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A STUrar OP T ''py^ ^^ ^-^SCOSIft ratio ok TK8

DispLAcaoanr o« ^a^^cii;;.;; r^niDs is Ktoos ncDu

CliAPTSa I

Sitalii rocor.t :7'aar3 the Irct-oralnj d«:icn<3 i*or ;-ctro»

lm» pro<feiots £ri4 ww* z^cliciitia*: tl:st tlie c or nov

•ourcos -^f !?©trolo:i;.-. ia -ot !-rs,:::.c.;3tibl© hDVO ToCuJ^^S *tton»

ti . . J - - -ccu w..t;w ^ii iu^ci; Si jur aii ;. <..,-ctl<}& lA the

. ; v;t or -C oC the oil orl; 1 r.ly pr«««nt In

t: .voir i'd :..jcDvcru:: ar, iho ©coiv:jr.lc Unit is rcccho4»

v«r«tlo*:icI L- .: who: v :2cln courc^ of Oii«rsi' 1« t: a

di«i}0lv&^ in tUs oil*

V^ltl; this In £ilnd oacgr lavostlgatore eve sou . ht to

rin<! Vttyt both to rtt^v* tlie r#c '. all OQd to l^^p. ov«

B«tiJ[>&fl or p&'oU.Gtion so UnAt ft aucb . : l«r pcur o«at of tbt

oil in r«is9ir»4 inltiftll7«

tvo itt#t:ioU» ar* In eoasBOo use toda; to raooira ti.o

raaldual oil aftar prlDcr; Co^lotljn. ub of Uimun r 3

involve o;«plaoiB«nt or t'
. r<(*,Qi<«uol oil by av.otboir flaid«

In oiio .ct >oC ;o« otk: . . ><i vector is ussd as tbs

I



r'A K^i. lA.^K^-y

**<



dlspleolac riuic. or thAft* »»tho^ h£Vo ti«iB

•ppliod Iri the riold Tor -., ,p ol y^&m ftr-4 tau- . .,

vork has b««n do^;* on the ditpleo«ci«nt of oil b; enot^.or fluid

in ft porou» , r& still rentini » Icrco RUBat>#!r of

problws* to "i^.. ;-olv^;C i/^*ui^d Um »oo1 - . - or cJUpltcouoat of

fluldJi In t , oro .^ulft Is c«3plot6l;f f»>rk*d o\it« J^ar.y Invca-

tl 3 ^ra liOft toO- ori thcso :>robl«sui wltb th© ld«e of

£;. ^^oro coKipiiite rocovsiry of p«trolo^ja£ Tross Ui« ro<«rvoir*



ns



cnkrsm ii

f or .:;s

Tttm iaiwliil stu^' of now or Ii
.

tLj!»aui:h tsu.Ca

dfitofi bAOk to l^:-C tti^n U* U*Arc7 (1)« pdrfonaeC i:4.s e;xp6ri*

s«qUi on tfcfi rio« i>* vSitor tLroucii s«r.^* In ICOfi Ktns (2)

iidfis.^^^ tiis rftto or no* oX' vBtcr er.d cir tSarou^Th cocijoli-*

dAte4 i;;^(^ .^o or; sol! pubXislind the results. It

««A r^ot ^oitil IDi.0, .. tLe Jijier©; . d«i&ts\^ for oil c&uA»d

tb« U»3« ::^urG*a or isi&e« to nftke - - erles or ttxporZjCrdiitd on

rioiK chei'ectoriaties oT oil «n<2 t(aU>r» t.'ie.t cidcltl:>ival vork

V6« don* o» riow ot n.uid« In a ;:^rouo £s#41a* i:y lOwO tJa*

iaporti^o« of rio« r.4)adur«M¥ktt to pfodaotlon o^ qrb &r^ oil

msM roAliftod and in th« «c:.sulr;g 7o«»r« tbe luvii^stl^&tlo^is oJt

Cloud (3), ^'uttinc (*)» i^ckorr, :Jotsot tend £jus-;et (C), cad

n«227 othcr."5 ^dCmC K^terlcll^ to our iciOtfled(5« oX riul<5 r.or

la p02*oa« i .wdia*

Xo th« le«t too to rirtiaon ^cora ^ost or tb« «ork

bA« b\:«tt directed tovci^ tho C«v«lo|X3or.t (xnd Isiprovsaont of

B#t2^*oda or pr^^^ftV"^ f^ctroloj^-. reservoir :^crrrorB«i5e## Ai «

result tiorc :..c.v(^ u&#^ auoAfouA icTettlcictioiis ;r.Qde of tbe

bahAVlor or li:i Idclulu xl ids In ;. , ovoz*ett (C}«

;'... licra 1 ; per c;. thesis refer to roferer ces In tbs
bltiioarmpbj*



"^imq^a z^u. Lj>.

• f

£



( ;, v.- -uiora li«ir# ooeti to

the ^&t9l^igmta\ ot tto tMMv art uMlmn^o^ or %^ 4iui.

aff, t or oli i-j a« «•« re several liive»tl£cto2'c c^cU

et f:clc5 i. t;on (0)« totset (&)» An4 DucLIg^ end

l.«v«p«tt (10). ^:hc :.r.tt*r worked out r- *-«tl8fttct(»7 : Icture

of ttid cifc'. c or U,e - r-o«3«ni o* i>il by boU. «ct©r lod

'^owevtr, uft^llc th* «boir« ^ t^': ^'^i* hc*rr f^ftrrlad out

vlt:. 1. . *.1>1« riulcia, littXe fcof'k »fi5 iiai;« -at. i.

-

©r c oat or two ulsottlo jTlviaa* !.crts (11)

iDuckor (1^> t.-v 'zf L-tc^f tLc sffcctc of sT>eciric -ravlt^f

ilurtn* t or ft3 by c !•

tfetcd ct-{*« ri»i- caricluded tr^f-t the essttrst c.r

i,: ;-oi!*^ionftl to tho x*lwq q* .. i-u^i-i B.ii* i.-.i.;i. -.^^ v.... ct^td

Ic a V6« Inoroftjed up to «i o«rt«lia point lot

llncer vo! oc2tr« *boTe this «n inerooaa In

pr©C3..rc :.z ..cQi^ :l. . . -t oi' KiXln^* Tboir

•r;<3rlro' to filfio Ir iti tr^t It o« wfcwa

th© -ervinr ^'08 fNtf sft<5e th© fluid*

isaol, Uorgttu &i-^ t (13) In atudylng t33» aobllXty

of in tore 1 «»t«pa i t SOB* ^g

the ..v;co.e* t of ««tor by . i» ft c ^»

? . «^»--*« -.^ «»• ahOWtd tMt en I JoCfnf Ir to





TTT

at

3 or . c-

(2) ChoKiicfti t .^latioB or U;o :oroua i^iodlft

(6) ol pr»8aur« or r^te of ^leplttoo^siit

beat W V617 o^'i7 on» factor «;.^ to : &11 - «ectox^8

c— stc t. -^joa it t>«^aRO evid»ot dai . oT tUlM

v.^.4 that Itel Xoro« of c^-cvlt;^ 9%b orfMitlQi: tl]«

T'.. .0 to tatp iioo::^cr<t tfuilr:^ ;^lAO« irlth tbtt cor« in

ft . ,o:::tlw^:.« c strict of tisillcr drivo<i «or« aouCm

Willi Ir. & vortlcel posltlou to d«tdr»ln« th« Btcnl*

tu^« 01 i orr«ct«

TblS 1 j:. t>a:t ^ra.«,t«(! by tbo Toot tlAt





CEkrsm vf

MAtmiAtS

?h» s^thetle «ord Uiat tms ^soC in HAs i^ork con*

lisUkS ««fl«<tlftll7 or r u^e quarts ^ ;>firtlcill7 c>L.«olld«t«d

liy cIilcc* .^^Id C3r« ^&u c wL.i.od In e c^ .eel :.-^cltQ

l.:bit, 100 cGu'«l;^t«rc in I«a^h n::.0 e«5C si^vcitljmet^rs lDsi4«

7o aaM thUt cord Oil Cr<»«k dent^^ '^bt8iln«<i troi^ en

outcrop ri#ftr 5alp33ur9 OkXabotsi^e^ vst ol6V64 ci:r3<^ n rr&cti<»i

l}«i««or. CO snc^ liO £ie«h ret&ir.od« ?liis a«nd «ft« t^^ax^o^^hl^

«fta:.ed with hot *ct«r iJien cleer^c^S b;- c - in bat Ix^'&po^

chloric m1<S» Tollovln^ ibi« it ^tt-s e^ft^ln weshod triUi v^^tar

tli©:. r.,;ltjiio4i its ft hot c ;i;,-<2rQ3^*><5o aolution «ltt c riiifil

tha 00 to 1 - - :•

.ro?rt 1. :jltc t:L fltr t:. 3C-ifir« •ad plat*

Q^i, iTw , iJ^Ci^ fti:««t ^^clto« A 'vi.i'oui&r ^rwjvo ^/16 i;:oll

4*«P9 C«3D ca- ort Insldo dliB9ter» tnd 7«7& cor^tlinct^rs

outsldo cicitot^r VM Dflic: in th« ftee of tiuii block ta4



•i.ft

^iatu

8-5

a

B



c 150 tfto#h ccrfior. - 0*'^. '^ f i--' ^^mer of th«

.^o; r. ;«t VftS j-Vit into '- or Or.d «r:.d pltto

cv;v.: IxT. tic ro?& TTSro plao«(3 In cp-pczltc- .g, '''hlr. -Ir.t©

i>clri.: 60C.^c<5 6t ti.c otl^or ©nd in m t^ooCen blenii plciceO osi u ^>

Locito t be« - :.jr to y en this UXcs^k a i l/xh &?te:;«»

lan;^ tub*. blcaii left '• of ihQ twilj« partltllj-

o;>eru L-a VHS tiicu plec«d o:* s vlbr?it.lt;i; tciblo lii ft vor*

v*w«- ^w^ltia* »lth th« ftr.C , V v^ ^^'.. i,...w< u l«Ofith of r'jbbap

Uos« r^i Troai tiM br&st flttl.;; to fi lcr(:6 boftkor*

With th9 vCilT« fit t^ lo«<!»r «ri^ closod «•::- q co1*>

loid4i. ^^peafioet or »lll6« lii «ftt«r« vas p»ur«d Into the w..^-

or t:.c t^b« WMur* «aa «. ly 5 . n or :/^ton

In Uie t.,b«« i ol«us*d sftE^d x... . ,^4.u la & Isju^iol tliclj

wui ela%p»d cboir« th9 «rticel t^jbe* "his slla»a4 tLo Qond

to b« f«d »loi(ly Irto the t ;b«». Atidl I ^; tor wuA e.(!C#d

to i::i*irit«in its I*Y«1 alj 5 ir . ov«r t^i4» •Acd &s

it wftj dtpodlMd iato tU4; bottaci^ C'^ tL^f>
. . :# r«thod

W«« a»«d to £«>t u '^
r:% p«is«ftbiii'. It)' ir. W^ core*

iQmb tho »ai: i bMn c toy of

th» lOAtT tub«f th# Ibrfttiac tablo vsa »t^, * th» ti« rods
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wir Dut on «efi ell , rorts r. . . both -r-.d rlrtea

&:.w «.':^^w«> te^^.^wp i.i4J,iii ;:o&^i»^^.^ uoUL cutis oi' 'l..c ..i^^* < «.Wi«

tb« cor« fltlll i i Use vcrticftl ;:oottlon the vclv« oc th« lo«cii>

•dd ««• operiod er^^ the liquid drtilri^C c^t* . etr vet

tL« lo«or ©iU a* tl.« tibe tbufi tfl spite aajr r . r

fi::il c.-^ . out tho 3c::iO# -*,Xt«r -.
- .... .,.

