
ABSTRACT OF PRESENTATION AT 28th T.S.C.F. BY M ICHAEL B. KENNED Y

Corrosion based reasons why to inert double hull ballast tanks with double scrubbed inert gas are
described. Insightsfrom VENT2D, a computer model of gas •ow in an inerted double hull
ballast tank, are discussed.Results of gas freeing experiments in double hull ballast tanks are
presented.

PRESENTATION AT 28th T.S.C.F BY MICHAEL B. KENNED Y

I am Mike Kennedy, technical manager of Hellespont Steamship Corporation.I hav e been
involved with oil tankers since 1975 including the six pre-Marpol ULCCs run by Hellespont
from 1986 to 2002.I was the director responsible for the design and construction of our 4
Samsung VLCCs and the 4 Daewoo ULCCs that were recently sold.Much of what follows is
based on either my experience during the design, construction and trials of those Korean ships.

I am going to ignore the safety implications and reality of cracks and cargo seepage in the double
hull space of today's double hull oil tankers. Iwill focus on the double hull coating problem and
one possible solution - inerting the double hull ballast space.

Sooner or later all coatings fail. Whatwill happen in the double hull?

(1) Thelifetime of a good ballast tank coating that is made well and applied correctly over a
well prepared surface is 10-15 years.

(2) A good coating fails with scattered blistering and/or edge detachments, subsequent
undercutting of the paint, and Œnally wide spread surface detachments.Mechanical
•exing of steel substrate may also cause cracking in coatings as they age and become less
•exible.

(3) A bad coating can fail in many ways: wide spread blistering, large and widespread inter-
coat detachments, rapid undercutting and coat peeling, etc.

(4) Thevery complex double bottom structure is almost all in the ballast tanks as is that of
the double side structure.

(5) Replacementof the ballast tank coatings will be difŒcult, time consuming, and at best
never as good as the original coating.Both grit and water blasting will be dangerous and
faulty because of the edges, brackets, faceplates, etc.

(6) In addition to the expectedly poor surface preparation in the double hull space, we can
also expect the subsequent coating to have many areas with dry Œlm thicknesses (DFT)
that are either too low (holidays) or too high (mud cracking).

Current and potential future regulations require corrosion protection in the double hull space.
Although coatings and anodes are traditional the difŒculty of making a technically correct repair
or replacement of a double hull coating is extreme. Onemay satisfy a regulator but the job will
not be technically good or long lasting.

There is another way to obtain corrosion protection.Low sulfur, low oxygen (less than 8%) inert
gas stops corrosion on steel and it will reach edges, face plate backsides, and all difŒcult areas
equally well as those that can be reached by blasters and paint sprayers.
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When ballasted, the double hull space will only be corroding from whatever dissolved oxygen is
in the ballast water. The corrosion rate on fully submerged steel is relatively slow and can be
made yet slower with the installation of anodes.Diamond Offshore, a major offshore drilling
contractor, stores its surplus anchor chain in the North Sea - under water.

The active corrosion will either occur in the splash zone or when the ballast tanks are empty.
And only when the tank has 21% oxygen and salt water or high humidity.

There are many references ascribing nil (less than 0.01mm/year) corrosion rates to low oxygen
environments. Rough,infrequent measurement of the bare steel in the PWBTanks of our single
skin tankers showed corrosion slowed to less than 10% of the normal when the tanks were
inerted with double scrubbed gas. Thiswas with a policy of inerting only when the PWBTanks
were scheduled to be empty for more than 10 days.We also did a better check with the
Hellespont Grand.We ultrasonically measured 240 uncoated points in various areas in the
PWBTanks and then remeasured 14 months later.

WASTAGE(mm) AND SAMPLE POINTS
mm No. mm No.

0.0 148
-0.1 32 +0.1 38
-0.2 4 +0.2 9
-0.3 0 +0.3 1
-0.4 2 +0.4 3
-0.5 1 +0.5 1
-0.6 1 +0.6 1
-0.7 1 +0.7 0

AVE: +0.007 STD: +0.136

Clearly there was experimental error (e.g. was the measurement in a pit or out of a pit?) but also
clearly overall wastage was stopped.

Aerobic Sulfur reducing bacterial (SRB) corrosion in the ballast tanks would be rare for tankers
engaged normal trade and requires high levels of sulfuric mud and SRBs.Ballast water mud
collects on the bottom is easily hosed and sucked out and any coating damage is relatively easy
to repair. While H2SO4 acid could come from inert gas, this can be eliminated by double
scrubbing.

