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R7POIT ON: of thre"

Completion of three years environmental exposure of sample
Model Marine Fuel Tanks,(without listing and labeling) as
outlined in YSB Procedur R-6 and examined in YSB interim
report R6-1-0469.,

ITEMS COVERED:

1) One set of sIainless steel tanks, Alloy No. 304, furnished
by and under contract with Allegheny-Ludlum Steel Corporation.

2) One set of stainless steel tanks, Alloy No. 316(L), resistance
welded. Purchased by Yacht Safety Bureau, Inc. under contract
with USCG.

3) One set of stainless steel tankcs, Alloy No. 316(L), tungsten
inert gas welded. Purchased by Yacht Safety Bureau, Inc.
under contract with USCG.

4) One set of terneplate tanks, proprietary model of Mirax
Corp., purchased by Yacht Safety Bureau, Inc. under contract
with USCG.

5) One set of Hot-Dip galvanized steel tanks for use as "control"
samples. Purchased by Yacht Safety Bureau, Inc.

GENERAL:

The object of this report is to summarize conditions found after
the three years exposure to a salt water marine environment, and
to supplement the conclusion section of the YSB interim report
R6-1-0469 on this test.__

SHORE BOX TANKS:

In initially establishing the test procedure for this study, it
was recognized that boats are stored ashore in a static condition
for long periods and that the test program should cover that
conditon, as well as the actual salt air exposure conditions
encountered afloat. For this purpose sample tanks identical to
those on the test hull were installed in a ventilated box located
on shore. Although the basic exposure conditions were identical
none of the shore box tanks were perforated.
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REFERENCES:

1) "Interim Report - Environmental Exposure of Sample Model
Marine Fuel Tanks", YSB Report R6-1-0469 dated 18 April
1969.

2) YSB Project R-6 (Tentative), "Environmental Exposure
Testing of Sample Model Marine Fuel Tanks", dated 19.
August 1965, with Addendum No. 1.

3) "Fire Protection Standard For Motor Craft" (NFPA No. 302)
(ANSI Standard Z120.1 - 1968)

4) Naval Research Laboratory Memorandum Report 1795 - "The
Corrosion Behavior of Stainless Steeis in Sea Water".

DESCRIPTION OF ANALYSIS:

Upon return of the exposure hull •o the Marine Department of
Underwriters' Laboratories, Inc. the individual items were
removed, partial cleaning of exterior surfaces was accomplished,I, and examination of the tanks, plus completion of photographic
records was initiated. The concept of weight comparison
mentioned in Reference 2 was discarded as meaningless due to
the negligible amounts of lost metal on relatively heavy objects,
plus the fact that deterioration sufficient to render some tanks
useless was quite apparent by visual examination.

Photographs and comments are submitted in order to corroborate
the conclusions reached.

Because of the hazard of transporting the test hull with fuel
in the tanks, the tanks were flushed with water in September
1969 and drained. At the time the tanks were removed for
inspection, approximately three (3) months later, it was found
that some water remained in a number of the tanks. This fact
should be specifically noted because of the possible effect on
corrosion of those tanks. Notwithstanding the fact that the
presence of water for the three (3) month period was unintentional,
the presence of some water is not considered an abnormal exposure
condition.
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GUM CONTENI:

At six month intervals, concurrent with change of fuel,
gasoline samples were vil.ihdrawn and analyzed for existent
gum content in accordazice with ASTM-D!39. Results of these
tests indicate that excess gum formation is not induced sy
contact with any of the metals used in this test. However,
it is interesting to note that significantly higher levels
of gum were found in the fuel from the pairs of tanks which
were alternately empty and full. This was attributed to the
fact that the fuel was'pumped back and forth through copper
liiies and brass fittings, and is stillinot considered analogous
to service conditions - in which gasoline passes through the
piping only once.

HULL TEMPERATURES:

During the third year of exposure, temperatures inside the
hull were monitored by a combination of manual and graph record-
ing of data. In both instances the thermometer and recorder
probe were located approximately at deck level on the aft face
of the bulkhead between the number 3 and 4 holds. During this
period of manual monitoring readings were taken during regular
working hours only, whereas the temperature recorder was ir

operation at all times, except as noted.

Deg. F Deg. F
Time Period Lowest Temp. Highest Temp.

June 1968 78 98
July 1968 79 102
August 1968 87 102
September 1968 no valid data recorder improperly adjusted

October 1968 50 86
November 1968 38 80
December 196P 26 65
January 1969 26 70
February 1969 30 68
March 1969 45 75
April 1969 48 83

May 1969 57 91

It should be noted that the temperature ranges noted are
probably not as great as would be the case hao temperatures
been taken in the engine space of an operational boat in these
waters, during the same time period. Obviously temperature is
one of the factors involved in rate of corrusion, but just what
effect other conditions would have produced is purely a matter
of conjecture.

i.
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CONCLUSION:

1. Since issuance of the interim report, several of the
opinions expressed therein have been confirmed.

2. Failures occurred in each of the tank materials under
test - with the exception of the Galvanized Steel Tanks.

3. Inasmuch as a study of the included photographs and
related comment reveals that deterioration of the Nos.
304 and 316(L) Stainless Steel Alloys was quite similar
in character and rate of growth, it may be concluded that

there is little to choose between the two, as far as
corrosion resistance of this type is concerned.

4. No actual perforations were noted in the welded areas of

either the tungsten inert gas welded or resistance welded
tanks. However, it should be noted that pitting was more
prevalant 4 n the resistance welds.

5. While most of the actual failures of the various stainless
steel tanks occurred in "induced areas", it must be recog-
nized that similar areas would undoubtedly be created,
perhaps inadvertently, in any given fuel tank installation.
Also, the Galvanized Steel Tanks, which had the same type
of "induced areas" and identical exposure conditions, suffer-
ed no ill effects as a result.

6. Failures or deep pitting in the Terneplate tanks were likely
to occur at almost any area of exposed surface. Photograph
Nos. 44, 64 and 65, showing perforations through the tank
bottom illustrate the case it point, although this was one of
the tanks inadvertently subjected to fresh water as mentioned
on page 2. Areas close to tank fittings were also noted as
being extremely susceptible to pitting and perforations as
illustrated by Figs. 41 and 66.

7. Because each type of tank under test failed during the en-
vironmental exposure pericd, whereas the control sample
tanks withstood the exposure admirably and are still com-

pletely serviceable, it is felt that there is no justification
whatsoever for including Stainless Steel Alloy No. 304, or
Alloy No. 316(L), or Terneplate on the advisory lists of
materials suitable for the fabrication of Marine Fuel Tanks
for fixed i.astallation.

Rep rt by: R d R

RI ARD P. KETCHAM ROBERT LOESER
Project Engineer Associate Managing Engineer
Marine DepartmentDMarine Do artment

Managing Engineer
Marine Department
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I N D E X

Figures 1 through 14 Alloy No. 304 Stainless Steel

Figures 15 through 37 Alloy No. 316(L) Stainless Steel

Figures 38 through 51 Terneplate

Figures 52 through 59 Galvanized Steel

Figures 60 through 63 Assorted Panels of each of
materials tested

Figures 64 through 67 Terneplate - additional close-
up photos (interiors)

NOTE: Numbers on tanks and panels indicate actual locations
during test. Numbers without suffix were in ventilated
shore box. Numbers suffixed "H" were on board floating
hull. A print identifying exact iocations is attached.

0



Final Inspection Report Project: 65WW3?
FIG. NO. 1 File: MM-10 .

Tank No. 17H

Rectangular, Alloy No. 304 Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull - filled with gasoline. Tank was do-fueled
after two years' exposure, as a safety precaution, due to
perforations which had occurred by that time.

Comment on Photo:

Surfaces generally have mottled appearence, with rust
streaks. Rectangular area between fittings (top viewi
indicates location of sea water reservoir during test.
Perforations may bo seen on upper surface of tank, in
way of reservoir bedding area. Perforations are circled
and numbered 1, 2, 6 and 7. See Fig. No. 2 for close-up
of the perforations.
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Final Inspection Report Project: 65WW32FIG. NO. 2 File: MW-1O

Tank No. 17H

Rectangular, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Aboard hull - filled with gasoline (two years)

Comment on Photo:

Close-up views of perforated areas shown in Photo No. 1.
Perforations are typical of crevice corrosion in "induced
areas" where moisture can remain trapped - in these cases
under the salt water reservoir.

L
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Final Inspection Report Project: 65WW32
FIG. NO. 3 File: MM-1O

Tank No. 16H

Rectangular, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Aboard hull - empty throughout test.

Comment on Photo:

Top and bottom views of tank before removal of reservoir,
and black bedding compound in way of wood-metal faying
surfaces. Corrosion in way of welded seam and end chock
liner is circled and marked 1, 5, 6 and 7. See Pigs. No.
4 and 5.

own
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Final Inspection Report Project: 65WW32
FIG. NO. 4 File: MM-10

Tank No. 16H

Rectangular, Alloy No. 304 Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull - empty throughout test

Comment on Photo:

General view of top surface of tank in way of sea water
reservoir location. Numbered, marked areas 1 - 7
(inclusive) are perforated (see Fig. No. 5). Areas 8 - 13
(inclusive) show considerable pitting, with depths of up to
0*.021".

