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P R E F A C E 

It is recognized that one of thv r::,\L ohjectives of the 1973 Conference on 

Marine Pollution should be to ue,n·;evr the .:implete eliminatfon of intentional 

pollution by oil. That is to elimfocte the ·likely damage to marine resources 

caused by operational discl1ar~w: of oily \virLc~r mixtures. To achieve this goal 

it is believed that any of the fol'lo1d11g n1cthods or combination thereof are 

possible solutions in this respect: 

- The use of segregdted balla~t tanks, 

- retention of oil onboard, and 

- in-port disposal to shore-reception facilities of the oily mixture. 

It is further recognized that the constr~ction of tankers with suffi ient 

segregated ballast capaci i.,y will contribute substantially to the reduction of 

pollution caused by operational discharge. However, one should realize that 

also this provision hus some m;ijor shortcomings: 

- Unless requiring a segregated ballast tank capacity up to 60 .. 70 % of 

the dw capacity the segregated ballast tanker, on occasion> wi'll have to 

load ballast in cargo tanks to achieve an acceptable ballast operation 

condition. As a consequence of this, a segregated ballast tanker wust 

also be equippe..i with a complete arrangement for application of the Loau

on-Top sys tern. 

- fven with segregated ballast tanks, it will periodically be neces:.;ary to 

clean the cargo tanks in order to remove sludge build-up and to prepare 

the ship for dry-docking inspection and repairs. Tankc:leaning before 

drydocking and repairs is found to be one of the major pollution causes. 

• The segregated ballast tanker will have an increased freeboard which mZly 

effect the ship controllability. This will influence the ship's sea

worthiness in an unfavourable way, particularly in wind at low spe0~;:: 

as occurs in harbour and docking situations. 

Even if it 1s rei\l ized that the 11 Load-on-Top" system cannot be operated 

under all circumstances, it will contribute substantially to a reduced 

discharge of oil into the sea • and as an overall consideration will giv~ 

the best result obtainable at the present stage of development. 
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I INTRODUCTION. 

A study of the pc,<::,;ible improvements in the operati.:in of crude oil te1nkers 

was initiated by Norv-1Pgian shipbuilders i.lnd owners in 1971. In particular, 

the proc~lses of tank cleaning and freeing attracted attention, and in the 

course of the study great emp1i.1sis \'/as placed on the development of a more 

efficient and less polluting Load-on-Top-system. 

It is felt that the n~sults from the study will be of interest for the recent 

investigations sponsored by IMCO. This progress report from the Norwegian 

study is therefore presented, covering tests of different slop tank arrangements 
both on ships in operation and in model t~sts. 

So far, the study has been carried out according to the following program: 

1. To find out what tdkes place in slop tanks during tank washing 94 water 

samples were taken onboard 4 irude oil tankrrs on ballast voyages, and 
analyzed in laboratories. 

2. To investigate the factors that influence the separation of oil in water, 

a model in scalt~ 1 :25 of a three-tank slop tank arrangement was constructed. 

This arrangement gives possibility for investigation of parameters such as nun:ber 

of tanks, degree of heating, inlet points and inlet nozzles for slop in the 

tanks. Water samples were taken and analyzed. 

3. Piping systems were evaluated in order to be able to unload as much as possible 

of the cargo oil as well as obtain an effective draining during tank washing. 

4. Tank washing equipment and methods for cleaning were discussed. 

5. Instrumentation for control of tank atmosphere was investigated. 
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II CONCLGSIONS. 

The result of tests and investigations as listed above, may be summed up as 
fol lm·1s: 

Samples of overboara discharge water taken from slop tanks of modern 
tankers in actual service have proven that the 11 Loa.d-on··Top 11 -system as 
adequately practiced to-day, fulfills the proposed requirements as given 
in the fourth draft of the 1973-Convention. 

Modern tests of slop tank arrangements have given valuable infor.'lation 
vlith regard to further development of improved slop tanks and settling 
systems. 

Based on informatfon from model tests and from tankers in service, desi{inc ... s 

and operators hav0 worked out detailed specifications for an improved 
11 Load··on-Top 11 -system with the main purpose to reduce pol ,ution of the seas 
to an absolute minimum and at the same time reducing the risk of mal• 
oµeraticn of the "Load-on-Top"-system and reducing the amount of work 
for the crew. 
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III SAMPLES FROM SHIPS. 

In order to determine the actual c.,n c0rrt::nt i1, the water 111hich is pumped over

board in connection with cleaning of the cargo tanks, shifting of ballast as 

well as discharge of water from the s"lclp Lank system, a package of sample bottles 

with instructions for the sampling were ~rnt to four ship~ to obtain samples at 

various times during the above mentioned op,.:rations. 

A total of 94 samples were received from these four ships and quantitatively 

ana l_vzed for oil content. The methods erilj"J l o_ycd \·Jere the infrared spectroscopic 

method (IR-method) and in a few cases the gravimetric 11·.t11od, both determining 

the sum (in ppm) of oil components rather than the individual components. hhile 

the IR-method is non-destructive and preserves the samples, the gravimetr"ic meth0d 

involves a step of complete evaporation of the solvent used, and thus leads to 

loss' of lighter components (this weight loss is calculatc:>d witl:in the computation 

of oil content.) A limited number of samples both from the ships and from the 

model experiments were further analyzed by gas chromatography and combined 9as 

chromatography/mass spectrometry in order to get an impression of the distribution 

and general nature of the oil components found in washing 11,ater. This is further 

discussed in App~ndix A attach0d to this report. 

The result of the analyses of the samples from the ships show that with two 

slop tJnks in series and with a high liquid level in the slop tanks during th~ 

washing operation (low ullage) the oil content in the water that is discharged 

overboard can be kept as low as 25 - 100 ppm.This is when washii,g 

with cold water without chemical additives. The analyses of the dirty ballast 

water from the unwashed cargo tanks show that it is also pos~·ible to obtain 

oil content of this water withi,, tne same limits. 

During the final decanting of settled water from the primary slop tank to the sr: 

the results show that the oil content of the water is increasing as the oil/wat, ~

interface is approaching the bottom of the. tank.The variation in the results (: . .1r, 
this operation is assumed to be caused by more or less cautious oprration o-: the 

discharge pumps. 

The four ships that were used in the series were two crude oil tankers of 28O.ODO 
tdw ,one tanker of 162.000 tdw. and one tanker of 85.000 tdw. 
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IV MODEL TM~K EXPERIMENTS. 

a) Descrietfon_of_Execrirnents. 

For the experiments a model tank \•ri tl1 linear scale 1: 25 was built. The model 

tank consists of bm side tanks of aDout (00 litres cap[i.city each, and one center 

tank of about 600 1 i tres. A totu 1 (;f 15 series of experiments were conducted 
and 200 l litre water samples v1ere dt,Mn. The oil/water mixtures consisted of 

fresh \<Jater ,dth additions of crude o'il. The crude oil had the following speci.;.. 

fications: 

Type: 

Specific gravity: 

Viscosity: 

Pour point: 
Sulphure content: 

Reids vapour pressure: 

Flash point: 

Arabian Light Crude from Ras Tanura. 

0,851 g/cm3 

5,5 CST at l00°F. 

• 26°C. 
1 , 7 vie i gh t % • 

4,6 psi. 

Less than o0c. 

The oil and water was mixed by the use of an ejector. The water was used as the 
driving medium and oil was introduced on the suction side of the ejector. Using 

a driving water pressure of 0,2 kp/cm2 a total slop quantity o: 250 litres p~r 

hour was arrived at. In the model experiments this will correspond to the capacit• 
of eight Butterworth· Super K washing machines. 

During the experiments the following parameters were investigated as to their 

effect upon the oil/water separation. 

The initial oil concentration of the slop. 

The method of introducing the slop into the tanks. 

The number of slop tanks. 

The capacity of the slop tanks. 

The temperature in the slop tanks. 

The introduction of air in the bottom of the slop tanks. 
The addition of chemicals into the slop tank water, 
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During all experiments the sfop \•rni:Jr was introduced about halfway up in the 

pr·imary tank. It was then taken out of this tank near the bottom, and introduced 

into the secondary tank abOLJt hai foay up. Hhen three tanks were being used, the 

water was taken out near tlie botto11i of the secondary tank, and introduced into 

the tertiary tank about halfway up. To heat the water in the tanks, two heaters 

each of 1000 w were used. The heating coils were placed about 1/3 of the 

total tank height from the bottom of the tank. 

The primary tank was ahvays filled up completely before the connection to the 

secondary tank was opened. The primary tank was furthermore constantly being 

refilled with slop water, so that the level of this tank was kept constant u11til 

the secondary tank was filled. When threP. tanks were being used, the levels in 

the: priri1ary c1nd the secondary tanks \'/ere kept constant until the third tank was 

filled. During all experiments samples were drawn from two levels in the tanks, 

near the bottom, and in the middle of the tank. 

The sampling routine, using two slop tanks in series, was as follows: 

Primar.)'. tank Secondary tank 

2 samples 

2 samples 

2 samples 

2 samples 

2 samples 

2 samples 

When the secondary tank is full. 

1/2 hour after secondary tank is full. 

1 hour after secondary tank is ful 1. 

The nAxt day. 

When experiments using three tanks were conducted, samples were drawn 

from the secondary and the tertiary tanks only, in accorda1,ce with the 

following routine: 

Se,conda ri'. .tank Terti ar,Y_ .t.~_n_k . 

2 samples When the secondary tank 1s full. 

2 samples When the tert'tary tank is half ful 1. 

2 samples 2 samples When the tertiary tank is full. 

2 samples 1/2 hour after tertiary tank is full. 

2 samples 1 hour after tertiary tank is ful 1 

2 samµles 2 samples The next day. 
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In some cases samples were al so drawn after t\-10 or three days. After each 
experimt:nt the tarks \vere thoroughly cleaned using water and chemicals of the 

type Drew ACC-9 ard Oi 1 and Grease Remover. 

The chenric~l add it· on used in experiment No. 12 was: 

Ameroid EB~70,Emu1sion Breaker.i Drew Chemicals. 

1. The oil content in the water leaving the slop tank system is depending upon 

two factors: 

a) oil content in the water coming into the system, 

b) time allm-Jed for settling. 

When the settling is over a period of days, the initial oil content does not 
affect the results. 

2. The experiments show that when using a conical expanding outlet on the 
pipe that introduces the slop into the tank, better results can be obtained 
than when introducing the slop through a regular cut off pipe. 

3. The experiments show that using three slop tanks in series will result 
in lower oil concentration~ ir the separated water, as compared with 
usir;g two slop tanks in sr,·ies on the cc,ndition that the settling period 
is the same.· 

4. It was found that a high heat~ng rate in the primary tank improved the 
oil/water separation considerably. However, the separation can be further 
improved by using moderate heating in both the primary and the secondary 
tank. 

5. Air was introduced at the bottom of the primary tank and allowed to bubble 
up through the oil/water mixture. After further settling a minor 
improvement in the oil/water separation was obtained, 

6. The results indicate that by increasing the volume of the primary slop 
tank better results can be obtained. 
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V, PROPOSED OUTLINE FOR SPECIFICATIONS FOR AN IMPROVED LOAD-ON-TOP SYSTEM. 

A. TANK ARRMGEM:..NT. 

a) Cargo_oil_tanks. 

The basis for this study is a 2c,o. - 350.000 tdi\l, tanker complying with 
the 1971 amendr,12nts to the on Pollution Convention 1954. The tank 
area is divided Dy seven bulkheads across and two bulkheads along the 
ship, giving eight center tanks and eight pairs of wing tanks. Of these 
tanks all with the exception nf wing tanks No. 4 are used for cargo. 

b) §§ll~~!_!2~t~! 
The wing tanks No. 4 are selected as perman~nt ballast tanks. This 
selection is based upon structural considerations as well as considerations 
of the loading/unloading procedure. 

Center tanks No. 1, 3 and 6 are selccter! for carrying clean ballast. 

The center tank No. 8 is divided using two oil-tight bulkheads across. 
These three tanks are used as slop tanks and in series to give a step
wise settling. As an alternative the aft wing tanks and th~ center tank 
in between may be used as slop tanks. 

In the primary slop tank the major part of oil and sediment is fel'led 
out and this tank should therefore be easy to clean. This can be accomplished 
by using flat bottom and sides. 

The design of the secondary tank should also be given special consideration 
to cleaning, and this tank should also have a flat bottom. 

The tertiary tank may be of design as dwell designed cargo tank. 



The capacity of the slrop tanks shou·!d be based upon the maximum totill water 

fl ow during tank cleim·hg, taken as the ma in parameter, the cargo tank 

volume being less impl)rtrrnt, This ~ii-11 result in larger slop tanks than is 

common to-day. The fo11ov1it1g criteria seem reasonable for deciding the 

slop tank capacity: 

1. The primary slop tan,. should have a volume which is at least four t'in1es 

the quantity of v1a1te1~ ; ti tons per hour used during normal tank washing 

procedure at sea .. 

2. The secondary slop tank should have a volume which is at :east twice 

the volume of the µrima ry s1op tank. 

3. The tertiary slop tank should have a volume twice the volume of the 

primary tank. This tank is also used as a reservoir fur driving water 

to the ejectors and! for washing water. It is assumed that when the 

washing is fin;shed:li al 1 slop is collected in the primary slop tank. 
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8. PUMPS. 

The ship may huve two, three or four cargo oil pumps. A separate ballast pump 
is installed for the filling and emptyir,g of permanent ballast tanks, as 

well as for filling of dirty ballast tarks over deck via separate filling lines. 

It is desirable to unload as much as possible of the .cargo oil and to empty t'ie 
cargo oil piping system. The stripping pump will be connected to its own linE: 
on deck, connected to the manifold midships .. This line is to be used 

for unloading of the oil that remains in the cargo oil piping system after w·:-:Hclng 

with the sentrifugal pumps and to pump slop ashore. Two ejectors working on the 

stripping system lines should be installed. T~e dimensions of the stripping 

system lines and the ejectors should "'_ oascd upon the amount of wash vmter 

expected. 
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C. PIPING SYSTEM. 

a) G~rg2_2il_e1e1Q9! 
To enable the tanker operator to unload as much as possible of the oil cargo 
the ship should be listed 2 - 3 degrees to one of the sides during unloading 
and stripping. It should be one suction in each wing tank and two suctions 
in each center tank. The suctions are placed in the lowest corner in t,1e tank 
which will be the aft corner of the tank on the sia~ ~~at the ship is listed 
to. The second suction ·in the center tanks is placed near the center beam 

(on the upper side). The suctions should be placed maximum 40 mm abovt: the 
bottom and the suction area should be at least 1.5 times the suction pipe 
area. In connection with the placing of the suctions it is necessary ~o 
investigate the ways the oil cun flow through the bottom structure to the 
suctions, and a map of the bottom structure should be drawn showing that all 
oil on the bottom can flow to the suctions. Extra cut-outs in stiffeners and 
frames should b~ made to ensure this. 

b) ~!rieei~9-li~s~: 
As during unloading the ship should be lisLed 2 - 3 degrees to one side 
during stripping as well. One stripping suction is placed in each wing 
tank and one stripping suctio:1 in each center tank. The stripping 
~uctions should be placed near the cargo suctions, and shall be placed 
a m;,1ximuin of 20 mm above the bottom with a suction area of minimum 1.5 

times the pipe area. 

The stripping line should be able to strip from two tanks independently. 
The separate stripping line is connected to the main line using double 
valves. Further double valvP~ should be fitted in all main suctions 
and stripping suctions to cargo tanks that are used for dirty and clean 
ballast. 80 mm quick-connections for hoses with valve are placed on th2 
stripping line, at least one in each tank, Jnd armoured hoses for the 
r~11Joval of :-;edimcnt are delivered with the ship. 
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c) Q~ll~~t_Qi~io9:. 
Separate ballast piping 1s 

ba'll us t. 

. . '-. 
·i Ii·: l c • l on the deck for fil 1 hig of dirty 

/\ 11 perrnanent ba l 1 as t tcn.!-:s ::.i1ci l ·· be fi 11 ed and emptied with separate 

ba 11 as t l foes . 

The piping sy~tem for tank \•wshing shOLi"ld be supplied from the cargo oil 

piping on deck. Either cle:an sea \':c1ter (open cycle) or slor water from 

the tertiary slop tank (closc·d cycle) can be used. A separate heater

with a capacity of at least 350 1:1111
3 per hour, 90°C~ should be instal'led. 

e) Pii?iD!L~tH~1!1~fQr_~lg~-~{!Ut~:. 

The ship should have three slop tanks that ran b~ used in series and the 
piping system should be arranged to keep the water in the slop tanks at 

a h·igh level (low ullagc). 

Al slop should first be pumped into the primary slop tank. To enable 

washing and inspcct·ion of thJ primary slop tank, the possibility shmdd 

exist for introduction of slop directly to the secondary slop tank. This 

connection shali normally be closed an secured. 

The slop inlet should be placed at about half the height from the 

bottom to the surface. The pipe leading the slop into the tank should 

be f'itted with a suitable arrangement to slo\rJ down the speed of the \'/uter 

entering to avoid disturbanc~s in the waler. 

An open pipe that starts abou~ l meter above the bottom of the prilil:iry 

r 1 op tank and with an outlet about ha 1 fways up thl1 secondary tank :Ji,✓•;~ : 

be u:;cd for the trans fer of the slop from the primary to the scco11(;,.,, y 

tank. A similar arrangc1ncnt should he used to tran:.fer the slop fn•u 

the secondary to the tertiary tank. /\n open overflm•J pipe that st:'ii:_, 

about 1 meter i,bove thr:: bottc1m in eJch of the ~,cconda 1-y and the tr:rt i 

tt1nks may be used to discl111r9c settled slop \NJ.ter overbor-ud. These rip,:::. 

should be inverted U-slwpe with their hight'.;t point about four meters below 

(.icck, tlierd).y en:'>uri11'.J a constdnt high levul in all s'lop tanks. 
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f) Monitoring. 

The overboard discharge pipes should be fitted w'ith necessary arrangement 

for installin~ monitoring equipment. 



D. WASHING EQUIPMENT. 

Four different alternatives f,;1• \J,:,~;11·:nrJ c~q~iipmcnt have been considered: 

a) Portable equip:nent in ,1·11 tanks for washing to hot work standctrd. 

b) Permanent equipment in c·1can bal'last tanks ror washing to clean ballast 

standard and portable cqu·i prnent in an tanks for washing to hot-work 

standard. 

c) Permanent equipment in all tanks for \vashin9 to clean ballast standard 

and portable eqLl'ipmcnt in all tanks for \vashing to hot work standard. 

d) Per1i1anent equipment in all tanks for washing to hot work standard. 

In order to perform a satisfactory washing to hot work standard, using 

the poratble washing machines in addition to the permanently installed 

ones, it m~ght be required to wash wiht v1arm water. 
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E. MONITORING OF TANK ATMOSPHERE 

The ship should be equipped with portable instruments, approved by the 

/\dnrinistration for the Jilf:asuring of the hydrocarbon gas in air and oxygen in 

air. Tlie ship should therefore carry at least one instrunient that can 

mcc1sure the at::1osphere below the Lovier Explosion Linrit (witl1 scale from OJ{, 

to 100% L.E.L.), and at least one instrument that can measure explosive 

atmospheres and atmospheres above Upper Explosion Limit. In addition, the 

ship should have at least one approved portable instrument for the measuring 

of oxygen in air, and in air/inert gas mixture (with measuring area O - 21 

vol%.) 

All measuring instruments that are onboard shall be inspected regularly 

as prescribed by the Administration. In order to draw samples from the 

atmosphere at points down in the tanks, the ship should be equipped with 

a sufficient number of sampling hos.es of suitable material. 
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I CONCLUSIONS 0 

1. From this investigationt it nay 01:; concluded that it is possible 
to follow the L0T-prov:d1.11·c during normal operating conditions 
o n b o a r d a V L C C a n d s t i 1 ·1 s t. r.i y \·/ e l 1 w i t h i n t h e re q u 1 re m e n t s 
regarding oil content in the effluent according to the 1969• 

amendments to the l9b4 - oil pollution convention and the 
requirements specified in the proposed 1973 - marine pollution 
convention,. 

2. It may further be concluded that the volume of the slop 
tanks should be increased to improve upon the settling process. 

3. On the assumption that ballast water with an oil content below 
100 ppm may be discharged outside 50 nautical miles from 
nearest land, one may expect that the bulk of the ballast 
water from unwashed tanks may be discharged after a settling 
period ranging from a few hours up to about 40 hours, depending 
upon the specific conditions onboard. From the investigation, 
it may also be concluded that assuming a maximum oil content 
of 30 ppm, it would have been possible to discharge large 
quantities of the settled ballast water after 60 hours of 
settling. and the bulk after settling periods of up to about 
100 hours. One center tank could have been pumped almost empty 
with a discharge oil content of oelow 20 ppm, but for the 
other tanks, it took from 80 to 110 hours of settling to corae 
below this oil content 1n the bulk of their content. 
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II INTRODUCTION. 

A study of the possible improvements in the operation of crude oil 
tankers was initiated by Norwegian shipowners and shipbuilders in 
1971. In Commission Report No. 1/73 detailed specifications for an 
improved LOT system have been introduced, In order to investigate 
further the various factors and parameters that influence the use 
of the LOT system onboard crude oil tankers with a view to comply 
with both the nresent and proposed new international regulations 
concerning oil discharged to sea, the LOT procedure was investigated 
onboard two Norwegian tankers during normal operating conditions. 

The investigation was carried out as follows: 

• 318 samples of clean and dirty ballast water and slop were 
taken onboard a 280.000 tdw, crude oil tanker and analysed. 

• 22 samples of dirty ballast water were taken onboard a 
240.000 tdw r.rude oil tanker and analysed. 

• 128 samples were taken during model tank experiments in order 
to establish the relationship between the conditions onboard 
the 280.000 tdw. tanker under conditions 1n a tank section 
model. 

This report, Commission Report No. 4/73, contains a summary of the 
1nvest1gat1ons and a discussion of the results. A detailed description 
of the investigations is contained in Commission Subreport No. 4A/73. 
"LOT•tnvest1gat1ons aboard VLCCs. and on model experiments••, while 
Comm1\sion Subreport No. 4B/73 on "Characterization of crude oil 
components in ballast and slop water from two crude oil tankers and 
from model experiments" contains a description of the methods 
used for analyses. These methods include the infrared method for the 
detection of total oil content in ppm. and the gas chromatography and 
combined gas chromatography/mass spectrometry methods for Jetectton of 
the concentration of the 1nd1vtdua1 components of the otl. 
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I II SUMMARY. 

1. The data presented in this report are based upon detailed 
investigations onboard the t'i/T 11 Berge Princess 11 of the shipo~vners 
Sigo Bergesen d.y. & Co., on a ballast voyage from Isle of Grain, 
UK. to Cape Town, and upon a supplementary investigation onboard 
the T/T "Ferncourt" of the shipowners Fearnley & Eger. on a 
ballast voyage enroute from Rotterdam to PG. Both ships had 
carried crude oil from Kuwait with API of about 31.8 on their 
previous voyages. In addition, data from parallel model experiment~ 
are presented. 

M/T ~serge Princess" is equipped with two slop tanks in series, 
with a combined capacity of about 2.8 % of the cargo carrying 
capacity, 

2. The t~tal amount of oil discharged from the M/T "Berge P~incess" 
on the ballast voyage was 7.53 tons or 1/36.000 of the ship's 
cargo capacity. This complies with the 1/15,000 cargo limit set 
by the 1969 amendments to the 1954 oil pollution convention, and 
the proposed 1/30.000 cargo limit proposed in the draft 1973 
convention. 

The ballast was d1scha~ged by decanting and by using cargo 
pumps, and the water from the slop tanks was discharged by 

decanting and by the use of cargo and stripping pumps. 

3. Nine cargo tanks were flushed onboard the M/T "Berge Princess" 
and the flushing water was pumped into the slop tanks. A small 
quantity of water was decanted without sett11ng containing 
120 ppm of otl. which equals 18 litres per n.m11e. After a 
settling period of 45 hours decanting was continued, The oil 
content was now 40 ppm or 4.5 litres per n.mile. 

4. Dirty ballast was discharged from the M/T "Berge Princess" 
after a settling period of approximately 130 hours. The most 
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unfavourable result sho\'1S an oil content of 30 ppm or 5.3 litre·s 
per n.mile. During the last period of the discharge, the oil 
content increased to about 200 ppm or 47.5 litres per n.mil0., 

5. Analyses of the ballast water in an unwashed tank onboard 
the T/T "Ferncourt" show an oil content well below 20 ppm 
through the tank even after short settling time. 

6, During the washing procedure ejectors were used. The washing 
water was discharged through the slop tanks. The oil content 
in the water discharged during tank washing operation started 
at about 57 ppm and increased to 980 ppm at the end, corresponding 
to about 5 litres per n.mile and 32 litres per n.mile respec
tively. The average oil content during the washing was about 
145 ppm, which corresponds to about 12 litres per n.mile. 
The total amount of oil discharged through the full washing 
procedure was 3. 18 tons, 

7. After the tank washing procedure and discharge of dirty ballast, 
discharge of settled water from the slop tanks was continued, 
The pump speed was reduced as the oil/w~ter interface approached 
the tank outlet in order to avoid unnecessary discharge of oil. 
Hence the oil discharge rate only ranged from 6.4 to 15.6 
litres per n.m11e. while the oil content began at 100 ppm and 
increased to 900 ppm just before cut-off. 
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IV DISCUSSION OF THE RESULTS FIHJl,I TllE SHIPBOARD SAMPLING. 

IV A. M/T 11 8£':GE PRINCESS". 

The major conclusion to be drawn from the tests is that it was 
possible for the ship to follow a conventional load on top 
procedure and still keep the amount of oil discharged to the sea 
well below the limits given in the 1969 amendments to the 1954 
011 Pollution Convention. This was possible in spite of the 
fact that this ship had bad weather with heavy seas the first 
three days of the ballast voyage. This had an unfavouraole effect 
on the settling process of the ballast water. The weather condition 
on the voyage is listed in Table 17. The tables also include the 
ship's course, speed and noon position. 

Different quantities of oil were left in the tanks selected for 
the experiments, such that of two identical center tanks one was 
left with more oil than the other tank, and similarly, for two 
identical wing tanks. The analysis of the samples drawn from 
these tanks show that the settled water had lower oil concentration 
in those tanks that had the larger quantities of oil remaining. 
Center tank No. 1, for example, had an averag, oil content of 30 ppm. 
after 111 hours of settling, while center tank No. 3 had an average 
oil content of 8 ppm after 112 hours settli~g. The oil layers measured 
on the water surface 1n center tank No. 1 was 15 cm., while the oil 
layer on the water in center tank No. 3 was 66 cm. This "inversely 
proportionalH tendency could also be noticed in the wing tanks No. 5 
Port and Starboard, but not so clearly. 

The analysis of the samples that were drawn from the model experiments 
show small difference between the oil content 1n the tanks containing 
much 011 and the tanks containing little 011. However, the samples 
that were drawn from the slop tanks when stripping after simulated 
flushing of empty cargo tanks was completed, showed higher oil 
content in the secondary slop tank than in the primary slop tank for 
all samples after 1 hour, 17 hours, 23 hours, 40 hours and 4!> hours 
settling. The difference 1n the results from the settling out of tho 
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water in the simulated slop tanks show the sane tendency as for the 
slop tanks in H/T "BERGE PRINCESS". 

Two slop tanks in series resulted in a fairly good reduction in the 
oil content of the water that was discharged to the sea from the 
secondary slop tank (Starboard slop tank) during the washing period. 
The average oil content of the discharge during the washing of 
center tanks No. 2 and center tanks No. 5 was about 143 ppm •• which 
equals an oil discharge rate of about 12 1/n.mi. One hour after the 
washing of center tank No. 2 started, the oil concentration increased 
to a level of about 280 ppm. which equals 24 1 ./n.mi. 1 whereafter 
the concentration decreased. The maximum oil content of the water 
discharged during washing of center tank No. 5 occurred at the start 
of washing and the oil content at this point was 250 ppm., which 
equals 21 1,/n.mi. 

