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PREFACE

It is recognized that one of the maii obhjectives of the 1973 Conference on
Marine Pollution should be to achieve the .omplete eliminaticon of intentional
pollution by 0il. That is to eliminzte the likely damage to marine resources
caused by operational discharge of oily watlcr mixtures. To achieve this goal
it is believed that any of the Tolloving methods or combination thereof are

possible solutions in this respact:

- The use of segregated ballast tenks,
- retention of oil onboard, and
- in-port disposal to shore-reception facilities of the oily mixture.

It is further recognized that the construction of tankers with sufficient
segregatied ballast capaciwvy will contribute substantiaily to the reduction of
pollution caused by operational discharge. However, one should realize that
also this provision has some major shortcomings:

- Unless requiring a segregated ballast tank capacity up to 60 - 70 % of
the dw capacity the segregated ballast tanker, on occasion, will have to
load ballast in cargo tanks to achieve an acceptable ballast operation
condition. As a consequence of this, a segregated ballast tanker must
also be equipped with a complete arrangement for application of the Load-
on-Top systém.

- Even with segregated ballast tanks, it will periodically be necessary to
clean the cargo tanks in order to remove siudge build-up and to prepare
the ship for dry-docking inspection and repairs. Tankcleaning before
drydocking and repairs is fcund to be one of the major pollution causes.

- The segregated ballast tanker will have an increased freeboard which may
effect the ship controllability. This will influence the ship's sca-
worthiness in an unfavourable way, particularly in wind at low specd:
as occurs in harbour and docking situations.

Even if it 1s realized that the "Load-on-Top" system cannot be operated
under all circumstances, it will contribute substantially to a reduced
discharge of 01l into the sea , and as an overall consideration will give
the best result obtainable at the present stage of development.
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INTRODUCTION,

A study of the pocsible improvemenis in the operation of crude oil tankers

was initiated by Norwegian shipbuilders and owners in 1971. In particular,
the proc=sses of tank cleaning and gas freeing attracted attention, and in the
course of the study great cmphasis was placed on the development of a more
efficient and less polluting Load-on-Top-system. '

It is felt that the results from the study will be of interest for the recent

investigations sponsored by IMCO. This progress report from the Korwegian
study is therefore presented, covering tests of different slop tank arrangements
both on ships in operation and in model fests.

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

To find out what takes place in slop tanks during tank washing 94 water
samples were taken onboard 4 crude oil tankers on ballast voyages, and
analyzed in laboratories.

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

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

This arrangement gives possibility for investigation of parameters such as number
of tanks, degree of heating, inlet points and inlet nozzles for slop in the
tanks. Water samples were taken and analyzed.

Piping systems were evaluated in order to be able to unload as much as possible
of the cargo oil as well as obtain an effectivedraining during tank washing.

Tank washing equipment and methods for cleaning were discussed.

Instrumentation for control of tank avmosphere was investigated.



II' CONCLLSIONS.

The result of tests and investigations as listed above, may be summed up as
follows:

-~ Samples of overboara discharge water taken from slop tanks of modern
tankers in actual service have proven that the “Load-on-Top"-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 information
with regard to further development of improved slop tanks and settling

systems.

- Based on information from model tests and from tankers in service. designers
and operators have worked out detailed specifications for an improved
“Load-on~Top"=-system with the main purpose to reduce poliution of the scas
to an absolute minimum and at the same time reducing the risk of mal-
operaticn of the "Load-on-Top"-system and reducing the amount of work

for the crew.
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IIT  SAMPLES FROUM SHIPS.

In order to determine the actual oil centzat in the water which is pumped over-
board in connection with cleaning of the carco tanks, shifting of ballast as

well as discharge of water from the slop tank system, a package of sample bottles
with instructions for the sampling were sont to four ship. to obtain samples at

various times during the above mentioncd operations.

A total of 94 samples were received from these four ships and quantitatively
analyzed for oil content. The methods enployed were the infrared spectroscopic
method (IR-method) and in a few cases the gravimetric rm thod, both determining
the sum (in ppm) of oil components rather than the individual components. khile
the IR-method is non-destructive and preserves the samples, the gravimetric method
involves a step of complcte evaporation of the solvent used, and thus leads to
loss of lighter components (this weight loss is calculated within the computation
of 0il content.) A limited number of samples bothk from the ships and frem the
model experiments were further analyzed by gas chromatography and combined aas
chromatography/mass spectrometry in order to get an impression of the distribution
and general nature of the 0il components found in washing water. This is further
discussed in Appendix A attached to this report.

The result of the analyses of the samples from the ships show that with two
slop tanks in series and with a high liquid level in the slop tanks during the
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 washiig

with cold water without chemical additives. The analyses of the dirty ballast
water from the unwashed cargo tanks show that it is also possible to obtain

0il1 content of this water within tne same Timits.

During the final decanting of settled water from the primary slop tank to the s::
the results show that the 0il content of the water is increasing as the oil/wat:r
interface is approaching the bottom of the, tank.The variation in the results cur
this operation is assumed to be caused by more or less cautious operation 07 tic

discharge pumps.

The four ships that were used in the series were two crude 0il tankers of 280.0:0
tdw ,one tanker of 162.000 tdw. and one tanker of 85.000 tdw.
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MODEL TANK EXPERIMENTS.
Description of Experiments,
For the experiments a model tank with Tinear scale 1:25 was built. The model

tank consists of two side tanks of avout 400 Titres capacity each, and one center
tank of about 600 litres. A total of 15 series of experiments were conducted
and 200 1 1itre water samples were drawn., The oil/water mixtures consisted of
fresh water with additions of crude oil. The crude 0il had the following speci~-

fications:
Type: Arabian Light Crude from Ras Tanura.
Specif%c gravity: 0,851 g/cm3
Viscosity: 5,5 CST at 100°F.
Pour point: + 26°C.
Sulphure content: 1,7 weight %.
Reids vapour pressure: 4,6 psi.
Flash point: Less than 0°C.

The 0il and water was mixed by the use of an ejector. The water was used as the
driving medium and o0il 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 per

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 slop watlzr was introduced about halfway up in the
primary tank. It was thon taken out of this tank near the bottom, and introduced
into the secondary tank about haifuwuy up. When three tanks were being used, the
water was taken out near the bottow of the secondary tank, and introduced into
the tertiary tank about halfway up. To heat the water in the tanks, two hcaters
each of 1000 w were used. The heating coils were placed about 1/3 of the
total tark height from the bottom of the tank.

The primary tank was always 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 until
the secondary tank was filled. When three tanks were being used the levels in
the primary and the secondary tanks were kept constant until the third tank was
filled. During all experiments samples were drawn firom 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:

Primary tank Secondary tank

2 samples When the secondary tank is full,

2 samples 1/2 hour after secondary tank is full,
2 samples 2 samples 1 hour after secondary tank is full.
2 samples 2 samples The next day.

When experiments using three tanks were conducted, samples were drawn
from the secondary and the tertiary tanks only, in accordance with the
following routine:

Secondary tank Tertiary tank

2 samples When the secondary tank is full,

2 samples When the tertiary tank is half full.

2 samples 2 samples When the tertiary tank is full.
2»samp1es 1/2 hour after tertiary tank is full.
2 samples 1 hour after tertiary tank is full

2 samples 2 samples The next day.



In sone cases samples were also drawn after two or three days. After each
experiment the tarks were Lhoroughly cleaned using water and chemicals of the
type Drew ACC-9 ard 011 and Grease Reniover.

The chemical addit on used in experiment No. 12 was:

Ameroid EB-70,Emulsion Breaker, Drew Chemicals.

Results a=nd conclusions.

- . A W DU W MR e G AR Gn Y A

4,

5.

6.

The 0il 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 allowed for settling.

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

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.

The experiments show that using three slop tanks in series will result
in lower o0il concentrations ir the separated water, as compared with
using two slop tanks in scies on the condition that the settling period
is the same.

It was found that a high heating 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.

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

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

TANK ARRANGEMLNT .

a)

L e e R P AT

The basis for this study is a 200. - 350.000 tdw. tanker complying with
the 1971 amendments to the 0il Pollution Convention 1954. The tank

area is divided by seven bulkheads across and two bulkheads along the
ship, giving eight center tanks and eight pairs of wiing tanks. Of these
tanks all with the exception of wing tanks No. 4 are used for cargo.

Ballast tanks.

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

The wing tanks No. 4 are selected as permancnt 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 selected for carrying clean ballast,

I

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 the center tank

in between may be used as slop tanks.

In the primary slop tank the major part of 0il and sediment is felled
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 a well designed cargo tank.
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The capacity of the slop tanks should be bhased upon the maximum total water
flow during tank cleaning, taken as the main parameter, the cargo tank
volume being less impostant. This wiil result in larger slop tanks than is
common to-day. The folloving criieria seem reasonable for deciding the

slop tank capacity:

1. The primary stop tan. should have a volume which is at least four times
the quantity of vater in 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 primary slop tank.

3. The tertiary slup tank should have a volume twice the volume of the
primary tank. This tank is also used as a reservoir for driving water
to the ejectors andl for washing water. It is assumed that when the
washing is finishedl, al1 slop is collected in the primary slop tank.
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8. PUMPS.

The ship may huve two, three or four carg¢o oil pumps. A separate ballast pump
is installed for the filling and emptying 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 the
cargo oil piping system. The stripping pump will be connecled to its own line

on deck, connected to the manifotd midships.. This Tine is to be used

for unloading of the 0i1 that remains in the cargo oil piping system after wri:ading
with the sentrifugal pumps and to pump slop ashore. Two ejectors working on the
stripping system lines should be installed. Tae dimensions of the stripping

system lines and the ejectors should *. pascd upon the amount of wash water

expected.
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PIPING SYSTEM.

a) Cargo oil piping.

b)

To enable the tanker operator to unload as much as possible of the 0il cargo
the ship should be listed 2 - 3 degrees to one of the sides during unloading
and stripping. It should be one suction in cach wing tank and two suctions
in each center tank. The suctions are placed in the lowest corner in tie tank
which will be the aft corner of the tank on the siae wiat the ship is listed
to. The second suction in the center tanksis placed near the center beam

(on the upper side). The suctions should be placed maximum 4C mm above 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 Lo
investigate the ways the oil can 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 be made to ensure this.

As during unloading the ship should be lisied 2 - 3 degrees to one side
during stripping as well. One stripping suction is placed in each wing
tank and one stripping suction in each center tank. The stripping
suctions should be placed near the cargo suctions, and shall be placed
a maximum of 20 mm above the bottom with a suction area of minimum 1.5

times the pipe area.

The stripping Tine should be able to strip from two tanks independently.
The separate stripping line is connected to the main line using double
valves. Further double valve~ 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 tha
stripping line, at least one in each tank, and armoured hoses for the
removal of sediment are delivered with the ship.



Ballast piping.
Separate ballast piping 2 incic.icd on the deck for filling of dirty
ballast.

A1 perimanent ballast tanks shal® he filled and emptied with separate

baliast Tines.

The piping system for tank washing should be supplied from the cargo oil
piping on deck. Either clcan sca water (open cycle) or slop water from
the tertiary slop tank (closed cycle) can be used. A separate heater

with a capacity of at least 350 m° per hour, 90°C, should be installed.

PR IR e TR ™] SUR APt

The ship should have threc slop tanks that ran be used in series and the
piping system should be arranged to keep the waler in the slop tanks at

a high level (Tow ullage).

Al slop should first be pumped into the primary slop tank. To enable
washing and inspection of the primary slop tank, the possibility shouid
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 fitted with a suitable arrangement to slow down the speed of the water
entering to avoid disturbances in the water,

An open pipe that starts abou* 1 meter above the bottom of the primary
clop tank and with an outlet about halfways up the secondary tank shooll!
be used for the transfer of the slop from the primary to the scconda:y
tank. A similar arrangement should be used to transfer the slop frou

the secondary to the tertiary tank. An open overflow pipe that  stari.
about 1 meter above the bottom in each of the sccondavy and the terticey
tanks may be used to discharge settled siop water overborad. These pipus
should be inverted U-shape with their highest point about four meters below

teck, thereby ensuring a constani high level in all slop tanks.
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f) Monitoring,

..k e e S .

The overboard discharge pipes should be fitted with necessary arrangement
for installing monitoring equipnent.
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WASHING EQUIPMENT.

Four different alternatives for washing equipment have been considered:
a) Portable equipment in all tanks for washing to hot work standard.

b) Permanent equipment in clean ballast tanks vor washing to clean ballast
standard and portable equipnient in all tanks for washing to hot-work

standard.

c) Permanent equipment in all tanks for washing to clean ballast standard
and portable equipment in all tanks for washing to hot work standard.

d) Permanent 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 might be required to wash wiht warm water.
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MONITORING OF TANK ATMOSPHERE

The ship should be equipped with portable instruments, approved by the
Administration for the weasuring of the hydrocarbon gas in air and oxygen in
air. The ship should therefore carry at least one instrument that can
mcasure the atmosphere below the Lower Explosion Limit (with scale from 0%
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 0 - 21

vol %.)

A1l 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 hoses of suitable material.
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CONCLUSIONS,

From this investigation, it nay be concluded that it is possible
to follow the LOT~procadure during normal operating conditions
onboard a VLCC and still stay well within the requiremnents
regarding oil content in the effluent according to the 1969«
amendments to the 1954 - o0il pollution convention and the
requirements specified in tihe proposed 1973 ~ marine pollution

convention,

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

On the assumption that ballast water with an 01l 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 & 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 settlied 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 aimost empty
with a discharge oil content of pelow 20 ppm, but for the
other tanks, it took from 80 to 110 hours of settling to cone
below this o011 content in the bulk of their content.
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I 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 0il tankers with a view to comply
with both the present 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 o1l tanker and analysed,

- 22 samples of dirty ballast water were taken onboard a
240.000 tdw rrude o1l tanker and analysed.

- 128 samples were taken during model tank experiments fn order
to establish the relationship between the conditions onboard
the 280,000 tdw., tanker under conditions in a tank section

model,

This report, Commission Report No. 4/73, contains a summary of the
investigations and a discussion of the results, A detafled description
of the investigations is contained in Commission Subreport No, 4A/73,
"LOT~investigations aboard VLCCs, and on model experiments”, while
Commission Subreport No. 4B/73 on "Characterization of crude o1l
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 detection of
the concentration of the {individual components of the ofl,
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SUMMARY,

The data presented in this report are based upon detailed
investigations onboard the Ii/T "Berge Princess" of the shipowners
Sig. Bergesen d.y. & Co., on a ballast voyage from Isle of Grain,
UK, to Capc 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 or their
previous voyages, In addition, data from parallel model experiments

are presented,

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

capacity.

The tctal amount of oil discharged from the M/T "Berge Princess”
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 1imit proposed in the draft 1973

convention.

The ballast was dischavged 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.

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 settling containing

120 ppm of o011, which equals 18 litres per n.mile, After a
settling period of 45 hours decanting was continued. The oil
content was now 40 ppm or 4.5 Yitres per n,nile,

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 shows an oil content of 30 ppm or 5.3 litres
per n.,mile, During the last period of the discharge, the o0il
content increased to about 200 ppm or 47.5 litres per n.miln,

Analysces of the ballast water in an unwashed tank onboard
the T/T "Ferncourt” show an o0il content well below 20 ppn
through the tank even after short settling time,

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 380 ppm at the end, corresponding
to about 5 litres per n.mile and 32 litres per n.mile respec-
tively. The average o0il 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,

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/water interface approached
the tank outlet in order to avoid unnecessary discharge of o0il,
Hence the o0il discharge rate only ranged from 6,4 to 15,6

1itres per n.mile, while the o1l content began at 100 ppm and

fncreased to 900 ppm just before cut-off,
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v DISCUSSION OF THE RESULTS FROMH THE SHIPBOARD SAMPLING,

Iv A, MW/T "BE"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 o0il discharged to the sea
well below the tlimits 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 unfavouranie 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 0il 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 o0i1 concentration
in those tanks that had the larger quantities of oil remaining,
Center tank No, 1, for example, had an average oil content of 30 ppm,
after 111 hours of settling, while center tank No. 3 had an average
oil conteat of 8 ppm after 112 hours settling., The oil layers measured
on the water surface in center tank No. 1 was 15 c¢cm., while the o0il
layer on the water in center tank No. 3 was 66 cm., This "inversely
proportional™ tendency could also be noticed in the wing tanks No., §

Port and Starboard, but not so clearly,

The analysis of the samples that were drawn from the model experiments
show small difference between the 0il content in the tanks containing
much 011 and the tanks containing 11ttle oi), However, the samples
that were drawn from the slop tanks when stripping after simulated
flushing of empty cargo tanks was completed, showed higher o4l

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 45 hours
settling., The difference in the results from the settliing out of the
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water in the simulated slop tanks show the same tendency as for the
slop tanks in M/T "BERGE PRINCESS",

Two slop tanks in series resulted in a fairly good reduction in the
011 content of the water that was discharged to the sea from the
secondary slop tank (Starboard slop tank) during the washing period.
The average o0il content of the discharge during the washing of
center tanks No. 2 and center tanks No. 5 was about 143 ppm,, which
equals an 01l discharge rate of about 12 1/n.mi. One hour after the
washing of center tank No. 2 started, the 0il concentration increased
to a level of about 280 ppm. which equals 24 1./n.mi., whereafter
the concentration decreased. The maximum 011 content of the water
discharged during washing of center tank No. 5 occurred at tne 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 tiken 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 oi1 content of the water discharged would have been further

reduced.

If the driving water for the éjectors had been taken from the Star-
board slop tank, the total quantity discharged to the sea could

have been reduced, but one must assume that the specific ofl 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 was
taken directly from the sea. Furthermore, with driving water from the
Starboard slop tank, the 211 content 1n the slop entering the Port
slop tank would have been higher than when clean water {s used for
driving water. The total slop quantity would have been reduced and
possibly the total quantity of ofl discharged, as well,
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"During the experiments, when settlcd ballast/slop water was
discharged overboard, the wake of the ship was kept under constant
surveillance to detect possible o0il slicks. With the exception

of the last minute discharge from the Port slop tank, when the oil
content momentarily increased to a value where 0il was visible,

no o1l could be observed behind tne 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
0il discharge from a 280 000 t.d.w. tanker can, with the execution
of reasonable care, be kept well below 10 cu. meters of o0il cn a
ballast voyage, and the maximum o0il 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 upon the
weather conditions. The distance from the 01l layer to the suction

in the tank when the overboard discharge must be stopped, will depend
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/T "FERNCOURT",

A supplementary investigation was conducted onboard the T/T "Ferncourt"
Samples were drawn from a center tank containing dirty ballast, and

the analysis shows results that are well below 20 ppm., The bulk of

the water fn the tank could be discharged without coming in conflict
with any present and forcseeable near-future regulations,
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v DISCUSSION OF THE RESULTS FROM THE TANK SECTION MODEL EXPERIMENTS

The mocel 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 #/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 o0il

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 the thickness of the oil/water
interface will be the same regardless of whether the tank is smai)
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 {is 25 c¢cm below the surface. The increase in
011 content diminishes as the settling proceeds, but it is still
clearly present in this upper layer after 63 hours of settling,

The samples from the "wing tank" does not show the same increase,
but an increase can be noticed in the upper layer after 22 hours.
After 63 hours settling, the oiil content increase in this 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 will contain a very high oil content.