Other areas of tank show iess severe pitting and corrosion.
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Final Inspection Report Project: 65WW32
FIG. NO. 5 File: MM-10

Tank No. 161

Rectangular, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Aboard hull - empty throughout test

.Comment on Photo:

Close-up views of marked areas 1, 5, 6 & 7 of Fig. No.
4. Perforations and surrounding pitted surfaces are
clearly visible. See Fig. No. 4 for location.
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Final Inspection Report Project: 65WW32
FIG. NO. 6 File: MM-I0

Tank No. 2H

Cylindrical, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Aboard hull. Alternately empty and full for first two
years. Full during third year.

Comment on Photo:

Upper and lower surfaces of tank before removal of sea
water reservoir and bedding compound. General mottling
and discoloration is evident. Numbered areas indicate
pits and perforations. See Fig. No. 7 for close-up views.
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Final Inspection Report Project: 65WW32
FIG. NO. 7 File: MM-O0

Tank No. 211

Cylindrical, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Aboard hull. Alternately empty and full for first two
years. Full during third year.

Comment on Photo:

Crevice corrosion pitting and perforations in way of
sea water reservoir. Index No. 1, 2, 3 and 8 are perforated.
No. 2 shows severe corrosion pitted to .029".

a
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Final Inspection Report Project: 65WW32
FIG. NO. 8 File: MM-l0

Tank No. 2H

Cylindrical, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Aboard hull. Alternately empty and full for first
two years. Full during third year.

Comment on Photo:

Close-up views of perforations indicated by Nos. 2 & 3
in Fig. No. 6.

i.
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Final Inspection Report Project: 65WW32
FIG. NO. 9 File: MM-1)

Tank No. 2

Rectangular, Alloy No. 304 Stainless Steel, Electrically
Welded

Exposure Conditions:

Empty, in ventilated shore box

Comment on Photo:

Upper surface of tank. Circled spots indicate clusters
of small pits. Over 50 such spots were found to exist.
Each spot consisted of numerous small pits averaging
0.004 - 0.006 inch in diameter and up to 0:004 inch
depth. It is significant that these spots occurred in
"open", as opposed to "induced" areas, and that exposure
conditions of this tank were not as stringent as those
generally encountered in service.

Lower surface of tank showing corrosion "weeping" from
welded seam such "weeping" though superficial in nature,
will provide moistrue pockets at which crevice corrosion
will occur.

tI
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Final Inspection Report Project: 65WW32
FIG. NO. 10 File: MM-10

Tank No. 7

Cylindrical, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Empty in ventilated shore box

Comment on Photo:

Upper surfaces and one end plate of tank. Clusters of
pits, averaging 0.003 to 0.004 inch diameter are clearly
visible on open areas .of tank, as well as in way of fuel
suction and vent fittings. Greatest pit depth is approxi-
mately 0.003 inches.

Under surfaces of tank show mottled effect and "weeping"
of corrosion from welded seam, as well as clusters of
shallow pits, up to 0.003 inch depth.
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Final Inspection Report Project: 65WW32
FIG. NO. 11 File: MM-10

Tank No. 22H

Cylindrical, Alloy No. 304 Stainliss Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, alternately empty ani full for two years.
Full of gasoline third year.

Comment on Photo:

Upper and lower surfaces of tank dulled and streaked by
light corrosion. Major areas of corrosion are within
"induced" area of bea water reservoir, but some spots
are noted in open arers. Many rust streaks emanate from
welded longitudinal &*am. While no perforations occurred
corrosion to a depth of .C26 inch was measured at No. 2,
No. 3 and No. 7.
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Final Inspection Repor~t Project: 65WW32FIG. NO. 12 File: MM-1O

Tank No. 1911

Cylindrical, Alloy No. 304 Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, empty of fuel for throe years

Comment on Photo:

Upper and lower surfaces of tank dulled and streaked bycorrosion. Perforation occurred at No. I above rule.This is the inside edge of salt water reservoir.
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Final Inspection Report Project: 65WW32
FIG. NO. 13 File: MM-10

Tank No. 19H

Cylindrical, Alloy No. 304 Stainless Steel, Electrically
Welded

Exposure Conditons:

Aboard hull, empty of fuel for three years

Comment on Photo:

Close-up of perforated area noted on Figure No. 12.
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Final Inspection Report Project: 65WW32
FIG. NO. 14 File: UM-lO

Panel No. 2

Alloy No. 304, Stainlose Stool

Exposure Conditions;

In ventilated shore box

Comment on Photo:

Panels have been uniformly dulled, and lightly spotted.
Corrosion was noted in a continuous line along the resistance
weld in one panel. Maximum pit depth approximately 0.003 inch.

I
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Final Inspection Report Project: 65WW63
FIG. NO. 15 File: MM-36

Tank No. 18H

Cylindrical, Alloy No. 316(L) Stainless Steel, Gas Welded.

Exposure Conditions:

Aboard Hull, empty through test.

Comment on Photo:

Top and bottom surfaces of tank showing corrosion and dis-
colora tio n along welded seams, as well as numerous areas
of minor pitting. No perforated areas were found, but crevice
penetrations up to 0.009 inch (about 25% of shell thickness)
were measured.
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Final Inspection Report Project: 65WW63
FIG. NO. 16 File: MM-36

Tank No. 4H

Cylindrical, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Conditions:

Aboard Hull. Alternately empty and full, first two years.
Full for entire third year.

Comment on Photo:

Lower and upper surfaces of tank showin, rust streaks and
corrosion spots in way of welds, fitting, and sea water
reservoir. Numbered areas indicate deep pitting in way of
sea water box location. See Fig. No. 17 for representative
close-ups.
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Final Inspection Report Project: 65WW63
FIG. NO. 17 File: MM-36

Tank No. 4H

Cylindrical, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Conditions:

Aboard Hull. Alternately empty and full, first two years.
Full for entire third year.

Comment on Photo:

Close-up view of representative pitted areas indicated in
Photo No. 14. No complete penetration was found, but pit
depths up to 0.025 inch were measured.

I°
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Final Inspection Report Project: 65WW63
FIG. NO. 18 File: MM-36

Tank No. 1

Rectangular, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Conditions:

In ventilated shore box, empty

Comment on Photo:

Upper surface shows characteristic mottling of open areas.
Marked ciusters of shallow (up to 0.003 inch) pits indicate
that material is susceptible to corrosion in un-induced areas,
under relatively mild environmental conditions.

Lower surface of tank shows streaks from welded seam and
numerous mottled areas, including discoloration of spot welds
at center baffle.

)
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Final Inspection Report Project: 65WW63
FIG. NO. 19 File: MM-36

Tank No. 8

Cylindrical, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Conditions:

In ventilated shore box, empty.

Comment on Photo:

Upper surfaces of tank show contrast between generally
mottled and discolored area and bright metal which had
been under neoprene padded strapping. Minor pitting,
0.001 to 0.003 inch, in clusters, noted especially near
tank fittings.

Lower surfaces of tank show discoloration and corrosion
in way of welded seams. Shallow pitting, up to 0.003
inch, noted in this area.
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Final Inspection Report Project: 65WW63
FIG. NO. 20 File: M4M-36

Tank No. 25H

Cylindrical Alloy No. 316(L) Stainless Steel. Gas Welded

Exposure Conditions:

Aboard hull, empty

Comment on Photo:

Upper and lower surfaces of tank show numerous crevices in
way of sea water reservoir, and along longitudinal welded
seam. No perforations were noted, but pits up to a depth
of approximately 0.028 inch were measured. Fig. No. 21
provides close-up view of perforations at #1 and #2.
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Final Inspection Report Project: 65WW63
FIG. NO. 21 File: MM-36

Tank No. 25H

Cylindrical, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, alternately empty and full for two years.
Full of gasoline third year.

Comment on Photo:

Close-up of perforations shown in way of sea water reservoir
faying surface, Photo No. 20.
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Final Inspection Report Project: 651WW63
FIG. NO. 22 File: MM-36

Tank No. 21H

Cylindrical, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Upper and lower surfaces of tank show considerable dis-
coloration and many pitted areas. No perforations were
noted, but penetrations up to 0.030 inch were measured.
Obviously, this leaves very little intact metal and
perforations would occur in a short additional time.
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Final Inspection Report Project: 65WW63
FIG. NO. 23 File: MM-36

Tank No. 32H

Rectangular, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, empty

Comment on Photo:

Upper and lower surfaces of tank show areas of corrosion,
as indicated on the photo. It should be noted that "open",
as well as "induced" areas were affected. No complete
penetrations were noted. See Fig. No. 22 for view of deep
etch.