During the washing period, ejectors were used for stripping, with 
driving water tckcn directly from the sea. This gave a large flow 
through the slop tanks and therefore, a relatively short settling 
time in the tanks. If a stripping pump had been used for stripping 
during the tank washing, the flow _through the slop tanks would have 
been reduced to about 1/3, and the settling time would have been 
increased accordingly. One should expect that under such conditions 
the oil content of the water discharged would have been further 
reduced. 

If the driving water for the ejectors had been taken from the Star
board slop tank, the total quantity discharged to the sea could 
have been ~educed. but one must assume that the specific oil content of 
the discharge would have been about the same as measured or possibly 
higher. This could be caused by the fact that the circulation in the 
slop tanks would have been the same as when the driving water wa~ 
taken directly from the sea. Furthermore. with driving water from the 
Starboard slop tank, the 011 content 1n the slop entering the Port 
slop tank would have been higher than when clean water 1s used for 
driving water. The total slop quantity would have been reduced and 
possibly the total quantity of oil discharged. as well. 
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· During the experiments, when settled ballast/slop water was 
di s c h a r g e d o v e r b o a rd , th e 1·rn k e o f t h e s h i p Ha s k e p t u n d e r co n s t a n t 
surveillance to detect possible oil slicks. With the exception 
of the last minute discharge from the Port slop tank, \•Jhen the oil 
content momentarily increased ton value where oil was visible, 
no oil could be observed behind t~e ship at any time. 

In spite of the fact that in the interest of the experiment a 
few deviations from normal operating practices were done in order 
to establish oil content limits, experiments show that the voluntary 
oil discharge from a 280 000 t.d.w. tanker can, with the execution 
of reasonable care, be kept well below 10 cu. meters of oil en a 
ballast voyage, and the maximum oil discharge rate can without 
difficulty be kept under 30 1./n.mil. 

If one assumes that the settled ballast water with oil content below 
100 ppm can be discharged to the sea outside the 50 n.mi. limit from 
nearest land, one could expect to be able to discharge ballast water 
from unwashed tanks after 12 - 24 hours settling, depending uron the 
weather conditions. The distance from the oil layer to the suction 
in the tank when the overboard discharge must be stopped, will dkpend 
upon several factors, such as ship movements, pumping capacity and 
bottom structure of the tanks. When there is no rolling or pitching, 
and the ballast is discharged with a low pump velocity, one should 
be able to discharge settled water until oil water interface is 
about 1.5 m. from the suction. The rest in the tank must then be 
pumped to the slop tanks for further settling and eventual discharge. 

IV B • ~ / T "FE RU CO U R L" • 

A supple~entary investigation was conducted onboard the T/T "Ferncourt~ 
Samples were drawn from a center tank containing dirty ballast, and 
the analysis shows results th~t are we11 below 20 ppm. The bulk of 
the water in the tank could be discharged without coming in conflict 
with any present and foreseeable near-future regulations. 
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V DISCUSSION or THE RESULTS FROM THE TANK SECTION MODEL EXPERI11ENTS 

The motiel experiments were conducted in order to establish the 
relationship between the conditions onboard a tanker and the 
conditions in a tank section model in a laboratory, and it was 
attempted to simulate the operations onboard the M/T "Berge Princess" 
as much as possible. Samples were drawn after the same periods of 
settling and at depths relative to those onboard. The crude oil 
used for the experiments was pumped from the ship's cargo in Le 
Havre and sent to Norway. 

It should be kept in mind that ~he thickness of the oil/water 
interface will be the same regardless of whether the tank is smdll 
or large. The samples from the "center tank" show this clearly 
since the oil content of the water increases very rapidly as the 
surface is approached. After 22 hours settling, the increase starts 
at 48 centimeters below the surface. and increases up to the upper 
sampling point which 1s 25 cm below the surface. The increase 1n 
oil content diminishes as the settling proceeds, but it is still 
clearly present in this upper lay~r after 63 hours of settling. 
The samples from tho flwing tank" does not shdw the same increase. 
but an increase can be noticed in the upper layer after 22 hours. 
After 63 hours settling, the oil content increase in tnis area is 
insignificant. This indicates that for the model experiments, one 
should expect a 25 • 30 cm thick layer below the oil/water interface 
that w111 contain a very high oil content. 

After 63 hours the water in the flcenter tank" and the flwing tanks" 
was discharged, leaving on1y the 011 layer in the tanks. The analysis 
of the samples drawn during the d1scharge show an average oil content 
of 4 ppm. 

The sampling series drawn from the fltanks" with much oil remaining 
show the same tendency as when there were 11t~le oil remaining. 
In this case it also appears to be a 25 - 30 cm thick layer below 
the 011/water interface that has a relatively high oil content. 
However. the samples drawn from the water below this layer after 
63 hours settling. show the same average oil content {about 4 ppm) 
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as when the tank. contains a small quantity of oil remaining. 

The third series of samples were drawn from the "tanks" during 
simulation of a slop tank system. The operation that was simulated 
was the settling of slop after flushing of empty cargo tanks. It 
should be noted that the oil content of the settled water in the 
"tanks" is higher for the secondary "slop tank" which contains 
fairly little oil, than in the primary "slop tank" that contains 
considerably more oil, This phenomenon occurs already after l hour 
settling and is clearly evident all the time up to 45 hours settling, 
This is the same "inversely proportional" tendency that was noted 
onboard M/T "Berge Princess". 
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I INTRODUCTION. 

In order to investigate the various factors and parameters that 
in¥1uence the use of the LOT syste~ onboard crude oil tankers with 
a view to comply with both the present and proposed new international 
regulations conce1·ning oil d·ischarged to sea, the LOT proc.;edure was 

investigated onboard two Norwegian tankers during normal operating 
cunditions. 

The investigation was carried out as follows: 

- 318 samples of clean and dirty ballast water and slop were 
taken onboard a 280.000 tdw. crude oil tanker and analysed. 

- 22 samples of dirty ballast water were taken onboard a 
240.000 tdw crude oil tanker and analysed, 

• 128 sarples were taken during model experiments in order 
to establish the relationship between the conditions onboard 
the 280.000 tdw. tanker with the conditions in a tank section 
mod«d, 

The conclus·ion. a summary and a discussion of the results is contai.1cd 
in Commission Report No. 4/73. This subreport contains a detailed 
description of the investigations, while Commission Subrepurt Ho. 
4B/73 on 11 Characteri7.ation of crude oil components in ballast and 
slop water from two crud,? oil tankers and from model experiment:;", 

contains a description of the m~thods used for analyses. 
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1 r s AMP L ING o N B o AR o r.1; r II n E R GE P r: rn c E s s 11 

II A. pescriptioQ of th!_Shie. 

M/T "BERGE PRINCESS" which is own~d ~nd operated by Messrs. Sig. 
Be r g e s e n d • y • & Co .., t w a s d c 1 i v e re d from M it s u i C h i b a ~Jo r k s i n l 9 7 2 • 

She has an overall length of 329 n., a breadth of about 52 m,, and 
a depth of about 28 m. With a drc1ft of near 22 m., she has a dead .. 

weight capacity of about 280 000 tohs. The tank.section is dividnd 
into 6 center tanks and 6 wing tanks on each side. Wing tanks No. 3 
Port and Starboard arc permanent ballast tanks. On each side aft 
of wing tanks No. 6 the ship : as one slop tank of 3776 cu.meters. 
The tank a r range men t i s sh o 1,m s ch e r,1 at i ca 11 y on F i g u re 1 , w i th the 
tank volumes in cu.meters. 

The ship is equipped with cargo piping system und stripping piping 
system with connection to all 'cargo tanks. In addition, the ship 

has a separate piping system for filling of the permanent ballast 

tanks. This ·piping system can also be used to fill clean sea watEr 

ballast into wing tanks No. 2 Port and St~rboard and wing tanks 
No. 5 Port and Starboard. These tanks can he shut off by double 
valves from the cargo piping systcra, making it possible to fill 
ballast into these tanks while the unloading is going on ft•om the 
other tanks. 

The inlet to the ?ort slop tank from the stripping pumps and eje~tors 
enters the tank 5.5 m. above the bottom. In order to let slop 
water flow from Port slop tank to Starboard slop tank, a 300 mm. 
diameter pipe is fitted between the tanks. This pipe connects an 
outlet 1.4 m, ab~ve the bottom in the Port slop tank with an inlat 
9 m. above the bottor,, in the StJrboard slop tank. k "alva whicil can 
be operated from deck is fitted in the line. Furthermore, both slop 
tanks have va1vPs in ccnraction with the stripping lines, and there 
arc va1vc3 in the bu1khcads between Port and Starboard wing tanks 
No. 6, respectively. In addition the Starboard s1o~ tank is fitted 
with a vc1lve on ~ ripi11a connection to the no. 1 car~o piping lin,2. 

The stripping pur,1p:, were arrang(:d so that it 1·1as ver.1 convenient 
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to d r a w s a m p 1 e s o f t h c ,., a tt~ r o n ;. ' . :1 p r c s s u r r: ~ i d e o f th e p u n p s 1·1 h e n 

,. they were in use, When the car90 ;, 1i1ps v1cre used, samples \vere 

drawn from the suction side of t!:c puinps, both on the top and 
bottor1 of the r1ip:,1y pipina. l!twn t:rnks 1rn:·e decanted, hovtever, 

there were no posiiibilities of d1'<\1Jing samples in the pump room. 

Tr. e sh i p was c q u i ~ p e d w i th i n e rt iP s sys t em f o r a 11 tan ks and s 1 op 

tanks. 

M/S "BERGE PRINCES~" arrived at Ly~e Bay on Jan 25, 1973 from Kuwait 
c a r r y i n g a f u 11 1 o a d ( 2 7 ?. 2 6 G t o n ::; ) o f K u \.'I a i t c r u de o i1 , w it h a n 
API of 31.8, and specific gravity of 0.8665 at 60 degrees F. 

45960 tons of :he cargo was unloaded to another ship in Lyme Bay, 
after which the ship continued to Le Havre and unloaded another 
126 792 tons. One b.irrc1 was filled l'Jith cru,Jc oil from the cargo 
and sent to lion,ay .cor the model exptrirnents. Thcrea.fter the ship 
continued to Isl. of Grain and unloaded the rest of the cargo, The 
unloading at Isl. of Grain started on Jan 29. at 1040 and was finishod 
on Jan 30 at 0700, lhe distribution of the cargo is shown on Figure 2, 
including the unloa~ing plan for the three ports. The tanks marked 
w i th f\ w c re u n 1 o ad e d a t Lyme O a y , B a t ~- e Ha v re cn1 cl C a t I s 1. of G r a i n • 

Concurrently with the unloading at Isle of Grain, ballast was filled 
into the pernanent ballast tanks wing tanks No, 3 Port and Starboard, 
cargo tan~s wing tanks No. 2 Port and Starboard and win, tanks 
No. G Port and Starboard. Decause of the limited draft for departure 
at Isl, of Grain, w·ing tanks IJo. 2 Port and Starboard :ind tlo. 5 Port 
and Starboard were not co~plctely filled before departure. The ballast 
condition at departure is shown on Figure 3, while Figures 4 and 5 
show the ballast condition during the voyage. 

Departure Isl. of Grain took place on JJn 30. at 0900, and the 
ship wns abreast of C~pc Town on fch 14. at 1800. 
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Il C. 

The outline for t!w samp1 iii:, /',. ,:1 ;.J to be conducted onbo;ird the 
M/T "BERGE PRHICESS 11 specif·;:; ·1• 1

,.:~. :?.i\1r.;1les should be drawn during 

the sett 1 i n g period of the d ·; i' :. y l:;; ·1 i ;:is t and du r i n g di sch a r g e of 

ballast water, Samples should b::: d1·:•\m from a pair of identical 

wing tanks, a pair of idcnth.,,1 ';c11ter tanks, as well as from the 

s 1 op tanks • 0 n c of the w i n g tan:: s ::i 11 d on c of the center tanks sh o u 1 d 

have a relatively large quantity of oil remaining after unloading, 
comparable to the conditions in L.u1ks that are not properly stripped 
after unloading, and one Hing tonk uncl one center tank should con
tain as smali quantities of oil as possible, co~parable to conditions 
in tanks that are very well stripped after unloading. The tanks 

selected for monitoring were wing tanks No. 5 Port and Starboard, 
and center tanks No. 1 and Mo. 3. Port wing tank No. 5 was stripped 

extra thoroughly, while Starboard wing tank No, 5 was stripped 
according to normal good practice, Coth center tanks No. 1 and 
No. 3 were stripped according to good normal practice, and in order 
to ob ta i n d i ff e re n t q u a n t i t i c s o f o il re 111 a i n i n g i n t Ii e s e ta n k s , 
the piping system was washed into center tonk No. 3. Slop tanks were 
to be filled with slop water from the flushing of the empty cargo 

tanks, and the stripping pumps should be used for stripping. During 
the settling of slop Hater, sa1,1ples \•Jere to be drawn regularly, 

Center tanks No. 2 and No. 5 should be washed to clean ballast 
standard. Sa~ples should be drawn regularly of the water t~at was 
discl,arged overboard from the Starboard slop tank durir.g tank wash·inu, 

and samples should further be drawn from the settled water in the 
s 1 op ta n k d u r i n g th c p e r i o d a ft e r ta II K irn c; II i n g . T Ii e c j e c. to r 

s h o u 1 d b e u s c cl f o r s t r i p p i n g cl u r i n g t a n k vi u s h i n g • S a m p l P s s Ii o u 1 d 

a 1 s o u t• d r o \HI f r o ,a the s 1 op w a t e r du r i n g t h e l a s t d i s c h a r g ci. f r o 11 

the slop tanks. 

B c f o re d c p a rt u re from I s 1 . o f G r a i n o n J a n 3 0 • , vii n g ta n k s ! 1 u • '.; 

Port and Starboard were fillrd to an ullage of 13 metres. On J~~ 

b u. 11 a s t 11 a s d i s c h i, r :J c d f r o m I Ii n :J t a l'I k :.; r; :J , 2 P o rt a n d S tr, r L- i, :, r , : , 

using cargo pur.1p lfo. l. t3a11nr,t \1as further puriped out of vling 
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tanks No. 3 Port Jnd St a r '. J .-: <' ; • : • .• : I' c10un ballast pump. Center 
tanks Mo. 1 .and tl o. 3 vie re r- •• ' 

I 'j l l an ul1a9e of 4 111 , , using 
cargo pl.!lnps Uo, 2 and 3. Th:: s. i.· ! j ' 

,. '>,J 

·' ) 
the \'ling tanks No. 5 

Port a n d St a r boa rd we r c n l !.i o f ·i : ·, ,, 1 ,; o i1 n u 1 l age of 4 m • , us i n g 
cargo pump No. 4. Since a 1.',:ilv;: ur: tlie cross-over line on the suction 
side of the pur,1ps in the pu1;1p rciti!:i 1.•ris lpft open. it must be assumed 
that the ballast that 11as di::chi;i·: d fror:1 \ving tanks No. 2 Port and 

Starboard \.'1as dr1nm into cargo f1u·:,;i'~ ~los. 2 and 3 and pumped into 

center tanks Nos. 1 and 3. 

II D. Methods for sarnolin~. _____ ........... ___ ,.,__ 

Two methods were used for drawing saLlplrs of the ballast and slop 
water from the tanks. The most used method was to lower a hose into 
the tank and pump the sample out, but samples were al~o drawn by 

the u s c o f ha 1 f 1 i t c r g 1 a s s b o t t 1 c s th a t w c r c 1 o \•le re d i n to th c 

tank and opened at the desired depth to obtain sa~ples from these 
specific points. There were two difficulties in connection with the 
sampling, one of which was the oil layer that was floating on the 
surfnce of the ballast water in the tanks, and another one \·1hich was 
the fact that the tanks were under inert gas pressure and it was not 
desirable to open the tanks too often or longer than necessary. 

a) §!0Dl!na.~~Y1~~g~t 
The equipment carried along for stapling consisted of: 

600 100 Lll. dark glass bottles 
30 m. 2 in. plastic tube 

l punp 
100 m. I in. thick wnlled hose 

12' 1:1. 7 in. plastic tube (PVC) 

2 u n i t ~ o f 0 r p J r a t LJ s to d r i.l\'1 s a 11 p 1 es d i r cc t 1 y from l: ! e 



.. level in the tanks, u~ i ,:,' 

1 measuring tape. 
If litre gl~ss bottles 
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In addition the oil/water int0rf~cr Jet~ctor from the ship was used, 

In order to avoid contarnfnation of the sampling hose when it was 
lowered through the oil L.ycr on tlie top of the water, a 5 r.1eter long 
2 i n • p 1 a s t 1 c t u b e v1 a s f i r s t 1 o \·! e: r c rl i n t o t h e ta n k • A t t h e b o t t o m 
end of the tube a lead plate was fastened to keep the tube in 
vertical position. To keep the oil from entering the tube when it 

was lowered through the oil layer. a plastic bag was wrapped over the 
lower end, and the tube wa3 filled slowly with water as it was 
lowered down into the tank, keeping the level inside the tube equal 
to the cutside level. When the tube was in desired position, the 
p 1 as ti c b a 9 w a s d r a \Jn o ff by use of a \'Ii re and ha u l e d up to d cc k. 

In this way a plastic tube \tas placed in each of the ttanks for sampling 
To prevent the possibility that some oil might have settled on the 
surface inside the tube since the sampling pipe was last used, an 
absorbent material was used befora every sampling to clean out any 
oil inside the tul>e. To simplify t!le sampling procedure the half 

inch sampling hose which was 26 m. long, was marked at 7 m., 16 m., 
and 25 m. A metal weight was fastened to the end of the hose to 
make it easter to slide the hose through the plastic tube and to 
ensure that it would hang as vertical as possible. 

The samples Here drawn from the tanks using a ht.!nd pump. For each 

level. before sa~ples were drawn, 6 times the total volume of the 
sar1pling hose was first pu1i1ped through the hose to ensure tlnt the:; 
was no conta1;iination in the hoHi or in the pump. Furthcri!lOrc, at 
frequent intervals. clean sea water was pumr,cd throt•gh the hose ,·! 
the pump and samples v1crc drinrn of the sea \later before and i1ft(11' 

it had passed throlf~Jh the hose pur:1p systr1rn. In this way, it could 

be de Le ct e d 1 f con L ,; 11 i n a ti on of the s a :.1 p 1 i n 9 e qui pm en t occur n.: c:. 



- 7 - NSFI 

c) Sampling glass method, see Figure 7, 
-----------~-----------------------

In order to make it possible to draw samples from tanks that had 
a larger ullage than that the pump could draw from, a different 
sampling method was used, With this method, a half liter sampling 
bottle was lowered into the tanks with suitable weights, and the 
sampling cock was opened and closed from the deck when at the desired 
level. For lowering or pulling up , a measuring tape was first used, 
but this broke after being used a short time and the wire for closing 
of the sampling cock was thereafter used for lowering and raising, 
In this way, this wire was kept in tension, such that the sampling 
cock was closed at a11 times during lowering and pulling up. 

As shown on Figure 7, the sampling cock is controlled using a 
thin nylon linP. which passes through holes in the carrying bracket. 
It was first intended to use this nylon line all the way up to the 
deck to control the sampling cock, but the nylon line was too f'lexible 

and it was very difficult to have any feeling of the position of the 
cock. The nylon line was therefore cut about 20 cm. from the carryi~g 
bracket and a thin w1re was used from there on to the deck. ln this 
way, it was possible to have good control of the cock position. To 
avoid losing the apparatus into the tank if the nylon line should 
break, an extra safety loop wa• attached from the wire to the carrying 
bracket. 

To avoid contaminating the appa~atus as it would be if it should 
pass through the oil layer on the top of the water 1n the tank, 
tt was hcra used a 7 1n. plastic tube to lower the apparatus through 
the oil layer down into the water, lhis plastic tube was lowered in 
the ~ame way as the 2 in. tube described 1n the chapter about the 
sampling hose and pump. When the samples were taken up, part of the 
content was transferred to the 100 ml. sampling bottles. 

This arrangement was in particular intended for use in t~e slop 
tank!>. Oue to the thick oil layPr and telatively large variations 
in ullage in these tanks, however, it became difficult and near 
impossible to keep the 7 in. plastic tubes clean. Due to the 
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fact that the tanks were under in_rt gas pressure. the tank hatches 
co u 1 d n o t b e k e p t o p e n a t a 11 t i u ;' s to l owe r o r r a i s e the p 1 a s t i c 
tubes as the ullages varied. As ~ result. the plastic tubes were 
contaminated w1th oil on the insid~ and could not be used. 

For the other tanks the sampling :iottle arrangement worked to 
the satisfaction of the operators. 

d) Oil/water interface detection. 

In order to measure the oil layer that w~s floating on the water 
in the tanks, the ships usual oil/water interface detector was 
used. When the oil layer was measured it was made several consecutive 
mcasurem~nts in each tank. These varied very little which may indicate 
that this type of oil/water interface detector works very well. 

The result of the measurements is shown on figijre 8, and is listed 
in Table 2 "MEASUREMUIT OF OIL LAYER 11

• The figure shows the on 
quantity in cu.meters and in per cent of tank volume. 

e) Conwents concerning ullage. 

According to the calibration tables for the ship. the ullage is 
measured from the ullage hatch on the top of the tank hatch, down to 
the liquid level. In the report fot'ms for the water samµ1cs, the 
u11agc und the depth of the sampling points arc measured from the 
edge of the But t c rw o rt h hatch w he re the s a.mp 1 e s w c re drawn • 
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II E. ~cript·ion of the ~1: __ lin_c;. 

Sampled ahead and behind sampl·ing r1ose and pump. 

Every day one bucket of sea water was dr~wn from the sea water inlet 
in the engine room. A sanple of the water was first drawn directly 
from the buckets, thereafter a sampla of the water was drawn after 
it had passed the sampling hose and pump to control the cleanliness 
of the sampling flquip~ent. On Feb 3. the sea water showed an oil 
content of 6 ppm after it had passed the sampling hose and the pump. 
All the other samples showed oil content~ of 1 ppm or below this. 
The result of t;ds sampling is listed in Table 3. 

b) Wing tanks No. 2 Port and Starboard. 

!l§2§}_~li~~~!~_g2!§}_~!-9qgQ):" .. ---

Wing tanks No. 2 Port and Starboard were unloaded and stripped on 
Jan 27. Both tanks were well stripped as usual. Tht tanks were 
ballasted with clean sea water. using the clean ballast pump. 
while the unloading of the other tanks were still going on. The 
ballasting started on Jan 29. at 2030 hrs and was finished on 
Jan 30. at 0400 hrst and the t~nks were filled to an u11Pge of 14 m. 
The tanks were not fi11ed up because of the )imited draft for 
departure Isle of Grain. 

Since it was desired to carry dirty ballast on Center Tanks No. 1 
and No. 3, the ballast in wing tanks ~o. 2 Port and Starboard was 
discharged on Jan 31. from 13~5 until 1800 using cargo pump No. 1. 
Because of 10 to 15 degrees rolling, the discharge was stopped at 
an ullage of 27.2 m. on both tanks. This leaves the liquid level 
2.41 m. from the bottom. The average oil content of the discharged 
w a t c r w a 5 1 3 0 ppm • a n d the w il t c r h a d be c n a l 1 0\•1 e d to s e t t 1 e f o r 
35 hours. 
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At the same time that cargo pump No. 1 was used for discharge 
from wing tanks No. 2, cargo pumps Nos. 2 and 3 were used to pump 
ballast water into center tanks No. 1 and 3. In this way the car~o 
pump No. 1 discharged ballast water to the same cross-over-line 
through which the other cargo pumps took in sea water, and it must be 
assumed that the water being discharged from pump No. 1 was drawn 
into pumps Noi. 2 and 3 and pumped into center tanks Nos. 1 and~, 
Lnus tilling these tanks not with clean sea water but with ballast 
from wing tanks No. 2. 

On Feb. 3. the rest of the ballast water in wing tanks No. 2 Port 
and Starboard \l,as transferred to Port slop tank. The connecting 
valve between the Port and Starboard slop tanks was open. 

The results of the sampling from wing tanks No. 2 Port and 
Starboard is listed in Table 4. 

c) Wing tanks No. 5 Port and Starboard 
3 (24585 m. ea •• 29.6 m. deep). 

Wing tanks No. 5 Port and Starboard were unloaded and stripped on 
Jan 27. While wing tank No. 5 Starboard was well stripped as 
usual, an effort was made to empty wing tank No. 5 Port thoroughly 
in order to leave as little otl as possible in this tank. On Jan 29, 
from 2030 until Jan 30. 0400 both tanks were ballasted with clean 
sea water. using the clean ballast pump for filling. Both tanks were 
filled to an u:lagc of 13 m. The ballasting took place while other 
tanks were being unloaded, The tanks were not filled completely due 
to the limited draft ;or departure Isl. of Grain. 

On Jan 31. from 1430 until 1900 more ballast was pumped into the 
tanks using c&rgo oil pump No. 4. The tanks were filled to an ullagc 
of ~.Om. Due to heavy ro11in{1. no srrnrles were drawn of the ballast 
water until Fr;b. 1. FrC1m then on sJmples \·rnrc dr~·.rn rf:gularly. 

On rcb. 7 0200 until 04~5. ballast was pumped out using two cargo 
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• pumps until the ullage 1,1as U :· ing the night between Feb 7. and 

Feb 8. settled ballast \';iltc,r ··., ·cctnt0d from the tanks to center 
tan k No o 5 . T h i s w a s co n t i 'P: ,' : 1 

'· i, , : ·1 th c u 11 a g e i n the w i n g ta n ks t-' o • 

5 w a s 2 2 m • 0 n Feb 7 , a t l CO o i.;, , ·, i 1 1 aye r on the ~rn t er i n w i n g tan k 

No • 5 P o rt w a s 5 cm • w t1 ·i ch (; q i, , i :: ,; 4 m 3 • o f o i 1 , a n d i n w i n g ta n k 

No. 5 Starboard. the l,1ycr v,,;~ n ,,:,1., which equals 113 m3• of oil. 

On Feb 8, from 1807 to 2125, ballfst was pumped out from wing tank 
No. 5, using one cargo pump. The ~ischarge was stopped at a~ u11age 
of 28 m., \>1hich gave the liquid levt.?1 of 1.6 m. in the tanks. 
Th i s 1 eave s 1 • 5 5 m • o f \·; a t e r b e ·1 o 1·' th e o i 1 1 e v e 1 i n w i n g ta n k No • 5 

Port and 1.47 m. below the oil lnyi:r in wing tank No. 5 Starboar~. 

Discharged overboard from wing tanks No. 5 Port and Starboard: 

On Feb 7. 0200 until 0445, 22654 rn 3 • w;,s discharged with an ave1·age 

oil content of 20 ppm. This equals 0.453 m3 • of oil or 9.6 1./n.mi. 

On Feb 8, 1807 to 2125, 10444 m3• was discharged with an average oil 

content of 100 pprn. This equals 1.01f4 m3• of oil or 19 1/n.mi. 

On Feb. 9, wing tanks Ho. 5 Port and Starboard were stripped into 
Port slop tank with the valve between the Port and Starbord slop 
tanks open. 