.^

itlt^i All*, tV.« bott^D vclv« WftB closed, a vec-^uQ pusap ottec' '''<'

to ti.«> top o-" tiifi t 4>e ftii<i e ' on f:i© V.b<> Tor

t»«r.ti-rour . At the 61'^ o* tiiit :, .^

1000 ' -^^^^ .-^^n , .:'. of elcobal C'S^moool") -j:;: . > _. Into

t«'3 . ' i->\^ijir :i:6m "Tlie core «&s ancln crlaC. by

pAaai-.j Jr.- olr ; u It for c ?<trio<2 of Torty'*. -is

aiii tli«» sAi::te,lnX2\' ^ -^PCu*,iK oq It fi-^T- ti-/-:- ty^roMf- ^'^^*(5.

The- ftbovo ;ii-ac«aurc- jr«8-lt©<i 1** 4; i.^rtlftll;, c-v^isuii.-

<Jfit'<- c.:>rc' of ccgo-tlftll^ pur« «lll.r.. At this tlsM ft 6*rlft4l

of ;?ertttCRbliXtj tccti? trcro x^;n '«:lt^ rL.*r or tb.G cor^^. "^.riG©

lQtilc(tt->4 m ^voTfi^e dVfir4iX . 4.^«.1&^ a;. ^» ies«

':a««T«r, -ipoii llnj^ pr*«ii a «fv*i*7 S5«* cc r«

ftlonr tb« cor« It raa r^^d t , c ^v.i of the cor« Jiii^ ft

la* ^>Gri-^9ftl^llit^ :--.r"<! to u«c uv, .r wt--- coctlouc. A ploce

C«S ' .ftMvft Icaoi]; v< i: 1- ::.<2 of ti.e corft

ftn<; sip ?«Tr. . lity

Vfta v:j,AtiM bv h/v w««/*<> dftpc^s . iooft ot tlt'i owv«>^>^^.u dovlcitftd

MOiTft than 9 por omit tpoa. iai* veiwo, ~>.cc . . -.vft ft
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d^ate to (>6 run on it»

7ho poroslt; w^ vU« core ««• it«W9Bis*d a^z-t* "!:«

riTflt ;rot^>iO<2 ««• to re prNM»ur« fit tvo

•n4 r««ord t..<5 volutae . . oCl in c^^*^v ^^^^ ^^"^^ ''- ^<) ^^

lo«©r ,2*esa^j?«, 37 u«lr.^ th« p«rreot gts lew t'-^ ' , ...ity

vcs oalcalfit<»d w l>e .^wVv Tb« othwr &< .£o

ar «©t £.:<! Ct'j ««i.:'itfi. :'raotio::al Ity In tils ccfii.

»A8 calcul6t4&d to bo .C1.07, Thtfi luttex* velue ^-:i£ used In ell

CElc.:l£tlv..o ilr.co :.t t?ca Tclt U*at the uetLoc usod iu c&Icu-

•The 2-.rnr :-Gl..;t!3ni! .rod In thl^ t^^ork v9ap% m»i6» «itll

.., 0/ I o£ tJ^o cUtllloC - c»d b^rop*

ILi.. r.-:-.~ . . or t, , Ui&n 1. . .-T f^',;croac

».-i. _ ', .: -. -«-".. '''aln tftU^Ki eiic i-TUv; v^^s ^u^. ^'»

-

coat ol s > in Uu» ec^Iutl: d



•i^

tMM



bllltjr a&<3 poroait^^ ju<:/?«d lor t: i»

't.v'p;/ or ihQ <>iid pl&t6« erd brnAft tittltx^n wero lnstfilltt4«

ln«t«llod ct the , e bra«« t«« lniBt^ll«»<i tt UiB

lal«t 4»r>C* tlth brees valves lr>8 tallied on botl. i^l^&a of th«

t#« 6 z^osiis vciS ;;rovldo^ Xor ..
..- CVjJlC e^sto-^^ Lc^JToro

It &./v<;r«4S UiO c;>r«« : c;^ ic.^<5t&r Icftde vnamt Qnx.i^ctc^ to t^i«

Ui>3.t ft Si liter ;v2*o>; wottio %>lt;^ « iH^ttctui w ^t^Xbt 'etc

••% up ^«r 2^ 6 ^iOl« In tti© c«:.-c:'

t^rou,,.. iilcT.- « fra^^-^/r t . 0(5 into th<- v-ntt'e^ t^) «

ipolat ntifcr t».« '^otvJii i. ..Jttlft* Th« t^L <;. r

wftro eld in piece b^ ft fittlnf fastdiied to the l>ottl«

b;i;- c:3roGr r'rc, . ._, ^^ t^ t^.c t-.'blnr

b«j.oro .V -..L'::i ^ t.^ bottls mat *;> ^« w;^:: v,u«

cop;cr r->^ to c source Oif eir* Air .

uodcr I"0 n-1 re ««• c^d by q pr«£

IS



2--



re . ftca d 5>y

• ... ata

ec . . tt

;. .
. .,s I.. * * *i%i IfiVal :.-> h^ botta.v 6w V

runa o* jI afroot ; ;ltcod on ti;«

;il*icc tue icvc- oJT tha oatlet oi" w.$ cop; 'Cir t-ibe in

tlio ^ vat ai^ijufitad to the s&ie l<aval ee t et of t^^a

IrvLlct to tbo eoro» r!t^ f fl-:!-.' e'y-'.r.ectl'.?n to t^ts l^lvt, tix

9£iC or tl've t .!>« tn UiO b^^ttlo,

riv«re TI :• .^^c t-' c riot" arctcr-. uaetj Ir^ thla «xpoyl»

(A) lilju - end ra«5jicdr

(3) :^w proaaur© re;:. l«s.tor «"« raduc^r

(C) I'orcur^ idftCkoaatAr*

(D) tottla riulfl raa«rtolr

(S) for 2^ riul£ syat««

(F) asnUiOtlc cora

(D) Valva «3<S s^dr^ot at outlat

00 VanOMatar conncctlor.a

(I) "ira^Bta

(J) Lisfaau v«^p<> ^^li.vS'
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For tUQ r..:.9 aad# In tJl^c vc^tioel . «a<^ My

tbt •ane aat up «m ae re^ttdfi ves aftd« Tor

th# dirf»r«rxc! - ^ t^lgbt -*' *^« Inlet ^ ... ..^i^ u.C tbo

point «h«r# t)^ j^c^asur9 4»ftii £iettaur«4 lA Uie Vottio*

F^QB rVu^o II It c«s 1»« ••«c thut tJae rio^- e/3t<8s

comslsta only of applylnf; air pr#a9uro to tii« bottle ^ ' wiiich

9«MM tha riul^ in the bottlo to riotf i r;:^tor to

tha Inlat of tins oore^ tUer: yaaalx^^ tlurou^^h tho c&r« to tlaa

outlet ^L€r« it la ca^^t and a«aau!p#4 in thu -too cubie c.«n»

ti;a6t4.r rcdw^td (I}»

The R,pLrct.*5 usa^ to i^^oaaura t£» p^^r car.t o* c- cor

la the arriu:^ ritr^ic-. 'j.&s e .^n-inncr 'bbft^tj-pa .^c:Vnctociet*5r,

T)J.~ . .^rract-^ . 'v..*' is aoc r,' , . \-^ -,tJi UilvC Ooc^t-ol rlt^cc.

rruoi iho ii^'.ovled^a or U^o e::;ount or ftu^'.&r In tt;i} ofriux atroan

thfi nsr cc-.t of orl(^lncl fluid! could bo cc-lc-:lr.tG<5,



f>J!i -afi

'i^i;^

«'lw-



CBAf?ER tt

ATtcr QQctpXetin^ the rcx^tiel eonisol ICAtlon and Ct^iaa^

of th« cor«9 ft series of p«nM«blXlt^ tectt w«r« run «lth elr«

obtclned by two dirr*r«i)% t»«Utods« t'h&ti tbm pKVMkbUlt^ wid

iK^ .>* w«r« d»<tttd SAtXsjT&ctor^' thd core vfta setur&te^ %lth

U*olX#d rr«»fiurc« r^d t^^ vftt«r In the core coul,<l b6 41 ••

pl60«d t^y e:^otli«r rXuid «iiXcL Xn tixim ooul^ he dcaC by

«;iotber rXuXd* U^rXo^; ttj>a« '^C6u;er:t6« rc^t« ar^d coe^po*

• ttlon of the errXuz fltr««&i WK^ ^4ftdtjr«4*

^^PF^>^m<^y i:H^t»yjg^r-fttl^i£

i;pon runnl:;<- XaXtlcX ;>cn:iC:«ibXlXt; tost It t^ELC : v;^£i

that on© m\6 ••ctXon of U:.o cor« bed & very Xow yor. v-.billty

ete-pared to the ot^sr %«o •actlom. ':ic>o i-ateOvXH^; t. c c^-ci

pXtte .t c.^ic .'. rat t a.-xii.. ." "'•luj; l^ad baaj-i rorr.:ed

In tha eac;tar or -re. v:.:? ,lv, r.: oared to extar.d I. to

tha cora Tor or.l; . 'Jslnr a dlKsontJ car

vi.lc V. : by U;a aaa or rina cloth* .uia
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pssaltcd la c cor# eS»7 contlB«t©P« Ir- l«»£tlu --her. ; ©rrjce-

billtlds 9«pe run on thl» oor« It vm rtnttd to Lav* a:^ ov&r«>

ftXl p«rQ»6blIlt>* or 3«d£ .;ic4es 11$ t};« thr«»« t' .. . « tiAd

t»«l%i»Abilltie8 of 5*C}la 4*01« erid C-.^ ^i.; las. 1 of lbos«

p«rB««billti«« ««r» (^•t«x%lnod in th« usuaI . ; u8ir«£ filr»

iLfler the values ««r« d«i iNir« j/lotteci c t

th^ -©e;^rcic*»! 6f t?e it*«D pipefisuro ct v' !rT- t'

V

btcincd

,'c crr0ct#

««tlMM!a 9%r^ a«tt<2 to ?! .,_n!» tho orcsitT of

tr.t; cc-ru* .^.d flvitt artliod was '.<c;^ iiulX<S Up c . . ~ rt; ^^ iw«

cor<5, record tiiis pronaur^d, ttioi: lover tii» j>r«s by i:i«tw»«

ir»r ^v.l t :v.sxr:. v:52t:r::c or sir cnJi arelr. r^-^cord the :rccs;.ra.

oocupla^ 1^ ... could t* celculetad* ^Thtt totnl voIu»«

or the tub© *r»i ritt ^_z - . . ,
• rpos t.^elr dlr.on*

*l-;.a, t.^ius tb« por-:;«it7 <S©t6rKii-.o<i» . ..v avfime* Vftlu* iv-i^t.

by t:.ifi ...ctaod wun cC^?*

The sftftonU i.&t .o<l iM«d tb« C-irf«r«r.o« in di? tnd v«t

vsigbts or tho cor« azid »e« dosorlb*^ ^.^ «^ previous ««etli»^«

Th* b? trJLo 1 vftfi ro-oad to b« .SC?. r.,la :

Vfts t lit to b« :.oro eco^iTftto thKi tLe ono uslo^: Alr« so it

vas iSod 1^1 all ccloulfttlosxt*
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tisam MBlnc tb« prop«p Xn»tr *?' t t' f ^ v% o: o£ rtCrtction could

•qaoo^ti e n is (31rootl^ : :<i to its l.idii^i df rcfrao*

In t . •c->s of roX'r&ctlo& of both ti;« wrl-

floal riuld In the core cr.d of the dlsnleoiij^ Tluld i^crc cc-

•urod boX'ora « r.-i . :.- .. ,:-.. .ci. ;.l rccolar lutervt^.

