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Files MM-10 and MM-30 Page 1 Issued: 27 February 1970

N,
AN

REPORT ON: f ol

€ompletion of three years environmental exposure of sample
Model Marine Fuel Tanks,(without listing and labeling) as
outlined in YSB Procedura R-6 and examined in YSB interim

report R6-1-0469,, N

|

ITEMS COVERED:

1) One set of spéinless 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 ccntract
with USCG.

3) One set of stainless steel tanxs, 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 tesﬁq
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SHORE BOX TANKS: ' P

.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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Files MM-10 and MM-~36 Page 2 Issued: 27 February 1970

REFERENCES :

1) "Interim Report - Epvironmental 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 Siceis in Sea Water".

DESCRIPTION OF ANALYSIS:

Upon return of the exposure hull o the Marine Deparinent of
Underwriters' Laboratories, Inc. the individual items were
removed, partial cleaning of exterior surfaces was accomplished,
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 amournits of lost metal on relatively heavy objects,
plus the fact that deterioration sufficient to render some tanks
useless was quite apparent by visual exumination.

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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Files MM-10 and MM-36 Page 3 Issued: 27 February 1970

GUM CONTENT:

At six month intervals, concurrent with change of fuel,
gasoline samples were vi*hdrawn and analyzed for existent
gum content in accordance with ASTM-D239, Results of these
tests indicate that excess gum formation is not induced oy
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
lines and brass fittings, and is still not considered analogous
to service conditions - in whzch gasoline passes through the
piping only once.

AULL TEMPERATURES:

During the third year of exposure, temperatures inside the

hull were monitored by a combination of manual and graphrecord-
ing of data. 1In 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 jmproperly adjusted
October 1968 50 86
November 1968 38 80
December 1968 26 65
January 196S : 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 ag great as would be the case haa 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.
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Files MM-10 and MM-36 Page 4 Issued: 27 February 1970
CONCLUSION:
1, Since issuance of the interim report, several of the

2,

opinions expressed therein have been confirmed.

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

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.

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
prevalent in the resistance welds,

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.

Failures or deep pitting in the Terneplate tanks were likely
to occur at almost any area of exposed surface. Photograph
Nos. 44, 64 and §5, showing perforations through the tank
bottom illustrate the case inm 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,

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 iastallation.

Report by: Re db

11 712 it S

RI

ARD P, KETCHAM ROBERT LOESER

Project Engineer Associate Managing Engineer

-‘Marine Department Marine Department
g.i ST e

Managing Engineer
Marine Department




Files MM-10 and MM-36

Figures
Figures
Figures
Figures

Figures

~ Figures

'NOTE:

INDEX
1 through 14
15 through 37
38 through 51
52 through 59
60 through 63
64 through 67

-Page 5  Issued: 27 February 1970

Alloy No. 304 Stainless Steel
Alloy No, 316(L) Stainless Steel
Terneplate

Galvanized Steel

Assorted Panels of each of
materials tested

Terneplate - additional close-
up photos (interiors)

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 :ocations is attached.
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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 de-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 appearance, with rust
streaks. Rectangular area between fittings (top view)
indicates location cf sea water reservoir during test.
Perforations may be 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: 65WW32

Tank No. 17H

Rectangular, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Aboard hull - filled with gasoiine (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.
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Final Inspection Report Project: 65WW32
FIG. NO. 3 . File: MM-10

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 remeval 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 Figs. No.
4 and 5. ,
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Final Inspection Report Project: 65WW32
FIG. NO. 4 File: MM~-10

Tank No. 16H

Reétangular, 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-IO

Tank No. 16H

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
ciearly visible, See Fig. No. 4 for location.







Final Inspection Report ~ Project: 65WW32
FIG. NO. 6 File: MM-10

Tank No. 2H

Cylindrical, Alloy Npo. 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-10
Tank No. 2H
Cylindrical, Alloy No. 304 Stainless Stecl, Electrically Welded
% Exposure Conditions:

§ Aboard hull. Alternately empty and full for first two
i 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. .
Nc. 2 shows severe corrosion pitted to .029".
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Final Inspection Report Project: G5WW32
FIG. NO. 8 File: MM-10

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.
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Final Inspection Report Project: 65WW32
FIG., NO, 9 File: MM-10

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.
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Final Inspection Report Project: G65WW32
FIG, NO. 10 . File: MM-10 A} \

Tank No. 7
Cylindrical, Alloy No. 304 Stainless Steel, Electrically Welded

Exposure Conditions:

Empty in ventilated shore box

Cocmment 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: G5WW32
FIG. NO. 11 File: MM-10

Tank No. 22H

Cylindrical, Alloy No. 304 Stainless Steel, Electrically
Welded

Exposure Conditions:

Aboard hull, alternately empty and 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 sea water raservoir, but some spots

are noted in open arers. Many rust streaks emanate from
welded longitudinal seam. While no perforations occurred
corrosion to & depth of .026 inch was meagured at No. 2,
No. 3 and No. 7.
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Final Inspection Report -Project: G65WW32
FIG. NO. 12 File: MM-10

Tank No. 19H

Cylindrical, Alloy No. 304 Stainless Steel, Electrically
Welded :

Exposure Conditions:

Aboard hull, empty of fuel for three years

Comment on Photo:

Upper and lower surfaces of tank dulled and streaked by
corrosion. Perforation occurred at No. 1 ebove rule.
This is the inside edge of salt water reservolir.
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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, erpty 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: MM-10
Panel No. 2

Alloy No. 304, Stainless Stael

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.
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Final Inspection Report Project: G65WW63
FIG. NO, 15 File: MM-36

Tank No. 18H

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

- Exposure Conditions:

Aboard Hull, empty tarough test.

Commer,t on Photo:

Top and bottom surfaces of tank showing corrcsion and dis-
coloration along welded seams, as well as nhumerous areas

of minor pitting. No perforated areas were found, but crevice
penetrations up to 0.009 inch (about 25% of shell thickness)
were measured.

eavein s - Y




QISR %

RIS

e

a

———— s g

ST AT

el S RN SR T




g o T -

Final Inspection Report Project: ¢5WW63
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 ' Pro ject: G5WW63

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.
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Final Inspection Report Project: G65WW63
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.







Final Inspection Report Project: 65WWG63
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: MM-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 #l1 and #2.
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Final Inspection Report v Project: 65WW63
FIG. NO. 21 File: MM-36

Tank No, 25H

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

Exposure Conditions:

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

Comment on Photo:

Clcse-up of perforations shown in way of sea water reservoir
faying surface, Photo No. 20.







Final Inspection Report Project: G5WW63
FIG. NO. 22 A 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, MO. 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.







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 Phote:

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 Su:cl, Electrically
Welded

Exposure Conditions:

Aboard hull, full of gasoline

Comment on Photo:

Upper and lower surfaces of tank, indicating maéor areas of
pitting - along longitudinal welded seams, and "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
Welded '

Expcesure Conditions:

Aboard hull, full of gasoline

Zomment 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. CSee Fig. No. 27 for lncation,.
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Firal Inspection Repcyi Project: G5WW63
FIG. NO. 28 ‘ 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 pits and corrosion spots in "open" areas.
See Fig. No. 50 for representative corrxosion.




¥
o
E]

R A ahe b

T LTI T



PR e i < v b g - . .

final Inspection Report Project: OG5WW63
FIG. NO, 30 Filie; MM-30

Tank No. 14H

Rectangular, Alloy No. 316(L) Stainless Steel, 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 jerforations.
No. 3 is an area pitted to a depth dpproximately 0.024
inch. GSee Photo No. 29 for location.
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FIG., NO. 31 Fi1le: MM-3€

Tank No. 1lH

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

B e L A ] wre e

Comment on Photo:

Upper and lower surfaces of tank indicating areas of corrusion

in way of sea water reservoir and along longitudinal welded

seams. Heavy black spots on upper surfaces are adhering

‘>edd*ng compound. Clcse-up of indexed areas 1, 2, 3 and 4 b
orn Fig. N, 32. 1







Final Inspection Report Project: 65WW63
FIG. NO, 32 File: MA-36

Tank No. lH

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-ion found in way of sea water reservoir
faying surfaces. Note perforations in the typical crevices
formed.. See Fig. MNo. 31 for loc.i.ien.
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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: 65WWE3
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 mottling and staining,
which precedes pitting. Numerous shallow (0.002 inch) pits
were found at longitudinal welded seam - which forms a
natural crevice.







Final Inspection Report Project. .nw4i3
} 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 inch. As far as susceptibility to
corrosion is concerned it appears that the inert gas weld
method is slightly superior to resistance welding.
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Final [nspection Report Project: OG5WW63
FIG. NO. 36 File: MM-36

Tank No. 26H

Rectangular, Alloy No. 316(L) Stainless Stecl, 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 .iumerous areas of
etching. See Fig. No. 35 for close-up views.
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Final Inspection Report Project: G65WW63
FIG. NO. 37 File: MM-36

Tank No. 26H

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

Exposure Conditions:

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.
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Final Inspection Report Project: 65WWG3
FiGC. NO, 38 File: MM-36

Tank No. 11H

Cyliindrical, Ternegplate

Exposure Conditons:

Aboard huil, 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 corresion 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 photc marked Fig. No. 66 at
end of this report reveals corrosion of interior surfaces
occurred in the top radius of the tank. Humid air t{rapped
between fuel and upper surface is the probable cause.
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Final Inspection Report Project: G65WW63
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.

