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ABSTRACT

A continuous gravitational process to separate
0l pollutant from ships' bilge water using simple and
compact. equipment is proposed. The principle of the
process is discussed. For an oil-water mixture of
known concentration and density, the location of the
interface inside the separator for different flow rates
can be predicted, Laboratory experiments will ba
conducted to test the proposed process prior to consid-
eration of further tests aboard ship.
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ADMINESTRATIVE INFORMA'LLON

The NSRDC Program Summary, '"Ballast Water-Fuel 0il Removal System (U),"

Task Area SF 35 433 006, Task 10183, was amended in November 1968 to include the

treatment of bilge water, The title in the Program Summary has been changed to
“shipboard Bilge Aud Ballast Water 0il Pollution Control System (U)" under the
same task area and Task 13216,

This report of proposed process to ‘treat bilge water is a part of Phase 1
(¢), "Setting Goals and Proposing Technical Approach", leading toward Phase 11,

"Daeve lopment and Testing of a Prototype System.'" The work is being performed
under Work Unit 1-821-156-A, -

ADMINISTRATIVE REFERENCES

(a) OPNAVINST 3120,21A, OP-332E, Ser 1879P33 of 3 Aug 1968
(b) NAVSEC 1ltr 6154H:AEC:rw 9480-1, Ser 284 of 21 Mar 1969
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

A PROPOSHD SHIPBOARD CONTINUOUS |
OIL POLIUTION CONTROL PROCESS FOR BILGE WATER

By

Dr. 1si Shan Yu

INTRODUCTION

Oily bilge water must be pumped overboard to prevent floodihg the ship
and damaging the ship's machinery. To prevent pollution of the sea the oil
must be removed from the bilge water prior to discharge.. The development of an
effective system to accomplish this is one part of the Bilge andiBallast Water
0il Pollution Control Program. A state-of-the-art search for eq ﬁment and
processes to separate oil from water has been completed.(l)

An awareness of recent developments also is desirable. 0
the information that has now been assembled, a compact: gravxtational process
has been conceived that is considered potentially feasible for satisfactory
treatr ut of water aboard ship. This process does not rely on chemicals but
allows for the use of demulsifier when a stable emulsion:occurs in the bilge
water, This report describes and discusses- the proposed process.

BACKGROUND

One of the sources of oil pollution attributable to ships is the dis-
charge of bilge water. This water contains oils from drains and leaks in the
lubricating-,hydraulic-,and fuel-oil systems as well as from the water systems
aboard ship. This oily water mixture is required toc be pumped overboard to
prevent flooding of the ship and damage to the ship s ‘machinery, ! The pumping
of bilge water is therefore necessary when the amount reaches a cértain level
inside a ship whether the ship is in harbor or on the high sea. o

OPNAVINST 3120.21A (reference (a)) prohibits naval Shlps of the United
States from discharging water having more than 100 ppm* of persistent oils
(crude, fuel, heavy diesel, and lubricating) into the navigable ‘and coastal
waters of the United States. Furthermore, the resolutions of the 1962 Inter-
national Conference on the Prevention of Oil Pollution on the Seas called by
the Intergovermmental Maritime Consultative Organization’ (IMCO) requested that

(l)cuperscripts in parentheses refer to similarly numbered entries in Appendix
A,

*Abbreviations used in this text are from the GPO Style Manual, 1067 unless
otherwise noted.
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naval ships of the signatory countries observe the lim‘Lation and the prohi-
bited zoues set torths A proposal of Llimiting oil content in the discharging

watev ‘F‘m‘uhIPJ on high geas to 00 liters per nautical mile has been made to
che IMCO, and a louger range aim of allowing uo oll in ships discharging water
s been discussed. At present Unfted States naval ships do not have a reli-

able system for the removal of the oil in their bilge watersbefore discharging
it, .

in harbors and depots naval ships may rely on baipusfo doughnuts to re~
ceive their oily bilge water. (A doughnut is a floating cylxnder open at both
ends. It allows the discharged water to be displaced through the bottom open-
ing and is incended to retain the discharged oil inside the’ cylinder ) How-
ever, barges and doughnuts are not always available when a shio has to dis-
charge its bilge water., Only very few ports or dock - arcas héve waste oil
piping systems to accept and transfer the oily bilge water from ships to a
nearby point for clarification treatment. ‘ :

While new and large commercial ships have some type of oily water sep-
arator on board to treat their bilge water, naval ships do not have such fa-
cilities, To abide by the national and- international requirements of oil pol-
_ iL.ion abatement, naval ships are in need of such shipboard capability.