Uie run Indox or re. oX* tl3« oXriox «&i ca^tc a

yffttt '.r cso vr.lvuss tV - ^^ o t or tv.c orl~lr;Rl n-^l^l In tho

A£tcv UiCi - ^111^, ro«lt>' (loticrt^ Inations

hM6 bo^n CL!r.di5 or; the core? It ttcs Zeft sct^^ntcd ^*lth Jt«tilled

WktlftlT VUlc»^ a;>t^ -^^M.^C.>^«IW v^ 4^.. S^^,,9,^'<4«e U-Ci'JSG wv^^tlOQl Of

12 oX" vQivc . i« rb« pr^Muru fcottl© wb« rui«d

vltic wl3t^ cat«r» t.:.«a ooonoetod to the eir ay a toe fknd to

tho eoro b7 oMDa or pleatic tablisc* (SiHb e 'T*)

Soxt • ;;ros8urc va« applied to tho »^ . l : h tba

rogul oh caU.talnod tUls proaaix* co;ater.t« Ive

At t^* -^'fn^vr ^ntf 3^ ^^ o^p^ 9110 op«n«d ellowinc t? a or*-

glnax . i*» tho cora to ba 41 od by Uj« .. - i:i-lu~

tl-/^^* jaa of tba At anxS Uia rata or lIov



yt<



u

tl»« th« Ir.iSe* or : of Iho ottl^x mtB ••

3y rcr«rliia to ttl* Ublw 1j> tb« aar-^ook ^^ ^^ ::.tP7

Ar.tf '0» Uife ?«r c«mt df 9uero9« by ir#letit lu i..o

rmcti^ssi ftppXltjd to ^Mi ebov* '^f^*^ tuge. rsr*^ waotb^r Utlo

in the -©ndlK^ok tli» aadsnt or ;, crod* (erar.« >or 1 1tor) «m»

:, _:;;.a L:.u fitt&O Tftlu«« i»#r« ;3bt«:r.^<S Tor th« opI*

pr^HKat In tiMi dtffXu 1« bo ctdeul(it#^« ti^oso ii«6.a io*

flints «nd calculstijns wcr* esd* at r r lnt«rvftls
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- c . o, £7^ C ; • i^o mm, •

Vlecjflit;^ K -^^w'iw Cr

w
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\i ^^u^# x^. V4- * m
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D50 l,iCiS l.Ofi ei.CO C3£ ..€,3 i5»8

XOOO 1«36Q0 1,10£ ^Z^^i^ i£6S &0»7 :.3
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650 1*50^ •710 25.40 £t6 .Q&O
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000 1.5C4& •.

' w' 14. &7 '» •tl
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xooo 1,£448 x»: Q»37 05.5 •517
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xeoo 1«;^4C£ C»££ I}€ •;i07

1400 i.5;wx 1.M5 2,40 20 •0Q5

1600 X«^85 X.V.. .CC e»fl .o;i4

1700 1,35S7 X*i?75

IGOO 1.3520
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1000 i.:^co S.7 1.105 v,C2 99 .230

1050 i,;j4S7 i.ieo C.07 n.5 .221

1130 1.M41 10 i.jijsa 7.01 •0 .185

uoo 1.388 10.5 1.3St5 3.7 87 .0608

1300 1.530 10.3 1.435 3.7 37 .0005

1600 l.MTl 10,6 1.655 3.1 31 .075

ICOO 1.3500 10.5 1.770 3.7 87 .OOOC

1700 1.33G0 10. c 1.07C 2.4 24 .0501

1000 1.3353 11.1 i.too ^.3 25 .0557

£OCC' 1.33C5 12.fi ^•^c 2.00 80 .0405

asoo ^jl£S£L.. irfP 3.U t4? ^ t9U
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TABLE X

;V 10
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Fraction Pore Volume Produced at Breakthrough
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BaaaBaaaBBaaaaaaaaaaaaaaaaaaBaaaaaaaaaaaaaaBeaaaBBaaaaaaaaBaaaaBaaaaaaaaaaaBaaBaaaBaaaBBBBaaBaaaaaaBaaaaaBaBBaBBaaaaBBBaaBaaaaaBi

. aaaaaBaaBaaaBaaBaaaaBBaBBiaaaaiaaBaaBaaaaaaaaaaaaBBaBBBaaBaBBaaaaBaaaaaBaaaaaaaBBBBBaaBBBaaBflBaBaaaBBBaBaBBBaaBBBaaaaaaaaaBBBBBBatBBBBBBBBBaBBBflBBBBBBBBBBaaBaBflaBBBBBBBBBBBBBBBaBaaBaBBBBBBBBBBaBBBBaaBaBBBBBBaBBBaBBaBaBaaiBIBaBBBBBBBBaBBBaaiBBBBIiaaBBaBaBBBBaBai
BaBaaaaaaBaBBBBBaaBBBBBaBaaaBBBaaBBBBaBBaBaaaaaaBBBaaBBBBaBaaaaaBBaBB BaBaBBBBaaBBBaaaaaBaBBBBBBBBBaBaBaaa*
BBaBBBaaaBBBaBaBBaBBaaBBBBBaaaaBBBaBBBBBBBaBBaaBaaaBBBBBaBaBBBaaaBBBBB •BBBBaBBaBaaaBBaaBaaaaaBBBBaBBBaBBBaai
aaaaaaaBBaaaBBaaaBaaaaaaaaBaBaBaBBaaaBaaaaaaaeaaBaaaaBaaaaBBB8aaaaaaaBiBBaBBBaaBBBaBaaaaaBB8flaBaBBaaaaaaBBai

BaBaaaBaBBBaBBeaaaaaaBBBaBBBBaBBaaaaaaaaaaaaaBBaaBaBBaaflBBaBBBaaBaBaaaaBBaBBBaaaaaaaaaaaaBaaBBBBaBaBaaaaaBaaaaBaaBBaaaaBBaaBBaBBBai
BaafleaaBaBBaaBaaBaaiaBaaBaaaaaaBaBBaaaBflBaBBBBaBBBaaaaBaBBBiaaaBaBaaaaaaaaBaaaaaBBBaBBBBBaaBBaaBaaaaBaaaBBaaBaBaBaaBBBBBaaaaBBaBi-««a BBBaBBBaaBBaaaBBBBBBBaBBaaaBaaaBaaBBBaaBBBBBBaBaaaaBBBBBBBaBBBBBaaaaaaaaaaaaBBBBBBBBBBBaaaaBBaBBBBBBaaaaBaBi
aaaaBaaaaBaaBBBBBBaBBBBaaBBBBBaBaBBaaBBBBBaaBBBaBBaBaaBBBBBBBaBBBBBaBBaBBBaaaaBaaaaasaaBaa BBaaaaaaaaBBBaaaBaBaaBaBB BaaaBBaaai
BBBBBBaaBBaaBaBaaBaBBaaBaaaaaBaaBaBBaaBaaBBBBaaaaaaaBBBaBaBBBaaaBaaaBaaaeBaaaBaBBaBaaaaBaaaaaaaBaaaaBaBBBBBBaBBaaaaBaBBBBBBaBaaai
BaBBBaaaflBaBaaBaaaaaBBBBBaaaaaaaaaBaaaaBaBBaBaaaBBaaaBBaaaBaaaaBaaBaaaaaaaaaaBaaaaaaaBBBaaa BaBBBaaBBBBBBBBBBBBBaBBBBBBBBBaBBBBBBi
•aaaBaBBBaBaBBaBaBaBBaaBBaaBBaaaaaaaaBaaBaaBBaaaaBBaBBaaaaaaBBBBBBBaBBBaaaaaaaBaaaaBBaBBBaaiaaBaaaaaBaaBaBBBaaBaaaaBBaaa BaaaBBaaaia aaaaBBBBBB aaBaaaaaBsaBBaBBBBBa aaaaaBflBBBBBBBBBBBaBBBaBsaaaflaaBBBBaBBBBaBaBaBBBBBaBBBBBBBBi

aaaBBaBBflBaaBaBBBBBBBBaaBaaBBiaBBBBaaaBBaBBaBBBBaaBBaB
aBBaaBaaBBBBBBBBBBaBflBBaaaBaBBBaaaBaBBBaaaaaasaBBBBaaBaBaBBBBBBBBBBaBBBBBBB

BBBBBaBBBBBBI BaBBBBBBBBBBaBBaBaaBBBBBBBBaBaaaaBBaBI
BBBBBBBBBBBBBBBIBBBBB BBBBaBBBaaBBBBBBBBBBBBaBBBBBBBBBBBBBBBaai BBB BBBBB BBBBB BBBBB

I BBBBBBBBaBaaBBBBBB BBBBB BBBBB BBBBB BBBBI

BBSSa BBBBB BBBBB BBBBB BBBi
BBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBI

BB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB aMBBB BBBBB BBaaa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBI
BBBB BBBBB BBBBB aaaaa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBB'IBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB

BBaBBBBBBBBaaBB IBBB BBaBB BBBBB BBBaB BBBBB BBBBB BBBBB BBBBI

BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB Biaaaaa BBBBBBaaBa aaaaaBSBBB taHKHBHBHBHBBHHBHKBH —hhbv — i

aaaas BBBBB BBBBB BBBBB BBBBB BBBBa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBI
BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB IBBBB BBBBI .. _. ... _. . ..

aaiaa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB a IBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBa
BBBBa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB aBaaaaBBBBBJaBB BBBBB BBBBBBBBBB BBBBB aaaaa BBBBB BBBB«

a BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB aaaaBBBBBflBBaaB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB aaaas
BBBBBBBBBB BBBBB BBBBB BBBBa aBBBB BBBBaaBBaa BBBBB BBBBB BBBBB BBBBB IBBB BBBBB BBBBB BBBBB BBBBB BBaBB SBBBB BBBBI

BBBBB BBBBBBBBBB BBBBBBBBBB BB^ 4 IBBBBB BBBBa BBBBB BBBBB BBBBB aBBBBBBaaaaaaaflBBaaB BBBBBBBBBB BBBBBI BBB BBBBa BBBaa BaBBB BBBBa BBBBB BBBBB BBBBa
BBBBB BBBBB BBBBB aaaaa BBBBB BB-aw J aaaaa BBBBB BBBBB BBBBB aaaaa BBBBB BBBBB aaaaa BBBBB BBBBB BBBBB BBBBa IBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBI

I

BaBBBBaBBBflBBBBBBBBBBBaaBa«alBBaBBBBBBBBBBBaaBBaaaaBBaflBaBBBBaBBaBaBBBBBBBaBBBBBBaaaBBaBBI BBBBBBBBB BBBBBBBBBB aaaaBflaaBB BBBBB BBBBIBB BBBBB BBBBB BBBBBSBBBaaaMb 1 IBBBB BBBBB BBMBB BBBBB BBBBBaBBBB BBBBB BBBBB aBBBB BBBBB BBBBB BBBBB BBBB BBBBB BBBBB BBBBB BBBaa BaBBfl BBBBB BBBBI
a aaaaa BBBBB BBBBB aaaaa BBBBB aB_-*<«- : ibbbbbbb bbbi •• (aBBBBBBaaaBBaaBBBBBBBBBBaBBBBaBaaBBaBBBaBBBaaaBBBaaBBaBBBBBBBaBBaBaaaaaaaa BBBBBBBBaa
BBBBa BBBBB BBBBB BBBBB BBBBB BB-"* I jpqBaaBBBaaaaB*'«BBBBBaBaaaBaaa BBBBB aaaaa BBBBB BBBBB BBBBB BBBBB raaaa BBBBa BBBBB aaaaa BBBBB BBBBB BBBBB aaaa.
aaBaaBBaBaaaBKBBaaaaaaBBBBB*'! laaBBBBBBBBr IBBBB BaBBaaaBBaaaaaaBaaaa BBBBB aaaaa BBBBB BBBBB I aaBBBBBBBaaBBaaaBaaBBBBBBaaaB BBaaaaaaBi

I BBBBB BBBBB BBBBB BBBBB aaaaaBa''Ba.JK IBB BBBBB BBBBa ^BBBB BBBBB BBBBB BBBBB BBBBB BaBBBBBBBB BBBBB BBBBB I BBBB BBBBB BBBBa aBBBB BBBBB BBBBB BBBBB BBBBI

