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1.0 INTRODUCTION

In 1975 the Coast Guard Research and Development Center was re-
quested by Coast Guard Headquarters Office of Research and Development
to install an oily/water separator testing laboratory and to conduct
tests of oily/water separators to validate the then proposed IMCO
(Inter-Governmental Maritime Consultative Organization) specification
for such equipment. Appendix A is the current specification.

The R&D Center satisfied this request by installing an oily/water
separator test loop in the No. 4 hold of its test ship, SS MAYO LYKES,
a Victory Type Cargo Vessel, located at Little Sand Island, Mobile,
Alabama. The test loop, Figure 1, was designed to utilize the ship's
deep, double bottom and potable water tanks for influent test water,
effluent discharge and oil slop storage.

Test oil storage was provided by four 1000-gallon capacity tanks.

Provision was made to inject known amounts of particulate matter
or detergents into the influent to determine their effects on separator
operation. A motion table was installed to simulate shipboard motions
at sea and to evaluate their effects on separator operation.

The laboratory installation was completed and placed in service in
the spring of 1976. Since then, tests have been conducted on several
types of oily/water separators including those of the multi-stage coales-
cent filter types and combination plate separator and coalescent filter
types.

2.0 SYSTEM DESCRIPTION
2.1 Influent

Figures 3-1 through 3-14 and Table 1 illustrate the individual
components in the system. The major elements and subsystems are described
as follows:

2.1.1 Test Water - By breaching and cross connecting SS MAYO
LYKE's deep and double bottom tanks, a test water capacity of 225,000
gallons was provided. 1In addition, for tests requiring lesser volumes
of test water, the 25,000 gallon ship's former potable water tank was
connected into the loop. From storage, influent water is fed through a
150 gpm centrifugal pump to the test platform. The feed pump may be
bypassed completely for those separators having their own installed pump
or only partially bypassed to obtain flow rates less than 150 gpm de-
pending upon the rated capacity of the test item.

2.1.2 Test 0ils - IMCO specifies that testing shall be per-
formed using both a heavy and a light test oil.

The heavy or No 1. Test 0il is specified to have a
specific gravity of 0.94 at 60°F and a viscosity of about 900 seconds
Redwood No. 1 at 100°F. The light or No. 2 Test 0il is specified to
have a specific gravity of 0.83.
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Four 1000-gallon oil storage tanks were initially in-
stalled. Later, as it became apparent that the No. 1 Test 0il of the
specific gravity and viscosity range could not be purchased directly,
three more tanks, strainers, statis mixer, air injection and a pump
were installed to permit on-board blending to the No. 1 Test 0il speci-
fication, Figure 2. Two oil storage tanks are fitted with immersion
heaters for temperature control.

Test oil is injected by taking suction on the oil
storage tank with a positive displacement variable speed pump and dis-
charging it through metering valves into the influent stream in the
correct amount for the particular test.

2.1.3 0il Water Mixing - Immediately downstream of the oil
injection, a clear pipe section permits a visual indication of the degree
of oil/water injection and mixing at that point. Further downstream is a
static mixer for more complete mixing of the oil/water if so desired.

The static mixer can be bypassed if desired. Another clear section is
installed just downstream of the static mixer to provide a visual indica-
tion of the oil/water mix just before it reaches the separator under test.

2.2 Effluent

Effluent from the test platform is discharged to storage in
deep and double bottom tanks having a total capacity of 225,000 gallons.
A cleanup system consisting of a coalescer unit and a sand filter is
installed for treatment of the effluent at such time as it is desired to
discharge it off the ship or prior to reuse if it is of suitable quality
for recirculation.

2.3 0il Discharge

The separated oil from the test separator is discharged to a
112,000-gallon slop tank where it is held for final disposal.

2.4 Particulate Injection

In order to study the effects of particulate on separator
performance, a small separate 15-gallon mixing tank, agitator and two
5-1750 cc/min finger pumps are provided. One of the pumps is used for
circulation of the particulate/water slurry maintaining the particulate
matter in suspension while the second pump is used to inject the parti-
culate solution into the influent stream between the feed pump discharge
and the oil injection stations.

2.5 Detergent Injection

Another separate tank of 250 gallons capacity with its
agitator is provided in which detergent or other solutions can be pre-
pared and injected into the suction side of the influent feed pump.

2.6 Motion Simulation

The proposed IMCO specifications call for oily/water separa-
tors to demonstrate that they can operate satisfactorily under shipboard
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conditions. To investigate the effects of motion on separator operation,
a motion table was obtained on a loan basis from the U. S. Navy. This
tables has the ability to provide motions as follows:

Roll - 15° @ 10, 20 and 30-second periods

Pitch - 5° @ 6.8-second periods
To test the ability of separators to operate at an inclination of
22 1/2° from the vertical in any direction, the separator under test
is blocked 7 1/2° and the table is statically inclined to its full 15°

while the tests are conducted. &

2.7 Instrumentation

The test loop is instrumented to provide the following data:

Influent water flow rate - GPM
Test oil injection rate - GPM
Effluent flow rate - GPM

Total water used - gallons
Influent temperature - °F

Test oil temperature - °F
Influent pressure - psi

Test oil pressure - psi

Effluent pressure - psi

Effluent quality - ppm by monitor
Influent and effluent grab samples

2.8 Water and 0il Analysis

In addition to the installed instrumentation, a small chemical
laboratory has been installed at the Fire and Safety Test Facility, Mobile,
Alabama. This laboratory is used to perform chemical analysis of the test
water grab samples using the IMCO specified carbon tetrachloride extraction
infrared spectroscopy method utilizing a Beckman IR-33 spectrophotometer.

In addition, there are viscosimeters and hydrometers for deter-
mining the specific gravity and viscosity of the test oils.

Other required test oil and water analyses are obtained from
local commercial testing laboratories.

2.9 Compressed Air System

A 60 psig, 100 cfm compressed air system is provided to power
control air for separators and to power compressed air diaphragm pumps
for those separators so equipped.
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10.

11.

12,
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.

24,

23,
26.
21.

