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Because of its high strength, renewability,
and relatively low cost, Douglas-fir is an
ideal choice for many important uses. Prop-
erly designed, constructed, and maintained,
structures of this wood can provide long
service, even in the ocean's harsh environ-
ment.

This manual, cosponsored by the Forest Re-
search I aboratory and the Sea Grant College
Program of Oregon State University, is a
companion to the previously published "Wood
Pole Maintenance Manual"  Graham and Melsing
1979!. It is directed to inspectors of marine
wood and provides basic information on wood

IWV+nouav>Om

The West Coast maritime industry includes
extensive docks, pilings, and other marine
structures, many built with wood. Their sound
design and proper maintenance is essential to
the safe and economical operation of the in-
dustry. To be effective, this maintenance re-
quires efficient inspection programs so that
deteriorating structures are bath detected
«nd protected before replacement becomes
necessary. Inspection of wood structures
should be a cantinuing responsibility of port
personnel at about 5-year intervals.

Although detecting badly deteriorated wood is
fairly straightforward, determining whether
wood is in «ar lier decay stages is mare dif-
ficult. The success or failure of the mainte-
nance program will rest squarely upon you,
the inspector, and your ability to assess the
condition of the wood before serious damage
has occurred. This is no easy task.

This manual has been developed in response to
the need for information an maintaining wood
structures in marine environments. Although
it presupposes that the reader is familiar
with the care of land-based poles as outlined
in the "Wood Pole Maintenance IVlanual"  Graham
and Helsing 1979!, it examines in detail the
many problems of controlling wood deteriora-
t ion in ma r it ime settings.

In this manual, you will learn about:

~ Wood characteristics of Douglas-fir
~ Designs that prevent damage by wood-

destroying organisms

and wood-dest raying organisms that harbor-
m aster s, port ma nage r s, a n d ma int enance pe r-
sonnel can use in making wise c}ecislons
maintaining the waterfront structur es in
their charge. Designers and builders may also
f ind thi s manu a I hei pfu I in vo i ding con-
struction practices that contribute to wood
deterioration. The savings could amount to
many millions of dollars annually.

Yau, the well-trained inspector, play a major
role in achieving these savings. Early recog-
nition of deterioratian leads to mare eco-
nomical repairs and remedial treatments to
control the problem.

~ Wood-destroying organisms and evidences of
their damage

~ Other wood-destroying agents and how to
recognize them

~ Inspection methods for determining wood
condition above and below the waterline

~ Remedial treatments for controlling deteri-
oration of wood already in service

After studying this material, you should read
the references cited in the text, as weil as
those listed in Appendix A, so that you can
select the inspection and maintenance proce-
dures best suited to the waterfront s'tr uc
tures in your charge.

Before inspecting wood structures in place.
we recommend that you careful ly inspect
members removed from service. Pay particular
attention to the location of deteriorated
a reas; these can indicate problems in con-
struction and maintenance that need to be
corrected. The best way to learn how to in '
spect wood in service is to cut up member~
f rom sound and failing structures. Cut these
members into short sections and longi«di
nally split each section so that you carl
the patterns of preservative penetration.
decay, and marine borer attack. Sacrificing a
few good members is a smal'i price to pay
a valuable experience that will help you
better-informed decisions later. Info" med

decisions can save lives and reduce casts'
incorrect decisions can endanger lives and
waste money.

F i nally, as a reminder of the safe p
you should follow when inspect'ng and
ing waterfront structures, we have i»cluded a



CHAAACTEAIBTICB OF OOUGLAB-FIR WOOD

OUAABII ITY

CheCkhSt at the end Of thiS maneial th,it r ln
be repl aduCed and Car l led by Naintelianee l>er-
sannei. And when yOu have finisiled rt adlng

Since people first ventured forth on the seas
in wooden ships to fish and tracle, they have
been accompanied by organisms that feed on
and live in wood. The struggle ta prevent
marine borers and rlecay fungi from consuming
wood used in marine environments has cantin-
ued, with varying degrees of success, for
thousands of years. clearly 2,000 years aqo,
bui der s already knew the importance of keep-
ing wood dry and using durable heartwoods.
They were aware of mar ine borers and decay
and attempted to protect wood by treating it
with crude extracts and chemicals. As the
world drifted into the Dark Ages, even this
knowledge was lost, and it was not until the
18th and 19th centuries that the study of
woad preservation was revived. This renewed
interest was due. in part. to the deteriora-
tion of waoden pilings in the dikes protect-
ing Holland and the prevalence of decay and
marine borers in the fighting ships of Enq-
land. whose navy at that time was supreme.

Because of its availability, workability with
simple tools, and superior strength proper-
ties, Douglas-fir is the princ.ipal wood used
for marine construction in the western United
States. This species is not resistant to
marine borers or decay fungi. and treatments
with preservatives under pressure and heat
are required to protect the wood from deteri-
oration. Those with a thorough understanding
of wood properties, agents of deterioration,
and methods of preventing their attack can
design, construct, and maintain Douglas-fir
structures to withstand harsh conditions for
long periods. Improper use of wood, whether
from lack of knowledge or from compromise for
short-term economic gain, can result in stag-
ger ing annual losses to fungal decay, insect
damage, and marine borer attack. The U. S.
Navy �965! estimates that damage by these
three agents costs $500 million annua I ly
along the coasts of the United States.

thi" manual, take tiu' tiilie to te St yaur
knaWledlie Of watertraill m linten,luce liy re-
Viewing the key Warda u> lhll i lOSsarV.

The emerqence in the 19th century af creo-
sote, a byproduct of the destructive dis-
t il  ation of coal. helped usher in a ren-
a issance in wood preservation. Noteworthy
achievements in this, period included the
develapment of pressure-treating with creo-
sote by John Bethel, the development of the
germ theory af disease by Pasteur, ancl im-
proved microscopes that permit ted Hartig to
associate fungi with wood decay.

ln the 20th century, a virtual information
explosian has led to effective wood designs
and improved protection practices that min-
imize biodeterioration. This information,
however, is of little value unless it is
disseminated to architects and engineers who
design wooden structures, contractors who
build them, and those who own and maintain
them. lt is especially important that this
information be disseminated ta those wha use
wood under the adverse conditions of the ma-
rine environment ~

The wood of Douglas-fir, which consists af a
thin outer zone of whitish sapwood surround-
ing an inner zone of reddish heartwood  Fig.
1!, is described in the "Wood Pole Mainte-
nance iylanual"  Craham and He sing 1979!. ln
Douglas-fir, sapwood thickness increases with
tree diameter, ranging from about an inch in
smail piles to about 2 inches in large ones
[Fig. 2! .

Unprotected sapwood of virtually all woad
species deteriorates rapidly in warm, moist
sail or in salt water. The presence of toxic
chemicals renders the heartwood of a few
native species resistant to attack by decay
fungi and insects and that of a few foreign
species resistant to marine borers  Table 1! .
Most native species, including Douglas-fir,



VAR IOUS PORT I ONS OF A DOUGLAS-F IR CROSS-SECTION. FROhll GRAHAM AND ~EL S I I C
  'I 979! .

F I GURE 2.

VARIATION IN DEP T H
A ND VOL USE OF SAP-
WOOD WITH I 4C REAS I QC
POLE DI ARETE R OF
COAST DOUGLAS � F I R
F ROIS GRAHAM AND HIEL-
S ING �979! .



TABLE 1.

Or i in

Native
Foreiqn te U.S. Species and resistance

X X X X X X
X X
X

60. 2

28.0

19254 MC

x 100

DG,NSITY 60. 2 � 28. 0
28 0 100

115% MC

have less durable heartwood. In Oregon coast-
al waters, Douglas-fir piles may serve a few
years when untreated and up to 30 or 90 years
when pressure-treated. Creenheart, a tropical
timber with heartwood resistant to marine
borer attack, lasted only 6 years when used
as piling in Oregon marine water s because
shipworms became established in the untreated
sapwood and then riddled the durable heart-
wood. Similar damage results if untreated
wood susceptible to marine borers is fastened
to resistant or preservative-t rea ted wood.
The scarcity, expense, and variable perform-
ance of resistant timbers have necessitatd
the increased use of preservative-treated
wood of nonresistant species.

SOIIAE wOOD SPE CIES wHQSE HEARTwoOD  S REsI ST A� T
To DEcAY FUNGI AND INsEcTs lg ! oR IttAR INE BQRERS
  !!. FROIIA WAI4GAARD �933! .

Greenheart  Ocetea rtgdlaei�
A g llh ~D « I D I !ll
t p tl d ~SI I  fit!g
klg It  D I +a I I !t
WeStern redcedar  ~Thts a jaliCata!a
Rdd ~S* I ~i!f
Pacific yew  Ta!ttgs brev!foils}
0 *g hit k fg ~1'
Al k � d  ~Ch I ~~t I !'
al kl« t RD i p d
A pd ~V I !f
hianbark!ak  Eschweliera Ianqliaes!S

h ~EI t ~it !I

Even among trees with durable heartwood, re-
sistance to deterioration varies greatly
between trees of the same species and within
trees. Within a tree, heartwood durability
generally decreases with increasing height
and with distance outward from the sapwood-
heartwood boundary toward the pith. The cur-
rent timber practice of short rotations
results in the use of products with less
durable heartwood and thus in the need for
preservative treatment.

Nature designed trees very weii: wood with
the highest density is in the lower stem
where tensile strength is needed, and density

deCreaseS aS One 11earS the top. Wood denSity
also varies between trees within a species
because of differences in cell-wali thick-
ness, void spaces, and extractive contents.

At a given moisture content, wood strength
inCreaSes with wood denSity. Far exantple, a
beam of western redcedar, which has a low
density �9 Iblft3!, must be larger in diam-
eter than a beam of Douglas-fir, which has a
higher density �8 Ib/ft3!, in order to sup-
port the same load. This property must be
considered in design of marine structures,
especially when heavy loads are involved, and
toay also be a factor in the driving and set-
ting of pites.

IVIOlST'URE CQNTENT

Moisture content of wood and its determina-
tion have been discussed in the "Wood Pole
Maintenance Manual"  Craham and He Ising
1979!. Basically, ntoisture content  MC! of
wood is expressed as a percentage of the
wood's ovendry  water-free! weight. For the
convenience of the reader. the calculations
are reprinted from the previous manual:

QC 100
ovendry weight

or initial wei ht � ovendr wei ht
x 100

ovendry weight

For example, if 1 ft of Douglas-fir sap-
wood weighs 60.2 lb and its ovendry weight
is 28.0 lb, the calculations would be:

initial wei ht
1 x ll00

ovendry weight

OI initial wai ht � Dvghd~
ovendr y weight



PRRMEABIL-ITY

The ability of liquids to move through wood
cells is of great importance in treating wood
and in designing wood structures. Wood is
much more permeable to fluids through the end
grain than through side grain. Thus, struc-
tures in which end grain is placed in exposed
positions wll I result in wetter wood than
w II I those In which side grain i s exposed.
Because they contain extractives and tyloses
that may plug pores and other openings,
heartwoods are generally less permeable than
sapwood and some are virtually impermeable.

The permeab il ity of Douglas-fir heart wood
varies according to geographic source. Six-
inch-long blocks of coast Douglas-fir heart-
wood can frequently be completely penetrated
from the ends by pressure treatment with
creosote, whereas those of heartwood from
trees grown in the interior are nearly im-
permeable  F ig. 3! .

Douglas-fir logs used as fioats for docks
gradually sink as water penet rates from the
ends. Water movement radially into coast
Douglas-fir was restricted to the outer I to
2 inches ln both untreated piles in service

for I 3 year s and creosote-t reated piles
service for 30 years  Fig- 4! ~

FICURE 4.

MOI STURE CONTENT OF CREOSOTE-
T R EAT E D MARINE P IL I NC AT VARIOUS
DISTANCES FROM THE BARNACLE LINE AND
DEPTHS FROM THE WOOD SURFACE.

F ICURE 3.

HEARTWOOD PERMEABiL
I T Y OF DOU CLAS-F I R
VARIES WITH CEOGRAPH"
IC SOURCE. GENERALLY.
COASTAL SOURCES
P E RMEAB LE, CASCADE
MOUNTAIN SOURCES ARE
MODERATELY IMPERM
EABLE, AND INTERMOUN
T A IN SOUR CES ARE
IMPERMEABLE  REFRAC
TORY!. FROM GRAHAM
 UNDATED!.



FIGURE 6.

FIGURE 5.

SHRINKAGE AND CHECKING

When freshly cut timbers dry or season, they
lose water initially from the surface and
then at increasing depths so that a moisture
gradient is formed. As the wood declines in
moisture content below 30 percent, it begins
to shrink and check. While drying to a mois-
ture content of 12 percent, a typical piece
of Douglas-fir shrinks about 3 percent across
the growth rings  radially!, rl percent along
the rings  tangentially!, and 0.1 percent
along the length of the timber. Because wood
shrinks more along than across the growth
rings, numerous small V-shaped checks form
near the wood surface as it dries. As the in-
terior of the wood dries, many small surface
checks close, but one or more of these checks
may widen and penetrate deep into the wood
 Fig. 5! . Timbers containing heartwood from
the center of the tree are especially suscep-
tible to deep checks. Shrinkage tends to in-
crease with increasing wood density. Although
deep checks to the center indicate a well-
seasoned pole, numerous small checks do not
necessarily indicate a poorly seasoned one,

CROSS-SECT ION OF DOUGLAS-F I R WIT H
SEVERAL DEEP CHECKS THAT FORMED AS
THE WOOD DRIED AFTER PRESERVATIVE
T R EAT MENT.

because some timbers check very lit tie as
they dry.

Although dry wood is easier to treat with
preservatives  to be discussed later!, even
under ideal conditions large round or sawn
timbers  greater than 5 inches in width! re-
quire excessively long kiln drying  Graham
and Womack 1972! or air-seasoning � years or
more!. As a result, large timbers are preser-
vative-treated and placed into service while
stil I at relatively high internal moisture
contents. As they season, these timbers may
develop deep checks, which will eventually
expose untreated interior wood to potential
attack by wood-destroying organisms  Fig. 6!.
Dissection of many timbers has shown the un-
reliability of visibly assessing the exposure
of untreated wood in checks as weil as the
inaccuracy of probing their depth with a thin
blade. These techniques wil I provide only a
partial measure of check depth and do not
separate checks that expose untreated wood
from those that do not.

N AR ROW CHECKS T HAT DEEPENED AFT E R
PRESERVATI VE TREATMENT, EXPOSING
THE UNTREATED HEARTWOOD OF THIS
DOUGLAS-FIR PILE TO ATTACK BY DECAY
FUNGI. FROM GRAHAM AND HELSING
�979! .



F I CURE 7.
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Knowledge of wood characteristics is to no
avail if it is not supplemented by familiar-
ity with proper design and construction prac-
tices. Frequent ly ignored fundamentals of
good design and con struction include the
fol'lowing:

KEEP TWE WOOD DR Ir

Wood below the fiber saturation point is not
attacked by most fungi. Dryness is best
achieved by structures designed to shed wa-
ter, drain water away rapidly, prevent water
from collecting on or in the wood, and pro-
tect cut off ends of timbers.

USE PREBERVATIVE-
TREATED WOOD

Whenever possible, select wood that has been
pressure-t reated with preservatives. If feas-
ible, order timbers cut to length, shaped for
attachments, and dril led for bol ts prior to
pressure treatment with a preservative appro-
priate for the site.

AVOID LARGE TIMBER%3

Instead of selecting one large, sawn, treated
timber, bolt together two or more narrow tim-
ber s In wh i ch bolt holes hav e been drilled
before treatment. Large timbers are more
susceptible to checking.

