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(54) Title: A LIQUID-LIQUID FILTER ARRANGEMENT

(57) Abstract: The invention relates to a liquid-liquid filter arrangement and associated method suitable for use in separating liquid
contaminants from aqueous/organic sensitive, bulk liquid storage facilities without first coalescing or emulsifying the liquid contam-
inants in at least a portion of the bulk liquid before separating the liquid contaminants from the bulk liquid. The filter arrangement
including a static density separator vessel, comprising an upper organic liquid portion, and a lower aqueous liquid portion, a contam -
inated aqueous-organic bulk liquid inlet, a separated aqueous liquid outlet, and an organic liquid outlet, the contaminated aqueous-
organic bulk liquid inlet being configured and dimensioned to introduce the contaminated aqueous-organic bulk liquid into the static
density separator vessel in a predetermined manner to enable any existing aqueous-organic liquid emulsion sufficient residence time
within the vessel to separate prior to discharging the separated, aqueous liquid and the organic liquid from their respective outlets.
The filter arrangement and method is suitable for use in separating either aqueous liquid contaminants from bulk fuel or organic li -
quid contaminants from bulk aqueous liquid.
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LIQUID-LIQUID FILTER ARRANGEMENT

The invention refates to a liquid-liquid filter arrangement suitable for use in sgueousiorganic
fiquid-sensitive, bulk liguid storsge facilities fo separate unwanted agueous phase, lHguid
contaminants from bulk organic phase liquid, such as water from bulk liquid fuel storage
facilities, or 10 separate unwanted organic phase, liguid contaminants from bulk agusous phase
fiquid, such as from bulk potable water storage facilities, and to comresponding mathods for such

separation.

5

ackaround o the Invention

queocusiorganic sensitive, bulk liguid storage facilities such as figuid fusl
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storage faciliies andior potable water storage faciliies is an ever present concern at such

Mare particularty but not exclusively, the contamination of fossil and synthetin iquid fusls in bulk
storage facilities by agueous phase liquid contaminants, such as water, causss extensive losses
i many industries worldwide, including the petroleum, transport, mining, maring and electricity
generation sectors, where operational failure in equipment such as gensrators constituie a

common problem.

Known eguipment for removing liquid contaminants in aqueous/organic sensitive liquid storage
facilities such as fust depots incudes a fueliwater separator, commoniy utifizing filter media o

3

sparate the solid contaminants and centrifugal forces o separate the typically lighter fusl from
the denser aquecus phase liquid contaminanis. Finer agueous phase lquid droplets are often
freated with coalescing agents to creatle larger drops that are more susceptibis fo centrifugal
forces or gravity to assist with the separation process. Known processes for removing aqueous
figuid contaminants such as water from liquid fuel storage facilities include the use of stripper

matenal wherein fine aqueous phase lquid molecules are not allowed o pass %hmugh the
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media but forced to drop out. The separated agusous phase fguid con

drained off pericdically by means of suifabie waste disposal facifities.
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Three of the more common problems with the known eguipment, §ncu'\°*=“g filters, are irreguiar
fquid contaminant removal, such as d{amage the relfatively insufficient storage capacity for the
separated liquid confaminants in the existing systems, cagusing an inability to cope with relatively
farge lquid flow or volumes, and the arabuy of the equipment {o handle agusousiorganic
emuisified contaminants. These problems typically allow contaminated bulk liquid fo bypass or
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]

through the fltler sysiems wnhindered into downstream eguipment, aliowing the

contaminants 1o cause operational breakdowns and other operation difficulties.