I BBBBB BBBBB aBBBB BBBB a BBBBB aBBBB

i

IBB aBBBB BBBi*« laaBB BBBBB BBBBB BBBBB BBBBB BaaaBBaaBB BBaSa BBBBB JBBBB aBBBB BBBBB aaBBB BBBaB BBBBB BBBBB BBBBI
a aaaaa aaaaa BBBBB BBBBB BBBBB BBBPiMBdaa BBBBB aaaaa aaaaa BBBBB BBBBB BBBBB BBBBB aaaaaaaaaB BBBBB aaaaa BBBBB BBBBB aaaaB BBBBB BBBBB BBBBB aaaaa BBBBI
aaBaBBBaBB8BBBBaBBBBBBBBBaBaa-l 'B IBB BBBBB BaBBB BBBBB BBBBB BBBBB BaaBBBBBBa BBaaaaBBBB aBBBB BBBaB IBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBI
a aaaaa aaaaa BBaBB BBBBB aaaaa

a

b« a a ^-aaBaaBBaaaBaaaBBBaBBBBBBBaaaaaaaBBaaBaaBBBaBaBaBBBaBBaaaB BBaaaBBBBsaaBBaaaaaaBBaBBBBBBBaBaaaBaBB
a aaaaa aaaaa aaaaa BBBBB aaaaa BB- '••'• iBasBaaBaaaa* .-aBaBaBBBBBBBBBBBBBa aaaaa Baaaa aaaaa aaaaa aaaaa BaBBBBBBaaaaaaaBaBBBBBBaBBBBB aaaaa aaaaa
aBBBB BBBBB aaaaa BBBBB aaaaa aaaBi.''«aB aaaaa BaBBabaaaBaBBBBBBBBa BBBBB BBBBB BBBBBBaBBaBBBBflaBBaB ibbbb aaaaa BaaaBBaaBB BaBBBBBaBaaaaaB aaaaa
BBBBB BBBBB BBBBBBBBBB BBBBB BB I laaaa BBBBB aaaaa aaaaa aaaaa aBBBaaBaBBBBBBBaaaaBaBBBa aaaaa BBBBB BBBBB BBBBB aaaaa BBBBB BBBBI
BBBBB BBBBB BBBBB BBBBB aaaaa BB TBI riaaaa aaaaa aaaaa IBBBB BBBBB aaaaa aaaaa aaaaa BBBBB aaaaa BBBBBBaaaa BBBBB BBBBB BBBaaaaaaB BBBBB aaBBB BBBBB BBBBI

-BBBB BBBBBBaaaa BBBBB aaaaa BBBBB Baaaa aaaBBaaaar BBBBB BBBBB BBBBBaaaaa BBBBB BBBBB BBBBB aaaaa
avaaBaaBaaaaa BBBBB aaaaa aaaaa aaaaa aaaaaaaaai BaBBaaBaBBBBaaaBaBBaaaBBaeBBaaaBBaB aaaaa

t aflaBaBBBBBaBBaBBaaBaaaBBBaBBBBBBBBaaaaaai BBBBaBaBBaaaBaaaaaaB aaaaaBBBaBBBBBBBBBB
BBaaBBBBBB BBBBB BBBBB

a

BBBB aaBBB BBBBa BB«-i •"•«Ba BBBBB BBBBB «Ba^i iiiiiiiiii Bsiii iaiii iiiii iaaai iiiaiiiaBi iBBaiiaaBaBaaaaaaaBBBaaaBBBaaaaBBBaBaaBB I

BBBB BBBBB BBBBB BBBBB BBBBBBBBSBBrfaa BBBBB BBBP"
BBBBB aaaaa aBBBB aaaaa BBBBBBaaaa BBBBB BBBBB BBB •

IBB BBBBB BBBB* ir '-.B BBaaB IBaaB BBBBB BBBBB BBBBB BBBBa BBBBB BBBBi BBBBB aBBBa BBBBB BBBBB BBBBa BaBBB BBBaa BBBBI
a aBBBBBBB aaaaa BBBBB aaaaa BBBBB BBBBB BBBBM BBBBa aaaaa BBBBBBBBBB BBaBB aaaaa aaaaa BBBBI
BBBB aaaaa aaaaa BBBBB BBBaaaaBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB aaaaa BBBBI

faBBBBaaaaaa aaaaa BBBBB aflBBaaaBB BBBBB BBBB laBBaBBaaBBaBBBaaaaBa BaaaBBaaBB Baaaa aaaai
• a aaaaa BBBBiBBBBBBBBBaBBBaaaBBBB BBBBB BBBB I aaaaaaaaaa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBI

I BBBBB BBBBB BBBBB BBBBB BBBBB BBa-*a'«aBB BBBBB aaaaa BBBBB aaaaa BBBBB aaaaaaaBBaBaaaaaBBaa BBBBB BBBI I flaaaBBBaaB aaaaa BBBBB BBBBB aaaaa aaaBBBBBBi
aaBBBBBBBB BBBBBBBBBB BBBBB BBBB BBBBBBBB BBB

aaaaa BBBBB BBBBB laaaa .- laBBBBBBBBBtf
BUaBBBB

, BBBI aBaBaaBaaaaaaBBaBBaaaBBBaaBBBBBB
.__ -. a BaaBBBBBBa BaaBBaaaaa BBBBB BBBBB BBBBB BBBI a BBBaaaaaBaaaaBBBBaBaBBaBBBBaaa BBBBB BBBBI

I

BBBBB aaaaa aaaaa BBBBB BBBBB aaaa I -raaa aaaaa BBBB- iBB*-a aaaaa aaaaa aaBaaBBBBB BBBBB BBBBB BBBBaaaaBa aaaaa BBBBB BBBBB BBBBB aaaaa BBBBB BBBBB Baaaa

I

BBaBaaaaBBBBBBBBBBBBiBBaaaa>-i > < taaBBBBBBBBi - la •• a BBaaaBBBBBBaaaaaBBBB aaaaa bbbbb aaaaaaaaaa BBBBBBBaBBBBaBBaaaBaBBBBBBBBBBaBaBBBBaal Ia aaa-Bv^a tva BaBBB bbbbb vBMaB aaaaa bbbbb aaaaaaaaaa BBaaaaaaBB aaaaaaaa iBBBaBaBaBaaBaaaBBBBaB aaBBBBBBBB BBaaaaaaai>>> BaaBBBBBBa BBBBB BB- -I < •-«BB aBBBB BBBI >
' IF -*.B BaaBaBBBBB BBaaBBBBaB BBaBB BBBBB BBaBBBBB la BBBBB BBBBB BBBaBBaBBB BBBBB BBBBB BBaBBaaBBI

aaaaa BBBBB BBBBB BB'-a'a^aa BBBBB BBBBB aari^B Baaaa BBBBB flaaaaBBBBB BBBBB BBBBB BaaaaEaB IB BBBBB BBBBB aaaaaaaaaa BBBBB BBBBB BBBBB BBBBB
BBBBB BBBBBaB«ai • • IBB BBBBB BBBBB BB t>-B BBBBB BBBBB flBBBaBaaaB BBBBB BBBBB BaaBBBBI BB BBBBB aBBBB BBBBaaaaaB BBBBB BBBBB BBBBa BBBBi I

aaBBB BBBBB aarr a 'BrfBaaaBaaaaaBr aB>'*>BBBBaa BaaBBaaaaa BBaaaaaBaBBBaaaBaaaaBai aBBBBaa aaaaa aaBBBBBBaBBBBBB aaaaa aaaaaBBaai
Baaaaai BBBBaBaBaBBaaBaaaaaaaBaaaBB aaaaa aaBBBBBBBi
aaaBBaBBBBBBBBBBBBaBBaBaBaBBa BaaaBBaaBB BBBBB BBBBI

a aaaaa BBBBB BaaaaaaaBB BBBBB BBBBB BBBBBaaiBaBBaaBBBaaa BBBBBBBBBB aBaaaaaaaB BBBBB aaaai

BB BaaaaBHMHaaa BB I

I aaaaa bbbbbaaaaa aaaaa bbbbb :•

BBBaBa'-aaaaaaBa ^

BBBBBBBBaaaaB'vaa J IBB BBBBB BBBB" aBar-BiBBaBiiiiiBiiBBiiiiiiiBBiiaaBiiiaiiia iiiiaBaaiBBaiiaflaaaaaaBBBaaaaBBaB bbbbb ai
IBB BBBBB BBBK' IL .. B BBaBaaaBBB BflBBB BBBaB aBBBB BBBBB BBBaB BB BBB BBBBBBBBBB BBBBa BaBBB -~ -..— -.

ifiaai

BBBBB BBBBB BBBBB BBBBB BaBBB BBt-i^- IBB aaaaa BBBB" aB^sBBBBBaBaBBaaaaaaBBaaaBaaaaaaaaB BBBaa aaaaa BBaaBBBBBB BBBBB BBBBB BBBBB aaaaa aaaaa BBBBI

I

aaaaa aaaaa aaaaa aaaaa r* 4BBBaaaaBaai • a BBBBB aaaaa BBBBB BBBBB BBaaaBaaaa aaaaa a iBBaaaaaaBBBBB aaaaa bbbbb bbbbb bbbbb BaaaaaBaai
BBBBB aaaaa BBBBB BBBBB -^ BBB BB-rit'T^aa aaaaa aBaraaar^a BBBBB BBBBB BBBBB BBBBB BaBBBBBBBB BBBBa a BBBflBBBaBaaaaaBaaaBBBBB BBBBBBBBBB BaaaaaBaai

I

- -
• iBBaBaBBaBBaBBBBaBBBBaBaBBBBaaBBaBBBi BBBB BBBBBBBBBB BBBBB BBBBB BBBBB aBBBB aaaaaaaaaa

'

ra BBBBB aaaaa aaaaa BBBBB BaaaaBaaaBaBiaar BaaaBBaBaaaBaa bbbbb aaaaa bbbbb aaaaa BaaaBaaaaB
, .. aaaaBaBaaBaBaBaaBaaaBBBaBBaBBBBaar aBhaaaBBaBBaaBaaaaaBBaBBaaaBBBaaBBaaBaaaaaaaaai ,
'«»B BBBBB BBBBB flBBBB aaaaa BBBBaaaaaB BB laaaBaaaBaaaBaaaBaaBBaaaaaaa BBBBB aaaaa BBBB BBBBB

I

• flBaBBBBBBBaBBBBBaBBBBBaaBaaaBBBBBaBB iBBBB BBBBB BBBBB aaaaa aaaaa aaaaa aaaaa BBBBB BBBBI

I

k.B BBBBBBaa iaaBB BBBBB BBBBB BBBBB av BBV aBBaB BBBBB BBBBB SBBB8BaBaa BBBBB BBBBB BBBBB BBBBB
t aaaaa BBBBB BBBBB BaaaBaaaaB BBBBB BBBBB BBBBB BBBBB

aaaaa aaaaa BBBBB aaaaa -.-aaaaa ..I 'laaaaBBaBBr
aaaaa^PB rajaaaBBBBaai
.-aaaaB«Bi IBBBBBBB BI

aaaa aaaaa BBBBB BBBBB ^VBBBBB

-

aaaasaBBa aaaaa aaaaa BBB IB':

laaaaaaBBB Baaaa BBBBB aaaaa BB -• il
BBBB BBBBB BBBBBBBBBB BBBBB BBBBa

r

BaaaaBBBBBiBBBBaBBaaaaaaaBBBBB

•

SRBBBB BBBBB BBBBB BBBBB Bkaaaaa-TaaBP-iaa aaaaa Baaaa BBBBB aaaaa aaaaa aaaaa BBBBB BBBBaaaaaa a jbb' aaaaa bbbbb bbbbb BaaaaBBaaBaaBaaaaBaa bbbbbaaai
IBBBBBBB BBBBB Bar BB aBBBBBBBBB BBBBB BBaaB aBBBBBBaB V «aa«IBaBaa BBBBB BBBBB BBBaBflBBBB BBBBBaBBBB BBBBB BBBBI
BBB BBBBB IBBI IBBI BB BBBBB BBBaB BBBBB BBBBB aBBBB BBBBB I aaaaBBBBa BBBBB BBBBB BBBB BBBBB BaBaBBaaBB BBBBB BBBBB
IBBBBBBB aaaa aaai BBBBBBBBBBBa bbbbb BBaaa bbbbb bbbbb laaa laaaafl bbbbb aaaaa Baaaa bbbbb aaaaBaaaaa bbbbb bbbbb
'IBBBBBBB Baaa aaai aa aaaaa aaaaa bbbbb aaaaa bbbbb bbbbb jbb* BaaaaaaBaaaaaaaB aaaaa bbbbb aaBaBaaaaa bbbbb aaaai
IBBBBBBB BBBB BBI BB BBBBBBaaaB BBBBBBBBBa BBBaB BBBBr BBB' . BBBaBB BBBBB BBBBa aBBBB BBBBi aaaBBBaaBB BaBBB BBBBI
MBB BBBBB Baaaa aai aa BaaBBaaaaa bbbbb aaaaa bbbbb BBaa'aaa iBaaaaBBaaBBaaaaB aaaaa bbbbb EaaaaBaaaaaaBBa aaaai

