotional area of the radial tubes is negligible uud the

volume of the oavitles represents the vold volume of the

wood. In such a system all the air would be trapped in

the oavities and none pushed ahead of the cntering liquid.
Before discusaing the effeot of treating oconditions

on penetration and bleeding, the interrelationship between

retention, penetration, and average oll concentration should

be understood. The average oll concentration is defined

as the fractional part of the average vold volumo of the

treated part of the wood filled with oll. Therefore, for

& given retention, & reduction in the average oll concentra-

tion will increase the penetration; 1f the average
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0il concentration remains constant, an inorease in total
retention will incorease the penetration.

The effeot of treating con&ltions can now be more
easily visualiged.

Pressure. Table 5 shows the effeoct of the initial
elir pressure and the final pressure in a cavity on the oll
concentration (fraotion of the void volume filled with oil).
The o0il concentration is deoreased by & reduction in final
preasure or &n inorease in initial pressure. Since the
final pressure is determined in part by the impregnation
pressure, & reduction in the impregnation pressure will re-
duce the oll concentration.

After treatment the compressed air in the cavities
vill expand to push the oil both towards the pole surface
and the pole center, and the higher the pressure of this
compressed alr, the greater will be the "oreepage" or in-
crease in penetration after treatment. Vvhile lower treating
pressures would produce deeper penoctrations lmmedlately
after treatment, within certaln presasure ranges &an inorease
in pressure might produce sufficient creepage to give a
deeper penetration sometime after treatment. Beocasuse
creepage 1s dependent on the high internal pressure near
the: wvood surface, any reduction of this pressure by steaming.
vacuum, or expansion bath, will reduce the oreepage tendenocy.

Bleeding ls caused by the same internal pressure ocaus-
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Table 5. Relationship of pressures to calculated
oil concentration in a cavity

Calculated8 oil concentration® when the initial gas
Final pressure (in absclute atmospheres) ia

pressure 0.5 1.0 3.0 5.0
(atmospheres) (15 in. Hg vacuum) (atmospheric) (29 psig) (59 psig)

1 0.50 0.00 S —
2 0.75 0,50 — —
3 0.83 0.67 0,09 —_—
4 0.88 0.75 0.25 —
5 0.90 0.80 0.40 0,00
6 0.92 0.83 0.50 0.17
7 0.93 0.86 0.57 0.29
8 0.8 0.88 0.62 0.38
9 0494 0.89 0.67 AN
10 0.95 0.90 0.70 0.50

a- Calculated from the following equation:
¢ = (Py = Py)/Py
where C 1s the calculated oil concentration

Py is the initial pressure, in atmospheres
Py is the final pressure, in atmosphores

b= Fraction of void volume filled with oil
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ing creepage and therefore a reduction of treating pressure,
a reduction of initial alr pressure, or application of
gsteaming, vacuum, or expansion bath reduces the bleeding
tendenoy.

The high internal vwood pressure can increase the pene-
tration if the treating pressure is reduced so that most
of the air expansion in the cavities 1s utilized to force
the oil farther into the wood. One way to do this is to
reduce the preasure so thet the retention remains constant;
another 1is to reduce the pressure so that oll continues to
enter the pole, but very slowly, until & low pressure,
such a8 50 pasi, has been reached.

Tomperature. The rate of retention is partielly

depondont on the oil viscosity. The viscosity will deorease
with an inorease in temperature and therefore the rate of
retention will inorease; this, however, should not affect
the oll distribution. However, beocause of the molsture
content of wood, an inorease in temperature will result in
an inorease in the internal vapor pressure, and, oonsequent-
ly, a lower oil oconcentration. Below 150°F ite effects
should be negligible, but at temperatures above 150°F its
effects should be noticeable. As the wood cools after
treatment, the steam pressure deoreases and the bleeding
tendency resulting from the Rueping-type of treatment should

not ococur.



-53=-

Preheating or steaming the poles before treatment
will produce this effeot. An exvansion bath or steaming
after treatment wlll also generate additional internal
pressure with beneflcial results.

Retentlion. For a given retention, the nenetration
is a linear function of the average o0ll oconcentration, but
the relationship between retention and penetration is more
complex. During the first part of the impregnation process,
when the depth of penetration is very slight, a steev nres-
sure gradient will ocour and this gradient will deorease as
the retention, and therefore the penetration, continues to
inorease. Since the majority of oll flow into a cavity
ocours when the cavity is under low oressure, say up to 5
atmospheres, only a little of the oil that entere the wood
will enter the oavities under high pressure (those near the
surface) and most of it will oontinue farther into the wood
to fill the ocavities at lower pressure. Therefore, an in-
orease in retention of 2 1b of oil rer ou ft of vole will
produco a larger inorease in penetration between an 8 and
10 1b than between a 2 and 4 1b retention. An inorease in
retention resolves into an inorcasc mainly in the interior
of the wood and not in the outer layers.

Limitations of theory. To further the illustration

of the unsteady-state flow theory, an extreme case, in which

all the air was trapved in the oavities, was used. While



-5l

theorécically elther steady-state or unsteady-state flow
occurs, the effective result will be sonmevhere between the
two. As less alr is trapped in the cavities snd more pushed
ahead of the oil, steady-state flow will be approsched end
the effect of pressure, tonmperature, snd retentlon on the
average oll concentration will deoresse. While the perme-
abllity of the wood 18 no criterion for Judging the type

of flov, it is probable that the more permeable vood will
tend more towards steady-state flow. Tnerefore pressure
would be expeoted to have less effect on the oll concentra-
tion in southern pine than in Douglas fir.

The type of flow will be affected by the treating con-
ditlons, and will approach steady-state flow aa the im=-
pregnation pressure approaches the internal pressure, or as
the amount of compressible gas in the wood is reduced.

Then steady-state flow would be approached at low treating

pressures and whon a preliminary vacuum is used.
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COMMERCIAL SCALE EXPERIMENTS

In the laboratorf, the oll-water and pressure reduc-
tion treatments showed promise of inoreasing the penetra-
tion and reducing the bleeding tendenoy so theilr effective-
ness wvas tested on a commercial scale.

The Utilities Research Commission of Chicago arranged
for the Joslyn Manufaocturing and Supply Company to treat
five charges of coaat-type Douglas flr poles at its plant
in Franklin Park, Illinois. After treatment the poles
were placed near Jolliet, Illinois, in a power line belong-
ing to the Public Service Company of Northern Illinols.

The disoussion of these commerocial soale treatments
inocludes the plan of investigation, equipment, supplies,
colleotion of data, treating schedules, results, compari-

son of results, and disoussion of results.

Plan of Investigation

Of the experimental charges planned, three were to be
oil-water treatments and one, a pressure reduction treat-
ment. A conventional charge, treated in accordance with
the company's standard vractioe, would act as a "control."
Two schedules of reducing the water pressure during the

oll-vater treatments were planned. One oil-water charge



LI

~56=

was to recelve a net retention of 8 1b of oil per cu ft
of pole, while the other three charges and the control were
to receive a net retention of 6 1b of oil per ou ft of pole.

Since this program was designed to lndicate the effeot
of water pressure on penetration and the effect of the ex-
perimental methods of treatment on peneération and bleed-
ing, the duration of the treating schedules and the steam-
ing periods was probably longer than necessary. However,
due to unforseen conditions, the program could not be
carried out as planned.

Detalled observations of the poles before and after
treatment which allow evaluation of the experimental treat-
ments through comparison of the penetration and bleeding
tendencies are, with their ocorrelations, disoussed in a

later seotion.

Equipnment

Standard oommercial equipment was used in these treat-
ments. As in the normal praotice of the plant, the treat-
ing oil flowed from & Rueping tank into the cylinder filled
with wood. Additional oll was then pumped in from a small
measuring tank to develop pressure, and the reduction of
0il in the measuring tank showved the amount of oil injeocted
during the pressure period.

During the oll-water treatments the oil was stored in
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the tank farm, and the water, in the Rueping tank. After
the oil period, compressed ailr was introduced to blow the
oil (1noludihg that in the measuring tank) back into the
supply tank. Then the oylinder and the measuring tank wvere
filled with water which was, on completion of the water
period, returned to the Rueplng tank.

The acouracy of the oil ahd vater readings in the meas-~
uring tank was approximately pius or nminus 75 pounds, end
that of the oil in the storage tank was approximately plus

or minus 150 pounds.

Supplies

Only the poles and the treating oil are included in

thie discussion.

Wood

The poles were coast-type Douglas fir and, excepnting
one from the plant stook, all had been dellivered at the
plant within a month of the treatments and were semi-air
dry. Each of the 164 poles was machine shaved, and a
6-foot section of the butt end, from 2 feet below the
ground line to 4 feet above it, was incised. The poles vere
also roofed, gained, and bored before treatment, and they
showed considerable variation in degree of checking, number

and size of knots, growth rings per inch in the sapwvood,
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and sapwood depth. In size they ranged from a 30-foot class
7 to a 50-foot class 1.

The aversge molsture content of the first charge, meas-
ured by refluxing cores removed from the sapwood with
toluene, was 26.8 per cent on a dry wood basis, and 17 per
cent by an eleotric moisture meter using 5/32 inch prongs.
The disorepancy in moisture contents is due to the dif-
ferences in sampling depths. The molsture contents of the
other charges, as measured by the meter, were approximately

the sanme.

01l preservative

The olil preservative was the same as that used in the
laboratory experiments; the average pentachlorophenol ocon-
tent was 5.06 per cent by weight.

Colleotion of Data

Data were ocollected on the poles and pentachlorophenol

assays were made.

Pole

Before treatment the olroumference and the heartwood
diameter at the butt and top of each pole were measured,
and the poles were weighed. Thelir molsture contents were

measured by an eleotric moisture meter. For identiflcation,
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& numbered tag was placed above the brand line and on the
top of each pole.

After treatment the poles were reweighed and the pene-
tration measured in three cores removed from the incised
groundline and in four cores from an unincised area near

the brand, hereafter called the midpoint.

