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A New Simulator for Dynamic Local Grid Refinement for
Reservoir Simulation

Dr. Alvmed N. Nimir Al — Sabech
Engineering College — Basrah University

Abstract

The ability to predict the performance of 2 petroleum reservoir is of immense
impartance for the petroleum industry, Numerical simulation is the most powerlul
ol that ean be used for reservoir performance prediction. In the current study a2 new
simulator has been desighed for two phase compressible oil water flow through
compressible porons media. The new simulator i3 able to treat the frontal

advancement and the high tate of chan

ge region by statdc and dynamic local zrid

refinement. A new approach is profrosed in this study 10 wace the fronlal
advancement. The proposcd simuistor has been applied to several ficld reservoir cascs

and show good performance.
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Introduetion

Numerical reservoir simulation has
gained wide acceptance as mn
mportant  decision maling tool, Tts
models  are  rootinely  used  for
approximate solution describing flow
and transport in oil, gaz or geothermal
TESCTVOIL,

Mutnzrical simulation is an instrument
of extreme impanant in the evaluation,
project and development of ofl felds,
Using computer models, it is possible
10 foreses the behavier of the reserveir
and to optimize the production process,
Simulaticn Js affected by the size of
the ficld, the number of wells, the
eompleaily of the geological model,
and the amount of doiails necessary to
guarantee the reliability of the mode!,

The conditions of the reservoir fluids,
such as pressure, temperarure, phase
compostions, and concentrations of
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dissolved solids or liquids and non
condensable gases, may show strong
spatial vanability in the vicinity of
production and injection wells, Large
spatial variations also can oceur near
reservolr heteregeneitics, such as faglt
and lithologic coniacts.

In numerical simulation, fine pridding
is required W accurately represent
steep changes in fluid conditions. This
¢an nevessitetc  prohibitively large
numbers of grid blocks in conventionzl
simulators,

Grid type and Discretization
Errors

The fumesieal errors of a solution of a
sct of differentiated equations on 2 grid
are cavsed by the truncation errore due
to the discrimination (Soleng and
Holden 19981, The tradeoff hetwsen
spac¢  discretizalion  accuracy  and
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computational work can be improved
by Incrzasing grid resolution.

Using vozrse grid ¢an be led 10
significam error in saluration froots of
pumerical  simulaion  (Garela and
Pruess 2000).%

Three types of emors are associated
with any numnerical solution of partial
differcnial pquations (Mansell et al,
2002;

i~ Round of emror which is
occutred as a4 conseauence
of finite precision
arithmetic  in  mumerical
calculations,

- Truncation ot discretization:
crror which oconwr due o
tnowation of the specific
enpansion used,

ifi-  Inherited errors represent
accurmulation of total errars
from round and truncation
SHors,

Truneation error esn be reduced by
mears of finer grid spacing® The
most  fine grid e smaller the
truncation ermors, From the other hand,
rziducing discretization emors through
grid refincment increasc the number of
grid blocks and increascs
computational work. Pruess and Garcia
# introduced a procedurs to estimate
the relation between the grid spacing
ond number of grid blocks with
computational effort. If N iz the
number of blocks. V 38 a given
reservoir volume, ho is grid spacing. D
15 the dimensiomahty of the flow
prodlem. Then 1he oumber N ol prid
blocks in a given reservoir volume V
increases with decreasing grid spacing
h proporional 1o 1/h°. Compulationzl
work  for a  reserveir  simulation
increases with oumber of grid blocks
proportional to W™ with w=1.4 — 1.6
for  terave solvers,  and  w

. . =}
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approximetely  egyual 3 for  dicet
solvers.

The local giid refinement can represent
a good option 1o reduce compuler
effort (Valmir F. et al, 2003).5

Bt fm nther side, the oen unifurmn
grid produces additional terms in
rurcation error. The pumerical ermror
and its propagation depend on the
differential ~ equabons and  the
discretization  method. In  clliptie
dominated equations like the pressure
equation, the local numerical error is
closely related to the local truncation
errot. This is not the ¢ase in hyperbolic
and pacabohe problems, like the
saturation equations

Luoeal grid refinement

Generally, grid refinement  contains
many aspects and can be classifisd as
follows:

1- Refinement tvpe:

8- Siaric grid reflinement by using
fixed reflned prid without any
change with time,

b- Dynamic grid rcfinement by
using changeable grid during

the simulation period
depending  upon  cerlain
conditions.