,

IBBBBBBB BBBI IBBI Ba BaBBBBBaBB BBBBB BBBaa BBBBB BBBB J BBaaaaaaaB BaBaBBBBBB BBBBB BBBBB BBBBB BBBBB BaBBB BBBBI I

aaai BBBaaaaaBaaa bbbbb aaaaa bbbbb aa aaaa aaBaaBBBBB Baaaa aaaaa BBBBB BBBBI
BBBBaBBaaa BBBBaaaaaB BBBBB aa :- p-bbb bbbbb bbbbb aai aaBaaaBBBaaa aaaaa aaaaa aaaaa aaa laaai iBB Baaaa aaaaaaaaaB bbbbb bbbbb aaaaaaaaa bbbbb aaaai
BBaaBaBaBBBaBaBBBBBBBBBBBBB 'B • JBB BBBBB BBBB 1 BBI BB BBBBaaBaaa BBBia BBBaB BBBBa BBV BB BB IBB BBBBa aBaaaBBBBa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBI

,aaaa BBBBB BBBI aaai bb BaaaeaBaaaaBBaBBaaaBBaaaaaar aaaa laa bbbbb BBaBaaBaaaBBBaaaaBaa Baaaa bbbbb aaaaa aaaai

I

- laa BBBBB aaaa aaai aa aaaaaaBaaBBaBaaaaaaa bbbbb aa laaai BBBaBaBBaBBBBaBBaaaBaaaaaBaa bbbbb aaaaa bbbbb bbbbi '

-••>» BBaaBBBBBB aaaBaaBaBaaaaBBBv aaa aaaaa BBBBB BBaaBBBBBB BBBBBBBaBB BBBBB BBBBB aaaaa BBBBI ,

l\

BBBBB Baaaa BBBBB Baaaa BBBBBaa^M

aaaa BBBBB aBBBB BBBBB BBBBB BB-' I aaaaa aaaaa BBBBBaaaa bbbbb BBBBB BBBaaaaBBB BBBBB ar aaa B^BBaBBaaBBBaaaaaaaB aaaaaaaaaa bbbbb bbbbb aaaaa aaaai
IBBBB BBBBB BBBBB BBBBB BBBBB BB^pap-aaBBBBaa aaaaa aaaaa BBaaaaBBBB BaaBBBBBBa aaaaa a laaaa ibbb bbbbb aaaaa bbbbb BaaaBaaaaa Baaaa aaaaa bbbbb aaaai
BBBBBBaaaB BaaaaBaBaBBBBBBaB>-.> I • laa bbbbb bbbbb bbbbb bbbbb bbbbb aaaBaaaaaB aaaaa i aaaai aaaa bbbbb BBaaaBBBae BaaBBaaaaa aaaaa aaaaa Baaaaaaaai

BBaaaaBBBB aaaaa

a

laaaa aBBBB BBBBB BBBBB aaaaaaaaBs aaaaa BBBB
aaaaa aaaaa BBBBB Baaaa BBBBB aaavi-'* aflBaaaBBaBaaBaaaBBBBBBBBaBaBBBaBaaaaa aaaai aaaBBaaaBBBaaaa aaaaa aaBaaaaaaBaaaBa aaaaa bbbbb bbbbb aaaai

-IBBBBBBB BBaaBBBBBB BBBBB BBBBB aBaaaBBBBBBar «::aaaa aaaaa BBBBB BBBaaaaBBa aaaaa BBBBB BBBBB BBBBI
isaaa aaaaa BaaaBBaaaaaaBBaaaBrlaP laBaBaBBBBaBBBaBBaBaaaBaaaBaBBaaaaaaaaBaai ' aaaai aaaBaaBaBBaBaBBaBBBBBaaaaaaBaiaaaaaaBaaaaaaaaBBBai

I

BBBBB BBBBB BBBBB aaaaa BBBBB BB "-a* ~ "" -__--—
BBBBB aaaaa aBBB a aaaaa BBBBB BarBar
aBaaaBBaaaiBBaaBBaBBBBBBBBB* •

BaaBaBBBaaBBBBaBaBaaaBBBBBB^-B *

IBBBB BBBBB laaaa BBBBB

aaaaBBaaaa aaaaa aaaaa BBBBB aaaaa
^aaa aaaaa BBaBBBBBBB BBBBB BBBBB Baaaa BBBBB BBB'.BBBBB IBBBBBBBBBBaBBBBaaBBe aBaaaBBBBa aaaaa aaaaa BBBBB BBBBI
• IBB BBBBB Baaaaaaaaa BBBBB BBBBB aaaaa BBBBB BBB JB aaaai aaBaaBBBBB BaaBBBBBBa BBBBB BBBBB aaBaBaaaaaEBBBB aaaai
r laaBaaaa BaaBBaaaaa BBBBB aaaaa BBBBB BBBBB Bar BBBaaBaBaaaaaaaaBBBaaaaBaaB bbbbb bbbbb aaaBaaaaafl Baaaa aaaai
-- flBBBaaaB BBaaBBBBBB BBBBB BBBBB aaaa BBBBB BB JBB BaaRaaaBBBBBaaa aaaaaaaaaa BaBaBBBaBBaaaaaBaBBaEaaaB BBBBI
-dBBBBBflBBBaaaaaaBB BBBBB BBBBB bbbbb BBBBB aV^BB BBB IB BBBBBBBaBB BBBBBaBBBa BBBaB BBBBB BBBBBBBBBa BBBBB BaBBI
* JBB aaaaa aBaaaaaaaa aaaaa BBBBB BBBBBBBBBB B'BBBBBa BBBaaaBaaaB Baaaaaaaaa aaaBB bbbbb aaaaBBaaaa aaaaaBBaai
raaBaBaBBaaaaaaaaaB aaaaaaaaaa aaaaa BBBBB B iaaaaar BiaaaaaBaBBaBaaaaaaaaa BaaBBaaaaa aaaaaaaaaB aaaaa aaaai

. .. PiBaBaBaBaaaBaaaaaB BBBBB aaaaa Baaaaaaaaa r aaaa bb' .'BaBBaaaaaBBa aBaaaBaaaa bbbbb bbbbb BBaaaaaaaa aaaaa aaaai
BBBBB aaaaa BBBBB aaaaB BBBB BBBBB aaaaa aaaaa aaaaa aaaaa BBBBB aaaaa BBaaa BBBBB laaaaaajBa Baaaa bbbbb aaaaaaaiaa bbbbb Baaaa BBaaBaaaBBBaaaaaaaaiBBB BBBBB bbbbb aaaaa aaaaa Baaaa BBBBB aaaaa BBBBB bbbbb aaaaa BBBBB BBBBB BBBB* BBBBB BPBBBaaaaaBBBBaaaBaBBaaaB BBBBB BBBBB BBBBBBBBBB BBBBBaaaaa
aaaa aaaaa Baaaa aaaaa BBBBB BBBBB BBBBB BBBBB BBBBB aaaaa BBBBB aaaaa aaaaa aaaar. BBBBB Bf aaa aaaaB bbbbb flaaaa aaaaa bbbbb bbbbb aBaBaaflBBsaaaBBaaaaa
IBBBB aaaaa aaaaa aaaaa aaaaa aaaaa aaaBaBBBBB aaaaa aaaaa BBBBB aaaaa BBBBB aaaai aaaaa B'laaa BBBBB aaaaa aaaaa BBBBB BBflBB aaaaa BBBBB aaaaa BBBBB aaaai
BBBB aaaaa aaaaa aaaaa aaaaa BBBBB aaaaa BBBBB BBBBB aaaaa BBBBB Baaaa aaaaa aaar a bbbbb B aaaa BaaaBBBBBaaBaaaaaaaBBaaBaaBBBB aaaaa bbbbb BaaaaaBaai
BBBBB aaaaa aaaaa BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB aaaaa BBBBB BBBBB BBBBB aaa JB BBBBB r aaaa aaaaa Baaaa aaaaa BBBBB aaaaa aaaaa aaaaa aaaaa BBBBa BBBBI

aaaaa aaaaa aaaaa aaaaa bbbbb aa*:
a a aaa aaaaa BBBBB a a aaa BBBBB a a

~

BBBBB BBBBB BBBBB BBBBB BBBBB bbbbb aa JBB BBBBa aaaa BBBBB BBBBB BBBBBBaaa
aaaa aaaaa BBBBB aaaaa BBBBB aaaaa aaaaa aaaaa BBBBB aaaaa aaaaa aaaaa aaaaa ar aaa aaaaa aaaaa BBBBB aaaaa aaBBBBBBBB aaaaa BBBBa aaaaa BBBBB aaaaa BBBBI
aaaaa Baaaa BBBBB aaaaa BBBBB BBBBB aaaaa BBBBB IBBBB aaaaa aaaaa aaaaa aaaaa a jaaaaaaar aaaaa bbbbb aaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa bbbbb Baaai
aaaaa aaaaa aaaaa aaaaa aaaaa BBBBB aaaaa BBBBB BBBBB BBBBB BBBBB aaaaa aaaaa r BBBB aaaa I aaaaa BBBBB aaaaa aaaaa aaaaa aaaaa BBBBB BBBBB aaftaa BBBBi BBBBI
BBBBB BBBBB aaaaa BBBBB IBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBaa BBBBB iBBBB BBBB « BBaaa BBBBa BBBBB BaaBB BBaBB BBBBB BBBaB BBBBB BBBBB BBBBB BMaBI
aaaaa aaaaa BBBBB BBBBB aaaaa aaaaa BBBBB aaaaa aaaaa BBBBB aaaaa Baaaflaaaar aaaaa aaar a aaaaa BBBaaaaaaa aaaaa bbbbb aaaaa bbbbb bbbbb bbbbb bbbbb bbbbi
BBBBB aaaaa aaaaa BBBBB IBBBB BBBBB aaaaa aaaaa BBBBB BBBaBBBBaa aaaaa BBBBi aaaaa BBB' .aaaaaaBBaBBBBaaa aaaaa BBBBB aaaaa Baaaa BBBBB BBBBB aBBBB BBBBI
BBBBfl BBBBB aaaaa BBBBB bbbbb aaaaa aaaaa BBBBB bbbbb BBBBB aaBBBBaaaa aaar a bbsbb Baaaaaaaaa bbbbb aaaaa bbbbb bbbbb aaaaa bbbbb bbbbb bbbbb aaaaa eaaai
aaaa aaaaa BBBBB BBBBB aaaaa aaaaa BBBBB aaaaa aaaaa aaaaa aaaaa BBBBB aaa JB aaaaa BBPaa aaaaa aaaaa aaaaa BBBBB aaaaa BBBBB aaaaa BBBBB aaaaa BBBBB BBBBI

