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PROBLEM 

The formation under consideration i s a confined sand having a Pn = 0 . 2 

psi (oil into water) bounded up - s l ope by a san d having a Pn = ( . 75 psi .. 

T he s lope haa, in the fi rst cas e , a value of 100ft. /mile, and in the sec-

ond cas e, a value of 20ft. /mi l e. The S . G. of the water i s 0. 984 and 

the S.G. of the oil1s O. 716 . An oil body extends f r om the tight sand 

down-s lope fo r an e l evation diffcre::1 c e gf 40ft. Assuming that there 

e~ 'tstn a fl ow of water dovm-slope (which is the same throughout the oil 

body as i n the ti ght sand), what i s the distribution of presnure of the 

flui ds within the oil body ? 

T HEORETICAL ANALYSIS 

The assumption i s made that the k rw va r ies as tl1e 4th power of the ef-

fective saturation t o wat er. :<< According to this t h eory, the k rw al.0o 

var i es inversely as the 8th power of the capillary pr e.s ~ure , being 1 . 0 

whenPc~PD . 

At the bottom of t. e oil body, the P c must be equal to the Pn of t~e 

aquifer which i s 0~ 2 p.::.i (the Pn of the tig:<t sand which i s retaining the 

oil body). 

*see "The Inte rrela t ion between Ga s and Oil R el at ive Pcrmeabi liti ec" 
by A. T . Cor ey , P r oducer ' s Monthly, November 19 54. 



A circumspect conside_rati::>n of the problem indicates that the pr ennur e 

of the oil, P 0 , decreas es .u p - s l ope f r om the bottnm of the oi l bo d:,·· ac-

cor ding. to the relation, 

dP0 - - = -y 
dZ 0 (1) 

where Z i s t he e l evation a bove t e bot tom of the oil body and 's' 0 i c t he 

2 

specific weight of the oil. If t~e wat e were stati c, it would decrea se in . 

pressure ac cor d ing to the relation, 

- - = ( 2) 
dZ 

Becau.::;e the \Vater i ~ flo wing , t he pre:wure in t he water actually decrease~ 

at a l e s s er rate accordi ng to th e rel at i on , 

8 
where f{ P c) i -> a ssume d to be f(Pc) • 

Pn 

A compl ete cxpr e :33ion for dPw i n found ac follows: 
dZ 

(3) 

A s3uming unifor r.t dis charge, a nd a uniform sand of con s tant s l ope a t 

uniform temperature, we have 1 

p 8 
Ci = C( _!?) 

Pc 

Pw (- + Z) (4) 
's' w 

( where S i s L e s lope of th e aquifer , C i s the con ductivity of the aquifer 

b e l ow the oil body, a nd i i s th e hydrauli c gr adient below the oil body . 

Thi s g ives 
p 8 1 dPw 

l = S (_!2.·) [y w crz:- + 1 J 
Pc 



8 
or dPw Ywi Pc -'lw = (- ) 

dZ s PD 

Since by de finit i on Pc = Po - Pw, 

dPc dP0 dPw -- = --dZ dZ dZ 

8 

and dPc = ·Yo -[Y wi Pc - '~w] 
dZ S ( pD) 

or dPc = 6. y -k 
Pc 8 -- (-\ 

dZ Pn' 

'(wi where A Y = 'Yw -'Y 0 and k i s the paramet er, -
5
-- . 

3 

( 5) 

{ 6) 

(7) 

Thi s paran1cter i s not an arbitrary constant , however , fo r r easons wc.ich 

arc discussed be l ow, 

Equation (7) can mos t easily be solved by numerical met~10ds, T ne solu-

tion for t he given boundary c onditions i:> shown on the attached graph. 

Because of the nat·.ue of Equatio:1 (7), 
8 . 

only one v alue of k/ PD i s po3sible 

for a g iven cet of boundary condition s . 
8 _.tl. 

In this case , k/PD = 1.08 x 10 • 

This value i s such a s t o make the capillary pres0u1·e gradient vanish at the 

upper end of the oil body, 8 
If the value of k /PD would be larger , Pc wou ld 

be l ess than 1. 75 at Z = 480", and if the value were lees, Pc would be 

greater t han 1. 75 at Z = 480' ' . 

