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f;,v g ANALYSIS OF THE CONDITION OF ECHO TOWER, AZORES FIXED ACOUSTIC RANGE,
‘ AFTER ONE YEAR AT 1500 FEET OF DEPTH

Technical Note N-1284

52-021

by
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ABSTRACT

The condition of ECHC tower after a one year exposure to seawater at
a depth of 1500 feet was analyzed immediately after recovery, after five ..
days exposure near the surface and after removal from the sea. The only
areas of critical corrosion were several pits found on the antennas. s
These pits were recoated but failure of the repair coaflngs could resul*
in tube penetration in as little as one year of additional exposure. = L
Recommendations for modification of existing towers to increase the:r
useful llte as weil as that of future designs, are gnven.
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‘The condition of ECHO Tower after a one year exposure +o seawafer
{at a depth of 1500-reet was analyzed immediately after removal, after
7} flve days exposure ng&r the surface and after removal from the sea.
"} The only areas of critical corrosion were several pits found on the
antcnnas. These pits were recoated but failure of the repair coat-
Ings could result_in tube penetration in as little as one year of -
addi . lonal exposure. Recommendations for modification of existing
towe; 5 1o increase their useful life, as well as that of future
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INTRODUCT | ON

r B On 12 Juty 1971, ECHO tower, the easfernmosf acoustic propagaflon
. studies tower of the Azores Fixed Acoustic Range (AFAR) was raised to
the surface to repair damage incurred during emplacement and during a one
year exposure to the seawater and bottom sediments at a depth of 1500
feet near Isla Santa Maria, Azores, Portugal.

“ 77 Thé Naval-Civil Engineering Laboratory (NCEL) Porf Hueneme, Calnfor—
nia, in cooperation with the Naval Underwater- SysfemS‘Cenier (NUsE),
London Laboratory, New London, Connecticut, participated in the recovery
of the tower in response to a request- to analyze the-deterioration of_ the .
tower. Observations of the tower were made at sea immediately aftérFhe S
tower was raised to the surface, at dockside prior to removal of the ‘
_ -~ tower from the sea and, after being raised onto the dock, before and
. after refurbishment. This report is an analysis of these observa?ions.
In order to best unferpref the condlfion of sfrucfures exposed to
seawater at depth, it is desirable to inspect them at depth. This is,
in most cases, impractical:™ 1f the structure is inspecfed ummednafely
—~ - -after being brought to the surface and before its removal from the water
its condition will closely approximate that at depth.. After an extended
period at or near the surface or after removal from the sea, the charac-
teristics of the structure useful in analyzing its deterioration at
depth will change significantly. In this analysis three inspections of
the structure were made. The first was made while the structure was in
the sea near the surface. soon after it was refrieved from depth. The
second was made approxlmafely five days after retrieval before the
structure was removed from the sea. - The third inspection was made after
the sfructure was removed from ?he sea five days affer refrieval.

First lnspecfion

Approxlmafaly l2 hours. affer“being retrieved from depth, an inspection
of the upper portion of the tower was made while the tower was still
completely submerged in Seawater. A -sketch of the tower is shown in -
Figure 1. Depth limitations |imited this inspection to the~ porfion.oi R
.. . The tower above the center line of The spbere. e . W
e 'w*’wf‘"""~ M W\mm * T D 4 — -
No fouling organisms were found on The Upper por?ﬁEn ~s¥ TS Sphera. T W
The fopcoa* of paint on the sphere was Iosf over approximately 10% of ifs




surface leaving the zinc-rich-epoxy primer exposed. In addition,
approximately 5% of the area of the upper portion of the sphere was
covered with water-filled paint blisters. The areas of exposed primer
were covered with a thin film of corrosion products which were sampled

and found to be predominately Zn(OH)a by X-ray diffraction analysis. Only
two small areas of rust staining were found on the upper portion of the
sphere. One area was at a point of mechanical damage and had resulted in
a pit nearly 1/8" deep. The rust stain in this area was tightly adherent
and black in color. The other area of rust staining was under a miid steel
washer found resting near the top of the sphere. The staining was from
the washer which was covered with a tightly adherent black oxide. There
was no failure of the paint coating associated with the washer.