I'
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Final Inspection Report Project: 65WW63
FIG. NO. 24 File: MM-36

Tank No. 32H

Rectangular, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, empty

Comment on Photo:

Close-up view of two representative corrosion spots, located
in "induced" areas of Fig. No. 23.
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Final Inspection Report Project: 65WW63
FIG. NO. 25 File: MM-36

Tank No. 23H

Rectangular, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Upper and lower surfaces of tank show corrosion pitting in
open and "induced" areas. Two perforations were noted in way
of sea water reservoir faying surface. See Fig. No. 26 for
close-up of indexes 1 and 2.
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Final Inspection Report Project: 65WW63
FIG. NO. 26 File: MM-36

Tank No. 23H

Rectangular, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Close-up views of perforations noted in Fig. No. 25.
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Final Inspection Report Project: 65WW63

FIG. NO. 27 File: MM-36

Tank No. 3H

Cylindrical, Alloy No. 316(L) Stainless Stc.l, Electrically
Welded

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Upper and lower surfaces of tank, indicating major areas of
pitting - along longitudinal welded seams, and t"induced" in
way of sea water reservoir faying surfaces. Fig. No. 28
provides close-up views of perforated area.
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Final Inspection Report Project: 65WW63
FIG. NO. 28 File: MM-36

Tank No. 3H

Cylindrical, Alloy No. 316(L) Stainless Steel, Electrically
4 el'Hed

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Close-up views of corrosion found in way of sea water
reservoir faying surfaces. Note character of perforations,
indicating that corrosion started on exterior and worked
inward. Deeply pitted spots would eventually penetrate the
material completely. See Fig. No. 27 for location.
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Final Inspection Rdp~r4 Project: 65WW63
FIG. NO. 29 File: MM-36

Tank No. 14H

Rectangular, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Conditions:

Aboard hull, empty throughout test

Comment on Photo:

Upper surface of tank, before removal of sea water reservoir,
shows stains and pitted areas near suction and vent fittings.
Lower surface shows pit's and corrosion spots in "open" areas.
See Fig. No. 30 for representative corrosion.
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cinal Inspection Report Project: 65WW63
FIG. NO. 30 File: A-30

Tank No. 14H

Rectangular, Alloy No. 316(L) Stainless Stecl, Gas Welded

Exposure Conditions:

Aboard hull, empty throughout test

Comment on Photo:

Close-up views of corrosion in way of sea water reservoir
faying surfaces. No. 1 shows several small ferforations.
No. 3 is an area pitted to a depth dpproximately 0.024
inch. See Photo No. 29 for location.

)
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FIG. NO. 31 :ile: MM-36

Tank No. lH

Cylindrical, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposurc Conaitions:

Aboard hull, alternately empty and full for first two years.
Full of gasoline third year

A

Comrment on Photo:

Upper and lower surfaces of tank indicating areas of corrosion
in way of sea water reservoir and alonq longitudinal welded
seams. Heavy black spots on upper surfaces are adheringr
>ýedd~ng compounc. Close-up of iixdexeJ areas 1, 2, 3 and 4
on Fig. N, 32.
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Final Inspection Report Project: 65I.!W63
FIG. NO. 32 File: M'A-36

lank No. 1H

Cylindrical, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, alternately empty and full for first two years.
Full of gasoline third year

Comment on Photo:

Close-up view of corro..Jion found in way of sea water reservoir
faying surfaces. Note perforations in the typical crevices
formed.. See Fig. No. 31 for iocUion.
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Final Inspection Report Project: 65WW63
FIG. NO. 33 File: MM-36

tank No. 18

Cylindrical, Alloy No. 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions:

In ventilated shore box, empty

Comment on Photo:

Upper and lower surfaces of tank which had been fitted with
a sea water reservoir. Even though this reservoir was
never flooded, it should be noted that several pits - ranging
from 0.005 inch to 0.008 inch in depth - were found in this
susceptible area. Tank surfaces, in general, show discoloration
and rust streaks near welds and fittings.
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Final Inspection Report Project: 65WW63
FIG. NO. 34 File: MM-36

Tank No. 3

Rectangular, Alloy No 316(L) Stainless Steel, Electrically
Welded

Exposure Conditions;

In ventilated shore box, empty

Comment on Photo:

Surfaces of tank show characteristic mottlinq and staining,
which precedes pitting. Numerous shallow (0.002 inch) pits
were found at longitudinal welded seam - which forms a
natural crevice.
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Final Inspection Report Project. ,
FIG. NO. 35 File: MM-36

Panels No. 3

Alloy No. 316 (L) Stainless Steel

Exposure Conditions:

In ventilated shore box

Comment on Photo:

Metal is less bright than before exposure. Many spots of
corrosion are present. Maximum pit depth was measured at
approximately 0.003 irch. As far as susceptibility to
corrosion is concerned it appears that the inert gas weld
method is slightly superior to resistance welding.

ir
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Final Inspectiozn Report Project: 65WW63
FIG. NO. 36 File: MM-36

Tank No. 26H

Rectangular, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Upper surfaces uniformly dulled and stained by small rust
depcsits. Area of sea water reservoir has three points,
identified as 1, 2 and 3 of severe corrosion. Perforation
occurred at No. 1. Bottom surface has slumerous areas of
etching. See Fig. No. 35 for close-up views.
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Final Inspection Report Project: 65WW63
FIG. t.O. 37 File: MM-36

Tank No. 26H

Rectangular, Alloy No. 316(L) Stainless Steel, Gas Welded

Exposure Condlitions:

Aboard hull, full of gasoline

Comment on Photo:

Perforation depicted in Figure No. 1 and etching in Figure
No. 2. See Fig. No. 36 for locations.

I

I.

l' i1



ALI& ---& lop
ca

49~

OA AL Ak

ell

OM

-410

,.go. co

k-13



Final Inspection Report Project: 65WW63
FIC, NO. 38 File: MM-36

Tank No. 111

Cylindrical, Terneplate

Exposure Conditons:

Aboard hull, empty

Comment on Photo:

Upper and lower surfaces of tank show generally good
condition of paint and terne coating. Pitting - to a
depth of approximately 0.010 inch - was measured near
vent fitting. Shell was perforated just below plug
fitting shown at left of upper view. Interior photo
marked Fig. No. 67 at the end of this report reveals
no corrosion on interior surfaces due to protective
grease-like coating.
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Final Inspection Report Project: 65WW63
FIG. NO. 39 File: MM-36

Tank No. 12H

Cylindrical, Terneplate

Exposure Conditions:

Aboard hull, filled with gasoline

Comment on Photo:

Upper and lower surfaces of tank show an infinite number
of pits, to a depth of approximately 0.024 inch. No
perforations were noted, but areas close to sea water
reservoir, welded seam, and fittings would not withstand
much more exposure. Interior photo marked Fig. No. 66 at
end of this report reveals corrosion of interior surfaces
occurred in the top radius of the tank. Humid air trapped
between fuel and upper surface is the probable cause.
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Final Inspection Report Project: 65WW63
FIG. NO. 40 File: MM-36

Tank No. 15H

Rectangular, Terneplate

Exposure Conditions:

Aboard hull, filled with gasoline

Comment on Photo:

Upper and lower surfaces of tank show corrosion in way
of longitudinal welded seam and near tank fittings. No
perforations were found in tank, but considerable pitting,
to a depth of approximately 0.020 inch, was observed. I
See Fig. No. 41 for close-up views.
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Fi;aal Inspection Report Project: 65WW63
FIG. NO. 41 File: MM-36

Tank No. 15H

Rectangular, Terneplate

Exposure Conditions:

Aboard hull, filled with gasoline

Comment on Photo:

Close-up views of pitting in open area of tank, and near
fittings. The brass fitting (suction line) shown at
lower left was found to have two radial holes extending
through one side of wall between the head and threaded
shank. See Fig. No. 40 for location.
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Final Inspection Report Project: 65WW63
FIG. NO. 42 File: MM-36

Tank No. 27H

Cylindrical, Terneplate

Exposure Conditions:

Aboard hull, alternately empty and full for two years.
Full for third year

Comment on Photo:

Upper and lower surfaces of tank show generally good
condition except for corrosion build-up near fittings
and 1long longitudinal welded seam. See Fig. No. 43.
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Final Inspection Report Project: 65WN63
FIG. NO. 43 F.ile: MM-36

Tank No. 27H

Cylindrical, Terneplate

Exposure Conditions:

Aboard hull, alternately empty and full for two years.
Full for third year

Comment on Photo:

Close-up vieN of pitted areas where paint, and some of the
terne coating were destroyed in way of sea water reservoir.
See Fig. No. 42 for location.
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Final Inspection Report Project: 65WW63
FIG. NO. 44 File: MM-36

Tank No. 30H

Cylindrical, Terneplate

Exposure Conditions:

Aboarc hull, empty

Comment on Photo:

Upper surface shows destruction of paint and pitting in
way of sea water reservoir. Bubbling of paint near
fittings is indicative of corrosion build-up underneath.
Lower surface shows extent of perforations, originating
from interior condensation. See Fig. No. 45 for close-
up of perforated areas 1 and 2. Interior photos - Fig.
Nos. 64 and 65 at the end of this report show more clearly
the extent of corrosion caused by water remaining in the
tank.
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Final Inspection Report Project: 65WW63
FIG. NO. 45 File: MM-36

Tank No. 30H

Cylindrical, Ternepiate

Exposure Conditions:

Aboard hull, empty

Comment on Photo:

Close-up views of the two perforated areas indicated by
tape on Fig. No. 44.
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Final Inspection Report Proje..t: 65WW63
FIG. NO. 46 File: MM-36

Tank No. 31H

Rectangular, Tern )late

Exposure Conditions:

Aboard hull, empty

Comment on Photo:

Upper and lower surfaces show the tank to be in generally
good condition. Some pitting occurred in way of sea water
reservoir, near fittings anJ along welded seam. Circled
area on tank side shows heavy corrosion and deterioration
of both paint and terne coating.
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.in.L nspection Report Project: 6,;'63
N.. NO. 47 File: N,,,.-36

Rectangular, Terneplate

Exoc,.re Conditions:

Aboard hull, empty

. n on Photo:

.ý:cer Surface shows considerable deterioration of paint
;nd terne coating, due in part to mechanical damage. Tank
:.. "ocated in an area subject to "heavy traffic" of main-
zenance and inspection personnel. Many pitted areas are
present - especially in way of sea water reservoir, welded
.:eam, end flanges, and tank fittings. Perforations noted
at Nc. 1, 2 and 3.
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Final Inspection Report Prcject: 65WW63
FIG. NO. 48 File: MM-36

Tank No. 6

Rectangular, Terneplate

Exposure Condtions:

In shore box, empty

Comment on Photo:

Upper surfaces of tank show generally good condition of
tank. However paint is blistered in way of fittings, on
Figures 1, 2, 3 and 4, end flanges, and welded seam. Over
100 corrosion spots were noted.