ITEM

Pump-Centrifugal
7 1/2 HP 3,550 RPM

Pump-Centrifugal
10 Bp 3,550 RbM
Pump-Centrifugal
10 HP 3,550 RPM

Pump-Mono
3 HP RPM-VAR

Pump-Finger
Pump-Finger
Portable Agitator
Mixing Tank
Filter-Sand

Coalescer
Static Mixer

Flowmeter
Flowmeter
Flowmeter
Flowmeter
Flowmeter
Flowmeter

Flowmeter

RANGE PURPOSE

150 GPM 50 ft Head Influent

100 GPM 100 ft Head Effluent
Transfer

100 GPM 100 ft Head Slop Tank
Discharge

0-10 GPM 0il Supply

5-1750 cc/min Particulate
Injection

5-1750 cc/min Particulate
Injection
Agitate
Particulate

250 gallon Particulate
Mix

50-65 GPM Effluent
Cleanup

50-65 GPM Effluent
Cleanup

100 GPM

0-.5 GPM #2 0il

.25-3.5 GPM #2 0i1l

2.5-10 GPM #2 0il

0.5 GPM #6 0il

.25-3.5 GPM #6 0il

2.5-10 GPM #6 0il

Flowmeter - Fresh Water w/0-100 PPM oil

Connection

Test Separator

Water Modulating Valve

0il Modulating Valve

Test 0il Tanks 4 each

Influent Tank
Effluent Tank
Slop Tank

1,000 gal

225,000 gal
225,000 gal
110,000 gal

Fresh Water

For 0il
Monitors

Water Flow
Control

0il Flow
Control

Test 0il
Storage

Storage
Storage

Storage
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DIAGRAMMATIC PLAN OF TEST OIL BLENDING SYSTEM




ORM

NING PLATF

\

RATOR ON INCLI

A

SEP

ure 3-1

Fig




R

Figure 3-2 TEST OIL STORAGE TANKS







w$

N

R T el

| PEEPe

Figure

3-4

INFLUENT PUMP &

10

MODULATING CONTROL




P

44
7

Figure

". e — ‘ e

48

EFFLUENT CLEANUP

SYSTEM




Figure

3-6

INSTRUMENTAT ION

PANEL




RN 0 o LW VI i,

T ———

ftonr T T TS

ETEISTT

o

2 S ey ad

Figure 3-7 [N LINE MONITOR DISPLAY




o 2o o

Figure 3-8
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Figure 3-9
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AUXTILIARY EQUIPMENT:
Particulate Mixing Tank (L.)
Solution Mixing Tank (R.)
Air Compressor (background)
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Figure 3~16 NO. 2 TEST OIL AND TEST WATER RESUPPLY




i APPENDIX A
PROPOSED IMCO SPECIFICATIONS
MEPC VI/17
LNIEX 11
5
i; DR:.FT RESOLUTIQN

RECOMMEKDLTION ON INTERNATIONAL PERFORM.NCE AND
TEST SPECIFICLTIONS FOR OILY-W.LTER SEP/RATING
EQUIPHENT 4ND OIL CONTENT METERS

THE 4LSSEMELY,

) NOTING .rticle 16(i) of the Convention on the Inter-Governmental Maritime
f Consultative Organization concerning the functions of the Lssembly,

e RECLLLING Resolution A.233(Vﬁ) by which the Lssembly adépted the
$ g Recommendation on Internctionzl Performance Specifications for On&-water
Separating Equipment and 0il Content Mcters and invited governments to adopt
them to the moaxisun possible extent which they found reasonadble and practicable
. and to repcrt to the Organization the results of such application,

RECALLING FURTEER that by Rcsolution 4.233(VII) the Maritime Safety
Committee was invited to review the Specifications at the appropriate time,

NOTING thet in relation to Regulation 16(3) of .nnex I of the International
Convention for the Prevention of Pollution frow Ships, 1973, reference is
made to the above-mentioned Specificationms,

HLVING CONSIDERED the recommendetion submitted by the Marinc Enviromnant
Protection Cormittee including the revised Specifications prepared by the
Committeec in the light of the requirements of Annex I of the 1973 Convention,

W

LDOPTS the Recommendation on Internmational Performance and Test Specifications
for Oily-Water Separating Equipment and 0il Content Meters, the text of which
is set out in the iannex to this Resolution, as superseding those contained
in Resolution L.233(VII),

INVITES Governments:

(a) to edopt the revised Specifications and apply them so that all equipment
installed on board one year or later after their adoption by the
Aesenbly meets these revised Specifications in so far as is reascnable
and practicable; and

A-1




(v) to provide the Organization with information on experiences gained
from their apndication and, in particular, on suocessful testing of
equipment agminst the Specificetioms,

REQUESTS the Secretariat on the basis of information received, to

maintain and update a list of approved equipment and to circulate it
% periodically to Governmemts,

FURTHER INVITES Governments to issue an appropriate "Certificate of
Type Test" as referred to in paragraph 1.2.1 in the Specifications and to
recognise such Certificates issued under the authority of other Governments
as having the same validity as Certificates issued by than.




T

o

T s

LNNEX

RECOMMENDATION ON INTERNLTIONALL PERFCRMANCE LND
TEST SPECIFICLTIONS FOR OILY-WATER SEPLRATING
BQUIPMENT LND OIL CONTENT METERS

PREAMBLL
1. In response to Resclutions 8 and 12 of thc Internmatiocnal Conferemce on
Prevention of Pollution of the Sea by 0il, 1962 and to Resolution 10 of the
International Conference on Marine Pollution, 1973, which call for formlation
of a suitable international performmance specification for oily-water
separctors and the development of a device to detect, measure and record the
0il content of discharges from ships, the following specifications have dbeen
formulated., Wherec the word "Convention" is used, this is to be understood as
z7eference to the International Conventior for the Prevemtion of Pollution
from Ships, 1973. Where the word "Regulations" ic used, this is tc be under-
stood as reference to the corrcsponding rcgulation of Annex I of that
Convention,

2. The specification in respect of oily-weter separating and filtering
equipment is considered to be applicetle especielly for use in conjunction

with oily bilge water and oily ballast water from fuel oil tanks, as these are

of a low or medium capacity, and are conditioned by the noed to avoid discharging
oily mixture with an oil content of morc than 100 parts or 15 parts in 1,000,000
parte of the mixture respectively., The term "Separating Equipment" as used in
this specification refers tc separators and filters, or any corbinatien of these which
are designed to produce effluent containing not more than 100 parte per million.
(ppm) of 0il. The temn "Filtering Equipment" as used in this spocification
refers to filters or any combination of senarators and filters which are

designed to produce effluent containing not more than 15 ppm of oil,

3. It is recommended that Administrations should implement at an on.i-ly stage
the specificationé in so -far as it is found reasonable and practicable, with a
view to progressing towards ite full application. In order to avoid hindrance
in the development of improved designs, the specifications will be reviewed

after a reasonsble period of operation taking account of the experience gained

from its use,
A-3
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4., The 100 ppm criterion is considered tc de & desiradble goal for all
ssparating equipment regardlees of cspacity. It is recognized, however, that
the development and testing of high tapacity Beparating squipment designed for
db:li.ng with effluent from cargo tanks on tankers poses special problems

and such equipment does not require to be tosted under this specification.