The result of the sampling for wing tanks No. 5 are shown in Tables 
s. 6 and 7 and in Table 1 "Summary of settled ballast water and 
slop water discharged between Feb, 3, ~nd 13. 1973". 

d) Center Tank No. 1 
( 2 5 1 8 3 m 3 • t 3 1 • 0 7 Ill • d e c p ) • 

---------------------------
C e n t C? r T a n k N o • 1 w a s u n 1 o a d c cl a n d s t r i p p e d o n 1l a n • 2 7 • T h r i. ;1 i 1 

1 

w a s n o t w a s h e d o r f 1 u s h e d b e f o r e r i 11 c d w i t h s e 11 i, a t c r f o , L i ·i •1 
• 

The ballasting took place on Jan. 31, from 1320 until 1800. ?J 

of !>ea water 1n1 s pump c d i n to the tank t g i vi n g a "l u 1 L:: g e of tl ii. 

Due to heavy rolling, samples of th~ ballast water WP.re not dri1vrn 

until Feb. 1. at 1400. The ballast water had ttwn settled for 20 L,.:1; 
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further samples were drawn at regular intervals from this time on . 

On reb. 6, from 0600 until 0800 ballast water was decanted from the 
tank until the ullage was 11 meters. This was done to increase the 
trim by stern for tank washing of Center Tanks Nos. 2 and 5. 

On Feb. 7, settled ba!last water was decanted from Center Tank No. 1 
to Center Tank No. 2 until the ullage in Center Tank No. 1 was 21.5 
meters. At 1000, the oil layer on the water in Center Tank No. 1 was 
15 cm, which equals 129 m3 of oil. 

On Feb. 8, from 1900 until 2045, the ballast water was discharged 
from Center Tank No. 1, using one cargo pump. Discharging was stopped 
at 29.8 meters ullage. The liquid level in the tank at this point was 
1.27 meters, which gives 1. 12 meters of water below the oil layer. 

Quant i ti es di sch a r g e d from Center Tank No • 1 : 
On Feb. 6, from 0600 until 0800 - 6013 m3 was decanted with an 
average oil content of 30 ppm. This g~ves 0, 110 m3 of oil, or 5,3 1./ 
n.mile, 

On Feb 8, from 1900 until 2045 - 7030 m3 was pumped out with an 
average o i 1 con tent of 2 0 0 ppm . T id s e qua 1 s 1 . 4 2 6 m 3 of o i1 • or 4 7 • 5 
1./n.mile. 

On Feb, 9, the remaining 1.27 meters of oil/water in Center Tank 
No. 1 was stripped into Port sloptank. The valv~ between Port and 
Starboard sloptanks was open. 

The result of thE) sampling of Center Tank No. 1 is listed in 
Table 8 and in Table 1 HSummary of settled ballast water and slop 
wat<~r d·ischargcd between 3 Feb and 13 Feb 1973 11

• 

e) Center Tank No. 3 
(24936 111

3 • • 30.31 m. deep). 

Center Tank No. 3 was unloaded and stripped on Jan, 30• 1973. 
0 n \1 a n • 3 1 , t h e c a r y o p i p i n g r, y s t r:i m w a s f l u 5 h e d a n d t h e o i 'I/ \'I a t e r 



mixture was pumped into thi~ ~
Ballasting of the tank tookµ, 
A total of 22597 m3• was pu 

,ore it was filled with sea water. 
,1Jn, 31, from 1320 until 1800. 

giving an ullage of 4 m. 

Due to heavy rolling of the t:l,·ip~ it VlilS not possible to draw 
samples of the ballast water· t~:,u, ,, on Feb. l, at 1435. The dirty 

ballast water had a.t this th,c ~ l 1:·1ed for 20.5 hrs. Fol1ov1ing this 
s amp li n g , f u r the r s a 111 p 1 e s \I c re d r i: ";n reg '.J 1 a r 1 y • 0 n F e b • 7 1 a t 1 O O O 

hrs., the oil layer on the \·1c1ter in the tank was measured to be 66 cm. 
which equals 567 m3• On Feb. 8 1 settled ballast water was decanted 

from Center tank No. 3 to Center to11k N,::i. 2 until the u11age of Center 

tank No. 3 was 12.2 m. From 1Ul0 until 1900 the same day, ballast 1·rns 
discharged from center tank No. 31 usirg two cargo pumps until 1300, 
and one pump only thereafter. Discharging was slopped at 28.6 m. 
u 11 a g o , ;·1 h i ch 1 c ft t h e 1 i q u i d 1 c v e 1 i n the ta n k L 71 m • a b o v r the 
bottom. This leaves 1.05 m. water below the oil layer. 

The quantities dischurged overboard from Center tank No. 3 
were as fo11o\vs: 
On Feb. 8, 1600 - 1800, 11177 m3• was discharged, with an average 
oil content of 15 ppm. This gives u.168 m3• of oil or 4.9 1./n,mi. 
On Feb. 8. 1800 - 1900, 2920 m3

o was disth~rged, with an average 

oil content of 30 ppm. This gives 0.000 m3• of oil or 5.2 1./n.mi. 

On Feb. 8, 1930 to Feb, 9, 0030, the rest (1.71 m,) was stripped 
from Center tank No. 3 into Port slop tank. The valve between the 
Port and Starboard sl?p tanks was open. 

T h e r r. s u l t o f t h e s ,,un p l i n g f r o m C e n t c r t a n k N o • 3 i s 1 i s t e d i n 
Table 9 and in Table 1 11 Sum1;1at"Y of sctt'lcd balln5t water i.;11d 

slop wrter discharged between feb. 3, and Feb. 13. 197:1 11
• 

Ce n t e r T r1 n k No • 2 w ;1 s u n 1 o;; d c d a n d s t r i r p e d on ,l a n • 2 7 • O n J a n • .'. 'i ~ 

a t 11 O (I , c, 1 c a n s e a \>JG t e r w a s 1 e t i II t o the t;n, k II n t i 1 1.11 c w :1 t c r 1 , . ,__ ! 
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was 1 meter above the bottom. ThL 10:itur was left in the tank for 
flushing and was stripped out on Feb. 2, at 200, 

On Feb. 6, from 0800 unti'I 1700, Center Tank No. 2 was washed to 
c 1 ea n b a 11 a s t s t a n d a rd • T he v, «:1. t r: r f r- cm t he ta n k w a s h i n g w a s p umped 

to the slop tanks and samples were drawn as it was discharged from 
the secondary slop tank. The rc~;ult of the sampling is listed in 

Table 14. Durins the niriht 1Jet1H:on 7 and 8 Feb, 15,500 m3 of settlnd 

ballast water from Center Tanks Nos. 1 and 3 was decanted to Cente· 

Tank No. 2. 

On Feb. 8, from 1015 until 1530, clean ~ea water was pumped into 
Center Tank No. 2 until the ullage was 4 meters. Samples of the 
b a 11 as t water i n th i s tank 1 !i mi nut es aft ct· the tank was f i 1 i e d 

showed an oil content of 27 ppm. The result of the sampling is 
listed in Table lOu 

g) Center Tank No. 5 
3 (37404 m , 30.31 m. oeep) 

Center Tank No. 5 was unloaded and stripped on Jan. 30. On Jan ~1 
at 1100 1 clean water was drained into the tank until a water leve~ 
of 1 meter was reached, The water was left in the tank for flushirg 

until it was stripped out on rcb. 3 at 1800. The tank was washed to 
clean ballast standard from Feb. 6, at 1730, until Feb 7 at 0200. 
The water from the tank washing was p11n1p 1.:d to the s 1 op tanks and 

s~mplcs were drawn as it was discharged from the secondary slop tank. 
The result of this sampling is listed in Table 15. 

During the night betwc~en 7 and 8 Feb, 9,500 m3 sctt1€:d ba11a;t vrnt•!r 

from Hing Tanks No. 5, Port and Starboard, was decanted to Center· ank 
No , 5 • 0 n F c b • 8 , from 1 01 5 u n ti 1 1 5 3 O , c 1 ea n sea w at P. r w n s pump c d 

i n to t h e t c1 n k u n t i 1 a n u 11 a g e o f 1 0 rn e t c r w a 5 re a c h e d • S a 1;1 p 1 r~ i; o f 
the bnlla::t 111ater in Centr:r liJlik Mo. 5, JO rni11tlt.es after f;il ing 1·:as 

completed, s.howed oil contct1t of 15 pp1,1, The n:suH. of the ;;.anplii.g 

1s listed 1n Table 11. 
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Slop Tanks Port and Starboard 
3 {3776 m. ea,, 24.46 m. deep). 

--------------------------·---

NSFf 

Accor~ing to the calibration table, there remains 217 m3• in each 
tank when the ullage is 24.46 m. but the table ends at this poinL. 

On Jan 31, the empty cargo tanks were filled with clean sea water 
to about 1 m. above the bottom for flushing c.f the bottom. On Feb. 
2 and 3, the tanks were stripped. Stripping pumps were used and the 
contaminated water was pumped into Port slop tank, with the valve 
between Port and Starboard slop tanks open. On Feb 3 1 at 1600, both 
slop tanks were full and 3 m. was decanted from Starboard slop tank. 
The decanting stopped at 1615, The total quantity decanted was 
602 m3., with an assumed on content of 120 ppm, which gives 0.072 m3• 
of oil or 13.0 1./n.mi. 

At 1800, the stripping after flushing was finished, and at 1900 
sa~ples were drawn of the water in the slop tanks. The average oil 
content in the Port slop tank was 150 ppm, and tn the Starboard 
slop tank 100 ppm. On Feb 5, from 1430 to 1700, settled slop water 
was decanted from the Starboard s1op tank. The valve be~ween Port 
and Starboard slop tanks was open. The decanting was stopped when 
the ullage in the Starboard sloo tank was 16.5 ~. and in the Port 
slop tank 13.5 m. A total of 4753 m3. was decanted, w1th an average 
oil content of 40 ppm. This equals 0.190 m3• of oil or 4.5 1./n.mi. 

On Feb 5, at 0830, the oil layer on the water in Starboard slop tank 
was measured to be 18 cm.; thi~ equals 35 m3• At 1030 the same 
day. the oil layer on the water in the Port slop tank was measured 
to be 255 cm., which equals 515 m3• At 1430 the same day, the average 
011 content tn the water below the oil layer in the rort slop tank 
was 22 ppm, and in the Starboard slop tank 47 ppm. 

On Feb 6, at 0800. washing was started in center tank No. 2. using 
11 via:.hir.g m;1chiries with a c..apac.ity 35 11i3, for cad, machine, HH~ 

tank was stripped, uiing Port ejector into Port slop tank. rha valve 
bet1.,ieen the slop tanks \-la$ open. At 0840, cargo pu:ryp f ◄ O, 1 vrns 
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s t a r t e d t o d i s c h a r g e f r o m ~ L, l:r ~- (1 ;: 1 • 1 ! s 1 o p ti\ n k • T h e q u a n t i t y d i s . · 
charged was controlled by ar!ju~.tins thi: pressure \alve for the pump 

The cargo oil pump ;·;as used l·ri d 1schur9e the water instead of 

decanting, in order to be able tc- di·,l.\1 samples of the water that WiiS 

disch<l.rged. The diffei~ence bct\:cc11 Uie liquid levels in the slop 

tanks was kept to dbout 7 m. TIH~ u110ac in the Port slop tank varied 

between 9 and 5 meters Hhile in the St.:irboard slop tankt the ullaye 

v a r i c d b e tween 1 6 a n d 1 2 me c ri rs 1 Ii e f1 o \•/ th ro u ~1 h t h e s l o p ta n k s w a s 
est·imatcd to be 1435 m3 ./hour. The uvet·age total slop volume in 

the tloo tanks during the washing process was 4300 ~3. 

At 1700, trie washing of cC'nter tank no. 2 was finished. The total 

volume that wa~ di~charged from StarG0a,d slop tank was 11910 m3 

with an average oil content of 125 pp , which equals 1.489 m3• 
oil. The discharge took place over a period of 8.3 hours, which 
resulted in a discharge rate of 10.5 1./n.mi. The maximum oil content 
of the water that ,·rns discharged fro1,1 the Starboard slop tank during 

th C \'Ja s h i I! g p e r i O d f O r CC n t e r t a n k NO • ~ t was 3 8 0 ppm t w h i C h g i V Cs 

a rate of 32 l./n.mi. 

On Feb 6, from 1700 until Feb 7, 0200, centtr tank No. 5 was washed, 
us i n g l 1 w a 5 h i n g mac h i n e s \:ri th a cap« c i t y of 3 5 m 3 • ea c. h • The same 
mcth~d was used for stripping and discharging from the slop tanks as 
\'la r, u s e d f o r w ,1 s h i n g o f c e n t e r t a n k N c • 2 • D u t · i n g t h ~· 9 h o u rs th a t 
the washing went on, 12915 m3• was discharged from the Starboard slop 
tank. The discharge had an average oil content of 160 ppm, which 
equals 2.066 m3• of oil. This gives a discharge rate of 13.5 1./n.mi. 
The r,1axirnum oil content in the water that \•tas discharged from the 
Starboard slop tank during this washing period Wi'IS 211,8 pprn. which 

results in a discharge rate of 21 1./n.mi. 

On Feb. 7. at 1100, the oil layer in the slop tanks was measured to 
? 

be 417 cm. thick 1 which equals 788 ~Jo in the Port slop tank and ~1 
cm • th i c k , ~1 h i ch t q u a 1 5 7 8 cu • ri • i n t I, c S t ii r b () a r· d s l ;, p t a n k • At th i s 

pvinl U,P 1111.1.qr: in tl1c• P1Jrt slop Uril-: ~1a'.~ 7.:' m., whic!: :1ivr.s ii 

toti'll ,,lnp volw::n of ?G1:q tu.rri., ;in•i the u1L'.~ in the :Lt.llioi:rtl ,;1 p 

tank vni, 8,4 m., \·1f 1 ich gives a tOtid ;lop vo11rn,1J of 2fiJG cu.m, in 

this t nk. From HH) until 1700 on the same da:/, settlr:d slop water 
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•. was decanted from the Starbcard slop tank, with the Villve between 

the Port and Starboard slop tanks open. When the decanting \ttis 

stopped, the ullage in the Port slop tunk was 16 m. and in the 
Starboard slop tank 20 m. This gives a remaining slop in the tanks of 
1107 cu,m. and 561 cu.m., respectively. The total volume discharged 
was 3417 cu.m. during the 2.5 hrs. Since the settlerl slop water was 
decanted rather than being pumped out, there was no possibility of 
drawing samples of the discharge, and it was therefore est·imatcd tl1at 

the o il cont en t of the s 1 op w a t er \'I as the s il me i'l 5 the 1 as t s i.l Ii! p 1 e 

drawn during washing, 100 ppm of oil. This would equal 0.342 c~.m. 
oil or 8,1 1./n.mi. 

On Feb 8, 1930, until Feb 9, 0030, center tank No. 3 was stripped 

into Port slop tank~ with the valve between Port and Starboard 
slop tanks open. On Feb 9, 0830 until 1800. center tank No. 1 and 
wing tanks No. 5 Port and Starboard were stripped into Port slop 

tank, with the valve between Port and Sttirboard slop tanks open. 
This resulted i,1 ullagcs of 6.2 rn. and 6.8 m. in the Port and 
Starboard slop tanks, respectively, g;ving a volume of 2864 cu.m. 
in the Port slop tank and 2746 cu.m. in the Starboard slop tank. 
On Feb 9, at 1900, the oil layer ~n the water in the slop ta11 1:s 
was mea5urcd to be 762 cm. thick in the Port slop tank and 48 cm. 
thick in the Starboard slop tank. This equals 1410 cu.m. and 94 cu.m., 
respectively. 

On Feb 10, at 0850, 15 hours after the last stripping into the 

slop tanks, discharge of settled slop water from the Starboard slop 
tank was started. The valve between the Port and Starboard slop tanks 
open. It has also opened for decanting of Starbo~rd slop tank directly 
into the sea. At 1135, the valve between the Port and Starboard slop 
tanks was closed. f-.t this point the ullagc in the Port slop tilnk was 

12.8 m. and in the Starboard slop tank 14.4 m, The total discharged 
v o 1 u m e w a s 2 C 2 3 c. u • m • , w it h a n 0. v e r a g e o i1 c o n t c n t o f 1 8 0 p p Pt , w h i c h 

e q u a l s O • 4 12 cu . m. of o i 1 • 1 hi ~: g i v 1~ s an over boa rd d 1 s ch ;, r ~Ir. r a t e of 

H) , 3 1 . / n • m i • f, L l 2 3 0 , t h e d c c D n l i n g \·1 ,.i s :., t (J p p c c: Ii : ; t i t v, ,i.; c c n t i n tF d 

to disch,;rqe frcin the 1i1arlio,1r(' slt1p t;,11!· .• u:;in:J 2i !',lripp'irr.1 p,ir:p. 

r r o n1 11 3 5 u n t i 1 1 2 3 O , 7 l 2 <. u • m • of s ct t 1 c d s 1 op ~:as di s ch a r gt' d • w i th 

an i:verage oil content of 350 p;, 1 • This cq1rn1s 0.~'.49 cu.m. pf oil, 

which gives a discharge rate of 15.6 l./11.ihl. 



•. 1 :: - NSFI 

From 1 2 3 0 u n t i1 l 3 ·1 5 , th c d : . , :; l n g a st r i pp i n g p lJ i;i p was 

con t-i m: u!. In th i s µer i o :.i i ·; . 

an average oil cont0.nt of 1:. ii 

:Jp was discharged, with 
·\;:;equals 0.077 cu.m. of oil, 

which results in a d'isch;p·'.:' i 1
• 11 1./n.m·l. At 1315. the 

u 11 n g e i n the St a r b on rd s 1 .;; . . . s ;~ ~ • 0 m. The o verb o a rd 

discharg<; \·1as stopped, and th t•.: •. ·in the Starboard slop tank 

\'ms stripped over to the P(n~ s1c 1) l,,ink. l',t 1510, the Starboard 

s 1 op ta n k i·Ja s e mp t y an d th P : ; 1 ·1 . 9 , h th c Po rt s l o p t a n k was 1 O • 5 111 • 

The total discharge vo1u1;1e L·c,;,1 t!i · ;·1op tunks between 0850 and 1315 

was 3 5 0 6 cu. r,1. , of w hi ch O • 7'.~ [; cu . : ·, 11 as o i 1 • 

On Feb 13, at 0900, the oil l··yer ·1n the slop \·1ater in the Port s1op 

tanr. \'/ilS rnci.lsured to be 930 C!r'. tl1lck, which equals 1457 cu.r:1. of 

oil. The settling time after last st.tipping into Port slop tank '/JS 

at this point, 66 hours. A vo1ul':e of lti57 cu.m. in the Port slor 

tank gives an ul~Jge of 13.8) ~. At 0035 dischar~e of settled slop 
w a t e r f r n m t h e P o r t s l o p t t'.. n k , u s ; n u o 11 .: s t r i p p i n g p um p , \·1 il s c om -

menced. At 1130, the ullagr. \·:as 13.ll r:,., and oil content of the water 

after the pump was increasing rapidly. The discharge would therefore 

normally have been stopped ilt this point. The total volume discharged 

between 0935 and 1130 was 528 cu.m. vith an average oil content of 

6~0 ppm, uhich equals 0.338 cu.r.i. of oil. lhis gives a discharge rate 

of 10.5 1. of oil/n.mi. 

In the int£:rest of the expcrhients, it was decided to ~o beyond 

normal operati~g practices and continue the discharge for a few 

minutes. This was done to obtain samples from the discharge to 
E:Stablish how rapidly the oil content of the discharge increased 

when the oil/water interface was approached closer thJn nor~al 
practice allows. The dischatge \·,as l1encr: contin,;cd uritil 113S, 

with &n additional ciisch2rgc of 20 cu.m. The u11age in the tank ;-i 11 

timr- 1;as 13.6 r:i, and sar,1ple 304 drd\·rn at 1135 sho1·1s that the c.i: 
ten t a t t h i s po i n t \'/ c1 $ 4 ;~ • 11 h i c h r c s u 1 t s i n a d i s ch « 1 · !J e r ,, t 2 (j f 

1/n.mi, Hith the ullage of 13.6 m. about 1492 cu.r.i. is left i;1 

tf.lnk, Cor·,prirC:rl vlith the rn~1,r;11r·emcnt v1ith the oil layer at ViOJ. 

!>hou' I tiH1 rcfore (;ti11 bt' :1:; c.u,1;1, of \·1atcr in the Port slr)p 1, 

The rcs:.z1t of l',<~ ':.ii.ip1 i1,J rrn.:i ~lit· !:.If,;) ti1nkt, ·is li~tc,; in ,, '. 

'12 • l3 • 1 4 an d E, ;u, d i n 1;, :. l e 1 11 S 11, , ;_, r· y G f ~) c t t 1 c d e 2· 11 a s t ; , {' , 

a n d S le p y/ a t c r d i5 r. h d r g t d Ii (' t w c e n F f' h 1 a n d F e: b 1 3 , 1 ~17 3 11 
• 
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i) Oil Layer Samples. 

A total of 13 samples were drawn from the oil layer in the port 
slop tank. as well as one sample from the oil layer on the ballast 
water in center tank No. 3. This sample was drawn on Feb 2. 

Of the othar samples, one was drawn on Feb 3, when the slop tank 
was filled with slop after the flushing of the empty cargo tanks. 
The remainder of the samples were drawn from the port slop tank 
after the last overboard discharge had been stopped. The samples 
were drawn consecutively at every meter depth in the slop. The 
result of the analysis show a relatively small variation around 
20 - 25 per cent by weight of water in the slop. 

The result of the sampling of the oil layers is found 1n Table 16. 
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I II SAM P LI t l G OM C OAR D T / T II F E r ; ; C ~;:; : "C 11 • 

An additional fhipboard suuriling ;n•r1CJrnm Wi:.S conducted onboard the 
T/T "Ferncourt", b~longing to the fcrnley & Eger Shipowners of Oslo, 
Norway. The T/T 11 Fcrncourt 11 has a dcGdv1eight tonnage of 244.000, 
a n d t h e s a ::i p 1 e s ,., e r e d r a 1·rn t r o m t h ,: c e n 't e r t a n k N o • 3 , w h i c h h a s 

a capacity of 10.000 cu. matras. A total of 21 samples were drawn 
from the ballast 1•,atcr in this tnnkt in addition to samples of the 

cargo oil for analysis reference sto.11dard. The T/T 11 F'erncourt 11 

carried Kuwait crude with API of 31.7 from Mina Al Amadi, and the 
cargo was unloaded a. Rotterdan on Jan 9, 1973. Center tank No. 3 

was f i 11 c d \·ti th c 1 ea n sea 11 i:t t er to an u 1 i age of 1 • 5 m. on Jan 11 , 
1973, and samples 1·1ere dt•in:n 3, 8, H, 32 and 56 hours after the 
filling was cofflpleted. The tank is 28 ~eters deep. and the samples 
we re d r a w n f r or., t h r c e 1 c v e 1 s , v, h i c h \'ie re r e s p e c t i v e 1 y 3 • 5 , 1 4 • 0 a n d 
27.0 meters below the deck. The tank was judged to hnve a relatively 
large amount of oil remaining, The equipment used for sampling was 
similar to that described for the shipboa,rd sampling onboard the 
M/T "Berge Princess", A two-inch tube was placed in position extending 
below the oil layer on the top of the water, taking care that no oil 
was allowed inside this tube. A small hose was lowered through the 
tube down into the tank for sampling. lhc hose was weighted at the 
lower end to keep it vertical. On deck. the hose was connected to 
tha suction side of a spray gun. n~d large quantities of water wnre 
a 11 owe d to f 1 ow th r o u g h t he s ,w p 1 i n g e q u i p r:1 c n t b c f o re the s ara p 1 e s 
were actually taken. The sampling program was conducted by the Ship
owner's inspector~ who is a chemical engineer. and the 5amples were 
stored on glass bottles Hhich Here prepared by the Central Institute 
of Industrial Research, Oslo, as described in the report from this 
institute in the next section. 

The analyses of the sa~ples show that the oil content of the ballast 
water in the tank ·is very lo\•1. It is, hov1ever, illteresUng to note 
th 11 t th 0 oil cont P n t a t tf10 11 r per ', a 1:1 p 1 i 11 g point is i n r. 1 c ;1 sing 

with ti;,:. This is probd~:1y ,'.ur:: to the build-u;i of the: c.-il ·1ayr,r of 

the t c p • ca us i n g Ui c o i 1 ;,., o ~ c r i n t c d lice to t: x t <~ n d f u 1 ~her i II Lo tl1 :1 
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tank as the oil layer thickens. The upper sarnpl ing point is only 
two meters below the surface of the ballast in this tank, and it is 
apparent from the increase in ppm that oil/water interface is 
approaching this point, It is furthermore clear that it should be 
possible to discharge the bulk of this ballast directly to the 
sea without exceeding 30 ppm for instance. 

The result of the analysis of the samples is listed in Table 18. 
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IV TANK SECTION 1100EL EXPERiliENTS • 

The model experiments were conducted in order to establish 
the relationship between the conditions onboard a tanker and the 
conditions in a tank section model in the laboratory. The model experi
ments herein were meant as reference experiments and it was 
attempted to simulate the operations onboard the M/T ''Berge Princess" 
as much as possible. Samples \'/ere drawn after the same period of 

settling and at depths relative to those onboard. The crude oil 
used for the experiments was pumped from the ship's cargo in 
Le ilavre and sent to l~orway. 

Three series of experiments were conducted, using the tank sectiJn 
model as center tanks and wing tanks \;ith little and much oil 
remaining, and as slop tanks in series. 

IV A. 

The mod~l experiwcnts were conducted in a tank section model consisting 
of three differRnt tanks (two wing tanks and one center tank), as shown 
on Figuras 9 and 10. The center tank and the Starboard wing tank 
were used for dirty ballast tanks. Both wing tanks were used for 
slop tanks, and the center tank was used to blend oil and water for 
a simulation of the flushing proces5. The result of the analysis of 
the samples is listed in Table 19. 

TIie experiments \IC!re conducted as follows: 

a) §!~E1£.!g!1£~.J The center tank and the starboard wing tank 
were used for "dirty ballast tanks" containing 
as little oil es possible. The tanks were s~raycd 
with 0.6 % and 0.2 % crude oil, respectively. 
T h e t a 11 k s 1·1 e r e t h e n f i l l e d w i t h f t· e s h w a t e r 

until the liqi,·i:I levr:1 ·,;DS 1 net.er above the 

bottom of U,c t,111k, The Siiriplt,:; Here dnnrn, 

follo\'ling thP. onboard saiipling program as c·lose 



NSFI 

~ 19 shows the sampling program 
·;. h c s a r:1 p 1 i n g • Aft e r 6 3 h o u rs , 

~ drained from both tanks. 

b ) § ~ ~ [: l ~ ~ § ~ r 1 ~ 2 _? The c G n , t. ! ; · c1 n d the s ta r board \'I. in g tan k \'J e re 
used for 11 (::r:._, L,dlast tanks", containing rela• 
tively ,,-:~ch oi I It was assumed that the oil 
from the ':,1,;1p! · :,r:ries No. 1 remained in the 
ta n k s a n d r; o t,: o n w c. s a d d e d to b r i n g th e o i1 

quantity in t\,; t1.1n!{s to 2.5 % in the center 

tank and 0.5 ¾ in the wing tank. Sampling was 
conducted .::s for ',a1!:pl ing series 1. 

c) §!~Elr-~~ri~!.J Port and Starboard wing tanks were used for 
"slop tanks" and it was an open connection 
between theLl with an inlet near the bottom of 
the port wing tank and an outlet around the 
middle of the stnrboard wing tank. To si~ulate 
the flushing of the cargo tanks, the center tank 
was used to blend 5.85 litres (7.5%) crude oil 
and 72 litres (92.5%) of water. This oil/water 
mixture was pumped from the bottom of the tenk 
and entered the port slop tank about halfwny up. 

