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Re-processing of offshore and onshore seismic reflection survey data
around Tomakomai, Hokkaido, Japan

LLTRIRE ' - BBl ' - Ry !
Kazuo Yamaguchi' *, Takanobu Yokokura' and Shinsuke Okada'

Abstract: We re-processed seismic reflection survey data in the coastal area of Tomakomai, Hokkaido, which had
been acquired and processed by JNOC (Japan National Oil Corporation; presently Japan Oil, Gas and Metals National
Corporation). They are seven offshore lines from “Hidaka-Oshima” in 1972, six offshore lines from “Donan~Shimokitaoki”
in 1986 and one onshore line from “Hidaka-chiiki” in 1991. The total length of them is 613.15 km. The data of “Hidaka-
Oshima” lines were reprocessed from shot gathers by conventional and the latest CMP stack method. The data of “Donan-
Shimokitaoki” lines were reprocessed from CMP stacked time data with trace interpolation and migration, and four of them
were scanned and digitized from paper sheets of seismic sections. As a result, we obtained CMP stack time sections, time
migration sections and depth sections of each line with their SEGY digital data. The data of “Hidaka-chiiki” line were pre-
processed by conventional method, then processed by CRS (Common Reflection Surface) and MDRS (Multi-Dip Reflection
Surface) methods. The results are MDRS stack time section, migration section and depth section. Data quality is remarkably
improved and many reflectors can be perceived on the sections of “Hidaka-chiiki” and some of “Hidaka-Oshima”. These
seismic sections will be geologically interpreted together with another pre-existing seismic data, new seismic and gravity

survey data conducted in 2010 and so on.
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Keywords: Seismic reflection survey, data processing, CMP stack method, CRS, MDRS, Eastern Boundary Fautl Zone of

Ishikari Lowland, subsurface structure.
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Seismic reflection survey lines which are re-processed. Blue lines: Hidaka-Oshima surveys, red
lines: Donan~Shimokitaoki surveys, pink line: Hidaka-chiiki survey. The lines are CMP/MDRS
lines with CMP numbers.
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Table 1 Data acquisition specifications of the Hidaka-Oshima surveys.

Survey Name Hidaka—Oshima1972
Line Name SP Range / Line Length
H72-5 SP.1-1780(89.0km)
H72-6-1 SP.1-780(39.0km)
. H72-6-2 SP.781-1890(55.5km)
Reflection Data to be processed H72-H-1 SP.1—1760(88.0km)
H72-J-1 SP.1-490(24.5km)
H72-J-2 SP.451-1720(63.5km)
H72-J-4 SP.1-550(27.5km)
Type Bolt Airgun
Source Gun Volume/Pressure (810cu.in.,2000psi)
Gun Depth 10m
SP Interval 50m
Streamer System SEG-Streamer 2350m
Near—offset Gap 316m
Receiver Receiver Hydrophone(10Hz)
Cable Depth 14-16m
Receiver Interval 50m
No. of Channels 48
Vessel TAKUYO-MARU
Recording System TI-DFS—-4
Recording Filter 8/18-62/72Hz(dB/oct)
Gain Control IFP
Sampling Rate 4msec
Record Length 5sec
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FIELD DATA
[Streamer]

v

FORMAT CONVERSION
[ SEGB->SuperX ]

v

DEFINITION of CMP STACKING LINE

COMPILATION of FIELD DATA / TRACE EDIT
GEOMETRY APPLICATION to TRACE HEADER

COMPENSATION of ACQUITISION FOOTPRINTS

by F-X TRACE INTERPOLATION

v

PREPROCESSING on SHOT RECORDS

+AIR-GUN SIGNATURE DECONVOLUTION

[ MINIMUM-PHASE CONVERSION ]
*PRE-FILTER][ 6/8-70/80Hz ]

-TRACE SCALING by LONG-AGC
-COHERENT NOISE SUPPRESSION

-GEOMETRICAL SPREADING COMPENSATION

[VELOCITY FILTER with NMO CORRECTIONS]

