LI'QUI D- LI QUI D SEPARATI ON APPARATUS The present invention concerns. - ...
~.apparatus for separating inmscible water and lighter |iquid, for exanpl e
hydrocarbon. liquids and the like from water. More particul ar| y, though
not exclusively, the invention concerns a_ljiquid-liquid separator for 5
use in a body of water. for separating and renoving crude oil from wa
dwdter, and specifically, waste water discharged from an offsho
~dritling platform Wste water disposal caissons are avail abl e which resve
oil fromwaste water through LhgUIrS®IQIITASEPARATIONIAPPARATUSVEr weir 10
l'ocated above the nmain water |evel of the body of water in which such
~cai'ssons are arranged. These caissons, however, are susceptible
to the potentially. adverse effect of wave action; nanely, that the
oil/water interface | chel prepenteinvéntdons congérnnsnoInparatis yiqn seepdraréng he
spillover weir and allow water to enter 15 the oil chanmber fromwhich it -
i s desired to pwiscirilleywatdr, aft ddghterg liquid,t fier | ep#ludsnhvdrpan on ther e

i s provided afpar atus for separating the conponents "of ~a
m xture of wa ’e?méﬁdaf‘?gﬁ'i‘%r 11keyuf xpm "b’ﬁ'ﬁF r si Here aPartdsulandys uaﬁhét‘lgl? n“%t

' f. r,
apody_-o vat e 'exclusively, the invention concerns a 11qu;1d—11qu1d separator for

5 use in a body of water. for separating and removing crude oil from
waste water, and specifically, wasté water discharged from an

offshore drilling' piatform._ _ e

Wasfe wat_:ef ‘disposal caissorIxs'_.. are _:a_vailable whiéh remove

.oil from waste water through the use of an internal. spillover weir

10 l_oc'ated above the main. water level of thé"bodﬁ o.f'wat.;er in which_
such . caissons are . arrang.ed:. . These caissons, .'however, aré

- susceptible to the potentially adverse .effect of . wave action; )
ﬁmnel’y, that the oil/water interface level in the I'caissons might

_ méme_nt.arily risé above the spil‘lovef weir émi allow water to enter

15  the oil chamber from which it is desired to pump only- oil.
= _ According to the present invention, there is provided
apparatus for separating the components of  a lii;uid mixture of"

water and lighter liquid, comprising:

a vessel situated in a body of water;



1 to .
-2- a suwrge plate extending horizontally across the interior of said .
vessel dividing the vessel into an upper section and a | ower section which\/
defines a first reservoir for the liquid m xture and whi ch comuni cates
“Wi-th said body of water, sai d surge_pj at e havi ng an openi ng .t her et hrough

e B

=
@: ng being sized to restrict flow between the upper and | ower _
ct\sgfis as a result of changes in the water |evel of the body of water; 10
“a weir plate havi ngaansufgeer pRdoe adxtandim) em&iwhtampye adrBes exgnect ed hi gh
ean water |evel of the body of water, the weir plate extending in an
upwar d di recti cintferdor sof ¢a§drg$s|el1aaevidin§| theevédseludnes s:ecﬁp;@&} into a
-second reservoir, which comuni cates with the first 15

reservoir thr oug?mttlhe yped dgven qmelwurvgecplmfénaﬂch |fmrs\h|relaet\harl [ ght er .

j I|qU|d corrponents of. the liquid m xture
: for the liquid mlxture and which communicates with sald bodv

'.elg": . of water, sald surge plate hav1ng an openlng tnerethrougn
| _ between the_ppper and;lower sections forming a flow passage
- therebetween; the opening being sized to restriet_tiew o K N
between:the_uppef and lower sections as a.tesaitﬁof changesv
. in the water level.of the body of water;
"';16 : _ a weir plate having an ‘upper edge at an elevatlot
. above the expected high mean water level of the body oft
"wateriathe'weir'plate.extending in aﬁ upward
direction fzbﬁ said surge plate to divide the upper section
into a second reservoir, whieh-communicates with thetfi}st
- 157 - reservoir .'thro'ugh the opening in the surge pla_te' and in
. which the lighter 1iquid.eomponents'of ‘the lieuid'mixture
eollect, and‘a.chambe: fot'the 1ighter-1iquid compotents of
the liguid-mi#ture which everflow the upper edge of the

