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Fig. 14. Diagrammatic scheme for Reflection Shooting.
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wave equation

source

pressure field

wave equation operator

T Laplacian

c Is sound velocity; c = c(X,Y,2)
specification c for different layers is velocity model m

Q=Q(m)



Find the best model m that explains the data

min J(M)  with

J(m) =) (v,(m)—v>)’

I
st., Q(m)v =f

General approach too difficult, J has local minima

Migration: an initial model, m,, is assumed known



A large number of approaches for the Migration problem
Here just one example

wave equation Helmholtz equation

1 Fourierin time o " oz
— Oy —A V=T > —| 5 +A V=T
C C

«Discretization: Av=F et o
expression in Numerical Linear Algebra

eSolution: A=LU

L is lower triangular, U is upper triangular

*back substitution: v=U-L-1F



The Geophysics of seismic 4D
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4D seismic amplitude and timing changes with production
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The Brent oil field in the North See
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Flow Equations, to be solved numerica
Can be derived from

<

-
Q)
=
Q
=2

\
. . t f
source (injection) Zéi:{;i;m

total flow Numerical Linear
. Algebra
divergence

saturation

kreI(K/ﬂ)V(p+ pcap+,0phg) Darcy's Law

T ' hydrostatic pressure
- capillary pressure

pressure

gradient
viscosity

permeability
(rock property)

‘rel perm’
(depends on S)

phase flow
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.- G\ well production
Y =
' < input(s)

Assume that X is a compact metric space.

[dentify trom well test U}{pﬂl‘illlﬂl'lt‘ F:X—-X
(Y ) ( in

F viewed as dynamical system: £ follows ¢ if £ = F™(«) for some n =1,2,...

o =

k

shift map

[dentify F and its iterates with their graphs in X x X

OF = O F"

n=1

(£,10) e OF & £ = F"(¢) for somen =1,2,...
OF (v) = {F(¢), F?(¢).. ..} positive orbit
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Daily Reconciliation

compare and adjust individual

Estimates against bulk metering. il

orocuction wel[ A

production-wel-B

BuUlksSeparator

(8 Phase)

aracuctionwell C

groduetionywell-b




project total production onto span
project projection onto ‘admissible set
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dealing with | ,
) Ve = {(¢1,42) € X x X | d(¢h1,92) < €}

uncertainty \

signal-to-noise ratio
e-chain {1, } : Y41 € V (F(¢y,)

= m{@(VE oF) | e >0} (chainrecurrent set)

¢ € CF(vy) < Ve 3 e-chain beginning at ¢» and ending at &

\ / number of wells
=

Z P34

N\

reconciliation coefficients

oo [P
- ()

Q’)Fj (fr‘?) C CF j(-;;'ij) '?;'l*j — ¥;  otherwise re-test

best approximation



Brunei — Iron Duke and Champion Oil Platforms

Gas Well
PG 2

ou
In1
PG 3 o

\nz2 Out In1 Ot

V910 on WJ02 Control Panel
PG Header PipeLine vl - vTM Thres Phase Test Separator Run Process

Frae Flows Wl Production Header Production System Calibration Poirt
ID M6 Ot Ot

1D 020 N1
-
. B

D m. HHP Header HHP Flowline v710 - U720
Production Header Production System Calibration Poirt
Free Flow Well

V910 on W03 V910 on IronDuke
Three Phase Test Separator Three Phase Test Separstor

Gas Wizl

S blue print of operations

>

D 022

Frae Flovws el
1D 019-A

CWANI0 S

1D 019-B Ironduke HP Header Production Header

Frloduction Header

1D 019-C . v
:

1D 019-D e HP Flowline

T Bugan 07

~ Production Header

w2

Froduction Header

Free Flows Well Free Flow well Free Flow Well
Bug 07-A Bug 07-B Bug 07-C
Production I Praoduction Production

V730 - V740 minus V711
Calibration Point
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usefulness of Decornposiiion proolerr

indivicluzl production with
contripution frorrn ‘otner wells zerg

ldeal generated by individual productions

of the total production inithis:ldeal
lLeads to-a decomposition in terms;of individual productions
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( ((Dﬂpl DHPML)#DHPHL)#FL'P)_

/((DHP, — DHP,,) * DHP,,)|+ DHP;) +
17

v/ (DHP;,, —THP)+«THP) —

1.2158=-:( J(DHP,, — THP)+THP)+ THP) +

0.3856 + (\/((IT’HP — FLP) « FLP) « DHP,,) +
2.5594 « (\/((DHP, — DHP,,) « DHP,,) « DHP,,)

empirical palynomial of a well

polynomial mapping

lowrdegree, largy’ nurnper or!JrJrIererrmnrl




05113+ (ft * DHP,, * DHPy) —
ot 1.2104  (fy * FLP  \/((DHP,, —- THP) + THP)) + S
0.4759 + (fo * /(DHP, — DHP,,) * DHP,,) *\/((DHP, — DHP,,) * DHP,,)) —
0.4071 # (f; + DHP,, » DHP;) +
0841« (fy + THP +THP) —
0.2738 (o * x..f’((DHH - DHPtuJ * DHPw) x/(DHP, - DHE.) * DHE))

empirical polynomial total production
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preaking open the interrelationsnips proolerm:
Or-going researcr, under depaie

(g1.-...gn) € RN decomposition ?.“
(fi,....fn) € RN tuple of individual productions :
f € R total production

3 b =
_::': gi_l < \/(fla'"afi—lafi-Fl:"'?fN) ﬁ;
e figi = fi— Z hififi with polynomials h; € R _ =
=

f_(f1++fN) = \/({f1f3|37é393:36{113N}) - -
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'on-seismic Exploration

This application is possible since this algebraic subject allows the consideration
of spatial variation. This pair is coupled with the first — and second pair. .
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Shell Exploration & Production

Explaining our program to the algebraic community at CoCoA Summer School
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'on-seismic Exploration

This application is possible since this algebraic subject allows the consideration
of spatial variation. This pair is coupled with the first — and second pair. .
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Gross Production (scaled)
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Gross Production (scaled)
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different polynomials f,, ‘equivalent’ evaluations
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Sross production (scaled)
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