2- Region of refinement :

- Conventional or global grid
refinciment in which the lines of
refinement  reach the outer
boundaries of the simulated
area. An example 1s shovwn i
Fig.(1.b)

b- Tnconventional or local grid
refinement focused in some
region in simulated area an
example is shown in Fig.(l o)

3- System of reflinement
a- Linear or Cartesian or normal
grid refinement in which the
coordinates of refined repion
arg similar to the coarse or base
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grid. An example shown in
Fig.(2.a).

b Hybrid grid refinement [n
which the coordinatzs of the
refined repion are different
from those of base grnd. Ar
exanple is shown in Fig (2.b).

4-Ordering schemes:

Most ordering schemes can be used
with grids having local refinement,
The crdering schemes type that can
be used depending on the way of
base and local pdd treatment
Figs{3) and (4) illustrate two
different ordering schemes.

5- Sulutim approach.:

Actaally, the result of grid refinament
it two different grid systems, tha first
ig the hagse or coarse grid, and the
seeond iz the sub or refined grid,
Several epproaches can be used to treat
these two different prids, and can be
illustrated briefly as follows:

a- Single mairix  or  unifled
solution by which the whole
syston is selved as onc maiix
which include 1the Tefined
region. This approach led to
non banding matrix and thus
the method of solution must
tuke into sccount this important
aspect.

b- Separate matrices by which the
whole system divided into two
sub systems, the coarse or hase
grid with an averaging wvalues
for refined region and the
second s the refined region
with  boundary  conditons
interactive with base zzid. In
ihis siate, the twe sub systems
matrices are still banded.

§- Tmeamnent  of bounglaries (the
interactivityt Dbelween the twa
adjacent coarse and refined grid
blocks, Fig(3) shows adiacent blocks
with differcnt sizes and their ordering
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scheme. There are seveml ways to
handle this aspect'™:

a- wo  poiny  finie  dilference
a]:rpmxi.matiﬂn mcthod:

& = 2{¢'2,2 _'[I’z,t(n.nJ

T Ay, AR

+olh"y .. (1}

b- three point finite difference
approximation method

P = hz&ylti{‘t‘l,! @y andt
43.]"2,2 [Zﬂ)u +(D2,E - 7300 ]J'{
(62w, ) Ax, ) ) 00A') ... (2)

c- five point finite difference

approximation method

b = Cq}z.: _Dq’a_z _
" Ax, (L + 1)

CO(AD ,yy — BD, oy, — {4+ B2y 000

AB(A+ I
A= ﬂ'&!ﬁ,n;z.i) + ":Wi.l{l."f
p)
g Byy a5 a
2
C= LY ; Ay,
2 [
D Ji—"-.'.i"z.z
3
e

Literature reviews

An illustrative solution technigue
on lecally refined grds  was
prosented by Price and Coats
1074 They describe the ordering
schemes and discretization
methods. They wused solution
technigues that solve both fine and
coarse prid equations in the same
systerm of linear equations.
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Quandlle 1593 used two different
types of flexible grid, conirol
volume grids and locally refined
grids. The two types were applisd
by using resdy simnlators known
as ECLIPSE 100 and ECLIPSE
200,

Liyan Zhao 1994® intreduces an
extended study on dynamic locally
rafined grid with solution method
called domain  decomposition,
Domain decomposition spproach
divides the whaole region nto two
ragions and tries to solve cach one
separately with interactive
hotmdary conditions.

Slong and lolden'" concentrate
their work on heterogeneity and up
scaling and how to wmolve this
problem by local grid refinement,
They inlroduced what is known as
elastic gridding. Flastic grid shown
in Fig.(6) is a variant of variational
grid optimization based functionszl
with a non Euclidzan metric tensor.
They present  the  difference
between two types of grids for the
same problam when the geolegical
model is concerned.