MAKE FIELD CUTS PRIOR

TO TREATMENT

Dur ing construction, cuts and bolt holes
frequently expose untreated wood  Fig. 7!.
These areas become ideal sites for coloniza-
tion by decay fung i above the water line and
marine borer attack below. Cutting and drill-
ing prior to preservative treatment, a common
practice of electric companies, is the most
effective long-term solution for this prob-
lem. Capping the cut ends with water-imperm-
eable barriers such as coal tar-cement in a
fiberglass patch can also effectively protect
wood when field cuts must be made. Drilling
bolt holes smaller in diameter than the bolt
being used is an old but excellent practice
for preventing decay and marine borer attack
in these zones.

A: DURING CONSTRUCT'ION, WOOD BRA-
CINC IS OFTEN CUT, EXPOSING THE UN-
TREATED WOOD WITHIN TO DECAY FUNGI
OR I'NSECTS ABOVE THE WATERLINE.
B: BELOW THE WATERLINE. SUCH SITES
BECONIE IDEAL ENTRY POINTS FOR MARINE
BORERS.

AVQIO HANDLING PILER
ROUGHLY

Rough handling can cause damage that exposes
untreated wood, Such damage is es peel al ly
common when piles are handled with pointed
tongs that pierce the treated shell, rreating
entry points for marine borers. Dragging
piles before they are driven ancl dumping rip-
rap about them can damage the treated shell.



Before instaliation in a structure, sawn tim-
berr s and piling s of Doug las-fi r shou Id be
pressure-treated with pr eservatives according
to the standards of the American Wood-Pr eser-
vers' Association �983! or the latest revi-
s ion of federal specification TT-W-571  U. S.
Department of Defense 1974!, which are usual-
I y ident ica I. The tee hnica I deta i Is of pro-
curing properly treated wood for various uses
and geographic locations are discussed in
a very helpful Forest Service publication
 Gjovik and Baechler 1977!.

Material intended for marine construction
should be treated according to American Wood-
Preservers' Association  AWPA! standard
C18-77  Appendix B!, which summarizes the
specific treating requirements for various
marine exposures. Because it is not economi-
cal to season large timbers completely before
pressure treatment, timbers usually are
treated at higher moisture contents and grad-
u a'I ly sea son a f ter being placed in serv i ce.
This is not a problem below the water'line be-
cause wood in this zone remains swollen. How-
ever, wood above the waterline continues to
season and shrink, and it may develop deep
checks that expose untreated wood to decay
fungi and insects  Fig. 6!.

One method used to reduce the development of
deep checks after treatment involves sawing a
kerf to the center of the timber prior to
preservative treatment  Graham 1973, Helsing
and Graham 1976, Ruddick and Ross 1979!
 Fig. 8! . This kerf creates a well-treated,
deep check. A fuil-length kerf to the cen-
ter has been found to prevent deep checks
in Douglas-fir crossarms  Graham and Estep
1966!, cross-ties, and guardrail posts
 Chandler 1968!. In horizontal members, care
should be taken to ensure that the kerf is
oriented downward to prevent water from col-
lecting. Strength loss as a resuit of kerf-
ing is minimal except where spiral grain Is
excessive.

Because of the difficulty of penetrating
Douglas-fir heartwood with preservative, the
use of incising prior to preservative treat-
ment is necessary to meet the AWPA's require-
ments on preservative penetration and reten-
tion  Appendix B!. Incising exposes the ends
of the tracheids, permitting more preserva-
tive to flow along the wood grain. It aids
penetration in coast Douglas-fir but not in
interior Douglas-fir from east of the Cascade
Mountains  Miller and Graham 1977!. Service-

ability of tra»smissron poles is improved by
drilling para! lel rows of holes through the
ground'line zone  Graham et al. 1969! or by
making numerous 2.5-inch-deep slits at the
groundllne or full length  Best and Martin
1969!. Because bending strength is largely
determined by the outer circumference of the
wood, incising can help ensure the presence
of a thick shell of preservative-treated wood
to support loads even if the untreated wood
inside the structure decays  Fig. 9!. When
designing with incised timber, be sure to
allow for a 10 to 15 percent strength loss;
slightly larger timber may be required.
A wise precaution, especially with large
quantities of pressure-treated wood, is to
have an independent inspector determine if
the material and its preservative penetration
and retention meet the AWPA standards for the
intended use. The inspection involves ap-
praisal of the external condition of the tim-
bers for deformities and damage, removal of
increment cores for field measurement of pre-
servative penetration, and laboratory deter-
mination of preservative retention.

F IGURE 8.

MAKING A SAW KERF TO THE CENTER AND
ALONG THE LENGTH OF THE TIMBER BE"
FORE PRESSURE TREATMENT CAN EFFEC-
TIVELYY LllulIT THE AMOUNT OF CHECKING
AND REDUCE THE CHANCE OF DECAY.



FIGURE 9.

A: INCISING TEETH ARE FORCED INTO PILES A'ND CUT END-GRAIN. 8: EXPOSINC
END-GRAIN BY DRILLING SEVERAL HOLES INTO THE PILE ALLOWED PRESERVATIVE TO
PENETRATE FOR SEVERAL INCHES.

WOOD-INHABITING QAGANISMS

Wood-inhabiting organisms include the broad
categories of marine borers, fungi, bacteria,
Insects, and--to speak loosely--seabirds.

MA.RIME HOPE RB

IMNORIA

Three groups of marine borers are of major
economic importance In West Coast waters--
grlbbles, shipworms, and pholads  Fig. 10!.
Each differs in its biology and in the type
of damage it causes. Although mariners consi-
der them enemies, these organisms play a
major role in carbon and nutrient cycling by
breaking down driftwood into its components.

Gribbles, which are members of the genus
Limnoria are destructive crustaceans that
burrow into the wood surface. Unlike other
marine borers, gribbles are free-swimming and
can move from infested to sound pieces of
wood, which are apparently used for food as
well as shelter. As waves and deb ri s wea r

away the weakened wood, these organisms bur-
row deeper into the sound wood beneath. Al-
though grlbbles burrow to only a she llaw
depth, col lect ive ly they can reduce pile
diameter by 1 inch per year. Thus, grlbble-
infested piles typically have an hour-glass
shape at the tide line  Fig. 11!. In general,
gribble attack is accelerated in warm, tropi-
cal waters, where breeding occurs year-round,
and stowed in cooler northern waters, where
breeding is seasonal.

Three major species of I imnoria exist in West

tata, and L.  iwinorum. Because of their smail
size I1/8 to 1/4 inch iong! and similar ap-
pearances, species of Limnoria are not easliy
distinguished without the aid of a trained
taxonomist. Limnoria ~tri unctata is of most
interest because it can attack creosote�
treated wood in exposures southward from San
Francisco Bay, California. Although it is
found in estuaries as far north as the
Straits of Georgia northwest of Puget Sound
in these areas it is apparently incapable af
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A: LIMNORIA SPP ARE SMALL, MOBILE
CRUSTACEANS THAT FEED ON OR BORE
INTO THE WOOD SURFACE. B: SEVERE
E XAMPLE OF PILE Wl TH HOUR-GLASS
SHAPE TYPICAL OF ATTACK BY LIIUlNORIA
SPP. AND WAVE ACT IO'N AGAINST THE
WEAKENED WOOD.

attacking wood proper ly treated with creo-
sote. Studies of differences between L. tri-
punctata populations in northern and southern
bays and between environmental conditions in
the two areas may provide clues leading to
safer, more effective control measures.

Limnoria uadri unctata and L. Ii norum also
~common y occur n marine waters o the Paci-
fic Northwest. However, in the absence of
attack by t r ~tri unctata, they can be effec-
tively controlled by the use of wood press-
ure-treated with creosote.

Detection of Limnoria damage re@vires exami-
nation of the wood for diameter reductions
associated with networks of i/6-inch-diameter
tunnels penetrating only a short distance
into the wood. These inspections are most
easily accomplished at low tide, from a small
skiff or by wading.

A shipworm is a clam-tike mollusk that bur-
rows deeply into submerged wood by rasping
w ith a pa ir of finely ser rated shet ls on it s
head  F i g. 12! . Although piles at tack ed by
shipworms may appear sound on the surface,
they may be completely riddled with a maze of
tunnels.

The two major species of shipworms--Teredo
navalis and gankia setacea � have diTeerent
hydrological  water! reguirements. The first
is found in the warmer waters extending
southward from San Francisco Bay. Its ability
to withstand broad salinity ranges permits it
to survive in the upper reaches of many estu-
aries. Bankia setacea, on the other hand, is
found ail along the Pacific coast, but the
only estuaries in which it can survive have
salinities above 20 par ts per 1,000.

Shipworms can spread to new wood only when
they are in the free-swimming iarval stage.
Once they attack and bore into the wood. they
become imprisoned within it. Ancient mari-
ners, realizing that shipworms were impri-
soned in the wood of their ships, would sail
far up river and remain in fresh water for a
number of months to kill the shipworms.

Adults of y. navalis range fr'om l to 2 f
in length and are about lit inch in diaraeter.
while adults of B. setacea can grow up to 5



F 'I GU RE 12.

THE HEAD OF A SHIPWORM WITH THE PAIR
OF RASPING SHELLS THAT AID IN WOOD
BOR IN G. NOTE THE ELONGATED WORM-
LIKE BODY EXTENDING INTO THE BACK-
GROUND.

F IGURE 13.

WOOD CROSS-SECTION WITH NUMEROUS
SHIPWORM TUNNELS IN THE INTERNAL
PORTION OF THE WOOD. THE SURFACE
OF THIS PILE WAS ALSO ATTACKED BY
LIMNORIA SPP.

to 6 feet long and to a diameter of 7/8 inch.
As the shipworm grows, its tunnel increases
in length, while the entrance hole remains
approximately 'I/16 inch in diameter. Through
this entrance hole, the animal extends a pair
of siphons that absorb oxygen from surround-
ing seawater while discharging waste and
reproductive products. When danger threat-
ens, the shipworm retracts the siphons and
plugs the hale with hardened structures
termed ~el lets.

Because external damage is minimal, detecting
shipworm damage is difficult  FIg. 13!. Ex-
perienced divers look for siphons that pro-
ject from the wood or use sonic dev ices to
estimate the extent of internal damage. Ship-
worm and grlbbie attack can also be detected
by immersing untreated wood panels and de-
structively sampling them at monthly inter-
vals. With this method, regular inspections
are necessary.

PHC3LAC3S

Pholads, rock-burrowing clams, burrow into
and damage untreated wood in warmer waters
near Hawaii and Mexico. They are also a
common sight along Oregon beaches. Although
related to shipworms, pholads resemble ordi-
nary clams: their bodies are entirely en-
closed within a pair of shells. Like ship-
worm s, these or ga ni sm s become Imp r i sane d
within their burrows after entering wood.
Unlike shipworms, however, pholads bore only
into the surface, enlarging their pear-shaped
burrows as they grow in size  Fig. 14!. Be-
cause pholads enlarge their entrance holes to
a diameter of about 1/4 inch, their coloniza-
tion of wood is more readily detectable than
is shipworm attack. Martesia striata is the
pholad species most associated with wood
attack; adults are 2 to 2-1/2 inches long by
1 inch in diameter.
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A: PHOLADS ARE FREQUENTLY FOUND
B UR ROW I NG I N ROCKS ALON G THE
OREGON COAST AND CAN ALSO BE FOUND
IN WOOD. B: A FAR MORE SERIOUS
PROBLEM IN TROP ICAL ENVIRONMENTS,
PHOLADS FORM PEAR-SHAPED CAVITIES

NEAR THE WOOD SURFACE.

OTHER MARINE WOAD BORERB

In addition to the three groups mentioned
above, there are three less economically im-
portant genera of marine horers � ~ghaeroma
sppa r Chelura sppe a and XYIoyha~a spp.�
along the West Coast. ~Shaeroma spp., 3/S-
inch-long organisms resembling pill-bugs and
related to the genus L imnoria, may be more
destructive than we realize. Although their
burrows are larger than those associated with
attack by Limnorla sppe s they burrow just
below the wood surface, prefer softer woods,
and are less numerous and destructive. Mem-
bers of the genus Chelura are small amphipods
that sometimes browse on wood and feed on the
feces of Limnoria spp. By doing so, they help
to enlarge and dean the burrows of the other
species, increase oxygen flow, and permit
deeper burrowing. Borers of the genus ~Xlo-
~haga are present deep in the Atlantic and
Pacific Oceans �,500 to 6,800 feet! and are
believed to burrow into mud on the bottoms
They will also colonize wood within 1 to 2
feet of the mud line. Because these genera
are of minor economic importance, control
measures for them will not be considered.

WOOD-INHABITING FUNGI

The structural integrity of wood can also be
destroyed by certain fungi. These filamentous
organisms, which lack chlorophyll, feed on
wood to obtain energy. Like ail organisms,
they require free water, air, favorable temp-
eratures, and nutrients to survive  Fig. 15!.
Wood with a moisture content below 28 percent
 ovendry basis! is usually safe from fungal
attack; however, above the 25 to 30 percent
fiber saturation point, the cell lumens ac-
cumulate free water and most decay fungi can
degrade wood. High wood moisture contents
 �0 percent! restrict the amount of air in
the wood, decrease oxygen leve'Is, and limit
fungal growth. Lack of oxygen explains why
wood submerged in water or buried under-
ground decays very slowly or not at aII.

The temperature requirements of most wood�
inhabiting fungi are broad: temperatures be-
low freezing �2~F! inhibit growth but do not
k il I them. Above freezing, fungal activity
increases, peaking at 50 to 80 F and decreas-
ing as temperatures approach 100DF. Most
fungi are killed at temperatures above 1504F
after brief exposures  Chidester 1935!.



F IGURE 15.

DECAY FLINGI

F IGURE 16.

WOOD-DECAY FUNGI, LIKE MOST LIV IN G
THINGS, REQUIRE AIR, MOISTURE, FAVOR-
ABLE TEMPERATURES, AND A SUiTABLE
FOOD AS AN ENERGY SOURCE. fROM
GRAHAM ET AL.  UNDATED! .

A wide variety of fungi colonize wood. Some
f ung i digest the wood ce I I wa I I, causing
decay, but large numbers of fungi colonize
wood with little or no effect on its strength
properties. These fungi metaboli ze simple
carbon compounds, extractives, or storage
cells  parenchyma! with minimal effect on
wood. Studies are underway on the interac-
tions between these fungi and on their roles
in the decay process, but the complexity of
wood and the number of organisms present
make such studies exceedingly difficult and
t ime-consuming.

l4lushrooms and conks are the typical fruiting
bodies of decay fungi. Each produces billions
of seed-like spores  F ig. 16! . Although
fruiting structures are the most visible
decay indicators, in reality they are the
result of an invasion and digestive process
that occurs, unseen, under the wood surface
in a series of events that may take months or
years to complete.

The process begins when a spore lands on a
wood surface and, under favorable conditions,

germinates to produce microscopic, tubular
cells, called hyphae, which penetrate the
wood. As the hyphae move through the wood,
they secrete enzymes that dissolve the cell
walls  eel iu lose, hem i cellulose, and lignin!,
transforming the wood into simpler chemicals
that the fungus can absorb and use as food.