Pentachlorovhenol analysis

Two cores from each pole, one from the inclsed ground=-
line and one from the non-inoised area direotly below the
brand, were used for the pentachlorophenol analyses. To
facilitate analysis all groundline cores from a charge
were placed in groups of about five each and seotioned into
the first quarter-inch, the second quarter-inch, the second
half-inch, and the third half-inch. The untreated part of
the core vwas removed and only the penetrated wood or the
sapwood, vhichever was less, was analyzed. The midpoint
cores, in exactly the same groupings as the groundline
cores, were sectioned by the same proocedure.

The company's standard lime ignition method of penta-
chlorophenol analysis, desoribed in Appendix B, was used
on the first four charges, and the fifth charge cores were
analyzed by the Dow Chemiocal Company.

Mr. Noel Kittell, of the Joslyn Manufacturing and
Supply Company, measured the penetrations of the first
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charge under the author's observation, and Mr. Howard Eddy,
Inspector for the Public Service Company of Northern
Illinois, measursd the penetrations of the four experimental

charges.

Treating Schedules

Although it was originally intended to use treating
schedules developed in the laboratory experiments, the high
moisture content of the poles made it advisable to modify
those schedules by the inoluaion of a 2-hour heating period
prior to the application of pressure. A flash steaming
was also incorporated, after the final vacuum, to assure
that the poles would be free of oil film upon removal from
the oylinder. 8ince the laboratory work with the pressure
reduotion treatment primarily oconcerned inoreasing penetra-
tions rather than eliminating bleeding, the 30 minute stoam-
ing schedule was dropped in favor of the treating company's
standard steaning schedule of 2.5 hours.

The first of the five charges was treated according
to the company's standard practice, to act as a control.
The second, third, and fourth cherges received oll-water
treatments, and the fifth received a pressure reduction
treatment. Due to the newness of the treatment and certain
melfunctions of the equipment, the schedules for the oil-

water treatments could not be met. In the first oll-water
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treatment, Charge 2, the disorepancy was so great that

the author elected to treat Charge 4, which vas originally
intended to be an 8 pound treatment, by the schedule of
Charge 2. With the removal of the 8 pound treating scheduls,
all treatments were then intended to retain approximately

6 1b of oil per ou £t of pole.

The poles reached the desired retentlion more quickly
than antiocipated and while this did not naterially affeot
the treating schedules of the water charges (exocevting the
estimated duration of the 150 psi pressure periods), it
did achieve higher retentions than expeoted. However, it
necessitated decreasing the schedule rate of pressure re-
duotion by about one third in the pressure reduction treat-
ment, Charge 5. The desired and the actual treating sched-

ules are given in Table 6.

Results

Although the penetration can be easily caloulated
from its depth in the groundline and midpoint ocores, the
average computed value of the retention is dependent upon
the method of caloulation. The volume of the wood oan be
computed from tables prepared by the 0ffioce of Prioe
Stabilization or oaloulated from the dimensions of the
poles. The welght of the retained oll can be eatimated
from the gauge readings of the oil tanks or by the welight
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TABIE 6. Desired and sctual treating conditions of five charges of partially air
emumud eoab-l type Deuglas fir poles with 5 percent solution of penta-
orophencl.

Charge no. 1 2 3 h [3
Des.® Act.® Dee. Act. Des. Act. Des. Act. Des. Act.

Pﬁlqlhﬂ.r with On’ hr. 0.25 0025 0.25 !1.50 0.25 0.8 0.25 0025 0.25 0025
Hot bdath (150-160 P), hr. 2.00 2?00 2,00 2,00 2.00 2.00 2,00 2,00 2.00 2.00

Preszure Period . 5 »
Time to Maxinum presse., hr. 1,00 1.00 Q.25 0.15 0.25 0.80° 0.25 0.0 0.25 0.0
maximum pressure, psi 12 123 150 150 150 150 150 150 150 1L0s
duration at max. press., hr.2.00 2.00 3.00 o.lsb 3.00 2,30 3.00 1.0 1.00 0.05
duration at 120 m’ hre w— — 00” 0.50 0.50 o.m Oom °om [ 4 h
duration at 90 Pu. nr. ——— 0.50 0.50" 00” 0.5 o.ﬁ 0450

Replace ofl with 90 psd alr, hrie == 0,50 2.50° 0.25 0.85 0.50 0,70 === =e-

R'Pllﬂ. alr with 200 P “m’ Are- nste 0.25 0025 0025 0.25 0.25 0.25 —— ——
Duration at m pd, hre L S O.SO 0.85 —— w m 0 50 e ooe
Duration at 90 pei, hr. — - wee 2,00 2.00 cad ewe oma  wme
Duration at 50 psi, hr. o= 5,50 5.50 1.00 1.00 5.50 S5.50® e e
Duration at 29 pod, hr. e mme  eoe 00 100 emm = e e

Duration at 15 psl, hr. wae wee 1400 1000 wme  wee
. Duration at O psd, hr. — wee 200 1400 wn=  aw=

Remove water from cylimder, hr. = ® 0425 0,25 0.25 0.2 0.25 0625 === e

Stemm
To exhaust “f. hr. none none Ooso o.m 0050 0.9) 0.50 0.50 0.50 0.50
To 2&0 '. hre 2050 2.50 0.50 00” 0-50 o.so 0.50 °os° 2.50 2,00
AL 2h0 " hre o.so 0050 0.50 0.50 0.50 o.so 0-50 0.50 0-50 0050

Yaouua, at 22v if ] dm, h!'-o."st 0.60 0.50 0025 0.50 0.15 0.50 0.0 0.50 0.20

air is exhausted), hr.
Total dm\lon, hom'd 10.25 10,00 15050 20.25 xsnso lso?s 15050 15025 15.75 12,00

Des. = desired treating schedule, ast. = actual treating schedule

Presmure could not be asintained due to malfunction of the pump

Pressure fluotuated between 75 and 90 pei.

Failure of stess and compressed alr, pressure fell to 70 psi.

Average pressure was 60 psi.

pue to malfunotion of pusp only 140 psi could be maintained.

Pressure reduction of 55 pai every hour

Pressure reduction spproximately 15 psi every 20 minutes

The vacuum period cams immediately after the oil period and before the stsaming.
Total time of treatment, not the sum of the duraticns listed in the tadle.

TYTTvIReYY
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gains of the poles. The average retentlion equals elther
the total welght of retained oll (as estimated above)
divided by the total volume of the poles, or the average
of the individual retentions. (See Table 7.)

Table 7?7 shows the gross oil injection in the pressure
period, the net oll absorption, and the gross water in-
Jeotion. All are based on the gauge readings and the
caloulated volume. (Gauge reading retentions are all
based on the total oil divided by the total volume.)

The physical properties of each pole and its penetra-
tion and retention are in Appendix D, and the average re-
tentions and penetrations for each of the charges are in
Table 8. (Average retentions in Table 8 are the average
of tiic individual pole retentions, and the latter are ob-
talned by dividing the weight gain of the vole by its
volume or surface area.)

Of the 164 poles treated only no. 99 was wet and only
An spots vhich dried within several days. Weather condi-
tionas at the time of treatment impair the drawing of valld
concluslions regarding the cleanliness of the treatments on
the basls of one wet pole. The cleanliness of the treat-
ment cannot be judged by the slight sludge deposite on the
oll-water treated poles either, since the sludging resulted
more from the newneas of the treatment than from its in-
herent characteristics. (This deposit is expected to wash
off in the first heavy rain.)
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Table 7. Retentions, by several methods of calculations

Charge number
-1 2 3 A 5
Volume, cu ft
0.P.S. tables 619.1 &3.9 79809 692.8 5%09
calculated 615.8 6’)7 8- 8%.0 686.2 60803
oi1, 1b |
gauge readings 3,920 5,582 4,927 5,005 6,030
wt gain of poles 3,863 4,092 4,929 5,080 2,880

Final oil retentiom,

1b per cu ft pole
gauge & 0.,P.3. volums 603‘& 8.67 6.17 7.23 10.21
wt gain & calc. volume 6.26 6.31 6.11 7.40 L.73
gauge & calc. volume 6.36 8.61 é6.11 7.30 9.91
ave individual p°1°aa 6.“ 7.22 5.88 7.66 IL‘&

0il retemtion,

1b per cu ft poleb
heating period® 0,00 0.78 0.00 0.23 3.26
pressure periodd 9.30 7.83 6.37 7.07 6.65
loss during vacuum® 2.9, 0.00 0.26 0.00 0.00

Gross water retentiom,
1b per cu ft poleb — 26,80 e 1.72 —

a- Weight gain and calculated volume. See Table 8

b- Gauge readings and calculated volume

c= Actual absorption is uninown, but is the amount listed plus an
unknown quantity *Y*, likewise the actual loss during vacuum is
unimown, but is the amount listod plus "I,

d- Only that oil which entered the wood during the pressure period

e- Could not be measured for this charge but probably amounted to
only several pounds per cubic foot of pols



Table 8, 2verage retentions and penetrations

Retention, c e
Average® av. 1b wt perd Av. midpoint penetration' Av, 1line penetration'
Charge moisture, _ cu ft t inches 4 of sap,9 inches % of sap.
number % pole sap. ace comp. ring sap. comp. ring comp. ring sap. comp. ring
1l 17 6.44 12,37 1.30 0.92 1.17 143 & 82 1.08 1.261.42 176 89
86 1038 30’§5 0028
o 21, 27.9 2.5
2 19 7.22 13.87 1l.46 0.80 1.13 1.28 62 88 0.98 1,26 1.28 177 98
8 3012 ho&b 0.515
v 43.2 33.6 366
3 20 5.88 12,39 1.23 0,8 1,011, 14 71 89 1,02 1l.151.16 88 99
s 2.19 4.20 0.50
v 37.2 33.9 40.7 , } ‘
4 19 7.66 13.49 140 0.97 1.13 1.18 84 96 1,12 1.2, 1.25 90 99
8 1.83 3.72 0.3
v 23:9 2’06 3009 ' ’
5 18 4.82 9. 7% 0,98 0.62 0.99 1.23 50 € 0.8, 1l.161.37 61 85
8 1.38 2.90 0.34
v 36.3 29.8 3L

a- By electric moisture meter with 5/16 inch prongs
b- Average of individusl pole retentions

c- Average of average depth of penetration in individual poles

d- Division of average penetration by average sapwood depth and mltiplying by 100
e~ Standard deviation, 1b per cu ft or 1b per sq ft
f- Coefficient of variation, per cent
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Of all the poles treated only one, no. 144, did not
meet the specifications of the Public Service Company of
Northern Illinois. It had a very low retention, 1.56 lb of
01l per ou ft of pole, and resultant poor penetration. The
variation in retention in a charge allows such a low reten-
tion to occur with the probability that it results not from
treating conditions but from abnormalities of the wood.

