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pe md amat of clay in thy vock.

%) Common notations :

R‘E Sg%w;‘ﬁ.hb:" ‘&Wmfﬁm kw
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5) ArcheS law (ﬁ%ﬁ)

Jormadion foctrr : F = 5:/ |
m{ t §mkw’ ’;{’j:,,fiﬁf fa%m.:) Feag™ (nm
e rock-pe) U whare g .
om
va od o M=y i

> ek e ) -
l: Sw 2-0 .&W madel IR = Sw
MU 0y o (Setuwaction )

f&ra%ea‘ﬁ‘c wre Somple. ;

asume no er coudyctie matuqals Celuy) present,

° N2 Saturadion. exporent (Ted %)
3 Ardhies egpation. ( Combieg,)

- K
MRS

wheve: g, formation  wate, renkt:’w'?
Re: 1y formatim resisthity
6) E{fat of fittvuty [ nvasion (ig;@@)\ )

Ew Betwer  welipre wd o uninvaded zene, are g cake,
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(12A¥)
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filtrate  fuagiom
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Lb. (atpi YeSS yil.
® B@Wﬂ ioh and. wa{tab‘h‘fy

o R
2T Y L gy

* Tntorfacial nim ( foun dowy- tersion) - P
Aefiitin: energy por umit areat | gr .
‘Lfm*ce per unt distance |
unit = H-m or d/""cm—'

free balone : cohasive @8 force
" adhesion force K&
P gL

. Wettaéit{v . Su)
de(‘“ﬁb”‘w W"f of Mﬂw’ﬁ(ﬁo&fmd on or adhere to a solil
Surface in the presence of othty jymscible Huds.
-+ Adkesion tusion (#ER): A
defintin Hhe difrne.  betwern a0 sol- fluid - Inter-ficial

il g
¢  [o_ wmn (/41 = Oos ~ Ous = Ohw (86 ) (At between ol and water. )
g ,g,[,,-m AT>°) Aonser PW wet ; A1<o, .I#J’ﬁr pl\m wet
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, Aorser ,&\Zm'o( f}we
* ?Wﬁ#ﬂ?’ ‘P}lﬂfe -ﬂﬂld - Mmﬁing/rﬂm ,.‘C{MM
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Zimeducible wetbing |
“lﬁwa “turstin ¢ !

nefe: rotural gay & never the welting phose < hydro conbon e corvolyy .
Water - wet veserval yock .
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At 20

Oil-wet recervoir ok
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* A geeral wm?fam'son between  Slicate minerals g corbonadz
Mineroils

Siliate  mingrals ; Cavionate  minerals

acidic Surfae /, basic  surfae

re?et acidic Comfoundj [ atfact acidic contpound

neutral o oil-wet } hewtral o ofl- wet
Weltbikty  affeted by

Ot of pre-liig s Mt st gt
wmfosihh\ o\-f 0} 7%:'0(1’ (iﬂﬁ{)&%z#g)
Soturactin - history (BB G k)
;\/dfabﬂ@/ affects :
Dveducible  water axtupation
{ﬂzsfdm( ol and wedey saturation
Relutive pormesbdiity g, (Hgmmwmsaz‘ﬁ, ATE)
oy peswe
Electncal Properties
" Classification:
3&/@% oll- o wn&wu/cﬂf'ry,
neuctrel wettability e
fractional weitaln‘h’ﬁ}/ :“%@%Of W Hferont W‘WW
mixed  wedabilgy . Small poves gwe Water-uet, loigp pores

e ofl-ypef.
" nbibitim : saturatibn of e wetling ploe dcmeases.
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Ll cactins  of wedtnbi W’?’
) " . ol vecovery. .
et DA woter -wet syctun ® exhibits graxter phinany- s

lg _L W , (kIR
- Wi efw| 3) Weilr bw affects the shape of the velutire permbikty curves. 2)

I

@ Timductin fo  Gpillang Pressure
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fe { 0K memge fe cunte
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s disflocment  pressure
(BB HTALH 6144 F).

