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m ore stringe nt. Many localitie snow re quire oilconte nt of wate rdisch arge sto b e lim ite d to
le ssth an 1 0 p p m . Variousty p e sof sy ste m sare availab le to re m ove oilfrom waste or
storm wate rstre am s. Th e sy ste m savailab le are discusse d, including b e ne fitsand
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se p aratorsy ste m are de scrib e d. Ove ralloil-wate rse p aratorsy ste m de sign isdiscusse d
and re com m e ndationsfore nsuring sy ste m e fficie ncy , re gulatory com p liance , re liab ility ,
and e ffe ctive op e rationsare p re se nte d.
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BACKGROUND AND INTRODUCTION

Force nturie s, h um anity h asknown th at oiland wate rdo not m ix - at le ast not ve ry we ll.
W h at ancie nt m an did not re alize isth at oiland wate rwillm ix unde rce rtain conditions,
form ing e m ulsionsth at can b e ve ry difficult to se p arate . Mix ture sof oiland wate rin
aquatic e nvironm e ntsb e com e m ore troub le som e e ach y e arb e cause of incre asing
volum e sof oildum p e d into rive rsand th e oce an. Each y e arit b e com e sm ore difficult to
p rote ct th e e nvironm e nt from th e e ncroach m e nt of m ankind.

HISTORY OF OIL IN W ATER

Naturaloilh asb e e n se e p ing into wate rforce nturie s. Th e Gre e k h istorian He rodotus
re p orte d p e trole um and tarase arly as450 B.C. (Ne lson, 1969). Laws(1981) note d th at
naturalgasfrom th e Kirkuk oilfie ld in Iraq h asb e e n b urning since b ib licalday s, and th at
re p ortsof oilse e p sin th e oce an off CoalOilPoint in California we re note d ase arly as
1629. Untilth e adve nt of th e autom ob ile asa m ajorm ode of transp ortation, p e trole um
wasof little use e x ce p t asa lub ricant and a re p lace m e nt forwh ale oilin oillam p s. Today ,
m any fre sh wate rsy ste m sare p ollute d with oil, and th e large st single source of oil
disch arge to th e oce ansisrive rrunoff (Laws, 1981). In a NationalAcade m y of Scie nce s
study , it wase stim ate d th at in 1970 totaldisch arge sto th e m arine e nvironm e nt we re
ab out six m illion (6,000,000) p e ry e ar, of wh ich 10% cam e from rive rrunoff. In orde rto
p rote ct th e m arine e nvironm e nt and th e irp re ciousre source of fish and p lants, it is
th e re fore ne ce ssary to p rote ct th e rive rsand stre am sth at run into th e oce ans.

W HAT IS OIL AND W HY IS IT A PROBLEM?

Crude oilisa varie ty of com p le x h y drocarb on sub stance scom p ose d of th ousandsof
diffe re nt kindsof m ole cule s. Crude oilfrom diffe re nt fie ldscan h ave vary ing p rop e rtie s.
Som e ligh t crude sh ave sp e cific gravitie saslow as0.85, wh ile oth e rsh ave sp e cific
gravitie sup to 1.15. Crude sm ay contain m ostly alkane s, alke ne s, arom atic com p ounds,
orasp h altic com p ounds. Alkane sand alke ne sare ofte n lum p e d toge th e runde rth e te rm



alip h atics. Most contain m ix ture sof one orm ore of th e se ty p e s. Re fine d p roductsh ave an
e ve n gre ate rrange of p rop e rtie sth an crude oilsb e cause m any h ave m ole cularstructure s
not com m only found in nature . Both naturaland re fine d p roductsm ay also contain sulfur
ornitroge n com p oundsth at ch ange th e irch aracte ristics. Sm allconce ntrationsof m e tals
m ay also b e p re se nt in crude oil, i.e . iron, nicke l, arse nic, and vanadium (Ne lson, 1969).
Most of th e se m e talsare re m ove d in th e e arly stage sof th e re fining p roce ssb e cause
th e irp re se nce in th e p roce sscan cause corrosion orp oison re fining cataly sts.

Gasoline sare com p ose d m ainly of alip h atic com p oundsand arom atic com p ounds.
Ox y ge nate ssuch asm e th y lte rtiary b uty le th e r(MTBE) in p e rce ntage sup to fifte e n p e rce nt
(i5%) (Ne lson, 1969). Alip h aticsalso p re dom inate in ke rose ne , die se lfue l, and je t fue l.
Eve n th ough le ade d gasoline isb e ing p h ase d out unde rcurre nt EPA re gulations(Findle y
and Farb e r, 1992), it isstillavailab le in som e localitie s, and istox ic b e cause of th e le ad
com p oundsp re se nt. In addition to th e p e trole um re late d com p ounds, ve ge tab le oilsand
anim alfatsare also conside re d to b e oils(Rom ano, 1990). Since th e se are ge ne rally
b iode gradab le , th e y are usually not conside re d a p rob le m unle ssth e y are p re se nt in ve ry
large quantitie s. Forp urp ose sof th isinve stigation, th e te rm “oil”willb e take n to m e an
p e trole um -b ase d h y drocarb ons. Tox ic e ff e ctsof oilfallinto two cate gorie s(Laws, 1981):

1) Effe ctsdue to sm oth e ring orcoating of an anim alorp lant with th e oil. Th e se
coating e ffe ctsare m ost ofte n associate d with crude oiland p rim arily im p act on se a
b irdsand som e se a anim alssuch asse a otte rs, se als, e tc. Coating e ffe ctsare
m ost notice ab le wh e n large am ountsof fre e oilare p re se nt asin an oilsp ill.
Coating e ffe ctsare not usually found wh e n only p artsp e rm illion (p p m ) are p re se nt
asisth e case in an industrialp lant e fflue nt.

2) Disrup tion of th e anim alorp lant'sm e tab olism due to th e inge stion of th e oiland
incorp oration of th e oilinto th e organism 'sfatty tissue s. Ge ne rally , tox ic
com p oundsare not wate rsolub le and are oilsolub le , so th uste nd to accum ulate in
b ody fat. Th isaccum ulation of tox ic com p oundsin th e fatty tissue sisdam aging to
an anim alorh um an b e ing. Tox ic e ff e ctscan b e se e n in oilsp illcase s, and also as
e ffe ctsof industriale fflue nt and urb an runoff p ollution. It isnow th ough t th at
arom atic h y drocarb onsare th e m ost tox ic, followe d b y cy cloalkane s, ole fins
(alke ne s), and lastly alkane s.