An analogous situation would arise r egardless of t!1c functional r elation -

ship ·whicb. one might reasonably assume to hold for krw vs. Pc. It should 

be observed, however , that for the a G sumed range of P c (0. 2 -1. 7 5 ps i), 

Equation (7) would pcrrnit a 6.Z greater than 480' ; w ith the same value of 

8 k /Pn . This would mean an exten.:;ion of t he region at the upper end of 
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· dP 
the oil body at which __ c == 0. The di stance, tXZ.. = 40 feet~ which has 

dZ 
I 

b een assamed fo r thi::> probl em, i s mere ly t he minimum dej?th that would 

give a Pc of 1 . 75 ps i at the upper end with tl1e given value of ~:y and the 

as sume d value of k/pD8 No higher value of k/Pn
8 

would permit a Pc 

of 1. 7 5 p5i at the upper end, however, regardless of t :be depth of the oil 

body. 
8 -A smaller value of k I PD , 0:1 the oth (!r hand , would pe rmit a P c 

of 1 . 75 psi with a l esser value of ~Z than the one as3umed. In thia c a:>ep 

a greater ~Z c ould not be obtaine d unless the di svlacemcnt pressure , PD, 

of the containing sand up-~lope were greater tn.an 1. 7 5 pd. 

Note that the value of the conductivity of the sand cancel s out of the final 

equation . Of course , the conductivity and di s charge could be substituted 

for one of the ot .cr variabl es to obtain a Golution, 

CON CLUSIONS 

From the foregoi :1g cons iderations 1 it woul d seem that if one wanted to 

predict the value of t-,Z f rom given values of '( 
0

p '( w ' P D , P D , S , and 
1 2 

i, it would be possible to do this only if the value of "Y wi were less 
s Pn -o 

1 than. a cer ta in c .. itical value . T his valu e would b ·:! ::;uch a s to make 

dP c vanish at th e upper end of the oil body. For any greater value of 
dZ 

"Y wi __ , th ~ di .... p l acemcnt pres sure , PD 2 , oft c confining sand would 
S PDl 8 
not a ctually be controlli:lg th e val ue of 6.Z , and one would need additional 

information to obtain a s olution,such a s the ab.:;o lute value of the water 

pre3sure at t he to and bottom of the oil body. 



I 
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One of the origina l specifications for this problem was that the valu e of 
I 
' 

i was 1
1
-1 I 2 feet per m ile.. It was fou n d that this g radient wa s not com -

I 
patible with the g iven boundary condit ions. The s elution that has been 

pres ented in the attached graph i s for v a lues of i (for each of the t wo 

given value:J of S) that give a minimum 6Z of 40 feet. For a s lope of 

100ft. / m ile, th e valu e of i is 0. 3ft. /mile, and for a slope of 20ft. I 

mile, the value o f i i s 0 . 06 ft. / m ile. 

5 
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P R OBLEM II 

PRESSURE DISTRIBUTION 

IN OI L B O DIES CONTA INING FLOIVING WATE R 

An o il body i :; trap• edina ~tratum c onsistine of t w o distinct sandc in 

hydra· li e c ontact , T h e trapping for ;nat ion iz a shal y ::;ilt (0. 2 md. 1 

PD = 4 . 65 psi) which i.:: up - dope from t~e tic;hter of the two ~and [. a nd 

i ;:; in hydr aulic contact wi th t h i s sand , T he sand down - ::) l opc from L1e 

t ight :.and has a ~)er:rneability of l, 000 md , a nd a di.>pl acemcnt p r <:! =:-

s u re r:i 0. 1 p~i. The t ight s and extend s down -_,lopc from the face of 

the Ghal >J to a dept:1 of 30 feet , and the more per ncabl e ::;and extend;; 

a n indefinite dept :-1 te l ow this. T:1e oil 'body i s con tinuou.; i n t!tc tight . . 

sand and :!xtend~ into t he m r c permeable sand to a dept!1 of 50 f~et -

a total dcpt:1 of 80 foet below t:1e $hale. A::;sumiJ~a th a t there cxbt!> a 

fl ow of wat ..:! r down-:.::1o:t:-e wh ich i s unifor ril throu:;Iwut t he :;hale aad t he 

t wo s andn , wb.at i :> th e di::;tribution of capillary prca l.l '..H:' C within th e oil 

body ? Th e: S. G. o th.:.: wat~I' i s given a.3 0 . 984 and t~1at of tl1e oi l a --

0.7 16. 