Be:. :se of the existing space and weight ‘limitations and the commitment of
personnel, any separator to be used on naval ships would- have to be compact
i d easy to operate. i :

The amount of oil in the bilge water and the rate at éhich the bilge
watei is being accumul..ted in a ship vary from ship to ship: dependlng on the
ship'’s condition and personnel.

Some bilge water samplss received from USA GAINARD (DD 706) were found
to have oil contents varying from 8 to 9000° ppm.(z) These" samples were col-
lected at different dates, This large range of oil' content : indicates that the
bilge water samples could be collected under various pumping conditions. As
the interface of o0il and water approaches the discharging point in a container,
the oil content in the discharging water. ig expected to incre“se. This has
been confirmed in another investigation. It has:also bedn’indicated 4) that
different types of pumps at different speeds will cause oil’ disintegrate
into droplets of various sizes. Oil drops of 0.0l inch in diameter are diffi-
cult to separate from oil-water mixtures. An estimated bilgewwater stripping
rate of 10 gpm has been suggested as a reasonable rate for equipment design
considerations (reference (b)). :

PREVIOUS WORK

A state-of-the-art search(l) for shipboard oil pollution control systems
indicated that:

e Separation techniques such as evaporation, d tillation, crys-
tallization, or freezing are not desirable because of the. need for heavy
equipment and large supplies of heat or electrical power.

e Separation methods using hydrocyclone chromatography, sonic,
electric/magnetic, and biological techniques are still not suitable

MATLAB 330 2



sutpboard use because ol thedr small flow rates or iueilicienuy. Further de -
velopments in these arcas arve still needed,

e Centrituyging is not cousidered to bu cconumical since nost ul
the materfal centrifuged is to be discarded overboard.,

e Coalescing/filtering techniques require different selective
wliorbents for different materials to be separated. Materials containing sur-
lactants such as Navy standard fuel oil (NSFO) have been found to render the

presently known adsorbents ineffective as separating media after a short period
ot use,

e YFlotation appears uscful as an auxiliary process.

e Chemical trcatment is not a preferred method because (1) it
requires skilled operators to administer the chemicals; (2) it can also pro-
duce another pollutant; and (3) it may require special materials in equipment
construction. A limited use of chemicals to assist in breaking tight water-
oil emulsions, however, is not objectionable.

e Settling by gravitation is the preferred method because of its
potential low cost and simplicity. Although settling may be too slow for
handling large volumes of ballast water, it will probably be suitable for
handling the smaller volimes of bilge water at a flow rate of .10 gpm.

'PROPOSED PROCESS

Separation of oil from water is not a simple process. While oil and
water are immiscible in general, under a variety of conditions oil will form
emulsions with water, and it thus becomes dispersed as a mlxtu:e of small drops
in the water., The complete separation of o0il' and water from emulsions is
difficult. With respect to large scale separations in general, manufacturers
have spent millions of dollars to produce pure materials, and most of the prod-
ucts produced are still in the 98%-99% purity range (or contain 1%-2% im-
purities). The new process proposes to separate the major amount of oil
present from the bulk of the bilge water by gravitational settling and to re-
process the remainder with fresh accumulations of bilge water. Gravitational
settling is used to take advantage of the difference in oil' and water densities.
The theory of its application and the equipment to be used are described below.

