PELLETI ZED BROM NATED ANI ONI C STYRENI C POLYMERS AND
THEI R PREPARATI ON AND USE BACKGROUND [ 0001] Brom nated

w@risnie7et yreni ¢ pol yners are excel |l ent fl anePCT/US2005/002160
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retardants. Very desirable nethods for preparing such
pol yneric flame retardants are described in U S. Pat.
Nos. 5,677,390; 5,686,538; 5,767,203; 5,852,131;
5,916, 978; and 6,207, 765. [0002] A characteristic of
brom nat ed ani onic styrenic polynmers such as

br om nat ed afwmén%nsltumﬁeﬂﬁa LETROQBGY ANDL 0
form substantial anobunts of small particles and
powder s whe POROSHPY FROM SEIRVIGC REFLECTION BATA
product. It appears that upon formation the pellets,
unl ess bound together by an extraneous bindi ng agent
or the THikepplieftidnt clabisedic dprefit afnd).8o Prewisiohalt dpplication No.
snal | particFes and finely-divided powder, typically
r €106Y74eRP 1t BledMay 2h@804. Because of this

characteristic, various conventional pelletizing

procedures are unsuitable for produci ng brom nated

ani oni ¢ styrenic pmﬂﬁﬁkgiﬁﬁgﬂﬁiﬂﬁﬂﬂﬁliﬁﬁb of fines.

As can be readily appreciated, the existence of fines

in a prQduct of. this type | Sl o) '

to the Tppanvliet efhRhglly dp Bediis OF e hidrocarbon
addidin okl wse YarRdlably, thBtheRSiRRErsioh01d3hethodo fatepredicting
to effectively use brom nated anionic styrenic

polydréarsshals) blame andtrereriifitis shbrsedsacapeks: hiterdisristthe invention
oot e o e p SR BT et st e decsion g

flame retardant in pelletized form is also deened
undesirabl e by tBa CRGROEND OPITHEINVENTEON need for

a way of producing unadulterated pelletize rom nat ed

ani onic styrenic polyners that do not_ form undesirable )
anount dnghafacisaiging Jpidregatbeairesepyairsa pimasimgdgeprves, and developing

packagi BRI EF SU Y OF THE | NV .
D35 S SO T AP EATL S OBRA) e tons (o
pQd (eS rél v MO REs Bf SHLCAd and) RAL kageidtet Horosity of the rocks in
unadulterated pelletized formessentially free of

f ithedarghbidavalr Boek gropsdicesntsodberseaasured ditgrdy from rock samples

i nyenti make, t.his heneficial result possi.pbl.e AR 1
o BT s ShCPER e B! YR R ity due o
Ofth% LRSRs b LdrilliRE o8 whils. [ TiRs0 BRIpREtied Ban hlfo b8 &iferrédifrom seismic

preferred processes of this invention small anmounts of
drdatd.i Besaushaf theepnipticated antupe of theytbewdti¢ah relatéonships between the

TR T N
Pr @yl d&%ﬁteﬂ@} kiglss tﬁngﬁéﬁ%st gealls RIAG Nabhedtisditadigh empirical

styreni c pol yner ng a brom ne content of at |east _
ahelatiohéhipt derived dtrwellsi ethest bothasisnaband Well measurements coexist.

(preferably at | east about 75 9 f the llets are

| tishsmpbiebrtRtp oS o 1 B e dalnpF st data (o
t h@;ﬂxbﬁPe‘é Weriv O Mo B PSS! JX Lej?&ﬁcﬁd?ﬁ RbaRABEL BRperties away
wt are retalned on a standar No. 5 sieve. In
prebrarhedeksrobe prebles is tich epeiricat invdels asjuireiacstaisticalyi significant
pol ymer i s brom_ nated anjonic _polystyrene havin .
DraspapkEe o8 dPlaRdRL e U aroah JEn T D Leeral bigsgd samples
ra . 0, .
ot RogfOf BhorbfickpBahe fndre e e Pb A I Rite Beih drled
Whp gtard-besetabéoghltfon mbtheds @AS Eivhple 1238ri08) relasioashipeast be used
about 4 g/10 mn at_ 2200C and 2.16 kg and nore ) i
prevcesssfiilly tosinfer Tosksiropastien fromysaiomi datar  Howgetady regions of
2.16 kg. If properly handl ed, the pellets as produced

and packaged are substantially free of fines, i.e.,
particles that pass through a standard US No. 40

sieve. [0006] Another enbodi nent of this invention is

a method of preparing pelletized unadulterated

brom nated ani onic styrenic pol yner which nethod

o o - o I .




[ 0007] These and ot her enbodi nents of this invention
wll be still further apparent fromthe ensuing

waele®sniqré on, acconpanyi ng drawi ngs, and appenperus2005/002160
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clai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] Fi g.
| is a schematic frontal view<f a mechanical system
found effective in producing pursuant to the nethods
of this invention, pelletized brom nated ani onic
styrenic polynmers of this invention. [0009].Fi

_ ] 9. 2.1.8 :
alisted muell copiraln iilewlifffculte mpke asrypicr l@ol%ymm@ﬁlcﬂons using
el enent . and 12 renoved. fo ke of sinplicity.
ORI TSEVAT TS EREr B B e AR \Ven: o

Brom nat edAni oni ¢ Styrenic Polymer [0010] The pol yners

whi ch ar goRRMEr hed inethed ot ldefetminthd olagn qoutens and riogosity from
this invention, are one, or a blend of npre than one,
bseistivataal (Quratisibities OF yhessaisnis slajayds to ysedineay egregsion 1o solve an
| east. one _ani gni cald y- produced styreni c honopol yner
tﬁ%‘fat‘ﬁﬁﬁﬁ’@&lﬂﬁ%‘?’%fjﬂﬁ?'ed or (ii) at |east one

ani oni cal | y- produced copol yner of two or nore styrenic
nononer s t hat,,hascbeensbr poiies e or (iii) both of

(i) and (ii).” The brom ne content of such pol yner

shoul d be at |east about 50 percent by weight.
Pidieser ¢ éxdithb rponasity edhakenis ¢lrd shade yolumie @g@,ﬁ@m@ C are the constants

especi al |y brom. nat ed, ani pni c pol yst yrene, Ve a.. .

R e S TG BEL Y 508 o i s o

P Qﬁ&%gt{zﬁfo&gﬁf@tﬂ@ﬁ Rg%xéggi&mnﬁtﬁﬁy 5@ &re BEHOWhER they are used with
y

especi rom nated ani oni ¢ polystyrene, have a .
blapgémdatasentabtdinal fram wells perstrating 8iterergoseetinnsiadthe Fgsprvolr so
preferred brom nated anj oni c st.yreni.c | yprers -

o S5 18P 15,2 HAGTICALY SGUSFOrERHOF §b L B, hisgiong of imited well
br.om biadRRdt Afnea koMot B¢ ubdd R BénfRRnce.
Mcg)gﬁgﬂﬁ%&%?%rﬁﬁﬂ%%bﬁgnt e%tlﬁlo rom nat ed aﬁi oni ¢

styreni c polymers such asbrom nated anionic )

pol yst yreiterviliss sehmdmdexseddo givedict glay aonognt and porosity from

Typically the brom nated. anioni c.styrenic, polymer w |

hAGENE ARATUSES BAHSTRJECINATHE R%?W%I%é@dggl gagural hébvorks, to
pr, 0 bl Kde aOfraiding! 208 identi
aé’gﬁ%&g{ 8761 éyrangsﬁﬁl Fég?@?‘&ﬁ% ?hgfgjfr%gst Sab%jt % g/glo identify

Mipaiteras detweee tipr @tk nabhe sisniedsts i dben SagifyCherramainder of the

Typically, such nelt flow index wll be.in the ra{ﬁ% osultin
ofscismendata seloacspisting trothg/Pagerms pbseryer T fhe A uipg $oi. [ he resuling
the range of i i) 4o YRS bomplexity than the
prrglfié?l}s Sﬁ%%gﬁgitggoglﬁ}lg%%&gg ? Flgé#l% pol yﬁler S %rmrsl%gxiy;]

t hgnple abiGeg@fsiémbSth Rbevy-stand bavation), et thef lapwstilhfimslamentally
under these test conditions in_the rﬁg%{e of ab

t 51t .
2 poutiriand relationshins, baSe O] ChsesAIRIEL AL HE WeHERENGH JgfBR & physical

i e R el 5000 M e o

t napet M meitoaom Masoky tquize @nbighidath exiaiier (wellaein order to train
tend to be anorphous substances which, when_heat edB d
t ¢hel nebverkogerapeienibl y Wight sfieignt @’ﬁEe?%ﬁ?ﬁ dhey, can be very goo

' d th b ' i a
BT DS BRI B SERRALYE) RGB! bEbfia of wel
t a8t BRYy 254 DFLRIME MtGpblafbrd@s dicHRe hoededthpouwirt)h by

use of conventional m xing or bl endi ng procedures.

[0011] In all enbodinents of this invention the nost
preferred brom nated anionic styrenic polyner used in
formng the pellets of this invention is unadul terated
brom nat ed ani oni ¢ pol ystyrene. [0012] Anionic
styrenic polymers which are brom nated to formthe
brom nated ani onic styrenic polyners pelletized
pursuant to this invention are one or nore anionic
honmopol ynmers and/ or ani oni c copol yners of at |east one
vinyl aromatic nononer. Preferred vinyl aronmatic
nmononers have the fornula: H2C=CR-Ar wherein Ris a
hydrogen atom or an al kyl group having from1l to 4

oy .