)



C

a



Final Inspection Report Project: 65WW63
FIG. NO. 49 File: MM-36

Tank No. 6

Rectangular, Terneplate

Exposure Conditions: I
In shore box, empty

Comment on Photo:

Under surfaces of tank show generally good condition, but
some paint had peeled in way of integral stiffeners and
weeping rust streaks, emanating from longitudinal welded
seam, are clearly visible. Reverse of Fig. No. 48.
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Final Inspection ReportFT!G. NO. 50 Pr'cject.: 6c5WW63File: 
MM-36

Tank No. 5

Cylindrical, Terneplate

Exposure Conditions:

In ventilated shore box, empty

Co.•ment on Photo:

Generally good condition of tank is evident. However painthad blistered in -ay of fittings, and welded seam showedcorrosion. In all some 20 pits were counted, with depths toabout 0.003 inch.
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Final Inspection Report Project: 65WW63
FIG. NO. 51 File: MM-36

Panel No. 4

Terneplate

Exposure Conditions:

In ventilated shore box

Comment on Photo:

Paint and terne coating are largely 4,tact. Many corrosion
spots were noted, particularly along cut edges and on
unpainted interior surfaces. Maximum pit depth was measured
at 0.005 inch.
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Final Inspection Report Project: 65WW63
FIG. NO. 52 File: MM-36

Panel No. 1

Galvanized Steel

Exposure Conditions:

In ventilated shore box

Comnent on Photo:

Panels are slightly stained, which is indicative that the
sacrificial coating is just starting to be used. Many
Small pits, approximately 0.001 inch, are present but filled
with zinc. This material appears to have withstood the
exposure period better thtn any of the other metals similarly
exposed.
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Final Inspection Report Project: 65WW63
FIG. NO. 53 File: MM-36

Tank No. 29H

Rectangular, Galvanized Steel

Exposure Conditions:

Aboard hull, empty

Comment on Photo:

Upper and lower surfaces of tank show characteristic
"chalking" of sacrificial zinc coating. Only negligible
corrosion spots were found, except at welded closure
flange.

Arrows point to the pitted and pertorated cadmium plated
fuel level transmitter plate. This is not a part of the
listed tank.
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Final Inspection Report Project: 65WW63
FIG. NO. 54 File: MM-36

Tank No. 24H

Cylindrical, Galvanized Steel

Exposure Conditions:

Aboard hull., empty

Comment on Photo:

Tank, in general, is in good condition. There is heavy
rust in way of end closure flange, which is painted after
welding has destroyed local zinc coating. However, thick-
ness of metal at this point is ample to permit considerably
longer exposure of this type without failure.
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Final Inspection Report Project: 65WW63
FIG. NO. 55 File: MM-36

Tank No. 20H

Cylindrical, Galvanized Steel

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Welded. painted closure flange shows considerable corrosion.
Shaliow pitting (0.002 inch) in this area is not considered
significant due to the thickness of metal.
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Final inspection Repprt Project: 65WW63
FIG. NO. 56 File: MM-36

Tank No. 13H

Rectangular, Galvanized Steel

Excosure Conditions:

Aboard hull, filled with gasoline

Ccmr.ment on Photo:

Upoer and lower surfaces of tank show characteristic
"chalking" of sacrificial zinc coating. Dark areas show
protection from environment provided by chock liners and
hold-down straps. Aside from the fucl level transmitter
plate, the only area of corrosion is in way of the painted
end flange.
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Final Inspection Report Project: 65WW63
FIG. NO. 57 File: MM-36

Tank No. 5H

Cylindrical, Galvanized Steel

Exposure Conditions:

Aboard hull. Alternately empty and full first two years.
Full of gasoline third year.

Comment on Photo:

Views of upper and lower surfaces show tank to be in good
serviceable condition. Dark lines emanating from corner
of sea water reservoir are streaks of beddipg compound -

not corrosion.
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Final Inspection Report Project: 65WW63
FIG. NO. 58 File: MM-36

Tank No. 9

Cylindrical, Galvanized Steel

Exposure Conditions:

In ventilated shore box, empty

Comment on Photo:

Upper surfaces and end plate reveal a tank in almost new
condition. The light corrosion visible on the painted
end flange is quite negligible. As may be noted, the zinc
coating has not "chalked" to the same extent as on the tanks
subjected to more rigorous conditions aboard the hull.
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FinAl Inspection Report Project: 65WW63
FIG. NO. 59 File: MM-36

tank No. 4

Rectangular, Galvanized Steel

Exoosure Conditions:

In ventilated shore box, empty

Comment on Photo:

Upper surfaces of this tank show that chalking of the
zinc coating has started, and that there is light corrosion
present in way of the painted weld at left end of pict,,re.
There is no pitting visible and the tank is completely
serviceable.
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Final Inspection Report Project: 65WW63
F16. NO. 60 File: MM-36

Panels No. 36H

Alloy No, 316(L) Stainless Steel, Alloy No. 304 Stainless
Steel and Galvanized Steel

Expobure Conditions:

Aboard hull, on ceramic insulaters

Comment on Photo:

General spotting and incipient pitting. Corrosion build up
along lower edges in way of weld on No. 304 panel. Galvanized
steel panel slightly discolored.
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Final Inspection Report Project: 65WW63
FIG. NO. 61 File: MM-36

Panels No. 35H

Alloy No. 316(L) Stainless Steel, Alloy No. 304 Stairie.is
Steel and Galvanized Steel

Exnosure Conditions:

Aboard hul. on ceramic insulater3

Comment on Photo:

Stainless Steel panels slightly discolored with corrosion
build up along lower e~ges. Outer face somewhat spotted -

Galvanized panel slightly "chalky" no corrosion noted on
Galvanized panel.
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Final Inspection Report Project: 65WW63
FIG. NO. 62 File: MM-36

Panels No. 37H

Alloy No. 316(L) Stainfess Steel, Alloy No. 304 Stainless
Steel and Galvanized Steel

Exposure Conditions:

Aboard hull, on ceramic insulaters

Comment on Photo:

Both 316(L)and 304 alloys show pitting and minor corrosion
on both faces and corrosion build up along lower edges.
Galvanized panel slightly discolored - considerable "chalking"
of zinc coating but no corrosion.
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Final Inspection Report Project: 65WW63
FIG. NO. 63 File: MM-36

Panels No. 38H

Terneplate

Exposure Conditions:

Aboa:d hull, on ceramic insulaters

Comment on Photo:

Paint coating blistered and peeling - all edges badly i
corroded. Pitting noted along weld and all internal
unpainted surfaces.
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CONTRACTS! Al.legheny-Ludlum Steel Corp. - 10 March 1965
with Supp'l. Agreement

USCG #CG-lO-135-A - (with Supp'l. Agreements)
18 July 1965

DATE: 18 April 1969
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YSB Report R6-1-0469

REPORT ON:

Completion of two year environmental exposure of sample
Model Marine Fuel Tanks, as outlined in YSB Procedure R-6.

ITEMS COVERED:

1) Set of tanks, Alloy No. 304, resistance welded, furnished
by and under contract with Allegheny-Ludlum Steel Company.

2) 1 Set of tanks, Alloy No. 316(L), resistance welded,
purchased by fSB under contract with USCG.

3) 1 Set of tanks, Alloy No. 316(L), tungsten inert gas weld-
ed, purchased by YSB under contract with USCG.

Note: All of the stainless steel tanks were fabricated by
the Allcraft Manufacturing Company, Cambridge, Mass.
Except for materials and welding techniques the tanks
are in all respects similar to their YSB listed "Monel"
fuel tanks, of approximately 24 gallons caiacity, each.
The cylindrical tanks are 16 inches d~ameter by 30
inches long. The rectangular tanks are 14 inches wide,
12 inches high, and 36 inches long, with approximately
3 inch radii. The tanks are fabricited of 0.031" and
of 0.037" sheet.

4) 1 Set of terneplate tanks, proprietary model of Mirax Corp.,
purchased by YSB Utder ,-ontra-t -vith USCG.

Note: These tanks arc fabricated of 20 gauge (0.035"), long
terne steel, meeting Ped. Spec. QQT-191A, Grade 3,
Commercial Quality, with red enamel coating. End plates
are attached to sheil with rolled-lock soldered seams
and resistance lap welded longitudinal seams. The
cylindrical tanks are approximately 15 inches diameter
by 35 inches long, with approximately 26 gallons capacity.
The rectangular tanks have overall dimensions of approxi-
mately 14-1/4 inches width, 11-1/2 inches height and
38-1/4 inches length. Capacity is approximately 24
gallons.