See Fig. No. 41 for close-up views.
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Final Inspection Report Project: G5WW6E3
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: G65WW63
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:

lIpper and lower surfaces of tank show generally good
condition except for corrosion build-up near fittings
and «long longitudinal welded seam. See Fig. No. 43.
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Final Inspection Report Project: 65WW63
FIG. NO. 43 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:

Close~-up view 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: G5WWE3
FIG. NO. 44 File: MM-36

Tank No. 30H

Cyiindrical, Terneplate

Exposure Conditions:

Abecarc¢ 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 underneatn.
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, Terneptiate

Exposure Conditions:

Aboard hull, empty

Comment on Photo:

Close-up views of the two perforated areas indicated by
tape on Fig. No. 4«,
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Final Inspection Report Project: G6SEWW63 .
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 ani along welded seam. Circled
area on tank side shows heavy corrosion and deterioration
of both paint and terne coating.
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r:nél inspection Report Project: 6IW6
FIC. NO, 47 File: NN-36

Tanx Mo, 6BH

xectangular, Terneplate

fi

xocsure Concitions:

ADoara hull, empty

Ccmment on Photo:

Uccey surface shows considerable deterioration of paint
¢nc lerne coating, due in part to mechanical damage. Tank
wes located in an area subject to "heavy traffic" of main-
tenence and 1nspectlon personnel. Many pitted areas are
vresent - especially in way of sea water reservoir, welded
searm, end flanges, and tank fittings. Perforations noted
at Ne. 1, 2 and 3.







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:

Uoper 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.







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

Tank No. 6

Rectangular, Terneplate

Exposure Conditions:

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 Report Prcject: 65WWA3
FIG. NC. 50 File: MM-36

Tank No._ji

i
.

Cylindricaj, Terneplate

Exposure Conditions:

In ventilated shore box, empty

Conment on Photo:

Generally good condition of tank is evident. However paint
had blistered in #ay of fittings, and welded seam showed

corrosion. 1In all some 20 pits were counted, with depths to
about 0.003 inch.
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Final Inspection Report Project: 65WW63
FIG. NO, 51 A File: MM-36

ranel No. 4

Terneplate

Exposure Conditions:

In ventilated shore box

Comment on Photo:

Paint and terne coating are largely .atact. 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: G65WW63
FIG. NO, 52 File: MM-36 b

Panel No. 1

Galvanized Steel

Exposure Conditions:

In ventilated shore box

Comment on Photo:

Panels dare 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 th=2n 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

Rectanqular, 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 perforated cadmium plated
fuel level transmitter plate. This is not a part of the
listed tank.



Rt




o g S e e

Final Inspection Report Project: GEWW63
FIG. NO. 54 File: MM-36

Tank No. 24H

Cylindrical, Galvanized Steel

Exposure Conditions:

Aboard hull, empty

cvomment 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.







Final Inspection Report Project: G5WW63
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 Report Project: 65WW63
FIG. HO. 56 File: MM-36

Tank No. 13H

Rectangular, Galvanized Steel

Exposure Conditions:

Aboard hull, filled with gasoline

Ccmment on Photo:

Upper and lower surfaces of tank show characteristic
"chalking" of sacrificial zinc coating. Dark areas show
protection from envircnment provided by chock liners and
hold-down straps. Aside from the fuel level transmitter
plate, the oaly 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 cendition. Dark lines emanating from corner

of sea water reservoir are streaks of bedding compound -
not corrosion.
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Tank No. 9

Final Inspection Report Project: 65WW63
FIG. NO. 58 File: MM-36

Cylindrical, Galvanized Steel

Exposure Conditions:

In ventilated shore box, empty

Comment on Photo:

Upper surfaces and end plate reveal a tank in 2lmost 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.







Final Inspection Report Project: 65WW63
FiG. NO. 29 File: MM-36

Tank No. 4

Rectangular, Galvanized Steel

Exposure 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 pictinre,

There is no pittiing visible and the tank is completely
serviceable.
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Final Inspection Report Project: G5WW63
FIG. NO. 60 File: MM-36

Panels No. 36H

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

Exposure 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.