After 63 hours the water in the "center tank" and the "wing tanks"
was discharged, leaving only the 011 layer in the tanks., The analysis
of the samples drawn during the discharge show an average oil content

of 4 ppm,

The sampling series drawn from the "tanks" with much ofl1 remaining
show the same tendency as when there were 1ittle o1l remaining,

In this case it also appears to be a 25 ~ 30 c¢m thick layer below
the ofl/water interface that has a relatively high o1l 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 011 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 o0il, This phenomenon occurs already after 1 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
influence the use of the LOT systew onboard crude 01l tankers with

a view to comply with hoth the present and proposed new intcrnational
redulations concerning oil discharged to sea, the LOT procedure was
investigated onboard two Horwegian 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 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

model,

The conclusion, a summary and a discussion of the results is contaiacd
in Commission Report No, 4/73., This subreport contains a detailed
description of the investigations, while Commission Subreport Ho,
48/73 on "Characterization of crude oil components in ballast and

slop water from two crude oil tankers and from model expcriments”,
contains a description of the methods used for analyses.
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11 SAMPLING ONBOARD M/T "BERGE PRINCESS"

IT A, Description of the ship.

M/T "BERGE PRINCESS" which is own:d und operated by Messrs, Sig.
Bergesen d.y. & Co., was delivered from Mitsui Chiba Horks in 1972,
She has an overall length of 329 n., a breadth ¢f about 52 m., and
a depth of about 28 m. With a dratt of near 22 m., she has a dead~
weight capacity of about 280 000 ftons., The tank section is dividad
into 6 center tanks and 6 wing tanks on each side. Wing tanks Ho, 3
Port and Starboard are permanent ballast tanks. On each side aft

of wing tanks No. 6 the ship .as one slop tank of 3776 cu.meters,
The tank arrangement is shown schematically on Figure 1, with the
tank volumes in cu.meters,

The ship is equipped with cargo piping system and 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 sca water
ballast into wing tanks No. 2 Port and Starboard and wing tanks
No. 5 Port and Starboard, These tanks can he shut off by double
valves from the cargo piping system, making 1t possible to fill
ballast into these tanks while the unlcading is going on from the

other tanks.

The inlet to the Port slop tank from the stripping pumps and ejectors
enters the tank 5.5 m., above the bottom, In order to let slop

water fiow from Pourt slop tank to Starboard stop tank, a 300 mm,
diameter pipe is fitted between the tanks. This pipe connects an
outlet 1.4 m, abnove the bottom in the Port slop tank with an inlat

8 m, above the bottom in the Storboard slop tank., h valve whicih can
be operated from deck is fitted in the line. Furthermore, both sliop
tanks have valves in conrection with the stripping lines, and there
are valves in the bulkheads between Port and Starboard wing tanks
No. 6, respectively., In addition the Starboard slop tank is fitted
with a valve on < piping cennection to the Ho, 1 cargo piping line,

The stripping puips were arranged so that it was very convenient
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to draw samples of the water on he pressure side of the pumps when
they were in use, When the cargo puwps were used, samples were
drawn from the suction side of the pumps, both on the top and
bottom of the cupnly piping. Uhen tanks were decanted, however,
there were no possibilities of draving samples in the pump roonm,

The ship was cquipped with inert gas system for all tanks and slop
tanks.

IT B, Cargo unloalding data.

M/S "BERGE PRINCLSY™ arrived at Lyre Bay on Jan 25, 1973 from Kuwait
carrying a full load (272 266 tons) of Kuwait crude o0il, with an

API of 31.8, and specific gravity of 0,8665 at 60 deyrees 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, Ope barrel was filled with crude 011 from the cargo

and sent to Norway “or the model cxperiments., Thereafter the ship
continued to Isl, of Grain and unioaded the rest of the cargo, The
untoading at Isl. of Grain started on Jan 292, at 1040 and was finished
on Jan 30 at 0700, The distribution of the cargo is shown on Figure 2,
including the unloacing plan for the three ports. The tanks marked
with A were unloaded at Lyme Bay, B at ‘e Havre and C at Isl., of Grain.

Concurrently with the unloading at Isle of Grain, ballast was filled
into the permanent ballast tanks wing tanks MNo. 3 Port and Starboard,
cargo tanks wing tanks No. 2 Port and Starboard and wing tanks

No. & Port and Starboard., Because of the limited draft for departure
at I1sl. of Grain, wing tanks No. 2 Port and Starboard and No. 5§ Port
and Starbeard were not conpletely 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 Is). of Grain took place on Jan 30, at 0900, and the
ship was abreast of Cape Town on Feb 14, at 1800,



- 4 - NSFI

IT C. Ballast arrangemente. = . 4ipc and sampling.
The outline for the sawpling oo o0 0 to be conducted onboard the
M/T "BERGE PRINCESS" speciiies thol samples should be drawn during

the settling period of the diviy bLutiast and during discharge of
ballast water, Samples should Lo dvewn From a pair of identical

wing tanks, a pair of identice? <cnter tanks, as well as from the
slop tanks. One of the wing tanis and one of the center tanks should
have a relatively large quantity of o0il remaining after unlcading,
comparable to the conditions in touks that are not properly stripped
after unloading, and one wing taonk and one center tank should con-
tain as small quantities of o0il as possible, comparable to conditions
in tanks that are very well stripped after unloading. The tanks
selected for monitoring were wing tanks Ho. 5 Port and Starboard,
and center tanks No. 1 and No. 3. Port wing tank No. 5 was stripped
extra thoroughly, while Starboard wing tank No, 5 was stripped
according to normal good practice. Loth center tanks No. 1 and

No. 3 were stripped according to good normal practice, and in order
to obtain different quantities of 0il remwaining in these tanks,

the piping system was washed inlo center tank 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 water, sawples were to be drawn regularly.

Center tanks Ho. 2 and Mo. 5 should be washed to clean ballast
standard, Samples should be drawn regularly of the water that was
disclhiarged overboard from the Starboard slop tank durirg tank washing,
and samples should further be drawn from the settled water in the

slop tank during the period after tank weshing. The ejector

should be uscu for stripping during tank washing, Samples should

also be drawn from the slop water during the last discharge {ron

the slop tanks.

Before departure from Isl. of Grain on Jan 30,, wing tanks Hu, ©
Port and Starboard were filled to an ullage of 13 metres., On Jan =
ballast wes discherged from wing tanks flo, 2 Port and Startosrd,
using cargo punp Ho. 1. Ballast was further punped out of wing



tanks No, 3 Port and Starboei, 1o s clean ballast pump. Center
tanks Ho. 1 and Mo, 3 were fi11.7 o« an ullage of 4 m,, using
cargo pumps Ho, 2 and 3, Thz si.- "y, the wing tanks No., 5

Port and Starboard werc also iilic+ %o an ullage of 4 m., using

cargo pump Ho., 4. Since a valve un the cross-over line on the suction
side of the punps in the pump voun vas left open, it must be assumed
that the ballast that was dischave o from wing tanks No. 2 Port and
Starboard was drawn into cergo pun;s Nos, 2 and 3 and pumped into
center tanks Nos, 1 and 3.

I1 D. Methods for samplinqg,

Two methods were used for drawing samples 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, bhut samples were also drawn by

the use of half liter glass bottles that were lowered into the

tank and opened at the desired depth to obtain sanples from these
specific points. There were two difficulties in connection with the
sampling, one of which was the 011 layer that was floating on the
surface of the ballast water in the tanks, and another one which 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 nccessary,

a) Saupling equipment

The equipment carried along for senpling consisied of:

600 100 ml., dark glass bottles
30 m, 2 in. plastic tube
1 punp
100 m. 3 in. thick walled hose
12 m. 7 in, plastic tube (PVC)
2 units of apparatus to dravw samples directly from the «
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Tevel in the tanks, uvsiio walf Titre gldss bottles

1 measuring tape.

In addition the oil/water intericce detector from the ship was used,

W g e e P A T e e BE R e me g W w0 e b

In order to avoid contamination of the sampling hose when it was
lowered through the oil luyer on the *top of the water, a 5 meter long
2 in. plastic tube was first lowered into the tank. At the bottom

end of the tube a lead plate was fastened to keep the tube in
vertical position. To keep the 0il from entering the tube when i%

was lowered through the oil laycer, a plastic bag was wrapped over the
lower end, and the tube was filled slowly with water as it was
fowered down into the tank, keeping the level inside the tube equal
to the cutside level. fhen the tube was in desired position, the
plastic bag was drawn off by use of a wire and hauled up to deck,

In this way a plastic tube was placed in cach of the ttanks for sanmnpling
To prevent the possibility that some o0l might have settled on the
surface inside the tube since the sampling pipe was last used, an
absorbent material was used beforz cvery sampling to clean out any
0il inside the tube., To simplify the sampling procedure the hailf

fnch 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 nf the hose to

make it easicer to slide the hose through the plastic tube and to
ensure that it would hang as wvertical as possible.

The samples were drawn from the tanks using a hend punp. For each
level, before samples were drawn, 6 times the total volume of the
sampling hose was first punped through the hose to ensure that thort
was no contamination in the hose or in the pump. Furthermore, at
frequent intervals clean seca water was pumped throrgh the hose on
the pump and samples were drawn of the sea water before and afier

it had passed through the hose pump system, In this way, it could

be cetected 1f conlaniration of the sanpling cquipnment occurred,
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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 Jowered 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 all times during lowering and pulling up.

As shown on Figure 7, the sampling cock is controlled using a

thin nylon line 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 flexible
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 carrying
bracket and a thin wire was used from there on to the deck. In 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, ar extra safety loop wae attached from the wire to the carrying

bracket.

To avoid contaminating the apbavatus as it would be 1f it should
pass through the oil layer on the top of the water in the tank,

it was here used a 7 in. plastic tube to lower the apparatus through
the oi1 layer down into the water, This plastic tube was lowered in
the same way as the 2 in., tube described in 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 arvangement was in perticular intended fpr use in the slop
tanks. Due to the thick oil layer and relatively 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 aas pressure, the tank hatches
could not be kept open at all tinss to lower or raise the plastic
tubes as the ullages varied. As & result, the plastic tubes were
contaminated with oil1 on the inside and could not be used,

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

d) 0il/water interface detection.

WA A TR Wm e W R W BT A N e BN Mk AT SE Y EE e e e o W Ae G e W s

In order to measure the o0il layer that was floating on the water

in the tanks, Lhe ships usual oil/water interface detector was

used. When the o011 layer was measured it was made several consecutive
measuremants in each tank. These varied very Tittle which may indicate
that this type of oil/water interface detector works very well,

The result of the measurements ig shown on Figure 8, and is listed
in Table 2 "MLASUREMENT OF OIL LAYER". The figure shows the oil
quantity in cu.meters and in per cent of tank volunme,

e) Comments concerning ullage,

L R N ] Wh A A Ny W T th S S e e W W o x oM

According to the calibration tables for the ship, the ullage fis
measured from the ullage hatch on the top of the tank hatch, down to
the 1iquid level. In the report forms for the water samples, the
ullage and the depth of the samplirng points are measured from the
edge of the Butterworth hatch where the samples were drawn,
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IT E. Description of the sansling,

a) Sea water,

- -

Sampled ahead and behind sampling sose and pump.

Every day one bucket of sea water wes drawn from the sea water inlet
in the engine room. A sanple of the water was first drawn directly
from the buckets, thereafter a sanple of the water was drawn after
it had passed the sampling hose and pump to control the cleanliness
of the sampling equipnent, On Feb 3, the sea water showed an oil
content of 6 ppm after it had passed the sampling hose and the pump,
A11 the other samples showed oil contents of 1 ppm or below this.
The result of tuis sampling is listed in Table 3.

b) Wing tanks No. 2 Port and Starboard.

R R e L R N R I I

Wing tanks No. 2 Port and Starboard were unloaded and stripped on
Jan 27. Both tanks were well stripped as usual. The 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 hrs, and the tanks were filled to an ullage of 14 m,
The tanks were not fiiled up because of the timited draft for

departure Isle of Grain.

Since it was desired to carvy dirty bailast on Center Tanks HNo. 1
and No. 3, the ballast in wing tanks Ho. 2 Port and Starboard was
discharged on Jan 31. from 1345 until 1200 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
2.417 m. from the bottom. The average 0il content of the discharged
water was 130 ppm, and the waler had been allowed to settle for

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 Nos., 2 and 3 and pumped into center tanks Nos. 1 and 3,
thus 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 vas transferrcd 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
(24585 m3, ea., 29.6 m. deep).

G e e e ae G SRy e W G e W m e tm LA A R R

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 oil as possible in this tank, On Jdan 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 uilage of 13 m. The ballasting took place while other
tanks were being unloaded., The tanks were not filled completely due

to the limited draft ;ur departure Isl, of Grain.

On Jdan 31, from 1430 until 1900 more ballast was pumped into the
tanks using cargo oil pump No., 4. The tanks were filled to an ullage
of 4.0 m, Due to heavy rolling, no sauples were drawn of the ballast
waler until Feb. 1, From then on samples were drewn regulerly.,

On Feb. 7 0200 until 0445, ballast was pumped out using two cargo
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punps until the ullage was 17 +. . = ing the night between Feb 7. and
Feb 8. settled ballast water . « canted from the tanks to center
tank No, 5. This was continnod vin 17 the ullage in the wing tanks VMo,
5 was 22 m, On Feb 7, at 10C0O @b i1 layer on the water in wing tank
No. 5 Port was 5 cm. which equiis 44 m3. of oil, and in wing tank

No. 5 Starboard, the layuor wos 13 Lm., which equals 113 m3. of oil.

On Feb 8, from 1807 to 2125, ballsst was pumned out from wing tank
No. 5, using one cargo pump. The discharge was stopped at an ullage
of 28 m., which gave the Tiquid level of 1.6 m. in the tanks.

This leaves 1.55 m, of water below the oil level in wing tank No. 5
Port and 1,47 m. below the oil laycr in wing tank No, 5 Starboard,

Discharged overboard from wing tanks Ho, 5 Port and Starboard:

On Feb 7, 0200 until 0445, 22654 w°. wes discharged with an average
0il content of 20 ppm. This equals 0.453 m3. of 011 or 9.6 1./n.mi.
On Feb 8, 1807 to 2125, 10444 m3. vras discharged with an average 01l
content of 100 ppm. This equals 1,044 m3. of 011 or 1% 1/n.mi.

On Feb. 9, wing tanks No. 5 Port and Starboard were stripped into
Port slop tank with the valve betwcen the Port and Starbord stop

tanks open.

The result of the sampling for wing tanks Ho. 5 are shown in Tables
5, 6 and 7 and in Table 1 "Summary of settled ballast water and
slop water discharged between Feb, 3, and 13, 1973",

d) Center Tank No., 1
(25183 m°., 31.07 n. deep).

B e W G W e R e MR AR W BB W e R NS R B e e -

Center Tank No. 1 was unioaded and stripped on Jan, 27, The i.ant
was not washed or flushed before 7illed with sea water fo - Leai™
The ballasting took place on Jan, 31, from 1320 until 1800, 2577
of sca water was pumped into the tank, giving an ullage of 4 o,

Due to heavy rolling, samples of the ballast water were notl drawi
until Feb. 1, at 1400. The ballast water had then settled for 20 Lo
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further samples were drawn at regular intervals from this time on,

On Feb, 6, from 6800 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 §,

On Feb., 7, settled ballast water was decanted from Center Tank HNo. 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 ¢m, 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.

Quantitics discharged from Center Tank No. 1:
On Feb, 6, from 0600 until 0800 -~ 6013 m3 was decanted with an
average o0il content of 30 ppm. This gives 0,110 m3 of oil, or 5.3 1./

n.mile,
On Feb 8, from 1900 untii 2045 ~ 7030 m3 was pumped out with an

average 0il content of 200 ppm. This equals 1,426 m3 of 0il, or 47.5

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 valve 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 "Summary of settled ballast water and slop
water discharged between 3 Feb and 13 Feb 1973,

e) Center Tank No, 3

Center Tank No. 3 was unloaded and stripped on Jan., 30, 1973.
On Jan. 31, the cargo piping system was flushed and the oil/water
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mixture was pumped into this L. . .- ore it waes filled with sea water.
Ballasting of the tank took p: - oo Jden, 37, from 1320 until 1800.
A total of 22597 m3. Woes puwpsd v, giving an ullage of 4 m.

Due to heavy rolling of the ship, it was not possible to draw

samples of the ballast water hoicio on Feb, 1, at 1435, The dirty
ballast water had at this tiwc scivied for 20.5 hrs. Following this
sampling, further samples were orawn regularly. On Feb., 7, at 1000
hrs., the o0il layer on the water in the tank was measured to be 66 cm.
which equals 567 m3. On Feb. 8§, scttled ballast water was decanted
from Center tank No. 3 to Center tank No, 2 until the ullage of Center
tank No, 3 was 12.2 m. From 16G0 until 1900 the same day, ballast was
discharged from center tank No. 3, usirg two cargo pumps until 13500,
and one pump only thereafter., Discharging was stopped at 2£.6 m,
ullage, which left the Tiquid level in the tank 1.71 m. above the
bottom. This leaves 1.05 m., water below the oil layer.

The quantitics dischorged overboard from Center tank No, 3

were as foliows:

On Feb, &, 1600 -~ 1800, 11177 ma. was discharged, with an average
0il content of 15 ppm. This gives V.168 ms. of oil or 4.9 1./n.mi,
On Feb, 8. 1820 -~ 1900, 2920 m3o was discharged, with an average
0oi1 content of 30 ppm. This gives 0.0868 m3. of 0il 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 siop tank. The valve between the

Port and Starboard slop tanks was open.

The result of the sewmpling from Center tank No. 3 is listed in
Tehle 9 and in Table 1 "Summary of scttied ballast water end
slop weter discharged between feb, 3, and Feb. 13, 1973",

f} Center Tank Ho. 2

(24526 m3, 30,52 ., deep)

Ll R I A R N e T i O R

Center Tank No. 2 was unloaded and stripped on Jan, 27, On Jan. i,
at 1100, clecan sea water was Tet into Lhe tank until the water 1: .o
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vas 1 meter above the bottom. This water was left in the tank for

3 ‘»‘:' 1.
flushing and was stripped out on Feb. 2, at 200,

On Feb. 6, from 0800 until 1700, Center Tank No. 2 was washed to
clean ballast standard, The water from the tank washing was pumped
to the slop tanks and samples were drawn as it was discharged from
the secondary slop tank, The recsult of the sampling is listed in
Table 14, During the night between 7 and 8 Feb, 15,500 m3 of settled
ballast water from Center Tanks ilos. | and 3 was decanted to Cente*
~ Tank No. 2.

