. ST 830
ekist‘in;the'area_of theflens, which will be’discussed;infa ‘
'1ater sectlon. - “ | |

COncentratlon of the oil within the reserv01r beglnsbh':b
’ before the entlre pore volume of the reservoir 1s contacted.
‘Foxr example, at 4.0 million years cil has just contacted the
'entire reserv01r space but 0il has oncentrated to 53 percent
saturatlon along the upper boundary. The effect is 51m11ar to:
the observed saturation distribution in the matrix unlt
where the oil concentrates along the upper boundary rather
than migrating into non-saturated portions of the matrir.

As tlme progresses, the lens contlnues to £ill from the
fupper, upstream “corner'". At 3. 0 million years (Flgure 6. 1b),
oil saturation has attained a maximum value of 49 percent
along the top of the reserv01r.,The process of 1n1t;a1_
downstream fllllng and concentratlon, followed by
concentration towards the upstream end of the reserv01r,
occurs because cil is retained in the reservoir at the
.downstream bvoundary by a combination of capillary and
ahydrodynamlc forces.

At 5.0 million years the 51mu1atlon had to be stopped
because o0il began concentrating at the downstream end of the
flow domaln. Past 5.0 mllllon years, oil began to flow back
upstream. This spurlous concentration was caused by the
1nab111ty of the oil to nigrate further downstream due to the‘
‘presence of the grld boundary The results up to the start of

”[the_spurlous accumulatlon remain valid.
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The final saturatlon dlstrlbutlon is shown 1anioure’
6.1c. 0il saturation has reached 55 percent ‘the llmltlng »
value 1mposed by the relatxve permeability curves,‘along the
top 5.0 metres of the reservolr. Elsewhere in the reserv01r,
011 saturatlon varies from 38 to 55 percent.

leferentlal concentratlon of the oil is ev1dent in the
'horizontal direction. Combined with the already existing
vertioal segregation, this produces tilted iso—saturation
1ines within the reservoir (Figure 6.2). The maximum o0il -
saturation is observed at the upper, downstream position in
the lens, with saturation values decreasing rapidly.ineany
vertical section and less rapidly in any horizontal section.

0il has continued to enter the lens upstream, but has
started leaking out the downstream end. The downstream-
‘leakage occurs at a very slow rate. The net result is the
observed, continued concentration within the reservoir. oil

saturatlons of up to 14 percent exist out51de the reserv01r

because changes in fluld-potentlal conditions allow for some

o0il leakage from the reservoir. The reasons for thls‘w111vbe

discussed further in section 6.3.

Based on filling rates for the past 5.0 million years,

it is estimated that if injection were continued at the same

rate, oil saturation would reach 55 percent in all areas"ofe

'the lens by 6. 0 million years. Therefore, under the assumed

.condltlons, this reserv01r would requlre approx1mately 5. 0

5m;1119n years to £ill with oil.



85

C T 875

875 metres 750 625 500 ,
no vertical exaggeration 3% High Permeabily Lens

Detail of lens—area oil-saturation distribution
at 5 000 000 years, Case Two. Contours in
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Figure 6.2:
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6.2 Water Hydraullc Head _

The steady state, water thraullc—head dlstrlbutlon ior
Case Two is exactly the same as for Case Oone because the ‘same
water den51ty and 1n1t1a1 condltlons were used in both cases.
Figure 5.3 illustrates this pattern, of which a detalled
eiplanation has been glven in section 5.2. |

The evolution of the water hydraulic-head surface during
part two of the simulation iS~shown in Figure 6.3.

At the start of oil injection, the maximum value of ‘,
water hydraulic head in the system increases, sinilar to that
observed in Case One, because of the extra energy added to.
the system from fluid injection. |

Overall, the hydrau]zc head patterns show two effects of
increased oil saturatlon within the flow domain. Flrst the
contours outllnlng the lens area are asymmetrlcal ThlS 1s_
'caused by 1ncreased 0il saturation in the top portlon of the
grld and.w1th1n the lens (at later tlmes), alterlng the
dlrectlon of fluid-flow, and hence the fluld—potentlal
pattern. Second, a visible diffzrence exists between: the
shape of the hydraullc head contours upstream and downstream
of the lens. The hydraulic head contours downstream of the
lens are almost vertlcal Upstream, the contours are not
vertlcal Thls 111ustrates the variable sens1t1v1ty of the
hydraullc head pattern to changes 1n oil saturatlon.; ' 'h

The varlable effect upstream/downstream of the 1ens can
fhbe explalned by changes 1n 011 saturatlon dist rlbutlon. In

}both cases, there 1s a vertical in oil saturatlon gradlent
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.across the flow domain. Upstream, the saturatlon varles froﬁj"
approx1mately 27 to 35 percent (bottom fo top), whlch causes‘
,tnon—vertlcal hydraullc head contours._Downstream, the‘r
’saturation~varies frcm'o to 30'percent “with no noticeable:j
effect on the hydraulic head dlstrlbutlon. Therefore,'subtie
WW
mwﬁiwﬂﬁw_mw‘
the relative permeabilitz_gg;ggg_Qgg;g_thgsg_ghggggg;gggg
‘place. |
"The position of the transition zone is difficult to
predict from these water potentiometric surfaces.‘The_extent
of the hydrccarbcn saturated portion of the flow domaihjis
hlnted at by a slight bunchlng of the contours at the
upstream‘end of the flow domain. It is 1nterest1ng to note
that the presence of oil shifts the contour values °n1Y;2z5
metres,fa shift that cculd weli be mistaken for the:effectﬁofp
ahother'highly—permeable but ncn—saturated body nearhy; |
At 3.0 million years (Figure 6.3b) a small portichgcf‘
" the lens has reached 49 percent oil saturation, redu01ng the
hrelatlve permeablllty to water in this area to near zero.
Water 1s now being forced to flow around this area, whlch is
reflected in the shape of the 608 metre contour. Thls effect
is 1ocallzed and not notlceable elsewhere. j 1.
At 5 0 mllllon years, the top 5.0 metres of the 1ens has
freached 55 percent 011 saturatlon, hence zero permeablllty to :
zwater; Water is- startlng to flow around that part of the | |

1ens. Thls effect 1s v151b1e on the hydraullc head pattern 1n .
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Flgure 6. 3c.hThe 1so—potent1a1 contours (608 to 610 metres)l"
have begun to encircle the top 5.0 metres of the lens. Thls
is the beglnnlng of the: 1solatlon of that partlcular 1ow
fpermeablllty reglon from the rest of the flow domaln. If the
_entlre reservoir had reached zero re]atlve permeablllty tob
water, it would‘be enclrcled by ‘closed region of hlgh fluld—
potential,:causing mlgratlng water partlcles to flow around
it; similar to the situation that existed after 2.0 mllllon‘
years in Case One.

In Case Two, astmetrical water flow into, and around,‘
the lens is indicated. This occurs because the relative
permeabiiity to water has not been reached zero throuéhout

the 1ens. The- non-unlform decrease in permeablllty has caused
: an asymmetrlcal fluld—flow pattern which is L“flected ln the’

shape of the hvdraullc head contours in the lens area.