Corrosion mechanisms such as carbonic acid, nitric acid, etc. seem to be practically non-exist
ant. We hav etested with litmus paper many times and have seen no acid.This maybe because
of buffering action of the sea water puddles and general wetness that remains in the ballast tank.

Low sulfur, SO2, inert gas will stop corrosion.Such a gas is made by either adding another
scrubber unit to existing inert gas scrubbers or by having an integrated system from the shipyard.
A double scrubber will reduce SO2 to less than 2ppm with RMG35.

There is an additional beneŒt of using no sulfur inert gas in the cargo tanks.For the 2 years we
operated our double hull ULCCs we made very careful ultrasonic measurements of our cargo
tank deck which is uncoated on the cargo side. The measurements showed nil or imperceptible
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wastage rates.

Because of possible cargo spillover the IG •ow has to be split between the cargo and the ballast
tanks. Thissplit begins with separate deck seals.Control logic is straightforward and can be
combined with that of the standard cargo system.There are separate risers, tank PV/Valves and
deck and tank piping, etc.The obvious design effort is thus in the IG system proper and in
determining cheapest way to inert the ballast tanks.It takes 1 tonne of bunkers to make 19,000
M3 of 4% oxygen IG.

But what about inside the ballast tank?And how quickly can one inert or gas free (GF) a tank?
What engineering can help?

In the NKK Corp and Class NK double hull tanker experiments (TSCF Work Group Meeting
No.18 paper), four variations on a single centerline tank gas inlet or outlet and one or more deck
outlets were tested.All tests qualitatively showed a displacement or piston-like push-out of the
existing gas by the inlet gas. Therewas not a gradual dilution of the tank's old atmosphere by
the new atmosphere. Allfour conŒgurations required 2.5 times as long to GF as to inert.

In 2000 we created a simple •exible computer model to calculate the equilibrium IG •ow in a
double hull ballast tank.The tank was composed of cells created by its web frames, stringer
platforms and longitudinal girders.A typical tank would have 8 webs and 5
stringers/longitudinal girders or 40 interconnected cells.Air or gas would be injected into one or
more of the cells and allowed to exit from one or more of the cells.

The input parameters were: tank geometry, cross-sectional •ow areas between cells, inlet cells,
outlet cells and the pressure drop between inlet and outlet.The output results were: the pressure
in each cell, and the •ow rate between each pair of cells.Initial results showed:

(1) Theinlets needed to be as deep in the double bottom as possible otherwise the gas would
never "go" there. Gas •ow from deck level inlets would short circuit to any deck level
outlet.

(2) Multiple outlets were not good.A single outlet at deck level, far away from the inlets,
resulted in the best gas "sweep" of the tank.The most thorough sweep of the tank was
longitudinal not vertical.

(3) A meter of water above any gas outlet would stop the gas from coming out.Any lev el of
water not at least several centimeters from the outlet would restrict the gas •ow. The use
of ballast strums as an IG inlet would require both that the strums be more elevated and
that there be a separate stripping strum to insure that the ballast was removed.

Several model variants were created (typical diameters are shown):

(1) Two separate injection pipes (Dia 300mm), one at the aft end and one at the forward end.
One deck outlet (Dia 600mm) in the middle of the tank deck.

(2) An injection pipe (Dia 300mm) in the middle and a deck gas outlet forward and another
one aft (Dia 600mm).
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(3) A deck level inlet (Dia 300mm) and an outlet pipe (Dia 300mm) at the tank bottom
which had increasing openings at various levels - full open (Dia 300mm) at the bottom.

(4) A multi-level injection pipe at one end of the tank and a single deck outlet (Dia 600mm)
at the other end of the tank.

Most of the variants were tested over a range of fan pressure drops and with various IG pipe
conŒgurations and diameters.

For typical ballast tank water operating levels, the gas volume exchange time for each cell was
calculated and the longest cell exchange time for each variant found. The multi-level injection
pipe and single deck outlet variant had the minimum longest time.