The term ~de«a describes wood in all stages
of fungal attack, from the initia! invasion
of hyphae into the ceil walls to the complete
destruction of the wood. Ear Iy fungal at tack,
also termed ~inci ient ~deca, can only be
detected by microscopic ex am i nation or, a s
described in Appendix C, by incubating the
wood on nutrient agar and determining whether
a decay fungus grows  Fig. 17! . If decay
fungi can be cultured from wood that appears
sound  free of decay!, then that wood is
considered to be in the incipient stage of
decay. During the early stages of decay, some
fungi may discolor the wood or substantially
decrease its toughness. As decay proceeds,
wood becomes brash  breaking abruptly across
the grain!, loses luster, changes color, and
loses strength. Wood that is visibly decayed,

FRUITING BODIES, SUCH AS THE ONES ON
THE END OF THIS LOG, MAY BE THE
FIRST SIGH OF A DECAY PROBLEIUla
REMOVI NG THE FRUIT ING BOD IES WILL
NOT PREVENT THE DECAY FROM CON-
T INU I NC.
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FIGURE 18.

DECAY FUNGUS CULTURED FROM AN
APPARENTLY SOUND INCREMENT CORE
INDICATES THAT DECAY IS PRESENT.
FROM GRAHAM AND HELSING �979!.

greatly weakened, and conspicuously soft or
brash is in the advanced stages of decay,
which are termed rot.

T here are three types of decay: white and
brown rots, generally caused by fungi classi-
fied as Basidiomycetes, and soft rot, caused
by fungi classified as Ascomycetes and Fungi
lmperfecti  Fig. 18!. Brown rots are so
ca lied because of the brown color the wood
acquires from the predominantly lignin resi-
due left after fungal metabolism. Such rots
occur most commonly on softwoods and are
characte r ized by utilization of the carboh y-
drate fraction and modification of the lig-
nin. Wood attacked by brown rot fungi has
markedly reduced strength even when weight
I osses are slight; maximum we ight losses in
such wood often reach 60 to 70 percent. Wood

MICROPHOTOGRAPHS OF LONGITUDI NAL
SECTIONS OF WOOD DAMACED BY  A! BA-
SIDIOMYCETOUS DECAY FUNGUS AND
 8! SOI=T ROT FUNGUS. PHOTO A COUR-
TESY OF DR. BARRY GOODELL, UNIVER-
5 I T Y OF MAINE, ORONO.
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attacked by white rot fungi appears bleached
or whitened in the advanced stages of decay
because of the predominantly cellulosic resi-
due left after fungal metabolism. Although
these fungi cause less loss in strength than
do brown rot fungi, they eventually cause
weight losses up to 90 percent. Soft rot
fungi cause a graduai softening and degrada-
tion of the wood surface and are important in
areas where high moisture levels restrict
attack by brown and white rats. Attack by
soft rot, which occurs at high moisture lev-
els, significantly reduces strength proper-
ties even when weight losses are slight and
can be associated with weight lasses up to 60
percent.

NDN-DE :AY FUNGI

Numerous non-decay fungi also inhabit the
wood above and below the waterline. They feed
on cell contents, certain components of the
cell wa il, and byproduct s of decay by other
fungi. Frequent'ly, only non-decay fungi can
be isolated from wood in advanced stages of
decay. These fungi may be responsible for
detoxifying preservatives, making wood more
permeable to water, and inhibiting slower-
growing decay fungi. They may also act as
food sources for wood-attacking marine bor-
ers. Certain non-decay fungi known as sap-
stain fungi discolor sapwood blue, brown, or
black. Heavily stained wood may be reduced in
w ood tou g hnes s.

Other microscopic organisms--bacteria--are
a Iso present in wood, especla I ly in the ma-
r ine environment. While many of their roles
in woad deterioration remain unclear, bac-
teria are known to attack the cell wall,
detoxify preservatives, and increase wood
permeabiii ty. T hey may al so conditi on wood
for decay fungi. Bacteria are highly resist-
ant to many wood preservatives and may aid in
colonization of wood by marine borers. One

unusual marine bacterium, Pseudomonas creo-
sotensis, is capable of degrading substan-
tial amounts of creosote in warmer climates
 O' Neill et al. 1961! . As scientists learn
more about wood � inhabiting microbes, bac-
ter ia will probably be found to play an im-
portant role in wood breakdown.

Wood above the waterline may be attacked by a
number of insects, including termites, car-
penter ants, and beetles. Characteristic
damage by each of these groups has been de-
scribed in the "Wood Pote Maintenance Manual"
 Graham and Heising 1979!.

One beet le that has become inc rea sing l y im-
portant is the wharf borer, Nacedes melanura.
This species, which was originally imported
from Europe, can attack untreated hardwoods
and conifers with moisture contents above the
fiber saturation point. Its larvae, which
tunnel extensively and leave behind dark
brown fecal matter or frass, are invariably
associated with decay fungi that further de-
grade the wood.

Althaugh not inhabitors of wood nor direct
factors in the deterioration of marine piles,
seabirds may increase the amount of nitrogen
in the wood by perching on top of pilings and
depositing their unsightly feces on the sur-
f ace. Because wood norma I ly contains ver y
I it tie ave liable nitrogen, this added nit ro-
gen may stimulate fungal decay. Cutoff tops
of piles should be treated with a preserva-
tive encl capped to pr event the entry of water
ancl nutrients into the wood. Cone-shaped caps
can prevent perching  Fig. 19! .
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A: SEA GULLS MAY CONTRIBUTE TO DECAY OF PILE TOPS B Y INTRODUCING ADDED
'NITROGEN INTO THE WOOD WITH THEIR DROPPINGS. 8: CONE-SHAPED CAPS NOT ONLY
KEEP THE PILE DRY BUT ALSO LIMIT PERCHING BY SEAGULLS AND PREVENT THE
ACCUMULATION OF DROPPINGS.

QTHEA WCIDQ-DAMAGING AGENTS

In addition to biol ogi ca I agent s that deter i-
orate wood, there are physical or chemical
agents that either damage wood or allow entry
of more dest ru ct i ve pest s.

WOOD-METAL CORAOSIGN

SALT OEGRAOATION

Alternate wetting and drying with salt water
or leaching of sa lt stored on wood sometimes
leads to accumulation of sa It cr yst a is within
wood tracheids. Eventually, this buildup of

Under moist conditions, wood and metal can
react chemically so that the wood degrades
a nd the metal corrodes. Diss imi la r metals up
to several feet apart can form galvanic cells
that generate voltage differences, which
eau se the meta I to corrode. Wood near the
metal prov i ding the elect ron s to the cell
 anode! becomes "pulped" by the production of
sodium hydroxide and appears to be brown-
rotted. Conversely, the wood near the metal
that is capturing electrons  cathode! becomes
exposed to hydrochloric acid and appears to
be bleached or white-rotted. These processes

are accelerated in salt water and are common
in boats without a sufficient amount of sac-
rificial zinc protection  Ma lion and Kilbe
1979! . Leakage of electricity In boats accel-
erates the corrosion process. The presence of
white crystals and a bitter taste to the wood
around the metal are sure signs of wood-metal
corrosion. The absence of fungi in wood cul-
tured from these areas, in conjunction with
pH measurements, can confirm the source of
damage. An annotated bibliography of wood-
metal corrosion is available  Graham et aI.
1976!.



cially promising, if installed correctly, is
a 0-inch-wide metal collar encircling the
pile  Fig. 20B!. The metal collar may be made
an integral part of t' he dock  Fig. 20C!.

crystals may rupture the tracheids. Because
the 'lignin remains unchanged, the wood re-
tains its brownish color but otherwise ap-
pears like white-rotted wood. Although the
ruffled or fibrous appearance of the wood
appears severe, salt degradation generally
extends only a few millimeters into the wood.

CHAFING QF TIMBEAB

Damage by chafing of piles from floating de-
bris, boats, and, most importantly, floating
docks is common, especially in areas with
heavy tidal surges or flows. Floating logs
chained in place can fence out large floating
debris from under the dock and prevent it
from striking the piles, but the logs them-
selves may chafe piles. Chafing can be espe-
c ia lly severe on piles dr iven at sli ght
angles below floating docks. As the tide lev-
el changes, the deck moves up and down
against any pi'les pinching the dock, gradu-
ally wearing them away  Fig. 20A!. Some anti-
chafing devices used with varying success
include chains, roller bars, U-shaped bars,
sacrificial strips of wood or metal, and
rubber tires. One device that appears espe-

FIGURE 20.

A: CHAFING OF MARINE PILES IS MOST SEVERE WHEN PILES ARE IMPROPERLY PLACED OR
IN AREAS OF HEAVY TIDAL FLOWS. 8: CHAFING CAN BE PREVENTED BY THE VSE OF
WIDE METAL COLLARS. C: SUCH COLLARS CAN BE INCORPORATED INTO THE DOCK
STRUCTURE.
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tents and exposed to drying conditions
service ran develop deep checks that pene
trate below the treated shell. Along the
Oregon coast, piles are much less susceptible
to checking than are sawn timbers that are
more directly exposed to the sun. Because
wide timbers check more than narrow ones,
bolting two or more narrow timbers together
can greatly reduce both checking and mainte-
nance costs, especially if the timbers are
t reated.

QECAY QF PILE TOPS

Cracks can occur in piles and sawn timber
during unloading or when the pieces are
dropped. Cracks can also occur in piles dur-
ing hard driving.

JOINTS

Failure to protect the untreated ends of cut-
off piles and timbers that are butted toge-
ther can result in rapid colonization by
decay fungi and a serious decay problem in
as little as 5 years  Fig. 22! . Below the
waterline, these untreated joints can incur
marine borer attack that the preservative
treatment would normally inhibit. Above the
water line, the exposed joints trap water and
provide an ideal site for fungal invasion
unless they are treated or protected.

FlGURE 2l.

T HE COMMON COASTAL PR ACT ICE OF
CUTTING THE TOP OFF PRESSURE-
TREATED PlLING EXPOSES UNTREATED
HEARTWOOD TO DECAY FUNGI AND OFTEN
RESULTS IN A HOI LOW PILE TOP.

FIGURE 22.

Piles and large sawn timbers that areare press-
� rea ed at high internal moisture con-

Properly treated and handled, wood can last
indefinitely under marine conditions. How-
ever, wood that is untreated or not used
properly is subject to attack by the organ-
nisms and agents just described, and the re-
sulting decay forms distinctive patterns that
vary according to how the wood is used.

Decay of pile tops results from failure to
protect exposed, untreated wood  Fig. 21!. It
occurs when water accumulates in the tops of
cut-off piling. Many pi'le tops are initially
cut at a steep angle, presumably to increase
water runoff. Instead, such an angle exposes
more untreated surface area, increases decay
potential, and makes capping more difficult.
Entry of moisture is soon followed by decay
f ung i and insect s.

SEASONING CHECKS AND
CRACKS

DECAY OFTEN OCCURS WHEN WATER
LECTS IN WOOD jOINTS.
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SCRAPING DEVICES

Wooden boats covered by impermeable barriers
such as fiberglass frequently cfecay when
holes are drilled for fasteners or when
cracks develop in the barrier surface. Either
condition permits the entry of moisture and
decay fungi into the wood. The remainder of
the barrier helps to hold in this moisture
and creates ideal conditions for decay devel-
opment. Design and construction practices
that allow water to be shed and provide good

Incipient decay may develop in untreated pile
tops within 1 year and reach the visible,
advanced stage, termed rot, within 2 to 4
years. Incipient decay can extend 4 feet or
more from the internally rotting areas of a
Douglas-fir pile. Although there are now no
practical methods for field detection of
incipient decay, continued research on chem-
icals that color decay ing wood and on the
alteration of wood' s electr ica'I properties by
decay may eventually permit such field detec-
tionn. Until then, microscopic examination or
culturing pieces of the wood are the only
r el i able method s of detect i ng deca y fung i in
wood

Core culturing involves removing a piece of
wood, placing it on nutrient agar, and ob-
serving the fungi that grow out from it after
1 month  Appendix C! . Any fungi that grow
from the wood must be examined under a rnicro-
scope by a trained specialist to determine if
they do or do not cause decay. Although there
is a delay between inspecting wood and ob-
taining results from culturing, large numbers
of cores can be removed and cultured so that
the process is nearly continuous. During the
first inspection, culturing can be especially
helpful in determining the extent of poten-
tial decay problems.

Eventually, the chemical and physical proper-
t i es of decaying wood change suf fi cient ly to
permit recognition by other methods. T he

air circulation enable wooden boats to pro-
vide long service.

Balt holes also can expose untreated wood in-
side treatecf timbers to attark by wood-
destroying organisms. If such a hole is not
to be treated with a preservative, drill it
slightly sma lier than the bolt and drive the
bolt through. This Is especially rmportant if
the hole must be drilled below the waterline.

sooner these changes are detected, the ear-
lier remedial treatments can be applied.

A number of devices are used to detect decay
above and below the waterline. These devices
are outlined in the following subsections.
They should be used under particular situa-
t ion s by experienced indiv i dual s.  Some
equipment sources are listed in Appendix D.!
Before applying these procedures on actual
structures, it will be helpful to practice on
wood with known damage or defects. This step
w ill greatly enhance your ability to detect
actual decay or marine borer damage in the
field.

A triangular blade scraper, a sharp shovel,
or a dull probe are useful when inspecting
piles for surface deterioration or marine
borer attack  Fig. 23! . The scraper, in addi-
tion to detecting surface decay, is also use-
ful for removing surface � fouling organisms
that can obscure wood attack. The probe al-
lows the inspector to estimate the depth of
deterioration, while the shovel can be useful
for removing surface fouling, detecting se-
verely decayed wood, and removing soil from
around land-based piles or bulkheads. Because
untreatecl wood can often be exposed while
these tools are being used, a preservative
solution or paste should be applied to ex-
posed areas.
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PICK TEST

F ICURE 24.

PILOOYN

PROBING THE WOOD SURFACE WITH A
SCREWDR IVER OR OTHER SHARP I NSTRU-
MENT OFTEN REVEALS SURFACE DAMAGE.

In some cases, a pointed tool can be useful
for detecting brash wood  Fig. 24! that may
be indicative of decay. Sound wood has a
fibrous structure and splinters when broken
across the grain, whereas rotten wood breaks
abruptly across the grain or crumbles into
small particles. In addition, sound wood has
a solid feel when probed, while surface rot
i s usually soft and has minute f ractures,
much like charred wood. Although useful in
the hand of trained individua'Is  Wilcox 1983!,
the pick technique is highly subjective and
easily susceptible to errors in judgment.
However, as you become more experienced, you
may wish to incorporate this procedure into
your inspections.

T he pilodyn is a penetration device with a
spring-loaded pin. It can be useful above the
water line for detecting surface decay and
below the water line for detecting softening
and attack by Llmnoria spp. This device has
been used to assess wood density in standing

t rees, to detect decay from soft rot in uti I-
ity pales, and to determine the integrity of
submerged wood in sunken ships. When prop-
erfy used, it can indicate surface attack but
has litt'le application to detection of in-
ternal deterioration.

THE "PICK" TEST CAN BE USED TO
DETECT DECAYED WOOD. ABOVE: LONG
S PL I N TERS I ND ICATE SOUND WOOD.
BELOW: EASILY BROKEN WOOD AROUND
T HE "P I CK" I ND ICATES DECAY. FROM
HELSINC AND GRAHAM �981! ~ REPRINTED
WITH PERMISSION FROM OREGON STATE
UNIVERSITY EXTENSION SERVICE.
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The hammer is a simple, effective tool for
sounding piles and large timbers in order to
detect advancecl internal decay  Fig. 25!. A
light-weight hammer that is both comfortable
to use and strong enough to stand repeated
blows is recommended. Sound wood is indicated
by a sharp ring, while a hollow sound or dull
thud indicates some defect. Because wood de-
fects other than decay can affect sounding,
it is important to drill or core the suspi-
cious area.

