ABSTRACT OF PRESENTATION AT 28th T.S.C.E BY MICHAEL B. KENNED Y

Corrosion based reasonsyo inert double hull ballast tanks with double scrubbed irestage
described. Insightfrom VENT2D, a computer model ofag *ow in an inerted double hull
ballast tank, are discusse®esults of gs freeing ¥periments in double hull ballast tanks are
presented.

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

| am Mike Kennedy technical manager of Hellespont Steamship Corporatiohave been
involved with oil tanlers since 1975 including the six pre-Marpol ULCCs run by Hellespont
from 1986 to 2002.1 was the director responsible for the design and construction of our 4
Samsung VLCCs and the 4 Dam ULCCs that were recently soldMuch of what follavs is
based on either myperience during the design, construction and trials of thosea ships.

| am going to ignore the safety implications and reality of cracks amgbcsepage in the double
hull space of todag' double hull oil tankrs. Iwill focus on the double hull coating problem and
one possible solution - inerting the double hull ballast space.

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

(1) Thelifetime of a good ballast tank coating that is made well and applied correetlg o
well prepared suaice is 10-15 years.

(2) A good coating dils with scattered blistering and/or edge detachments, subsequent
undercutting of the paint, and Enally wide spreadacirfietachmentsMechanical
eexing of steel substrate may also cause cracking in coatingsyegthand become less
sexible.

(3) A bad coating carail in mary ways: wide spread blistering, ¢ 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) Replacemenof the ballast tank coatings will be @fult, time consuming, and at best
never as good as the original coatind3oth grit and vater blasting will be dangerous and
faulty because of the edges, bretk ficeplates, etc.

(6) In addition to the xpectedly poor suaice preparation in the double hull space, we can
also &pect the subsequent coating tovdnarary areas with dry EIm thicknesses (DFT)
that are either too Vo (holidays) or too high (mud cracking).

Current and potential future gelations require corrosion protection in the double hull space.
Although coatings and anodes are traditional thédiflty of making a technically correct repair
or replacement of a double hull coating x¢reme. Onemay satisfy a rgulator tut the job will

not be technically good or long lasting.

There is another &y to obtain corrosion protectio.ow sulfur, low oxygen (less than 8%) inert
gas dops corrosion on steel and it will reach edgaesefplate backsides, and all@iult 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 wéradessolved oxygen is
in the ballast \ater The corrosion rate on fully subnged steel is relately slow and can be
made yet slver with the installation of anodePiamond Ofshore, a major ddhore drilling
contractoy gores its surplus anchor chain in the North Sea - undestw

The actve wrrosion will either occur in the splash zone or when the ballast tanks are empty
And only when the tank has 21% oxygen and satewor high humidity

There are manreferences ascribing nil (less than 0.01mm/year) corrosion ratew txygen
environments. Roughinfrequent measurement of the bare steel in the PANBS of our single
skin tanlers shawed corrosion slwed to less than 10% of the normal when the tanks were
inerted with double scrubbedsg Thiswas with a polig/ of inerting only when the PWRihks
were scheduled to be empty for more than 10 da¥s. dso did a better check with the
Hellespont Grand.We dtrasonically measured 240 uncoated points anious 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 s experimental error (e.g. & the measurement in a pit or out of a pitR)abso
clearly overall wastage \as stopped.

Aerobic Sulfur reducing bacterial (SRB) corrosion in the ballast taikddibe rare for tardes
encaged normal trade and requires highele of sulfuric mud and SRBsBallast water mud
collects on the bottom is easily hosed and edabut and ancoating damage is reladly easy
to repair While H2SO4 acid could come from inerag) this can be eliminated by double
scrubbing.

Corrosion mechanisms such as carbonic acid, nitric acid, etc. seem to be practicalisnon-e
ant. \é havetested with litmus paper maiimes and hee fen no acid.This maybe because
of buffering action of the seaater puddles and general wetness that remains in the ballast tank.

