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ABSTRACT

A compact ~avitation~ ~w~ ~p~ particul~ly
~d ~r ~e in sm~l &~n~e ~ems in order to ~oid
pollution ~ ~e ~nmem is p~ded wi~ a ~i~ of
sep~afing ~mponents housed wi~ a tank. M~e spe~fi-
c~ ~ese compone~s ~dude a baffle member w~ch
pro~d~ i~fi~ ~p~on of ~ ~mi~ oil-w~ flow
s~eam ~d ~s~butes the flow subst~ti~ly acro~ the enti~
wid~ ~e tank. ARer the flow impinges the baffle memb~
¯ e flow is direct~ ~wnw~d tow~ds a ~mem buret
w~ch c~mres ~y l~ge par’tides sep~at~ from the flow
~d ~en ~e flow is ~re~ed upw~y at ~ ~e through
a co~c~ unit. After e~ting the co~c~ u~g ~e flow is
g~ded over a ~p~on ~e ~d ~en is ~-~c~ ~ a
~v~se ~recfio~ to ~ i~et ope~ng of an outlet flow
~ By revving ~e fl~d flo~ subst~ti~ ~e en~e
t~k is u~ed in ~e s~on process. ~1 of ~e sep~-
~g componems ~e removably mourned wit~n ~e tank to
ease m~men~ce ~eo£ ~n~ a s~mm~ u~t ~d ~
oil-water interface senNng/in~c~ uNt c~ Nso be pro-
tided.
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BACKGROUND OF THE INVENTION
5

1. Hdd of ~e ~nfion

This inv~tion pecans ~ ~ ~p~atus ~d me~od for
~avitation~ly s~ar~ng ~1 and w~ The in~ntion has
particular Re in dafi~ing ran-off or ~n~e wm~ m ~ m
~d polluti~ ~ s~eams, l~es ~ ~e I~ The term 10
’~bwm&’ as used herein ~ ~t~d m ~v~ a ~ range
of immiscible Hq~ and possibly Hg~ wdg~ solids. In
genera, ~e ~ntion is ~plicable m the ~par~on of
immiscible Hqui~ ~ different specific ~avities ~d w~ch
are ~ere~ su~eptiNe m gravi~ ~par~on. ~5

~ Di~on of ~e Pri~ Art

Many defic~ h~e been Wopo~d ~r ~avit~on~y
s~ar~g N1 and o~ Hgh~Ng~ mNeriNs ~om ran-off
~ ~n~e w~ to ~oid pollution ~ ~eams 1~ ~ ~e 20
l~e. Such apparatuses are 0~ ~ed underground ~d
are ~apt~ for han~g ~Pwm~ mn~ff from rNn or hose
downs ~ ~soli~ se~i~ ~ons, tru~ stops, p~Nng lots,
~opNng m~l areas, m~w~ bus gar~, pe~oleum
N~ts ~d ~e 1Ne. Such known ~paratuses have not been25
comN~dy satisfa~o~, mNNy due m ~e ~fficdti~ asso-
d~ ~ m~m~ of ~e ~p~atus ~ ~e abifi~
of ~e ~paratus to adequ~dy s~arme ~e immiscible
fiq~ w~ s~l m~m~ng a rd~vdy compa~ siz~
Acm~5 such known ~paramses o~en perform an 3o
adequ~e s~aration ~ncfion when wor~ng on a bmch basis,
~wev~ ~e same ~p~atuses have not been s~s~o~
for com~uous flow proce~ing ~ a rate commens~ate ~
¯ e amount ~ ~off flow gener~ devdoped ~r separ~

SUMMARY OF THE INVENTION

It is an oNe~ of the present invention to profide a
compact gravitationN oigwa~r separmor for use in a sm~l
drNnage sy~em th~ is subje~ to a continuous flow or
intermittent flow bafi~

~ is another oNe~ of the present invention to profide an
oil-water separmor th~ req~res a miNmum of mNntenance,
but wNch Nso is deigned with removab~ components m
Nd in servicing the apparatus when necessary.

These and o~er oNects of the present invention are
achieved by providing an oil-water separator thin includes a
tank witNn wNch various separ~or de~ces are deNgned
and mounted such th~ a continuous or intermittent grafi~
flow of immiscible ~quids wi~ be subjected to both hori-
zontN and ve~icN flow and which can effectiv~y separ~e
the immiscible ~quids with fu~ use of fluid gravRationN
NfferentiN~ laminar flow, coNescenc~ und~ation, fluid
impingement, flow revering and tertiary separation within
a Nn~e contNnment tank. By utiliNng these separation
methods and the comN~e vNume of the contNnment tank,
an eflfdent separation sygem can be profided in a compact
tank th~ can hanNe a reasonab~ r~e of continuous flow.

When the fiow of N~wmer enters the separator tank, the
flow is dkec~d to impinge upon a baffle member thin is
mounted ~ an anne to the verticN within an upper portion
of the tank. IngantlN large oil particle separation and sold
separation occurs while the flow N Nstributed and dkec~d
across the entire width of the tank. The fluid then continues
vegicNly downward which causes separ~ed solids to accd-
erie and to be colle~ed in a seNment bucket poNtioned
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bdow the baffle memb~ The ~ction of the fled flow is
th~ ~an~d m ~ upward ~rection and the flow is cansed
to pass t~ough a co~c~ u~t ~mposed of a ~ur~ity of
~c~y ~ and upwar~y ~o~ng ~rrugated ~ates.

The laminar flow leaving the par~lel ~ates will com~n
co~esced oil particles and ~H be g~de~ ~ an an~e,
upwar&y by a te~iary separation pla~ to a p~m where, in
gentle remm to downward ve~c~ flo~ the co~esced
partid~ are ~ped ~ee of the flow by co~t with an
air/water ~ oil/wat~ interface ~ the s~arato~ The flow is
then ~rced to reverse ~ ~ction toward an ope~ng of an
ou~ flow p~ge. Rem~ng ~ee oil particles ~ the flow
wffi rise, im~nge e~h other and be c~tured in a sm~
~cove defined by the ~paration ~es. A ve~c~ ~pe
~ndu~s the ~1 particles ~om the ~ove towards the oH
interfa~ ~ the mp of the s~arato~ The flow ~n ~v~s
direction be~ emering ~e ou~et flow passage and is
¯ ~c~d ~ a dis~arge oufl~.

The oil-wm~ ~p~m~ accor~ng m the inv~tion is
c~able of effe~v~y ~par~ immiscible ~q~ on a
~ntinu~s bans with ~s~ti~y no sup~on and miN-
mum m~ntenance. Wh~ mNntenan~ N ~q~& the s~
r~ng ~mp~ents can be ~aNly ~moved from the tank.

Ad~tionN oNe~ ~atu~s and ~vant~es ~ the inven-
tion will become more evi~m from the fol~wing ~t~
~scription ~ a p~ed emboNmem thereog when t~en
in co, unction with the fol~wing &a~ngs wh~Nn fi~
reference numerNs ~r m co~e~onNng parts ~ the sev-
~ ~ews.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 ~ a ~hemati~ perspective flew of the oil-w~
~par~ of ~e presem invention;

35 FIG. 2 ~ a mp view of the oil-wm~ separ~or of the
invention shown mounted under~ound and with its internN
separating components shown ~ phantom;

FIG. 3 is a cros~section~ view taken Nong fine HI--HI

of FIG. 2;40
FIG. 4 N a cro~ecfion~ view generNly taken Nong fine

IV--IV of FIG. 2;

FIG. 5 ~ a cro~ection~ view generNly taken ~ong line
V--V of FIG. ~ and

45 FIG. 6 depi~s an eNarged sectionN view of a portion of

the ~parmor shown in FIG. 4 wi~ the inc~Non of a
supNememN ~cafing assembly.

DETAILED DESCRIPTION OF THE
50 PREFERRED EMBODIMENT

With initiN reference m FIG. 1, the oil-w~er separ~or of
the present ~vention Ndudes a tank generNly ~cmed at
4. Tank 4 includes a fi~t end 7 and a second end ̄  Although

55 tank 4 is generNly indicated m be re~ang~ar in shap~ it
shoed be ~adily recogNzed thin tank 4 can take the form
of various shapes ~duNng cylinddcN. Tank 4 N adapted to
receNe a supNy of oil-water m be separated through an ~t
12 th~ pr~ects through an upper portion ~ labde~ of

60 tank 4 at first end 7. This ofl-wmer flow is adapted to be
separmed within tank 4 such thin clarified wmer N dd~ered
out of tank 4 through a Nscharge outlet 15 e~en~ng from
the upper poaion of tank 4 m second end ~

A cov~ memb~ 18 g removably secured upon tank 4 by
65 means of a NurNi~ of damps 21 in the manner which wi~

be more ful~ ~u~ed bdow. Cover member 18 N pro-
tided with a pNr of spaced hanNes 25. In ad~fio~ various



5~2~825

3

hNes can be Nodded wim~ cover member 18 wNch ~e
adapmd to mcNve Nugs 28. Once Nugs 28 ~e mmove~
tank 4 can be ~Nly inspected wkhout the need to entirdy
remove cover memb~ 18. Tank 4 is Nso prodded wire ~
le~t one ~g 31 ~m is fixeNy ~cumd mem~ and wNch
includes a throughhole 34. Lug 31 No~d~ a connection
member m~ enab~s tank 4 to be posNoned by means of
heavy macNne~. As beg shown ~ FIG. Z two such ~gs 31
~e preferably prodded ~ oppo~ng com~s of tank ~ ~ me
p~ed embodiment, tank 4 and cov~ memb~ 18 ~e
~rmed ~om ged, howevec it ~o~d be ma~ly und~smod
m~ various m~efiN~ ~du~ng p~ymeric m~efiNs, co~d
be ufi~zed wimout departing from the spirit of me ~vention.

Reference will now be made ~ FIGS. 3 and 4 in describ-
~g ~e manner ~ w~ch tank 4 ~ moused unde~un& ~
these figure, ~ference human 39 ~c~ ground ~vd
th~ is defined by an upper surface of a conc~ ~ab 42.
Bdow conc~ ~ab 42 me earth 45 has been dug out to
accommodate tank 4. At an uppermo~ poaion of tank 4, just
bdow cover member 18, an L-~aped ~e 48 is perma-
nently secured ~ tank 4 and ex~nds about i~ upp~ perim-
eter. L-shaped ~e 48 cooper~es with damps 21 to secu~
cov~ memb~ 18 ~ ~ac~ More spedficNl~ each damp 21
~dud~ a ~ver 53 that is ~v~ally mourned to cover
member 18 by means of a ~n 56. A ~ring d~ 59 is
~v~Nly secured at an upper end mereof ~ labde~ to
~v~ 53 by means of a ~n 62 and ~dudes a low~ end ~
~bde~ th~ ~ adapted to ex~nd bene~h and engage
L-~aped Na~ 48 such mm when lever 53 is ~ the portion
shown ~ m~e figure, cov~ memb~ 18 ~ ~cured ~ ~ace.
However, ff ~ver 53 ~ ~v~ed abom ~n 56, ~ring d~s 59
w~1 be ~adily ~ngaged ~om L-~aped br~k~ 48 such
m~ cover memb~ 18 can be ~moved from upon tank 4 by
means of han~es 25. ~ me pre~ed embo~ment shown, aseNing membco ~ver member 18 and i65 siS ~cumd about me bottOad mapted m engage L-~aped NateP ef

to sen tank 4 when cover member 18 is secured ~ the
manner oumned abov~

I~et 12 is adapted to receive the ~bw~ flow from a
~pNy Hne 67 m~ is connected to inlet 12 by means of a
coupling 70. ~ a Nmil~ manner, ~h~ge eufl~ 15 is
adapted to be att~hed to a N~h~ge ~ne 74 by means of a
coupling ~6. Di~h~ge outl~ 15 is Nso N~ter prodded
wRh a vent ~ne 79 as best shown in FIGS. 2 and 4.