50 wei ght percent and preferably at |east about 80
wei ght percent of the copolynerizable vinyl aromatic

WORwsHeER3G It is to be noted that the ternms " brONUSHOTFW2160
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ani oni ¢ styrenic polynmer” and_ "brom nated anionic

pol ystyrene" as used herein réfer to a broninated

ani oni ¢ pol yner produced by brom nation of a
pre-existing anionic styrenic polymer such as anionic
pol ystyrene or an anioni c copol yner of styrene and at
| east one ot her vSRMMARWF dTh ENVENTIAX

di sti ngui shed froman oligonmer or polyner produced by

ol i goneri zati o r polymerizatio f 0 o : :
or ot it 68 seyPedimetnghg dar topks §rERPe lor Hlpficfine lihologie
! ?#oitp@ftieg Iahc@?&%ﬁi%y Ot 2 RBLYIERE Forld@itiog fopi sdigricalatay comprising:

d erent from brom nated ani oni c polystyrene in a

nunmber of respects. Also, theterns "vinylaromatic" .
"styrenic" (8 coinvstiigothevieismiendantor Pri3neneney PeEs ?@j‘ elastic
are used iﬁ%er hqﬁ?e?b .herein. [0013] The aromatic
p@rpsHites o5 Hhest 13 O&F%Pﬂ% ani oni ¢ styrenic pol yner

can be al kyl substituted or substituted by brom ne or
chlorine atogp, lbefstiubti®si frREephystd Imoddl bé tw subterranean
substituted. Typically, the anionic styreni¢ poly

IS
usEthation pratimodel ielating ¢ Hiolagicapropeities s1oyesiy; and fliid Gontent to

ﬁ% r a}égtﬁroh%gggg%@%&tg@ﬁs%%c&é Fé]l‘zitth%xﬁ%%ﬂlrlﬁﬂ%lﬁ% ke following
r "{’\98 cflire@ QP UdongBcdsOarlRinkitied oPShdadhd day mineral fractions of the
poly

I'spersi'ty in the range of 1 to about 10.
Prafkeare eHaeterizadaindepeadénsly with senastie pojsotppaess diffesent noge aspect

;25&%: gttl: b;q%gﬁ;lhyt E]Lﬂ%ﬁlﬂg\lf@?% i&&réﬁar i %g%{gﬁ\gevélﬁlgg%ld shear elastic
mkl}llo%;flﬂlfgé 6%%&&9& udidh cbbidafon 8N@iEfeintiabefidctive@tdiven theory and
abou ,

and a polydispersity in the range of 1 to
altgimdh flaiddubsigatiqn; ef er abl y t hese ranges are,
respectively, about 3500 to about 4500 and 1 to about

ool Tpor e S B AL . B R DR st
afeﬁcrhﬁeaidﬁ%ttgs@sa@géeped- [0014] Methods for the

preparation of anionic styrenic polyners such as

ani oni ¢ polystyrene are known in the art and reported )
in the |itetdtur eompeting o tabrlanporen velues qipid g or more elastic
3,812, 088; 4,

00, 713: 4, 442 273: 846 5 P
5 PYAPEIEESCRS By Ctgfl éggl’n% gg:’k ;ﬁ‘)‘){glca frgsoé{eﬁﬁog a eg&(ﬁp d\ﬁ)?%ﬁ@lgﬁfealues for
i %ﬁ@g&?ﬁ%&%ﬂd rl‘l?ﬁdcﬁb & pERES € 5. I 1y Re&seat dnythe model and then

pre met hod 1S ‘descri bed in comonly-owned U. S, .
PaiumehoallBciiphitdg & orrespouding Didesdfdhe derivatipss ofithe elastic properties
di scl osure of which method is incorporated herein by
ré’F@@ﬁR‘@“‘{MQ@W@flgﬁWﬁé‘me& ’?B{Eiocesses whi ch can be

used for producing a brom nated anionic styrenic

pol ymer are 5(gj7SC|L% tHeNcothpatedP@bles ¥She @labild paeities and their
5, 686, 538; 5,767,203, 5,852,131, 5,916,978; and

6, RPVaIRES, whinghwith sthi ofuid eyperiaformeiderpotat auinifeizei # mgrselected
reference. [0016] Typi cal properties .of preferr . .
DrRSACHAS SR il OB, G e el Phae: PR s ffin e ithologi
t - t BirSsibyn RS 180 il 418Rict BRypkRlds Omddluid content
A&%‘éﬁ%&%ﬁéﬁ?gﬁ% Eéraﬁlwe pomtggrwgrgoér%gsﬁlg E%ﬁtent - 67 1to

7 ihfornYtidfefdr the fovmatietex (2200C. 2.16 kg) - 4 to 35

g/ 10 min Tg(0C - 162 Specific gravity (@230C) - 2.2

TGA (TA instrunents podel 2950, 10C/ min. under, N2

1% wei gD KO Bt g30Rie Lagled GoBPreseonals dgbadspee, shear
wei S 0 ' 10R4T velot¥y, SR velocity or
wel ?m#%ég?m: o¢ﬂ%g%P%%é%?ﬁFgﬂggg%S%mﬁgcesgggé or v
desirable, any reliable analytical procedure such as
reported in the literature can be enployed in

determ ning such analysis or properties. In any

doubtful or disputed case, the follow ng procedures

are recomended: 1) Brom ne Content - Since brom nated

- . o N oy




PW 480 Spectronmeter. A standardi zed sol ution of
br onbbenzene in THF is used as the calibration

wee@adande [ 0018] 2) Melt Flow I ndex - To det epei/ng20051@2160
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melt flow index of a brom nategd anionic styrenic

pol yner, the procedure and téest equi pnent of ASTM Test

Met hod D123 8-99 are used. The extrusion pl astoneter

is operated at 2200C and 2.16 kg applied pressure. The
sanples used in the tests are conposed of 14 to 16 %1
ofanprahemalastit paranretars.polypicylr Efwlogio@ropertys ygqlyle the volume
Aver age cul.ar. i ght .and Pol ydi spersity - Mwv
vgaﬁggnsdf'ﬁ’hﬁFZﬂP@ %ﬁf?éﬁ’ﬁdc pol yners are obtai ned by

GPC using a Waters nodel 510 HPLC punp and, as

det ect qf SonR@ B RiBeRelofard ind@ntitit ke Pedkephysics debdetl has a solid
410 and a Precision Detector Light Scattering

Denaix aomphbaiebf FDRSODd dayseapd ¢ dptahpory Spasaarfrtitionsd into clay-

| .
e e S s, T A PR s 5
g/ﬁllgé t}%’ﬁ{aﬁﬂ ¥y 8RR AR WRinEMInToARDIAREL ehfbotdukntd) Ehe/pressure

use verify the accuracy of the |ight scatteri ng:
datyaalizitien sssumptipnsSedhd slay goresdjiieroiremdhe sayd ores. 498 example,

;Q]gq ﬁlg%:-rgﬁ[gi) ﬁ:clg)g-_rli 4 g’t I%(Sr%s %%}g%iekﬁd%i ?%ﬁ]l@;/ thggff?ﬁ%q’ngdlg ¢8culation
i%k Wbt O8h1{, fhef dahd 8180 BOs BR Mlled Wi\ GRGHRH tdry.NEhis corresponds

ums. The separation is anal yzed using software i
prto vhietaikedyirdgnemiysiasnwhet dlot pressufowithinsthpplayqpes is giat equalized
Scatterjng Detector. The inst nt provides results .
OB 16 DRSS i SHYBKRBEVSBPHE ARSPIoRR G L D ghedr Sgnd pores is
| b QL. 4 o ??ﬁfbo@ﬂﬁfén 06 AR pp&hiEihviRioahbeth e Sand-Rlated and
obt'ain a value for polydi spersity, the vafuefor ]
el qyhielatedepaeearaempoudaingitbe differensiatieffictizd nipdiurh eomputation and
val ue for nunmber average nol ecul ar wei ght. Production
oferelater dilled matoilyid asing SR8 aIEAY- t he pel | et zed
brom nated ani onic styrenic polymers of this invention
can be pr ep%ggmg%énﬁofﬁ?ﬂéﬂ%do% R e AP tHeSBSondAhverting step solves
form ng strands of nolten unadulterated brom nated )
arfopthiedithsly gie pirapeptidsyand rpord3jty swsimgi ant itengfivegirdcess radh denverging to
whil e on a novjng, porous conveyor belt to cooli,ng,and
devwnlien by amipewizisg the sewaeh ditarenss, fhePwmzng theek porp of the
POfik @R ObeSRES i dERn? (HREJeiseliS data and the
B bR bet LA (3 e Groplien DARRA At L el Blie daa an

belatues bhtaiedpfor nhe s@ne€ bapsitics dy fohairdwhededimg with the rock-physics
optionally at |east sone additional breakage into

panpdsls Inetbar wlaiorberabraienyis: the SPEEYs PTASEsS DRYHESS 19 4 gyution by
f .t h |l t 5 ' - .
LS BBRERR B P o 0ARPEL LA 1980 Qi bleric and
Cc

i1 @dihy nvaRl khadldatareehiiess fatrides cstimatedsfroml well data and

used in formng strands of nolten or softened :
brioversian agswisi @riuch svsfk e A soms| Qfnte abpwe-deseahpd embgdignents, the

b d f Ko- K] i )
c okttt i Qe RbR el detn o5 Bt i SAhpfty e solution
argosdsai dodfd) dnbddpme BE EHeOivEaton, fublRérsdodiprise Comdttiicling a table of

Leistritz, or JSWJapan Steel Wrks. The machine is
oprid 8 dmaedaaceuthative beemfuwardmedgedmithdhe sk physics model for

| SRR, vAuE ey Pt P Fha bfes BRI tables of the
Pr @fivhBvassdhdvplahd IS elAicks SaRBYpaL: 1@ gRedlyad @iyt dd@tent using

makeup of the brom nated anionic styrenic polyner
befimitp iffecarss egproxtmations. t Abe cesmdomvirtiogistep Bdthen performed by

anionic (r ol ystyrene such.as. SAYTEX.HP 3010. havi .

o it e P e oD A T P B A difbrmine the
profile of 220-2400C was found desirable. [0022] In

step B), the extrudate fromthe nachine is passed

through a die plate and the resultant continuous

strands are allowed to drop onto a novi ng porous

conveyor belt. The conveyor belt systemis provided

o g o o s




[0023] In step C, the contents of the belt and any
former contents of the conveyor belt that may be

werwsging from the end of the conveyor belt arBCTHESZEH002160
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to drop into a classifier which separates the pellets

and the fines fromeach other”.~Such droppage onto the
classifier may al so cause sone breakage to occur. The
classifier can include, for exanple, an essentially

hori zontal I y di sposed nesh which is caused to vibrate
baokbaration oot lelayoeryitenidindalpPsesita thal &5 COPESER ¥4kt gtﬂ £ and §
machi ne of this type is a VM brato Cl assifier such as

i JmpgdancetftEach B#%ﬂéhwellﬂmggﬁp@%?&l nc. [0024] In a

typi cal operation of step A, the conveyor belt used

was about 14 fERIEF PESCRATION OFETHEDRAWINGSd was
operated at a Speed rn the range of about 100 to about

200 ft/mn (ca. 60.96 nmeters/mn.). The forced air qu )

t he watBre pressdt innentiva awddtsiadyansages mallbebsiprsungerstood by referring

Bl e egld s BRph TR bt e iy AR

di stance of the drop fromthe end of the conveyor belt

to the 1§61 €68 aGlow Bart kBGSingiths priasry stephef vaegmbofliment of the
about 18 to about 36 inches (ca. 45.7 to ca. 91.4 cm

[ qoesht invertiqns eikr | y conduct ed pel | etizi ng nethod of

this invention, it should be possible to produce a
productg.i n, whj ¢h . I 9

o mor dieral Afuar dp b2 ha Bolfeh, PIRIEAEEY tho preseat
t hatertive wletHodMrdm acwaf deivdic datadust s t hat pass t hrough

a standardU.S. No. 40 sieve. Thus, the nethods of this
invention are highly efficient; only small.