More sophisticated sonic devices have recent-
ly been developed for detecting internal
decay  Appendix D!. Also based on the princi-
ple of sounding, these devices can detect
internal rot pockets but not incipient decay.
To be effective, they must be well-maintained
and oper ated by trained personnel.

F I GURE 25.

SOUND I NG A P ILE Wl T H A HAIUlME R CAN
REVEAL LARGE VOIDS IN THE WOOD.

INCREMENT HDAER

The incr ement borer is an extremely useful
inspection tool. It consists of a hol low,
high-grade steel bit that is twisted into the
pole, permitting removal of a solid wood core
 Fig. 26!. This core can then be examined for
preservative penetration and the presence of

voids or defects, and it can he cultured for
the presence of decay fungi. Increment borers
are available in a variety of lengths and
diameters suitable for the various sizes of
structures being inspected  Appendix D!.

The service life of the increment borer can
be greatly extended by following a few simple
rules:

1. To speed coring and decrease the risk of
breakage, make starter holes 1! 2 to 3.'4
inch deep with a hammer-mounted metal
punch  Fig. 27! .

2. If boring resistance increases sharply,
first back out and remove the core, then
bore deeper.

3. Apply moistened soap to the exterior of
the borer to decrease boring resistance.

4. Periodically sharpen the borer with a fine
hone to ease coring and reduce risk of
breakage.

Borers should be regularly oiled to
avoid cor rosion. Some suppliers of incre-
ment borers provide reconditioning serv-
ices that sharpen and c'lean the bits.
Proper maintenance of borers is described
in more detail by Cantara �983! .

INCREMENT CORES ARE USEFUL FOR DETER-
MINING PENETRATION OF PRESERVAT IVES,
DETECT I NG DECAY, AND OBTA I Nl NG WIOOD
FOR CULTURING FUNGI. FROM GRAHAM
AND HELS IN G   I 979! .
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FIGURE 28.
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A LEATHER PUNCH WELDED TO A HAMMER
CAN SPEED INCREMENT COR I NG B Y
CREATING STARTING HOLES.

While coring can be done by hand, the process
can be made easier by mounting the bit in an
extension chucked into a brace ancl bit  Fig.
28A ! or direct ly into a power dr il I  F i g.
28B! . Be sure that the extension is open at
one side to permit extr action of cores, and
remember that, while mechanical boring works
well, it reduces one' s ability to "feel" the
borer and increases the risk of bit damage.

BRACE AND BIT

A brace and bit can be useful for outlining
areas of decreased drilling resistance and
wood voids. although wet wood or natural
voids can falsely indicate decay. While
dr i I ling, ca reful ly examine the wood pa rt-
icles for discoloration or fines  small part-
icles! that may indicate the presence of
decay and note the depth of preservative
penetration. Welding a 3/8-inch twist drill
to either an electrician' s bit or an exten-
sion rod of sli ghtly smaller diameter speeds
the dr il ling process.

MOUNTING THE BIT FROM AN INCREMENT
BORER INTO  A! AN EXTENSION OR
 B! AN ELECTRIC DRILL CAN SPEED CORE
REMOVAL.

SHELL-THICKNESS
INDIC A,TClR

A shell-thickness indicator is helpful in
determining the depth of sound wood in stand-
ing piles. It consists of a thin, inscribed
metal rod with a small hook at the end  Fig.
29!. The rod can be inserted into a hole made
by a power auger or increment borer  Fig.
30! . By carefully pressing the rod against
the side of the hole as it is withdrawn, the
inspector can detect the edges of pockets as
they catch on the hook at the end of the rod.
An experienced inspector can also feel the
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WIT H A SHELL-THICKNESS IND ICATOR, AN
EXPERIENCED INSPECTOR CAN DETECT
DECAY IN PILINGS BY "FEELING" THE
GROWTH RINGS IN SOUND WOOD AND
THEIR ABSENCE IN ROTTEN WOOD. THE
I NDICATOR IS INSERTED INTO DRILLED
HOLES OR THOSE MADE BY AN INCREMENT
BORER. FROID GRAHAM AND HELS ING
  1979! .

THE SHELL-THICKNESS INDICATOR CAN BE
USED TO ESTIMATE THE THICKNESS OF
SOU'ND WOOD REMAINING IN THE OUTER

SHELL.

tip pass from one growth ring to another in
sound wood, but not in rotten wood. The depth
of the remaining shell can be measured by
reading the inscribed marks on the rod. Be-
cause inspection holes are often drilled at
angles, it is helpful to inscribe marks for
tl5' and 90' on separate sides of the rod to
correct for the angle, When using the shell-
depth indicator, be sure that decayed wood is
not pulled against the sound wood by the tip.
Such a practice can result in an overestimate
of sh e I I dept h.

POWER AUGER

I f the extraction of an intact wood core for
culturing purposes is not required, a power
auger can be useful for detecting voids and
weakened wood. The shavings produced by this
process can also be examined for the presence
of advanced decay, resin pockets, or excess-
ive moisture. As you drill, carefully listen
for characteristic decreases in drilling re-
sistance that may signal decay or other
defects.

An auger 1/2 inch in diameter or larger works
best, and the resulting hole can be used for
the application of remedial chemicals to ar-
rest any decay present.



SHIGOMETEA
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F IGURE 32.

T he Shigometer measures the electrical re-
sistance of wood and is reputed to be able
to detect decay at ver y early stages. The
instrument consists of two long, twisted,
insulated wires with the insulation removed
near the tips; these tips act as a probe
 Fig. 31!. This probe, which is attached to a
meter measuring changes in electrical resist-
ance, is inserted into a predrilled hole 3/32
inch in diameter. Simultaneously, the meter
is observed for decreases in electrical re-
sistance that indicate decay. The Shigometer
works best at moisture contents above 27
percent, a moisture level frequently encoun-
tered in piles that are actively decaying.
When using the Shigometer on marine piling,
avoid wood subject to heavy surface wetting;
salt absorbed in such wood could interfere
with the Shigometer readings.

A SHIGOMETER DETECTS DECAY BY
MEASUR I NG THE ELECTRICAL RESISTANCE
OF THE WOOD. F ROhll GRAHAM AND
HELSI NG  f979! .

The Shigometer sometimes gives bad readings
on apparently sound wood; therefore, zones
where large meter drops occur �0 or 75 per-
cent of the reading for sound wood! should be
cored or dril led to determine the nature of
the defect. The Shigometer is a sensitive
instrument best operated by trained personnel
who understand wood and its clefects.

MOISTURE METER

During inspection of wood it is helpful to
know whether conditions that permit decay are
present. A resistance-type moisture meter is
ideal for such a purpose because it can
termine if moisture levels exceed 20 percen't.
the level below which most decay fungi are
unable to grow.

Moisture meters employ two elongated pjns
attached to a resistance meter  Fig. 32! - The
meter is read at selected points as the pins
are driven into the wood. By taking moisture
readings at various sites around a pile, one
can accurately determine where conditions
conducive to decay are likely to occur; how-
ever, this information is accurate only for
the 3-inch depth that the probe can pene-
t rate.

For accurate readings, calibrate the meter
frequently, check the batteries, and make
sure the electrode coating is intact. When
using moisture meters in extreme cold or
heat, be sure to correct readings for temp-
erature and wood species. As with the Shigo-
meter, use caution when examining piles

A RES I STANCE- T YPE METER DE TE CTS
WHETHER THE MOISTURE CONTENT QF
WOOD IS HIGH ENOUGH  OVER 20 PER-
CENT! TO INDICATE DECAY. TWO ELEC-
TRODES ARE DRIVEN INTO THE WOOD,
AND THEIR DEP TH OF PENE TRA T ION is
MEASURED. THE SHANKS OF THE ELEC-
TRODES ARE COATED SO THAT MOISTURE
READINGS ARE MADE BETWEEN THE Oh]-
INSULATEDD POINTS. FROM GRAHAM AND
HELS I NG �979! ~



X-RAYS

CULTURING

METHODS OF DETECTING MARINE BORERS

INTERTIDAL INSPECTION

treated with chromated copper arsenate or
ammoniacal copper arsenate or those subject
to heavy wetting, because salt will interfere
w it h mete r ope r at i on.

The maisture meter and Shigometer produced
near iy identi cal results when these and other
devices were evaluated for their ability to
detect deca y in Do u g I as-f i r po I es   G ra ham and
Corden 1980! .

T he decision on whether to culture will de-
pend upon the size of your wood system and
the timber species involved. in many cases,
culturing is the only way a potential problem
can be detected in the early stages, when
control is most effective and inexpensive
 Appendix C!. The initial inspection of pile
and timber species with thin sapwood and
non-durable heartwood  such as Douglas-fir!

Marine borers can be detected by intertidal
inspection, sacrificial test blocks, sonic
testing, and X-rays.

Ver y low ti des are idea I times to inspect
piling far marine borer damage. They are best
suited for detecting attack by Limnoria spp.,
which concentrate on the external faces of
piles. For piles near the shore, inspectors
can wear hip-waders; for structures in deeper
water, inspections can be made by small boat
or flaat or by divers. Because Limnoria spp.
tend to attack wood inside holes, cracks, or
gouges, be sure to use a flashlight or head-
lamp to inspect below the superstructure for
damage. A scraper and a probe can be used to
remove fouling organisms from the pile sur-
face and to check around bolt holes and be-
t ween adjoining wood members for ev i dence
of attack. Damage signs include the hour-
glass shape of piles in the tidal zone, num-
erous bore holes in the wood and a general
softening in the attacked areas, oval-shaped
holes made by hooks and tangs, hollow ends of
bracing, and loose bolts and bracing.

should include the culturing of cores removed
from woad above the waterline. Previous in-
s pect i on of Douglas-fir p i lings a long the
Oregon coast indicates that substantial decay
can develop below the apparent ly solid tops
af cut-off pi'les. Culturing should be consi-
dered du r ing the initial i n spect i on.

X-ray examination of wood to detect voids
caused by decay fungi and other pests is
based on the movement of X-rays at different
velocities through sound and damaged mater-
ials. The rays are recorded on photographic
film sensitive to them. Their commercial use
on wood has seve ra I limitati ons: potential
hazards to users, the need for long exposures
for large pilings, and the expense of port-
able equipment. Consequentiy, the use of
X-rays has been limited mainly to small spe-
cimens for research purposes.

Ocra s iona I ly, iow str eamf low or ver y high
tides can bring a wedge of saltwater far up-
stream in a river. Such conditions are condu-
cive to attack by marine borers, especially
in deeper water in the river. For this rea-
son, divers should inspect the outermost
piles down to the mudline.

intertidal inspection is less effective for
damage by shipworms. These organisms leave
only a tiny entrance hole on the wood sur-
face; consequently, detection of their pre-
sence is difficult. Although observant divers
in clear water may be able to see the nearly
transparent siphons or the tiny pa'llets pro-
truding from the pile surface, dependence on
such observations is a questionable method of
inspection. Other techniques are more useful,
as the following subsections will reveal.

SACRIFICIAL TEST BLOCKS

initial assessment of potential shipworm dam-
age in a particular harbor can be made by
immer sing "sacrificial" blocks of untreated
wood at the site of the intended structure
 Fig. 33!. Such blocks are removed at I-month
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STEP 1
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intervals, split open, and examined for evi-
dence of attack. In estuaries with freshwater
flow, the blocks should be suspended in the
saltwater wedge beneath. Be sure that the
test blocks are securely fastened to supports
weighted to submerge them below the zone of
tidal and wave action. Untreated piles can be
used as an indicator of shipworm activity in
a harbor, but driftwood is an unreliable
indicator because its source and previous
history are unknown. Because salinity condi-
tions may vary from time to time, periodical-
ly submerge test blocks to remonitor the
site.

UNTREATED TEST PANELS EXPOSED IN A
HARBOR OR ESTUARY CAN HELP IN-
SPECTORS DETECT POTENTIAL HAZARDS
FROM MARINE BORERS.

IM&REClTIMH

The above methods can be used in establishing
a routine inspertian program by knowledgeable
personnel. Such inspections are of paramount
importance in maintaining a safe and effi-
cient waterfront system A thorough initial
inspection of struc'tures not previously exam-
ined is time-consuming, but the information
obtained can save both time and money in the
long run. Subsequent, briefer inspections can
p inpoi nt pot en t i a I p rob l em s bef o re t hey
become more serious. An initial inspection
will involve four steps.

SDNID TESTIMH

A successful, nondestructive device for as-
sessing internal damage by marine borers Is
the sonic tester developed by the British
Columbia Research Council  Agi 1978!. Called
the Pink Elephant, the device, operated by a
single diver, is used to inspect piles from
'the waterline to the mudline. The strength
and velocity of sound waves passing longi-
tudinally through the pile are monitored top-
side on a meter by the support crew. Because
sound waves move through undamaged wood
differently than through damaged wood, the
device allows estimates to be made of the
amount of undamaged wood remaining in any
given cross-section. The sonic tester does
not require rem ova I of exte ma I fou ling
organisms; consequently, a crew of two can
test about l00 piles per day  Appendix D!-
Readings for undamaged piles may be inaccu-
rate, however, and some retesting may be
required.

For experimental purposes, X-rays are an
ideal way to study the presence and growth of
shipworms in wood. Untreated wood blocks can
be immersed in salt water, removed periodi-
cally, X-rayed at a local hospita I, and re-
placed in the water.

Observe and record the general condition of
piles, cross bracing, stringers. caps, and
deck ing. Note any unusua I damage, loose
bolts, chafing about the waterline, deep
checks, cracks, scars exposing untreated
wood, and untreated cut-off tops and ends of
pilings and other members. Also examine the
surfaces for holes made by paint ed too I s,
exit holes made by beetles, piles of sawdust



solid, rate the member as good until results
of culturing are available; these results may
In d i cate othe r w i se.

STEP 2

STEP 4

STEP 3

REMEDIAL TAE ATME NT AFTER INSTALLATION

PAEBEA VATIVE

APPI I CATION

Four kinds of preservatives are suitable for
marine structures: liquids, solids, greases,
and fumigants.
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left by carpenter ants, mud tunnels made by
subterranean termites, or wings discarded by
reproductive terfnites.

Below the waterline, look for surface tunnel-
ing and the general hour-glass shape typical
of attack by Limnoria spp. or the extended
siphon tubes indicating the presence of ship-
worms.

Careful obser vati on and record-keeping dur ing
inspection is important in directing the in-
spector to problem structures more quickly
and in providing a basis for an efficient
maintenance program. Unless recorded, the in-
formation can be lost when personnel changes
occuI ~

Sound the members with a hammer above the
waterline, listening for the sharp ring of
good wood, the "thud" of wet and possible
rotten wood, and the "drum" of hollow wood.
Suspicious areas should be bored to deter-
mine the nature of the defect. Sounding will
detect only members with serious interna I
defects and should never be the sole method
of inspection.

A f ter sounding, dr ill or core members upwa rd
at a slight ang le adjacent to the widest
check and at suspicious sites. If the wood is

When pressure-treated wood members are al-
ready in service, cutoff tops of piles or
timbers and bolt holes are critical entry
points for decay fungi, insects, and marine
borers. It is of the utmost importance that
these ar eas be effectively protected if the
port is to achieve maximum return on the ori-
ginal investment. When cutting is necessary,
exposed surface area can be minimized by cut-
ting the exposed end of the timber or pile as
straight as possible. When bolt holes must be
made, dril I them sli ght ly smaller than the
bolt.