Final Inspection Report Project: 6SWW63
FIG. NO. 61 File: MM-36

Panels No. 35H

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

Exposure Conditions:

Abcard hul., on ceramic insulaters

Comment on Photo:

Stainless Steel panels slightly discolored with corrosion
pbuild up along lower edges. QOuter face somewhat spotted -
Galvanized panel slightly "chalky" no corrosion noted on
Galvanized panel.
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Final Inspection Report Project: G65WW63
FIG. NO., 62 File: MM-36

Panels No. 37H

Alloy No. 316(L) Stainless 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
of zinc coating but no corrosion,

"chalking"
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Final Inspection Report Project: G65WW63
FIG. NO. 63 File: MM-36

Panels No. 38H

Terneplate

Exposure Conditions:

Aboasd hull, on ceramic insulaters

Comment on Photo:

Paint coating biistered and peeling - all edges kadly
corroded. Pitting noted along weld and all internal
unpainted surfaces.
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INTERIM REPORT

ENVIRONMENTAL EXPOSURE

OF SAMPLE MODEL MARINE
FUEL TANKS
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INTERIM REPORT
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FUEL TANKS i T
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CONTRACTS: Allegheny-Ludlum Steel Corp. - 10 March 1965
with Supp'l. Agreement i
USCG #CG-10-135-A - (with Supp'l. Agreements) - .
18 July 1965 '
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YSB Repori RE-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)

2)

3)

4)

5)

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

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

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, Cambrirdge, Mass.
Except for materials and welding technicues the tanks
are in all respects similar to their YSB listed "Monel"
fuel tanks, of approximately 24 gallons csnacity, each.
The cyiindrical tanks are 16 inches dfameter 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 fabricated of 0.031" and
of 0.037" sheet.

1 Set of terneplate tanks, proprietary model of Mirax Corp.,
purchased by YSB unrder ~ontra:t vith USCG,

Note: These tanks arc fabricated of 20U gauge (0.035"), long
terne steel, meeting Fed. Spec. QQT-191A, Grade 3,
Commercial Quality, with red enamel coating. End plates
are attached to shesl with rolled-lock soldered seans
and resistance lap welded lonyitudinal 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.

1 Set of Hot-Dip galvanized steel fuel tanks purchacs.d by YSB,
for use as "control" samples,

Note: These tanks were fabricated by th Everts & Cverdeer

Corporation, in accordance with prectice on YSB list:4d
tanks., All tanks are of 14 gauge (nominal 0,0747")
rolled, commercial quality steel sheet. Hot dip galvaniz-
ing was accomplished after making all walds, except the
end plate closure weld., The closure weld area was coated
with zinc chromate. Cylindrical tanks are approximately
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YSB Report R6-1-0469

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

€} Numerous otner eguipment 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".

EISTORICAL BACKGROUND OF TEST:

For many years Reference (2), which is highly regarded by

both inspection authorities and boat builders, has by omission
ot recognized certain materials as being suitable for the
fabrication of marine fuel tanks.

2tainless steels were not recognized because of susceptibility
to Y“crevice corresion' when in a marine environment. Similarly,
terne p.ate was considered unsuitable because mechanical damage
to, 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

has led to a search, by both builders and equipment manufacturers,
for additional fuel tank materials. 1In some instances unfamiliarity
wWith the marine environment, coupled with a competitive business
impulse to effect economies where possible, has led to the rather
extensive use of materials other than those specifically mentioned
by the NFPA committee. Another factor affecting the situation has
been the semi-wartime national economy with availability of some
naterials rather critical - and invariably priced accordingly.

Pa2cause 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 spcnsorship of the Allegheny-Ludlum
Steel Company, and the U.S, Coast Guard.




YSB Report R6-1-0469

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 interided usage, and if the accumulated
data warrants, to seek recognition of these specific metals
in Reference (2).

\
3
i

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

TR T AR S RS TG AN 12

03JECT:

The 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).

JESCRIPTION:

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

1. Alloy No. 304 Stainless Steel - Spotting and superficial
discoloration started to appear 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(1) - Stainless Steel, Resistance Welds -
Spotting and superficlial discoloration started to appear U
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.

S O N

3. Alloy No. 316(L) - Stainless Steel, Gas Welds - Spotting
and ciscoloration foilowed patterns similar to above. At
twelve month inspection, definite external pitting was ob-
served in way of weight, additional pitting noted on subsequent
(‘y inspections. At two year inspection all six tanks aboard
- : snowed 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 examinaticn.
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Terneolate 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 ana welded areas showed some corrosion by
the end of six months' exposure, Build-up of paint bubbles
and corrosion at welds and fittings continued, but at the
s/nd of %two years no actual perforations were observed. One
tank was returned to the YSB for closer examination.

Gaivenized Steel Tanks - At the end of three months charac-

teristic "chalking” of the sacrificial zinc coating was
observed. The closure plate flanges, painted 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
the 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.

GENZRAL:

It should be noted that, in all instances, the R-6 procedure
calls for flooding of tne tank top water boxes, with sea water,
for a onc week period every three months. These pine boxes
were bedded to the tank surfaces with a commercial bedding
somooundwhich provided reasonably watertight joints., It is
vrodable, however, that moisture worked its way into the faying
surfaces, and that stagnant sea water has been present in these
areas during most of the two year exposure. It should also be
noted that all perforations in the stainless tanks occurred in
what might be termed "induced areas". However, general incipient
pitting was noted in open areas.