Be nze ne , one of th e arom atic com p one ntsof gasoline , isknown to b e carcinoge nic.
Som e oth e rgasoline com p one nts, notab ly tolue ne , e th y lb e nze ne , and x y le ne sare also
arom atic com p ounds. Som e oth e rh y drocarb on b ase d ch e m icals, notab ly Poly ch lorinate d
Bip h e ny ls(PCBS) are arom aticsand also known to b e carcinoge nic. Ge ne rally ,
h y drocarb onsare not solub le in wate r. Som e h y drocarb onsdo h ave a sm allsolub ility in
wate rand unfortunate ly th e ligh te r, m ore wate rsolub le h y drocarb onsh ave a te nde ncy to
b e m ore tox ic th an th e h e avie r, le sssolub le one s(Laws, 1981).

THE POTENTIAL SOURCES OF OIL IN W ATER AND THEIR RELATIVE IMPORTANCE

Many p ossib le source sof oilin wate re x ist. Ignoring naturalse e p s, th e se can b e divide d
into five ge ne ralcate gorie s(adap te d from Laws, 1981):



1) Industrialcontinuoussource s
2) Industrialsp ills
3) Oilsp ills
4) Urb an runoff
5) Dom e stic/Misce llane oussource s

Industrialcontinuoussource sare th e e asie st to de alwith asth e y are ge ne rally "p oint
source s", h ave ge ne rally constant flow and constant oilconte nt. Th e se source s, such as
re fine ry wate routfalls, are ofte n large source sof h y drocarb ons. Point source scan b e
de alt with e ith e rb y installation of oil-wate rse p aratorsorb y e lim ination of individual
source sof oilwith in th e re fine ry oroth e rindustrialp lant. From a re gulatory standp oint, "oil
and gre ase " conte nt of th e se source sare re gulate d unde rth e NPDES p rogram . Industrial
sp illsare like wise a p rob le m th at isre lative ly e asy to de alwith b e cause it isp ossib le to
p re dict wh e re sp illsm ay originate and to take p re ve ntative m e asure sto cap ture sp ills
b e fore th e y e nte rth e e nvironm e nt.

Sp illsfrom oiltanke raccide ntssuch asth e Ex x on Valde z disaste rh ave th e p ote ntialof
b e ing ve ry dam aging and variousp lansh ave b e e n advance d to safe guard against such
p rob le m s. Sp illsfrom oilwe lls, e sp e cially onsh ore one s, h ave b e com e infre que nt due to
incre ase d e ffortsto alle viate th isp rob le m (Gre e n and Tre tt, 1989).

Urb an runoff wate risp rim arily cause d b y storm wate rfrom stre e tsand h igh way s.
Hy drocarb onsin th iswate rinclude p rim arily gasoline fractions, die se lfue l, and autom otive
and truck crankcase oille aks. Of th e se , crankcase lub ricating oilp re dom inate sin runoff
wate r(Rom ano, 1990).

Dom e stic/Misce llane oussource sare m uch h arde rto e lim inate asth e y are so dive rse .
Th e se source sof oilinclude (Rom ano, 1990, Ste nstrom , e t al., 1984, Gre e n and Tre tt,
1989):

1) Non-h igh way le aksfrom ve h icle s, e sp e cially crankcase oil.
2) Illicit dum p ing of use d m otoroilinto storm drains.
3) Disch arge sfrom m otorb oat e x h aust and le aksfrom b oats.
4) Industrialwash down - m ach ine wash down

LAW S AND REGULATIONS

Oilin wate rdisch arge sfrom industrialand oth e rfacilitie sare gove rne d b y a varie ty of
f e de ral, state and locallaws. Include d are th e Cle an W ate rAct (CW A) and its
am e ndm e nts, th e OilPollution Act of 1990, th e CoastalZ one Manage m e nt Act and oth e rs
(Findle y and Farb e r, 1992).

Most h y drocarb on waste sare not cove re d b y th e Re source Conse rvation and Re cove ry
Act of 1976 and itsam e ndm e nts(RCRA) orth e Com p re h e nsive Environm e ntal
Re sp onse , Com p e nsation, and Liab ility Act (CERCLA) also known asth e Sup e rfund Act
(Findle y and Farb e r, 1992). Th e se waste s, p roduce d b y th e e x traction, transp ortation,



re fining, orp roce ssing of oiland naturalgas, are sp e cifically e x e m p te d from b e ing
re gulate d as"h azardouswaste s" unde rany oth e rlaws.

Th e b asic law cove ring disch arge sisth e Cle an W ate rAct. It wasoriginally e nacte d asth e
Fe de ralW ate rPollution ControlAct of 1972, b ut wasam e nde d e x te nsive ly in 1977. Th e
1977 am e ndm e nts, in conjunction with th e e arlie rle gislation, b e cam e known asth e Cle an
W ate rAct. Unde rth e te rm sof th isAct, am e nde d Se ction 402 cre ate d th e National
Pollutant Disch arge Elim ination Sy ste m (NPDES) p e rm it sy ste m . Pe rm itsforp oint
source sunde rth issy ste m are grante d b y th e Environm e ntalProte ction Age ncy (EPA) or
b y state swith EPA ap p rove d p rogram s. Afte re nactm e nt of th islaw, any disch arge soth e r
th an th ose cove re d b y th e p e rm it are ille gal. Alth ough th e Cle an W ate rAct wase nacte d
p rim arily to controldisch arge sfrom Pub licly Owne d Tre atm e nt W orks(POTW 's) and tox ic
disch arge sfrom industrialp lants, it also controlsdisch arge sof p e trole um and oth e r
h y drocarb onsinto th e wate rsof th e Unite d State s.

Th e courtsh ave rule d th at th e EPA h asth e p owe rto se t e fflue nt lim itationsb y classe sof
facilitie s(E.I. DuPont de Ne m ours& Co. v. Train, 430 U.S. 11 2 (1977)) and th at th e EPA
doe snot h ave to conside rth e quality of th e re ce iving wate rsin se tting e fflue nt lim itations
(W e y e rh ae use rCo. v. Costle , 590 F-2d 1 01 1 (D.C. Circuit.1 978)) (Findle y and Farb e r,
1992).

Most state sand localitie sre quire disch arge sto contain 15 p p m orle ssoiland gre ase ,
b ase d on a 24 h ourcom p osite sam p le . Oiland gre ase m ay include p e trole um
h y drocarb onsaswe llasanim aland ve ge tab le oils. Som e localitie sh ave e stab lish e d
lowe rdisch arge lim its. King County , W ash ington, wh ich include sth e Se attle are a,
re quire sdisch arge sto b e le ssth an 1 0 p p m . (Rom ano, 1990).

