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THERE ARENO"MAINTENANCE-FREE" METALLIC FUEL TANKS

With today's recreational boat building technology
most boats are constructed of very durable materials
with the potential for a long service life. Asaresult,
the typical purchaser probably expects that any
permanent appurtenance provided with the boat,
suchas a fuel tank, will provide as long a service life
asthe hullitself. Unfortunately, many Coast Guard
defectinvestigations have found thataluminum fuel
tanks, which were not installed in accordance with
the Coast Guard Fuel System Standard or the voluntary
standards published by the American Boatand Yacht
Council orthe National Fire Protection Association,
are badly corroded after only a few years.

Each year funds are available through the Boat
Safety Account of the Aquatic Resources Trust
Fund (revenue from motorboat fuel taxes) foraward
to national nonprofit public service organizations to
fund boating safety projects. In fiscal year 1992, the
Coast Guard awarded a grant to Underwriters
Laboratories (UL) for the purposes of studying
problems associated with the use of aluminum fuel
tanks.

UL conducted alimited survey of boat owners to
determine how many had problems with leaking fuel
tanks and to obtain as many details as possible about
each particulartank. These details included:

1. the age of the tank,

2. theparticularaluminum alloy,

3. themethod of construction, and

4. themethodand location ofthe installation

of the tank in the boat.

UL located owners of boats fitted with badly
corroded aluminum fuel tanks by publicizing details
of the research effort in monthly newsletters and
magazines published by the Boat Owners Association

of the United States (Boat/US), the U.S. Power
Squadrons, and the United States Coast Guard
Auxiliary.

The goal of the UL survey was to answer the
following questions:

1. Whatwasthe extentof problemswith aluminum
fuel tanks?

2. Did the responses from survey participants
indicate a common factor such as geographical
location, boat manufacturer, or method of tank
installation or was there acommon factorassociated
with the use, storage, or maintenance habits practiced
by vessel owners?

3. Ifacommon factor was not apparent, could
UL identify fuel tank installations which seemed to
be experiencing reliability problems? What were the
parameters affecting these particular situations?

4. Wouldthe collected data allow the prediction
of'the average "life span” of an aluminum tank?

5. Could UL identify a root cause of aluminum
fuel tank problems? Was there a feasible remedy
which could be implemented in new boats as well as
boats already in the field?

Underwriters Laboratories mailed 250 survey forms
to respondents to its calls for information; 160
completed forms (64%) were returned. Although
the survey was notastatistically valid representation
of the entire boating population, the limited data
gathered during this research effort showed that
aluminum fuel tanks failed in many different makes,
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types and models of recreational boats.

One of the most significant issues facing designers
and manufacturers of recreational boats is the
challenge of integrating all the necessary equipment
into a boat while maximizing space, efficiency and
serviceability. In addition to the engine(s), other
equipment such as generators, water tanks, and, for
many boats, accommodation spaces often compete
for the precious space afforded by the bilge. Asa
result, items which are considered maintenance-
free, like the fuel tank, are relegated to the less
accessible areas inthe bilge. Therefore, when a fuel
tank develops a problem, the problem source is not
only difficultto detect, butany necessary repairs are
usually complex.

While 92 percent of the aluminum fuel tank failure
cases examined during the UL study were reportedly
caused by corrosion, discussions with repair yards
and examinations of various fuel tank samples showed
that failures due to fatigue cracking at baffle welds
may also be a significant cause of failures. The
fatigue failures were primarily confined to fuel tanks
constructed from 0.090 in. thick aluminum sheet;
however, fatigue failures at baffle welds are not
easy to see, and the presence of any corrosion in the
vicinity ofthe failure may have led to misdiagnosis of
the problem.

Several owners of one brand of boats reportedly
had to replace fuel tanks which failed due to abrasion.
The boats had been constructed with the fuel tanks
permanently mounted beneath the rear deck. The
platforms on which the tanks rested were covered
with rubber, presumably for the purposes of either
cushioning the tank, orisolating the tank from contact
with the plywood platform which may eventually
have become waterlogged. The rubber material was
attached to the base plywood platform with metal
staples, which were not recessed into the rubber.
Over time, there was abrasion and perforation of
contactareas on the bottom surface of the fuel tank
because of contact with the staples.

Field Inspections

One aspect of this research effort was a fact-
finding trip to the Southeast in order to find some
evidence of the extent of fuel tank failures in the
field. Boat repair yards, and both custom and OEM
aluminum fuel tank manufacturers were visited for

the purposes of examining various perspectives.
Visits to both aboat repair yard and a metal fabrication
shopyielded several discarded aluminum fuel tanks.

Discarded tanks had been foamed-in place, secured
by straps, and retained by brackets. There was
evidence of the contact of the bottom of the tank with
water in the bilge, incomplete encapsulation of the
tank with flotation foam, and collection of water
underneath the foam adjacent to the tank. Tank
labels were peeling or illegible, coatings were
incomplete, rubber strips were haphazardly glued to
the tank surface, and brass fittings were screwed
directly into the aluminum tanks. Several of the
fittings were foundto have been covered by putty or
foam, evidence that boat owners may have resorted
toaquick fix before inevitably having to remove the
tank.

