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imaging high-resolution velocity structure from marine
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SUMMARY

I. Title:

Development of an velocity inversion algorithm for imaging high-resolution

velocity structure from marine seismic data

II. Necessity and Objectives of the Study

1. Necessity

— Recently, there have been more significant earthquakes in the southeastern
part of the Korean Peninsula, such as the 5.0-magnitude Ulsan earthquake,
the b5.8-magnitude Gyeongju earthquake, and the 5.4-magnitude Pohang
earthquake, which increase the necessity of fault investigation in the area.

— Since the Yangsan fault and Ilgwang fault are distributed to the shallow
part of the southeast of the Korean Peninsula, the investigation has been
conducted mainly using strippers with a short offset of less than 1 km.

- Although it is necessary to calculate the accurate subsurface velocity
information to i1mage the subsurface structure through the seismic data
processing, the current velocity-model-building algorithms have several
drawbacks and limitations.

- It is difficult to invert the accurate velocity structure of the water layer by
using conventional velocity inversion algorithms because of the weak
amplitude of water column reflections and absence of the refractions.

- The seismic exploration equipment in KIOST has short offset of about 1
km length, making it difficult to invert the accurate subsurface velocity

structure.

2. Objectives
- The purpose of this research is to develop the P-wave velocity inversion
algorithm for the short offset seismic data and to invert the accurate
velocity structure through the short-offset subsurface and water column

seismic data.



ITII. General Scope of the Study

1. Development of the P-wave velocity inversion algorithm
- Analyze the features of the short-offset seismic data and limitations of the
conventional velocity—building algorithms
- Based on the analysis, develop the new algorithm which can overcome the
limitations of the conventional velocity-building algorithms and make the

new inversion program

2. Verify the algorithm using field seismic data
- Apply the developed algorithm to the field seismic data and invert the
P-wave velocity

- Verify the inversion results by using well-known verification methods

3. Improve the program
- Improve the computation efficiency by parallelizing the program and make

easier to use by using GUI

IV. Results of the Study

1. Development of the P-wave velocity inversion algorithm
- Analyzed the features of the seismic data recorded in the short-offset data
and investigated the limitations of the Tomography, Velocity analysis, Full
waveform inversion, and Migration velocity analysis algorithms
- Developed the stochastic inversion algorithm for the P-wave velocity by
using global optimization method and made the Markov-chain Monte Carlo

inversion program
2. Verify the algorithm using field seismic data

- Applied the algorithm to the Tonga #04 subsurface seismic data and Yellow

Sea seismic oceanography data, and inverted the P-wave velocity and layer

_10_



boundaries simultaneously

3. Improve the program
- Improved the computation efficiency by parallelizing the traces using
Message Passing Interface (MPI) and made the GUI program to execute and

monitor the program easily

V. Suggestions for Applications

- Developed algorithm can invert the structure of the water layers as well as
the values of the property, so it is planned to be used for the research
projects and national R&D related to the seismic oceanography.

- Developed algorithm can contribute the investigation of the fault activities
in southeast of the Korean peninsula because it is able to generate more
accurate information of subsurface structures.

- Developed algorithm can contribute to enhance the untilization of the seismic
equipment in KIOST because it is suitable algorithm for the short-offset

seismic equipment.
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3-1-3. &g F AL R Z=23YP 3

3-1-3-1. Trans-dimensional Markov chain Monte Carlo 7| & o] &3 P
3 &5 ga dag S

Monte Carlo W2 A5 o] &3te] @& A7) o wA47F J& o doH=
HE F29 AES FE5I U AZ2S FAAM @S FAHsE wWiolth. Monte
Carlo & o83l dlgS e of 749 MES FE3t2 AES o] &t Z
A =432 Hrhsle global optimization WS AE e 74 e =R
5 A e Bdo] HF At "ok AT BE AL disiA HHFE HUt
St A2 dAAdHo=Z off o] wEr o3t AE S5 %‘SHH Markov

ARE = AAS 717 o] A &E A S oustt} (Everett, 2013).
Markov chain@ Monte Carlo §S A2t AFEF Hopd HL&3t= AF+=
Malinverno(2002)el] &3] & A|A|FH A A7] v A3 =5 F4bo] A L5k €