Also im p ortant are th e ne w storm wate rm anage m e nt rule sp ub lish e d b y th e EPA in 1990
(NPDES Pe rm it Ap p lication Re gulationsforStorm W ate rDisch arge s; FinalRule , 1990).
Th e re asoning b e h ind stringe nt re gulation of storm wate risinclude d in th e "NationalW ate r
Quality Inve ntory , 1988 Re p ort to Congre ss", asdiscusse d in th e Fe de ralRe giste r,
Nove m b e r16, 1990. Th isre p ort conclude sth at "p ollution from diffuse source s, such as
runoff from agricultural, urb an are as, construction site s, land disp osal, and re source
e x traction iscite d b y th e State sasth e le ading cause of wate rquality im p airm e nt." Th e se
source sap p e arto gain in im p ortance asdisch arge sof industrialp roce sswaste wate rsand
m unicip alse wage p lantscom e unde rincre ase d control. A study conducte d b y th e Huron
Rive rPollution Ab ate m e nt Program (Fe de ralRe giste r, Nove m b e r16, 1990) de te cte d illicit
disch arge sto storm se we rsat a rate of 60% (of th e num b e rof b usine sse ssurve y e d) in
b usine sse sre late d to auto- m ob ile ssuch asauto de ale rsh ip s, se rvice stationsand b ody
sh op s. Th isstudy note d th at m ost of th e se disch arge sto th e se we rh ad b e e n le galwh e n
installe d.

Storm wate rdisch arge swe re cove re d unde rth e CW A b ut not re quire d to h ave p e rm its
unde rth e NPDES sy ste m untilth e finalrule swe re p ub lish e d in th e Fe de ralRe giste r,
Nove m b e r16, 1990. "Storm wate rdisch arge s" re fe rto disch arge sconsisting e ntire ly of
rainwate rrunoff, snowm e lt runoff, orsurface runoff and drainage . W ate rsth at do not



m e e t th isde finition are not cove re d b y th e se re gulations. Th e ne w rule ssp e cify th at
facilitie swith storm wate rdisch arge sfrom "are ascontaining raw m ate rials, inte rm e diate
p roducts, finish e d p roducts, b y -p roduct, orwaste p roduct locate d on site " willre quire a
NPDES p e rm it. Se ve ralcate gorie sof facility are sp e cifically e x e m p t from th e se
re gulations, notab ly storm wate rrunoff from m ining op e rations, oiland gase x p loration,
p roduction, p roce ssing, ortre atm e nt op e rations, and p arking lotswh ose rainwate rse we rs
are not inte rconne cte d with m anufacturing facility se we rs.

A study h assh own (Hunte r, e t al, 1979), th at runoff wate rfrom h igh way scan contain an
orde rof m agnitude m ore h y drocarb onsth an runoff from oth e rurb an are as. Most of th e
h y drocarb onsin runoff are associate d with p articulate m atte r. Th isindicate sth at
se p aratorsde signe d to de alwith storm wate rsh ould also b e de signe d to h andle th e
associate d solids, and th at th e de sign of th e se p aratorsh ould b e b ase d on th e com p osite
sp e cific gravity of th e oily solids. Hunte r, e t al. indicate d th at rough ly 30% of th e
h y drocarb onsin runoff are arom atic wh ile th e b alance are alip h atic.

SY STEMS AVAILABLE FOR REMOVING OIL FROM W ATER

Sy ste m sforre m oving oilfrom wate rrange from ve ry sim p le h olding p ondswith orwith out
skim m ing arrange m e ntsto ve ry e lab orate m e m b rane te ch nology -b ase d sy ste m s. For
m ost ap p licationsin re m oving oil, th e sim p le st sy ste m sare ofte n inade quate (alth ough
ofte n use d) and th e m ost com p licate d are e ith e rtoo e x p e nsive ortoo m ainte nance -
inte nsive . Most of th e following discussion, th e re fore , willconce ntrate on m e th odsof
se p aration inte nde d to m e e t re gulatory re quire m e ntswith m inim um cost and
m ainte nance .

Gravity Se p aration

Th e sim p le st p ossib le se p aratorisan e m p ty ch am b e rwith e nough volum e to contain
sp ills. A ty p icalsp illcontrolse p aratorissh own in Figure 1 (Rom ano, 1990). A sp illcontrol
se p aratoristoo sm allto inte rce p t sm alldrop le tsand isonly suitab le forinte rce p ting sp ills
of oilorgre ase . Sp illcontrolse p aratorsare only e f fe ctive if any accum ulate d oilis
re m ove d re gularly . If th e oilisnot re m ove d re gularly , a storm m ay flush th e accum ulate d
oilout of th e se p aratorinto th e downstre am se we r(Rom ano, 1990). Th e Am e rican
Pe trole um Institute (API) p rovide sde sign crite ria foroil-wate rse p arators. A de sign
m e th od isp rovide d in th e API Manualon Disp osalof Re fine ry W aste s, Ch ap te rs5 and 6-
Oil-W ate rSe p aratorProce ssDe sign and Construction De tails(API p ub lication 1630,
1979). API se p aratorsare gravity ty p e se p aratorssim ilarto sp illcontrolse p arators, b ut
are ge ne rally large r, m ore sop h isticate d, m ore e ffe ctive , and are usually e quip p e d with oil
re m ovalfacilitie s. API se p aratorsare e x te nsive ly use d in oilre fine rie sand ch e m ical
p roce ssing facilitie swh e re wate rscontaining re lative ly large am ountsof oilare p re se nt
and ne e d to b e p roce sse d to m e e t th e re quire m e ntsof NPDES p e rm its. A diagram of a
ty p icalAPI se p aratorissh own in Figure 2 (Adap te d from API Pub lication 421, 1990).

Th e API se p aratorh assucce ssfully b e e n use d in re fine rie sform any y e ars. It ism uch
m ore e ffe ctive th an sim p le h olding p ondsorsp illcontrolse p arators. Advantage sof th e



sp illcontrolse p aratorand API se p aratorare sim p licity of de sign, low cost, low
m ainte nance , and re sistance to p lugging with solids. Th e p rim ary disadvantage of th e se
sim p le gravity se p aratorsisth e p oorquality of se p aration th at th e y p rovide .

Enh ance d Gravity Se p aration

Enh ance d gravity se p aratorsp rovide b e tte rse p aration quality th an isp ossib le with sim p le
gravity se p aratorswh ile m aintaining th e low cap italand m ainte nance cost b e ne fitsof th e
sim p le sy ste m s. In m any way s, th e e nh ance d gravity se p aratorssub stitute sop h isticate d
de sign forth e se ttling tim e p rovide d in p ure gravity se p arators. Th e se e nh ance d gravity
se p aration sy ste m sh ave som e sim ilarity to API se p arators, b ut include additionalinte rnal
fe ature sth at e nh ance th e se p aration of oiland wate r. Th e se inte rnalfe ature sare
b asically a sub stitute forth e additionalre side nce tim e p rovide d b y th e API se p arators.

