
/AD—AO;2 lfl COAST GUARD RESEARCH AND DEVELOPMENT CENTER GROTON CONN FIG 13/2
THE U.S. COAST GUARD OILY WATER SEPARATOR TESTING LABORATORY. (U)
MAR 77 R £ W ILLIAMS

UNCLASSIFIED CGR/DC—1O/77 USCG—D—33—77 NI.

~~~

r

~~~~~~~~~~flhIc2~~~~~guIm:
jA _

U~WT flflflfl flflflONfl
•flflfl ~1I~7~



I REPORT NO. c11 177
TASK No. 774305.2

• I 
THE U. S. COAST GUARD OILY WATER

SEPA RATOR TESTING LABORATORY

¾

R. E. Williams
U. S. Coast Guard Research and Development Center

Avery Point, Groton, Connecticut 06340

01 TI4~~~ ./ .

~~~ ch 19U~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

; . Final Report 
c~ j

Document is available to the U. S. public through the
National Technical Information Service, $Springfield , Virginia 22161

I

PREPARED FOR

US. DEPARTMENT OF TRANSPORTATION
UNITED STATES COAST GUARD

I OFFIC E OF RESEARCH AND DEVELOPMENT
WASHINGTON ,D.C. 20590

- ____________________________________



1 — 4

• a

L

N O T I C E

• This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability
for its contents or use thereof.

The United States Government does not endorse products or
manufacturers. Trade or manufacturers’ names appear herein
solely because they are considered essential to the object
of this report.

• The contents of this report reflect the views of the Coast
Guard Research and Development Center, which is responsible
for the facts and accuracy of data presented. This report
does not constitute a standard, specification or regulation.
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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 arid 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 satisf ied this request by installing an oily/water
separator test loop in the No. 4 hold of its test ship , SS MAYO LYKE S ,
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 f i l ter
types.

2.0 SYSTEM DESCRIPTION

2.1 Influent

Figures 3—1 through 3—14 and Table 1 illustrate the indiv idual
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. In 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 f or those separators having their own installed pump
or only par tially bypassed to obtain flow rates less than 150 gpm de-
pending upon the rated capacity of the test item.

2. 1.2 Test Oils — [MCO specifies that testing shall be per—
formed using both a heavy and a light test oil.

The heavy or No 1. Test Oil 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 Oil 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 Oil 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 Oil sped —
fica tion, Figure 2. Two oil storage tanks are fitted with immersion
heaters for temperature control.

Tes t oil is injec ted 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.

F 2.1.3 Oil Water Mixing — Immediately downst ream of the oil
~~ inj ection, 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

Effluen t 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

H discharge it off the ship or prior to reuse if it is of suitable quali ty
for recirculation.

2.3 011 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/mm 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 —

Influent pressure — psi
Test oil pressure — psi
Effluent pressure — psi
Effluent quality — ppm by monitor
Influent and effluent grab samples

2.8 Water and Oil Analysis

In addition to the installed instrumentation , a small chemical
laboratory has been installed at the Fire and Safety Test Facility, Mobile , I
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 .

3
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ITEM RANGE PURPOSE
1. Pump—Centrifugal 150 GPM 50 ft Head Influent

7 l~/2 HP 3,55~ RPM

2. Pump—Centrifugal 100 GPM 100 f t  Head E f f l u e n t
10 HP 3,550 RPM Transfer

3. Pump—Centrifugal 100 GPM 100 f t  Read Slop Tank
10 HP 3,550 RPM Discharge

4. Pump — Mono 0—10 GPM Oil Supply
3 HP RPM-VAR

5. Pump—Finger 5—1750 cc/mm Particulate
Injection

6. Pump—Finger 5—1750 cc/mm Particulate
Inj ection

7. Portable Agitator Agitate
Particulate

• 8. Mixing Tank 250 gallon Particulate
Mix - -

9. Filter—Sand 50—65 GPM Effluent
Cleanup

10. Coalescer 50—65 GPM Effluent
Cleanup

11. Static Mixer 100 GPM

12. Flowineter 0— . 5 GPM #2 012.

13. Flowmeter . 2 5 — 3 . 5  GPM #2 Oi l

14. Flowmeter 2.5—10 GPM #2 Oil

15. Flowmeter 0.5 GPM #6 Oil

16. Flowmeter .25—3.5 GPM #6 Oil

17. Flowmeter 2.5—10 GPM #6 Oil

18. Flowmeter Fresh Water

19. Flowmeter — Fresh Water w/0—lOO PPM oil

20. Connection For Oil
Moni tors

21. Test Separator

22. Water Modulating Valve Water Flow
Control

23. Oil Modulating Valve Oil Flow
Control

24. Test Oil Tanks 4 each 1,000 gal Test Oil
Storage

25. Influent Tank 225,000 gal Storage
26. Effluent Tank 225,000 gal Storage
27. Slop Tank 110,000 gal Storage

5
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Static
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Strainers

FI GURE 2 .  DIAGRAMMATIC PLAN OF TEST OIL BLENDING SYSTEM
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APP !-NDIX A

PROPOSED IMCO SPECIFICATIONS
1~~ ’C vi/].7

LNIIEX II

~~i.PT RESOLUTION

B3CO~~~~LLTION Oh ThT~~&TIONLL P~~F’~~~S’.NCE ~~1D
-‘. TEST SPECU~ C~.TIONS F~~t OLLY-WLTER S~~~R~TI1~G

~~~ ou co~~~~~ ~~r~ s

T~~ LSS~~~LY ,

NOTflIG :.rticle 16(i) of the Convention on the Inter—Governmental Maritime

Consultative Organization conce~ning the functions of the &esembly ,

RECA LL~~G Resolution L.233(VII) by which the Lasenbly adopted the

Recommendation on International Performance Specification s for Oily-Water

Separating Equ.~p~ eri t and Oil Content Meters and invited governments to adopt

them to tht- uiaxinun possible extent which they found reasonable and practicable

and to repcrt to the Organization the results of such application ,

BEC~LLING ~~~~~~~ that by Rc.solution L.233(VII) the Maritime Safety

Co ittee was invited to review the Specifications at the appropriate time,

NOTIRG that in relation to Regulation 16(3) of ~.rinex I of the International -
~~