*SHORT-PERIOD MULTIPLE SUPPRESSION by 7 -P DECONVOLUTION

-TRACE DECONVOLUTION

v

-CMP SORTING

-CABLE/GUN DEPTH CORRECTIONS
*NMO CORRECTIONS

-REFLECTION STATIC CORRECTIONS
-OUTSIDE MUTE

PREPROCESSING on CMP ENSEMBLES

STACKING
4_; V_/A
500m interval

v

CMP STACK

F-X PREDICTION FILTER
FD TIME MIGRATION

TV FILTER

DEPTH CONVERSION
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Fig.2  Data processing flow of the Hidaka-Oshima surveys. Bold and underlined menus were newly applied.

WL,
(4) e/ MitEZE#: (Minimum Phase Conversion)

BT 73 W (F—I7 77 W K UR—
I VORISR U Tl THIE S N7z D) 2 H
WTC, 74—V Rtk i MR IC & Uz,
(5) i@~ )2 — (Bandpass Filter)

7 4 —)V REERICE TN 2 BRSO / A
A7 i %728, e/ MOAHREEGER ~ 1« )V 2 —%2
HH L7z
(6) fixiE#fE (Gain Recovery)

SR DREIRD B OERRICHE S R, ZEhsd
WEBE, ZENHT ST LICK B EREBXUIE
FMEIRIC K ZMEZMET S L ZHNE LTR

MEAE 217 > 72, TR M E s & O H B 5

(Instantaneous AGC) 7z L 7z.

(7) ae—L Yk /A XML (Coherent Noise
Suppression)

IT7HURELEARN) =7 —7 )VOiEk CHld
ZEWDIRE, BRU, MWEEFOERZICERKT
BRI B OREZHNE LT, MET 1)V AR
—ZWA L. H5A ML —AMBTELZZEMTY
TIV T T BT, HEREARENICBWT
L—X[EEM 1/2 &72% b L— ANz £t U7z 1%
T 4 )V 2 —jEf 7zt Tz,

(8) ZHEAHHBANF (Multiple Suppression by Tau-p

Deconvolution)



S NBUEA O R GHE B 7 — 2 TR

B2k ToREMNRTAZ. THE—ER]. BHERT ORI A2 L GHETRY.

Table 2 Data processing parameters of the Hidaka-Oshima surveys.
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IA—INEBRRUVT—HEE
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CMPiRE
TLAT+—32Y 100m —
CMPE & 50.0m 12.5m
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EREIER S — 6/8-70/80Hz
HRIEFE{E
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AGCEREY —ME 600msec 1500msec
Je—L kA XY R
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(11) FEAEEEMAT (Stacking Velocity Analysis)
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Table 3 Data acquisition specifications of the Donan~shimokitaoki surveys.

Survey Name Donan—Shimokitaoki1986
Line Name Line Length
D86-E-3 18.7km
D86-E-2 19.7km
Reflection Data to be processed D86-1-1 28.7km
D86-1-2 50.2km
19.2km
D86-D-2 42.0km
Type Bolt Airgun
Gun Volume/Pressure (3223cu.in.,2000psi)
Source
Gun Depth 8m
SP Interval 25m
Streamer System AMG-Streamer 2375m
Near—offset Gap 289m
Receiver Receiver Hydrophone(10Hz)
Cable Depth 15m
Receiver Interval 25m
No. of Channels 96
Vessel KAIYO-MARU
Recording System TI-DFS-5
Recording Filter OUT-64/70Hz(dB/oct)
Gain Control IFP
Sampling Rate 4msec
Record Length 5sec
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(3) gz (Depth Conversion)
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FIELD DATA
[Streamer]

v

[ COMPILATION of FIELD DATA /RECORD EDIT |

v

-CMP SORTING
*GAIN RECOVERY

-NMO CORRECTIONS

PREPROCESSING on CMP ENSEMBLES

-TRACE DECONVOLUTION

STACKING
V/IA
[ 2.5km interval ]