The average pentachlorophenol content of eaoﬁ charge
is shown in Table 9, and the average contents of each group

of about five poles are in Appendix E.

Comparison of Results

The objeot of treatment is to impregnate a pole with
a quentity and depth of preservative sufficient to assure
it a long, clean-surfaced life. At present, the life span
of a pole cannot be acourately estimated from either the
retention or distribution of the preservative, but they
present & means of estimating the quality of treatment even
though no uniform, industry-wide agreement on their min-
imums exiets.

On the assumption that the control charge truly repre-
sents the conventlional high pressure method of treatment,
the experimental oil-water and pressure reduction treatmenta
are compared with it, though with respect for the limita-

tions Anvolved.

-y
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Table 9. Concentrations of dry pentachlorophenol

Lb? of dry pentachlorophenol per cu ft

Charge of sampled ocourring in the sonee®
nuzber o_il k_iu 5_1: 1:-1&"
Incised groundline
1 (control) .17 0.986 0.6647 + 0.434
2 (oil-water) 1,132 0.968 0.651 0.531
3 (Oil-water) L.249 0.956 0.654 0.436
4 (oil-water) 1.199 1.046 0.702 0.502
average 2; 3k 1.193 0.990 0.666 0.490
5 (pressure reduction) 1.095 0.882 0.399 0.175
Non-inoised midpoint
1 (control) 1.204 0.980 0.552 04452
2 (odl-water) 1,103 0.873 0.585 0457
" 3 (oil-water) 1.280 0,822 0,538 0.399
4 (oil-water) 1,220 0.99% 0,612 0.459
average 2; 3; 4 1,201 0.896 0.578 0.438
5 (pressure reduction) 0.982 0.576 0.233 0.115

a~ Weighted average, calculated by dividing total pounds of dry

pentachlorophenol in sone by total volume of wood in zone

analyzed

b- No untreated sapwood nor any heartwood was analyzed

c- Measured from surface of i:olea inward
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Oll-water treatments

The oil-water treatments, Charges 2, 3, and 4, are
' compared, for penetration, retention, and pentachlorophenol
distribution, with the control charge.

Penetration. Ring type penetration 1s used in the

comparisons because of its industry-wlde aoceptance.
Visually deteoted oll is assumed to contain a lethal con-
centration of pentachlorophenol. Because the controll!s
average depth of penetration was equal to or greater than
the average sapwood depths of the oll-water treated poles,
three methods of comparison are used: the per cent of
poles not meeting certain specifications; the average per
cent of sapwood depth penetrated in poles grouped by sap=
wood depth; the estimated depth of penetration if the ex-
perimental charges and the control had the same average
sapwood depths.

The five specifications and the number and per cent
of poles in each charge that did not meet them, at the non-
incised midpoint and the incised groundline, are listed in
Table 10. At the groundline about the same percentage of
poles from the control and the oll-water charges does not
meet specifications A, B, and C; and a larger percentage
of the control does not meet specifications D and E. At

the midpoint a smaller percentage of the control charge
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Table 10. Number of poles not meeting penetration specifications

aN'umber and per cent of poles in charge

Charge A B Cc D E
number no. % no., ® no, & no. % no. 3%
Incised groundline
1 (control) o 0 1 3 5 15 7 22 21 63
2 (oil-water) 0O o0 3 10 5 17 L AW 9 131
3 (oil-vater) 0O o0 2 5 3 8 4 1 6 16
4 (oil-water) 1 2 1 2 4 10 7 17 8 20
a'V. 2, 3’ 10 - 1 - 6 - 12 - 1’} - 23
5 (pressure reduction) o 0 1 4 4 17 6 25 16 &
Non-incised midpoint
1 (control) 0O 0 3 9 7 2 15 45 23 170
2 (oil-water) 1 3 3 10 6 21 7 2, 15 52
3 oil-waterg l 3 9 24 1, 38 U 38 17 A6
4 (oil-water 0O o 2 5 10 2, 9 22 16 39
av. 2, 3, b - 3 - 13 - 286 < 291 - W
5 (pressure reduction) 1 4 3 12 12 5 11 46 18 75

a- A- Not less than 1/2 inoch penetration
B~ Not less than 3/4 inch unless 100 per cent of sapwood is penetrated
C~ Not less than 1 inch unless 100 per cent of sapwood is penetrated
D- Not less than 3/4 inch unless 100 per cent of sapwood is penetrated
and 85 per cent of sapwood over 3/4 inch up to a maximum of 1 5/8
inch
E- Not less than 100 per cent penetration of sapwood
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does not meet specifications A, B, and C; but a larger
percentage does not meet specifications D and E. So few
poles do not meet specifications A and B that the group's
relative size would be greatly changed by the addition or
exclusion of one pole. Therefore, except for the Charge 3
poles not meeting specification B at the mid;oiﬁt, the per-
centage of poles not meeting apeoirloationé A and B gives
no basis for comparison.

The average per cent of groundline and midpoint sap-
wood penetrated in poles grouped by sapwood depth is shown
in Figure 5 and Table 11, and the per cent of each grouping
showing complete sapwood penetration is listed in Table 1ll.
Some penetrations are greater than 100 per cent as caloulated
by dividing the depth of penetration by sapwood depth and
multiplying the result by 100. The average per cent of
groundline sapwood treated in the oll-water charges, group-
ing them as one charge, is equal to or greater than that
An the control. The inolusion of sapwood depth groups
above 1 3/4 Ainches is not warranted because they represent
60 few poles. Each oll-water charge has a higher per oent
of poles with ocomplete groundline sapwood penetration in
each group, and a higher average per cent of sapwood
penetration.

.The average per cent of midpoint sapwood penetrated

in the oil-water charges, colleotively, l1ls greater in each

T
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Table 11. Penetrations, in poles grouped by sapwood depths

Sapwood depth limits mesasured from the surface inward, inches

Charge 1/2 to 3/4 3fhtol 1to11/s 11/4tol11/2 11/2t013/h

mmber A B C A B C A B €C A B C A B C

Incised groundline

1 (contral) 0 - - 3 83 33 5 9% 40 11 9% 55 10 89 30
2 (oil-water) 0 - - 8 98 62 6 102 8 7 9, 7L 5 106 80
3 oil-waterg 5 106 100 8 9 175 6 96 8 10 1037100 10 98 83
4 (cil-water 2 120 100 2 100 100 13 98 77 1 101 88 7 98 86

ave 2, 3, 4 - 10P10 - 99 79 - 98 & - 101 8 - 101 83
5 (pressure reduction) 1 100 100 2 9% 5 6 91 33 5 95 8 5 9L 0

Non-incised midpoint

1 (control) 0 - - 3 8 33 4 9 75 1 8 36 10 8 20
2 (oil-uaterg 1 100 X A 89 50 8 105 75 8 8, 25 é 82 133
3 (oil-water 1 82 o0 9 8 67 U 78 36 10 9% 70 3 97 67
4 (oil-water) 2 131 100 4 100 75 16 92 6 12 95 50 7 93 5N

av, 2) 3’ 4 - 106 100 - 92 &4 - 92 62 - 92 48 - 91 42
5 (pressure reduction) 0 - =« L 8 2510 & 30 6 8 17 2 62 0

a- A- Number of poles in group
B- Average per cent of ring type sapwood penetration
C~ Per cent of poles in group with 100 per cent sapmood penstration

b- While average is 113 per cent, due to amall number of poles an average value of 110 per cent is
used

-Z A-
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sapwood group than in the control. In all but one sap-
wood depth group, & higher average perocentage of the oil-
water treatments resulted in complete sapwood penetration
than df’%he control. But, comparing each oil-water charge
with the control, only Charge 4 had a higher per cent of
sapwood penetration in each group. On the whole, the oil-
water treatments obtained only a little more midpoint
penetration than the control.

Caloulations of the midpoint and groundline penetra-
tions of the oil-water charges to what would be obtained
if they included the same percentage of poles with sapwood
limits as the ocontrol are listed in Table 12. Poles having
less than 3/4 inch sapwood depth or 1 3/4 inches or more
wvere neglected because such penetrations did not ocour in
enough ohgrges to promote acocurate comparisons. Further-
more, the average sapwood depth of a group was assumed to
fall half-way between its limits (that is, within limits
of 1 to 1% inches the assumed average sapvwood depth is
1 1/8 inches). The penetrations and average sapwood depths
of the ocontrol charge were caloulated for the poles, 28 at
midpoint and 29 at groundline, that fell within the 3/4
to 1 3/4 inches limit. The average penetration was cal-
culated for each experimental charge, assuming eaoch to have
the same percentage of poles in the sapwood depth groups
as the control had. This renders the average groundline

sapwood depths of the control and experimental charges



7l

Table 12, Penetrations and sapwood depths, by calculation

Number of  Caloulated depth, :
Charge oles in inches % sapwood Increase?,
number

charge sample penetration sapwood penetration inches

Incised groundline _ .
1.216 1.323 91.9 0.077

1P(control) 33 29 :
1 (control) 3 29 1.250  1.365 91.6 0.059
2 (oil-water) 29 26 1.396 1.365 102.3 0.215
3 (oil-water) 37 30 1.360  1.365 9947 0.055
b (oil-water) 41 38 1.355 1.365 99.3 0.059
5 (pressure 2, 18 1.268 1.365 92.9 0.264

reduction)

Non-incised midpoint

(contral) - 33 28 1139  1.319 86.4
1 (control) 33 28 1.192 1.37% 86.8
2 (odl-water) 29 26 1.181 1.37h | 86.0
3 (oil-water) 37 36 1.306  1.37% 95.0
b (cil-water) 41 39 1.296 1.37h 942
5 (pressure 2, 22 1,004 1.37% 73.0

reduction)

a- Increase in penetration in incised groundline over that in non-
incised midpoint

b- Actual arithmetical average penetration and sapwood depths for
sample
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equal, and also equalizes the average midpoint sapwood
depths. Beocause poles containing deep sanwood were ex-
cluded, the average penetrations and sapwood depths of the
control charge are generally lower in the extrapolations
than in the total charge, and the reverse is true of the
oll-water treatments. The average depth of extrapolated
groundline penetration in each oll-water charge is greater
than in the control; and the same is true, except for
Charge 2, at the midpoint.