Although not de~ly sho~n ~ me Ngur~, tank 4 pref-
~ably rests upon earth 45 so as to be ~ppo~ed ~om bdo~
After tank 4 ~ set ~ N~ additionN earth 45 can be Naced
abom tank 4 for ~abilization pu~. NnN1N a cover Nine
83 can be set within mce~ 86 ~rmed ~ concmm flab 42
so as to completely cover tank 4 and to pin,de a surface
levd with ground surface 39.

Reference wi~ now ke made ~ FIGS. 2-5 ~ describing
the ~mrnN ~p~ation componems prodded wim~ tank 4
and ~e mznn~ ~ wNch me ~p~m~ cf me pm~m
~vem~n operm~. Mounmd in the upper potion of rank 4,
adjacent fi~st end 7 and juxtaposed ~ inl~ 12, is a ba~e
memb~ 93. Baffle memb~ 93 compri~s a ~an~e~dy
corrugated Nate m~ slopes upw~d~ ~ an angle ef @~ with
mspe~ m the veaical. Pre~rably, the anne O1 is within the
range of 30°-6~. ~ this positio~ the oil-water flow t~ough
iN~ 12 wi~ be N~cmd upon ba~e memb~ 93. ~anflN
l~g~ oil particles and soli~ will te ~p~ated from the flow
upon imNngement wire ba~e memb~ 93 wN~ the ~mNm
d~ of the flow will change in N~ction such thin the flow is
¯ strib~ed ~mss sub~antiNly me em~e widm of tank 4.
Ba~e memb~ 93 is acmNly mounmd upon a ~oped potion
95 of a hanNe unit 96. HanNe uNt 96 Nso ~dud~ a veaicN

4
potion 99 th~ is ~cu~d to a ~Nmem bucket 102 posi-
tioned witMn tank 4 bdow bane memb~ 93. A~ me
oil-wm~ flow is ~stribmed by baffle memb~ 93, ~e flow
will continue veaicNly downw~d cau~ng me ~p~ed

5 so~ds to accelerate. These sNids will be captured witNn
seNmem buck~ 102 wNch can be emptied ~ ~q~d ~ me
mann~ wNch will be mcre ~1~ N~us~d bdow. At tNs
point, R should gmp~ be recognized mm ba~e memb~ 93
and ~mem rank 102 ~e b~h ~cumd m hanNe uNt 96.
Ba~e memb~ 93 and ~Nmem tank 102 ~e positioned in

10
a potion of tank 4 generNly ~fe~ed m as a Nudge chamb~
wNch ~ ~p~med from a mmNnd~ of tank 4 by means of
a ~fi~ng wN1 106. Difi~ng wNl 106 is generNly verticNly
arranged and ~dud~ a Nura~y of ve~icNly ~aced flow
mb~ 111 which permit oil particles mm tend m float relative

~5 m the m~ori~ of the oil-wm~ flow m pass out of this sludge

chamber.

PoNtioned m a ~w~ potion of tank 4, above ~Nmem
tank 10Z N a coN~c~ uNt 116. CoN~cer uNt 116 ~dud~
a NurNity of ve~cNly spaced, corrugated Nines 118. In

20 generN, coNescer unR 116 Nopes upw~Ny from a~acem

~mem bucket 102 mw~ second end 9 of tank 4.
Coalescer unit 116 ~clud~ an upper Nate 121 mm ~ fixedly
secured m a low~ end 123 of ~ng wN1 106 and a low~
Nine 127. A N~Nng wall extenNon 130 is ve~ically ~s-

~ posed within tank 4 adjacent sedimem tank 102 and indud~
an upp~ end 133 mm is fixeNy secured to lower Nine 127
of coNescer uNt H~ The ~h~ end of low~ Nine 127 reds
upon a suppo~ memb~ 138 thin extends across tank 4.

CoN~c~ uNt 116 Nnctions N a manner known ~ me art30
whereby me ve~icNly ~aced Nm~ 118 direct a generN~
lamin~ flow upw~Ny within tank 4 ~ ~duce coNescence.
CoNescer uNt 116 ~ mourned wimin tank 4 at an anne of
O~ wire ~spe~ ~ me hofizontN. T~s an~e of ~d~ation

35 uNiS tPre~rablll Y6, ~1 wim~ me rangegl Ofob~ wN rise m2~°-60°" Withish no~ N~anceC°N~eeb r~ween

a~acem N~ 11~ to coNesce on the under,des of Nm~
118 and creep up N~es 11~ reward the outlet reNon of
coN~c~ un~ 11~. CoNescence occurs when l~ge o~ drop-

~ lets riNng ~ a Ngh rme of speed c~l~e wire smalle~ ~ow~
~oNets, as we~ as imNng~g upon the corrugated Nine
surface. The l~g~ dmNets wNch ~e ~rmed comNne agNn
wire smN1 ~oN~s m ~rm even l~g~ ~oNets wh~h have
an even Ngher ~sod~ed ri~ rate.

~ The flow ~a~ng coNescer uNt 116 will be g~ded
upw~Ny by means of a m~iary sep~ation Nate 141 ~du~
~g a fi~t potion 144 m~ Nopes upw~y tow~ds second
end ~ and me oil-water interface ~d~ed wire tank 4. ~
has been ~und that contact with the layer of N~ady

50 ~p~ed oil accor~ng to tNs ~vention ~nctions to wipe
~ee some ~d~tionN particl~ of~ee N1 ~om me flow wNch
migN n~ ~herwise have been sep~ed. Nrst potion 144
indudes a lower end 146 th~ rags upon suppo~ memb~
138 and an uppermost end 147. Suppo~ member 13~

55 acmNly constitutes a ~ansve~y e~en~ng member of an
overN1 suppo~ arrangement prodded within tank 4. The
overN1 suppo~ arrangemem is best shown ~ phamom in
FIG. 2 and ~dud~ suppo~ memb~ 138 and ~nNm~nNly
exmn~ng members 1~ Sep~ation Nine 141 is me~m

~0 actuNly supposed upon suppo~ memb~ 13g and ~ngitm
¯ nNly e~enNng; memb~s lg~.

Exmn~ng mmugh ~p~ation N~e 141, ~ uppermost
~cfion 147 me~o~ is a co~ection robe 1~2 wNch Nnctio~
~ a mann~ wNch wi~ be mere NI~ ~u~ed b~o~

~5 Sep~ation N~e 141 Ngh~ ~ud~ a second potion 1~6
wNch s~p~ downw~Ny ~r a pmd~mined Nstance ~om
uppermost section 147 tow~ds second end ~ of tank 4. As
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Me flow ~ffs ~g~c~ u~t H6 ~d ~ g~d upw~y by
me~s ~ sep~on ~ale ~1, We ~gesced oil drople~ ~H
rise w~le Me ~mgnd~ ~ We flow ~ ~ ~dkect~ gong
~d po~on ~6 ~ s~ation ~me ~1. The flow is ~
~ed to ~ oufl~ flow pa~e 162 ~du~ng ~ i~et
ope~ng 16~ As be~ shown ~ ~ 4, i~et ope~ng 165 is
Mc~ed ~arw~d of uppermost se~on 147 of sep~ation
#ate ~1 ~d is ~m~y lccated c]os~ m ~ ~d 7 ~
second end 9 of tank 4. Due ~ ~is arr~geme~ the flow ~
c~d ~ ~v~ ~ ~ction aft~ s~on #me ~1 ~
~d~ ~ ent~ ifl~ ~e~ng ~5. Th~ ~rse flow w~ c~
~y ~mg~ng free oil partid~ ~ the flow s~eam to rise
mw~d a bosom po~on ~ l~de~ ~ s~on ~am 141
~d be d~ected gong s~ati~ #me ~1 m ~ gcove 167
defined ~twe~ ~a po~on 144 ~d second po~on 156 ~
~p~on #me 141. Coll~tion tube 152 op~s m gcove
167 ~d ~nctions m guide these ~maining flee oil particles
mw~d Me ~Pwm~ interfa~ m We u~ ~ ~ tank ~

By We time We flow enters miet ope~ng 1~5 of outlet
flow ~e ~ ~ effe~ oil-w~ ~p~on W~s
has ~ ~mpleted. The flow will ~ ~recled i~tigly gong
a bottom po~on ~ tank 4 within a first section 168 of outlet
flow ~e 162 ~d Wen ~o~ a second po~on 171 of
outlet flow p~s~e ~2 w~ extends gong second end 9
~tankl 4.6~ ~nvergFi ~n~N ~cond po~~ ond ~re~s Me floLTlou° tf°uflo etf tankfl°w P~S~4 et~ough

¯ s~ge oufl~ 1~

By this arr~ment, ~ ~gw~ ~p~ is Wo~d
wN~ ~ c~able ~ effectively ~p~ng immiscible liq~
on a ~ntinuous ~s ~r a ~n~y sm~ ~ume ~Nn~e
ov~ rea~nable e~d time periods wi~ miNmum mNn-
ten~ ~d ~tfle ~ no ~N~ision. ~ mgm~ is
~ke~ cover memb~ 1~ c~ be ~moved by uN~cNng
~amps ~1 such ~ ~fing ~ps g~ ~e ~ng~ from
~ N~e ~. Fol~wing ~movg of cov~ memb~ 1~
~p~on N~e M1 ~d coll~gon ~be ~ c~ ~ ~m~
~ a uNt from tank ~ N ~Nfi~, due m ~e ~m~n~tion
b~ween ~d~ w~ 1~, N~d~ w~ extenNon 13~ ~d
Nates ~1 ~d 1~, ~r uNt H~ c~ g~ ~ readily
~moved from tank 4 ~ auNt. Nn~N sin~ baffle memb~
~3 is in~rconnec~d wRh ~m~t bucket 1~ t~ough
h~Ne uNt ~, these ~mponents c~ ~ ~moved from tank
4 ~ a ~nik This removability ~atu~ ~ the sep~on
~mp~ents inco~orated ~ the sep~at~ ~ lhe present
invention not oNy Nds in effectiv~y ~eaning ~ese com-
pone~s ~d ~mo~ng parti~es co~ected within sediment
bucket ~ rut g~ pm~s for rel~ely u~esMcted
access to the imefior of tank 4 g ~cessary.