6. 3 011 Hydraullc Head ‘
The dlstrlbutlon of oil ‘hydraulic head at steady state =
is shown in Flgure 6. 4a, and in detail in Flgure 6 4b.
Hydraullc heads are hlgher than in Case One. This is due to a
.dlfference in oil den51ty between the two cases, Wthh can be
explalned by the comparlson of two hypothetlcal fluids A and
B. Ap@lyl @quatlon 2.3 toc A and B. (where A 1s less dense
hthan B) w111 result ‘in higher hydraullc heads for fluld A,.at
'the same p01nt of measurement. Thls calculatlon, whlch
;111ustrates the dlfference between hydraullc head values in-

:cases one and two is contalned 1n Appendlx 4. It contalns a
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_sample calculation of an oil hydraulic-head value ffoﬁ"av
ngen water hydraullc head at a point near the upstream
‘ boundary ‘of the flow domaln. _
The oil hydraullc—head pattern (Flgure 6 4) 1s made up

of three separate, but 1nter—related effects, namely- (1)
buoxancy, (2) a hlghlx-permeable lens; and (3) capllla;x
pressures.

| The buoyancy effect is clearly visible outside the lens
area 1n Figure 6.4a. The tilted 1so—potent1a] contours are a
result of the Wegts@ sasmation of the two separvrate dr1v1ng
forces on the Fluii particles. For eii; in a hydrostatic
_env1ronment, the driving force vectos® i vertical. For-water,g
in a hydrodynamlc env1ronment the driving force vectcr 1s
horlzontal The vector summation of these two forces yleld
the dr1v1ng force vector for 011 in a dynamlc env1ronment,
namely that seen outside the lens area in Flgure 6. 4a. The_,
, lso—potentlals resulting from a comblnatlon of llghter 011t
and flow;ng water are termed the buoyancy effec

‘ The hlgh1y—permeable lens effect, cannot be 1solated
rrom flgures 6.4a or 6.4b, due to the 1nsuff1c1ent resolv1ng
power of the 5.0 and 2.0 metre contour intervals. Thls effect
arlses because the permeablllty contrast ‘between lens and
matrlx causes flow to focus 1nto the upstream, and. out the
t;downstream,'ends of an elllptlcal hlghly-permeable rock body

‘(Toth and Rakhit, 988) From results obta;ned in: Case 0ne'~t*
j_(ldentlcal 1ens propertles), the hlghly-permeable lens effect;,

f_.generates a maximum of Y/_ 2.4 metres dlfference 1n hydraullchn
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head;‘at"the downstream and upstream ends of thellens,dh
respectlvely. | |

The caplllary pressure effect arises from dlfferences 1n-
the caplllarv pressure curves at 100 percent water |
"saturatlon. This effect acts normal to the lens boundary.-its
-magnltude can be calculated as the dlfference 1n the
caplllary pressures (at 100 percent water saturation) 1n the
lens and matrlx. In this’ 1nstance, the magnitude equals 25.0
kaa or 3 0 nmetres of hydraullc head. This effect acts across
the lens boundary and is dlrected inwards, from the matrlx to
therlens.

in'Case Two, the summation of the buoyancy, highly-
permeable lens, and ‘capillary pressure ‘effects does. not
produce‘a symmetr;cal, closed potentlometrlc-low, such as.
- that seen in Case One.
Flgure 6.5 1s a schematlc breakdown of the forces actlng
'1n the lens area. Thls flgure is an 1nterpretatlon cf the
_slmulated hydraullc—head dlstrlbutlon (Flgure 6. 43a) . sixi.
areas. of 1nterest are s&own, numbered clockwise from the
‘upper, upstream "corner" of the lens.

- At steady state, Oll flows into. the lens from all
d1rectlons. The resultants of the three force components are
all dlrected 1nwards,»although each vector has a dlfferent
.magnltude. At p051tlon 1, the caplllary and permeablllty '
pcomponents overrlde the buoyancy component. 011 flow 1s‘
'-‘downstream (w1th respect to water) and downwards 1nto thej

-eresezzg;r. at p051tlon 2,_all three components are dlrected
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1n towards the.lens, creatlng the mggt_fgyg;gblg_pgg;;;gg_ﬁg; g
011 entry ‘At pos;tlon 3, the caplllary and buoyancy
components comblne to direct: flow upwards 1nto the. 1ens. At
-p051tlon 4, the resultlng 011 flow is upwards 1nto the
reserv01r, but gp§t;ggm_w;th_rgspggt_tgﬁggtgr. The caplllary
force and buoyancy components comblne to control themoll flow
dlrectlon. At position 5, the net result is s1m11ar to
pos1tlon 4, but is weaker because only the capi 1lary force
component acts to draw 011 1nto the lens. This would be the
most likely position for oil to exit from the lens. At;
pQSition 6, the resultantwis directed downwards becauseythev
capillary force component is 1ar§er than the buoyancytforce
’component. | y

Flgures 6.4 and 6 5 1llustrate that oil entrapment 1n
the reserv01r is - controlled by a comglex super-9051tlon of
buoyancy, permeabllltyl and caplllary derlved forces.f}f]d

The spat1a1 and temporal ‘evolution of the 011 hydraullc—
head surface durlng part two 1s shown in Figure 6.6. Detalls
of the lens area at 1.0 and 5.0 million years are shown:in
figures é.7a,and_6.7b,_respectively.

Outside‘the'lens area, 1itt1e change takeS'place]in'the”
hydraullc head surface durlng the 5. 0 mllllon year 1njectlon
perlod. Upstream of the lens, oil flows upwards and e
downstream; as ev1denced by the tllted contours in that
reglon. Above the lens, 011 flows horlzontally downstream, as_

1nd1cated by the near—vert1ca1 contour llnes.
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| Inside the lens,.changes in the hydraulic head i
distribution take place as the lens fills with oil. At»i Ou
ummllon years (figures 6.6a and 6.7a) the pattern is sxmllar
to that at steady state. 011 is not yet entering the lens,-
but soon‘w1ll be enterlng along the upper, upstreanm “corner"
of the lens. .

As oil fllls the 1ens, the magnltude of the caplllary
»pressure barrler changes. For example, by 2.0 mllllon years
v(not illustrated) the capillary barrler w1ll have been
‘reduced from 3.0 to 1.4 metre of head. By the time 3.0 4
mllllor years have elapsed, a portion of the lens has reached
50 percent oil saturation which is the point where caplllary
pressures are equal in the oil saturated lens and non-
saturated matrix. This means that'oil‘can leave the lens.

' Thls is visible in Flgure 6.6b, where the 745 metre contour
almost c1rc1es the entlre reserv01r, except for a small break r
at the "corner" of the lens (p051tlon S on Flgure 6 5). Vil'
exits at a very slow rate into the low permeablllty unlt.y’
‘There is still a p051t1ve net flow of oil into the reserv01r.

As time passes, the fully saturated portion of the :
reservoir grovws. in size. Assoclated with this is the 1oss of
the reservoir's ability to trap oil.

The final hydraullc-head pattern is shown 1n Flgure 6 60
| and 1n detall in Flgure 6.7b. On the regional scale there arev
vdlstortlons in the fluld-potentlal field but there is no

.dlrect 1nd1catlon of the presence of a lens. ThlS is partly

”.due to the use of a 5. 0 metre contour interval, and partly as‘
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a result of lems filling causing decreased ﬁisturbanceito_tne
£low field.

The lens is now leaking from the upper, and upperé
downstream boundaries (positions 5 and 6, Figure 6‘5); Now,
only a very minor, 1nward component of flow is 1nd1cated by
the potentlometrlc surface. 011 is Stlll focused 1nto the_i
lens but not nearly as strongly as before.

