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FHUTRATION ARD REVSE OF SURFAUTANTCONTAINIRG
PROOUCED WATER FOR OIL RECOVERY

FIELD

The frvention s diretad toward off and gas regovety pothods tnvolviag the Bigection of an

sgueons mixture ncloding sucfetans fato ol baing Sreoaton for the putpose of mproving wl

FETOVLTY,

INTRODUCTEN
Techmigues for sevondary sid cobsnted ot recovery such as water and chormtend looding
ivaiye the fnjeotion of iy agueous sriktuce down an gestion well tnto il bearing {eg

subloanvan resnryainy formation. The agnorus reivturs ofton ehudes one of move of gurfrotants,

soule-inbibitors, {.‘Q‘}{'I‘{Bsf()_n,,§:§}§}§bj§.{ks‘s,_ szspi-‘sss.iiz_cz}s-}. dghibeers, visg wents, bionides, proppants,

13568, URMS3208, LS4TI0, LIS 402,

ato. Seo for oxanple: LIS39
USSZATE, LISASRIART, URZOLI/OI 74483 snd URIMIZNIBINTE. The prodoving wells pravducs

the reservolr Huids that comprise hvibrocarbons (el and gasy sdong with the water fom de

3
3
H

e oft and g

formations, Afey parated fom the mfxtiee, the residial wator mbxte, refvored

reus produced water,” taay be biwted and reused 1o subsequent bgectionral the aqusots mixtire fn

§

02354 des

the ection openuinos, See USIGORAIZ003ST. LIS $ provess whesidn a
snbweater sikture s recovend from a well, O i sepreatad fomm tha rovovored roiviure and the
reaidual produced water {a pretyeatod 1o ramovs havdness and nther acale Torming compounds by

y

fed produsad wirter vy st contabie st amounts of oif fn addivon

previpitagon, The pratre

solids and selts that may adversely sffeetwater Sonding oparations. Such prodeced witter myigy then

b fiftered by cornio (e to prodece: 1 a retoniate strearn elading contaminates, o.g. suspendad

sobide, hardness and oil, and {2 pervacats sircany volatively foe of such contaminates. The
prepwaie stream may thoy by subgeet to chendidal reatioents, vy, addition of surfaciants, alkal

sompprunds, o, and B reusad aa jention water for wmproving waterlosding aperations,

Unfortunately, te tse of cornmie mevnbranes for freating off contwning produced water sedds to the

cost and comploxdty of the process. Polyrooric mendhranes are a lwer cost pption and oo filter nut

ihe suapended solids and reducs salt contenl it teated watsr, Polymerie membraoes have Hoxid

s presencs of il

atility In treating ol containing produced watsr, given thelr propensity to foul

Although chemical clsaning of polypwrie sembranes may b omployed to ramnve the ot fosding of

the mombrang, such ceaning processes fasy ronder the teatment process quite expessive dur 10

£

hiph operating costs from periodis chootieal treatment. Movesver for maintain a steady Tw of

speated water, vany suck pavsd ol anits tmay be required fo be bwvalled in ofl fleld fothities, Lower

comt alernatives methods for weating producsd waldr are dosived.
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SUMMARY

e presont invention chudes #omethad for vecoverisg ol fmmy an oif bearing fonmation

incloding the steps of) 1) recovering ao el witter minue from the nil-bearing fomudbag i)

separaing ot loast 8 portion of theait fron the otbwiter madum 10 fomm s produced water {e.g. the

I frosn 1H0w0 3005 ‘-Iiﬂ.}Q

produced watve praforably has oo b o TG00 ppm of vl cad auwe

1) adding a polywenie allytenc sxnide surfhotand buvinga M of Togs thas 100 D toe the prodused

witter; 1¢) passing the produced witer theangh a polymeric ymorebrane fo form § pertmate strosm god

oy and §) injesting the pormmale strasm frdo the ot beaving formation,

a refouate st
I peafereed andodiment, the mwebimog i roated with ¢ siefactant thit reduces membrase

dunt #lsg unprotes the

foubing dus 16 of prosent in thy produesed watst and the sang swh

&

porforrospes of treated wiier in the dowalede injaciion bore by eabaocing byeetinity of the aaler ia

the oil heanng forrestion. The suchhoant i selecien both upon Weability to ovndition . "eet " the