On Feb. 8, from 1015 until 1530, clean sea water was pumped into
Center Tank No. 2 until the ullage was 4 meters. Samples of the
ballast water in this tank 15 minutes after the tank was filled
showed an oil content of 27 ppm. The result of the sampling is
listed in Table 1C.

g) Center Tank No. 5
(37404 n®, 30.31 n, ceep)

W W e oo b Wt n R T P ER S WA TR N e e e

Center Tank No. 5 was unloaded and stripped on Jan, 30, On Jan 21

at 1100, clean water was drained into the tank until & water leve®

of 1 meter was reached., The water was left in the tank for flushirg
until it was stripped out on Feb. 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 pumpsd to the slop tanks and
samples were drawn as it was discharged from the secondary slop tank.
The result of this sampling is listed in Table 15.

During the night between 7 and 8 Feb, 9,500 m3 settled ballast water
from Hing Tanks No. 5, Port and Starbhoard, was decanted to Center " ank
No. 5. On Feb., 8, from 1015 until 1530, clean sea water wos punpcd
into the tank until an ullage of 10 meter was reached. Samples of

the ballast water in Center Tonk Ho. b, 30 minutes after f17ling was
completed, showed 01l content of 15 ppu, The result of the sanpling

is tisted in Table 11,
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h}) Slop Tanks Port and Starboard
(3776 m3. ea., 24.46 m. deep).

PR IR A AR R I s G sk M A AN MDA N e e S M T B M O W e e R AR

According to the calibration table, there remains 217 m3. in each

tank when the ullage is 24,46 m. but the table ends at this point.

On Jdan 31, the empty cargo tanks were filled with clean sea water

to about 1 m. above the bottom for flushing ¢t the bottom. On Feb,

2 and 3, the tanks were stripped. Stripping pumps were used and the
contaminated water was pumped into Port slop ténk, with the valve
between Port and Starboard slop tanks open. On Feb 3, 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 o041 content of 120 ppm, which gives 0.072 ma.

of oil or 18.0 1./n.mi,

At 1800, the stripping after flushing was finished, and at 1900
samples were drawn of the water in the slop tanks. The average 01l
content in the Port slop tank was 150 ppm, and in the Starboard
slop tank 100 ppm. On Feb 5, from 1430 to 1700, settled slop water
vwas decanted from the Starboard slop tank. The valve between Port
and Starboard slop tanks was open, The decanting was stopped when
the ullage in the 5Starboord slon tank was 16.5 =. and in the Port
slop tank 13.5 m, A total of 4753 m3. vias decanted, with an average
01] content of 40 ppm. This equals 0.190 mg. 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.; this equals 35 m3‘ At 1030 the sane

day. the o0il 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
0of1 content in the water below the oil layer in the Port 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 washirg machines with a capacity 35 m3. for each machine, The
tank was stripped, using Port ejector into Port slop tank. ibe vaive
between the siop tanks was open, At 0840, cargo punp Ho. 1 was
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started to discharge from Scerioard stop tank, The quantity dis-
charged was controlled by adjusting the pressure valve for the pump
The cargo oil pump was used tn diccharge the water instead of
decanting, in order to be able ¢c drav samples of the water that was
discharged. The difference beiwveen (e liquid levels in the slop
tanks was kept to about 7 m., The ullage in the Port slop tank varied
between 9 and 5 meters while in {he Starboard slop tank, the ullage
varied between 16 and 12 mecers The flow throuuh the slop tanks was
estimated to be 1435 m3.fhour. The average total slop volume in

the ¢lop tanks during the washing process was 4300 m3.

At 1700, the washing of center tank llo. 2 was finished. The total
velume that was discharged Trom Starboa:d slop tank was 11910 m3
with an average 01l content of 125 pp , which equals 1,489 m3.
011, The discnarge took place over a period of 8.3 hours, which
resulted in a discharge rate of 10.5 1./n.mi. The maximum o0il content
of the water that was discharged from the Starboard slop tank during
the washing‘pe?iod for center tank No. 2, was 380 ppm, which gives

a rate of 32 1./n.mi. '

On Feb 6, from 1700 until Feb 7, 0200, center tank No. 5 was wasled,
using 11 washing machines with a capacity of 35 m3. each, The same
methed was used for stripping and discharging from the slop tanks as
was used for washing of center tank Ne. 2. During the 9 hours that
the washing went on, 12915 m3. was discharged from the Starboarda slop
tank., The discharge had &n 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 waxinum o1l content in the water that was discharged from the
Starboard slop tank during this washing period was 248 ppm, which
results in a discharge rate of 21 1./n.mi,

On Feb. 7, at 1100, the o1l layer in the sliop tanks was messured to
be 417 cm., thick, which equals 788 mg, in the Port slop tank and 41
c¢m, thick, which cquals 78 cu.n. in the Starboard slop tank, At this
point the ullace in the Port slep tonk was 7.7 m,, which gives a
total siep volune of 2649 cu,m.y anst the ulleee dn the Starboerd slop
tank vwas 8,4 m., which ¢ives & total slop voluwe of 24356 cu.m, in
this tank., From 1420 until 1700 on the saeme day, settled slop water
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was decanted from the Starbcard slop tank, with the valve bLetiveen

the Port and Starboard sliop tanks open., When the decanting was
stoppod, the ullage in the Port slop tank 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 settled slop water was
decanted rather than kcing pumped out, there was no possibility of
drawing samples of the discharge, and it was therefore estimatcd that
the 0il content of the slop water was the same as the last sauple
drawn during washing, 100 ppm of 011, This would equal 0,342 cu.m.

cil or 8.1 1./n.mi.

On Feb 8, 1930, until Feb 9, 0030, center tank No. 3 was stripped
fnto 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. & Port and Starboard were stripped into Port slop
tank, with the valve between Port and Sturboard slop tanks open.
This resulted is ullages of 6.2 m. and 6.8 m, in the Port and
Starboard slop tanks, respectively, giving 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 on the water in the slop tanls
was measured 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,,

respeclively,

On Feb 10, at 0650, 15 hours after the last stripping into the

stop tanks, discharge of settled slop water from the Starboard slop
tank was started. The valve between the Port and Starboard slop tanks
open. It was also opened for decanting of Starboard slop tank directly
into the sea. At 1135, the valve between the Port and Starboard slop
tanks was closed. At this point the ullage in the Port slop tank was
12.8 m, and in the Starboard slop tank 14.4 m, The total discharged
volume was 2623 cu.m., with an average oil content of 180 ppm, which
equals 0,472 cu.m. of oil, Thic gives an overboard discharge rate of
10,3 V.o/nemd. AL 1230, the decanting was stopped bhut it wes centinund
to discharge frem Lhe Starboard s7op tanh. using a strippive punp,
From 1135 until 1230, 712 cu.m. of setticd slop was discharged, with
an everage oil conient of 350 ppo. This cauals 0,242 cuum, of ofl,
which gives a discharge rate of 15,6 1./n.ni.
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From 1230 until 1315, the disci. 1sing a stripping pump was
continucd, In this pericd, ©. . o ~iop was discharged, with

an average oil content of <0 o0 “nis equals 0.077 cu.m. of oil,
which results in a discharce o020 0 7.4 V. m.mi. At 1315, the
ullage in the Starboard sic. Laci s 2°.0 m, The overboard

discharge was stopped, and the vou in the Starboard slop tank

was stripped over to the Pori cicy tank. At 1510, the Starboard
slop tank was empty and the uliia. in the Port slop tank was 10.5 m,
The total discharge voluuc ivea the siop tanks between 0850 and 1315

was 2506 cu.m., of which 0.7°0 cu..". was oil.

On Feb 13, at 0900, the oil 1ryer sn the slop water in the Port siop
tank was measured to be 930 cw, thick, which cquals 1457 cu.m, of
oil, The settling time after last siripping into Port slop tank 'ras
at this point, 66 hours. A volure of 1457 cu.m, in the Port slop

tank gives an uliage of 13.81 n. fit 0935 discharge of settled slop
water from the Port slop tonk, using ouc stripping pump, was com=
menced, At 1130, the ullage was 13.4 nm., and 0il content of the water
after the pump was increasing rapidly, The discharge would therefore
norrially have been stopped at this point. The total volume discharged
between 0935 and 1130 was 528 cu.m. with an average oil content of
640 ppm, which equals 0.338 cu.n, of ¢il., This gives a discharge rate

of 10.5 1, of oil/n.mi.

In the interest of the experiuents, it was decided to oo beyond
normal operating practices and continue the discharge for a feow
minutes. This was done to obtain samples from the discharge to
establish how rapidly the o0il content of the discharge increased
when the ofl/water interfacc was approached closer than nornmal
practice allows, The discharge was hence continued until 1135,
with an additional discharge of 20 cu.m., The ullage in the tank &1 !
time vas 13.6 n, and sample 304 drawn at 1135 shows that the oi.
tent at this point was 4%, which results in a discharge rate of
T/n.mi, Hith the ullage of 13.6 m, about 1492 cu.m. is left in
tank, Cornparcd with the neasurement with the oil layer at 0303,
shou™ 1 thorefore sti1Y be 20 cu.w, of water in the Port slon f::
The result of Lhe sinplting Tron the <iop tanks is listes in o0,
12, 13, Y4 and 15 and in Tabie 1 "Summavy of Settled Bzllast e
and Slcp Water discharged between Feb 3 and Feb 13, 1973",
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i) 041 Layer Samples.

LI I R R ]

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,

0f 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 in Table 16.
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IIT  SAHPLING OMBCGARD T/T FFEbLCOUDTY,

An additional shipboard saunling program wes conducted onboard the
T/T "Ferncourt", belonging to the Fernley & Eger Shipowners of 0slo,
Norway. The T/T "Ferncourt" has a dcadweight tonnage of 244,000,

and the samples were drawn from the center tank No. 3, which has

a capacity of 10.000 cu. metres. A total of 21 samples werc drawn
from the ballast water in this tank, in addition to samples of the
cargo oil for analysis reference standard, The T/T "Ferncourt"
carried Kuwait crude with API of 31.7 from Mina Al Amadi, and the
cargo was unloaded a. Rotterdam on Jan 9, 1973, Center tank No, 3
was filled with clean sea water to an uliage of 1,5 m, on Jan 11,
1973, and samples were drawn 3, &, 14, 32 and 56 hours after the
filling was completed. The tank is 28 meters deep, and the samples
were drawn fron threce lcvels, which were respectively 3.5, 14,0 and
27,0 meters below the deck. The tank was judged to have a relatively
large amount of o0i} remaining., The cquipment used for sampling was
similar to that described for the shipboard sampling onboard the

M/T "Berge Princess®, A two-inch tube was placed in position extending
below the o1l 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. The hose was weighted at the
lower end to kcep it vertical. On deck, the hose was connected to
the suction side of a spray gun, and large quantities of water were
allowed to flow through the sampling cquipment before the samples
were actually taken. The sanpling program was conducted by the Ship-
owner's inspector, who is a chemical engineer, and the samples were
stored on glass bottles which were prepared by the Central Institute
of Industrial Rescarch, 0slo, as described in the report from this

instftute in the next section.

The analyces of the samples show that the o0il content of the ballast
water in the tank is very low, It is, however, interesting to note
that the 01l content at the upper sanpling point is increasing

with tiue, This is probabliy dJue to tihe build-up of the ¢il leyer of
the tep, causing the ofl/walor interface to extend fuvihier into the
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tank as the oil layer thickens. The upper sampling 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 c¢lear 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,



- 22 - NSFL
IV TANK SECTION MODEL EXPERIMENTS.

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 were drawn after the same period of
settling and at depths relative to those onboard., The crude o0il

used for the experiments was pumped from the ship's cargo in

Le Havre and sent to Norway.

Three series of experiments were conducted, using the tank sectiun
model as center tanks and wing tanks with little and much oil

remaining, and as slop tanks in series,.

Iv A, Description of the experiment,

The medel experiments were conducted in a tank section model consisting
of three different tanks (two wing tanks and one center tank), as shown
on Figures 9 and 10, The center tank and the Starboard wing tank

were used for dirty ballast tanks. Both wing tanks were used for

step tanks, and the center tank was used to blend o0il and water for

a simulation of the flushing process. The resuit of the analysis of

the samples is listed in Table 19.
The experiments were conducted as follows:

&) Sample_series_ 1 The center tank and the starboard wing tank
were used for "dirty ballast tanks" containing
as little o0il es possible, The tanks were sprayed
with 0.6 % and .2 % crude oil, respectively,
The tanks were then filled with fresh water
until the Viguid level was 1 netler above ihe
bottom of Lhe tank, The samples were draun,
following the onboard saupling program as close
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as possivic. 0o 19 shows the sampling program
and the reso. . 0 ihe sampling, After 63 hours,
the froo oo+ o3 drained from both tanks.

b) Sample_series_2 The centci i:on: and the starboard wing tank were

R LX)

used for “diris tallast tanks", containing rela-
tively wuch oi! It was assumed that the o011
from the zamp! - series Ho.o 1 remained in the
tanks an: wmore ¢il wes added to bring the oil
quantity in the tanks to 2.5 % in the center
tank and 0,5 % in the wing tank, Sampliing was
conducted os for sanpling series 1.

c) Sample_series_ 3 Port and Starboard wing tanks were used for

R P i

"slop tanks" and it was an open connection
between them with an inlet near the bottom of
the port wing tank and an outlet around the
middle of the starboard wing tank. To simulate
the flushing of the cargo tanks, the center tank
was used to blend 5,85 1itres (7.5%) crude 0il
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 halfway up.
A new quantity of the oil/water mixture was

then prepared in the center tank and again punmped
fnto the port wing tank, This was repeated
another seven times, simulating the pumping of
the flushing water from nine cargoe tanks, as
were done onboard. The sampling progran follouee

e
¢

the onhoard sampling program as closely as pua- <!

e ve m e - - e .

d) Sauple_series_4 The slop tanks were now full of slop from -

L

series Mo, 3, At this point, 30.5 % of th-
slop waier quantity was draired out, Toaver o
443 Titres of slop. To sinulaie slop watler

the weshiing process, o0il and water was mixed by

the use of an cjector, and the mixture was punned
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into the primary slop tank (the port tank) about
halfway up. The flow corresponded to the flow '
onboard, Samples were drawn of the o0i) water
mixture in order to control the o0il content,
Samples were also drawn of the water being dis~
charged, After completion of sample series 4,

the slop water was left to settle for 15 hours,

e) Sample_series 5 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
vere connected through an open connection.
Samples were drawn of the discharge water,

f) Sample_series 6 The ofl that remained in the secondary slop tank

nnnnnnnnnnnnn

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 rate as used 1n sample
series No. 4, untii the interface approached

the bottom of the tank, Samples were drawn of

the discharge water. In this case samples were
also drawn of the o1l remaining in the tanks,

to find the water content of the oil,
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3 3 3 3 Permanent 3 3
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"l " BERGE_PRINCESS.

On arrival Lyme Bay January 25th, 1973,

O™

272,484 1/torns.

Temp. 62 OF.

Discharged LYME BAY,

from 2 and 5 P. & S. 459€0 1/tons.

Discharged Le Havre 126792 1/tons

fT’Om Ci ]9 25 4! 6
P. &S. 2, 5, 6 and sloptanks.

the rest from C.3, 5.
P. &S,

Discharged Isl. of Grain:

I, 40

N —
ERTIERL 2.27 B | 2. 2.25 Bz |
: 3078 2018% A | 1312 ¢ 13470 A 5 g
R 2.82 8.10 2.17 2.09 7.0
.
P2eY Bl P - oy
leoay 30115 16221 20551 1968 17501
{
. |
IR i 1 ot -y
— . W ¢ B C ! . S
N 2 ™ ‘ S
L2 5 2.20 N | 2.0 2.0 ‘f
2350 209 :{ 20176 Al ¢ 10D 2 !
e 5 5 4 3 2 i
fwla e S
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"1 " BERGE PRINCESS.”

i | Permanent
ballast
é 13 m uilage 2 m uliage 14 m ullage
i o B Bl
>R
j Permanent
; ballast
; 13 m ullage 2 mullage 14 m uilage |
Sicp 6 5 4 3 2
BALLAST AT DEPARTURE ISL. OF GPAIN ON JANUARY 30th, 1973.
Dirty ballast W.2 P.&S. : 18034 m°
Dirty ballast W.5 P.&S. : 28812 m
Clean ballast W.3 P.&S. : 3114 m°
Total ballast: 77960 m°

- dne
b3

Draft F. 8,0m A ?0,0 m M. 9,0 m.

o o
momxmESsoInm
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Y " BERGE PRINCESS.”

4 mullage
4 mullage 4 muliage
5.3,
!
4 muilage
$100 5 4 3 )
Laning
- CALLAST ON JANUARY 31st, 1273, AT 1900 HOURS,
Dirty ballast C.1 23245 m°
Dirty ballast C.3 22597 m3
Dirty ballast ¥.5 P.& S.: 44500 m°
Ballast 90342 m°
Dirty water for flushing: 7000 m°
Total Ballast 97342 m°
Draft: F. 9,2 m A. 11,2 m M. 10,2 m.
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"I " BERGE PRINCESS.”

r
i Feruwanent
j ballast
5 1.5 m ullage
g 3 muilage 4 moullage
lP.R.
{..M..- S |
f Permanent
J ballast
| I 1.5 m ullage
Jlﬁ? 6 5 4 3 2
TaTKS
BALLAST DISTRIBUTION AFTER TRANSFER ON FEBRUARY 8th, 1973,
Clean ballast C.2 22607 m°
Clean ballast C.5 35186 m°
Clean ballast W.3 P.& S.: 31732 m°
Ballast. 89525 m3
Slop 7000 m°
Total 96525 m°
Draf;: F.8,5 m A. 11,5 0 M. 10,0 m.
3 oraft: F.8,7m A.10,7m . M. 9,7 m

10/2 Slop: 2000 m
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"1 " BERGE PRINCESS.

§ Permanent
ballast
44 m’ oil = 0,2%
1 X 3 -
567 w° 01l = 129 ° 0]
2,5% 0,6 ¢
PR
i i ) ; -
! NS T 5 ermanent
! g 13 a7 oil = 0,5% ballast .
i ‘ .
i ?
Slop 6 5 4 3 2 1
LunEsS

FEBRUARY 4th, 1973,

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




TANK SECTION MODEL USED AS " DIaTY

BALLAST TANKS™

SLIPTANKS AFTER FLUSHING OF

CARGO TANKS.