Obilsct of the Invention

it is therefore an object of the invention fo provide a novel liguid-iquid filter arrangement and
associated method aimed at overcoming or at least reducing the above limitations of some of

ihe existing filters and methads or at least to provide alfernative arrangements
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Suummary of the Invention

According fo a first aspect of the invention there is provided a Hquid-liquid fiter arrangement
suitable for separating agueous phase liquid contaminants from organic fiquid fusl, the filter
arrangement including 2 siatic densily separator vesssl, comprising an upper organic Hguid
portion, and a lower gqueous liquid portion, a contaminated organic quid fuel inlet, 2 separated

agqueous liquid contaminant outlet, and a contaminant-free, organic Hquid fuel outlet

The fiker arrangement preferably separates the aqueocus phase liquid contaminanis from

organic liquid fusl without first coalescing or emuisifying the aqueous phase liquid contaminants

i ai least a portion of the organic liquid fuel.
The contaminated organic liquid {uel intel may be configured and dimensioned to intfroduce the

contaminated organic liguid fuel info the stalic density separator vesssl in a predetermined
manner 1o enable the agueocus liguid-in-organic Hquid emulsion sufficient residence time within
the vessel o separate prior {o discharging the separated, agueous Hguld contaminant and the

contaminant-free, organic Hguid fuel from their respective outlets. The contaminate
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guid fusl inlet may consisi of a central tube ending in a sleve for retaining any solid

contaminants.
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introduction of the contaminated organic liquid fuel in predetermined manner may comprise
acherence to predetermined operational variables selected from the group including introd ucing
the contaminated buik Hiquid under a substantially laminar flow regime and a specific flow rate
into the vessel; and batch wise, semi-continuously or continuously; while maintaining the levels
of the aqueous liquid and the organic fiquid operatively within the corresponding agueous Hauid
and organic figuid porfions of the vessel, to enable sufficient separation of the aguecus and

organic phases with

G
[
o)

in the emiidlsion {0 separate prior to discharging the separated organic igu
and agueaoyus liquid from their respective nutiets

The filier arrangement may include a first, agueous liquid sensor, for sensing the agueous
figuid, & second sensor, for sensing the aqueous liquid rising towards the upper organic liquid
portion, and & third sensor, for sensing the organic liguid dropping towards the lower aqusous

liquid portion,

The filter arrangement may have an aqueocus lquid conirol valvs, for confraliing the flow of

agueous liquid from andior into the aqueous portion, to retain the agueocus Hquid operatively

&

within the lower agueocus lquid portion, and thus the organic liquid operatively within the uppsr

)

organic iquid poriion respeactively.

The sensors may consist of electronic density sensors, calibrated float or circult sansors, the
sensors being capable of sensing the gradually increasing or decreasing densities or circuit
disturbances of the liquids being measured at the respective points to assess the rising of the
refatively higher density, agqueous louid towards the upper organic liguid portion, and the

dropping of the relatively lower density, organic lquid towards the lower aquesus liuid portion,
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The sensors are preferably calibrated fo measure density variances

3

parameters according 1o the speciiic density ranges of the bulk fuel, potential contaminants
andfor possibie emulsions. The sensors may have controlied, low voltage supply to reduce the

e

risk of an slecliic arc fiash in the presence of the figuid fuel.

The filter arrangement may be operable batch wise, alternatively semi-continuousiy
ahternatively, continuously, by controlling the Bow rate of the contaminated organic liquid fuel

= A

inte the stalic density separator vesssl, and/or by controlling the anueocus Bqguid control vaive,

[0
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and thereby the respaciive levels of the aqueocus fiquid and the organic liquid

the corresponding portions within the vessel

The filter arrangement may be provided with a suliable PC Board to contral the vari

)
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5 including the flow rates of the contaminated organic iquid fusl into the static density senarator

vesse: andfor the agueous liquid info and/or from the vessel, via the control valve, and thus the

levels of the agueous and the organic liquid levels within the vessal,

The fiter aﬁ*ange nent preferably includes a suitably con fg red peristaitic pump for infreducing
10 the contaminated bulk Hiquid inte the vessel under a substantially laminar flow regime and at the
specific fow rate to minimize turbulence so as © avoid emul sn‘ytm the liquid contaminants inio

the bulk liquid before allowing separation of the aquecus and organic phases within the vessel.