The coating on the joint between the sphere and the steering carriage
showed no damage. Some slight rust bleeding was noted at the faying
surfaces in a few areas. The paint in these areas was not adversely
atfected. The only fouling on the steering carriage was a light, hair-
| ikeé covering-of hydroids, a common deep ocean animal. The paint coating
on the steering carriage was intact. excepf*for areas on the inside of.the o
“'flanges where the carriage stop housings were attached as shown in Figure 2.
The steering carriage altitude and bearing shaft seals were free of attack
or deposition. The altitude indicator scale and vernier were rusted in
many areas but readable. The steering carriage identification plate was
severely rusted, )

The coating on the gas generator support frame was intact but there
were a few rusted areas at the flange attachment of the support to the
steering carriage. The gas generators were .in excellent condition except
for the expendable fittings used to start the generators. These Fittings
were made from aluminum alloys and/or stainless steels and were virtually

. destroyed by corrosive attack. The titanium cathode on the electrolytic
“Tgenerator was unattacked, the platinum gauze anode was unattacked but
was partially clogged by hydroids. .

~The three antennas were virtually unattacked except for 12 small areas
of rust staining on the compliant tubes. One such area on the low frequency
.antenna was .probed during this inspection and revealed that underneath a
thin, adherent black oxide scale there was exposed bare steel with under-
lying pits up to I/IG" deep. The gas connections between the ends of the
compliant tubes, -and between the tubes and gas manifolds showed no -visiole
attack on the nipples on the compliant tubes or on- the—tabing clamps. The
antenna su rt_ arms fad o_few areas of r rust at areas of mechanical paint
“damage . gooseneck barnacles, one identified as a species of Lepas the
other as a specnes of Chonchoderma, were found on the middle frequency

. aniend, “laier invesligatlons .indicated that these Individual-~ had

~“affached Themselves fo The antanna-befdTe TS empTatsment a1 dapTh but
had survived for one year at depth. Their small size indicates that the
low temperatures and dearth of food at depth severely retarded their growth.




The syntactic foam blocks of the foam tower and on the low frequency
antenna were virtually unattacked. Hydroids covered the .. atings on the
blocks. The coatings used to paint the identifying “c"“on the foam tower
had flaked off but the underiying foam was unaffected. Tre main lifting
eye at the top of the foam tower was covered with a moderately adherent
reddish brown rust. :

Second Inspection

After being towed at low speed to dockside the tower was again
Inspected in order to note any changes in the condition of the tower after
being exposed to surface waters for five days and to inspert_ - 2-portion - -
of tower beneath the sphere which was at a shallow depth, the tower now
being horizontal. -

The shock absorbers at the tower base were moderately rusted and were
covered with a loosely adherent film of flaky red rust. All four hardened
tips located at the bottom of the shock absorbers were missing. However,
since the holes at the bottom of the shock absorbers were either empty or
packed with coral sand it was inferred that the hardened steel tips had

"~ fatien-out and had .not corroded away. Galvanic corrosion between mild

steel and alloy steel is known to occur, but the absence of corrosion
products from the holes In the bottom of the shock absorbers indicated

that galvanic attack had not ‘occurred. The coatings on the shock absorbers,
where applied, were mechanicaliy damaged in many areas and afforded little

protection. Uncoated areas and areas at coating damage were similar in
appearance. ... . - e L o

The base plate holding the shock absorbers and the universal Jounf
connecting the base plate to the main column were generally not rusted.
However, at areas of mechanical damage and at a few localized areas of
topcoat blistering there were loose flaky white corrosion products which
were .sampled and shown to be primarily Zn(OH),. Some minor rust bleeding
from the shafts of the universal joint was nofed in spite of the heavy
coating of grease remaining at these areas. The main column up to the
level of the cable btellmouth was unattacked, only a few areas of paint
were blistered and no rust was noted at these areas. The coatings on the
interior and exterior of the cable belimouth were severely damaged and
the topcoats of paint were gone from approxima+ely 80% of the exposed area.
WhTte corrosion products later found 16 Bé Zn(OH)y Were found at the areas
of topcoat fallure, however no red rust was noted. :

The main column from t+he belimouth to the bottom of the buoyancy sphere
was unattacked. The topcoat of paint had blistered over about 5% of the
exposed area. These blisters were fiiled with white corrosion products
later found to be Zn(OH) There was no attack of the steel under these ~
maststers. it was noted %haf the yellow paint used to letter the main
column and buoyancy” sphéfé‘was-vrr4ua+4¥‘o_JaCft_no fallures of this




ity

coating were noted. The cable conduit which was bolted to the main cotumn
was unattacked. However, a few of the bolts used to attach the condult
to the column showed rust bleeding from underneath the sealant covering
them.. These bolts were found to be Type 304 stainless steel and the one
sample removed showed slight crevice corrosion about .005" deep at the
threads.