such fi Tieesmat]réioeaoviﬂlé@t@acrm?é i cRHnSCagH V@éﬁ%m@i Br%fbodimem&
t A) i L | ZL P at.i ou
-S”gg\y%\%eé,lgtg .t]i;]egeexit‘?rﬁ ?l{a? e iBﬁL\Lvﬁ%' dze'te{ﬂlgg %g&g:?ﬂ%ﬁ Ipssspkaﬁg 4 a particular

| ustrative opera
| Ny diaBntGR A paticaldr hbe bfthé heentiqptids isaneddéd/to be illustrative only,
reference to the draw ngs. Referring now to the

( h ..
prasilds neidodpsoasiiued as dnatieg thesrone ofdpe Hivertiqn, @ fs coptrary, it 1s

and, 2 rein like nuner . | j ParLs, ; d
ol Bl B erBi RS AhSaAERIRE Al SRS that may be include
Prefishakd shikd 21 0ap L6k A inBhtion) ad defined dyehpappdaded claims.
havi ng properties such as those of Saytex HP-3010
pol ymer (Al ) in powder formis fed
f r om DEJASLED DESCRIPIAON OF-FHE PREFERRED EMBORIV
into kneader 15. From kneader 15 the polyner is
di rect i nto crossh . . d v of
kneader = &3¢ ﬁealg}nvg%trl&% ?i% aat% %t%&ﬁ%%tl I;fglzanr? ylﬁ%?l% c%ntrer%tl ain gfo FOSY ©
t he rQefBingbedsadthioNefleGloyr &14.C [Mak ytemeis &helet’ mdn&dlay” are used

i's dischazged thyough.die 18 whereby strands, )
t yintesehiangeabbnheraindudt i basad apon the RRYSHS| §fgrvesprepagation through

extruded f.romthe.di.e .onto V] r . :
CrendliShe AR CRucpSRBr HRgT g TR g gty to et
t habint hghd' effiie RRfhoRénts hendiPARir PAIdro-Poref stivstirtiel Therefore it
is typically about 18 to about 36 inches (ca. 45.7 to

c amathematicatly ralates she/lithologtsr deseriptiosi ofithe raglss tosjheipeismic response

?nyér{degzPedsglgq ;%Pyo 81? \r;agqrpilllriclz% ﬁ%%de?sﬁ eh%rg?nu‘% ga1n glr?g}re%is ?l?%‘ég%la%fnthe rock
gr@ae;gf%g%f udR8r 4 itstehinPEbdifidtht Whthplng &F 'grca,mqltfuﬂg' il Aot t@ded, and

t1on shown by arrow 35. The cool ed strands are
t hthe method esh by apeliad Wih dintited welt cmitaleegrlyin dtre dpvedepment cycle

cut_or break at |eas rtion.of.the stra I nt .
onheh BnCoREInRe A et ABY GPOBHE il 1 ARk, Thetof gorosity and
th t LN fgidd i 3 V gt Ui [t@b S quantities  are
39?@%R%? ?%cgﬁ%%%§¥éﬁgluéggﬁ%%1E%ﬁ#%%ld systenl(noﬁ

shown) which draws off residual water and fines from

the underside of belt 20. The resultant pellets are

di scharged at the upper outer end of belt 20 and fal

under the influence of gravity onto the operative

upper surface of classifier 30 which can be a

. Y o I L 1

bemarl e Corporatio
4 » D




pol yner, that is essentially free of fines. For
exanpl e, a kneader such as a Buss Ko-kneader and

was®wegiered crosshead extruder can be repl acedP@lyUs2005/002160
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sui table twi n screw extruder, éuch as for exanple any
twin screw or single screw extPuader having a

| ength/dianeter (L/D) ratio equalto or greater than

20/1 . 1t is also possible to replace the strand die,
conveyor, and vibratory classifier wwth a die-face
pedohgittentewitl bothcthe datai andpphd taskiphysics meldpleFyrthermoge this approach
Invention [0028] Pursuant to thi.s.invention .
péaapé{m'ﬁ@&Lw TRdick eé?ﬁ%vr??fcql@l@r%??ﬁﬁl %8?‘%%?35"8? god brine legs
p.rd%da%gé}v&?}éhc[‘ Hod&Snot P& BB *aKREAREhd inttht Qaridus BAY phases as
fine particles or dusts. Generally speaking the

pek hedessapy withiempinicad nteitods.ar e conposed of

unadul terated brom nated ani oni ¢ styrenic pol yner

havi n bro e cantent. of at | ea bouyt. %
(o ot o sy oo ianSris dghee gl 95 NrRe gt ingnt-oq In step 1, the
| &aR ni@H&F! bre/Avihed oPEGHRS pgl%éﬁi@st sucB ag E?Igp%gﬁ?\%a'i (}Z;O%d shear (S)

of "the pe [

l'ets are retal ned on a standa 0
siimpedards (Ip and i erespertivellypusing Standel tgnhafquesb(Thergsismic data are
nore than about 25 w9% are retained ﬁ% stan%g&d Us .
Noshownsppayaied fpfo b feastmeor compiant @W&oﬁ? rft RSCEHSE BSdRnfgessary mn
co I [ t 0 .
AP, Sl S BRL e Lol LRSI Rp LB s uch

pahy BBIkSmodiieai] Heaninodulagnireninbimtivhe thearvdeudf asbuompressional
67 to about 69 wm%_ The brom ne content of the . 0 f
pendeshpatoeelasity mavaaleaibansedni Uk dgyasioR tGsBRigHes ae slescribed in, for

this invent] rom @01 ANiC.oky .
i b2pl B RUEED FRp O RAGHE -2 ARk CRRIISANIFRE imversion
prgfy 4 pibrirfodtion) S ERpmidked atbemlaan (1990); Jatngs ErCarazzone and

pol ymers of this invention having in the range of
adawwna@7). 1Sk o Rlastic Inygrsion gf Gulp of Mexieg Data 1 Offset-Dependent

pel | etj.zed, bhr om nat ani on tyrenj.c [

ReHR oy Bt e D A Do BB HET . Cespagna and
abgub M. ®ask! ey atylog);i Arikit Blieas! Makel Lakdro] 802Q] Andersen, and
Especial |y preferred pellets of this invention are

f SreriedD4bl oA ¥Odnyersion @f TnelbHickd datg.r draophysinsy k3% 1602 (1996). In

b 3. e ek (B ol b eelttcg)g}s;c?el 8 ¥ 28 dha &fedyPoint in the
abgstic gzoﬁe?tié%bs%l‘ﬁm@ InM/hy RAHAR o ARE MNR6ENs Bhill. E@sstep 3, the

about 80 Wt % (nore preferably at |east about 85 wt % o
ardlastio properitdsertadihgd mt stépehate aimthined@ithfbaid offornmation compiled in

pellets are retained. on a stagndard U, S. No.. 40.sieye

CTRRING. HBH GORYeaR] dDolIoI98Y v PO PR Eb AR SfigR Vo and
t 0 0/ . f . . .
B R
Si @pptied hda sdcbnd asescdded ipreadi@r fodldwingtie neik@it ianérsiondn step 1.

styrenic polyner in all of the foregoing pelletized

products is brom nated ani onj¢ polystyrene. [.0030
Anot herIncordetata Berfarm thegjecopde iypsitn ﬁ%q P@F%ﬂtdfwetl%og uses a rock

RBP4 Ao
o pA ISP 1D SRt 22 o Sl

Fl sreReriBe hesdda it dadtRddjromhentp & thetskalgfsandimsxtiurevandél alescribed in
can be used as flane retardants_in a_w de var.i et

f .
t b n@gpsl éghj!t% 8| pener ¥elogip mrpdeli dRr pdaxrsaEds ng}d@re%,”o Geophysical
: h {eomefckz%sutiic 9?3'1?3%%?5913 and H}C &u 3 d?ﬂ]g#tg{ hé)j(lp%r}lfﬁcal model for shear

arate; po ene tere
PO | vEBRIdity! PRAlIGHRED Taphadien] Pabspeymigoheiyb8Ng17 (1996), or
terepht hal ate, etc. ; thernoplastic polyanm des, such

as nylon 6, nylon 6,6, nylon 6,12, etc. ;

pol ycar bonat es; pol yphenyl ene oxi des, such as

pol y( 2, 6-di net hyl phenyl eneoxi de); pol ysul phones;

pol ystyrene or other styrenic honopol yners; copol yners

o o R o o o s s o o



styrene, styrene-ethyl ene-propyl ene-styrene,
styrene-et hyl ene-butyl ene-styrene, etc. ;

weoiogarerhanes; epoxy resins; phenolic resins;PCT/US2005/002160
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el astonmers such as natural rubber, butyl rubber, GRS,

GRN, EPDM etc; polysiloxanesf7and the |ike. Further,

the polyner may be, where appropriate, cross-linked by

chem cal nmeans or by radiation. A |arge nunber of

flame retardant-free polymers suitable for use _in the )
pmandificaions of tias modwkesvuchen thesn describiod dievednl TheAfugWhite model is
nunber of c¢ammer.cial sources. [0032] A preferred qr
oS 158 dU BTl BOTRA MRS BODEHY cd e PR ARV method
r %Fﬁiregﬁﬁis %biéﬁr?inoipr%&ﬁzapﬁ{d &isieRf way)i S 1 nvention are
polyesters. Thernoplastic polyesters, often referred

to as pol yal kyl ene terephthal ates, are reaction

pr oductBheahodal hemte kely GativesyFirs, teicamplianees efithesand and clay

NPT RIGTS RN R e R A ——
ars@%ée@ hab b &‘fecﬁ?éj p{ﬁiexats?é& Satfds. SSKeBnd o6 thulihand shear elastic
products. Exanples of such thernopl astic pol yesters

i mbdutieofiibé st fiathe are doerpapedt dsagat eqmpinhtjqr ok seastering theory of
terepht hal ate, pglybutyl ene terephthal ate . .
Dl POl UL i S SRR S o e medis
r gl ﬁ%lfe%é?i'g%l%hﬁﬁ%ﬁ@ﬁ‘? c#éoghb%s 3oNSRABDE 919145768 K differential

one or nore ernopl astic pol'yesters with one or nore
otdfRttitehpedingl dsbdiies EBymerin ‘oaimers quoSsismich\belatitiss in Dry and
and especial ly aromatic polycarponates 003 . ,
e Graaked SOHBBY ReHaE) JeaConaslb ol BHAAR Bydigskey”, Journal
80% i. gh f 9 i ght: -
SO Btu)i A Pa 873051 otk e B Y8 v
t eyrepbiiteydlécifg for pod agpect s tsp&BMDYT avedclitt Joarth! of Geophysical

preferably at |east 90% Db vveigght, based aon t he, di ol )
cdteserreht yooB4emhy 7832 7§#3 (6P7And/Fsuations. Biselgsehiby) Gassman in

units.. [0034] 1n addi.fien.t,0,te | j i 1S
URERHERDRT rbh sl AR bE BE Y B RGP Irigirich, vo
t ®62QpmLE] %A fnPaplied abl obtaih the 18@ Fedindy ofldsitiytia the fluid-
of other aromatic or cycloaliphatic C8-14 dicarboxylic

achtisated redki pHhisi mod -domptes aelabiryships befivgen velpshy,.adensity, clay

for ex e, units of phthalic.acid, .isophthalijc.acid
chpp?gggqpc#mrgﬂgr @1@{: gﬂ;%gtﬁlﬁ SOLsis ar,lt dnd p%yg‘.}lcaﬁ]y Ms%d. A% result, a
4’1§rgé AuRIbeP¥f AR ReNY bt &ss@Bbdl anAoCArdin6t RGulled RO¢HAFAterize the
aci d, sebacic aci'd, azelaic acid, or cyclohexane _
disabstrface.adihd m§ded 36hext nlesaithied iio mare detadlyfoe wertajh yeadlodiments of
ang 1, 4é]l%ut anediol units, the preferred thernoplastic

pdhg BEEER LU ont ain up to 20 nole % and preferably

up to 10 nole % of other aliphatic C3-12 diols or

cycl oal tiRh@binemafcat ZxPteatisns MR Rfectedock pRFEIEEL model provide a
units of 1, 3-propanediol, 2- ethylpropane- 1, 3-diol,

nengthod Yor dptgrmiting P, Hdp® melasitids end dans@idsdn apekdi given clay content,