weir plate;

the upper and | over sections formng a f1ow passage therebet ween, “w s

o

20 B '~ means for supplying said liquid mixture to said first SRS,

reservoir; and



“collect, and' & chamber for the lighter liquid conponents of the liquid ‘
. mxture which overflow the upper edge of .the weir plate; 20 o
__-_'\T_feans for supplying said li-quid m xture to said:first-reservoir;
‘reans in said .chanber for renoving said lighter liquid from said
-Wth such separation apparatus, the upward 3 owof liquids int [
- vgection of the vessel (caisson) is restricted such that 5 - eve under
storm conditions, the oil. level -is "increased only slightly during a
~rise in the water level i guRsi ahelyisShidmeRdels fdRveRd S298- 1ighties Piduid
~level falls an equivalently small amount when the water |evel 1Tmediately -
~surroundi ng the cai ssgyonf 8hi® chdddrQpeni ng, in the surge plate restricts
.upward flow of |iquids caused by 10 wave action yet does not restrict
downward flow of the inlet |iquids and solid particles, such as sand..

e I With such separation apparatus, the upward flow of liquids

-

in the upper section of the vessel (caisson) is ;estriétéd such that
5 . even under storm conditions, the oil level is increased only
e P 'slightly during a- rise in the water level immediately surrounding
the caisson. This oil level falls an equivalently small amount when
‘the water level immediately surrounding the caisson falls. ‘feowaif
The _opeain . . o s _
]:dme“in the surge plate restricts upward flow of liquids caused by
10 wave action yet does not restrict dovnward flow of 'the_inlet liquids

and solid particles, such as sand.

3]



‘A further advantage of t he surge plate concept is that since the oil RS
spillover weir does not have to be ‘el evated nuch, above the expected high o

- mean ter level, - smaller oil layer will be forned in the upper section-

..of th i sson reducing thereby the 5 - possibility that the lower level
-of th | level i.e. the oil-water interface will fall below the water — "~
inl et \€rminus.. The invention will ke better understood fromthe following ™

)

deseription, given by way of exanple, with reference to the accom panying. __

- drawi ngs,

in which :- 10 Figure 1 is a vertical, sect

i onal

vi ew-of “one form of Tiqui d-1'i qui d separation apparatus in accordance -with
. the invention; and Eoxthes 2advantagei efy thekesurge plates ceagepsf iEi ghae 1.
-Referring to the draw ng, an vw@en-ended cylindrical 15 caisson 10 is

posi ti onexinre thepotly spilloyerips desasenthayn ot Penthe¥atrdhimpelt mbave ot her oi |
-and gas drilling or, producing faciljty, not- shown. he hi gh an water
level  of e eEiBfF;Feﬂf_?W&‘E ePeap] yatey nkﬁ‘\é}t_ed éf“a%?" °11C1?%‘§or‘|’glbn§% arranged -

upri ght i

él:;gf ggdékéﬁqpper-Seﬁtion of'ﬁhg caissdn teducing thereby the

possibility that the lower level of the oil level i,e.fche oil-water

ihterface will fall below the water iniet termihus; .

Thé'invgncion will be better understood from the following - =

description, given by way of exaﬁple,'withfrefergnce to . the gdéomr.

- panying drawings, in which :-

10

15

A,

20 . -~

RN

‘Figure 1 is a vertical, sectional view of one form of
liquid-liquid separation apparatus in accordance with the invention;

and

Figure 2 is a vieW“faken on lines 2-2 of Figure 1.