Tank 4 c~ gso be prodded wRh a sNmm~ uNt 178 ~
~ud~ ~ assoN~ed sNmmer oufl~ NPe 1~1 ~d ~uN~g
154. N g~ We structure ~d N~tion ~ sNmm~ uNt
17g is known in We art ~d ~ere~ wi~ not be ~sc~d

~ extengon Npe 1~ ~e N~ ~ c~ be used m ve~ tank
¯ Veto Npe 18~ op~s ~ or ~ove We oil-w~ inteffa~
assoN~ed wi~ tank 4.

Re~m~e w~ now be made to N~ ~ in de~fiNng ~
~xiliary ~amm ~ We ~w~ s~at~ ~ We p~sent
~ntiom N~ ~ is ~m~y ~ eN~g~ ~ew ~ a po~on
of ~e arr~mem shown ~ NG. 4 ~d ~c~ We
N~ ~ ~ oil-water interface ~g/inNc~ng unR
g~y ~cated ~ 2~ UNt ~ ~~ a ~o~
memb~ ~ that h~gs from a ~sgensicn ~emb~ ~
posN~ witNn a sle~e ~11. Unit ~ N ~ m ~e ~d
~cate ~e ~1 ~ We oil-water interface MtNn tank 4 by
d~ermiNng We hNg~ ~ fio~ memb~ ~ The hNg~ of
flo~ memb~ ~ N ~mgly determined by ~nNng We
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tank and a ~Nmem bucket posNoned ~ ~e ~w~ ~o~en
of sNd tank b~ow sNd baffle memb~

16. An oil-wm~ ~p~m~ ~ rimmed ~ dNm 15, Nnher
~duNng me~s ~r im~conn~fing sMd baffle memb~ and

5 sNd ~Nment buck~ whereby sMd baffle member and sNd
~mem buckm can be readi~ ~moved from sNd rank as a
u~c

17. An oil-water ~p~m~ ~ rimmed ~ dMm 14, wherein
sMd second ~p~m~ means compfis~ a coMescer uNt

10 ~du~ng a NurMi~ of ve~cMly space~ sub~antially p~-
~1~ corrugated baffle Nm~ and sNd thi~ sep~m~ means
compfis~ a ~p~ation Nine ~uNng a poaion ~m ~op~
upw~dly from sMd coM~c~ uNt towed the second end of
s~d tank.

15 18. An oil-w~ ~p~ ~ d~med ~ d~m 17, ~h~
~du~ng a ~der memb~ e~en~ng sub~anfi~ ve~-
c~ly b~ween s~d fi~t ~p~mm means and s~d second
s~ means, s~d divider memb~ being ~t~hed ~ s~d
co~r u~t ~ch ~ s~d ~d~ memb~ and s~d
co~r u~t can be removed from s~d tank ~ a u~L20

19. An oil-wm~ sep~m~ ~ d~med ~ d~m 17, ~Rher
~u~ng a collation robe ~mn~ng ~mugh and upw~dy
from an uppermost ~ction ~ s~d sep~ation ~me.

20. A me~od ~ ~p~ating an ~bw~ mixture compris-

e5 ~g:
~oduNng a flow of fled inifiN~ co~NNng oil and

wNer into an upper posen of a fir~ end of a tank;

Nmcfing the flow mw~d a Nope& ~rrugated ~fface ~
a baffle memb~ positioned in ~e upper posen of the

30 tank such ~m m ~t a ~Ntan~N po~ion of the flow
is Nmcted ov~ sNd corrugated ~rface ~ cau~ partiN
~p~ation thereof by cauNng large oH ~ob~ to be
~p~ated from the flow;

Nmcting ~e flow downw~d wRNn ~e tank wN~
35 enabl~g any heavy sN~s in the flow to drop and be

contNned wRNn a ~mem bucket positioned in a
~w~ posen of the rank;

¯ mcting ~e flow upw~y and ~w~ds a ~cond end ~
¯ e ~nk b~ween a N~Nity ~ ve~cally ~e~ co~
mgmed N~ cf a ~N~c~ unit;

g~ng ~e flow Nong an upw~d path ~w~d ~e s~ond
end ~ ~e tank by means ~ a NoNng ~p~ation Nine
mourned witNn ~e tank;

45 m-~mcfing ~e flow in a downw~d and revere Nmction
towed an iN~ opeNng of an outl~ flow passage;

g~Nng the flow wRNn the outl~ flow passage such thin
¯ e flow moves upw~Ny Nong the second end of ~e
tank; and

~ Necting the flow from the tank ~rough a disch~ge outlet.
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(57) ABSTRACT

A ~orage tank includes an oil and water separator in which
the frontal area of the coalescers is increased relative to
known arrangements of coalescers in oil and water separa-
tors. By arranging the coalescers such that the surface area
of the coa~scers N increased, the effic~ncy of the coalescers
is increased. In some prefe~ed embodiment~ the coalescers
are a~anged in a bank w~h free flow fluid paths between the
coalescers in the bank, each of the p~hs being dosed by a
baffle on one end and open on an opposite end, and the
baffles are arranged such that the open and closed ends of
p~hs ahernate. In other prefe~ed embodiment~ the coa-
lescers are arranged in a tubular fashion and fluid flows from
the outside surface of the tube through the coalescers and out
a central path.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to oil and water sep~o~
generally and more p~ticu~fly to oH and water sep~o~
emp~ng coalescers.

2. DNcusNon of the Background

Concerns over possNk contamin~n of Me w~er supply
through the presence of oH and other contam~ams in
wasmw~er has risen d~maticafly in recent yea~. Many
governmemN authoritks mquim such comam~ants ~ be
removed before the wasmw~er may be dNch~ged into the
env~onmenL The kvel of contam~ation permitted by gov-
ernmem regulation varies. TypicaflN oH ~ such wasmw~er
should be kss than 25 pa~s per m~on, and pm~rab~ 5-10
pa~s per mill~n or kss.

Oil/water sep~ating sysmms ~e the preferred m~hod of
treeing oH-contaminated wastewater. An exampk cf such a
gravity oil/water sep~or is descrNed in U.S. Pat. No.
5~0~000 ~ Smadma~ et ~. One known ~pe of o~/wamr
sep~or is the gravity oil/water sep~o~ The gravity
sep~o~ fun~n by allowing gravity m ~ep~e the oH
~om the wate~ A serious probkm associated with gravity
sep~o~ N ~ they mquim a l~ge v~ume and~r ~ng
procesNng times ~ ~ccomp~sh ~e sep~ation. THs makes
such sep~o~ costly and imp~ctic~ for many app~ca-
tions.

The afommem~ned prob~ms assod~ed w~h gravity
sep~om has led many to ~corpo~ coalescers into oH
and water sep~om. One wefl-known type coalescer is
formed ~om o~oph~ and~r hydrophobic ma~ for
aR~g dl and/or mpd~ng w~er as oibcontam~ed
w~er passes through the coalesce~ An example of coMesc-
em of~ ~pe are the vertical robe coalescers availab~ ~om
AFL Industries, Inc. These coalescers are described in U.S.
P~. No. 4~33~35 to Lynch. Such coMescers have been
used by Xerxes Corp., the as~gnee of Me present ~vention,
in underground wasmw~er ~o~ge tanks. Tanks such as
these have generally been deigned under the assumption
th~ the o~ sep~ation gradiem ~ Hneag tha 2, th~ the
amount of dl ~ wa~ewa~r decreases ~neagy as lhe was~-
water passes through the coalescers. Thus, the coalescers
have genially been arranged ~ a ~ngle continuous block.
Wh~e tanks w~h such ~rangemen~ of coalescers have
proven effemNe ~ mmc v~g oil ~om was~w~ ~ smear
areas and/or more quickly than gravity sep~om, these
ranks are expensNe.

What N needed N a more econom~ oH and water
sep~o~

SUMMARY OF THE INVENTION

The presem invention meres Me aboveqdentified need to
a gre~ extent by proving a ~o~ge tank w~h an o~ and
w~er sep~or in wNch Me ~on~l area of the coalescers is
increased m~tNe to known ~mngemeNs of codescers in
o~ and water sep~aom. It has been discovered through
experimentation th~ the oil sep~ation gmd~N N not l~ea~
but rather exponential. That is, the vast m~ority of the
oil/water sep~ation occurs ~ the fir~ portion of the coa-
lescer that N exposed to was~wa~ and oH mmovd
decreases in effldency as was~w~er moves through the
coalesce~ Therefore, by a~ang~g the coalescers such that
the ~on~l surface area of the co~escem N ~ease~ the

2
effidency of the coalescers is increased. In some pm~ed
embodiment~ the coMescem am a~anged ~ a bank wRh ~ee
flow fluid p~hs bmween the coa~scem in Me banM each of
the p~hs berg dosed by a baffle on one end and open on

5 an oppoN~ end, and the baffles are arranged such th~ the
open and closed ends of p~hs a~ern~e. In ~her pm~ed
embodiment~ the coalescers are ~mnged ~ a ~bul~ fash-
ion and fluid flows ~om the ouNide surface of the robe
through the coalescers and out a cen~al p~h.

10
BRIEF DESCRIPTION OF THE DRAWINGS

A more compare appmdation of the invem~n and many
of the attendant advantages thereof will be readily obtained
as the same becomes beRer underwood by m~mnce to the

~5 following deta~ed desertion when con~dered in connec-

tion wRh the accompanying drawings, wherdn:

FIG. la N a pempective v~w of a known underground
wasmw~er ~orage tank.

2o FIG. lb N a cross sectionM p~n view of the tank of FIG.
1 taken Nong the Hne IB--IB of FIG. la.

FIGS. 2a-c are cro~ sect~nM views of the tank of FIG.
1 token Mong lhe lines HA--HA, liB--liB and HC--IIC of
FIG. 1~

~ FIGS. 3a-b ~e a cro~e~nM views of a second known
underground wa~ewa~r ~orage tank.

FIG. 4 is a cross-sectional p~n view of a ~orage tank
accord~g ~ a fir~ embodiment cf the present ~vention.

FIGS. 5a-c ~e cro~ sem~nM views ~ken Mong the ~nes
30

VA--VA, VB--VB and VC--VC, respectively, of Me ~nk
of FIG. 4.

FIG. 6 is a cross sectional p~n view of a ~orage tank
accord~g m a second embodiment of Me present invention.

35 FIG. 7 is a cross sectional p~n view of a ~orage tank
accord~g ~ a ~kd embodimem of Me present ~enfion.

FIGS. 8a-c ~e cro~ sem~n~ views token ~ong the Enes
VIIIA--VIIIA, VIHB--VIHB and VIHC--VIHC,
mspemNely, of the rank of FIG. 7.

~ FIG. 9 N a ~o~ sem~nd view of a ~nk accord~g m a
fourth embodiment of the present invention.

FIG. 1~ N a graph of oil mmcv~ as a funm~n of ~ance
~om the ~ont surface in a ~pic~ coalesce~

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The presem invent~n will be discussed wRh m~mnce to
pm~ed embodiments of ~orage ~nks indud~g (o~esc-

50 era. Spedfic details, such as the ~mngemems and numb~s
of coNescem, are set fo~h in order to provide a ~orough
understanding of the present invention. The pm~ed
embodiments discussed hem~ should not be undemtood to
fimR the invention.