Pae

monhrine with water and o laegely piss through e membirang 1 be prosent in the resulting

he

RN
perneate stream ivkieh ix used o igeoon veicr Toraiscting an nproverooat n water Hoeding

operation by inproved irdectivity of tesded water and Tovreaving recovery of wil fron the off hearing

fevnation by making the Drmstion sywe watey A varfety of erobodimonts are desonbad.

E0 DESCRIPFTION

BETAR

Th meadranes ysad f the prosent ivvention may be charascierized as elisiihvation
an 81 el pm, Whi
i

. The hollens Sher menthranoy are preferabiy assembled within a fley

s the wembrages

mermbranes due o thede profired average pores

pray B fabeioak sty of configaiions, {e.g o, hodloow Siber, tubudar, atey, ahnliow

Hhery

wradele wehuding o telndurshaped houstag ostonding wlong s axis batwean g opposing faw awd

H

sevorsd end with an toner chamsber. The bousiog vy bo onnsirusted frorn oo wide vagioty of wotarialy,

od enmbodhnenty the easinginomade

2.8 phaetios, corapcs, swials, o, however, is one sot of pref

yi altonde (VO or asrylonitnle buladiors styveng

fror an injesiion mokdable plastic such as poly

{ABSY The podule bwhades a plundity (o hundreds) of seri-porrosalle hulline ber wembranes

Ciheny™) oeated within the fnner chaveber. The fibers inelude 2 semi perneshle wall srrownding s

2 Hrstandscormd and, The fibers ace prefurably axiply

himen whivh oxtonds hotwaen an oppw

=3

abigmed with thaly Hiest onds lopated a&gss.c:mt i 8 Fiest sud of the houging anl thelr sepond cadsdoested

~

adiceent to the sxecond end of the hoosiug. Ia an altormative embadimeot, botly snds o the filiors ar

fsontedal s comenen sod of S howsing wish thy budk o the fher extonding betwena the pposing
TR ! o Ey o=

de U shaped cwdipuration. Bopreseniative sevat-permisable hollow

ends of the hossing v ach

fiber micrnbranes tnolude those made fromy cellulvas acetate; pedysudfones, poly

o sulines,
polyvinydidens fluoride, prdyanudes, polvaerylonttnile, polypropylons, pady vimyl chiloride ot bat

&

polyvinylidene floovide fs prefemet

o
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Une oy both of

spposing ends of the by may be seaded from the inner chambor as past

W

ofa tebashent. The fubeshest may b formad by well-Eaown “pottiag” techbighes (. axing 2poxy,

pobvarcihane, stlicone, et} whereln one or both onds of the hollow fibors vematn spen and in Haid

gonwmmicaticn with one or mere outer chambers fremed within anend cap asscably. Ret for

e

5 example USHI06ROR and the reforonces ofied thereln, Bnan altornative eobodinmeat, one end of the

$

{ihers forma part of & tibesheet with the opposing fiber onds are alividuad]y acabed

i & maaner that

altows maivideal fbers fo b frog o mivve relddive tanother, o vet another an dodunent, both enda

of the fhers are soaled within 2 vsmnon bealoet with the budk of the fiber extending bevween the

iy
o B

spposing snds of the bonsing s olaseie "L shaped Conliguration.