A new quantity of the oil/water mixture was 

then prepared in the center tank arid again pumped 

into the port wing tank. This was repeated 
another seven times, simulating the pumping of 
the flushing water from nine cargo tanks, a~ 
were done onboard. The sampling progrnm fo11o'.' l 

the onboard sampling program as closely as r-", :· 

d) ~!~e1~-~!r1£!_1 The slop tanks were now full of slop from'. 
series f!o, 3. t.t this point, 38.5 ~~ of ti,,· '. 

s 1 op v1 t c: r q LI a 1, ti t y v1 as d r .:1 i r. e rl out , 1 c i' v 1 : · 

4 4 3 l it n~ s n f '.'> 1 op . To s i nu l il t c s 1 e: p 1·: J ~- r-r 

the WD5iiing proc.e:ss, oil and v✓ ater wa-; mixrd : y 
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into the primary slop tank (the port tank) about 
halfway up. The flow corresponded to t~e flow 
onboard. Samples were drawn of the oil water 
mixture 1n order to control the oil content. 
Samples were also drawn of the water being disM 
charged. After completion of sample series 4, 
the slop water was left to settle for 15 hours. 

e) ~!~El~ .. !~ri~t.§ Free water was drained from the secondary slop 
tank, using the same discharge rate as used 
during sample series No. 4, until the interface 
approaced the bottom of the tank. The slop tanks 
were connected through an open connection. 
Samµ1es were drawn of the discharge water. 

f) ~~m~l~-~!!1!!.§ The oil that remained in the secondary slop tank 
was pumped into the primary slop tank. The content 
of this tank was allowed to settle for 66 hours, 
The free water in the tank was thereafter drained 
with the same ·discharge r,ate as used in sample 
series No. 4. until t~e interface approached 
the bottom of the tank. Samples were drawn of 
the discharge water. In this case samples were 
also drawn of t~g oil remaining in the tanks, 
to find tre water content of the oil. 
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! 3776 m3 15028 m3 

L_1 
f Fl j 24936 m3 
! 

~~ 
I 
! 

r 
I 
' 3776 m3 ! 15028 m3 

I 
i 

Slup 
t;.rnks 

1 -·----
6 

PERMANENT BALLAST TANKS: 

Fore peak : 5953 tons 
No. 3 wing tanks: 33100 tons 
Aft peak 1355 tons 

-n -G) 
C 
~ 
fl1 .. 

Total 4040$ tons 
-------=----= 

Mir." BERGE PRINCESS." 

24585 m3 

37404 m3 

24585 m3 

5 

LENGTH 0. A. · 

LENGTH P. P. 

BREADTH M L D. 

DEPTH 
DRAFT 

M LO. 

16404 m3 

' 

24936 m3 

16404 m3 

4 

Permanent 
·16381 rn3 

balla;;t 
16404 m 3 

· 24936 m3 24936 m3 

Permanent 
ba 11 ast 16381 m3 

16404 ·m3 

3 2 

13681 .. m3 

25183 ·m3 
t 

13681 m~ 

1 
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2.44 ;,.:, ' ?. - : 9 

I 

3078 : ':?3,;5 

6 

r-1/r. "SERGE PRINCESS." ___________ __,;........., 

~--:-7 ---·~- a~-- ~--'1--2-1 ·-·-1·-------2 .-l'J,_-r.; ___ r"\I __ ~---, ··-:--,,---• .. -, 7: 
1...,1... c. _.., t,, 2,i:.0 ! 

20M /A. 13513 ( 13470 A 11325 CJ 
2.82 

30115 

?.30 

20176 

5 

S.10 2.17 

16221 20551 

C ~") 

t:;~ C 
~.,, 
~J 2 ,..,,. . (.,.. ~ 
A 13500 C 

4 3 

On ~rrival Lyme Bay January 25th, 
272,484 1/tons. 

1973. ·-

A 

0 Temp. 62 F. 
Discharged LYME BAY, 
from 2 and 5 P. & S. 45960 1/tons. 

Discharged Le Havre 126792 1/tons 
from c. 1, 2, 4, 6 

1:1 P. & S. 2, 5, 6 and sloptanks. 

2.09 

1988'/ 

"'l ,., r 
{... {.'.) 

2 

C Discharged Isl. of Grain: the rest from C.3, 5. 
P.&S.1,4, 



r .. 
I 

• ' . 

I~ 
. I 

L • ; I 

"-~r. "BERGE PRINCESS." 
1 '"·~~-·~•-··-·----·-~·--,,-------r---;crrnn nen;-r".' --

. ba11«:l:..t • . 
13 m ull iJge I 2 m ul1 14 r:i u11 age 

I 

r----1---- --· ,.., . ·----· -·--·-~--•·--+•---
1 i 

l . 
i 
l 

13 m ul1age 

Permanent 
ba 11 ast 

2 m ullage 14 m u11 age ·---'-' ______ __._ _________________ _ 
Slcp 6 5 4 3 2 

BALLAST AT DEPARTURE ISL. OF GP.l\IN ON JAr!UARY 30th t 1973. 

Dirty ballast W.2 P.& s. 18034 m3 

Dirty ba11ast W.5 P.& S. 28812 m3 

Clean ballast W.3 P.& S. 31114 m3 

Total ballast: 77960 m3 

------------

Draft F. s.o m A 10.0 m M. 9 ,O m. 

. r-· 
' 

1 
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I 
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I I 
I I L 
s·: OD 6 
tr~n:.:s 

--,:~·=-·-· -------
~----............._. 

' 
4 m ull age 

I 
I 
' f _____ ._......, .. ___ _.._~ -....--~---· 
-- .. ---..... .. , ... 

! 
4 tr, L:11 age j ... i 

f 
j 

i. 
5 4 3 2 

CALLAST ON JANUARY 31st, 1S73, AT l~QO HOURS. 

Dirty ballast C.l 23245 m3 

Dirty ballast C.3 22597 m3 

Dirty ballast W.5 P.& S.: 44500 m3 

Ba 11 ast 90342 m3 

Dirty water for flushing: 7000 m3 

Total Ballast 97342 m3 

-=---------=-

Draft: F. 9,2 m A. 11,2 m M. 10,2 m. 

-
__ _l 

I 

4 ill u11auc I 
' I ) 

I 
I 

' I 
' I ! - -............. ,...,~ ............ ·, 
; 

I 
' J ' 

-...t.... ---- -• ••<••• 

1 
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10/2 Slop: 2000 m3 

I 

i 
I 
l 
I 

I 

Mir. II BERGE PRINCESS." 
•. -

Pcri:ianent 
ba'llast .. 

1.5 m ullnrie --' 
3 :n ul1 nge 4 m ullage 

II j 

--
Permanent 

ba 11 ast I 

1.5 m ullage 
.J 

5 4 3 2 l 

BALLAST o:STRIBUTI0N AFTER TRANSFER ON FEBRUARY 8th, 1973, 

Clean ballast C.2 22607 m3 

Clean ballast c.s 35186 m3 

Clean ballast W.3 P.& S.: 31732 m3 

Ba11nst. 89525 m3 

Slop 7000 m3 

Total 96525 m3 

-------==---

Draft: F.8,5 m A. 11 ,5 . l M. 10,0 m. 

Draft: F.8,7 m A. 10, 7 m M •. 9,7 m 



Hose sampling rnnthod. 

FIGURli 6 
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Samp1 ing glass rn~U.ot' . 

FIGUllE '/ 
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~1/r. "BERGE PRINCESS." 
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l 
' 

" 44 m" o i I = 0, 2;t 
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El 
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I 
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I 
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I J _____ _ 

6 

') 

113 ,.J 

oil 0,5% ;'.) = 

___ _._ ....... 

5 

I Permanent 
balla..;t 

-I 

.,) 5F7 oil ::: Ill 

2, 5/~ 

Permanent 
ba 11 ast 

.. .......,._.~-

4 3 2 

FEBRVARY 4th 1 1973. 

MEASURED OIL LAYER ON TOP OF BALLAST WATER 
IN UNWASHED CARGO TANKS, SHOWN IN CU.METRES 

ANO PERCENT OF TANK VOLUME. 

.. 

,,_ 
"I 

1 ')0 
' t-./ 

p-' oil = 

0,6 t.' 
r, 

' 
! 

l 
I 

-·--····~ 
I I I 

'I . ~ i 

' -- ..... : 

1 



TANK SECTION MODEL USED /,~; "U' .n-Y BALLAST TANKS" 

-- II ----11 ·-------- :2L :;PTJ\tll(S AFTER FLUSHING OF 

CARGO TANl<S. 

··------,~ 
PRIMARY SLOPTJ\liK CfXfER TAtlK S[~ONDARY SLOPTANK 
(PORT WlHG TAtlKl (STARBOARD WI HGTAHK) 

~ ~ ~H1 

SAMPUffG COCK 

~ ~~H2 

~ ~ t ~ H3 

--- I 

PUMP 

- .. --
TANI< SECTION MODEL ----- . 

. ,,,. ___ ._,., ·--" 

SKETCH NO. 1 

------ ·--
MARITIME PROTECTlGN A.IS. D 73 - 1 

---
-- ---------- . -



TANK SECTION MODEL USED t,S SLOP TANK DURTNG TANKWASHING. 

--------------------.---------, 
PRIMARY SLOP TANK 

~ 

• 

CENTER TANK 

~ 

~ 

~ 

PERI TAUlC PUMP _...., __ ' I ~ 
Oil TANK ....-----{ ~-

□ 0 

WATER SUPPLY ...._ ----' . ..... 

TANi< SECTION MODEL 

SKt:TCH NO. 2 

·-- ·-·l; 

MARITIME Pi<OTCCTION A/5. 

SECONDARY SLOP TANK 

z; 

t 

... 

FIGURE 10 

-·-·•-·-·-.,,-.- .,..__. ____ 
t-- ~--- •·--- -·-··---

D 'lJ - 2 

·--



TABLE I 
NSFI 

SUMMARY OF SETTLED BALLAST !✓ATER /\fll) SLOP vJATER DISCHARGED 

BETWEEN FEBRUARY 3 D AND 13TH, 1973. 

Date Time Tank 

3/2 1600-1615 Slop S 
5/2 1430-1700 Slop 5 
11 11 Slop P 
6/2 0600-0800 Cl 
II 

II 

7/2 
II 

1700- Slop S 
0200 

0200-0415 W5 P.S. 
" 1430-1700 Slo~ P.S. 
8/2 1600-1800 C3 
II 

II 

II 

1800-1900 C3 
1807-2125 W5 P.S. 
1900-2045 Cl 

10/2 0850-1135 Slop P.S. 

II 

II 

1135-1230 Slop S 

1230-1315 Slop S 

13/2 0935-1130 Slop P 

Sum discharged overboard: 

m3 /h. Tota 1 ppm. Oil Oil 
m3. m3. ·, / n. 

Remarks 

2408 
1743 
1425 
3007 
1435 

1435 

8350 

2278 
5588 

2920 
5805 

4073 
954 

800 

228 

275 

mi. 

602 120 0~072 18.0 
2615 40 0. 105 4.5 
2138 40 0.086 4.5 
6013 30 0.180 5.3 

119'!0 125 1.489 10. 5 

12915 160 2.C66 13,5 

22654 20 0.453 9.6 

3417 100 0.342 8.1 
11177 15 0.168 4.9 
2920 30 0.088 5.2 

10444 100 1.044 19.3 
7130 200 1.426 47.5 
2623 180 0.472 10.3 

Decanted 
Decanted 
Decanted via slop S. 
Decar,ted 
Washing C2,stripped with 
ejector to s 1 op P. Decan:.E!d 
from slop P. to S. and 
further into the sea by 
cargo pump. Max.380 ppm 
32 1 /n. mi. 

Washing CS, same method 
as for C2. 

Discharged to 17 m.u11. 
Decanted via slop S. 
Pumped out, 2 pumps. 
Pumped out. 1 pump. 
Pumped out. 
Pumped out. 
Pumped out. using one 
stripping pump and 
decanted, 

712 350 0.?.49 15,6 Pumped out. using one 
strippin~ pump and decanted. 

171 450 0.077 6.4 Pumped using one stripping 
pump. 

5?8 640 0.338 10.5 Pumped using one stripping 
pump. 

97960 8.655 
ln addition, as an experiment to establish the rise of the oil content 
as the interface is approached: 

1130-1135 Slop P 250 20 4% 0.800 533 
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MEASUREMENT OF OIL LAYER, USING 11 0ll.!,,'.frn INT!:RF/\CE DETECTOR". 

·----~-~---·,_,___,, ____ .....,......._ .. _ ... ~-..--.... ,-···· ---~ .. - . 

1 IOILL/\Yii~, !i 

DATE I TIME TANK i CM ,\'t:,, ' REMARKS 
.. ~-...... ,, ... .,_.,,.,! . .1,,' ..... ~1-.-----------------..j,.---

I 
5/2 1000 C 3 

7/2 I 1000 C 3 

8/2 j 1900 , C 3 

I 
I 

66 

66 

, 
' 

5G7 

1?2 hours settling. Relatively large 
q1.. .. ,ntity of oil ,because the pip·ing system 
was washed into this tank. 

160 hours settling. 

Rest i~ the tank whe~ overboard discharJe 
was stop~ed = 1467 m. _____________ , ___ , __ 

_ _Jlage 2!8,60 m 
I 

; il ,70 m liquid deptn 

i 10 i 86 ···i~ll ,5 hour-;:e,=t=tl=i:::,:ng=.==::c===-==,-== 
5/2 

7/2 

0930 

1000 
' 

C l 

C l I 15 129 160 ;10urs settling. 
i 

l
! C l I i 

I ' I I 

i ! 
Ullage 2 ,80 = 1,27 m liquid depth. 

I I 

8/2 2045 
1----------------·-
Rtst in the tank when overbsard dis
charge was stopped= 1083 m. ______________ , __ _ 

-==-=-=-=--=--'=~=====-==-======z:-":1:==;==:t:t:e::-':"~4-£,:/1.'.4..~D: =--=~-=· :;=-,t .J.;:x.::..:==-=-=====· &::♦::r::i:=-=~-====== 

5/2 

7/2 

8/2 

0900 

1000 

2125 

W 5 S 

W 5 S 

W 5 S 

' 13 

13 

I 

113 

113 

]01 hours settling. 

159 hours settling. 

Rest in the tank when overb~ard dis
charge wus stopped= 1343 m. 
t--------------' 

Ullage 2f,OO m = 1f60 m liqu~~ depth. 
===========:::=:!::====1·-::::.-=--:::---- s.a--=·==:::t.:&::=• =•-=r==-=·=• -=•-=-=,,-_,,_,_ ,~-==='=-"~=-.:~;:.=.;;r:::. :=:--=: 

5/2 

7/2 

8/2 

I 
1oa30 

1000 

W 5 P 

W 5 P 

3 I 26 

5 I 44 
I 
I 

2125 W 5 P I I 

Ullage 2l,oo m = 1 ls m 1 iquid: depti,. 
----- .-·:t::::=---- I 

109, 5 hours settling. 

159 hours settling. 

Rest ir. the tank when ovcrb~ard d;:, 
charge was stopped= 1343 ra. 



TABLE 2, CONTINUED, 
NSFI 

__ ,, -~····r·--· -·•---, 
OlL LAY:"R ::JL 

_o_A r_E_--l __ r_1_M_E _,.__r_A1_~ K--~-~-J '.'. tit. REMARKS. 

41 hours settling after draining after 
f"lusl:ing. 5/2 

7/2 

9/2 

13/2 

13/2 

5/2 

7/2 

9/2 

10/2 

1030 

1100 

1900 

0900 

1135 

Ull age 

0830 

1100 

1900 

1315 

Ull ugc 

Slopt. Pl 255 cm 511 

Slept. P 41 7 cm 

Slopt. P 762 cm 

Slopt. P 930 cm 

~lopt. P 
I 

L.60 m. 

I j 

S1opt. 
I 

s1 

Sl opt. 51 
I 

I S1 opt. s ' 

Slopt. S· 
I 

! 
21.00 m. 

18 cm 

41 cm 

48 cm 

·1410 

l 
37 

77 

' 94 

i 

' 

I 
I ,,,.. ____ ..., ___ 4•• ~·---- ..... ~•--'·•·-. •-·-· •-·-, ... ,,. .... , __ .... ....,.,.- ~---•- ---

I 

~· ilours settling after wasmng of C 2 
and C 5. 

l hour after ~tripping of C 1. C 3 and 
W 5 P & S finished. 

----------------
66 hours settling after slop from slop 
tank S was stripped over to this tank (F 

Rest in the tank when the o3erboa rd dis
charge was stopped= 1492 m. 

37 hours settling after draining after 
flushing. 

9 hours settling after washing. 
-----·--·---·-

1 hour after stripping. 

Rest in the tank when th~ Qverboar-d dis· 
charge was stopped= 476 mJ 
This quantity was pumped to sloptank P. 
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SAMPLE SAMPLrnG POINT DETfRMINATI ON 

NO. I ULLAGE 
METHOD CONC. --==s--'-'-=·--=· ==cc:;l====~~~~'~;;;;;;_==::==:=/==========F===~=9==:===:::=::::::::::==f:======================j 

I I 

TANK _JJELQ~ DECK -
i 

l I sea 1 3 m • b e l o \·1 s e a l e v e 1 • I s 1 • o f G 1· a i n • 29/1 ! 1700 / IR 1 ppm 
----+----1------1--------+----;------;---------------------r· ··-r 

30 I 1 I O O : IR 1 
--·-----+-----i----+-----+------+-----+-----+-------

i IR 1 
I 

1/2 l 033'J 

2 II 

30 I 
II 

II 13 m. II II II II II 

cooling II Eng. room water intake. 
-

55 I II II II !I II IL II 

56 II I II .l\ fter passing sampling hose and.pump. 
69 II II II II II 

1 JI 8efore passing hes e and 

G II /\ftcr II II 

--
l II Before passing hose and 

1 II After II II 

----- .. - -----~----------------8--
l II Before pa:sing hOSf. and 

1 II 1\ fte r It II 

-
2 II Before passing hose and 

1 II After II II 

----1...--------,-' -----+-------,i-------,;-------1------1-----1---- . 
6 / 2 1 II 

l II 

13efore passing hose and 

After u II 

j o n 3 :-1 
1

; 1 7 5 
1
: I 

--·---·--·i . -----····+-1 ~~--~-----+---------+-·--·---------

IR 

,t_3/2 ' 1CGJ ' 227 " !' l IR i II Eng. room cooling vn:1 tar 

I 
I 

II 

p L;,li i) • 

I! 

rur,lp 
II 

pump 
II 

pump 
II 

pur.1p 
II 

.intake. 

- I 
J 

-I 
:;i:-;, 
tt:l r-
ri7 
v-1 -

-· <:... 

> 
-I 

' rr1 
;:o 



D:'\ TE Tii-ii: 
' 

===-=.:::,.:a·--=--==;.:: -~"--
1 I 
I 

9/2 l 0900 
I -

10/2 l 033:) I I 

I i 
I ----r----·-
l 11/2 I Q:)jQ ! 

SAMPLE S1\MPLING POINT 

NO. 
IJELOl-i DECK 

ULLAGE 
TANK -

252 

253 I 
I 
I 
' 286 

DETERMINATION 

METHOD CONC. -l . 
IR 1 ppm 

IR 1 II 

IR . l II 

REMARKS 

-

Eng. room cooling 

II II u 

water intake 

II u 
--f 
> 
t>::I 

I I 
1--

___________________ , rn 

VJ 
II !I II II II . ... 

: 
I ----.J------+-----+------+------1-----+-----+-----------------------

1 3/2 I 090() 293 IR 1 ' II Before passing hose and pump . 
I 

' 
294 

l 

I r. 2 II After II u II I 
i - I 

: I ----------- -------"---+------1-----i------~------------------·I 
I 

I 

i 
I 
! 
I 
I 

I 

I 

I 
I 
I 

I I I 

I 

I 
i I 

! I 

C 
rn 
t:1 . 

V) 
f11 
)> 

:c 
> 
·-1 
r,, 
--. ,.., 



TY OF SAMPLES: 
::...:=====-=-- ,"'-==1 --- . -

I SAMPLE 
D,:.TE f nt,:z j NO. 

= 

-== -·-:;:.;;:__-::::-·:=.:.::...~•-----

3 l / 1 I 1400 s 
II I ii 6 

II 

II 

II 

II 

!l 

II 

I! 

II 

II 

II 

It 

II 

II 

II 

II 

II 

I! 

II 

II 

II 

II 

!I 

II 

1415 
II 

1430 
II 

1500 
ll 

1530 
11 

1CCO 
ll 

161 5 
II 

1530 
II 

1G4S 
II 

1700 
·1 

1 71 5 
!I 

17 3f) 
ll 

' ,. 

7 

8 

9 

10 

11 

12 

1 3 

14 

1 5 

1 6 

1 7 

13 

19 

20 

21 

22 
23 

24 

25 

2G 
27 

2n 

_,. 

SAMPLING POINT 

TANK JEL0\-1 DECK 
-=,· 

2 PS Pump room 
II II 

II ti 
I 
I 

II II 

II II 

II II 

II II 

I 
II II 

II II 

II II 

ti II 

II II 

H II 

II It 

I I 

! 
II II 

II II 

II II 

' II II 

I 
I ll !I 

II II 

II II 

II II 

: 
II II 

II II 

I II :I 

, .. , --
DETERMINATION 

ULLAGE 
METHOD CONC. 

T 16.00 120 ppm 

B !I 114 II 

T 17.05 106 u 

B II 94 II 

T 18. l O 1 l 2 II . 
B II 91 II 

I 

I 
T 20.10 132 II 

B II 120 II 

T 22.00 1 50 II 

R II 93 II 

T 23.50 1 37 II 

I 

B H 123 II 

T 23.90 143 II 

8 II 88 II 

T 24.30 1 26 II 

B ii 93 II 

T 24.70 158 II 

8 II 1 36 II 

T 25.10 14 3 II 

8 II 143 II 

T 25.60 160 II 

B II 14G II 

T 26.20 14H II 

13 II H2 II 

~ ?7 ? () 1qq II 

- ™· 
.:c:;z~::,: 

REMARKS 

T: Top of suction line. 

8: Bottom of suction 1 in e. 

Settling time: 30/1.0400 - 31/1.1345 = 

33 hrs. 45 min. 
• 

Cargo pump no. 1 used. Star.ted 1345. 

Discharge rate: 4350 tons/hour 

l\t 1600 reduced to 2200 tons/hour 

Pump stopped at 1 800. IJ 1 l ,'l '.; ,~ ?7~'30 :n. 

Tu.nk depth 29,61 ;:1 • 

Because of an open line on the c ro s 5 -

c VJ r-1 i ne in the pump room ·j t must be z::; 

assumed that what was di~char£ed from 
..... 
;~ 
C"l 

cargo pump No. 1 \•JaS drawn into -I 
> 

cargo pumps Nos. 2 and 3 and trans -· .... 
7' 

f erred to center tanks Nos. 1 and 3 V'I 

.,_ 

which were ballasted at this time. 0 

N 

(.,1 -0 
-I 0 
;1, ;.:o 
;.c -; 
c:;:-; 
0 > 
:"" ~ ... : 
% 0 
,:J 



SM,PLE SAMPLii~G POHIT DETERMINATION 
NO. ULLAGE REMARKS 

TANK JELO\-! DECK METHOD CONC. -
I I - -
I 4 '5 p I 21 m 12.80 m 6 ppm 12. 5 hrs. settling. Samp ·1 e bot tle used. 

-
1/2 / 1100 31 u 7 m 2.8 m IR 77 II '16. 0 hrs. settling. Purnpe and hose used 

j I i 11 H'. I ' '..,, I 

' I 

II 32 
for sampling. 

ii IR 75 Ii 16.0. hrs. settling. 
1 

16 m . II 

H 1 l1J() j 33 -------L---------------
11 

1 160C ! 43 

_g§_m ________ : _______ 1B_~ ____ Z§ __ ~ ___ l§~§ __ : ______ ~-------------------------, 
II 

, ------
ti 1605 
II 16 i 5 

I 
I 

1 
2/2 0900 

' ' 

I 
I 

I 

44 
45 

57 

II 

II 

l 

! 
II 

I 
I ti 
I 

I 
I 

7 m 

16 m 

25 ra 

7 m 
I 

" 
1 11 

; 58 / 11 16 m 
!I : ,, 1 59 l 11 2s m 

~--------------~----·-•• ------l---------
11 l 1 s 30 l 70 I 11 ! 7 m 

! I 11 11 I 71 ! 11 
16 m 

ii 

II 

II 

2.8 m 
II 

II 

2.8 m 
II 

ii 

IR 63' II . 21 • a II II 

GC GS II 2100 " II 

IR 67 II 21 . 2 5 ll II 

________ _._,, .. - "~ .,... ~"" ,-. 

IR 40 Ii 38.0 hrs. S e t t 1 ·j il ,:1 , 

IR 42 II II ll II 

IR 40 " 11 11 
' ----------------~--------------------------~------·-----

IR 
IR 
IR 

39 

41 

42 

II 44.5 hrs. settling. 

" / " I 72 II 25 m 

-----------4-------1-----1--------1i--------r----•·----__;_-1------------------------·-
3; 2 : 083C 85 

,, 7 m 2.8 m IR 27 II 61 • 5 hrs . sett 1 i n g • 

i 36 I 16 2.8 m IR 28 II 

I 

-- ----- ~ --- ... ,.., -j 

/ 1 500 C '1 II 

:·, 7 · j 2 !:i 2 8 11 

- .. - ~• - - - - "j"' - - - - - ... I - ..... - - - - .... - r - - .. - - - - - - - • - .. - ... - - .. _.,. ... - - - - - .. ..,. - - - - - .. - - .. - - - - - - - .... - - .... - - • - - - - ... - - - - ., - - • - -
I ,' i u 7 ! l m 

I :: I IR 27 

, . r. ~--··--·-!----, ~ z_s __ -+---------------·------~ 

25 ppm 68 hrs. settlinr,. 

-; 
_;:> 
i:,:, 
r-rn 
U1 . 

0 . 
u, 



. 
TY 'JF S/\i<?t.ES: 

~~ 

i 

! SAllPLE 
SAMPL rnG PO INT 

GATE I TIME i~O. ULLAGE 
I TAN;( JELOH DECK 

4/2 0830 135 5 p 7 m 2.8 m 

I 136 II 16 m II 

i 1 37 II 25 II 

I rn 
! ·-----I 

5/2. I 0330 1 6 -t II 7 m 2.8 m 
I 
I ~65 16 m ! 

i I 166 25 m 
I ! 

6/2 ! 0830 i 
i 

177 II 7 m 2.8 m 
I i 1 73 II E m ! 

I I 
I 

I 1 79 II Q m 
I I 

• .I -··-+ 
! i 

7/2 11 OOJ 
! II 15.8 m ' I 

I I 
I : 

-. ! -
j 

l 
I I 
I I 

j I 
I I 

I 
j 

I I 

I 
! 

I I 
! 

I l 
I 

I ! I 
I I I 
I 
I 

! 

I 
I I I ! 

I ! ' 

DETERM! Nt, TI ON 

METHOD co~,c. 

IR 21 ppm 

GC 20 II 

IR 22 II 

·----
18 II 

' 
IR 16 II 

1 7, II 

1 7 II 

IR 18 II 

18 II 

-

I 
l I 

.. ·- =--

REMARKS 

- . 

85.5 hrs. settling. 

109.5 hrs. settling. . 
3 cm. oi 1. 

133.5 hrs. settling. 

5 cm. o i 1 , ( by oil/water 

detector) 44 m3 

-

• "'~-~_,..~:.=:.:= "' 

--i-

interface 

. -I 
;;:;:,. 
t).j 

r rr, 

IJ1 .. 
n 
0 z 
-! ..... 
z 
,-

rii 
t:f . 

01 



DETERMINATION 

ULLAGE REMARKS 

12 hrs. settling. Sampling bottle used. 

