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Targeted null-space shuttling for time-lapse FWI
Scott Keating® and Kris Innanen

Inversion null-space

Numerical examples
* Inversion null-space: the set of models that produce

good data and prior fit

Baseline

» Changes In starting model change the location in the
null-space of the inversion result

* Time-lapse inversions involve a null-space for each

If the time-lapse changes are o w0 o o o e NN
-position (m -position (m
. . . . : Avp = m/
o Many different t|me_|apse methodo|og|es effect|ve|y We” COI‘]StraIned by the data, . _ Difference IvP A0 i Shuttled difference
navigate the null-space by changing the starting the minimum difference should | Kol | ol
model for each inversion approximate the true time- z.., - | fwl
£ f ey — | o i
. . lapse change R P A R B %) i 7 b 17 8 o]
 Choosing an optimal methodology can be very WNEENE A S o] NG _ 00 .
difficult! 0o kN Ry Al ICe S 000 | | | | |
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
50 | | | 50 X-position (m) X-position (m)
0! 0 50
N N
Q Q - asel 5 Moor’ ”
@ 50 @ 50 "' , o
Ltﬁ E 0} 200
> > -
-100 -100 - - E400
e AN o & 600
150 —— - - 150 — - - T -50 800 Y 4
150 -100 -50 0 50 150 -100 -50 0 50 S __ N __ . .
Variab|e 1 Variab|e 1 > 1000o 500 1000X-positi105n0(()m) 2000 2500 0 500 1000X-positi105n0(()m) 2000 2500
100 | ] . A'Up = 150 m/s .
50 - - - 50 - - - . . e L — e R dedimersnes: _
. ] i 200
~ U U -150 - ' ' € o
I I -150 -100 -50 0 50 - ome
© -50 | © -50| Variable 1 |
t>U :;U 1000 - = ' - -
-100f -100 0 500 1000x 't'150(() | 2000 2500 0 500 1000X ‘tjsoc() | 2000 2500
N i -posSition (m -posSItion (M
150 ——— ‘ L 150 ——— * l
150 -100 -50 0 50 150 -100 -50 0 50
Variable 1 Variable 1
If the time-lapse changes are
Targeted shuttling not well constrained by the
. . . Baseline Monitor
data, the minimum difference s " i g | T
 We would like tc_> get tlme-laps_e_ results that minimize should be close to zero 200 T TS -
the effects of noise and acquisition changes af” £ 400
50 . F g 600
: . . : -
* In this sense, the minimum possible time-lapse . S NN B e . G
' ' ' ' ' . e W . s . e R
Change may be Ideal 0 0 500 1000 500 2000 2500 10000 500 1000 1500 2000 2500
I | X-position (m) X-position (m)
. . . g . . - - . Difference AvP = 50 mls Shuttled difference
* |t is hard to find the initial models that will produce a g BRI AR TR R 0 peree 1 ool L e
minimum difference Q 5ol _ i'*:‘;i’:* o "’t:‘i‘;zfﬁii*i&i AR 200
= SIS AR T S R e E 400
_ _ ~ £ S SRl g sy £
 We can instead use targeted null-space shuttling S S0 IR & B .;‘{,-J;;?/ A B :
(Keating and Innanen, 2021) on our inversion outputs -100| RN | 00 AN = Wy e d Al 5 00
tO SearCh for the Optlmal mOdeIS Wlthln the nUII-Space 10000 - | 00 - 100  -0 . .2000“ | I25-0 — 10000 5(I)0 10]00 15I()0 goloo : 25I00
X-position (m) X-position (m)
-150 ' ' '
-150 -100 -50 0 50
nserc [ UNIVERSITY OF CALGARY Variable 1
CRSNG W FACULTY OF SCIENCE

Department of Geoscience