T HEORET ICAL ANA LY SIS 

The anal ysi::; of thi~ p rob l em i:J :..imi l ar to that for Prol:.le::.:-:1 I. The 

equat i on u sed to o btain the ca.-,illary .r:rcscure di s tr ibution i s 

= ~ y - 1< ( 1 ) 

6 
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where k is g iven b·y 

I 
I 

I 
i n which 'Yw i s the speci fi c weight of th~ brine ; q i s the volume fl ux of 

water; Cis the hydrauli c cond•.lctivity of the s a nd at a relative perme -

7 

ability of l OO o/o ; S i.3 t.1e slope of the for mati ona {assume d t o be the same 

fo r each); ~'Y i s th~ cliffe renc c in !:>pecilic weight between water and oil; 

Pc is the ca:pill a1·y pres~ure ; Z. iG the :1dgi1t above t~u~ bottom of t l1.e 

oil bod y; Pn is t he di:::;pl acernent :;_;rc., s urc (oil i nt o water} of t~1c sand 

under ccn .:; idcrat i cm , 

Since the: probl em stater.; that the o il i3 trap:.:x~d b y the shale, the P c at 

the fa c.e of t.lc :Jha l e is 4 . 65 p s i, At the botton1 of the oil body, the Pc 

cannot be l cc3 than 0. 1 p s i whicli i s th~ PD of t'1e cleaner .::- nd. The .3 e 

prccs1..n·es c omci:l..:::d wit~'. th~ given dc;:th of the -oil body con-tit•l te the 

boundary c onditi on.s for which Equation (1) ·1:t s s olve d by nu.rnc ri ca l 

methods. 

In this ca~ e , how~ver, t ~1e s e l ution r e q ui:r ~d ~ucce~ 3i ve apr1roximation~. 

Th e proccd ' l' e wa:; to ass ~l:n e a value of k for one of the cand.; . S in c e 

t ltc value of k fo:r th .:; two cand.:; differs by the inverse ratio of tbeir per-

meabilitic::;, t he vall.le of k for tl1e ... ec c·nd s;lnd could be computed . Using 

dPc 
th ese v a lue.:; of k , Equation (1) wa:> sol ved by })lotting the s lopeG, dZ' 

on a graph of P c v::;, Z. . By t l1L; met o d , a $epa:rate cu rve "vac pl otted 
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I 
for each .:;and. The c urve for t he tight sand was p lotted by beeinning at 

t he t op of the oil body (Z ·= 960 ' ' }, and that for t:1.e p.,;rm abl e sa.nd was 
I 

plotte d by b1~ginning at Z. :: o ·· . Since on ly one Jo lut.io~ i ::; pos.:> i bl c with 

8 

the given boundary c ondi tion.-1 , the two curves did not , in genera l, meet 

at the junction of the two sa 1ds (Z = 600' ) . By a dju:>ting the valucJ of k~ 

succc:.:;.sive ly bctt~r approxil ations we e o0tained, Whe.:1 the t wo curve::> 

met wit}lin 6 Llchc s of Z = 600 " , th-= a::'p roxirn atio wa::. co11:0 idered sat i .:.; -

factory. ThD r esult is shown on th.:- graph l a b e l ed as P robl em II . T his 

rc :.>u.lt wa s obta · .ed \vith a va l ue of l = 1.2 x 10 - 9 l bs /in3 for the tight 

sand . 

CALCU LA TI 0 1 S 

( l) (2} ( 3) (4) (5) 

, 00965 

(6) 
100 X (5) 
give~ m 8 8 -9 p 

~ P c I. 43 (3) X. 10 (4) give .s m. l b.s /1 00 i:l, __ <;. -------· ------ ------