De signsth at h ave succe ssfully b e e n use d are :
1) Coale scing p late se p arators

a. Incline d p late se p arators
b . HorizontalSinusoidal(flat corrugate d) p late se p arators
c. Multip le angle se p arators

1) Coale scing tub e se p arators
2) Packing ty p e se p arators

Coale scing p late se p arators:

Incline d p late se p arators

Incline d p late se p aratorsh ave b e e n use d succe ssfully form any y e ars. (Rom ano, 1990).
Th e se sy ste m sare usually m ade in large m odule sconstructe d of fib e rglasscorrugate d
p late sp ackage d in ste e lorstainle ssste e lfram e s. Th e oildrop le tse nte ring th e sy ste m
rise untilth e y re ach th e p late ab ove , th e n m igrate along th e p late untilth e y re ach th e
surface . Plate sin th isty p e sy ste m are ofte n 3/4" ap art, b ut m ay b e asm uch as4" ap art
(Rom ano, 1990).

Advantage sof th issy ste m include im p rove d e fficie ncy at re m oving b oth solidsand oil
(ove rAPI ty p e se p arators) and re sistance to p lugging with solids(Rom ano, 1990). Figure
3 sh owsa sch e m atic of a ty p icalincline d p late se p arator(Rom ano, 1990).

Flat Corrugate d (HorizontalSinusoidal) Plate Se p arators

Flat corrugate d p late se p aratorsofte n use h orizontalole op h ilic p oly p rop y le ne p late s
stacke d one on top of anoth e rin ve rticalstacksand faste ne d into p ackswith rodsor
wire s. Figure 4 illustrate sa drawing of a ty p icalflat corrugate d p late se p aratorsy ste m .

Th e sy ste m use sa com b ination of lam inarflow coale sce nce and ole op h ilic attraction.
Slowing th e flow of wate rto low ve locitie swh e re lam inarflow re gim e se x ist m inim ize s
turb ule nce . Turb ule nce cause sm ix ing of th e oiland wate rand re duce soildrop le t size s.
Stoke s'slaw state sth at large rdrop le tswillrise faste rand th usse p arate b e tte r. Th e



ole op h ilic nature of th e p late sallowsth e oildrop le tsto attach and e ncourage sth e m to
coale sce into large rone swh ich willrise faste r.

Th e se p late sp rovide b e tte rse p aration th an could b e arrive d at with out p late s. Th e
advantage sof th issy ste m are th at th e p late p acksare m odularand re lative ly sm allin size
com p are d to th e incline d p late m odule s. Corrugate d p late sin th isty p e sy ste m are sp ace d
a nom inal0.25" to 0.5" ap art. Be cause th e p late sare corrugate d, rise distance sof
drop le tsin th e ve rticaldire ction are gre ate rth an th e p e rp e ndiculardistance b e twe e n
p late s. Th e oildrop le tsm ust rise ap p rox im ate ly 0.4" forth e nom inal0.25" sp acing and
0.7" forth e nom inal0.5" sp acing. Be cause sp acing varie ssligh tly due to variationsin
p late m olding and asse m b ly th e sp acingsare re fe rre d to asnom inal0.25" and 0.511
wh ile vary ing som e wh at from th e se dim e nsions. Figure 5 p rovide sa de tailof p art of a
se p aratorp ack and include sa grap h ic de p iction of rise distance s. Be cause th e ve rtical
rise distance to b e cove re d isle ssth an forth e incline d p late sy ste m s, th e sam e size
p article isse p arate d in le sstim e . Conve rse ly , th e sam e am ount of sp ace tim e p rovide d
with in th e p late are a cause se ffe ctive se p aration of sm alle rsize p article s.

Disadvantage sof th issy ste m are p ossib le p lugging of th e p late p acksb y solidsand
p ossib le dam age to th e p late sb y solve ntsth at could attack th e p oly p rop y le ne p late s.
Plate sp lace d ve rtically h e lp to alle viate p lugging b y solids.

Multip le Angle Plate Se p arators

Multip le angle p late se p aratorswe re de ve lop e d to take advantage of th e virtue sof th e
h orizontalsinusoidalse p aratorp late swh ile e lim inating m any of th e disadvantage s. A
drawing of a m ultip le angle se p aratoriscontaine d in Figure 6. Th e p late sare corrugate d
in b oth dire ctions, m aking a sort of "e gg-carton" sh ap e . Sp ace rsare b uilt into th e p late s
fortwo sp acings(nom inal0.25" and 0.5", or8 m m and 16 m m ). Figure 7 sh owsa drawing
of a m ultip le angle p late p ack asse m b ly .

Advantage sof th e m ultip le -angle sy ste m are :

1) Th e p late sare de signe d to sh e d solidsto th e b ottom of th e se p arator, avoiding
p lugging and dire cting th e solidsto a solidscolle ction are a. In incline d p late
sy ste m s, solidsm ust slide down th e e ntire le ngth of th e p late swh e re asin th e
m ultip le angle sy ste m sth e solidsonly h ave to slide a fe w inch e sb e fore
e ncounte ring one of a m ultitude of solidsre m ovalh ole s. Th e solidsdrop dire ctly to
th e b ottom of th e se p arator.

2) Th e sup p ortsth at form p art of th e p ackage also p rovide a sp ace unde rth e p late s
th at constitute sa solidscolle ction are a. In som e de signsse p arate sup p ortsare
p rovide d forth isp urp ose .

3) Th e doub le corrugationsp rovide surface sth at slop e at a forty -five (45) de gre e
angle in alldire ctionsso th at coale sce d oilcan m igrate up ward.

4) Th e h ole sin th e p late sth at constitute th e oilrise p ath sand solidsre m ovalp ath s
also p rovide conve nie nt orifice sforinse rtion of cle aning wands. Oth e rty p e sof



p ack sy ste m sare not p rovide d with such h ole sand are m ore difficult to cle an wh e n
p lugge d with solids.

Te sting of th e p late swasconducte d in a ste e ltank inte nde d forab ove ground installation.
Th isunit isre fe rre d to asa HEROW S (High Efficie ncy Round Oil-W ate rSe p arator). It was
de signe d sp e cifically to take advantage of th e virtue sof th e m ultip le angle p late swh ich
m ay b e use d in e ith e rab ove ground unitsin b e low-grade concre te vaultsoroth e rty p e
tanks.

Th e advantage sof th e ab ove ground unitsare th at th e y are factory fab ricate d and re quire
a m inim um of fie ld installation tim e . Most large unitsare de signe d utilizing p late sinstalle d
in in-ground vaults. Th e p rim ary advantage sof vault installationsare th at th e cost p e runit
flow ism inim ize d and th e b e low-grade installation isb oth conve nie nt forgravity flow
ap p licationsand doe snot waste valuab le p lant are a.

Coale scing tub e se p arators:

Coale scing tub e se p aratorsutilizing p e rforate d p lastic tub e sforse p aration h ave b e e n
use d forse p aration of oiland wate r. Th e advantage sof th e use of th isty p e se p aratorare
low cost and e nh ance d se p aration due to th e ole op h ilic nature of th e p acking. Th e
disadvantage isth at th e oilse p aration from th e tub e sism ore orle ssrandom and
th e re fore not op tim ize d. Figure 8 sh owsa drawing of a coale scing tub e se p arator.