C3SERVATIONS CN TANKS RETURNED FOR EXAMINATION:

The following comments are related to Photographs 1 through 27
attached as part of this report.
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YSB Report R6-1-0469

P=CTOGRA2E NO. 1 - One-half of Alloy No. 304 Stainless Steel
Tenk, snowing rill pipe and location of water box. Most of the
bedding compound has been removed. Arrow and numeral 4 show loca-
tion oi corrosion shown in Photograph No. 4.

PHCTOCRAPI NO. 2 - Second half of Alloy No. 304 Stainless Steel
Tahx saowing suel feed and vent connections. The remains of the
bedding compound adjacent to the cut edge indicates the location
of one end of tine water box. Tne arrow &nd numeral 1 pcint to ihe
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
Photograpns Nos. 5 and 6. The tank is also corroded to the right
and leii of the fuel pickup connection, near number 3, and to the
right of the vent connection. Ail three areas appear to indicate
ihe 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 1o installation and the residual adhesive from the tave in-
duced the corresion. See Photograph No. 7 of the tank surface
adjacent to numeral 3.

PHOTOGRAPZ NO. 3 - See Photograoh No, 2 for location., A piece

o 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.

PHOTOGRADZ N0. 4 - See Photograph No. 1 for location. The point
T penetration and adjacent pitted area lie along the inside edge
' the pedcing compound used to secure the water box to the tank.

.
¢
2

~2JTIOGRAPHS NOS. 5 and 6 - See Photograph No. 2 for location.

Z0ouad photograpns are of tne same corroded area which occurred be-
nzetd the bedding com;: und used to secure the water box to the tank
suriace. using a microsccpe and dial indicator, the maximum oit
d=pth was measured at ,020.

- e~

FilT2CRAPH ND. 7 - See Photograph No. 2 for location. The photo-

tn covered with numerous pits estimated to be .005 inches in

15 .average). As indicated, the corroded area appears to cover
an area that may have been covered by 3/4 inch wide tape orior to
ine test. There is no recosd to confirm tiiis fact.

PHOTOGRAPS 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

T s A, Ol s

R VI




= st

YSB Report R6-1-0469

shown in Photograph No. 10. Bracketed area with numeral 2 is the
locetion of small corrosion pits shown in Photograph No. 11. Al-
though not visible in photoyrapgh of the tenk, Photograph No. 12
is of series of small pits on bottom tank surface clear of all
bedding compound, chocks or sirapping.

~'OTOG\ PH 1J. 9 - Second half of Alloy No. 316(L) Stainless

$iecl .Gnk saowang fuel feed pickup and tank vent connections.
Arvow awa numeral 4 show position of corrosion spot shown in Photo-
graph No. 13 Arrow and numeral 5 show position of two large pits
snown in Photograpa No. 14,

PR07 uu A?d NO. 10 - See Photograph No. 8 for location. The "paw
neint' snaped corrosion was located benesath the bedding comcound
which was removed in the area of the pitting. The pits are approxi-
.dte;y .016 inch deep or approximately one-half of the tank thick-
ness,

2..0TOCRARPE NO. 11 - See Photograph No. 8 for location of random
pitting. 1he particular area shown includes approximately 14 indi-
vicual pits of varying depth. The deepest pit is approximately
.0.5 inch ceep and all are located on a surface that was covered
wita bedding compound.

APH NO. 12 - The pitted area shown is not visible in Photo-
o. o, but is located on the bottom surface of that tank
ection. The area includes approximately 50 to 100 pits that
fcllow what appears to be a scratch mark. The pits are estimated
10 e u) to .005 inch in deptn. No known reason for crevice corro-
s..n existec in this area.

S0T0CR.. 25 N0, 13 - See Photograph No. 9 for location. This rela-
vyl/ snailow pit was located in an area covered with bedding
cwlound.

r‘ r' '\’

SZ0TCGRAPE N0. 14 - See Photograph No. 9 for location. The tweo
large pits are rositioned near the inside edge of the tank surface
covered with beuding.compound. Using a microscope fitted with a
oial indicater, the maximun pit depth was measured at .020 inches

on the smaliler pit and .024 inches along the edge of the larger pit.

...ITTGRAPH N0. 15 - Two sections of Alloy 316(L) Resistance Weided
Cic.niess sceel 1enk. OQutline of water box and position of weight-
«d Tlocz are clearly evident. Arrows and numevals 1. 2 and 3 mark
La,0Y pilitlec areas beneath the water box bedding comoound. Using
tne microscope and dial indicator, pit depths to .020 inches were
Measured. Arrow and numeral 4 mark a pitted area along the edge of
he vesistance weld which was probably under the tank strap when
inctalied. Due to the similarity of pitting on this tank with the
oither 3i6{iL) tank,close-ups are not included.

e s L .
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PrOTCGRATA NO. 16 - Interior view of two sections of Alloy 316(L)
Resistance .e.Gew Tank. No evidence of corrcsion present.