rized food fotd oy

1 In Gperation, prass wors the medeks vin an nlet localed stone end of the

wodhule. Fhutd pasaing tiwough the walls of the bollow fiber mambane (“perneats™) sod entering 1o

hy fiber™s lumerrexits the roodula by we

of & soparate fhind port, tepieatly loosted ot the opposiic end

of theaduls from sdiore frad Buid oders. Phad ool passing tirough the walls of te mombrane axits
the module ax “concentrae’™ {alse refired fo ey Pretentate™) Exatapies of suchurnodides Helonde

15 DOW isfifiagon sedale modolsy SEPOSES, SPRI8R, SEDLIRGG abd SRD288H srailabie

frone The Dew Chomicel Corgoration, Sddiioral sompley are doscriliod v URRAISIR

White not paruoudarly tadied, e poly oby the mowbeanes e prepaved fronyare

sophobic. Dhae fo Geir lvdrophobic nidars, morabranss made from such pafyners have beer

saditivnally boen pourly sulted Sor use with ofl vontinlag water, due ty thelr propemsity 10 8

20 andbeosme faled, In S prosent {nvention, the reomboans is reated with g soefactant that reduce

gwmbrane fn i‘ing doe 1o oif present in the producad water, The swiactant i selontad both wpon s

sbifity to conditon {La, “waty or render the polymer meadrare more hydrophiic nod @ hagely pass

i
\s\
&

ponmesie strosen wiiel

through the mentheans & be prosent inthe s ussed oy jecton wi

surfactant the boproves off recovery Trom thead] bearing formatian by onbaneing the

3 mlection nateof tosted water i the woll-bore rogion of the injection well and by makdng the
formation piove water web fn order to pass taough th moades factints proforably baves
Wl loss than 1OBME(Tralion), and more pog by foss than 5000, (og. from 300 10 3000, and wors
preferably from 30010 3000} Inorder fo adogaately “wat™ the membrang, allodene oxide surfanisats
e proforeed

et The verfautani may be snlonie, cationie, switterionie, o sav-ionie bul we preforably
nop-doric. The swrfactants are also proforaldy warer soluble awd their hydrphobes may be branched
& Preferred surfaotums fociude at loast 40 will, 50w and in some sododimentaeven 33

of aflylone nxide groups. The rors “alkylene oxide™ Is psed interchangenbls with the teon
cvatkylene” and both eollectivaly refor fo unlly Waving the eirectare;
3 AR}

wherain O-R vepresents the monomerie rostilue of the polyeeriaation reaction product of «

ve allivlene ovide, Examples nchade butavs not Baitad tesmyvethyleone with the structuse

X
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CSOUHCHD - oxvpropyvieae with the strecune {OCHICHOOH: exvirimethyvisng with the

siruntuee {OUHOHCH 3 and oxsbutylene ot the gonesd stosstwre (OUHCHC
SO0 H - Polyibers containing those uolly are offcvereforred to ax “poleoxvalliyienas ™ The
polvoxyatkyiene wits can be howmdpolyasris or copodyimeeiv, Examplas of homopolvmers of

pafvaxyalbylenes nchade, Int ave not Bavited o polyoxyathylene, which containg nalts of

payaihyion

2 podyoay progelune, which comtaing orits of exvypropylons; padyo

dns unitsvolaxstroocihyions; aod polvoxybutylene, whish condaing snits of oxyhaiyiens,

v Batviene inchude o rsnipelymer contidoing uolis of L d-oxvbutvlone

SOCHCHHOH D and polytetrahydrofuras, & bomopelyraer containing unity of 1 4-nvybuivieng,

i {(Rli\(\ii‘{}\f*{\i{} Altornativ ‘6 i

s potyoxyvalkyisoe scgments can b copedpmeric, coniglmng

o or more difftrent oxyaiyvlons usiis, The difvrent oxvallovhne units van be amanged swdonly o
Torm a rapsdom polyexyadkylone; ov o bearmnged w blocksto form & block polyoxyalkyiene. Block

pod

o

soyathylone potvmers uvee two o yoore neighboting polyine Mocks, wheresn each of the