BBBBB BBBBB Baaaa aaaaa bbbbb aaaaa bbbbb aaaaa aaaaa aaaaa BBBBB aaaaa B' aaa
BBBBB aaaaa aaaaa aaaaa BBBBB BBBBB BaBaaaaaBB aaaaa aaaaa aaaaa aaaaa r jaaaaaaaaa .aa

aaaaar aaa bbbbb aaaaa aaaaa aaaaa aaaaa bbbbb bbbbb aaaaa aaaaa bbbbb aaaai
Baaaflaaaaa BBBBBBaaaa

a

aaaaa aaaaaaaaaa BaaaBBaaai
BBBBB aaaaa aaaaa aaaBB BBBBB aaaaa aaaaa aaaaa BBBBB aaaaa aaaaa aaaaa .aaaa aaaaa • aBaaaaBaa aaaaa bbbbb aiaaa bbbbb bbbbb aaaaa aaaaa aaaaa bbbbb saaai
BBBBB aaasa BBBBB BBBBB aaaaa BBBBB BBSBBBaaBB BBBBB BBBBB BBBBB BBBBP JBBBB BaBBB BBBaB BBBaa BBBBB BBBBB BBBBB BBaBB BBBBB BBBaaBB BBBaB BBBBB BBMBI
BBBBB BBBBB Baaaa BBBBB BBBBB aaaaa BBaaaaaaae BBBBB BBBBB BBBBB BBBB .aBaaaaBaBaBBBaBBaBBBaaBaaBaaBa BBBBB BBBBB BBBBB BBBBB BBI
BBBBB BBBBB BBBBB aaaaa aaaaa BBBBB BaaaaBaaaa BBBBB IBBBB BBBBB aaa' •aaaaa bbbbb aBBBaBaaaaBaaaaBaaaa bbbbb bbbbb aaaaa bbbbb bbi
aaaaa BBBBB aaaaa BBBBB aaaaa aaaaa aaaaa BBBBB aaaaa aaaaa BIBaBaaapjaBBBBBaaaar BBBaaaaaaa aaaaa Baaaa aaaaa bbbbb aaaaa bbbbb Baaaa Baaaa Baaaa aaaai
BBBBB BBBBB BBBBB BBBBB aaaaa aaaaa BBBBB BBBBB aaaaa laaaa BBBBB aa .aa BBaaa aaaa i aaaaBBaaaa aaaaa aaaaa aaaaa aaaafl aaaaa bbbbb bbbbb aaaaa bbbbb aaaai

I

BBBB BaaaaBBBBaBBaaaaaBaa aaaaa aasaa aaBBB ar bbb bbbbb bbbf a BaaaaaaaaB aaaaaaaaaB bbbbb bbbbb BBaaBBBBBB BBaaaaaaaa aaaBBaaaa^
aaaa BBBaaaaaaa bbbbb aaaaa Bsaaa aaaaa aaaar aaBBaBaBaaaa.aaBaaaaBaaa BBaaaaaaaa aaaaa aaaaa bbbbb bbbbb bbbbb bbbbb bbbbb aaaa
aaaa aaaaaaaBBaBaaaBBBaaa BBBBB BBBBB aaaa aaaa aaaaa bbbbb aaaaaaaaaa aaaaa aaaaa bbbbb aaaaa aaaaa bbbbb Baaaa bbbbb bbbbb aaaa

BBBB aaaaa aaaaa Baaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaa '.aaaaa aaaaa BBraaBaaaaaaaBi aaBBBaaa BBBBB aaaa aaaaa Baaaa BBBBI
aaaa BBBBB IBBBB BBBBB BBBBB BBBBB Baaaa aaaaa BBBBB BBBBB aaa' a aaaaa aaaaa BB iBaBaaaaBBaaa aaaaa aaaaa aaaaa aaaaa aaaaa bbbbb aaaaB aaaaa bbbbb bbbbi
laaBB aaaaa I BBBB BBBBB BBBBB aaaaa Baaaa BBBBB BBBaiaaBBaar aa bbbbb aaaaa ar aaa aaBBBBBBBB aaaBasaaaB bbbbb bbbbb bbbbb bbbbb bbbbb bbbbb bbbbb aaaa.-
ibbbb BBBBB BBBBB Bsaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaar ABB BBBBB aaaaa a 'BaaBaaBaaaa aaaaa aaaaa bbbbb bbbbb bbbbb bbbbb bbbbb bbbbb bbbbb bbbb
iBaaBaBBaaaaaaBBBaaB BBBBB aaaaa BBaaaaBaaBaaBBaBaBBBrjaaBaaaaaBBaaBraaaBBaaaBaBBBaBBaBBaBBaBBaaBBflaaaaBBBBBBaBBaBaBaaBaaBaBa
iBaBBaaaaa Baaaaaaaaa BBBBB Baaaa aBBaaaaaaa aaaaa aaaa- --_—-^——-——----- -——«s«--«--.---«-—----—---
I BBBB BBBBB BBBBa aBBBB BBBBB BBBBB aBBBB BBBBB aaaaBBBBP

laaaa aaaar jaaaa BBBBB aaaaa baaaa BBaaaaaaaa BBBBB aaaaa aaaaa Baaaa BBBBB aaaaa BBBBB Baaaa BBBBaBBaai-?p??-?_ _? BBB BBBBB aaaaa aBaBBBBaaa aaaaa aaaaa aaaaa aaaaa aaaaa BBBBB BBBBB BBBBB BaBBaaaaai

,_.______« ___-«_-__---_-««- ...___.-.-.--.-- aaaaa Baaaaaaaaa aaaaa BBBBB BBBBB .
...

BBBaBBaBaBBBaBaaaaaa aBaaaBBBBa BBBaaiaBBBBaBBar^BBBBaaaBBBBBB BBB.aaaaaaBaBaBaaaaa aaaaBBaaaa BBaaBBBBBB BBaaBBBBBB aaaaaBBBBa BBBBB BBBB
BBBBBBaaaa aaaaaaBaaaBBBaBBaaaa aaaaa aaaaa aaaar

4

aaaa aaaaa aaaaa BBPaa BBBBB aaaaaaaaaa aaaaa BBBBB Baaaa BBBBB BaaaaaaaaB aaaaB aaaaa aaaaa BBBBI
BBBB aaaaa aaaaa aaaaa aaaaa BBBBB aaaaa BBB'- J Baaaa laaaa aaaaa aaaaa aaaaa BBBaaaaaaa aaaaa aaaaa BBBBB aaaaa BBBBB BBBBa BBBBB BBBBB BBBBB BBBBIBBBB aaaaa aaaaa BBBBB BBBaa aaaaa •aaaa BB' aa bbbbb aaaafl aaaaa bbbbb aaaaa BaaaaBaaaB aaaaa aaaaa aaaaa aaaaa bbbbb bbbbb bbbbb Baaaa bbbbb bbbb-

BBBBB aaaaa BBBBB aaaaa aaaaB aaaaa BBBBB BBaaa p.aaa aaaaa aaaaa aaaaa a .aaa aaaaa aaaaa BBBBB BBBBB aaaaa aaaaa BBBBB aaaaa aaaaa aaaaa aaaaa aaaaa BBBB
BaaaBBBBBa aaaaaBBBBB BBaBaaaBBB aaaaa aaaap .aaaBBaaaa aaaaaaaaaa r aaaBaaaaa Baaaaaaaaa BaaaaBaBaaBaaaBBBaaBBBBBBBaaBBaaBBBBBaaaBaaaB aaaa

BBBB aaaaa laaaa aaaaa aaaaa BBBP J aaaaa BBBBB BBBBB aaaaa'b aaaaa bbbbb aaaaa aaaaa aaaaa bbbbb aaaaaBBaaa aaaaa bbbbb aaaaa aaaa
BBBBB Baaaa BBBBB aaaa a I BBBB Baaaa aaaaa aarjB Baaaa aaiaaa BBBBB aaaaf aaaaa aaaaa BBBBB BBBBB aaaaa aaaaa aaaaa aaaaa BBBBB aaaaa aaaaa aaaaa aaaaa BBBBI

aaaaa aaaaa BBBBB BBBBB aaaaB BBBBB ^BBBBBaBBBBBBaaaaaiBBB BBPJB BBBBB aaaaa aaaaa BBBBB aaaaa aaaaa BBaaaaaaaa aaaaa aaaai BBBBB BBBBB aaaaa BBBB
BBaaaaaBaa BBaaa aaaaa aaaaa aaaaa BB' aa bbbbb bbbbb aaaaa aaaaa aa >aa aaaaa aaaaa aaaaa bbbbb aaaaa aaaaa aaaaa aaaaa aaaBaaaaBB Baaaa aaBBaiaaaa bbbbi
aaaaa aaaaa aaaaa BBBBB aaaaa aaaaa p. aaa aaaaa aaaaa aaaaa aaaaa' bbb aaaaa aaaaa aaaaa bbbbb aaaaa aaaaa aaaaa bbbbb bbbbb aaaaa bbbbb aaasB bbbbb Baaai
Baaaaaaaaa aaaaa paBBB aaaaa BBBB' ^bbbb aaaaa aaaa aaaaa aaaaar «bbb aaaaa bbbbb bbbbb aaaaa aaaaa bbbbb aaaaa bbbbb aaaBa bbbbb BBBaBBBBpaBflBa aaaai
BaaaaBBaaa BBBBB aaaaa BBBBB BBP -• aaaa Baaaa aaaaa aaaaa aaaaa aaaaa aaaaa ibbbb bbbbb aaafla aaaaa aaaaa bbbbb aaaaa bbbbb Baaaa aaBaaa

a

bpb aaaaB aaaai
IBBBB aaaaa aaaaa aaaaa Baaaa B^'^aa aaaaa aaaaa aaaaa aaaaa aaaan BBBBB aaaaa aaaaa aaaaa BBBBB Baaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa BB a aaiaaaa BBBBI
BiaaaBaaaaaaaii aaaaa aBBaSTaBiBBaiia aaaa! Baaaaaaaaa aaar a BBBBB aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaaaaaaa BBBBB BBBBB aa' aaaaa iiBBB BBBBB aaaaa aaaaa BBP JB BBBBa aaaBB BBBBa aaBBB Baaaa BBBBB BBBBB aaa

aaa BBBBB aaaaa BBBBI
aaa BBBBB BBBBB iaaai
BBB aaaaa aaaaa BBBBIaaaa aaaBB aaaaa BBB' .•aaaaa aaaaa BBBBB BBBBB aaaaa aaaas iaaaaBaaaa BBBaaaaaaa aaaa bbbb