Low sulfur, SO2, inert @s will stop corrosion.Such a gs is made by either adding another
scrubber unit toxasting inert @s scrubbers or by Yiag an intgrated system from the skgrd.
A double scrubber will reduce SO2 to less than 2ppm with RMG35.

There is an additional bene(Et of using no sulfur irerirgthe cayo tanks. For the 2 years we
operated our double hull ULCCs we maday careful ultrasonic measurements of ougoar
tank deck which is uncoated on thegmside. The measurements sked nil or imperceptible
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wastage rates.

Because of possible car spillover the IG «ow has to be split between the garand the ballast
tanks. Thissplit begins with separate deck sealSontrol logic is straightforard and can be
combined with that of the standard garsystem.There are separate risers, tank PAW¥s and
deck and tank piping, etcThe olvious design ébrt is thus in the IG system proper and in
determining cheapestay to inert the ballast tankdt takes 1 tonne of inkers to mak 19,000
M3 of 4% oxygen IG.

But what about inside the ballast tanRnd hav quickly can one inert orag free (GF) a tank?
What engineering can help?

In the NKK Corp and Class NK double hull tamkexperiments (TSCF Wk Group Meeting
No0.18 paper), fourariations on a single centerline tard&sgnlet or outlet and one or more deck
outlets were testedAll tests qualitatrely shoved a displacement or pistondikush-out of the
existing ggs by the inlet gs. Therewvas not a gradual dilution of the tarkdd atmosphere by
the nev atmosphere. Alfour con@Egurations required 2.5 times as long to GF as to inert.

In 2000 we created a simplexible computer model to calculate the equilibrium 1Gve a
double hull ballast tankThe tank vas composed of cells created by its web frames, stringer
plattorms and longitudinal girders.A typical tank would hae 8 webs and 5
stringers/longitudinal girders or 40 interconnected célis.or gas would be injected into one or
more of the cells and alMed to &it from one or more of the cells.

The input parameters were: tank geometrgss-sectional *o/ areas between cells, inlet cells,
outlet cells and the pressure drop between inlet and oUthet.output results were: the pressure
in each cell, and the w rate between each pair of cellgitial results shwed:

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

(2)  Multiple outlets were not goodA single outlet at deck iesl, far avay from the inlets,
resulted in the bestag "sweep" of the tankThe most thorough sweep of the tanasw
longitudinal not ertical.

(3) A meter of vater abwe ay gas outlet vould stop the gs from coming outAny levd of
water not at least seral centimeters from the outletowld restrict the gs ow. The use
of ballast strums as an IG inlebwld require both that the strums be moreatésl and
that there be a separate stripping strum to insure that the balastmoed.

Several model ariants were created (typical diameters arevsho

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

(2) Aninjection pipe (Dia 300mm) in the middle and a deak gutlet fonard 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 atious leels - 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 testedver a range of &n pressure drops and withrious 1G pipe
conCEgurations and diameters.

For typical ballast tank ater operating hels, the @s wlume &change time for each cellas
calculated and the longest cellcbange time for eachaviant found. The multi-level injection
pipe and single deck outlearrant had the minimum longest time.

The injection pipe with deck outlet model, VENT2D (wwaeilespont.com), as then used
extensvely in the design of four(4) Samsung VLCCs and four(4) ULCCs constructed wbbDae
Four(4) prototype tanks were modeled for each ship: the aftmogd @aea ballast tank, the
forwardmost, the midship and the forepeak taEENT2D was used by the designers to size 1G
piping, IG fans capacityinlet locations and size, internal tank openings (between cells) and its
results were considered in the conEguration of the tanks' internal structure.