Convention for the Prevention of Pollution fror~ Ships , 1973, reference is

made to the above—mentioned Specifications,

• HiVING CON ii~ tcE)~ the reco endation eubm.itted by the Marine ~ TVirOnmaflt

Protection Cocmiittee including the revised Specifications prepared by the
Committee in the li~~it of the requirements of ~nnex I of the 1973 Convention,

.~DOPT& the fiecommendation on Internationa l Performance and Test Specifications
for Oily-Water Separating Equipment and Oil Content Meters, the text of which
is set out in the innex to this Resolution, as superseding those contained
in Resolution A..233( VII),

INVITES Governments:

(a) to adopt the revised Specifications and apply them so that all equ.tpment
installed on board one year or later after their adoption by the
Aseemb~y meets these revised Specifications in so far as is rea.ec’nable
and practicable; and 

~~~~~~~
., 

_ _  -



~~~C Vi/17
AP1ItT II
Pei. 2

4
(b) to provide the Orgcxiiaation with information on e~~eri~~ces g—~”ed

from their ap~jLoaticn aM, in particular, on suoo.u.ful testing of
eq-u.tpment i’~..inat th. Sp.cifioatian.,

REQUESTS the Secretariat on the basis of thfoz~~tion received, to
maintain aM update a i.t.t of approved equ.tpm~~t and to circulate it
periodically to Governr~enta ,

FUR~~~ INVITES Gov rnmants to issue an appropriate “Certificate of
1~rpe Test” as referred to in paxa~~eph 1.2.1 in the Specification. aM to

• 
- 

reoo~~ise such Certificates issued is~d.r th. authority of other Govarnms~ts
as having the same validity as Certificates issued by tbec~.

A-2
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EEC~~~~~ iTION ON - I T ~~1iiTI~~ii~ P~~F~EJI~1iCE !J~
TEST ~~icii’xa~s F~~ oflX-WhT~~ ~~~1~BhTING

EQUII3~~T ‘~~~ OIL C~t~Ti~ T ?~~T’~~S

L 
-

1. In response to Resolutione 8 and 12 o.~ the International Conference on
Prevention of Pollution of the Sea by Oil, 1962 and to Resolution 10 of the
International Conference on Marine Pollution, 1973, which call fox fo~~ 2lation

of a suitable internatiànal pe’rfo~~azice specLfication 1~or - 0117-water
separa tors and the development of a device to detect , ~eaeure and record the
oil content of -discharges from ships, the following specifications have been
formulated. Where the word “Convention” is used, this is to be understood as
reference to the International Convention for the Prevention of Pollution
from Ships, 1973. Where the word “Regulations” is used, this is to be -~~der’—
etood as reference to the corresponding regulation of innax I of that
Convention.

2. The specification in respect of oily-water separating and filtering
equ.ipment is considered to be applicable especially for use in conjunction
vith oily bilge water and oily ballast water f r om fuel oil tanks , as these are
of a low or med.tun capacity, and are conditioned by the need to avoid dischar~~ng
oily mixture with an oil content of more than 100 part s or 15 parts in 1,000,000
parts of the mixture respectively. The tern “Separating Equipment ” as used in
this specification refers tc separators and filters, or any cccb inati.n c~f these which
are desigued to produce effluent containing not more than 100 parts per milliou .
(ppm) of oil. The tern “Fil tering Equipment” as used in this spocification
refers to filters or any combination of se’arators and filters which are
desigued to produce effluent containing not more than 15 ppm of oil.

3. It is recommended that Aim(n4 strations should lnplsaent at an .arly Bt$Ce
the specifications in ao .far as it is found reasonable and practicable , with a
view to progressing towards it. ful l application. In order to avoid hindrance
in the development of improved desigas, the specifications will be reviewed
after a reasonable period of operation taking account of the experience gained
froo its use.

- —
~~ 
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4. Th. 100 ppm orit.rimis considered to be a desir,.bl~ goal for all
separating equipment regardles, of oapacit7. It is r.cogoized, however, that

• the development and testing Ot hi~~ ~a$~it7 ~eparIt ing Qquipne~t dasigoed fox
dealing with effluent from cargo tanks ~~ tankers poses .pecial probl~~a
and such equipment does not require to be tested under this specification.
Such development and test should not be Mndared and &dministrat ions should be
prepared to accept deviations from this spec ification where they are considered
necessary in this context .

- 
- 5, It should be understood that a gravitational separator carmot be expected,

to be effective over the complete range of oils which mi~ it be carried on

-
. 

• board ship , nor can it deal satiafactorLl7 with oil of very hi~~ relative
density or with a mixture presented to it as an emulsion. Detergent. should
not be used in the bilges for cleaning purposee, as the emulsifying effects
of such compounds seriously. e.tfeot the operation of the equipment. Partioulats
matter can also have a detrinental effect on equipment perfoimanee.

6. The specification for oil content meters represents a desirable , achievable
goal. and should be recommended by :.dministrations to desiguere and manufacturers
of such meters. Such meters will be of greatest value in tankers, for
avoiding contravention of the Convention, when discharging dirty ballast and
tank wash I ‘~gs f rom cargo oil tank., althou~ i the way has been left open for
further developments in the desigo of separating and filtering equipment for
this purpose.

PAM’ I. G~~~ LL

1.1 Contents

The specifications set out in this ~ecovm~endation are in three part s
as follows:

Part II — Specification for 0ily—~’ater Separating and Pi~ tering Equipment.
This specil icition is intended to incl~4e both basic
constructional details and the test procedures fox oi1~ -
water separators, filters and necessary ancillary equipment

_ _ _ _ _ _ _ _ _ _ _  
_________ 

_ _  A
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for Shipboard use , so that 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. Raving regard to thc need to - deal primarily with
effluent from machinery space bilges end from tanks which
have been used alternat ely as fuel tanks and water ~‘allast.

