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Objectives

Main
Objective

Study the parameter
sensitivity (3 pGal) of
a 4D ocean-bottom
gravity acquisition via
forward modelling.

Studied Water thickness

Parameters:
Ocean-bottom

subsidence

Reservoir fluid
substitution
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Methodology - Water Top

A 2T 2T
Zw(X,y,t) = 5y cos | Tx+ =t

Simulated Sea Top - Time = O0s

1 cos 27 +2?Tt
LT

® A:amplitude;
® L|x: Model size in x;
® Ly: modelsizeiny;

® T: period.



Methodology - Fluid Substitution

po(t) = ola(t)ps + (1 — a(l))po] + (L — )pr
® p,(t): bulk density;
el ® (p: porosity;
e «(t): fluid substitution
percentage;
e p.: fluid density;

® p_: oil density;

e p :rock density.



Methodology - Subsidence

v )2 _
2(t) = _[{‘{' u;'“) + ¢ E;r ]+E”m ® z(t,): bathymetry after

~R, - ~R,
il = . .
 Zmaz — 2(to) VZmar — 2(tg)  ® X central pointin x;

subsidence.

Bathymetry with Subsidence of 0.1 meter ‘ YC: ce ntral pOint in y;

® z__:.maximum
subsidence;

: R,: subsidence radius in x;
o0 ® R, :subsidence radiusiny;
® z(t,): original bathymetry.
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Results - Water Effect

*A=15m

A 2T 2T 27 2T
Zw(X,y,t) = > {cos (L—x + Tt) + cos (L—y + ?t)} * Lx =1Ly =23,000 m
x y *T=7,500s
Simulated Sea Top-Time = 0s Gravimetric Effect - Time= O0s
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Absolute Gravimetric Effect (uGal)

Results - Water Effect

Detectability at Several Depths
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Results - Density Changes in Reservoir

po(t) = oledt)ps + (1 — a(t))po] + (1 — &) pr

o ¢:20%

e «(ty): 0% (before production)
® p.: 1060 kg/m? (brine)

® p_: 850 kg/m? (oil)

® p.: 2350 kg/m? (sandstone)

® p,(ty): 2050 kg/m?




Northing (m)

Results - Density Changes in Reservoir

pu(t) = ola(t)py + (1 — a(t))po] + (1 — @) pr

Gravimetric Anomaly Measured at 1800 m

14000 - Reservoir Top in 3000 m
e :30%
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Results - Density Changes in Reservoir

Gravimetric Effect After a Variation. Reservoir Top at 3 km Depth Gravimetric Difference due to a Variation. Reservoir Top at 3 km Depth

a=0.10 (p, = 2054.2 kg/m?) a=0.20 (p, = 2058.4 kgim?) a=0.10 (pp(t1) — ps =-445.8 kg/im?) a= 0.20 (py(t1) — ps =-441.6 kg/m?)
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Results - Subsidence Effect

Zmax = 1800.02 m
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Bathymetry After Subsidence

Zmax = 1800.04 m
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Results - Subsidence Effect

Gravimetric 4D Effect due to Subsidence

Zmax = 1800.02 m Zmax = 1800.04 m
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Conclusions

e Variations in water surface in a magnitude of few
cm could affect the data.

* For the reservoir model used, detectability is
reached when the substitution from oil to salty
water is between 10% and 20%.

* For a sea-bottom originally flat in 1,800 m, a
subsidence of few cm could be detected.

 This methodology can be very useful in reservoir
monitoring and in guaranteeing the safety of
offshore oil facilities in Brazil.
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