Pruess and Garcia™ inroduced a
local grid refinement in geothermal
reservoir. They  Implement a
scheme for Jocal grid refinement to
production  and  injection  inlo
fraciured two phase rescrvoir, After
two years, the sinwlation results
show excelleni agreement between
the fine and locally refined grids
simulations  with  geelogicaily
refined simulator. Also, the coarss
grid  simulators chow  larger
discretization errors.

(Garcia and Proess™ davelop a general
scheme for local refingment of 2D
Cartesian  prnd  compatible  with
simulator known as TOUGH2,

EESEEEE LS e  ————————  ]
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Mansal et. ai. “!investigetes the flow
of water and cherrical fiow in goil with
adaptive grid refinement. Local refined
grid was desigred deperding on the
lithology and geological view of
simulated ares as shown in Fig(7),

Valmir F. Risso et al® analyre a
methodology  for  reduction  of
computational effort, maintaining the
level of the precession of more detailed
simulations, They mades several

compansons io achicve the following
effects:

I-The effcct of local prid
refinement.
2-The optinuum ratio of the refined
blocks size to that of the coarse
grid.
Their final resulis can be summarized
in Tables (17 and (2).

Depending cn Table {13, they conclude
that lecal grid refinement shows good
results for tested cases. From Table
{2), also, it can be concluded that
refinement restnicted to the region of
interest give best results. From table
{2}, the model wilh out refinement
vields worst results in the production
and the best results in relation to the
simulation time. The best refinement
ratio was 1.4 (intermediate
refinement).

Yannick €. ct. al. 2004™ propose the
use of local grid refinement technigues
to efficiently mix different grid blocks
scales i lully coupled basin
simulation. Basin simualation is the
simulation represents  the  cediment
deposition during long time period.

New Simulator

In the present work, the new simulator
Tiger 2008 13 devigned for multi phase
compressible ofl water flow through
porous media. The compresaibility of
rock has been considersd. Fquations
(43 illugtrste the general diffusivity
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equation for mult phase compressible
ofl  and  wster  flow through
compressible porous madia,

o2 .r a" A r &, h
ol 4 L 3

T —E[ﬁwﬁr] £4.1]
o dm @ ol fe Y
& k?"'*’ﬂzﬂ*ﬂ%[ﬁ‘%JJ*
"}JI’..I:%WU%]
{4.2)
where
A = %ﬁv_ ........... (4.3)
’itir = K.'l: 'K.n'r.lbl'} . . {44]
Hey
i
A = PR (45)
KK b
Ay = PHEW e (4.6)
¥

Mera informetion about  the
conventional  reservoir  stmulation
procedures and technicucs can be
feund in Al-Subeeh "9 4nd Al
Rubayee (T

This simulater is designed to be gble to
handle the several types of grids:

I- convenljvnal geid by assigning
fixed uniform dimension block
size.

2- Global  refinement  grid by
assigmng variable bluck sizes
n the seme grid through
interested  regions  efiher
statically (fixed sizes through
all  simulation  perind)}, or
dyramically  (with moving
variable block sizes positions)
during the simulation period
depending on the certain Auid
properties (such as saturation).
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A fowchart doscrbing the genersl
pracesses in this simalator can be
found m appendix (A).

New approach to trace the
frontal advancement with
dynamic local grid refincment
In the presem work a new approach to
trace: the frontal zdvancement in a
teservoit 15 introduced. This new
approach can trace the change in any
one or maore fluid variables such as
pressure or  saturalion. The new
approach stand on the change in the
interested] selected variables through
all simulated region at cach time step.
The investigated changes are found by
comparing the ol and new values of
intercated variables and caloulate the
rate of change during each tims step by
which the initiation of changing front
are trying to predicted. The calculated
values of rates of change are compared
and detect the position and blocks
throngh which the front takes place.
The detected positions transformed
automatically to  subroutine palled
REFINER  which  performs  the
dynamic grid refinement,

