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Abstract

Cargo tank bottom pitting is a far more critical is-

sue for double bottom ships than for single bottom.

In 1995 Hellespont Shipping undertook an unusually

well-controlled set of cargo tank flat bottom thickness

measurements on three 20 year old ULCC’s. The re-

sults were converted to wastage distributions by tank,

tank type, and longitudinal position in tank. They

were also displayed as a seuratogram, a color coded

scatter diagram, which revealed the overall wastage

pattern. A number of surprising patterns emerged

which are discussed in the paper. Overall, the results

are strong support for the theory that the main cause

of cargo tank pitting is oxygen differentials set up be-

tween steel that is covered with sludge and steel that

is not. There is no support for microbial corrosion in

these results. Implications for double bottom design

and operations are discussed.
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1 Method

In 1995 Hellespont Shipping undertook an unusually
well-controlled set of cargo tank flat bottom thick-
ness measurements on three 20 year old ULCC’s.
The goal was to decide if we should blast and coat
the cargo tank flat bottoms in our fleet, and, if so,
which portions of the tanks.

In each flat bottom bay, five points were ultrason-
ically measured in a manner that almost completely
restricted the technician’s ability to pick the points.
This was accomplished by fabricating a stick that
was as long as the bottom bay diagonal. Five pieces
of chalk were fixed to to the stick at points 5%, 25%,
50%, 75%, and 95% along the stick. In each flat bot-
tom bay, the procedure was to lay the stick along
the diagonal, and a reading was taken at each chalk
mark. Readings had to be taken within 5 mm of
the chalk marks. The measurer was not allowed to
move his instrument out of this circle. If a reading
could not be obtained within this circle, the point
was marked as “no reading”.

All measurements were witnessed by a ship’s of-
ficer. This was not a Class survey. In fact, Class was
not told about these measurements. The results were
for the owner’s use only. The authors went on-board
each of the ships to initiate the program and per-
sonally instruct the crews that this time the owner
wanted accurate readings.

In one case, the Hellespont Paramount, the crew
reported that they were unable to convince the mea-
surer to follow the procedure. The measurer, an ex-
perienced thickness surveyor, simply assumed that
the owner wanted “good” readings, readings that
showed little wastage. One of the authors went on
board found this to be the case, fired the technician,
and the crew re-did the measurements themselves.

A total of about 13,000 points were measured and
computerized. Table 1 shows the breakdown by ship.

2 Importance of Tank Type

The results were converted to wastage distributions
by tank, tank type, and longitudinal position in
tank. They were also displayed as a seuratogram, a
color coded scatter diagram, which reveals the overall
wastage pattern. The most complete set of measure-
ments was done on the Hellespont Embassy. This
was a 413,000 ton, five across ship built in 1976. The
stringers are at the aft end of the tanks. As a ULCC,
the Embassy operated mainly on very long routes,
Persian Gulf to Europe and the Gulf of Mexico. We
will study the Embassy, draw some conclusions, and
then see how well the readings from the other ships
support these findings.

Figure 1 shows the Embassy seuratogram. In
this diagram less wasted areas are shown in cool col-
ors, more wasted in hot colors. The segregated bal-
last tanks (4P and 4S) which were full coated with
the bottom coating in excellent shape were not mea-
sured. The other tanks had bottoms which had al-
ways been uncoated. Only the flat bottom portions
were measured ruling out portions of the 1, 2, 6 and
7 wings and all of the 8 wings. 5C was full coated
and not measured. Since all the flat bottom plating
was between 28.5 and 31 mm thick, — almost all 28.5
mm — percent wastage is a good proxy for absolute
wastage. On this ship 10% wastage is about 3 mm.
Figure 2 is the overall percent wastage distribution.

It is obvious that there is a strong dependence
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on tank type. Figures 3, 4 and 5 show the wastage
distributions by tank type. On this ship, the arrival
ballast tanks are 2IP, 2IS, 4IP and 4IS. These four
tanks are clearly much less wasted than either the de-
parture ballast tanks (2P, 2C, 2S, 6P, 4C, and 6S),
and the cargo only tanks. Table 2 summarizes the
Embassy numbers by tank type. The arrivals had a
mean wastage of 2.7% less than half that of the other
two types. The mean wastage in the cargo tanks was
slightly less than that in the dirty ballast tanks, but
significantly more variable. Table 3 summarizes the
individual tank results, sorted by mean wastage.