18 hrs. settling. P:.imp a1d hose used 

for sampling. I ! 
l 131'.5 / 35 I 11 16 11 IR 
I I I • 

62 II 

____ : ____ ~11~Q __ t ___ J§ ___ ~_: ______ g§ ______ r~--~--~---~-1E ______ §g __ : ______________________________ ~-----------

11 1 c;;: ,.1 1 4 6 i 11 7 11 G C . 2 l • 5 h rs . s et t 1 i n g • 
II 47 I II 16 II or 

--~ -/1 -~ ~:: ;~---
1 
--:-:--1-:,-• ---+-

2

-:-m---+---:,-• ---+-:-:-/-~'-,S---t~--3-8-h -rs-. _s_c __ t_t_l_i_n :.------·-----··----· --·-· -- ------
, I 

:: I :: I : ~ i :: ~ : : :: 
--------~------~--------L----------------~----------

11 ; 154'.i j 73 I 11 7 m 11 

I ; I 

) II I 74 

I ,, I 
' I 

II 

II 75 

II 

II 

16 m 

25 m 

7 m 

16 m 

II 

!I 

II 

IR 46 11 

IR 38 11 

----------------~---------------------·-~-----------·---
IR 
IR 

IR 

IR 

37 

35 

40 

25 
25 

II 

II 

II 

II 

!I 

IR 27 11 

44.5 hrs. settling. 

62 hrs. settling. 

----------· ----------------~---ft·----------------------------------
7 m 

16 m 

2 5 r:l 

II 

IR 

27 II ,68 hrs. settling. 

25 fl 

01 

0 . 
u, 

Vl . 



TYPE OF SAM?L[S: 
. ·- ·-.. 

SA:✓i?LE 

i'W. 
I I 

4/2 I 0900 · ''i 126 

5/2 

I 
I 

! 0900 
I 
I 
I 
I 

I 
I 
I --- --- ... I --

6 / 2 , 0900 

7/2 1000 

I 

l 127 
I 12 8 ! 
I 

' 155 

156 

I 
157 

' 

I 130 
I 
' 131 ! 
I 182 I 
; 

' 

I 
i ,----··•--
i 

I 

I 

! 
I 

I 

1 

l 
' I 
I 
' 
I 
I 

I 
I 

I 

·-

SAMPLI:~G POrnT 

l ULLAGE 
TANK IJELOW DECK _,_ , 

5 s 7 m 2.6 m 
II 16 m II 

II 25 m II 

" 7 m 2.6 m 
II 16 m 

25 m 

fl 7 m 2.6 m 

16 m 

25 m 

II 15.8 m 

·- --- --.-• ·-

. 

-

DETERMINATION 

METHOD CONC. 

IR 
GC 
IR 

IR 1 7 ppm 
; 

II ' 1 7 " 
ll 16. II 

IR l 7 II 

II 1 5 II 

II 15 II 

·f--·-·-

.--; 

::::.::a::.= "' 

REMARKS 

-

86 hrs. Sc .. ·ling. 

l 1 0 hrs. settling. 
• 

13 cm. oi 1. 

-
134 hrs. settling. 

- --~-·------(_., 
1 3 cm. oil (by 0 i 1 j\': J t Cr interface 

cetector) 11 3 m 3 

. ----

u, 

(/') 

• 

-I 

~ ..
I 

f"'1i 

en .. 
n 
0 
z 
-I .... 
z 
C 
r 
t:. .. 



DAT£ 

7/2 

8/2 

-rt•r"" 
I .i.,·,::. 

i nz3n I V \,..' 

' I 
I 
I 0300 
I 
I 

225 n 
226 T 

b P&S: 6m. ! 

IR 

20 ppm 

20 

1 7 

II 

II 

18 II 

REMARKS 

.L\t 0210 com,i1enced pumping out ballast 

from wingtanks 5 P. & S. 

2 cargo pumps used. 8350 T/H. 
3 

Total Disch. 22654 m 

B = tottom of suction line. 

T = Top " " " 

1 5 1 h rs . sett 1 i n 9 ( '.! i n 1; tan:( s 5 r ,?.. S) 

,\t 0,445 7/2, ·:l:ball~s-~·i:-,~ '.:tO:•:: •r!, 

VI 
ri, 
-I 
-! 
r 
P1 
L? 

I lc.;20 __ ,1 __ 2_3_5_T-i-P-.-r-o_o_m-i-----i---2-2-.-9-m-➔----+ 63-p-pm-· .. -18~~·-c-o-mm·~-;~~~ ·.;;·;:,·J 11 ;:5 :~-1 n. _· 

I 

' . 

1184'.i I 237 T 1 
11 23.5 m 

1 9 Q O , 2 3 9 T j !I 2 3 • 3 m 

193,) 

2CUO 

2n53 

2100 

210S 

2115 

I i 
240 T I 11 25. 5 

242 T 

246 T 

247 T 

248 T 

249 T 

I 250 T 
I 

II 

11 

II 

II 

II 

26.5 
27.4 m 

27.7 m 

27.9 m 

IR 

GO 
60 

94 

86 

111 

97 

105 

11 5 

116 

II 

II 

II 

II 

II 

II 

II 

II 

II 

21 2 5 deb a 11 as ti r ~ co :;1 P 1 : ti: cJ • 

Ullage P. 23.0 m, $. 23.0 ra. 
1,GO mover bottom. 1.47 m. on 5 and 
1.55 m pa P. undPr oil layer. 

~ 

Samples taksn in the purap room, $UCtion ;;;-;.:: 

side of pump no. 2. 
T = top of suction line. 
Settling time : 183 l1ts. 

Depth of ~T 5 = 29.60 m. 0 
• 

j ' :----· -------1-----4-1 ____ -4-____ --1, ___ -+-·----------------------- ---' t.T1 

i ! 
I I 
' ! 



l.·--------_· __ .TYPE OF $!-)•!Pl.ES: . i -r::·=? L=E==.=1 =S=A=,~~=P=LI=f=,G=PO=I=N=T===;===========,;=e=D=E=T=ER=M-I=N=~ T=I=O=N==i--r===-==-===-=-,==-===-=····== =-· . . ·-·===· e:=== 

Dr; ~ 1 T ! I NO • : ULLAGE 
i ! I TAN~ 

=-=·==·"'t-==s·.cc·==,r - I 
l/~~ j1400 I 37 jC l 

fJELGl~ DF.CK 
I 

r 

7 m l. 94 m 
I 

u ! 14 ·10 38 II 16 m II 

l 

11 l142:1: 39 , 0 25m 11 -- ---·· --r- -----1--------... ------.. ---------• ----------
11 ! 1640 ! 49 11 7 m 11 

II 1165,.. Ii r::o n 1r., m II : \, 0 _, ., 
I 

11 1171() 51 II 25 ffi II 
! f 

2 / 'I. i 0931J 
I 

! 
i I 
I 

63 II 

64 

7 m 

1C m 
" 
II 

! 65 25 m --------~------t--------~------~--------------------
11 I 1G00 

I 
76 II 7 m II 

77 16 m II 

78 25 m 
t I I 

II 160,J 

105 16 m II 

REMARKS 
l:'iETHOD CONC. -,_,. -

IR 123 pp:n 20.0 hrs. settling. Pump and hose used 

for sampling. 
II 73 ppm 

,, 
108 ppm 2 2. 7. hrs • settling. 

: . 
cc 
IR 11.3 ppm 

IR 46 ppm 39.5 hrs. settling. 
II 109 ppm 

_: _______ lQ§ ... P2~----------------------------------------
I! 109 ODfil 46 hrs. settling. .. 
II 93 ppr,, 
II 98 ppm 

II 

11 64 nr:ir:; 
-••••-••••• ••••••••n••--~~-~•••••••-•••••••••••••••-•••-••--•-••••• 

1. 94 m IR 73 pp:.! Sampling point 5 m from bulkhends. 
II 65 p f)r:1 

II 66 ppr:: I 

n ,.,, 

-



5/2 

7/2 

3/2 

""""' 

II 16 m ti 

! II 25 m II 

I 
! 

10930 j 153 

I 1s9 

! II 7 m II 

16 m 
I 
1 150 
i 

25 m 
! 

GC 

IR 54 pp:n 

II 30 ppr.l 
II 28 
II 29 pp!il 

REMARKS 

07.5 hrs. settling. Sampling point 5 m 
trom bulkheads. 

111. 5 hrs. settling. • II II II 

10.0 cm. oi 1. 

_ ___; ____ -+----+-----+-------i-----r----- ____________________ ., _____ ____, 
II : lO0C, 11 m 15 cm. oil (by oi1/\':nter int.2tF:c:t~ 

'
/ d e t e c t o r ) . 1 2 q r.: 3 

• 
____ ...,._ ___ -1-----1------+------+----+----t-------------.-----------·--•·····---.. -

l 
I 

I 
i 
I 193() 
I 
l ?/'\f';'.J I ... .I ., • 

I 2020 

I 20 35 
i 

! 
I 
I 

I 
I 
i 

I 
l 

I 
I 
I 
l 

I 
I 
l 

241 T 

24 3 T I 
I I 

P.room 
II 

244 T II 

245 I 

I 

' 

24.5 m 

2. 6 • 7 m IR 
28. 1 m 

29.0 m 

116 

193 

280 

282 

ppm 1'.JOO comr.1ence oumping out ua11ast from 

C 1
• U11age 21.5 m. 

ppm 2045 deballasting stoppe~. Ullage 29.8 
ppm m. = 1.27 m from bottom. 1.12 m under 

the oi 1 1 ayer. 

Samples taken in the pumproom, suction 
side of pump ro, 4. 
T = top of suction line. 
Settling time: 193.5 hrs. 
Depth of C 1 1: 31.07 m. 

----+---+-----+-----;-----·t-----+--------------------· 

I I 

Ci 
0 --~ "'-
-i .... 
z 
C: 
n, 
t::J 

.... .... 
0 
• 



1/2. 
11 

' 

I 14 3 s 
i 1 .1 ~a I . .J. 

I 1 ~ r ,. 
J : i,,.,, ;J 

40 C. 3 

41 II 

42 II 

7 m 

16 m 

25 m 

2.9 m 
II IR 
II 

17 ppm 20.5 hrs. settling. Pump and hose 

18 II sampling. 
16 II 

I I ---.... --i- ------t- - - - - - - - -i- ---------------.... ---.. ------I,, - - - - - .. - -, - .. - - -- - - - - - - - .. - - - - - - - - - - - - - - - - •• 

" 11715 52 11 7 m II GC 23.5 hrs. settling • 

II 

II 

1725 

1735 

53 

54 

II 

II 

16 m 

25 m 

II 

II 

or 
GC/MS 

----+------4----....----+-----+-------+-----+----+-----------------··---· 
2/2. 1000 66 II 7 ffl II 11 II 40 hrs. settling 

II I 67 11 16 m II IR 11 " 
II i I 68 I 11 25 m 11 12 

11 

i I I 
- - * _ ...., - -:- - - • ,.. .,. - ~ ..., - • - - • • - - - .. - • - - - -. - • - - • - • • - - - * - - - - • aa - I- - • .. .,. - • - " - - • - • - • • - • - - - - ""' • - ..., - • •.,. - - M • r• - - • -

I 
II 

! 16 30 
II I 
II I 

I 

I 
I ...------

3/2. 
II 

I 1000 

I 
II I 

I 
I 

79 

80 

81 

94 

95 

96 

II 

II 

II 

II 

II 

• II 

7 m 

16 m 

25 m 

7 m 
16 m 

25 m 

II 

II IR 
II 

II 

II IR 
II 

6 

10 

11 

9 

9 

11 

II 46.5 hrs. settling 
II 

II 

II 64 hrs. settling 
II 

fl 

-i 

~ 
r
m 
U) .. 

0 . 
w . 



TYPE c:=- Si\MPLES: 
---- ·1--·•··••=--" 

I ' 
' I 

' 
j •- T 
: I .L 

I 

I 
' 

·-:,--·-= =, !_,-----=== i 
.. 

I i 

4/2. 
I 

1000 

I 
I 
I 

! 

I 
' 

I 
' I 
I 

I 
5/2. I 1000 I 

I 
I 
! 

·r-
I 
l 
I 
! 

I 
I 

6/2. 1000 
! 

7/2. lOC~ 

--+--
I 

B/2. I 1 no 
! 1820 

I 1 fM5 

I 
I 
I 

I 
! 
' : 
: 

! 
1 

----

I 
SM:?U: I 

I tW. 

132 
I 

133 

134 
I 

161 

162 

163 

---~ 
183 I 
1 84 I 
185 

234 

235 
233 

i 

I 
' I 
: 

-
- -r SP.MPL E~G PO INT 

LELmJ DECK I ULLAGE I 

TANK 

C. 3 7 m 2 .. 9 m 
II 16 m II 

II 25 m II 

II 7 m II 

II 16 m I II 

II 25 m II 

II 7 m !I 

II 16 m II 

II 215 m II 

II JI 

p' room 21 m 
II 26.4 m 
II 27.7 m . 

' 

D:::iERMINATION 

METHOD CONC. 

GC 
or 

GC/MS 

7 ppm 
IR 7 II 

8 II 

8 II 

IR 8 II 

7 u 

12 II 

IR 26 II 

33 II 

i REMARKS I 
-· ·:.J 

88 11 rs. settlina. Pump and hose ! 
I 

used for samp1·ing 

112 hrs. settling. . 
66 cm 0 i 1. 

- -· -----------·----------·-··· ....... -··- ---·•----' 
' 

136 hrs. sctt1infi. 
I 

I 
: 

I 
·-

66 cm. 011 (by oil/water interface 
detector}. 6567 3 m • 

1600 commenced pumping out ballast 
from C '3. U.11 age 12.2 m. 
1900 deba11ast1ng stopped. Ullage 
28.6 m • 1. 70 m. above the bottom. 
1.04 m. under the oil 1 ayer. 

Samples taken in the pump room, s,.iction 
side of pump no. 4. 

T = top of suction 1i ne •. 
Settling time: 190 hrs. 
Depth Of C 3 = 30,3() f:j • 

I 

-I 
:t:-
0::1 
rrn 
LO ... 

0 
• 
w . 



TY CF Sl\:•!?LES: 
I 

I 
SA>1?L£ 

SAMPLING POINT 
I 

\ f' ..,.., ... TI NO. I ;J.•·· I ... ,._ 
I : TMK I • r L "' J DECK I UL. '"1~• 

;:---=:.=~=-==----- -~_::.;.;.... ·: ... 
I ! 

I I I 

8/t'. 1545 I 228 (' 2 7 l \., m 
l 
I 

2?. 9 l 6 ' m I 

I I 
I I 230 25 Ill 
' 
i I 

I 
I 

11/? I 
I 7 09 3G I 282 II m 

I ! 
i j 283 11 16 
I ! 
' 234 25 i 

' 
I I 

I ·- ' 13/? 090() 287 II 7 m 
I 

l 
288 II 16 m 

! I 
: i 289 II 25 m ; 
I I I 
! -7 
! 
I i 

I I 
I 
I 
! ' 
i 
I 

I 
I 

' i 

I 
I 
! 
I . 

I 
! 
! 

i 

::..:a:m::rn=---

DETERMINATION 

IILLAGE 
f•:ETHOO CONC. 

4 m 36 

21 

25 

4 m •. 26 

2.5 

23 

-
4 m 24 

24 
II 23 

= = - -¥-:= = 

REMARKS 
I - .. -- -· j 

C 2 completed ballasted 1530 C/2. 

Sample bottle used. 

Settling time = 1 5 min. 

. 
Sample bottle used. 

Settling time 6G hrs. 

! 
- ------·-···--···----------I 

Hose and pump u:.: e-... :. I 
I 
! 

Settling ti i".i l' i I ~·. '.., h ~l l, ;·:, '" ' ' 
I 

7 

-I 
::i::,. 
tr.J 
r rr, 

I-' 
C::) 



...... , 
' I 

TYPt:: OF SAi-:PLES: -===;.·==--==:=""""""===-"===-=======:;=,i,--====-........ -==-··===~--a=::====:o=-=""""""======--....... ---•---===f 
! ! SAMPLING POINT i I SA:,'.PLE 

TihE 
'I rw. I 

1 ======TANK 

I l 
8/2 j 1600 I 

I 
I 

I 
I l 

11/2 1 0930 l I . , 
: I 

2 31 

232 
233 

2 0,. 
v:> 

C 5 

II 

GELO\~ DECK 

7 m 

16 m 

25 m 

12 m 

ULLAGE 

3 m 

3 li1 

DETERMINATION 

METHOD CONC. 

23 
16 

5 

15 

REMARKS 

C 5 compieted ballasted 

Sample bottle used. 
Settling ti r,ie • 30 min. . 

Sample bottl~ used. 
I Settling time . 66 hrs • . 

-----:----t--------+------+-----1-----1-----+------l 
I u 7 m 3 m 9 :,os e and rump used. l 3/2 10930 ! 

i 
290 I 

291 II 16 m 9 Settling time . 11 4 hrs. . 
29 2 11 25 m 13 

i l 

I ! 
' I ' I 
i I I 
' I 
I 
' 
I 
I . 
I 

I 
I 

1530 8/2. 

-I 
~ 
r 
1'"11 

...... ...... . 

(") 
r-
ii'! 
> .,_ 

r:;,:, 
~t.;t 

r-,-
)ll> 
V'I 
--i 

("') 

C.,'"I . 



~-=-=-~=l~-E~~~~'~-~~=-==========r=========m;--=-==-===-===;=====--....... --==-==-=------=--= 
I I 
j I l SAMPLI:·JG POINT 
j .,,... I SJi.M:'LE I 

ULLAGE 
DETERMINATION 

REMARKS 
'1· T:1'1.:. 1' HO. 1· I 

=-====
7

~=='-"=-.::.-=J.====bT~A;;;i'l~~< -=-J-•-..;~'E;;L~O:;,;':J::1D~E~C~K~======"""""'==t-J~1E;;,.;T.;,,:H~OD~=+~~~=+========================== CONC. 

! i 
I I 

3/2. : 1330 I 114 Slop P. 7 m 

I 1 11s 16 m II 2.3 m. IR 

192 ppm 1 hr. settling 

123 II 

154 i I 116 2s m 

11 ,' 2 ~: 1030 I--, -38 __ . __ n_-J.. __ 7_m_-l-__ ll __ --+ __ I -R-+----+---------· 

: I 

-
82 II 1 7 l1 rs settling • 

i I 1 39 fl 16 m 1 11 GC 
' ' 
! ) 140 11 25 m IR 99 II 

-----~------~--"-----+------*---------' ' . ----------·---------------- -------------------------
II I 1600 i 1'1,6 : fl 7 m 

1 1 ::: I : :: : -- ~- --.. ---~- ------- ,. ,. - .. ---' ---------

II 

II IR 

32 

35 

II 

II 

II 32 II 

22.5 hrs. sett1ir1. 

-------------------~---------------------------------
1 l 700 i 1 51 II l m II IR 69 II 23.5 hrs. settling. Samrlc bottle 

II. 

use.J 

j ! 152 II 14 ffi II 86 
: ! ___ -..J~--+-----,f-------i----4---~--------------------

5/2. I 1030 I lGi " I 7 m II IR 55 

! j 1C8 ; ! 14 m 
- - - .. - ~ - - - - - - -1- - - - - •. - -,- - - - - - ... - ..... - - - - .. 

i 1430 ; 171 I " 7 m II 

: l 172 I 14 m 

7/2. ! llQO I 
j 
I 
I 
I 

" 

II 

-------------------·-------
II IR 
If 

7.3 m 

22 
21 

II 

fl 

41 hrs. s,ott1ing. 

255 cm. oil - 515 m3 

45 hrs. settling. 

II 

II 

II 

II 

II II 

4 1 7 cm • o i 1 ( by o i l/ water i n t er face 
rletector) 788 m3• 9 hours settling 
after end of washing. 

" 
II 

II 

I 

-----·--, ----~.;------+----+-----+-----------------------1 
! 

-i 

~ r-rr, 
._. 
N .. 

""0 
0 
~ 
-f 

t/') 

r-
0 
""O 

-I 
;::,, 
--, 
""~ 

" 



TYP::: OF SM•iPl ES: 

,~::C-··r:;
6
;1

1

, SAMPLii:G POINT 
l -; I . . I TANK jJELOl-J DECK 

=== I I 
9/2. 1900 j Slop P, 

)ATC: 

! 
I 
I 

DETERMINATION 
ULLAGE 

METHOD 

6.2 m. 

REMARKS 

762 cm. oil = 1410 m3 (using oil/water 
interface detector) 
1 hr. after stripping completed from 
Cl and C3 plus W5 P & S. I I -----i----1-------+----~--..:....--+----+----·------......... ------------r--·~--r 66.5 hrs. settling time after the last 
stripping of slop from slop tank S 

13/2,: 094:J , 295 
I l 

OJ 3:) 1 2'J 6 
I 

1000 ! 297 
' 1013 I 298 

103) 

1100 

111 :s 

11 30 

299 
I 300 

! 
I 
! 
j 

I 
I 

! 
I 

i 
! 
I 

I 

301 

.30 2 

30 3 

1135 304 

Slop P. P. room 10.6 m. 
11. 0 m 

11 • 3 m 

11. 8 
12.4 

1 2 • 7 

12.9 
1 J. 2 

13.4 

IR 

575 ppm 
368 t1 

312 u 

338 II 

620 11 

6 !j 5 II 

290 

830 

975 

4.8% 

II 

II 

ti 

was CO !'.1 p 1 e t Cd • 

According to "oil/water interfac2 
detector" before cor:1:u~nc~nc; str::oing 

from slop tank P tocJy: 
1457 m3 oil (930 cm). 

C ,.11.:m enc e d s tr i pp i n g O? 3 5 U 11 • 1 O • 5 ! 
Completed stripping.according to norm~ 
operation at 1130 . 
Quantity_discharged 528 m3. 
Samples taken from the pressure side 
of the port stripping pump. 

I 

For the purpose of the experimennt 
stripping continued beyond normal •,· 
practice until 1135, Ul~age e 13.6 m. 
Additional quantity discharged= 20 m~ 

.. 
(") 
0 
:z 
-I .... 
2 
C: 
rn 
t:1 

""O 
0 
::0 .... 
V\ 
r 
0 
--0 

-I 
> 



TYPE CF SA'.lPLES: ........... , .... -=r -- -- -
I 

)ATE I 
SAMPLE 

NO. l 

SAMPU:m POINT DETERMINATION 

ULLAGE REMARKS 
I ! METHOD CONG. 

------.,..--·=-"=--'-=~======i====i::=====!====--=-t:=:======F=======i====================-===~-====-1 

3/2 1 1900 l 117 IR 

I TANK JELm-! DECK 
I -

l hr. settling. 

I 1 1, s 

I 

s 10 p s 7 m 

16 m 

25 m 

2.3 m 
II 

II 

II 

II 

74 
98 

108 
I I 119 
! I ---------+-----....----1-------1--------1------1------+--------------------1 I 

I i 

,,2 
1 

0830 I ::: : 1:: 

I 1 125 11 25 m , I --- .... -- -.l..--- -- --..:- --.......... -·-- -- -- ,.,._ -- -- -- --
1 

1 6 C 'J l 4 3 11 7 m i 144 I " I , 6 m 
, , 145 l 11 25 m 

II 

---:---r-;;;~-i--;;;-·-t--:---1-·--;·:-· 
! 1 50 l 11 14 m 

I I 
5/2 ! 0830 · ·109 i 11 7 m 

! l I 

_______ i ______ J __ ::~--- '--~---1---~~-~--
, i t I ! ·,111n 

1

1 173 
1

1 
11 

: 7 r:1 

i 
1 

17 1't 1 4 m 

,,i i 7/2 llC'.l I 'II 

I 
l 
I 
l 

u 

II 

II 

II 

II 

It 

II 

II 

II 

II 

II 

3. 4 m 

fl 

GC 
IR 

II 

ll 

II 

II 

II 

II 

GC 

IR 
rl 

34 

43 

65 

74 
79 

40 
44 

23 

42 
52 

15.5 hrs. settling. 

23 hrs. settling. 

23.5 hrs. settling. Sample bottle 

used. 

39. 5 hrs. settling. 
18 cm. oil = 35 m3 

45.5 hrs. settling. 

41 cm oil (usins oil/\':atcr intcrfi:lce 

detector) 78 m3• 9 hrs. settlir.~ aft~r 
end of was;1ing. 

--:----r----_...,----+----•--i'------1-----1-------..i--------------------------
1 I 

I 

Vl 
r 
0 
'V 
--i 
> 



. 1.'l Ill w . 
-· - --, .... . 
I 

I I SA>iPLrnG POINT DETERMINATION 
I SA;4PLE I 

I TiMi: I NO. ULLAGE 
i I TANK JELOt-J DECK METHOD CONC. ! 

9/2 
-, ::;.::._~~. 

ls lop ' 1900 

I 

s 6.8 m 

I 
I I 
i I I I I 
; 1 I 

Oo5S ! 254 f slop s p. 6.9 s IR 200 
I room m I ppm 

'.)90'.) I 255 l 7.0 m II 181. II 
I 

' I I 7. 5 GC 174 " O·'.)O ., ; 256 I m 
i I 

09 30 2 57 9.3 m IR 1 28 II 
I 

' I 

0945 258 10. l m II 134 II 

' 
10')0 I 259 1 O. 8 ·m II 141 II 

I 
101 3 I 260 11. 5 m If i64 II 

I 

1030 i 2b1 I 1:.::. 2 r:1 II 1 71 II 
I 

l04S I 262 12.7 m II l 01 II 

11·,J() 
I 

253 1 3. 5 GC I 
I 

m 
I 

111 5 
i 

13.9 210 2 61\ m IR II 

I 
11 30 265 I 14. 4 m II 173 II 

114 3 266 I 14.7 m II 226 II 

I 

1200 257 I 1 5. 5 m II ?.84 II 

l 2 2 G 213D HLJ m II 366 II 

1230 269 1 9 • 2 m II 40 5 II 

1 2 4 ~~ 270 19. 6 m 11 388 11 

I 1 ':) ("\ I'\ 271 20.4 m GC t ,.J, I ) 

1 J 1 'J 272 21.0 rr. I IR 493 II 

12..3() 273 I 2 ~ • 7 m I " 615 II 

' 1 I 

REMARKS 

48 cm oil = 94 m3 (using oil/water 

interface detector) 
,Jne hr. after stripping "'ompleted C 1 , 

C 3 and w 5 P&S. 

0850 commenced 
. . 

from slop tank pumping 

s. to sea. Valve bet\-:een slop tank p 

and s open. p • 6.2 r~' s 6.3 r,1 • 

1135 valve between slop tan~~ s cles0d. 

p 12.8 m, s 1 4 • 4 m. 

1 31 5 Ullage s. 21. 0 m. Re .. :ainin:: quan-
ti+.y in slop tank s pumr,cd over to 

slop tank p. 

Total quantity pumped 3506 m3. to sea 

Samp 1 es taken from the pressure :ide 

of the pump. (stripping pump). 

Settling time after 1 as t stripping 

1 5 hrs. 

I 

I 

n 
g ,,,_ 
-I .... 
z 
C 
rn 
t, 



/-

TY?E OF SMiPLES: ----~r s:=PL""'"E""""""=S==Al=I.P=L==I;a:m·m-PO=I==N-T==i=::-=-=-====:::::.:=="""""'D""'ET,..,E_R_M_IN .... 
1
A=-T~=IO=N=====;=----"""""'"==------=·-• 

JELCt•/ DECK I ULLAGE REMARKS c,;n: TH~E j NO. I TANK cor~c. 
_, ---"'=---!. ..,__ L .1===,i=======~~======~:::::=:=:=====t:=========t::.:========~========-~t:""'": r 

10/2 ! 1345 I 274 Flop S 795 ppm 

METHOD 

I 
! 