5) 1 Set of Hot-Dip galvanized steel fuel tanks p'irc'as.d by YSB,
for use as "control" samples.

Note: These tanks were fabricated by th Everts & Overdeer
Corporation, in accordance with prectict on YSB list, d
tanks. All tanks are of 14 gauge (nominal (1.0747")
rolled, commercial quality steel sheet. Hot dip galvaniz-
ing was accomplished after making all welds. except the
end plate closure weld. The closure weld area was coated
with zinc chromate. Cylindrical tanks are approximately



YSB Report R6-1-0469

18 inches diameter by 30 inches long and have a
capacity of about 30 gallons each. The rectangular
tanks are 35 inches long, 14 inches wide, and 12
inches deep, with a capacity of approximately 24
gallons eýach.

6) Numerous other equipment items aboard the vessel, for
environmental exposure testing, do not form a part of
either of the subject contracts, and hence, will not be
covered by this interim report.

REFERENCES:

1) YSB Project R-6 (Tentative), "Environmental Exposure Testing
of Sample Model Marine Fuel Tanks", dated 19 August 1965,
with Addendum No. 1.

2) "Fire Protection Standard for Motor Craft" (NFPA No. 302)
(USA Standard Z120.1-1968).

3) Quarterly R-6 Reinspection Reports Nos. 1 - 8 (incl.).

4) Naval Research Laboratory Memorandum Report 1795 - "The
Corrosion Behavior of Stainless Steels in Sea Water".

HISTORICAL BACKGROUND OF TEST:

For many years Reference (2), which is highly regarded by
both inspection authorities and boat builders, has by omission
n~ot recognized certain materials as being suitable for the
,abrication of marine fuel tanks.

Stainless steels were not recognized because of susceptibility
to crevice corrosion" when in a marine environment. Similarly,
cerne plate was considered unsuitable because mechanical damage
:o, or 'holidays" in the lead coating would hasten corrosion of
the sheet steel base metal through galvanic action.

In recEnt years the vastly increased amount of pleasure boating
.-as led to a search, by both builders and equipment manufacturers,
for additional fuel tank materials. In some instances unfamiliarity
w-itb the marine environment, coupled with a competitive business
-.ripulse to effect economies where possible, has led to the rather
extensive use of materials other than those specifically mentioned
by the N??A committee. Another factor affecting the situation has
been the semi-wartime national economy with availability of some
materials rather critical - and invariably priced accordingly.

'?ecause of the growing controversy regarding the use of certain
raterials in marine fuel tanks, the present project was undertaken
by the YSB, under the joint sponsorship of the Allegheny-Ludlum
Steel Company, and the U.S. Coast Guard.

-2-



YSB Report R6-l-0469

The object of the test is simply to provide valid data upon
which to base an opinion upon the acceptability of the item-
ized materials for the intended usage, and if the accumulated
data wCarrants, to seek recognition of these specific metals
in Reference (2).

The galvanized steel tanks, although on board for comparison
purposes, are considered a part of the test.

03JE CT:

Ihe object of this report is to summarize the condition of the
itemized tanks as a result of the two year exposure to a marine
environment, as described in Reference (1).

DESCRIPTION:

..-or ready analysis of corrosion progress vs. time, the following
notes, which are applicable to Reference (3) attached have been
prepared:

1. Alloy No. 304 Stainless Steel - Spotting and superficial
oiscoloration started to aippear within the first six months,
generally noted at welds and on end flanges. No pitting was
definitely observed before nine months of exposure. After
fifteen months, pitting was noted in way of one of the tank
top weights, which had been lifted for inspection. Further
external pitting was noted at subsequent inspections. Two
year inspection, which called for temporary removal of straps,
water-boxes and weights, disclosed external pitting of all No.
304 tanks aboard, and of these, two tanks were perforated -
in way of the removed water boxes. One perforated tank was
defueled and filled with fresh water; the other was returned
to YSB for closer examination.

2. Alloy No. 316(L) - Stainless Steel, Resistance Welds -
Spotting and superficial discoloration started to appear
within the *first six months, mainly in way of welds and
fittings. First external pitting observed at nine month
inspection. Pitting in open areas noted on twenty-one month
inspection. On two year inspection, five of the six tanks
aboard had pits - mostly in way of straps, water-boxes and
weights. No perforations noted, but one tank returned to
YSB for closer examination.

3. Alloy No. 316(L) - Stainless Steel, Gas Welds - Spotting
and discoloration followed patterns similar to above. At
twelve month inspection, definite external pitting was ob-
served in way of weight, additional pitting noted on subsequent
inspections. At two year inspection all six tanks aboard

- showed pitting, mostly in induced areas. One tank (full rectan-
gular) was perforated. This tank was defueled and filled with
fresh water as a safety precaution. One tank returned to YSB
for closer examination.

- 3--



YSB Report R6-1-0469

4. "er.eolate Tanks - A total of eight terneplate tanks were
installed - the additional two tanks having been scratched
and abraded intentionally. The three month inspection
showed some red corrosicn in horizontal abraded areas, but
vertical areas remained bright. Paint started to bubble
within three months, indicating corroding action below the
surface. Flanges ano welded areas showed some corrosion by
the enJ of six months' exposure. Build-up of paint bubbles
and corrosion at welds and fittings continued, but at the
-nd of two years no actual perforations were observed. One
tank was returned to the YSB for closer examination.

5. Galvanized Steel Tanks - At the end of three months charac-
teristic "chalking" of the sacrificial zinc coating was
observed. The closure plate flanges, ?ainted after final
welding show rust where the protective paint has chipped off,
but show little evidence of corrosion pitting. At the end of
twenty-four months exposure the general appearance remained
tne same with no apparent loss of the overall zinc coating
including those areas under the weighted blocks. There were
no tank failures. The surface of the cadmium plated fuel
gauge transmitters were completely rusted but show no evidence
of. failure. One tank was returned to the YSB for closer exam-
ination.

GENERAL:

It should be noted that, in all instances, the R-6 proceduie
calls for flooding of the tank top water boxes, with sea water,
for a on,! week period every three months. These pine boxes
.-;e.e bedded to the tank surfaces with a commercial bedding
.ozoour. d which provided reasonably watertight joints. It is

,-.roloable, however, that moisture worked its way into the faying
surfaces, and that stagnant sea water has been present in these
a:eas during most of the two year exposure. It should also be
noted that all perforations in the stainless tanks occurred in
wha.t might be termed "induced areas". However, general incipient
pitting was noted in open areas.

C3SERVATIONS ON TANKS RETURNED FOR EXAMINATION:

Tht following comments are related to Photographs 1 through 27
attached as part of this report.

-4-
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C
?:-:cTOG.•;.>. XO. i One-half ot Alloy No. 304 Stainless Steel

,:,snowing rill pipe and location of water box. Most of the
bedding compound has been removed. Arrow and numeral 4 show loca-
tion oti corrosion shown in Photograph No. 4.

?:-:O-O..%:i NO. 2 - Second half of Alloy No. 304 Stainless Steel
i'ank showing ='al feed and vent connections. The remains of the
bedding compoun6 adjacent to the cut edge indicates the location
of one end of the water box. The arrow and numeral I pcint to the
corrosion shown in Photograph No. 3. The corrosion in the upper
right hand corner of the water box near the numeral 2 is shown in
Photographs Nos. 5 and 6. The tank is also corroded to the right
and left of the fuel pickup connection, near number 3, and to the
right of the vent connection. All three areas appear to indicate
the outline of tape marks. Since there was no tape of any tyoe

across the fittings during the exposure period, it is orobable
that the fittings may have been covered with tane during shioment
prior to installation and the residual adhesive from the taoe in-
duced the corrosion. See Photograph No. 7 of the tank surface
adjacent to numeral 3.

PiEOTOGRAP- N%0. 3 - See Photograph No. 2 for location. A oiece
of wnite paper was placed in back of the corroded area to more
clearly outline the extent of the penetration. The particular
area was completely beneath the bedding compound. Pitting adjacent
to the hole is approximately .024 inch in depth.

PHOTOGRA?-:, ."0. 4 - See Photograph No. I for location. The point
c- penetration and adjacent pitted area lie along the inside edge
o,4 -;ne bedcing compound used to secure the water box to the tank.

.- '37OGRA?-iS NOS. 5 and 6 - See Photograph No. 2 for location.
.o~h photographs are of tne same corroded area which occurred be-
..•:n the bedding com, und used to secure the water box to the tank
zurface. Qsing a microscope and dial indicator, the maximum oit
O--ptr. was measured at .020.

•..3-•3T~.R,, NO. 7 - See Photograph No. 2 for location. The photo-
g,-z•;n •3.ows one section of an area 2 inches long and 3/4 inch in
;,-'zzn covered with numerous pits estimated to be .005 inches in
ce.pt. average). As indicated, the corroded area appears to cover
an area that may have been covered by 3/4 inch wide tape orior to
'.ne test. There is no reco:d to confirm thits fact.

;, oGRAPN-: NO. 8 - One-half of Alloy No. 316(L) Gas Welded Stain-
less Steei Tank showing fill pipe and bedding compound outlining
position of water box. Arrow and numeral 1 point to corrosion

-5-
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shown in Phozograph No. 10. Bracketed area with numeral 2 is the
loca-ion of small corrosion pits shown in Photograph No. 11. Al-,
tnoug;h not visible in photograph of the tanK, Photograph No. 12
is of series of small pits on bottom tank surface cle&r of all
bedding compound, chocks or strapping.