55 Re~rring now m Me drawing~ wherdn like m~mnce
numer~s de~gn~e identical or co~esponding parts
¯ roughont the several views, FIG. la ~m~s a perspec-
tive view of a known ~rangement of coalescers in an
underground was~w~ ~omge ~nk 1~ as discussed

6o above. The tank 1~ may be comprised of any m~eriM,
~c~ng but n~ Hm~ed m ~ed or pNstic (pmferab~ fiber
m~forced pNstic, m~rred m herein as fiberglas@

Amp cross sectional v~w of the rank 1~ N shown in
FIG. lb. The rank 1~ includes a coMescer 13~. The

65 coalescer 13~ may comprise a Nngle coalescer or may
comprise several coalescers placed side to side (coMesc~s
am sometimes manu~cmmd ~ 1 fo~ by 1 foot se~ns of
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v~ying ~ngth and can be ~immed to Mze as necess~y).
Baffles 110 and 120 d~ect the flow of was~w~er through
the coalescer 130. As seen more dearly in FIGS. 2a-~ the
baffles 110, 120 block the entire rank save for an opening O,
wh~h N formed on opposite Mdes of the baffles 11~ 120.
This ~rangement causes wasmwaer to flow in an "S" like
fashion as indicted by the flow p~h F shown in FIG. lb.
ThN configura~n N cu~enfly used in 8 foot and 10 foot
diammer fiberglass ~orage tanks manufamured by the
Xerxes Corporation.

The ~onml surface ~ea 0he area of the coalescer surface
exposed to wasmw~er flow) of the coalescer 130 is found by
mu~lying the ~ngth L (FIG. l(b)) of the coNescer 130 
the height H (FIG. 2(a)) of the opening O of the baffle 
This arrangement results in a relaively small ~onml ~ea.

FIG. 3 represents a second known ~rangement of coa-
lescers in an underground ~orage tank 300. The coalescer
330 in cyfindr~N in shape and has a diammer D equ~ m the
inside diammer of the tank 300. No baffles are used in the
rank 300. Wastewater Nmply flows through the co~escer
330 ~om one end of the tank 300 to the othe~ ThN
arrangement N used in 4 foot and 6 foot diammer tanks
manufactured by Xerxes Corp.

area as compared m the tank 100, ~ N stifl ~ss than optima.

As discussed above, ~ has been dNcovered th~ o~/wamr
separation decreases exponent~fly as a function of di~ance
~om the surface to which the was~w~er is first exposed.
FIG. 10 N a graph of the amount of o~/wamr separation th~
occurs in a typ~M coalescer as a funm~n of di~ance ~om
the ~ont surface 0he surface that is first exposed to the
wa~ew~eO. It N dear ~om FIG. 10 th~ ~he va~ m~ority
of the oil/w~er sep~ation occu~ in the fir~ portion of the
co~escer whe~ the wasmw~er fi~t comes into conta~ w~h
the co~escers. Accordingly, ~ the ~onml area of the coa-
lescer can be increase~ the effiNency of the coalescer w~l
fikewNe be inc~ased.

A tank 400 w~h an improved arrangement of coalescers
43~ 431 ~sulfing in an increased ~onml area N shown in
FIGS. 4 and ga-c. Re~rring now to FIG. ~ ~ can be seen
the, rather than providing a Nng~ coMesce~ two coalescers
43~ 431 have been provide& Free flow p~hs 491-493 ~e
provided on e~her side of the coalescers 430, 431. Baffles
41~ 412 (FIG. g(c)) dke~ the wasmw~er flow F through
lhe cert~al p~h 492. Baffle 420 (FIG. g(a)) lhen forces 
flow through the co~esce~ 430, 431 and Mde p~hs 491,
493. ~ w~l be ~adily app~ent th~ the locations of the
baffles 410, 412 and 420 could ~so be reve~ed such th~
wasmw~er would flow ~om p~hs 491 and 493, through
coalescers 43~ 431 and out the cen~al p~h 492.

The ~rangement ~lu~ramd in FIGS. 4 and g ~sults in a
~ontM area that is more than doubled w~h respe~ to the
~ontM area achieved w~h the arrangement of FIGS. l(b)
and 2. ThN N ~adily apparent as the arrangement of FIGS.
4 and g resu~s in two coalescer ~onml surfaces 431~b as
opposed to the Mngle ~onml surface 130a of FIG. 2, wh~e
the height Hs of the coalescer ~onml surfaces 431~b a is
larger than the height H of the ~onml surface 130a of FIG.
2. Tie restive improvement with ~spe~ ~ lhe arrangement
shown in FIG. 3 depends upon the ~ngth of the coalescers
and the diam~er cf the mn~ For exampl~ a 4 foot diam~er
rank w~h a 3 foot long coalescer arranged as shown in FIG.
3 h~s a frontal area approxim~ely equM ~ ~*(4/2)z=12.6
square feet. In contra~, the ~on~l area of the arrangement
shown in FIGS. 4 and g N approxim~y equM to 2*3*

4
0.5)=21 square ~ (assuming th~ the height s (FIG.
8(b))of the coalescem 430, 431 N approximalely equ~ to 
~et). The improvement in frontal ~ea N approximately 67%
for thN example.

5 The increase in effldency resulting ~om the above-
discussed ~rangement can be utilized in different ways. For
examp~, the flow through the co~escer N given by equation
(1):

10
Q=A*V (~

where Q N the flow, A N the ~on~l area of the coalescer
bank, and V N the veMcity of the was~w~e~ Thu~ by
increasing the ~ontal area A, the total flow Q is increased.
Altern~ively, because the m~ority of the oil/water separa-

~5 tion occurs ~ the ~ontM ~ea 431~b of the coalescers 430,
431, and the ~onml area of the codescers 430, 431 N
increased in the rank 40~ the total volume of the coNescers
may be reduced whi~ maintaining the same oil/waer sepa-
ration performance 0.e., the wasmwaer w~l ju~ as clean

2o wRh a smN~r volume of coalescers). This NMws the co~ of
the tank sys~m to be reduced Ngnificantly.

Other embodiments of tanks wRh increased coalescer
~onml area are ~so possN~. For exampl~ the rank 600 of
FIGS. 6 and 7 is a vacation on the same theme shown in

25 FIGS. 4 and ~. In the tank 600, there are 4 coalescers 630
instead of two. Baffles 610 and 620 are arranged such that
flow p~hs 691-69~ are closed on one end and open on
another and the o~en~tion of the open and dosed ends
a~ernates ~om p~h to p~h. Thus, the baffles 610 provide

3o two envy paths 692, 694 for wa~ew~er to roach one of the
four ~ont surfaces 630a, flow through coa~scem 63~ and
out one of three exit p~hs 691, 693, 69~ provided by baffles
620. It w~l be apparent to those of ski~ in the art that
arrangemen~ (omp~Nng gm~er numbers of coMescem

35 arranged in the same manner are also possible. As discussed
above, the va~ majority of oil/water sep~ation occurs ~ the
surface where the was~w~er flint conta~s the coalescers. In
such embodiment~ the thickness of the coMescer~ mea-
smed in a direm~n norm~ to the fir~ surfaces, N preferably

4o b~ween approxim~dy cne foot and approxim~dy two
~et. Even numbers of coalescers are pm~rab~ in such
embodiments.

Another ~rangement of a coNescer 730 in a tank 700 N
~lu~ra~d in FIGS. 7 and 8. This embodiment is directed

45 p~m~y toward tanks that are o~ented verticafly rather
than hor~on~fl> In this embodiment, the coalescer 730 is
tubul~ and has a diammer D2 smN~r than the diammer D1
of the tank 700. The baffle 72~ which has a diam~er
suffident to close the central p~h 73~ of the coalescer 730,

50 dire~s was~w~er to the outside surface 730a of the coa-
lescer 730, through the coalescer 730, and out the cen~al
p~h 73~ pa~ baffle 71~ In the ~nk 70~ R N preferab~ th~
the flow F7 be dkected ~om the ou~ide surface 730a to the
centrN path 73~ ~ather th~ a flow in lhe opposite ~ire~ticn

55 ~om the centrM path 73~ to the ont~de surface 730a) as the
flow F7 msu~s in an increased coa~scer surface ~ea m~tive
to a flow in the opposite direction.

As discussed above, coalescers we sometimes provided in
one foot by one foot bundles of v~ying ~ngths (each of the

6o sections is composed of approximamly 100 ve~ical tubes
arranged in a 10 tube by 10 tube matrix). The arrangement
shown in FIGS. 7 and 8 can be approximaed u~ng such
coalescers as shown in the tank 900 of FIG. 9. In the tank
900, the coalescers 930 am ~ranged about a central pathway

65 93~ in a somewha drcu~r fashion.
The amud con~ruction of any of the above embodiments

N strNghtforward. The tanks themselves may be con~ru~ed
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uNng fib~ ~ed, or any other ~k m~l. The
ranks may be Nn~e or m~i~. T~ coN~ may be
any s~e ~e, but ~e pm~r~ of the ve~A robe ~pe
~Nl~k ~om ~L Indu~rks, Inc. The coalescers may be
held in Nace in ~e m~ ~ ~mch~g ~em m each other and
the b~s. ~e~ ~mpk ~ames may be con~m~ed
to keep the coN~ ~ ~e. The baffles ~e~ m~ be
comprNed of fib~ ~ed, ~ any o~ su~ab~ m~l
¯ ~ wffi sub~anti~ block the passage of w~mw~er and
may be a~ached to the in,de s~ce of the ~nk uNng
convention~ m~hods.

~h the we~md embo~mems of the invention
h~e been ~s~ in the con~xt of unde~mund ~omge
~nk~ ~ N ma~y app~em th~ the invention N e~y
useN1 in above ~ound ~o~ge tanks as wefl as in other
v~ ~ wN~ w~mw~er N ~omd or ~@o~, ~c~&
~g p~ ~d m~N~ ~ ~ m~y ~mm ~s. ~ ~
emb~en~, ~e m~s may ~ s~e or mu~, and ~
m~ v~ may ~c~de sensors ~r moNmfing an
annular @ace ~n wMk The tanks may have flat or
domed sh@ed ends &mbo~mems ~o~ both fl~ and
dome shaped ends have been ~p~ hem~. ~e cross
~ ~e ~ ~e w~l of ~e ~e~ wh~ c~r in the
p~ed embo~mem~ can be of any shape &.g., ovN,
s~e, efl~tic~, ~c.), ~gN~ ~ no~ th~ ~rms an enclo-
sure. It is also posNNe to empty the invention in monk
w~mw~er ~e~meN un~s ~ch as that ~s~ in U.S.
P~. No. 5~9~15~

Obv~u~N ~m~s morticians and variations of the
w~em invention a~ posNb~ in HgN of the ~ove mach-
~. ~ N ~e~ m be un~mod ~ w~Nn ~e ~ope of
the appended dNm~ the invention may ~ wa~d othe~
wNe than as ~eNficafly desc~bed herein.