TOC=APE MO, 17 - Two sections of Terneplate Tank showing gener-
R v;=w 07 ©0» and side suriaces. The position of the wet box is
eviceni on botna sections, A;thou‘h not clear in the black and
wnite photograph, 2ll of the paint under the bedding compound came
£ff with removel of the wes box and compound. Photograph No. 19
shows a smal. erea of the corroded surface at the upver end of the
shory section adjacent to the smai.i circled numeral .. Photograph
No. 20 is & close-up of the corrosion adjacent to the fuel feed
pickup tube shown as the lower fitting of the short tank section.

PrROTCIRAP NO. 18 - Bottom view of two tank sections shown in
P00 Tapa NO. ./. The paint coating is chipped in many areas,
but tae leac coating appears to be intact.

PI.0T0GRAPH MO, 19 - See Photograph No. 17 for location. The sur-
fice corresicn shown is of a loose surface type. When removed.
mest of the lead coating under ithe surface scale was intact but

N N

(e scatterec corvosion pitting was measure: between .010 to .015
irch in Cepta. Spot checks of sampies indicated that the material
tiickness varies between .044 and .030 inches and that the thick-

ness of metal remaining at the base of one pit was .021 inches.

)
t
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»
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PrEOTOGRARY NO, 20 See Photograph No. 17 for location. General

pee.ing o. oainted surface and scale corrosiorn around fitting soud.

PRO0U0GAPH Y0, 21 - Interior view of two tank sections shown in
?:o:ggraph wo. 17. The surfaces show considerable rust discolora-
1107 taat was przobadbly induced when the tanks were washed out with
Wa ol Th; smal’ dark areas particularly evident cn the harfle.
masl olizsdys in the lead coating where the base metal has rusted
and covw Yhrouon,

PUuOTCIRAEID NG, 22 - Two sections of Hot Dipped Galvanized Steel
ans snowing general view of top and side surfaces. The position
f the wet box is evident on both sections. Photograph No. 25 is

o
a close-up photograph of the tank surface along the edge of the
area that had been covered with bedding compound. The oarticular
area 1is adJacent to the numeral 1 at the upper left corner of :the
wet box (larger tank section). There is no evidence of corrosion
oY the onazse steel except along the edges of the firnal closure.
Protograph No. 26 is a close-up view of the painted :dge and Photo-
graph No. 27 of the fuel gauge transmitter and fuel pickup conrec-
tion.

PHOTOCRAPH 0, 23 - 7 .i1or view of tank sections shown in Photo-
graph and. <2, ihe Q: :<:.. od coating is completely intact with 3
few ninute spots of vu.. (a3t can be wiped off with no evidence of
corrosicn pitting.

~d




—

YSB Report R6-1-0469

TCCRAPL WO, 24 - Interior view of tank section with final clos-
piave ve.ded citer galvanizing. Except for aoproximately 4
tiny specks of rust in the lower right corner (not evident in black
and waite pjhotograpn), there is no evidence of failure of the gal-
vanireu coasing or of corronsion of the base steel.

29 TCCRL T ‘C. 23 - See Phouog“ao“ Vo. 22 for location. The

zing COn»-ug w1 h ﬂo 1nd1ca on of corrosion of the base steel.

when The are:d was cleaned, the zinc coating was intact and there

was no evidence of pit»lng

FLOUIAT D NO, 29 -~ Thitsceosh Me, 26 is of a typical section of
In< wiacé0 sLlance shown at tne top of the short tank section in
Pholograpn 0. 22. ~iihough bettier than 90 percent of the paint
giong tne edge I3 intact, some of the paint has flaked off as shown.
W05 o the Fiange is still galvau-zed and all evidence of rust is
coniinac %to those areas where the final weld destroyed the zinc
couting, Thnere is some evidence of minor pitting of t'.e unprotected
velic ceaos;: material. The pitiing is estimated to bDe approximately
.003 inch in depth with a total material thickness of 3/16 to 1/4
inca.