! 
i 
! 
I 

I 
I 

' 
I 

P.room 22.3 m IR 
I 1•1()\) . , 275 745 II 

' 
23.0 m II 

14 l 5 

1430 

1 4 1'. 5 

15G•J 

15C 5 

1510 

i 276 
I 
I 277 

I 278 

! 279 
I 280 

281 

I s45 
11 

23.6 m II 

I . 23ss » 24.2 m II 

I 2600" 
', 

I I 2.a % 
l Sludge, 
! 

Sed i -

I mcnts 

1510 Starboard slop tank empty. 
U11age Port slop tank 10.5 m. 

When ullage in slop tanks is 2~.45 rn, ,, 
the remaining quantity is 217 1,/ in 

each tan;:. 
I ----~!----..-! ----rl. ----+-----+------+-----+----+----------------··---
, I 
I 
I 
I 



TYPE. :JF SAMPLES: ""'-""~=-===-~= ~c.=====-==::;::za::=-=========;=,=--==--===;,===="""""===="""""=r====-====--=-==""""'-==-=----=-===--=== 

)ATE Tli't;E I 
! 

' ' :--::;: __ .......... ~---·-4' -~-=.~~- ♦•-:- ;-"": 

G/2 I 0845 r 
I 

! 
0900 i 

0915 

0:'.;30 

0945 

10 '.J 0 

1000 

110 ~) 

113'1 

12(1 0 

SAH?LE I SAMPLING POINT DETERMINATION 

r,o~- T~N~ J_..:EL~W D§=K=· 1-:,::. =IJ=L=LA=G=E--,i;,,~:=1E:::::THi:=zO=D====l==========i================--==== 

186 8 :Slop sl - jP 9m S 13m IR 

REMARKS 
CONC. - = .......::=::==-
99 Sample taken ·i n pump room, suction 

187 T 

188 B 9 16 II 

189 T GC 

190 B 
II II IR, 

191 T 
II 

192 B 
II II II 

193 T 
II 

194 B 
II II II 

195 T 
II 

19G ll 
iJ 

II II II 

1J7 T 
II 

193 T 8 15 n 

199 n u 
II II 

200 T 
II 

201 T 7 14 ll 

202 n II II II 

r- ....... T C.'J J 
II II GC 

( :i 1; .,. 
I 

ti II IR 
,,,_ .... - T I..,..; .) 

II !I II 

"};"'\ ., T .. I 6 13 fl 

--; ~ 

'' ! 
II II r, C 
If II p 

" 
,, II ti 

II ft !i 

I 

9'1 

234 

246 

288 
260 

3130 

282 

285 

213 

223 

198 

155 

158 

11 2 

127 

110 
101 

94 

JS 

72 

57 

ppm 
JI side of pump No. l. 
II B = bottom of suction line 

T Top II IJ II = 
II 

II 

II At 0300 tank c;eaning co~n:~1':?nced' C2. 
II 

a 

ll I At 
11 started 

OJI: 0 

It '.:, • ::; 2 il Va I '/ ; • 

u 

II 

II 

11 

w 
II 

II 

II 

II 

II 

II 

It 

-I 

~ 
' rr, 

1--1 
..c:-. 

f'.: 

;_: (/) 

... --ttl'l 
; ,.. -~ 
:.i) •-I 

r
c,1i-1 
·"1 c;, 

1;-) (./) 

rr,r
:·:~ •;,'..) 

-l ·o 
rr; 

I ;.,,J •.• : 
I :t• -:'""1 I :,,. r·: 

;-_: ;(.1 

..... ·--
' '-· 

c.::> ;,:, 
• >-I 



L :;-.,rlfl""""'lt•---- ~--::."":""~--=:.::~::.;:,-"":'!.-::..~- -
S,1\f,:?t.E SAMPLWG POINT 

TE r-,·r,1c 
., iLff ~o. t:LLAGE 

! TM~K JELOt-1 DECK 
= -· . -- .. -

I !slop 6/2 I 180:') 211 l3 
,. P.Sr.i S. l 3r. ,') 

! 

I I 
,, , ') T i II ti 
'- . ( ... 

! 
I 

1900 
I 

213 T I 5 1 6 I 

I I 

I I 2080 214 T 6 16 
I 

! I t II II 
21::-J 21 '.i T 

I I 
I 22nc 216 s II II 

i 
I 

217 T 
II II 

I 
2300 218 T I II 15 

I I 

24C:O : 219 T I II 14 
i I ! 
I 

7/2 
i 

0100 220 T 
II 15 I 

I 
0200 221 B 

II II 

I 

I 222 T II II 

I 
·1 

I I ' 
I 

I i 
I 

I 
l 
! 
i 
I 

! . 
I t 
I I 

i ! 
I 
I 
I 
I 
' i 
I I 

' ! 

DETERMIN/,TION 

METHvD co11:c. . 

IR 248 ppm 
II 156 u 

ti 1 51 
II 141 II 

II ' 148 11 

II 1 33 II 

II 143" II 

II 196 II 

II 228 II 

II 186 
II 92 II 

II 101 II 

REMARKS 

Sar.plcs taken in the pump room, 

suction side of pump Mo. 1. 

8.= Bottom of suction line. 

T.= Top II II • II 

At 1730 cleaning centre tank Mo.5 comi-

mence. At 0200 7/2. cleaning completed. 

From slop tank s to sea via sea 
v.lve s, using ~argo pump No. 1. 

·--1 

~ 
r
f"Tl 

~ 
V'1 . 

OVl 
.,, r:, 

-I 
("')-I 
r:-; r
z..:: rri 
-10 
:::ci 
tT'lVl 

r
-10 
>~ 
r,;::,: 
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• ::c 

7.l -

...... 



. - ~ . TYD~ 0~ ~AMPLES: OIL LAYER SAMPLES 
-.-~~-. -~l -I I 

! Sfa.MP L! i~G PO INT i SA~·lPLE ' I 
O,\TE : TTf/:" rm. ; ... ,.. ! 

' TANK I >1="L01
·' QC'r'K ..)_ H -"' 

=.;:::;::-.=.:.=;:;:::,~ ... ·: =-t:::::= ........ . 
I 'i • 

I j 

I I 
! ! ' 
' 

f 

1 
! 

' I ' 
i I i I 

' ! 

I c. 3 
I ' ! I 

2.2. j l 630 : 82 
I I ' 

' I I 

3.2 ' l iOO 120 
r I 
: Slop P. i 
l ' I 

I 

318 ' I 
' I I 

13. 2. i 1300 305 
I i 

15,0 m • S1 op P. 1 

1 I 
' 306 I 16,0 111 I I 
I ! I I ' 307 17 ,0 m i I 

I 
1 

i 308 I 18,0 m 
' ! ! 310 j 20,0 m l 

I I 
I 311 

I 
21,0 m ! 

I 
! 

313 I 23,0 m i 
I I 
' 314 

I 

24,0 m I I 
I 

; l 
; 315 . 25,0 m l 

I ' I I 
I 

316 26,0 m I ! I 

I '. 
317 28,0 m I i 

' I 
I . 

I I I 
! 

' 
I 

I 

DETERMINATION 

ULLAGE 
METHOD CONC. 

rrhe f i gu res 
. oelow show 

1•1ei ght per 
cent Jf watrr 
in s1or. 

I -
2,9 m 16 % 

2.0 m 38 % 

' 18 % 
13,6 m 25 % 
13,6 m 20 % 

1 J,6 m 19 % 
13,6 m 20 % 
13,6 m 21 % 

13,6 m 23 % 
13,6 m 23 % 

13,6 m 24 % 
13,6 m 27 % 
13 ,6 m · 26 % 
13,6 m 27 % 

I 
I 

ma • 

REMARKS 

On top of C:irty ba11ast water. 

On top of slop water, after flushing. 
I 

7 Top of slop. 
Sar:iple bott1e u::;cd. 

I 
j 

l , 5 hrs. after stripping of free \!&~er 
completed. 

I 

0 ..... ,-
r
;:t::. 
-< 
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-0 r 
rr, 
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! TEMPERATURE C. 
i -----·· 

>ATE 1·- T;tI;1E ·-,-.;;.-- POSIT ION !!COURSE SPEED WIND SEA I AIR SEA LABASTL- AUGLEL- SHIP'S ROLLING REMARKS TO EACH SIDE (O) 1 

0/1 ~:~o ;::~r Strait 
1 

- 15 S.V.3 2 12 8 - - -

!1/1 1200 I iL48 26 W5 34 209 16 N.V.6 5 8 10 15 

Lt._.J_]_fQQ ! N.42 C,4W 9 51 200 1 16,3 I N.V.6 6 11 13 10 11 15 - 18 
~ ~;- -1-;,;~~---·----------------------··--:-· --·;;: ;·•·<~~~;~~ ---~-----··;;··· ··;;·· ··;··- ·; ~-- -- . --------------··1---------·-----

• 2COi~ j\,::?G 30 W12 47 11 11 11 11 
14 " 5 

I 

, . 5CO ! 198 17 ,0 11 11 I 15 16 10 16 2 - 3 ! 1 

,~;--~-'.'~~~--·:::: ·:: ·:~:-:~------·-: -~;:--··; ~:;--,~~~;-·· --~-------~~ --- --~~-- ·;;-·1 · ;;---- ----! -~ --~------:--· ----- -- -----1 
·, 6GO I ! II II ! II I II 18 II 16 23 2 - 3 

;;·-1-~;;~·-,---------------------- -;;;··-··:····1··:·····1-·:·······;;····-~;-· ·;:·· ·;;···· 
11 11 I N. 4 i 11 20 18 

----- _,... ____ --- --~...: ... -----·- ··--- --- _,.. 

2 - 3 
2 - 3 

·; ;;-· ---~----L:----- ·;:~------:------:--- ,-;;--- -;;---+---;-:--;------.' ---~----------.. 
II 22 19 2 • 3 
II 24 II 19 29 2 • 3 

·, 200 

I 16'J0 
1 ------•·------ ------ -- ----- ... -----·--

i osoo 
I 1 2co 
I 

I · 60C1 

tL23 20 W17 15 

N. 16 38 Wl 7 45 II II II 

I II 

...... ---~--·- __ ..... ---- -- ,,,,,. _______________ ..., ___________ ----· --------II II 

---·----------·------ ~----- ------- ----------------·-- ---------------
5/2 i (,£00 153 II N.W.5 II 20 24 16 17 2 

i ·1200 t,.OJ5:J W16 51 II II N.W.4 It 26 25 2 

i 1600 143 u II 27 26 2 

I 
I I I 

! i 
; I 

:x::, 
b: 

' rr' 
....., 
'-1 . 

:c 
!"l"1 

=:i 
:i: 
i"I 
,:, 

C, 
:i,. 
-; 
-;,:, 

....... 

--
;~ ~-t 

. -
~ ... J 

(/l 
:,:: ...... 
"t) -{/) .,, 
0 
V> .... 
-I ..... 
0 z .. 
r:-, 
0 
c:: 
~ 
VI 
rr, 

:i::, 
z 
Cl 

(,/) .,, 
rr, 
fT1 
t;,j . 



7 
i 

I 
I 

I 
! I 

POSITION ! C0URSEjSPEED WIND 
I : 

0/2 
S 11 54 V 00 27 II 16,7 II 

! 
'. 16CO 11 11 

1 11 

-----: ... -------~i----·-- ------ --------- ., ·------'"-----·-·-··-----
1 

11/2 I 
1 0800 

I 1200 

' I 
S17 17 E 03 42 

I 
: 1600 

----~•----N•~----------------------
2/2 0800 

1200 

16CO 

1 

S 22 29 E 97 59 

----· ---·--·-r----- .. ··- .. ······· .. ----
, I 

II u II 

It II II 

II II II 

142 S.E.6 
II II 

II II II 

-----------------------

I 
I 

I 
i 
I 

SEA l 
l 

' 

4 
II 

TEMPERATURE C. 

AIR 

25 
28 

27 

SEA 

26 
II 

25 

BAL-
LAST 

----------------·--·-·-----
II 

II 

II 

24 

26 

25 

24 
II 

23 
-------·------------- ·--·-

5 
II 

II 

23 
26 
23 

22 
II 

It 

ULL-
/.\GE 

SHIP'S ROLLING 
TO EACH SIDE (O) 

2 

2 

REMARKS 

-------~--------------------------------1 
2 I 

2 

2 

3 - 4 ------~ _________ .......... 4,---------~-----
5 • 6 

5 - 6 
3 • 4 

-------~----------------, ---------------
5 - 6 

:IC ,.,, 
)> 
-I 
:::r: 
rri 
::t, 

0 

~ p 
.... 
'Z n 
r 
C: 
0 ...... 
z 
ti) 

(/) 
:I: .... .,, 
-Vl 

" 0 
VI ..... 
-{ -0 :z .. 

5 - 6 1, i 
5 - 6 ' 

-------~······---------- _______________ 1 ~ 

5 - 6 
5 - 6 

5 - 6 

-:t . r, 
r r, 

... ..... .. 
("'l 
0 
2 
-I -....,, 
""-· c:: 
rn 
t:, . 



Ir I 1 l 

I 
i TEMPERATURE C. l 

!I:. ==4====1=========:::=;:::===i='====•========l==~=~'==:=;==-=.:=::aa~--....... -------·------
1 1 I I 1 BA -- ULL· SHIP I s ROLLING l 

)ATE I TIME POSITION I COURSE! SPEED : WIND I SEA i AIR SEA LflST AGE TO E.8.£!i2tD=E=(=O=) '*-=l,=R==E=~~=~=K~-==-~ 
~{--- j-1 ,- -
13/2 ! ~:~~ ts 27 26 E 12 os 11;2 i i:,s s.~.E.5 4: s I :: !~ 

I 1600 I I II II II II I 2 3 II 
I I I 

;~~;-1-;;~~--1---------------------·1··:··---~;:~·-1·;~;~;~; ·;····--[-;;·----~;--~-----· ------- ---;------------~---------------
i 1200 j S 32 44 E 1 7 02 I " " I Var. 2 " 25 " 2 

::::::::::::J::::::::::::::::::::::~:::::::~::::::::::::::: ►:::::::::::::::~::::: :::::· :::::::.::::::::::::::::~::::::::::::::: 
• i I : I ! 

I I ! 

5 - 6 
5 - 6 

5 - 6 

:;:t: 
t,: 

J:; 
I-...... 

:i:::: .. 
r'1 
):> n 
-l 0 :t: 
rr, z 
~ -I ..... 
0 z ;po C -l 
):> fTI 

t1 ...... -
: '} ,.. .. 
I 

,. ) 

(,'} 

I 
~,· 

I 
__ , 
v -
(./) 

-0 
0 
V> ..... 
-I -0 
::z: .. 
n 
0 
c.::: 
;;i:, 
(./) 
rr, 

l> 

6 
Vl 

" ,.,., 
r, 
0 

I 
. 

1 
I 



-
. ~:,~ 

~=-11'rn~ ... ,_., ______ . ----. ..,- - ... .,., .. - """r· - =· .... == ·- . -· -· 
I ! HOURS I ! 

i AFTER 
I l SAMPUi:G POINT DETERt-1INATION 
l SA;,i!'LE 

I 

' l 
I 

C;;TE I BALL. i NO. I iJLLAGE I I REMARKS 
I I 

COMPL. I 

i i l TMIK wELO'.·! DECK f,:ETHOD cor~c. ........:::=m:u::--: 

TYP:: 0? S1~i-'.?L:-~;; SAMPLES FROM T /T "FERNCOURT 11 
• 

··-
I ---1 ! 

la n. 11 , 731 0 C 3 1,5 m The letters A, Band Care used to ident~~Y 
I 
l 3 H3A C 3 3,5 m 1,5 m IR 3 ppm the individual samples when more than cne 
I 
I 

i 3 H3B C 3 . 3,5 m 1$5 m IR 3 ppm sar:ip1e is drawn from one sampling point. 
I 
I 

3 M3 I C 3 14,0 m 1,5 m IR 3 ppm 

3 03A 1 C 3 27.0 m 1, 5 m . IR 1 3 ppm • 
i ! \ 

3 ! 03B I C 3 27,0 m 1,5 m IR 4 ppm 
! 

i 
I 

4 ppm 3 D3C i C 3 27,0 m 1,5 m IR 
' I . 

I 

8 H8A j C 3 3~5 m 1 ,5 m IR 5 ppm 
I ! 

8 h83 ; C 3 i 3,5 m 1,5 m IR 5 ppm 
I I I 
! 8 i MBA ' C 3 I 14,0 m 1,5 m IR 4 ppm 
I I C 3 ! 8 l'.8B 14,0 m 1,5 m IR 4 ppm 
I 
I 
I I 

I 8 08A I C 3 27,0 m 1,5 m IR 4 ppm 
! 

8 038 I C 3 27 ,0 m 1,5 m I~ 4 ppm ' 
' ' I ' 

I 
14 I H14 I C 3 3,5 m 1,5 m IR 13 ppm 

14 I m14 I C 3 1,4 m 1,5 m IR 5 ppm 
I 

i 14 
i 

014 27,0 m 1 ,5 m IR 4 ppm I I C 3 I I . 
I i 
I 

I I 
I . 
I . 
' 

I . 
! 
I I 

I ! I I ' ' 



. - - ' - . TYP:- OF ,p.yf\.i-S· SAMPLES FROM T/T 11 FERNCOURT 11
, continued. 

;!~--------_,.;::.;;;t,;;. •. _ • - -· 
! HOURS SAMPLH:G POINT DETERMINJ.. TION 
1 AFTER SAMPLE l f3A~L. )t~TE NO. ULLAGE 
· C01•1PL. i 

TANK JELot1 DECK METHOD CO~lC. 
----==, . -

! 
! 

I I 32 H32A C 3 3,5 m 1,5 m IR 50 ppm 

I 32 H32B C 3 3,5 m 1,5m IR 31 ppm 

I 32 M32A C 3 14.0 m 1,5 m IR 8 ppm 
I 
I 

' 32 M32B I C 3 14,0 m 1,5 m IR 9 ppm 
l 
l 

I 32 032 27,0 m l ,5 m · IR 7 ppm 
i IC 3 
I 

' 
I 

I I i 

i 56 
I 1-156 IC 3 14,0 m 1,5 m IR 6 ppm I 

I I 
' I IC 3 i 

I D56 27~0 m 1,5 m IR 5 ppm 
I 
! i 
' 

I i I 
I 
I 
l 

' • I 
; I 

1 I j 

I 
' ! I i 

I 
! 

I 

I I 
! 
; 

i 
I I 
I I I I 
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SAMPLE SERIES NO. 1 A, "DIRTY BALLAST TANKS". 

Center tank contains 0.6% crude oil of tank volume. 

----------------------------,.------------~---------T--------~ 
•.. Q.t2~r1 .......•.... l§.b ______________________ gg_b _____________ ~ _______ 1Q_b __________ _ 

Room temp.: 12°c 100,: 10°C 10°C 11°c a.s0c 
0 Water temp.: 4 C 7.5°C s0c s0c .3oc a.s0c 

Dis-:::ance ubove Samp 1 e Concentration Sample Concentration Sample Concentration Sample ·concentration Samplejconcentration 
tank bottom No. ppm No. ppm No. ppm No. I ppm No. , ppm 

I 
I -

Hl 74 cm cl ,3 650 cl, 13 135 

H2 51.5 cm cl, 1 10 cl ,4 18 cl,9 2 c, , 11 2 C 4 1, 14, 
H3 6.5 cm cl .. 16 c, ', sj 12 

,o J 
:•iing tank contains 0.2% crude oil of tank volume. 

--

I 
l I 

--,.---·--
74 cm wl ,6 14 

51.5 cm Wl,2 9 wl ,7 3 

6.5 cm 
I wl ,8 2 

w, '10 9 wl,12 4 

-

wl,16 
wl,17 
w,. 18 

1 

' 4 

2 

3 

The fo11owing quantities of crude o1je ar.e sprayed on the bulkhead and th1: bottom in the center t.lnks and starboard wing tanks: 

C.T. 3.25 litres crude oil 
vl.T. 0.72 litres crude oil. 

The t-:ir,ks arG then fi11ed with fresh water until the surface isl meter above the bottom. The total liquid quantity 
is at this po~nt: C.T. 540 1itres, W.T. 360 litres. 

Samph!S are draim according to the above table. 

-1 
> 
t:::J r· 
P'l 

I--& 
1..0 .. 



After 63 hours, the free water in the ·1ower section of the tanks is drained out. leaving only the oil 

1ayer on the top. 
The samples are drawn according to the following table, 

CENTER TANl< WING TANK 

Ora i ned s 1 op in Sample Concentration Samp·le Conc1:ntrati on 
% of tank volume No. ppm No. ppm 
-

1 o;, c,, 19 3 wl,28 2 
20% cl,20 3 wl,29 3 

30% c, .21 3 wl,30 3 

40% cl,22 3 wl,31 3 

50% cl,23 3 wl.32 4 
60% cl,24 3 wl,33 3 

70% cl,25 4 wl,34 4 

80% c, ,26 4 w, ,35 4 
90% cl,27 5 w1,36 4 

The discharge rate is reduced towards the end of the draining to avoid turbulence at the outlet. 
Disregarding the relatively small quantities of oil contained in the water that is discharged, it is assu~ed 
tho.t the tanks contain the same quantities of oil after completion of the sampling series as they contained 
et the beginning. 

--f 
J> 
to 
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SAMPLING SERIES NO: 2, "DIRTY BALLAST TANKS 11. 

Center tank contains 2.5% cr~~e oil of tank volume. 

O hours 18 h 24 h 40 h 46 h 63 h 
--·-·--------·---- ------------------------ ------------------------ ----------------------- ··--·------------------ •--------------~-•-•NW 
Room temp.: gOC 10°C 10°C 8.5°C 10°c gO( . 

1-Ja ter temp.: 4°c 6.5°c 1°c 8.0°C 8°C 80C 

Dis ta nee above Sample Concentration Sample Concentration Sample Concentration Samp'le Concentratior Sample Concentration 
tank bottom No. ppm No. 

H l i'4 cm c2,3 
H2 51.5 cm c2,l 6 c2,4 
H3 6.5 cm c2,5 
-
Wing tank contains 0.5% crude 011 of tank volume 

Hl 74 cm 

Hz 51.5 cm w,., 2 2 
,:. , 

H3 6.5 cm --

ppm No. ppm No. -
338 

5 c2,9 4 c2, 11 
12 

ppm No. 

Cz, 13 
3 C2, 14 

c2,15 

ppm 

18 

3 

6 

5 
2 

2 

The following quantities of oil remain from sample series No. 1: In the center tank, 3.25 litres, in the wing tank, 0.72 litres. 
To ir.ci·1::<1se the o,, '-'-- .. .,. to the desired level for this series, the following oi1 quantities are sprayed into the tanks: 
In tre center tJrik, 10.25 lnr ... s, 
In the vdng tank, 1.08 litres. 
The tanks are then filled with fresh water until the surface is 1 meter above the bottom. The total liquid level is then, 
in tr,e center tank, 540 1 i tres, 
in tre \•ting 1:k, 350 litres. 

The ~a::,ples tire drawn according to the above table. 
z 
(/) 

:!! 

1--' 
I.O .. 



After 63 hours, the free water in the lower section of the tanks .are drained, leaving only 
the oil layer in the tanks. 
The samples are drawn according to the table below. 

After the free water is drained out, it remains the following quantities of oil: In the center tank, 13.5 litres, 
In the wing tank, 1.8 litres • 

I 
·-- . 

Drained slop CENTER TANK WING TANK in percent of 
tank volume sample No. Cc:.ncentrat,on ~ample r~o. Concentration 

ppm ppm 

10% C 2,19 14 w 2,28 2 

20% C 2,20 5 w 2,29 2 

30% C 2,21 5 w 2,30 2 

40% C 2,22 4 w 2,31 2 

50% C 2,23 4 w 2,32 3 

60% C 2,24 4 w 2,33 2 

70% C 2,25 5 w 2,34 3 

80% C 2,26 5 w 2,35 5 

90~~ I C 2,27 5 w 2,36 4 
-i 
J> 
0::, 
r-

The discharge rate is reduced towards the end of the draining to avoid turbulence near the outlet. rr, 

;......1 
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SAMPLING PROGRAM NO. 3, 11 fLUSHING OF TANKS". 

The center tank shall be filled with 5.85 litres of oil. The oil is sprayed on the lower part of the tank bu1kheads, The tank 
is then filled with 78 litres of fresh water. This gives an oil content of 7.5%. This mixture is pumped from the bottom of 
the tank and into the port slop tank, about halfway up. There shal'I be an open connection between the bottom of the port Siop 
tank and the middle of the starboard slop tank. This mixing/pumping 1s done 9 times, simulating the flushing of nine 
cargo tanks. The total quantity of liquid in the slop tank shou1d then be 720 litres. The center tank and the starboard wing 
tanks should be full at this point. 

PRI~iARY SLOP TANK. 

l h _Q_hQ!-.!CL ____ 
---------------------Roe 

\✓at 

Dis 
int 

H1 
H2 

m temp.: g'Jc 

er temp.: 4°C 

tance from 
erface 

15 cm 
41 cm 

gOC 

s0c 

Sample 
:{o. 

I 
s" 1 

,,) ' 

SECOUOARY ;LOP TANK 

25 cm ! 

63 cm s ... 2 
" ' 

C • i oncentrat 1 on: 
ppm I 

323 

405 

1 es drawn according to the table. 

17 h 23 h 
~----------------------- ·------------------------8°C 7.5°c 

6.5°C 6.5°C 

-
Sample Concentration Sample Concentration 

No. ppm i~o. ppm 

5 3,3 95 
53,4 64 5 3,7 A-96 

A og B B-54 

53,5 108 

53,6 89 s3,a A-78 
A og B B-78 

Sanp 

The capita 1 l ters A and Bare used to identify the sam~les when more than one sample 
~ 

' .i..:" point at tl,e 1,1 .. 1e • 

40 h 
~----------------------~ 6.5°C 

5.5°C 

Sample Concentration 
No. ppm 

53,9 51 

" ;,3, 10 59 

is drawn from one 

45 h •••M••-•-----~------• 
6.5°c 

0 5.5 C 

Sample I Concentration 
No. 

53, 11 
5 3, 12 

5 3, 13 
5 3, 14 

ppm 
---

50 

45 

80 

56 

=r 
> 
tr:1 
r 

iH•7 
0 :;;:: ,_. 

.,,. -i l.O .... 
r.r.' - .. .,:1 :::: 
,..; r:: 

r11 
t:1 



• 
SAMPLING PROGRAM NO. 4, "TANK WASHING". 

The slop tanks are now fu11 of slop from the flushing. There shall be an open connection between the bottom of the primary 
slop tank and the midd1e of the secondary slop tank. 
38,5;~ of tne total slop quantity (equalling 272 litres) shall be drained out. This leaves 443 litres of slop in the tanks. 
11ashing v,ater mixed with oil shall be pumped into the first slop tank about halfway up, at the same time that the secondary 
slop tank is opened for decanting to keep the slop level in the primary tank constant. 

The discharge rate shall be adjusted so that the slop will take about 3 hours through both the tanks. 

I Required oil quantity in the 1st hour, 5% crude oil, i.e. 141 litres wat er, 7 .4 1 itres crude oi 1, To obtain a constant oil 
11 u u fl u Znd 11 , 2% 11 11 11 146. u 11 

11 11 11 " u 3rd fl , 0 • 2 % " 11 11 14 7 11 11 

I I u u II u fl 4th II s % 11 u u 141 u 11 

u ll II u 11 5th 11 , 2% 11 11 " 146 fl 11 

11 11 11 11 11 6th 11 0.2% 11 11 u 147 11 u 

-! 