THEORY

The key element in the proposed process is a continuous gravitational
liquid separator, Figure 1., The factors of density, oil concentration, and
flow rates governing the separation of a mixture of oil and water admitted
into the separator are derived as follows. It is assiumed that' the oil-water
mixture entering the separator will not be emulsified. Let the symbols listed
represent various factors as defined below.

Ph density of the heavier liquid water

Py density of the lighter liquid oil

P density of the oil-water mixture entering the separator
MATIAB 330 3
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total Ligquid height inside the separator

(ross-sceot fonal arca of the separator

height of the heavier liquid layer inside the-séparator
height of the lighter liquid layer Inside the separator
height of the discharge of the heavier liquid

cross-scctional area of the pipe for the oil-water
mixture to enter the separator

lincar flow velocity of the cil-water mixture

cross-sectional arca of the pipe for the heavier liquid
discharge (underflow)

linear flow velocity of the heavier liquid discharge
(underflow) -

cross-sectional area of the pipe for the lighter liquia

.discharge (overflow).

linear flow velocity of the highter liquid discharge
(overflow). :

ratio of the fluid densities (Pp/ Py)

fraction of the lighter fluid in the entering oil-water
mixture

fraction of the heavier fluid in the entering oil-water
mixture

volumetric flow rate of the oil-water mixture entering the
separator ‘

volumetric flow rate of the heavier fluid: (water) leaving
the separator

volumetric flow rate of the lighter fluid (oil) leaving
the separator.

residence time = ZgAg/V
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Baged on the: sctaric pressure balance principie about the separstor, ar
equation can be wi'itten .

th pp " 2!1 Pp+ Zry Py R {1) -
or '
Zn, = 2y, - 2 R e (D)
Since
Zy = Ing * Ay s e (3)

Equation (2} can nov be written as

Zhy = Zng - s s Zap) K ... (4)
or
Zh2 - Z‘R
Zhl = ——— .
1-R eenae (5)
5
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A mEtarial belaome telaziosship sswend the separsisr cae alés de wrirten. E_
Undar this ralatiotship, the misses [lowa {(m s8d 06T Af tha SEFRIELOr wevt b R
balanced by tha changs Lup;dg. I?\lrml balencs equatiom is: P '
o ,E,;kAA
R S T U S S p P P } I [ RV N (6) {
~Lalioke, - Priiun, - ng:éﬁénﬁ_._&,ﬁ St ey dm
I S
in tervw of volumatric flow rates. Equstion (6) bscamse i
i
ar ary ﬁ I
' PV - PV - Ve A (ﬁh__hl+91—-l) . .
b a8 44 erae ()
-
e i
. Since =
- | R T —g‘*‘t
L:.TL ______ e e e N . ~ )
- Equirion (7)) bactoes N - oy
3 . : Co- . - T
r - DY PV - pyam A (p-o)fﬁl.-. vaeas (9) ;o
F m'm - "h'h T S s+ " h ) { b : ' 5 ‘
L X ‘ ) -
F Sub-ctitutinx z.hl frnu Equation (5), Equaticom (9) becomes i
- B LA A N -p) zbZ_Zﬂ '
E’ A t vy .
E - or , ) (,
: L e . Ag(Ph PP R
v (Pe¥y = PrVy = Ppvyp) 48 -ﬁ___dzhz._ veses (10)

As tha effluent rvuchu Zn, after restding in the separator, Equciou
~ {10) can then ba Lnu;rlmd over tha residencs timz, # = ZaAdfgy ,
- " to obuln (flow in the opposite direction)

Pem Pnvn -pyv;)_%h *‘ (P - th . e (A1)

Solving for th, with V‘f = \.f‘l - ¥

|

e o tmm

-z ,_'[plvl "ph Vi 'p!@'l;“aj_ ZL(R'E) -

"2 Va (P, =Pp) | g
.[(a. _P[)_ zﬂ ; ®@-1 . cenes (12) E

ph -p’ v L

| FEE
Assuming additlve property for Pm, | H

Pm = Pn(1-cp) + PMycp ' ceens (13) ﬁ
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Hguetien {11} yoems
%-«[Ph(h‘l{) + 2l = pyp Vj - e