The injection pipe with deck outlet model, VENT2D (www.hellespont.com), was then used
extensively in the design of four(4) Samsung VLCCs and four(4) ULCCs constructed at Daewoo.
Four(4) prototype tanks were modeled for each ship: the aftmost cargo area ballast tank, the
forwardmost, the midship and the forepeak tank.VENT2D was used by the designers to size IG
piping, IG fans capacity, inlet locations and size, internal tank openings (between cells) and its
results were considered in the conŒguration of the tanks' internal structure.

The target was to make the tanks longest cell exchange time less than 30 minutes given a
300mmWG pressure drop.300mmWG was chosen because it was the back pressure of inerting
a pair of wing ballast with the 50% (10,000 M3/hour) fan.

The Œnal design was a single injection pipe in the aftmost webframe space with three(3) injection
points. A deck hatch opening at the forwardmost web frame was the single outlet point.The
incoming IG or air was came out the injection points and the exit air came out the hatch.The
injection holes were located as follows:

Dia.mm Location
0 Midway deck to top 1st string platform level - NO HOLE

115 Midway between 1st and 2nd stringer platforms
0 Midway between 2nd and 3rd stringer platforms - NO HOLE
0 Hopper area - NO HOLE

175 Inbetweentwo longitudinal girders
300 Pipefull open inbetween CENTERLINE girder and long.girder

The output of VENT2D from No.3 (midship) tank is shown below for a conŒguration close to
that of the Œnal design.