%;ﬁ;ég é:/: %21‘?.7%( %@gﬁﬁ&gﬁ }?ild ’prc?ﬁe?ttlelgyjfﬁc%g tpgarna?ﬁe%érg' E:grll }g)el tecombined to

2, I - - di . . . h d di
S Ot R eR e o RmgeT e g produced
2, shephbx 2 eghiicll motieP adsumied atsplid axatiy chaskeofydahdpambelaps. The total
2,4-di hydroxy-1 , 1,3, 3:tetranef hyl cycl obyt ange,

2, DPrg)ispacg- ((ag_lpﬁ/a?.%lﬁ‘(lyléqqq g;t?/)cliaryﬁgfﬁ%yd] B({IS% éﬂgsa%(f related pores. If ¢

2, 2-bj s-[.4- hydr oxypr opoxy) phenyl ] propane. [0036]
Pd%?ﬁkﬁ?kéﬂ%x?sg%%ﬁ?halates may be branched by

i ncorporation of relatively small quantities of

trihydric orgtefr dric al cohols or tribasic or 1
tetrabasic cgrg%iﬁ?gc acids. In this connection see, M
for exanple, U S Pat. No. 3,692, 744. Exanpl es of

preferred branching agents are trinesic acid,

trimellitic acid, trinethylol ethane and propane and
pentaerythritol. [0037] Particularly preferred

t her nopl astic polyesters are those produced sol ely

. .




scrap. [0039] Additional thernoplastic polyesters
which may be utilized in the practice of this

w0 pooent9206 i ncl ude, for exanple, polyetherest ePGI/US2005/002160
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pol yest er - pol ycar bonate bl ends_or all oys,

pol yest er- ABS bl ends or all oys® “pol yester- MBS bl ends

or alloys, and inpact-nodified thernoplastic

pol yesters. [0040] Pol yal kyl ene terephthal ates may be
produced by known net hods. See, for exanple, _
Enclyet gpésliha poftidaodfitherocBoceupiel nstiff ecsandstongporesland ¢. is the
11, pages 62-128, John Wley & Sons, Inc., copyright
1990sitgradsdéiated @ithrempliEnoychelequires. ofractianal shkgle volume Vg, and
Technol ogy, 4th Ed., Vol. 19, pages 609-653, John

Wikagiosal Sambyoliime .V, etpysedl thestingds o). G0d s . ARBCR s +Vss +9 =1,
group of preferred thernopl astic polyners which can be
efdsauning dhay ¢.| andepy ot prefodtidngl tesKgotnd Ke , paspeditvelypimplies that
this invention are pol yam des, which are sonetines

referred to as nylon polyners. Such pol yam de

substrate pojyn c#h be any anor phous and/or partly )
crystalline, %red%qiqﬁtely al i phatic/cycl oal i phatic or
partially aromatic thernopl astic polyam de. Typically

such materials are produced by pol ycondensati on and/ or
palndneri zati on processes from di am nes which are

predom nately or entirely aliphatic or cycloaliphatic

in structure, or which are partially or entirely

aromatic in gtryct . and carboxylic acids or |actans (3)
whi ch are predoni'nanifly or entirely aliphatic or
cycloaliphatic in structure, or which are partially or
entirely aromatic in structure. Typical am nes used i

in
f davingydivideddhe pers spars inWecospdianingdnitibrorgs the effect of pore shape

R T, A PR o AP 00 R ooving
di JuhiaRifFons HRNerY kiRt aRe TOks2 FRp&) |
di am nodi cycl ohexyl propane (i soners) and

i sophor onedi am ne (ifoners),.gaf éylylenedianine. Al so

used as sour ter s i hégar ylj c, aci ds

such as e-anﬁgéggpfﬁ§ aegﬁﬁggq + a0 dggﬂ%%XQIic aci ds @
such as d>- anminolauric acid and d -‘am noundecanoi c

acid. Typically, the carboxylic acid used are

aldnghatic or m xed aliphatic-aromatic di carboxylic

aci ds having | ess than 50% by wei ght aromatic

constituents such as adipic acid, 2,2,4- and

2,4, 4-trj met hyl 6di pHe ) dctdK waz kal ¢ tadP&n $8¥ali £ 1o\, )G
aci d, dé@angdrbarngylic aci$¢,QQQpcaaggpcarboxfﬁlé cr
aci d, cycl ohexanedi carboxylic &cid,”

hexahydr ot erephthal i c acid, isophthalic acid and

t exwlggbt hal i c acid. [0042] Copol yam des fromthe

majority of the known nononmers can al so be used.

[0043] Illustrative polyam des which nmay be used in

t he practiceéﬁ& Lgfiqg_ygm@¥bn are such pol yam des as (6)
nyl on 6, nyl éf’ﬁﬁny$on $,9, nylon 6,10, nylon 6,12,

nylon 11, nylon 12, nylon 12,12, nylon 6/6,6

copol ymer, and hi gh tenperature nylons such as nylon

4,18, wlhickl Has tK al ind &Y caratthe bl mﬂéﬂ( ef the, effegtie medium with clay
pol yaryl am de PA MXD6 from Sol vay, Zytel HTN from

Dui@ex only rthie Ark dedtripeing aiepaeimtusionomatBably segpecti@elyeand 4, , 4,
pol yam des which may be used include Arlen nodified

podndani de thd chrraapoiding shicaCmedulc alisis dlweys, zefeefoa shppore fluids. a
PA9T pol yam de resis from Kuraray Conpany, Stanyl

pois heraspect4btibs fomchEipliaityyese(ctayl poses),dendoT 56« ) and F(« )are pore
copol ynmers from Monsant o, polyam de 612 (Vestanmid D

from Creanova), and simlar polyam des. O the various
nyl on polyners, nylon 6 and nylon 6,6 are the

preferred substrate polyners. [0044] This invention is

al so applicable to thernoplastic blends or alloys of

one or nore pol yam des such as, for exanple,




a) The extruder systemwas a 140 mm Buss Ko- kneader 15
having an LfD of 11/1 (but which can be 7.1 or

w@e@atienye fitted with crosshead extruder 16. TPET/E82065002160
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profile of the kneader containﬁd kneadi ng el enents. b)
Die 18 was a 20-hole die with idles of 4 mm di aneter.

c) Conveyor belt 20 was a Scheer-Bay conveyor having a

|l ength of 14 feet (ca. 4.3 rreters) a wdth of 15

inches (ca. 38.1 cm), and |nchmé;a 7.6-centingter)

diaapest estior ineteons detived fremithe éansondis: tphesaiesythe paiforme gtrain field

at a lIH@%Q gléé)fﬁtraglg glleiq \éq,%hm#? éljlefsg ﬁfd& g][cﬁﬁioéla Tﬁ% Eﬁo%uh of the

t %cl&jfrﬁﬁl)f 50D hikeur B@ tHef saB@hhd Eﬁytgﬁalﬁ AeduBpmefed using the Voight-
classifier 30 was about 24 inches (ca. 6 1 cm, and

t MRueseHill avdragh mtondies th ¢heieriptivh prapodias as gies oy rthe Ve value.
device 40 and the bottom of shipping container 50 when
enpty was about 60 inches (ca. 152 cm. [0048] .The
operating conditians in the systemwere as fol lfows:
The extruder sys; m was oper at ed at barrgel and|nelt
t enper at ur esgof - 2400 —PUnkn } vacuum @)
of 6-8 inches”of 2 ?cdr (ca’ 0’ 21 0,28 (kglsq [am was
applied to both the kneader and th r osskead
extruder. The conveyor travel ed at“arate” &f 0Oto
175 ft/mn (ca. 45.7 to ca. 53.3 neters/mnute). The
r mst was fed at a rate of about 1 gallon per
mnute (ca. 3.79 liters per mnute). The air knives
were operated at a pressure of 10-25 psig and were
di sposed at about (5 inches (ca. 12.7 cn) abovqg the
surface of the co veyor bel t. The vacuum appl iled
beneath the gonvéyp &l {7 W bo é2 ic feet (g
per mnute (Ca. $2. t‘;ub te’fs£ or RULE) | |and the
vacuum was applie dlrectly toth ;PT XTI’THI'E_ urface
of the conveyor beélt by two vacuu abplié%tor
disposed transverse to the belt with the nmout h of each

| reytels Rofand %%,:; &?F%Y%Bﬁt ?ﬂ@lﬁ?d lﬁ Shaft ﬁﬁi{ﬁhﬁ@f moduli of
?Heé’ ELALROGPRLL 00100, 4 Nour S, Per LodSR! by uRR 82 uffbutk and

g#&ggﬁ‘e gﬁﬁt\é\d S:qltl] E}ﬁ_g\/\é}@g;g@ tf:cguea}r:ﬁg %&Wg@%gresé‘s%ls&%ﬁ& functions
deter&ﬁ ) ngll ppg ) thre th?orﬁ(G?Ver%nﬁéﬁeithé AppsR@x Wrafe 1995 Xu and
sarPl es were p ace on a stack of menbers, the top

gfandard U.S. No. 5 sieve, the next | ower
ne er elng a standard U. S. No. 40 sieve, and the
bott om nenber being a collection pan for fines. After
t he sanpl es wetbedipicat ef the tmrentwpipe@r key ewedificaeone iglptive to the

a5 ol b B 0 8k S Bty v

Wo%nWa@é}eB’écgﬁsre%}%hé/ te@itﬁﬂeﬁghlgﬁ h%ﬁ%%e%ﬁf&ﬁ fcla9®)oré 45 a result

retai ned onh the No. Si evé, on 40 sieve, and

i rofttheeximinedy smalh smmﬂodﬁry particles. Aﬁ@ﬂtﬁr qulﬁmOnes to assume that

fl ow determ nations, sanples of +t ets were_.used

| fhE eSS Ritiess el P é%mteequﬂ%gl‘? Bt esspze of i 3Efmic wave

%4&%&&{' glgg]g]'p Otlﬂlrc?a't@ ?\@ath&nﬁtmaﬁ%r ORRS @ty aleh Bl daying they
he sane equi pren operati ng

c aarel iuhtetexsd anddompripd & h@aaﬁexptenqnccaﬁpomnﬁxﬁﬂnpl sgstdmweYiace sand-

used except that the Buss Koggaren%f and the cros edend. d

extelatrdePoril tend; pbe augh Jyger weRted gy, pore fluids in sand-

c I :

PRt ool WS oo B e rgssure-cavalized

megaufl-aelhed qﬂrdsycaﬂﬂ:renmmea‘ inethéﬂiaﬁcallyTisi Iscix rel ascbdrandasomprising a

operated at a rate of 1200 | bs/hr (ca. 543

kil ograns/hour) with a tenperature profile of

220-2400C. In this operation the sanples were taken

periodically during an operation period of 4 hours.