PRIMARY SLOPTARK
(PORT WING TAHK)

X
DX

CEHTER TANK

X

" "DHOARY SLOPTANK
{STARBOARD WINGTAHK)

X—{m

SAMPLIHG COCK

X
% X
S -l
| FX—M
| l
[ ] L

[
FIGUR: ©
% r3 “”

TANK SECTION MODEL
SKETCH NO. %

oo ——

MARITIME PROTECTION A/S.

D73-1




TANK SECTION MODEL USED AS SLOP TANK DURING TANKWASHING.

PRIMARY SLgP TANK CENTER TANK

i SECONDARY_SLOP TANK
o

X S - ¥ r{%%
b %

P
P

e e
PERISTALIIC PUMP e -
OIL TARK \__y ':;é’
@
WATER SUPPLY
A I Tk g
EJECTOR
FIGURE 10

TANK SECTION MODEL
SKETCH NO. 2 [ R

MARITIME PKOTLCTION A/S. D73-2




TABLE 1

NSFI
SUMMARY GF SETTLED BALLAST WATER AND SLOP WATER DISCHARGFED
BETWEEN FEBRUARY 3 D AND 13TH, 1973.
Date Time Tank m3/h. Total ppm. 0i1 011 Remarks
‘ m3. md.  i/n.
mi.
3/2 1600-1615 Slop S 2408 662 120 0,072 18.0 Decanted
5/2 1430-1700 Slop S 1743 2615 40 0.105 4.5 Decanted
" " Slop P 1425 2138 40 0.086 4.5 Decanted via slop S.
6/2 0600-0800 C1 3007 6013 30 0.18 5.3 Decanted
" 0840-1700 Slop » 1435 119710 125 1.489 10.5 Washing C2,stripped with
ejector to slop P, Decan ed
from slop P. to S. and
further into the sea by
cargo pump. Max,380 ppm
32 1/n.mi.
" 1700- ~ Slop S 1435 12915 160 2.066 13.5 Washing C5, same method
7/2 0200 as for C2.
" 0200-0415 W5 P.S. 8350 22654 20 0.453 9.6 Discharged to 17 m.ull.
! 1430-1700 Slop P.S. 2278 3417 100 0.342 8.1 Decanted via slop S.
8/2 1600-1800 C3 5588 11177 15 0.168 4.9  Pumped out, 2 pumps.
! 1800-1900 €3 - 2920 2920 30 0.088 5.2 Pumped out, 1 pump.
" 1807-2125 W5 P.S. 5605 10444 100 1.044 19.3  Pumped out.
" 1900-2045 C1 4073 7130 200 1.426 47.5 Pumped out.

10/2 0850-1135 Slop P.S. 954 2623 180 0.472 10.3 Pumped out, using one
stripping pump and

decanted.
" 1135-1230 Slop S 800 712 350 0.749 15.6  Pumped out, using one
stripping pump and decanted.
" 1230-1315 Slop S 228 171 450 0.077 6.4 Pumped using one stripping
pump.
13/2 0935-1130 Siop P 275 528 640 0.338 10.5 Pumped using one stripping
pump.
Sum discharged overboard: 97960 8.655

In addition , as an experiment to establish the rise of the 0il content
as the interface is approached:

1130-1135  Siop P 250 20 4% 0.800 533
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MEASUREMENT OF OIL LAYER, USING "Cil,.niLR INTERFACE DETECTOR".
— e e e -
: i \ loIL LAYIR . o :
i P 172 hours settling. Relatively large
S/2 1000 ¢3 ; 06 3 507 quentity of oil,because the piping system
| | was washed into this tank.
o - -
7/2 1000 C3 - 66 ' 567 | 160 hours settling.
8/2 1900 C 3 | ! Rest in the tank whey overboard discharje
| | was stopped = 1467 m”,
| — —
| !
Ullage 2’8,60 m = 5’1,70 m liquid depin
5/2 0930 ‘ C1 10 86 111,5 hours settling.
i
I l
7/2 1000 | C1 | 15 129 160 nours settling.
| |
2045 C1 ’ | Rest in the tank when overbgard dis-
8/ | | charge was stopped = 1083 mg.
1 ;
| | )
Ullage 29,80 = ],2{ m liquid depth.
f - ' N
5/2 0900 i W6S . 13 LT3 101 hours settling.
1/2 1000 ! W5S | 13 113 - | 159 hours settling.
8/2 2125 | W5S : Rest in the tank when overbgard dis-
charge was stopped = 1343 m”,
Ullage 2B,00 m = 1,60 m ]iquip depth.
' i LT RLEETLLIE ST
5/2 '0830 W5P 3 26 109, 5 hours settling.
7/2 1000 W5P 5 | 44 1159 hours settling.
8/2 (2125 | WsP | Rest ir. the tank when overbgard dis-

l ;
Ullage 28,00 m = 1i5 m Viquid, depti.

.{charge was stopped = 1343 n”,

= e L




TABLE 2, CONTINUED,

P T T

NSFI

charge was stopped = 476 m

DATE TIHE TANK EOIEMLAYER N REMARKS.,
i ) 41 hours settling after draining after
5/2 1030 Slopt. Pf 255 om 5N fiushing.
i . 9 nours settling after washing of C 2
7/2 100 Slopt. Py AT7em | 78 [Laq'c s, J J
9/2 1900 Slopt. P§ 762 cm 1410 1 hour after stripping of C 1, C 3 and
; W5P &S finished.
13/2 0900 Stopt. P! 930 cm 1457 66 hours settling after slop from slop
tank S was stripped over to this tank (F
Rest in the tank when the overboard dis-
13/2 1135 Slopt. P charge was stopped = 1492 m°.
Ullage 15,60 m.
| ] l ,g; hours settlin ini
! ! g after draining after
5/2 0830 | Slopt. S| 18 cm E 37 Flushing.
| o
7/2 1100 Slopt. Sg 41 cm v 77 9 hours settling after washing.
! v
972 1900  Slopt. S! i8cm . 94 1 hour after stripping.
10/2 1315 . Slopt. Si | Rest in the tank when the gverboard dis-

|
|
|

UlTage 1,00 m. |

B

et o i

|
i
!
|

|

[ —

s o e M 0 eeer e

This quantity was pumped to sioptank P,
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TYPE COF SAMPLES:
i SAMPLE SAMPLING POINT DETERMINATION
ATE POTINME NO. ULLAGE REVMARKS
mi | TANK |SELOW DECK METHOD CONC.
z
29/ f 1700 1 sea IR 1 ppm 13 m. below sea level. Isl. of Grain.
30/ j 0350 f 2 8 IR 1 13 m, " oo "
1/2 ? 0530 ; 20 )" IR 1 " Eng. room cooling water intake,
2 jf 2 E a “‘;D —:} 5 5 H ' “ b H it ' 1 it 1‘ {]
" f . I 56 " * IR o After passing samnling hose and punip.
HH ;1 'l 53{‘! ;6 69 B I R } ' " it t 1 t
3/2 g Jal e ; 83 " IR T " Before passing avse and puip,
I ; 84 . 1" After . . "
............ R B B L e R L e e e R
K 1500 ? 57 P IR T Before passing hese and puaip.
f ne ;l n 6 1] f\ft&}" 1 ] It
RIS — rE———— Mk ! - —— o
4/z 05280 ; 1 2 " IR 1 " Before passing hose and punp
!’ }22 ; 1 -l ] After‘ " " 1]
" 1530 ; 143 8 IR 1T " Before pacsing hose and pump
i '§ 4 2 1 ] ] A .f:t er [i] 1] [{]
5/2 0822 | 153 " IR 2 " Before passing hose and pump
H 1 ; ‘t :,) /_; 1 ‘! i A ‘ft ep it u 1"
6/2 0n3n 1 175 " IR [ Before passing hose and pump
. 176 ! 1" | After ’ ! "
F s
S/2 e o227 " IR i Eng. room cooling water intake.
|

.
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TYPE OF SAMPLES:

LommmTE s s e Vo 025

|
; sapeLe | SAMPLING POINT DETERMINATION
DATE TE L wo. ULLAGE REMARKS
o | i | TANK  [SELOW DECK METHOD | conc.
; frn
972 % 0900 252 ‘ IR 1 ppm Eng. room <cooling water intake

10/2 | 0820 | 253 IR 1o " " “ " u
f |

11/2 | 0930 % 286 | IR T u " " ! "

13/2 | 0900 | 293 ' IR 1. % | Before passing hose and pump
‘ ; 294 In 2 " | After " u "

'aINNILN0D ‘¢ TIaYL
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_TYPE OF SAMPLES:
SAMPLE SAMPLING POINT/ DETERMINATICN

CATE PoTINE NO. ULLAGE REMARKS

I TANK _ [oELOW DECK METHOD CONC. _ o
31/1 1400 ! 5 2 PS {Punmproom T 16.00 120 ppm| T: Top of suction line,
" " 6 " . B *® 114 ¢ B: Bottom of suction line.
" 1415 | 7 " " T 17.05 106
" ! % 8 " " B " 094 Settling time: 30/1.0400 - 31/1.1345 =
4 1430 é 9 " . T 18.10 11z ' 33 hrs. 45 min.
" " b0 " u B " 91 " | Cargo pump no. 1 used. Started 1345.
" 1500 % 1 . " T 20.10 132 " | Discharge rate: 4350 tons/hour '
. " RY: " " B 120 " | At 1600 reduced to 2200 tens/hour
" 1530 ; 13 " " T 22.00 150
H % " é 14 " " B 93 " Pump stopped at 1300. Hllage 27,30 m.
v bagoo s " v T 23.50 137 " | Tank depth 29,61 .
" ! § 16 " ! B 123 " Because of an open line on the Ccross-
" 1615 ; 17 ! " T 23.90 143 " .| ¢ver-line in the pump room it must be
" . § 18 " " B " gg assumed that what was discharged from
" 1530 | 19 " " T 24.30 126 " | cargo pump Ho. 1 was drawn into
" " l 20 " " B 93 " cargo pumps Nos. 2 and 3 and transg
" 1645 | 21 " ! T 24,70 158 " | ferred to center tanks Nos. 1 and 3
" . g 22 " " B 136 " which were ballasted at this tine.
" 1700 23 " " T 25.10 143 "
" ] ! 24 M " B " 143 " “
v ns 25 " " T 25.60 160 " %
" % " -2 " " B " 145 " %
T AL 27 " o T 26.20 145 -
N I 3¢ " " B 142
. [ ! ~ " " a7 AR 169 H
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o TYPE OF SANPLES:
§ cpupig | SAMPLING POINT DETERMINATION
DATE L NO. ULLAGE REMARKS
L TANK  [SELOW DECK METHOD CONC.
30/1 e |4 5P 21 m 12.80 m 6 ppm [12.5 hrs. settling. Sample bottle usec.
|
1/2 ?I]OG 31 " 7 m 2.8 m IR 77 ° 16.0 hrs. settling. Pumpe and hose used
! for sampling.
R REY: 32 | 16 " IR |75 " |16.0.nrs. settling.
SSRLOUUION IS DU N S I A3 T NSRS O {: SUSCT I 2SN 1 1Y O
v lwsoc | 43 " 7 m " IR 63 |21.0 "
©oois0s [oag 16 " GC 63 v |2100 d
o 1618 45 " 25 " IR 67 " |21.25 "
| s - S
2/2 6o00 | 57 | 7 m 2.8 | IR 50 " 38,0 hrs. settling
DA ST S 16 n " IR 42 v | v "
. |59 . 25 m ; IR gg v | w
A AL S IUDISRRORG 3 . SRR ISV SVt B U I U
o hsao | 70 "l 7om 2.8 m | IR 39 " [44.5 hrs. seftling.
W 71 " 16 m " IR 41
o 72 " 25 m " IR 42
3/2 0830 85 " 7m IR 27 " |61.5 hrs. settling.
| 86 16 IR 28 "
...... | ST SR o B -4 L S e
31530 i oa " 7 m " 25 ppm [ 68 hrs. settling,
§ R 16 IR 27
| | Lo 28
T - H

‘G 718yl

st
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SAIPLE SAMPLING POIN DETERMINATION
CATE L OTINE NO. ULLAGE REMARKS
; L TANK  [SELOYW DECK METHOD CoNC. -
| = —
472 0820 135 5 p 7 m 2.8 m IR 2] ppm| 85.5 hrs. settling.
136 . 16 m " GC 20 "
137 L 25 m " IR 22
5/¢ %)83& 164 " 7m 2.8 m ! 1g 109.5 hrs. settling.
| 165 16 m ' IR 6 " |3 cem. o0il,
166 25 m 7.0
a |
6/2 EOSSS 177 " 7 2.8 m 17 133.5 hrs. settling.
§ 178 " 12 & IR 18 " \
179 " A m 18
7/2 | 1000 . 15.8 m 5 cm. oil. (by 0il/water interface

detector) 44 m

"d3NNILINOD ‘g BWSVi
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i o [
| TYPE UF SAMPLES:
spupLe | SAMPLING POINT DETERMINATION
DATE | OTINE NO. ] ULLAGE REMARKS
; TANK  j0FLOW DECK METHOD CONC.
30/1 1600 3 5 8 21 m 12.00 6 ppm| 12 hrs. settiing, Sampling bottle used.
1/2 1300 34 o 7 2.6 m IR 78 18 hrs, settling. Pump a1d hose used
{
§ for sampling.
Ci315 L a5 | o 16 " IR G2
LB L3825, L IR L R e I
i .
" ;?6?6 ! 46 " 7 " GC 21.5 hrs. settling.
R EE I Y ‘ 16 " or
{
" izsza i 48 " 25 " GC/M
? i .
: é
/2 o5 S0 7w " IR 45 " |28 hrs. settling.
" I W i 61 [T 16 m " IR . 46 n
SRR SSRGSV SN UL 2. T IO SRRSOt U {: SR N S S
R F L " 7 " IR 37 " |44.5 hrs. settling.
n bow ! 74 t 16 " IR 35 1
[H it 1 75 i 25 m 40 H
T
3/2 10900 s n " IR 25 " |62 hrs. settling.
AL " IR 25 "
............... SRR AR -3 8 RIS SOROIRUPI 10 4 S B - S IR
i ’ .
" L1515 102 " 7 m " 27 " 163 hrs. settling.
§ 103 16 m 24 0
f 174 25 n IR 25 "

ANYISHIA
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TYPE OF SAMPLES:

*GIANILNGD ‘9 TI9VL

i
§ spioLg | SAMPLING POINT DETERMINATION i
CATE | TINE RO, ULLAGE : REMARKS
D TANK  1SELGW DECK METHOD CONC. _
4/2 0900 126 5 S 7 m 2.6 m IR £6 hrs. Sc.*ling.
127 " 16 " GC
128 | " B m " IR
5/2 | 0900 155 " 7 m 2.6 m IR 17 ppm| 110 hrs. settling.
156 " 16 m ' noo 17 " 13 ¢cm. oil. ’
| 187 5 m ‘ " 16, "
6/2 ogoo | 130 Lo 7w 2.6 m IR 17 " | 134 hrs. settling,
I 121 | 16 " 15 ©
| | 182 25 & " 1
7/2 %]GOO K 15.8 m 13 cm. oil (by cil/uater interface

cetector) 113 m°

TN AHVIOMNIA
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TYPE OF SA
U ot ok %
SANPLE i SAMPLING PCINT DETERMINATION
OATE PoTINE nd. | ULLAGE REMARKS
y R SELOW DECK ME THOD CoNC.
7/2 023“ I 223 B |P.room P&S: ém. 20 ppm | At 0210 commenced pumping out ballast
224 T 20 " from wingtanks 5 P. & S.
0300 225 B IR 17 2 cargo pumps used. 8350 T/H.
226 T | 18 " |Total Disch. 22654 m>
B = Lbottom of suct1on'11ne.
T = Top ' " "
151 hrs., settling (Vingtanks 5 7 & §S)
At 0645 772, dabaltlestin: ste o,
a/2 1629 235 T room 22.9 m 63 ppm 205 commenced dohelltestin.
(1845 © 237 7 " 23.5m &0 Uilaans PLIS = 27 .
l1eon | 230 T | v 23.2 m 60 " | 2125 deballastinrs complotec,
1931 240 T " 25.5 94 v fllage P. 23.0 m, S. 23.0 m.
2000 242 T " 26.5 IR 86 " 1.60 m over bottom, 1.47 m. on 5 and
205 246 T . 27.4 m 111 1.55 m p&d P. under o1l layer.
20553 247 T " g7 " Samples takesn in the pump room, suction
12100 248 T " 105 side of pump no. 2.
;2105 249 T " 27.7 m 116 " T = top of suction line.
12115 250 T " 27.9 m 116 " |Settling time 183 hrs.
! | . Depth of WT 5 = 292,60 w.
|

EN
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g SLNDLE SAMPLING POINT’ DETERMINATION
DATE CTIvD 1 NO. ] ULLAGE REMARKS
N TANK  [SELOW DECK METHOD CONC. )
1/2 fl&OO Z 37 C 1 7 m 1.54 m IR 123 ppa) 20.0 hrs, settling. Pump and hose used
! for sampling.
“ P 1410 38 " 16 m " " 73 ppm
ot ,_%1529“,”-_-39--_-2-----,-gﬁ-@---------: ..... SRR 5 5 2 S
" 16445 49 " 7 " " 108 ppnry 22.7 hrs., settling.
" 11655 50 | 15 1 " ce
" 1710 51 . 25 " IR 113 ppm
2/2 10930 63 l 7 m o IR 46 ppu| 39.5 hrs. settling.
64 1€ " " 109 ppm ’
i
SR BT been 85 f2B s e e meeememmimemamenamans
" 1600 76 " 7 m " . 109 ppry 46 hrs. settling.
77 16 t " 93 ppnm
! 78 25 " 98 ppm
|
3/2 0930 91 " 7 m " " 83 ppm{ 63.5 hrs., settling.
" 92 16 m " " 73 ppm
ISR S S S 400 DN ISR R SRS S 15,00 o eeeenns —————— - ———
" 1602 106 " 7 o " 85 ppml 70.5 hrs. settling.
105 " 16 " " g3 ppm
....... e 0 L L 2D e e B DD e memmmee e ————
3/2 1600 103 ¢ 7m 1.94 m IR 73 ppoy Samnling peint 5 m from bulkheads.
109 " 16 m " 65 poi
§ BRAR 25 m " 66 ppn
: | i