What is dNmed is:
1. A w~w~ ~om~ ~ ~mp~N~:

a c~d~c~ wafl ha~ng a fir~ dosed end and a second
closed end;

~o coalescers pos~ned ~s~e ~e cyfindr~N wN~ each
of the coalescers h~ng a pm~m~ end and a dNtal
end, the coalescers bNng ~aced apa~ to define a
cen~al p~h ~n the coMesc~ each of the coa-
~sce~ bNng spaced ~ ~om ~ least a p~tion of ~e
w~l m ~rm a ~de p~h ~n each coalescer and the

a fir~ baffle pos~ned a~eN to the pm~m~ end of
each coa~scer and extorting b~ween ~e co~e~s m
close the central p~h; and

a second baffle comprN~g a fi~t baffle p~n and a
~M baffle po~o~ e~h ~ ~e baffle po~o~ ~g
pos~ned a~eN to the dNml end of a co~escer and
e~end~g ~om the coalescer to the wafl ~ch that the
c~e~ ~e p~ N b~e~

6
whem~ ~e m~ N ~md ~ ~ ~e ~ baffle and

the ~nd baffle cause w~w~ ~ flow pa~ one of
the baffle~ ~mugh ~e compare, and pa~ the second
baffle as the w~mwa~ flows ~n the first closed

5 end and the second closed end of the ~.
2. The rank of dNm 1, wh~e~ the coalescers are vertical

robe coalescers.
3. The ta~ of dNm 2, N~her compfiNng a second wa~

s~mund~g the fir~ wall and ~g an annular space
b~w~n the fir~ and ~cond wM~.

10
4. The tank of claim 3, whem~ ~e w~ are comprNed

of ~a~c.
g. The tank of claim 4, wh~Nn the Na~c is ~er

m~ed.
6. The w~w~er ~o~ge tank of claim 1, wh~dn the

~5 coalescers are adored to remove o~ ~om ~e w~mwa~.

7. The w~w~er ~o~ge tank of claim 1, wh~dn the
coalescers ~m~ an deop~fic mabel

g. A v~ ~m~g:
a cyfind~cd w~l ha~ng a flint ~amm~;
a c~d~c~ coalescer ha~ng a second ~am~ and a

wo~md end and a d~t~ en~ the second ~am~
berg smear than the first ~amme~ the coalescer
~ ~ in,de the cyfind~c~ wafl such th~ an
exterior p~h ~n the waA and the coalescer is

25 ~rme~ the coalescer ha~ng an interior p~h ~rmed

¯ em~mugh, ~e ~rior p~h berg ~pmx~a~
p~d m a ~n~m~n~ a~s of ~e ~e~e~

a ~a baffle, ~e ~a baffle berg ~ a~em m

3o ~e pm~md end of the coalescer and sized to close the
interior pah; and

a second baffle h~ng a thkd ~amm~ ~pm~mady
equd to the first ~am~ and ha%ng a hole %rmed
therein co~pond~g ~ size and shape to the interior

35 pa~ ~e ~nd baffle berg ~ ~m m ~e
distal end of the co~esc~;

wh~dn ~e ~el ~ ~g~ ~ ~ w~w~ ~
~rced to flow pa~ the first baffle, ~ong the exterior
p~ ~mugh ~e co~esceq ~ong the ~ p~h and

4o pa~ the second baffle.
9. The vessel of claim 8, N~Mr comprN~g a first end

w~l a~ached to a flint end of the cyfind~cd wall and a
second end w~l ~tached m a second end of the c~d~c~
w~ the c~&~d w~ fir~ end wdl and second end wdl

45 ~g an enclosed ~omge area Nr the ~orage of w~-
wate~

10. The v~l of d~m 9, whem~ ~e cyfindfic~ wa~ ~e
flint end wMl and the second end w~l are compiled of
ph~c.

50 11. The vessel of claim 8, wh~dn the coalescers are
vertical robe coalescers.
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(57) ABSTRACT

An oil from water separ~or has an oil disengagement
chamber adapted to receive an oil and water mixture and
retain it for a suffident time in a relaively undi~urbed state
so that oil in the mixture flo~s to the top of the mixture. This
resuhs in a substantiafly oH ~ee volume of w~er having a
hyer of o~ derived ~om said oil and w~er mixture floating
on the surface of the mixture. The o~ dNengagement cham-
ber is paaiafly separ~ed ~om an effluent w~er chamber by
an under flow baffle which ducts said sub~antiafly oil ~ee
volume of water to the effluent water chambe~ The oil
disengagement chamber has a low hquid level which is
higher than the under flow baffle. The outflow of the
sub~antially oil free volume of water from the effluent water
chamber N hm~ed to a rate of outflow which is a function
of the head of the Hquid in the effluent water chambe~ The
outflow is hm~ed by a Nphon which primes at a chamber
high hquid ~vd and Mses prime at said chamber low hquid
~vd, or by holes in a weir wall.

24 Claim~ 8 Drawing Sheets
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1
OIL FROM WATER SEPARATOR

FIELD OF THE INVENTION

The present applic~ion relays to oil fore water separa-
tors and, more particularl~ such separators su~able for use
in inground or aboveground in~Mlations where it is desired
to prevent oil in w~er concen~ions above a predetermined
limit fore being d~ibuted to the environment in an uncon-
trofled fashion.

BACKGROUND

Mechanical oil fore water separator sy~ems are known.
Devices~ys~ms are also known that provide settling in
chambers separated by baffles--refer the arrangement of
FIG. 1 which shows a Prior Art American Pe~o~um Insti-
tute (APD oil fore water separ~or deMgn. It consists of 
rectangular tank with two or more vertical partitions or
baffles to separate entry chambe~ oil disengagement cham-
ber and effluent water chambe~ and which ~ designed to run
full of wate~

The API oil fom water separ~or is sized to provide low
turbulence conditions and sufficient residence time for oil
globules with a minimum diameter of 0.015 cm (150
microns) to separ~e fom the oil/water mixture flowing
though the separ~o~

ThN prior art sy~em can be characmrised as a decant-type
sy~em where for every input of fiquid there is an output of
a MmHar amount at the same time, thereby affecting sepa-
ration effic~nc~

At~mp~ have been made in the prior art to control the
level of the oH/wamr interface, for example see U.S. Pat. No.
5,147,534 (Rymal) and U.S. Pat. No. 4,031,007 (S~a) 
more generallN see U.S. Pat. No. 4,960,513 (Young), U.S.
Pat. No. 4,43~630 (Anderson) and U.S. Pat. No. 5,378~53
(Koch).

In afl of these sysmms, whHm there has been a move away
fom a simp~ decant-type approach, there is usually added
a specific oil from water separation process beyond mere
grav~ational separation. Koch requires a specific separme
coalescer unit whiNt U.S. Pat. No. 4~54,074 (Broughton)
utifises separmion plates.

In many applicmions ~ would be desirable to employ a
separator sys~m having the in~inNc simpficity of the API-
type symems whHm ach~ving consNmnt predemrmined lev-
els of separation of oil fom watee

It is an object of the present invention to provide an
inherently Nmp~ oil fom water separmor sy~em which
provides consistent levels of separation of oil fom water
over a predetermined range of inflow cond~ions.

SUMMARY OF INVENTION

AccordinglN in one broad form of the invention there is
provided an oil fom water separator including an oil dis-
engagement chamber adapted to receive an oil and water
mixture and retain it for a sufficient time in a relmively
undisturbed ~e whereby oil in the mixture floats to the top
of the mixture resulting in a submantiafly oH fee volume of
water having a layer of oil derived fom said oil and water
mixture floating on the surface thereog said oil disengage-
ment chamber pa~iafly separated fom an effluent water
chamber by an under flow baffle which ducts said substan-
tially oil fee volume of water to said effluent water cham-
ber; said oil fom water separ~or characterised in that
outflow of said substantiafly oil fee volume of water fom

US 6,824,696 B1
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said effluent water chamber is Hm~ed by flow ret~ding
means ~ a ra~ of outflow which ~ a fun~n of the head of
the Hquid in said effluent water chambec

In a fu~her broad form of the invention there is provided
s an oil fore water separ~or including an oH disengagement

chamber adapted to receive an oil and water mixture and
retain R for an ex~nded time in a restively undisturbed ~e
whereby oil in the mixture floats to the top of the mixture
resulting in a sub~ant~fly oil fee volume of water having

~0 a layer of oH derived fore said oil and w~er mixture floating
on the surface thereog characterised in that outflow fore
said chamber is controlled in a prede~rmined way by flow
re~rding meanK

In a fu~her broad form of the invention there is provided
~s an oil fore water separation sys~m including an oil disen-

gagement chamber having a flush ~orage volume defined
b~ween a chamber high Hquid level and a chamber low
Hquid level; a liquid volume equiva~nt to said flush ~orage
volume caused to exit fore sMd chamber on ~inment of

20 said chamber high Hquid level

Preferably said flush ~orage volume is caused to exit by
means of a Mphon mechanism.

In a fu~her broad form of the invention there is provided
an oil fore water separ~or including an oH disengagement

2s chamber adap~d to receive an oil/water mixture and retain

it for a suffident time in a rel~ivdy undisturbed state
whereby oil in the mixture floats to the top of the mixture
resulting in a sub~ant~fly oil fee volume of water having
a layer of oH derived fore said oil and w~er mixture floating

30 on the surface thereog characterised in that outflow fore

said chamber is preven~d until said mixture reaches a
prede~rmined chamber high Hquid level whereupon said
volume of w~er is caused to exit said chambec

In a fu~her broad form of the invention there is provided
3s an oil fore water separ~or including an oH disengagement

chamber adap~d to receive an oil/water mixture and retain
it for a suffident time in a rel~ivdy undisturbed state
whereby oil in the mixture floats to the top of the mixture
resulting in a sub~ant~fly oil fee volume of water having

40 a layer of oH derived fore said oil and w~er mixture floating

on the surface thereog characterised in that outflow fore
said chamber is HmRed by flow re~rding means to a
prede~rmined run,ion of the level of said oil and water
mixture in said chambe~

45
Preferably said flow re~rding means is operable only

b~ween a chamber low Hquid level and a chamber high
Hquid level

In one particular preferred form said flow retarding means

so compr~es ~ least one s~hon wh~h primes at said chamber
high Hquid ~vd and bses prime at said chamber low Hquid
level.

In an alternative preferred form said flow retarding means
compr~es at least one bleed aperture or weep hole.

ss Preferably said ~ least one bleed aperture or weep ho~ ~
located at the level of said chamber low Hquid level

More pre~rably said at least one bleed ape~ure or weep
hole ~ sized with reference ~ expec~d inflow of said oil and
water mixture into said oil disengagement chamber such

60 that, during operation, the ~vd of sdd oil and waer mixture
will rise fore said chamber bw Hquid level up to a higher
Hquid ~vel and then return to said chamber low Hquid ~vd,
thereby defining for each Mtu~n an oil and w~er mixture
active ~g capacity or accumul~n capacity between said

6s chamber low Hquid level and said higher Hquid level.
More pre~rably said active lag capacRy or accumulation

capacity has a characteristic which is a fun~n of
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(a) inflow rate
(b) desired mMc’ence time of sNd off and w~er mixture 

sMd oi ~sengagement chambe~

BRIEF DESCRIPTIONS OF THE DRAWINGS

Embodimems of the invention will now be des~Ned w~h
m~mnce to the accompany~g drawings wherein:

HG. 1 ih~ms a Prior Art (APO sep~or and
FIG. 2 ih~ms a sep~or sy~em accor~ng to a first

embodiment of lhe sy~em.