-2z @ R
phtﬂ‘
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(1 C') - '—"’iz (R 1) L] R L ¥ (1‘})

Using this darived ralationship for the separator to discharge water
g containing 100 ppm of oil or 0,017 oil in watar, the . osunt of oil in the
% 3 undsrfiow discherge is:
g -

—_ Ut e &d e Cf (Hp¥g) - 0.0001 KV . crens (15

I R :

U:i:z,g relations in Equﬂtions (12) amd (13) Equutim (15) becamc

o e e e e e e s e m L el ke m T e e R e e s s . ———— i ———— = e e

|
|
;

Vo - R-OOOOI

mgTﬂ%
i
2

) As 0,0001 is camparatively very small with R, it can be maglected, i.e.
R - 0.0001~R; then Eq}m.icm (16) becomes g
_»Vh 1- C[ + C! (1- R)
L et . ! . - - cesas (17)

1> -
a2 R

Substituts this relation into Equation (14) and it becames

- s
Zh, -— Z, (A-Cp+cply Ceeee. (18)

‘Equatior (18) predicts the haight of the effluent discharging head.
Here, € is the oil conceniratiom of dé‘ influent dtewmam, Wben this con-
cantration 18 low, the tera (1-Cf + CP“) approaches 1, and Eqnati.on (18) can

1
t
t

1
i
! ba approximated as
e a2 |
! K | . Zhy *___._._VR . - : creen (19)
5 A plot of this equation for fow values of R 4 shown as Figure 2.
! ,

I

l

|

The above darived relations do not indjecate deapendance &x the sirma of the
saparator, Tha sixe of the separator depends on the residence time, which in .
turn, dapends on the droplat size and densilles-wf Be two fluinis fmrgived. It
may sean that the flow rates do not afiact the operation from thase derived

“equations, (5) and (18), 1In fact, the flow rates and the pipa sizes have ef-
facts on droplet sises ond the residence timm required. Uhan the pipes are
small, the limesar wvelocities of the fluids in them are high snd thus high
disturbances reaplr, Thua, a longer residence time will bhe osedsd.
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kb o {1hepptwtine, the size of u cylimdrical seperator fer imfluent rate
of 10 ghn and for & residence time of 20 minmutes will be

; " Volews =~ 10 x 20 = 200 gailons or 26.7 cu £t = 1 D% Z, .

S his. .capasid -SARADALAT. can bhave the dineosicp.of the diggeter aod =000
— g — - -

i WY Dimmater Height )

: 3 fout faat ' .
L o
: . _ 1 35,1 3
= «
: ‘3 2 8.3 Z
) '8

‘_3___ S S U S-S

—- A propar shoice of the di.mensiom would therefore depend on the uuiubla _space

T F

S = - ot any soulpmence tu go taside the separator T
r

; ENU IPMENT

! .

v A flmw diagram of ‘the propoaad process appears in Figure 3. The procass

F is based on tha continucus grovitational liquid separator precedad by 2 haatad
3 and bafflad skimmer to break zmy tight amulsion and to skim off amy floating

E- oif. It fw foltowad by x filter to yetein eoy remaiming o1 in tha underflow

§ water from the separator. While the skimmer is for pretrsating tha oily water .
[f mixture, tha filter i» a safeguard.

| -

E Sk émmer

k

Tha heated and bafiled skimmer for pretreatmant would have a larger ca-
pacity than the continuous gravirational liquid separator to tfake up racycled
liqutd for reprocess when naeded. It can also act as & surge tank wher there
is a swdden increasa in the amount of bilge watar. This precrsstment operation
may alsc be bypassed when there is no emulsion in the bilge water. It im also
the place to add dewulaifying agents whon nweaded as an aid to the process, The
intakes of the bilge water will be closa to the bottan ac that any aeparated
walar lsyer vill e removed from the bilge first. A screen filter is placed
-~ beafore the pumap inler £5 remove large 8414ide that may be in the bilge warer.