/home/kennedy/VENT2D/20041013tscfkmb1.why 2004-10-16 15:21z Page 4



File=cross.no3 ID=Costas 2004-10-14 18:44:42
INLET
300.00
mmWG

7865m3/h 30.28m/s
0.0707m2

OUTLET
0.00

mmWG

-7865m3/h -1.21m/s
1.7671m2

(00,00)
243.858
mmWG

7863m3/h 30.27m/s
0.0707m2

2m3/h
63.07m/s0.0000m2

(01,00)
187.738
mmWG

7288m3/h 28.06m/s
0.0707m2

575m3/h
55.35m/s0.0028m2

(02,00)
139.529
mmWG

7287m3/h 28.05m/s
0.0707m2

1m3/h
47.69m/s0.0000m2

(03,00)
91.336
mmWG

7286m3/h 28.05m/s
0.0707m2

1m3/h
38.57m/s0.0000m2

(04,00)
43.156
mmWG

4873m3/h 18.76m/s
0.0707m2

2412m3/h
26.53m/s0.0247m2

(05,00)
21.598
mmWG

4873m3/h
18.76m/s0.0707m2

(00,01)
0.239

mmWG

-425m3/h -0.10m/s
1.2000m2

426m3/h
0.05m/s2.5000m2

(01,01)
0.081

mmWG

-462m3/h -0.10m/s
1.2000m2

612m3/h
0.08m/s2.2000m2

(02,01)
0.082

mmWG

-817m3/h -0.19m/s
1.2000m2

357m3/h
0.06m/s1.5000m2

(03,01)
0.084

mmWG

-1947m3/h -0.48m/s
1.1000m2

1131m3/h
0.09m/s3.5000m2

(04,01)
0.098

mmWG

-1547m3/h -0.38m/s
1.1000m2

2012m3/h
0.36m/s1.5000m2

(05,01)
0.107

mmWG
3327m3/h

0.48m/s1.9000m2

(00,02)
0.239

mmWG

-305m3/h -0.08m/s
1.1000m2

731m3/h
0.08m/s2.5000m2

(01,02)
0.081

mmWG

-452m3/h -0.11m/s
1.1000m2

760m3/h
0.09m/s2.2000m2

(02,02)
0.082

mmWG

-710m3/h -0.18m/s
1.1000m2

614m3/h
0.11m/s1.5000m2

(03,02)
0.084

mmWG

-1319m3/h -0.33m/s
1.1000m2

1740m3/h
0.18m/s2.7000m2

(04,02)
0.090

mmWG

-926m3/h -0.23m/s
1.1000m2

1619m3/h
0.29m/s1.5000m2

(05,02)
0.094

mmWG
2401m3/h

0.34m/s1.9000m2

(00,03)
0.239

mmWG

-436m3/h -0.06m/s
2.1000m2

1167m3/h
0.13m/s2.5000m2

(01,03)
0.081

mmWG

-728m3/h -0.09m/s
2.1000m2

1052m3/h
0.13m/s2.2000m2

(02,03)
0.081

mmWG

-862m3/h -0.11m/s
2.1000m2

748m3/h
0.14m/s1.5000m2

(03,03)
0.082

mmWG

-913m3/h -0.23m/s
1.1000m2

1791m3/h
0.14m/s3.5000m2

(04,03)
0.085

mmWG

-578m3/h -0.14m/s
1.1000m2

1284m3/h
0.23m/s1.5000m2

(05,03)
0.086

mmWG
1822m3/h

0.26m/s1.9000m2

(00,04)
0.238

mmWG

-197m3/h -0.05m/s
1.1000m2

1364m3/h
0.15m/s2.5000m2

(01,04)
0.080

mmWG

-348m3/h -0.09m/s
1.1000m2

1203m3/h
0.15m/s2.2000m2

(02,04)
0.080

mmWG

-434m3/h -0.11m/s
1.1000m2

834m3/h
0.15m/s1.5000m2

(03,04)
0.081

mmWG

-701m3/h -0.13m/s
1.5000m2

2059m3/h
0.16m/s3.5000m2

(04,04)
0.082

mmWG

-447m3/h -0.08m/s
1.5000m2

1030m3/h
0.19m/s1.5000m2

(05,04)
0.082

mmWG
1375m3/h

0.20m/s1.9000m2

(00,05)
0.236

mmWG

-192m3/h -0.05m/s
1.1000m2

1556m3/h
0.17m/s2.5000m2

(01,05)
0.078

mmWG

-331m3/h -0.08m/s
1.1000m2

1342m3/h
0.17m/s2.2000m2

(02,05)
0.079

mmWG

-378m3/h -0.09m/s
1.1000m2

881m3/h
0.16m/s1.5000m2

(03,05)
0.079

mmWG

-335m3/h -0.08m/s
1.1000m2

2016m3/h
0.16m/s3.5000m2

(04,05)
0.080

mmWG

-209m3/h -0.05m/s
1.1000m2

904m3/h
0.16m/s1.5000m2

(05,05)
0.080

mmWG
1166m3/h

0.17m/s1.9000m2

(00,06)
0.235

mmWG

-235m3/h -0.06m/s
1.1000m2

1791m3/h
0.19m/s2.5000m2

(01,06)
0.076

mmWG

-376m3/h -0.09m/s
1.1000m2

1483m3/h
0.18m/s2.2000m2

(02,06)
0.077

mmWG

-400m3/h -0.10m/s
1.1000m2

905m3/h
0.16m/s1.5000m2

(03,06)
0.078

mmWG

-273m3/h -0.07m/s
1.1000m2

1889m3/h
0.15m/s3.5000m2

(04,06)
0.078

mmWG

-164m3/h -0.04m/s
1.1000m2

795m3/h
0.14m/s1.5000m2

(05,06)
0.078

mmWG
1002m3/h

0.14m/s1.9000m2

(00,07)
0.232

mmWG

-356m3/h -0.09m/s
1.1000m2

2147m3/h
0.23m/s2.5000m2

(01,07)
0.074

mmWG

-502m3/h -0.12m/s
1.1000m2

1629m3/h
0.20m/s2.2000m2

(02,07)
0.075

mmWG

-497m3/h -0.12m/s
1.1000m2

900m3/h
0.16m/s1.5000m2

(03,07)
0.076

mmWG

-295m3/h -0.07m/s
1.1000m2

1686m3/h
0.13m/s3.5000m2

(04,07)
0.077

mmWG

-173m3/h -0.04m/s
1.1000m2

674m3/h
0.12m/s1.5000m2

(05,07)
0.077

mmWG
829m3/h

0.12m/s1.9000m2

(00,08)
0.229

mmWG

-596m3/h -0.15m/s
1.1000m2

2742m3/h
0.30m/s2.5000m2

(01,08)
0.072

mmWG

-692m3/h -0.17m/s
1.1000m2

1726m3/h
0.21m/s2.2000m2

(02,08)
0.074

mmWG

-635m3/h -0.16m/s
1.1000m2

842m3/h
0.15m/s1.5000m2

(03,08)
0.075

mmWG

-480m3/h -0.09m/s
1.5000m2

1531m3/h
0.12m/s3.5000m2

(04,08)
0.076

mmWG

-286m3/h -0.05m/s
1.5000m2

480m3/h
0.09m/s1.5000m2

(05,08)
0.076

mmWG
543m3/h

0.08m/s1.9000m2

(00,09)
-0.077

mmWG

-1408m3/h -0.26m/s
1.5000m2

4151m3/h
0.45m/s2.5000m2

(01,09)
0.069

mmWG

-1252m3/h -0.23m/s
1.5000m2

1569m3/h
0.19m/s2.2000m2

(02,09)
0.072

mmWG

-1014m3/h -0.18m/s
1.5000m2

604m3/h
0.11m/s1.5000m2

(03,09)
0.074

mmWG

-481m3/h -0.12m/s