W

v

CMP STACK 48-FOLD

DATUM CORRECTION
TRACE MIXING

TIME & SPACE VARIANT FILTER
TRACE EQUALIZATION BY AGC

F-X TRACE INTERPOLATION

TV FILTER
F-D TIME MIGRATION
DEPTH CONVERSION
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Fig.3 Data processing flow of the Donan~Shimokitaoki surveys.
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Table 4 Data processing parameters of the Donan~shimokitaoki surveys.
| BETEAZAT(1986) BEHT(2011)
F-XbL—R AR
FROANEI—FRL—EK - 2traces
FHIIIIVE—T— K - 8traces
FRTINE—BETS— - 300msec
BRI AL E—
ARL—4E - 300msec
R et - Time variant
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oo e RN ENvATL—ay
TILTYX L F-Kig< 1o L—ay (F-D Time Migration)
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Table 5 Data acquisition specifications of the Hidaka-chiiki survey.

Survey Name

Hidaka—Chiiki1991

. Line Name Line Length

Reflection Data to be processed H91-3 A8 5km

Type Dynamite

Source Quantity 15.6kg(5.2kg X 3Holes)
Source Source Depth 32m(5.2kg) / 41m(8.2kg)

Source Array 7m X 3Holes / 14m X 2Holes

SP Interval 40m

Type 0OYO McSEISII(10Hz)

Receiver Point Interval 20m
Recei No.of Geophones/RP 18Geophones(3s*6p)

eceiver

Geophone Interval 2m

No. of Channels 260

Spread 5.2km(West1.8km—East3.4km)

Sampling Rate 4msec

Record Length 6sec

Recording System G-DAPS3
Recording |Pre—amp Gain 24dB

Filter 4Hz(18dB/oct) — 90Hz(72dB/oct)

Polarity Up—Movement='"Negative’

Format SEGY

FIELD DATA
Dynamite]

v

FORMAT CONVERSION|

NAVIGATION
DATA

GENERATION of GEOMETRY

[ SEGY->SuperX]

v

PREPROCESSING on SHOT RECORDS(STEP 1)
COMPILATION of FIELD DATA / TRACE EDIT
GEOMETRY APPLICATION to TRACE HEADER
DEFINITION of CMP STACKING LINE

v

INFORMATION TABLES

A 4

CMP SORTING / 100% RECORD SECTION
FRELIMINARY STACK

FIRST-BREAK
PICKING

v

PREPROCESSING on SHOT RECORDS(STEP 2)

-FIRST BREAK MUTE
*TRACE SCALING by AGC

+COHERENT NOISE SUPPRESSION

by VELOCITY FILTER
*WHITENING DECONVOLUTION

-REFRACTION STATIC CORRECTIONS to FDP

REFRACTION ANALYSIS
by TIME-TERM METHOD

D

PROCESSING on CRS-SUPER GATHER

*SUPER-GATHER GENERATION
*TRACE BALANCING

*MULTI-DIP CRS SCAN(ALPHA/Kn)

[ 1000m interval ]

PRELIMINARY VELOCITY ANALYSIS

CRS CONTINUOUS Knip SCAN

v

FINAL STACK and MIGRATION
MULTI-DIP CRS STACK

F-X PREDICTION FILTER
KIRCHHOFF TIME MIGRATION
TV FILTER

DEPTH CONVERSION

using SUPER GATHER

g4

Fig.4
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Data processing flow of the Hidaka-chiiki survey. Bold and underlined menus were newly applied.
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Table 6 Data processing parameters of the Hidaka-chiiki survey.

[ H e s .

