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Abstract

This paper presents a practical methodology for selecting an optimal grid resolution in dynamic modelling, by the use of
representative 2D sections. The workflow is illustrated in a model of a deepwater isolated channel based on an outcrop in the Tabernas
Basin, SE Spain.

Empirical indicators are presented to help grid selection in advance of model building. An indicator is developed to identify bypass
‘thief” zones, which combines geological heterogeneity with fluid type and displacement process into a single number. The result
indicates if zones should be retained explicitly in the grid or merged into an effective layer.

The key outcome of this work is a quantified illustration that the geological detail which needs to be carried in a reservoir model
depends as much on fluid type and the planned recovery mechanism as it does on the geological heterogeneity itself.

A methodology is presented for grid selection using representative 2D areal and vertical sections. The approach is advantageous in
building insight into fluid flow behaviours in the reservoir and prompts selection of a minimal model size leading to short modelling
cycle times. The workflow is applied to the Tabernas model and demonstrates different gridding requirements for oil, gas and oil rim
realisations.
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Summary of presentation é -
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Grid depends on fluid type, displacement process

Representative scale of interest (length, time)

Example in deep water turbidite outcrop model

Excessive grid resolution = threat to project delivery

Worse, engineer may be unaware of needing a finer grid

So: Modelling strategy

Gridding
Indicators

\_

- Estimate grid requirement
- Inform modelling strategy

Sector Full field
> >
models models
- Match test/performance data Accurate & efficient
- Estimate reservoir sweep Short learning cycle

J
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- Evaluate sensitivities
- Calibrate upscaling



Comparing static vs. dynamic gridding

Geocellular model
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Flow model
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Predictions
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Gridding outlook /G —
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‘Advice’ from text books
“Grid blocks should not be larger than relevant geological features”
“Allow one or more grid blocks (preferably at least three) between wells”
“Separate injectors/producers and contacts by at least three grid blocks”

o
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O
Traditional results check
I
Compare results using finer scale model Too Vague "

Tune grid until you get a consistent result

... but changing the grid can be hard

o
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... and inputs can be scale dependent O
Too Busy !

First casualty of early deadline
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Alternative: Gridding Indicators

Gridding \

- Estimate grid requirement
- Inform modelling strategy

Applied sampling |<—= indicators J

— |nitial — contacts, well locations

— Volumetrics, flood front resolution

— Maximum acceptable error

—» Dynamic — differentials in pressure, saturation

— Pressure transient scale indicator

Y

Sector
models

| Full field

- Match test/performance data
- Estimate reservoir sweep

- Evaluate sensitivities

- Calibrate upscaling

— Stabilisation time, fluid bypass, sweep efficiency

e

Viscous-gravity upscaling number

—= TRACS

» Viscous-capillary upscaling number

"| models
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Accurate & efficient
Short learning cycle

Acceptable error

—

Thief zones




Viscous-gravity upscaling index él_:r-
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Indicator for bypass

A

Potential AP, distance L

v

UV/g :;(1"'(1"' M )kkerfJ E}: |‘|1 'AAP/LS
v 0.9

v

Permealbilities, thickness, length, force term
M; is the shock front mobility ratio

Bypass zone H'
------------ Barrier zone H"

Oil zone H
Dimensionless expression I _1 _1H
k" k, k! H

U, >>1 Bypass zone develops

U, <<1  Zone merges by gravity

Layer bypass does not only depend on rock properties
Also: fluid type, displacement potential, scale of interest
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Model trials for viscous-gravity index U, //ag-.-
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Isolated channel, Tabernas basin (f ag—

« Narrow channel complex encased in mudstones and with a
heterogeneous clastic fill; typical width 200m, thickness of 40m.

« Channel scour, stacked sequence of debrites and high density
turbidites [Haughton, 2001].