Luring the grid refinement, a certain
interpolation method is used which
preduces  the  interpslated  values
through refined regions. If there are no
availabie new or modified input data
{ur these replons. the interpolation
method must be elected carefully to
msure distributions of the interpolaied
variables compatible with the original
or last celeuluied valucs. Appendix (H)
shows a flowchart describing  the
general processes in proposed dynamic
local grig refinement

Tested Cases

The new simulator in the current study
was applied 10 seveoral reservolr cases,
Some of them are illustraled in Fig.(5)
to Fig.(16),
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A reservoir sector with 2 good aguifer
along one of its flanks {along one of I-
direction). The simulated reservoir is
under pressure maintenarce with no oil
production  beiow  bubble  point
pressure and no  water influx  at
pressure more than 5500 psi. Fig{2)
illustrates the network and mput/output
dala For case(3.1). A fixed gnd has
been used for this case will dimension
of {(1.=20} hlocks in E-direction and
(m=5} in J- direction. The producing
well is siwated at {I=L. J=M). The
same reservolr case is resimulated bat
with coarse grid dimension (5 in [-
direction and (5% m J-direction which
¥4 iHustrated in Fig.[9).

‘The case (3.3 is shown in Fig {10), in
this casc, the dynamic local grid
refinement is applied. The initial grid
dJimension in  direction apd in J-
dircetion  are  (5)  blocks, The
refincinent 15 applied locaily through
all blecks of {(I=2). The final gnd
dimension are {8) blocks in I-divection
and {5) bloeks in J-dire¢iion. The
resufls are shown in Fig{i0). The
game case is resimulated but with more
active water aquifer, This led to more
water invasion and thus ralatively ranid
change in water saturation. Fig(l1)
shows the fixed network and with no
prid refinement, while Fig{12) shows
the same casa but with grid refinement.

There are several cases illustrated in
Fig.(13) throngh Fig.(18) desl with
different reservoir conditions amd show
the effect of orid refinement,

Conclusions

I- It can be concluded that the using
local grid refinement led to a less
caleolation effort and thus less
time of processing especially in
reservolr cages eontaining Jifferent
regions where the ratio of elapged
lime of processing as percantage is
about 7.8,
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2= The local grid pefinement is more
important in narrow flow regions
such a5 rcglons around the well
and in heterogencous rescrvoirs.

3- In some cases the local grid
refinement produces best resuits
eapecially when the neiwork of

simulated region and block shapes
arc designed depending on the
geolegical and lithological aspects
or when there are rapid changes in
luid and rock properties.

Nomenclature
Iy 1/BI Shrinkapc factor of phase L
o fi./8CT,
I Wumber of gnd block o the =-
direciion.
1 Number of grid block in the y-
direction.
Kr  Relative permeability of phase L.
Kx  Horizontal absclute permeability
in the x- direction, md.
Ky Horizontal absohute permeability
in the y- ditection, md
P Prezzure of phase 1, Psi.
G Flow rate of phase 1, SCE/LY
enft. of grid bulk volume,
3 Saturation of phase 1. fraction .
X.¥ Directions in the Cartesian co-
ordinate systam.

Greek symbols
& Difference operator
A, Grid spacing of co-ordinate 5
XY) ft
A, Horizonial difference operator in
the x- direction.
y  Hotizomial ditference operator in
the y- direction,
¥, Density of phase | in terms of
gradient, Psi. /fi.
A,  Mobility of phase 1, md/ c.p.
. Viscosity of phase I, e.p.
¢ Purusity, fraction.
@, Potential of phase 1, Psi.

A

Subscript Symbols

e — -~ ——— ]
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4]

Chid block  index
direction.

Grd block index
direstion.

Fhase , | = o, w
Oil.