The titer arrangement preferably includes a suitably configured, pre-liguid-liguid separation

15 particulate filter vessel, for removing at isast some of anv particulate solid contaminants from

11

the butk fusl

According to a second aspect of the invention there is provided a method suitable for separatin

%

{91

agueous phase liquid contaminants from organic liquid fusl, the method including the step of:

26 Setiling the conlaminated organic liquid fuel in a static densily separator vessel, having

D

1]

noupper organic liquid portion and a lowser aqueocus liquid portion, {o enable any

gueous liquid-in-organic liquid emuision sufficlent residence time within the vesssl to

1)/

separate into a botlom, relatively higher density, agusous phase liguid contaminants

taver and a top, relatively lower densily, substantially contaminani-fres, organic liquid

&

25 fusl layer;

Sensing the aquesus liquid contaminants laver rising towards the upper organic liquid

Sensing the organic liquid fuel layer dropping towards the lower aquesus liguid portion:

C@n‘ircﬁing the graduai increasing or decreasing densities of the fiquids being measured

74

30 at the respective points to assess the rising of the relatively higher densit

b

f Bgueny

figuid towards the upper organic liquid portion, and the dropping of the relatively fowe

ey

density, organic liquid fuel towards the lower aqueous liquid portion;
Discharging separated, aquecus liguid contaminants from 2 suitable, relgtively lower

outlet: and
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Discharging relatively contaminant-free, organic liquid
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higher outl
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The step of discharging the separated, agueous liguid contaminants andfor discharai
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refatively contaminani-free, organic fiquid fuel may be batch wise, aétemai*\:efy semi-

continuously, alternatively, continuously, by controlfing the flow rate of the contaminated organic

k

fiquid fuel into the static density separator vessel, and/or by coniroliing the aquecus liquid

)

control valve, thereby controlling the respective lsvels of the aqueous liguid and the organic

3

figuid operatively within the corresponding portions within the vessel.

According to a third aspect of the invention thers Is providad a liquid-liquid fiter arrangemeant
suitable for separating organic phase liguid contaminants from an aqueocus bulic lquid, the filter

arrangement including 2 static densily separator vessel, comprising an up arganic Hquid
el 5 2 5 M

portion and a lower aqueous liquid porfion, a contaminated aguecus Hguid infet, 2 separated

»

3 .

organic fiquid contaminant outlet, and a separated, contaminani-iree, aqueous liguid cutiet,

3

]

The contaminated aqueocus lguid inlet may be configured and dimensioned to introduce the
contaminated agueous biquid into the lower agueous liquid portion of the static density separator
vessel in a predetermined manner {o enable the organic Bauid-in-agueous lquid emuision
sufticient residence me within the vessel to separate prior to discharging the separated,
organic liguid contaminant and the contaminani-fres, agueous liquid from

outiets. The contaminated aqueous liquid infet may consist of a central tube ending in a sisve

<

for retaining any solid contaminants.

The filter arrangement may Include a first, agueous liquid sensor, for sensing the aquesus liquid

nsing towards the upper organic liquid portion, and a second, organic liquid sensor, for sensing

el

rganic Hiquid dropping towards the lower aqueous liguid portion. The filter arrangemant may

p
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Ve agueous liguid control valve, for controlling the flow of agueous liguid from andior into

(

an
the aqueous portion, o retain the aqueous lguid operatively within the lower agueous liguid

g

;}(}{ﬁ{)n and ithus the organic liquid operatively within the uppsr organic lquid portion

The sensors may consist of eleclronic density sensors calibrated float or circull sensors,

capable of sensing the gradually increasing or decreasing densities of the louids being

5
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measured at the respeclive points to assess the rising of

itquid towards ihe upper organic fiquid portion, and the dropping of the relatively lower density,
The

organic fiquid fowards the lowsr agueous liquid portion.
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measure density variances between specific parameters according fo the specific density

anges of the bulk fusl, potential agueous contaminants andfor possible emudsions.