FIG. 3 ilus~ates the sequence of fill~g and emptying of
the sep~or sy~em of FIG. 2.

FIG. 4A N a graph of head versus flow for the sep~or
sy~em of FIG. 2,

FIG. 4B illustrates in cross section the flint embodiment
sy~em of FIG. 2 to wh~h FIG. 4A N applicab~.

HG. $AN a graph of head versus flow for ~e sy~em, of
FIG. $B,

FIG. $B ih~ms in cross section a sep~aor sy~em
accord~g m a second embodiment cf the invention,

FIG. 6A N a graph of head versus flow for the sy~em of
FIG. 6B,

mult~ weep ho~s,

FIG. 7 N a graph of the behaviour of water level in the
sy~em of FIG. 2 ~ ~e form of a graph of wa~ ~vel versus
time,

FIG. 8 i~m~s the behav~ur of the sy~em of FIG. 2
under Nmrnative opiating condRions in the form of a graph
of water level versus time,

FIG. 9 ilusgates the behaviour of the sy~em of FIG. 5 in
the form of a graph of w~er level versus time,

FIG. 10 ilus~ates particul~ flow ch~a~eri~s of par-
ticular implementations of the invention &xamp~ 2) and

FIG. 11 N amp view and side section view of a sep~or
sy~em accor~ng to a fu~her embodiment of the invention.

FIG. 12 N a side section view of mult~ sep~or
sy~ems conne~ed in a flow-~rough, series configuration.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The Prior Art sep~ator 10 of FIG. 1 comprNes an entry
chamb~ 11 sep~ed by a baffle 12 ~om an oi disengage-
ment chamber 13 which, in turn, N sep~ed ~om an
effluent w~ chamber (15) by a baffle (14).

Various embodiments of the invention as ~ ke des~Ned
below are characterised in the~ most broad form by the
addition of a flow mmrd~g device to an outlm port~n of a
sep~o~ The sep~aor can be in the box form of the prior
a~ API sep~aor of FIG. 1 or can take an NmrnaNe form
(for example refer the cylinder form of example 3 of FIG. 11
to be described later in this spedfication).

The flow m~rd~g device acts to ensure that for the
m~ority of operating conditions fikdy to be encoun~red,
wamr ~ ~e stooge vdume will have a suffident m~dence
time and flow in a suffic~nfly undNmrbed manna to ensure
oi ~om w~er sep~ation subsmntiafly m a pmdm~mined
value.

In ~e embodiments des~Ned keMw the flow mt~d~g
device oper~es continuous~ to retard flow. Embodiments
differ in how ~e outflow ~ p~mitte&

In afl cases, accumula~n occum ~ the o~ disengagement
chamb~ as a resu~ of con~ol of outflow.

4
Fu~h~m~% R impo~s an ontflow ~ ~om the separa-

tor which N a Nnm~n of the HqMd head over the ontflow
~vd in the sep~o~

Fimt Embo~ment
5

With m~mnce to FIG. 2 an oi ~om water sep~or
sy~em 20 accor~ng m a first embo~ment of the invention
is illustrated.

FIG. 3 shows a ~rks of ope~ting conditions A-E for the
~0 sep~or of FIG. 2.

The sysmm 20 ~mms an ~flue~ of ~ wamr through or
under a baffle 12 to an oi ~ngagement chamb~ 21 the
water ~om wNch p~s kene~h a sMmm~ wall or ~¢ond
baffle 14 to a Nphon p~e 22 in an end wM1 16. T~s s~hon

~5 p~e ~h~g~ effluent w~ ~m e~t ~pe 25 through draw
off chamb~ 23.

The s~hon ~pe 22, ~ op~ation, causes the level of fiquid
in oi ~ngagement chamb~ 21 to move bmween Ngh
~vd 27 and low ~vd 28.

2o The vo~me of fiquid defined between these two ~vds
~rms an accumNa~n capacity which is deNgn~ed the
flush ~o~ge vo~me or oi and w~er accumNa~n vdume
29.

In use water laden wRh oi enters oi ~ngagement
25 chamb~ 21 as in FIG. 3 w~h the ~vd in the chamb~ 21

ri~ng unt~ ~e ma~mum accumM~n vMume 29 N
achieved a wNch time s~hon ~pe 22 op~es m cause the
flush ~o~ge vo~me ~ accumNa~n vo~me 29 m exit ~a
ex~ p~e 25 until the Nphon breaks a Mw ~vel 28. Low

3o level 28 is selected to be, ~r deNgn condit~ns, such that

accumM~ed, ~p~ed oil cann~ pa~ under the baffle 14
and escape ~om the sep~or oi ~ngagement chambe~

As m~e ~1 hden w~ ent~s oil ~ngagement cham-
ber 21 the process mpea~ R~ff ~ accordance wRh FIG. 3

35
C, D, E.

In ~N mann~ a mhfive~ h~e vdume of oil/water
mNmm N retained Nr a mhtivdy Mng period of time m
~low oi ~p~ation m occur prior to Nphoned ex~.

~ Re~ed ~ o~er mrm~ A ~amm of ~N embo~ment N
the ~co~orat~n of one or more automatic s~hons which
release water oNy per~cafly ~om an o~ ~ngagement
chamb~ and wNch chamb~ ~ea~ a pomnti~ mo~ge Nr
a selected vo~me of fir~ flush oil/water mixture or a m~or

45 oi spillage of a vo~me equ~ to the flush ~omge vo~me or
accumNa~n vdume 29.

TNs vo~me 29 is sized to contain a m~or oil spffiage or
~ be tiled progmssive~ with dl/water mNmm f, om suc-
cessive rainfall events. Until ~N vo~me 29 N accumMamd,

50 oi ~obMes can coalesce and sep~e ~om the water over
a period gm~ than the re~dence time av~lab~ in the
~and~d flow ~mugh decant sep~aor of FIG. 1 ~r a gNen
~p~or rank vo~me. The o~ ~ngagement chamb~ 21 N
quiescent with virtuM~ zero m~Mence except a the end of

55 each cycle when ~e s~hon N operat~g.
When ~e w~er sur~ce reaches a selected chamb~ Ngh

fiquid ~vel 27 a Nphon which dNch~ges into draw off
chamb~ 23 N primed whereby sub~antiM~ oil-~ee w~ N
released until the water sur~ce ~lls to a selected chamb~

6o Mw fiq~d ~ve128 ~ wh~h ~e s~hon breaks. TNs m~es
a vo~me of effluent water equal m the accumMation vo~e
29 ~aving capacity ~r the next cycle of Nl/water ~flows.

One can m~e spedficafly ~ffemntiae ~e vMumes of
fiquid in the sep~or and, more spec~cM~ in the oil

65 ~ngagement chamb~ ~ ~flows:
A. The flush ~orage vdume or oi and w~er accumMation

vo~me 29 ~ pmv~uMy defined compriNng ~ vdume
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of ~quid wh~h can be accumul~ed in the ~sengagement
chamber 21 between low level 28 and high ~ve127.

B. Asep~ed oH vdume 24 defined as the vo~me of ~quid
which can be stored in the chamb~ 21 between low ~vel
28 and the bw~ edge 17 of baffle 14 defined ~ under pass 5
level 18 in FIG. 2.

C. A quiescent vo~me 19 defined between under pass level
18 and the b~m of the disengagemeN chamber 21.
As wifl be appmdaed the qu~scem vdume 19 wifl, in

use, Mways contain a Hquid. In a cormm~ sized and s0
deMgned sep~or thN liqu~ wifl be sub~antiafly effluent
wate~

As w~l be fu~h~ appmd~ed periodic flushing of the
sep~or by op~ation of the flow mt~ng device 26 will
resuH in a vo~me of ~quid equM to the oH and water 25
accumula~n volume 29 berg moved ~om the o~ dNen-
gagement chamber 21 through the effluent w~er chamber 8~
anG via ~e flow mt~ng device 26 m the draw off chamber
23 and ex~ p~e 2~. The ~quid actually moved wifl ~c~de
~quid found in aH of the defined vdumes 19, 24, 29, but not ~0
afl of R in any one instance.

It is the oH and water accumul~n vo~me 29 w~h Rs
dynamic namm in ~ sep~ation can take place w~hin tNs
vo~me wNNt the Hquid a~ually contained wRhin the
vo~me changes in quanti~ over time which provides the ~s
sub~antive sep~ation characteristic and perm,s effemNe
residence times of the order of hours 0h~eby ach~v~g
effemNe oil/water sep~ation) for a tre~ment capacity in 
gNen sep~or s~e gm~er than can be ach~ved with an
equiva~nt sized API-type sep~o~ 30

h will be fu~her observed ~M when outflow does occur
the rate of outflow N a fun~n of the head of the ~quid in
the effluent water chamber 85.

FIG. 4A H~r~es a head versus flow characterNtic for
¯ e s~hon ~ngement of ~e fi~t embo~ment of HG. 2. 35

FIG. 4B N a Mde section v~w of the Mphon~ased
~t~ng device 26 of FIG. 2.

Second Embodiment

FIG. 5A ~ms a second embo~ment of ~e ~vent~n 4o
On cro~ section) compriMng a flow ~t~ng dev~e 30 in
¯ e end wall of a ~o~ge vo~me 31. In thN instance the flow
~t~ng dev~e 30 comprises a ~mntion wN132 having a
bleed ap~mm 33 (also mrmed a weep h~Q ~e~w~Nn
which wifl perm~ the graduM release of Hquid in ~o~ge 45
vo~me 31 above a p~d~mined low ~ve134. The head
versus flow ch~a~eri~s for tNs ~ngement ~e shown in
FIG. 5B.

T~rd Embo~ment 50

An alternative a~angement of ~e sy~em of the ~vent~n
accord~g to a ~d embodiment is ~d ~ cross
section ~ FIG. 6A and comprise~ in ~N in~ance, a reten-

w~hiti n°n wailtla fi~42 tinbleed apertu~ 43, a second bleea dn end wall of ~orage v~Umeapertu~4441 having 55
and a thkd bleed aperture 45 located at ~spe~Ne p~d~er-
mined ~vels 46, 4Z 48.

FIG. 6A shows a graph of head versus flow for this
mu~ weep ho~ embodiment of the flow ~t~ng dev~e 6o
40.

Broadly ~ w~l be observed that the fi~t embo~meN of
FIG. 2 utiHses a Mphon to ach~ve coNrofled flow ~mrd~
tion whiNt the second and third embodimeNs uti~se weep
ho~

Whereas water will not start m flow ~rough a s~hon until
a priming ~vel N roached and will continue m flow uN~ ~e

6
water ~ff~e reaches some lower ~ve~ water w~l flow
~ough a ho~ whenever the hole is s~me~ ~ ~d oNy
on the up~am Mde.