If visible decay is present in the first
core, drill or core the member at other sites
to determine the distribution of the rot.
Measure the depth of preservative treatment,
depth of apparently solid wood, and the size
of the member. From this information the
residual strength of the member can be esti-
mated and, depending on how the structure is
being used, decisions can be reached about
future replacement or remedial treatments. If
rot is present, remember that apparently
solid untreated wood nearby is probably in
the early stages of decay.

Treat all openings made during the inspection
with a double-strength preservative solution
or paste and plug the holes with preserva-
t ive-t r eated dowel s slight I y la r ger in diam-
eter than the inspection holes.  Remedial
preservative treatments are discussed in the
following section. ! Plugs treated with inor-
ganic salt are advised for creosote-treated
wood attacked by Litsnoria ~tri unctata; how-
ever, when no such attack is encountered,
creosote-treated plugs are sufficient. In
areas where both pholads and L. ~tri unctata
attack, plugs treated with both creosote and
inorganic salt are advised.

Remedial measures to prevent the entry of
pests include treating the exposed wood with
an appropriate preservative and then applying
a protective cap to pile and timber ends.
These measures are discussed below.
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FUMIRANTS

LK3LIID PRESERVATIVES

Befare applying a water-shedding cap to cut-
off tops of piles and timbers, flood them
with hat creosote �50 to 200'F!, penta-
chlorophenol in diesel oil, or copper naph-
thenate in mineral spirits.> Such flaoding
wi I I enhance protection of untreated wood
exposed dur ing constructi on. Although hot
creosote is probably the most commonly used
preservative for f loading, none of these
t reatments penetrates wood deeply, nor do
'they protect wood exposed to wetting. Proce-
dures for protecting cutoff ends are outlined
in more detail in AWPA Standard itii4-79  Appen-
dix E!.

SC!LID PRESERVATIVES

Solid chemicals, applied dry or as a paste,
may be useful on docks where hawsers rip
off caps and expose wood to maisture and
decay organisms. As the chemicals moisten,
they readily dif fuse down through the pile.
These preservatives are able to move to
sites where moisture conditions suitable for
decay development are likely to occur and
can also protect wood that checks after reme-
d ia I t reatmen t . F luo r-C hr arne-A r sen ic-P he no I
 FCAP!. a mixture of compounds available as a
liquid ar paste, is recommended by the AWPA
for ahoveground remedial applications. Ap-
plied as a paste, FCAP has pratected cut-off
tops of Douglas-fir piles for over l0 years
in field tests. Another promtsing new chem-
ical, ammonium bifluoride [ABF!, is stable
when dry but picks up water from air, lib-
erating toxic hydrogen fluoride gas. ABF,
placed in serai-permeable bags, has effective-
ly eliminated decay fungi and prevented their
entry inta OtilerwiSe expased pile topS. How-
ever, the released gas is corrosive and care
should be taken to ensure that no metal
fastenings are adjacent to the bag.

PRESERVATIVF GRFASES

Although greases may be of some use for pro-
tecting bolt holes, their application to
otherwise unprotected pile tops does not

The Environmental protection Agency has recently proposed
that application of creosote, pentachlorophenoi, or inorganic
a rSenica IS  *CA Or C CA ! be rest riCted to certmed appa Ca-
tors. Copper naphthenate is not covered by these proposals-

effectively protect such tops from decay. The
grease tends to dry and crack after several
years of weather checking. permitting the
entry of moisture and decay fungi while
creating conditions for decay development
 Fig. 34! .

PRESERVATIVE GREASES MAY INITIALLY
HELP KEEP PILE TOPS DR Y: AS TIME
PASSES, HOWEVER, THEY TEND TO CRACK
AND THUS PERMIT WATER TO ENTER T WE
UNTREATED WOOD BEI OW.

Fumigants, long used in agriculture ta con-
trol soil organisms, are now effectively con-
trolling decay in piles and poles  Corden and
Graham 1983! . Vapam, Vorlex, and chloropicrin
are now registered for appiicatian to wood
structures by the Environmental Protection
Agency  EPA!. These chemicals are applied in
liquid or solid form. They diffuse as a gas 8
feet or more through the wood from the point
of application, thereby eliminating decay
fungi and controlling decay for as much as
14 years. Encapsulation is making them safer
and easier to use. Treatment methods and
dosages are discussed in more detail in a
later section.

PILE CAPPING DEWCEB

After the cut-off pile has been treated with
preservative, it should be protected with a



Galvanized metal, roofing felts. and plastic
sheets make effective caps when applied in
conjunction with chemical treatments, Without

F lCLIRE 35.

A NUMBER OF CAPPINC DEVICES ARE USED TO PROTECT UNTREATED WOOD EyPDSED IN
CUT-OFF PILE TOPS--A, PLYWOOD; 8: COAL TAR CEMENT,'F IB ERGLASS MESH; C: FLUOR-
CHROlihE-ARSENIC-P HE NOL  F CAP 1 PASTES; 0 S HEET METAL.

water-shedding cap. Sucli caps are discussed
here, and the pertinent sections of the AWPA
standards for protecting untreated wood ex-
posed during construction are presented in
Appendix E.

Materials used for capping piles include coal
tar-roofing cement, galvanized metal, heavy
roofing felt, heavy plastic, 'Noah' s pitch,
hot aspha I t, and preser vat ive-t rea ted pl y wood
 Fig 35!. One effective capping device ls
coal tar-roofing cement held in place by

fiberglass mesh cloth. To cap a pile by this
method, trowel a thick layer   1/2 inch! of
cement on top, place two layers of fiberglass
mesh an the cement, nail the mesh to the
pile, and finish with an additional coat of
cement. This patch remains flexible and re-
sists water penetration into the untreated
wood below.
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preservative. condensation or leaks can
create ideal conditions for decay beneath the
cap. The material should be cut with at least
a 2-inch overlap to permit the edges to be
folded down and fastened to the pile sides
with galvanized roofing nails or bands.

Noah's pitch or hot asphalt may be applied to
pile tops before addition of a water-shedding
cap. However, these materials only penetrate
the wood to a shallow depth and are of little
use if the cap leaks.

Pr eservative-treated plywood makes a simple
but effective capping device. Two narrow
strips of treated wood are nailed to the pile
top, and the plywood cap  cut to a slightly
larger diameter than the pile! is attached to
the strips. The strips permit air to circu-
late beneath the cap and keep the wood dry.

Because pile caps on working piers are often
damaged or pu'lied off by hawsers, it is

Attack of piles by marine borers can be pre-
vented by the use of preservative-treated
wood. impermeable barr iers, wood and concrete
r einforcements, plastic wraps, and fumigant
treatments. Each of these methods is de-
scribedd below.

TREATEO AND RESISTANT
waaa

Pressure treatment of piling with creosote
effertively prevents attack by marine borers
in coastal waters north of San Francisco,
California. In waters south of San Francisco,
t reatments wi'th inorganic salts [Chromated
C op pe r Ar senate   C CA ! or A mmon i a ca I Copper
Arsenate  ACA! j are recommended because of
the likelihood ot attack by Linnoria ~tri unc-
tata. Where L. ~tri unctata and pholada are
both present, a dual treatment with ACA or
CCA and creosote is recommended. In Oregon
waters, treatment of wood so 'that it retains
2p pounds of cr cosa«per cubic foot is
recommended. The t reatments and retent ions
recommended by AWPA are listed in Appen-
dix B.

h el pful to treat the '.op with a wat er-solubl e
preservative before cap installation. These
treatments remain inactive as long as the cap
remains sound, but they are activated when-
ever water enters the cap and thereby prevent
the entry of decay fungi until the cap can be
repaired,

SRUSH TREATMENT FUR
OEC KING

The brushing of FCAP onto the surface of un-
treated Douglas-fir decking can be useful for
extending the service life of that surface
a nd the wood immediately beneath. Unli ke
pentachlorophenol in diesel oil, which does
not effectively penetrate wood, water-soluble
chemicals such as FCAP continue to move into
checks as they open, thereby protecting the
wood below the surface. Brushing, however, is
not a substitute for pressure treatment of
new wood.

Where marine borers are present, pressure-
treated wood will pay for itself in terms of
safety, service life, and low maintenance
costs. In bay waters with low salinity along
the Oregon coast, untreated piles frequently
are used. However, their use in structures is
questionable because of hi gh replacement
costs. Furthermore, saltwater intrusion when
st ream f low s are low can create opportunit i e s
for marine borer attack. The most infamous
incident of this type occurred in the San
Francisco Bay area between 1917 and 1921 when
damage amounting to $25 million was caused
by marine borer attack of untreated piles far
up the Sacramento and San 3oacquin River sys-
tems  Hili and Kofoid 1927! . Less costly but
similar failures have been recorded on seve-
ral Oregon bridges when untreated supports
were exposed by scouring. Where marine borer
attack is always absent, untreated piiings
w ith tops protected from rain have provided
reasonable service. Failure to protect the
tops of these piles from wetting will neces-
s it ate replacement after 8 to 12 yea r s of
service.

As mentioned previously, heartwood of certain
trop ical species exhibits some res i stan ce to
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marine borer attack  Table i!. However, sap-
wood of these species has no resistance to
marine borers. Because borers, once estab-
lished in the sapwood, can then attack the
heartwood, care should be exercised to use
only heart wood. Gr ee nhea r t pi les along the
Oregon coast failed after 6 to 8 years be-
cause they contained sapwood.

Impermeab/e barriers can protect wood under
the waterline from marine borer attack. Such
barriers, generally applied as r emedial
t reatments for preservative-t reated piles,
serve the dual purpose of inhibiting the
entry of borers into the wood and creating
anaerobic conditions that kil I established
borers by limiting the available oxygen. Bar-
r ier ma te rial s ha ve included copper nails,
corrosion-resistant metal sheathing, con-
crete, epoxies, and, more recently, wraps
of heavy polyv in ylchloride or polyethylene
  e g., 30 mi'I and 60 mil ! . Nail s and metal
sheathing were the mainstays of wooden ships.
A British admiral, after verifying the pres-
ence of extensive decay in his wooden ship,
noted in the log that there was only a layer
of copper sheathing between him and eternity.
The expense of these techniques was a major
factor in the search for other barrier ma-
terial s.

Concrete barriers, in addition to preventing
marine borer attack, can add support to par-
tially degraded marine structures  Fig. 36!;
however, it is essential that a zone from
below the mudline to above the high tide line
be completely encased with at least 2 inches
of concrete. Failure to encircle the pile
completely wi I I result in local i zed attack of
unprotected areas and eventually lead to pile
f ai'lure.

Before barriers are applied to structures al-
ready in service, it is important to ascer-
tain that piles retain sufficient structural
integrity to warrant treatment and, in the
case of concrete, that sufficient strength
remains to support the barrier.

WOOO REINFORCEMENT

Where a pile is heavily damaged. the struc-
t ure can be reinforced by cut ting out the
damaged section and replacing it with preser-

A: CONCRETE CAN FORM AN EFFECTIVE
BARRIER AGAINST ATTACK BY MARI'NE
BORERS. 8: CONCRETE BARRIERS ARE
O'NLY EFFECTIVE IF THEY REIVIAI R
INTACT; ONCE BROKEN DOWN, THEY MAY
ACTUALLY ACCELERATE DETER IORAT'ION.
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vative-treated wood. This method requires
that the dock be supported by jacks or shor-
ing during the replacement and is most useful
where scattered piles in a dock are damaged.

Reinforcement can be done by posting, bench
capping, or splicing. Posting involves sup-
porting the structul e, cutting ou't
aged pile section, and replacing it with a
treated wood section. The section i» secured
at the bottom with a dr if t pin or splices,
and shims or blocks are used to ensure that
the pile has sufficient bearing surface to
support the structure. Bench capping is simi-
lar to posting except that the cut-off base
is capped and timbers or pile sections are
used to replace the damaged zone. While these
two techniques are recommended for use about
the tideline. splicing is recommended for
damage in the tide zone. With splicing, the
structure is supported and the pile is cut
off below the mudline. A replacement sect ion
is positioned on the cut stub and secured
with dr ift pins ar splints. The top of the
replacement section is then adjusted with
shims or blocks so that it supports the
structure. In all cases, the use of corro-
sion-resistant, galvanized hardware and pre-
servative-treated woad is recommended.

CONCRETE REINFQRCEMENT

Pile reinforcement with concrete can be ac-
complished by several methods. Where small
voids are present, it is sometimes sufficient
to fill the void with coarse stone and mor-
tar. Where damage is more severe. forms made
of metal, wood, concrete, woven nylon, or
pitch-impregnated fiber are attached to the
pile as far down as 2 feet below the mudline.
In many cases, these forms are left attached
to the pile. Other methods employ a reusable
metal form; a reinforcing cage is placed
around the pile. the hot'tom is sealed, and
the form is installed- The apparatus is sup-
ported by tension rods that center the form
so that an even layer of concrete is applied
over the pile  Roe 1984! .

ln severely deteriorated piling. the degraded
sections can be cut off below the mudline
a concrete pile can be cast over the old pile
base by attaching a dowel into the cutof f
installing a seal to the pile, and placing
a form over the seal. The concrete is then
pumped into the form through a valve at
bottom seal until the desired height
reached   Roe 1984! .

Wrapping piles in service with plastic bar-
riers, a technique developed fairly recently,
can provide protection from marine borers for
2S years or more  Fig. 37!. Such barriers are
advisable when inspection reveals a IS to 20
percent loss in cross-sectional area of the
pile as a result of marine borer attack.
Although polyvinylchloride wraps were ini-
tially used for such barriers  Wakesmen and
Whiteneck 1960!, a two-layer polyethylene
system has recently been used in I os Angeles
Harbor  Steiger and Horeczko 1982! . In this
s y stem, a 20-mil pol yethylene sheet is heat
shrunk around the pile before it is driven.
Afterwards, a 150-mil polyethylene sheet is

POLYETHYLENE OR POLYVINYLCHLOR }DE
 BLACK PLAST IC! WITH AN UNDERCOAT
OF POI YETHYLENE CAN EFFECTIVELY
P RGTECT PILES FROIH ATTACK B Y MAR I NE
BORERS. THIS PARTICULAR WRAP HAS AN
ADDITIONAL PLASTIC BARRIER TO PRO-
TECT THE PILE FROtH CHAFING.
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F IGURE 39.

BT

attached at the intertidal zone with aluminum
alloy nail s. Appli catian of the wrap requires
a diver, a tender, and assistants. Barrier-
protected piles should be inspected periodi-
cally for damage to the barrier or for scour
that exposes the woad, such damage should be
repaired.

TI=IEATMENT WITH

FUMIGANTS

Developed during the 1960's for control of
decay in poles, fumigants may prove useful
for stapping shipworm attack. Before 1970,
the only recour se for owners of deteriorating
timbers was reinforcement with cancrete and
grout or costly replacement of the decayed
wood. Research at Oregon State University has
shown that certain volatile, broad-spectrum
fumigants can stop further development of
decay in utility poles and marine piling.
Three af these chemicals--Vapam �3 percent
sodium N-methyldithiocarbamate! . Vorlex �0
percent methylisothiocyanate, 80 percent C-3
hydr oca rbons!, and chlarapicrin  tr ichlaro-
nitromethane! � are registered with the EPA
for application to wood praducts. These chem-
icals have long been used to eradicate soil-
borne pathogens before valuable agricultural
crops are planted.

In wood app li cation s, the chemi ca I s, in
liquid or solid form, are placed into a num-
ber of predril led holes. The fumigant vola-
tilizes into a toxic gas that moves through
the wood, eliminating decay fungi and
insects. Fumigants can move, or diffuse,
longitudinally in effective quantit ies for
over 8 feet from the application point. The
duration of effectiveness in Douglas-fir
transmission poles is 10 to 14 years with
Vapam and over 14 years with chloropicrin and
Vorlex  Fig. 38!. These chemicals have con-
t ro I led decay in bu lk head pi I es far at I ea st
9 years after being applied near a pile top
which was then covered with a cap of coal-tar
cement and fiberglass mesh  Fig. 39!. Al-
though these chemicals can extend the service
life of untreated piling, they are longer
lasting and more effective when applied to
preservative-treated woad.