Such development and test should not be hindered and iAdministrations should be
prepared to accept deviations from this specification where they are considered
necessary in this context.

5. It should be understood that a gravitational separator camot be expected
to be effective over the complete range of oils which might be carried on
board ship, nor can it deal satisfactorily with oil of wery high relative
density or with a mixture presented to it as an emulsion. Detergents should
not be used in the bilges for cleaning purposes, as the emulsifying effects

of such compounds seriously affeot the operation of the equipment., Particulate
metter can also have a detrimental effect on equipment performance.

6. The specification for oil content meters represents a desirable, achievable
goal and should be recommended by ..dninistrations to designers and manufacturers
of such meters. Such neters will be of greatest value in tankers, for

avoiding contravention of the Comvention, when discharging dirty ballast and
tank washings from cargo oil tanks, although the way has been left open for
further developuents in the design of separating and filtering equipment for
this purpose.

PART I, GENCRLL
1.1 Contents

The specifications set out in this Recommendation are in three parts
as follows:

Part II - Specification for Oily-l'ater Separating and Pi.tering Equipment.
This specification is intended to include both basic
constructional details and the test procedures for oily-
water separators, filters and necessary ancillary equipment
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for shipboard use, so thzt the vessel so fitted is not
likely to infringe that part of the Convention which defines
the oil content of any discharged water as the permissible
limit, Having regard to thc need to deal primarily with
effluent from machincry space bilges and from tanks which
have been used alternstely as fuel tanks and water Pallast
tanks, the tests are designed with a view to complying with
the requirement that the cil content of the discharge should
‘'be not more than 100 ppm. Filtering equipment sbould be
designed in order to produce effluent containing not more than
15 ppm.

Part III - Specification for O0il Content Meters
During the discharge of efflucnt which might contain oil the
noed arises for an instrument to measure oontimiously the oil
content of the effluent in the line, to ensure that the
operation does not contravene the provisions of the Convention.
The aim of this specification is to lay down the most important
features of the design and the method of testing such oil
content meters (bereinafter called "the meter").

Part IV - Method for the Determination of Oil Content
1.2 Gencrzal Provisions

J 1,2.1 Apparatus which in every particular fulfils the requirements of the
) present specifications may be approved l_:y the Administration of

the mamufacturer's country for fitting on board ships.

The approval should take the form of a "Certificate of Type

Test" specifying the main particulars of the apparatus end any
linjting conditions on its usage necessary to ensure its proper
performance, In the case of each size of equipment the certificate
should epecify the maximum throughput for which it has been approved.
After the issue of such a certificate a copy of the appropriate
ocortificate for the apparatus should be carried aboard any vessel
80 _fitted at all times.
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1.2.3

Avproved apparatus may be accepted by other countriee for use on
their.vessels. on the basis of tho_ firet.trials.. or after fresh
tests carried.out under the supervisiom of their own representatives.

Should separating or filtering equipnent or an oil content meter
.pess a test.in cne oountry, and fail a test of a siniler nature in

in another country, then the two countries concernmed should consult
one another with a view to coming to an agreement which could be
mutually acceptabdle.

Vhere a range of- separating or filtering equipments of the same
design, but of different capacitics, requires certification in
accordance with this specification and where the largest capacity

in the range does not exceed 50 cubic netres/hour, the Adninistration
may accept tests in two capacities within the range, in lieu of

tests on every size, provided that the two-tests actually performed
are fron the lowest quarter and highest quarter of the range.

PART II, SPECIFICATION FOR OILY-WATER SEPARATING
AND FILTERING CQUIPMENT

2.1 Tecimical Specification

2.1.1

2.1,2

2.1.3

This specification relates primarily to separators and filters

of low to nmedium capacity. Separating equipment should be capable
of giving an effluent contcining not more than 100 ppm of oil
irrespective of the oil content (from O to 1CO per cent) of the feed
supplied to it. Filtering equipment should be capable of reducing
the 0il content in the effluent to nojl: more than 15 pmpn.

The equipnex-ut should be strongly constructed a.nd‘suitable for
shipboard use, bearing in nind its intended location an the ship.

The satisfactory functioning of the equipment should not be

affected by the movements and vibrations experienced on boerd ship,

In particular, electrical and electronic alarm and control

arrangements should be tested to show that they are at least

capcble of continued operation under vibration conditions as follows:
A-6
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z (i) from?2 Hz =13,2 Hz with an agplitude ole'm, and

(ii) fwom 13.2 Ha - 80 He with an cccelerstion mmplitude of
3 2 0.7 e
‘ Additionally the equipment should be capable of relieble
operation at angles up to 22.5° in any plane fron the nomal +
. operational position.

2.1.4 It should, if intended to be fitted ir locations where flammsble
N atnospheres may be present, comply with the relevant safety

! regulations for such spaces. Any electrical equipment which is

: -part of the equipment should be placed in & non-hazardous ares,
or should be certified by the ..dninistration as safe for use in
a hazardous areae. Any noving parts which are fitted in hazardous
areas should be arranged so os to avoid the formation of static
slectricity.

2.1.5 The equipment should be so designed that it functions autonmatically.
‘However, provision should be made for emergency manual control.