Room temp. : I 6.5°C 
1·1at·.:r temp.:! s.o0c 
:IM[ Inlet Outlet 

~ample Con-c"ei1trat 1 on Samp !e I Concentrat 10n 
No. ppm No. I ppm 

- I 
15 min. 4, 1 A 43000 ! A.4,2 313 r .i. I 30 II B 61563 A.4,3 330 
45 t; I C 50313 A.4,4 199 
60 II I A.4,5 230 I 

l- t-
I 

15 rr.i n. 
' 

I 4,6 16188 A.4,7 200 
3C ti A.4,8 191 
45 II A.4,9 155 
60 II A.4,10 139 

15 :r.in I 4, 11 2267 A.4,12 114 
... ,,, II A.4,13 103 .... \,.; 

145 II A.4, 14 92 
160 

II A.4,15 73 I 

) 3.0 

' 0.3 

' 7.4 
t 3.0 
I 0.3 

6.5°c 
6.S°C 

11 II II 

II 'I II 

II II II 

II fl II 

II II II 

In1 ct j 
Sample' J Concentration I 

No. I ppm ; 

I 4, 16A 
B 

I 4,21 

I 4,26 

71250 

15729 

10208 

rate. a peristaltic pump 
was used. 

Out1E:t . ~ '$ai:;:) Ter--c;:;J=icer.trct ion l 
j '~). ; pp:n l 

I _,,_,,.,. _______ 
-. 

A.4,17 
I 

I ' 322 
A.4,18 257 ,-
A.4, 19 257 ~ A.4,20 43 :r., 

I 

~ A.4,22 39 il~ 
A.4,23 49 I" 
A.4,24 42 ~ A.4,25 51 ~ 

; ,_ 
A.4,27 45 ~ A.4,28 39 r 
A.4,29 46 -.... 
A.4,30 45 " 

The pumped oil quantity deviates a little from the required quantities. This is because the peristaltic pump \'iaS not quite adjustablr 
for the rcquir2d values. Hovewer, samples of the slop pumped into the tanks will give the actual oil content. 
The slop is to be left for 15 hours for settling. z 

(l) .... 



SAMPLING PROGRAM N.Q:_J, 11 DRAINING 11
• 

Free water is, drained from the secondary s1op tank until all the water has been discharged. The slop 
tanks shall have an open connection between them as previously. 

The discharge rate is about 147 litres/hour. 

TIME SAMPLE CONCENTRATION 
NO. PPM. 

0 A 5, 1 8 

1/2 h A 5,2 15 

1 h A 5,3 13 

2 h A 5,5 8 

Room temp. 6,5°C 
11ater temp •. 6,0°C 
-

The tank shall be drained until the interface approaches the outlet, 

The d·ischarge rate shall be reduced towards the end of the draining to avoid turbulence near 
the outlet. 

......; 
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SAMPLING PROGRAM NO. 6, 11 DRAHHNG 11
• 

Th2/v1ater remaining.in the secondary slop tank after sample series No, 4, is pumped into the primary 
slop tan~. 
Tr;0 primary slop tank is then left to settle for 66 hours. 
An the 1,1ater is th0reafter drained from the bottom of the primary slop tank, using a discharge rate 
of about 147 litres per hour. 

TIME SAMPLE I CONCENTRATION 
NO. I PPM. 

0 A6,1 25 

1 /2 h A6,2 4604 

( 1 h A6,3) 

Room temp. s0c 
~ater temp. 8°C 

Sa,:1p1;•5 of the discharge water is dra1>m every half hour. The discharge is continuE:!~·. until the interface approaches 
the o~tlet. Thereafter, samples are dr~wn from different levels in the remaining slop. The discharge rate is 
redu:cd tm·,ards the end of the draining, to avoid turbulence near the outlet. Two samples were drawn from the 
rc:·:iining slop in the pr·imary slop tank. 

f I CONCENTRATION ILJIST.l\NCE FROM S,0/~PLE 
fHf TA,~K BOTTOM No. 

r;5 cm slop 7, 1 1.5% 
l 

~ cm J s 1 op 7,2 97 % 

-I 
:,:,a 
~ 
r 
rri , ...... 
LO 
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n 
0 
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II BLINDERN 

CHEMICAL CHARACTERIZATION 01-1 CRUDE OIL COMPONEN'l'S IN BALLAST ANO 

SLOP WATER FROM A VERY LARGE CRUDE CARRIER (VLCC) AND FROM MODEL 

EXPERIMENTS 

SUMMARY 

As part of the studies proposed in Commission No. 832.2012, Report 

No. 2/73 "Outline of experiments, load ... on-top system", this report 

presents results from the chemical characterization of crude oil 

components found in ballast and slop water from a very large crude 

carrier (V"".i£C) and from model experiments. The oil content has 

been determined in 276 samples from a VLCC and in 126 samples from 

model experiments, using a method based on extract~on into an or

ganic solvent followed by quantification by infrared (IR) spectro• 

scopy. In water samples that were partioularily rich in oil {slop), 

the content of water has been determined by azeotropic distillation. 

A number of aliphatic and aromatic components both in the original 

crude oil and in water samples have been identified by combined gas 

chromatography/mass spectrometry (OC-MS). Low and high temperature 

gas chromatographic (GC) analyses have been carried out on a total 

of 2} samples in order to estimate relat1ve concentrations of 1:ldi• 

vidual components as well as variations in total contents of ali

phatics and aromatics, respectively. 

The water samples have been received without any further knowledge 

of the basis for their selection. In this report, the analytical 

results are presented in tabulated forms, and only a general discussion 

or the analytical methods employed together with a broad classification 

or the OC-sarnplos as being very rich, rich, intermediate or low in aro• 

matics has been included. 
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1. Ilrl'RODUCTION 

As part of the studies proposed in Commission No. 832.2012, Report 

No. 2/73 "Outline of experiments, load-on-top system" (ref. l), a 

total of )15 samples from a very lar~u crude carrier (VLCC) and 128 

samples from model experiments have been analyzed and characterized 

by chemical methods. In this report, the methods employed as well 

as all analytical data obtained will be presented and discussed in 

some detail. 

2. ANALYTICAL METHODS 

Tha water samples collected from the VLCC were to be analyzed for 

total content of crude oil (ppm) and individual components identi• 

fied and quantified, whereas the samples from model experiments 

were to be analyzed only quantitatively. For the latter type of ana

lysis, the infrared spectroscopic (IR) method was chosen, and for 

the further characterization and identification, suitable methods 

inoluded gas liquid chromatography (GC) and combined gas liquid 

chromatog1•aphy/mass spectrometry (OC/MS). In some of the samples 

of slop, the water content was determined by azeotropio distilla

tion with toluene. These methodsJwith experimental details aa well 

as the techniques employed for the storage of samples and for the 

extraction of crude oil components from samples,are described in the 

following. 

2.1 SAMPLE .STORAGE 

For preservation of the water from the time of sampling until the 

analyses, aqueous sulphuric acid (l ml, 3 N) was added to the empty 

sampling bottles (100 ml dark brown glass bottles with screw cap, 

see fig. 2). Thus, the resulting mixtures obtained a pH of approxi• 

mately 1.5 • 2,0, and algal or baoterial growth in the samples was 

avoided during transport and storage. 

2. 2 IR-MEmoo 

Oenoral 

The IR•method is used tor quantitative estimation of the total content 

of oil in water. It is fnirly rapid and well suited for rout:lne ana.-
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destructive, and thus, the samples can be preserved for further in

vestigationr. The main lirn1 tations ai•e a) lack of specifioi ty, 1. e. 
total nxtractable organics (also other than oil components) contain

ing aliphatic carbon-hydrogen bonds will be deteru.ined; b) since 

aromatic carbon-hydrogen bonds have absorption bands outside the spec

tral region employed, values for samples that are rich in aromatics 

might be too low when compared with commonly employed standards; nnd 

c) although sufficient for the present purpose, the sensitivity is 

somewhat limited and often inadequate when sample volumes are smJll 

and concentrations of oil are low. 

Exoerimental details 

The procedure emplo~•ed in the present investigation 1s based on a 

common and widely accepted method (ref. 2 and 3). Experimental de• 

tails were as follows: 

The water sample was transferred to a separa.tory funnel (250 ml 

glass funnel with a Teflon stop cock, see fig. 2). The sample flask 

was l'insed with carbon tetrachloride (10 ml, Merck, Uvasol grade), 

which was then added to the funnel nnd used for quantitative extrac

tion of oil components by shaking (15 min) in a shaking mar;hine 

(horizontal stroke ca. 6 cm, speed appro:x.imately 170 strokes per 

min, see fig. 1), When the samples were rich in oil, additional 

carbon tetrnchloride was added in portions of 10 ml to the funnel 

before ::.haking until a suitable dilution was obtain'.J,d. After sett

ling (10 min), the organic layer (10 ml) was transferred to a re• 

gular glam, tube (15 ml, see fig, 3), the volume marked and the 

snmpla kept in a refrigerator before analysis. For quantification, 

an aliquot ( ca. 1+ ml) was tr1mnforr(..-d to a quartz cell (l om), and 

the spectral l'egion from about 2,9 to 4.2 pm (3Jioo to 2i+oo cm-1) was 

recorded agr11nst a compensating carbon tetrachloride blank (oee fig. 8) 

in a Perkin Elmer Model 457 Double Beam Orating Infrared Spectrophoto

meter (see fig. 5) operating at slow mode (100 cm • 1 per min). The 
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absorb:inces at ;.42 µm (2920 cm .. 1) and 3.50 µm (2860 cm-1) were 

added, and the concentration of extractable oil components in the 

sample was determined directly from a standard curve based on the 

actual oil that had been transported. 

Samples with absorbances larger than approximately 0.9 had to be 

diluted before f!nal quantification. 

Discussion 

Due to impurities, the carbon tetrachloride blank showed small back• 

ground absorptions at 3,42 and 3,50 µm, Varying somewhat from bottle 

to bottle, this absorption co'..lld be significantly reduced, but not 

completely removed by treatment with Molecular Sieve 5A. Therefore, 

the solvent was used without pretreatment and care was taken to use 

solvent from the same bottle for extraction and dilution as well as 

in the IR reference cell. 

The "Florisil" treatment for "removal of non-hydrocarbons" (ref• 2) 

was not used in the present procedure. Preliminary experiments 

had shown rather small effects on the absorbances at ).42 and 3,50 µm, 

and emittance of this step made the procedure simpler and more 

rapid, Since this step was also omitted during the preparation of 

the calibration curve, the error was thereby further reduced Md was 

considered negligible. 

The yield of extraction was tested in several experimencs prior to 

the work-up of the actual samples. In the procedure described above, 

an almost quantitative recovery of oil coml>()nents was obtained from 

the water phase, and the single extraction step was as effective as 

two or three extractions with smaller amounts of solvent (the amount 

of solvent employed was substantially larger than recommended in ref, 2J 

i.e. 50 ml of oarbon tetrachloride per 3 litres of water). 

The calibration curve was based on the actual oil that had been 
0 

transported (Mena Crude (Kuwait), API 31.8, sp.g, 0.8665, T==82 F). 

5, 
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Being a little higher, these values differed somewhat from those 

obtained from a recommended {ref • .3) synthetic standard blend 

routinely used in our laboratories for quantification of unknown 

samples. 

2 • .3 GC-MEI'HOD 

General 

The gas liquid chromatographic (GLC or GC) analytical method is 

widely employed for the characterization and qualitative and quanti

tative analyses of organic components (also recommended in ref. 2). 
In p1•inciple, a given component (or a mixture of components) is in

jected ns a liquid {or in solution) into the GC where it is vaporized 

and carried through a sep3ration column in a stream of carrier gas 

(usually nitrogen, N2, or helium, He). Ideally, components will be 

completely separated and registered individually in a suitable de

tector (the general response flame ionization detector (FID) is 

commonly used for hydrocarbon analyses). 1rhe detector signals are 

amplified and visualized on a strip chart recorder. The peaks in 

the resulting gas chromatogram can be quantified either by manual 

methods (rncn.sw.·cments of peak heights eto.), or an electronic inte

grator can be employed in the calculations. The use of an internal 

or an external standard 1s recommended for precise determinations. 

The general r1~quirementa are 

a) all components in a given mixture have to be vaporized a.t the 

given inJoctor temperature {up to approximately 300°c) for com

plete analysis1 

b) all components should be thermally stable during the whole 

chl.•oma tographio sequence; 

o) individual components should be pr~scnt in concentrations of at 

least a few nanograms (ng) per ml {ppb); and 

d) for exact quantification, all components in a given mixture have 

to be completely separated and linear reponse curves should be 

recorded for each componant by the use of pure standards. 

6. 
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With rather complex mixtures (such as crude oil), several compro

mises have to be reached. For complete characterization of the 

low boiling components in a given crude oil, a high resolution 

capillary colunm must be employed. Higher boiling components can 

be further characterized with a high capacity packed column operating 

at higher temperatures. Still, components boiling above approxi

mately 350-4oo0 c will not be vaporized and analyzed under ordinat•y 

GC conditions. 

Exeer~cntal details 

Sample volumes of 100 ml with expected low oil contents of 

a few ppm,seriously restricted the maximum amount of organic 

solvent that could be employed. Furthermore, since preconcentro.tion 

of an extract by evaporation causes heavy loss of volatile components, 

the following experimental procedure was used for extraction of oil 

components prior to OC (and GC/MS) analysis: 

To the sample bottle was added carbon disulfide (0.3 ml, Merck pro 

analysi), the screw cap was fitted with aluminium foil prerinsed 

with the same solvent and the mixture was shaken in a shaking machine 

(15 min) and immediately transferred to a Sl~paratory funnel (250 ml). 

After settling (10-15 min), approximately 10 ml of the content was 

transferred to a centrifuge tube (10 ml). After centrifugation (5 min, 

1500 rpm, see fig. 4), the organic layer containing the oil components 

was found as a small droplet in the bottom of the tube (see fig. J). 
F'rom this droplet, aliquots (1 pl) were removed for GC (or GC/MS) 

analyses by the use of a hypodermic syl'inge (10 µl) pushed through the 

water layer. 

The instruments uncd in the OC analyses were the following (see fig. 6): 
Gas chromatograph: Perkin Elmer Model 900. 

Recorder: Hi tauhi Perkin Elmer Model 159 ( 1 mV). 

Integrator: Varian Aerograph Model 48o Electronic Integrator. 
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The experimental conditions for the low_ temperature GC were as follows: 

Column: 11 scar11 50 feet x 0,02 inches ID 

Polyphenylether os-138 (theoretical plates (n) • 32,000 

or 2,100 per metre), 

Carrier gas: 4 ml per min nitrogen (N2) through the column (split 1:.:;) 

Detector: Flame ionization FID (single) 

Detector temperature: 

Injector temperature: 

Column tempera tu.res: 

200 °c 
150 °c 

0 Isothermal 10 C for 3 min; programmed run 

10-190 °c with 6 °c per minJ isothermal 190 °c for 

approximately 10 min 

Injected volumes: 1 µl of the carbon disulfide solutions; 

0.2 µl of the pure oil sample. 

The experimental condi t:!.ons for _the hiE::_h tempPrature GC were as follows: 

Column: 2 M 3,6 % SE 30 on Chro:nosorb W 80-100 mesh (theoretical plates 

(n)=JOOO or 1500 per metre) 

Carrier g .. s: 30 ml per min nitrogen (N2) through the column 

Detector: Flame ionization FID (double) 

Detcct0r temperature: 300 °c 
Inject.or temperature: 300 °c 
Colwnn temperatures: Isothermal 150 °c for l min, progPammed run 

150-290 °c with 6 °c per min; isothermal 
0 290 C for approximately 10 min 

Injected volumes: l µl of the carbon disulfide solutions; 
0,4 µl of the p'.lre oil sample 

In the low temperature GC, the r-es0lution of components were high 

and the int.cgrn tor could bo used for all peak area measurements. 

1'\lrthcrmor.e, a number of components could be idenU.fied pd or to the 

GC/MS analysis by comparison with chr0matogrAms of mixtures of pure 

r;tandards. 'rl1<.rno standai•dr; W(~re also ut;ed for tho d.etermina Lion of 

individual response curves, In the high tempe1•aturo OC, the inte

grator was r.ot capable of ad Justing 1 tsclf to the elevated base line, 

and peak areas in these chromatograms were computed by multi.plying 

the values of the peak bclght by the width at one-half height. 
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Discusnion 

The ma.in objectives behind the GC determinations were: 

a) obtaining optimum separation of individual components, 

b) dotcPrnining relative concentrations of individual components., 

o) detemining variations in total cont'tmts of al1phat1cs and aro• 

mr1tics respectively, 

d) determination of absolute concentrations was concide1•ed being 

le$S important and could only be roughly estimated by the 

selected mothod. 

The cxtrucUon step was critical and had to be performed in such 

a way that a) the largest number of components would be present 

in suff:lciont concentration for detection and identification, and 

that b) if posoible, it should be quantitative for all components 

present and no preferential extz·action of any oomponent should take place. 

These requirements restricted the total amount of organic solvent 

that could be employed and excluded the use of a preconcentration step 

by evnporation. In order to test the described GC extraction proce

dure, sea water {100 ml} wa~ mixed with weighed amounts of' crude oil in 

glaos bottles and plc.1ccd in the shaking mnchine. The resulting samples 

were low 1!1 overall concentrations of crude oil, varying between 150 

and 500 ppm and thus, were of the same order of magnitude as n number 

of the actual ::wmplcn. Extraction with 0,3, 0,5 or O, 7 ml of carbon 

disulfide (which has a very 1,,w rcr;ponl',e in FID) followC!d by contri• 

fugation and analyses by low temperature GC ::.bowed the following: 

a) all crnnponents in the orl~inn.l oil (including the volatiles) 

were present in the extrnct, 

b) no preferential extraction of any component seemed to hR.ve taken 

place, and 

o) the t•csul ting volume of carbon disulfida after centrifugation 

varied from sample to sample, and, thus, it is more precfoe 

determining relt1tive concentrations of individual components 

rather than absolute values. 
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F\lrth 11rmor·J, when oentrifuged samples were kept at 4 °c for some 

time (for ~xample 15 days), repeated analysis showed larger con

centrations of all components, probably caused by dissolution of 

solvent into the water phase. 

10. 

2. 4 GC/MS--ME'rHOD 

General 

Mass spectrometry combin,3d with gas chromatography (GC/MS) is con

sidered one of the most versatile methods in modern orgeinic analy

tical chemistry. It combines the advantages of G~ with absolute 

structure identification of the ir1dividual components. I~ particu

lar, the combination with high resolution QC offers the possibilities 

for rapid identification of a large number of components in rather 

complex mixtures. In principle, individual components that are eluted 

from the GC pass through a capillary tube into the ion source in the 

MS. Here, the molecules are split into positively charged fragments 

which are then removed by a strong negative electric field followed 

by deflections in a magnctio field. Thereby, these ~ha~gcd species 

are selected and determined according to their mass to charge ratio, 

and the molrcular weight and structure of the original molecule can 

be interpreted from the recorded line spectrum. 

Detection limits are of the order of a few ppb, and for complete 

identification, components should be sufficiently pure or well sepa

rated from other components and be thermally stable in the vapor phase. 

1':Xperim,mtal details 

The extrac~ion procedure was the same as used for the GC•det3rmina

tions and is already described in detail (page 7), The following 

instruments and conditions were used in the OC/MS analyses (nee fig. 7): 

Mass sp~ctrometer: Hitachi-Perkin Elmer HMU 6L 
Gas chromatograph: Perkin Elrr.er Model 801 

Columnt As for the low temperature GC 

Carrier gas: 4 ml per min helium (He) through the oolumn 
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Make LlP ga:; for the mass spectrometer: 11 ml per min He 

Detector: Total ion current (TIC) 
0 Column ter.1peratures: Isothermal 15 C for 5 min; programmeti run 

0 0 15-190 C with 5 C per min, isothermal at 

190 °c 
Ionhation chambe,~ temperature: 240 °c 
Electron energy: 70 eV 

InJected volumes: O.} µl of the carbon d1aulf1de solutionsJ 

11. 

0,1 µl of the pure oil sample (used without a split). 

Discussion 
,. 

The main objective behind the GC/MS determinations was identification 

cif as many components as possible both in water samples as well as in 

the original oil. Selection of samples for this analysis was based 

on the results obtained by GC in order to get complete identification 

of all components present throughout the samples. In addition to -
pure standards and the actual oil, srunples being rioh in aromatics 

as wttll as srur,ples containing all types of hydrocarbons were analyzed 

by this method. 

Determination of wnter content -------------
In some of the samples that were very rich in oil (collected from 

the top of the slop tanks), the content of water wa& determined by 

azeotropio distillation with toluene. In the procedure employed, 

the sample was distilled with ~oluene (100 ml, Merck pro analysi) in 

a round bottomed glass :'1 ask (500 ml). The water phase was collected 

by condensation and the volume was measured in a graduated cylinder 

when no more water could be removed from the mixture. 
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RESULTS AND DISCUSSION 

Details :regarding the 'selection of water samplos have not been avail .. 

able during the present study, Consequently, only results from the 

chemical anal~rses of the samples will be presented and discussed in 

the following. 

Determination of total oil contents 

A total of 276 samples from a VLCC and 126 samples from model tank 

expe1•iments have been ,malyzed by the IR-method (page 3) and the results 

are summarized in table 1 and 2,respectively, Most of the values 

are expressed as mg per litre of sample, which are almost the same as 

ppm (sp.g. of sea water is approximately 1.025). Some of the :recorded 

spectra of extracted water samples differ from that of the standard 

crude oil. In some cases, new bands occur in the region of aromatic 

carbon-hydrogen absorption (denoted "a" in the tables), whereas in other 

spectra, variations in relative intensities between the aliphatic ab

sorption bands are observed (denoted 11 b11 in the tables). 

Samples that are rich in aromatics would givo absorptions of the former 

type, whereas a difference in the distribution between branched and 

straight chain hydrocarbons could alter the pattern of absorption bands 

as observed in the latter oases • 

.:,.2 Determination of water content 

The content of water has been determined (page 11) in 16 samples from 

a VLCC nnd in 2 samples from model e per1ments, and the results 

in table l and 2 are expressed as p•1roent by weight. 

:,., 0Cj'1S .. dctermlnationo 

In order to identify the largest number of components encountered 

in this investigation, samples were seleoted fol' determination 

by OC/MB on basis of their ga~ chromatograms. For establishment of 

suitable analyti~al oonditions ne well aa some useful reference data, 

a ayntetio standard mixture consisting of n-a:ganea (c
5 

• c16) and 

aromatics (benzene, toluene, ethylbenzene, m•xylene and naphtr.aleno) 

were analyzed by the described method (page 10). Typioal examples 

or mass spectra of alkanes and of aromatic compounds are shown in 
fig. 9 and. 10, respectively, 
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,.4 

1.3. 

The analysis of the original crude oil resulted in the recording of 

100 mass spectra. Most of the compounds seen in the chromatogram 

(fig. ll) have been fully identified, either by comparison with avail• 

able reference dnta or by the aid of molecular weights and given 

fragment patterns. In some cases, compounds have been characterized 

by their general molecular formula and by further structural in

formation obtained from their mass spectra. Thus, an unknown aliphatic 

compound might be listed as c8H18 (an octane isomer) and an aromatio 

compound as an alkyl (c4) benzene isomer (a benzene ring substituted 

either by a butyl, propyl and methyl, two ethyls, on.e ethyl and two 

methyls, or four methyl groups). 

Furthermore, one sample rich in both aliphatios and aromatics (sample 
No,271) as well as two samples very rich in aromatics (sample No. 54 
and No 132) have been characterized by this method, From sample No. 271, 
a to~al of 70 mass spectra were recorded, whereas 23 compounds 

could be identified in sample No. 132 (No. 54 w"s lower in concentra• 
tion of oil and little structural information could be obtained from 

this sample). The structural information obtained may be seen from 

tables,, 6 and 8. 

OC-determ1nat1ona 
In addition to the actual crude oil and several synthetic standards, 

a total or 2J samples from a VLCC have been analyzed by the OC•methoda 

previously described (page 6). One sample (No. 189) was lost before the 
final analysis, The actual samples were selected in such a way as 

to "a" tulf'U the main obJeot1ves (see page 9) and 11 b11 obtain intor• 
mation about possible oorrelations between different ship operative 

procedures and variations in the observed relative amounts and general 

naturt of individual oil oomponenta found in the water phase (detsiled 

deaoriptiona ot the 1ample1 are not available hara), 'l'he analy1e1 

havt re1ulted in a rather large amount of experimental data, and 1n the 
following. some or the mort important ooncluEions will be presented and 

d11ou11ed. 
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Crude oil 

The orude oil was chromatographed. both by low (see fig. ll) and 

high temperature QC-techniques, and table 3 and 4 summarize the nature 

ot individual components identified together with elution temperatur('s, 

absolute values and values relative ton-heptane for peak areas, and, 

for a few oomponen~s only, a rough estimate of absolute concentrations 

in the injected extract. Where two (or more) components are not 

resolved, peak areas are displaced to the right in the table column. 

In this original material, aliphatic components dominate, and, based 

on values obtained from the low temperature oc, constitute more than 

8o ~ of total material encountered (see fig. 14). 

011 in slop ta,!!! 

The OC-determ111ations show that the sample analyzed (No • .312) is very 

similar to the original oil, exoept that in the high temperature 

chromatogram (see fig. 1, and table 5), higher boiling aliphatic consti

tuents (c
29 

ri.r,d above) are present in l""mewhat larger concentrations. 

Since the solubilities of higher boiling tractions of crude oil are 

repc,rted to be extremely low (see e.g. ref. 4), this is to be expected. 

Water samples 
Judged by their low temperature gas chromatograms some of the samples 

ahow distinct differences in the distribution between aliphatic and 

aromatic oonatituents. In sample No. 271 (table G), which is 
fairly rich in total oil, aroma.tics are present in a total oonoen• 

tration not very different from that in the crude oil (see also 

fig. 14), but in several other aamplaa (ex.amplified by No. 1;2, 

fig. 12 and 14), aromatic compounds have been enriched to a VGr'I 

large degree. Aa oan be seen from table 8, the oompounda that have 

been moat enriched are aromatics like benzene, toluene, qlene and 

variO\la other alkylbenzenea together with aome ot the lower al1• 
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phatics (boiling up ton-heptane). Some naphtalcnes are also pre

ent in this sample, It has been found unnecessary to tabulate 

values for all the other samples that have been analyzed by GC, 

However, some conclusions can be drawn when the distribution between 

aliphatic and aromatic constituents are being compared. In table 9, 
the samples (denoted by their numbers) have been arranged according 

to the degree of enrichment. 
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TABLE l 

DErERMINATION OF OIL (IR-MErHOD) AND OF WATER 
(AZEOrROPIC DIS!'ILLATION) IN SAMPLES FROM A VLCC 

17. 