The buoyancy sphere was in essentially the same condition as in the
first inspection except for more blistering of the topcoat of paint and
the change in character of the rusting noted at two areas in the first
inspection. The tightly adhering black oxide nofed at these areas had
changed to a loosely adhering red oxide of a more familiar character.

'ThTS‘change“1s rypicatof-steel-which corrogas in an ervironment which
is low in oxygen which is subsequently brought into an environment high -
in oxygen. The cable conduit at the sphere was unattacked as on the main
column; however, rust stains at the sealant on two conduit clamp bolts
were noted although these were not disturbed for further inspection.

The coating on the joint between the sphere and the steering carriage
showed some small blisters scattered over a few small areas. These
blisters were filled with white corrosion products. The rust bleeding
noted at the joint faying surfaces had become more generalized. The
paint coating on the steering carriage showed some minor blistering not
noted on the first inspection. - The rusting on the inside of the carriage
" stop housing fTanges had Become more pronounced.

Aluminum alloy keys and jacks were attached to the steering carriage
after recovery in order to secure the antennas during the tow. After
five days exposure these keys and jacks were covered with a rather thick
coating of corrosion products. This attack was due to galvanic corrosion
between the keys and jacks and the exposed steel areas on the tower.

The gas generator support structure showed more rusted areas than in
the first inspection. This was especially noticeable at corners of the
structural members where coating thickness was low. The gas generators
showed no visible attack except as noted in the first inspection. The
platinum gauze anode on the electrolytic gas generator was less clogged
than in the first inspection indicating that the clogging was not extremely
adherent.

The rust stains noted on the three antennas during the first inspection
were reinspected. The thin, adherent biack oxide scale has changed in
appearance. These areas were now covered with a thicker coating of loose
flaky red rust. Reinspection of the area on the low frequency antenna
which was probed during the first inspection showed that this area was
now covered by a thin layer of loose, flaky red rust. However, the pit
underiying this rust had not increased measurably in thickness or extent,
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Several of the gas connections between the ends of the compliant
tubes and between the tubes and the gas manifolds showed some rust
bleeding from underneath the sealant used to protect the connections. The
connections showing rust were marked for further inspection. The antenna
support arms now showed consliderable rust staining, especially at areas of
mechanical damage and at areas such as sharp corners and fhe interiors of
the arms where the coati.g was thin.

The syntactic foam blocks of the foam tower and on the low frequency
antenna remained unattacked. No additlonal coating damage was noted. The
main lifting eye at the top of the foam tower was now covered with a loosely
adherent film of flaky red rust.

Third inspection- -

‘A third a final inspection of the ftower was made after the tower had
been 1ifted onto the dock for repair. This Inspection was made over a two
day period. During this period the appearance of many arsas changed
appreciably. Unless otherwise noted the descriptions. in this section refer
to the condition of the tower as.noted on the second day, after the tower
had been rinsed with a2 high pressure hose and allowed to dry.

The shock absorbers, as shown in Figure 3, were covered with loose,
flaky red rust and rust stains. The surfaces under the rust were etched
but no pitting was noted. The area under the mlssing hardened tip was as
corroded as the adjacent areas on the cone, which indicates that the
hardened tips were lost during emplacement. Areas under the undamaged
paint coating were unattacked. The paint coatings showed no undercutting
adjacent to damaged areas.