The filter amangement may be operable batch wise, alternalively semi-continuousiy,

5

alternatively, continuously, by controlling the flow rate of the contaminated aqueous liquid int

Q0

the siatic densily separator vessel, andfor by coniroliing the agueous Haquid control vaive, an

V]

thereby the respective levels of the agueous liquid and the organic fiquid operatively within th

corresponding pertions within the vessel

The filler arrangement may be provided with a sultable PC Board o corvrol the varables,

-

nclugding the flow rates of the contaminated agueous liquid into the static density separator

vessel andfor the agueous liquid inte and/or from the vessel, via the control valve, and thus the

levels of the agueous and the organic Hiquid levels within the vessal.

According to a Tourth aspect of the invention there is provided a method suitable for separating

3

organic phase iiquid contaminants from aqueous bulk fiquid, the method inciuding the step o

Y\

eparator vessel, haw

—

Settling the contaminated agqueous bulk Hould in 2 static denst

-,

12}

2

9
!
o @

an upper organic iguld portion and g lower aqueous liguid portion, to enabils any organd
fquid-in-aquesus fiquid emulsion sufficient residence time within the vessel to separate

inte a bottom, relatively higher density, substantially contaminant-fres, agueous liquid

i

layer and a {op, relatively lowsr density, organic fiquid contaminant layer,
Sensing the aqueous hiquid layer rising towards the upper organic liquid portion;

Sensing the organic fiquid layer dropping fowards the lower agueous liquid portior
Controliing the gradual increasing or decreasing densities of the liquids being measured

B

t the respeclive points to assess the rising of the relatively higher density, agueous

2

(

fiquid towards the upper organic liquid portion, and the dropping of the relatively fower
densily. organic liguid lowards the lower agueous liguid portion

Discharging separated, relatively contaminant-free aqueous liquid from 2 suitable,
relatively lower outlet and

Discharging separated, organic liquid contaminants from a suitable, relatively higher

outiet.

o
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The step of discharging the separated, relatively contaminant-fres, aguecus lguid andior of
discharging the organic liquid contaminants may be batch wise, alternatively semi-continuously,
alternatively, continuously, by controliing the flow rate of the contaminated aqueous liquid into
the static density separator vessel and/or by controlling the &
fhereby conirolling the respeciive levels of the aqueous liquid and

within the corresponding portions within the vessal,

Dstalled Description of the Invenition

An embodiment of the invention shall now be described with reference o the accompanying

drawings wherein

Figure 1 is a diagramimatic cross-section of & siatic density separator vessel of 2 liquid-

liguid filter arrangement in accordance with the invention; and

Figure 2 is a diagrammatic cross-section of the static densify separator vesssl Blustrated

n Figure 1 with a particulate fifer vesse! upstream of the siatic density separator vessel.

3]
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A filter arrangement 1 suitable for use in separating agueous phase Hauid cont
fossii and synthetic fiquid fuel in bulk storage faciiities in accordance with the invention and as
reflected in Figure 1 includes » stafic density separator vessel 2, comprising an upper arganic

fiquid portion 2a and 2 lowsr agueous liguid portion Zh, a contaminated bulk fauid

fl

i

separated agueocus iiquid contaminant outlet 4, and a contaminani-frae, bulk lquid fue! outlet 5.

[9%)

The contaminated bulk liquid fuel inlst 3 is configured and dimensioned fo infroduce the
contaminated organic liquid fuel into the static density separator vessel 2 in & predetermined
manner 1o enable the aguecus fiquid-in-organic liquid emulsion sufficient residence Hime within
the vessel to separate prior to discharging the separated, aguecus liquid contaminant and the

contaminant-free, bulk liquid fusl from their respeciive outleis 4 and 5. The contaminated bu

=

Hguid fuel inlet 3 consists of a central tube ending i a sieve 8 for retaining anv solid
contaminants {not shown). Alternatively. the sieve 8 could be substifuted by 2 fiow direciional

device {not shown).