.’ 4 Of Fermbiﬁy on S}Wf@

e % A=>c: ky - AV
§ . (I Gttt s )

X

* Effects 0{ P 3 Size distrbchm on &}w/fc
Sty = Ay
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!
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|
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FC = nw "Fw
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A}L:- 2 O-OVW @59
Y 06 g

Where Gy 8 — drttrdanial fonsivy  betwan air/ wator.
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© The reck proporties aﬂuﬁvxﬂ/wfz’WW "
reser Wi hawe extreme vemaion with Uithology .
But - unction is valuabe for coveluti cxpillos
pressue B data within o lithology.
© Defoitin: Tegy- SR [E
J ) o ‘/;;
e, C — unit coversio facter
J-functim i dinensinless
{w aparticular yok tpe, T~ fonctan is He cme fy,
any unit Syctm, any o fruds and any exat valie of by
* USe of Lewerett T-functim:
avrojlif iy Presure dota fron a giyen
rock Ype dfrom a giun Teserwir
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some. [thologies ;
not accurate far clifferent Uithologies ;
fwl e of J- fumctim implicates vanathin - rock the.
ET SRLLRERN, T&H 5 1ERRE T R,
&) Saturatin histang- and - copllbvy_prequre. i rosoroir oo
* Seturstion  history
@P{ngt/fmmw depenss on both  chivecom %dﬂwge Cfmb/bizﬁzm/
drokage ) ond -previous saturatin hictony .




ol wetty  ontact - 2
C

- In’h { 'ﬂ; th veser Wil ch]

. S«Mnﬁbn i Yeervoire . d/zpal
Heiht
fe obove
?C .f'&
' Jfunction, | ! wodwr
0 eﬂ( 7 o
Sw < ,
L d; 0 S I é&—} oil-weder contafet
L Resertoir fatn e ety e

Omn 1L
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Factors aﬁ‘eet«'n% velptive ?ermmbfwty >
Soturations
We&abih‘fy,
Fluid saturation pistry.,
Geomedtry_ of e Spas. andl -pore Size olstributim

belpctie. pernasbility i wnigue for difert rocks ad fluids.

o Thvee pkase relative permmb;hé/

AA

Waer kv Oil  Wedw A

FWS& pre sz pore sz

functim only of Fanction pringyi
watyr SW{Z’hm_ %S SQZA’:‘&Z Of

Fun tion of bth wety
and g5 <aturstion,

Iohen g is small, ko,

Privorily a functin of . So;
When Sw is smal | ko i

rnmmﬁ/ fm&@ﬂ 07£ fg_‘
Thee ?}me {W C ko, brw, k?zo‘oE} occurs over o Aimited

rmgl of e phase Saturations |
Stoes Method T ( Gleatatin of the: gl eyt prambity) -
)-iX%méé kr?, kvg,LSg.) on gus-of @0 e ;
e, 0 O
B - rw= kw(Sw) o ol-wabr cyree ;
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where ke mears Ly fom 0w care | -



& Labratiry Messwensht of Peltle pormaabliy
- Steadly  strét mothod -
) Simltmeoudy dfect conctant rates of oil and water,
urctrl Sfmal?’ Stote behavior (9, 9u) is ohserved . (UAARE )
2) determing caturation of wre sample , usually by resistinty
or W&gjxmg,
3) Chmg,a avfection ratio and repeait .
Seme_ Prebiminary s«&rjz
soturate Hu core  with Wdfmg, P/mse ;
dletermine.  ghooluts fermmbfwy;
wject non~weﬁh}% pase urhl séwé/ State , measure
sturrdion gnd dfectie WM
© Opilary end gflrt
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ﬂ:o ’ defb(Mf,ﬁ) fcdweé), 9 W #t Swet =/,
Fowerer, d the fulk of o cre g, Saturatin can vary.
Thore must be agrmfenf Ofsabwa-(m, ‘ﬁmﬂlbulkiviﬁwuty%w
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S — Joo o ek
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Ingect weﬂ'mg/ thase, messure fractional low andl

cumulative pon-weffig- phase prducton , ytil no more
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Asmm?bwr\s 2 1) tinmisechle olisplacenent
2) @ icampresible Fluiols
3) fiear, [-D —ﬂow
4 negloct cupillary pressure QWM
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L8 Buck&}/ Leverett Theory [ 2 4> )
® Imm\sab[@ oﬁSp&wnmt ‘%mﬁ% ﬂf metion (/m»g/gg@}@)

* Conservd fip

of moss and Momentum gy
Acssume:  )° forosv'va;/ S constant

2" water / ol desity is constnt
From conseryafion of; mass

ao( ¢&/§w )

t U (Rldy) =0
we  have (Satwfatrm equatin )

faas-;,”'f' Vb( =0
ol e 0

Sinee gw.,._go___,’ v e

V. (Z‘f‘u}w} =0
from Darf?/} Law W have
{ -l/-ilv= - _é. kvw

V‘()\TV‘,DO) =0

Thic 15 a nen undform lo(p(ﬁcz epuattio for ﬂffw
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+ fractingl flov  (2:78)
= DefiniHom '-fw = i