2,1.6 Chenging the feed to the separating cquipment from oily water to
i oil, or from oil and/or water to air should not result in the
' discharge over'b_o__arii of any nixture containing more than 100 ppm
of oil. 1In the case of filtering equipment the oil content in
the discharge overboard should not be more than 15 ppn under the
sane circumstances. '

C Rl O N

2,1.7 The system should require the minimm of attention to bring it
into operation. In the case of eqn:lpmént_ used for engine room
bilges, there should be no necd for any adjustment to valves and
other equipment to bring the system into operation and, when fitted
in unattended machinery spaces, the system -hc;uld be capable of
opersting for at teast 24 hours of nomal duty without attemtion,

E L g

S

T

2.1/87°'M1 working varts of the equipment which .ge liable to wear or to
‘damage Bhould be easily accessible for madrvenance.

A-7
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2.2 Test Specification

2.2.1 These test standcrds rofer ic scparsting or filtering equipment
cf lov or medium capacity.

e

2.2.2 The oil/watcr mixture, with vhich the system has in practice to
deal, depends on:

(i) the position of the oil/water interface, with respect to the
suction point, in the space bveing pumped;
(1) the type of pump used;

(i11) the type and degree of closure of any control valve in
the circuit; and

b
? .
ke
P'.

¢

:

(iv) the general size and configuration of the system.

It is therefore desirable that the test rig be so constructed as

to include not only the sepcrating and filtering equipment, bdbut

elso the pump and the most important of the valves, pipes, otCe oee

(for an example see Figure 1). The pipework should be designed 3
for a maximum liquid velocity of 3 m/s.

2.2.3 The tests should be carried out with a supply rate equal to the
full throughput for which thc ecuipment is designed,

2.2,4 Tests shculd be performed using %wo grades of oil, All the teats
shculd be carried cut using o Tucl cil of a relative density of about
0.94 at 15°C and ~f 2 wvisccsity not less than 220 centistokes
(about 900 scconds Redwood I'z.1) at 37.8°C (100°¥). In cddition,
the tests described irn 2,2.10 znd 2,2.11 should be carried out using
a light distillate fuel oil having a rclative density of about
0.83 at 15°C,

2.2.5 If the equipment inc]_.udu an integrated feed pump fitted before
or after the separator, this equipment should be tested with that
punp eurplying the required quantity of oil and water to the equipnent
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at its rotcd capacity. If the cowipnent is to be fed by the

ship's bilge punps, then the urnit will be tested by supplying the
required quentity of oil and water mixture to the inlet of e
centrifugal pump operating ot not less than 1,000 rpo, This

puzp should have a delivery capacity cf not less than 1.5 tinec

the rcted capacity of the equipnent at the delivery pressure
required for the tect. The variation in 0il/water ratio will be
obtzined by valves on thc oil and water suction pipes adjacent to
the punmp suction, and the flov rate of o0il and water or the oil
content of the supply to the equipnent should be nonitored., If a
centrifugal punp is used, the excess pump capacity should be
dissipated by ecither a by-pzss to the suction side, or by a throttle
valve or standard orifice platc on the discharge side. In 2ll cases,
to ensure uniforn conditions, the piping arrangenents imnmediately
prior to the equipmert should be such that the influent to thc
equipment should have a Reynolds Mumber of not less than 10,000 as
calculated in fresh water, 2 liquid velocity of not less than

1 n/s and the length of the supply pipe from the point of oil
injection to the equipment should have a length not less than 20
timce its diameter., L mixturc inlet sampling point and a thermomecter

pocket should be provided near thc cquipment inlet and an outlet
sampling point and observation window should be provided on the
discherge pipec. Figure 1 gives diegrazmatic representations of
two possible test rigs though it should bc noted that the water
end oil frco the equipment need not be led back to the supply
tenks, ‘'here thc water anc cil are re-circulated during the test,
additional sampling points should be fitted in the water and oil
lincs to the mixturc pump in ordor to check the quality of the
weter and oil being supplicd to the punp.

In order to approach isokinetic sarpling, i.e. the sample
enters the sagpling pipe at stream velocity, the sampling
arrangement should be as shown in Figurs 2 eand, if a ccck is
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2.2.6

2.2.7

2.2.8

2.2.9

2.2.10

fitted, free flow should be cffected for at.loast 1 minute

beforc any semple is takon. The sampling points should bde in
pipes running vertically.

The tests should be carried out with clean water having a reletive
density at 15°C not more than 0,085 greater than the relative

‘density of the heavier fuel oil detailed in 2,.2.4.

In the case of equipment decpending essentially on gravity the
feed to the system should be maintained at a temperature not
greater than 25°C, and heating end cooling coils should be
provided vhere necessary. In other forms of separation where
the dependence of separation efficiency on temperature is not
established, tests should be carried out over a range of
temperatures representing the normal shipboard operating range
10°C to 30°C or should be telcn at a temperature in this range
where the separation efficiency is known to be worst.

In those cases where, for the equipment, it is necessary to heat
water up to 2 given temperature cnd to supply heat to maintain
that temperature, the tests should be carried out at the given
temperature,

To cnsure that the equipment commences the test with ths oil
section full of oil and with the supply line impregnated with
oil, the equipment should, after filling with water and while in
the operating condition, be fed with pure oil for not less than
five ninutes.

The equipment should be fed with 2 mixture composed of betwcen

5,000 and 10,C00 ppz of oil in water until steady conditions have
been established. Steady conditiocns are assumed to he the
conditions estadlishad after purping threugh the separasting
equipment a quantity ef oil/water mixture not less than twice the
volume of the equipment. The test should then proceed for 30 minutes
during which time samples should be taken for analysis at the

A-10
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points of nmixture inlet ond the water outlet et 10 ninutes and
20 ninutes froo the start of this period. At the end of thic
test, an oir cock should bc opened on the suction side of the
pup and, if necessary, the oil and water valves should

be slowly closed together, and o scople taken et the water
discharge as the flow ceases (this point can be checked fron
the observation window).

L test identical to that described in 2.2.10 above, including
the opening of the air cock, should be carried out with e
nixture composed of approxinetely 25 per cent oil and 75 per

cent water.

The equipnent should be fed with 100 per cent of pil for at

least 5 ninutes during which tine the observation window should

be checked for any oil dischorge. Sufficient 2il should be fed
into the equipncent to opercte the cutomatic oil discharge wvalve.
l[fter the operation of the 0il discharge wvalve, the test should

be continued fcr 5 ninutes using a 100 per cent oil supply in order
to check the sufficiency of the oil diacharge systen.