Referring to th¢ d:awing, an open—ended cylindricai

caisson 10 is positioned in a Body of water 11 adjacenc'an,offshore

platform or other oil and gas drilling or producing facility, not .

shown.  The high-mean-wéter“level of the body of water 11 is

indicated at 12. Caisson 10 is arranged_upright in the body of

;Qéf\water 11. A horizontal surge plate 13 is permanently fixed in the

cgi;hgf and divides caisson 10 into upper and lower sections, 14



‘water 11. A horizontal surge pl ate 13 Is permanently fixed in t he 20

calsson and di vi des cai sson 10 i nt o upper -and | ower sections, 14 and 15,

féspectlvely A weir plate 16 is permanently affixed to surge plate 13" and
“extends vertically in section 14 to formanSei |l reservoir 17 and JE .
* bucket chamber 18. The upper edge of weir plate 16 is at an el e bh above

Ihe expected high nean water level 12 5., . .0f the body of mater Lomer _

séction 15 fornms an oil and water reServoir: 19, Surge plate 13 contains a
“small hol e 20 ashmidni cesbeetivelyen 4 eveiw oplatel 26a48 permanepkin efifired to

inlet 21 passes through upper section 14 and .10 surg flate 13 into

- | ower sect i on SuFgeaBlalieold. and extepds pertically P&n@%‘ﬁ-“?nl Hockerm amapbler

18.- is furnlshed\gtrla.chect valve 19 at | ower end which ern1ts
flow i nt o but ?ﬁ‘éﬁ%‘h‘trs ¥ &Rds eBnPHLngchst chapber iﬁgrp Thgy WERET sef9<a Bt

Conventl O_nal gﬁg %Sdl Iaﬁ:hra{afgemevgp Wg%% tfig%?: hiA EQA}P%EJ@&& 12

suppl i es -gas, oper at e and

- :of the body of water. Lower section. 15|forms an Oll and water reservoir

2 . Surge pl_a_te 13 contains a small hole 20 communicating
b_etwen reservoir.s 17 and 19. -
A waste water inlet 21 passes through upper section 14 and

10 - surge plate 13 into lower section 15, as shown.

. A -pump 25 -. is -artanged in  bucket cllamber 18. It is

furnished with a..check'valve' 19 at its lower end w.wh'ic't.l pet'mits.flow

. into but pievents-_fl_owa' from p'umpg 25. '. This pump may be s'uitably a

_ conve#t.i-'ona-l' . double'-diaphragm pneumatic type | pump"..' | A conduit '26.

15 ' suppl.ies- gas, such as air, to pump 25 to Operate the pump and an

outlet conduit 27 dlscharges 0il from pump 25.-

Anqthen _tubing_ '_28_ extends through tne _op'en. upper. end .of .
Dt .caisscn 10 into bu'c_ket.-chamber 18. It is open at its lower end and
is connected to a level indicator at the surface to:determine the. N
. 20 level of the oil in bucket 'cnamber 18 This leuel .'is. determined by
- measuring back pz'_:e_'ssur.e when a steady flclw of gas 1s put lnto tubing

28 from a point, not shown-, outside of caisson 10.



_ outl et

condui t 27 dlscharges oil frompunp 25. Another tubing 28 extends

The oil is pumped'. Iby' means of gas supplied through conduit. 26 from

‘the caisson through conduit 27 to an appropriate oil storage vessel.