10 5 .... - 4 4 . 65 l . 2. X 5. 12x 10.::> 5. 12xl0 .00914 .914 

4 . I. 2 .02 4. 69 . 91 8 

4:ss 
5 5 -4 

4 . 5 1 . 68 X 10 3 .9 1 X 10 3, 91 X 10 .00926 . 926 

4 .4 1 . <105 3 . 27 . 9 32 

4 . 2 9 . 7 X 10 4 2 .26 .942 

{,0 6 , 5 X 10 4 L 52 • 950 

3. 4.33x.1 0 4 1. 006 X }() 
5 

1 X l 0 - 4 . 00955 .955 

3. 0 3 4 -S 
6.5x 10 L 5 1 X 10 l.Sx 10 . 0 096~5 .9645 

2 



Coarse Sand 

( 1} (2) 

8 
Pc ~£... 

• 1 10 - 8 

• 2 6 -6 2 . 5 X } 0 

.4 6 -4 .4:x l 0 

• 5 3 . 8x l 0 -3 

.6 1. 8x l0 -2 

• 7 5 . 75 x l 0 
-2 

. 8 1 , 68 X 10 
-1 

. 9 4 . 32x 10 - 1 

1 1 

1.1 2 ' 15 

1.2 4 . 3 

l. 25 5.95 

1 ' 285 

. {3) 

p 8/1 0 - 8 
c 

(4 ) 

-11 L 3 X 10 

( 5) 

. 0 0965 
(4} give~ m 

9 

(o) 

100 X ( 5 ) 
g ives m 

l bs/100in . 2 

.965 

.963 

• 958 

.943 

.909 

. 865 

. . 68 5 

. 405 

. 190 

0 
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P ROBLEM III 

-10 
1, 00 0 rnd. S and k=2.2.4x l 0 ·-- ----

{ 1) (2) ( 3) (4) ( S) (6) 

8 p 8 ; 10 -8 - 10 . 0096 5 - ( -l} 100 X {5) 
Pc PC X 2. . 24 X 10 3'16 l bs I ro o in. 2 

C I 

. 1 10- 8 2 .24x l 0- 10 . 965 

. 2 2., 56 X 10- 6 5. ·13 x 1o- 8 .96 5 

.3 9 . 3 X 10 -5 , 
2.0Sx l 0- 0 . 965 

.4 6. 4 X 10 -4 1. 43 X 10- S .965 

. 5 3. 8x l 0 - 3 8, 5x lo- 5 .956 

• 6 ' - 2 1. 8x l0 4.0 3x l 0 -·4 . 92 5 

. 7 5 . 75x 10- 2 1. 29x l o- 3 .836 

. 8 1. 68 X l 0- 1 3 , 7 6 X 10- 3 . 589 

. 9 4.32xl 0 -1 9 . 6 7 x I o- 3 0 0 

. 75 1 x I o- 1 o-~ 2.24x 1 - . 0074 1 .741 

.85 2..73x 10- l 6 -3 . l2.x 10 3 53 • 353 

13 md. Saad 
-10 

2 .• 24 X 10 2 8 
k = r--f :-3--·) X 10 = l. 725 X 10 -

-----· -----------

0 . 9 .43 1 1. 725xl0 - 7 .965 
LO 
l, 05 
1. 10 
1. 15 

... 1. 20 
L 25 
1. 30 
L 40 

) 
L 4 5 
1. 50 25 .6 59 , 5 X 1 Q 1 1. 0:3 X 10- 6 . 965 
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PRO.l}LEM III (c on.td . ) 

k ::: } ,62. X 10- 4 

( l ) ( 2 ) ( 3) (4) ( 5) ( 6) 

8 8 
.00 965 10 0 X (5) 

2 
PC PC p I . 43 X } , b 2 :.>: 1 0 - 4: - (4 ) l bs I l 00 b. c ------ -----·-- ----
0.9 . 43 1 6 -4 1 . 2 :< 10 . 00949 .949 