33} ®HAbe = Bodin and Sambridge (2009)7F H %2 A &390 o= Zhu
et al. (2016), Ray et al. (2016) o & g u} Fak FAo A-&= A} e-Ad s &
A AR E o] &3 ik Ao Markov chain Monte Carlo (McMC) W& %83}
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(3-7)

ANA p(m)=pv,Ln)pn)= AHA 88 vE Py &%, LS %9 9%, 183 ne

3o NeE oju. p(dob8|m)ocexp[—7§(m)2}94 AL A gon or 9w
94

k= (likelyhood function)s 2 v]3tH, ¢(m)S Z2F, N& dlolE 7|4, o= dlo]E

wolzo d3y A (BEHoE vy A5 HO Fe 275%=E AMH)S e

t}. Trans—dimensional McMC %W oA += Metropolis-Hastings €i.2]% (Chib

and Greenberg, 1995) & AF&3lH Fojx XA S5 & (acceptance

probability, a(m'm))< 2] 3-8& E3 Aitd)

p(m*) ( 0b5|m ) Q(m|m*) |J (3_8)

a(m'|m)=min|1, p(m) pylm) gl

m)

m = AMEA AR

=
2dz ol FER

S WA HA 2d Fo AE B # A gik = Ao
olw, WetA FO 94X, MTFE 37FA] A EFS v WkE-AAbe}
Aeste] Fafst= WHE #3tl (Bodin and Sambridge, 2009). 37F4] A =
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defolal F ol Hulo] 29l WASHA i AR Aol A
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(acceptance probability).
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g FxRA dHS AL 99
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trans—dimensional McMC <%k
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Kirchhoff migration

Depth to time
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conversion (Time}
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S 93 copGmemestat.py T =13

(a) S (b)
a9 3-34. (a) copGmem.py# (b) copGmemestat.py A2~ T2

e,
1
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e L[=J
0.00main Group 3.0ptimization group 0.00main Group 3.0ptimization group
nxi 384 norm 2 nxi 384 norm 2
nzi 125 siter 100 nzi 125 siter 100
dx 24 niter 10000 dx 24 niter 10000
d |24 minlayer |5 d |24 minlayer |5
ntrace 384 maxlayer 60 nirace 3T save file L]
nt 125 swindow |0 nt 1
% oo - & o] Leokin: [ /data5/home/jhg1026/1..C MPLTESTO.GU test  ~ | & © © @ @ &
o i) [ fmax [1]| | Computer|| Name ~Sze  Type  Date Modified
= run_memezd.sh 201.fes shFle B Nov 2018 14:44:df
jump 1 dsstep 0,001 jump (| T 93026 | nogeiist 280..tes File 8 Nov 2018 14:39:4(
B mome2d conf 805,..{e5 _conf File B Nov 2018 14:44:4)
Limage roup L Limage o1 sty R e
tmagfile RAMS/McMC/CBtrue_conv_result.bin| | Browser tmgfile copGmEmEpY TK8 pyifle. BNov018 1430
wavefile 26/PROGRAMS/McMC/C/source.dat Browser wavefile
2 Velocity group 2 Velocity
vpstart [0 Vpstart
vprmin 1500 vprmin
vpmax 15500 Vpmax
vphome 2000 vphomo | L] 11
oo vowater || Filename:  [meme2d.conf Save
ivpfile  ).Kirch/1_1.true sm/vpftime vp.rsf@ | Browser upfile Flesoftype: | All Files (1) ~ || Gancel
dsstart |1 dsstart
dsmin 990 dsmin 990
dsmax 1100 dsmax 1100
dshomo |1000 dshomo 1000
dswater 1000 dswater 1000
idsfile  L7.McMC/Marm/0.kirchy2.vkz/vkz. bin m‘ e e o T idsfile  L7.McMC/Marm/0.kirch/2.vkz/vkz.bin Browser Clear e i Close