-‘ tanks, the tests are des~~~ed with a view to complying with
the requirement that the oil content of the discharge should

~/ 
- be not more than 300 ppm. Filtering equipment should be
desigaed in order to produce effluent oont~IviIng not more than
15 ppm.

Part III - Specification for Oil Content )~etere
Thin g  the discharge of effluent which mi~ it contain oil the

steed arises for an instrument to measure oontinuoualy 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 moat important
feature s of the desiga and the method of testing such oil
content meters (hereinafter called “the meter”).

Part IV — Ilethod for the Determination of Oil Content

1.2 General Provisions

1.2.1 Apparatus which in every particular fulfile the requirements of the
present specifications may be approved by the AAmIv ~(etxat ion of
the manufacturer ’s ootmtry for fitting on board ships.
The approval should take the form of a “Certificate of ~~pe

Test” specifying the main particulars of the apparatus and any
limiting conditions on its usage necessary to ensure its proper
perf ormance. In the case of each size of equipment the certificate
ehould specify the maximum throu~ 2piat for which it ha. been approved.

After the issue of such a certificate a copy of the appropriate
oort&fioats for the apparatus should be carried aboard any vessel

so~fitt.d at aU-tim5s.

Li - _ _
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1.2,2 Approved, apparatus may be accepted by p’thsr co~mt~ieu for use on

thsir v98ee]B. on the basis of the..fire% trials.. ~r after fresh

tests carzied..out under the supervision of their own representatives.

Should ?eP~~~t~~~ 
or filtering equipment or an oil content meter

- pa.. a test..in one ooi.mtry, and fail a test of -a. similar nature in -

in another country, then the two countries concerned should consult

one another with e view to CO”~I YIC to an a~~eement which could be
mutually acceptable.

1.2.3 Where a rang . of separatine or filtering equipments of the sane

desi~~, but of’ different capacities, requires certification in
accord.nce with this specification and where the largest capacity

in the range does not exceed 50 cubic metres~i~our, the Mrth~.tstration
may accept tests in two capacities within the range , in lieu of
te.ts on every size, provided that the tvo~teats actually performed
axe fran the lowest quarter and hi~~est quarter of the range.

- P,A1~ II. S Th’ICATION YOR OILY-VAT~ I SE~ AR~TfliG
iND FILTER~~G EQU~~~~1T

2.1 Tecbnical , Specification

2.1. 1 This specification relates primarily to separators and filters
of low to medium capacity. Separating equipment should be capable
of giving an effluent cont~inig not more than 100 ppm of oil
irrespective of the oil content (from 0 to ico per cent ) of - the feed
supplied to it. Piltening equipment should be capable of reducing
the oil content in the effluent to not more than 15 ppm.

2.1.2 The equipment should be strongly constracted and suitable for
shipboard use, bearing in mind its intended location on the ship.

2.1.3 The satisfactory functioning of the c~quipment should not be
affected by the movements and vibrations experienced on board ship.
In particular, electrical end electronic alarm and control
arrangements should be tested to show that they axe at least

~-~c.b1e of continued operation under vibration conditions as follows:

_  _ _  _ _ __ _  _ _  -J
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(j) from 2 Hz —1 3.2 Hz with an anplitude of 1 
~~~~~ , end

(ii ) fran 13.2 Hz — 80 Hz with an acceleration ~~~1itudE of
± 0.7 g.
Mditionally the equipment should be capable of reliable
operation at angles up to 22.5° in any plane from the normal
operational position.

2.1.4 It should, if intended to be fitted in locations where fla able
atmospheres may be present , co~~ly with the relevant safety

• regulations for such spaces. Any electrical equipment which is
-part of the equipment should be placed in a non-hazardous area,
or should be cert ified by the .~dninistration as safe for use in
a hazardous area. Any moving parts which ore fitted in hazardous
areas should be arranged so as to avoid the formation of static
electricity.

2.1.5 ‘The equipment should be so desi~~od that it functions automatically.
‘EowTever, provision should be made for energency manual control.

2.1.6 Changing the feed to the separating equipment from oily water to
oil , or from oil and/or water to air should not result in the 

-

discharge overboard of any mixture containing more than 100 ppm
of oi~.. In the case of filtering equipment the oil content in
‘the &ischarge overboard should not be more than 15 ppm under the

• same circ~~.tances.

2.1.7 The system should require the minimum of attention to bring it
into operation. In the case of equipment used for engine room
bilges, there should be no need for any adjustment to valves and
other equipment to bring the system into operation and, when fitted
in unattended machinery spaces , the system should be capable of
operating toT &t 4eavt 24 h ure ot normal duty without attentIon.

2.1.8’’fli working DartS of the equipment which ~~~ liab’e to wear or to
‘damage ‘~~ou1d be easily accessible for m~~n~enanoe.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ _ _ _ _
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2.2 Test Sp.cificatinn

2.2.1 These test s~~~&xda refer to soparating- or filtering .q’uipment
of low or medium capacity.

2.2.2 The oil/watcr mixture, with which the system has in practice to
deal, depend.s on~
(i) the position of the oil/water interface , with respect to the

suction point, in the space being pumped;
I -

~~

(ii) the type of pump used;

(iii’) the type and de~~e. of closure of any control valve in
- the circuit; and

(iv) the general size and con.figuxation of the system.

It is therefore desirable that the test rig be so constructed as
to include not only the separat ing and filtering equipment , but
also the pump and the moot important of the valveB, pipes, etc.
(for an example see Figure 1). The pipework should be desi~~ed
for a mamimum liquid velàcity of 3 sfe.

2.2.3 The teats should be carried out with a supply rate equal to the
full throughpat for which the e~uipment is desi~ ted.

2.2.4 Tests should be performed using t~io ~~ad~s of oil. - A~11 the tccts
should be carried cut using ~‘ ~ucl oil of a relative density of about
0.94 at 15°C ond ~f a vioccoity not loss th:tn 220 centi3toke a
(abcut 900 seconds Redwc~d .1; at 37.8°c ( ico~ ’). In c.dditio~ ,
the tests described in 2.2.10 cnd 2.2.11 should be carried out using
a light d.iatillate fuel oil having a relative density of about
0.83 at 15CC.

2.2.5 If th. equipment includes an integrated feed pump fitted before
or after th, separa tor , this equipment should b. tested with that
p~~p su;plyiag the required quantity of oil and water to the sçuipment

A-8 
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at its ratcd capacity. If the eqttipricnt is to be fed by the
ship’s bi].~e pt~ po , then the unit will be tested by supplying the
required qu~ntity of oil and ~-iater mixture to the inlet of a
centrifugal punp operating at not leso than 1,000 rpm. This

pump should have- a delivery capacity of not less than 1.5 times
the rated capacity of the equipment at the delivery pressure

required for the toot. The variation in oil/water ratio will be
obtained by valves on the oil end water suction pipes adjacent to

the pump suction, and the flo~? rate of oil and water or the oil

; content of the supply to the equipment should be monitored. If a
centrifugal pump is used , the excess pump capacity should be
d.issipated by either a by—pass to the suction side , or by a throttle
valve or standard orifice plate on the d.iscbarge side. In all cases,
to ensure uniform conditions , the piping arrangements i~~ediately
prior to the equipment should be such that the influent to the
equipment should have a i~eyno1ds Number of not less than 10,000 as
calculated in fresh water , a liquid velocity of not less than
1 /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 F

times its diameter. L mixtu .’o inlet sampling point and a thermometer
pocket should be provided near thc oqu.ipment inlet and an outlet
sampling point and observation ‘-‘indow should be provided on the
discharge pipe. Figure 1 g±vez &ia~r a a tic representations o~
two possible test rigs though It should bc noted that the water
and oil f rom the equipment need not be led back to the supply
tanks. “here the water ant. ~ .i arc re—circulated during the test ,
addi tion~~ sampling points si~ouid be fitted in the water and oil
lines to the cjx t’jzc pump in orde: to check the quality of the
water and oil being supplied to the- pump .

In order tc approach isok.thetic sampling , i.e. the sample
enters the sa~~liog pipe at strea m velocity , the sampling

arrangement should be as showa in Fi,~ure 2 and , if a cock is

A-9
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fitted, free flow should be effected for et.loest 1 minute
before any sample is taken. The sampling points should be in
pipes r~mning vertically.

2.2.6 The test s should be carried out with clean water having a re1at~ve

density at 15°C not more than 0.085 greater than the relative
density of the heavier fuel oil detailed in 2.2.4.

2.2.7 In the case of equipment depending essentially on gravity the
feed to the system should be maintained at a temperature not
greater than 25°C, azid heating end cooling coils should be
provided where necessary. In other form s of separation where
the dependence of separation efficiency on temperature is not
established, teats should be carried out over a range of
temperatures representing the normal shipboard operating range
10°C to 30°C or should be t&~on at a temperature in this range
where the separation efficiency is ~aiown to be worst.

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

2.2.9 To ensure that the equipment comoences the test with the oil
section full of oil and ~-rith the supply line impregaated with
oil , the equipment should, after filling with water and while in
the operating condition, be fed with pure oil for not lees than
five minutes .

2.2. 10 The equipment should be fed with a mixture composed of between
5,000 and 10,C30 pp~ of oil in water until steady conditions have
been established. Steady condItions are aae~mat to he the
oe~nditIc~na estab1Iaha~ after puxzpix~~ thr.ugh th~ eeparati~e
equip ment a quantity .f oil/water mixture not lees than twice the
volume of the equipment . The test should then proceed for 30 minutes
dur ing which time samples should be taken for analysis at the

A—l O
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points of mixture inlet and the water outlet at 10 minutes and
20 minutes froci the start of thin period. At the end of thin
test , an air cock should be opened on the suction side of the
pump and , if neceaear~, the- oil and water valves should
be slowly closed together, and a samp le taken at the water

discharge as the flow ceases (this point can be checked from
the observation window).

2.2.11 1. test identical to that do~cribod in 2.2.10 above, including

the opening of the air cock , should be carri ed out with a
mixture composed of approximately 25 per cent oil end 75 per
cent water.

2.2.12 The equipment should be fed with 100 per cent of oil for at
least 5 minutes during w1iic~ time the observation window should
be checked for any oil disc1iar~o. Sufficient oil should be fed
into the equipment to operate the aut omatic oil d.ischa.rge valve.
:1ter the operation of the oil discharge valve, the test should
be continued for 5 minutes using a 100 per cent oil supp ly in order
to check the sufficiency of the oil discharge system.

2.2.13 The equipment should be fed with water for 15 mInutes and two
samples should be taken during operation at the water outlet ,
the first one to be i~~e&iete1y after the changeover.

2.2.14 A test lasting a minimum of three hours should be carried out to
check that the equipment will operate oontinuou~ly and automatically.
This tri al should use a cycle varying progressively from water to —

oily mixture with approximately 25 per oent oil content and back
-to water every 15 ninutoc, ama should test adequately any autono .tic
device which is fitted. Thc a-shole test sequence should be
performed as a continuous progr~~ie. At the end of the test ,
while the equ.i~~~nt is being fed with 25 per cent oil, a water
effluent sample should be taken for analysis.

A-il 
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2.2~,l5 S~~~1thg should be oexri.d • out a shown th ~igurs 2 Pb that the

sa~~l. taken will suitably r.prsseM the fluid issuing from the

vat.? outist of th. equipment.-

2.2.16 Flasks cont*lv~iYIg samples should be sealed and labelled in the
presence of a representative of the national authority and
arrangements should be made for anal ysis as soon as possible

and in any case within seven days, at laboratories selected by
the ~fr ~lv~1stration.

2.2.17 The oil content of the samples should be determined by the
method in Part IV.

2.2.18 Whom accurate and reliable oil content meters axe fitted at inlet
and outlet of the separating or filtering equipment , one sanpie

at inlet and outlet taken during each test will be considered
sufficient if they verify, to within ± 10 per cent , the meter
readings noted at the same instant.

2.2.19 In the presentation of the results, the following data should be
reported in the International Iletric System of Units:

(i) Properties of the oil :
— relative density at 15°C
— viscosity (centistokes at 37.8°C)
— flaahpoint
— ash
— water cont ent (total);

(ii) Properties of the water:
— relative density at 15°C with details of any solid

matter present ;

(iii) Temperatur. at the inlet to the equipment ;

(iv) The method used in analysis of all samples taken end the
results thereof together with meter readings where appropriate ;

(v) A diagram of the test rig; and

(vi ) A diagram of the sampling arrangement.

A-i 2

— 
---.



)
~~~C VI/~7

A~~~~~II
Page 1)

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

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:

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

(ii) permanently restricting the discharge to the equipment where

larger pumps may be connected.