~d



(&3

o

<>

et
83

{3

(]

WO 2016/049665 PCT/ZA2015/000063

introduction in a predetermined manner consists of adherence o predetermined oparationat
variables, such as introducing the confaminated bulk fiquid into the vessel 2 under a
substantiaiiy taminar flow regime and a specific fiow rate, $o as to minimize twbulence and
hence avold emulsifying the liquid contaminants into the bulk fiquid bsfore aliowing separation of
the aqueous and organic phasss within the vesssi, semi- continuously, while maintaining the

levels of the agueous fiquid and the organic liquid operatively within the upper organic Higquid

(_)

portion 2a and the lower aqueous liquid portion 2b, of the vessal, to enable sufficient separatic
of the agueous and organic phases within the emulsion io separate prior to discharging the
separated liquid fuel and the agueous liquid contaminants from thair respective outlets 5 and 4.

The filter arrangement 1 includes a suitably configured peristaltic pump {not shown} for

introducing the contaminated bulk lHiquid into the vesse! under a substantially laminar fiow

regime
The fiiter arangement 1 further includes a first, aquecus liquid sensor 7b, for sensing the

organic liquid portion 2a, and a third sensor 7a, for sensing the organic flquid dropping towards
g GQUIC | g ‘ pping

the lower aqueous liquid portion 2b.

The filter arrangement 1 alsc has an aqueous liquid control valve 2, for controliing the flow of
aqueous liguid from and/or into the agueous portion 2a, to refain the aqueous liquid operatively
vithin the lower agueous liquid portion 2b and thus the organic liquid operatively within the

upper organic liquid portion 2a raespactively.

The sensors 73 & b and B consist of electronic density sensors, alternatively, calibrated float or
circuil  sSensors, capabie of sensing the gradusily increasing or decreasing densities,
alternatively, the uit disturbances, of the fiquids being measured at the respective sensors to
assess he rising of the relatively higher density, agueous fiquid towards the upper organic liquid
portion Za, and the dropping of the relatively lower density, organic liguid fowards the lower
aqueous lguid portion 2b. The sensors 7a & b and 8 are calibrated to measure density
variances between specific parameters according 1o the specific density ranges of the buik fuel,

poiential aqusous contaminanis and possibie emulsions.
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it is envisaged that the filler arrangement 1 can be operated baich wise, semi-continuousiy or
continuously in accordance with the invention, by controlling the flow rate of the contaminated
Bulk hiquid fuel into the static density separator vessal 2, andfor by controliing the aquesus liquid

control valve 8. and thereby the respective levels of the aqueous licuid and the organic liquid

operatively within the corresponding portions within the vessel
The fiiter arrangement 1 is provided with a suitable PC Board 10 o control the variables,

including the flow rates of the contaminated organic liquid fuel info the static density separator

vessel 2 and/or the aqueous liquid into and/or from the vessel, via the control valve 8, and thus

the levels of the aqueosus and the organic figuid levels within the vessal,

The filter arrangement 1 is commissioned by priming the static density separator vessel 2 with &
suitable aqusous liguid to a preseiected lavel in the lower aqueous liquid portion 2b, and with a
suitable organic liquid 1o a preselecied level in the middie smuision poﬁ:ion 20 or the upper

aqueous porlion Za in accordance with the operation varigbles for the

Zﬁ*
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The filter arrangement 1 is typically fed with contaminated Hquid fuel from bulk storage, via a
pre-liquid-ligutd separation, particuiate filter vessel 11, as reflected in Figure 2. The particulate
filter vessel 11 is provided with an internal co-centric cyviindrical sieve 12, for retaining at least

2,
some of the particulate solid contaminants (not shown} in the fusl The particulate filter vesssl
11 has an upper organic iquid portion 112 and a lower agqusous Eic;uéd portion 110, & materially

4y

parliculate-fres. organic liquid fuel outlet 13, located fowards the upper portion of the vessel s6

as o snable pre-separation of aqueocus liquid contaminants, and an aguecus Hauid

[
9]

ntaminants drain vaive 14, for the draining of the pre-separated agqueous Hguid conta

3
)
o
=
4
wn

i will be appreciated that many variations from the sgesém embodiments as described
hereinabove are possible in defall, such as adapting the lguid-iquid 8iter arrangement and

associated method for separating organic liguid contaminants from ag

e
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incorporating specific safely and/or control features such as a fuel drainage ¢
accidertal fuel drainage or drainage of other bulk liquids, without departing from the scope

andfor spirit of the inventions as claimed hereinafter.