Retention. OCaloulations of the quantity of oil re-
tained after treatment based on pole volume are generally
and widely used for ease of oaloulation. Since the objeot
of these experiments is to treat sapwood volume, retentions
based on the latter are more significant, but do not ac-
count for sapwood depth and so those based on surface area
also deserve consideration. Ac the relative consideration
deserved by each type of retention is unknown, in general
only sapwood volume retentions will be considered. OCom-
parisons based on an average of the individual pole reten-
tions, by weight gain and caloulated volume, are suf-
fioclently acourate.

The average retention of a charge can be controlled
by the engineer, but the varlation of pole retentlions
depends on chance grouping and treating methods. Variations
are measured by the standard deviation, and approximately

67 per cent of the poles have retentions between the limits
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of the average retention plus and minus the standard devia-
tion. For oomparison the standard deviation is divided by
the average retention to give the coefficient of wvariation,
expressed in per cent. The number of poles with relatively
high and low retentions inoreases with the ocoefficlent of
variation; thus inoreasing the number of poles that are apt
not to meet specifications and that are apt to bleed.

The average retention of each oll-water charge, based
on sapwood volume, ls greater ;han that of the ocontrol,
however the control had a retention only eight per cent
below the average retention of all the oll-water charges
and this difference 1s not great enough to invalidate direoct
comparison. The coefflocient of variation of the retention
vhen based on sapwood volume was about the same for all
charges (see Table 8) and, when based on pole volume or
surface area, was higher for the oil-water treatments than
for the control. This probably has less significance than
the variation based on eapwood volume. It is probable and
to be expected that the coefficient of variation of re-
tention of the oll-water treatments exceeds that of the
conventional treatmentas. The easily treated poles in a
charge absorb more oil than the others during the pressure
period, and vhen immediately followed by a vacuum, as in
conventional treatment, less oll is recovered from the

refractory than the easily treated wood, and the retentlions
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will differ less than if no oil had been removed, as the
oil-water treatments show. Apparently that difference is
not great enough to cause difficulty but, if necessary,
modification of the oll-water schedules could probadle re-
duce 1it.

Pentachlorovhenol distribution. The average penta-

chlorophenol concentrations in the first and second querter-
inch and in the second and third half-inch of the control
and oll-water treatments are shown in Table 9. The con=-
centrations in each group of poles are in Appendix E. The
pentachlorphenol concentration in the firat helf-inch of
the control was greater at the non-incised midpoint than

at the incised groundline; the reverse was true or.the
oll-vater charges. The first half-inch of midpoint con-
centration was greater in the ocontrol than in the oil-water
ocharges. The second and third half-inch of midpoint penta-
chlorphenol concentrations were about the same in all
charges, but s large groundline concentration occurred in
the oil-water charges.

The pentachlorophenol concentration gradient in the
oil-water treated poles is flatter than that in the con-
ventionally treated poles. That is, some of the preserva-
tive that would have been left near the surface by the
conventional treatment was forced further into the wood by
the oil-water treatment, but this action was not very pro-

nounced.
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Pressure reduction treatment

The pressure reduction treatment, Charge 5, is oom=-
pared for penetration, retention and pentachlorphenol con-
tent with the control charge.

%
Penetration. The average depth of penetration 1is

lower in the pressure reduction charge than in the control
(sec Table 8), although thelr average sapvwood depths are
very similar. Methods of comparison are: the per oent of
poles not meeting certain specifications; the average per
cent of sapwood depth penetrated in poles grouped by sap-
vood depth; the estimated depth of penetration if the ex-
perimental charges and the control had the same average
sapwvood depth.

The number and per cent of poles in each charge thsat
did not meet the penetration specifications, at the non-
incised midpoint and the incised groundline, are listed in
Table 10. The difference between the two charges, in per-
centage of poles meeting specifications, is small at the
groundline, more pronounced at the midpoint, and generally,
more ocontrol charge poles meet specifications.

The average per cent of groundline and midpoint sap-
wood penetrated in poles grouped by sapwood depth ars shown
in Figure 6 and Table 11, and the per cent of each group
showing complete groundline and midpoint sepwood penetra-
tion are shown 4in Table 1l. E=ach group, except the 1 to 1%
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inch, in the reduced pressure charge had an average ground-
line sapwood penetration equal to or greater than the con-
trol. In general, a }arge; per ocent of the poles in the
reduced pressure groups had complete sapwood nenciratlon
than in the control.

In every group the average per cent of midpoint sapwvood
renetrated and the per cent of poles with complete sapwood
renetration was greater for the control than the pressure
reduotion charge.

Caloulations of the penetration of the pressure re-
duction ocharge to what would be obtained if it included the
aame percentage of poles with sapwood limits as the control
are in Table 12. In the pressure reduction treatment
groundline penetration is slightly greater and midpoint
penetration is less than in the control.

Retention. The retention in the pressure reduction
charge was 9.91 1b of oil por ou ft of pole based on the
gauge readings and 4.82 1b of oll ver ou ft of pole baged
on the welght gains of the poles. It is probable that
such a disorepancy 1s due to an error in one of the measure-
menta.

The o1l retention oan be estimated from the average
ventachlorophenol contents in the charges when it is assumed
that a direot relationship exists between the pentachloro-
phenol in the first half inch in the midpoint and the

|t e



pounds of oll per cubic foot of pole. The pentachlorophenol
concentrations in the first and second quarter-inoh gzones
were multiplied by their respective fractional cross
sectional areas and then added to give pounds of dry
pentachlorphenol per oublic foot of poie; this was cone
verted to pounds of o0il per cublc foot of pole by multiply-
ing by 20. The fractional oross seotion for each zone is
found from an "average" pole for each charge; one that has
the average dliameter for the charge and pentachlorophenol
concentrations in each zone equal to the average for the
charge.

The average oil retention, based on the pentachloro=
phenol concentrations, for the first four charges 1s
aporoximately 4.1 1b of o0il per ou ft of pole and for the
pressure reduction charge 2.95 1lb of oil per ocu ft of vole.
This ratio, wvhen multiplied by the average oil retention
for the firast four charges, based on the welght galn of
the poles, gives an estimated oil retention for the pres-
sure reduction charge of 4.9 1lb of oil per ocu ft of pole
and 0.97 1b of oll ver sq ft of surface. These values are
very oclose to the retentions obtained from the welght
gains of the poles of 4.8 1b of oil per ou ft of pole and
0.98 1b of oll per sq £t of surface area. Oonsidering
that the gaugc readings are based on only two manonmeter
readings, an error in one reading oould easily ocause this

disorepanocy.
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The control charge, charge 1, absorbed 25 per cent
more oill on a sapwood volume basis, or 34 per cent more
oil on & pole volume basis, than the pressure reduction
charge. This difference in oil absorptions 1s sufficient
to invalidate any direot comparison of the penetrations.
The numeriocal relationship between penetration and reten-
tion is unknown; however, the control charge would have
been expected to have a shallower groundline penetration
than the pressure reductlon charge, had its retention been
only 4.82 1b of oil per ou ft of pole, and the same might
be true of the midpoint penetrations.

The coefflclent of variation of the retention based
on the sapwood volume of the reduced preasure charge was
approximately the same as that of the ocontrol; however, the
variations in the retentions based on pole volume and on
surface area were greater than those of the control. The
variation of retention in the reduced pressure treatment 1is
probably greater than that of the ocontrol but leas than
that of the water treatment and does not appear to be high
enough to cause any difficulty.

Pentaochlorovhenol dlstribution. The average penta-

chloronhenol concentrations in the first and second quarter-
inch and in the second and third half-inch of the pressure
reduction treatment are shown in Table 9. The conoentra-

tions in each group of voles are in Appendix k. In each
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gone the average concentrations are less than those in

the control charge, which is due to the lower oll retentlon.
However, in each zone the pentaohlorophenol content is
materially higher in the incised groundline than in the
non-inoised midpoint.

The pentachlorophenol oconcentration gradient in the
reduced pressure charge is steeper fhan that of the con-
trol and oil-water charges, which may be due to the
relatively lower oil retention in the reduced pressure

charge.
Limitations of comparison

The primary limitation in any oomparison of this nature
is the extent to which these results are indicative of
those to be obtained from a larger number of trials. As
the sample size inoreases, its results approach the aver-
age result of treating an infinite number of poles, so the
extreme variability of ﬁood may invalidate oonoluslons
based on a small number of poles. OConsequently, the re-
sults of each treatment are assumed to be representative
of it, and the comparisons are assumed to err as the re-
sults deviate from its norm.

A second limitation is the extent to which the numer-
ical values actually represent the variable measured. Prob-

ably the oalculated average penetration in a pole closely



-84~

represents the aotual average penetration. The weight
galn of a pole, however, may not actually represent the
net oil retention because the pole continually loses and
gains both oll and water throughout the treatment as well
as vhen out of the oylinder after the initial weighing
and before the final waouum.

The welight galn of a pole then equals the net oil re-
tention only if the amounts of water injected into and re-
moved from the pole betweeﬁ the weighing periods are equal,
and if the pole loses no oil arfter being removed from the
cylinder. The latter probably accounts for only a small
fraoction of the galn or loss, and the laboratory oll-water
treatments indiocate but a slight net water gain. Therefore,
the weight gain of a pole is assumed to olosely represent
the net oil retention under these experimental oconditions,
as verified by the retention results of Charges 1, 3, and
4 in Table 7. During or at the end of the water period,
the highly permeable poles (those with abnormally high re-
tentions) in Charge 2 possibly expelled oil, which would
not be measured by the gauge.