'8 J18VL
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Y ;
o TYPE OF SRS f
! SAMDLE SAMPLING POINT DETERMINATICN |
BAYED v TINE nG. | ULLAGE REMARKS
| | TANK  |3ELOW DECK METHOD CONC,
472 laszn 123 (c 1 7 m 1.94nm | IR 57 87.5 hrs. settling. Sampling point 5 =
j from bulkheads.
, o130 o 16 m " GC .
1‘ L1311 25 " In 54 ppm
5/2 1 0930 15% " 7 m " o 30 ppmf 111.5 hrs. settling. *" " "
| 159 16 " 28 1.0 cm. oil.
160 25 m " 29 ppn
!
7/2 100G % . 11 m 15 ¢em, 01l (by ofil/water interi:zce
j ' detector)., 129 m3.
3/2 1935 f 241 T P.room 24.5 m 16 ppm| 1200 commence numping out bLallast from
!2000 { 243 T ! ! 26,7 m IR 19 C 1. Ullage 21.5 m.
52020 § 244 T " 26.1 m 280 ppm| 2045 deballasting stopperd. Ullage 29.8
2035 } 245 7 29.0 m 282 ppmjm. = 1,27 m from bottom. 1.12 m under
: | the oil layer.
Samples taken in the pumproom, suction
side of pump ro, 4,
T = top of suction line,
Settling time: 123.5 ars.
Depth of C 1 = 31.07 m.
E
t
I 5
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-~ ‘-
. TYPE OF SWP.CS:
i
| sppLp | SAHPLING POINT DETERMINATION
ATE - TIvE 1. ULLAGE REMARKS
] | TANK [SELOW DECK METHOD CONC.
/2. 1435 40 'C. 3 7 m 2.9 m 17 ppm 20.5 hrs., settling., Pump and hose
n 1430 41 " 16 m " IR 18 sampling.
" | 1505 42 " 25 m " 16 "
" 1715 52 " " GC 23.5 hrs. settling
" 1725 53 v 1 " or
" 1735 54 " 25 " GC/MS
2/2. 11000 66 " 7 m " 11 | 40 hrs. settling
i : 67 It 16 " IR 'I'! i
" 1 68 1 25 it 12 m
....... ;............-L................--........-..-......--..,.....-.................-.....................--..--..-..------....----..-.................
!
" ; 1630 79 " 7 " 6 " 46,5 hrs, settling
n | 80 " 16 " IR 10
fi i 81 H 25 # "“ "
é
3/2. 1000 94 " 7m " g " 64 hrs, settling
] 95 1" "6 i IR 9 [
i 96 i 25 m 1] 1‘} (1]
" 1630 M " 7 u 11 70.5 hrs. settling
¥ 112 " 16 M IR 10
" ‘ 113 u 25 m n 9 "

"6 JidVL
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1 B -
TYPE OF SAMPLES:
% (s :-'i’.,t.’_:? bt ety
: ' sampic | SAYPLING POINT BETERMINATION
WTE D THE | M. ULLAGE REMARKS
L | TANK _ [SELOW DECK METHOD CONC.
i [
4/2. 1060 | 132 jc. 3 7 m 2.9 m 6C 88 hrs. settiing. Pump and hose
! 133 " 16 m " or used for sampling
Lo134 " 25 m " GC/MS
| |
5/2. 1000 | 161 " 7 m z 7 ppm | 112 hrs. settling.
5 | 162 u 16 m " IR 7" 1 66 cem ooil.
’ i 163 " 25 m " g "
! ; ot A s 1 U e e e S e
6/2. [ 1060 183 " 7 " g " 136 hrs. settling,
| 184 " 16 m " IR g "
] 8 5 L 2 r)‘ m 1 ? n
7/2. 1000 . " 66 cm. 011 (by oil/water interface
detector). 6567 m3.
5/2. 1750 234 P. room 21 m 12 " 1600 commenced pumping out ballast
1820 236 " 26.4 m IR 26 " from C 3, Ullage 12.2 m.
1845 232 " 27.7 m 33 ¢ 1900 deballasting stopped., Ullage
! 28.6 m. 1.70 m. above the botton,.
! g 1.04 m. under the of1 Taver.
| f Samples taken in the pumpreoom, suction
f ! side of pump no. 4,
f ' T = top of suction line..
: Settling time: 190 hrs,
Depth of € 3 = 30,30 m,

SONILNGD ‘g J79Y)
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TYPE OF SANPLES:
{
{ f chvpLe | SAMPLING POINT DETERMINATION
ATE | TINE } NO. ) o HLLAGE ' REMARKS
) . i | TANK [SELOW DECK METHOD CONC.
: i
are % 1545 228 c 2 7 m 4 m 36 C 2 completed ballasted 1530 &/2.
t 229 16 m 21 Sample bottle used.
! 230 25 m 25 Settling time = 15 min.
/2 | 093 . 282 | " 7 4 m 26 Sample bottle used.
i 283 | " 16 25 Settling time 66 hrs.
] 234 25 23
? e
13/¢ . 0900 _ 287 " 7 4 24 Hose and pump uyzed. i
| ; 238 " 16 24 Settling time 112.5 now. §
= 289 " 25 m " 23 !

0T 313v1L



TYPE OF SARPLES: 7
i s
f SAMPLE SAMPLING POINTA DETERMINATION
e TINE | KO ULLAGE REMARKS
- g TANK jUELOW DECK METHOD CONC.
8/2 1600 ! 231 c 5 7m 3 m 23 C 5 compieted ballasted 1530 8/2.
I 232 ‘ 16 m 16 Sample bottle used.
§ 233 25 m 5 Settling time : 30 min,
11/2 EOOSO y 285 " 12 m I 15 Sample bottle used.
| ‘ Settling time 66 hrs,
%
1372 10930 280 " 7 m Im g iose and pump used.
291 " 16 m 3 Settling time 114 hrs,
292 " 25 m 13

"TT 8yl
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 TYPE OF SAIPLES: —
o . ‘
! sppip | SANPLING POINT DETERMINATION
ate ot D wo. ULLAGE REMARKS
% TANK _ |SELOM DECK METHOD CONC.
. = -
3/2. 1 1330 114  {Slop P, 7 m 192 ppm| 1 hr. settling
" 15 16 2,3 m. IR | 123
116 25 m 154
42,1 1020 | 138 " 7 u IR 82 " | 17 ars settling .
139 g 16 = " Ge
! 140 u 25 IR 99 i
..... é.....--..-,.j.........-.....--!,.-....-......—.....—_---n.-..-..------.--.-...-....--._......--..--.........;..-................-...."._-.....-.N.... ;
" 1600 | 146 Lo 7m " 32 " | 22.5 hrs. settling. §
i | 147 " 15 " IR 35 v 2
..... UL O U V1T TN SRS IS AL SO
1760 1 150 " 7 L IR 69 " | 23.5 hrs. settling. Sample bottie used
152 " 14 m u 86 "’
5/2. | 1020 | 167 " 7 m " IR 55 " | 41 hrs. settling. " "
BRI 14 255 cm. 011 = 515 m> "
nnnnn ?h-b-nﬂnznﬁﬁﬁﬁh-*-un‘-‘ﬂﬂ“lOﬂ”ﬂ*ﬂ----wﬁ.d-’-ﬂnﬂ---‘-l—n--‘sbn.ﬂ.---dhﬁﬁﬁ&-»-ﬁ-.---.u-nwﬁnbun---‘
" 1430 ' 171 " 7 " IR 22 " | 45 hrs. settling. " "
RREE: 14 1 " 21 v
7/2. 11100 " 7.3 m 417 cm. oil (by oil/water interface
; detector) 7883 m3. 9 hours settling
| after end of washing.
—a .g,_A_,.__,- % P
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TYPZ OF SAMPLES: _
’ I SAMELE SAMPLING POINT DETERMINATION A
DOTINE NO. ULLAGE ~ REMARKS
o TANK  |ELCW DECK METHOD CONC.
| 1900 S1op P. 6.2 m. | 762 cm. 01 = 1410 w® (using oil/water
; | . _ interface detector)
; ! ~ 1 hr. after stripping completed from
| C1 and C3 plus W5 P & S,
13/2,§ Eéﬂj § 295 Slop P. P. room | 10.6 m. 575 ppm| 6G.5 hrs., settling time after the last
boaso 1 296 1.0 m 368 " | stripping of slop from slop tank §
; 1000 ' 297 i . 1.3 m 312 " | was completed.
L 1015 0 298 11.8 3838 " | According to "oil/water interface
© 1020 f 299 12.4 IR g2 " detector" before comwaencing strinping
b 1oas 1 200 12.7 1655 " | from slon tank P tocay:
1100 | 300 12.9 290 " | 1457 m> 0il (930 cm).
C111s o302 13.2 1830 .| Cuumenced stripping 0935 UT1. 10.5
: 1126 303 13.4 975 " Completed stripping.according to normal
' operation at 1130 . .
i
Quantity discharged 528 m3,
; Samples taken from the pressure side
§ of the port stripping pump.
! .
;1135 I 304 ‘ 13,6 4.8% For the purpose of the experimennt
; 3 stripping continued beyond normal
i ? ] practice until 1135, Ullage = 13.6 m. s
i ! : Additional quantity discharged = 20 m~
;
E :
| ;
; !
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) TYPE CF SAUPLES:
g cpupLp | SKPLING PO DETERMINATION
ATE | TN uo. ULLAGE - REMARKS
i R | TANK_[SELGY DECK |METHOD CONC.
3/2 | 1900 117 Slop § 7 m 2.3 m IR 74 1 hr. settling.
i 118 16 m " " 98
; 119 25 m " " 108
. L «
a2 | 0830 | 123 . 7 m . v 30 | 15.5 hrs. settling.
i 12 n 16 m o 6
| 128 " 25 m " IR 43
_______ L....-....-.‘;......-........-.un---- e - o e W e m o o ] o W e e - A L A R e e e e e
"L 1680 ¢ 143 l 7 m " " 65 23 hrs. settling.
| 144 " 6 " “ 74 |
§ | aas 25 1 " " 79
........ f._..--__.g...-------..-—----------—»»--cua.-un..---an---na--u---n—.a--- IR U e e R R R il il
" é 1630 § 149 " 7 m " " 40 23.5 hrs. settling., Sample bottle
§ | 150 " 14 m " " 44 | used.
}
5/2 | 0230 j 159 § z 7 m "o " 23 39.5 hrs. settling.
i A " 14 m ! 6e 18 cm. o0il = 35 m°
vl e 173 . 7 " IR 42 45.5 hrs. settling.
| |7 14 1 " L 52
7/2 i 1100 % o 3.4 m 47 cm ofl (using oil/water interface
§ | detector) 78 ma. 9 hrs. settling after
| | end of wasaing.
f
: | !
; 1 i
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-
. TYPE OF SAMPLES:
SAMPLE SAMPLING POINT DETERMINATION |
ATE Ting N0, ULLAGE : REMARKS
- - TANK | 3ELOY DECK METHOD CONC. _
9/2 | 1900 | ISlop S 6.8 m 48 cm 0i1 = 94 m° (using ofl/water
' interface detector)
Jne hr, after stripping completed C 1,
C 3 and W 5 P&S,
10/2 D855 254 Slop S| P. room 6.9 m S ‘IR 1 200 ppm| 0850 commenced pumping from slop tank
;0909 255 7.0 " 181 ™ $. to sea, Valve between slop tank P
§ 0365 ! 256 7.5 m GC 174 " and S open. P, 6.2 m, S €.3 n,
% 0230 3 257 | 9.3 m IR 128 " 1135 valve between slop tanks clesad,
| 0945 | 258 10.0m | 134 " | pi12.8m, S 14.4 m,
1000 | 2m 10.8m | " 141
% 1015 260 i1.5 m " 164 " 1315 Ullage S. 21.0 m. Remoininc gquan-
1030 | 251 12.2 n " 171 * | tity in slop tank S pumpned over to
1045 262 12.7 m L 181 " | slop tank P,
i 1128 263 13.5 m GC Total quantity pumped to sea 3506 m3.
E 115 0 264 | 13.9 m IR 210 " | Samples taken from the pressure side
1130 | 265 4.4 m " 173 " | of the pump. (stripping pump).
L1145 260 14.7 m " 226 " | Settlinyg time after last stripping
1200 | 267 15.5m |" 284 " | 15 hrs.
220 2538 12.3 m " 366 "
1230 1 289 | 19.2m " 405
1245 | 270 - 19.6 m " 388
IS ELL I A 20.4 m | GC
C1s1s 27z 21.0 m | IR 493
L1230 273 i 27.7m " 615 "

*a3ANILNOD ‘¢T J19YL
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TYPE OF SAMNPLES: L
spoLg | SAWPLING POINT DETERMINATION
CATE TIVE K. ULLAGE REMARKS
o TANK [SELCH DECK METHOD CONC. | L
10/2 i 1345 274 Slop S| P.room 22.3 m IR 795 ppm
i 1400 o 275 23.0m " 745 "
1415 | 276 23.6m | " 845
| 1430 | 277 24.2m | " 2355 "
| 1445 | 273 2600 " .
Lasco 1279 2.8 % 1510 Starboard slop tank empty.
1505 | 280 STudge, Ullags Port slop tank 10.5 n.
| 1510 i 281 ' Sedi- When ullage in slop tanks is 24.45 m,
? nents the remaining quantity is 217 m3 in

eacn tani,

i e
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TYPL OF SAMPLES:

SAMPLIRG POINT

DETERMINATION

| SMPLE
CTwE | Ko ULLAGE REMARKS
] | TANK  [SELOW DECK __IMETHOD CONC.
G6/2 ’ 0345 186 B {Slop S. - P 9m S 13m IR 99 ppm| Sample taken in pump room, suction
| 187 T | ! 94 " | side of pump MNo. 1.
| 0e00 | 183 B 9 16 " 234 " | B = bottom of suction line
| BRI ac T=Top " "
| 0515 | 190 B o IR |246 "
| 191 1 " 288 ' |
| 0230 | 192 B wooo " 260 " | At 0800 tank cleaning commznced C2.
é i 193 T “ 380 w1700 tank cizaning conpiotod
i 0945 | 194 B " n L 282 M | At 0540 discharcn carcn ool 1
| poo19s T " 265 " | started from siup Tonk
"qezo o196 v oo " 213 " | 5. sea vaive.
| EREVA " 228 "
| 1000 | 198 T g 15 " 198
L 1100 l 199 3 noo v 155 "
] L2007 " 158 "
1130 o200 T 7 14 » 112 W
i2en o202 9 " " 127
| BETE R s
et 2247 SR 1n |10 v
IRELSERELER oo " 194 "
IEE AR 6 13 | 24 "
BETEETE RS A oo Ge L
i % o I?
4 " 4 57 #
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] TYPE OF SANPLES: _
SAMILE SAMPLING POINT DETERMINATION
DATE TIHE N, ULLAGE REMARKS
N ? L TARK  |JELOY DECK METHOD coMC.
6/2 1807 211 B [Slop S P.5m S.13n IR 248 ppm| Samples taken in the pump room,
212 T " " " 156 " suction side of pump MNo. 1.
{1500 213 T 16 " 151
2000 214 T 16 " 141 0" B.= Bottom of suction line.
2159 215 T # " 148 " | T.= Top " oo
i 2200 216 B " " " 133 "
217 7 " " " 143 At 1730 cleaning centre tank MNo.5 com
2300 218 T " 15 " 196 " mence. At 0200 7/2. cleaning compnleted
beaco b 219 T " 14 " 228 " ‘
; ;
7/2 0104 220 T . 15 " 186 From slop tank S to sea via sea
0200 | 221 B " i " 92 " valve S, using Cargo pump No. 1.
222 7T " " " 101 "

‘ST 119yl

)
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QIL LAYER SAMPLES

TYPE OF SANPLES
‘ :
§ spupLe | SAMPLIRG POINT DETERMINATION
DATE ¢ TIN "o, ULLAGE REMARKS
______ : TANK  [JELOM DECK METHOD CONC. .
§ f The figures
; - pelow show
; ! weight per
i ] i cent of water
| i - ! in slop.
2.2. 1630 i 82 |C.3 2,9m 16 % On top of Cirty ballast water.
5 i | |
3.2 © 1700 120 . STop P'i 2.0m - 38 % On top of slop water, after flushing,
| 318 18 % Top of slop.
13.2. 11300 © 305  SlopP.i 15,0m 13,6 m 25 % Sample bottle used,
% f306 i 16,0 m 13,6 m 20 % 1,5 hrs. after stripping of free vacer
i ! | compieted.
; L3070 | 17,0 m 13,6 m 19 %
: . 308 18,0 m 13,6 m 20 %
! C 30 20,0m | 13,6m 21 %
|3 21,0 m 13,6 m 23 %
;313 23,0 m 13,6 m 23 %
314 26,0 m 13,6 m 24 %
| o35 25,0 m 13,6 m 27 %
i
| ST 26,0m | 13,6m 26 %
317 13,6 m 27 4%

28,0 m

91 Tigvl
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TEMPERATURE C.
T Y —— : o er et W..—.zrxmm :
| BAL- | ULL- [SHIP'S ROLLING REMARKS
POSITION 'COURSE | SPEED | WIND SEA  [AIR SEA | asT | AGE |70 EACH SIDE(S) EMA
Dover Strait - 15 S.V.3 2 12 8 - - -
H.48 26 W5 34 209 |16 N.V.6 5 8 10 15
N.A2 44W 9 51 200 16,3 |[N.V.6 1 13 (10 |11 15 - 18
" 16,5 |N.NE.4 | 4 12 15 9 110
525 30 W12 47 " u u n 14 n
‘198 17,0 " " 15 16 110 |16 2 - 3 !
--.o.-..-_-..-.---..........-....o..-T-...-.—---.....-...-..-..-i ................................................................................ 1
| w 17,2 INE.S 4 15 17 |12 |12 - 3
129 59 W15 21 196 " | n " 17 18 - 3 ,
1 HH E 1] § 1 ‘18 1 ]6 23 - 3 a
--------------------------------------- ;---,*»-u----..----»_-....u.----...-..—-... L i o o 0 ot oo g Sy o e A s ._.................,.....--......4;
192 " " " 17 7 1 1s | 1o - 3
N.23 20 W17 15 " " NG 20 18 - 3
It [1] 1 # i 1 ‘{6 25 -
----------------------------------------------- 4...-u-----_-....-.--..........T--..--..-...--..--.----..--n----...--—- PR T
179 " " 3-4 " " 13 |15 2 -
N.16 33 W17 45 " " " " 22 19 2 -
1] H] it (1] 24 H 'lg 29 2 -
153 u N.W.5 " 20 24 {16 |17 2
£.0250 W16 51 " " N.W.4 " 26 25 2
143 " " 27 26 2
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TEMPERATURE C.
— » j R T BAL-] ULL~ | SHIP'S ROLLING
DATE | TIME POSITION | COURSE| SPEED | WIND SEA | AIR | SEA | sl age 7o EACH SIDE (g) REMARKS
r - % { .
| ' |
7/2 10800 | 143 17,5 |[N.V.2 {2 28 30 2
11200 | N04 12V 12 36 u l " " 30 " 2
| 1600 " " 1§.5.E.3] 3 3 29 2
-------------------------------- -1.----.--.-}---_-un-.;—-—---u-..-»—-.---..-..--.w—--»—.pu-nuabu----- - " T . W T W O 0 S OB T O
8/2 | 0800 " 17,2 [ S.S.E.41 " 27 27 2
1200 |S01 18V 827 " " P " 31 28 2
1600 noo S.S.E.5| 4 30 " I A ‘
bl o atad d e -‘---"'"-‘"-"“—"*-""—“"‘-"-‘." “““““ i" ””””””
9/2 106300 17,0 2 S.E.5 | " 27 " 2
1200 | S 0627V 0426 " 16,8 { " " 30 " 2
1€00 " 16,8 [ S.E.6 | 5 28 27 3-4
n--.-—-u‘. .............................. o - oo - T ------------------------------------ T L o L
10/2 0800 | " " Ls.ea " 25 | 26 5.6
11200 | S 11 54V 00 27 " 16,7 u 4 28 " -
; 1600 _ " " " | " 27 25 L ..---..-.---gn:-f ________________________
11/2 | 6800 " ' " " 24 | 24 -6
1200 [ S17 17 € 03 42 y u " " 26 l -6
160 L " " " 25 23 N
12/2 | 0800 142 |16,5 {S.E.6 |5 23 22 5 -
1200 | S22 29 E 97 59 v n " " 26 " 5 -
1600 " " " " 23 " 5 -
U USRS S SN RIS AU U ORI SV DUPOREs SURUSIIS RESSPEIYY I I EEEPEERESCLLEES
{
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* ! i TEMPERATURE C. 1
) . o ! E BA.- | ULL~- SHIP'S ROLLING :
ziTh TIME POSITION COURSE| SPEED | WIND SEA AIR SEA LAST | AGE 70 EACH SIDE (0) REMARKS
13/2 | 0800 142 16,5 $S.S.E.5, 4 -5 22 20 5-6
1 1200 S 27 26 E 12 05 . " " " 26 22 5-6
] 1600 1 f o 1] 23 it 5 -6
1472 | 2800 " 17,0 $.5.E.2] 3 21 19 2
j 1200 S 32 44 £ 17 02 " " Var. 2 | " 25 " 2
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TYPL OF SAMPLES:

SAMPLES FROM T/T "FERNCOURT".