(18]
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Claims

A liquid-liquid filter arrangement suiiable for use in separating liguid contaminants in
aqueous/organic sensitive, bulk fiquid storage facilities, such as aqueous contaminants
in bulk fuel tanks, the filler arrangement including & stalic densily separator vessel,
comprising an upper organic liquid portion, and a lower agueous éﬁsuid portion, a
contaminated aquecus-organic bulk fiquid inlet, a separaled aguesus lquid outlet, and
an organic liquid outiel, the contaminated sgueous-organic bulk lguid inlst being

onfigured and dimensioned © infroduce the contaminated agueous-organic bulk liquia
into the static density separator vessel in a predeterminad manner {o enable any sxisting
aguecus-organic liquid emulsion sufficient residence time within the vessel {0 separate

orior to discharging the separated, aguecus liguid and the organic Bquid from thelr

The filter arrangement as claimed in claim 1 wherein the arrangement is adapled for
separating agusous phase liquid contaminants from bulk fquid fuel, characterised in that
the contaminated agueous-organic iquid inlet constifutes a contaminated liguid fuel inlet
the separated aqueous liquid outlet constitutes a separated aqueocus liquid contaminant
outlet, and the organic liquid outlet constitutes a contaminant-free, bulk liquid fuel ocutlst
and wherein the contaminated lquid fusl inlet is configured and dimensioned to
intfroduce the contaminated liguid fuel info the siatic densily separator vesssel in a
predetermined manner to enable the aqueous liquid-in-organic liquid emulsion sufficlent
residence fime within the vessel {o separate prior to discharging the s
liguid contaminant and the contaminant-free, organic liquid tusl

pistiets.

The filter arrangement as claimed in claim 1 wherein the arrangement is adapted for
separating organic phase Hquid contaminants from bulk aquecus liguid, characterised in
that the contaminated aguecus-organic bulk liguid inlet constitutes a contaminated buik
agueous liquid inlet, the separated agueous liguid outiet constitutes a contaminant-free
hutk aguscus Hguid oullet, and the organic liguid cutlet constitutes an organic Hauid

u

contaminant cuilet, and wherein the contaminated bulk agueous liquid inlet s configured

densily separaior vessel in a predetermined manner o enable the organic hiquid-in-

10
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acueous Hould smulsion sufliclent residence fime within the vessel ic separate prior o
{ g f

‘?7

discharging the separated, organic liquid contaminant and the contaminantfree, bulk

The fdiller arrangement as claimed in claim 1 wherein the introduction of the
cortaminated bulk liquid under a predetermined marnner comprises introduction under

3

predetermined operational variables selected from the group including intreducing the
b

without intentionally emulsifying the liquid contaminanis it at least a portion of
the bulk liquid before separating the liguid contaminanis from the buik Hguld;
under a substantially laminar flow regime and at a specific flow rate, s¢ as o
minimize smuisiiving the lguid contaminants into the bulk liquid before allowing
separation of the agueous and organic phases in the vessel and
at isas! semi-continuoushy;
while maintaining the levels of the agueous liquid and the organic liquid operatively
within the corresponding agueous liguld and organic liguid portions of the vessel, to
enable sufficient separation of the aqueocus and organic phases within the emulsion {o

saparate prior to discharging the separated organic fiquid and aqueous liquid from their

]

The filter arrangement as claimed in claim 1 wherein the contaminated bulk liquid inlet

0
)
3
@
{
&
i
o

antral tube with a sieve at iis opening for refaining any solid contaminants.

The filter arvangement as claimed in claim 1 wherein the arrangsment is provided with a
first, agusous liquld sensor, for sensing the agueous liguid, & second sensor, for sensing
the aguecus liguid rising towards the upper organic iquid portion, and a third sensor, for
sensing the organic lquid dropping towards the lowsr aqueous liguid portion.