These results came as a big surprise for two rea-
sons:

1. The arrivals had spent much more of their time
ballasted than the other two tank types. We
had assumed that they would be among the
worst.

2. Prior to taking the measurements, three ex-
perienced tank inspectors including two of the
authors had inspected all the tanks. These in-
spectors agreed that the worst tanks were 1
Inners and 3 Inners. And they were very wor-
ried about the pitting in the arrivals. They
thought 3C looked pretty good. One called the
condition of the 3C bottom “excellent”.

In fact, the 1 Inners ranked 8th and 16th in mean
wastage, and the 3 Inners ranked 17th and 18th. 3C
was the worst in terms of mean wastage. The prob-
lem is the eye sees pitting; but it can’t see general
wastage. 3C had a relatively low standard deviation
relative to its mean.1 The 1 and 3 Inners (and the
arrivals)had relatively high standard deviations rela-
tive to their means. The ratio of standard deviation
to mean is a very rough proxy for the relative impor-
tance of pitting versus general wastage.

Another big surprise is that overall the numbers
were better than some unstructured readings we had
taken three years earlier. The last column in Ta-
ble 3 shows the average by tank from those readings.
These readings were not computerized. These means
are all we have. Overall the 1992 readings had a 2%
higher mean wastage. And the measured wastage in
the 1 and 3 Inners is among the highest tanks. In
these readings, the technician who understood that
the owner actually wanted the real numbers was told
to take “representative” measurements. But evolu-
tion had trained the eye is to emphasize anomalies.
Like the qualitative inspectors, he focused on the pit-
ting.

Our conclusion is that qualitative inspections of
tank bottoms by even the most experienced inspec-
tors are of limited usefulness and can be badly mis-
leading. The same thing is true of quantitative in-
spections unless they are carefully controlled to min-

imize all the biases inherent in taking these measure-
ments.

3 Longitudinal Patterns

There was little athwartship variation in each tank,
but as expected there was a strong longitudinal de-
pendence. But even here there were a couple of sur-
prises. Figure 6 shows average wastage by frame. In
this diagram, Frame 0 is the aftmost frame spacing in
each tank, the frame space underneath the stringers.
Frame 1 is the next frame space forward, and so on.
In all but nine of the tanks, this ship had five webs
(six frame spaces). The central nine tanks were dou-
ble length with a full swash bulkhead at Frame 6.

On average, the forward most frames in the long
tanks had one third the wastage of the aftmost. This
longitudinal dependence can easily be seen in the
seuratogram. One result is that there is a milky way
of bad wastage at the aft end of 5 wings and the
3 inners and center. This belt of 10.9% (Frame 76)
and 10.3% (Frame 77) wastage is in a high longitudi-
nal stress region. This area was missed completely in
the ship’s CAPS surveys. Class took girths at Frame
71 (aft ends of 6 wings, middle of 4C and 4 Inners)
anmd at Frame 83 (aft end of 4 wings ana middle of
3C and 3 Inners). The average wastage measured in
these girths was 3 to 4% but of course many of thes
measurements were not on the flat bottom.

The surprising feature of Figure 6 is that the
worst wastage was not in the aftmost frame, but in
the second last frame. We will see that this pattern
also shows up in the other two ships. This is strong
evidence in favor of the Shell theory of tank pit-
ting. In 1968, Shell published a study of cargo tank
pitting.[shell-1968] The work involved both labora-
tory experiments and field measurements in actual
tanks.2 They discovered that the steel under sludge
was 50 to 300 mV more noble than areas where there
was no sludge. The reason was that the sludge was
allowing more oxygen to get to the steel beneath it
than the liquid covering the clean areas just forward
of the sludge. Oxygen is key to the cathodic reac-
tions. Oxygen rich areas becomes cathodic relative
to oxygen poor areas. Some of the potentials that
Shell measured were of the same magnitude as those
created by zinc anodes.