£n0TCCR-25 X3. 27 - Photograph No. 27 is of the Fuel Gauge Trans-
nitter anc 4Jci reed Pickup Connection shown in Photograpn No. 22.
The Iliiing around the fuel gauge transmitter is apparently con-
fined 1o t.e galvanized coating of the tank. When the transmitter
was removed and the surface cleaned, no pitting was evident.
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Tne Jolloulag coservations appear to ke valid:

1. ~liuhcugs tho most severe corrosion of the stainless tanks
occurred In (what might ue termed) "jnduced areas", or
enwtated From such ereas, thece is justxf. ation for
scesilcisa vagording accupuadility of No. 304 and No. 316(L)
Stainless sieel tanks. Presumably, any material (piece of
weoc, clotia, or cirt) placed on a tank in service could
credie & sizuation sufficient 10 hoid moisture in contact

wowad @ WL2T3. L00Q endugh tu provide the differential

aeru:ioz wL.Ch causes pitiing. Once pitting starts, the
orrcsion by-uroducts overate to make the process self-generat-
ng at &n accelerating rate.

hc“‘ would aprear to be iittle difference in the corrosion
naresteristics of Alloy No. )O4 ard No. 316(L) in this type
xposure, laile t=e actual start of pitting on 316(L)
201883 muy lake a bis ‘01\;r than on 304, under identical
osure concitions, the prodliem remains essent1ally the same

tne corrosion plrocess occurs &t a rate similar to that of
tae 304,

3. The different welding techniques employed on the No. 316(L)
Ta.45 would apparently indicate that the tungsten inert gas
~21n0L provides feuwer moisture pockets than does the resistance
weihoc. Howaver, this is somewhat academic as the major
Jillures were noted to be well away from the velds.

4

1
©
€.

the overail eopearance of the terneplate tanks indicaze
i2ad cvating is generally very effective, the measured

corrcsion piiting would indicate that the tank removed

y would nhave failed within approximately 12 months.
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5. ~sidefrom corrosion in way of the painted closure flange, which o
Sas & sulficient thickness of metal to withstand further .
eavircnnental exposure of this type, the galvanized steel tanxs
apoear to be In very good condition.

6. Zach of the tanks returned to the YSB was cut open and examined
iaternally. In no instance was there evidence of pitting
¢riginating inside a tank, Welded areas appeared to be in

(-]
[ad
-~

isfactory condition, but there was slight evidence of local
corrosion build-up in way of small adhering particles of weld
spatter.

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

TEST REPORT BY: bl P | \

char « Ketchan

PHOTOGRAPHS AND
RELATED COMMENTS BY: v
obert Loeser, Asst. Gen. Ngr. :#
REVIEWED- BY: ' @@
obert Loeser, Asst. Gen. Ngr.

Y
LMt

DATE ISSUED: 18 April 1969
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YTACHT SAFTETY BURIEAU

INCORPORATED
336 OLD NOOK ROAD, WESTWOO0D, N. J. 07673

A noa-profit
public service organization

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 compary 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. Silight, superficial 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
"chalking" 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.




Meme. - R-6 Reinspection No., 1 - -2 -

e 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 rfacilitate proper in- g
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.
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REINSPECTIO:. REPORT

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 equipment receiving good mairtenance 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 gails

of reqular 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".

8. Lt. Simpson, (OCMI-Wilmington) put in an appearance at INCO
just after writer had left. He was assured, by tel/con, that
U.S5.C.G. would receive a copy of written report.

INSPECTION BY: Richard P, Ketchana
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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 equipmeht 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 eagily 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. INCO Corrosion
Lab. (Harbor Island), Wrightsville Beach, N.C.

PRODUCT: Various Puel Tanks, Pumps, Zlectrical Equipment, etc.
YSB REPORT NO. NONE

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

DATE OF INSPECTION: 15, 16, 17 August 1967

SUGGESTEC DATE OF NEXT INSPECTION: 8-10 November 1967

COMMENTS :
1. See attached sheets for spscific details.,

2. Maintenance of hull and all equipment is mos%t satisfactory.

W

The Hull has developed some leaks in way of transom and star-
Yoard chine, . Leaks are not considered serious at the
present time - uccasional bilge pump operation is sufficient
to keep biiges relatively cdvry. Writer suggested that, if

the condition becomes dif:icult to centrol, 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 unrelated
test) and the weighted neoprene lined block was lifted to
check on tank surface., Evidence of crevice corrocsion 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 remcvable to permit proper inspection of tr tank
surfaces. It would be desirable to accomplish this at the
next scheduled reinspection.




-

10.

11,

23 August 1967

All fuel, except that contained in the generator service
tank, was pumped to dockside drums. A labsled sample
from cach tank was shipped to Law & Co., Atlants, Ga.,
for anaiysis, in accordance with the requirements.

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

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

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

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

No U.S.,C.G., representative was prezent 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), Wrightsvilie Beach, N.C.

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

. YSB_REPORT: None

- PERSONS INTERVIEWED: Messrs: V. G. Taylor cho

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:
l. See attached sheets for specific details.

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

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

4. Considerable marine growth, barnacles, etc. visible on
hull underhody. 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 underbodv 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 any conclusions, but it is
observed that more corrosion appears to form in way of
welds on the resistance-welded 316L (& 304) tanks cthan
on the shielded-gas welded J16L tanks.