2.3.3 In any case , equipment should not be supplied from a pump which

has a capacity more than 1.5 times the rated capacity of the
equipment.

2.3 .4 The equipment should be fitted with a permanently attached plate

giving any operational or installation limits considered necessary

by the manufacturer or the ~~r~ ri4stration .

PART III. SPECIPICL~TION P(I( OIL CO1~~ NT 1~ T~~S

3.1 Technical Specification

3.1.1 This specification relates to oil content meters for a wide range

of oil content and oil content alarms for 15 ppm. A meter may ,

however , be tested for one or several specified applications ,

i.e. crede oils , “black” products, “white” products, bilge water

or “15 ppm alarm ”; and the approval should clearly indicate the

accepted application(s).

3.1.2 The meter should be a robust and practical instrument su.itab]d for

shipboard installation and operation. It should withstand normal

streseec due to the ship ’s motion (rolling and pitching) and its
operation must not be affected by such motion. It should be designed

~i~d fitted so that the vibration normally occurring on board will
not affect its operation. Unless it can be shown to be umneceaeary
the meter and any associated equipment , particul arly electrical

A-i J
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~nd electronic alarm and oontrol arrangements , should be tested to
show that it is capable of continued operation ‘ander vibration

conditions as follows ;

(i) f r o m2 K z - 1 3 . 2 Hz with an amplitude of~~~lm , and

(ii ) from 13.2 Hz — 80 Hz ~r.th cn ~cccleration amplitude of ± 0.7 g.

.~.dditionally, the equipment should be capable of reliable
operation at angles up to 22.5° in any plane from the normal

- , . operational position.

3.1.3 It should resist corrosion in cond.itions of the marine environment.

3.1.4 It should , if intended to be fitted in locations where flamoable
atmospheres may be present , comply with the relevant safaty
regulations for such spaces. !.ny electrical equipment which is
part of the meter should be placed in a non—hazardous area , or

• should be cert ified. by the Ldministration as safe for use in a
hazardous atmosphere. L~ny moving parts which are fitted in
hazardous areas should be arranged so as to avoid the formation of
static electricity.

3.1.5 It should not contain or use omy substance of a dangerous nature ,
i.mless adequate arrar cments , acceptable to the AL~rLi—r1fstration,
arc provided to eliminate any ~mzard introduced thereby.

3.1.6 The accuracy of meters designed to monitor a wide range of oil
content should be such that the reading will represent within
10 ppm or 20 per cent of the actual oil content of the sample

being tested, whichever is the ~reater. The accuracy should rer-ia.th
within the above limit despitc the presence of contaminants other
than oil, such as entrainoci rust , mud and sand. 1ghe~ a veseel
is fitted with fi1terin~ eoui~,mont in accordance with
flogulationc l6(2)(b) amd 16(7) of nnex I of the Convention, an
alarm is to be provided which ~ti11 indicate when the oil content of
the effluent exceeds 15 ppm. The ~‘ccurccy of the alarm should be

~ 5 ppm. The ala~~ arrangement should be tested in accordance
with paragraph 3.2.18 of this specification.

A- 14
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3.1.7 It shoul d bc designed so that it functions within the above limit
when the power mup ly is varied by 10 per cent from the value for
which the meter was desi~ ied, i.e. in respect of electricity,
compressed air, etc .

3.1.8 It is desirable that the reading should not be affected by the
typo of oil. If it is, it should not be necessary to calibrate

• the meter on board ship, but pre—set alterations in the calibration
in accordance with instructions drawn up at the time of
manufacture, are permitted.

In the latter case , means 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 times
remain within the limit -specified in 3.1.6.

3.1.9 The response time of the meter , that is, the time which elapses
between an alteration in the sample being supplied to the meter
and the meter showing the correct response, should not exceed
20 seconds.

3.1.10 The meter may have several scales as appropriate for its intended
use.

3.1.11 The meter should be fitted with on alarm device which can be
set to operate automatically at any pre— Btated value either to
alert the crew of the ship or to operate control valves • This
alarm should also operate automatically 11 at any time the meter
snould fail to fuaction .

3.1.12 It is recomoended that a simple means be provided aboard ship
to check on instrument drift, and to oonfirm the accuracy and
repeatability of the instrument reading.

3.1.13 When a recording device is fitted to a meter which has more
than one scale, the reoord ing device should indicate the ecale
which is in use.

L 
A—i S

—

~

- •- - -- - - - ~~~~~~~~~~~~~~~~~~~~~ -- -~~~~~—- -----~~~~ - -



)
~~ C vi/ii
~mr~~c ii
Page 16

3.2 Test Specification

3.2.1 For a meter designed to measure a wide range of oil c~~t.nt the
meter reading should ‘“~~~~~ within 10 ppm or 20 per cent
whichever is the ~~oater of the true oil content of the sample
entering the meter during each test, and testing should be

-- 

performed in accord ance with the procedures detailed in 3.2.4
to 3.2.17. For a meter desi~~ed only to give an alami at 15 ppm
the accuracy should be within ~ 5 ppm and testing should be
performed in accordance with the procedures in 3.2.18.

3.2.2 The sampling arrangement should be such that a, representative
homcgene~ui sample is obtained ~.mder all conditir~ns ~,t cperaticn
and under al]. operational proportions of oil content.

The sample should be obtained f rom the full flow throu~~i the meter
but when this is impracticable the sampling arrangements shown in
Figure 2 should be used. Special care should be given to this
stage of the process and the validity of the resultant findings.