Separator

Ths separator can be o cylindrical tank of coovenient dimemsion., [t has
an overflow exdt for tha lighter fluld, 611, waar the top and a discherzirg
exit for the hesvier liguid, water, osar the bottom. A flexibie hose or pipe

el if requived, A taparmd bottom is prsfarred for collecting any sediment thar
may be in tha water.
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RECYCLE FOR REPROCESSING

FLEXIBLE HOSE fOR?
HEIGHT
ADJUSTMENT

VENT

b~ < =~ vt )
on y\;« oIt

FILTER

SCREEN FILTER TO - jon

REMOVE ANY LARGE

MONITOR| OVERBOARD
ONITOR| OV

SOLIDS ™
o == {}-‘Q DRAIN

BLGE—] FOR SEDIMENTS
TO WASTE OIL OR CLEANING
(SLOP OIL)
CONTAINER

Figure 3

Proposed Process

Filter

The proposed process will also use a final ojil-removal filter as a safe-
guard. The filter case will consist of two transparent sections teo provide for
visual observation. A screen to support the filter medium of paper, cloth, fi-
brous, or synthetic foam material will be placed between the two sections. A
diagrammatic drawing of the filter appears as Figure 4. Pressure difference
across the filter could be used as an indication of the filter effectiveness.

A dual filter setup is suggested so that either one can be,used while the
other one is being cleaned. This will allow a continuous operation.

Measuring Devices

A visual or an instrumental examination port may be installed after the
filter to check the condition of the effluent before it is discharged from the
process, As there is not availabia at this time a reliable continuous measur-
ing and monitoring device for oil toncentration in water, any device that can
act as go/no-go gage or alarm may be used.

Several investigators (5),(6),(7) have been looking into devices based on
the optical principle, but no published results have been made available. Their
developments are being followed. A foreign made '"Oleometer' using ultrasonics
to emulsify oil into particle sizes of the range 0.2 - 0.3 micron and then ex-
amine the emulsion for turbidity has been said to be able to measure oil to 100
ppm. Details of this device are being sought in regard to its operation and
availability.
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Figure 4
“Filter

Whils a satisfactory measuring device for effluent contsmination may be

diffimilt t5 procars bacausae of tha requirument of & low contamination range to
" be sensad, an Intarfaclal detector to control the separstion proc&ssd may be - T
nore rud:lly obtaingd, An alarm wmry be associated with ths interliace detecting
davice to warn that the oil-vsater interface im approaching a critical level and
to iatertupt the procsss sad prevent pumping effiuvent overboard. Such a schemas
may oot ba nu'g;l.snly satisfactory 1f the existing or proposed lov contamination
limits resain is resuirementzs. FHowever, it should reduce the incidence of gross

coateminatioa., Tha availsbliity of such devices has been determined, and som.
ot thésa TTI1 68 swuloate® 18 the 1V ESvCYy Eperisints,
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EXPERIMENT

To test the proposed process it is planned to fabricate and/ or assemble
the equipment described above. A reservoir of salt water (Severn River water)
will be contained by the use of floating open-end cylinders or ‘storage tanks.
To this water various amounts of different typas of oil will be added to simu-
late the bilge water situation., This oily water mixture will then be pumped
through the separating process assembly at/different rates. The amount of oil
in water of both the influent and effluent streams will be detérmined by quan-
ticative solvent extraction procedures. Proposed measuring'devices will be in-
corporated and evaluated in this setup as they become availabley On the basis
of results obtained, modifications and improvements in the process will be
made. (It is planned to use this installation to examine other oil-water sepa-
rating processes as the need for them becomes apparent.) i

FUTURE ACTION

After the laboratory experiment resulis have been evaluated, and provided
they are found satisfactory, a shipboard test will be made to»é}tablish the
need for changes and improvements. Upon completion of;this‘teﬁting, and possi-
ble changes resulting therefrom, final plans and test procedures for construc-
tion and use of this process in the Fleet will be prepared. &
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