gighboring polvoer blocks contabi dhfferant onyallndeoe wit, and cach polyiner blook contains wt

o
Lo

feast two of the same ayyativleons wads, Qryethyione is the preferrad sxvalkylons sognent. The

nss o Blockybaviag

subject polymenic surfactant proferaldy mehudes s plurality of oxyalkylene

=

3 Moaw of frogn 100 0 1000, Inoone proforrad enbod et the surihotant comprises at lonst § alliplons

oxide reprating oy, and more prak » 2 alkylene oxide repeatiog units. & profinmd
g of surfbotans is roprosented doy the wondee

s Re-Un{Ry-O10A

Ry i velected from an alkyl or atkeny! groap prafesably baving from | 1o 4 carbos whoms, Ry

Yol atkenyl, and

Ser syt -t e, P 3
5 selooted fropr 4 d

videogon or bydvovarbor group (v aliphatic grvmps mcluding &

sromatic grours inchuding anyl, anviallodand allodaryli having from 1o 20 cartum atoms which may

be siraight of bowehed, situraiod o wsatwated, srebmay welade six:g SEHCTBreS, % Ian in

35 5 . proforally from 5 to 20, and &y ackeoted Bom hydrogen, 0wk, ohdorine, woine,
phosphate and sulfate or salts tharentl Tooa proforred sub-sero s, At hvdosgon, and By
aned oo bdopondently selocted from alind groups.

Proforred suriactdintg have sloud potnts shove 3O, 3000, 8000 90°C and i xome Instangex
choud potrd 1 the tompeeatars above whinh an squeons adtution of g watsrsolubls

£t ant bocomes tarbidindicating separation of the surfisctant phase frose agueons phass. Weiting,

cleaning and fharing oharecterbics van be difforent above and below the eloud point. Clond podniy
are measured valag 1% agoeoss surficiant selutions. Clousd peduts pyplastiy vange from 8% o O,
tnited by the Socsing aud boiling pointa of water. Cloud potats are chavastaristis of nonionia
hactands indicating the tnability of the surlictant v o i weior. The phsee stability way be
3 increased by adding & second component (surfactarst o hydrotropsd with higher clowd pednt. The

secorad swrfactant may be 8 sovedonic serfciiat with large nuabhor of ethylene oxide & 20) grosps or

¢ water-sohibie st elovated

ardorie susfactanis Owith nogativaly chargad groupsd that sre typiails
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terperatyres. Such g cary surfcians san boased @ comipaction svithoabovy mentipnad

wattability altering non-fonio surficiads o order o elevate the eloud polids fo deaired lovels as

w wethibifity of the padymenic membrane bovs as woll aa it of

by

reguived for offacting o change w th

e

the rock fornmation,. A praferred o antoste surlictant (seomd mafaciaet) is reprosented

W owhere By and Ry are eachdndependendly sclvotod from @ gronp comisting of hvdrogen ard Hoewr ang

branohad alkyd groupe withone o 18 cavhons) sad M iy teet fraes sodiam, potissinm, Bilyum and

Founciinm,

Froferred surfotants inshade the TERGENOIMY 158 Senen

TERGITOL™ 153-8-12 and

53 poviounio surfrotanty svailable frovs The Devw Chomiod Companiy. Praforred snlonie
13 swikstanty for baproving phase bebavior of the son-ionie sefactns are DOWEAX sories foag

DOWEAK® 8300, DOWFAX™ Cal, DOWFE,

AP eted
The polymeric alkylens oxide surrotant iy profaobly added 1o prodused water 10 fonm 8
coneoptration of froev GO o 1030 by volume, swee prefraidy feom D0 to LOE by voluawe, and

further e profosred .07 fo 1.8% by velume,

¢ miothod mvdless the sos 17 decovering

26 As provicsly mentioned, the p

Y

si-bearing formutiony ) eops

et lowsl aportion of the ol fronvihe

b

ysfnre from

an 0w
oty mixture fo-forma prodused water e, byasing 8 free woater kockont drany, boalay roatas,

gravity separators, AR sepamiors, (P soparsiors, air Hlotaton sopandors, mdueed air Hotation, gt