8ince net oil retention measured by weilght gain refers
to the vhole pole, if retention is inoreased in the incised
part it must deorease in the non-inoised part, with core
responding changes in penetration. The average length of
the poles treated was approximately 40 feet, 6 feet of

[ PP
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wnlch were incised. Since the end with the larger dliameter
was incised, and from it there is longitudinal penetration,
the average effeotive lnoised area was about 20 per ocent

of the pole. If the net retention of a pole is 6.00 1b
per ocu ft, and the net retention of the incised area 1is

50 per cent higher than the non-inocised area, the net re-
tention (excluding end absorption, for simplification) will
be 5.56 1b per cu ft of non-inoised pole and 8.19 :1b per

ocu ft of effective incised pole. If the net absorption

of the inocised portion were only 25 per cent more than the
non-incised portion, the retentions would be 7.1l4 and 5.7
1b per ou ft, respeotively.

The olil-water and pressure reduction treatments tend
to give a higher ratio of incised to non-incised retention
than the conventional treatment because, in the latter, a
vacuum applied immedlately after the pressure period causes
greater oil recovery per unit of incised than non-inclsed
wood. This prinoiple also applies to end absorption, so
the percentage of net retention due to radial absorption
is probably higher in the conventional charge than in the
experimental charges. This limitation probably 1s not very

important in this comparison.
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Discussion of Results

The results of the commeroial experiments show that

deeper groundline venetrations occurred in the oil-water

. and vressure reduction charges then in the control cherge,

snd that deeper midpoint penetrations ococurred in the
oil-water charges than in the gontrol. Heértwood penetra-
tion, though not generally redﬁgnlzed in commercial practloce,
has definite significance in a comparison of treatments.
Its ocourrence in all the oil-water treatments, but not in
the control, appsrently indlcates that the former method
has & greater potential for deep penetration than the oone
vontionsl method.

Of the oil-water treatments Charge L4, with water at
150 psi for 0.5 hour and then at 50 psi for 5.5 hours,
appears to have slightly better penetration than Charge 3,
with water pressure slowly reduced from 90 to 0 psi in 6.0
hours. Charge 2 1s not sufficlently representative to be
included in the comparison because its aotual treating
schedule greatly deviated from that desired. Although
their differences in retention do not promote a rellable
comparison, there 1s indication that oll-water treatment
may give better penetrations than pressure reduction
treatment in poles requirling very short pressure perlods

such as the 0.15 to 1.3 hours at 150 psi reguired by Charges
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2 and 4 for a 6 pound retention. Because the laborétory
work in whioh%polg"aeotions required 3 to 4 hours at 150 .
psi for the same retentlon was the bmais for the“obmmeroialv
anale treating schedules, all but one of the charges ab-
aorbed more oil than antiocipated. The effeot of per-
meability upon the relationship between retentlion, pene-~
tration, and treating schedule is unknovn, but had the
commercial scale experiments treated wood #eﬂrefraotory as
that upon wvhich the treatments were developed they would
prodbably ahow even more improvement over the conventionsal
method of trectment.

To insure long service 1life a3 much preservatlve as
possible should be absorbed in the incised groundline arca;
however, the conventional treatment leaves less in that
area than in the midpoint, though the reverse is true of the
exverimental treatments. The penetration inoreass due to
inoising is much more pronounced in the experimental cherges
than in the conventional chergo, as shown in Table 1l2. 1In
the control charge this increase was only 0.06 inch out of
a possible 0.17, while in Charges 2 and 5 it was 0.22 and
0.26 inch out of a possible 0.22 and 0.32 inch, respective=-
ly. In Charges 3 and 4 such deep midpoint penetration
ocourrad that incising would have had little benefit. Nover-
theless, it is quite evident that the experimental treat-

ments utilize incising nmuch more than does the conventlonal

treatment.



The conventional treating schedule, used for the
control chirge, is based on years of experience in treat;A
ing thousands of poles. The olil-water and reducdhﬁpressure
reduoction treatments have had little development;‘thus
their results show only the potentiality of, rather than
the ultimate in these types of treatment, and as more come
mercial experience in their application 1s gained, they

may be expeoted to show even better results.
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CONCLUSIONS -

The following conclusions of the effects of the oil-
vater and the pressure reduction treatment -of coast-tyve
Douglas fir can be made.

l. The oil-water method of treatment gives deeper
venetrations in both the incised groundline and
the non-inocised midpoint then the conventionsal
(Lowry) type of treatment.

2. The pressure reduction treatment gives deeper
penetration in the incised groundline than the
oconventional (Lowry) type of treatment.

3. The inorease in penetration due to inoising is
more pronounced in the oil-water and pressure re-
duction treatments than in the oconventional
(Lowry) type of treatment.

4, The ratio of the pentachlorophenol content in
the incised wood to that in the non-incised wood
is larger for the oil-water and pressure reduoctlion
treatments than for the conventionsl (Lowry) type
of treatment.

The above conclusions are based on treating results of

highly prermeable Douglas fir poles and the advantages of the
oll-vater and the pressure reduction treatments should be
greater in the treatment of refractory Douglas fir poles.
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The oil-water treatment appears preferable to the
pressure reduction treatment but, because the data from the
latter on & commercial soale were insufficient, no valid
comparison can be made. It 1is believed that the improvements
resulting from the oil-water and pressure reduction treat-
nments warrant their slight additional cost, but this cannot
be definitely concluded untlil the service lives of the
poles are known.

while & longer oylinder time was needed for the oll-
water than the pressure reduction treatment in the commercial
soale testing, in practice the reverse would probably be
true. Up to five hours ocan be cut from the duration of the
olil-wvater treatment by eliminating the preheating in oil
and the flash steaming, reducing the water period, using
150 pei air, =nd other operational procedures. '

Continued ocommeroial scale testing of the oil-water and
pressure reduction treatments on a semi-production basis 1s

recommended.
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APPENDIX A

Method of Sealing the Ends of Pole Seotions

The following method was used to seal the ends of poles
to prevent end penetration during the treating proocess.
About a day after the wood was cut to the desired length,
each end was dipped for about 10 seconds in a resorocinol-
formaldehyde solution and then heated for 1 minute with
infra-red heat lamps. The resorocinol-formaldehyde solution
was prepared immediately before application by mixing 95
ml of a 40 per cent water solution of formaldehyde with
155 ml of a solution oconsisting of 5 pounds of resorocinol,
5 pounds of water, and 0.1l pound of NaOH. A day later the
process was duplicated except that a 60-second dip was used
and that, after heating, the ends were painted with sodium
siliocate (speoific gravity l.4). The following day the
ends were painted with Tygon paint (TP-12, black, U. 8.
Stoneware Co.).

This produced a seal which allowed only 1 inch end
penetration. However, the Tygon coating will deteriorate

at temperatures above 200°F.
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APPENDIX B

Method of Pentachlorophenol Analysis

The pentachlorophenol content in the pressure reduc-
tion charge, charge 5, were determined by the Dow Chemical
Company, Midland, Michigan, using the Bell Telephone Co.
method K9-4629, Section 2.17, Issue 2, November 13, 1950,
"Determination of Chloride in Miscellaneous Organioc
Materials." The pentachlorophenol contents in the first
four charges were determined by using a& modification of the
American Wood Preservers'! Assocliation method A5-51 “astande
are Methods for Analysis of 0Oll-borne Preservatives." This
method ls desoribed below.

Three grams of potassium nitrate, ground to pass a 30
mesh soreen, were mixed with 27 grams of calcium hydroxlde
and 10 grams of the mixture were placed in a 100 ml Armco
iron orucible. The orucible was tapped, the wood was added,
20 more grams of ocalcium hydroxide mixture were added, and
the oruoible was tapped again. The orucible was heated for
35 minutes, starting at low heat and ending at the full heat
of a No. 4 Meker burner.

ATter cooling, the contents of the orucible were placed

in a 400 ml beaker and covered with a watch glass. About
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60 ml of distilled water and the liquid from three rinsings
of the orucible with dilute nitric acid were added to the
beaker. The beaker was placed in a stream of cold vater
and 100 ml of 50 per cent oonoentrate&ihitrio acld were
added. Then the solution was stirred until the reactioh
ceased.

After cooling, 10 ml of 0.1 N silver nitrate were added,
the solution was bolled for 3 minutes, cooled, vaocuum-
filtered through Watman No. 40 filter paper into a 500 ml
filtering flask, and the filter vaper was washed five times
with distilled water. The filtered solution was transferred
to the 400 ml beaker and titrated with aprroximately 0.1 N
ammonium thiocyanate after adding 5 ml of Volhard indlcator.
Near the endpoint the filtering flask was rinsed by pouring
the solution from the beaker into the filtering flask and
then back into the beaker. It was then titrated to the
firat permanent pink endpoint.

The above procedure, without wood, was also used in
determining the reagent blank.