The Shell theory also explains why the arrivals
were so much better than the other tanks, despite
the fact that they had had much more sea water ex-
posure than the other tanks. Crews of pre-Marpol
tankers worked very hard to keep the arrivals clean.
The ballast in the arrivals had to be discharged at the
load port. Any oil in this ballast would generate big
problems for the ship. They were far less concerned

1 We are not sure why 3C was the worst tank; but we suspect it was due to poor lay-up by the former owner. When we

bought the ship in 1986, she had been laid up for 3 years. For some reason 3C was ballasted, even though it had no anodes.
2 Citing a fifty year old report is very rare. But the authors know of no work of similar quality on cargo tank pitting done since

the Shell study. This is a sad commentary on the demise of the major oil company marine departments, and the politicization

and advertorial nature of the little public research that has been done by others relating to tankers.
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about keeping the other tanks clean. The fact that
these tanks had pitguards undoubtedly helped; but
on the Embassy the dirty ballast tanks were also fit-
ted with pitguards.

There is no support for the microbial theory of
corrosion in our measurements. The aftmost bays
were the dirtiest and the wettest, presumably the
best bug breeding area. Shell also found no evidence
of either bacterial attack nor sulfur activity in their
work.

These measurements also indicate that most of
the corrosion took place on the ballast leg. It is dif-
ficult to explain the strong longitudinal dependence
otherwise. On the loaded legs, the Embassy usually
operated with nil trim. If the corrosion were taking
place on the loaded leg, except for the areas next to
the sludge, there should not be much difference lon-
gitudinally. But on the ballast leg, the ship almost
always operated with trim and the forward end of
the tank was much more likely to be dry than the
aft.

The relative lack of longitudinal dependence in
the arrivals is another clue. Unlike the other tanks,
the arrivals spent most of the ballast leg ballasted.
And as the Summary by Frame in Figure ?? shows,
these tanks have much less longitudinal variation
than the other tanks.

Finally and perhaps most importantly, we cannot
see the swash bulkheads in Figure 6. In the double
length tanks, there is a full swash bulkhead at the
aft side of Frame 6. Frame space 6 is covered by
stringers and difficult to clean. It was clearly dirtier
than the adjacent frames. If any significant amount
of the the corrosion were taking place on the loaded
leg, we would expect to see the same sort of oxygen
differential cells working in this area as we see at the
aft end. But we don’t. On the ballast legs, this area
is far enough forward so that in the non-ballasted
tank it is normally dry, shutting down the cell.3

We believe that the reason there is so little corro-
sion on the loaded legs is oxygen availability. On the
loaded legs, the only oxygen available is that which
is dissolved in the thin layer of water that drops out
from under the cargo. On the ballast legs, oxygen is
available from highly aereated tank washing water,
the ballast water itself, and the ullage space with
ship motion encoraging air water mixing.

There was some longitudinal variation within
each bottom bay. The little table labeled Sum-
mary by Points in the lower right corner of Figure
2 shows the aftmost point in each bay (labeled 1)
averaged about 15% more wastage than the mid-
dle three points, which in turn averaged about 12%
more wastage than the forward most point (labeled
5). This probably has to do with the fact that any
sludge in the bay tends to end up at the aft end; but,
unless the bay is at the aft end of a tank, in a spotty
fashion. In any event, the variation is not nearly as
strong as the dependence on overall position in the

tank.

4 Paramount Results

Figure 7 shows the Hellespont Paramount seu-
ratogram. The Paramount was a 388,000 ton, three
across ship built in 1977. There are no stringers in
2, 4, and 7 across. The 3 and 6 across have stringers
at both ends of the tanks. The 1’s across have
stingers on the aft bulkhead. The 5, 8 and 9 across
have stringers on the forward bulkhead. Like the
Embassy, the Paramount operated mainly on long
routes. All the flat bottom plating is 26 mm thick,
except the keelson which was 29.5. The full coated
5 wings and 9 wings were not measured, nor was 2S
since the program was halted before we got around
to this tank. By that time, we had enough data to
realize we should blast and coat all the non-arrival
flat bottoms.

Once again we see a clear dependence on tank
type. On this ship, the arrival ballast tanks are 2C,
4C, 7C and 8C. These tanks are almost all green.
The other tanks are mostly violet or worse. Table
4 summarizes the results by tank type. The arrivals
had a mean wastage of 1.4%, the cargo only tanks,
6.6%, and the departure ballast 8.8%. In short, the
pattern by tank type is similar to that of the Em-
bassy, but even stronger. This is at least partly due
to the lack of stringers in the arrivals, making those
tanks easier to clean.

The overall longitudinal pattern, Figure 8. was
also similar, although now the worst frame tended to
be the third aftmost. The three across Paramount
had much wider tanks than the five across Embassy.
Therefore the stringers were much larger. The dirty
areas at the aft end of the non-arrivals were more
spread out.