It is

w_through t he open upper end of caisson 10 into bucket chanber 18. _ -y
- op t its lower end and is connected to a | evel indicator at the surface™
to rmine the 20 - level of the oil in bucket chanber 18. This level _ /
s erm ned by measuring back pressiure when a st eady flow of gas is put Ehjﬁ
into tnbLng 28 froma point, not §homn_ out side of caisson 10. 6 The . ™
l.evel indicator may. be a conventional separate float co_.ntrollerj not tubi ng
28, which turns. on punp 25 when the level in oil bucket 18 rises above a-
pre-set ‘or pre- sel ected l,evel Such level indjcator is con.eCted toa
Sui tabl e cont roIThFo}e‘{?&m‘P%%tﬂﬁ may beoﬂe?%ﬁ”&ﬁ‘?ﬂ‘ pBfRr25e L8R5t her |evel
control may be provid flo%¥ arranged in fe hlgh float -
. vessel . °‘§ErﬁH?ﬂ1 F‘g‘ c'd‘?fh'é%tzgd ¥R P h B Pi’%‘f""’o '§1§sg}h ?5 ines 32 and
33 which, ¢ ues 3 nd 35, respectiye d oi Iom1through
_. inl et cB’erfh %ﬁ_ * es a e a pre sg§ grc \é &&ed‘é& el.rev@i' éuc;: :
. level :|.nd1cator is connected to a su1tab1e ‘control for controllmg ' L
5 Operatzon ‘of pump 25._ Another level. control may be prov1ded by a "f
float arranged in a _11’qu1_d safety h:.-gh float ves.sel. 31 wh_:.ch is -
connected to the interior of caisson 10 by lines 32 and 33 which
contain valves 34 and 35, respectively.
Water and oil flow through inlet oonduit: 21 to Ione.r
10 section 15 .in ﬁhich- 'the.- oil and water separate. Hydfos.tatic. head
detem:mes e1evat1on of the o:|.1/water 1nterface. . Water downflows
through caisson 10 w1th the excess water lea\ung through the open
end at the bottom of caisson 10 for d:.sposal :.n the surround1ng body'
of: water '11 . Sohd particles also fall to the open bottom of
~15  caisson 10 and out - into the surround1ng body of water 1l preferably o
tumbling over baffles, not shown, while travelling down the caisson.
0il. flows through small hole 20 into the upper section reservoir 17,
B . . . ) weir X
Excess oil overflOws.kEF'plate 16 and spills into oil bucket .
chamber 18 where a _“feve]_. contro]__.ler connected to tubing 28 turns
) - ] @
20 pump 25 on and off to keep the oil level within pre-set limits.



10

'sectlon 15 in vhich the oil and water 'separate. Hydrostatic head - .
dk;ern1nes el evation of the oi|/watef ‘interface. =~ Water downflows thro’gh -
cai'sson" 10 wi'th the excess wat er IeaV|ng t hrough the .open end at tfe bot;@n1

-of cai'sson 10 for  disposal in the surrounding body of. water 11. 1id
'paftlcles ‘also fall to.the open bottom of _15 caisson 10 and out the
§nfround|ng body of water 11° preferably-tﬂnﬁllng over: baffles, not shomn,.'
whil'e-travel I ing down the caisson. G| flows through small hole 20 into the

upper - section reservoir-17. Excess oi |l overflows wWieir plate 16 and spills

i'nto. oil-
turns'20
-The oil"

.._!: ‘E‘ :

bucket chamber 18 wh Level ler. 28 o
i, L e ST B L
i's punpe , TEANS ?ow conne%?e& qq, Eprou%{econgw {eved {k‘%fpytﬁf%

calsson througﬁ°%dh ar ™

operation is aysgua! h&:ﬁ!r'oxs AR 'tﬁg mtum&%rmd;&mt 505, cfifteof

connected to it
'_vvaste vvater |nt,,o‘,hr;leet‘,(,&ls{;)‘y,mcog;lrl leRla Llﬁgea val ve,” not shown, on that inlet.

“appropriatée oil Hge vess

e upper safety high floats contro s oW 0 the

Tﬁe caissoﬁ can be formed of §érious éhapes othef than
cylindrical. - Also, diffetent type pumps might be used instead of
gas—operated pump 25, fror examplé, an'electrically.operated pﬁmp

might be used instead.



5 . ' The cai sson can be forned of various shapes ot her than

cylindrical. - Also, different type punps m ght be used instead of '- o
xper at ed punp 25. . .For_ exanple, an electricaltly operat ed punp mght
b ed i nst ead. -CLAILMS: 1. AIOIOE% atus mt‘he*corrponents L
©of] |IC]UId mixture of water. and |ighter Iiqui ium essel- -~ R
-situated in a body of water; a surge plate. Hmﬁmmﬂ ﬁ!‘it'al Iy B
.across the 5 ~interior of sai d vess®el ¢di ¥i dings 't vessel .

into arglﬂu_t section and a lower section which defines a first reservoir

- for the liquid mxture and whi ch communi-cates with said body of water, said .
surge-plate having an openi.ng therethrough bet ween t he upper. and Iovver :
" sections fornmng a fl ow.passage 10 t her ebet ween, ' the ~openi ng
"being sized to Y-estAnRerat i)mf‘tfetﬁﬁé’éﬁa%m ufﬁﬁerc‘)aﬁan‘?‘!f\ﬁer"fse%tl’fﬂ\’édas a