It is hypothesized that if injection were continued to
the eventual saturation of the iens, by 6.0 million yearstthe
lens would be indistinguishable from the rest of the flowf.~
domain‘(based exclusively:on the o0il hydraulic-head |
distribution). Any further advancement in time would most
likely produce oil hydraulic-head distributions simit=r to
Figure 6.6c. After this time, the oil hydraulic-head pattern

would likely remain unchanged.
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7.0 DISCUSSION

‘7.1 Sensitivity Analysis

’Typically, in a numericai simulation study such as this,
the sensitivity of the results to changes in input parameters
_wQuld be inveStigated. Such an analysis'would normallyabe”
conductedfby altering an input parameter,vre—running‘thedi
'simuzlation, and comparing the resuits with the originachase.
This type of quantltatlve analys1s was not possible in thls
study due to the large: number of lnput parameters, and the
length of time requlred to run each simulation. Instead,‘
qualitative discussion of the sensitivity of the results will
be presented, based on simulations conducted, but not
included here.

As mentloned previously, SWANFLOW-2D assumes constant
~values of fluid. v1sc051ty and dens1ty, that is, they are ‘not
'allowed to vary as a functlon of pressure. The largest and
_smallest pressure values encountered at any tlme,‘ln any
pOSltlon, in either case, were 9181 and 5916 kPa. These
values occurred in Case Two, during the oil 1njectlon part
in the lower-upstream, and upper-downstream corners,
respectlvely, of the grld. Tébles 7.1 and 7.2 1llustrate the
011 v1scos1ty and den51ty varlatlons over these pressures,
whlch were obtalned from PVT curves for Belly Rlver Formatlon
;‘oll samples (flgures 4.8 and 4. 9). It can be seen that the
”ttotal change in the parameters over this’ (max1mum) pressure

range, 1s small (1.2 and 3. 9 percent for dens1ty and
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'0il viscosity variation over the range of pressures
encountered in the simulations.

Well

03-34-45-06 W6
10-34-45-06 W6
16-14-45-07 W6
14-17-45-07 W6

average
range

percent variation

(mPa"s)

1.15
0.80
0.625
0.88

0.864

Viscosity €@ Pmin
(5916 kPa)

0.078

0.078/2.0 *

Viscosity @ Pmax
(mPa“s) (9181 kPa)
1.04 |
0.625

0.74
0.74

0.786

source : AERCB Pressure-Volume-Temperature (PVT) data file.
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Table 7.2 !

0il dens1ty variation over the range of pressures encounLered
in the sxmdlatlons.

Well Densi y @ Pmin Den51§y @ Pmax
(ka/m>) (5916 kPa) (kg/m - (9181 kPa)

03-34-~-45-06 W6 763 750
" 10-34-45-06 W6 730 710

16-14-45-07 W6 712 688

14-17-45-07 W6 738 731

average 735.8 719.8

range 16

percent variation 16/850 ° 100 = 1.9 %

source : AERCB Pressure-Volume-Temperature (PVT) data file.
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-v1sc051ty, respectlvely) in comparlson to the magnltude of

the data values: In the strlctest sense, these var1atlons.
| should be accounted for, but ‘in thls case,; the addltlonal
computlng time requlred to obtain more accurate results lS'
not warranted. B

The input data can be divided into three groups,:based
'don thelr sen51t1v1ty° (1) data that control the operatlon of
the 51mu1atlon, (2) data that “when changed ‘have a mlnor
effect on the outcome of the 51mu1atlon, and (3) data that,
when changed have a major effect on the outcome of the
51mulatlon.

The first group are the simulation control parameters;
Their effect(s) do not directly affect the outcome Of the
»51mu1atlons. These were discussed in section 4.5.

Tbe ‘second group are defined as those: data whlch have
only a mlnor effect on the outcome of the s1mu1atlons,,g
relatlve to the data in group three that have a major effect‘

on the s1mu1atlons. Data in the second group lnclude- grld
and’ lens S1ze/shape. number/shape of grld blocks, magnltude
and ratlo of fluid v1scosrt1es, ratlo of fluld densltles,f
magnltude and ratio of permeabllxtles. magnltude and ratmc of
poros1t1es, oil injection rate; and gradlent/magnltude of
‘water fluld-potentlals. Each of these data, if altered
”enough, 'could have a major, if not controlllng, ffect on the
>51mulatlon results; However, the 51mu1atlon results are not

- as sen51t1ve to changes ‘in the group two data as compared t°,ff

',j_the group ‘three data. By 1ncreas ng/decreas1ng one or more of
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'these parameters, the results will be altered, but thev e
alteratlon of’ the results is proportional to the change(s)
made. For example, a small increase in the sxze of the lens

' w111 cause°:s11ghtly larger fluld—potentlal dlstortlons,:
requlre the use of a larger grid; and 1engthen the tlme | ﬂ
requlred tc £ill the lens. The fluld—potentlal pattern Wlll‘
rbe of similar shaoe, and the lens w1ll eventually flll W1th”
Oll as before, but with a slightly longer fllllng tlme.f'

. The’third group 1nclude'.f1u1d density: relatlven‘:
permeability curves; and capillary pressure curves. The
51mu1atlon results were sen51t1ve to small changes in theseiv
data. |

The effect of changes in dens1ty on the Slmulatlon
results become evident by comparison of cases one and two.
The entire oil saturatlon dlstrlbutlon, and 011/water
,potentlometrlc surfaces are affected by a change in the flu\d
den51ty. Furthermore, the oil flow direction outslde the area
of’the’lens is a function of‘the density differenCegbetween_

’ the flulds. .

The critical parts of the relative permeablllty curves
are thelr respectlve endp01nt values, Sgi:» and Swi.-Tbese"
values ‘control: the amount of residual oil left behlnd the;
front' the max1mum attalnable level of oi saturatlon. thee
’mlnlmum oil saturatlon requlred for 011 flow; the. ultlmate
011 recovery, and a number of other parameters. The shape of
'rthe curves themselves control the rate at whlch permeabllltyf'

”‘fto each fluld is affected by changes in saturatlon._
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Simulation results'are also very'sensitive'tofchanges in :
capillary pressure curVes, which are critical as far as
»trapping cof o0il is concerned. EaCh of the three parts of‘the
‘ curve are important, namely- (1) the entry pressure (@S =3 |
'100%)' to which the trapping capacity of the reserv01r lSL
: directly related; (2) the shape of the middle part of the"
'curve, which influences how rapidly changes in capillary
pressure= occur with changes in saturation, and (3) the shape
of the "tail“ (Sy ¥ SW1) portion of the curve Wthh 1s"
related to SW1' and the maximum attainable 011 saturation.,_
It should be noted that 1aboratory-der1ved capillary |
pressure curVes may not represent long term reserv01r‘
conditions. That is, that over a long period of time- the
wettability factors which control the shape of the capillary
-pressure curves may change. This could cause changes 1n the
‘shape of the capillary pressure curve(s), which would caLsei
the real ‘conditions to differ from the simulated conditlons.
The same long—term effect could alter the relative
’permeability curves. The p0551b111ty ex1sts that,‘for
«example, the irreducible oil saturation may eventuallybreach
‘zero. That is, long—term wettability changes or water washing
could allow all of the oil to be remOVed from the pore space.
This could explain why no traces (or “trails“) of 011 ex1st e
vin carrier beds along known mlgration pathways.
”"‘ These long term changes could be s1mu1ated by altering =
_the relative-permeability and capillary-pressure curves at

]‘certain times during the Simulation, but thlS would only
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lserve to further compllcate the fluld—potentlal patterns that

‘are evolv1ng as the s1mulatlon proceeds. For the nurpose of

thls work long term changes in the 1nput data dld not o

warrant lnvestlgatlon.