 HOURS

AFTER | caup g | SAMPLING POINT DETFRMINATION

SATE . BALL, NO. JLLAGE REMARKS
i towt. TANK _ |SELOY DECK HETHOD CONC.
an.11, 73 0 C3 1,5 m The letters A, B and C are used to identiy

I3 H3A €3 3,5 m 1,6 m IR 3 ppm the individual samples when more than cne

% 3 H3B ¢ 3. 3,5 m 1,5m IR 3 ppm sample is drawn from one sampling point.

|3 M3 ¢ 3 14,0 m 16 m IR 3 ppm

3 DA (C3 | 27.0m 1,5m . IR\ |3 ppm »

. 3 | D03 C 3 27,0 m 1,5 m IR |4 ppm

3 Dopx jCc3 p270m 1,5 IR 4 ppm

8 | KA |C3 3,5 m 1,5 m IR 5 ppm

.8 t hsg ' C 3 3,5 m 1,5m . IR 5 ppm

L8 i MBA C 3 14,0 m 1,5 m IR 4 ppm

8 1’88 3 14,0 m 1,5m IR 4 ppm

8 DSA C 3 27,0 m 1,5m IR 4 ppm

3 D&B C3 27,0 m 1,6 m _ In 4 ppm
14 H14 C3 3,5m 1,5 m IR 13 ppm

14 ! mi4 3 1,4 m T,6m IR 5 ppm

L 1a D14 27,0 m 1,5 m IR 4 ppm

|

!

|

L
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TYPS OF SAMPLES: SAMPLES FROM T/T “FERNCOURT", continued.

1,6 m

HOURS | quipie | SAMPLING POINT DETERMINATION
ATE BALL. NO. ULLAGE REMARKS
| COMPL. TANK  |OELOW DECK HETHOD COMC.
32 H32A C3 3,5m 1,6m IR 50 ppm
32 H328 . [ C 3 3,5m 1.5 m IR 31 ppm
32 MaA  {C3 | 14,0m 1,5 m IR 8 ppm
| 32 1328 ¢ 3 14,0 m 1,5 m IR 9 ppm
|32 D32 C3 27,0 m 1.5m IR 7 ppm
|56 156 C3 14,0 m 1,5 m IR 6 ppm
z D56 ! 27,0 m IR 5 ppm

“IAINNIINGD QT VL
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SAMPLE SERIES NO. 1 A, "DIRTY BALLAST TANKS",

Center tank contains 0.6% crude 0il of tank velume.

LLQubours 8 e N P 220 e S T i3 LY J SO0 SRR NS - L A
Rocm temp.: 12°C 107¢ 10°%C 10°¢ 1% 8.5%

. 0 0 0 0 0 0
Water temp.: 4°C 7.5°C 8°C 8°C 3°C 8.5°C
Diszance above Sample Concentration|{Sample [Concentration! Sample [Concentration| Sample ‘Concentration Samplel| Concentration
tank bottom No. ppm No. ppm No. ppm No. ppm No. ppm
H1 74 ¢cm .3 650 61’13 135
Hp 51.5 cm 1,1 10 ¢ .4 18 1,9 2 1 2 Cy,14 :
H3 6.5 cm .5 \}6 [ Cy,15 12
Wing tank contains 0.2% crude oil of tank volume.

é
Hy 74 ¢cm ¥ 6 14 1 16l 4
k] y
H3 6.5 cm ! ) 3 w1¥18§ 3
The following quantities of crude olje are sprayed on the bulkhead and the bottom in the center tanks and starboard wing tanks:
C.7T. 3.25 litres crude o0il —
W.T. 0.72 1itres crude oil. =
The tarks are then filled with fresh water until the surface is 1 meter above the bottom. The total liquid quantity .
is at this point: C.T. 540 Titres, W.T. 360 litres. Z | =
0o
n »

Samples are drawn according to the above table.




After 63 hours, the free water in the lower section of the tanks

Tayer on the top.

The samples are drawn according to the following table.

{s drained out, leaving only the oil

CENTER TANK WING TANK
Drained slop in Sample Concentration Sample Concentration
% of tank volume No. ppm - No. ppm
10% €1,19 3 W1,28 2
20% €q,20 3 W1,29 3
30% C7.21 3 wT’30 3
40% €1,22 3 w1’3] 3
50% c1’23 3 w}’32 4
60% C,24 3 w],33 3
70% ch25 4 w]’g 4
30% 1,26 4 w]’35 4
90% 01’27 5 w1’36 4

The discharge rate is reduced towards the end of the drezining to avoid turbulence at the outlet.

Disregarding the relatively small quantities of 0il contained in the water that is discharged, it is assumed
that the tanks contain the same quantities of o1l after completion of the sampling series as they contained

¢t the beginning.

14SN
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Center tank contains 2.8% cruue o1l of tank volume.

SAMPLING SERIES NO: 2, "DIRTY BALLAST TANKS®.

...... Q00ULS ol e B B A0 el B
Room temp.: 9°C 10% 10% 8.5%C 10% 5%
Water temp.: 4°C 6.5°C 7°C 8.0°c 8% 8°¢
Distance above Sample |[Concentration| Sample |Concentration| Sample |Concentration| Sample |Concentratior| Sample |Concentration
tank bottom No. ppm No. ppm No. ppm No. ppm No. ppm
. e 1
h} 74 cm c2’3 338 c2’13 18
.
d3 6.5 cm ¢35 12 C; 15
Wing tank contains 0.5% crude 01l of tank volume
H1 74 cm w2’6 11 w2,16 5
HZ 51.5 cm WZ,Z 2 wz’? 2 w2,70 2 wz’]z 2 w2,77 2
HB 6.5 cm w2,8 4 WZ,IS 2

The fToliowing quantities of 0il remain from sample series No. 1: In the center tank, 3.25 litres, in the wing tank, 0.72 litres.
“o=* to the desired level for this series, the following oil quantities are sprayed into the tanks:

To ircroase the o1y

e

In tre center tank, 10.25 T1uios,
1.08 Ttitres,
The tanks are then filied with fresh water until the surface is 1 meter above the bottom.

In the wing tank,

The total Tiquid level is then,

in tie center Zank, 540 litres,
in tre wing tank, 350 litres.

The canies are drawn according to the above table.

145N
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After 63 hours, the free water in the lower section of the tanks are drained, leaving only

the 011 Tayer 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, 1
In the wing

in percent of CENTER TANK WING TANK
tank volume Sample No.| Cencentration | Sampie ho.i Loncentraticn
PPN ppm

02 2,19 14 " 2,28 2
208 € 2,20 ° W 2,29 2
30% .2 5 Wy a9 9
0% € 2,22 4 ¥ 2,31 2
0% © 2,23 4 Y 2,3 3
60% C 2,24 4 W 2,33 2
08 € 2,25 > W3 3
£0% 2,26 g " 2,35 5
90% €527 5 W o 3 4

The discharge rate is reduced towards tihe end of the draining to avoid turbulence near the outlet,

LN
"GINNTLINOD 5T J19¥1
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The center tank shall be filled with 5.85 Titres of oil.
This gives an 01l content of 7.5%.

SAMPLING PROGRAM NO. 3, "FLUSHING OF TANKS".

is then filled with 78 Titres of fresh water.

the tank and into the port slop tank, about halfway up.
tank and the middle of the starboard slop tank.
The total quantity of liquid in the slop tank shouid then be 720 litres.

cargo tanks.

tanks should be full at this point,

PRIMARY SLOP TANK.

This

This mixing/pumping 15 done 9 tines,
The center tank and the starboard wing

The 011 is sprayed on the lower part of the tank bulkheads,

The tank

mixture is pumped from the bottom of

There shall be an open connection between the bottom of the port siop

simulating the flushing of nine

seo B bours L. LSS AR ¥ A0 SRRSO NSRS < L KN R 800 e 450 e
Rocm temp.: 9°C 9% 8% 7.5% 6.5°C 6.5°C
” o o O 0 0 )
water temp.: 4°C 5°C 6.5°C 6.5°C 5.5°C 5.5°C
Distance from Sample | Concentration! Sample | Concentration | Sample |Concentration | Sample |Concentrationi Sample ; Concentration
interface 1. ppm No. ppm NO. ppm No. ppm No. ppm
H1 15 cm S3.3 95 53’]] 50
HZ 41 cm $3,1 323 $3.4 64 53’7 A=96 $3,9 51 $3,12 45
AogB B-54
SECQIDARY LOP TANK ,
H] 25 ¢cm 53’5 108 53’13 80
47 it - S 5
H2 5 cm 53,2 405 S3.6 89 53,8 A-78 3,10 59 53,14 6
A ogB B-78
...{
o
£
Sanpies drawn according to the table. o
The capital Jetters A and B are used to identify the samples when more than one sample is drawn from one 2
1 ~ PR o d -iLO
point at the tine. bRl
m
v




SAMPLING PROGRAM NO. 4, "TANK WASHING".

The slop tanks are now full of slop from the flushing. There shall be an open connection between the bottom of the primary
stop tank and the middie of the secondary slop tank. .
38,5% of the total slop quantity (equalling 272 litres) shall be drained out. This leaves 443 litres of slop in the tanks.
Washing water mixed with 0il 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 water, 7.4 litres crude oil, To obtain a constant oil
1 1t i 1t u 2nd H s 2% i 1t (1] ]46 1t 1] . 3.0 11 1] u Y‘Eite, a DGY"I‘SJC&T'{:’}C pump
i " " # " Srd i s 0.2% t i n . ]é? fl 1} s 0‘3 i *t 11 was used’
I I i h) i i i 4th 1 s 5 % 1t 1 L H ‘{4'} 1] " s 7 ‘4 ‘ H it it
[H i 1 # " 5th I s 2% " Hi L ‘246 i it , 3 “D 1] 1] it
" " 1 i it 6th " , 0 . 2% H H 1t T 47 1] ) s 0 . 3 H i 1
Room temp.: 6.5°C 6.5°C
wator temp.: 5.00¢ 6.5°C
TINE Inlet Qutiet Inlet Outlet
Sampie f{Lloncentration Sample [Concentration Sample Concentration Sammie | Concentration
No. ppm No. ppm No. ppm x 00 opin
15 min, -1 4,1A 43000 A.4,2 313 I 4,16A 71250 AT 327
G B 61563 A.4,3 330 B A.4,12 257
45 ¢ ; c 50313 A.4,4 199 ‘ A.4,18 257
6o " ; A.4,5 230 A.4,20 43
15 min. § 14,6 16188 A.L,7 200 14,21 15729 A.4,22 39
3¢ " A.4,8 191 A.4,23 49
45 " A.4,9 155 A.4,24 4z
60 A.4,10 139 A.4,25 51
15 min I4,1 2267 A.4,12 114 I 4,26 10208 A.4,27 45
Ao A.4,13 103 A.4,28 39
45 A.4,14 92 A.4,29 46
60 " A.4,15 73 A.4,30 45

The pumped 011 quantity deviates a little from the required quantities. This is because the peristaltic pump was not quite adjustabl
for the rcguired 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



Free water is drained from the secondary slop tank until all the water has been discharged.

SAMPLING PROGRAM NO. 5, “DRAINING".

tanks shall have an open connection between them as previously.

The discharge rate is about 147 Titres/hour.

SAMPLE CONCENTRATION

TIME NO. PPM.

0 A 5,1 8

1/2 h A 5,2 15

1n A 5,3 13

2 h A 5,5 8
Room temp. 5,506
Water temp.} 6,0°C

™

The tank shall be drained until the interface approaches the outlet,

The siop

The discharge rate shall be reduced towards the end of the draining to avoid turbulence near

the ocutlet,

SN
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Tha/water remaining in the secondary slop tank after sample series No, 4,

slon tank,

SAMPLING PROGRAM NO. 6, "DRAINING".

The primary slop tank is then left to settle for 66 hours,
A1l the water is thereafter drained from the bottom of the primary slop tank, using a discharge rate
of about 147 litres per hour.

Sampies of the discharge water is drawn every half hour.
the outlet. Thereafter , samples are drawn from different levels in the remaining slop.

reduced towards the end of the draining, to avoid turbulence near the outlet.

TIME SAMPLE CONCENTRATION
NO. PPM,
0 A6,1 25
1/2 h A6,2 4604
(1 h A6,3)
Room temp. 8%
Jater temp. 8%

recaining slop in the primary slop tank,

3/ cm js]op 7.2

!
DISTAHCE FROM SAMPLE CONCENTRAT ION
THE TARK BOTTOM| No.
6.5 cm slop 7,1 1.5%
87 %

i$ pumped into the primary

The discharge is continued until the interface approaches
The discharge rate is
Two samples were drawn from the

1550
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CHEMICAL CHARACTERIZATION OF CRUDE OIL COMPONENTS IN BALLAST AND
SLOF 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 (VLCC) 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 extraction into an or=-
ganic solvent followed by quantification by infrared (IR) spectro-
scopy. In water samples that were particularily 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
erude oil and in water samples have been identified by combined gas
chromatography/mass spectrometry (GC-MS). Low and high temperature
gas chromatographic (GC) analyses have been carried out on a total
of 23 samples in order to estimate relative concentrations of indi-
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 presernted in tabulated forms, and only a general discussion
of the analytical methods employed together with a broad classification
of the GC-samples as being very rich, rich, intermediate or low in aroe
matics has been included.
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1.

2.

2.1

2.2

INTRODUCTION

As part of the studies proposed in Commission No. 832,2012, Report
No. 2/73 “"Outline of experiments, load-on-top system" (ref. 1), a

total of 315 samples from a very large 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.

ANALYTICAL METHODS

The water samples collected from the VLCC were to be analyzed for
total content of erude 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
included gas liquid chromatography (GC) and combined gas liquid
chromatography/mass spectrometry (GC/MS), In some of the samples

of slop, the water content was determined by azeotrople distilla-
tion with toluene, These methods,with experimental details as well
a8 the techniques employed for the storage of samples and for the
extraction of ecrude oil components from samples,are described in the

following.

SAMPLE STORAGE

For preservation of the water from the time of sampling ﬁntil the
analyses, aqueous sulphuric acid (1 ml, 3 N) was added to the empty
sampling bottles (100 ml dark brown glass bottles with screw cap,
gee fig. 2). Thus, the resulting mixtures obtained a pH of approxi-
mately 1.5 » 2,0, and algal or bacterial growth in the samples was

svoided during transport and storage.

IR~METHOD

genoral
Ao

The IR<method 18 used for quantitative estimation of the total content
of oll in water. It is fairly rapild and well sulted for routine ana=-

1vaea of a Yaree numper of erasmelen. et harmere . e medbood 4o e
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destructive, and thus, the samples can be preserved for further in-
vestigntions. The main limitations are a) lack of specificity, i.e.
total extractable organics {also other than oil components) contain-
ing aliphatic carbon-hydrogen bonds will be determined; b) since

aromatic carbon<hydrogen bonds have abéorption bands outside the spece

tral region employed, values for samples that are rich in aromatics
might be too low when compared with commonly employed standards; and
¢) although sufficient for the present purpose, the sensitivity is

somewhat limited and often inadequate when sample volumes are small

and concentrations of oil are low.

Exnerimental detalls

The procedure employed in the present investigalion is based on a
common and widely accepted method (ref. 2 and 3). Experimental de=

tails were ms follows:

The water sample was transferred to a separatory funnel (250 ml
glass funnel with a Teflon stop cock, see fig. 2). The sample flask
was rinsed with carbon tetrachloride (10 ml, Merck, Uvasol grade),
which was then added to the funnel and used for quantitative extrace-
tion of oil components by shaking (15 min) in a shaking machine
(horizontal stroke ca. 6 cm, speed approximately 170 strokes per
min, see fig. 1). When the samples were rich in oil, additional
carbon tetrachloride was added in portions of 10 ml to the funnel
before shaking until a suitable dilution was obtain:.d., After seti-
ling (10 min), the organic layer (10 ml) was transferred to a re=
gular glass tube {15 ml, see fig. 3), the volume marked and the
sample kept in a refrigerator before analysis. ¥For quantification,
an aliquot (ca. # ml) was transferred to a quartz cell (1 ocm), and
the spectral reglon from about 2.9 to 4.2 um (3400 to 2400 cm“l) was

recorded against a compensating carbon tetrachloride blank (see fig. 8)
in a Perkin Elmer Model 457 Double Beam Grating Infrared Spectrophoto=

meter (see fig. 5) operating at slow mode (100 cm'l per min). The
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absorbances at 3,42 um (2920 cm-l) and 3.50 um (2860 cm-l) were
added, and the concentration of extractable oll components in the
sample was determined directly from a standard curve based on the

actual o1l that had been transported.

Samples with absorbances larger than approximately 0.9 had to be
diluted before final quantification.