The longitudinal dependence is not quite as
clear as that for the Embassy. For one thing, the
Paramount had no really long tanks. For another,
there was so little wastage in the arrivals that it
would have been difficult to see a pattern if it ex-
isted. The unusual stringer pattern also complicates
matters a bit.

Nonetheless the overall pattern both with respect
to tank type and longitudinal location in the tank is
consistent with the Shell theory.

5 Paradise Results

Figure 9 shows the Hellespont Paradise seuratogram.
The Paradise was a 315,000 ton, three across ship
built in 1975. In this ships, the stringers are at the
forward end of the tank. Most of the flat bottom was
24.5 mm thick, but there was some thinner plate for-
ward and aft, in a few cases as thin as 21 mm. A
major mistake in this program was analysing per-
centage wastage rather than absolute. We strongly

3 Except in the arrivals, where we do see a blip at Frame 6. The exception that supports the rule.
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recommend that in the future such measurements be
presented in absolute terms.

In this ship only five tanks were measured before
the program was halted. All these tanke were cargo
only, so we can’t make any statement about tank
type.

Figure 10 shows the results by frame. There is
some longitudinal dependence but it is not nearly
as strong as for the other two ships. All five of the
aftmost frames have nearly the same numbers. We
suspect that the forward stringer location is impor-
tant here. There was far less tendency for the sludge
to really build up at the aft in these tanks.

By themselves, the very incomplete Paradise re-
sults do not offer strong support for the Shell theory,
nor can they be used as evidence against it.

6 Conclusions

These results support the following conclusions:
1. Visual inspections and random thickness mea-

surements are of limited usefulness and can
be badly misleading. We won’t really under-
stand cargo tank pitting until we obtain enough
carefully controlled measurements.

2. The basic mechanism for cargo tank pitting is
that discovered by Shell in the 1960’s: the oxy-
gen differential potentials set up between steel
under clumps of sludge and nearby steel unpro-
tected by the sludge. The Shell theory is the
only hypothesis that explains why the maxi-
mum wastage was not in the dirtiest aftmost
bay, but in the relatively clean areas, just for-
ward of the aftmost bay.

3. There is no support for the bug theory of cor-
rosion in these measurements.

4. Most of the bottom wastage occurred on the
ballast legs, probably as a result of increased
oxygen availability.

You must keep your tanks clean. And on the bal-
last legs they should be totally dry.

These results should be good news for double bot-
tom ships which are far easier to clean and drain than
single bottom. But there are a couple of caveats:

1. Segregated ballast in itself is not much help as
the wastage in our cargo only tanks showed.
Our cargo only tanks were practically as bad
as the departure ballast tanks. The water in
the cargo and from tank washing is all that is
needed.

2. Newbuilding double hulls are typically deliv-
ered with only one or two COW machines in
even the most enormous tanks. This results
from the fact that just one or two machines

satisfy the shadow diagram requirements due
to the relative lack of structure within these
tanks. However, the effective jet length of these
machines is at most 20 meters, and in many
cases the bottom is 30 or more meters away
from the machine. These bottoms will not be
cleaned.

3. These days inner bottoms are almost invari-
ably made of thermo-mechanically control pro-
cessed (TMCP) steel which has a much smaller
grain size than the cold rolled steel used in our
old ships. Corrosion is a grain boundary phe-
nomenon and TMCP steel has far more grain
boundary area than the traditional hull steels.

4. On a single bottom ship, a pit that penetrated
the bottom resulted in a small spill before it
was discovered. At that point, the crew had
only to draw down the tank a meter or two to
establish hydrostatic balance.
On a double bottom ship, a pit that penetrates
the inner bottom generates a leak into a non-
inerted space. This leak can go undiscovered
for some time, during which there is a chance
of a major explosion or fire.
Once the leak is discovered, there is often little
a crew can do about it. Establishing hydro-
static balance requires either (a) emptying the
entire tank, or (b) ballasting up the tank be-
ing leaked into. But there is rarely sufficient
cargo volume to do (a), and (b) will usually
over-stress the ship.
In short, avoiding cargo tank bottom pitting is
far more criticial on a double bottom ship than
a single bottom.