7.2 Effect of Oil on Potentlometrlc Surfaces

‘One of the orlglnal objectlves was to study the 011 and
water potentlometrlc surfaces durlng oil emplacement, W1th
empha51s on the degree and dlstrlbutlon of hydrocarbon
saturatlon. Results presented here (flgures 5.1 - 5. 8 6 1 -
6.4, 6.6 - 6 7), 1llustrate these effects. In general the
following are found:
(l) the water potentlometrlc surface in an oil-free
env1ronment is a functlon of the regional fluld-potentlal
gradient, permeablllty contrast lens geometry, and - lens'
orlentatlon relative to the reglonal fluld-flow dlrectlon.
(2) the oil potentlometrlc surface in an oil-free: envxronment
is a functlon of the water potentlometrlc surface, but 1s‘
‘”modlfled by the capillary pressure curves of the partlcular
rock’unlt, and the density dlfference between oil and water.
(3) once oll is introduced into the system, both fluld-"
potentlal patterns begln to change, as a'result of'the o
functlonal relatlonshlp between oil saturation andypnlh”
fpermeablllty (relatlve permeablllty curves),'and oil?dfk
' rsaturatlon and pressure (caplllary pressure curves)
'7(4) the orlglnal 1ocallzed potentlometrlc low 1n the lens;

area 1s reduced as the 1ens fllls w1th 011 As. the lens
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'fills,hits ability to trap oil‘is reduced.‘Eventuallyi once o
full, the oil potehtiometric surface appears similarftohthe_"
water potentiometric surface at steady.state (witk o
modlflcatlons for caplllary pressures) . o
(5) for the water potentlometrlc surface, as emplacement and ‘
’concentratlon progress, the relatlve permeability to water‘ |
decreases. This 1s manlfestedvln an alteration of,-and ‘i“'
eventually the destructlon, of the fluid—potential‘anomaly.fh.
(6) for 1ntermed1at ‘cases, i. e;,'partially foll lehses, the t
'potentlometrlr surlaces for e1ther fluld are dlfflcult to
1nterpret in terms cf degree and dlstrlbutlon of 011 . ‘
saturatlon. That 1s, it 1svd1ff1cu1t to take a gotentlometrlc
‘surface from a flow domain containing Qartialli fllled:v o

lenses. and predict the degree and extent of the Oll

aturatlon. This is because: too many varlables comblne to
produce the fluld—potentlal surfaces._The solutlon of the;
lnverse problemg from potentlometrlc surface to geology, is,
‘nonfnniqﬁe. 0il saturation cannot be determined with any‘
degreefof.certainty, given onlyhthe water:potentiometric;

surface.

e7g3‘1hplications for Exploration | S0
Prev1ous work (Rakhlt, 1987, Toth and Rakhit, 1988) has‘”
111ustrated that reserv01r-qua11ty rock bodies cause e
fcharacterlstic perturbatlons of the water potentlometrlc
:dsurface. The present study extends thelr ana1y51s by

‘ 1nclud1ng an 011 phase 1n the flow domaln._It 111ustrates the g
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geneticirelationship betweenalens,yoil accumulation,fandfynﬁ
‘fluld—potentlal anomalles. | _ ‘
| | Earller works have shown qow Hubbert's UvzZ method and
s1ng1e-phase potentlometrlc surface analysis can be useful?
for 011 exploration (Dahlberg, 1982 Téth and Rakhit, '1988)
_The present study 1nvest1gates these methods further by
aocountlng for 011 in the reserv01r, and  the resultlng
reductlon 1n permeablllty to water. It also accounts for the
presence of 011 and 1nc1udes capillary pressures in. the flow.
domain.

The 51nqle—phase potentlometrlc-surface technlquells
'hampered by the fact that, water potentlal surfaces are”
,affected by the presence of oil. It is impossible, therefore,

to dlfferentlate between water-potential anomalies generated
by low relative permeablllty to water or by low *ntrlns;c‘
‘permeablllty. |

Flgure 7.1 111ustrates the proposed “1terat1ve
1mprovement process" that could be used for thls problem.
First, the geology of a flow domaln is assumed, u51ng where
p0551b1e, 1nformatlon from other sources (geophys;cs, well
1ogs) Next, the data are input into the numerlcal model ~and
a. numer1ca1 UVZ analysls completed (such as shown 1n any of
vthe oll/water hydraullc head flgures%, The s1mu1ated
fpotentlometrlc surface can then be compared to the fleld—
‘vderlved water potentlometrlc—surface. In this manner, varlous

geolog1ca1 alternatlves, and thelr resultlng fluld-potentlal

th patterns can be. generated ‘and compared 1n order to try and
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oposed "iterative improvement



détérmihe the geology and the degree and diStributiqn of | - '
jhydrqdarbon saturation, i.e., whether an oil filled lens is

‘present or not.
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8.0 CONCLUSIONS

Numerlcal modelllng has, in general shown that-
1) It is p0551b1e to simulate secondary 011 mlgratlon and
entrapment in a lenticular reservo;r, on a ba51na1es¢ale,
using:currently (1989) existihg software and computer
hardware.
2) Fluid-potential fields of water and oil govern fluid flow
directiohs, which are modified by:

(i) highly-permeable lenses, situated within the flow

field;

(ii) buoyancy;

(iii) capillary pressures.
3) The distribution of fluidepotentials is genetically
related to relative permeability and capillafy presSﬁre curve
'propertles which are, in turn, functions of oil eai:uratiohi
dlstrlbut1on. As mlgratlon proceeds, oil saturatlon : |
distribution, thus fluid-potential dlstrlbutlons,_chehée'in
time and space. ?
4) Entrapment of oil within a reservoir is controlled.bye
fluld-potentlal conditions that are generated by reglonal
fluld-potentlal gradients, and modified by super—pOSLtlon of
the highly-permezble lens, buoyancy, and caplllary‘pressure:*
effects. o
‘a)'In certaiﬁ cases, fluld flow is domlnated by one or more
of these effects. This can lead to opp051ng fluld flow o

dlrectlons,
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6) Caplllary pressures and ‘relative perneabllltles, whlch“ "‘.
have not ‘been taken into- account in prev1ous works, play a
major, if not controlllng, role in the migration and
entrapment of o0il in lentlcular reserv01rs. »

| Speclflc conclusions from the results fall 1nto tbree f
categories, deallng with: 011 mlgratlon and entrapment.
potentlometrlc surface effects, and 1mp11cat1cns for 011

exploration technlques.

0il migration

- Medium gravity oil (850 kg/mﬁ) will tend to migrate in the
: carrier bed along the upper boundary with a less perneahle
rock. Under this condition, 1enticu1ar reservoirs canhbe
charged w1th oil moving downward from abocve.

- Once a reservoir is fllled w1th 011, 1t will remaln sc,‘
even after the supply of 011 is termlnated. Thls is a dlrect
result of fluld-potentlal and permeablllty relatlonshlps
within the reserv01r. '0il will remain trapped until fluld—
potentlal conditions in the reservoir change (p0551bly
through long term changes in the capillary pressure or

relative permeability curves).