- . result of changes in the water |evel of.the body of water
T m1xture o water and lighter 11quid, comprlsing-

PN

a vessel situated in a body of water;

RN

'-paepsurge ‘plate - extending' horiientallpyfaerese' the
5 R : .nlnter1or of said vessel dividing: the vessel 1nto an upper ;'
sect1on and a lower sectlon wh1ch def1nes a f1rst reservo1r
_for:the liquid_mixture and which communicates with said body_t
of water, said surge. plate haping an openiﬁg therethrough '
between the upper and'lower sections-ﬁorming-a'flew peSSage'
.10J: . ' eherebetween. the opening beihg.Sized te-restriet“fioﬁ p
between_the upper and lower sections as a result'of'ehaﬁges.
'.‘in the water level of tte body-of water; . |
| a IWeir; plate having ana.upper edge at an pefevation
_above'the e#pected high mean water ievel of the body of
15 ~ water, the weir plate extending in an upward

direction from said surge plate to divide the upper sectlon

Ke -

' into a second reservoir, which communicates with the first
reservoir'through the cpening: in .the_'surge' platet Aﬁd 'in}
which the lighter liquid of the liquid mixture collects,

- 20 ~~  and a chamber for the lighter liquid of the liquid mixture.~

which overflows the upper edge of the weir.plate;



a weir plate having- an upper edge at an eI evat_o_n_,a.mee_i—he—e*peﬁed hi gh
mean water | evel of the body of 15 : vvater the
e{t endingin an upward direction from sai. d surg !ﬁ‘hﬁiﬁmﬂ th i er
.section into a second reservoir, which co iC
[ n

Teservoir _through the opening in the surge p ate an ich the lighter

di-quid of the liquid mixture collects, 20 = : and a chanber for the' |

lighter liquid of the liquid mxture whi ch overflovvs t he upper edge of the-
weir plate;. . neans for supawlfng sappd yling|usadd- lhiqxi:w eiktureaitd beistfirst

‘reservoir; and neans in said chanber for renovi-ng said lighter.liquid from
isai d. chanber 5 . . reservoify andpparatus .as claimed.in daim1l, in which
t-he Iower séction of said vessel is open ended. . 3. Apparat us as clained in..
iICl-ai m. 2, wherein said neans for renoving sai d i ghter liquid fr‘omthe
chanber corrprl ses a purrp

means in - sa1d chamber for remov:mg ‘said lighter 11qu1d

from said chamber.

PYCREEE .' 5 . . 2. Apparatus as clé_i"med in Claim 1, in which the lov_v_er'.
sectien, of said vessel is open ended..

-3. Apparatus as claimed in C'la'im 2, vherein said means for
removing sa1d hghter 11qu1d from the chambet comprlses a pump
. 1nc1ud1ng means for operat:l.ng sa:l.d pump respons:we to the level of

10 said lighter l1qu1'd in said chamber.

4. Apparatus as claimed 1n Claim 3, including cdnffdl-
means for terminating flow of '_1iquid_s- into said vessel in response
to the level of said lighter liquid in said upﬁer section of said | .

- vessel.

,-—9 i 15 5. Appar_atus for separating the components of a 1liquid
. mixture of water and lighter liquid, substantially as herein
before described with reference to Figures 1 and 2 of the

accompanyin'g 'dra,win'gs.



- .includi,ng means for operating said punp responsive to the-level of.10 _
said _l'iighter liquid in said chanber. “4. us as claippd in dai'm .,
cluding control -nmeans for termnating “‘“\\mwmnto said - -
\_/e_ in response to the level of sajd | i'ght‘ \m\ﬂ . upper
- sectton of said vessel. 15 a - 5. paratus® for separating the.
- conponents of a liquid mixture of water and lighter liquid, substantially "‘f
-'as herein before described wth reference to Figures. 1 and . 2 of .
‘the acconpanyi ng. dr use ngs. appafatusUsgccdirdhatet Wiy apeddisng Raahy
preceding claim wherein said liquid mxture conprises wastée water -
~di schar yberdinosaih loasihiodstard Icbinprisplsaivieenwater discharged from an .
o offshore drilling platlform. o : -
B
v