Design implications:

1. Base COW machine arrangement on realistic
jet lengths. The current shadow diagram based
rules need to be changed. The corners formed
by the webs and the longitudinal bulkheads are
a particularly vulnerable area.

2. Put the stringers at the forward end of the
tanks.

3. Use mild steel in the inner bottom, which will
also reduce inter-stiffener deflection and its im-
pact on the coating in the top of the double
bottom.

4. Coat the top of the inner bottoms.
5. Put anodes right on the inner bottom.
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Figure 1: Hellespont Embassy Seuratogram
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Figure 2: Hellespont Embassy Wastage Distribution, All Tanks
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Figure 3: Hellespont Embassy Wastage Distribution, Arrivals Only
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Figure 4: Hellespont Embassy Wastage Distribution, Cargo Only
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Table 1: Summary of Thickness Measurements

YOB Points Mean Std.dev

Embassy 1976 6510 5.8% 5.0%
Paramount 1977 5279 5.4% 4.0%
Paradise 1975 1278 9.5% 6.0%

(Paradise incomplete, no arrivals, no departures)

Table 2: Summary by Tank Type Embassy

Tank Type Sample Mean Std. Last 2nd
Size Dev. Frame Last

Arrival Ballast 1675 2.7 2.6 1.7 2.1
Cargo Only 3406 6.5 5.3 8.4 8.7
Departure Ballast 1429 7.9 4.5 9.4 9.9

All tanks 6510 5.8 5.0 7.4 7.7
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Figure 5: Hellespont Embassy Wastage Distribution, Departures Only
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Table 3: Summary of Wastage by Tank, Embassy

Tank Sample Sample Sample 90% Sample Last 2nd Last Surtest
Size Mean StdDev Point Mode Frame Frame 92 Mean

3C 419 9.1 4.4 14 7 10.6 12.8 10.0
2S 178 8.7 4.5 14 5/11 12.4 11.1 10.5
7P 118 8.6 6.3 16 0/5 2.1 8.5 11.0
5S 189 8.5 4.2 13 5/10 11.9 11.5 10.0
5IP 170 8.4 7.1 17 12 3.6 8.0 5.0
2P 179 8.3 4.5 13 4/11 11.9 12.4 9.5
7S 117 8.0 6.1 15 0/5 7.1 10.1 9.5
1IS 175 7.7 8.1 13 3/7 7.4 11.8 10.0
5IS 175 7.5 7.0 16 0/10 2.8 7.8 6.5
5P 188 7.5 4.4 13 3/9 10.8 10.2 9.5
6P 170 7.5 3.6 11 5/8 9.7 9.9 8.0
6S 170 7.1 3.5 11 5 9.6 10.7 9.0
1P 69 6.1 3.7 9 6 7.4 5.9 7.0
1C 210 6.7 3.0 9 6 7.0 7.4 9.0
1IP 180 6.0 5.0 13 2/9 7.9 8.2 12.0
3IP 417 5.2 5.6 13 1/10 11.2 10.8 10.0
3IS 419 4.7 5.2 10 1/9 9.8 6.0 8.5
3P 203 4.9 3.4 8 3 7.5 6.1 5.0
3S 188 4.6 3.8 8 2 6.8 5.2 4.0
1S 64 4.6 3.6 8 4 5.1 3.2 6.0
4IP 419 3.8 2.8 7 2 2.9 3.1 3.5
4IS 419 2.6 2.2 4 1 1.6 1.9 2.5
2IP 419 2.3 2.2 7 0 1.2 2.5 3.5
2IS 418 2.1 2.7 6 0 1.1 0.8 3.0

Total 6510 5.8 5.0 11 1 7.4 7.7 7.6

Table 4: Summary by Tank Type Paramount

Tank Type Sample Mean Std. Last 2nd 3rd
Size Dev. Frame Last Last

Arrival Ballast 1680 1.4 1.3 1.5 1.4 1.5
Cargo Only 2561 6.6 3.3 7.7 7.0 7.5
Departure Ballast 1038 8.8 3.4 8.5 8.8 10.5

All tanks 5279 5.4 4.0 5.8 5.6 6.1
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Figure 6: Summary by Frames, Embassy
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Figure 7: Hellespont Paramount Seuratogram
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Figure 8: Summary by Frames, Paramount
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Figure 9: Hellespont Paradise Seuratogram
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Figure 10: Summary by Frames, Paradise
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