The coatings on the base plafé’and universal Jjoint had blistered over
about 10% of their surfaces. No rust under these blisters was noted.
Areas of mechanical damage were covered with flaky red rust. Removal of
~ _this rust revealed little significant corrosion underneath. Fresh water
rinsing of the base plate and universal joint resulted in the loss of about
10% of the black top coat of paint from the surface. No additional
~corrosion was noted at these areas of paint failure. The main column up
to the level of the bellmouth showed about 0% of its area covered with
blisters. Upon fresh water rinsing many of these blisters ruptured and
top coat of paint was lost. No significant corrosion was uncovered by this
coating loss. The bellmouth showed considerable rust staining and much of
the top coat of paint on it was lost during fresh water rinsing. However,
no significant attack of the be!lmouth was noted.

The coating on the main column from the bellmouth to the bottom of the
buoyancy sphere was blistered over about 10¥ of its surface. As on the
lower portions of the main column and base the top coat of paint was lost
during fresh water rinsing although no corrosion at these areas of paint




failure was noted. The yellow paint used to letter the main column and
buoyancy sphere remained intact, even after iresh water rinsing. No
significant paint failures or attack was noted on the cable conduit on
this section of the tower. No additional rust bleeding from the sealant
used on the conduit attachment fasteners was noted.

About 10% of the sphere was covered with blisters before rinsing.
About half of these blisters ruptured upon rinsing and exposed the under-
lying primer. The rust at the areas of paint failures noted in the
previous inspections was now loose_and flaky. The pit noted in the first
inspectidn (as Shown in Figure 4) was—accurateiy-measured-and found to be
a maximum of 0.110" deep. No other significant corrosion was noted. The
coating on the joint between the sphere and the steering carriage was
blistered and these blisters ruptured upon being rinsed. No corrosion
under the ruptured blisters was noted. _The rust staining at the faying
surfaces of the joint remained after rin5|ng. The coating on the steering
carriage was now moderately blistered as shown in Figure 5. However, no
rust staining of the primer underneath these blisters was noted when the
biisiers ruptured upon rinsing. The rusting at the carriage stop housing
flanges was now loose and flaky. Loose flaky rust around one fastener on
the flange was noted and is shown in Figure 6. The altitude indicator,
as shown in Figure 7, was readable even with the loss of a significant
amount of paint coating. The aluminum alloy keys and jacks used to secure
- the steering carriage were covered with a thin superficial film of corrosion
produc “s, as shown in Figure 8. Attack of these areas was superficial and
as ess> 1ially arrested after the tower was removed from the water.

The gas generator support structure, as shown in Figure 9, had loose
flaky red rust at the edges of the metal frame members. Only superficial
corrosion was found associated with this rusting. The titanium cathode
on the electrolytic generator, as shown in Figure 10, was unattacked.

The platinum anode was also unattacked. The remaining fouling on the
ptatinum anode was easily removed by fresh water rinsing.

Figures |l through 14 show the results of Inspection of a typical
rustecd area on the middle frequency antenna. Figure_}| shows the area
covered with a loose fiaky red rust deposit. Figure |2 shows the area
after removal of the deposit. Figure I3 shows the defects in the coating
which resulted in the attack. Figure 14 shows the area after removing
the coating. Note the feathered edge of the coating in Figure 14. Only
three coats of paint are present. A red primer, white second coat and
gray topcoat. No zinc rich primer was used on this or any other rusted
areas of the compliant tubes. Brushmarks in the coatings at the rusted
areus .indicated that the coatings had been "touched up" at these locations
without using the zinc rich primar. Removal of the upper coats of paint
in an unattacked area of the low frequency antenna showed that the zinc
rich primer was present.




The rust stains on the gas connections were found to originate primarily
from the mild stee! clamps used to secure the flexible tubing to the steel
nipples. No significant attack of the tubing, tubing clamp or nipples was
noted. No significant attack on the antenna support arms was noted although
voluminous loose flaky red rust was present in many areas of paint failure.
The attack under the rusted areas was uniform.

The condition of the syntactic foam blocks of the foam tower is
itlustrated in Figure 15. Although the coating at the identifying letter
had failed, the underlying material was unattacked. No signs of water
absorption or deformation of the foam blocks of the foam tower, low
frequency antenna or gas generator support was noted. The main lifting
eye at the top of the foam tower, as shown in Figure 16, was covered with
a thin film of loose flaky red rust but no significant corrosion was noted
underneatn the rust layer.