3.2.3 During the various tests the response tine of the meter should be
checked and it should also be noted whether alai~ s operate adequately
when a pro—stated threshold is exceeded.

3.2.4 A diagrammatic errazigeaox.t of a test facility for evaluating the
performance of oil content meters is given in Figure 3. The
accuracy of the oil content meter will be determined by comparing
its readings against a Imown flow of oil injected into a Ia~own flo~1
of water. The grab samples taken will be analysed in a laboratory

4 by the method in Part IV. The results of the laboratory analysis
will be used for correlation tnd to indicate sampling and test
equipment variability. The ~‘ater flow rate will be adJusted so that

j the entire oil—water flow passes throu~~ the oil content meter ,
except the intermittent grab sample strewn. Special care should be
given to keep, continuously, a constant oil content in the wate:

L A-16
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that flows into the meter. The ci). and contr~m f r~nt metering
pumps should be adj usted to deliver a nearly continuous quantity
of oil . If oil injection becomes intermittent at low concentrations,
the oil may be premixed with ~-:ater to provide continuous flow if
absolutely necessary. The oil injection point should be

i~~ediately up—stream of the oil content meter inlet to ~n1~~m~ze
time lags caused by the sample system. Wherever Arabian light

.4

- 
• crude oil is specified in particular tests, a similar crude oil may

be substituted, provided that the oil selected LB used throughout
the tests.

*

3.2.5 The oil content meter will be calibrated and zeroed as per the
manufacturer’s instructions. It will then be tested with

Arabian light crude oil at the following concentrations In pp m:
0, 15, 50, 100, etc., up to full scale of the meter ’s highest
range. A complete calibration curve will be constructed. Each
concentration test will last for 15 minutes. Following each
concentration test , the meter will be rum on oil—free water for
15 minutes and the reading noted. If it proves necessary to
rezero or re—calibrate the meter during this test , this fact
vi).) be neted.

3.2.6 Usthg the calibration from the previous test , the oil content meter
vii]. be tested at 15 ppm, 100 ppm and 90 per cent of the 1!~wr1r~un
full scale with the following oils:

Type of Oil Categories Represented

~~h~ra Blend Density - Low
Viscosity — Low
Pour Point - Very Low
Producing Country - Algeria
General Description — Mixed Base

Arabian Light Crude Density - Mediun
Viscosity — Med.ium
Pour Point - Low
Producing Count ry - Saudi Arabia
General Description - Mixed Base

A -17 
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T~~e of Oil Cptegories 1~a~preaented (co~tjnued)

Nigerian Medium Crude Density - High
Viscosity — Medium
Pour Point - Low
Producing Co~mt ry - Nigeria
General Description - Napthenic

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

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

Residual Fuel. Bunker C or No.6 Fuel Oil

~~~~ Other oils covering the range of properties shown may be
substituted if those shown are unobtainable.

Following each test , the meter will be run on oil—free water and
the zero recorded. If it is necessary to rezero , calibrate or
clean the meter between teats, this fact and the t ime required to
calibrate or clGan—up will be noted.

3.2.7 If the meter is considered suitable for products, it will also be
tested against the following petroleum products in a manner similar
to the tests in 3.2.6:

Leaded Regular Grade Automotive Gasoline
Unleaded Automotive Gasoline
Kerosene
Light Diesel or No.2 Fuel Oil.

A-18 
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3.2.8 ~Tha oil content meter will, be r~~ on oil—free wat er and zeroed.
The oil injection pump, set to 100 ppm of Arabian light crude oil,
will be turned on. The following response t imes -will be recorded:

(i) Tine for first detectable reaMa-ig.

(ii) Time to read 63 ppm. (response tine).

~
-
~~~• 

- . (iii ) Tine to read 90 ppm.

(iv) Time to read 100 ppm or for reading to stabilize it maximum.

Record the maxim reading.

Following this upscale test , the. oil injection pump viii be
turned off , ax4 the following response times will be recorded:

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

(ii) Time to read 37 p~~ (response -tine) .

(iii ) Time to read. 10 ppn .

(iv) Timc to read zero or to stabilize at niniiiwi.

Record the minimum reading.

The “Response Time” of the meter will be oonsidered the average
of the 43 ppm upscale and the 37 ppc downacale response times.

3.2.9 Two tests will, be perforeed for oil fouling and calibration shift ,
one with a 10 per cent oil ooncentration, the Dther vit)~
pure oil. Both tests will use ~.rabian 1i~~ t crude oil.

For the 10 per cent - oil eonoantration test, the meter will be
running on oil—free water. The high rate oil a~~ple p~~~, set
to give 10 ~er cent oil in water, vill be turned on for one minute
and then turned off.

For the pure oil test , the meter will be running on oil—free water.
The water will be turned off , and 100 per cent oil will be turned
on for- one minute. The oil will then be turned off and the oil—tree
water flow resumed.

A- 19
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Care ~ u.st be taken In the d.si~~ of the test equipment to be
sur the fouling tact results-are not degrad.a:b7 foulIng of

the sample - piping~ertezmal to the meter.

The following response times will be noted for both tsete:

(i) First detectable response .

(ii) 100 ppm .

(iii ) Off scale on the highest range .

(iv) Back on scale on the highest range . -

(v) Return to 100 ppm .

(vi) Zero reading or lowest stable reading.

The meter should be capable of being cleared with clean water
flu~h4ng in the shortest practicable time.

If it is necessary to dicassemble or flush the meter after
the fouling teats 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 tee-ta , a 100 ppm

mixture O( Arabian light crude oil shall be introduced and any

calibration shift noted.

3.2.10 The meter will bi rum on a 500 ppm Arabian light crude oil sample ,
and the contaminants 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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?resh later -~if sea-water -is used for- the t..t progra~~e).

- 
- VSTy Salt Water — 6 per cent co~~on salt ‘with tap water .

Non—soluble ei~ pend.ed solids - about 100 ppm air cleaner test duet
to the following specifications:

Particle size in micrometres Percentage of total weight

— 0—  5 39 ± 2
5 — 1 0  18± 3

10 - 20 16± 3

I- -- , 2 0 — 40 18± 3

4 0 — 8 0  9 ± 3

3.2.11 The meter ‘will be rum on a 100 ppm Lrabian light crude oil sample.
‘ft~e high shear p~~p ‘will be rum 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.