Fluid-potential effects

- Water_filled'lenticular reservcirs'are favorablejsitesifor
.011 accumulatlons owing to favorable permeablllty and | j
-5fcap111ary pressure condltlons. These reservoirs generate :”

~ﬂ:characterlst1c flu1d—potent1a1 patterns.
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- 0il preferentially enters and accumulates withinva'"'
reserv01r unt11 the oil saturatlon level alters the fluld—"
’potentlal condltlons such that oil may exit. Thls happens’
through changes 1n relatlve permeablllty (to oil and water),
and changes in caplllary pressures 1ns1de and outs1de the nt:
reserv01r.
- The reduction in relative permeablllty to water, as.a
result of_lncreased oil saturatlon‘w1th1n a lens, can modlfy
‘and even‘reverse, the highly—permeable lens effect.
_tsincevcapillary‘pressure and relative permeability.curves
are strongly non-linear, the effects on fluid-potential .
conditions are highly sensitive to changes in saturation‘at

certain saturation levels.

‘O' gploratlon technlgg es

- It ls dlfflcult (1f not 1mp0551b1e) in sonme cases, u51ng
the water potentlometrlc su;face, to dlstlngulsh between an
011-saturated reservoir with high 1ntr1n51c permeablllty and
a water—fllled lens of low permeablllty. In these cases, 1t
isvmandatory to use other information, including: 011
‘potentiometric surfaCes: and other geological, geophy51ca1
.and chem1ca1 1nformatlon in the" exploratlon effort.

- 011 hydraullc-head surfaces, as shown, are analogous to v
Hubbert's U surface, accountlng for caplllary forces and the
‘presence of 011. | ‘ v

- Numerlcally ‘calculated 011 potentlometrlc—surfaces (such ast'”

shown) are ‘more accurate, more w1de1y appllcable, and easier
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to calculate than Hubbert's U surface. As such, the numerlcal

. 51mu1atlons presented here demonstrate the operatlon of the

numerlcal UVZ method.
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Appendix 1

"Results of waterflood tests on selected Belly River cores.
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Well Swi _ Soi__ POr. alr perm. commments
02-13-47-4 W5 43.0 31.0 16.3 . 24.0
51.0 30.0 16.3 4.7
43.0 30.0 16.2 31.0
85.0 13.9 ~0.31 C-P test
88.0 14.1 0.14 " 3
83.0 14.3 0.90 " o
28.0 16.9 56.0 n
7700 1502 2.3 ’ "
70.0 16.5 3.6 "
63.0 17.6 2.5 "
58.0 17.8 10.9 "
65.0 15.6 3.9 "
53.0 15.9 .1 "
08-12-48~3 WS 25.3 21.1 215. "
31.9 | 20.1 90. u
31.1 20.1 73. u
33 . 4 : 18 - 4 . 34 - "
51.1 15.8 1.8 "
10~-23-48-6 W5 38.0 26.0 ‘ 79.
10-15-48-6 W5 50.0 22.0 15.
+0-23-48-6 W5 52.0 15.0 5.3
"14—08f4949 W5 30.0 42.0 1.41
14-17-49-9 W5 32.0 28.0 256.
» 32.0 26.0 51.5

14-34-47-2 W5 40.8 14.3 22.2 148.
46.8 13.8 19.6 60.
51.7  19.0 19.5 52.
55.4 19.4 18.2 23.
47.2 14.1 18.8 18.

10-36-47-4 W5 ~ 39.0 17.9 21.0 379.
: ‘ ~ '36.3. 22.0 - 18.2 116.
45.3 24.8 18.0  68.
43.7 . 22.9 18.3 - 54.

46.0 . 23.5 18.0  27.
' 64.8 0 21.1 17.3  14.

56.7 19.7 15.0 5.8

55.5  24.7 16.0 - 2.6
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Well : Swi . Soi ' por. air perm. com_mments“
14-14-48-3 W5 52.8 21.3 19.0 92.
S 62.8 20.4 16.2 7.7
' Average 46.7 24.7 16.7 n/c
Range 25.0 15.0 13.0  379.
‘ - to “to to to

65.0 42.0 22.0 0.14



Appendix 2

Sample Computer Output, Case One.
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©.78442E¢07 ©.78828Ue0T ©
©.758082407 ©.¥ETO03RS0Y
.78 '3001 ° 1'023!00’
LAVER !

.2 14.. I‘G? ©. 7.'038001

©° 1'07‘!007
1] 84

.78

©. 1.'!2!06’

o. 1.!01!0.7 o.78%
. 9.7593TE46T Q. IESTIRGOY
©0.7010Z8¢07 ©.7@ 11X 0T
©.78347R+07 ©.78388X¢07
©.70883E407 ©.76SE3IE*07

7 O.
o. 7"0.[007’

e.7 .ii'.?
o7

0.787 IIOOT o. 7!!‘!!001
L .

007 o. 130318007

©.78803R407
©.76380K¢07
T838TIXeOT

©.70812K+07

o rroln«n'

IQ.T ©. 1737!!007 0.77870R987

0 7!!!1!001
©.7E728R407 "
0. 7.!21.00’ 0."330l007

1.!"!0’7
2

G TAILTINGOT

©.74818E407

.78 IIIOO’
'

004
bt
i

0
o 78073Re07
0. 75388807
0.784808607
©.781T7IR0T

..’ 5!.00'

.."'1..001

0. 78371Re87
T O 70

.7

o.7 T 1

o. 1‘20':0.7 TE224R007 0.782 el s
‘9 “T0008R+07 ©.77004K 0T

©0.7481318407 ‘.761.!.0.’

S18&86 ©.752048°07
©.783432¢07
C.7888 L

©.78333
©.783BTR4®

©.748078¢07 ©
®.75214R007
®.7E5ITINCOT
©.75888K007
o. 1'11!!007

©.70887R*07 L3
T 0.7 *0Y O 740720607

. 18.3!'097
o. 17'7!(0.7‘..’
0.775888*87

©.783848¢07 ©.783828+07
7 9.77000E407 ©.T77038%487
9.771872487 0.T7713TRe0T 701 +0
9.774018¢07 ©.774702¢07
7 ©.773730007 0.77E832467. 60
PRIOY ©.73283R407

0.1112010‘7

o. 71!'7[0.7

©.788818007
e.778341007

l.l?ﬂ‘.’

L3
©. ’l:lll'.’

0.7703..‘.1
©.77%34B%07
®.778700@ 007

7‘200!0.1 L. 1'38'!0.1
b

o.
.. 1'.37!001
7 @.778T0KCSY

.78 Re0T &
©. 718290V
. .YII‘O‘0.7
..7"1’.0.1

T7SATRCDT
b 1w

. TuegsiIOT O, 1!0:.

k 7 o.

cavaR ak : e

: o ‘alr7evsReeY o.178088007
° ¥

.7.‘.’.001
O 7.1.'[0.7

. 758303407 O.T70830K00T

8 .
.. 1.-12'601 0.
..1.3'.‘0.7 ..7 T .7 ?

° n:ueoov e.998a2E007
oteeEe0?