The equipnent should be fed with water for 15 ninutes and two
samples should be taken during operation at the water outlet,
the first one to be immedictely cfter the changeover,

A test lasting a ninimunm of three hours should be carried out to
check that the equipnment will operate continuously and autonatically,
This triel should use o cycle varying progessively fron water to
0ily nixture with approxinctely 25 per cent oil content and back

to water every 15 ninutoc, cna should test adequately any autonctic
device which is fitted. The vhole test sequence should be

perforned as a continuous prograrwe, 4t the end of the test,

while the equipnent is being fed with 25 per cent oil, a water
effluent sagple should be token for analysis.




g -

i 2.2,1%

2. 2. 16

2.2.17

2.2.18

2.2.19

Sumpling should be ocarried out as shown mﬂe\m Z #o that the
sample taken will suitably represent the fluid issuing from the
water outlet of the equipnment,.

Flasks containing samples should be sealed and labelled in the
presence of a representative of the national authority and
arrangenents should be nad.e for analysis as soon as possible
and in any case within seven days, at laboratories selected by
the Adninistration.

The oil content of the samples should be determined by the
nethod in Part IV,

\hen accurate and reliable oil content meters are fitted at inlet
and outlet of the separating or filtering equipment, one sanple
at inlet and outlet taken during each test will dbe considered
sufficient if they verify, to within T per cent, the nmeter
readings noted at the sane instant,

In the presentation of the results, the following data should be
reported in the International lletric Systen of Units:

(1) Properties of the oil:
- relative demsity at 15°C
- viscosity (centistokes at 37_.6°C)
flashpoint
- ash
water content (total);

(i1) Properties of the water:

- relative density ot 15°C with details of any solid
matter present;

(14i) Temperature at the inlet to the equipment;

(iv) The method used in anslysis of all samples taken and the

results thereof together with meter readings where appropriate;

(v) A diagram of the test rig; and

(vi) A diagran of the sampling arrangenment,

A-12
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2.3 Installation Requirements

2.3.1 For future inspection purposes aboard ship, a sampling point
should be provided in a vertical section of the water effluent

! “‘9:'

piping as close as is practicable to the equipment outlet.

2.3.2 Means should be taken to ensure that, in practice, the rated
capacity of the equipment is not exceeded by:

ity (i) connecting only pumps of a capacity equal to, or less than,
. that of the equipment, or

L v

» (11) permanently restricting the discharge to the equipment where
k. larger pumps may be connected.

2.3.3 In any case, equipment should not be supplied fron a pump which
has & capecity more than 1.5 times the rated capacity of the
equipment.

2.3.4 The equipment should be fitted with e permanently attached plate
giving any operational or installation limits considered necessary
by the manufacturer or the Adninistration.

PART III. SPECIFICATION FCR OIL CONTENT METERS
3.1 Technical Specification

3.1.1 This specification reiates to oil content meters for a wide range
of oil content and o0il content alarms for 15 ppm. 4 meter may,
however, be tested for one or several specified applicationms,
i.e. crude oils, "bleck" products, "white" products, bilge water
or "15 ppn alarm"; and the approval should clearly indicate the

? accepted application(s).

3.1.2 The meter should be a robust and practical instrument suitablé for
shipboard installation and operation. It should withstand normal
streeses due to the ship's motion (rolling and pitching) and ite
operation must not be affected by such motion. It should be designed
and fitted eo that the vibration normally occurring on board will

y not affect ite operation. Unless it can be shown to be unnecessary

the meter and any associated equipnent, particularly electrical

' A-13
. : S So—




MEPC VI/17
ANNEX II
Poge 14

3'1'3
3e1.4

3¢1.5

361.6

end electronic alarm and control arrangenents, should be tested to
ghow that it is capable of continued opezction under vibration
conditions as follows:

(i) from 2 Hz - 13,2 Hz with an amplitude of I1m, and
(ii) from 13,2 Hz - 80 Hz with cn cccelerstion emplitude of Z07 %

.dditionally, the equipncnt should be capable cf rcliable
operation at engles up to 22.5° in any plane from the norrcal
operational position.

It should resist corrosion in conditions of the marine environnent,

It should, if intended to be fitted in locations where flammeble
atnmospheres nay ve present, ccoply with the relevant safaty
regulations for such spaces. /ny clectricel equipnent which is
part of the neter should be placed in a non-hazardous area, cor
should be certified by the Administration as safe for use in a
hazardous atnosphere. JAny moving parts which are fitted in
hazardous areas should be arranged so as to avoid the formation of
static electricity.

It should not contain or use any substance of 2 dangerous nature,
unless adequate arrar _enents, acceptable to the Adninistration,
are provided to elininate any hazard introduced thereby.

The accuracy of neters designed io monitor a wide range of oil
content should be such that the reading will represenfwithin

210 ppo cr fa per cent of the azctual oil content of the sarple
being tested, whichever is the greater. The eccuracy should renain
within the ebove linit despite the presence of conteninante other
than ©il, such ac entrzined rust, mud and send. When a vessel

is fitted with filtering equipacnt in accordance with

Regulations 16(2)(b) end 15(7) of ‘nnex I of the Convention, an
alarn is to be provided which vill indicate when the oil content of
the effluent exceeds 15 ppm. The occcurccy of the alarm should be
2 5 ppu. The alarm arrangenent should be tested in accordance
with paragraph 3.2,18 of this specification.

A-14




MEPC V1/17
A ANREX II
: Page 15

3,1,7 It should bc designed so thot it functions within the above linit
when the power supply is varied by 10 per cent fron the value for
which the meter was designed, i.e. in respect of electricity,

compressed zir, etc,

3,1.8 It is desirzcble that the reading should not be affected by the
type of oil. If it is, it should not be necessary to calibrate
the peter on board ship, but pre-sct elterations in the calibration
in accordance with instructions drawn up at the tine of
namifachxre, are pernitted.

§ In the lctter case, neans should be available to check that
the correct calibration has becn selected for the oil in
question. The accuracy of the readings should at all tines
renzin within the linit -specified in 3,1.6.

3.1.9 The response tine of the neter, that is, the tine which elapses
between an alteration in the sample being supplied to the peter
and the neter showing the correct response, should not exceed

20 seconds.