The following caloculation gives the pounds of dry
pentachlorophenol per ocubic foot of wood assayed, vhen the
wood cores are obtained with a 0.20 inch dlameter inorement

borer:

(10 - m1 0.1 N ammonium thioocyanate - reagent blank) X 0.646.
1inear inches of 0.20 in. dia. core *
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Table 13. 01l and water distributicns, by extraction, in Douglas
fir pole sections treated by the oll-water process

Increment Retentiom,
Section of depth, 1b oil per % ofl Moisture, (Condition Days after
number  inches cu ft by wt of surface treatment

0 - 1/4 154 51,0 1.4 wet '3
1/2- 3/ 7.2 24,2 11.3

3/4=1 34 11.2 13.0
1 -11/2 1.1 3.5 13.5
9% 0 - 1/ 16.1 53.3 7.6 wet 8
/b= 1/2 7.0 23.3  10.6
1/2- 3/4 2.9 9.8 11.7
3/h=1 4.0 13.3  10.0
1 211/2 0.l 1.2 13.6
97 0 - 14 1.7 [VANA 9.2 wet 3
V- 1/2  bheb 17.4 14
1/2- 3/4 1.5 5.5 1.3
3/l=L 0.7 2.8 15.3
1 <11/2 0.8 3,1 18.3
11/2-2 0.2 0.6 19.5
1/~ 1/2 2,8 10,7 1.4
1/2- 3/4 2,0 7.6 13.2
3/h= 1 1.3 4e9 .6
1 -11/2 1.6 59 17.0
11/2-2 0.5 1.9 18.1
9 0 - 1/4 9.3 . 38,8 14.5 dry 6

1/h= 1/2 9.8 40.9  40.0

1/2- 3/4 10.0 1.5  69.7
3/4=1 8.6 36,0 72,6
1 11/2 7.2 30,2  62.0
11/2-2 0.3 14  37.1

0. 0 - 14 1.l 28,1 4.7 dry 1
1/h= 1/2 6.4 16.3 38.9
1/2- 3/ 0.0 0.0 20.9

3/h=1 0.0 0.0 18.0
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Table 13. (Continued)
Increment Retention,
Section of depth, 1b oil per & oil Moisture, Condition Days after
number inches cu ft by wt % of surface treatment
W3 0 - 1/4 17.3 67.6 13.3 wet 1
/4~ 1/2 13.8 53.8 12,1
/2~ 3/4 10.8 42,1 11.6
3/4-1 12.6 k9.3 1.6
1 114 1.2 43.7 10.0
11/4-11/2 4.3 16.8 8.7
1/h- 1/2  15.0 58,6 12.0
1/2- 3/4 9.4 36.7 1.8
3/4-1 Tk 29,0 12.5
1 -l b6 17.8  12.3
11/4-1 1/2 1.9 T 10,9
1h=- 1/2 1.1 43.0 26.8
1/2- 3/ 11.7 L5.4  24.8
3/4-1 1.7 L5., 21,8
1 «11/4 10.0 39,0  20.3
11/4~1 1/2 4.8 18,7 15,0
L1 0 - 1/, 13.8 53,1 13,9 wet 1
/b= 1/2  10.2 39.1 4.0
1/2- 3/4 5.9 2.8 13,5
3/h~1 7.0 26,9 13.5
s R I /A 6.7 25,6 12,4
11/4-1 1/2 1.7 6.6 12,1
L9 0 - 1/ 15,8 60.6 12,4 wet 1
/4= 1/2 9.8 37., 11.8
1/2- 3/4 7.2 .6 13.2
3/h=1 6.5 2,7 10.0
1 <114 5.3 20,2 15.8
11/4-1 1/2 1.5 15.6 10.0
L6 0 - 1/4 9.8 38,4,  10.0 wet 1
1/~ 1/2 5.9 23.1 .2
1/2- 3/4 5.3 b .6
3/4-1 3.5 13.4 12,3
1 11/ 2,9 1.5 1.1.2
11/4-11/2 0.6 2.2 13.6
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Table 13. (Continued)

Increment Retention,
Section of depth, 1b oil per ¥ oil Roiature » conditicn Days after
number inches cu ft by wt p 4 of surface treatment

418 0 - 1/ 11,8 46.2 12,5 wet 1
/- 1/2 7.9 30,8  19.2
1/2- 3/h 6.6 25.7°  15.9

3/4=1 6.1 23.8 17.0
1 11/ 4.6 18,1 17.7
11/4-) 1/2 2,0 8.0 16,7

4-20 9 - 1/h 13.6 52,6 7.1 net 1

1/h- 1/2 9.0 3.8 10.3

1/2- 3/4 7.8 26,2 1,0

3/4=1 6.3 2.3 1.2
1 2114 5.3 204  15.1
11/4-1 1/2 2.7 10.3  13.2 -

/- 1/2 7.0 1.7 13.0

1/2- 3/h 6.1 23,7 1.

3/h-1 6.6 25.6 12,7

1 =11/, 7.2 28,0 12,4
11/ 1/2 2.4 9.4 9.3




=104~

Table 14;. 0il and water distributions, by extraction, in Douglas
fir pole sections treated by the pressure reduction
process

Increment Retention, <
Section of depth, 1b oil per ¥ oil Moisture, Condition Days after

number inches cu £t by wt % of surface treatment

8 0 - 1/2 8.9 27,0 6.0 wet 9
1/2-1 4.6 .0 1.0
1 -11/2 3.3 10.0 15.0

9 0 - 1/ 9.9 3.8 7.7 wet 2
/- /2  10.3 36,0 1.2
1/2- 3/4 9.l 32,9 1.8
3/4-1 6.8 23.9 12,4
1 L1/ 3.4 n.9 13.7
1 1/4=1 3/4 2.7 9.5 13.1
1 3/4=-2 1/4 1., 4,8 13.8

9% o0 - 1/ 1.4 40,1 5.7 wet 5
1/h- 1/2 L7 20,1 7.9
1/2- 3/4 L2 .6 7.8
3/4-1 3.2 11.5 9.7
1 114 2.3 7.9 10.8
1 1/4-2 1.0 34, 10.2

9% 0 - 1i/4 9.2 32,4 5.2 wet 9
/4~ 1/2 Loy 15,3 8.0
1/2- 3/4 2.9 10,1 8.7
3/h-1 2.3 7.9  10.0
1 -l1/2 1.7 6.1  10.6
11/2-2 0.7 2,5 1.6

95 0 - 1/4 10.8 26.4 6.2 wet 3
1/h- 1/2 6.2 20.8 7.6
1/2- 3/4 3.8 12,7 8.5
3/h=1 3.5 1.8 9.2
1 =1l1l/2 2.5 8.4 1,1
11/2-2 3.4 11.4 9.2

95 0 - 1/ 8.1 27.1 7.2 wet 5
/- 1/2 3.5 11.6 9.8
1/2- 3/4 2.9 9.9 9.9
3/b-1 2.9 9.6 1.1
1 -11/2 2.2 T4  12.5
11/2-2 2.9 9.8 13,2
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Table 1;. (Continued)

Increment Retentiom,
Section of depth, 1b oil per £ oit l(oiature » Condition Days after
number inches cu £t by wt of surface treatment

/4~ 1/2  10.7 41.0 8.7
1/2- 3/4 7 28.6 9.0

3/4=1 L.2 159 11.0
1 <11/, 2.5 9.5 0.3
11/4-1 1/2 1.2 L. 10,0

-8 0 - 1/4  19.3 7,40 6.2 wet 1
/b~ 1/2  13.3 51.0 7.1
1/2~ 3/u 9.8 374 8.5
3/h=1 10.3 30.6 9.3
1 <11/ 7 28.3 9.6
11/4-1 1/2 5.0 19.3 10.1

L=17 0 - 1/ 13.1 51.2 3.8 wet 1
1/~ 1/2 11.0 L2.7 5.5
1/2~ 3/4 7.6 29.5 6.5
3/4=1 6.1 23.9 8.4
1 11/ 5.3 20.7 9.7
11/4-1 1/2 2.4 9uds 9.8
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APPENDIX D
Retentions and Penetrations in Douglas Fir Poles



TABIE 15. Retentions and psmstrations in coast~type

Dosglas in Charge 1, trested rding to the
mmummmmzum;»um.mm'm.dm:c?mm
Mlnmbnol.

of pe
1b wt r

Pole (Class& Av. Dis. Molst-® cu. It e Tt

No. Length inches ure, £ pols ssp. %Bhs

1 535 8.92 17 6. n.6 1.2 0.7
2 535 9.39 15 s 8.7 .07 Q.
i 535 8.8 15 6.1 W4 28 0.94

5=35 8.04 18 7.0 0.0 .22 1.2

s 1-35 1.9 15 7.2 15.1 1.8 1.00
é 0 113 2 5SS 104 1.7 0.88
7 20 10.94 18 T.h 247 .68 1.12
8 1450 13.05 15 61 136 1.67 1.3
9 5-30 8.0 19 6.7 0.8 118 0.59
10 L35 9.55 17 8.2 13.7 166 1.06
n 5-3% 8.% 16 6. 10,0 1.k0 0.88
12 5-35 8.59 15 6.7 1.3 1122 0.Lh
1 0 10.66 19 5.0 1.8 1.13 0.69
i1 5-35 9.Q3 5 546 10,1 1l.08 0.82
135 5% 8n 73 8a 155 1.2 la2
15 b-35 9.52 17 7.9 15.3 1.57 14
17 535 59 by 4 6.8 1.2 137 0.88
18 5-35 9.15 20 26 7.5 0.50 0.38
19 5-35 8.55 17 S 12.2 0.98 0.56
20 535 9.27 16 S.7 1.0 1l.12 0.69
a 535 8.79 15 6.5 8.7 1.2 0.69
22 5-35 8.75 18 9.2 Wk 1.3 1.7
S IZ 9B ¥ 7o u3in o
2 9.63 7.0 o o
2 g:g 8.99 17 6.0 9.6 113 1.06
26 9.2 18 6.7 1121 1.0 0.75
27 g:gg -5‘3’ 18 0.6 16.5 1.92 1.89
28 5-35 8.67 14 6.1 122 1112 0.69
29 535 9.03 18 k.9 9.3 0.94 0.9k
0 5-35 8.79 17 7.5 1.1 1.4 0,88
b1 5-35 9.23 15 6.8 15.5 1.31 0.9%
» S-10 9.19 17 5.7 10,6 1.09 0.94
3 =45 1166 15 S.7 19.0 1l.40 .69
Average .3 17 6.k .2 1.2 0.92

[
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TABIE 16. Retentions and penstrations in coast=type Douglas fir poles in charge 2, treated by the water
process with a 5 percent solution of pentachlorophenol.

. a Dwt ?n per M t penstration Groundline penetration
Pole Class & Av. Dia. Moist- cu 4% !nc% € ol . Inches Z o! E.
No. inches  ure pole  sar %m O TIng  Sap.  COrp " sap. comp ring
) " 5 8 - .