L3l
08 14K+07
L3 0y

0.8003tR007
7 *®7

@.78838R007
[ o

ry PN
SEIEe DT

3 H
. uuuoev 78 v
11 . 818430407

e.021980¢07

2
7. 9.8002380¢07
e.80 1008007
©.854808007
7 0.3BUATRGOT

[T} .
- YS41BRe0TY O, 1lﬂﬂl|0.1.
<T3863E09Y ©.TEETINCST .
L 7
G.TOBRAECOT

INITIAL "Tli ll"lifl

---...-.-.---.--..---.--...--.-.---.---.....--...---. sescscaccecnn

8

' '1.0000

1. .. :
' 1.0000 B 1 §.0000
1.0000 1.0000 1.9000
1.0000 1.0000 1.0000
1.0000 1.0000 1.0000
1 .0000 t.0800 : 1.0000
1.0000 1.0008 1.9000
1.0060 1.0080 1.0000

1.0000 1.0000 1.0000
1.0000 1.0000 $.0000 1.9900
1.0000 V. 1.c000 1.0000 1.0000
1.©000 . t.0000 t.0000 1.,0000

1.0000

12.9



Llstlng »¢ ST720UT at ©02:82:82 on FEB S, 1888 for CCicnBEUR on{uAL»’lml’s

1.0000
1.0000
9.0000

Cod

. 1.08
LAYER
« B0

1.0000

. 6000 ' |
tayam 13

1.0000

1.0000

 1.0000

1.0000

.1.0000

" 1.0000

1.0000

$.0000

$

i

R

3¢
°
L]

oo

gl

1.6000
1.0000
1.0000
9.0000
1.0000
1.0000

1.0000

$.8000
1.0000

1.9900
1.0000
1.0000
1.0000
1.8000
1.0000

1.9000

1.0000
1.0000

. 1.0000
1.2000

3.0000
$.0000
1.0000
11,0000
1.6000
1.0000

1.0000
1.0000
1.8000
1.0000
1.0000
1.0000

i i

..é... ..

1

i

1.0000

“1.0000

1.0000
1.0000

1.0000

1.0000
1.0000
1.0000
$1.0000
$1.0000
1.0000

1.9000

1.0000
1.0000
3 . 0000

1.0000
1.0000

1.0000
1.0000
1.0000
3.0000
1.0000
1.0000

1.0000
1

1.0000

1.0000

1.0000
1.0000

1.0600
1.8800
1.9000

1.9000

1.0000

1.0000

o0

1.8000
t1.0000
1,0000
1.0000
1.0000

1,0000 .
11,0000

1.0000
1.0000
1.0000
1.0000
1.00006

1.0000
1.0000

1.0000

1.0800
1.0000
1

H .
1.0000
£.0000

1.0000

1.0000

c $.0000,

900

1 00
© 1.0000

1.0000
1.0000
1.0000
11,0000

1.0000 .

o was o

1.0000

1.0000

1.0000
1.0000

1.90000

1.0000
1.0000
1.0000
1.0000
1.0000
1.6000

1.0000
1.0000

11,0000

1.0000

R

s

S
38

1.0000
1

%
1.0000

1.0000
1.0000
1.0000
4.0000
t.0000
1.0000

1.0000
1.0000
1.000

EL L L T
EREEY

1
)
13
0
T
L]
1
L3
b
. ]
:
. $1.9000
L
1
i}
)
L)
St
Y
1
b}
1
9

1.0000
1.0000
cono
0000
1.9000
t1.0000

1.0000

1.0000
1.0000
1.0000

1.0000

1

i

1iR1HHE

[
°
°
o

i

7 1.0000
. 1.06000

HitiRHH R
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Cisting of $720UY. 8t ©2:82:82 en FES S, 1988 for CCIS=RENR an UALTAMTS ; Y

1,0000 LT 8. 0000 1.0000 1.0000 1.0000 1.0000 t. “90 1.0000

7 1.0000 120000 . 1.0000 1.0000 1.0000 5. 0000 1.0000

1.0000 . t.0000 1.0000 1.0000 - 1.0000 1.0000

1.0000 1.0000 1.0000 1.0000 1.0000

1.0000 1.0000 1.0000 1.0000 | . 1.8000

1.0000 - 1.0000 1.0000 1.0000 1.e000

1.0000 1.0000 1.0000 1.0000 | 1.0000

1.0000 1.0080 1.0000 1.6000 1.9000’

; 1.0000 1.e000

1.0000
1.0000

[1.00c0 - 1.0080 °

1.0000
1.0000
1.0000
1 .0000
1.0000
1.0000

1.6000
©

1.0000

.. 1.0800
1.0000

1.0000 1.0000 1.0000
1.0000 % .0000 1.0000
1.0000 - 1.0000 1.0000
11,0000 1.0000 1.0000
1.0000 1.0000 1.0000
1.0000 1.0000 1.0000
t.0000 1.0000 1.0000
1.0003. 1.0000
1.000¢C 1.0000
1.0000
1,0000
1.00C2
11.0000 1.02000
1.0000 1.0000 $.6000
1.0000 1.0000
1.0000 1.06000
1,0000 1.6000
1.0000 1.0000 1.8000
. 1.0000 1.0000 t.co00 $ . 000
1.0000 1.0000 1.9000 1.0000
1.0000 1.0000 1.0000 1.0000
1.6000 1.0000 :
1.0000 1.2000 -
1.0000 ! 1.0000
1.0000 - '1.0000 1.0000
1.0000 L 1.0080
1.0600 7 1.0000
1.0000 1.0000
1.0000 1.0000

" IMITIAL TIME STHP SIZE ®» ©.88400R+08
MINIMUM TIME STEP S12Z = °
MAXINUM WATER SATURATION CHARER = ©.10000
Tinl STEP MULTIPLIER = 1. ¢
YIME TO READ MEW RECURRENT. DATA &  ©.10000R¢17

. MUMBER OF SOURCE/SINK BLOCKS = °
CODR FPGR CHAUGING PLUX RATES = °

cocasssnmve

semencea

sessesresvscovsarne

L] TIME VALUE » ©.582002¢08

JP O e L et L LD LA AL R b bt db il

cawessevsssnvrsccasveneans

TiNE 8

B LY T R Y L LR btttk bl i .o

. WATER BALANCE
COMSTANT PREE 2.780%4

SOURCE/EINKS 2. 6,000008400
STORASE .T898
PER CENT GRRIN +38281K-08

; UMSER 1 coMPLETED SIMULATISH TiNU 18

o sseas X (T

"

™

e

cecacecessssemessasevearmne cecesssemmecscsmenssesvesesunonnS ceseseccnoneses
' . P NUKOER ® 2 TIME VALUR «  O.%8
Nemerecatcecencannsrssavennes R Y cesy hecivcccrsaraasesscccassacmssssnssseosoasacersunacanrsacnones
5 WATER BALARNCE MAPL BALANCE
CORSTANT DPRES 2,7572 : 00000RIBO
SOURCE/SINKS 0.000008400 °00e0R+00
. STORAGE -~2.7872 ©0000E+O0 *
PER CENY ZARCR - ~9.771210-07 ©.000008400
HUMBER - 2 CONPLETED SIMULATION TIME IK SSCONDE C.184%+07
aw sae . s 3 *98
[T
gn
: : . . I8 YEARS -0
emesecsisrensseneee cesesisemmeecrmvensmssansenmossaseas - mecscesenesacasavssnvberracnns
' SYRP BUNSER ® 3 TINE VALUR = e :