-2 - 20 November 1967

8. Galvarized 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: Various 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 - Fram Corp.
D. Thornton - Pram 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 4s 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 socn as practicable.

3. Routine maintenance ¢f hull and equipment by INCO personnel
is 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 made upon completion of the contracted two

year exposure period. In view of the relatively large expendi-

tures of money and time incurred to date, extensions of the
contracted exposure time to a point at which reasonable preg-
‘noses can be made wculd certainly seem worthy of serious
considerstion.

5, Tanks were de-fuelsd and re-filied during this reinspection.
Samples from each tank were sent to Laew & Co. Lab., in
Atlants, for gum content analysis.

6. The fuel filter and filter/separstor were removed and examined
in the presencs of the Fram Corp. representatives. 1In spite

o s et i
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of the metals used in these devices, very little
deterioration weas noted foiiowing a full year's
exposure low in the biige.

7. The specially fabricatea tankl;'to be placed aboard
for the benefit of the Allegheny-Ludlum 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
DATE: 15 May 1968

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

PRGDUCT : V:rious Fual Tanks, Pumps, Electrical Equipment,
- etc.

YSB REPORT:  None

PERSONS INTERVIEWED:

Messrs: W. W, Kirk -~ INCO
Lo To 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

COMMENTS:
1. See attached sheets for specific details.

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

3. It would appear that deterioration of the tanks and
equipment, to date, has not Deen suvere. However,
internal surfaces have not been inspected and many of
the exterior surfaces are inaccessible to all but the
most cursory examination. '

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 to yielc more valia aata upon which to base
an opinion regarding suitability of the various materials.
It was suggested by the writer that eny such extension be
contemplated on en incremental basis (as an ecoromy move)
with continuance of exposure dependent upon rec.ilts of
quarterly inspections.

5.- If the recommended sxtension of exposure period is to he
effected, provision for it should be made in the YSB
contracts with Allegheny-Ludium and the U. S. Coes. Guard.

i an— > S— /

RV PRy

et o 4 e 1




. R oA

e

- . N

Reinspection Report 15 May 1968

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 accouwplished without delay, and
should be done without regard to a decision on
continuance of the test. .

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

8. 1If a decision is reached in favor of continuing the
test, the following work should alsuv be authorized:

1) Check and re-charge dry chemical extinguishers.
2} Replace dock lines. ' '
3) Replace "No Smoking or Open Lights" signs.

INSPECTION BY:
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REINSPECTION REPORT
DATE: 23 September 1568

MANUBACTURER: Various - R-6 Environmental Exposurk Test,

PRODUCT:

INCO Corrosion Lab (Harbor Island),
Wrightsville Beach, N. C.

Various Puel Tanks, Pumps, Electrical Equipment, etc.

YSB REPORT: None
PERSONS INTERVIEWED:

Messrs: W, W, Kirk - INCO
V. G. Taylor -~ INCO
Lo To D.Vi‘ - 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, coming at the end of the 2 year exposire
period originally projected, is intended to go into greater
detail than the inspection reports furnished quarteriy
during this period.

See attached sheets for specific detail)s on the various
items.

INCO personnel continue to be most cooperatiive and
meticulous in handling of the detail worx connaected witih
the test.

All exterior surfaces of the test nuil nave sSeen cleanes
and repainted. Hull appears to be in very good conditicn,
but still has a slight leak at starboard chine, ai:.

Inasauch as the more complete examination did revea. sever:zl
failures of stainless steel tanks, question arose regarci-g
the advisability of extending the exposure phase., =Houwever,
it was felt that, Lecause most fallures occurred in incices
sresas, the additional time would furnish a bettier Dase For
a projection of longevity on the various materials.
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Reinspection Report 23 September 19568

10.

It should be noted that, to date of inspection, ro

actual failure of a Terne-Plats tank had occurred.

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.

One rectangular tank, of each metal, was vremoved frenm
the hull for closer examination. These tanks were shippecd
to the YSB office, after being gas-freed.

A record of outside vs. hull interior temperatures was

kept for several weeks early in the summer. As & zatiter

of interest, this record is included herewithi. A "Rustrax"
temperature recorder, instalied in the aft comparizent cf
the hull, should furnish more complete data in this regarc
for the duration of the test.

Allegheny-Ludlum is experimenting with the princi:z_e of

- cathodic protection on stainless stesel. 7o tais end, tus

small cylindrical tanks (Terne-coated stainless) <ere in-
stalled, empty, in the hull. Salt water reservoirs &nd
weights were fitted as on the other tanks. Inten:icral
scratches were made in the Terne-coating. Details of the
tank alloy, welding technique, and coating will be providec
by Allegheny-Ludlum.

It is anticipated that an extremely coxmplete &xamination of
certain of the removed tanks will be made in Cctobder.
Pollowing this, an addendum to this report will be furnishec.
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