Packing ty p e se p arators:

One oth e rsy ste m th at can b e use d forcoale sce nce isrouting th e e m ulsion th rough a b e d
of p acking such ase x ce lsior(Love , 1948). Ex p e rim e ntaldata indicate sth at m ost of th e
coale sce nce occursin th e first fe w inch e sof e x ce lsior. Th isty p e of coale sce risofte n
use d in conjunction with gravity se p aration orincline d p late se p aration asa p olish ing
stage . Sim ilarp acksh ave b e e n m ade of oth e rm ate rials, including stainle ssste e land
p oly p rop y le ne . Sy ste m sof th isty p e can b e e fficie nt, b ut th e tigh tly p acke d coale scing
m e dia can e x p e rie nce p lugging p rob le m s. Coale scing m e dia of th isty p e isofte n use d as
a se cond stage afte ra p late ty p e first stage of se p aration. In th isty p e ap p lication, it is
com m on to use p lastic wove n m e sh of th e ty p e ofte n use d asde m iste rp adsin distillation
colum ns. Figure 9 isan illustration of th isty p e se p arator.

Ex otic sy ste m s:

Re ve rse osm osism e m b rane sand oth e re x otic m e ansof re m oving oilfrom wate rare
som e tim e suse d. Th e se unitsare usually too e x p e nsive to b e use d forwaste wate r
tre atm e nt. Dissolve d airflotation isalso use d.

Anoth e re x p e nsive b ut e f fe ctive m e ansof re m oving re sidualoilin wate risth e use of
activate d carb on. Carb on issom e tim e suse d asa p olish ing ste p , b ut can b e p roh ib itive ly
e x p e nsive if th e first stage sare not e ffe ctive .



Ap p licationsof th e Diffe re nt Sy ste m s

In re ce nt y e ars, m ore stringe nt e fflue nt re quire m e ntsh ave cause d th e conve rsion of
num e rousAPI se p aratorsto m ore e fficie nt de signs. Ne w facilitie sare b e ing e ngine e re d
with th e se re quire m e ntsin m ind and are utilizing th e m ore sop h isticate d of th e ab ove -
discusse d de signs. Sp illcontroland API se p aratorsare stilluse d form any non-critical
use sand wh e re th e e fflue nt willb e tre ate d downstre am .

Plate ty p e sy ste m s, th ose utilizing coale scing tub e s, and oth e re nh ance d gravity
se p aration sy ste m soffe rb e tte rp e rform ance th an th e sim p le rsy ste m s, b ut at h igh e rcosts
(Rom ano, 1990). It isofte n ne ce ssary to b alance cost ve rsusb e ne fitsto e nsure th at
re gulatory re quire m e ntsare b e ing m e t. W h e re ap p licationsre quire h igh e fficie ncy oil
re m ovalaswe llasth e ab ility to tole rate solids, th e m ultip le -angle p late sy ste m sh owsits
ab ility to p e rform unde rdifficult conditionsand stillp rovide e f flue nt oilconce ntrationsto
m e e t norm alre gulatory re quire m e nts. Ex otic sy ste m sm ay b e re quire d wh e re virtually
ze ro oilin wate rdisch arge isre quire d.

SOLIDS SETTLING AND OIL RISING

Se p aration of oiland wate risdiffe re nt th an th e se ttling se p aration of solidsin a clarifie r.
Oildrop le tscoale sce into large r, sp h e ricaldrop le ts, wh ile solidsagglom e rate into large r
m asse sb ut do not coale sce into p article sth at h ave lowe rsurface /volum e ratioslike oil.

Se ttling of Solid Particle s

Th e se ttling of solidsp article sin a clarifie r, wh e th e rp rim ary orse condary , isgove rne d b y
Stoke s'sLaw. Th isfunction, sim p ly state d, is:

W h e re : Vp = drop le t se ttling ve locity , cm /se c
G = gravitationalconstant, 980 cm /se c2

µ = ab solute viscosity of continuousfluid(wate r), p oise
dp = de nsity of p article (drop le t), gm /cm

3

dc = de nsity of continuousfluid, gm /cm
3

D = diam e te rof p article , cm

Since th e e quation wasde ve lop e d forsolidsfalling, a p article (ordrop le t) rise ve locity isa
ne gative num b e r. Assum p tionsStoke sm ade in th iscalculation are :

1) Particle sare sp h e rical
2) Particle sare th e sam e size



3) Flow islam inar, b oth h orizontally and ve rtically

From th e ab ove e quation it m ay b e se e n th at th e m ost im p ortant variab le sare th e
viscosity of th e continuousliquid, sp e cific gravity diffe re nce b e twe e n th e continuousliquid
and th e p article , and th e p article size . Afte rth e se are known, th e se ttling ve locity and
th e re fore th e size of se p aratorre quire d m ay b e calculate d.

Th e ve locity of se ttling orrising isde p e nde nt on th e h y drody nam ic drag e x e rte d on th e
se ttling p article b y th e continuousfluid. Th isdrag isde p e nde nt on th e sh ap e of th e
p article aswe llasth e viscosity of th e continuousfluid. Th isisth e sam e sort of situation
th at isfound in oth e rcase swh e re a falling ob je ct h asa h igh surface are a/m assratio. In a
vacuum , a fe ath e rfallsat th e sam e rate asa le ad b all. In airorany oth e rre sistant m e dia
th e b allwillfallfaste rdue to th e airre sistance against th e fe ath e r. Th e sam e sort of
p h e nom e non gove rnsth e se ttling of solid p article sin a clarifie roroth e rliquid-containing
ve sse l. Th e y do not p e rfe ctly ob e y Stoke s'sLaw b e cause of th e irp article sh ap e .

Th e p ure Stoke s'sLaw calculation de p e ndson knowing th e p article size and assum ing
th at it doe snot ch ange . Solid p article sflocculate into large rp article sof irre gularsh ap e
th at se ttle som e wh at like snowflake s. An e x am p le of th e p rob le m sth at can b e cause d b y
th e surface are a/volum e ratio isth e p oorse ttling of "p inp oint flocs”in se condary clarifie rs
(Montgom e ry , 1981).

Th e use of Stoke s'sLaw de scrib e d ab ove isa ve ry sim p lifie d ve rsion of th e calculations
re quire d forde te rm ining clarifie rsizing. More rigorouscalculationsare re quire d to take
care of such functionsash inde re d se ttling. Th e se calculationsare tre ate d e x te nsive ly in
Montgom e ry (1981).

Rising of OilDrop le ts

Th e rise rate of oildrop le tsisalso gove rne d b y Stoke s'slaw. If th e drop le t size , sp e cific
gravity , and continuousliquid viscosity are known, th e rise rate and th e re fore th e re quire d
ve sse lsize m ay b e calculate d.