Table 2 summari zes the results of this operation.

—— s Nl = N R el NI NS NSNS ANT1 R 1N 1 =1 17N 727~ \ 7 ARIFN NS~ "=\ 7




sand (or shale) volune and porosity in sub-surface
rocks. Specifically, the invention is a nethod for

w@e@ditcrgig |ithol ogy and porosity from sei snmi BCT/US2005/002160
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reflection data. BACKGROUND OF . THE | NVENTION I n

characteri zi ng hydrocarbon red@rvoi rs, estimating

reserves, and devel opi ng nodels for how to best

extract the hydrocarbons, it is useful to know the
l'ithology (for exanple, relative amounts of shale and

s o fregnehcasonwoners f Hasr wysteny h@fhlt n@b@@@wgt ¢inthe peesent invention,

d ﬂt% guﬁtﬁr-gl"')%qﬂ% o gk "#3? 8 aelégllfg Lﬁ%tren qﬁv\gﬁﬂg‘&g Hliopertles of the

AR, RRRPLRR” gsr 81%@ bﬁiyb Yetthey K"dnm €8k fdto.
ava|Iab|I|ty o the expense of drilling those

wel | s. These properties can al so be |nferred from

seismic data, Because] of 3&her<appl | g nature of the 9
theoretical Ketdf aorT ?b—ejg\’ﬁ? sth s€i sm c data ®)
(reflectivity) and tHe i pdr t rock properties

(lithol ogy, porosity, and fluid content), these two
quaptities are often related in practice through

enpirical relationships derived at wells, where both
seismc and wel | measurements coexist. These enpiri cal

rel ati onships are they appJKeelZm)tl-lm(éKton@ov)o% 3f 10
sei sm c dat a:“(on”oatt'r‘g'but €s dja ed Ty them W (10)
order to nmake predictions abo roc”k pgcr?perti es away
fromthe wells. The problemis that enpirical nodels

t.at t
;ﬁg&é 7, Edy ?é*tﬁ&ﬁhk & bt Iﬂo@laﬁbfﬁémaw ARGk Hanf! #nd a, is the

yet? I's provi e very limted and general iy

e ﬁag oir properties. In regions
V\/ﬂag ecgr&%g?%re&%t};r%éegpﬁé Fﬁ s have been drill ed,
pattern-based recognition nmethods and sinple enpirical
rel atiqnshi ps can be used successfully. toginfer.roc
pr oper tITI‘e‘ge‘feﬁo&\ Q%Pgtﬁli ?:el‘a‘ﬁ? LAVEIRS EA0ITe ng, Fegi 6'{%@“’3{( values for
ofl[imted well control, it is difficult to make

aGEpeoRridsi dré0l03g opslexdks poieoaad Bsi2nfpr esaqtﬂstdrmqiores Therefore, the
rel ati onshi ps derived frgmjust a few er

cdﬁvmﬂ;pk@% BAUAHORD arcf 3PP Tigable PRIV R R }?%ﬂ?lg’nt The, differential
o |f§ %l\tfé/ %}a@ 8@ 1%81‘11? g)gltltfi‘cn é—;gcfratr%g tét?tg ?‘rsl% lgﬁst%; Ttglgé%\z/ gorgl#latlons to
eqatdogie thfs redifictionl. ITO\MppE' thedifferdntipbeffsntiee adiim method, the total
+B-vshale + C where f 1 s the porgsity, vshale the . .

s Insiresityois preferhly modiied sing P doReRIng e ?eﬁﬁa?amtlomng the
relate the porosity, vshale and i npedances (or sone

otHPEY S¥&EPsmic attribute of inter est) to one anot her.

Regressi on nethods are nore robust when they are used

with arger glataggtis-gbtained fromwells penetrating (11)
di fferent sections of the reservoir so that there is a
statistically significant sanpling of the data. In

r éBheomsdiffed|tbtal pexdt spetd iscthen paititiohed irdd sets i plergssso that the pore

derived i.n this manner ca ed wt ence
ATOPRGITAPR L PR T Do Taty Emeicly Keshflg wit solid
ant%cl@%QSKﬁs)fer cﬂ@bzs% ﬂﬁoﬁs gt BsddS@ScipiteltRe effective medium that

recognition, ten inplemented with neural networks,
t cremﬂtmstfrom@tddtﬂgea smek sshiofy pores & ithenwhirixs In Bhetber key modification

berte ﬁ tq %g T%‘éﬂlq éﬁ?ﬁp 2 Se§gt \gﬁg I{@gﬁgﬁt ereﬂfset of pore space is
cl @83 gf&idédﬁ futd SR -REREQ Qhd tcEa? r%ﬁt'te?l”b&tlgﬁst ﬁsﬁ@tequattqons D to (3).

according to the patterns obServed 1n the traini

S€The Kaster- ’ﬁskdot ieqaationk #4)i tor(30) s thausoé tqualteate the effect of clay-
conpl i cat ed qgand certainly allow npre_conpl exi. tétqac? o th
t hislatgdgndesand-related patgs @asiastc BrOPEHISS o bl R 0gess dLtppeated, using the
equation), but they are still fundanmentally enpirica

rel ati onshi ps based on observations at the well rather

than on a physical description. Consequently, these

met hods suffer fromthe same problem as the regression
nethods |n that they reqU|re enough data exanples

. e,




formation, said nodel relating the lithol ogic
properties, porosity and fluid content to the bul k

web@stiie7groperties of the formation rock , saPdr/neue$002160

conprising the following two features: (i) conpliances
and densities of sand and cla§ m neral fractions of

the rock are characterized i ndependently with separate
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pore spaces, different pore aspect ratios, and

potentially different fluid types, and (ii) effective
beffictivedmsdiear fmlmshe pravoahs| ¢aleasiono ap the dogks magig for the next
conbi nation of differential. effective nedj t r :
afticdaiamnt]) they tll &PTe YOI %e%)bes’ai ?ﬂg#ﬁgjfoaq’??" (bcf. Finally,
fidabsiRAS eduBHbE Hetddhcb PrdwdR 1 fis hitedi 1@ it SRNTIuids into the sand
eac ocatlion 1 n the subSurface; (d) conmputing in

t abtesar form val ues of said one or nore elastic
properties as predicted by the rock physics nodel for
a range of possible values {or said porosity and
lithol ogy properties ijn, ehgh fluid type present in the
nodel and then nuneric 4IK¢ onputing correspondi ng

t abl es of t He=d&yitv ti%gq_ fithe el astic properties
with respect to pon@%Lﬂgp%ﬁ&i 3y content ; and (e)
usi ng the conputed Kabl eKpof tRe elastic properties
and their derivatives, along with the fluid type
information to mnimze a pre-sel ected objective
function ang=pgreby invert the rock physics nodel to (13)
obtain the lithol ogic properties and the porosity from

the bulk elastic properties and fluid content

i nf or mat i onpfgothél f@vpation. Typical bulk elastic (14)
properties include conpressional inpedance, shear

I npedance, bul k nodul us, shear nodul us, cqnpressi na%
v e feariobiainigg dhg effestize ibtll}( @,daql?yardpﬁ In, H- gga @wave velocities can be

Vo R e WR LRl SRNOR 2 P ERE of “Santt - some

enbodi nents of the invention, the rock physics nodel

has a solid matr{x composed of sands and clays and a
ﬁﬁwt@pqoned into clay- 5 rel ated
atedd pores, and the clay-rel at ed (15)

total pore space

pores and sapd-r

pores are asst topbe filled primarily by water
(actually brine). In sonme of these enbodi nents, the
pressure equalization assunptions for the clay pores
dignfler fromthe sand pores. For exanple, the -
brine-filled clay-rel ated pores may be added duri ng
the effective n:F;a calculation so that only the

(12)

sand-relatedegr__ are filled using Gassnman theory. (16)
Thi s corresponhd Hg'to the m xed frequency case where
the pressure within the clay pores is not equalized
during the passage of a seismc wave while the
pressure in the larger sand pores is equalized. In
ot her enbodi nents of the present invention, both the

sand-rel ated and clay-related pores are enpty during .
t He stiipf 3 of &ig. ilatheeinipsdenoge formdi inrthe siep Jt aeilbyeried fonparosity and

Lo e s SRR VRSBl go g Blbodimens the
[ i, t f the .lithol ogi ti .
OBy SR ok 5516 Pl B SRR LB A md ¥

to a sqlutio m.nind zin od _di: EnGEe. ...Qar .
iR b o o T P B SN B Fctin
b Ufajﬁ)iﬁlﬁ,siﬂe%bﬁ)écﬁﬁ@ iricB8n Gl *bAgst diTzomirh hecaseiisgnihe miatlabetween
and 't he val ues obtai ned for the sane properties

b .
f othevdbutk elestsl progemsics gendnsed by khapraeki physigs madel ;m#he bulk elastic
ot her related enbodi nents, the iterative process
converges to a solution by finding a maxi mum a
posteriori estinmate (MAP) of the lithologic properties
and porosity using nodel and data covariance matrices
estimated fromwell data and inversion results at such
well. Li sone of the above-described enbodi nents, the