3.1.10 The peter nmay hcve several scales as appropriate for its intended

use,

341,11 The neter should be fitted with an alarn device which can be
set to operate automaticclly at any pre-stated velue either to
clert the crew of the ship or to operate control valves, This
alarn should also opercte cutonatically if at any tine the neter
e should fail to function.

3.1.12 It is recommended that a sinple neans be provided eboard ship
to check on instrunent drift, and to oconfirm the accuracy and
repeatability of the instrunent reading.

5.1.13 When a recording device is fitted to a neter which has nore
than one scale, the recording device should indicate the scale
wvhich is in use.
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3.2 Test Specification

3,2.1 For a meter designed to measure a wide range of o0il cuntent the
ncter reading should renain within a 10 ppn or 2 20 per cent
whichever is the greater of the true oil content of the sample
entering the nmeter during each test, and testing should be
perforned in accordance with the procedures detailed in 3.2.4
to 3.2.17. For a neter designed omly to give an elern at 15 ppn
the accuracy should be within = 5 ppn and testing should be
perforned in accordance with the procedures in 3.2.18.

R

P

3.2.2 The sanpling arrangepent should be such that a representative
honogenerus oarple is obtained under all ccnditiens of cperaticn
and undcr 211 operational proportions of oil content,

The sample should be obtained from the full flow through the meter
but when this is impracticable the sampling arrangements shown in
Figure 2 should ve used. Special care should be given to this
stage of the process and the velidity of the resultant findings.

3.2.3 During the various tests the response time of the meter should be
checked and it should also be notcd whether alarms operate adequately
vhen a pre-stated threshold is exceeded.

3¢2.4 A diagramcatic exrrangesert of a test facility for evaluating the
performance of o0il content metcrs is given in Figure 3, The
accuracy of the oil content meter will be determined by comparing
its readings ageinst a known flow of o0il injected into a known flovw
of water, The grzb sanmples taken will be analysed in a laboratory
by the method in Part IV, The results of the laborstory analysis
will be used for correlation and to indicate sampling and test
equipment variability. The vater flow rate will be adjusted so that
the entire oil-water flow passes through the 0il content meter,
except the intermittent grab sample stream. Special care should be
given to keep, continuously, a constant oil content in the water

A-16
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thzt flows into the meter. The oil and contominant metering

pumps should be adjusted to deliver a nearly continmuous quantity

of 0il, If oil injection becomes intermittent at low concentrations,
the 0il may be premixed with weter to provide continuous flow if
absolutely necessary. The oil injection point should be

irmmediately up-stream of the oil content meter inlet to minimize
time lags ceused by the sample system. Wherever Lrabian light

crude oil is specified in particular tests, a similar crude oil may
be substituted, provided thot the oil seclected is used throughout
the tests.

The oil content meter will be calibroted and zeroed 25 per the
manufacturer's instructions. It will then be tested with
Lrzcbian 1light crude oil at the following concentrations in ppm:
0, 15, 50, 100, etc., up to full scale of the meter's highest
range. L complete calibration curve will be constructed. Each
concentration test will last for 15 minutes. Following each
concentration test, the meter will be run on oil-free water for
15 minutcs and the reading noted. If it proves necessary to
rezero or re-czlibrate the meter during thic test, this fact
will be ncted.

Using the calibration fron the previous test, the oil content meter
will be tested at 15 ppn, 100 ppm and 90 per cent of the maxirmm
full scele with the following oils:

Type of 04l Categories Represented
Sehera Blend Density - Low

Viscosity - Low

Pour Point - Very Low

Producing Country - Algeria
Gencrel Description - Mixed Base

Arabian Light Crudc Density - Mediun
Viscosity = Medium
Pour Point - Low
Producing Country -~ Saudi Arabia
General Description - Mixed Base

A-17
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3.2.7

P

e of O Categories Hepresented (Continued)
Nigerian Mediunm Crude Density - High

Viscosity - Mediun

Pour Point - Low

Producing Country - Nigeria
General Description - Napthenic

Bachaquero 17 Crude Density - Very High
Viscosity - Very High
Pour Point - Low
Producing Country - Venezuela
General Description - Asphaltic

Minas Crude Density - Medium
Viscosity - High
Pour Point - Very High
Producing Country - Indonesia
General Description = Paraffinic

Residual Fuel Dunker C or No.6 Fuel 01l

Note: Other oils covering the renge of properties shown may be
substituted if those shown are unobtainable.

Following each test, the meter will be run on oil-free weter and

the zero recorded, If it is necessary to rezero, calibrate or

clean the neter between tests, this fact and the time required to

calibrate or clecan-up will be noted.

If the meter is considered suitable for products, it will also be
tested against the following petroleun products in a panner einiler
to the tests in 3.2.6:

Leaded Regular Grade Lfutomotive Gasoline
Unleaded Automotive Gasoline

Kerosenec

Light Dicsel or No.2 Fuel 0Oil,
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The oil ocontent meter will be mun on oil-free water and zeroed.
The oil injection punp, .set to 100 ppn of Arabian light crude oil,
will be turned on. The following response times will be recorded:

(i) Tinme for first detectable reading.

(ii) Tinme to read 63 ppn (response tine).

(1ii) Time to read 90 ppo.

(iv) Time to read 100 ppm or for realding to stabilize at maxirun,
Record the maximm reading.

Following this upscale test, the. 0il injectiom pump will be
turned off, and the following response _ti.nes will be recorded:

(i) Time for the maximm reading to drop detectably.

(1i) Time to read 37 ppm (response ‘time).

(111) Time to read 10 ppm.

(iv) "Time to read zero or to stabilize at minimum,
Record the minimum reading.

The "Regponse Time" of the meter will be considered the average
of the 63 ppm upscale and the 37 ppm downscale response times.

Two teets will be performed for oil fouling and calibration shift,
one with a 10 per cent oil ooncentration, and the other with
pure oil. Both tests will use .rebian light crude oil,

For the 10 per cent oil eoncentration test, the meter will dbe
running on oil-free water. The high rate oil sample pump, set

to give 10 per cent oil in water, will be turned on for one minute
and then turmed off.

For the pure 0il test, the meter will be running on oil-free water.
The water will be turned off, and 100 per cent oil will be turmed
on for-one minute., The o0il will then be turned off and the oil-free

wvater flow resumed.
A-19
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3.2.10

Care must be taken in the design of the test equipment to be
gure the fouling test results-are mot degraded by foullng of
the sample piping external to the meter,

The following response times will be noted for both tests:
(1) First detectable response.