33 iS  10.66 17 . 89 126 1.00 1.25 112 89 1n
3% 5-ko 10.26 19 6.6 10.6 p 5] 1.25 1.38 1.38 91 100 1.00 1.12 1l.12 B89 100
37 5-39 8.95 18 1.8 35.9 2.26 1,22 1. 239 51 59 1.25 2.00 2.56 78
” 5"35 8.23 18 809 15-0 1057 0.50 0015 1012 hh 67 1.“ 1031 1031 81 100
39 5-35 8.75 15 0.k 15.2 1.91 0.75 1.2 1212 67 100 1.31 1L4h 1L 91 100
Lo 540 9.35 15 5.5 16.7 1.09 0. 0.2 0.5 S50 108 0.62 1.00 0.94 67 107
K L-ks 10.11 15 5.0 15.2 1.34 0.62 0.73 0.75 83 100 0.75 1.06 0.75 100 12
42 1-50 .00 20 3.5 1.6 1.01 0.62 0.88 1. W & 0.56 0,69 1.00 56 69
3 L-ls .30 22 3.4 1.5 0.85 0.50 0.69 0.69 73 100 0.69 0.75 0.75 92 100
L 11.20 20 5.2 3.6 1.2 1.00 1l.19 1.06 93 12 06 1,19 1.19 89 100
us 540 9.15 17 8.0 1.3 1.55 .31 1.31 1.31 100 100 1.38 1.50 1.50 92 100
15 5-35 9.11 16 0.5 1.7 2.01 0.69 1.50 1.62 k2 92 1.31 1.69 1.69 78 100
N S-li0 9.87 p T3 .7 12.9 .17 1.06 119 1219 9% 100 1,00 1,19 1.06 9% N2
L8 L-Ls 1.10 24b 5.0 9.3 1.17 0,50 106 162 2 65 0.50 0.81 1.75 29 L6
L9 1-50 bTT 22 3.5 L.8 1.04 0.62 1.2 1.2 50 90 1.06 1.38 1.38 77 100
50 L-is 10.26 18 9.3 6.1 1.93 1.12 1.6 1.75 6L 89 1,12 1.4 156 72 92
51 9.35 17 5.3 10.7 1.04 1,00 1.31 1.Lh 70 91 1.12 1.19 1.25 90 95
52 5-35 8.67 18 1%.9 19.8 2.78 1.69 1.9 1.69 100 100 1.9 2.62 1.9% 100 135
53 5-35 9.39 18 2h 15 2.2 0.75 150 162 U6 92 1.19 1.81 1.5 79 120
175 5-35 8.12 22 n.6 17.h 1.99 094 1.31 1Lk 65 91 0.9 1.25 1.31 72 95
55 5.35 8.67 18 9.6 18.0 1.77 1.06 1.56 1.06 100 147 1.31 1.31 1.31 100 100
56 5=35 9.23 20 3.4 6.5 0.66 0.25 O.ii 0.98 27 L7 0.50 0.69 0.81 62 8%
51 5=35 9.07 22 5.6 15.5 1.06 0.69 0.88 1.00 89 88 1,00 1.12 1.12 B89 100
58 5-35 9.03 19 L2 6.9 0.80 0. 0.69 1.50 29 k6 0.50 0.69 0.88 57 78
59 5-35 9.59 20 6.8 10.7 1.2 0.62 1,62 1.62 38 100 0.69 1.81 1.86 U6 116
60 5-35 8.79 18 8.4 24.7 1.55 0.62 0.1 0.82 77 100 0.75 0.88 0.88 86 100
61 5-35 9.35 18 0.5 17.9 2.05 0.3l 0.50 1.25 25 L0  0.50 0.94 1.06 47 88
62 5-35 8.63 2 S 15.3 1.0 0.62 1.00 1.00 62 100 0.8 ,0.9: 0.94 87 100
)
Average 9.85 19 7.2 13.9 1.b6 0.80 1.13 1.28 62° 88° 0.98 1,26 1.28 77° 98¢
a~ determined by electrical moisture mester with 5/16 inch prongs - . .

b- wmolsture content is greater than 2} percent oy .
o~ calculated bty dividing the average penetration by the average sapwood depth. - ‘
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¥o. Length inches ure, £ 88D+ €coPp .
63 535 9.07 22 345 22,0 0.65 0.62 0.62 1.00 62
5"35 3 23‘ 506 905 1.“ 0.38 1012 105 70
65 5-35 9.35 20 3.8 10.2 0.7 0.62 0.81 0.81 77
6 535 8.1 2 LS 9.5 0.83 o.ih 0.62 1.1 33
3 7-35 8.18 17 8.8 S L9 0.88 1.19 119
&8 m 9.1 20 6.6 13.3 1.3 0.9 1.38 1.38 &
69 n.k2 2 1.6 1.77 0.75 1.00 1.2 &0
70 150 10.82 20 72 1.9 0.94 1.56 1.31 72
n A4S 13.k5 1% 9.0 3.9 2.53 0.9l 0.9 0.94 100
2. WS 1.2 18 S.5 1.8 1.3 0.75 1.19 1l.19 63
B blS . 18 7.3 1B 172 1.22 2.3l 1.25 90
250 1n.28 15 6.7 .4 1.8 1.00 1,25 1.25 80
75 IS 10.99 18 T 9.8 107 0.88 0.94 0.9% 93
76  LkS n.02 18 6.1 13.2 1.k 1.38 1.k 1.38 100
T S 10.34 22 k7 9.0 .02 0.75 0.88 1.2 67
78 s 9.91 17 8.2 5.3 1l.70 1.06 1.19 1.06 100
79 SIS 10.11 15 8. 1. 1.06 1.19 1.19
80 55 10.26 18 $.9 1.6 1.28 1.00 1,29 112 &
&L s 8.689 18 w.: 18.9 1.98 1.38 1.4k 1.0k 96
82 535 9.75 20 k.3 10.1 0.88 0.50 0,50 0.94 53
83 535 9.15 2 L 9.0 0.85 0.69 0.69 0.9% 73
535 o 18 21 59 O 0.2 0.56 0O 36
85 535 . A 12.0 0.86 0.62 0.88 0.838 N
8 535 8.9 2P 5.0 13.6 0.95 0.69 0.88 0.88 79
87 535 9.07 20 $.7 1.b 1.09 0.69 0.75 1.00 &
88 5-35 9.89 20 2.5 11.8 0.53 0.50 0.50 1.06 L7
89 535 8.95 240 5.9 9.k 1d5 0.69 0.9 132 61
9% 5.35 8.75 PR . 7.5 0.75 0.3 0.38 1.06 29
N 535 8.67 18 20,6 18.2 1.9 1.50 1.9 1.62 92
2 53 10.26 2 3.0 $.7 0.66 0.50 0.56 0.88 57
93 535 8.79 2 k.3 9.8 0.82 0.56 0.75 0.75 75
9% 535 8.52 mb 9.0 16,8 1.63 0.50 0.9 o 1%
95  5-35 8.97 24 ko 8.0 0.7: 0.50 0.88 1.19 L2
9% 5-35 9.03 18 36 5.8 0.70 1,00 l.hhs 1.62 62
97 5-35 8.56 20 k9 13.7 0.88 0.56 0 1.00 56
98 1-4S 12,26 18 S.7 12, 1.k9 1.06 1.56 1.38 77
99  L-50 10.82 20 9 135 2.05 1.56 1.69 1 93
Average 9.83 20 5.9 12k 123 0.61 1.001 1. 7°

g BEse ssbel wesal ¥ess§ §EHaE BEEE Eebc bss

(Groundline tration
[] -~ 0.
0.69 0.69 0.69 100 100
2.25 1. 1.50 83 83
0.69 0.94 0,88 69 107
0.62 0.7 0.75 63 100
.31 149 1.62 81 104
1.3 1.31 1.3l 100 100
0.94 1.28 1.23 75 100
56 1.56 1.86 100 100
0.88 0.95 0.94 93 100
1.00 1.25 1.25 80 100
1.4 1.86 1.4 100 109
0.88 1.1 1.31 67 100
1.00 219 1,39 8L 100
1.hh 1.56 1L 100 109
0.75 0.9k 0.94 8 100
1.19 1.38 1.25 95 110
1.06 1.25 1212 9% 1M
1.19 1,31 1.25 95 105
1.38 1.38 1.8 100 100
1,06 1,06 1.06 100 100
1.12 1.12 1.12 100 100
0.56 0.56 0.56 100 100
1.69 1.69 1.69 100 100
0.75 0.88 0.88 86 100
0.88 1.00 1.00 88 100
0.l 0.50 0.5, 88 100
1.25 1.62 2.00¢62 81
ol 0.89 0.2 70 110
0L 2.l 144 200 100
0.69 0.81 0.68 100 18
0.5 059 0.75 g 92
1.25 1.69 1.8 93
0.56 069 0.5 75 92
1.38 1.69 1.69 82 100
0.75 0.75 0.75 100 100
0.69 0.7 1.19 58 63
1.5 1.56 1.5 100 100
1.02 1.15 1.16 88° 99°

a- determined by electrical moisture meter with 5/15 inch prongs
b- moisture content is greater than 2l percent
o= calculated ty dividing the average penetration by the average sapwood depth
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TABIE {8, Retentions and pemstrations in coast=type Douglas fir poles in charge L, treated by the water process with

& § percent solution of pentachlorophencl.

m. Class & Av Dia. mn—‘ —-n‘wu

inches

lgg 7-35 7.0
1 7=35 7.08
105 0 10.26
108 12.02
109 7-38 7.08
10 7‘35 7052
m 7‘35 7~M
12 =35 'OI.QO
}llg 5-40 56
§-bs 9.99
1us s 8.83
n6 7‘35 705?
n1 7‘” .
19 LU 9.
120 L=-bo 10
B oo
T il 96
128 50 10.03
1% S0 9.7
127 s-lo 9.83
m  7-3% 7.76
& 7‘ 5 1la°
10.
15 L=k 9.83
1% 7-35 8.0l
VT =35 8.08
2 rx gm
5 10
W 54 10,11
U2 535 8.83
U3 S-% 8.83
Ul 5= A.8
s 5= 8.
Us 5= 8.20
Ur  5=35 9
Average 8.85

7

~

B3 32822 3EeES 3366 35 3&8a= B3

&

7.7 1.5

0.8)
1.0
1.50
1.93
1.5

1.

.
1.59
1.78

1.79
1.19

T

tration

0.56
1.29
0.81
1.19
1.12
0.69

1.12

0.81 2
. 0482

1.22

0.
0.