1.0 L O 2.32 3 . 77 X 10 - 4 . 00927 .9 ?. 7 

1. 05 1. 4 78 3. 41 5 "- " 10 - 4 
• :Jo X .0090 9 .909 

1. 10 2 . 145 5 .0 8 . 10x l 0 - 4 .00884 .884 

l, 15 3 .0 6 7 > 1 1 1 ~ l · - 3 
":;x u • 0 08 50 • 3 5 1 

1, 2.0 4.3 10. 0 } , 6 1 X l lJ -3 . 00 804 .8 04 

L 25 5 . 95 13 . 8 5 2 . 2.5x 1o - 3 . 0 0 740 .742 

1. 30 8. l 19 ' 1 3 . 09 X 10 - 3 ,00656 . 6 58 

L 35 11. 0 2 5.6 4. 15x 10 - 3 .0 0 5 5J . 552 

1. 40 14 . 8 34 . 4 5 . 50 X 10- 3 . 0 04 07 .~ 1 0 

1.45 19 . 5 4 5.1 7 . 35 x 10 - 3 . 0023 0 . 234 

1. su 25 . 6 59 .5 9 6~· } o - 3 
• :.l X '" 00 000 

-6 
k=2. 1 2 xl0 s 

B PC X ,00965 100 X (5) 
Pc PC 2. . 12. X 10 2 { 4) 1o ~ /10 0 ir,, 

2 

-- ----- - - --
0 . 1 10 - 8 2 . 12 x 10 -6 .00965 . 9 6~1 

• 2 6 -6 2 , 5 X 10 5,4xl0 -4 , 00 9 1 1 . 911 

.4 6 , 4 X 
. - 4 -1 ... 10 1, 35 X 10 0 0 0 

• 5 3 ,8 X 10 - 3 

. 6 -2 dPc 2 8 l. 8x l 0 = 0 = . 00965 - - ::) 2 . 1Zx l 0 .t-c 

• 7 5 . 7 :1}( 10 - 2 d z 

8 9.6 5 .~ 1 0 - 3 ::: 4.55x 10 - 5 
lo-1 p - --------c.-· 

. 8 1. 63 :< c - 2. . 12x l 0' 
4 , . h 10 - 7 

4. 32 X 10 - 1 • ;:)-'X 

. 9 
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PROB L EM II I 

P RESSURE DISTR LJ3UT ION 

IN O I L BODI ES UNDER HYDRODYNAlvl i C C ONDI TIONS 

T hi.J rrobl c ~~1 i ::; the a ane a ·::: Prob l em II e:-::ccpt bat tile s ilt wh ich c on -

fi ne.-; the oil ha;:; a PD ::: 1 . 5 p3i ir1~tca d of 4 . 65 peL C on :> e.:-ruc1i.tl y , the 

o il body i .::; much ~malle r a:1d i J L1 t wo ,ilct.rt.:;. T he: fi r~t ;?t~.rt extend .:; 20 

f eet be low t l1 c silt, and t!H~ ::J e cond e.:t end.::; 40 feet bclc• v t!.1e junctio :'l of 

t he two s a>rds and i :; ~onf in c cl by the u_r:};er sal!d. 

T HEORET ICAL A NALYS IS - ---------
It i::; immcdiut<..~ ly e v i dent t h at if the valu e of " g ' ' i ~ c ons i clo:::-ed con~tant 

:::;pecificcl , de:pLl..; of t bc o il boclic~ ar,; n ot in. dc~cndently va:!'iaol ~ . . 

Consequentl y , it i .s Yer:r i mprobabl e that Equat ion ( 1) a :. given in Frob -

l em II wou l d I•ave a Dol ut ion .sati:Jfyi.nc the g i ver~ bounda ry c '):::t d ihO.L:J. 

T he procc<lurc cx_Ja i:1e d oel ov.; wa.::; f ollowe d '.vi t}l thi::; f ac t in r:: i ncl. 

It \Vill b e note d t l1at if on e a 3S:.ln1.ed L'1~ vah1c~ of k found t0 appl y for 

Proh l ~r.n II , t bc depth of th~ up:;er oi l woul d be oa l y 5' a nd t!·w l owct· 

oi l a b out S ' . T hL.: would OG v i rtua ll y a, ydro:;tatic d i .:::tr i n·'-.ltion. It i ;:; 

char act e ri ~ti c of Equat ion ( 1} that vahtcs of k app< c cia.bl y l c.::; .:; tl1an a 

ccrtn.L< Cl' i t i ca l vahlc vill 2ivc de:;:t i<J of oi l nvt mud1 d if£ere:1t t haD h y -

dr o:; tati c c onditi on .::, con...; i dc rinz t :'1 •:) li. m it b.g P c' Va l ue G gr~ater tha n 

th e cri tica l k w i l l not pe r r.: it th~ P to~ til d U? to itG li rnitinc v aLle c 
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r egar dless of the d epth of oil. In fact, if a dc·--th of oil i u specified 

'-''vh ich i s appreciably greater than would be pocsibl e under hydr ostatic 

condit ion;; , i t i :J suHici en.t to assume that k i s c:"'actly cr it ic. a l. T her e-

sulting p lot of P c vs, Z will be as accurate a<~ is poscible to obtain by 

gt·a phical method:;. Theoretically, h owever , the va lue of k is s ligbtly 

le se than critical because the c ritical k i s that whic h would perrnit the 

P c to ~ eac 1 i ts limiting v a lue n.t Z ~e>c> . 