(44) 100 ppm.

(1i1) Off scale on the highest range.

(iv) Back on scale on the highest range.
(v) Retum to 100 ppm.

(vi) Zero reading or lowest stable reading.

The meter should be capabloe of being cleared with clean water
flushing in the shortest practicable time.

If it is neccessary to disassemble or flush the meter after
the fouling tests for it to return to a zero reading, this
fact and the time required to clean and recalibrate shall be

noted.

After successful completion of both fouling tests, a 100 ppm
nixture of Arabian light crude oil shall be introduced and any
calibration shift noted.

The meter will be mn on a 500 ppn LArabian light crude oil semple,
and the contaninants listed below will be added to the water tank
in the concentrations given. Any shift in the meter reading will
be noted.
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Fresh Water (if sea-water is used for the test programie).
Very Salt Water - 6 per cent common salt with tap weter.

Non-goludble suspended molids - about 100 ppm air cleaner test dust
to the following specificatione:

Particle size in micronetres Percentage of totel weight

0- 5 3922
5 - 10 1823
10 - 20 1623
20 - 40 1823
40 - 80 923

3.2.11 The meter will be run on a 100 ppn Lrabian light crude oil sample.
The high shear pump will be run at various speeds and turned off
to provide a range of oil particle size to the meter. Any effect
of particle size on the meter reading will be noted.

B /i U da o e

3.2.12 If the meter ie only intended for monitoring bilge water, the oils
| listed in 3.2.6 and 3.2.7 should be substituted by the oils
identified in paragraph 2.2.4 under Part II of these
Specifications. The tests indicated in paragraphs 3.2.5; 3.2.6;
3.2.8; 3.2.9; 3.2.10; 3.2.14; 3.2.15; 3.2.16 and 3.2.17 are to
be carried out using the heavy fuel o6il. Test 3.2.6 should be
repsated using the light distillate fuel cdl. The oil content
; ‘ used in paragraph 3.2.10 should be 80 ppn and the comtaminates
| ‘ should be as listed except that the non-soluble suspended solids
should be 20 ppn. The temperatur¢ range for the test should be
that given in paragraph 2.2.7.
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The meter will bé run on a 100 ppm Arebien 1ight crude oil sample.
Water temperature will be run at 10°C and 65°C, If the vendor's
specification lists & maximm temperature less than 65°C, the
meter will be run at that maximum temperature and this fact
noted,

Any-effect of water temperature on meter reading will be noted.

The meter will be run on a 100 ppm Arebian 1light crude oil sample.
Sample pressure or flow will be edjusted from one-half normal,
normal and twvice normel,

Any effect of these changes on meter reading will be noted,

This test may require nodification for meters with flow or
pressure regulators or meters designed to discharge into an
anbient pressure sump,

The meter will be run o a 100 ppm Arabian light crude oil

sample. The water and oil injection pumpe will be ghut off,

No other changes will bec made, The noter will be left turmed on,
After 8 hours, the water and oil will be turned on set at 100 ppm,
The before and after readings and any meter damage will be noted.
If the meter is fitted with a low flow shut off, this tcst
determines its proper functioning,

The meter will be run on 2 100 ppm Arabian light crude oil sample,
Supply voltage will be raised to 110 per cent of design for one
hour and lowered to 90 per cent of design for one hour, Any effect
on meter performance will be notecd,

If the meter requires aw utilities besides electricity, it shall
be tested with these utilities at 110 per cent and 90 per cent
of the design figures,
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3,2.16 The meter will be calibrated and zeroed. A 100 ppm Arabian light
orude oil sample will run through the meter for eight hours and any
b calibration drift noted. Following this, the meter will de run omn
oil-free water and any zero drift noted.

b 3.2.17 The meter shall be shut down and de-energized for one week, It
shall be turned on and started per the mamufacturer's instructioms. |

k 1 After the suggested warm-up and calibration procedures, the meter

q vill be run ane hour on a 100 ppm Arabian light crude oil semple

‘ and one hour on oil-free water alternately for eight hours, Any

gero or span drift will be noted. -The total slasped time to perform

the manufacturer's suggested warm-up and calibration procedures will

be noted.

i e

3,2.18 For a meter designed only to give an alarm at 15 ppm of oil, the
tests detailed in 3.2.5, 3.2.14, 3.2.15, 3.2.16 and 3,2.17 should
be performed except that an oil concentration of 15 ppm should be
used whenever concentrations up to 100 ppm are specified, and the
0il used should be light distillate fuel oil. A calibration curve
is not required for sueh meters, and the response time is to be
taken as the time for the meter to give an alarm at 15 ppm oil
concentration after the supply to the meter is changed from clean
water into oily water having more than 15 ppm of oil.

3.2.19 A specification of the instrument concerned and a diagrammatic
presentation of the test arrangements should dbe provided and the
following data should be reported in the International Metric
System of Units:

(1) Types and properties of oile used in the tests.
(11) Concentration of oil samples tested.
(111) Details of contanminante tested, and

(iv) Results-of tests and analysis of samples.
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3.3 Installation Requirements

3.%.1

’o’- 2

The lsyout of the shipboard installatiém should be arréiiged so that
the overall response time between an alteration in the mixture being
pumped and the alteration in the meter reading should be as short as
poesible and in any case not more than 40 seconds, to allow for
remedial action being taken before the oil content of the mixture
being discharged exceeds the permissidble limit.

The arrangement on board ship for the extraction of samples from the
discharge lines to the metexr should give a truly representative
sample of the efflusnt. Sampling points should be arranged in all
discharge pipes which have to be monitored for compliance with the
Convention.

3.3.3 Where the Convention requires records, the oil content meters should

be so designed and comstructed that any operation carried out on
them is sutometically registered by the meters.
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PART IV. METEOD FOR THE DETERMINATION OF OIL CONTENT
4.1 Scope and Applicatian

4.1.1 The method includes the measurement of most 1ight oil fractiams,
although same loss of volatile compoments will occur during the
j extractions.

i 4.1.2 The method has & nominal working range from 2 to 80 ng/l. The lower
level of dotection can be i=proved to 0.1 mg/1 by using langer
pathlength cells. The upper linmit of the method can be extended at
least to 1,000 cg/l by preparing dilutions of the cample extract.