Repair of Tower

Echo tower was to be reemplaced if its condition permitted. As the
damage resulting from emplacement and retreival was minimal and the amount
of corrosion found did not preclude reemplacement, the tower was repaired.
The four shock apsorbers were replaced with similar units. However, the
tips on these units were screwed into place in contrast to the pressed-in
units originally used. These screwed-in tips were further secured by
welding and are shown in Figure |7. The universal joint was relubricated.
The tower base, universal joint, main column and buoyancy sphere were
cleaned by an air powered high pressure water jet and recoated with a
copper oxide-pigmented rubber-based antifouling topcoat. The yellow enamel
identifying marks were reapplied after the antifouling coat had cured.

The condition of the buoyancy sphere.=f+ar repair is shown in Figure I8.
The fasteners used to secure the cable conduit to the main column werc
recoated as required with a rubber based sealing compound. -Rusted areas

on the steering carriage and antenna support arms were cleaned and recoated
with a two coat, polyamide-cured epoxy paint system. The gas generators
were replaced. The attacked areas on the antennas were carefully sanded
and cleaned before recoating with the same paint system. The gas con-
nections between the ends of the compliant tubes and the gas manifolds

were cleaned, the clamps and tubing replaced as necessary and recoated with
a two component sealing compound where any rust staining of the connections
was noted. Areas of paint failure on the foam tower were repaired using
the topcoat of the polyamide cured epoxy paint system. ldentifying marks

were roappiied to-ihe foam tower. The recoated iuam fower is siuwn i — -

Figure 19. The main lifting eye was cleaned, and then recoated with the
two coat polyamide cured epoxy system. The tower was then considered to
be ready for reemplacement.
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CONCLUS | ONS

Many important deterioration protection principles were incorporated
in the design of the ECHO tower of the Azores Fixed Acoustic Range. In
critical areas such as the steering carriage shaft seals, materials known
to be immune to corrosion were used. In non-critical areas materials
subject to oniy uniform attack were used and these materials were protected
over the majority of their surfaces by the use of protective coatings,
especially by the use of zinc rich primers. Such primers afford galvanic
protection to the underiying steel should the barrier film of the topcoats
be ruptured. For components such as the gas generator valves and the
carriage lock jacks and keys, where their long term corrosion resistance
was insignificant, materials selection was based upen other considerations.

Iin a few areas, however, considerable improvement in the long term
reliability of the tower could be realized.

The use of sealants to prevent corrosion of materials subject to
crevice corresion is not reliable. Such a system was used on the fasteners
used to attac. the cable conduit to the main column. Only one fastener
was removed from this area and it had corroded to a depth of .005" due
to crevice corrosion. This attack was not critical, however, as the
number of fasteners used would allow the failure of many before the conduit
attachment would be jeopardized.

Another area of potential failure was the attack noted on the antennas.
Pits on the /16" thick material of high frequency compliant tubes had
progressed to near penetration in a few areas. Such penetration would
cause the loss of gas which would result in antenna failure. All the pits
noted in the antennas were at areas of paint repair where no zinc rich
primer was applied. These pits were considered to be the most severe attack
noted on the tower in terms of system reliability. All other attack noted
was insignificant in terms of system reliability when compared with the
pits on the antennas.

The additional lifetime of the tower when reemplaced depends almost
entirely on the attack on tt. antennas. If the pits already present
reinitiate and penetrate still further the useful additional life of the
tower may be as little as one year. However, if the recoating of these
areas Is successful and corrosion occurs at other areas the additional
useful lifetime of the tower will depend on the thickness of the material
on the antenna attacked. The |/16" thick material of the high frequency
antenna could last as long as five years and the others proportionately
longer.

RECOMMENDAT | ONS

These recommendations apply to both the modificetion of the existing
towers in the event they are recovered and subsequently reempiaced and to
the building .f other similar structures.
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Figure 4,

Pit on upper portion of buoyancy sphere.

Figure 5. Blisters on steering carriage.
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Figure 10.

Figure 11,

Electrolytic gas generator cathode.

Rusted area of middle frequency antenna.
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3 Figure 13. Same area as in Figure || with rust staining removed.




Figure 14. Same area as in Figure Il with coating removed.

Figure 15, Portion of foam tower.
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Figure |7. Modified shock absorber tip.
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