Of the currently registered chemicals, Vapam
has the lowest toxicity and is perhaps the
least dif fi cult to apply. Chlaropicrin has
strong lacrimatory properties, which many
people find objectionable. Vorlex is the most

recent chemical to be registered by the EPA
for use on wood.

ANNUAL CHANCES IN THE POPULATION OF
DECAY FUNGI ISOLATED FROM PRESSURE-
T REATED DOUGLAS � F IR POLES AFTER
APPLICATION OF VARIOUS F UMI CANT S.
NOTE THE LOW LEVELS OF DECAY FUNGI
PRESENT IN FUMIGANT-TREATED POLES.
FUNGI IN POLES WIT HOUT FUMIGANT
DECLINED BECAUSE OF THE DEPLETION IN
AVA ILABI E WOOD. FROM MORRELL AND
C OR D E N 1984.

ANNUAL CHANGES IN THE POPULATION OF
DECAY FUNGI ISOLATED FROM CREOSOTED
DOUGLAS-FIR PILES TREATED WITH
VARIOUS FUMI GANTS. EACH VALUE ON
THE CURVE REPRESENTS 60 CORES FROM
EACH OF 12 PILES. FROM MORRELL AND
COR DE N 1984.
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Still in developmental stages are solid and
encapsulated fumigants. Solid methylisothio-
cyanate  MIT!, the active ingredient of Vor-
lex and Vapam, has been tested on utility
Po es for 5 years, with results similar to
those achieved with Voriex. Enrapsulated MiT

ch lorop i cr in ha ve been app I ied to poles
w ith promising results. These developments
w il I increase safety, reduce the risk of
environmental contamination, and permit fumi-
gant use in previously restricted applica-
tions.

FLIMIHANT APPLI  ATION

Successful use of fumigants depends on the
establishment of an effective inspection pro-
gram that detects damage before serious loss
of strength orcurs. Whenever possible, this
program should be coupled with sound design
and construction procedures. Fumigants can
never replace the need for such procedures,
onl y supplement them.

Fumigants, like neariy all other pesticides
and preservatives, are toxic to humans and
must be handled properly. Therefore, they
should only be handled by trained personnel
who have a full understanding of the neces-
sary precaut ion s  see below! and should be
applied in accordance with State and Federal
laws.

Before applying any fumigant, carefully as-
sess the condition of the structure. Deter-
mine the optimal drilling pattern that avoids
metal fasteners, seasoning checks, and badly
decayed woorl. Fumigant placed into rotten
wood may be lost if the decay pocket inter-
sects a seasoning check or other void.

I n pile s, the holes should be dr il led at a
steep downward angle towar d the center ln
order to avoid crossing seasoning checks.
B eg in by dr il I i ng a l most per pen di cu lar I y to
the pole and quickly raise the drill to the
proper angle once the bit catches in the wood
 F jg 40! . Avoid driilrng through the pile!
Horizontally oriented. sawn t!mber should be
treated by drilling pairs of holes straight
down to within 2 inches of the bottom side
 Fig. 41!. If large seasoning checks are
present, drill the holes on either side jn
order to protect the timber completely.

rs helpful to plan work when the pile tops
are most accessible � generaliy at high tide.
Although fumigants can be applied 10 feet or

more below the pile top, it may take 4 or 5
years before sufficient quantities of furni-
gant diffuse upward to the point where the
decay occur's

The amount of chemical and the size and num-
ber of treating holes required will depend on
pile circumference or t!mber dimension. Not
unexpectedly, sm a I ler pieces require less
chemical and fewer treating holes. Table 2
gives some examples of the number and size of
holes anti of the dosages required to treat
v ar ious s i zes of pil ing.

TREATING HOLES ARE DRiLLED AT STEEP
ANGLES  ¹5 TO 60~! INTO THE WOOD AND
FILLED WITH LIQUID FUMIGANT.

F IGURE 41.

TREATING HOLES IN TIMBERS SHOULD BE
SITUATED ON BOTH SIDES OF CHECKS.



TABLE 2.

NUMBER AND SIZE OF HQLI 5 ANO aosAGF Of FU/wl GANT
aEOUIREO FOR PILES wlTII vARIOUS CIRcUMFERENCES.
FaOM GRAHAM ANO HEI slNG �979!.

No. of hales for
pi'les with circumference

~Ft t d d j f

Oiaeeter Lengtha pintS p r <32 in. 32-45 In. >45 rn
 inch!  inches! inch of hole �/4 pt!   I pt! � pt!

3/0 0. 010
.0 'I0

15
18

3/4 15
18
21
24

,015
.015
.015
.015

3/a 2'I
24

.024

.024

s Effective length of treating hale Is 3 inches less in order
to allow for a 3-inch treated plug.

The fumigarst can be applied from !-pint poly-
ethylene squeeze bot ties into the predr il led
holes. For ea se of fil ling, it is somet ime s
helpful to replace the pl asti c cap with a
reusable cap fastened to a I-foot length of
plastic or rubber tuh{nq {Fig. I�!. After

adding the required dosage, replace the ori-
ginal cap so that the remaining IIqttid is
sealed in the bottle. lf fumigant drains out
Of the hole aS it iS being applied, do rtat
add more! Instead, plug the hole wit!t a
tightly fit ting. preservative -treated rlowel
and drill a new hale into solid wood.

While applying the fumigant, wear protective
clothing, Inr luding eye glasses, and pos it ion
yourself upwind. A gas mask must be available
for emergency use. If fumigant vapors are de-
tected, move upwind from the treating area
and allow vapors to clear before resumintj the
treatmertt- The chemiCa'IS have stronq odorS
that cannot be tolerated. V a pam smells like
rotten eggs, and chloropicrin rapidly brings
tears to the eyes. Appl icators should be
especially cautious when appl y iitg chemical s
in closed areas where airflow is limited.

Immediate I y af ter add ing the chemi ca I, plu <I
the hole with tight-fitting wood dt/wels, pre-
ferably of the same spet ies as the treated
woad {Fig. 1�i. Remember to leave sufficient
room {3 inches! in the treating hole so that
the plug can be driven in without squirting
the chemical. The plugs should be treated

F ICURE II2.

TU8E ATTACHED TO A 'I-PINT SQUEEZE HOTTLE WILL CONTROL THE AMOUNT OF
Ft!lHIGANT PLACED [N HOLES. FROM GRAHAM AND HELS INC {1979! .

39
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AFTER FUMIGANT HAS BEEN ADDED, THE A SLIDF-HAMMER ALLOWS PLUGS TO BETREATING HOLE lS PLUGGED WITH A PULLED FROM FUMIGATED PlLES WITHOUTT I GHT-F ITT I NC DO'Ih!EL. ENLARCINC THE TREAT IN G HOLES.

wittr creosote if Limnoria ~tri unctata has not
attacked and with inorganic salt if such at-
t ark has occurred. Drive the plugs slowly
into the hole to avoid splitting the wood.

RETREATIVlE NT

40

Eventually, the fumigant will diffuse out of
the wood and ailow decay fungi to recolonize.
Fortunately, complete diffusion occur s only
after 10 to 15 years and can he remedied by
placing additional fumigant into the same
holes used for the first treatment. For such
retreatment, driil or pull out the old plugs,
add new fumigant to the treatment holes, and
replug them. Because drilling out plugs fre-
quent'ly enlarges the hole and makes plugging
dif fi cult, a plug puller has been developed
 Cantara and Graham 1983!  Fig. 4tt!.

Pretreatment may not last as long for fumi-
gant-treated pile tops as it does far poles
because the chemical is close to the top of
the pile. Until treatment cycles ar e mare
clearly defined, the safest route is treat-
ment at 'IO-year intervals with a regular in-
spertion program at 5-year intervals to help
determine when the piles need retreatment.

Although the progress of decay can be deter-
mined by measuring shell thickness with
probe, a far more efficient method is to mea-
sure shell thickness by removing wood cores
and then to culture them for decay fungi. The
presence of active fungi in the wood indi-
cates that the protective effects of the
fumigant have derlined below a toxic thresh-
old, Although this procedure requires the aid
of trained technicians and is most applicable
to large numbers of wood structures, some
agencies specializing in the inspection of
wood products are equipped to perform such
procedures  Appendix D! .



e Chemicals used to treat wood in service
are potentially toxic to humans and can
damage the environment unless handled and
used properly.

~ Use products that have been registered for
wood use by the U.S. Environmental Protec-
tion Agency.

~ READ THE LABEL, and follow the prescribed
safety precautions and application methods.

~ Check with local, State, and Federal regu-
latory agencies about the use and disposal
of these chemicals and their containers.

e Personnel applying the chemicals should
be "Certified Pesticide Applicators"�
check with local, State, and Federal agen-
cies about the required training. Several
sources of information are ii st ed in Ap-
pendix D.

Because of the potential hazards from improp-
er use or accidental spiiling or splashing of
t hese chemi ca is, applicators should:

~ Work >n pairs.

~ Be trained ln first aid.

~ Wear appropriate protective clothing, usu-
a lly goggles or face shields, gloves, and
washable clothing.

~ Use a respirator or full-face gas mask when
applying fumigants in closed areas.

~ Have an extra label of each chemical in use
so that it can be given to a physician.

~ Have readily available emergency addresses
and phone numbers, phone number and loca-
t ion of nearest poi son control center,
washing material  soap and water!, eye
rinse.
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Limnor tea
See Gr I bb les.

Anode
Positive terminal toward which electrons
flaw in an electrolytic cali.

Hecterie
S ingle-celled or f i l amen tous microbes that
lack chlorophyll anri divide by fissian
  asexually�! . I3a et» rla are common on sub-
merged wood, al though th» ir role is still
unclear.

Hreehneee
Failure of decayed wood in a direction per-
pendicular to the direction of applied
force. i3rashness is apparent with the pIck
test.

Br own rot
Wood decay character rized by removal of cel-
lulose and hers i cellulose. Such rot causes
rapid fess in strength and leaves a brown-
ish, cracked wood residue.

Cathode
Negative terminal from which electrons flow
in an electrolytic cell.

Celluiaee
A long-cha in polymer of ii-D glucose that
make» up ri0 to 50 percent of the cell wall
in wood.

Chloropicrln
F umi gant cons i sting of t richloranit ro-
methane. which has also been used for crowd
con t r ol as 't ea I' ga s,

Conk
Common term for the hard. durable fruiting
str uctures of many wood-decay fungi.

Corroaicn
Disintegration by a chemical process  e.g.,
rusting! .

Fiber aetureeion
Point at which na free water remains in
cell lumens and below which wood begins to
shrink as bound water is lost from eel I
walls  about 25 ta 30 percent ovendry
basis! .

Freee
Wood waste that has passed through an
arthropod' s or' insect' s digestive tract,

Fungi
Single-celled or filamentous organisms that
lack chlorophyll and reproduce either sexu-
ally or asexually. Fungi feed on living and
n an I i v i ng or ga n ic mat ter .

Qr ibble
Common term for members of the genus LIm-
noria that burrow into the wood surface
and cause the pile to take on an hourglass
shape about the tideiine.

Hernioelluloae
Shart-chain polymers of various sugars that
make up 20 to 35 percent of the cell wail
of wood.

Hydrological
Relating to water properties including
salinity, temperature, and other charac-
teristics.

Hyphae
Hair-like strands of fungal tissue visible
only through a microscope un'less present in
large numbers as mycelium or mycelial mats.

Incipienc decay
The point at which the presence of decay
fungi can only be detected by microscopic
or chemical examination.

Larvae
Immature insects or arthropads that dif fer
in structure or function from the adult
stage.

Lignin
Chemical cons i sting of a complex ring
structure that makes up 30 to 35 percent
of the cell wall of wood and renders the
wood resistant to deterioration by many

organisms.

Lumen
Void in the center of waad cells; functions
in transport of Iiguids within the sapwood-

Myoelium
A general term describing macroscopic
masses of hyphae on the wood surface.



CHECKLIGT FOR PILE INGPECTICIN A'NU
TREATMENT

!!ole4LOOk fO< damage tO pileS, attaChing memberS, or faSt<.ners; note ins<!< t »o.es,
surface decay, sawdust, and mud tunnels2. Sound the pile with a hammer for internal rot pockets

Pholede
C tarn-lik e ma r ine-bor in g mo I lu s k s in the
genus Martesia or ~Xlo ha a. Some species
ran cause extensive damage to wood in trap-
I ca I m» r inc env i r onm en t s.

Pink Elephant
A diver-cont roll ed apparatus used to test
piling sonicaily for shipworm damage.

Polyethylene
A plastic wrap used to protect wood from
marine borer attack. Polyethylene may also
be used as an inner liner in conjunction
with PVC wraps on creosoted piles.

Palyvlnylahlor Ide [PVCj
A plasti c wrap used to protect woad from
marine borer attack and block oxygen move-
ment at the water interface. PVC may become
brittle with age; if so, it should be re-
placed with polyethylene.

Riprmp
Large rock dumped around piles or jet-
ties to support the structures or prevent
erosion.

Rat
A term meaning advanced decay. Visible
deterioration of the wood by decay fungi.

Shell depth
The amount af sound wood on the outside of
a structural timber. This zone is critical
for many strength properties.

Ship worgn
Wor m-like marine-boring moilusks in the
genera Teredo or Banaia. They cause exten-
sive damage by rasping away wood for their
burrows.

I. READ THIS it<rtAhlUAL

I f4&PE CT I Oil

A. Above waterline

Soft rot
Wood decay characterized by reit!ova! of,!ll
woad components and t!y r'aptd s'tf !'l!<i'th
losses. The woad is I< f t wi'th a c h! < ke I
appea rance.

Spore
Reproductive structure l!roduce<l by 'h.!c
teria, fungi, and some lower plar!ts. Npor< s
contain all the genetic mater ial necess,!rv
to produce a reptica of the ori<lir!ai or<ian-
I srr!,

Toxic threehotd
The ChemiCat limit abOv<. whit-.h an or<lar!rsm
fails to survive on a particuiar st!i!str,!-
turn. Toxic levels <Iiffer with or<i,!oisin.
s ubst rata. and en v i ronm< nial <, on< lit i o<! s.

Treohelda
Wood cells present in <Iyrrinosper ms
pines! . Tracheids fur!<.tion <r! supi!<!rt<n<t
The plant and in water <:or!dir< tior!.

VapegnA mixture of 32.7 per<went sodi!rm 4 roethvl
dithlocarhonate <ommer<:ialiy calle<i i'W<!<!tt-.
Fume." This chemical t>reeks riiow<1 Ir! w<lotl
to methyli sothiocyanite.

Vari<axA fumigant mixtur<i co»t.»nin<l 29 I!e r< crit
meth ylisothiocyanat» an<I 80 p<.rca nt C- I
hydrocarbons.

White ratWood deray characterized hy removal
wood components, espe< iaily ti<I<! in. et!it<
rot gradually reduces wo<!<I strer!tlt» ar!tl
leaves the wood a bteache<I <t>tor.



3. Core suspicious areas and measure shell depth and depth of preser vative penetration
around the pIIe
Core at the pile top and near the widest check below the pile top. Measure solid
shell depth and depth of preservative penetration in this core

5 ~ Flood all inspection holes with preservative and plug with treated plugs
Reject had piles--report dangerous piles

Below waterline  diving inspections!