evcacoscane

emenemmsecssensacasccscss s P IR R R AL L LA R b g eseemvans

S WATER caLance T ware .Atlitl
CONSTANT PRES - 2.7278 . ©.000008000
SOURCE/SINKS ©.0000%%+00 i OiOGGOOIOOO
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tisting of S$IZ2GUT at ©02:52:82 en FES &, 1983 Ver CCIdaRENR @n UALTAMTS L . ; Do rage .
2109 L LAYER 20 . . .
z1%0 1.0000 ! 1.0000 1.0000 3 .0000 - 1.0000 1.0000 1.0000 11,0000
2% 2 1.0000 1.0000 1.0000 .1.0000 1.0000 1.0000 1.0000
EILE N ' 1.0000 1.0000 1.D00 1.0000 " 1.0000
2133 : 1.0000 1.0000 1.,0000 1.0000
2s18 1.0000 3.0000 . 1.0000 1,0000
18 0000 1.9000 1.0000 §.0000 s -1, 0000
2918 LAvER 23 . : : . .
X183 1.0000 1.0000 7 1.0000 ‘4.0000 - * 1.,0000 11,0000 1.0000
28 1.9000 1.0000 1.0000 1.0000 1.0000
1 1.0000 1.0000 1.€000 1.0000
. % .0000 1.0008 1.0000 1.0000
1.0000 1.6000 ° - 1.0000 1.0000
1.0000 1.0000 Al 9000 1.0000
1.0000 1.0000 . 1.9000 . 1.0000 .
1.8000 1.000g8 - 1.0000.
1.0000 1.0000 .
1.0000 1.0000
1.0000. L] : - 1.0000
1.0000° A 1.0000 . 1.0000 % .0C00
1.0000 1 1.0000 1.0000 1.0000
1.5000 1.0000 " 1.0000 1.0000
1.8000 1.0000 1.9000 1.0000
1.0000 1.0000 - 1.0000 1.0000 1.9000
1.6000 1.0000 : 1.0000 1.0000
1.0000 ' 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000. .1,0000 * L 1.0000
1.0000 1.0000 ! »
1.0000 1.6000 °
9.6000 1.0000 v
1.06000 1.0000 ’ +
1.2000 . 1.0000 ¢ 1,0000 . t.0000 $.0000° - 1.6000
1.0000 © 1.0000 1.9000 13 1.0000 1.0000 3 .06000
1.6000 . $.0000 1 1.6000 1.0000
1 1.0000 3.0000 .
1 1.0000 1.0000 '
4.0000 1.0000 1 1.0000 - 1.0000
1.0000 . 1.0000 1.0000 \] 1.0000 t . 0000
t,.0000 1.0000 1.0000 1.0000 91,9000
.1.0000 1.0000 1.0000
1.0000 1.0000 1.9000
4.8000 1.8000 ]
1.0000 1.0000 1
1.0000 1.0000 1.0600 1
1.0000 1.0000
1.0000 %.0000
1.0000
1.0000
1.0000
1.0000 1.0000
1.0000 1.00006 . 1.¢000
1.0000 1.00600 1.0000
1.9000 1.0000
. 1.8600 1.4000
. . '1.0000 1 1.0000 .
1.0000 ‘1.0000 1.0000
1.0000 . . t Y .0000
1.0000 : ; k 00 : “1.0000
$ .0000 . 0] ' IR | . 1 ) 1.0000
1 1.0000 p RN 2 L - T 1.6000
1 .0000 - L . 1.0000
1.0000 1.0000
1.0000
1.0000
1.0000
1.8000
1.0000
$.0000

©. 60 'O. *00
o, 00 ©. ©00

*00

o0 ®. :
0 ©.90008R¢00

. *80 i
‘ ©.00000Ke00 B ;
> o, ®
‘®. ©
0.
o. .00
o.
.




‘Uiating of S726UT at.02:62:82.an FER’ S, 1832 fer CCIO=RENR on UALTAMTS

o. 200 ©. 400 ©. ©0 ©.00000R¢00 O, 400 ©.
o. °. o. Q. 00 O. *00
o. ‘0. *g0 O. 00 o.
©. 0 -0, 00 ©. (0.
°. 0. 0 0. °.
©.0000GR¢00 O. CTHCN 00 ©.
LAYER - Sl . SN
°. 00 ©.
o. 00 ©. *00
°. o.
Lo, +00 O. +00
o. 00 . 0 00
°. .00 O. .
LAYER e
°. 400 0.0 ‘0. os . ®.
o ©0 0. *00 O, ° 0. *00
0. e00' O,
0. o. 00
o. . *00
o. 00 ©o. ©0
LAYER ! < N
TO. o. e00 O,
0. *00 ©. o.
°. 000 . 0. ..
- 200.0.
o. o ®.
o. o o.
LAYRR - 18" R 3
©.06000£000 ©. e. s00 0.
°. .00 ©. 00 0. o.
o. *00 ©. .00 ©. o.
o. °. .0, ..
°o. ‘o, 000 0. o ©.
. o, 08 ©. °. o e.
LAYER - 12 R
. o.
o. 00 Q. eco
o. e
o. 00
..
o. ©0
LAYRR. 13 - S es s et
. . o. *80 ©.900802¢80
o. °. 0. *00 O.
o. °. Ee00 O. : *00 O,
o. . o. 50’ ®.
a. 00 ©. o. o,
. e00 ‘©. °. 00 0.
LAYER . & : ; )
o. 00 @, °. .. ..
o. o. °. 400 0, 90 ©.
‘0. °. +00 @, .. 00 o,
0. %00 O, o. %60 ©. *00 © 00 O,
o. °. oo o, 00 0o,
o. 00 0. s00 ©. e00o ©. 00 ©.
LAVER -~ 18 . . : A . bty g
o, +00 ©. 00 o. s ©. ©.95000R¢00 "
o. . 400 ©O. *00 O. +00 ®. 00 O. °
°. o, €00 O. o. .. °
o, ©0 ©O. o
o. ‘e,
o. a. 00
18 5 O
O. Re00
o. o
00 O, 1000
o. 2400 o
o, o o.e °0
of o. L+00 0,.0C0008900
. ©.00000E+00 O, 00 ©.
o. o. .00
‘e,
°.
*00 O,
1. :
. o.
o. o.
o. °.
o. oo, +00
°. o. .00
. e0 0.
LAYER 98 E
.
o.
Lo,

*0®

. [.d
«00006R*00 :
+00

*00

*00

voe

*0n0

*50

o, o. 00 c : 00 0

0.00000KC00 9 .05000K+00 ‘ *0o 0. *00
. >0 . o . o. Ol e

©.000002400 0.C2000E+00 23

o.
fﬂo o. +00 ©0.00000Q¢00
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‘tisting ot S720UT &t 02:52:62 en PES - S, 1988 for CClaeBENR ©n UALTAMTYS : . - - . R . Lo [ rage ' 20

2387 ©. ODMIOOQ 0. OOOOGIQDO 0.0°G°°If°° o. 400 O, *00 O, o 100 O, 00 O, OOOOHIQDO o, 00000(000 o, OOOOOIQOO
3 Lavar .28 . B : A
H B - 1Y €00 C. o 0. *Q0 ©O. Be0C O, €00 'O, €00 O, °. oao ﬂ. 090 o.