71,./1. q/o
= She (704— ‘(fw) = - )\T V-Fo "ll")\wVfc - ()oeo_’_AW {)w)?'v}‘
We hoe v o —)—i—[(u':-i-aw)—- M TR+ Cofl thfy) 474 ]
T ,
Wnﬂ( DWIS /.Cw)>

Uy = —-){“i[ (ot ) =X TP, + Oty thafi) 97h] +Aw VP
T
—w fw FVA

= —f\%( (ot o) + X VP = (=P, ) 47h ]

- e .
e = STL 0 gy (7 - spgom))
whare AP’PW‘@

Mote: 7 e pow onb/ Bue his formln in 1D fl,
S there S no !'mpmferwe of vector opercthion .
2" In e absence of capllary- and grovty forcas,

fu=Je

- fiom satuetin egutin  F 2 4 v. U, o
v b fBe b v Ll Ruti)] =o
Ske (i) =o

ek G2 (i) v, <o
Define  intopstitial veloity 7= j&?}ﬁ-
o

7

ZE 4T vh =0



© Buckly -Lowret Theorg. — 1D fow
* Eguations of Fow
Consider  Jinear one - dimensigna f(ow With constmt ahf cm;,& .

7 The Pressure cq/aa-(z'on s
&1// 9 39;(-(’\'( g%) =0 (PC ij )

9 The Saturoctipy e@l/&ﬁ'ﬁh (s

ASw fuw _
>t +V_57 -0

M = A AOA 2f ,
whre T;’[ [+ 77(5;- —AP}&AB)]
Aot [fu= £, (S, 8)
2°Err7%w W (9>0) gmuﬁg/ vetanls e Wa@*’ﬂ*’"’;’
for flow dowdip (§<0), gravity dtoreasesﬂmwmfbw.
3° If %1 i 1@734 then ¢y Aow (5 VISCous - dlominates
and @ caffﬂmy, pressure  and %m’ry have Less y‘the/{ce,
. 0?110/7, Preccure ardient torms . (How e we Hyoire. (6.)
Wewr water/ il Mip(awmt ﬁ*vnt . Sw dtribution is -

Sw
T S _9_&: Jﬂ' ajw
¢ X

"’"Jﬁ'- the Caff”ﬂ/g‘ wre ent s g
A proe g 1

important in the Vitciity of the front .

Defire  fpeal apillng-~to- viccous mumporr Wey = LA opilay.

, AL '
Sitee @l e u/inah{t}/o{ o staple fmf , 45]‘0 !
viseous ~ 4P, capillany-
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kA -
S /{/cv = _SlapllnyL, ~ e
‘va/l'swus' L L

= New conbe gup g e velpfive sze of th o Uhere
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A’b M Seale | L ESW"H'L%) Ny s «S,MI/{',SO Hhat
the capilomy vemion is neghigible . Thic Jushfies mott opphcations
of Budday - Loverett calenladions ot fidd scala.
However, we  camot dgave. Capilany precsure graients at
e lab scale .
 Fractind flwo with grauity oy
Twrig, e grodient of capilary- pressire , e get
‘JC\A/ (Sw,0) = e [ )0'4 of %Sm@]

efur gty msker ), = oy gty
Wseous fores Mo
S{kCQ, Aw = !

AT km Yo7
We kave
fo

($0,6) = | — Mg ko Su@

E‘CWO% 'lqo:kfv(l—Sw)”a )
{ ( /’/ona/rfourS relettin)

krw = kr?u(s:/)ﬂw

whiye 5’;,“ = _Sw—Sw
= Swe — Sy

F0(S08) = 1= kS (15X sup

[+ M_
M (S
wheve %M = Tr:—k%_ s the watoy/ ol

We hae

Wh@l 'kal r

fw<o | Yo i
U cy pyent




© The &ulc(a/-Levereit Soluction
for constant drf) amgle 9, ’ﬂ/:waSW)s Hhe <a turtion

ela/uat«‘on s
Hw o dfy 2% _
5t TV s, A=
Ba-ﬁ‘vw. dimengionless variables
XD = —775—
ty = LF%dt
V-rme
g
S\RCL \/: TAT- , we. /LWQ
Sw . Boffu 25
2t T Sw axp @