The o~e~Ne of con~ol~ng the release of water ~om an
oH ~om water ~p~ N to pro~de residence time in the
sep~amr during w~ch ~e de~md ~p~ ~ ~ &~s
~om the water can oc~

The Nphon achieves thN mMdence time by storing ~com-
~g water until the prodded ~y is M1, when the
m~tivdy o~-~ee w~ ~ m~ed and ~e cyc~ ~a~s aga~.

In some appfications of a ~ngagemem chamb~ ~r oil
~om waer ~p~o~ the ~ad may be m~ as in d~y
w~hdowns and in these appl~ns a Mow &awdown
ovem~N may be morn d~kaNe than the s~hon charac~r-
istic.

Such an a~ernative characterNtic can be achieved by
mp~dng the ~n ~h weep ho~s, vau~g ~ek numbe~
s~es and locations to ach~ve any de,red ~~1
m~. T~ ~ws ~e w~ ~ff~e ~ ~e ~p~ m
re~rn MoMy to the b~m ~ level wRho~ first
m~Nng some mp ~ ~vel bm after a ~ffid~t time
Nr oH ~om wamr ~p~.

The m~ bmw~n sep~or water level and out-
flow ~r a s~hon and one or more weep holes is Hlusgated
in FIGS. 4~ 5A and 6A ~ e~fi~ described.

Rd~ive ~~~ Behaviour

The moveme~ ~ ~p~ w~ ~vd d~ng an ~flow
eve~ howeve~ w~l be broaNy ~mH~ ~r the s~hon and
the w~p ho~ at least as far as achieved re~dence time N
concerned. ~th some genemfi~ ~ can be asse~ed that:

An e~ ~r &~n ~1 not ~quke a cyc~ time
~om ~g ~e ~e bottom op~a~g ~vd m remm-
~g to ~ of m~e than 12~4 ~s

For rainfall runoff ~ of a 1 in 1 year eve~ the
sep~or can ~ ~ ~ ~p ~e~g level in less than
an hour

The inRial rise of the sep~or water level will be ~eep
comp~ed with the e~e~d fall after the omflow
~ough the weep holes or the s~hon ~ee FIGS. 7, 8
~d N

The eater m~e of wamr t~ough a weep ho~ ~an wffi
occur w~h a Nphon not yet at ~s pri~ng ~vel will
h~e ~gfi~Ne e~ct on ~e ~NM rNe ~ w~ ~vd

D~ng water level fall from the mp ~e~g ~veg the
flow ~ough both the weep ho~ and the Nphon will
decfine exponemhfly as a N~fion of head above the
outlet

If the inflow event N not ~ge enough m prime ~e s~ho~
the water wifl mmNn in the sep~or unt~ there is
~ffid~t waer; wi~ a weep ho~, the wamr omflow
w~l continue to decfine exponentiafly until the weep
hole level N mache~ ~1 pro~d~g ~y deNg~ the
desked residence time.

Fou~h Embo~meN

FIG. 11 ~h~ms an ~mrnaNe ~age vo~me arrange-
men wN~, as ~en ~ phn ~e% t&es ~e ~rm of a
doughnu>shaped tank 50 wRh ~flow ~ a ce~ml ~mrNumr
in the ~rm of a stand p~e 51.

Omflow is from a ckcular retention wNl 52. Con~ofled
65 omflow N achieved e~her via a Mphon p~e 53 to clarified

water outlet 54 or via bleed ~mms Oot show~ in
mmntion wafl 52 or other flow mt~ng mean~
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For MN embo~mem d~No~ of Me s~n p~e ~d~r

2 ~

~tive Lag ~y

~th m~mnce to FIGS. 7, 8 and 9 the pmv~us~
d~Ned embo~me~s c~ be ~en ~ ~o~e ~ ~tNe
Ng ~y or accum~n vo~me 60 which op~es
above a pmdefined Hq~d low ~vel 61 and can ex~nd as
Ngh ~ a w~efi~d fiq~d Ngh ~1 ~ ~t by ~ ov~flow
wek ~uch ~ wdr 87 in FIG. ~.

~e ~e 1~ c~a~y 60 ~mes ~o ~e~n w~n
inflow to the o~ ~ngageme~ chamb~ N ~ch th~ the
fiq~d ~vd rises above fi~d low ~vel 61.

M~d low level 61 has associated w~h ~ in these
examp~ eRher the lower end of a Nphon or the ~w~t of
at least one weep hole Nzed in the mann~ pmv~u~y
d~Ned ~d wN~, ~ ~mNn~n wRh Me ~d wM1 16 or
retention wafls 32, 42, 52, ~rms a flow mmN~g means
which N the dom~am ~ctor which congoN the shape and
characteri~ic of Me atone lag capacRy 60 ~r a gNen inflow
characteristic and ~orage vdume characteristic.

~e actNe Ng c~a~y 60 by virtue of Rs co~ng into
exNmnce wNNt there N mNm~ched restive inflow and
ouffiow ~om Me oH dNengagemem chamb~ h~ a ~c
or active characteristic which assists in effidem oil ~om
w~ ~p~ ~ M~ ~r a p~defined range of ~flow~
omflow will comMn a pmp~n ~ oH ~ wamr s~am~fly
bdow a pm&~ H~L

Interconnected Sep~ UnRs

~th m~mnce to FIG. 12 three ~p~or uN~ are con-
nected in series whereby a first sep~or 81 ha~ng a hg
c~ ~ Me ~ of a fir~ active lag vo~me 91 ~eds Rs
~m, ~ fl~G ~e~y ~o ~ ~p~ u~ ~
h~ a ~M atone hg ~me 9~ wN~ ~p~ u~
in ~rn ~eds its o~flow into third sep~or un~ 83 ha~ng
a third actNe vdume 93. In this instance the active hg
c~a~y ~ ~ m~ w~m N ~d ~ ~ ~m~
characteri~ic of the active hg vMum~ 91, 92, 93.

~N ~mngemeN has pa~M~ advantage where s~e
shape and~r Nze dictates that one l~ge ta~ N ~pmpri-
~e. T~ ~n~mem a~o ~o~&s ~d~nd fle~N~ W ~
terms of total residence time.

h has one p~ticM~ dNtinguNh~g characteristic ~ com-
p~ ~M Me Mn~e m~ imNemematio~ ~ M~ ov~flow
~om ~ ~p~ 81 h Me eve~ of un~meen c~a~mpNc
inflow mem~ m~ in ov~flow of un~e~ed or ~ffl-
de~y geated N~r mix into second vo~me 92 of
second sep~or 82 rMher than the imme~e dNcha~e of
~amd or ~ffld~@ ~amd o~amr mNmm ~om Me
entire ~eamem sy~em. TNs m~ ~ ~me~
M~e~m, pm~d~ a "mfifN~ mo& ~ wall ~ pm~d~g
additionM deMgn fle~b~

Examp~s of Me various embo~mems ~fl ~w be ~n:

E~PLE 1

~ ~I ~pe mmangN~ rank ~h ~n in~afled in the
ex~ w~. ~p~M ~menMons ~e 7 m bng, 1.5 m wide and
s~hon ~e~g ~veN 1.6 m and 0.8 m above the floo~
~me~pw~ 17~, ~out hdf of wh~h N the range
bmw~n s~hon ~e~g ~veN. The Mphon N made of 18
mm OD h~d drown copper ~pe and ~s about 10 hours to
&aw Me w~ ~vd down.

E~PLE 2

FIG. 10 ~lusgates a particular examNe of head verbs
flow behav~ur ~r the Mphon embo~mem of FIG. 2, the

8
~n~e we@ hok embo~mem of HG. ~ ~d Me m~k
w~p hok embo~mem ~ ~G. 6 ~r v~us hale ~ame~m
as indicated.

The ~ove &s~N~ oNy ~me embo~mems ~ Me
5 w~em i~n ~d mo~fic~ ob~o~ ~ Mo~ ~

in the aN can be made thereto wRhom &pa~ng from the
scope and s~ of Me pm~m invention.

It N expe~ed M~, ~ many em~meN~ ~e~n of the
off from w~ ~p~a~ sysmm wouM be una~ended and~r

10 amom~.

~DU~ ~IC~IM~

The o~ ~om water sep~or device can be ~pfied in
Mm~ ~ ~ ~a~rm~ s~s ~d oM~ ~s-

15 ~M M~s w~m m~n ~d ~m~d ~h~ ~ ~ ~

~d wM~ m~ ~ a ~ed~d M~I of ~p~ N mq~.
What is rimmed is:
1. ~ dl from water sep~Mor ~m~g:

~ an ~ ~emem chamb~ adaNed ~ mceNe an ~1
and water m~mm and retain it ~r a suffldem time in
a mNtivdy undNm~ed ~a~ whereby dl ~ Me mNmm
floa~ to the ~p of the m~mm msuNng in a substan-
ti~y dl ff~ vdume of wMer h~ng a Ny~ ~ ~1
d~Ned from sMd o~ and wMer mi~e floM~g on Me
~r~ M~eog

~ ~m ~ ~amb~ pan,fly ~p~a~d from ~ o~
¯ ~ngagemem chamb~ by an under flow baffle wh~h
&~s ~ s~am~fly o~ ff~ ~me of wM~ ~ ~

30 effl~m wa~r chambeL Me o~ dNengagemem chamber
ha~ng a chamb~ bw l~u~ Mvd wh~h N h~r M~
the undemide of the under flow baffle, the omflow of
said ~b~tid~ oil flee vo~me of water from said
effi~m wMer chamb~ berg Hm~ed M a rMe ~ a

35 Nn~n ~ the head of the HqNd in said effiuem wMer
chamb~; and

a flow m~g means compriMng at least one s~hon
~upMd ~ ~ ~ ~r ~r ~ Hm~ Me rMe
of omflow ~ ~ s~am~fly oH flee ~me ~ wamr

40 from said effl~m water chamb~ wh~dn said flow
m~g means primes ~ a chamber Ngh Hqu~ Mvel
and b~s prime at said chamb~ bw H~d level ~ch
that &ring ~o~ the level of said off and water
mNmm wffi ri~ from sMd chamber ~w Hq~d Mvel ~

~ ~ a N#er H~d ~d ~d ~n mmm ~ ~ ~b~
bw H~d Mvd, Memby &fi~ng ~ dl ~d wMer
mNmm active lag mpa~y w~Nn an oH and water
mNmm accumM~n vdume in said oH ~ngage-
mere chamb~ and wh~dn sMd flow m~g mea~

so op~es to accumMae said oH and water m~mm in
said off ~ngagemem chamb~ in said oH and water
mNmm ~mNa~n ~me ~e ~ ~amb~ bw
H~d Mvd and wh~dn sMd accumMM~n vo~me N
sized with m~mnce to inflow rate and

55 desired residence time of said oil and water m~m in
sMd oH ~ngagemem chamb~ ~ch M~ ~r a pre-
defined range of ~flows into sMd o~ ~ngagemem
chambeL omflow from sMd e~e~ wMer chamber wffi
~Mn a pmpo~on ~ off ~ wM~ s~am~fly ~bw

60 a pm&~ H~L
2. ~e ~p~M~ of dMm 1 o~mbM wMmby sMd d~k~

residence time is such that said o~ and water mNmm is
retained in said oH and wMer mNmm accumMM~n vdume
in sa~ o~ dNengagemem chamb~ ~r an e~mNe residence

65 ~me compris~g a p~od of ~me ~ng mNtNe to conven-
tionM Hqu~ ~ ~m ~by ~ Mbw oH ~p~ ~
occur prior to perio~c s~honed ex~.
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3. The sep~or of claim 2 wherdn said effemNe resi-
dence time N of the order of hours

4. The sep~or of claim 1 op~ab~ such that perio~c
flushing of said sep~or by operat~n of said flow ~t~d~g
means will ~sult in a vo~me of liquid equM m sNd cil and
w~er accumul~n vo~me berg moved p~d~N~ ~om
sMd o~ disengagement chamb~ ~rough sa~ effluent water
chamb~ so as to ex~ via said flow ~mrd~g means.