It chould abo be noted that becau~e of thcne c Htracteri::;tics of Equation 

(1) a 11d the graphica l s olutions , it wou ld not be practical to a ttempt a 

d e ter m ination of Z fro m eiven value::; of k and a limiting Pc unlc ~a t he 

di str i but i on of pre.:::sure was near l y hydrootatic . ThQOretically, the 

valu e of Z i s determbcd so l on3 as k is l es::> than criti cal, but when k 

a pproacheo t:).e critica l v a lue , Z i.J extrcmcl y ::~endt ive to small differ. 

encco in k. On th other hand 1 if a va lue of Z is given t h at i3 a::;pr~-

ciab ly larger than hydrootatic , v er y ace• rate p l ot... of Pc v s. Z c an be 

made by a c suming a critical value of k. 

PROCE DU RE 

Two differ ent :::e l utions a re ;Jh o vln , neit hc r of wbich sati::l fi ~z a ll of the 

given boun· ar y conditi on~ , SolutiOi1 (a) was obtained b y aosuming a 

critica l kin the more permeable nand . The critical k was c omputed 

b · dPc 0 1· · · t...: h 0 9 ' ysettlng = att.1c 1m1t1ngPcwu.ic was. p:n. 
d Z 

T h is g ave 

Po 8 10 
t:t.. '( ( p c ) = k "" 2 • 2.4 x 1 0 - 1 b s I in , 3 · 
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fo r t he lower s an d. The c orrc::po!'.din a k for the upper sand L:; 

-1 0 1 00 0 - - 3 . 3 (2 , 2.4 X 10 ) (!3·-} = } , 72 S X 10 l b:) / m, 

T he r e.:.:ulting "'ol ution sati~.fi e o all bo'.mc.iary c ondition.:; e~~ ccpt t hat t h e 

depth of t l'l.c up; J•::r oil ~od y i.:: virtua ll y .·qd1·o:::tatic . 

So lu.t io;.l (b } was o btained b y a .::;::;ur:1. i n2 k t"> be critica l b the uppe r sand, 

Under th·:! GC c onciition ::> , P c cannot r e a cl1. it :; li :~ iting va l ue of 0. 9 p ""' i i n 

t h.c l ovver s a nd , but a ll other bo~.:-.~1dary c onditio!:'\:; a1: e ~n.ti:Jfied. 

As prcvi ou l.l ly noted , a va.lu (:: of 1~ a p~. r cci a ·~ l y le s::. thru; critical f:::·r th~ 

lower cand wou l d rc.:;u l t b . the prc ~' 3'.li'2 di::;tri0;Jtioro. : being vir t'..l ully i1'y-

dxos ~ati c for both t~) e l o wer a n d upper ::;a.rd.:;, A valu e of k greate r t han 

c r i tica l i n t~1c upper sand \voul d ·:)r evc t P c fr om :;:-eac'1bg i to; limitin~ 

vabe in either ca.nd, 

DISC USS I ON AND C ON C LUS IONS 

It wou l d a ppear f r o.-~ t~1c foreg o i n g tnat ti1c e q . .lation 

= _1\ '{ - k 
p 8 

( c. - -- j 
PD (1} 

i s ver y u~efu l for predichnz prec :;;, n~ di..::. tri b:..1t i ::.n~ v;h~n c~rtain bc t;nd-

a r y c o;.1d iti on~ arc knov.:n. I~1 H l()j1Y ca:Je~ , i t i :; n.eccsr.ar y to know t~1c 

depth of the o il body for cra j?hical EiOl v.ti()D .:) to b~~ pr a c tical under hyJ.ro -

dynarnic c ond~t ion .;;, E ::-: c el1t i n s i tuat ion :J wher e the diatdt>ution of p l' e:> -