?:-TJOG:APH N3. 9 - Second half of Alloy No. 316(L) Stainless
S fuel feod pickup and tank vent connections.
Artc-a and numeral 4 show position of corrosion spot shown in Photo-
graph No. 13, Arrow and numeral 5 show position of two large pits
shown in ?hotograph No. 14.

-.?o•A NO. I0 - See Photograph No. 8 for location. The "oaw
pr int shaped corrosion was located beneath the bedding comround
.;hlch was removed in the area of the pitting. The pits are aporoxi-
:..ately .016 inch deep or approximately one-half of the tank thick-
ness.

PD:373c0AP? NO. I - See Photograph No. 8 for location of random
pizzing. Ane particular area shown includes approximately 14 indi-
vicual pits of varying depth. The deepest pit is approximately
.0.5 inch deep and all are located on a surface that was covered
witn bedding compound.

?YOCGRAH NO. 12 - The pitted area shown is not visible in Photo-
ra No. 0, bu" is located on the bottom surface of that tank

section. .'he area includes approximately 50 to 100 pits that
folow ,hat appears to be a scratch mark. The pits are estimated

to .1e u Zo .005 inch in depth. No known reason for crevice corro-
s. existed in this area.

. NO. 13 - See Photograph No. 9 for location. This rela-
z.vy s.;aliowv pit was located in an area covered with bedding
C,ý u0 Ud .

>!TOGRA2;- >¢0. 14 - See Photograph No. 9 for location. The two
arge pits are iositioned near tne inside edge of the tank surface

coverkJ .i'h beoding.compound. Using a microscope fitted with a
oia* indicator. the maximum pit depth was measured at .020 inches
on the smaller pit and .024 inches along the edge of the larger pit.

S..~ .. Z..H 7,0. 15 - Two sections of Alloy 316(L) Resistance 'Welded
S,.nlejs --. eel T&nk. Outline of water box and oosition of weight-
,d D oc'-" jr• clearly evident. Arrows and numerals 1. 2 and 3 mark
:..a-or itzec; areas beneath 'he water box bedding comoound. Using
t:n.e mictoscope and dial indicator, pit depths to .020 inches were
;neasured. Arrow and numeral 4 mark a pitted area along the edge of
"he resistance weld which was probably under the tank strap when
.nstalIed. Due to the similarity of pitting on this tank with the

toher 31.6(L) tank, close-ups are not included.

-6-
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.- P*,. ? ...... - 0. 10 - Interior view of two sections of Alloy 316(L)
Resiszance I: Ioe Tank. No evidence of corrcsion present.

P7-::AP' 1'ý. .7 - Two sections of rerneplate Tank showing gener-
WV:.% o;" " and side surfaces. The position of the wet box is
evidvnz on bot.a sections. Alzhou.;h not clear in the black and
white zhotoc•.rap, all of the paint under the bedding compound came
off with r.inov~i of the we'. box and compound. Photograph No. 19
shows a small area of the corroded surface at the upoer end of the
shor'c section adjacent to the small circled numeral •. Photograph
No. 20 is a close-up of the corrosion adjacent to the fuel feed
pickup tube sno;n Es the IL-,er fitting of the short tank section.

0c:CA2:P >:O. 18 - Bottom view of two tank sections shown in
?,5T 'pn ,<o-T'-. The paint coating is chipped in many areas,
bu t.he lead coating appears to be intact.

• "-70.~ A?.N >0. 19 - See Photograph No. 17 for location. The sur-
.ace corrosion s.own is of a loose surface type. When rem.oved.
most of tne lead coating under the surface scale was intact but

. scatzeired corrosion pitting was rmeasure;. between .010 to .015
inch in Cepth. Spot checks of samopes indicated that the material
t.'.ickness varies between .044 and .030 inches and that the thick-
ness of metal remaining at the base of one pit was .021 inches.

?PKocGXAM NO. 20 -. See Photograph No. 17 for location. General
pealingr o oainted surface and scale- corrosion around fitting spud.

.YO?,C0T,\ " '0. 21 - Interior view of two tank sections shown in
3 r. . 17. The surfaces snow considerable rust discolora-

, to7 Ina- .a p'obably induced when the tanks were washed out with
S.r. T• ral• dark areas particularly evident on the baffle.

. .oa:'..viys in the lead coating where the base metal has rusted
-ý- iouoh.

?::.,:.:.;.•-- - V. 22 - Two sections of Hot Dipped Galvanized Steel
.ank showing general view of top and side surfaces. The pos:zion
of the wet box is evident on both sections. Photograph No. 25 is
a close-u.p photograph of the tank surface along the edge of the
area that had been covered with bedding compound. The oarticular
area is adjacent to the numeral 1 at the upper left corner of the
V wt t box (larger tank section). There i4 no evidence of corrosion
o' the oase steel except along the edges of the final closure.
?hotograph No. 26 is a close-up view of the painted edqg and Photo-
graph No. 27 of the fuel gauge transmitter and fuel pickup connec-
tion.

?I-T070GA.PH 'o0. 23 - t •or view of tank sections shown in Pnoto-
grapno. 22. "ITSe _ ed coating is completely intact With a
few minute spots of . it can be wiped off with no evidence of
corrosion pitting.

7.
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. •-:C'-,,: .. '3. 24 - Interior view of tank section with final clos-
u;:e ui'e %.geTde--ater galvanizing. Except for aoproximately 4
tiny s3ecks of rust in the lower right corner (not evident in black
and rwitite ..*hotograpn), there is no evidence of failure of the gal-
vanjAe;j coý.;in; or of corrosion of the base steel.

<.yTo2;, •::2. 2 - See Photograph Mo. 22 for location. The
su:'-ce C..Scoho:: ion 'white) and flaking shown is confined to the
zinc coat-ig with no indication of corrosion of the base steel.
:.:.n ;he area was cleaned, the zinc coating was intact and there
was no evidence of pitting.

D 7O H \ o -2 6h Ne 26 is of a typi:31 section cf
.:.ange shown at tne ;oo of the short tank section in

.-.loog.raph "o. 22. Uz'though better than 90 percent of the paint
along zae edge i.s intact, some of the paint has flaked off as shown.
:.losz o." the flange is still galvanized and all evidence of rust is
con::c..ed to those areas where the final weld destroyed the zinc
cotinc. -he:e is some evidence of minor pitting of t'.e unprotected
V;eld oe .ostz n'aerial. The pitting is estimated to be approximately
.303 inc, -' depth with a total material thickness of 3/16 to 1/4
i nc6.

L7 C G -I X 3. 27 - Photograph No. 27 is of the Fuel Gauge Trans-
ý.j r Feed Pickup Connection shown in Photograph No. 22.

-he :.:in; around the fuel gauge transmitter is apparently con-
fined to ._e galvanized coating of the tank. When the transmitter
was removed and the surface cleaned, no pitting was evident.

-8-I- 8
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"C CCCL S 01:

The .o1.owitg observations appear to he valid:

I. . • tha mos; severe corrosion of the stainless tanks
occ.-re-' -• what -ighi 'e termed) "induced areas", or
e-.a tad ."-.m such Lreas, t^heafe is Justif'cation for
sce cism e:; g-rding acccpabili:ty of No. 304 and No. 316(L)
szain-ess sýeel tanks. Presumably, any material (piece of
,aod, c*ozh, or cirt) plzced on a tank in service could
c='e~e a s-;;ý:.;:on sufficianz Lo hold moisture in contact

a-.. za. 6 ong enough t• provide the differential
•:z o. ; nch causes picting. Once pitting starts, the
corrosion by-products operate to make the process self-generat-

ing at an accelerating rate.

2. T..;e' V;ould apear to be little difference in the corrosion
cha:¢;erisiics of Alloy No. 504 and No. 316(L) in this type
-D ex0osure, t.:ile the actual st-r; of pitting on 316(L)
san..ss -y ;ake a bit ion;.r than on 304, under identical
exsosre con-ditions, the problem remains essentially the same
a z.; e corrosion p:ocess occurs at a rate similar to that of

t.~304.

3. Th-e different welding techniques employed on the No. 316(L)
Ia.-..s would apparently indicate that the tungsten inert gas

ezhod. provides f~wer moisture pockets than does the resistance
.. Zhod. Rowiever, this is somewhat academic as the major
._Iý.res were noted %o be well away from the velds.

4. :.'u-h the overall appearance of the terneplate tanks indicate
_.z. lead coating is generally very effective, the measured

. o-.n o: corrosion pitting would indicate that the tank removed
probably would have failed within approximately 12 months.

5. Asidefrom corrosion in way of the painted closure flange, which
..as a su!(icient thickness of metal to withstand further
environrnental exposure of this type, the galvanized steel tanks
appear to be in very good condition.

6. Each of the tanks returned to the YSS was cut open and examined
internally. In no instance was there evidence of pitting
ofginatln9 inside a tank. Welded areas appeared to be in
satisfactory condition, but there was slight evidence of local
corrosion build-up in way of small adhering particles of weld
spatter.

ii
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k 7. Final judgment of the various metals for use in marine
fuel tanks will be made following completion ef the
extended environmental exposure period.

