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 Full-waveform-inversion: strongly affected by acquisition
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« Seismic-while-drilling (SWD) data potentially contributes to FWI
by adding new ray paths
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Case 1-a: surface seismic
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Case 1-b: surface seismic + vertical drilling path
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Case 1-c: surface seismic + deviate drilling path
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Case 2-a: surface seismic + VSP
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Case 2-bh: surface seismic + VSP + vertical drilling path
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Case 2-c: surface seismic + VSP + deviate drilling path
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Comparison of vertical profiles for Vp Comparison of vertical profiles for density

Depth(m)

o x=1960m 0 x=2360m 0 X=2760m 0p x=1960m 0r x=2360m 0r x=2760m
truemodel truemodel truemodel | | truemodel truemodel truemodel
raw raw raw raw raw raw
surface+vertical surface+vertical surface+vertical surface+vertical surface+vertical surface+vertical
surface+oblique surface+oblique surface+oblique surface+oblique surface+oblique surface+oblique
250 F 250 250 250 250 250
500 500 500 500 500 500
750k 750 750 750 750 750
1000 S Lo 1000 1000 LRl L ~ 1000 1000 1000
2500 2800 3100 3400 2500 2800 3100 3400 2500 2800 3100 3400 1900 2200 2500 1900 2200 2500 1900 2200 2500

Vp(m/s)

3

Density(kg/m

19



¢

| N

Numerical experiments

. M11
v
]
3
g
-3
2
©
E
&
2 True value
-b 1y M11 i M12
()
° +
0.8F 4+ + 0.8 +
% Gl o +
0.6 i 0.6 =
7
0.4 (S e : 0:4 i o
5] o (o] H ¥ e
i i 0.2 2
T o * ol of # RS
E e o 5 o 40 o " S
£ .00 09 0.2 o (WL
a0 + et L
w e} e} =
—0af 9 to + L Rt * iF:
T fe) # + ++
-0.64 i -0.6 + o
o * . + H
-0.8F+ " 4 —0.8fo Aty
4+ - * 4
o o Q i+ o
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
True value
M11 M12
ip 1ro @
2-c o +
0.8 + 0.8 +
< 9 o +
0.6 i 0.6 =
7
0.4 (< n s : 0:4 i o
5] [} (o] H #2 e
i e 0.2 &
3 ofiE ; Fore ofi# T +
I3 o o e}
E oo toig 42 o2b @ togs
a0 + et L
i} o o =
—0.af% fo * 0af g * *
+ & g i
_0.6f * -0.6 +
A * . + #
-0.8p+ " " —0.8fo ATy
+ + + 4
o 2 Q it o,
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1

True value

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

M22
g
i
53 Gik
o
% o
5 -+
40 &
+ £
o
B +
Gt +
o
i o
gt & +
00
+
LR
50
(e}
o+ i
1 -0.5 0 0.5 1
M22
i
: e
+ [¢]
SEEeer
5 -+
40 &
+ £
o
B +
o B il
o
i o
gt e o
00
+
o P%
(e} : or
ot oe
-1 -0.5 0 0.5

Estimated value

Estimated value

Estimated value

1 M11 1 M12 1 Mm22
T 4
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
0 0 0
-0.2 -0.2 -0.2
-0.4 -0.4 -0.4
-0.6 -0.6 -0.6
-0.8 -0.8 -0.8
F
-1 -1 -1
-1 -0.5 0 0.5 -1 -0.5 0.5 1 -1 -0.5 0 0.5 1
True value
1 1 M12 1 Mm22
0.8 0.8 0.8
0.6 0.6 0.6
74
0.4 0.4 0.4
0.2 0.2 0.2
0 0 0
-0.2 -0.2 -0.2
-0.4 -0.4 &
3
-0.6 -0.6 &
&
+  Normal sources -0.8 + Normal sources -0.8 + Normal sources
o Drilling sources bt o Drilling sources o o Drilling sources
-1 -1 -1
-1 -0.5 0 0.5 -1 -0.5 0.5 1 - -0.5 0 0.5 1
True value
1 . M‘12 . M;z
0.8 0.8 0.8
0.6 0.6 0.6 A
+
0.4 0.4 0.4
+
0.2 0.2f 0.2 e 4
&
o of 0 s
-02 » -0.2 -0.2
J,rgd
-0.4 -0.4
-0.6F -0.6
+  Normal sources -0.8 +  Normal sources osf # +  Normal sources
0 Drilling sources o+ 0 Drilling courcec O\ o 3
g 50 L g . Lo ]
-1 -1
-1 -0.8 o 05 -1 -05 0s 1 -1 -08 a 0s 1




ts* Conclusion

* Added ray paths from SWD enhance FWI models
* Deeper sources play an important role

* We have added elastic models and unknown drill
radiation patterns to the problem — may expand
possibilities for technology

« Future work: better integration of SWD source
sighature using frequency components
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