Concentration Conoentration 
Sample no. of oil Sample n"• of oil 

(mg per 11 tre) (mg per litre) 

l la .}l 77 
2 <l :,2 75 

:, 6 '' 75 

4 6b '4 78 

5 120 ,s 62 

6 114 :,6 82 

7 lo6 '!,7 12.} 

8 94 ,a 7:, 

9 112 39 117 

10 91 40 17
8 

11 1}2 41 18& 

12 120 42 16a 

l.} 150 4.} 6.} 

14 9:, 44 68 

15 1:,7 45 67 

16 12, 46 

17 14} 47 

18 88 48 

19 126 ~9 108 

20 9:, 50 
21 158 51 11, 

22 1:,6 52 
2, 148 s, 
24 14, 54 
25 160 55 1 

26 146 56 1 

27 148 ST 40 

28 1,.2 58 42 

29 199 59 40 

,0 (1 60 45 
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TABLE 1 (p, 2) 

Concentration Concentration 
Sample no. of oil Sample no. of oil 

(mg per litre) (mg per 11 tre) 

61 46 91 83 
62 :,8 92 7.:, 

63 46 9:, 75 
64 109 94 9• 

65 105 95 ,./· 
66 11

8 96 lla,b 

67 11• 97 (l 

68 lz" 98 6 

69 (l 99 25 

70 '9 100 27 

71 41 101 28 

72 42 102 27 

1, ,1 103 24 

74 }5 lo4 25 

75 40 105 85 

76 109 lo6 a, 
77 9:, 107 64 

78 98 lOS 78 

79 6 109 65 
80

a,b lOa,b l.10 66 
8la,b lla,b 111 118 

82 112 10 

e, ( l 11, 9b 

84 < 1 114 192 

85 27 115 12, 

86 2ff 116 154 

87 28 117 74 
88 25 118 98 

89 25 119 108 

90 27 120 
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TABLE l (p. 3) 

Concentration Conocntrntion 
Sample no. of oil Sample no, of oil 

(mg per litre) (mg per l1 tre) 

121 tl 151 69 

122 <l 152 86a 

12} :,4 a 153 2 

124 154 l 

125 43 a 155 178 

126 156 17 

127 157 16a 

128 158 ,oa 
129 57 159 2sa 

130 160 298 

131 54 161 7a,b 

132 162 7a,b 

13.} 163 sa,b 

1:,4 164 188 

1}5 21
8 165 16 

1'6 20a 166 17a 

1}7 22a 167 55 
1}8 82 168 

1'9 169 2,a 

140 99 170 

141 (1 171 228 

142 (l 172 21a 

14} 65 1r, 428 

144 '14 174 52& 

145 79 175 (1 

146 }2 176 (1 

147 :,5• 177 178 

148 :,2 178 1s• 
149 1'0 179 18 

150 a.4 a 18o 171 
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TABLE l (p. 4) 

Concentration Concentration 
Sample no. of oil Sample no. of oil 

(mg per litre) (mg per litre) 

181 17 211 248 

182 15
8 212 156 

18.} ff,b 213 151 

184 8a,b 214 141 

185 7a,b 215 148 

186 99 216 133 

187 94 217 143 

188 2}4 218 196 
189 219 228 

190 246 220 186 

191 288 221 92 

192 260 222 101 

193 ,ao 22.} 20 

194 282 224 20 

195 285 225 17 

196 21} 226 18 

197 228 221 (1 

198 198 228 ;6 

199 155 229 21 

200 158 2,0 25 

201 112 2:,1 2, 
202 127 2:,2 16 

20) 2,, 5 

2o4 110 2}4 12 

205 lo4 2'5 6) 

206 94 2}6 26 

207 2,1 60 

208 95 2,S '' 209 72 2'9 60 

210 57 240 94 
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TABLE l (p. 5) 

Concentration Concentration 
Sample no. of oil Sample no. of oil 

(mg per litre) (mg/1) (s/1) 

241 116 271 

242 86 272 49} 

24, l9J 27:, 615 
244 280 274 795 
245 282 275 745 
246 111 276 845 

247 97 277 2,4 

248 105 278 ' 6 ( ~ ' 

249 115 279 28,1 

250 116 28o 
251 281 

252 (l 282 26 
25:, <l 2s, 25 
254 200 284 2} 

255 181 285 15 
256 174 286 <1 

257 128 287 24 

258 l.}4 288 24 

259 141 289 2:, 
260 164 290 9 
261 171 291 9 

262 181 292 lJ 
26.:, 29} (1 

264 210 294 2 

265 17;, 295 575 
266 226 296 368 
267 284 297 }12 

268 :,66 298 ,as 
269 405 299 620 

270 ,aa ,00 655 
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TABLE l (p, 6) 

Sample no. 

Sample no. 

82 
120 

251 
m 
:,06 
'}(11 

,oa 
)09 

,10 
,11 

:,1:, 
:,14 

:,15 
:,16 
:,17 
:,18 

Concentration 
or oil 

(mg/1) (g/1) 

8,o 

915 
47,5 

Content of water 
(per cent by weight) 

16 
:,8 

9 
25 
20 

19 
20 

11 

21 

2:, 
2:, 
24 
27 
26 

27 
18 

a• addition IR•abaorpt1on band1, pr-obabl7 due to aromatioa 

22. 

b • relative 1ntens1t111 ot hydrocarbon abaorpt1on bande varying 
from the atand.ard 
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D~'TERMINATION OF OIL (IR-MEI'HOD) AND OF WATER (AZEOI'ROPIC 
DISTILLATION) IN SAMPLES FROM MODEL TANK EXPERIMEt-TrS. 

Concentration Concentration 
Sample no. of oil Sample no. of oil 

(mg/1) (g/1) (mg/1) (g/1) 

A 4,29 46 I 4,5 2:,0 

A 4,:,0 45 I 4,6 16,2 

A 5,1 8 I 4,7 200 

A 5,2 15 A 4,8 171 

A s,, 1, A 4,9 155 

A 5,4 sample lost A 4,10 1'9 

A 5,5 8 s :,,9 51 

s ,,1 :,2:, s :,,10 59 

VA 6,1 25 s :,,11 50 

VA 6,2 4,6 s ,,12 45 

A 4,20 4.:, 8 ,,1:, Bo 

I 4,21 15,7 s ,.14 56 
A 4,22 '9 I 4,1 A 48,o 

A 4,2:, 49 I 4,1 B 61,6 

A 4,24 42 I 4,1 C 50,:, 

A 4,25 51 s ,,2 405 

A 4,26 1,2 s ,,, 95 

A 4,27 45 s :,,4. 64 

A 4,28 '9 8 :,,s 108 

I 4,11 2,, s :,,6 89 
A 4,12 114 8 ,,1 A 46 

A 4,1, 10, s :,,7 B 54 

A 4,14 92 s :,,8 A 78 

A 4,15 1, s ,,a B 78 

A 4,16 71,1 w 2,28 2 

A 4,17 }22 w 2,29 2 

A 4,18 257 w 2,,0 2 

A 4,19 257 w ,,,1 2 

r 4,2 ,1, w ,,,2 ' I -., ''° w ,,,, 2 

I 4,4 199 w ,,,- ' 
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TABLE 2 (p, 2) 

Concentration Concentration 
Sample no. of oil Sample no. of oil 

(mg per litre) (mg per litre) 

w :,,35 5 w 1,,0 , 
w :,,'6 4 w 1,:n ' C 2,19 14 w 1,:,2 4 

C 2,20 5 w 1,,:, ' C 2,21 5 w 1,34 4 

C 2,22 4 w 1,:55 4 

C 2,2, 4 w 1,:,6 4 

C 2,24 4 C 1,19 ' C 2,25 5 C 1.,20 ' C 2,26 5 C l,21 ' C 2,27 5 C 1,2a ' w 2,10 2 C 1,2, ' C 2,11 ' C 1,24 ' w 2,12 2 C 1,25 4 

C 2,1:, 18 C 1,26 4 

C 2,14 ' C 1,27 5 

C 2,15 6 w 1,10 9 

w 2,16 5 w 1,12 4 

w 2,17 2 C l,11 2 

w 2,18 2 C 1,1, 1'5 

C 2,1 6 0 1,14 ,. 
C 2,2 2 C 1,15 12 

C 2,, ,,a w 1,16 4 

C 2,4 5 w 1,17 2 

C 2,5 12 w 1,18 :, 

" 2,6 11 C 1,1 10 

w 2,7 2 w 1,2 9 

w a,s 4 C 1,, 650 

C 2,9 - C 1,, 18 

w 1,28 2 0 1,5 16 

w 1,29 ' w 1,6 11' 
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TABLE 2 (p. ,, 

Sample no. 

w 1,7 
w 1,8 
C l,9 

Sample no. 

7,1 
7,2 

Conoentration 
of oil 

(mg per litre) 

:, 
2 

2 

Content of water 
(per cent by weight) 

1,5 

97 

A rather large number of these samples ahowed variations in the 
relative intensities ot hydrocarbon absorption band.a when compared 
with the standard, 
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" Ill • TABLB, ttM 'I'I:MPEAA1VRI OC•DA1'A POR CRUDE OIL • 

Peakx) 
Peak area") Estimated.· 

eomponent FOrmula Elution 
0 

relative to concentration 
temperature ( C) area n-heptane ms/ml ot oil 

methane af4 10 

ethane C-Jl6 10 557 2 

propane Cfa 10 974 4 

butane C4'i,o 10 5212 19 

1-pentane C5H12 10 8742 ,, 
n-pentane C5Hl2 (n) 11 16551 62 ,,s 
2•methylpenta.ne C6Hl4 25 10716 40 

:,-methylpentane C6Hl4 29 9:579 ,s 
n-hexane C6Hl4 (n) '4 22585 84 7,5 

2,2•d1met.hyipentane Cf16 40 

methylcyclopentane C61ii2 44 4'59 16 

2-methylhexane . Cf16 51 7614 28 

:,.methylhexane Cf16 54 1258:, 47 

alkane (C.,) Cf14 57 
n-heptane Cf16 (n) 60 26762 100 

n.1. - 67 29:51 11 

methylcyolohex:ane Cf14 69 7685 29 &\ 
alkene (c7) Cf14 72 2144 8 • 



• -• ,. -• 0 
Ill 

TABLI:, (p. 2) • • 
Peakx) 

Peak are&x) !atimated 

Component Formula Elution relative to concentration 
temperature (

0c) area n-heptane mg/ml ot oil 

alkene (ca> Csffi6 1, 2,c,9 9 

ben:~en• C6H6 1, 
2-methylheptane Ca818 76,5 1:,216 49 

>methylheptane C8Hl8 78 1s,, 29 

alkene (ca> C8Hl6 84 :,185 12 

n-octane Ca818 (n) 86 24218 90 

alkane (c
9

) C9H20 91 ;,107 12 

a.lkane (c
9

) C9H20 9:, 2585 10 

alkene (c
9

) C9818 98 

toluene Cf8 99 10042 ,a 2,0 

2-methylootane C9H20 100,5 7072 26 

:,-methyl octane C9H20 102 6886 26 

n-nonane C9H20 (n) 109 22778 85 7,0 

alkene (c
9

) C9H18 11:, 2029 8 

alkane (c10) ClOH22 115,5 5422 20 

n.1. - 117 4}25 16 

alkene (c
9

) C9Hl8 120 8098 '° ethyl benzene Cs810 120 
~ 

p,oqlene CgHlO 122 7874 :,,o • 

m-qlent Cff-10 122 



• -• ,. -z 
0 
Ill • 

TABLB, (p. ') • 
Peakx) 

Peak areax) Estimated 

Component Forffl\lla Elution 
0 

relative to concentration 
temperature ( C) area n-heptane mg/ml or oil 

alkan• (Clo) C10H22 12, 90,1 ,· 

alkene (c10) ClOH20 124,5 2662 10 

o-.:eylene Ca810 129 5249 20 2,5 

n-deoane ClOH22 (n) 1;0,5 2}170 87 
i•s,ropylbenzene C9Hl2 1:,0,5 

alkane (c11) CllH24 1;4 5485 20 

n-propylbenzen• CllH24 139 19:,2 7 
n.1. - 139 

alkene (c11) CllH22 141 1:,50:, 50 
ethylmethylbenzene C9H12 141 

ethylmethylbenzene C9H12 144;5 4840 18 

n.1. - 144,5 

alkane (c11) CllH24 146 :,;,57 1:, 
ethylmethylbenzene C9H12 146 

trimethylbenze~• C9H12 148,5 • 

n-w'ldeoane CllH24 (n) 150 27988 105 
alkyl (c4) benzene 010"14 150 

n.1. - 1s, 4867 18 li • 



• -• ,. -z 
C, 

TABLE ' (p. 4) "' • z 

Peakx) 
Peak areax) Estimated 

Component Formula Elution 0 
relative to concentration 

temperature ( C) area n•heptane mg/ml ot oil 

n.1. - 155 ,007 11 

(1,2-diethylbenzene) 01di14 157 5167 19 

alkyl (c4) benzene 01d114 159 201:, 8 

(methylpropylbenzene) Cl0Hl4 160,5 6485 24 

alkane (c12) 012826 162 68:,:, 26 

alkyl (04) benzene ClOHlJ~ 164 4909 18 

n.1. - 164 

alkyl (c4) benzene 010814 165 :,690 14 

· n.1. - 167 27,S 10 

n-dodeoane 0uP26 (n) 169 2,,21 87 

n.1. - 172 325, 12 

alkyl (c
5

) benzene 011H16 174 3648 14 

alkyl (c
5

) benzene CllH16 178 8488 :,2 

alkane (c14) C14H30 18o 8o65 :,o 

n.1. - 181 )996 15 

n.1. - 18:, 4765 18 

n-trideca.ne C1f128 (n) 186 2254:, 84 
alkyl (c

5
) benzene Cl1Hl6 186 ~ 

alkane (c14) C14tt,o 190 
• 

7996 
a~Icyl (c6) benzene 01ti18 190 



TABLE , (p. 5) 

Component Fonnula 

alka.ne (c14) C14li_,o 
n-tetradecane C148:,o (n) 
n.1. -
methylnaphthalene CllHlO 
n--pentadeoane C158,2 (n) 
n-hexadecane c16a34 (n) 

n-heptadecane C1f36 (n) 

n.1. • not identified 
x) valuea for nonresolved components are 

displaced to the right 

Elution 
0 

temperature ( C) 

190 

190 

190 

190 

190 

190 

190 

• -• ,. .. 
z 
" .. • z 

Peakx) 
Peak areax) Estimated 
relative to conoentrat1on 

area n-heptane mg/ml of oil 

9595 .;6 

2,,14 87 
107;2 4o 
2790 10 

21043 79 
l.}:,57 50 

- .. 
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TABLE 4 HIGH TOOE:RATURE 1C•DATA FOR CRUDE OIL 

C, 

"' " z . . 
Component Formula. Elution Peak Estimated oonoentrat1on 

temperature (0c) area mg/ml in oil 

n-hexadeoane c16H:,4 (n) 171 2128 6,7 

C1f}6 (n) 179 1952 6,1 

C1aff:,8 (n) 189 2112 6,6 

Cl9H40 (n) 199 1280 4,o 

n-eiooaane C20H42 (n) 209 1056 .:,,:, 

C21H44 (n) 219 816 2,6 

022H46 (n) 228 688 2,2 

C23H49 (n) 2.:,7 576 ,1,8 

C24H50 (n) 246 48o 1,5 

n-pentaoosane C25H52 (n) 255 384 1,2 

C26H54 (n) 26.} :,68 1,2 

C2'r56 (n) 271 288 0,9 

02aH58 (n) 278 256 o,8 

C29H60 (n) 286 144 0,5 

n-triaoontane c,0H62 (n) 290 224 0,7 

c,1H64 (n) 290 160 0,5 

c_,ti66 (n) 290 192 o,6 

c
33

H68 (n) 290 96 o,:, 

C:,41Lro (n) 290 96 o,, ):: 
• 



• -• 
TABLE 5 HIGH Tlffl'ERATURE OC•DATA FOR SAMPLE NO. :,12(SLOP) 

,. -I 
0 
Ill 
ll 
I 

Component Formula Elution Peak Estimated oon0entrat10n 
temperature (0c) area mg/ml 1n oil 

n-hexadecane C168:,4 (n) 171 2}36 1,, 

C1-,H)6 (n) 1"(9 2144 6,7 

C1aH}8 (n) 189 2000 6,, 

C19H4o {n) 199 1:,60 4,, 

n-eicoaane c20H42 (n) 209 l:!.52 :,,6 

c21H44 (n) 219 880 2,8 

C2{,1-6 (n) 228 768 2,4 

C2:,H48 (n) 237 624 2,0 

C24H50 (n) 246 512 1,6 

n-pent11:cosane C25H52 (n) 255 472 1,5 

C26H54 (n) 26:, 4;2 1,4 

Cdf56 (n) 271 :,:,6 l,l 

c2,lrss Cn> 278 )52 l,l 

C29H60 (n) 286 :,}6 l,l 

n-triacontane c,0"62 (n) 290 624 2,0 

c_,1H64 (n) 290 736 2,, 

c_,,66 (n) 290 784 2,5 

c
33

H68 (n) 290 696 2,2 

0.;41i.ro (n) 290 696 2,2 

~ • 



• -• TABLE 5 (p. 2) .. -z ., 
"' ,. 

Component Formula Elution Peak Estimated concentration • 
temperature (0 c) area mg/ml in oil 

n-pentatriaoontane c,sli.r2 (n) 290 512 1,6 

c}6a,.4 (n) 290 520 1,6 

C3f76 (n) 290 4:,2 1,4 

c,sH-ra (n) 290 448 1,4 
c
39

H80 (n) 290 400 1,:, 
n-tetraoontane C40H82 (n) 290 240 o,8 

C41H84 (n) 290 160 0,5 
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TABLE 6 LCM TEMP»tATtJRE OC•DATA FOR SAMPLE NO. 271 0 

"' " z 

Peakx) 
Peak areax) Estimated 

Component Formula Elution 
0 

relative to concentration 
temperature ( C) area n-hepta.ne mg/ml in cs2 extraot 

methane CH4 10 136 l 

ethane C:ti6 10 1'40 9 

propane C,Hg 10 7}9 5 

'butane C4H10 lO 4,24 :,o 

1•pentane C5Hl2 10 3782 26 

n-pentane C5H12 (n) 11 7087 49 o,:, 

solvent cs
2 

n-hexane C6Hl4 (n) }4 9638 67 o,4 

methylcyolopentane C6Hl2 44 2534 18 

2•methylhexane Cf16 51 3896 27 

}-methylhex.ane c-,1116 54 7024 49 

n-heptane Cf16 (n) 60 14426 100 0,5 

n.1. - 67 790 5 

methyloyclohexane Cf14 69 44:,7 :,1 

benzene C6H6 7} 7467 52 o,, 
2•methylheptane Csff18 76,5 7438 52 

,-methylheptane CaH18 78 4}19 :,o 

alkene (Ca) Csff16 84 1770 12 '$. 
n-ootane CEfl8 (n) 86 13365 92 ·0,5 • 



.. -• ,. .. 
z 
" Ill 

TABLE 6 (p. 2) :a • 
Peakx) 

Peak areax) Estimated 

Component Formula Elution 0 
relative to concentration 

temperature ( C) area n-heptane mg/ml in cs2 extract 

alkMe (c
9

) C9H20 91 162:, 11 

alkane (c9) C9H20 9} 1329 9 

alkene (c9) C9H18 98 - ... 

toluene Cfg 99 18870 1:,1 o,6 

2-rnethyloctane C9H20 100,5 3631 25 

3-methylocta.ne C9H20 102 311-86 24 

n-nonane C9H20 (n) 109 11264 78 o,4 

alkene (c
9

) C9Hl8 11} 923 6 

alkane (c10) ClOH22 115,5 2539 18 

n.1. - 117 1891 l} 

alkene (c
9

) C9H18 120 5026 :,5 
ethyl benzene C8Hl0 120 

p-xylene Ca1'f10 122 5-'58 37 0,2 

m-,:ylene caI\o 122 

alkane (c10) 010H22 12:, 5'57 ,1 
alkene (c10) ClOH20 124.,5 1049 7 

o-~lene C8Hl0 129 4161 29 0,1 

n-decane ClOH22 (n) 1)0,5 9126 6:, bi 
• 

i•propylbenzene C9Hl2 1:,0,5 



• -• .. -z • "' 
TABLE 6 (p. ,) " • 

Peaks) 
Peale area"') Eatlmted 

Component Formula Elution 
(oC) 

relative to ooncentratlon 
temperat\,l?le area n•heptane ttg/ml 1n ca2 extraot 

alkane (c11) ell~ 1:,,. 2087 14 

n-propylbenzene C9Ki2 1'9 798 6 

ethylmethylbenzene C9Hl2 141 621:, 4, 
ethylmethylbenzene C9H12 144,5 1846 1, 

ethylmethylbenzene C9812 146 1462 10 

n-undecane CllH24 (n) 150 965;, 67 
alkyl (c4) benzene ClOH14 150 

n.1. .. 1s, 144, 10 

n.1. - 155 ao, 6 

(1,2--d.iethylbenzene) 01cti14 157 1975 14 

alkyl (c4) benzene C1cti14 159 610 4 

alkyl (C4) benzene 010814 160,5 1774 1, 
alkyl (c4) benzene C1di14 162 2059 llf. 

n.1. - 162 

alkyl (c4) benzene C1Ji14 164 1,S2 9 

alkyl ( c4) benzene ClOH14 165 1148 8 

n.1. - 167 820 6 

n-dodecane C12'f2• (n) 169 594:, 41 ~ • 
n.1. - 172 94:, 1 



• .. 
• .. -z 
C, 

"' TABLB 6 (p. 4) :I 
z 

Peakx) 
Peak areax) .Estimated 

Cor.iponent Formula Elution 
(OC) 

relative to concentration 
temperat\lre area n-heptane mg/ml in cs2 ext-ract 

alkyl (c
5

) benzene C111i.6 174 92J 6 
alkyl (c

5
) benzene CllHl6 178 2078 14 

alkane (c14) Cl4~ 18o 2111 15 
n.1, - 18:, 969 1 
n-tr•idecane c1,H28 (n) 186 5841 40 
alkyl (c6) benzene Cl~l8 190 1991 14 
nai:,hthalene ClOH8 190 791 5 
alltane · (c14) Cl4H:,O 190 2267 16 
n-tetradeoane c14H

30 
(n) 190 44o8 .:,1 

mothylnaphthalene CllHlO 190 109 0,7 
n-pentadeeane ClSH,2 (n) 190 2:,00 16 
r,-heXNiecane c16H}4 (n) 190 l,SS 10 
dimethylnaphthalene C1zl12 190 
trimethylnaphthal.ene 01:,H14 190 100 0,7 

n.1. • not identified 

x) •~• footnote in ta~l•, 
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HIGH 'l'!MPERATUR! OC-DATA FOR SAMPLE NO. 271 TABLE 7 -• • M • 

Component Formula Elution 
0 

Peak Estimated. oonoentration • 
temperature ( C) area (mg/ml) 1n cs2 • extract 

n•heD.decane c1~ (n) 171 24J 0,29 

Ci-,Ji:,6 (n) 179 216 o,26 

OiaH,a (n) 189 186 0,22 

01140 (n) 199 1,a 0,17 

n•elooaane C2df42 (n) 209 118 0,14 

C21844 (n) 219 90 0,11 

022"46 (n) 228 8o 0,10 

C2:,H1•8 (n) 2,1 64 o,o8 

C24H50 (n) 246 56 0,07 

n-pentacoaane C25H52 (n) 255 46 o,o6 

C26H54 (n) 26:, 42 0,05 

C2tt56 (n) 271 '4 o,04 

C2eH58 (n) 278 ,2 o,04 

C29H60 (n) 286 28 o,o, 

n-trlaoontane C,aH62 (n) 290 40 0,05 

c,1H64 (n) 290 50 o,06 

c,166 (n) 290 ,, o,06 

c,,"68 (n) 290 '9 0,05 

c,4170 (nl 290 64 o,o8 

n~pente.trlaoontane C:,5tt,2 (n) 290 :,6 o,04 ~ 
c;,6174 (n) 290 ,o o,o, • 

c,.,a,6 (n) 290 49 o,06 

C'8'i?S (n) 290 •o 0,05 
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'rAatg 8 "l,DI 'l'DU'mA'l'URI OC-I>ATA 1'0R SAMPLE NO. 1,2 • Ill • z 

Peakx) 
Peak areax) Estimated 

Cornpcnent Formula Elution 0 
relative to conoentrat1on 

temperature ( C) area n-heptane mg/ml in cs2 e'Jttraot 

methane - CH4 10 l'9 24 

ethane CzA6 10 1857 :,21 

propane c.-,Ha 10 682 118 

butane C4H10 10 40:,, 698 

· · 1-pentane C5Hl2 10 1517 262 

n-pentane C5H12 (n) ll 2299 398 0,1 

solvent cs
2 

n-hexane C6Hl4 (n) :,4 2021 '50 0,1 

methyloyclopentane C6Hl2 44 1132 196 

2-me:thylhexane ;7Hl6 51 272 47 

cyclohexane C6Hl2 54 }So:, 658 

n-heptane Cf16 (n) 60 578 100 ( O,l 

methylcyolohexane Cf14 69 5:,2 92 

benzene C6H6 1, 15182 2627 0,5 

2-methylheptane CaH18 76,5 :,:,o 51 

3-methylheptane Cali18 78 197 :,4 

alkene (Ca) C5H16 84 62 11 

n .. ootane Cf/118 (n) 86 }69 64 }8 

toluene c.,ita 99 ,11ss 5494 )l,O • 



I 
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'l'ABLI 8 (p. 2) • .. • • 
Peakx) 

Peak areax) Eetimated 
Component ll'ormula Elution relative to concentration 

temper-ature (0c) area h ... heptane mg/ml in ca2 extract 

n-nonane c
9
H20 (n) 109 ,,., 58 

ethyl benzene Ca810 120 4045 700 0,15 

p-xylene Ca810 122 9791 1694 o,4 
m-xylene C8Hl0 122 

o-xylene ca1110 129 62:,1 1078 0,2 

i•propylbenzene C9H12 1,0,5 279 48 
alkana (c11) CllH24 1.:,4 1:,.:, 2.:, 
n-prcpylbenzene c9Hl2 l;,9 ,err 5.:, 
ethylmethylbenzene C9Hl2 141 1545 267 
ethylmethylbenzene C9Hl2 144,.5 1566 271 
trimethylbenzene C9H12 150 2075 ,s9 
trimethylbenzene C9Hl2 156 lo42 180 
alkyl (c4) benzene Cl0Hl4 182 290 50 
naphthalene ClOH8 190 
methylnaphthalen9 CllHlO 190 

dimethylnaphthalene C1zl12 190 

x) See footnote 1n table.:,. 



Very high 

52 
5:, 
54 

126 
127 
128 

1}2 1,, 
1'4 

170 

TABLE 9 

OC•SAMPLES CHARACTERIZED BY THE DTSTRIBtrrION 
Bl~ ALIPHATIC AND A.~<.»1ATIC CONBrITUMS 

(SAMPLE NUMBERS ARE OIV:Ell IN THE TABLE) 

Content of aromatics relative to aliphatics 

High Intermediate 

46 
47 
48 

50 

124 

1,0 

1'9 
168 

20, 

207 
26:, 

271 

41. 

Low 

Crude 011 

J12 (1lop) 
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Figure l. 

Sha.king machine with aeparatory fUMels mounted. 

Figure 2. 

At right: 

At left: 

Sampling bottles (100 ml dark brown glass bottles with 
screw cap}. 

Separa tory fun..""lele ( 250 ml glasa funnels with Teflon 
stop cock)J samples extracted into carbon tetrachloride 
after settling. 
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Figure.:,. 

At right: 

At lettt 

Samples extracted into carbon tetraohloride and kept in 
glass tubes. 

Samples extracted into carbon d1ault1d• atte~ aentri• 
fugation. 

Sentrifugation of samples extracted with carbon diaulfide. 
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FiSW'• 5. 

Infrared &peotrophotometric determination of samples extracted with 
carbon tetrachloride. 

Figure 6. 

Gas chromatographic determination of samples extracted with carbon 
d.iwltide. 
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Figure 7, 

Combined gas chromatographic-mass spectrometric determination of 
samples extracted with carbon disulfide. 
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IR-spertrum of actual orude oil in carbon tetrachloride solution 

(200 mg per litre) recorded from }400 to 2400 ~m·1• 
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Mats spectrum of n-decane 
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Figure 10 

Mass spectrum of ethylbenzene 
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Figure 1} 

High temperature gas chromatogram ot &Ample no • .:,12. 
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Figure 14 

D1str1b\.:t1on between aliphatic and aromatic compounds in crude 011 
and in sa.mpleJ no. 271 and 1:,2 (oalculat1ons J.re based on low tempe• 
rature CC•dat·, in ta'bl es },. 6 and 8). 

Sample No. 2 71 

Aliphatic• 
70.7 .,. 

Cruc,;c: 011 

Aliphatics 
82.2 .,. 

Sample No. 132 