To calculate th e size of an e m p ty -ve sse lgravity se p arator, it isfirst ne ce ssary to calculate
b y th e use of Stoke s'sLaw th e rise ve locity of th e oildrop le ts. Th e size of th e se p aratoris
th e n calculate d b y conside ring th e p ath of a drop le t e nte ring at th e b ottom of one e nd of
th e se p aratorand e x iting from th e oth e re nd of th e se p arator. Sufficie nt volum e m ust b e
p rovide d in th e se p aratorso th at th e oildrop le t e nte ring th e se p aratorat th e b ottom of th e
se p aratorh astim e to rise to th e surface b e fore th e wate rcarry ing th e drop le t e x itsth e
op p osite e nd of th e se p arator.

Calculation of rise rate b y th ism e th od isa grosssim p lification of actualconditions
b e cause oildrop le tsare not allth e sam e size , and th e y te nd to coale sce into large r
drop le ts. Large drop le tse x h ib it trailing tailsm uch like raindrop s. Th e tailsare due to th e
drop le t b e ing distorte d b y th e h y drody nam ic drag note d ab ove .



Drop le t rise followsStoke s'slaw so long aslam inarflow conditionsp re vail. Lam inarflow
re gim e s(in th e dire ction of rise ) p re vailwith sm alldrop le ts. Th e rise rate of large rdrop le ts
m ay e x ce e d th e ve locity of lam inarflow, in wh ich case flow b e ginsto b e turb ule nt.
Particle sof th issize and large rdo not rise asrap idly aswould b e e x p e cte d from on
Stoke s'slaw. W h e n th e drop le tscoale sce , th e y do not form flocsb ut b e com e large r
drop le ts. Inte rfacialte nsion (som e tim e sre fe rre d to assurface te nsion) of th e liquid te nds
to m ake th e drop le tsassum e sp h e ricalsh ap e ssince th isisth e sm alle st p ossib le sh ap e
fora give n m ass.

Th e Stoke s'sLaw calculation isaccurate foroildrop rise in th e sam e way th at it is
accurate forsolidsse ttling –only if th e p article size and continuousliquid viscosity are
accurate ly known. Th e p rob le m swith th iscalculation are th e re fore :

1. W h at isth e p article size ?
2. W h at isviscosity of th e continuousliquid?

Th e viscosity of th e continuousliquid isre adily ob taine d from lite rature data. Th e de sign
of such se p aratorsusually re quire sde sign ove ra wide varie ty of te m p e rature s(and
th e re fore viscositie s) to account forsum m e rand winte rconditionsaswe llasp ossib le
p roce ssup se ts, so se ve ralviscositie sm ay b e conside re d during de sign.

Th e oildrop le t size ism uch m ore difficult to de te rm ine . Particle size sof solid p article sare
fairly e asy to de te rm ine in th e lab oratory , b ut oildrop le t size inform ation ism uch m ore
difficult to ob tain. One te diousway to de te rm ine oildrop le t size sisto take a m icroscop ic
p h otograp h of drop le tsin wate rand count th e varioussize drop le ts. Oth e rm e th odsh ave
b e e n use d with vary ing succe ss, asnote d b y Rom m e l, e t al(1 992) and Au, e t al. (1 992).
Th e se include use of p article counte rssuch ase le ctric se nsing zone p article counte rs.

It m igh t b e p ossib le , with ultrasonic oroth e rm e th odsof disp e rsion, to ge ne rate quantitie s
of oildrop le tsof ge ne rally e qualsize , b ut th e drop le tse ncounte re d in norm alfie ld
op e ration vary wide ly in size from p article sle ssth an 5 m icrons(cite d in Rom ano, 1990) to
th e gre at quantitie sof oilfound in m ajoroilsp ills.

If th e drop le t size isnot known, ora large range of drop le t size sisp re se nt (th e norm al
situation), h ow th e n isit p ossib le to de te rm ine th e rise rate sof th e drop le tsand th e re fore
th e size se p aratorre quire d?

Be cause th e volum e of oilin a drop le t isp rop ortionalto th e cub e of th e diam e te r, it follows
th at ve ry sm alldrop le tscontain e x traordinarily sm allquantitie sof oil. W e m ay th e re fore
confine ourse lve sto th e e x am ination of oildrop le tslarge e nough th at th e quantity of oil
re p re se nte d b y th e m m ay cause e nvironm e ntalp rob le m sif disch arge d into surface or
sub surface wate rs. Oilsh ould not b e p re se nt in quantitie sgre at e nough to cause oil
sh e e nsore ve n in th e sm allquantitie sre quire d to sh ow m ore th an 15 p p m on th e
standard EPA te sts. Many jurisdictions, including King County , W A (Se attle ) h ave e nacte d
standardsallowing disch arge oille ve lsconside rab ly le ssth an th e EPA lim it of 15 p p m oil
and gre ase in th e wate rdisch arge d. In orde rto m inim ize th e p ossib ility of such disch arge ,
it iswise to p roce e d care fully and cautiously in th e de sign of oil-wate rse p aratorsy ste m s.



SELECTION AND DESIGN OF OIL-W ATER SEPARATOR SY STEMS

Ge ne ralDe sign Conside rations

Num e rousfactorsm ust b e conside re d in th e se le ction and de sign of oil-wate rse p aration
sy ste m !,. Am ong th e se are :

1. Flow rate and conditions
2. De gre e of se p aration re quire d - e fflue nt quality
3. Am ount of oilin th e wate r
4. Ex isting e quip m e nt
5. Em ulsification of th e oil
6. Tre ate d wate rfacilitie s
7. Re cove re d oildisp osalm e th od

Forindustrialand som e m unicip alap p lications, flow rate , am ount of oil, flowing
te m p e rature , and oth e rconditionsaffe cting se p aration such aswh e th e rflow islam inaror
turb ule nt m ay b e e asily de te rm ine d. Forstorm wate rap p lications, h owe ve r, it m ay b e
ne ce ssary to e stim ate wate rflow quantitie s. Th e de gre e of se p aration re quire d isusually
a m atte rof statutory orre gulatory re quire m e nts, b ut if th e wate risdisch arge d to a POTW
orindustrialtre atm e nt p lant it m ay b e ne gotiab le .

Th e am ount of oilin th e wate rm ay b e known, e sp e cially in industrialap p lications, b ut it
willofte n b e ne ce ssary to e stim ate th e quantity in storm wate rap p lications. Equip m e nt
m anufacture rscan p rovide guidance ab out quantitie sto b e e x p e cte d, and som e
inform ation h asb e e n p ub lish e d ab out storm wate rquality (Hunte r, e t al., 1979, Hoffm an,
e t al., 1982, W ake h am , 1977, and Ste nstrom , e t al., 1984).