Scrape fouling of the wood surface
2 ~ Probe the surface for severe attack and look for shipworm siphons, gribble

ga I le r i os, and an hourglass s ha pe
3. Evaluate internal condition of the pile  either sonically or by coring!
0 ~ Fill inspection holes with preservative grease and plug with treated plugs
5. Reject bad piles--report dangerous piles

I I I. TREATMENT

A. Above waterline  internal!

1. Dril I holes in spiral pattern within 6 feet of the pile top; avoiding checks, drill
toward the center at a 45 to 50 angle. Do not drill through the pile

2. Near protective clothing and glasses
Place chemical in bottom hole first and plug before filling next higher one. Follow
safety precautions on the chemical label
Protect pile top with a ventilated watershedding cap

B. I3elow waterline  determine residual strength of pile and system that best maintains it!

Barriers
a. Plastic

�! At tach 30-mil full-length plastic sheets  polyethylene or polyvinylchl r'd
with

o i e
wi a polyethylene liner! to piles and tighten around pile with
semicircular lengths of wood

�! Where boats or debris may damage barriers, attach 150-mil polyethylene with
a lumi num na i I s

�! Use heat-shrinking system on the polyethylene prior to pile clriving
b. Concrete

�! Attach form to wood 2 feet below mudline
�! Ensure that form is evenly attached to pile
�! Add cement grout so that it flows into the form below surface of grout

a lready applied
�! Remove form if reusable and inspect barrier for defects

Reinforcements  where deterioration is more severe!
Wood

�! Attach new preservative-treated section to cut-off pile with a drift pin
�! A'ttach new section to pile top by use of shims or blocks

b. Concrete

 ]! Cut off old pile to below waterline
�! Attach dowel to cut-off pile and attach special seal
�! Place reinforcement above cut-off pile and fit expendable form over seal

reached
  4 P um p con cr etc through valve at bottom of seal until desired h ht eig is
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Details the anatomy of wood, how pre-
servatives are retained. and why wood
shrinks and swells.

Sources
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Department of the Environment
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P. O. Box 5130
Madison, Wisconsin 53705

WESTERN WOOD PROD U C TS ASSOCIA-
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age: 76 slides, 30 minutes. 515 to rent,
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Details the relationship of fiber walls
to the swelling and shrinking of wood, the
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G.M. 1973. Chemical color tests
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are listed and numbered below. If applicable, corresponding numbers appear at the left of the
citations. Sources for other items are inciuded with the citation.
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27 p. Free.

JAMES, W. L. 1976. Ef feet s of wood preser-
vati ves on electr re moisture meter read-
ings. Research Note FPL-0106. 20 p. Free.
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of the Navy, Washington, D.C.
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-- HILL. C.L., and C.A. KOFO I D. 1921.
Marine borers and their relation to marine
construction on the Pac if i c coast: fina I
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structure, haw wood dries, penetration
of preservatives into wood, and pressure
wood-preserving processes.
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KILBORN, K. 1971. A guide to establishing
a pressure-treating plant for small sawed
and round wood products in Colorado.
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5 USDA FOREST PRODUCTS LABORATORY.
1978. List of pub'i i cat i ons on finishing.
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APPENDIX B: AIVIERICAN WOOG PRESERVER>'
ASSOCIATION S YANDARD CaS-VV, SYANDAea
I=OR PRESSURE TREATED MATERIAL IN
MAAINE CONSTRUCTION

Douglas- fir, redwood, lack pine, lodgepole
pine, and red pine lumher shall be incised.Specific Requirements

3. Results of T reatmen t

Piles and timbers in marine construc-
tion shall be treated in accordance with the
requirements of American Wood-Preservers'
Association Standard Cl, "Standard for Pre-
servative Treatment by Pressure Processes--
All Timber Products," except as supplemented
herein.

1 5 Framing.--Pile cutoffs, bott holes,
and field cuts shall be protected in accord-
ance with AWPA Standard M4 [Standard for the
care of preservative-treated wood productsl ~

1 ~ 51 The iower bracing timbers shall be
attached to the piles at a minimum height of
3. 5 feet above mean low water for marine
structures at sites where the tide range is 6
feet or less, and at rniddle elevation for
tidal ranges exceeding 6 feet.

1.6 incising.� Coastal Douglas-fir, west-
ern hemlock. western larch, intermountain

Reprlntod orth perrniee}on of the American Wood-Preeereere'
A eeoeieti on.

U.S. NA V Y . Undated. Wood preser v ation:
Control of wood destroying organisms. No.
MN-8167b. 22 minutes. Naval F ac 8 i't ies
Engineering Command, 200 Stov all St rect,
Alexandria, V A 22332. At tn: Applied
Biology Section.

U.S. NAVY. Undated, Wood preservation;
Inspection for wood destroying organisms.
No. MN-8167a. 20 minutes. Naval Facilities
Fnglneering Command, 200 Stovall Strt et,
Alexandria, VA 22332. Attn: Applied
Biology Section.

1.8 Branding.--AII products shall be
branded in accordance with AWPA Standard Ml
 Standard for the purchase of treated wood
p roducts].

1.$2 Piles.--Each pile shall be hranded at
points 5 feet and 10 feet from the hut t en d
of the pi le unless other mea s urem en't s are
specified by the customer. The standard brand
shall be u sed except t hat only the,'entith
shall be shown on the bot tofn line of the
brand.

3.1 Retention--pcf [pounds per cubic foot
Of WOOd] . The minimum retentions are listed
in the table below. prese r va tive retention
shall be determined by assay method.

Section 1.11--ln those areas where Teredo
and pholad are expected or known and where
Limnorta tri unctata are not prevalent. creo-
sote or creosote-coal tar solution treatment
will provide adequate protection.



Round Timber Piles Exposed to Moderate or Severe Marine
Borer Haeard

Southern
P!ne.

Red Pine

Coasts I
Douglas- AWPA

fir Oak Standard

RR3 C3
HR C3

2.50 and 1.50 2-50
2.50 and 1.50 2.50

T e af Treatment

Creosote and
Crsasate-
Coal Tar

Solut lans

Ma r inc
Baring
Organlsia

Water borne
Preservatives
 CCA and ACA! Duall

'STereda

P ho lads
When these preservatives are specified for material to be

used ln salt water. the creosate-coal tsr shall conform to
Standard P12  Standard for creosote-coal tar solution ta be
used In the treatment of marine  coastal waters! piles and
timbers!, and the creosote shall canform to Standard P13
[Standard far coal tar-creosote to be used In the treatiaent
af marine  coastal waters! piles and tliabersl ~

3X

Limner is
~tt t

The assay retentions for southern pine and red pine are
based an two assay zones--0 ta 0.50 inch and 0.50 to 2.0
inches.

RR � lsot recommended.

4 Creosote-coal tar will conform to Standard P2 [Standard
for creosote and creosote salutilans! or P12. Creosote will
conform to Standard Pl !Standard for coal tar-creosote for
land and freshwater use! ar P13.

Section >.]Z � In those areas where Teredo
and Limnoria ~tri onctata are expecteci or
known and where pholad attack is not preva-
tent, either dual treatment or high reten-
tions of ACA or CCA treatment will provide
adequate protection.

Section 1.13 � In those areas where Lim-
noria ~tri onctata and pnoiad attack are
expected or known, the dual treatment pro-
vides the maximum protection known at
present.

Marine Piling--Specific Rettuirements of Use for Treated
Woad Subject ta Exposure of Marine Borers

Method as defined In paragraph 2.13 of Cl.

2 �! Satisfactory for use where the particular boring
organism ls present.

 X! Msxheum service 'life will nat be obtained when water-
borne salts are used where phalads are known ta attack and
when creosote and creosote solutions are used where Limnaria
~tt t t k t tt k ~

Moderate Borer
Haaard

Creosote 1
Creosote-
cosl-ter I

5evere Barer
Haasrd

Limno rig
~tt t t tt

ACA2
CCA2

'treatment!
First treatment

A CA
CCA

Second treatment
Creosote
Creosote�
coal tars

20.0 20.0 10.0 C3

200 HR 100 C3

1 ~ 00 1. 00 HR C3
100 100 HR C3

20.0 20.0 HR C3

20 0 HR HR C3



Other Members Used in Marine Construe:tion

Penta-
Creoaete- chlorn- ltyle 4
P etr el ourn phenol ACC ACA t Ca Nts»dai.ls lQaterial and

T sag "
C.r eosotr-
Coal TarCreosote

l.mher and plywood expose f to Tides or Wave Action:

Southern Pine
Coastal Douglas-fir and

Western Hemlock
1'I v wood

HR20.0 24.0 2.%0

NR
R

NR
2S.O

24 ~ 0
2S.D

�
 ,'0

2. 40
:. Sa

2,40
2. sn

eemhers Out of Water hut Subject to Salt Water Splash and in   round Contact:

Timber, Lumber and Plywood:
Southern P ine, Coastal
t>ougtas � fir, Western
Hemlock 12.0 12.0 o. 00I2.0 0 60 �. �0,60

Ovwhers Gut of Water and Not Suhject to Salt Water Splash and Not ln croon<i Contact:

Timber, Lumber and Plywood:
All Softwood Species

0. SD 0. SQ 0.40 Q. Qn
10. D

  V
10. 0in.n

Stvucturat i.umber in Salt Water:

Southern Pine
Coastal Douglas-fir,

Hem lac k

HR 2.SQNR25,0
2.602S.O

HRNR l,sn2.snHR2S.O

slructural Lumber in Salt Watt r---Dual Treatment

Southern Pine:
Firr,t treatment
Second treat~ant

NR
NR

1,00
Nk

1.40
NRNR

NR
NR

20.0
NR

20.n

Coastal Douglas-fir. Western Hemlock:
First treatment NR
Second treatment 20,n

I. Sn C2
'NR �NR

Nk
HR
NR

Hk
2D.O

NR
NR

= Lumber, timbers, bridge ties anrl mine ties- -preservative treatment hy pra ssurv. protvsm s.
Plywood--preservative treatm  nt hy pressure processes.

APPENDIX C: CULTURING FUNGI FRQIN WOOER
m OEV'ECT EARL+ DaC+V"

invisible--must be detected in the
l aborator y.

Advanced decay in a wood pole can be visually
detected in cores taken with an increment
bof er, and those same cores can be measured
for shell depth and depth of preservative
penetration. However, early decay--which is

ritten by Jonathan D Lew while he was a research assilst-
tant wi'th the Forest Research Laboratory, Oregon State  lni-
versity, Corvallls. Lew is now staff research assistant,
University of California Forest Products Laboratory, Rich-
moncl, California.

To detect invisible decay, place each core in
a plastic straw which is stapled shut a't the
ends and labeled with line, pole number. core
location, and other information. The cores
should be brought to a laboratory and cu'I-
tured within 121 hOurS--thOSe that CannOt be
cu'itured within that period should be stored
in a refrigerator.



C ul turing, ane of the most reliable methods
for detecting early decay in wood,
s ter ili zing the surface of the core.
ding it in sterile nutrient media,
incubating it 3 to 4 weeks at 20
Cores are observed weekly for fungal gr o'wth.
which is microscopically examined after 3 to
4 weeks for characteristics of a decay
fungus.

E ChlJ I &ME AT

~ Small pair of forceps
~ Alcohol  95% ethanol!
e Alcohol lamp ar small Bunsen burner
~ Scissors
~ Culture dishes with nutrient media
~ Wax pencil ar felt tip marker
~ Au toe l ave
~ Balance accurate to 0.1 g
~ Incubator or room at 214 to 27~C.

CULTURING AREA

The atmosphere contains spores of fungi and
bacteria that can fall into the nut rient
media during the culturing process, germi-
nate, and contaminate the culture plate. To
reduce contamination, keep the work area
free of dust, drafts, and fungus-infested
material. Before culturing, wipe down the
work area with 95 percent ethanol or another
s uit a bi e di sl n feet a n t. Work on a cloth damp-
e n ed w lt h dl sin feet ant, or per iodi ca I ly cl ea n
the bench tap with ethanol. lf contamination
problems persist. consider purchasing a
tissue culture hood or a laminar flow, clean
a ir bench. The tissue culture hood is a
cabinet with an ultraviolet  UV! germicidal
lamp that is switched on when the hood is not
in use  UV radiation damages the eyes! to
sterilize the cabinet interior. The laminar
f low bench blow s "sheets" of fii tered air
across the working surface in one direction
to keep contaminating particles from failing
into culture dishes.

20 g of ma it extract. lltta it ext ract is
quite hydroscopic, so weigh and dispense
it quickly. Swirl or stir until most of
the malt extract is well suspended ln
solut/on. Cover the flask with aluminum
f ol I, or plug lt w ith a wad of cot ton.
Agar content can be varied ta change the
hardness af the medium.

2. Place the flask in an autaclave for 20
minutes at '15 psi.

3. Turn off the autoclave, and allow it to
cool slowly. Using an exhaust cycle before
the chamber has reached atmospheric
pressure w ill cause the medium to boil
aver.

4. Wipe off the working surface with 95 per-
cent ethanol. Arrange 35 to 40 Petri
dishes in stacks of 2 or 3 dishes each.
Use either disposable dishes  presteri-
lized polystyrene! or reusable glass dish-
es  autoclaved, washed, and oven-steri-
lized at 110 C for 8 hours!.

5. Cool the medium to about 45 to 50 C. At
thi s temperature, you shoulcf be able to
touch the side of the culture flask to
your face.

6. Pour the medium into the dishes. Pour from
the flask, or transfer a portion of medium
to a smaller sterile vessel  e.g., a 500-
ml Erlenmeyer flask! before pouring. Cover
the bottom of the Petri dish with a layer
of medium 3 to 5 mm deep. Work quickly
when pouring, and t w irl the flask f re-
quently to prevent the medium from solidi-
fying. To reduce contamination when
pouring, tip up one side of the Petri dish
cover to expose as little of the medium as
possible.

7. The malt agar should solidify and be ready
for use in about 30 minutes.

NUTRIENT MEDIA

Wood-rotting fungi are commonly cultur dure onan agar medium containing 2 percent malt
extract.

To make the agar:

1. ln a 2,00p-ml Erlenmeyer flask, add 1 ppp
ml of distilled water, 15 g of agar and

ENHANCING RECQVERV DF
DECAY FUNGI

Decay fungi frequently coexist with both non-
decay fungi and bacteria. lf you only want to
detect early decay, you can eliminate these
nondecay and bacterial organisms from your
cultures by adding certain chemicals to malt
agar. Such media  e.g., Russell 1956, Hunt
and Cobb 1971! selectively inhibit the growth



of nondecay fungi and bacteria without appre-
ciably affecting the growth of decay fungi.

For controlling nondecay fungi, especially
from Douglas-fir poles, we recommend a medium
containing 10 parts per million  ppm! of
Benlate [Benomyl! .

Vigorously shake 20 mg of Benlate and 20 ml
of sterile dist il led water in a sterile
screwmap tube to form a suspension, not a
solution. Add this mixture to 1,000 ml of
malt agar. To control bacteria, add 3.0 ml of
lactic acid per 1,000 ml of malt agar. Before
adding either the 8enlate mi xture or the
lactic acid, be sure the medium has cooled to
about S04C.

CULTURINQ FUNGI FROM
INCREMENT CORES

By now you have made up nutrient media dishes
and wiped down your culture area � you are now
ready to plate the cores. Th/s can be done
many ways, depending on personal preference.
The important point in trying to culture
fungi Is to prevent contamination of the
plate by airborne spores. Follow this general
procedure to aseptically plate cores:

Work on a disinfectant-dampened cloth or a
sterile paper towe'l. Wipe down the bench
with [10] percent ethanol.