Rock.

in the x-

in ithe y-
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Figure(3) An ordering scheme used with local grid refinement'”
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Figure(4) An ordering scheme called 2 two step RRE on s locally
refined grid {after Brand and Holneman 1990)%

L J
1.1(1,1)

-»
1.1 (2.1

-
2,1{1.1)

-
2.1 (2.1)

2t

Figure(5) Traatmeant the boundaries between adjacent coarse and
fine blocks *!

e e ———— e ———
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&3

Figure(6) Crid construction depending on geological maodel

Figure(7) A grid constructed and madified depending on lithology and
geological asoects.”™
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Tabic(1) Refinement region extension

Er{Eg 3y Ts (Fg. 3
Trpe and Loealization of the Eefinomsnt Arsumulated Prodoction | tajectinn | Pressite Simula tiou
Xp (43 Go (%) | Wp ity Witt) | (%) | Timecta
Refimemncut Exceeds Fatevesr Fegian 134 I3 02 0.23 120 3438
KReBnticenr Restriceod Lidereit Region 0.2 174 m .58 LAY 1541
farreabited Exconds Interest Region in 58 3 95 [LE S 621
Iulercatated Kestrictes lujerasd Reginn £21 o] &78 10T 1 3564
Table(2) Coarse grid to refined block sizes ratio &
Ex 2} T Eg. 3}
Tifect of Refigyizemt Accumulated Produstivon | Injectiton | Prassare | Simsliims
Bp%! | Gp (%) | Wploer | Wilte) | (%) Fime (%}
Made) With Kefupement — ;2 [i¥ 053 23z 001 avs TN
Model With Refinemens — 1:4 [ ] 1.74 202 .50 237 1541
Mualel With Refisement — 1-8 338 082 217 222 155 i
Alndo] Withont Refavment = ) -} [HR 2 ) g S0 31 287 1370
Muodal Witkawt Rofivement - 54 460 a9 1657 150 100 i=n
Aludel Withent Rrfinewaent - |- T4 | 1eag 532 2394 T4 L7
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ISutur-ah;Jnn Distributionfh
Caset i o

St 'k\'{l"
Crge # 3.1

AX=175m
AY =700m
AZ =TF00 m

Total Length = 3300 m
Total Wide = 3500m
Net Thickness = 700 m

Fixed Grid ;
Bleck No. [ direction =20
Block Ne. § dircction =5

Figure (8) Final results for case No. 3.l
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Tiger 2008

Case #3.2

AX=T00 m, AY=700 m, AZ—700 m ,Tolsl Loneth— 3500 w, Towal width = 3500m
Fixed Grid : Block Mo. [ Direction =5 , Block No. I Dircction = 3
No LGR

RS Saturation Distribution
Caze# 3.2

Figure (9) Final results for case No. 3.2,

@ ]
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Tiger 2608

AX=700 m, AY=700 m, AZ=700 m ,Total Length= 3500 m,Total width = 3500m
Initiab Grid : Block No. I Direction = 5, Block No. I Direction =5
Final Grigd @ Block No. I Direction = 3, Bleck No. I Dircction =5

B <.« turation Distribution|
" Case# 3.3

Figure (10) Final results for case No. 3.3.

m,#ﬂﬁ
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Tiger

Caszse #2.1
AX=T00 m, AY=T700 m, AZ=T0D m Total Length= 3500 m. Total width =
3500m
Fixed (3rid : Block Wo. I Direction= 5, Block No. I Direction= 3
Mo LGR

| saturation Distribution
Case## 21

i 0 Sk
¢.2013
L2012
0,.2012
0.2013
0.2014

Figure {11) Final results for case No. 2.1.
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' - Case #2.2
AX=T00 m, AY=700 m, AZ=7¢0 m Total Length= 3500 m,Total width = 3500Cm
[uitinl Grid : Ploek Mo, I Direction =5, Block Na. T DHrection =35
Final Grid : Block No. I Direction = 8, Block No. I Direciion = 3

e T T R W T 1 S e

TR T T

B Saturation Distri bution|
Case# 2.2

0.097
01002
0.103
H.Na48

0096 | 0.095 |

Figure (12} Final results for case No. 2.2
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Cazse #2.3