Ex isting e quip m e nt such asARI se p aratorsm ay affe ct th e de sign of e quip m e nt to b e
use d. Ofte n it isp ossib le to re trofit e x isting e quip m e nt with m ore sop h isticate d inte rnalsto
e nh ance se p aration quality . Th e de gre e of e m ulsification of th e oilisdifficult to asse ss,
b ut ste p scan b e take n to discourage th e form ation of e m ulsionsand e ncourage th e
b re akup of e m ulsionsth at are inadve rte ntly cre ate d. It m ay b e ne ce ssary to sub stitute
quick-b re ak de te rge ntsforconve ntionalde te rge ntsth at are also e m ulsion causing. Quick-
b re ak de te rge ntsare th ose de te rge ntsde signe d to re m ove th e oil(orgre ase ) from th e
ite m to b e cle ane d and th e n quickly dissociate again from th e oil, le aving th e oilasfre e
h y drocarb on drop le tsin th e wate r.

It isne ce ssary to e nsure th at ade quate size p ip ing isp rovide d fordownstre am tre ate d
wate rre m ovalto avoid flooding th e se p aratorand p e rh ap sfilling th e oilre se rvoirwith
wate r. A downstre am te st p oint sh ould b e p rovide d to allow fore fflue nt te sting. Ade quate
storage facilitie sforth e re m ove d oilsh ould b e p rovide d and m e ansforre cy cling th e oil
include d. Care fulre cordsof re m ove d and re cy cle d oilsh ould b e ke p t to avoid p ossib le
future re gulatory p rob le m s.



Th e following isa discussion of se ve ralof th e p ointstouch e d b rie fly on ab ove conce rning
de sign of oil-wate rse p aration sy ste m s.

Em ulsionsand th e irProp e rtie s

An e m ulsion isa m e ch anicalm ix ture , not a solution, consisting of drop le tsof one
im m iscib le fluid disp e rse d in anoth e rcontinuousfluid. A good de finition, offe re d b y Love
(1948), is: "An e m ulsion isan ap p are ntly h om oge nousm ix ture in wh ich one liquid is
disp e rse d asdrop le tsth rough out a se cond im m iscib le liquid." In th e case of wate rand oil,
two ty p e sof e m ulsion are com m on, de p e nding on wh ich isth e continuousp h ase (Love ,
1948).

1. Oilin wate re m ulsions.
2. W ate rin oile m ulsions.

A th ird ty p e , wate rin oilin wate r, isp ossib le b ut ve ry uncom m on.

Many e m ulsionswillse p arate b y gravity if give n th e ne ce ssary tim e , h owe ve rsom e are so
disp e rse d th at th e y willvirtually ne ve rse p arate if undisturb e d. Ex am p le sof th isty p e
e m ulsion occurin oilfie ld and ch e m icalwaste p roducts(Love , 1948).

Th e p rop e rty de scrib ing th e se p arab ility of e m ulsionsisre fe rre d to asth e stab ility of th e
e m ulsion. Ve ry re sistant e m ulsionsare re fe rre d to as“tigh t" e m ulsions. Se ve ralfactors
affe ct th e stab ility of e m ulsions(Love , 1948):

1. Th e e m ulsify ing age nt
2. Th e viscosity of th e continuousp h ase
3. Th e diffe re ntialsp e cific gravity of th e two p h ase s
4. Re lative p e rce ntage sof th e two p h ase s
5. Age of th e e m ulsion

Ofte n, th e m ajorinflue nce on th e stab ility of e m ulsionsisth e e m ulsify ing age nt. Th e
sub stance th at h oldstwo im m iscib le fluidsb ound tigh tly toge th e risan e m ulsify ing age nt
(W oodruff, 1962). Em ulsify ing age ntsinclude surfactants, (b oth naturaland artificial), iron
ox ide , iron sulfide , p araffinsin th e oil, b acte ria, and dirt (W oodruff, 1962).

Bacte rialgrowth and e m ulsionsse e m to b e linke d. Gre e n and Tre tt (1989) note th at, in a
study of growth of fre sh wate rb acte ria on h y drocarb ons, e m ulsification of th e
h y drocarb onswasfound in e ve ry case wh e re b acte rialgrowth occurre d. Bacte ria wh ich
could not p roduce e x trace llulare m ulsify ing age ntswe re not cap ab le of growth utilizing a
crude oilsub strate .

Th e se p aration p rop e rtie sof th e e m ulsion de p e nd gre atly on th e viscosity of th e
continuousp h ase . In oil-wate rse p aration, th isisusually th e wate rp h ase . Bansb ach
(1970) note sth at th e viscosity of th e continuousp h ase p lay sa dualrole :

1. In a low te m p e rature (and th e re fore re lative ly h igh viscosity ) e nvironm e nt, a give n
am ount of agitation willnot b re ak up th e oilp h ase into drop le tsasnum e rousoras
fine asin th e case of a h igh e rte m p e rature , lowe rre lative viscosity sy ste m .



2. Viscouscontinuousp h ase liquidsh inde rth e se p aration of th e m ix ture b e cause th e
drop le tsm ust ove rcom e m ore viscousdrag in th e irjourne y to th e top of th e
m ix ture .

Th e viscosity of th e oilp h ase also h asan e ffe ct on th e e m ulsion in th at h igh e rviscosity
oilsre tard th e m ove m e nt of e m ulsificant to th e surface of th e drop le ts. Th isre tardsth e
aging e ffe ct on th e stab ility of th e e m ulsion, th usm aking th e e m ulsion e asie rto tre at
(Bansb ach , 1970). If th e sp e cific gravity of th e oilisve ry close to th at of th e wate r, th e n
th e re islittle gravitationaldriving force forse p aration of th e e m ulsion.

Te m p e rature h asa duale ffe ct on se ttling rate : it affe ctsth e viscosity and th e diffe re ntial
sp e cific gravity (Love , 1948). It isalso b e lie ve d th at aste m p e rature incre ase s, th e
re sulting e x p ansion of th e oildrop scause sstre sson th e film of th e e m ulsificant and at
h igh te m p e rature m ay cause it to rup ture (Bansb ach , 1970).

Age of th e e m ulsion se e m sat first glance to b e a p rop e rty th at would not b e e x p e cte d to
affe ct th e stab ility of th e e m ulsion. Asan e m ulsion age s, th e surface -active age nt
(surfactant) wh ich cause sth e e m ulsion te ndsto m igrate to th e inte rface . Th e surfactant
conce ntrate sat th e inte rface b e twe e n th e oiland wate r, th usstre ngth e ning th isinte rface
(Bansb ach , 1970). It isp re fe rab le to se p arate th e oiland wate rat th e e arlie st p ossib le
m om e nt to avoid th isp rob le m . Forth isre ason, it isofte n b e st to p rovide on-line oilwate r
se p aratorsinste ad of colle cting th e oil-wate re m ulsion and tre ating it b atch -wise .