3.2.12 If the meter is only intended for monitoring bilge water, the oils
ilited in 3.2.6 and 3.2.7 should be substituted by the oils
identified in paragraph 2.2.4 irnd.er Part II of these
Specifications. The teats indicated in paragraphs 3.2.5; 3.2.6;
3.2.8; 3.2.9; 3.2.10; 3.2.14; -3.2.15; 5.2.16 and -3.2.17 are to
be carried out using the heavy fuel ci],. Test 3.2.6 should be
repeated using the light distillate fuel oil. The oil content
used in paragraph 3.2.10 should be 80 ppm and the o~~t~~~’~ tea
shouId be as listed sicapt that the con-soluble suspended solids
should be 20 ppm. The tenpereture range for the test should be
that given in paragraph 2.2.7.
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3.2.13 — meter ‘will b~ on a l(~ ppm- Ar.bi& ~ light c~~~~ oil sample.
Water temperature Viii b. r~m at 10°C. aM 65°C. I~ the vendor ’s
specification lists a ~~~~~~~~ temperature lees than 65d0, the
meter will be ~im at that ~~~rI~~r tempemture and t1~i~ fact
noted.

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

3.2.14 The meter Will be ~ m on a 100 ppm Arabian light crude oil sample.
- - 

Sample pressure or flow will be adjusted from one-half normal,
normal and twice normal.

Axiy effect of these changes on meter reading ‘will be noted.

This test may require modification icr meters with flow or
pressure regulators or met~ra dosigued, to discharge into an
ambient pressure m~~ ,

The meter will be r~~ ofl a 100 ppm Ara bian ligh t crude oil
sample. The water and, oil injection pizipe will be shut off.
No other changes will be made. The meter will be left turned on.
After S hours-, the water end oil ‘will be turned on set at 100 ppm.
The before 3M after zeaztthgs and any meter dorisge will be noted .
If the meter is fitted with a b y  flow shut , off , this test
detemtnoe its proper fwictioni.ng.

3.235 The meter will be rum on a 100 ppm Arabian light crude oil somple.
Supply -voltage will be raised -to 110 per cent of desigu for one
hour and lowered to 90 per cent of deei~~t for one hour. Any effect
on meter performance will be noted.

If the meter requires any utilities beside s electr icity, it shall
be tested with these utilities at 110 per cent and 90 per cent
of the desi~~ figures.
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3.2.16 The meter ‘will be calibrated and aeroed. 1 100 ppm Arabian light
-orude oil s~~~le will rum through the meter 1 or eight hours end ~~~
calibrat ion drift noted. Following this, the meter will be on
oil-free water and a~~ aero drift noted.

3.2.17 The meter shall be shut down and de—energiaed for one ‘week. It
shall be turned on and started per the umnufacturer’s Instruction..

— After the suggested warm—up and calibration prooedurea, the meter
- - 

‘will be rum one hour on a 100 ppm Arabian light crude oil sample
and one hour on oil—free water alternately for eight -hours • Any
aero or- span drift will be noted. -The total elesped time to perfo rm
the manufacturer’s suggested warm-up and calibration procedures will.
be noted.

3.2.18 For a meter desigued 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 concentrat ions up to 100 ppm are specified, and ~he

oil used should be light distillate fuel oil. A calibration curve

is not required for such meters , and the response time is to be
taken as the time for the meter to give an alarm at 15 ppm oil
ooneentration after the supply to the meter is ohar~ged fr-on clean
water into oily water having more than 15 ppm of oil.

3.2.19 A specification of the instrument concerned and a d.tagra~~~tio
presentation of the teat arrangement. should be provided and the
following data should be reported in the International Metric
System of Units:

(i) Types and properties of oils used in the teats.

(ii) Concentrat ion of oil sample s tested.