» Method 0][ C/'Mfm'sh'cs
Alona- a curie [ d_{pz @/0/7[,,,

{ ASw
Afo) = X
» ds ’
¢ holds 7%54/11 -0
TIWS dXD - /
Elf’ 75’(5“’)/17 = onst, [ o4 Strisht  Jhe.
¢ Shock velocties
2 | Consider ® Comtrd.
. vilume. Mmovip
T . speed Vg, Tl s L e ek
1 consevetin efuatig (¢
e Jﬁ?‘!"l‘,_ﬁ_, finw 1oty n o= How vty out
| Fom s omervaction of wfer{' Tt i T fua— v,
lin the whole cove | we can y T w2 Vg IS, = 77‘7[;1/1 "Z/mkﬁ%fw,
[ s f 5 £,
>y Shock = —— w2~
% | Ded A S =V§§%
0 qutp - X | efihe o(&MMS-bn[z;; Shock Vdoa’t}, a
. = r’ = _l =
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* Welge constiuction

I {SWI = Swe (7{4‘-'—0)
fu / Sve = I=Sor (fu=1)
i In this case, shock VQLOCHL/ i

0 Sw,, S_‘gv:sw VQ}ID = —ﬁé/- —t chf Z

‘SWf SW;

+ Clsifentin of vaues
fortice. ity Vp,o = 4T

A5,
WSIOVIL@.SS Wdﬁ [/@loa? ]/ oD ___)_/ﬁ_ = _fg_ l""ﬂ'
VT So T 1-Sw
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‘ _ )
Ay Classificartion -
'ﬁ/ : /) )Z’(Ye-fa(—b,'m
/ | 2) Shack
0 l | 3) ‘
VP,WD Sw ml?(@{
4) adifferent  ( neither spreak nor Storpens)
. Avw‘ge Saturation
Afer break. through , #«c average Skowation ot given ine 4, is
SW(tD) % "/ /}Z /
W
Shee gy Xp is fn -Hhe gfregdmg, part of the wnve , we hoe
"CW “59 o
— Swi Y,
T Sulh) = Sy, - Q7f,5, tofdse
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= Sw' — .“:w: ~ |
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fo= 5L

SAw(to) - Swi
S,Fn SVﬁ S He awerage Satuvothion can e
Sw

™ 0,‘L WW’ calmla‘hbn
Measure - Cumu lactive il recovery. /Vp (%)

Fractinal. @b-fiow of wats i effuent f.o (1)
fore wlume V?’—'%AL

Original oil. < place (00IP) <y

Caleu late < Sy = Sl
) ¢ = - 1A

- M

//yP - 7:”
S0 = St My

Ao hmk#mgj«, We have  Sup =S , fm = e
from Anst Section, e &et

~§N€ = SW{

S =l fu ) Cottar ok through)

(before broqk though)
( aféwbnzak #WW)
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* Effect of mobility on recovery.

sh mobility yxtio (unfowrale)
High mobility vt P

Low rmbiln‘\‘y roctio ( rfavombll)

! My
1=SorC ——
Sw 4
Swe .
t
° 7(0 ! 0 tDlBT D

* BHfect of grovity on fecvery.-

Uf Oa? : INW Mﬂ)w water Mﬁﬂf) ;
Postme bresicthrgh
Down dﬂ?: (The inverse)



€) &yW&Wﬂi4-&hﬁw &mmwmy from M¥wam
» JBV Method

Assumf'[zbns: [:’ %;w,g caf:l{a?,g,w( affect
> e oyl prse gt region
. 3 %uwye }mm‘/ fove .
veton 53/ AssUmption 1°2° How 1 awvemzp{ [?/
m%umW&wa
Té%=%ﬁ

%=-_k_/&v;./4€f
Mo 113X

- A = @T
vl SO
= (t./ao[- !

i [

Afer beskthough

Ay = fiu (Kp)
fue
<~ O(XD = ilﬁ'/"_—
Bt
<~ A'P = Yt e o ’
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I{w e th fase FZVMMWQ/ ac 'éa@5w=§w‘
then ot o st of fo Aescpn |
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V%WWMM
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2
L= Jlep _ _
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= A } _ 4 (ﬁ )
k'ro {J/e ”(‘ﬁ:/e IK
‘H(ﬂ‘t ($ 'Foe — 0{ (:f;(f; )
ko (Sue) A(35)

Fractinal flow of oil it effuen fe t)

O rencty e gy = L5

Calculaty §w = Swe '/'A/PD

Swe = S, — bt

kio (Sue) = (d&z&})"ﬁe

fom ko (845) Sue (fo), we 9ot fio(Gue ).

kw = b jmﬁ%f' (Ko = ko@ﬂw:,ﬁw‘)

Rige: Su €[S, 1-S, ]

Swtatle conditins - /° @”W 66[«{; are W’l{@
C Gm ke azﬁfem(é/ rapa({bw)
>° /t(abftt‘?/ roto 5 nfaerably Chah)