N S e




o taking the pre-conputed tables and performng a
non-linear inversion to determ ne theconbi nati on of

webk@y/1cem ent and porosity that is consistent RET/HS1008002160
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P and S i npedances at each poipnt in the seismc data
vol ume. BRI EF DESCRI PTI ON OF THE DRAW NGS The present

invention and its advantages will be better understood
by referring to the follow ng detail ed description and
the attached drawings in which: Fig. 1 is a flow chart

s bmoplenigs tdbeaiped fimny ssitwissinyersiome ap tirmeeensipiningsthe predicted

present invention; and Fig. .2 is a three-di nensi I ot
D iiniosy asArpreu ceheasmpled Eecse By iog Ip PSRy Sdudtes objective
i | : f e tH@t@wald'Biodeled impedances
[ ﬁuélgﬁﬁl‘gﬁnt\?ﬁ lj&oglg sgg%l#iefbfg%&}cﬁ@gﬁeﬁect on Wt hoi ?g P

pagd thelobdereabingpeadentes. However, to the extent that the
followi ng detail ed description is specific to a

particul ar enbodi ment or a particul ar , the

i nventi on, tﬂwzi%(l,,s—i)ffﬂﬂe(ﬁdréd))?d'( e‘inﬁé‘i?ﬁS ve only, an

and is not to be construed as limting the scope of

the invention. On the contrary, it iL.s iptend 0

c &leee, Iapnd &lae ﬁh?dmnﬁéél}ceﬁéﬁil‘fqddattfl% et 3iv@; %‘&E%U}alaaﬂt@’s ars the
t hat be.incl Mg - SPir d gtk (1-15). A
R AT Po S highics (RIAE HhC s of SARRIRS (1113, As

DifAidER BRAGEhET | sheObetT HiE RREbHRRERENVBOBIVENT Sollie be used,

present invention is a nmethod for inferring the cl aIyd )
c depadingandwhavesiprgdused i stesbr Vae minipdzation;of thesquared error is a

reflection data. [Thecter 1 " Te 5 €is a Newton-
u%ﬁﬁﬁnﬁ?repréﬁg ea%l %feﬁ?lie?r%%i'@?f]hg@fﬂ’ Ilessoﬁggegﬁ %J%%blt g @ oWl
PREShsch RbralBy §sder WRaBBES, @0 al NNam@hicel Retipes: nH drianfl Scientific
a rock physics nodel relating the el asti cgsg)rope,rti

ofCanguitisg Cambiddge GizrexsitaReess I(L7%F) donpetéat)s Agviantiab gupss at the
Sl B0B5 5% S5t TABLSHS b SRR o csion

their seismc response and does not rely on enpirical
nodel s. Because a theoretical nodel of the rock

physics is used, a statistically significant sanpling

of " gr quaxIvy gy, )i sam%(melege , and the nethod can be

appl i eq wthsjrtmmte Th@g%r{yj i_anka,Vshh) a8)
devel o j.ﬁ e wh f’ t qillntj e rgh%@ﬁ t ahd -
economi 2?‘{]’%/ kicrélzkﬁre@?@utf%hz r‘y(/}k p Si sg Vshk)d

l'i thol dgy arggpredictedasiml tgneously, ensuring that

t hese t quantities areconsistent with both the data

and the rock physics nodel. Furthernore, this approach
CaheS buBsbrine db Ségnatise di )t ist e iteestiony idex.qimlordey tonevaluate the
both the hydrocarbon and brine |egs of reservoil %]25% Whit
dcesfhisints e eithes sidepnfroguationa{ 18k RS VAate e yadifigdXu-White
fluid phases as is necessar | WANor-1 t ith t
THERGRLEH A0 BRGS0 1 prpoieibit e BB R oL R ith respec

7 thi ee ustrated in

Fig. .1 In step.l, the SejsMni [

avbe gph B oS TP 0 e TARARS ot e
(Shgl MpedanpgRSddhi BMddédto fiRSRSht MRIIY]) TtéBdtiv@ continues until the
st aﬁ’dar &t echniques. (The seismic data are shown

Sesgﬁ{tﬁ,hecg {,g}ggg at | east two constant angle stacks 4

because tﬂIS I'S necessary in order to reliably obtain

both the P and S i npedances.) QO her elastic properties
such asEquationusek (H)dubsisbeasalverhatip substemtil nugpber of points in the

conbi nati ons thereof such as. ressional )

COTBe i EPSEER BN R TR AR 07
arig tﬁiﬁﬁ&fﬂé@lﬁﬁg MerakiQEly DY ARy th mdRA&] KetWhide nddaepfor all points
V. Richard, "Prestack el astic waveforminversion_using

a iar & oeisniiofvalume ivoyld BEGEx@amuidaionply riaensive.1 Bodhermore, the
James J . Carazzone and Leonard J . Srnka, "Elastic

I nversion of Gulf of Mexico Data, in Ofset-Dependent

Refl ectivity", Theory and Practice of AVO Anal ysis,

edited by John P. Castagna and M1o M Backus, SEG

(1993); Arild Buland, Martin Landro, Mona Andersen,

- ~ 1 n N\ 7 a1 o o - I T




In order to performthe second inversion, the present
i nvention uses a rock physics nodel that rel ates

w@ees1Rye vol ume of shale or clay, VSH , and PCTUS2005/002160
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content to the bulk elastic prqperties of the rock

such as P-inpedance and S—inpégahce. A preferred nodel

in clastic environnents is the shaly-sand m xture

nodel described in Xu and Wiite, "A new velocity nodel

for clay-sand m xtures,"” CGeophysical Prospecting 43,

9 Hefi ¢ Hicnlfomlytiaeapicssions fanthe i’lV?ethGS Rnﬁh?y quﬁ:hﬂn%rﬁééf‘eq’f equation

for _shear V. re |ct o i cal
Pr&S)is IOF e ﬁﬁl gljé’f 'ffgwpﬁbg dr%tbesf ! Igea | o%";% sgjet a table of P
thay a1§dé§ rﬂvcﬁ§cﬁ1&°§ﬁleﬁ%¢dén§i@ﬂ they ive- be@ﬁl Q’orward—modeled for

Xu- Vhlt nodel "i's conpl ex, and |nverté%§
mapmesentabive eombitatiops ©f e}auy donteah{Q (e 10@%0head sp@IQSéS (0 to 40% in

this. problem. r.ac . ffj t. wa

e Rl Gl T R S

t for cfﬁ VWedhiR" ake f ARG 9é1§orﬁf)ut5@e ukRgk ffiR difference
arac r| Ze ndependently wt h separ ate pore spaces

arafbpfbxﬁrﬁmcmst The ﬁmtse\reclppityswasmdehng Gtisg ti8auodal backwards) is

the bul k and shear el astic dul i the dry frane a

c e RaRNen GecPreSAEPHIE GRS Ao - oEREct 1103 HBp Ry ersion o
Ofdet%lﬂﬁﬁrfer th@ '?:gm-gﬂﬁﬁgﬁ o? cl g 9&‘5& chﬁggroéﬁ aad EQRistdnt with the P
Sm C waves la: Part 1. Theoretical

fQihﬂlS iafple@amces &mhmem potht b Big-s6i3Mmic ¢&ldde. and t he
differential effective mediumtheories of Bruner in

o aene o (O R ek lael ROE bR fvsics model
Eﬁgaﬁé‘gﬂl Pfé}?%';lgsa& %hfﬁ‘?cpﬁﬁ | @hoRREPE& flodbh the bulk modulus

and eng and Toksdz in "Inversion
OfKZthS latbﬁs1t§z€|p9©lfttheﬁluﬁ@rﬁlmq ¢heasgEcporeatin ceqapibatsr (12) and (14)
rock", Journal of Geophysical Research, vol 84,

PRrespéathvely, Faésveﬂlja@ rpugtEtisduliomsdlus of ths éhiud)ﬁllﬁz‘\gsthﬂalay pores K'
in "Elasticity of porous nedia", Vierteljahr schl

der
NainegRasiond Ak ndiedescHbed prevusly.ghe olgy pprss ae llody i?ﬁ@?r The sand

i to obtai n
PPBE e SRafLaR Bubd i L ENBRR KL M i tne o o
bedowafiatia! SiChring ate AfdrbyarbéidsaThe aﬂmerundamirmrmmre mlxed in
that are explicit, consistent and \/%’FI cally based. As

a prepartion te thawwemmehoromelwa qdseidictiyg Shipiplg saturation is

anal ags . are re ed t o charac

Stﬁggca%]e%cln %&t%ﬂg’i}' l}e segand ingersion, gleé)%lrén ﬁrﬁml@dr% eyeLy, a[iaqlnt in the

f %h SHAE LA E TR hERpLS fied (EtE}ﬁ 2p[r19§“ﬁg'1t1)l NYBRt in¢slves defining the
ematical expressions in the selected rock physics

moggiony oﬁﬁledeservmetcbrrdSpbudlng do dharhydracprFomleg (g1ther gas and/or oil)
velocities nS|t|es | rocks en cla

© Ahe Pring It TRERERE P IeSeiar s aRIeY siefpeRlit F s, different
paﬂlﬁﬁ? &l 5o SoMdrid&ed E'S&rﬁih ﬂﬁée’rlp}é?ecgée‘{ﬁmk m%nkéﬂlﬁﬂﬁ%@}ﬁgoﬁé defining

any ot her set of 1sotropic astic properties that are
prihe usexyoirrand them the dapthy pf tel fluid d@ltacassﬂmgemt@md ig the wells, or

matri x nmade of sands and cl a¥ The t I r ace h 1
C AR RO P SHETEAR P o7 1Aken b duipRe ¥ Bl cprfing zeophysica
:—Fe:%:ﬁ%e?‘)ge %%ﬁ% dnfe"{ @304 Bon tidi ‘501@0r BadH Yegidd' ¢ 1cFenE§ied in the

mhere S 1S e portion of the rock occupied by
stvdlime m&wﬂmﬁoﬁm’zﬂha@m flap @hiscfluid iddntifipatiapsilag/is associated with
associated with coppliant or shale Fract.ional. .
sl meﬂwd\/ﬁﬁrﬁﬁwwawnaﬁ?aﬁ%@%é&ﬂ{)mﬁég% QﬂaPE%ﬂm) and its
used. .
2o by ERpl B SoE B {elpersBERANTHIGHS 3 HieiFas, fs relevan
Vsgompostipel pardeileters (gasl graﬂtyt it gasnd\Plaatidngasdbili rdial for oil, and
the pore space into conpliant and stiff pores, the
effect of pore shape on the elastic properties of the
conposite can be estimated using the foll ow ng
equations fromthe 1974 Kuster and Toksdz paper: KO -
Km=-(K-Km 3K +4 m>f T(ac) (4 om3\ m3K
m+4mm Yc iw[ ¢ Jy } and 5 5nm( 3K m +4nm



where in which KO, Km and K' are the bul k noduli of
the effective nediumw th clay pores only, the rock

woreositxo27and t he pore inclusion material, respRCt/US®DY002160
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and O , mm and m' are the ﬁgrresponding shear

moduli, m' is always zero for*any pore fluids. a c is

the aspect ratios for conpliant pores (clay pores);

and TYJ (a) and F(a) are poreaspect ratio functions
derived fromthe tensor T u that relates the uniform
stalaiity i btink)aAllithésefadtgrstare déternynedframfreley antyineasiieerts made