BBBB BBBBB aaaaa ar ^aai " ""—---------------------
•BBBBaaaaaBBBBP .aaaaa

a aaBBBBBaa aaaaa BBBBB aaaa aaaa .BBBaaaaaBaaaaaBBBaBB aBaaaa
BBaaa BBBBB aaaaa BBBBB aaa .a bbbbb aaaaa aaaaa bbbbb aaa
aaaaa BBBBBBBBBB laaaaaaaaa aBaaaBaaaa aaaaaaaaaa iBapa
aaaaa BBBBB Baaaa aaaaa P jaaa aaaaa aaaaa aaaaa bbbbb aaaaa

aaaaB aaaap .aaaa aaaaa aaaaBBaaaa Baaaaaaaaa aaaap ^aaBaaaBaaaaaaa aaBaaaaaaB aaaaa aaaaa Baaaa laaa
aaaaa BBP j bbbbb bbbbb aaaaaaaaaa BBaasaaaaB aaar jaaaaflaaaBaaBaaa BaaBBaaaaa aaaaa aaaaa bbbb ibbb
aaaaa p «ai aaaaa aaaaa BBaaaaaBBeBaaBaaaaaBap-iBa aaaaa aaaaBBaaaa BBaaaaaaBB bbbbb bbbbb aaaa
aaap- ^aaaa aaaaa aaaaa bbbbb aaaaa aaaaaBaaaa ' ^aaaaaaaa Baaaaaaaaa bbbbbbbbbb bbbbb

flBaaaaaBaiaaaa^BaaaaaaB BBBBaaaaaB aaaaaaaaaiBaaaBaaBBfliaaasaaaaaaBaaflaaaaaBBaaaaaaaB aaaaa BBBBB IBBBB laaai
iBBBaaaBaaaBBBB aaaaa aaaaa aaaaa BBBBBaaaB aaaaa aaaaa BaaaaBBaaa aaaaaBBBaBBBBaBBBBS BBBBB paaai
iBaaaaaBBBBaBaaaaaaB Baaaaaaaaa BBaaaBaaflBSaaa aaaaa aaasa aaaaa aaaaaaaBBaiaaBaaBaaa BBBBB IBBB
laaaBsaaaa aaaaa aaaaa aaaaa aasBB aBBaa aaaaa BaaaBBaaBB aBaaaBBBa aaaaB aaaaa aaaaa bbbbb BaaaaBavai
laaaaaaaaa BBBBB aaaaa Baaaa aaaaa aBBBBBBBaaBBBBBsaaB aaaaa aaaaa BaaaaaaBBBBBBaBaaaasBaBBBPaaai
-------------------- BBBBB BBBBB laaaaaaaaB BBBBB BBBBB aaaaa BBBBB Baaaassaaa aaaaa aaaas aaaa BBBBI

aBssssaaas aaaaa aaaa* aaaaaBBaaa aaBBBBBBBB aaaaaaaaaa aaaaaaaaa BBBBB BBBBB BBaaBsaaas BBBBI

IBBBB aaa BBSSBBSBSaai
BBSBBBaaaaaaaBBSBSi

iiBsiiiiiiiiiiiaiiis BBBBB BBBBB saaaa BBaaaaaaaa BBBBBBaBBflaaBBBiaBaBiaBaaiBaasBSBBaBaBasa«a aaBBB BBBBP •BaaaaaBaBaBBaaaas BBBBB aaaaa• BBBB •aaaaaa& aaa
aaBBBBasaaii:h:
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J\^ Hal iuuc-.. -<- • ..

: m '>>micm floo6 rx»or.t ^;all ir&vctloU*

it ^..v'..i »..-vv 4iw ti..^ . ».A^^^-.»l«r ^t-ete of the cil^i^lc' •;• . ik-jo

-/ or tb« c c©a i ,
„^ fos th© tot&l

jflt A^ , rro-i thl« It U aft©n that ss th-o lr.t«i'*ic.c

6<2vtno«a lui rete of ft^VAxic* is ftce«lorst«d If tbQ

^ 'lid h68 t;;« hlrh«r riuidXty ( (:<!) ^^^^^i^iis ^t *n rcttrtf&d

fho totftl tlia« 40r tliC U. oc to trev»l V: ol

. -/i.Ci-^/^,^if^ "^-(^)

tbl« . . it la avid^at »h<iii JUx<^, ^cc»»

aant tla« 1« 1« aji tUflt for & «:i;r-^ rruid.

It BS7 ftlao X^ .iQiu^ that vbto U|^ U viMPy Kuoh mailer thin
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S by hair : .. L':..- : -9^ Top tbe co: u.a^

of ori ^nrl f: 1(1 to rft»8 t! r ... . to 3;nt6a* IX^ ^ Ll^

^- ^ - -;. --'-^ t:.--:.:s: g::ccjc<J t^o^,^.

^ii ell or tfcs eTt?<qrlWMl« t - rhTirlcel prop«r*

two t8 CDUlu b« '-ttoc*

,ii the colutt rroctlosi

oi t. rlal<! Ix* . I: •

A» Ci: e: v. for ccr-Vort.ln£;

tlM In^x or refrrction to rractlon or o; al fluid Ui Ui«

•fn:i2# I>*tCs -I ^U» tTo, Z, : fcbl0 III, vhftC 000 60

of ' tiftd i:tc<»d«

01 or rerpeotilon 1«406G «t ^t^ C^ fc«p

^
- , . o«:it of 8vu5P©»0

V..W w^ . V or soo c, to t^o u.c. /-

t«iap9ro<. . + *4v wan cpillfeC ig ft ; or Cftat

by vftl.'^ht or «£.03. rrc>:. t^ , _, ociric Crftvltv of

4<«.^vwu«c 3uftrosft iiolutic ., ^Li v^v iptoi^v rftfftrft^icft it »«•

di^tftTDlntd t2^t thlft p#r Oftat of ftuoros* fti^aftlo 5<41*C ^Tsuft
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^-^Mn 800 C6 or ri^'ld? hctf b««n ?!is"l«c*d Tpor th% com

to b« X. ct e tociporatur# of &0^ C* Tron tb^ Sao4booi^ of

ghcn: ••:73ige the corrsctcd -lytsr c^r.t o£ c ;croso v^m

.- - -w.^-i- E.-.C w. o* :: ..Ci7C;::u .1.: a

.; - -VftCtlOR or : si riuld ,- I

1-. ^..o ., «*-wi. . tho rollot?ln,f i ^ . . in uso<5:

rr«»t» or ori^* riuid in ^.rf. « ;*" " & •-co

miw rosults obt«Xn»U in this sorl«« of oxpi^iB^^ts

V -rl-l-fil ifitft C-. Ir^dfux at rerrocticr. -i^f the totd

u«*d In this , jh S the- rc^to c^i .lo« t*«0

not ; 3cro©r ct t:.c : : oC tb*

- ^ix . cc: f^' .; uiio r&VQS recujTcoii wur-uii; this

run »•]?• or 2^

All rons Tf«re ncdft rlth th» Mr* la c '^-l :»«!•

: ;^sltJLoa Cor tr^«s« rur.s* nhKi a hMiiry fluic s*

5 ^l btor , t<^r riuld vat : .. ..ad at
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Ir^ w lj«RVler fluid 11 vat lnt«Kjdu««d «t th» lot^'r ' •'' or tit©

CO--. -^s it «ft< rolt tliftt t2» ro8..1ts of t: •
;. .,^ ivo« w«r«

rr©« X r ,; ftXl ^a o* „

»

c In t or mix l>« t: iity of

rir^ra III pr*««5t« tho rcs..lt« ar ttm liorleoi-itiil ruxja

ror \-rrlr...c vlsconlti- "stlos. "^hen t'-T vlscc-srltr retlo is

d: -T ^ poro volusa« l^s

bcNm rrodi'C^d* roil- .": tlix . .as"*© is c fairly

•I'i^ciji. until «ppr t4»ly #1* of & ;^re voXiaa« la pro^luc^*

rroH tiil« polist to r -;i of 1»6 ;H?ro voluBMia tUor©

mffp^mrB to b« uastciblo . . v.v.iiolnt': ooi^.iUtions fts •Yldcucod w;^

th« «octtorod 3 on th« plot, d : rvo th«R tends to

!«•! off elt .
'. .r* slight <3«crtt6so In th© amount of o; :»1

fluid in tb« «ffliix« This cippdcrs u> fore A plfttaau oc th©

ylot* It !• poasibi* t;uet ti^As b« cauaad b;, vlly

•i^r^-^^'.stlv.; 3l.'^o« thar© wmi <£' - ^ of t:>ia t;L©n

^^A :-«*ograas of th© flood front «as follo©©d visually &a it

.. ^ : tlio cor©. 7b© ar Iluiu r^;.pu&r©d to channal

a' .>:i of thQ cor«» Vbin the cor© was rotetad to

o: jslbtllty tli^t Cfi «pi^©abllit7 vaa rrottar aloug



9PCit



CO

ono sidtt of the tub«» tbo chsnnellnr offset WM «tIII aloi^i

-rlcj{ C£Ain to . . Ill- Iccoalty rctlo

. or IftrgAT^ fts lllu. ., S)y ii.- /,.Cw .^i &

r«w^v v^ ^z^*;.-.^ «h« dlspl«olQg nuld «So«s not br^tk tj^trougli

'.11 avar aO or « por« 9olu&« la ; :. ?b» ftaount of

Id la the i-- .^ - -.* GO e:^p«r»

^.'it :lftt«au In Um Curve* This ftr*oul<S rollo« ir Ui& pI«to«u

Is c;-© tc- cJ^avltj- fiOC^'^C^-'i''^^**

:.flr ruoa tp«ro Xi66e with th« core tri « v^i . .

posltlo:. ciid the rofiuXte plotted is> Tlin- = "V. Vrost this it

cr; : tUat t^t- rrcotlcei or or ^ i'iuld i^voC^coC at

wr '.... V Id &ftfidiitl&ll^ t^ siBBie ae in Ui« l:^t*X.

r. i.^j c... w,,^^: Is -iot fippreclcbl^- sXrecW^ bj r«*«vlty» ..,v*i'0

w&s no ii.Glc&tloa oX c ;;,-l&to&u «4.t. c .li}CJi>lt^' r&tlo es Io«

as 1/4.C0 .3 out tti« ;i l«v-

., ir. *uh-. ^^jLn llXu9U*ete4 la X^l, ..., .. ., V6^ cr»...^.no<! by

e« IZZ «ad IV It voul^ api^ar tliat tb«

r-.ec: c.-.'cs of ..l&o«#ieiit li:ii?olvlr.-' ttir^r? nlfiClbl'S T'^mICs. Itt

.r«tt (10). :ic

tnt-* iv. . tsGc, 3L rhaao or „ 9 the braali

'.-
. r'^ V. ,<^ v-.-^^lrc ^.'v. 4^..w Is c pl£tk^>< «<U»u dla**

t« In tlui :: y-haae* lows U^o tr^ok

.., trlAj or- -Id lo ;-.. .d by a <tracclnff ectlon.
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^, .:. aifr»re in the ceec of ralsclblo fluida «ily In

^t^ fc i, t; or tiie c al riulO cftn l>« pi'0<2uo«<i Oi-lcU

v.i a cl;«ok on I • --^cr '-* t.b« plot* «n<5 ^ the

tLo crot xidiir otc.. V..V. -aj : .^isupfttf. :: ^
^3 p«r c«afc

raeavory of tbo orlc'-l'"?^'- :ri-.:ld the ftr©c ....... viic. v.:rvo

-•i 2 pel* C«:--t»

ihe causa oT Uio period of v^*r pr<MJuctiou is

Ui.omi, tbounh it *oulC ...J.. . -^.^^w^w. U4«t It ooul6 bo ^i«

..itDi^s or vftriobltt -^r cr^llity wLiola »oul«a tllo* by-

;a tb»in; «*•*• WWX« VMlib ttio outlot ona of the cor« ©ad

u«Bipor«rily ioor*«i« tb* aaouat or ^2 i- tl»

.0 ct 0fr<»ot pr«««ur« woui^ imv* on th« ^Is-

laoiHWit '"-wo run« «ar« »Ad« usin>;- 6 viacaolt; mtlo

','»"• A> ^/i «" o-i« run was i^20 cc«

roc ; 'v-ii io riguj* V st:-.oi» wA.fikv cui 1. -I- ^'cuai^r*

t».<i9 to ciiu«« a t>r«ak isli to oc©ur ©crliftr and to r«ci .ir«

rioio ' ^oXxmM before eoaplato dla'trccLioiit or the c. al

cc.