00 0. o, *00 O, *00 o, 00 o, 00 o, 00 O, .
° 0. 00.0. °. o. 00, °. 00 o, 00 ©0.000008400
° o. ‘e. 0. 00 0. o o, 00 o. *00 O,
00 0. o0 © o. °. +00 0. 00 o. 00 o, *00"
° o. o. ooooolooo °. °a. o, 00 ©. edic o,
©.0.00 o. 2600 ©. °. 0 . +00 0. +00 ol 00"
°. +00 ©. 00 o, 00 o, o, o, «00 O,
*00 . . © °. €00 .0, €00 @, 0. *00 O. *00
0 0. o. O L. Q. o, *00 O. O
° 0. o0 ' ©. 00 0.0 02 3. o. *00
00 o. °. co eo. 000, °.
00 . 0. . o 1]
00 0. ©o. €00 © 1-d *00 .
0 0. . Q0 O. 0 *00
0 0. .00 O. Q. L
o 0. °. *00 o. o
00 o. °. o, 2e00
v00 ®. o. 00 o. v00 o, <00
00 o. €00 O. Qe 1400 O, Lndd
o' o. o0 ©. o. LRe0O0 O,
o. o. 00 ©. © 0. 00
o o. eor @, 00 o. 00 0.
©o o. °. 00 ®. °.
'y o 00 ©. o. *00 0. 00 0.
P © 00 o. *00 o, .00 0. °.
00 © 400 ®. o 0. e00 O, *00 ©.

00 ©.00000E00
.00

00 O. €00
o. €00 ©. 9 R+00 O.

-.-....--.-.-..-...-..--..--..-.--.-.--.....

PSS U R S L L LR LT L SRR 2

LAYER 1
$03.68 . 603 .23 603.81
iz, 843,03 813,32
23 & 31

.2 21
829.58 S24. .l

007.’0

27.21%

| 818.38
817.33 .
s23.82

. 808.17 "

s0x.23
s13.13
.

803.23 s08.43 800.88 Y ste.70
3.22

s2alss

807,30
2

7.01
s2a.98%
l°1 30

;. 828.08

a
-
1]

.

-

»

' 820.81




LigtIng of S720UT atx 02:52:%2 on FEB . S8, 1983 for CClIdsBENR o UALTANTS

JLAYER 12
803.08

0% .04
s

821.88 s28.08
S03.91% .807.30 08 .43
s1a. .84 c14,.08

18,08
608.43

$22.08

0% .04
12

S08. 47
s16.11
.

o 21 N
s18.77

N 7.42
824 .98
e03.23 s07.3¢
§13.03 et3.74
s14.24 v0 .
2004 s1s. .88

s16.80

s30.42 ‘826.08
%03.23 803.81 s08.43
13,13 s13.48 c13 68 313,98
. VLT 818 N

€16.68

813,00
$13.02
C 817,73
€27.89

810. 7Y
12,8
€13.00
s13.03
17,13
c27.48

10,714

$27.21

808 .67
$i8 .00
813,00
e13.03
T 817.29
e27.2%

813.00
s1%. .81
617.30
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Listing et $720UT et Oixlzllﬂ on FER. €, 1988 Vel CCHNURENR on UALTAMTS

€17.80 . S17.79

617,12 s17.20 3E08.1 s17.38 (X}
830.84 821.8¢ 922,99 e23.82 s26.08 s27.21 2
803.23 s03.91 8.17 s07.30 & €08.a4) so9 .88 (3]
813,03 3.32 | 3 82 s13.91 1
s14.23 1
o8 3
817,12 3
€20.44 821.58 s

ecmuomessscseccsentcesacsasccsncmasns

WATER POTENTIALS

ceesemmacssecsessmassssmasnosnane

’,
GO8 .27
18

1 3] -E8
820.78 SZ1.89 l!l o2

03.11 . coa.34 .05 37
210.88 .10.88
Y.

$04.3248
Ile l!
1

«18
ci14.18
s19.83
8o .8 204 .24
210,83
13,79
s13, ,l
3.88 $914.07 (30 18,44
e17.37 s18.80 e19.83 [ 3] . 823.02

800.17" 800.38 so1.88
s10.1¢ 810.80
11.81

8058 .37

st8.27
s23.02
508.37 sos. %1
s11.29 s11.40

813.30
) L]

013.31
818,31
$38.00

‘s08.31
s11.4¢

$20.76
‘803,11

GOT.48 .

S01.98

a11.01 e11.83

S12.24 .
12.68

sos.37
‘@11.70

813.30

i s19.83 ®20.78

soo.at wot.98 803.19
01 s113¢

]
813. " s16.20

20,98 -
90311




LiEting of $720UT at 02:82:83 on FES
E IL Y

;817,38
800,17

.33

12.48
832,81
€12.73
8t7.3% "

vloﬂ.l?
©.3%

$17.3%
0017

s16.28 ' $17.38
€01 ENCOUNTERED.

s, 1988 far CGICdaBENR on UALTAMTS

" s1s.80

800.38

618.80

Q00. 8% .

18,83

s1n.e3
soy .88

B13.39
618.83

. 801.98
G1%¥.01%
.

s01.08°
810.73

620.78

803,11
831.37

820.78 -

[ ] 7
$20.78

1]
“

821,88

S04, 24

S12.42
S1Z2.81%
8132.3%

]

Page 23

828,00

18,27
618.90
.808.81

08 8%
€11.%8

s07.04
sV1.28

3
$24 .83

137
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Appendix 3

Sample Computer Output, Case Two.



139

tygeing of STIOUY at ©2:82:=% on FES S, 1988 fer CCICSBENR on UALTAMTS

rage 1

A ]

: -l---'..-'--...‘-‘...-..-.‘I. L 1] I-l-.-.'..-.--..--.
: SwWABNFLOW-22

H S INULTANZOUS WATER. ATR. ANG RAPL FLOW IR TWG DINEMSIGND

s WRITTEN BY: .

4 CHARLES R. FAUST - -

JAMES ©. RUKBAUGHK

GROTAANS., INC. B
280 EXCHANGE PLACE
SUIT

3
NERUDON, VA
evissassesaRISEEREasNSs S

JLON = 1000 ~=

LENE 1623 ERADIENT » ©0.03
BEYR

SADY STATR--~=
eeeo ©F FER 1883

HUKSES @F BLECKS 1IN THE X-pIRCCTION CCOLUNES)

-
MUMSER OF SLOCKS 1M TRE 2-CIRECTION CLAYERE) = 32
RAXIMUN OF NEWTOK-RAPHSOR IYERATIONS - -8
MAXIMUN BANDWIDTH . - ©
MAXINUN WUMSER OF TIME STIPS - - 20
NUMBER OF ACTIVE GRID SLOCKS e 1780
NUNSER OF TIME STIPS BETWEEN PRINTOLYS - so
PRINT WAPL AND WATER POTENTIALE™ (t=VIR) - 1
RINT OETAILED KR TASLESY tinvES ) = o
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Appendix 4

Sample calculation - fluid pressure to hydraulic head.
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COn51der 2 points at the upstream boundary of the flow‘“ |
domaln. Both p01nts have water hydraullc heads equal to 625 .
metres The upper point (at zero: elevation), has a water
pressure of 6 125 kPa and the lower point, (295 metres below)‘
has a water pressure of 9 016 kPa. Neglectlng caplllary v
forces, (for now) each of these water pressures are converted
to hydraulic heads (equatlon 2.3) by dividing by the spec1f1c
welght of the oil (8330 kg/mz/sz) This yields 735. 29 and
787 .35 metres of oil hydraulic head for the upper and 1ower
points, respectively. Then, a caplllary pressure equlvalent‘f'
of 3.6 metres is added, to yleld hydraullc heads of 738 89 -
and 790. 95 metres, for the upper and lower points. These are
the values observed in Figure 6.4 and in Appendlxrs,vcclumh h

60, layers 1 and 30.