Discussion

Due to impurities, the carbon tetrachloride blank showed small backe
ground absorptions at }.42 and 3,50 um., Varying somewhat from bottle
to bottle, this absorption could be significantly“reduced, but not
completely removed by treatment with Molecular Sieve 5A. Thercfore,
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 tne 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 3,42 and 3,50 um,
and omittance of this step made the procedure simpler and more

rapid, S8ince this step was also omitted durlng the preparation of
the calibration curve, the error was thereby further reduced and was

considered negligible,

The yield of extraction was tested in several experiments prior to

the work-up of the actual samples. In the procedure described above,
an almost quantitative recovery of oil components was obtained from

the water phase, and the single extraction step was as effective as

two or three extracticns with smaller amounts of solvent (the amount

of solvent employed was substantially larger than reccmmended in ref. 23

1.e. 50 ml of carbon tetrachloride per 3 litres of water).

The calibration curve was based on the actual oil that had been
transported (Mena Crude (Kuwait), API 31.8, sp.g. 0.8665, T=82°F).
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2.3

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.

GC~METHOD

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 principle, a given component (or a mixture of components) is in=

Jected as a liquid (or in solution) into the GC where it is vaporized

and carried through a separation column in a stream of carrier gas
(usually nitrogen, N?' 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). The 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 (measurements of peak heights ete.), 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 gencral requirements are
a) all components in a given mixture have to be vaporized at the

given injector temperature (up to approximately BOOOC) for com-
plete analysis)

b) all components should be thermally stable during the whole
chromatographic sequence;

¢) individual components should be present in concentrations of at
least a few nanograms (ng) per ml (ppb); amd

d) for exact quantification, all components in a given mixture have
to be completely separated and linear reponse curves should be

recorded for each component by the use of pure standards.
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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 column must be employed. Higher bolling components can

be further characterized with a high capacity packed column operating
&t higher temperatures. Still, components boiling above approxi-
mately 350-&0000 will not be vaporized and analyzed under ordinary

GC conditions.

Experimental detalls

Sample volumes of 100 ml with expected low oll contents of

a few ppm, seriously restricted the maximum amount of organic

solvent {hat could be employed. Furthermore, since preconcentration
of an extract by evaporation causes heavy loss of volatlle components,
the following experimental procedure was used for extraction of oil
components prior to GC (and GC/MS) analysis:

To the sample bottle was added carbon disulfide (0.3 ml, Merck pro
analysi), the serew cap was fitted with aluninium foil prerinsed

with the same solvent and the mixture was shaken in a shaking machine
(15 min) ard immediately transferred to a separatory 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. 3).
From this droplet, aliquots (1 ;1) were removed for GC (or GC/MS)
analyses by the use of a hypodermic syringe {10 pl) pushed through the

water layer.

The instruments used in the GC analyses were the following (see flg. 6):
Gas chromatographt Perkin Elmer Model 900.

Recorder: Hitachi Perkin Elmer Model 159 (1 mV).
Integrator: Varian Aerograph Mcdel 480 Electronie Integrator.
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The experimental conditions for the low temperature GC were as follows:
Column: "SCOT" 50 feet x 0,02 inches ID

Polyphenylether 05-~138 (theoretical plates (n) = 32.000

or 2.100 per metre).
Carrier gas: 4 ml per min nitrogen (NQ) through the column (split 1:3)
Detector: Flame ionization FID (single)

Detector temperature: 200 0C
Injector temperature: 150 °c
Column temperatures: Isothermal 10 % for 3 min; programmed run
10-190 °c with 6 oC per min; isothermal 190 oC for
approximately 10 min
Injected volumes: 1 upl of the carbon disulfide solutions;
0.2 ul of the pure oil sample.

The experimental conditions for the high temperature GC were as follows:

Column: 2 M 3,6 4 SE 30 on Chromosorb W 80-100 mesh (theoretical plates
(n)=2000 or 1500 per metre)

Carricr gus: 30 ml per min nitrogen (NB) through the column

Detector: Flame ionization FID (double)

Detecter temperature:s 200 oC
Injector temperature: 300 0C
Column temperatures: Isothermal 150 oC for 1 min, programmed run
150-290 °¢ with 6 °C per min; isothermal
290 oC for approximately 10 min
Injected volumes: 1 ul of the carbon disulfide solutions;
O.4 pl of the pure oil sample

In the low temperature GC, the resolution of components were high
and the integrator could be used for all peak area measurements.
Furthermore, a number of components could be identified prior to the
GC/1S analysis by ccmparison with chromatograms of mixtures of pure
standards. These standards were also used for the determination of
individual response curves. In the high temperature GC, the inte=
grator was rot capable of adjusting itself to the clevated base line,
and pecak arcas in these chromatograms were computed by multiplying
the values of the peak helgnt by the width at one-~half height,
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Discussion

The main objectives behind the GC determinations were:

a) obtaining optimum separation of individual components,

b) determining relative concentrations of individual components,

¢) determining variations in total contents of aliphatics and aroe
mntics respectively,

d) determinatlion of absolute concentrations was concidered being
less important and could only be roughly estimated by the

sclected method,

The extraction step was critical and had to be performed in such

a way that a) the largest number of components would be present

in sufficicnt concentration for detection and identification, and

that b) 1f possible, it should be guantitative for all components

present and no preferential extraction of any component 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 evaporation. In order to test the described GC exiraction proce-
dure, sea water (100 ml) was mixed with weighed amounts of crude oil in
glass bottles and placed in the shaking machine. The resulting samples
were low in overall concentrations of crude oil, varyling between 150
and 500 ppm and thus, were of ihe same order of magnitude as a number
of the actual samples. Extraction with 0,3, 0,5 or 0.7 ml of carbon
disulfide (which has a very low response in FID) followed by centri-
fugaticn and analyscs by low temperature GC showed the following:
a) all components in the original oil (including the volatiles)
were present in the extract,
b) no preferential extraction of any component seemed to have taken
place, and
¢) the resulting volume of carbon disulfide after centrifugation
varied from sample 40 sample, and, thus, it is more precise
determining relative concentrations of individual components

rather than absclute values.
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Furthermor:, when oentrifuged samples were kept at 4 oC for some
time (for axample 15 days), repeated analysis showed larger con=
centrations of all components, probably caused by dissolution of

solvent into the water phase.

GC/MS-METHOD

General

Mass spectrometry combined with gas chromatography (GC/MS) is cone
sidered one of the most versatlile methods in modern organic analye-
tical chemistry. It combines the advantages of G¢ with absolute
structure identification of the individual compohents. Ir particu-
lar, the combination with high resolution GC 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 magnetic fleld. Thereby, these charged species
are selected and determined according to their mass to charge ratio,
and the molecular weight and structure of the origlnal 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 sufficliently pure or well sepa=
rated from other components and be thermally stable in the vapor phase,

Experimental details

The extraction procedure was the same as used for the GC-detarmina-
tions and is already described in detail (page 7)., The following
instruments and conditions were used in the GC/MS analyses (see fig. T):
Mass spectrometer: Hitachi-Perkin Elmer RMU 6L

Gas chromatograph: Perkin Elmer Model 801

Column: As for the low temperature GC'

Carrier gas: 4 ml per min helium’(He) through the eolumn
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Make up ga: for the mass spectrometer: 11 ml per min He

Detector: Total ion current (TIC)

Column tenperatures: Isothermal 15 oC for 5 min; programmed run
15190 °c with 5 °c per min; isothermal at
190 °c

Ionization chamber temperature: 240 °c

Electron energy: 70 eV

Injected volumes: 0.3 ul of the ecarbon disulfide solutions;

0.1 pl of the pure oil sample (used without a spli

Discussion

The main objective behind the GC/MS determinatio;s was identification
of as many components ags possible both in water samples as well as in
the original oll. 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 oll, samples being rich in aromatiocs

as well as samples containing all types of hydrocarbons were analyzed

by this method.

Determination of water content

In some of the samples that were very rich in oil (collected from

the top of the slop tanks), the content of water was determined by
azeotropie distillation with toluene. In the procedure employed,

the sample was distilled with “oluene (100 ml, Merck pro analysi) in
a round bottomed glass Mask (500 ml). The water phase was collected
by condensation and the volume was measured in a graduated cylinder
when no more water oould be removed from the mixture.

11.

t).
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RESULTS AND DISCUSSION
Detalls regarding the selection of water samples have not been availe

able during the present study. Consequently, only results f{rom the
chemical analyses of the samples will be presented and discussed in

the following.

Determination of total oil eontents

A total of 276 samples from a VLCC and 125 samples from model tank
experiments have been analyzed 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. 1In some cases, new bands occur in the region of aromatic
carbon~hydrogen absorption {denoted "a" in the tables), whereas in other
spectra, varlations in relative intensitlies between the aliphatic ab=-
sorption bands are observed (denoted "b" in the tables).

Samples that are rich in aromatics would glve absorptions of the former
type, whereas a difference in the distribution between branched and
straight chain hydrocarbons could alter the pattern of absorption bands

a8 observed in the latter cases.

Daterminatlion of water content
The content of water has been determined {page 11) in 16 samples from

a VICC and in 2 samples from model e periments, and the results
in table 1 and 2 are expressed as parcent by welght.

GC/MS = determinations

In order to identify the largest number of components encountered

in this invesatigation, samples were selected for determination

by GC/MS on basis of their gas chromatograms. For establishment of
suitable analytical conditions as well as some useful reference data,
a syntetio standard mixture consisting of nealkanes (c5 - 016) and
aromatics (benzene, toluene, ethylbenzene, mexylene and naphthalene)
were analyzed by the desoribed method (page 10). Typloal examples
of mass spectra of alkanes and of aromatic compounds are shown in
fig. 9 and 10, respectively.
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The analysls of the original crude oil resulted in the recording of
100 mass spectra, Most of the compounds seen in the chromatogram
(fig. 11) have been fully identified, elther by comparison with availe
able reference data or by the aid of molecular welghts and given
fragment patterns, In some cases, compounds have been characterized
by thelr general molecular formula and by further structural in-
formation obtained from thelr mass spectra. Thus, an unknown aliphatic
compound might be listed as C8H18 (an octane isomer) and an aromatia

compound as an alkyl (Ch) benzene isomer (a benzene ring substituted
either by a butyl, propyl and methyl, two ethyls, one ethyl and two

methyls, or four methyl groups).

Furthermore, one sample rich in both aliphatics 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 toval of TO mass spectra were recorded, whereas 23 compounds

could be identified in sample No, 132 (No. 54 was lower in concentrae
tion of oil and little structural information could be obtained from
this sample). The structural information obtained may be seen from

tables 3‘ 6 and 8.

GC=determinations

In addition to the actual crude oil and several synthetic¢c standards,

a total of 23 samples from a VICC have been analyzed by the GC-methods
previously described (page 6). One sample (No. 189) was lost before the
final analysis. The actual samples were seleoted i{n such a way as

to "a" fulfil the main objectives (see page 9) and "b" obtain infore
mation about possible correlations between different ghip operative
procedures and variations in the observed relative amounts and general
nature of individual oil components found in the water phase (detalled
desoriptions of the samples are not available here), The analyses
have resulted in a rather large amount of experimental data, and in the
following, some of the more important conclucions will be presented and

discussad,
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Crude oil

" The crﬁde o1l was chromatographed both by low (see fig. 1l) and
high temperature (C-techniques, and table 3 and 4 summarize the nature
of individual components identified together with elution temperatures,
absolute values and values relative to n-heptane for peak areas, and,
for a few components only, a rough estimate of absolute concentrations
in the injected extract. Where two (or more) components aré not
resolved, peak areas are displaced to the right 1h the table column.
In this original material, aliphatic components deminate, and, based
on values obtained from the low temperature GC, constitute more than
80 £ of total material encountered (see fig. 14).

0i1 in slop tank
The GC-determinations show that the sample analyzed (No. 312) is very

similar to the original oil, except that in the high temperature
chromatogram (see fig., 13 and table 5), higher boiling aliphatic consti-
tuents (029 and above) are present in s~mewhat larger concentrations.
Since the solubilities of higher boiling fractions of orude oil are
reported 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

show distinet differences in the distribution between aliphatic and
aromatie constituents. In sample No. 271 (table 6}, wirlch is
fairly rich in total oil, aromatics are present in a total cohcen=-
tration not very different from that in the orude oil (see alao
fig. 14), but in several other samples (examplified by No. 132,
fig. 12 and 14), aromatic compounds have been enriched to a very
large degree. As can be seen from table 8, the compounds that have
been most enriched are aromatics like benzene, toluene, xylene and
various other alkylbenzenes together with some of the lower alis
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phaties (boiling up to n~heptane), Some naphtalenes 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 heing compared. In table 9,
the samples (denoted by their numbers) have been arranged according

to the degree of enrichment.
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DETERMINATION OF OIL (IR-METHOD) AND OF WATER
(AZEOTROPIC DISTILLATION) IN SAMPLES FROM A VLCC

Sample no.

W O~ AW F W e

VRN RN e e e
STV REERES

23828

Concentration
of oil
(mg per litre)

18
¢l
6

6b
120
114
106
94
112
91
132
120
150
9
137
123
143

126

93
158
136
148
143
160
146
148
142
199
<1

Sample ne.

31
32
22
Sh
35

36
1
28
9
ho

3
42
43
by
k5
46
b7
48
k9
50

TTEIJFTELRYE

Concentration
of oil
(mg per litre)

17
75
5
8
62
82
123
73
117
17
188
162
63
68
61

a

108

113

o
h2
ko
b5
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TABLE 1 (p. 2)
Concentration Concentration
Sample no. of oil Sample no. . of oil
(mg per litre) (mg per litre)

61 46 91 83
62 38 92 3
63 ke 93 5
64 109 94 9
65 105 95 9*
66 1® 96 11%P
67 1® 97 <1
68 12 98 . 6
69 <1 99 25
70 39 100 27
T L) | 101 28
12 42 102 27
() b1 103 24
T4 35 104 25
15 4o 105 85
16 109 106 83
17 93 107 64
78 98 108 18
79 6 109 65
go™*® 10%P 110 66
g1%P 11%P 11 118
82 112 10
83 <1 113 9°
8l <1 114 192
85 27 115 123
86 28 116 154
87 28 117 T4
88 25 118 o8
89 25 119 108
90 &7 120
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TABLE 1 (p. 3)
Concentration Concentration
Sample no. of oil Sample no. . of oil
(mg per 1litre) (mg per litre)

121 {1 151 69
122 <1 152 86
123 34 ® 153 2
124 154 1
125 43 155 17°
126 156 17
127 157 162
128 158 _ 308
129 57 159 28®
130 160 298
131 54 161 78s0
132 162 78sb
133 163 gasb
134 164 188
135 218 165 16
136 20® 166 17%
137 22" 167 55
138 82 168
139 169 238
140 99 170
U3 <1 171 208
142 <1 172 ' 21?
143 65 173 428
144 T 174 528
145 19 175 <1
146 32 176 <1
147 35° 177 178
148 32 178 18%
149 o 179 18

150 e 180 17
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TABLE 1 (p. 4)
Concentration Congentration
Sample no. of oil Sample no., ‘ of oll
(mg per litre) (mg per litre)
181 17 211 248
182 15° 212 156
183 g 213 151
184 gasb 214 141
185 78/b 215 148
186 99 216 133
187 94 217 143
188 234 218 . 196
189 219 228
190 246 220 186
191 288 221 92
192 260 222 101
195 A 380 223 20
194 282 224 20
195 285 225 17
196 213 ' 226 B
197 228 227 <1
198 198 | 228 b
199 155 229 21
200 158 230 25
201 112 231 23
202 127 232 16
203 233 5
204 110 234 12
205 104 2% 63
206 94 236 26
207 237 60
208 95 238 23
209 12 239 60

210 57 240 ob
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TABLE 1 (p. 5)

Sample no.

241
242
243
244
255
2u6
247
248
249
250
251
252
as53
254
255
256
a57
258
259
260
261
262
263
264
265
266
267
268
269
270

Concentration
of oil
(mg per litre)
116
86
193
280
282
111
14
105
115
116

<1
<1
200
181
174
128
14
141
164
171
181

210
173
226
284

405
388

Sample no.

271
272
ars
274
275
276
277
218
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
206
297
298
299

21,

Concentration
of oil

(me/1)

493
615
795
745
845

26
25
23
15
{1
24
24

23
13
{1
575
312

620
655

(&/1)

28,1
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TABLE 1 (p. 6)
Concentration
Sample no. of oil
(me/1)  (&/1)
301 ’ 1,3
302 830
203 975
S0k k7,5
205
Sample no. Content of water
(per cent by weight)
82 16
120 38
251
>05 a5
206 20
7 19
308 20
X9 il
o110 21
ni 2>
N5 23
314 24
15 27
216 26
Y 27
318 18

& = sddition IR-absorption bands, probably due to aromatics

b = prelative intensities of hydrocarbon absorption bands varying
from the standard
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Concentration
Sample no. of oil
(mg/1)  (8/1)
A 4,29 46
A 4,30 ks
A 5,1 8
A 5,2 15
A 5.5 13
A 5,4 sample lost
A 55 8
8 31 323
VA 6,1 25
VYA 6,2 4,6
A 4,20 43
1 42 15,7
A 4,22 »
A 4,23 kg
A 4,24 42
A 4,25 51
A b,26 1,2
A k27 a5
A 4,28 -0
I 4,11 2,2
A 4,12 114
A 4,13 103
A 4,14 g2
A 4,15 (B
A 4,16 71,1
A 4,17 Jea
A 4,18 257
A 8,19 257
I M2 3
I A2 >0
I A4 199

DUSTERMINATION OF OIL (IR-METHOD) AND OF WATER (AZEOTROPIC

TABLE 2

DISTILLATION) IN SAMPLES FROM MODEL TANK EXPERIMENTS.

Sample no,

® X X X £ ¥ ;X 0 a n o n o 2t G = M H U W W W W W > P> > MM H

4,5
ll’,s
4,7

4,8

4,9
4,10
29
3,10
311
2
2,13
3,14
4,1
4,1
4,1
52
52
3,4
25
3,6
M1
21
3,8
3,8
2,28
2,29
2,20
2
2R
223
A

w > U >

2}»

Concentration
of oil

(me/1)
230

200
171
155
129
51
59
50

a8 &

ko5
95

108

TE&EE

78
78

WO WO NN

(e/1)

16,2

‘}8; 0
61,6
50,3
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TABLE 2 (p. 2)

Sample no.

X X O X X XL O O OO XL E X OQOOOQOQ T O Q G OO GOQCQOQO0Q0O £ =

3,35
}’}6
2,19
2,20
2,21
2,22
2,23
2,24
2,25
2,26
2,27
2,10
2,11
2,12
2,13
2,14
2,15
2,16
2,17
2,18
2,1

2,2

2,2

2,4

2,5

2,6

2,7

2,8

2,9

1,28
1,29

Concentration
of oil
(mg per litre)

5
4

-
N VO U U WU o U

—
o ON NN NNV O W0

¥

e
- D O\

AC I I AR

Sample no.