1.1000m2

998m3/h
0.08m/s3.5000m2

(04,09)
0.075

mmWG

-262m3/h -0.06m/s
1.1000m2

261m3/h
0.05m/s1.5000m2

(05,09)
0.076

mmWG
281m3/h

0.04m/s1.9000m2

(00,10)
0.090

mmWG

-3714m3/h -0.48m/s
2.1000m2

(01,10)
0.104

mmWG

-2144m3/h -0.28m/s
2.1000m2

(02,10)
0.109

mmWG

-1540m3/h -0.20m/s
2.1000m2

(03,10)
0.111

mmWG

-542m3/h -0.13m/s
1.1000m2

(04,10)
0.112

mmWG

-281m3/h -0.07m/s
1.1000m2

(05,10)
0.113

mmWG
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Prior to their delivery, a series of experiments were carried out in three(3) ballast tanks of the
Samsung VLCC and those of the Daewoo ULCC. Thepurpose was to give the ship operational
instructions and to compare with VENT2D.Total test time allowed was 36 continuous hours per
ship and the IG oxygen level was approximately 4%.For the experiment:

(1) 34-36calibrated electronic oxygen loggers were placed at various locations in the tanks.
More than half the tanks' cells had one or more loggers - usually placed to be in the
"worst" locations, away from openings and gas •ows. Theloggers recorded an oxygen
level (voltage from 0.4 to 2.5) every 15 seconds.

(2) Thetank "map" for No.1 and No.3 are shown on the next pages.The schematic layout of
the tanks are shown. The circled numbers are the oxygen logger ID numbers.The
values, not circled, are the cubic meters of volume in each cell.

(3) The tank atmosphere was cycled from atmospheric, to IG, to atmospheric over 8-12
hours. Boththe ship's own oxygen detectors and shipyard portables were used to ensure
that the cycle was complete.

(4) Two tanks, No.1 and No.3, were very similar in internal tank layout.No.5 was was
different aft the aft end.Because of mistakes made by the IGS operators during the test
there were pressure and thus •ow • uctuations in No.1 during inerting and in No.3 during
gas freeing. Resultsshown below are for the stable •ows during No.1 gas freeing and
during No.3 inerting.

(5) Tank size for both No.1 and No.3 tanks was about 14,000 M3.The inerting •ow rate
was calculated to be 7,000 M3/Hour (2 hours or 120 minutes per exchange). Thefresh
air (GF) •ow rate was calculated to be 8,000 M3/Hour or 1.75 (105 minutes) hours per
exchange.
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The shipyard used the time of these experiments to thoroughly test the IGS and there were
difŒculties during the inerting for each trial.The attached pages show the raw voltage data
values of the oxygen logger for the injection pipe outlet near the CenterLine and the values for
the deck opening where the gas exited. Eachplot shows a repeating pattern - the loggers were
used consecutively in tanks No3, No1 and No5 in the same or close to the same tank cell.The
oxygen % level was approximately 10 times more than the voltage value after a 0.5 voltage offset
was removed.

Oxygen sensors were temperature compensated chemical diffusion type (CitiTech of England
was the maker), and had a from the factory 1% relative error. Field calibration and transport
increased their measurement errors particularly at the lower and upper ends.

We used averaged the data Œgures within the following tolerance bands: 0-3%(BEG),
4-6%,9-11%, 19-21%, 49-51%, 79-81%. 89-91%, 94-96%, and 97-100%(END).We show this
last range 97-100% although we believe the times high as much because of oxygen sensor error
as because of any asymptotic speed.The oxygen logger ID from the previous tank "maps" is
shown in Œrst column
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Analysis of the data showed:

Piston and Diffusion:
Qualitatively the replacement of the tank atmosphere with the new inlet gas/air was a mix of
displacement between the tank's cells and intra-cell diffusion. Theinjected air pushed the
original atmosphere predominately aft to forward with some displacement also "upwards"
through the openings in the longitudinal girders and stringer deck plate.The tank cell's
furthest from injection points had their existing atmosphere replaced by the exiting
atmosphere in upstream cells before the actual injected gas reached them and thus naturally
it looked more gradual and diffusive like (without really being mathematically a diffusive
process) then those cells closer to the injection pipe.