* High permeability sands (500-1000 md) with thin beds and mudstone
layers (5 — 50 md) forming vertical flow baffles in the reservoir.
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Application of upscaling index @gr
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Permeability

Perm in outcrop section Potential conduits

for gas-cap-ing
rl lllu

ress
rcoo

-22404

m—2240

-22604

-2280 2280

-23001 2200

Flow baffles
] _ k"~ 10-100 md,
2320 ?gg o = wm 75 on "/__2320 Hu - 2 m
° ‘ k/k, ~0.1
flow conduits
/ 1 = 1 + 1 H '
Conglomerates k" k, k! H’
Viscous-gravity index Static inputs Dynamic inputs Result
Fluid Displacement Sand unit Kp' H' k,' k, " M AP L 4p.9 U g
fill process md m md md frac psi m psi/ft _—reex,
Light oil  water/oil Lower units 1000 10 100 10 0.5 500 @ 5000 M er g e
water/olil Conglomerates . 1000 10 100 1 0.5 500 @ 5000
Oilrim  water/oil Lower units 1000 = 10 100 10 0.5 50 500 0.15( 0.3 ‘ B y p ass 7
gas/oil Upper units 1000 5 100 10 10 50 500 0.15\\ 1.1 /

N
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Light oll realisation ag-

water / oil

Lower units U,,, ~0.03
Merged to one flow unit

Min 3 layers

GA=5at (0.0-p08)

Watersat (o - 1.0)
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OIl rim realisation
oil rim

\ Lower units U,;; ~ 0.3
Gas influx SHESSEEN Two main flow units

Gas/oil U, ~ 1.1
Layer bypassing

1 o h“k.a_

Water influx

Min 7 layers

o0

WaterSat ( 5'! :
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Conclusions
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Bypassing: fluid type, displacement process, scale of interest

Upscaling indices for quantitative assessment

Sector models to calibrate upscaling

Viscous-gravity upscaling index Thief zones

K,

Uv/g:%(1+(l+Msf)

eff
kv

jk;l H' AP/L,

k! L Apg

So: How many grid blocks do I need?

Gridding Sector Full field

L > >

indicators models models

- Estimate grid requirement - Match test/performance data Accurate & efficient
- Inform modelling strategy - Estimate reservoir sweep Short learning cycle
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- Evaluate sensitivities
- Calibrate upscaling



Model trials for viscous-capillary index U

v/C

100%g

% water in bypass zone
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Empirical solution for capillary transient
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Depends on perm, porosity, viscosity, Pc and Kr shape exponents

Empirical solution for shock front velocity parameter (b)

b=P

C 4N§C E krw/luw

" N! o 1+ M

Capillary transient function

A

Schematic solution

s, I~

Min(1,N,,/5)
SW(Z,T):I_(ZZ/bT) 1"'Npc

".‘ Maximum water
., encroachment
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ZMin(l,NW/S)/[N pc+1J'

Sw*

—— >

Minimum layer thickness
Yield of tight zone

, Simulation trial

Model parameters
X Pc(s,*=0.1)/(Ap.g) = 1m
%, k 1000 md, ¢ 0.25
u, 0.4 cp, n, 1.0 cp
N, 3.0, N, 3.5
N, 1.5

0.2 04 06 058 10 12 14 16 18 20
Z"((N,/5)/(Npc+1))
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Model trials for capillary shock front parameter ég-—

PETROLEUM

1000
100
= e,
Nq_ :
N +30%
= e
>
)
o 01
O 20000 model trials
g k 1..10000 md |
o \> $0.1..0.3
= n,0.1..10
1, 0.1 .. 100
0.001 - —
L k, 0.1..0.6
N, 1.0..3.0
0.0001 ' Ny 1.4 -
N, 1.4
_ M, 0.001 .. 10
0.00001 !
0.00a01 0.0001 0.a01 0.m 0.1 1 10 100 1000
Empirical formula AN? Kk k /
rw ll’lW

b=Pc,—=.—.
N, ¢ I+Mg

—= TRACS