H) adding @ polyvaweric ovide surfaotant 10 the produced water; 1) passing the prodisesd

b3
4

water throaghe » polymeric rocmbrasie foraea panmeate sivam and » oliotate strcam: and vy ety

X

athwsd v inciade - additions] informedinie

o peraieaio strearn it the ol beanag foopstion. The m

apfactagt, €8

For example, the produced watermmay be pro-trested prior fo the addition of

rasnoval of huedness wel seale foradng vontoriady, stficn provipiadion, amulsifiod off Soilacde,

joaoos

afier the presing theoagh the polymeric mendeane, the retenate {uul is some cases the permeate

3 strome may be sobjected W addional tosdmons slopa, D2 ion exchange {vg WOIBLSO0748),

ausd nanahili

seapovation, condsifivaton, de-aeration, advansed axvidation, reversg oumasis A da g

A3

further inclade the addition of vadous additives fe.g phis

3 ’} The gvethad mg

3

ing surfactunis, scalo-ohibitors, covrosion inhibiters, srrdsifiers, asphabione inlibivers,

agenty, boerdes, prog gsmm defbrmers, ot ) ab varlous points throaghont the process,

Lad
4

Rowovar, #will ba -.}"'yk(hu.\.d that the permegie stroaen shoald Dot be subjet to sdditronal trestmend

cant added fo-the producsdwatey

that woald romove the bull ofthe ps:si}:mas‘ic afkyiene oxide surs

prior fe preaing the produved witer through the polyiasic membran
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L & mwthed for recovering of fone s ol beariag formsdion comprisiag
i} recoveringan silsater sudgtare fonvthe o -boaring fovranion;

- of il

arating at lonst & portian of the off from the silowater sdxtore 1o form g pradhiosd

.iifé} adding » polvmerts aliodene exide surfictant laving ¢

Mo of lowg S 10000 Dawe

vy passing the prodoeced witor thraugh a polymerio mombrane fom s parmeate steoam
and # releniate sirgant and

v} mjecting the porn

stroant inda the ofl cEorpation,

ES The mathod of ¢l 1wberein the polyimernic neadrane has an avermge pove siae sl

from (.01 fo D) pw

3, The method of clatm 1 wheredn de sucbetant Bag & Mwsf Sooy 208 to 3090,

4. The mothoed of elamy 1 whered

¢ surfaciant Comprises at feast § sliovkeae oxide

foprating aniis.

k>4

. FThe nwthod of el Dwborelin the sifantantoomprises frot 3 to 20 alkylene oxide
openiing unis.

&. Thy methed of olaim 1 whereln the sfastant has a eloud post based wpon g 1ok

serbutice of gridger than

~

7. Thoessothod afclaie § wherstiobe surfictnt bas » clondipad

based apomn a Dwthh

soiation of g gragie

e

wibad of cldior 1 swhereln (he surfaciant ds nonionie,
3 The methed of clabe 1 whoreln the surfrotant I8 vy

RO R O)eA

i B v selested from an sdky! oralfenyt grouy, Bs s e

<

edd Trom o hydosn o

hydrooarhon grong, X i an idegera 8, ed Ada selortad from fovdeogen, C1C4 alkyl, chln

wiolng, phosphate and sulfats or salis therel,

18 The vethed of ¢laim § farther inclading the tep of adding senomd surfotint 1o the

Py

produced water, wherein the sesomd serfsciant s represented by

&y Qi‘"\§"

where Ry snd By e eseh independently selonted frovw o gravg oo s e Hneny and

siating of bvd

™

o

branchad siky! groups having from § o 16 carbong and Mos sckeoted o sodium, potassiuy

Hithis and amipsonianm.

(2
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