it Pk 1R sapisd gty J MRt afpiien Rlod bproprate
Mhdels suBh* & st %S&hﬁd\/@j WchadRUBSSle Hhid' Zﬁjjﬁl'ga%ng, “Seismic

accor |ng to their relative proportions asﬁglven

t IpeopéBiesvidipoee flaidd,” Meop/psd)s, THE6- QW&)GBQZKS Er Al %ﬁe,tables and

te g‘ga@rg’;%}ﬁ(%g?% m hﬁ%éar i the U| 5 @ }nang qﬂe roc§i<f physics
AL O Tkt De gféd &l ﬁ)rteggn Ql‘ﬁ fte ﬁﬁﬂi ﬁl@ﬁ@ﬁca‘ﬁ@ﬂ Uldg i@fthe fluid

t he' 'sand m ner e equati ons for the pore aspect
r abi e cTlieoapprapriafe@det afitabiigsaiy them gpliad iabsadhepoint i the volume
given in the Appendi x .of the 1995 Xu and Wite
arduriag ée ek PRSI ¥BYSETIMRNt of the invention, a key
nodi fication relative to the published rmdels is the
furt her P&kSph dbli@require calibration. In
pri marl &P"{ﬁé %dgﬁ%ag%\;\qgf(gr@%gecausgﬁgfn{ohe %Ir gt ively
h I;@hlomw,l tht pone aspes satioe of thechad apbeley aawvedl aSéhQJ gltalropropertles of

e et 8 RTPIY aRiASed Rt At lob eVl AIE Y (oo RETE the rock
Sg;%gsmso Pﬂv%?sld%%gﬁlte s%?sﬂﬁl;dtlﬁ/g%ﬁ’\\ﬁggr;é zfsﬂ@ g?@é&?@&e T®fs &libration step

wave ause o throats.

Maohisige of asthf ¥halé RbRmiesandporosidyematuet delsmd figmtwell/ logs glong with
unr el axed and conprise a high-frequency. canponent

t like epryoptiate Suik Bropsiies &9 seraardmods! the sipstip %%P%Férﬁnd compare
i.gge ha
o AR arty B SRl i st ks JRIAE bl THERACR physics parameters
f 196 4gfisted Suntil RSBEsORKIBIS SHAtEh @qu\aien zredisiad dmntakeadrded well logs is
pores can be treated mathenmatically as being rel axed
arabtaimedor i si ng al ow frequency component of the system
I'n this enbodi ment of the present |nvent|on t he
Kust er -Joksd tion :
the el ‘?G?%Seép%%lgﬁ%c pésﬁerﬁgst %e?ﬂr@% ottt F ocK ‘%Fsgﬁ‘{eﬁ‘%( éslk;airi gf g 1 can
P Yehoi i) thérefdré B@oksistamdvith thebﬁoczaberdmmpéd&ms strictly minimizing
FsTm(as) (9) and 5 5np(3Ko+4np) Here Kd and mare the
b leaﬂrsqu@hs;abjemmﬁmctmn asrﬂ@ eqgptjony ik can RFRstuce Apigy cstimates of

Lgﬁ%%%e ]P]eé{a%itt ig 0 %?18 S%Ea eDt%;rﬁgdlir;g&lg% e%tﬁ@é )fl,l,nc_jllon so as to add

Tyd%h{%aéon\éﬁfﬁlﬂﬁsmf e @cﬁgﬁ?ﬁés iiVetsish tép Q) 0§5ccﬁ1ﬁh01$ Rehtegy is to
pores and 0.12 for san one pores. Therefore, the

Kysetform Takmped lexgt a;uamssbyaadélw adslitional gammytorthe opisetjve function
T . P, B s
%‘X%gfe% Qﬂ%ete ‘P(é%? CARt4iRESn VaSbds t@itb@éks &Pg@ﬁ)ﬁ&é&cal inversion

erenti a ective medi um net hod, the total
pasuok iat Mérkep Gedptysioklydaro dintilyeid: distrety riverse dhdomi Aepdemic Press

B L E ) RACALLODI 08 1580 5 S bl i i

P n z‘}‘z)éc Oh&f0d0 Jrhﬁ&tt EnPUnd model parameter
cgﬁ%gﬁ?gé??ghQ¥gr each é@f sat?sf(es tﬁgﬂKﬁgtgr ?8?@&7
c oitlirdation, EBegiennSeignasi Plabkishersd (198, tAwpropriate data and model

Kust er - Toksdz equatj qQns sed to c

ef JVEHANFE THEHFEHTE IﬁlﬁFV?deg dats Paspsiaerl ”aﬁ’ée yéﬂﬁ%ﬁ“@& during the
of pores to the matrix, hi another key nodification
relative to the nethod described in Xu and Wite

(1995), the small set of pore space is then divided

into sand-related and clay-rel ated portions using

equations (1) to (3).




The Kuster-Toksoz equations (4) to (10) are then used
to calculate the effect of clayrelated and

waamwdarerat ed pores on el astic properties. TheP@I/US®85002160
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IS repeated, using theeffectiig medi um from t he

previ ous calculation as the T1éek matrix for the next
calculation, until the total pore volune has been

added to the rock. Finally, Gassmann's equati on

(referenced previously) is used to put pore_ fluids

| ohlibrhien stapmd Booatés (17) mredsurest B qurof wsfng+qn L2 pggpy  Other norms,

(14), After obtaining the effective bul k d shear

meuh 3 angu noFy @p\}eﬁgﬁe@@ TYE4sPTeHae EHR ac?eweggl cul at ed

using the follow ng equations: and V =J . (16) In step

3 g 1, the inpedances found in the step 1 are
i%&%#4§§for porosity and VSH for every point in the

sei smc volume using (in the described enbodinent) the

Xu- Whi tlhefireseat ihvended methadt waseppliadcier sowmicadais pFtpd over a

b .. Th itv. VSH | hat .
O BRBS3AL B PE LS5ob R B3Rl bt ok s
{ URGlcPWindiPioBbt thel iMPerRlal Y6 invRinfoUmed 1oy phitd have been made

consist of a term neasuring t mat ch between the bul k

eliavitible) progueed i tes thye presenteiveytivehmethodk  giwes iveedls dséidad in the

and the bulk el asticproperties o ined fromsejsmc o

i ﬁ@,’gg}:\gqubqﬂnﬁgﬁdhg QCQPEQ egﬁjseﬁara? t%F ﬁ/é)ij % <!3r8 nZ%geg.] In addition
It rﬁ?&iﬁ%ﬁn 3&91}1 %T’{c@ﬁbﬁty acdiFfteSIaARARAE VRIS tprdBctions such as that

I
function Ist east -squares objective function ) )
c qeprasenteddytHig. 3 carebedseditd Egineate ecsorendwith phwhichragg praportant i

nodel ed | npedances and th bserved i npedances.. e . .

| the earkpgevelopsht Bl)asc-;_s Q,f(a| f’?elg v%@ \Ye;ijl Wgﬁofﬁs %%ndzbu(smess risk
Fﬁggka and Is are the inpedances derived in the

fir step, and XWP and XW5 are the forward nodel ed p

and s inpedances using the series of equations (1-15).
As pr eViteustegomgricsaiption indinertedsiot partaulirsamhagignents of the present

el astic paraneters could be used, . endi ng .on what .
oA e Wl B AR, R to one s
ﬁg# ﬁ%ee @t G 3§ncﬂliﬁ%ﬁbhé arfliOR ©The AnBbs@hRAfs@ R scribed herein

or solving this problemis a Newton- Raphson )
i taes pbdsible. (FoR exiplEy pessonsekillet in thduarewilt &howRed ofhes modifications
The Art of Scientific Conputjng, . Canprid iversity ..
prigshe (ifGueyiabgtioctns ety Model . Ml eh MyEGeAtapS apg vertations are
sol ut i on. i : it Satl Y appended
Do, R Bebo It et o 8 ety ot e
) dae(fk,vsh ) df dVs.h -1 p -XW(fk,Vsh (18) dXW
(fk ,Vsh ) dXW (fk >Vsh ) Sh1A - J Is -XW(fk, Vsh )
df dVsh The subscript k in equation (18) is an
iteration index. In order to evaluate the coefficients
on either side of equation (18), one can eval uate the
nodi fied Xu-White nodel at the current guess fk ,Vsh
as well as the derivatives of the nodel with respect
to shal e volune and porosity. The equations are then
sol ved for a nodel update Afk ,Avsh . This update is
added to the current nodel. Iteration continues until
the sol ution converges. Equation set (18) nust be
sol ved at a substantial nunmber of points in the
seism c volune. Evaluation of the nodified Xu-Wite
nodel using equations (l1)-(1 7) is tine-consum ng.
Iteratively evaluating the nodified Xu-Wite nodel for
all points in a seismc volunme woul d be very
conputationally intensive. Furthernore, thederivation
of anal ytic expressions for the derivatives on the
| eft-hand side of equation (18) is not tractable. To
circunvent these difficulties, one can construct a
tabl e of P and Si npedances (velocities scal ed by
density) that have been forward-nodel ed for
representative conbi nations of clay content (0 to
100%9 and porosity (0 to 40%in




siliciclastics). Tables of the derivatives of the Pand
Si npedances with respect to porosity and clay content

wW@e®@saleos pre- conputed using finite differencePCT/US2005/002160
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approxi mati ons. The inverse r?%k physi cs nodel i ng
(running the nodel backwards) ‘Ps done by taking the
pre-conput ed tables and perform ng a non-1inear
inversion to deternine the conbination of clay content
and porosity that is consistent with the P and
Siwipédaxdes derived at each point in the seismc

vol unme. Equations (1)-(17) describing the nodified

Xu- Whi te rock physics npdel ..de p [ .