L

TEST REPORT BY: P40j

PHOTOGRAPHS AND
RELATED COMXENTS BY: o rocere,. Asi' *en. Ugr.

REVIEWED-BY:

e. S
* . cry ger, Wec. ici-prei.

DATE ISSUED: 18 April 1069
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PHOTO NO. 13
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PHOTO NO. 15
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Tel. "430 Code 201

YACH-T 13AN1TY 13UP.:AU
polls se•vice orgalao N PO D

{el o,6t, OLD HOOKR OAD. WgSTWOOD. 3. J. 07675

MEMORANDUM: R-6 REINSPECTION NO.1

PLACE: INCO CORROSION LABORATORY,

WRIGHTSVILLE BEACH, N.C.

DATE: 9, NOVEMBER 1966

BY: R. P. KETCHAM - YACHT SAFETY BUREAU, INC.

The writer, in company with Mr. John Ziemanski of Allegheny-
Ludlum Steel Corporation, inspected all tanks and other equip-
ment undergoing environmental exposure. George Simpson, Lt.,
(USCG) of the Wilmington, N. C., OCMI Office, was present
during part of the inspection.

A detailed report of conditions is in the Yacht Safety Bureau
file, but the following general statements appear to be of
interest:

1. Maintenance of hull and equipment items by INCO personnel
appears to be excellent.

.2. No serious corrosion problems appear to have developed
to date.

3. Slight, super`icial corrosion spots noted on both the
Nos. 304 and 316 stainless tanks - both afloat and in
the ventilated boxes ashore.

4. Galvanized tanks, fill pipes, etc., show oxidation and
"1chalking" of zinc. Painted areas in way of end plate
welds show definite signs of corrosion.

5. Terneplate tanks, in general, appeared good. Those that
had been scratched intentionally showed local corrosion
in the abraded areas. One T/P tank had an area of
"+'bubbling" paint - probably indicative of a build-up of
corrosion below the coating.

5. Electrical system was completely operative and all com-
ponents appeared to be in good condition.

- -.. . . . -.. , -• +



Memo. - R-6 Reinspection No. 1 - 2 -

"7. Bottom paint (hull) is flaking in way of boottop, and
shows fouling in lower areas. At time of launching,
paint recommended by Baltimore Copper Paint Company as
compatible was used. Possibly topside surfaces were
too hot for proper adherence at the time of painting.

8. It is suggested that, in order to facilitate proper in-
spection, stainless steel hold-down straps be cut in way
of tank top reservoirs - with ends secured to reservoir
sides.

9. It is further suggested that the re-fueling inspections
(6 mo. increments) should allow 2 full days at the site.

10. Through the efforts of Mr. V. G. Taylor, it was determined
that the specified gum tests of fuel can be performed in
Atlanta, at approximately $7.50/test, with fuel samples
shipped REA.

ii0

W
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REINSPECTIOi. REPORT

A - Date: 28 February 1967

MFR: Various - R-6 Environmental Exposure Test. INCO Corrosion
Lab, (Harbor Island), Wrightsville Beach, N.C.

PRODUCT: Various Fuel Tanks, Pumps, Electrical Equip't, etc.

YSB REPORT NO. None

PERSONS INTERVIEWED: Messrs: V.G. Taylor and L.T. Davis

DATE OF INSPECTION: 23 & 24 February 1967

SUGGESTED DATE OF NEXT INSPECTION: 15 May 1967

COMMENTS:

1. Specific detailed comment on attached sheets.

2. Hull and equipmert receiving good maintenance and supervision.

3. Added "Fram" filter & filter/separator to transfer manifold
systems. Units located at engine stringers, Sta. 9, P/S.

4. Suggest that the following operations be accomplished during
the May '67 reinspection:

a) Haul boat for bottom scrub-down & repainting as well as
topside touch-up paint.

b) Consider removal of S/S strapping over S.W. tank top reser-
voirs to permit periodic inspection of metal surfaces in
way of weights.

5. All tanks were emptied, and labeled samples withdrawn for INCO
personnel to send, via REA, to Law & Co., Atlanta to perform
gum analysis tests.

6. Left instructions with INCO to re-fuel the tanks on Monday,
27 February. Each filler pipe was marked (on deck). 20 gals
of regular grade leaded gasoline to be put into each tank so
marked.

7. Removed fuel was in 55 gal. drums on the pier. INCO Personnel
given permission to dispose of this gasoline as they 'saw fit".

S. Lt. Simpson, (OCMI-Wilmington) put in an appearance at INCO
just after writer had left. He was assured, by tel/con, that
U.S.C.G. would receive a copy of written report.

XNSPECTION BY: Richard P. Ketcham
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REINSPECTION REPORT

Date: 15 May 1967

•MFR: Various- R-6 Environmental Exposure Test. INCO Corrosion

"Lab., (Harbor Island), Wrightsville Beach, N.C.

PRODUCT: Various Fuel Tanks, Pumps, Electrical Equipment, etc.

YSB REPORT NO.: None

PERSONS INTERVIEWED: Messrs. V.G. Taylor and L.T. Davis

DATE OF INSPECTION: 10, 11, 12 May 1967

SUGGESTED DATE OF NEXT INSPECTION: 14 August 1967

COMMENTS:

1. Specific detailed comment on attached sheets.

2. Maintenance of hull and all equipment is highly satisfactory.

3. Boat was hauled (at Bradley Creek "66 Marina") prior to trip.
Yard personnel wire brushed and repainted bottom. Writer
"touched-up" topsides and replaced eroded bronze ground plt.
bolt with monel bolt.

4. Boat re-launched and towed to INCO property with "Platanode".
Berthing arrangement has been changed to a position on exposure
float - rather than off sheet piling. This is a better spot -
more wave action as well as easier mooring and greater accessi-
bility.

5. In general, tanks and equipment are in fine, usable condition.
There is some evidence of corrosion in all instances but there
is nc apparent hazardous condition.

6. One of the Bendix fuel pumps (No. 4) which had been on a
transfer/discharge manifold became inoperative on 23 March 1967.
INCO personnel traded it for No. 1 - which had been on a dis-
charge manifold. Pump should be replaced at next inspection.

7. INCC personnel specifically mentioned utility of "PAR" bilge
pumps. Claimed filters to the very easily cleaned and entire
concept very good.

8. Mr. Taylor would like to show "Sea Safe America" as a part of
Sea Horse Inst. meeting in September.

9. No represeatatives of contracting second parties were present
at any time.

INSPECTION BY: Richard P. Ketcham
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23 August 1967

REINSPECTION REPORT

MFR: Various - R-6 Environmental Exposure Test. I0CCO Corrosion
Lab. (Harbor Island), Wrightsville Beach, N.C.

PRODUCT: Various Fuel Tanks, Pumps, Electrical Equipment, etc.

YSB REPORT NO. NONE

PERSONS INTERVIEWED: Messrs: V.G. Taylor,L.T. Davis, J. Garriss (INCO)
John Ziemianski (Allegheny-Ludlum Steel)

DATE OF INSPECTION: 15, 16, 17 August 1967

SUGGESTE: DATE OF NEXT INSPECTION: 8-10 November 1967

COMMENTS:

S. See attached sheets for specific details.

2. Maintenance of hull and all equipment is most satisfactory.

3. The Hull has developed some leaks in way of transom and star-
'oard chine, Leaks are not considered serious at the
present time - uccasional bilge pump operation is sufficient
to keep bilges relatively ery. Writer suggested that, if
the condition becomes dii cult to ccntroi, the hull should
be hauled (at Bradley Creek) for repairs.

4. Tanks, in general, appear to be in good, usable condition.
However, one tank top reservoir was removed (for an unre.ated
test) and the weighted neoprene lined block was lifted to
check on tank surface. Evidence of crevice corrosion was
found to exist in this hitherto inaccessible location. One
pit was estimated to have a depth of approximately 0.008" to
0.009" - or about 1/4 of the total tank wall thickness.

5. In view of the above described condition - with the potential
hazard involved - it is again suggested that all such weights
be made removable to permit proper inspection of th tank
surfaces. It would be desirable to accomplish this at the
next scheduled reinspection.

iii



23 August 1967

6. All fuel, except that contained in the generator service
tank, was pumped to dockside drums. A labeled sample
from each tank was shipped to Law & Co.# Atlanta, Ga.,
for analysis, in accordance with the requirements.

7. Tanks were re-filled with fresh fuel. A sample ,f fuel,
as delivered, was included in the shipment for analysis.

8. Bottoms of fire extinguishers aboard should be wire-brushed
and greased to prevent further build-up of corrosion.

9. It is suggested that new dock-lines be provided at the next
inspection. The three "No Smoking or Open Flame" warning
signs are quite weathered and should also be replaced.

10. A 4-1/2' length of "Flexaust" 4" dia. aluminum vent duct
was fitted for corrosion study.

11. No U.S.C.G. representative was present during the reinspect-
ion.

INSPECTION BY: Richard P. Ketcham
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REINSPECTION REPORT

DATE: 20 November 1967

MFR: Various - R-6 Environmental Exposure Test - INCO
Corrosion Lab (Harbor Island), Wrightsville Beach, N.C.

PRODUCT: Various Fuel Tanks, Pumps, Electrical Equipment, Etc.

YSB REPORT: None

PERSONS INTERVIEWED: Messrs: V. G. Taylor INCO
L. T. Dwis
J. Garriss
J. Ziemianski A-L Steel Co.