To atuCy tb# poMibld cr^ecU or .ravitjr atiV^

ruzM ••ra nada with th« cor« botl^. in t.".© J.orlzaiital and
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vortlcfil ?oeltlon# ?*o rtina wltb c vlacosits- rfttlo of l/4«S6

viovif m VI* oc this plot it o«n b« B^mk

I .'it i& tiM . .al run «»l«ojre it iu :^o»aihlo Tor {Tcvlty

•o^Oilfttlon to tck« ;lec« ' cuz^vc «- i^-t cc eiLiple or saooUi

fis llio c ^Vti for tii« vertical i'un* . ot;«v<*r, Uic, vertlOAl rua

w^ ..: ..I'ofek tUpoUfcjL c i.Z'VL . . V ti^

•• - I ;ror<; .', .. %« '-ilo^^lacecont t&b«s

• •

^hrrarh It tc not included heroin, ^ stAlIar plot Tor

tJiO tvo c^^rvos,

Acc-:>x*(iinr to Jte«!tt:t (15) r;:.c cfffirCt of viscosity rttlo

- (X). U th© :^ i» . .«<! by

-:^r viscosity ti-^tj . .:. ce of the 9'^-st«c

w»« , ... ',h& rets; -..'. orrios U:>ci • .i.U. zr tb«

.u is -ficod by o^ie or : yr vlncc^filt;' tbt*

; is . . .o*a 8;:;d th« rdt« of dXriux

d«croa4d4«

rrosi ' it is not«4 tbiit thore le fin fippr«*

:jmi in c, rftto ft4 soon M -i of

I ^.. -r. -lacomity fluid '^os, "1 'r^ 'acreae^ Itj ©ffluji

rat.. ^: to i. oiT ur*til t^i© poitkt i: . cl.od

tii« ^ br«ftki thr^ujh. The: 4 t:.*r« Is a

r' rr •: -^rftE»0 '.- sff :- rrte. ^T V fin IffBMdlfitO tcnerinc OiT
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tf

A

or tii© rat© will - -ut is i^oec^uc -.: *i;o ui * .
i-

:r Is e . to t!:0 {;-i$i: Its-tlv? dsaci- -

eo --".c -ccod li . '-via

L.Gl-. l^. one end or a long o;M:.-^:c: coi'« cnfi ::.
•-

.. ..._ .. . all opfBlnc In tbo otbar c-.,^ ......Id In sittoy

^.);»^xln6wi» w ' rslcal ci>ndltlon» of e direct <$rlvo

?te sact« p«ttoi« li thowi . I oxc^pt la

thla eaao the crlgiaftl fluid le belnc tV%-,\^^^ by one or

t' vlscoalty, thus there le a d#or«fiae ixi : i'J-w^tf li-

ce or ti; l.:oreGoo, ?Ii curve i'or & sit;, ratio of

..,,..V*1 *^«^ crrecti5<: b^ « l^lu^glag of t!..-;. ccrc.o~. rt tl.c Ir.lat

ei;<2 oT tl*6 core vlt^rli,;^. li.c run# '..w'.^wVv.i', *- tiu —x---

"uslsct*

drlTee ae c * or ^^-: , » »

en^ •'T rare c--ctr...ctcc!, .'O t7. ^ -y

o* . .

"* iltf iifto been cileplcceU

core. >• it oan 1 r.t aa tlie ^ .-tity

rat!.-.? bocoae ar tl^an •& the :cr ce::-t of or -

die L^ Vi^ei, i?ti» i^wre iroluBe ; ' oa ixroduoadt Talla off
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ver, little c li; tho por cent of 02 a*

;vlnco<5« Th»c *t ccr be seen thf.t cs lonr rs the

ret'o ifl #C w» - *' mO ^-- ^ -I'ti -•- ^i4.i,^ .<*.-.

n.-ld till b« <»<2»

.^s riTijithcr - _.. v- 0:,' of '•' w,

rr . 1:- ri;-:ro :.. I'his plot ei. n*:; v .a A «tral^;ht lUim

^^ . . :ty rtxtio or ,4 with e taraak ft'OK'. thtt point to

a v!v i;v ret 10 or api

:

ataly •C« At Oil* poltit ll.aro

wea a retavi to linear! t;- Ivut fit a r^a* »lo:c« ^©ly

i-oiii wara not Ra4a wit:, vlicosity rctloa in the r©^'^ cr

da?£: r*oei I' -ty »o tiaat 1 ntlan or. thlc ns^lon

ia :il8sUic« ^t tiould 1.-V.-;., £C - b;; j irc, vbiMa

tha viacoalty ratio la ^S oi- ,^,i'..£,ts;r tl.?.t t:.^^ iv,f^-)V^.r7 Lm-

cla-io; would l)?> vary Liglw

:. XI fsiiowi a plot o* popa voloaioa 0* o: *1

fluid j^pc'^ '->'* diii^irc tho liiltlal gtoMm r-rsi:ffl Tlccaolty

ratio, vlBCoslt^ r£tlo la as;ua- wo v^i^ -wi^iccalLj of

t2j» , tii© vlacocitj- or tla0 a£

fliUL^. ... ata cA^on b;- x::lo:' and ^vrrctt (10),

aaMiarul^ U.o «rr.ct or oil vl«ooait;;'' oa Uic r. .cU c, ^a.

Um iiUtlal phaaa of a watar flood in a typloftl zc.C, !• alto

slotted In the ztDd fl.-^ora*

• -'^-)va plot l8



^i.::iy !., i.

e

mSlh^

i^MK^

sS txzj

•^^nsoi^w?

^ wak:

f^

t^ ^7^J'20*>5 t ? e .• .#!.

iTfi^jARrfttte

-•vovr;j>



. r.c': ..it It. the crac t»r Icrtleetblo Tlvi '.1 of v: . iv

*—»*u i.a iiuw iicw-"-. .vv»« t.i - ^ - . w.t

C c«d«nt; - gX* tLo i>cctlr/.. of

oi w c .a(S durlnc tho lnitl<il

ncup#« XII ^tiZ "III civt Vbm tamhnf oT por« voluiMi

re ^41 ti«:for« edaploto raccvery ojT the ... .d riulC Is

obtftlned. Sl^MTH XII in^lcAi«3 that Ui« ..uabdr or i>or#

voloaas v0-^^lrGC. Tor ooaplct« r«covcr7. Tor £ It; ratio

ar ftC or ^-rfiftt^r, woulc bo sT ^ lerg^r tb«tJ oi;.«, -o

iiuBb^r o* ;/oro volyaa<j6 -^quirw^ -* vln&oaltj riktlo gol«

8 t^ooa ;iot d«cri'6C4; x .11 « vlecoralti' rctto of

•4 lo r«cci^d» rrcx.. Ucre tuo I; crca«« l« v^ry trrost even

»ltL onl^ tUt->^* r-:'^ otl;x»2 1 vl«coalv; . -t'o.

'."ti© OCi^.-v v-v. «C. /lotted O:.; l0£T p(i. * . - ' I.t

llr;« t;ll. vlscDnl'w^ ret 108 o* •O or lo»<ip»

:cr«rriiii; to ti*B jil*ti.oio, "Son- .:: -rlz:ont« tE: tSai

OD tL. . rrOB Ik St ;S OC. : CCtlVO VfitoT

V7 -
" ctlvo ^mt«r the rollotrter cor.o^ -Ivcnt tlis

pors V , ..... t or ths orl*

glofil n j1<! ^ -.re V iX bosQ ; ro*

re. :)r tUs si iiuid occurs*
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^i. Ls, Tor c vice a ooi-. lo to t2i«t u.«o4 li v-

l::r ftt ti:o res .I'^s desorlboU fibov«f woos not c.!«ck t.

conolualone* :Li« <Sat« XndltetM that over 00 pvr o«ot of

t: c ori^rlrc'. Jl id 1» pro^JO^d baforo th» p-clng riulC

br««ko . M p«r o«Qt or thm orL

r: :ld i!: . ae*<l vImc ob« pm>« voltaM bat Im«i> ;^tro4ueed^

u w. -^^^ t^icn 1,2 por« vo1ub«« »r« roQuirod for etxsplot^

r«cov»f7 or tl.c 1 .al TluliS,

^imi aire., ^r^-ci^tr . iv or tJu« l;]t0rstltlftl vcitev

w^^.^ w«i tti^v w^ tlM» bi4:,l4«r p«rsjo»blXlt7 that oadoubtedXjr

:;a4 la tUis dsperlsumt but It vouldl not tMDi tbftt t:da

along vjulwl Q0C0va3t for thia . .o.:oo*

Tt ^Quld eppd&r that Um abapa of tho diag>Ia<iwn%

-^TVQ'j, 13 III find IV ooald W WM^ul Id atudjrlnig' tlit

—ahanlm oi' cis.l&c«4.a.it* ' .^ S
'

aba;^ of tl:^ c V&8 aftigtit bo a;;, li . . or

tba dagraa of ;^.,;.,..Abillt;^ v&riatloo pr<aaaiit In tb« poroua

sadla* Iio«avor» work dor.e b;;r Tovlor er^d I^rovnD (IC) dlaploo*

Idc ooo fluid b; anotl^ar In c at tha

abapa or tho C ^^wcmciI c... v .. :.. . .:. it of tiita .cicbolic

iatarfaaa f-rr^od in cueh of the cc-^llitp^ o;;jorjlrit;s»

~
t- •. ...^^ .. ^ .. .'.wi^ v.^cu w^i.w ntiajMi of i-..^. i.^;;. ..i.C'-

aaDt o^ of tLo cbov« factorfi*

is££S£ft I.J^lvod

of a rcrraotot::ct.&r t^ ./C&aurc ir.Coa of
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rarrcicv^j-. - *v.. ... vui;. *i wvanT«rted or o«nt of 0ucro»«

In tc t Xlaite the of ^e rcc- itc to

tV;€ ttoeur&c^ of tt*© ln«tJMa«nt uac<5. In thl« work » 3pc::c«P

/..-tt-t7po ^<4ifr6Ctc«i;ctor wcb ucwS. ??.g acftiM or* .1- .. -;*ld ti^

J to the tilrd ^clra&l

.1 Moura^v ^* •^» • y of

O.i. . it In o««««rlac tlio ?or cent or sjc;-.^ - ..' ^tt ^ti*

iL<s ftcc . of the rftfrftctrici^tcr v>xfi clxc*.o<3 b«fori>

•aj rune w^rc ; :^ . 2 cf tlio {^leas tcet ciAb ^-04 *

the ln«tr-J3or.t for ©hlcb ^^f^ lG.a«r. -- rcfrrctlcr. r....:
.

^tr/:.

both aTfcotod 1-7 ci:ons«« In tati^ . xc« t2;o twippraluro

ftoldon ohiQg*^ -.firs then n derrec d'.;rir^r t series of sft«r.^o*»

aocte it yrtM iTc-LL i „i*QCV5 v>'ci'f Ttuwulii U.**

tjrr^rlBtr^tl «rror* -5 on tbo Uatc »«r«

obtervptf t^rt co^- .>0 to ch;a-.\-^a In t«ip«r ^ .

i^ aufili error f6I? cvrtslpl^ *i ir^*- <i#i Ic tti* ©••vii--

tt«Dt of p«r#ss^Aro Ala with • i: asnocaotor md

voluDcc t'!rr!ccee rtth c rret © tb«r« is

cj alCor^d to bo woll wltliia tho r©:*^* or oi. mtfil error

r tLcf oor coafttr;- In

. . »-.• .»*v M«£ro« v^A fcocorticv .'* v^iooo pon<2l <21«

oat«<! b. re .leal Intc j of tho areas unc:«i -vo«

drew;, li. . 1. -i^*.a III ttUl !• TUfi , Ity of ^ ••w

*.. ^tv^i w^ lu«8 than 01*0 ;>or o*r»t &n4 ell ^^. -- . «>

j> .
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A Study veil »«^ '^'' ^-^^^ i^*fiptiie#»«ct of or.« rlcc!bl«

fluid b7 firotber rpao « pcrtltii; c-nn«oll<2cwCu 5^i.->-viio

•fAdttos^« coro. :'o wei ao£ir^»0<S of SO to 140 i£t«ch Oil

CP»ftk siliCA smC ^ - 3olXold»- clllcfe, i; , It^ or U*d

OOTft wfta 50,7 p«r cfijiiit ttiid ttM fclr r-ensftfittllty vi.. v.-

darcioe* la cor« 0»5C G<r.tl«ctor« in t'if^^eter fj -C vS«7 con-
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