(a) (b)
29 3-35. (a) g2t W 9l st (b) 4 W AR 3

r

a9 3-362 copGmemcestatpy s ©]-&3% Z=a3 RUHEY sdo|tt 9%

“Log"d< Z=ad A8 34 Fol PH= 212 FdS =
=

Zuit; 2tz o2 PJHolE HAW “Refresh” HES

T Ak Y2te]l FEFHW “Log” 9 “Open” HES o] &3l RMS o, %4131
H T "2E o Ads FHd £ vk LEF “Figure 17, “Figure 2" %
< Sk Y 849 o, S|2ETF T ovlolyegd S 09 FHE 49
A= HFEolH “red-green-blue”, “blue-white-red”, “black and white” A 7}A A}
A EA F stuE AdE o
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Log Figurel
e w T T e e .
Nov 8 13:10:38 ferma? memc[0] vpmin: 1500 =
Nov 813:10:38 ferma? memc[0] Starting density: Homogeneous
Nov 8 13:10:38 ferma? memc[0] dshome: 1000
Now 8 13:10:38 ferma? memc[0] true_mgfile: /data5/homefjhgl026/
PROGRAMS/McMC/C6/true_conv_result.bin
Now 813:10:38 ferma? memcl@] use input source wavelet file: /dataS/home/
jhgl026/PROGRAMS/MCMC/CE/source dat
Nov 8 13:10:38 ferma7 memc[0] vpwater: 1500
Nov 8 13:10:38 ferma7 memc[0] dswater: 1000
Nov 8 13:10:38 ferma? mcmclQ] -— inversion group -—

Nov 8 13:10:38 ferma? mcmc[0] norm: 2, L2-norm

Nov & 13:10:38 ferma? memc[0] norm: 100

Mow 8 13:10:38 ferma? memc[0] siter: 100

Nowv B 13:10:38 ferma7? mcmc[0] niter: 10000

Nov 8 13:10:38 ferma7 memc[0] minlayer: 5

Nowv 8 13:10:38 ferma7 mcmcl0] maxiayer: 60

Now 8 13:10:38 ferma? memc[0] ewindow: 200

Nov 8 13:10:38 ferma7 mcme[0] vpstep: 24

Nov 8 13:10:38 ferma? memcl0] dsstep: 0.001

Nov 8 13:10:38 ferma? mcmcl0] skipwave: 500

Nov 8 13:10:38 ferma? memc[0] -— End Input -—

Nov 8 13:10:38 ferma7 memc[2] host ferma? pid 28730 rank 2

Nov 8 13.10:38 ferma? memci3] host fermar Bid 28731 rank 3 file: .McMC/Marm/3.McMC MPI_TEST/0.GUI test/vp/vp.10000 = Browser |
Nov 8 13:10:38 ferma? mcmc[0] Start McMC inversion

Distance (km)
4

Depth (km)

Nov 8 13:10:38 ferma7 mcmc[0] input source wavelet color [ red QEETIE l
Nov 8 13:10:38 ferma7 mcmc[0] vertical resolution (ivertresol): 1 Figure2

Nov 8 13:10:40 ferma? mcmcl0] myrank: 0, itrace: 00000, lifel: 3232, life2:

3391, life3: 3376, nlayer: 045 Distance (km)

[ferma3:01739] 3 more processes have sent help message help-mpi-btl-
openib.txt / no device params found

[ferma3:01739] Set MCA parameter "orte_base_help_aggregate" to 0 to see
all help / error messages

Nov 8 13:10:53 ferma7 memel2] myrank: 2. itrace: 00050, lifel: 3123, life2:
3450, life3: 3426, nlayer: 054

Nov 8 13:11:06 ferma? mcemc[C] myrank: 0, itrace: 00100, lifel: 30786, life2:
3470, life3: 3453, nlayer: 047

Nov 8 13:11:20 ferma? memc[2] myrank: 2, itrace: 00150, lifel: 3055, life2:
3483, life3: 3461, nlayer: 052

Nov 8 13:11:35 ferma? memcl0l myrank: 0, itrace: 00200, lifel: 2982, life2:
3523, life3: 3494, nlayer: 059

Nov 8 13:11:49 ferma7 memc[2] myrank: 2, itrace: 00250, lifel: 3050, life2:
3485, life3: 3464, nlayer: 051

Nov 8 13:12:02 ferma? memcl0l myrank: 0, itrace: 00300, lifel: 3122, life2:
3451, life3: 3426, nlayer: 055

Nov 8 13:12:17 ferma7 mcmel2] myrank: 2, itrace: 00350, lifel: 3020, life2:
3502, life3: 3477, nlayer: 055

Nowv 8 13:12:27 ferma? memc[0] MP| Reduce

Now 8 13:12:27 ferma? memc[0] -— program end —

Depth (km)

T file McMC/Marm/3.McMC_MPI_TEST/0.GUI_test/mig/mig.true = Browser ||

Refresh I Save I Open | wolor | black and white - | |

a9 3-36. 21 nUEY 3w,
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