There were signs of corrosion underneath the
foams on tanks which had been foamed-in-place;
where the tank was in contact with water in the bilge:
underneath the rubber strips glued to the tank; at
weld seams; and even on and around tank fittings. In
fact, all of the tanks examined showed corrosion of
various types and to different extents over all
surfaces. The commonresultofall ofthese examples,
was clear evidence that they had notbeen installed
in accordance with the Coast Guard Fuel System
Standard in Subpart J of 33 CFR Part 183, or the
voluntary standards published by the American Boat
and Yacht Council (ABYC H-24 and H-33) or the
National Fire Protection Association (NFPA-302).

Replacing damaged tanks

According to the responses from boat owners who
participated in the UL survey, a great amount of
confusion exists in the boating world as to what
constitutes an acceptable and reliable fix for a
leaking aluminum fuel tank. Some owners settled for
temporary repairs, while some owners and
manufacturers replaced failed tanks with OEM
specification tanks using original installation methods.
Some boat owners also went to great expense to try
to modify the original installation, although the
effectiveness of the fixes wasalso questionable.

According to the UL report, one of the most
convenient courses of action for both new vessel
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population.

Eighty-one percent (123 of 152) of the boats used as the basis for the UL study were fueled by gasoline,
while the remaining 19 percent (29) were diesel powered. One of UL's most startling findings was the fact
that 23 percent of the owners of gasoline-powered boats continued to operate their boats after a fuel tank
problem was detected, i.e., almost one-quarter of the owners of gasoline-powered boats responding to the
survey do not fully comprehend the hazard of leaking fuel in the bilge of a boat. Since the majority of the
respondents to this survey were members of the major boating organizations which promote boating safety,
the UL study concluded that the proportion of uninformed boaters was probably higher in the general boating

constructionand forrepair/replacement of damaged
aluminum fuel tanks is to use thicker aluminum
sheets for tank construction. The report states that
pitting foraluminum has been shown to be proportional
to the cube root of time. Therefore, while it can be
shown that by merely doubling the thickness of the
material, the time required for perforation due to
pitting istheoretically increased by a factor of eight.
However, inthe absence of more practical experience
with tanks constructed of thicker aluminum sheeting
subjected to the conditions in the bilge ofa boat, the
UL report notes that there is no way to determine a
suitable thickness, which would guarantee an
acceptable service life in relation to the service life
ofthe boat itself.

Some of the people who were interviewed during
the course of the UL study stated that the “industry
fix” for corrosion problems with 0.090" wall thickness
aluminum fuel tanks was to switch to a thicker 0.125"
sheetaluminum for any replacement products. The
0.125" sheet aluminum not only reduced the
susceptibility of the tanks to corrosion, but also
reduced the number of fuel tank failures due to
fatigue at the baffle welds. However, some of the
failed tanks which were examined were constructed
of 0.125" thick aluminum, meaning they had service
lives which were similar to the thinner0.090" material.
Other considerations for assessing the limitations of
athicker aluminum sheeting are the extra cost, the
weight penalty, and the increased difficulty in
manufacturing the tank.

Stainless Steel

The UL report indicates that some boat owners
chose stainless steel as the material forreplacement
fueltanks, since thismaterial is obviously “stronger™
than aluminum; however, it is also susceptible to
pitting and crevice corrosion in the marine
environment, although at a different rate than

aluminum. Stainless steel is also susceptible to
stress-corrosion cracking and is even more prone to
that type of failure at weld areas.

Only the 316L stainless steel alloy with aspecified
minimum wall thickness of0.03 1 inches is considered
suitable for use in the construction of marine fuel
tanks. American Boatand Yacht Council standards
ANSI/ABYC H-24, ABYC H-33,and ANSI/NFPA
302 all require stainless steel fuel tanks to be less
than 20 gallons in capacity and cylindrical with
domed heads to limit the wall stresses experienced
in service.

While the uninformed boat owner who happens to
construct a small capacity rectangular tank may be
lucky enough to avoid a failure due to stress corrosion
cracking; some boat owners who participated in the
UL study spent considerable amounts of money to
have replacement tanks constructed to capacities as
high as 150 gallons. Many other boat owners who
were surveyed mentioned that, on a cost independent
basis, they would have preferred to have used
stainless steel for their replacement tanks.

Coatings

The UL reportalso indicates that some boat owners
have tried various coatings such as zinc chromate
primers and paints, and epoxy-based coatings, while
others covered their old leaking aluminum tank with
fiberglass to form a new tank. The problem with
these methods for repairing a damaged tank is the
difficultyinachieving sufficientadhesion ofthe film
to the base metal, and in applying a uniform and
sufficiently thick protective layer free of pores, or
“holidays” through which water may penetrate. Any
water penetration will eventually lead to destruction
of the film and renewed, or accelerated, corrosion
attack of the base metal.

The UL report notes that the effectiveness ofany
coating highly depends on the conditions of the
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