0.97

9l

2BxeE BBEms sese B Izes sBzel 2258E 28 ulsaew

Ex

Groundline penetration

T of sap. Inches T ol ssp

o ri “E & ﬂo m ﬂg
78 0.62 0.7 1.00 62 %
100 1.38 1.5 11U 9% 109
90 1,00 1.12 112 8 100
95 1.31 1,31 131 100 100
105 1.50 1.50 1.50 100 100
1.25 1,25 1.25 100 100

105 1.38 1.69 1.38 100 12)
1.19 1,28 1.19 100 105

106 1.25 1.8 1,28 00 10
100 1.06 1.06 1.06 100 100
112 1,00 1.25 1.06 94 118
100 1. 1.& 1.50 100 100
100 1.khk 2. Ak 100 100
9% 0.75 1.06 1.Lh 52 T
U0 1.9 1L 119 100 12
S 1.69 175 1469 100 104
88 1.06 1.06 1.06 100 100
10 1.19 1,38 131 %0 105
92 1.06 1.L4 1.38 77 108
96 1.4 1.62 181 79 90
7% 1.8 1.50 1,38 200 109
129 1.06 1,38 132 9 122
100 149 1489 169 100 100
60 0.88 1.19 150 S8 9
100 1.2 1.1 1,32 100 100
100 1.25 1,38 1.28 100 110
78 0.2 081 081 77 100
79 1.9 1.9 1. 100 100
18 0.49 080 0081 85 100
104 1.hh 1462 1ML 200 1)
93 1.06 1,06 1.1 8 81
107 1.9 1,31 125 9 105
100 1.00 1.19 1.00 100 119
100 1.69 1.69 1.69 100 100
100 1.00 1.00 1.00 100 100
81 0.5 0.9 0.5 100 122
0.69 0.1 0.69 10 18

100 0,31 0.3 1.19 26 32
105 1,19 1,19 119 100 100
50 0.81 0.88 1.1 62 61
%% 0,50 0.61 1.00 50 81
96° 1,12 1.2k 125  90° 99°

s~ determined by eleotrical moisturs meter with 5/15 inch prongs

b~ moisture content is greater than 2l percent
o= calculated by dividing the average penstration by the average up-ood depth
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TAEIE {9 Rstentions and penstrations in cosst-type Douglas fir poles in chargs 5, trested by the reduced
peatachlorophencl.

pressure procass with a S percent sclution of

b wt 3 tion Oroundline tration
Pole Clans & Av. dia, uﬁ-‘a!f :_n_c 4 %a ic?g. 3 0.
o, {nches ure nbm comp 2‘ 8D, '2_.."_&_2
u8 W35 9.47 b} ] S 9.8 1.12 0.68 0.9 1.12 78 83 1.4 1.96 1.62 88 96
k9 535 8.79 20 3 T3 0.79 ok 0.62 1.38 32 LS 0.62 0.81 0.81 77 100
150 S-i0 10.03 17 3.5 10.6 0.71 0.8 0.81 0.9% 87 87 0.88 0.88 0,94 93 93 &
151 b-i5 12,18 15 81 20.8 1.9 0.88 1.00 1.2 70 80 0.50 1.00 1.00 50 100
152 50 10,66 16 5.2 9.3 1.17 1.06 1..12 1.22 9% 100 0.88 1.5 1.6 S2 93
153 L-50 10.58 17 g1 8.8 116 0.62 1.88 1.88 33 100 .25 1.69 1.94 87
154 S5 9.55 2 6.6 12,7 1.32 0.88 1,00 1,00 8 100 094 1.19 1.19 79
155 k50 090 17 k.2 85 0.95 0.81 1.25 1.1 62 95 0.9k 1.bh 150 62 96 ]
155 L-55 n.”n 2 3.7 9.2 0.91 0.5 0.69 1.00 56 & 0.69 1.00 1.06_65 9k 5
157 % .62 19 3.9 1.4 0.93 0.38 1.bL 169 2 8 1.0 1.k 1.50™7N (ot
158 9.61 18 3.8 10.8 0.9 0.2 0,38 1.00 25 38 0.5 0.56 1.75 32 ¢
159 545 10,09 19 k8 10.5 1. 56 088 1,19 47 T 0.88 1,06 1l.Lh 61 0
150 S 10.7% 17 5.8 10.1 1.32 1.9 1.38 1.38 86 100 0.88 1.19 1.56 5
161 m 10.66 18 S0 7.0 1.15 0.50 1.75 2,12 & 82 0.69 1.06 2.12 32 S0
152 10.15 19 Sk 9.4 o.lh 0.75 1.5 29 50 0.556 1.19 1.94 29 61
163 5-i0 9.59 20 3.6 8.2 0.7 0.56 0.69 0.88 64 T8 .61 0.83 1.00 81 88
164 5-35 9.17 18 k8 8.7 0.89 0.8 0.75 1.12 33 67 0.50 0.81 1.06 L7 76
165 5-35 8.99 17 3.2 7.5 0.59 0.50 0.75 0.75 67 100 256 0.69 0. 2 100
166 535 8.59 17 6.3 10.2 1.4 0.5 1.12 1,12 & 100 1.06 1.38 2.3 77 100
167 5% 8.63 18 6.2 9.4 112 0.5 1.12 1.25 50 90 0,88 .11 '1.371 67 100
168 5-35 8.k4 15 k.3 1.b 0.78 0.50 0.56 0.94 g 60 0.61 1.00 112 72 89
169 S0 9.39 18 65 1L 1.0 642 1.0 1.8 ) &) 0.69 1.50 1.75 39 86
170 | 10.86 19 1.6 k.8 0.37  0.50 0.9 1.06 47 88 .25 1.1 1.3 95 100
n L-50 12,48 16 5.2 101 1.1 0.56 0.5 1.06 53 88 0.8 1.31 1.1 62 100
Average 10.09 18 b8 9.7 0.98 0.62 0.99 1.23 so® 61° 0.8, .16 1.37 6° 6sd

a~ detersined bty electrical moisturs meter with 5/16 inch prongs
b= calculated ty dividing the asverage penstration by the sverage sapwood depth
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APPENDIX E

Pentachlorophenol Concentrations in Douglas Fir Poles
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Table 20, Concentrations of dry pentachlorophenol in groups of Douglas fir poles

Lb2 of dry pentachlorophencl per cu ft of sample® occurring in the zones®

Numbers of poles non-incised midpoint incised e
in group .ﬁ'_i' Py O 3:3.— ] " ) » mn
"~ Charge 1 . - l -
1,2,3,4, 5 1.230 1.023 0.599  0.28, 1.1222  0.961 0,729 0.52
6, 7, 8, 9,10 1,209 1.059 0.768  0.59% 1.204 1.085 0.778 0.368
11,12,13,14,15 1.318 0,796  O0.544  0.368 1.147 0.905  0.640 0.503
16,17,18,19,20 1.199 1.085 0422  0.445 0.951 0,910 0.562 0.364
21,22,23,24,25 1.9, 0,992 0.612 0.330 1.168 1.023  0.543 0.213
26,27,28,29,30 1.080 0,904 0.428 0.492 1,111 1.033  0.797 0.688
31,32,33 1.189 1.006 0.6l 0.762 1111 0.956  0.575 0.458

Charge 2 ‘
34;35,36,37,38,39 1.326 1.098 0.&46 0.517 1.223 1.068 0.728 0.576
40,41 ,42,43 44 1.039 0.806 0.472 0.388 1.163 0915 0.754 =
49,50,51,52,53 0.966 0,863 0.626  O.43 1.1,7 0.966  0.668 0,506
55356,57,58,175 1,065 0.641 0.459 0.336 0.961 0.832 0.523 0.517
59,60,61,62 1.066 0,988 0,663 0,207 1.105 1.040 0.520 0.217
~ Charge 3

65,66,67,68,69 1.220 0.749 0.326 0.191 1.323 1.018 0.591 0.261
70,71,72,73,7h 1499 1.018 0,662 0,689 1.509 1.199  O0.749 0.489
75576,77,78,79 1.220 1.059 0,630 0.399 1.483 1,168  0.853 0.620
80,81,84,85,86 1.090 0.73% 0,505 0.504 1.05 0.918  0.648 0.756

63,64,82,83,89,96 1.365 0.762  0.435 0.226 1456  1.060  0.612 0.189
935944595,97,98,99 1.370 0.840 0.695 0.701 1,08, 0.827 0.499 0.491

a- Weighted average, calculated by dividing total pounds of dry pentachlorophenol in zone by
total volume of wood in zone analyzed

b- No untreated sapwood nor any heartwood was analyzed
c- Measured from surface of poles inward
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Table 20. (Continued)
Lb® of dry pentachlorophenol per cu ft of sample® occurring in the zones®

Numbers of poles non-incised cint ______ Incised groundiine

in group = =-1" 1-12" = i-5" -1n 1137

Charge 4 ' '
119,120,121,122,12, 1.256 1.147 0.927 0,650 1.209 1.096 0.775 0.370
125,131,133,135,136 147 1.008  0.520 0,222 1,173 1.028  0.620 0.322
137,138,139,142,143 1.276 0.832 0.354 0,078 l.121 0.88, 0.533 0.827
100,101,105,106,113,114 1,137 1.008 0.622 0.521 1.025 1,068 0.890 0.573
115,126,127,134,140 1.266 1.049  0.581 0.505 1,282 1,245 0.8,3 0.656
102,103,104,109,110 1.4,06 1.023 0.604 0.327 1.411 1.173 0.677 0.413
111,112,116,117,118 1.328 1.085 0,783 0.672 1.380 1.137 0.716 0.716

"Charge 5
148,149,150,151,1 1.080 0.57% 0.220 0.074 1.178 0.853 0.318 0.297
153,15,4,155,156,157 0.858 0.419 0.119 0.048 1.075 1.018 0.413 0.171
168,169,170,171 1.163 0.872 0.369 0.103 1.176 1.12 0.481 0.126

a- leighted average, calculated by dividing total pounds of dry pentachlorophenol in zone by total
volume of wood in gzone analyzed

b- No untreated sapwood nor any heartwood was analysed
c~ Measured from the surface of poles inward
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