:::;ur e d iffe rs on ly s li r::h tly from hyd ro:::tati c c ondit i onJ , it wi ll i.Jc d ifficul t 

to pre d i ct the d epth of an oil bod y ! ron~ t:1c diJpl ace:rr.ent p.r(~ ... surc o f t :1e 

confini1~g r ock and til•.:! hyrl raulic gn.ldi ent.:. Thi ~ i.:; bcc ;.w sc tb ~ c apll la1·y 
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preo ... ur gradient i::; so extrcmcl y !.;ma ll for a great di::;t ance 1 elow the 

confiaing rock . 

The vt1l :..1c of t h e para ~-::1-cter , k , wbich ;:;ivc :; 

d Pc = 0 
dZ 

for a particul ar li rnit ing vab 2 of Pc ha::; b~en called th ,:: critic,l kin t he 

fo regoing d i :Jcu s; ion, Thi.> value i :; :;ignifi c ant bccauo c for any ...,yste·--..., 

wh erein L le oil body is S'.l'.Js tantially d ce?cr ·han ~ou l d exist unucr static 

conditions , the value of k vi ll b~ only s lit;:ltly l c :3 3 than critical , and f r 

th e purpo.sc of 3olving Equatio:1 (1 } to o btaL1 pre s sure di st :ribu ion:), it 

i s sufficient to a::>cume k to be c ritical. 

The r e are c e r ain geol or,ical and hydroC:.) 1amic c on; ide rat ions r,J:-Jich i n. -

dicate that a vab c of k app ~ nd:ing tile cr itic:t.l value would often exi .:.> t 

in nat ure. C on .3 i der , for cxa:::~ :-, l e , t:1~ Jituati on t h at c~i.3t:J i11 a fon; ta -

ti o11 of a givo:.~ n slope \V cr-::in '\Vater cntcr3 at a ;:: i ven elevation and l ea v e.:J 

at a c ~ .rtain lower clevati<m. Th·~ potential en~-rg ; availabl e fo r vatcr 

movc rn e;1t woul d t i1crefor~ be fi~z ·~ d. If oil rn ig:rates in to such a s y:;tcm 

a n d is t ra~::-pcd b y a ti::rht n and up - slop~, t:h~ rate of flo w of wat e r would 

be r educed bc ~ausc of the a dded r ~.> i.;tancc. Co!'\;:;equentl y , the value of 

k would be cradually rcd1.1ce d a~ more and r.:1ore oil rni rated i n to the 

for mation . A .:. k i s reduce , the maximurn capillary p:res::>ure w~iich 

occu :J at the face of the COl'! fining rock would incrcas e, H k c;<ceeded 

a crit i ca l v:..l ue, however , th e oil W'J '..l l d b reak through t:1e co 1fbin ,~ r ock 

and t h l.} c.ccumulat io •'l of oil would cease, It woulc. :Jccm, th c: rcfo1·c, that 
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k woul d a l ways a)l)r v ach a critical value if there \verc a cufHcient ~u?-

p l y of hydrocarbonJ in t nc begir•;1bg and if the potential cncray available 

for water flo'...v were .:;uffi dcnt l y l a rge that. the oil accumul ation cou l d be 

rnateria lly [;l"Catcr t i.'l an under ::;ta.tic con dition .::; . 

A cco rdin£ to the foreJobg theory, if sands of vnrying di :::plac~mcnt pres -

surec arc in ::;erie.: i n a contin:.1ou:; ~1ydrodynamic ::.;yste1-:1 , o il w i ll accu- · 

mulate preferentially in th~ l c::;a ti[;!1t .::a!J.ds, Hence , th ~ oands w~1ich 

have be greate r permeability will tend to have t.'lc l ea ::; t effective per m e -

aoil ity to \Vater , and tile flo'.v of wat~r will be controll ed by t h cn1. A-:. a 

r esult, th e di s tribution of "';rC"3u:rc in the ti3!1ter c:ando will or dinarily 

differ only ::; li ght l y f rom t ~l~ static ca.:e. This , of course , pre3uppo::;es 

that ti1c flow of water i:> t:1::: same i r all t h e :;andc , 
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