of thelflui d*fﬁ?%?%_gf%f h%re%_s%g Q%E@sgﬁh%bﬁ’aﬁ{e? Eid, fifosity of 2
MG S cKicrRRFo B8R sbiénile @ita,lddenprisitigd filling the sand
pores in equations (12) and (14) respectively, as well

as through the bulk nodulus of the fluid filling th% .
clay pores Kb in iecudng he feiymic adatajtos ebipineene or more bulk elastic
previously, the cl.ay _pores are filled with brine. The
sé’ﬁ‘?ﬁpeﬁtb‘fsé%t%wg’\s}gﬁcgé&gmﬁoﬁ ed with the appropriate
reservoir fluid, either brine or a conbination of

brine and hygy Oc%ﬁﬁﬂfatin%h@ lBsdkn ephgids hynddelc asfbdhs subterranean

m xed in proportion to the water saturation., X
Tyfpincationy said niddebrelasingdbe litholegie propstitoss parpely angd fluid content to

jfied. .l ly. th ' i :
;gﬁ%bqlk gfaatl%lgro%r ]}eﬁr oE’&eﬁ'&%?%opﬁgck:,:sfag%lggh@gcﬁﬁ%@ﬁlg S"cf;lé']{%llowmg
3@?%&&@5?@) EShSPinded hd-idhsitib of EMBatd W@y véiSeral fractions of the

ning the regions of the reservoir corresponding to
t reclhydraharmcteoined ogepanidently with sepavate oro ppares shifferget pore aspect

o :ggg ;ﬁo%% iy g ?%}t?filgﬁﬁ &%e%fﬁ%@ %C’fgféﬁﬁgg bulk and shear elastc
ggﬁg‘&flpﬁé gg?lpﬁﬁﬁhgiﬁg al doh®iRii8h @ dfRirsiitial effedtive @nédi@ dheory and

ygons ning the reservoir and fromthe depths of
t M@askinun Autisubstithiorgi t her penetrated in the wells, or
inferred frompressure neasurenents taken in nmultiple

well's, or frqm geo si cal. i dence. such a ire .
hydr ocar bon("gndi gﬁ{‘)ﬂ@a%ﬂéﬁi\ﬂrw Sﬁma i ﬁ’??ﬁ%‘) fluid present at
t%%cﬂf&cgfgﬁ%mthgsﬁsﬁff&ﬂed identification flag. This

flrurd | Ification ffag is associated with bul k
nodul i and densities appropriate for the fluid type .
(gas, oil, ¢d) brice)pusing in tabubamndormo vaines apf §aid €88 gF &nore elastic

o bl LR H B i P g o o

9 assaicféﬁ odiftt 4 HiRS1o %Le %rgp@t@i@? "C:Ilh oAt Huifl Ypesrbst@d in #hk Imodel and then

these Tactors are m ned from relevant _ _
nMeastrizalntempmite dorresyindmg tablds offtbe denvativenoedic iehstic properties
fluid bul k noduli and densities psing appropriate

motih gespert ko BYropibnal PRkt e M chael Batzle and

Zhijing Wang, "Seismc properties of pore fluids,"

Geophysi cs, 1396- 13 uted L tefastia rigddd and their
its derivati%’s d%%%§F% the g%b??gégfon of qugﬁﬁzn

( 1Yiveltivéspqldngewithcthepfiyigi type | infremsiion rfostmizémize a pre-selected
pre-conput ed. for each unique fluid.identifjcati.gn flag. .
P ctiraive function o dheiney mye tapprsgtbce msdef By o) hE Biologic
is t i i hilict ri i@ content
- dekPEReC AL’ B, BroRBE @R b bl AR G

t higfarBrliop tsheformatiel.i ng require calibration h

particul ar, the pore aspect ratios of the sand and

clay, as well as the grain properties of the clay are
preferably adjusted to fit avail able well data prior

to perform ng the rock, physics inversion of the
seismcally derived elastic properties. This

calibration step consists of using shale vol une and

porosity values derived fromwell |ogs along with the
appropriate fluid properties to forward-nodel the

el astic properties and conpare themw th neasured

density and sonic logs in the well. The rock physics

. o, o .



strategi es can be enployed, as detailed in various
t ext books on geophysi cal inversion such as Menke,

w@e@phyeical data anal ysis: discrete inverse tPEDU§2005002160
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Academi c Press (1984). A pref zred approach is to use
the maxi mum |i kel i hood estinator detailed in
Tarantol a, Inverse problemtheory: nethods for data
fitting and nodel paraneter estimation, Elsevier

Sci ence Publishers (1987). Appropriate data and np

pdel
covari ance fhemetlexs! ofrcdaitiel iwhesein thbulls elpstie BEORERIGS gfe selected

the well 1ocations. durjng thecalibtaf i t :

Eg‘%’c it{b‘nn g4 C%%étmgegk t‘%g‘péefslslg pal, érlgé%&g% ’L%Eﬁro {Tppedance, bulk
OLRILIRO Ry MsEllu ScoRipréssionsll #tlo6ity) dhearuseldeity and other elastic
measure the error as well. Exanples The present

I puenteiere nmet hod was applied to seismc data acquired

over a reservoir containing gas, oil and brine. Fig. 2

f E ?\gﬁ g % ?-h eD Thiﬁn%]geﬁl?&o{g%r% E’{ % r glglt tﬁg Iﬁg’ﬁ’g&éw ggéﬂeigidﬁ g@ggnse the
b%Sﬁmgﬂﬂ%ﬁbﬁybf#ﬁkﬁihP*gﬂug%@mpy the present inventive
method. Two wells dri

ed in the reservoir confirmthe
| ocation of the sands and the vol unme percentages, hi )
addi ti dn t o Thiedinethodnofusldimpl.acdersin | saice gadsl has a solid matrix

d/ shal di ct i h
b FOPPRSedT A SO 20 o 4O pekt SPaeR paf el P RRGHbRI pores
W'a'p& G@tﬁd@&iﬂ%&@ RhidichylieRitRAdrds lsi@ﬁégebsa@ﬁe(m to b ates poharily by
aftie en [

control is limted and business risk
i dogiie ataess tdurifipehd diffegaitialy effectivei pedia sompuigipr @nd @nbypthe sand-
particul ar %gg?Qinent of tqf resent invention for
t Aelatsd peEss arohlled ysiig PassMag e 1t will be apparent,
however, to one skilled in the art, that many
modi fi Gat i oRg,aRE6Ar bALLMS 11 ithin eERPIhs®RM fas a solid matrix
descri bed herein are possible. For exanple, persons
s lcotripeskdi of safids @xdtclayislaind kriotal pére spamsrpantisitingdl dutpicdysretaged pores
the differential effective nedia nodel uck . .
LTS R B S g b Y W R
t bi [ i ned by the
a5 R G285 Aha et QR i S AP B e oY g
l'ithol ogic properties and porosity of a subsurface )
formatign f rite seibodi of daioa,1, odreein shegnversipn j ofvibiettoply physics
the seismc data to obtain one o

) nore bul k eLgs%ic 5 d
priagssl splyes fr the, Htholagaq propgidics gRtRPTOSHY Uflps an 1erallve process an
constl I {19 hitizi i éfwreh the bulk
7 SPRbEEER Bl Rl AES AUEHERATRAR, St yiRtiehes b
Predixgit pk@sertic@@beshddyfran dhd $eisnmic catat andtth¢ valneeotyainkd for the same
el astic properties of the formation rock. said nodel
c appariesy fomearlangdsling yithyihe rockmipysics medsl conpl i ances
and densities of sand and clay mneral fractions of

the o r,pck afe, %ﬁﬁ{ﬁ%g{c# d6,i %@féﬁ[‘@ﬁéﬂiﬂe}’at%tﬁpcess is Newton-

separ at’é pore spaces, erent pore aspect rati os,
arghphedehéraiidd.y different fluid types, and (ii)
effective bul k and shear elastic noduli are conputed
using a conbi nation of differential effective

medi um .
theory @nd CHsmsthod) off elaisyds fiberain dhe o J@f“‘iﬁf‘?’&ﬁ% is, the least-
fluid filj. ele 1 ndi cati.ng: y f 4 astic
at ngarg%cﬂbJF%%t i%&gﬁ t% {%]!étg%ﬁ SSP% aggl;a@zdd)dlfg%?r%ﬁ iq%gﬁ%err]l el_

t ahupatied gendratad besthe rodkaphlysisenodel miethe|edestic properties obtained
properties as _predicted by the rock physics nodel for
a fremdke ssismye deycBIlen §igP-ues for said porosity and

l'ithol ogy properties in each fluid type present in the
nodel and then nunerically conputing correspondi ng
tabl es of the derivatives of the elastic properties o
with respect to porosity and clay content ; and (e)
using the conputed tables of the elastic properties
and their derivatives, along with the fluid type
information to mnimze a pre-sel ected objective
function and thereby invert the rock physics nodel to

I o o - e




nodul us, shear nodul us, conpressional velocity, shear
velocity and other elastic paraneters. 5 3. The nethod

wo@Roosh#izme 1, wherein the |ithol ogi c properti eSPCDIR2005E2160
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the volune fractions of shale (clay) and of sand. 4.

The nmethod of claiml, wher er 1%ai d model has a solid
matri x conposed of sands and clays and a total pore

space partitioned into clay-related pores and

sand-rel ated pores, said clay-related pores being
assumed.t o Bkhef inkthed qfrdlaimr 1] wherginothsorhiertivgt fanctihpr isng damped
the differential effective nmedia conputation and only
tﬂ%asg"éﬂiff@%eé’&vﬁgwgo’ﬁre filled using Gassman theory.

5. The method of claim1, wherein said nodel has a

solid ngtri XiOMRARA M OElamR N Swidéin Ctha Vifivadsidn Soft ealock physics
pore space partitioned into clay-related pores and

s anotidl eblatetbrpbe Gtholagieplopeiicn and poresiyy ysing @g iterative process and

differentjial effective nedia computation,an at er

f i POVEERE ©n? FPIEN P %“%5%‘%‘%%%%"6%9{1 g “?‘ﬁ"] repgy Rggyeen bulk
Ofeéé‘s'tiég{f@g/erﬁémﬁt%ed o KR Rigthie ta®d ahd'9alue¢ bbRihedi o5 the same
nodel sol'ves for the lithol ogic properties and

pQrosdrtigs hysfongardmodeting wiithehprookedysiesmiodednver gi ng to

a solution by mnimzing the squared difference

bet ween the bul k el gstic praqperties obt.ained fr t he .
sei smi clldat alb}%fn@eﬁ’r?g Qf"laF]t?rE% Lo pY RSB dpv?rf"@nscgo egrock physics
pr bE i i It13g) M i RRY&iveSprocess and
AR b R b TR PEPLoD gkt plicklt? iAg am AR E o
prooaeagingstoNeydlation Rafinding a texiatin w. p@teribniestimate Ma¥P) of the
claim1, wherein the objective nction is the . )

| dEBelogigAreReriaes aélétnwltwﬁ@gi%?f[ei 8?4 dath cpYpriafee Lglfiges gstimated
di C : ' erties generated by
tﬁ%ﬁﬁggglp @%#@@9%@5%?&%%§M§Rgﬁg astic properties

obtai ned fromthe seismc inversion step.9. The nethod

of claim1l, wherein the objective function is a danped

| east - squares objective function. 10. The net hod of

claim1l, wherein the inversion of the rock physics

nodel solves for the lithol ogic properties and

porosity using an iterative process and coverging to a
solution by optimzing the L normof the difference

bet ween bul k el astic properties obtained fromthe

seism c data and val ues obtai ned for the sane

properties by forward nodeling with the rock-physics

nodel . 11. The nmethod of claim1l, wherein the

i nversion of the rock physics nodel solves for the

lithol ogic properties and porosity using an iterative
process and converging to a solution by finding a

maxi mum a posteriori estimte (MAP) of the lithol ogic
properties and porosity using nodel and data

covari ance matrices estimated fromwel|l data and

inversion results at the well.