Influe nt Conditions

Much of th e p e rform ance of an oil-wate rse p aratorde p e ndson th e influe nt conditions.
Be cause sm alle rdrop le tsare m ore difficult to se p arate , e quip m e nt orconditionsth at form
sm alldrop le tsin th e influe nt to th e oil-wate rse p aratorwillcause th e se p aratorto b e
de signe d large rto accom m odate th e additionaltim e re quire d forth e sm alle rdrop le tsto
coale sce . Conditionsth at form sm alldrop le tsare any conditionsth at cause sh e arin th e
incom ing wate r. Th e following are (m ore orle ssin orde rof se ve rity ) som e factorsth at can
cause sm alldrop le t size s.

1. Pum p s, e sp e cially ce ntrifugalp um p s
2. Valve s, e sp e cially glob e valve s
3. Oth e rre strictionsin flow such ase lb ows, te e s, oth e rfittingsorsim p ly unduly sm all

line size s
4. Ve rticalp ip ing (h orizontalisb e tte r). Em ulsify ing age ntsasdiscusse d e lse wh e re in

th isp ap e rgre atly contrib ute to sm alldrop le t size sin addition to discouraging
coale sce nce .

Ide alinle t conditionsforan oil-wate rse p aratorare :
1. Gravity flow (not p um p e d) in th e inle t p ip ing
2. Inle t p ip ing size d form inim um p re ssure drop
3. Inle t p ip ing straigh t forat le ast te n p ip e diam e te rsup stre am of th e se p arator

(dire ctly into nozzle )
4. Inle t p ip ing containing a m inim um of e lb ows, te e s, valve s, and oth e rfittings.



Most se p aratorsare p rovide d with an inle t e lb ow orte e inside th e se p aratorp ointing
down. Th isisan e x ce p tion to th e ab ove rule sand isinte nde d to introduce th e influe nt
wate rb e low th e oillay e ron th e surface , th usnot disturb ing th e surface oiland re -
e ntraining som e of it.

W h ile gravity flow conditionsare not ofte n ob taine d e x ce p t in POTW S, storm wate r, or
som e p roce sswate rap p lications, a p ositive disp lace m e nt p um p such asa p rogre ssive
cavity ty p e p um p m ay b e use d asth e y p rovide m inim um disturb ance of th e fluid.

Inle t p ip ing sh ould b e assm ooth asp ossib le to avoid turb ule nce cause d b y p ip e
Tough ne ss. Sm ooth PVC isp re fe rab le to rough concre te .

Som e tim e santi-e m ulsificant ch e m icalsare utilize d, b ut e x tre m e care m ust b e e x e rcise d in
th e use of th e se ch e m icalsto e nsure th at th e y do not m ake th e e m ulsion worse inste ad of
im p roving it.

If large quantitie sof solid p article sare e x p e cte d, it iswise to p rovide a grit re m oval
ch am b e rb e fore th e se p arator. Th e se ch am b e rssh ould b e de signe d according to norm al
de sign p aram e te rsforgrit re m ovalasuse d in POTW p lant de sign.

Efflue nt Conditions

Efflue nt de signsare also im p ortant in th e op e ration of oil-wate rse p arators. Downstre am
p ip ing and oth e rfacilitie sm ust b e ade quate ly size d to p roce ssth e quantity of wate r(and
oil) from any like ly e ve nt. Manh ole sove rflowing during a h e avy rainstorm willsure ly cause
any oilth at h asaccum ulate d to b e re -re le ase d into th e e nvironm e nt.

Efflue nt p ip ing m ust b e de signe d with sip h on b re aksso th at it isnot p ossib le to sip h on oil
and wate rout of th e se p aratorduring low flow conditions. One way to do th isisto p rovide
th e sam p ling/ove rflow te e in th e e f flue nt line assh own in Figure 1. If th e e fflue nt
arrange m e ntsare not p rop e rly de signe d, a vorte x from th e e fflue nt p ip e can "re ach up " to
th e inte rface and cause disch arge of oily e fflue nt wate re ve n if th e inte rface iscle ar
(Bansb ach , 1970). Oilm ust b e re m ove d m anually from sp illcontrolse p aratorsb y a
m ainte nance cre w e quip p e d with a vacuum truck oroth e re quip m e nt foroilre m oval. If th is
isnot done on a re gularb asis, th isoilm ay b e com e re -e ntraine d at th e ne x t rainfalle ve nt
and re introduce d into th e e nvironm e nt (Rom ano, 1990).

Re m oving th e oilfrom th e se p aratorsisnot e nough to p rote ct th e e nvironm e nt, it m ust
also b e re - cy cle d to e nsure th at it isdisp ose d of p rop e rly . Curre nt U.S. law can h old th e
owne rof th e oil-wate rse p aratorre sp onsib le if th isoilisnot p rop e rly disp ose d of, e ve n if
th e owne rh asp aid forp rop e rdisp osal.

SUMMARY AND CONCLUSIONS

Environm e ntalre gulationsare ste adily b e com ing m ore re strictive and re quiring lowe r
conce ntrationsof h y drocarb onsin e fflue nt wate r. Th e EPA'sne w storm wate rre gulations



re quire tre atm e nt of storm wate rnot curre ntly tre ate d. Som e localitie sre quire lowe r
e fflue nt standardsth an e ve n th e EPA m andate s.

Unfortunate ly b udge tsforwaste wate rtre atm e nt are alway sve ry lim ite d, so it isb e com ing
ne ce ssary to p rovide m ore e ffe ctive tre atm e nt with out incre asing cap italand op e rating
costs.

Som e tim e stre atm e nt sy ste m scan b e assim p le and ine x p e nsive assp illcontrol
se p arators. In rare case s, it m ay b e ne ce ssary to p rovide costly , e lab orate , m e th odsof
tre atm e nt such asre ve rse osm osissy ste m s. Th e m ost ap p rop riate m e th od of tre atm e nt is
th e le ast e x p e nsive m e th od th at p rovide sth e re quire d e fflue nt quality .

Fortunate ly , e ngine e ring advance sare b e ing m ade th at willh e lp to alle viate th e p rob le m
of h aving to p rovide ve ry costly tre atm e nt sy ste m s. One of th e b e st way sto e nsure
re gulatory com p liance isto p rovide a com p le te com p ute rsim ulation of th e waste wate r
tre atm e nt sy ste m . A p rop e rsim ulation willallow th e e ngine e rto ch oose a sy ste m th at
m e e tsth e re quire m e ntswith out undue ove r-de sign and additionalcost.

Multip le -angle coale scing p late suse d in conjunction with p rop e rly de signe d se p arators
and influe nt/e fflue nt sy ste m sp rovide a cost e ffe ctive m e th od of e nsuring e fflue nt wate r
quality th at m e e tsore x ce e d th e re quire m e ntsof fe de ral, state , and localre gulations. To
e nsure p rop e rsizing, e ach sy ste m sh ould b e individually de signe d to m e e t allcustom e r
re quire m e nts.
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APPENDIX :











Figure 6: Multiple Angle Plate Separator – MSR-11P



Figure 7: Multiple Angle Coalescing Pack