DATE OF INSPECTION: 8, 9, 10 November 1967

SUGGESTED DATE OF NEXT INSPECTION: 19-23 February 1968

COMMENTS:

1. See attached sheets for specific details.

2. INCO personnel continue excellent maintenance of hull and
all equipment.

3. Hull leakage does not appear to have increased, and only
intermittent pumping of bilges is required.

4. Considerable marine growth, barnacles, etc. visible on
hull underbody. Apparently poor adhesion of bottom paint
to original priming coat applied by the builder. Writer
believes hull can remain afloat through the winter, but
an underbody examination should be conducted as soon as
practicable in the spring.

5. There appears to be very little additional deterioration
of the visible tank surfaces. The pit noted in preceding
report seems to be unchanged - but some additional slight
pitting was noted in the same reservoir.

6. Several additional reservoir weights were removed, tempor-
arily, for proper inspection of tank surface. Samples of
each metal aboard were checked. There was some evidence
of crevice corrosion noted on the stainless tanks - but
this is in very early stages, and appears to follow no
definable pattern.

7. It is premature to arrive at anZ conclusions, but it is
observed that more corrosion appears to form in way of
welds on the resistance-welded 316L (& 304) tanks than
on the shielded-gas welded JIGL tanks.

- 1-



- 2 - 20 November 1967
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8. Galvanized tanks appear to be in good condition except in
way of painted flanges where there is ample metal thickness
to allow for corrosion.

9. Terneplate tanks show deterioration in areas where paint has
chipped, and in areas of fittings and welds.

10. Electrical and other equipment on board appears quite usable
and in good condition.

11. Dock lines and warning signs were not replaced at this time.

12. Mr. Ziemianski wishes to explore the feasibility of provid-
ing anodic protection for SS tanks. (Presumably this would
be in the form of zincs). Further, he would like to place a
small tank, so equipped, aboard the hull in such manner that
it would be continually exposed to stagnant salt water for
an accelerated test of, say, 6 months duration. This appears
reasonable, but writer suggests that two (2) similar tanks,
(except that only one be protected) should be identically
exposed.

INSPECTION BY: R. P. Ketcham
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"REINSPECTION REPORT

DATE: 7 March 1968

MANUFACTURER: Various - R-6 Environmental Exposure Test -INCO

Corrosion Lab (Harbor Island), Wrightsville Beach,
North Carolina

PRODUCT: V&rious Fuel Tanks, Pumps, Electrical Equipment, Etc.

YSB REPORT: None

PERSONS INTERVIEWED:

Messrs: W. W. Kirk - INCO
V. G, Taylor- INCO
L. T. Davis - INCO
J. Garriss - INCO
E. Lotter - Fritm Corp.
D. Thornton - Fram Corp.

DATE OF INSPECTION: 26 - 29 February 1968

SUGGESTED DATE OF NEXT INSPECTION: 16 - 17 May 1968

COMMENTS:

1. See attached sheets for specific details.

2. Hull to scuffed and there is considerable marine growth
on the underbody. A check on the presence of marine
borers, and repainting will be a desirable preventive
measure as soon as practicable.

3. Routine maintenance of hull and equipment by INCO personnelis excellent, as is the cooperation rendered by all concerned.

4. In general, tank and equipment deterioration does not appear
to have progressed very much since the last report. In the
writer's opinion, it seems doubtful if a meaningful projection
of longevity can be mad* upon completion of the contracted two
year exposure period. In view of the relatively large expendi-
tures of money and time incurred to datp, expensions of the
contracted exposure time to a point at which reasonable prog-
noses can be made, wuId certainly seem worthy of serious
consIderation.

S. Tanks were do-fueled and ro-filled during this reinspection.S~Samples from each tank were sent to Law & Co. Lab., in

SC" -Atlanta, for gun content analysis.

6. The fuel filter and filter/separator were removed and examined
in the preoence of the Fram Corp. representatives. In spite

I



of the metals used in these devices, very little
deterioration woa noted foi~owlng a full year's
exposure low in the bilge.

7. The specially fabricatea tanks,' to be placed aboard
for the benefit of the Allegheny-Ludlus Steel Co.,
were not completed in time for this reinspection.

8. Mr. Ziemianski was unable to be present for this
reinspection, and no representative of the U. S.
Coast Guard appeared.

INSPECTION BY: R. P. Ketcham
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REINSPECTION REPORT

¾DATE: 15 May 1968

MANUFACTURER: Various - R-6 Environmental Exposure Test
INCO Corrosion Lab (Harbor Island),Wrightsville Beech, N. C.

PRODUCT: Various Fuel Tanks, Pumps, Electrical Equipment,
etc.

YSB REPORT: None

PERSONS INTERVIEWED:

Messrs: W. W. Kirk- INCO
L. T. Davis- INCO

J. Garriss - INCO
P. Bunch - LCDR - (USCG)
J. Ziemianski - Allegheny -Ludlum Steel

DATE OF INSPECTION: 8 - 10 May 1968

SUGGESTED DATE C! NEXT INSPECTION: 12 August 1968
;* 1,

COMMENTS:

1. See attached sheets for specific details.

2. Hull maintenance, adherence to test procedures, and
cooperation by INCO personnel is excellent.

3. It would appear that deterioration of the tanks and
equipment, to date, has not seen severe. However,
internal surfaces have not been irispscted and many of
the exterior surfaces are inaccessible to all but the
most cursory examin3tiono

4. Because of the condition outlined above, it was felt
by all present that an extension of the exposure period
beyond the scheduled removal date of August 1968 would
be likely 'bo fiald more valio oata upon which to base
an opinion regardinq suitability of the various materials,
It was suggested by the writer that any such extension be
contemplated on an iucremental basis (as an ecornomy move)
with continuance of exposure dependent upon reSlts of
quarterly inspections.

5,. If the recommended extension of exposure period is to be
effected, provision for it should be made in the YSB

C) contracts with Allegheny-Ludlum and the U. S. Coes'% Guard.



Reinspection Report 15 May 1968
-2-

S 6. The exposure hull is definitely in need of topside
touch-up work and bottom scrubbing/painting. Due
to the known presence of marine borers ir this area,
the work should be accomplished without delay, and
should be done without regard to a decision on
continuance of the test.

7. The Pram fuel filter and filter/separator units were
re-installed in their former locations for further
exposure.

8. If a decision is reached in favor of continuing the
test, the following work should alsu be authorized:

1) Check and re-charge dry chemical extinguishers.

22)- Replace dock lines.

r 3) Replace "No Smoking or Open Lights" signs.

INSPECTION BY:
R&Chard. Ketcham
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REINSPECTION REPORT

DATE: 23 September 1968

KI( iMANUFACTURER: Various - R-6 Environmental Exposure Test,
INCO Corrosion Lab (Harbor Island),
Wrightsville Beach, N. C.

PRODUCT: Various Fuel Tanks, Pumps, Electrical Equipment, etc.

_SS REPORT: None

PERSONS INTERVIEWED:

Messrs: W. W. Kirk - INCO

V. G. Taylor - ZNCO
L. T. Davis - INCO

J. Garriss - INCO
J. Ziemianski - Allegheny - Ludlum Steel

DATE OF INSPECTION: 14 - 22 August 1968

SUGGESTED DATE OF NEXT INSPECTION; 13 - 15 November 1968

COMMENTS:

1. This inspection, coinng at the end of the 2 year exposure
period originally projected, is intended to go into greater

( •detail than the inspection reports furnished quarterly
during this period.

2. See attached sheets for specific details on the various
items.

3. INCO personnel continue to be most cooperative and
meticulous in handling of the detail work connected with
the test.

4. All exterior surfaces of the test hull have 3een cleane3
and repainted. Hull appears to be in very good conditIcn,
but still has a slight leak at starboard chine, at:.

S. Inasmuch as the more complete examination did reveal seve-..a:
failures of stainless steel tanks, question arose re;ar;-
the advisability of extending the exposure phase. •c•eve,
it was felt that, because most failures occurred in .
areas, the additional time would furnish a better base for
a projection of longevity on the various materials.

(. . -l-
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f 6. it should be noted that, to oate of inspection, no
actual failure of a Terne-Plati tank had occur-ed.
In the case of these tanks corrosion, in general, is
quite prevalent and it appears that one or more failures -
in non-induced areas - may occur in the near future.

7. One rectangular tank, of each metal, was removed !rora
the hull for closer examination. These tanks were shipped
to the YSB office, after being gas-freed.

8. A record of outside vs. hull interior temperatures was
kept for several weeks early in the summer. As a =at;er
of interest, this record is included herewit... A ".us;rak"
temperature recorder, installed in the aft compar;zent of
the hull, should furnish more complete data in this regard
for the duration of the test.

9. Allegheny-Ludlum is experimenting with the princi:Le of
cathodic protection on stainless steel. To this en, dw
small cylindrical tanks (Terne-coated stainless) ::e6e tn-
stalled, empty, in the hull. Salt water reservoirs and
weights were fitted as-on the other tanks. inten';ona "
scratches were made in the Terne-coating. Details of. ;.e
tank alloy, welding technique, and coating will be provided
by Allegheny-Ludlum.

10. It is anticipated that an extremely complete examina.ioi of
certain of the removed tanks will be made in October.
Following this, an addendum to this report will be furish e.

* INSPECTION BY:
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