AX =350m
AY - 700 m
AL =700 m

Total Length = 3500 m
Tota Wide = 3500m
Net Thickness = 700 m

Ieitial Gnd ;
Block No. I ditection =10
Block No. I direction = 5
Final Grid { DLGR) :
Block No. | direetion =13
Bleck Mo. I direction = 3

g R Y

S Saturation Distribution

Caset 2.3

74 0.1467

R L

'

04174

0.1481

0.14145

01486

0.1153

1558

0.125

01556

01042

Figure (13} Final results for case No, 2.3.
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AX=175m
AY =700 m
AL =T00m

3500 m
3500 m
700 m

Total Length
Total Wide
Net Thickness

Fixed Grid :
Rlock No. I dizection = 20
Block No. J direction=13

** No LGR
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o

| dirgetion

P "7

B T i LD A B

e

0.1558

4,144

1
0115 | 0.1072 | D.1032 | 0.0968

0.095

01837

0.1684

0.42082 1 01092 | 01059 ] 01023

00964

047

0.157

0.1292 [ 0.1084 | 01062 | 0.1027

00969

D704

0.1573

0.1289 | 0.1098 | 01074 | 01038

14,0982

04701

0.1577

01324 | 0.1193 | 01455 | 00423

0.095

0.095 | 0.095 | 0.095

0,095

1085

e

0095 | 0.085 | 0,005 | 0.0085

‘ 0.0us

l'.IJ.'IDE.

0085 | 0.095 | 0.095

0.095

0098

0055 | 0.085 | 0.095 | G.005

0085

0085

0.085 | 0.093 | 0.095

.95

0.085

0,085 | 0.095 | 0.095 | 0.085

0.085

0.035

0.095

0.085 | 6095

.09

0.098

0.085 | 0085

00385 | 0.095

0.0%5

0095

0.095 | 0.085 [ 0008

0.095

0.095 | 0.095 | 0.09S | D.0BS

0.09% | 0095

Figure (14) Final results for case No, 2.4.
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Tiger 2308

- Case ¥ 4.1
AX=700 m, AY=700 m, AZ=700 m , Total Length= 3500 m.Total width = 3500m
Tixed Grid : Block No. I Direction = §, Block Me. I Direction = 5
Ne LGR

§l saturation Disﬁihuﬂnﬁ‘
Casoit 4.1

Figure {15) Final results for case No. 4.1,
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Casc #4.2
AX = TO0 my

AY =T m
AZ =700 m

Total Length = 3500 m
Tow] Wide = 1506 m
Met Thickness = 700 m

Initial Grid;
Block Mo I direction = 20
Block Mo T direction = 5

** Mo LGR

i1y

: ; R = ;
T o 03764 | 0.18227 | 01358 | 041 | 0.1085 | 04028 | 00969 | 0.085 | 0.096 | Goes
P 0.3765 | 01823 | 0.1367 | 041 | 0.1085 ) 0.1028 | 0.0869 | 0.085 | 0.095 | D.095
et 0.3T66 | 04824 | 0.1388 | B11 | 01066 | 0.0 | 0087 [ 0.095 | 0.085 | D085
S 03TET | 09827 | 0.1382 | 04109 [ 0.4067 | 0103 | 00473 | 0.088 | 0.008 | 0.005
i 8 0.37TEB | 0.1829 | D.1364 | 01102 | 01065 | 0.4032 | 0.0875 | 0,086 | 0.095 | 0.095
095 | D035 | 0085 0086 | 0.085 | 0LOG5 | 0095
0,098 | 0085 | 6.095 Q085 | 006 | 0096 | 0095
0095 | 009 | 0095 0085 | 0.005 | 0.098 | D093
| 0098 | 0096 | 0095 008: | 6088 | noas | 04088
| 0095 | 0088 | 0.085 0035 | 0.085 | 0095 | 0,085

Figure {16) Final results for case No. 4.2.
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Appendix (A)
Flowchart exhibiting the general processes in the simulator.
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Appendix (B)
Flowchart demonstrates the general process in

Satisfying 2 1.GH
Pleanmemn

121

dynaic LGR
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