~. The sep~or of dMm 1 whe~by sNd rowelling
means oper~es to provide an outflow characteristic of
outflow ~om said oil and water mNtu~ accumul~n
vo~me which has a ~ffe~nt characteristic ~om an inflow
characteristic of inflow into said o~ and water mNtu~
accumul~n vo~me.

6. The sep~or of dNm ~ wh~dn sMd outflow ch~ac-
teristic is a discontinuous function of the l~uid ~vd in sNd
effluent w~er chambec

7. The sep~or of claim ~ wh~dn there exists a mis-
match wh~eby said inflow characteristic is mNm~ched
~tNe to sNd outflow characteristic.

8. The sep~or of any one of c~im 1 or d~ms 2 to 7
wh~dn sep~ation can take place w~hin said o~ and w~er
accumul~n v~ume wNNt l~u~ c ontNned ~ sNd vo~me
changes in quantity and ~vel over time.

9. A m~hod of converting a sep~or which has an oH
disengagement chamber and an effluent w~er chamber
p~tiN~ sep~ed ~om sMd oH disengagement chamber by
an under flow baffle such th~ the sep~or normally ope~
ates ~quid ful~ to a sep~or which op~es in a manner
wh~eby ~quid level in said sep~or will vary w~h time
and rate of inflow ~m said sep~o~ said me~od compri~
ing:

~Mfing a flow ~t~d~g dev~e in the form of ~ ~a~
one s~hon in or ~ assoN~n w~h a wNr wN1 of the
sep~or so that a rate of outflow of a substantiafly oH
~ee vo~me of w~ ~om ~e effluent w~ chamber
N con~oHed as a function of a head of fiquid in the
effluent w~ chambe~ such ~ during operat~ the
o~ disengagemeN chamber receives an o~ and water
mNtu~ and ~l~ins ~ for a suffic~nt time ~ a rel~N~y
undisturbed ~e m ~w N1 in the mixtu~ m flo~ m
¯ e mp of lhe mNm~ ~sulting in a subslaN~lly o~
~ee v~ume of water w~h a layer of sep~ed o~
floating thereon wherNn the sub~antiN~ o~ ~ee vol-
ume of w~er flows m the efflueN water chamber under
the under flow baffle to define the head of fiqu~ in ~e
effluent w~er chambe~ the o~ disengagemeN chamber
having a chamb~ ~w l~u~ ~vd which N high~ than
the unde~ide of ~e und~ flow baffle, and wh~Nn ~e
flow ~t~ng dev~e operas ~ accumul~e the o~ and
water mNm~ in the o~ disengagemeN chamber such
that the level of the o~ and water mixtu~ rises ~om
sa~ chamber low fiquid ~vel up m a Ngher l~u~ ~vel
and then returns to sa~ chamber ~w fiquid ~vel by ~e
action of the flow ~mrd~g device ~eby defiNng an
o~ and w~ mNtu~ active ~g capacity w~hin an o~
and water mNm~ accumul~n v~ume in the o~
disengagement chambe~ wh~Nn the flow ~t~ng
dev~e primes ~ a chamber high Hquid ~vel ~nd ~ses
prime ~ ~e (hamb~ ~w Hquid ~v~ ~nd whe~ sNd
accumul~n vo~me N ~zed w~h ~nce to an
inflow rate and desired residence time of said oil and
water mNm~ in sa~ oil ~se~gagement chamber such
¯ at, for a p~defined range of ~flows into said o~
disengagement chambe~ outflow ~om s~d effluent
w~er chamber will contain a proportion of N1 ~ w~er
sub~antiafly below a predefined fim~.

10
1~. The m~hod of claim 9 wh~dn said sep~or a~er

converMon accor~ng to sMd m~hod N ope~b~ whe~by
said desired residence time is such that said oil and water
mNtu~ is retained in said oil and water mixtu~ accumu-

s ~tion vo~me in sMd o~ ~sengagement chamber for an
effe~Ne reMdence time compr~g a period of time ~ng
~tive ~ convention~ ~quid fuA sep~o~ ~e~by ~
aflow o~ sep~ation ~ occur prior to periodic siphoned exit.

11. The m~hod of claim 1~ wh~dn said effemNe resi-
n0 dence time N of the order of hour.

12. The m~hod of claim 9 wh~dn said sep~or is
ope~bk such th~ periodic flushing of sMd sep~or by
operat~n of said flow mmrd~g means w~l resuH in a
v~ume of ~quid equM to said oH and water accumulation

~s v~ume berg moved per~cafly ~om said o~ disengage-
men ckamb~ ~rough sa~ effluent w~er chamber so as m
exit via said flow ret~ding means.

13. The m~hod of dMm 9 wh~dn sMd flow-mmr~ng
means oper~es to provide an outflow characteristic of

20 outflow ~om said oH and water mNmm accumulation
v~ume wHch has a diffemm characteristic ~om an ~flow
characteristic of inflow into said oH and water mNmm
a ccumul~n v~ume.

14. The m~hod of c~im 13 wherdn sMd outflow cha~
25 acterisfic is a discontinuous fun~n of the ~quid level in

said effluent water chambe~
1~. The m~hod of claim 13 wh~dn there exists a

mNm~ch wh~eby sNd ~flow ch~a~eri~ N mNm~ched
relative to said outflow characteristic.

30 16. The m~hod of any one of dMm 9 or dMms 1~ to 15
wh~dn sep~ation can take place within said oH and water
a ccumul~n volume wN~t l~u~ conta~ed ~ sNd v~ume
changes in quanti~ and ~vd over time.

17. An N1 ~om w~ sep~ation sy~em comprN~g:
35 a p~r~y of o~ ~om w~ sep~o~ wh~dn each ~1

~om w~er sep~or comprises:
an oH disengagemeN chamber adapmd m ~ceive an oil

and w~er mNm~ and ietNn ~ for a suffident time
in a ~latNe~ undisturbed M~e whe~by o~ ~ the

~ mixtu~ floa~s m ~e mp of ~e mixm~ ~ulting ~ a
sub.aNally o~ ~ee v~ume of w~er having a l~yer
of oil d~Ned ~om said oil and water mNm~
floating on ~e sur~ce ~eoL

an efflueN water chamber partially sep~aled from said
45 oH disengagement chamber by an under flow baffle

which duc~ said sub~antiM~ o~ ~ee v~ume of
water to said effluent water chambeG the oH disen-
gagemeN chamb~ having a chamber ~w ~quid
~vel wh~h N h~h~ ~an the under flow baffle, the

50 outflow of sa~ sub~a~fly ~1 ~ee v~ume cf w~er
~om sNd effluent water chamber berg ~m~ed ~ a
rate as a fun~n of the head of the ~quid in said
effluent wMer chambeG

a flow ~mrding means compris~g ~ ~a~ one s~hon
55 coup~d to said effluent water chamber to limit the

r~e of outflow of sa~ sub~antiafly o~ ~ee v~ume
of w~ ~om sa~ effluent water chamber wh~n
sNd flow ~mrding means primes ~ a chamb~ Ngh
Hquid level and loses prime at said chamb~ low

60 Equid kvel such thM during op~atio~ the kvel of
sNd o~ and waler mNmm will rise ~om sNd cham-
ber bw ~quid kvel up to a Ngher l~uid kvel and
then mluin m sa~ chamber bw Equid kvek ~emby
defining an oH and w~er mNmm active lag capacity

65 w~hin an accumul~n vo~me in said o~ disen-
gagemem chamber and wh~dn sad flow mt~ng
means op~es to accumul~e said o~ and water
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mixture in said oH ~sengagement chamb~ in said
accumulation vo~me above said chamber ~w Hquid
~vel and wh~dn sMd accumul~n vo~me N M2ed
w~h m~nce to inflow rMe and deMred reMdence
time of said oH and water mNm~ in said oH disen-
gagemeN chamber such ~at, for a p~defined range
of inflows into sMd oH disengagemeN chambe~
outflow ~om said effluent water chamber will con-
tMn a proport~n of oH ~ w~ sub~am~fly bdow
a p~defined Hmit; and

wherdn said plurN~y of sep~o~ are connected in
se~es whereby outflow ~om each p~ced~g sep~or
passes ~ an inlet of the next succee~ng sep~o~

18. The sep~ation sy~em of dMm 17 wherdn each said
sep~or N ope~ble wh~eby sa~ deNmd mMdence time N
such that said oH and wa~ mNmm N mtNned in said oH and
water mNmm accumulation vo~me in said oH disengage-
ment chamber for an effemNe m~dence time comp~Nng a
period of time Mng m~tNe m convenfion~ Hquid fufl
sep~om ~eby to a~ow oil sep~ation to occur pr~r to
periodic siphoned exR.

19. The sep~ation sy~em of claim 18 wherdn said
effemNe re~dence time N of the order of hour~

2~. The sep~ation sy~em of d~m 17 wherdn each said
sep~or N op~ab~ such that periodic flushing of said

12
sep~or by ~ of said flow mtaN~g means will
resuH in a vdume of HqNd e~M to said oH and water
~cumNa~n vo~me bring mo~d pefiod~N~ ~om ~
oH ~ngagemem chamb~ ~ough sNd effl~m w~er

s chamb~ so as to exit via said flow m~ me~s.

21. The ~p~ sy~em of claim 17 wh~dn said
flow-mmN~g means op~es to pin,de an omflow cha>
actefistic of omflow ~om ~ oH and water mNmm accu-
mM~n ~me w~h has a ~mm ~acteristic ~m ~

10
inflow characteristic of inflow into said oH and water mix-

22. The ~p~ sy~em of claim 21 wh~dn said
omflow ch~a~efi~ N a dNcontinuous N~tion of the

~5 ~d level in said effluent water chambe~
23. The ~p~ sy~em of claim 21 wh~dn there

exists a mNm~ch wh~eby said inflow characteristic is
mNm~ched m~tNe to said o~flow characteristic.

24. The ~p~ sy~em of any one of c~im 17 or
~ dMms 18 m 23 wh~dn ~p~ ~n m~ N~e wRNn

said oH and water accumNa~n vo~me wNNt ~qNd con-
mined in sNd vo~me changes in ~a~ and ~vel over
li~e.