Here is a table of the tank's corner cells and one cell in the tank middle for No.1 Starboard.
The table shows the % concentration of the replacement gas/air versus time after the system
started the injection. CL is at the cell between the innermost longitudinal girder and the
CenterLine bulkhead.

NO.3:IG->AIR. MINUTESAFTER INJECTION BEGUN
CELL BEG 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% END
9-AFT CL 5 10 11 15 18 190
1-AFT DECK 9 20 23 29 34 39 47 58 75 101 137 166 271
12-MID MID 12 27 40 58 69 84 93 104 116 131 162 190283
46-FWD CL 13 29 32 37 42 47 54 64 77 99 134 161 267
45-FWD DECK 16 34 38 44 49 55 62 73 88 112 149 177 252

All inerting trials had one mechanical problem or another and the data for certain cells show
times that are longer then they should be.

NO.1:AIR->IG. MINUTESAFTER INJECTION BEGUN
CELL BEG 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% END
11-AFT CL 9 19 19 21 23 25 58 84
1-AFT DECK 26 62 85 108 110 112 132 151 151
37-MID MID 24 52 59 71 80 84 87 90 97 115 149 201 303
15-FWD CL 18 38 40 43 46 49 52 56 63 73 99 140 242
44-FWD DECK 29 60 66 83 89 95 108 125 146 168 223 263320

Worst Cells:
VENT2D's cells with the longer exchange times took longer for the concentration levels to
change then those with the shorter exchange times but some of the middle cells took
relatively longer than predicted.Generally these longer time middle cells had had some of
their small openings modeled by single larger "not so" equivalent openings.

Inert Time:
The tank was inerted (less than 5% oxygen) in a calculated (pressure drop formula) time of
1.5 to 2 tank volume exchanges with about a 3.8% IG.

Gas Freeing Time:
The tank reached 20+% oxygen in about 2 exchanges. AŒnal 0.5 exchange was given for
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safety to be closer to 21% or 2.5 exchanges.

GF > Inerting:
The testing did not allow us to answer the question of why gas freeing about 25% longer
than inerting. Complicating factors are: original stagnant air was replaced with IG but the
moving IG was replaced with GF; the emphasis was on safety and since we entered the tank
after GF, we GF longer then absolutely necessary; the sensors were expected to have a 0.4%
oxygen error over the experiments temperature and pressure range; and errors in running
the IGS during the tests.

What should not be a factor is the relative density of IG and air. The in-tank turbulence (air
motion) was great relative to any possible gravity segregation. The relative densities of
warm wet IG versus cooler dry GF are within 2% of each other. Finally the •ows were
more longitudinal then vertical - gravity works vertically.

In a less controlled experiment during sea trials at Daewoo a tank Œlled with sea water above the
hopper (approximately 2/3 full by volume, less than 5000 M3 of atmosphere/gas) was gas freed
two different ways:

(1) Simultaneoususe of the top deck inlet pipe and the injection pipe.The water level
exposed only one opening on the injection.

(2) Useof the injection pipe only (again only one opening, Dia 115mm, was free).

We hav eonly qualitative results but they are interesting:

(1) It took about 4 hours for the tank with the combined deck inlet and pipe to reach 20+%
oxygen Thetank with only the injection pipe reached the same level in the same time.

(2) Apparentlythe extra •ow of the combined deck inlet reduced somewhat the lower •ow
rate at the 2nd stringer platform without compensating with a good sweep out of the inert
gas from the above the Œrst stringer.

Both during the experiments and in subsequent tanker operation personnel have found the double
bottom air•ow from the injection piping both helpful in cooling and in reducing "double bottom
anxiety".

In summary: inerting of the double hull ballast tanks will greatly slow down or stop corrosion;
use VENT2D in the design of tank internals and the IGS; in a well designed double scrubber IG
system with tank injection pipes the gas exchange for inerting is 1.5-2 times the tank volume;
and for the same system 2-2.5 times the tank volume will gas free the tank for safe entry.
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