2. I abel the dish cover with the information
on the straw  line, pole number, location
of core!.

3. Snip off the end of the straw, and remove
the core. If the core is badly broken due
to decay or a dull increment borer, use
the crease of a paper towel to keep the
p ieces oriented. I f the core Is not bro-
ken, break it into 2 or 3 segments that
will At into the Petri dish.

4. Sterilize the forceps by dipping them in
alcohol and Igniting them in the burner
f lame. [Do not hold the forceps in the
f lame. !

S. Flame the core segments to destroy super-
ftCIal COntaminantS on the surface. Hold
the core segment with sterile forceps, and
pass lt through the gas or alcohol flame
for 2 to 3 seconds, momentarily expos-
ing all surfaces directly to the flame.

Scorching the core, other than a sli ght
browning of edges, may kill the fungi in
the wood.

6. While holding the flamed core with the
forceps in one hand, use the other hand to
tip up one side of the Petri dish cover
!ust enough to place the core segment onto
the agar surface. With the forceps, push
down on the core segment to embed it in
the agar. Close the dish at once.

1. Repeat steps 4, S, and 6 untii the entire
core has been placed in the dish with as
much distance as possible between seg-
ments. Whenever a dish is open, keep the
cover over the exposed agar surface to
p rev en t cont a min a t ion.

8. Stack the dishes in a cardboard or plastic
box with a closable top or in a tempera-
ture-controlled incubator at 21' to 27 C.

IDEIIIITII=IC &TIQN
Observe cultures once a week for 3 to 4
weeks. l4ote the presence, color, and texture
of fungi growing from the core. In addition,
be sure to note the presence of funga I or
bacterial contaminants not growing directly
from the core. On the underside of the dish,
circle each contaminant with a wax pencil or
felt-tip pen to ensure [its] recognition
later. 'If a culture becomes badly contami-
nated, you may have to transfer the uncon-
taminated portion of the core to another
dish.

Cultur es fr om infected wood frequently yield
a mixture of decay and nondecay fungi. In
many cases, these two groups can be separated
on the basis of color, texture, and growth
rate of the fungal mycelia. In culture. non-
decay fungi generally are fast-growing and
dark-colored, although the mycelia of many
nondecay fungi are white initially and then
darken. Decay fungi tend to grow rather slow-
ly, and they have a white color and a downy,
cottony, or felty texture, [Withe these crit-
eriaa, the greenish fungus that covers the
dish in a few days to a week [can be identi-
fied as fittingI into the nondecay group; the
white, cottony fungus that becomes prominent
after 2 to 3 weeks is probably decay. AI-
though color, texture, and growth rate are
helpful characteristics for differentiating
between decay and nondecay fungi, sometimes
positive identification requires a light

S'7



W>th pat>ence and
able to distinguish
fungi. However,
any fungi to the
should be left to a

E XHIB IT C-l.

microscope. Some nondecay fungi are white or
off-white, whereas the white mycelia of some
decay fungi are tinged with pink, yellow, or
brown.

MICROSCOPIC EXAMINATION
OF CULTURES

You will be able to view the individual
spores and hyphae of fungi with a microscope.
The hyphae of most wood-rotting Basidio-
mycetes  general classification of wood rot-
ters! possess clamp connections--small,
characteristically shaped bumps that arise as
a result of cell division  Exhibit C-1! . Only
decay fungI have clamp connections, but
sometimes they are rare or difficult to see.
Nobl es �965! details the i dentifi cation of
decay fungi.

In addition to the absence of clamp connec-
tions, nondecay fungi are characterized by a
wide variety of distinctively shaped spores,
usually present in great numbers, and spore-
bearing apparatuses. 8 erron [1972! and
Barnett and Hunter �972! have written keys
to the ~Fun i ~lm erfecti. many of which in-
habit wood as nondecay organisms.

A "squash mount" is the most common way to
view fungi under the microscope. Place a drop
of mounting medium on a microscope slide;

HYPHAL STRANDS OF A DECAY FUNGUS
V IEWED UNDER THE MICROSCOPE. CI R-
CLES MARK CLAMP CONNECT IONS CHAR-
ACTERISTIC OF DECAY FUNGI.

cut out a bit of the fungus with a dissecting
needle; put it in the mounting medium; and
cover the fungus with a cover slip, being
careful not to trap any air bubbles near the
fungus. You can use a variety of solutions to
make mounts, including water, glycerin, lac-
tophenol, and 5 percent potassium hydroxide.
Phloxine dye and 5 percent potassium hydrox-
ide are commonly used for decay fungi. Lacto-
phenol dyed with a little cotton blue may be
helpful  in viewing! nondecay fungi.

practi ce, you shoul d be
decay fungi from nondecay
positive identification of
gener ic or spec ifi c level
mycologist.

You may find an agar-stick breaking-radius
test a reasonably rapid means for differ-
entiating between decay and nondecay fungi
 Safo-Sampah and Graham 1976!. Decayed
sticks can be broken easily with one' s
fingers.
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H eath Con su l tant s
S11 O. Harbour Blvd.
Sacramento, CA 95691

AUGERS, HITS

American Steel Co.
4033 N.W. Yeon Street
Portland, OR 97210

PILE CAPS

irwin Bit Co.
Wilmington, OH 45177

Woodb ur y and Co.
P. 0 Box 3154
Port land, OR 97208

DRILLS, HATTERV QA ELECTAIC

Black 6 Decker Manufacturing Co.
701 E. Joppa Road
Towson, MD 21204

PLASTIC HARAIERS

0 sm ose Wood P r eser v i n g Com pan y
Box 168
Griffin, GA 30223

MOISTURE METEAS AND

SHI QOMETER S

The Zippertubing Company
13000 S. Broadway
Los Angeles, CA 90061

Deimhorst Instrument Co.
607 Cedar Street
Boonton, NJ 07005

0 smos e Wood P res er v i n g Co.
980 Ellicott Street
B uf fal o, NY 14209

INCREMENT HOAE RS Vy line Corporation
2301 East Ar tesia Bivd.
Long Beach, CA 90805Ben Meadows

3S89 Broad Street
At l ant a  Chamblee!, GA 30366

Forestry Suppliers, inc.
Box 8397
Jackson, MS 39204

Quality Foam Packaging
16180 Fast Gladstone Street
Irwindale, CA 9'1706

Keuffel 6 Esser Co.
2701 Second Avenue
Seattle, WA 98101

SONIC TESTEAS PILODYNS

Lordham Associates
Box 184
Merrifield, VA 22116

These sources of equipment were reported by
the utii iti es and inspect ion agencies that
reviewed this manual. Inclusion here does not
indicate endorsement by the authors or
sponsoring agencies, nor does this list
suggest that these are the only suppliers.

J. Agi and Associates
1414 Alaskan Way
S uite 600
Seat t le, WA 98101

Techware, Inc.
4111, Box C
Fort Collins, CO 80522

Marine Technology
74 Loomis St.
Bedford, MA 01730

Koppers Co.
7S40 NW St. Helens Rd.
Port'land, OR 97229

Pantascope, 'Inc.
Film j Compound Division
4303 East 48th Street
Los Angeles, CA 90058

H ate o P la st i cs
Oiv W R Grace
1844 East 22nd St.
Los Angeles, CA 90058
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Aquatic Divers, international
2523 Tacoma Ave. S.
Taco~a, WA 98408

Bode Inspection, Inc.
P.O. Box 59 l
Lake Oswego, OR 97034

Fraser Burnard Diving Ltd.
975 No. 6 Road
Richmond, BC, Canada V6W lE5PESTICIOE APPLICATOR

CERTIFICATION
K leger Diving
Rural Route 2
Burns Lake, BC., Canada VOJ lEO

Heath Consultants
511 D Harbour Blvd.

Sacramento, CA 95691

McCutchan Inspections
8525 N. Lombard
P ort land, OR 97203

National Wood Treating
7780 NW Mitchell Dr.
Corvallis, OR 97330

Osmose Wood Treaters, lnc.
980 Ellicott St.
Buffalo, NY 14209

APPENDIX E: AMERICAN WOOD-PRESERVERS'

ASSOCIATION STANDARD M4-80, STANDARD
FOR THE CARE OF PRESERVATIVE-TREATED

WOOD PRODUCTS"

1. General Requirements

1. 1 Definitions

1.11 Storage Yard � A storage area estab-
lished for treated wood products.

i Reprinted with perrnlssion of the American Wood-Preservers'
Assooetion. 'I.12 Jobsite--The location at which a pro-

ject is to be constructed or erected.

Koppers Co.
Western Wood Products Division
5'l01 East Airport Drive
Ontario, CA

Niedermeyer-Martin Co.
P. O. Box 3768
1723 NE Eleventh Ave.
Portland, OR 97208

John C. Taylor Lumber Sales, Inc.
P.O. Box 567
13375 W. Henry St.
Beaverton, OR 97075

Plant Division
Oregon Department of Agriculture
635 Capitol NE
Salem, OR 97301
Attn: Pesticide Supervisor

Grain and Chemical Division
Washington Department of Agriculture
406 General Administration Building
Olympia. WA 98504
Attn: Pesticide Registrar

Division of Plant Industry
California Department of

Food and Agriculture
1220 N St.
Room 308
Sacramento, CA 95814

This Standard prescribes the requirements for
the care of preservative-t reated poles,
piles, lumber and ties  collectively referred
to as wood products! In plants or storage
yards and includes field fabrication and
treatment.

J ~ Agi and Associates
1414 Alaskan Way
Suite 600
Seattle, WA 98101



1. 2 Handling

1 ~ 21 Treated wood products shall not be
dragged along the ground.

1- 22 The use of canthooks, peavies,
slings. tongs and lifting devices is permis-
s Ible within the limits specified in Sec-
tion 2.

1 ~ 3 Storage

1 ~ 31 When it is necessary to hold treated
wood products in storage, the material shall
be stacked on treated or non-decaying skicls
of such dimensions and so arranged as to
support the material without producing no-
ticeable disortlon.

1. 32 Al I treated material shall be stock-
piled ln such a manner that there is air
space beneath the material.

1. 33 Storage areas sha I'I be free of de-
bris. decayed wood and dry vegetation  fire
hazard! and shall have sufficient drainage to
prevent wood products from being subjected to
standing water.

Fabr ication

1.11 insofar as is practicable all adzing,
boring. chamfering, framing, gaining, incis-
ing, sur facing, or trimming sha I I be done
prior to treatment.

l.zl2 When field fabrication is a neces-
sity, the material shall be treated with
preservative as specified under the indivi-
dual product.

1.5 Field Treatment

'l.5'I A wood preservative meeting the re-
quir ements of the applicable AWPA Standard
for the product shall be used for all field
treatment, with the following limitations:

suitable plastic compound can be prepared by
mixing 10 to 20 percent of creosote and 90 to
$0 percent of pitch.

1. 512 Oil-Borne Preservatives--Penta-
chlorophenol used for field treatment of
material originally treated with this preser-
vative sha il be a solution prepared with
solvent conforming to AWPA Standard P9 [Stan-
dard for solvents for organic preservative
systemsj. The toxicant concentra'tion shall
be 5 percent, or more, of the solution
weight. Preparations for field treatments,
made by manufacturers of these preservatives,
can be specified.

1.513 Concentration of water-borne preser-
vatives should be a minimum 3 percent in
solution.

l. 52 Method of Application--All cuts,
holes and injuries of the surface of treated
mater iai shal I be field-protected by brush-
ing, spr ay ing, di pp ing, soaking or coating.

l. 521 Cuts and Damage--Care should be
taken to assure that all injuries, such as
abrasions, nail and spike holes, are thor-
oughly saturated with the field-treating
s olut i on.

1. $22 Bore Holes � Holes bored in press-
ure-treated material shall be pourecl full of
preservative. Horizontal holes, such as
those for sway brace bolts, may be filled by
pouring the preservative into them with a
bent funnel.

1.6 Loading and Shipping

I. 61 Al I wood product s shi pped by rail
shall be loaded in accordance with the latest
issue of the Rules of the Mechanical Division
of the Association of American Railroads.

2. Specific Requirements

1. 511 Creosote and Creosote Mixtures�
Creosote for field treatment of material
originally treated with creosote or any creo-
sote solution shall meet the requirements of
Standard P1 [Standard for coal tar-creosote
for land and fresh water usej or P7 [Standard
for creosote for brush or spray treatment for
field cuts]. Creosote shouid be between
1504F. and 2004F. when applied. where par-
ticularly heavy coatings are required, a

2. 1 Lumber

2.11 Treated lumber shall be stacked and
supported in storage to prevent warp.

2.12 Treated lumber having a specified
moisture content shall be stored under shelI-
ter ~ In areas of high humidity the treated
lumber should be enclosed in a moisture re-
s i st a nt package.



2 2 Piles

2.4 Ties

2 ~ 3 Poles

2. 21 Treated piling may be handled with
pointed tools provided that side surfaces are
not penetrated over one-half inch.

2. 22 Piling which will have the cut-off
surface exposed in the structure, in addition
to the requirements of paragraph 1.5, shall
be protected by covering the end with a cap
consisting of two thicknesses of tar satu-
rated fabric or tar paper, or one sheet of 20
gauge or thicker aluminum or galvanized met-
al, which shall overlap the side of the pile
at least two inches. The overlap shall be
folded down along the side and secured in
place with the sealer used. This cover shall
then be coated with one coat of sealer.

2 ~ 23 Piling cut off to grade, on which the
end surface wrll not be exposed, shall be
field treated by heavy applications of pre-
servatives, which shall be applied until
visible evidence of further penetration has
ceased, followed by sealing the end surface
of the piling with a heavy application of
coal-tar pitch, or other sealer ~

2. 24 Timber br i dge piling or those sup-
porting timber structures--in addition to the
requirements of paragraph 1.5--shall be
covered over the entire upper surface with at
least one-half inch of building felt. The
felt sha i I be f ol de d over the s ide of the
pile and securely fastened. The felt shall
then be saturated with an oil preser vative
and covered with 20 gauge or thicker galva-
ni zed metal or aluminum sheet, which com-
pletely covers the felt.

2.31 The use of handling tools and loading
dev i ces is not pe rrn it t ed in the g roun dii n e
area.  One-foot above and two-feet below

specified groundiine, ANSf Standard 05. l,
current issue.!

2. 32 Poles are not acceptable if they
cont a in indentations. att r ibu ted to loading
or handling slings, that are one-quarter inch
or more deep over 20 percent or more of the
pole circumference. Other indentations or
abrasions shalt not be more than one-half
inch deep at any point ~

2. 33 Poles fabricated in the field shall
be treated by saturating the cut exposed
surface with preservative. The field treat-
ment shall meet the requirements of paragraph
1 ~ 51 ~

2. 34 Field fabr ication in the groundline
area is not permitted.

2.35 Poles shall not be cut-off from the
butt end after treatment.

2.36 All unused bor e holes and spike holes
shall be poured full of preservative and
plugged with tight-fitting treated plugs.

2.41 Adzing, cutting or boring of ties
a f ter treatment is norma ll y not acceptable.
When field fabrication is unavoidable, par-
ticularly in rail maintenance, all exposed
areas shall be field treated by saturating
the exposed area with a creosote or oil type
preservative following the procedure outlined
in paragraph 1.51.

3. Disposal of Pressure Treated Wood

3. l Arsenical treated wood waste shall
not be burned. Buriai is the approved method
for disposai, unless otherwise prohibited by
regulations. Pentachlorophenol treated wood
shall not be used for chicken or animal lit-
ter nor shall such shavings be used for
chicken or animal bedding.
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