The filter arvangement as claimed in claim § wherein the sensors are selscted from

44

slectronic density sensors, calibraied float and circult sensors, the sensors being

b

capable of sensing the gradually increasing or decreasing densities of the liguids bein

%]

d

;,
y2

¢

measured at the respective points {o assess the sising of the relatively higher density,
agquecus Hquid towards the upper organic lquid portion, gnd the dropping of the

relatively tower density, organic liauid towards the lower agueocus liquid pottion.
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The filler arrangement as claimed in claim 2 or 3 characterised n baing provided with a
liquid contaminant control valve, for controlling the volume of Hauld contaminant in ils
corresponding portion i the vesseal, so as o refain the liguid contaminant operatively

within #s corresponding portion. and thus the bulk iguid operatively within the bulk liquid

The filter arrangement as claimed in claims 1 to 8 wherein the arrangement is provided

with a suitable PC board and associgted control system for confroliing preselecied
operagtional variables, seiscled fram the
contaminated bulk liquid into the stalic density separator veasel and the levels of the
agquscus and the organic liquid levels operatively within the sgqueous liquid portion and

the arganic Hquid portions respectively.

o

The fiiter arrangement as claimead in claim § wherein the sensors are calibrated o

measure density variances betlwesn specific paramsiers according io the specific

density ranges of the bulk liquid, potential contaminants andfor possible emulsions.
The filter arrangement as claimed in claims € fo 10 wherein the sensors have controtied,

& possible sparking in the presence of the liquid uel and are

¥

149

lectrolysis resisiant.

=

The filter arrangement as clamed in claim 1 having a suitably configured peristaliic
pump for introducing the contaminated bulk liquid info the vessel under the substantially

laminar fow regime and at the specific flow rate.

The filter arrangement as claimed in claim 1 having 2 suilebly configured, pre-liquid-
liquid separation, pariicuiate filler vessel, |

solid contaminants from the bulk fuel

7
P
=
£
=

ethod suitable for separating liguid contaminanis in aqueousiorganic sensitive
fauld storage faciiiies, the method including the sieps of

infroducing the confaminaied aquecus/organic bulk lguid n & predetermined

manner inlo 3 slalic density separator vessel, having an upper organic lguid

portion and a lower aguesus liquid portion, io enable any aguscusiorganic liquid

amulsion sufficient residence time within th
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relatively higher density, agueous phase liguid layer and a top, relatively lower
densily, organic liquid layer:

sensing the agueous liquid layer rising towards the upper organic Hiquid portion;
sensing the organic liquid layer dropping towards the lowsr agueous liquid
portion;

controfling the gradual increasing or decreasing densities of the lquids being
measured at the respective points to assess the rising of the relatively higher
density, aquecus liquid fowards the upper organic liquid portion, and the
dropping of the relafively lower density, organic Hquid fuel towards the lower
agueous lguid portion,

discharging sultably separated, agueous Hguid front a suitable, relatively lower

charging sultably separated organic fiquid from & suitable, relatively higher

{

15, The method as claimed in claim 14 wherein the predsetermined manner includses the
steps of infroducing the coniaminated bulk fiquid:

without first emulsifving the liquid contaminants in at least
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liquid before separating the lguld contaminants from: the bulk iquid;

under a substanﬁa%@y laminar flow regime, at a specific fiow rate, al least semi=

maintaining the levels of the agueocus fiquid and the organic liquid operatively
within the corresponding agueous Houid and organic Hguid portions of the vessel;
and

alfowing any agqueousiorganic liquid emuision sufficient residence time within the
vassel io separate info a bottom, relatively higher density, agusous phase Hquid
laver and a top, relatively lower densily, organic liquid layer;

orior {¢ discharging the separated organic fiquid and aquesus liquid from thelr

18, The method as claimed iy claim 14 or 15 wherein the Hguid ¢
pghase Higuid and wherein the bulk Haquid is bulk liguid fuel, the method including the siep
of contro iing the volume of liquid agueous contaminant in s corresponding portion in

the vessel, thereby retaining the agueous liquid contaminant operatively within the
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agueous liquid portion and the bulk fusl operatively within the

within the vessel

PCT/ZA2015/000063
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