The taget was to mak the tanks longest cellxehange time less than 30 minutesegi a
300mmWG pressure dro@00mmWG vas chosen because iaisvthe back pressure of inerting
a pair of wing ballast with the 50% (10,000 M3/houahf

The Enal designaw a single injection pipe in the aftmost webframe space with three(3) injection
points. Adeck hatch opening at the faawdmost web frame as the single outlet poinfThe
incoming IG or air vas came out the injection points and tiké& air came out the hatchl'he
injection holes were located as falls:

Dia.mm Location
0 Midway deck to top 1st string platformvit- 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 Inbetweenwo longitudinal girders
300 Pipdull open inbetween CENTERLINE girder and long.girder

The output of VENT2D from No.3 (midship) tank is shobelav for a conEguration close to
that of the (Enal design.
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File=cross.no3 ID=Costas 2004-10-14 18:44:42
INLET OUTLET
300.00 0.00
mmwWG mmwWG
7865m3/h| 30.28m/s -7865m3/h| -1.21m/s
0.0707m2 1.7671m2
(00,00) (00,01) (00,02) (00,03) (00,04) (00,05) (00,06) (00,07) (00,08) (00,09) (00,10)
243.858 0.239 0.239 0.239 0.238 0.236 0.235 0.232 0.229 -0.077 0.090
mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG
v 2m3/h 426m3/h 731m3/h 1167m3/h 1364m3/h| 1556m3/h 1791m3/h 2147m3/h 2742m3/h 4151m3/h
63.07M750.0000m2 0.05m/T5000m2 0.08m/sZ5000m2 0.13m75 2’5000m2 0.15m/52"000m?2 0.17mis 2.8500m2 0.19m/5 2. 8%00m2 0.23m/s 2.8500m?2 030m/s2500m2 0.45m/52.5000m2
7863m3/h| 30.27m/s -425m3/h} -0.10m/s -305m3/hj -0.08m/s -436m3/hj -0.06m/s -197m3/hy -0.05m/s -192m3/hy -0.05m/s -235m3/hy -0.06m/s -356m3/hj -0.09m/s -596m3/l“ -0.15m/s -1408m3/h* -0.26m/s -3714m3/h| -0.48m/s
0.0707m2 ‘ 1.2000m2 Tl.lOOOmZ ‘ 2.1000m2 71.1000m2 71.1000m2 T1.1000m2 ‘ 1.1000m2 ‘ 1.1000m2 1.5000m2 2.1000m2
(01,00) (01,01) (01,02) (01,03) (01,04) (01,05) (01,06) (01,07) (01,08) (01,09) (01,10)
187.738 0.081 0.081 0.081 0.080 0.078 0.076 0.074 0.072 0.069 0.104
mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG
v 575m3/h 612m3/h 760m3/h 1052m3/h 1203m3/h 1342m3/h 1483m3/h 1629m3/h 1726m3/h 1569m3/h
55.35m/E8.0028m2 0.08m/52.2000m2 0.09m/5 Z2000m2 0.13m/s ZBo00m2 0.15m/5 22000m?2 0.17m/52"2000m2 0.18m/52/2000m2 0.20m/52.2500m2 0.21m/52.2500m2 0.19m/52.2500m2
7288m3/h| 28.06m/s | -462m3/hk -0.10m/s -452m3/hj -0.11m/s -728m3/r4 -0.09m/s -348m3/h} -0.09m/s -331m3/hj -0.08m/s -376m3/hj -0.09m/s -502m3/hk -0.12m/s »692m3/r4 -0.17m/s -1252m3/h* -0.23m/s -2144m3/h? -0.28m/s
0.0707m2 ‘ 1.2000m2 ‘ 1.1000m2 ‘ 2.1000m2 \ 1.1000m2 Tl.lOOOmZ ‘ 1.1000m2 ‘ 1.1000m2 ‘ 1.1000m2 1.5000m2 2.1000m2
(02,00) (02,01) (02,02) (02,03) (02,04) (02,05) (02,06) (02,07) (02,08) (02,09) (02,10)
139.529 0.082 0.082 0.081 0.080 0.079 0.077 0.075 0.074 0.072 0.109
mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG
v 1m3/h 357m3/h 614m3/h 748m3/h 834m3/h 881m3/h 905m3/h 900m3/h 842m3/h 604m3/h