£ O 0 0 X O £ £ X O OO0 X X000 G agaqagOo=®xE=X =X £ £ £ X

1,30
1,31
1,32
1,33
1,34
1,35
1,36
1,19
1,20
1,21
1,22
1,23
1,24
1,25
1,26
1,27
1,10
1,12
1,11
1,13
1,14
1,15
1,16
1,17
1,18
2,1

1,2

1,3

1,4

1,5

1,6

24,

Concentration

of oll
(mg per litre)

3

L B S B R AT BT BT BT BT BN R T Y R SRV

- -
I\)Fl\)kg

-
O W

0

650
18
16
14
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TABLE 2 {p. 3)
Concentration

Sample no. of oll
(mg per litre)

W 1,7 >

W 1,8 2

¢ 1,9 2

Sample no. Content of water
(per cent by weight)

1,1 1,5
1,2 91

A rather large number of these samples showed variations in the
relative intensities of hydrocarbon absorption bands when compared
with the standard,



TABLE 3

Component

methane

ethane

propane

butane

{=-pentane
nepentane
2-methylpentane
3.methylpentane
n«=hexane
2,2=dimethylpentane
methyleyclopentane
2-methylhexane
3=-methylhexane
alkane ((27)
n=heptane

n.4,
methylcyclohexane
alkene (c.r)

Formula

CoHg

C,Hg

Cyhho
Cshyz
CsHyz
Cetlyy
Ce1y
Cetly
Crie
Cetha

- Cthe

Chig
Cry
Cie

Cotlyy
CHyy

(n)

(n)

Elution °
temparature { C)

10
10
10
10
10
11

25
29
S
40
bl
51
54

57
60

67
69
72

LOW TEMPERATURE GC-DATA FOR CRUDE OIL

Peakx)
area

557
oTH
5212
8742
16551
10716
93719
22585

k359
7614
12583

26762
2931
7685
2144

x)

Peak area
relative to
n~-heptans

19
2>
62
4o

25

16
28
7

100

o8 =

Estimated
concentration
mg/ml of oil

2:5

7,5

MUIGNITE IS
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TABLE 3 (p. 2)
Component

alkene (ca)
benzene
2-methylheptane
3-methylheptane
alkene (Cs)
n~octane
alkane (09)
alkane (cg)
alkene (09)
toluene
2=methyloctane
3-methyloctane
n-nonane
alkene (09)
alkane (C
n.4.
alkene (09)
ethylbenzene
p=xylene
m=xylene

10)

Forrmla

Cgthg
Cetlg
Cgthg
Cghg
gt
Cgthy g (n)
CoHao
CoHag
CHhg
CHg
CoHag
CoHag
09520 (n)
Csthg
C1oM22
St
g0
Cgllio
Caf1o

Elution o
temperature ( C)

73
72
76,5
78
84
86
9l
92
98
99
100,35
102

113
115,53
117
120
120
122

122

%) Peak area™ Estimated
Peak relative to concentration
area n-heptane mg/ml of oil

2309 9
13216 49
7833 29
3185 12
24218 90
23107 12
2585 10
10042 38 2,0
7072 26
6886 26
22778 85 7,0
2029 8
5422 20
4328 16
8098 30
7874 29 : 3,0

NMNIGNIIE IS

g



TABLE 3 (p. 3)

Component

alkane (cm)
alkene ( Cm)
o-Xylene
n=decane
i-propylbenzene
nlkane (cll)
n-propylbenzene
n.i,

alkene (cll)

ethylmethylbenzene
ethylmethylbenzene

n.i.

alkane (Cn)

ethylmethylbenzene
trimethylbenzene

ne-yndeacane

alkyl (Cu) benzene

n.4.

Formuila

Elution o
temperature ( C)

123
124,5
129
130,5
130,5
134
139
129
TN
141
144,5
144,5
146
146
148,5
150
150
153

Peakx)
aArea

9031
2662
5249

22170

5485
1932

13503
4840

3387

27988
k867

x)

Peak area
reiative to
n-heptane

3
10
20

87

20

50

18

13

105
18

Estimated
goncentration
mg/ml of oil

NUICNITE IS



TABLE 3 (p. &)

Component

n.i.
{(1,2-diethylbenzene)
alkyl (ck) benzene
(methylpropylbenzene)
alkane (012)

alkyl (C,) benzene
n.i.

alkyl (C,) benzene
‘n.4.

n-dodecane

n.i.

alkyl (05) benzene
alkyl (CS) benzene
alkane (Clh)

n.i.

n.4.

n-tridecane

alkyl (Cs) benzene
alkane (clk)

a'kyl (Cs) benzene

Formula

Crothy
1ot
1oty
C1ofl26

Cyofin

Crots
Cy 06

M6
Cyyte
14830

Cistlog
C11he
Cy4tiag

Cithe

(n)

(n)

Elution °
temperature ( C)

155
157
159
160,5
162
164
164
165
167
169
172
174

178

180
181
183
186
186
190

190

Peakx

area

2007
5167
2013
6485
6833

3690
2738
3327
3253
7648
8u88
8065
3996
4765

22543

)

4909

7996

Peak areax

relative to

n-heptane

11
19

8
24
26

14
10
87
12
14
32
30
15
18

18

)

Estimated
concentration
mg/ml of oil

NHIONIIE IS

62



TABLE 3 (p. 5)
x)
x) Peak area Estimated

Component Formula Elution 0 Peak relative to concentration

temperature ( C) area n-heptane mg/ml of oil
alkans (C,,) Cy4Hsg 190 9595 36
n-tetradecane clhﬂjo (n) 190 23374 87
methylnaphthalene CIIHIO 190 2790 10
n-pentadecane ,015332 (n) 190 21043 9
n-hexadecane c16H34 (n) 190 13357 50
n-heptadecane C17Hjé (n) 190 - -

n.i. = not identified

x)} values for nonresolved components are
displaced to the right

NVMIAONITYE 1S
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TABLE 4

Component

n-hexadecane

n=-eicosane

n-pentacosane

n=triscontane

HIOH TEMPERATURE 7C-DATA FOR CRUDE OIL

Formula

clSH}# (n)
C)5tlsg ()
Cyghag (m)
Cygtlyg (M)
Cagtlyp (n)
Cortlyy ()
Cootlyg ()
Co5flyg (n)
Coyllsy ()
025H52 (n)
Cogllsy (n)
Copilsg (M)

Cogtisg (n)
Cogtlgo (M)

C}OH62 (n)
CsyHgy (1)
052}{66 (n)
C}3H68 (n)
Cufizo ()

Elution o
temperature ( C)

171
179
189
199
209
219
228
237
246
255
263
271
278
286
290
290
290
290
290

Peak
area

2128
1952
2112
1280
1056
816
688
576
480

368
288
256
144
224
160
192

96

96

Estimated concentration
mg/ml in oil

6,7
6,1
6,6
4,0
5,3
2,6
2,2
1,8
1,5
1,2
1,2
0,9
0,8
0,5
0,7
0,5
0,6
0,3
0,3

NUIaNIIE 1S
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TABLE 5

Component

n=hexadecane

n-aicosane

n-pentacosane

n=triacontane

HIOH TEMPERATURE GC-DATA FOR SAMPLE NO. 312(SLOP)

Formula

Cy ety (n)
Cyizg ()

C,gitag (n)
leH#O (n)

Colya (0)
Coptlyy (1)
Cote (M)
023H48 (n)
245

025H52 (n)

Cogtigy (m)

C27356 (n)
028H58 (n)
029H60 (n)
Csoflgn ()
Caytgy (n)
CsHgs (M)
C)3H58 (n)
CB“H?O (n)

Elution o
temperature { C)

171
179
189
199
209
219
228
227
246
255
263
271
278
286
290
290
290
290
290

Peak
area

2336
2144
2000
1360
1152
880
768
624
512
472
432
336
352
336
624
136
784
696
696

Estimated concentration
mg/ml in oil

1,2
6,7
6,3
4,3
3,6
2,8
2,4
2,0
1,6
1,5
1,4
1,1
1,1
1,1
2,0
2,3
2,5
2,2
2,2

NHIAGNITR 1S
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TABLE 5 (p. 2)

Component

n-pentatriacontane

n=tetracontane

Formula

®siira ()
iy (0)
Cs7ilz6 ()

C}QHBO (n)
Cyotlga (n)
CyyHigy (n)

Elution o
temperature ( C)

290
290
290
290
290
290
290

Pealk
area

512
520
432
448
4oo
240
160

Estimated concentration
mg/ml in oil

1,6
1,6
1,4
1,4
1,3
0,8
0,5

NUYIANITIY IS
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TABLE 6

Component,

methane

ethane

propane

butane

ispentane
n=pentane

solvent

n~-hexane
metnyleyclopentane
2=methylhexane
3-metnylhexane
n=heptane

n.t.
methyleyclohexane
benzene
2smethylheptane
3emathylheptane
alkene (CB)
n-ocgtane

Formula

CHg
C4flg
CyHyo
City
85H12 (n)
cs,

CgHyy (n)
Ceiia
CHie
Ciyg

Cyy
Cetlg
Cetly g
Cetig
Cetlig
CgHg (n)

LW TEMPERATURE GC-DATA FOR SAMPLE NO. 271

Blution o
temperature ( C)

10
10
10
10
10
11

>4
Ly
51
54
60
67
69
12
76,5
78
84
86

peak™
area

136
1340
739
4224
3182
7087

9638
2534
3896
7024
14426
790
hi37
T467
7438
4319
iT70
13365

Peak area

relative to

n~heptane

30
26

49

67
18

49
100

o1
52
52
30
12
g2

x)

Estimated
concentrat

mg/ml in C

0,3

0,5

0,2

0,5

ion

S2 extraoct

NY3IGNITE 13



TABLE 6 (p. 2)
Component

alkane (cg)
alkane (Cg)
alkene (C9)
toluene
2-methyloctane
Z-methyloctane
n=nonane
alkene (69)
alkane (Clo)
n.i.

alkene (09)
ethylbenzene
p~xylene
m=xylene
alkane (Clo)
alkene (C,,)
O=xylene
n-decane

fi-propylbenzene

Formula

09H20
Cotao
C9H18
C.-{Ha
CQHQO
Cofiag
C9H20 (n)
Cofiyg

Cotlon

09H18

Cghyo
Cgtio
Cgto
C10%22
Crot20

Cgto

€y oflpp ()

Cofly o

Elution
temperature ( C)

91
9>
98
99
100,5
102

113
115,5
117
120
120
122
122
123
124,5
129
130,5
130,5

Peakx)
area

1623
1329

18870
3631
3486

11264

923
2539
1891

5351
1049
4161

9126

Feak areax)
relative to
n-heptane

11
9

131
25
24

78
6
18

13
35

31

b

29
63

Eatimated
concentration
mg/ml in CS2 extract

0,6

0,4

0,2

0,1

NYIAGNITE IS



TABLE 6 (p. J)
Conponent,

alkane (C..)
n-propylbenzene
ethylmethylbenzene
ethylmethylbenzene
ethylmethylbenzene
n-undecane

alkyl (Ca) benzene
n.i.

n.i,

(1,2-d1ethylbenzene)

alkyl (cn) benzene
alkyl (C,*) benzens
alkyl (C“) benzene
n.i.

alkyl (04) benzene
alkyl (CA) benzene
n.4i.

n-dodecane

n.i.

Formula

CyaMou

ot 2
Cotra
CoHrz
Cofl1a
Cyipy (M)
C1ot1y

1ot
1oty
€014
Crotay

ot
C10t14

CyHoy (M)

Elution °
temperature ( C)

134
129
141
144,5
146
150
150
153
155
157
159
160,5
162
162
164
165
167
169
172

Peak
area

2087

798
6213
1846
1462

9653

1443
803
1975
610

1774

1352
1148
820
5943
943

Peak wux)
relative to
n-heptane

14

6
43
b}
10

67

10

14

13
14

o W

41

NUIGNIYSE 1Y

Estimated
concentration
mg/ml in cs, extraot

ok



TABLE 6 (p. &)

Coraponent

alkyl (CS) benzene
alkyl (Cs) benzene
alkane (014)

n.1i.

n-tridecane

alkyl (06) benzene
naphthalene
alkano'(clu)
n-tetradecane
methylnaphthalene
n-pentadezane
ri=hexadecane
dimethylnaphthalene

trimethylnaphthalene

n.i, = not identified

x) scve footnote in table D}

Form:la

Cathe
€116

Cyytizg

cl}HBB (n)
C1afh8
C10f's

1t
30 {n)
1110
015H32 (n)
ch“}# (n)
€22
C13th4

Elution
temperature (

174
178
180
183
186
190
190
190
190
190
190
190
190
190

o

c)

Peakx)

area

925
2078
2111

969
5841
1991

T91
2267
4408

109
2300

100

1368

NUIANITE IS

Peak areax) Estimated
relative to concentration

n-heptane mg/ml in Csa extract

14
15

ko
14

16

31
0,7

16

10

0,7

{4



TABLE 7
Component

n=hexadecans

n«gicosane

n-pentacosans

netriacontane

n-pentatriacontane

HYGH TEMPERATURE GC-DATA FOR SAMPLE NO. 271

Formula

Cretsy (P)

Crpitsg ()
Cygitsg (n)

Cygtiyg ()
Cantlya (P)

Cortiyy ()
Cogtlyg ()
Costlyg (n)
Coytlg ()
025852 {n)
Cogtisy (n)
c27ﬁ55 (n)
Cogtisg (n)
029H60 (n)
C}oﬂéa (n)
c31H64 (n)
Cs Hgg (n)
Cystigg (n)
Caytizg (M)
Cagitpa ()
03637“ (n)
037376 (n)
Cogylng (n)

Elution o
temperature ( C)

171
179
189
199
209
219
228
237
246
255
263
27

88888 &3

290

8388

Peak
area

243
216
186
138
118
90
8o
64
56
L6
42
34
32
28
Lo
50

; R8T

49
ko

Estimated concentration
(mg/ml) in cs, - extract

0,29
0,26
0,22
0,17
0,14
0,11
0,10
0,08
0,07
0,06
0105
0,04
0,04
0,03
0,05
0,06
0,06
0,05
0,08
0,04
0,05
0,06
0,05

NUIGNITE IS
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TAaLE 8

Component

nmethane
ethane
propane
butane

. i-pentane

N=-pentane

solvent

N-hexane
methyleyelopentane
2<me thylhexane
cynlohexane
n-heptane
methyleyelohexans
benzene
2~methylheptane
3-methylheptane
alkene (CB)
n-octane

toluene

Formula

CHg
Cyfig
Gl
CaHy
05312 (n)
cs,

CgHyy (n)
Cetl12
g
Cetly2
CTH16 (n)
o
Celg
Cgllys
Catig
Cethe
CaHlyg (n)
CHg

LOW TEMPERATURE GC-DATA POR SAMPLE NO. 132

Elution o
temperature ( C)

10
10
10
10
10
il

SH
L

Peakx)
area

129
1857
682
4033
1517
2299

2021
1132
212
3803
578
532
15182
220
197
62
269
31758

Pesk area™ Estimated
relative to conoentration
n-heptane mg/ml in CS, extract

24
321
118
698
262
298 0,1

250 0,1
196
T

658

100 <0,1
92

2627 0,5
57

11

5494 1,0

NMNIGNITE IS
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TABLE 8 (p. 2)
Peak x) l
x) eak area Estimated
Component Formula Elution ° Peak relative to concentration
temperature ( C) area h-heptane mg/ml in CS, extract

n-nonane CQHQO (n) 109 333 58

ethylbenzens CgHy 120 4045 700 0,15
p-xylene Cgto 122 9791 1694 0,4
m=xylene CBHJ.O 122

o-xylene Catlyo 129 6231 1078 0,2
i-propylbenzene - CHy, 130,58 279 48

alkane (cn) CyqHoy 134 133 ]

n-propylbenzene 09512 139 307 53

ethylmethylbenzene CQHJ.Q 141 1545 -

ethylmethylbenzene 091-{12 144,85 1566 271

trimethylbenzene GQHJ.Q 150 2075 359

rimethylbenzene CQH].Q 156 . lok2 180

alkyl (C,) benzene € ofy4 182 290 50

narhthalene CJ.OHB 190

methylnaphthalena Cfnﬂw 190
‘dimethylnaphthalene (312"12 190

x) See footnote in table 3.

MuIONIIE I8
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St BLINDERN

GC=-8AMPLES CHARACTERIZED BY THE DTSTRIBUTION
BUTWEEN ALIPHATIC AND AROMATIC CONSTITUENTS
(SAMPLE NUMBERS ARE GIVEN IN THE TABLE)

5,

Content of aromatics re;ative to aliphatics

Very high High Intermediate Low
46
k7
48
50 Crude oil
52
53
54
124
126
127
128
120
132
123
14
129
168
170
203
207
263
271

312 (slop)



31 BLINDERN 42,

Fiwe 1,
Shaking machine with separatory funnels mounted.

Figure 2.

At right: Sampling bottles {100 ml dark brown glass bottles with
sorew cap). 7

At left: Separatory funnels (250 ml glass funnels with Teflon

stop cock); samples extracted inte carbon tetrachloride
after settling.




81 BLIMDERN 43,

Figure 3,

At right: Samples extracted into carbon tetrachloride and kept in
glass tubes.

At left: Samples extracted into carbon disulfide after sentrie
fugation,

1
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L

Mgure 4.

Sentrifugation of samples extracted with carbon disulfide.




Sl BLINDAIRN i,

Flgure 5,

Infrared spectrophotometric determination of samples extracted with
carbon tetrachloride,

Figure 6.

Gas chromatographic determination of samples extracted with carbon
disulfide,




S1 BLINDRERN 45,

Figure 7.

Combined gas chromatographic-mass spectrometric determination of
samples extracted with carbon disulfide.




46,

Figure d.

IR-spectrum of actual erude oil in carbon tetrachloride solution
1

Vi

(200 mg per litre) recorded from 3400 to 2400 c¢m .
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$1 BLINDERN Figire 9

Macs spectrum of n-decane
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Figure 10

Mass spectrum of ethylbenzene
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8

n-TETRADECANE
NAPHTHALENE

n-DODECANE

TRIMETHYLBENZENE

n~ UNDECANE
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i~ PENTANE
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$§ BLINDERN

Figure 13

High temperature gas chromatogram of sample no. 312,
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Figure 14

50.

Distribution hetween aliphatic and aromatic compounds in erude oil
and in samples no, 271 and 132 (calculations uare based on low tempe=

rature GC-dat: in tables 3, 6 and 8).

Cruue oil

Sample No. 271

”
rAromat;cs
’ 29 3 /
7,
Aliphatics

70.7 *

| Aromatics
[17.8 */s

7

Aliphatics
822 %/

Sample No. 132

//
.
%

Aliphatics
216 */s

T

Aromatics
78.4 */s