4.2 Sumnary of Method

The sacple is acidified to a low pE aond extracted with two volumes of
carbon tetrachloride. The oil content is deternined by comparison of the
infra-red absorbances of the sample extract againct known conocentrations
of the cppropricte reference cil. Other suituble ucu-infro-red active .

o
y.¥ y
" ’

- B A

DR

—

solvents may be used if preferred. :
4.3 Saopling and Storage

4.3.1 A representative sample of 1 litrc volume is collected in a narrow-

.
B =0] 7, T Weiens o

neck glass bottle with o pressure-pealing cap. Unless the sample
wvill be extracted on the‘day of collection, it is preae;:ved with
the addition of 5 ml hydrechloric scid (EC1) (4.5.1). .

S T TS T

4.3.2 Because losses of oily matter will ocour om sampling equipment, the
collection of a composite sample is impractical. Individual portioms
collected at prescribed time intervals must be analyred separately
to obtain the average concentration over an extended period.

4.4 Apparatus

— i
Pace e, -

4,4.1 Separatory fumnel, 1,000 ml volume, with Teflon stopoock.
4.4.2 Infra-red spectrophetometér.

——

4.4.3 Cells, 5 mm pathlength, sodium chloride or infrs-red-grede quarte
vith a minisun 6f 805 ‘transmittance at 2930 ool, The 5 mm path-
| length is recormended as being convenient for monitoring levels

nornally enccumtered. Langer pathlengths may be used.
4.4.4 Tilter paper, mediun grade, 12.5 cm.
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4.5

4.6

Reagente

4.5.1

4.5.2°

4.5.3
4.5.4

4.5.5

4.5.6

Eydrochloric acid, BC1l 1:1., Mix equal ‘amounts of odnc. HCY
and distilled water,

Sodiun-chloride, NaCl reagent grade.
Carbon tetrachloride, CCl 4 reagent grade.

0il reference: 0il collected from the source at the same time
the sanple was collected.

Stock reference standard (3 mg/ml): Accurately weigh about 0.30 g
of reference oil (4.5.4) into a tared 100 ml volumetric flask and
dilute to volume with cardon tetrachloride.

Calibration standards: Prepare a series of dilutions by pipetting
volumes of stock reference standard into 100 ml volumetric flasks
and diluting to volune with carbon tetrachloride. A convenient
series of volumes is 5, 10, 15, 20, and 25 ml of stock solution,
Calculate the exact concentratioms of the dilutioms in ng/100 ml
solution fron the weighing above (4.5.5).

Extraction

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

"If the sample was not acidified at time of collecticm, add 5 ml

hydrochloric acid (4.5.1) to the sample bottle. After mixing the
sample, check the pH by touching pH-sensitive paper to the cap to
ensure thet the pE {s 2 or lower. Add more acid if necessary.

Pour the sample into a separatory fummel and add 5 g of sodium
chloride.

4dd 50 ml carbon tetrachloride to the sample bottle. Cap tightly
and thoroughly sbeke the bottle to rinse the inside and cap.
Transfer the solvent info the separatory furmel and extract by
shaking vigoroun’],y for 2 ninutes. Allow the layers to separate.

Drain the solvent layer through a funnel containing solvent-moistened
filter paper into a 100 ml volumetrie flask,

‘Repeat steps 4.6.3 and 4.6.4 wvith an additional 50 ol portion of

fresh solvent; combine all solvent in the volunetric flask.
A-30
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4.6.6 BRinse the tip of the separatory funnel, filter paper and funnel with
sn2ll portions of carbon tetrachloride and collect the rinsings in
the volunetric flask, 4adjust the extract volume up to 100 ml and
stopper the flask., Mix well.

4.6.7 Drain the water layer into a 1,000 ml graduated cylinder and estinmate
the sanple volune to the nearest 5 mil.,

4.7 Infro-red Spectroscopy

4.7.1 Prepare the infra-red spectrophotoneter according to manufacturer's
instructions.

4.7.2 Rinse a cell with two volunes of the solution to be measured, then
coopletely fill the cell with solution. Place & matched cell
| : containing carbon tetrachloride in the reference bean.

: 4.7.3 Scan sarples and standards from 3,200 co”Y to 2,700 col.

3 NOTE 1: Single bean and non-scanning spectrophotometers can be

] used for this test. Follow manufacturer's instructjons and

: neasure the absorbance directly at or mear 2930 oo™ .

4.7.4 Comstruct a straight baseline under the hydrocarbon band as
illustrated in Figure 4. If the scan is recorded on absorbance
paper, read the absorbance of the peak maxirun at 2930 ! and
subtract the absorbance of the baseline st that point, If the
ecan is recorded on transnittance paper, the mnet absorbance is:

% (baseline)

o (peak ma.x:l.mn?-

loglo

4.7.5 Prepare a calibration plot of net absorbance vs. mg/100 nl oil
using the response of the standards.
NOTE 2: The oil concentration may be plotted as per cent of
stock standard. When this procedure is used, the concentration
of the stock standard must be used in the calculations (4.8.2).
4.7.6 If the net absorbance of a sample exceeds 0.8 or the linear range
, of the instrument as deternined by the calibration ploi, prepare
1
’ a dilution of the sample by pipetting an appropriate volume of the
‘ extract into a volunetric flask and diluting to volume, If the
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adsorbance is less than 0.1, more socurste remults can be obtained
by using a longer pathlength cell.
4.8, Calouletions
4.8.1 Use the calibration plot to caloulate the mg of oil in each 100 nl
of sanmple extract or dilutiom.

4.8,2 Calculste the oil content 1n the sample using the formulat

ng/lou.l-!—:ﬂm

where:

R = ng of oil in 100 ml solution
(deternined irom calibretiom plot)

D = extrect dilution factor, if used (4.7.6)
¥ = volune of sarple, in nillilitres (4.6.7)

4.8.3 Report results to two significant figures for levels below
100 og/1.

NOTE 3: For quality control, & reagent blank should be
carried thrcugh each etep of the procedure.

4.8.4 For purposes of comparison to meter records, the resulte
should also be presented in parts per rillion (volume/volume)
vith due allowance for the relative demsity of the oil. i
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