47.69m50.0000m2 0.0GWHSOOOmZ o;mﬂ.'socwmz 0.1Wﬁ000m2 0.15m/ks !.5000m2 0.16m/s I.EOOOmZ 0.16m/s 15000m2 0.16m/} 15000m2 0.15m/s I.EOOOmZ O.leBOOOmZ
7287m3/h| 28.05m/s -817m3/h4 -0.19m/s -710m3/l~4 -0.18m/s -862m3/h* -0.11m/s -434m3/hj -0.11m/s -378m3/h} -0.09m/s -400m3/h} -0.10m/s -497m3/l“ -0.12m/s -635m3/k‘ -0.16m/s -1014m3/|‘* -0.18m/s -1540m3/hf -0.20m/s
0.0707m2 ‘ 1.2000m2 ‘ 1.1000m2 ‘ 2.1000m2 ‘ 1.1000m2 ‘ 1.1000m2 ‘ 1.1000m2 ‘ 1.1000m2 ‘ 1.1000m2 1.5000m2 2.1000m2
(03,00) (03,01) (03,02) (03,03) (03,04) (03,05) (03,06) (03,07) (03,08) (03,09) (03,10)
91.336 0.084 0.084 0.082 0.081 0.079 0.078 0.076 0.075 0.074 0.111
mmwWG mmwWG mmwWG mmwWG mmWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG
v 1m3/h 1131m3/h 1740m3/h 1791m3/h 2059m3/h| 2016m3/h 1889m3/h 1686m3/h 1531m3/h 998m3/h
38.57M50.0000m2 0.09m/52B000m2 0.18m/52.700m2 0.14m/53.8500m2 0.16m/53.9000m2 0.16m/53.9500m2 0.15m/53.3500m2 0.13m/53.5500m2 0.12m/53.3000m2 0.08m/s 35000m2
7286m3/h| 28.05m/s -1947m3/h¢ -0.48m/s »1319m3/h$ -0.33m/s »913m3/h4 -0.23m/s -701m3/r4 -0.13m/s -335m3/h‘ -0.08m/s -273m3/hj -0.07m/s -295m3/hj -0.07m/s »480m3/r‘ -0.09m/s »481m3/f‘ -0.12m/s -542m3/t‘ -0.13m/s
0.0707m2 1.1000m2 1.1000m2 ‘ 1.1000m2 ‘ 1.5000m2 \ 1.1000m2 11.1000m2 T1.1000m2 ‘ 1.5000m2 ‘ 1.1000m2 ‘ 1.1000m2
(04,00) (04,01) (04,02) (04,03) (04,04) (04,05) (04,06) (04,07) (04,08) (04,09) (04,10)
43.156 0.098 0.090 0.085 0.082 0.080 0.078 0.077 0.076 0.075 0.112
mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG mmwWG
Y 2412m3/h 2012m3/h 1619m3/h 1284m3/h 1030m3/h 904m3/h 795m3/h| 674m3/h| 480m3/h| 261m3/h
26.53m/50.0!z7m2 0.36m/s 1.5’500m2 0.29m/s 1.5‘500m2 0.23m/s 1'.5000m2 0.19m/s f.5000m2 0.16m/s f.SOOOmZ 0.14m/5?§000m2 0.12m/j ST.SOOOm2 0.0Qm/:tSDOOmZ 0.05rﬁ1‘>?1.5000m2
4873m3/h| 18.76m/s -1547m3/hf -0.38m/s -926m3/r* -0.23m/s -578m3/i“ -0.14m/s -447m3/l" -0.08m/s -209m3/h -0.05m/s -164m3/hy -0.04m/s -173m3/hy -0.04m/s -286m3/hj -0.05m/s -262m3/hj -0.06m/s -281m3/hj -0.07m/s
. m . m . m . m . m . m . m . m . m . m . m
0.0707m2 1.1000m2 1.1000m2 1.1000m2 1.5000m2 T1.1000m2 #1.1000m2 71.1000m2 1.5000m2 1.1000m2 1.1000m2
(05,00) (05,01) (05,02) (05,03) (05,04) (05,05) (05,06) (05,07) (05,08) (05,09) (05,10)
21.598 0.107 0.094 0.086 0.082 0.080 0.078 0.077 0.076 0.076 0.113
mmWG mmwG mmWG mmWG mmwWG mmWG mmwWG mmwG mmWG mmwG mmWG
4873m3/h 3327m3/h 2401m3/h 1822m3/h 1375m3/h 1166m3/h 1002m3/h 829m3/h 543m3/h 281m3/h .
18.76m/50.070’m2 0.48m/s 1.9055m2 0.34m/s 1.9550m2 0.26m/s l.gﬁOOmZ 0.20m/s l.|5500m2 0.17m75 75000m2 0.l4m/sf.§000m2 O.IWﬁOOOmZ 0.0BWKQOOOmZ 0.04rﬁ|s 1.9000m2
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Prior to their delrery, a ries of @&periments were carried out in three(3) ballast tanks of the
Samsung VLCC and those of the @e ULCC. Thepurpose s to gve the ship operational
instructions and to compare with VENT2Dotal test time allwed was 36 continuous hours per
ship and the IG oxygenue was approximately 4%For the experiment:

(1)

(2)

3)

(4)

(5)

34-36calibrated electronic oxygen loggers were placedadbus locations in the tanks.
More than half the tanks' cells had one or more loggers - usually placed to be in the
"worst" locations, way from openings andag *ows. Theloggers recorded an oxygen
level (voltage from 0.4 to 2.5)wery 15 seconds.

Thetank "map" for No.1 and No.3 are st on the net pages.The schematic layout of
the tanks are shn. The circled numbers are the oxygen logger ID numbélrke
values, not circled, are the cubic meters aivne in each cell.

The tank atmosphere ag gcled from atmospheric, to 1G, to atmospheriero8-12
hours. Boththe ships avn oxygen detectors and shgrd portables were used to ensure
that the gcle was complete.

Two tanks, No.1 and No.3, wereeny similar in internal tank layoutNo.5 was was
different aft the aft endBecause of mistas made by the IGS operators during the test
there were pressure and thusweuctuations in No.1 during inerting and in No.3 during
gas freeing. Resultshavn belav are for the stable *avs during No.1 gs freeing and
during No.3 inerting.

Tank size for both No.1 and No.3 tankasmabout 14,000 M3The inerting sav rate

was alculated to be 7,000 M3/Hour (2 hours or 120 minutes yaramge). Thdresh

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 shiyard used the time of thesa&periments to thoroughly test the IGS and there were
difCEculties during the inerting for each tridlhe attached pages sihdhe rav voltage data
vaues of the oxygen logger for the injection pipe outlet near the CenterLine andlulks for

the deck opening where thagyeited. Eachplot shavs a repeating pattern - the loggers were
used consecwgly in tanks No3, Nol and No5 in the same or close to the same tank bell.
oxygen % leel was approximately 10 times more than tb#age \alue after a 0.5oltage ofset

was removed.

Oxygen sensors were temperature compensated chemitaiadiftype (Citiech of England
was the maler), and had a from thedtory 1% relatie aror. Feld calibration and transport
increased their measurement errors particularly at therland upper ends.