(iii) Details of contaninante tested , and

(iv) Results -of tests and analysis of sample..
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3.3 Installation ~~quireumnts

~~~ layout of the shipboard installatiOn ihould be arr~~ged so that
th. overall response ti~.e between an alteration In th. mixtur. being
p~miped and the alterstiob in the meter reaA~tng should be am short am
possible and In any case not more than 40 seconds, to allow for

- 
remedial actiou being taken before the oil content of the mixture

- 

- 

being discharged exceeds the permissible limit.

• 5.3.2- The arrange~~~t on board ship for the extraction of sample. from the
discharge line.- to the meter- should give a truly representative
smuple of the effluent . Smupling point8 should be- arranged in all
discharge pipes which have to be monitored for compliance with the

- Convention.

- 3.3. 3 Where the Convention require. records , the oil content meters should
be so de.i~~.d and constructed that any operation carried out on
than is automatically registered by the meters.
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PA~~ IV • P~ ’rB0D POB T~~ ~~?T~~)W~iTION OP OIL C i ~~

4.1 Scop. and Applioetion
- 

-: 4.1.1 The ~~thed inc1~~~e the ~~aa~renent of most 1i~~t oil fractions,
althou~~ cone lose of volatile eoi~po~enta will occur thaing the

extractions .

4.1.2 The nethod hac a noninal woxkin~ range fron 2 to 80 sgJl. The lower

level of detection can be i proved to 0.1 s~g/i by using longer

pathlength coils. The upper Unit of the r~ethcad can be e~ten6ed at
least -tc l ,00O r.g/1 by preparing -diluti-one of the eanpie cktract.

4.2 SizLary of P~~thod

The sanple i3 acidified to a low pE end extracted with tvo voli se. of

carb on tetrachloride. Thc oil content is deternined by oonpax~eon of the

infra—red absorb ances of the sanpie extract agairu~t known conoentrationa

of the cpprcpricte reference oil. Other ~~~~~~~ ~~~—infr~.—r~d active -

solvents nay be used if preferred .

4.3 Sanpling and Stora~e

• 4.3.1 ~ representative sanpie of 1 litre volune is collected, in a ~~~row-~
neck glass bottle with a presa~re—sea1ing cap. thilese the sanple
will be extracted on the day of collection , it is preaerved with
the ~dd.ttion of 5 nlb~&rocb1o~~o ncid (HC1) (4.5.1).

4.3.2 Becauae losses of oily natter will occur en sazapling equipnent , the
collection of a oocposite eozipie is impractical . Individual portions
collected at prescribed timo interval s nuat be acalyt.d separately
to obtain the average concentration over an extended period.

4.4 Apparatus

‘.4.1 Separatory f~~~el , 1,000 ml vo1i~~e, with Tefion Stopcock.
4.4.2 Infra—z-ed spectrophet~~~tér .

4.4.3 Cells , 5 ~~ pathlength , sodium ohloriü or intrs.-red—pade quarts
with a minimsa bt~~~~ trenMnittenoe at 2930 on 1

. The 5 en path—

J - length is recornended as being oonv~nient fo~ aci~&toriog ..v.la
normally encountered., Lonqer pathlengtha -be ~s.d.

4.4.4 Pilter paper , medium grade, 12.5 cm.
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4.5 Basgents

4.5.1 ~~drochloric acid, ~~l 1*1. PUx equal o~~Cs at o~~c. ~~1
and distilled water.

4.5.
~ 

Sodji~~- cb1orjde, JaCi rea€snt -~~ s4.~
4.5.3 Carbon tetrachicride, 001

4 
r.a€ent ~~ada.

4.5.4 Oil refsreno s Oil collected from the eo~~oe at the a~~ time
the sanpi. was collected.

4.5.5 Stock refereno. standard (3 ~~f~i): Acc~~st.ly wsi~ i about 0.30 g

~~ ~~ 

- of referenc. oil (4.5.4) into a tara~ 100 ml volunetria flask and
dilut, to voli.~ e with carbon t.trachloride.

I - 4.5.6 Calibration atandazda 3 Prepar. a uris. of dilutions by pipetting
volunu of stock referenc, standard into 100 ml volumetric flasks
and diluting to volume with carbon tetrachioride. £ convenient
eerie, of volumes is 5, 10, l5,~ 20 and 25 ml of stock solution.
Calculate th. exact concentrations of the dilutions in mgJlOO ml
solution fron the wei~ iing above (4.5 5).

4.6- F~trecticn

4.6.1 If the sample was not acidified at tine of collection, add 5 ml
hydrochloric acid (4.5.1) to the sample bottle . Alter ra4 -r4r’g the
sample , check the pH by touching pH—sensitive paper to the cap to
efl~~~e that the pH ii 2 or lowsr. Add more acid if neceelary.

4.6.2 Pour the sample into a aeparatory furmel and add 5 g of sodium
chloride.

4.6.3 Add 50 ml carbon tetr-achloride to the sample bottle . Cap ti~~tly
and thorou~~1y shake the bottle to rinse the inside and cap.
Transfer the solvent jn-~o the separat cry ftamel and extract by

shaking vigorously for 2 minutes. Allow the layers to separate.

4.6.4 ~~ain th. solvent layer throu~~ a tunnel oonte~ii.4 ng solvent—moistened
filter paper into a 100 el volumetrie flask.

4.6.5 Repeat step. 4.6.3 and 4.6.4 -wi th an additional 50 ml portion of
fre sh solvent combin, all solvent in the volumetric flask.
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4.6.6 Binse the tip of the aeparatory funnel , filter paper and funnel ‘with
email portions of carbon tetrachioride and collect the rinsings in
the volumetric flask . i~djuat the extract volume up to 100 ml and
stopper the flask . 1 h z  well.

4.6.7 ~~ain the water layer into a 1,000 ml ~~aduated cylinder and estimate
the sample volume to the nearest 5 ml.

4.7 Infrc—red Spectrcsco~,y

4.7.1 Prepare the infra—x-e d spectrophotometer acoording to manufacturer’s
instructions.

— 

4.7.2 Rinse a cell with two volumes of the solution to be measured, then

completely fill the cell with solut ion. P ace a matched oel]
containing carbon tetrachioride in the reference beam.

4.7 .3 Scan samples and standards from 3,200 cm~~ to 2,700

NOTE 1: Single beam and non—coanning speotrophotometers can be
used for this test . Follow manufacturer ’s instructions and
measure the absorbanco directly at or near 2930 ocf .

4.7 • 4 Construct a strai~ at baseline under the hydrocarbon band as
illustrated in Figure 4. If the scan is recorded on absorbance

paper , read the absorbance of the peak maximum at 2930 cr~
1 and

subtract the absorbance of the baseline at that point . If the
scan is recorded on transmittance pap er , the net absorbance is:

log ~~~ (baae1ine) 
—10 98T (peak maximum)

4.7.5 Prepare a calibration plot of net absorbanoe vs. mg,/100 ml oil
uBing 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 cal culations (4.8.2).

4.7.6 If the net absorbanoe of a sample exceed.s 0.8 or the linear range
of the instrument as deter mined by the calibration p1o-i~, prepare
a dijution of the sample by pipetting an approp riate volume of the
extract into a volumetric flask and diluting to vo1~~~, If the

A— 31 
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.b.orb.no. is less than 0.1, ~~x. aoeurste remalt. can be obtath~d

by using a longer pathlength oell.
- 4

4.8, Calculations

4.8.1 V .  the oslibration plot to calculate the mg of oil in each 100 ml

of sampl, ext~eot or diluti on.

4.8.2 Calculate the oil content in the sampl. using the foz,s~le:

* 

~~~0~1_ R x D z 1 0 ~~

where:

- mg of oil in 100 ml solution
(determined from calibrst icb plot )

D — eztr~ct dilution factor , if used (4.7.6)
V — vo1~~~ of sample , in millilitre. (4.6.7)

-
. 4.8.3 Report results to two aiç~ificant figur e. for levels below

100 mg/l.

I0’~ 3: For quality control, a reagent blank should be
carri ed thrcu~~ each step of the procedume.

4.8.4 For purposes of comparison to meter records, the result.

should also be presented in par ts per million (volume/volume )

with due allowance for the relative densit y of th. oil.
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