We wed aeraged the data Egures within the fWihg tolerance bands: 0-3%(BEG),
4-6%,9-11%, 19-21%, 49-51%, 79-81%. 89-91%, 94-96%, and 97-100%(BEN®)¥how this

last range 97-100% although we bedighe times high as much because of oxygen sensor error
as because of gresymptotic speed.The oxygen logger ID from the pieus tank "maps” is
shavn in Erst column
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Analysis of the data sked:

Piston and Dilusion:
Qualitatvely the replacement of the tank atmosphere with teinket gas/air vas a mix of
displacement between the tamkells and intra-cell difision. Theinjected air pushed the
original atmosphere predominately aft to fare with some displacement also "wgras”
through the openings in the longitudinal girders and stringer deck plate.tank celb
furthest from injection points had theixigting atmosphere replaced by theitiag
atmosphere in upstream cells before the actual injeetedegiched them and thus naturally
it looked more gradual and €likive like (without really being mathematically a fii§ive
process) then those cells closer to the injection pipe.

Here is a table of the tarsktorner cells and one cell in the tank middle for No.1 Starboard.
The table shes the % concentration of the replacemeas/gir \ersus time after the system
started the injection. CL is at the cell between the innermost longitudinal girder and the
CenterLine hlkhead.

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 1n 15 18 190
1-AFT DECK 9 20 283 2 34 39 47 58 75 101 137 166 271
12-MID MID 12 27 40 58 69 84 93104 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 oglls sho
times that are longer then thghould 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 &4
1-AFT DECK 26 62 85 108 110 112 132 151151

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 99140 242
44-FWD DECK 29 60 66 83 89 95 108 125 146 168 223 263320

Worst Cells:
VENT2D's cells with the longerxxhange times took longer for the concentratimel$eto
change then those with the shortechleange times i some of the middle cells took
relatively longer than predictedGenerally these longer time middle cells had had some of
their small openings modeled by singlegkar "not so" eqwialent openings.

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

Gas Freeing ime:
The tank reached 20+% oxygen in abouk@hanges. AEnal 0.5xehange \as gven for
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safety to be closer to 21% or 2X¥changes.

GF > Inerting:
The testing did not all® us to answer the question of whgas freeing about 25% longer
than inerting. Complicatingattors are: original stagnant aiasvreplaced with 1Gui the
moving IG was replaced with GF; the emphasi&ssvwon safety and since we entered the tank
after GF we GF longer then absolutely necessary; the sensors wpeeted to hee a 04%
oxygen error ver the experiments temperature and pressure range; and errors in running
the IGS during the tests.

What should not be aétor is the relate density of IG and air The in-tank turblence (air
motion) was great relate o any possible graity segregation. Therelatve densities of
warm wet IG \ersus cooler dry GF are within 2% of each athénally the sows were
more longitudinal thenertical - graity works \ertically.

In a less controlledxperiment during sea trials at Drée@ a ank Elled with seaater abwe the
hopper (approximately 2/3 full byolume, less than 5000 M3 of atmospheasjgnas @s freed
two different ways:

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

(2)  Useof the injection pipe only (a&an only one opening, Dia 115mmas/free).
We haveonly qualitatve results loit they are interesting:

(1) Ittook about 4 hours for the tank with the combined deck inlet and pipe to reach 20+%
oxygen Theank with only the injection pipe reached the samd i@ the same time.

(2) Apparentlythe etra «ow of the combined deck inlet reduced saevhat the laver «ow
rate at the 2nd stringer platform without compensating with a good sweep out of the inert
gas from the abwe the Erst stringer

Both during the ¥periments and in subsequent tankperation personnelVefound the double
bottom aireaw from the injection piping both helpful in cooling and in reducing "double bottom
anxiety".

In summary: inerting of the double hull ballast tanks will greatlyvsdown or stop corrosion;

use VENT2D in the design of tank internals and the IGS; in a well designed double scrubber I1G
system with tank injection pipes thaggyechange for inerting is 1.5-2 times the tarddume;

and for the same system 2-2.5 times the talime will gas free the tank for safe entry
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