WHERITDIRT X 2 L BHETRT.
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BRI SDBRRARRE HIFREEL HIFE &L
BT EN AT
T ENER A B Y 18 I Y I TY
BT /N\—a EEA 7y hEE 400-1000m 400-1000m
REEEREFROIBOEMIOVY 1000m 1000m
RIEEE
|AGCERY—FE 600msec 600msec
aE—L /A XN NI
7ILTY X Ls - Velocity Filter with NMO
B8R E A - +3000m/sec
TavR)a—3>
S = &RIMIEER R/IMIEE
(ke + ESRRSE L —ABEAE |+ EREE L — R BB AR
BiiRET Bz —J Lyt =/ w=/MitE
g kit 4.0msec 4.0msec
- S 300-3300msec/ 300-3300msec/
FA7wyMIEISE T HEE 7 —+ 3000-6000msec(TV) 3000-6000msec(TV)
ARL—E K 300msec 300msec
TVRIA=2 T 705 — 0.5% 0.5%
FEEERICET AL
SFBRAERERA IEVE 0-3400m 0-3400m
HERS EEHERVESHIE RERERVESHIE
R ARAT
ESES FERE CRS Knip Search
R = i b 1000m Continuous
FRTIRE R 40(1400-5400m/sec) Continuous
BERWE
FILIYX L Linear Traveltime Inversion -
B DR RFRIE 20msec -
s E— 400-4300msec(Space—varient) -
CMP/CRSE&
CRS Scan
FILTYX L CMP Stack + Multi-dip CRS Stack
(No. of Dip Range=3)
NMORKLYF I7HR— 1.8 -
B ERIRIEERE - AGC 300msec
ZEBEH 65 2665(41CMPs*65Folds)
S5 Ty Rt 0-5200m 0-5200m
B AR -Ze R A T )L A —
ERHARL—E R - 5 CMPs
TRV E—F - 50 CMPs
B s F—K - 1000msec
HEER T ILE—
ARL—ERK 300msec 300msec
T SR B8 28 e i Time—variant Time—variant
B I L—3v
FILTUX L F-X Z73A45L—av Kirchhoff R4 45 L—3>
RAERAE 45degree 90degree

DIEOWBEZ Ty TR T, CMP EAB~< AT L
— g UREEIWIE, EENE R ER L.

4. EREA A=V T
4.1 F—RMp
4.1.1 S
e [ ELsyPigEss [ H ek oW, HI1-3 IR
g Ul 81 KICHIRRAIE 2R

4.1.2 F—RWEHEE
055 i T — RHUH L2 R T

4.2 F—Zpus
4.2.1 MDRS fibiii  TOREAILDE

B4 KICHEBT 7 0—7%Rd. £ 6 RICHM
HiIXT A 2 BRI DI8T XA 2 L o8 TR
() 74—~y MBI UT— 2% (Format
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PR 22 SR IR OME - TEITEIE DR

Conversion and Trace Edit)

FEalsk (SEGY 74—~ k) %, SuperX 7 %
—<w I (JGI Internal Format) ~\Z#al7z. F7z,
DEFERE L Ix - THEM ORI, BEEGUIHZH
fiL7z. S/NEDE L KL /A ADBZLEENS b
L— RIS SR LTz,

(2) FL—ANY Z—=~DHIFERD A1 (Geometry
Application)

HEM, ZRABRUEKCMP DA > T 7 X, L,
S, A7ty SEREE,  EERAS A O IR
AT LTz, T —ZRITIC B 2 FEUERE m i i
IKENIEICRE Lz, CMP EEHIRRIE, BEEmAT &
A CHIRRICERE LTz,

(3) JEHTIEAI BT (Refraction Analysis)

W2 A I\ 22— LEIC X B IRl Eh it 2110,
TIRMB R ORER XA L2 — LMl & RFH S
R Uz, E£EHEE L LT 700m/sec ZERA L.
(4) #W#I 22—+ (First-break Mute)

SRR OO JEHT I ) 2 B0 % HINT, 7—/8
—E 400msec THIBHIHILLER 2 F0 L 7z.

(5) fiziE#ffE (Gain Recovery)

FPER DREIRD D DIEFRICHE S R, ZJEhE
WZziEi, ZENHT 2 EICKDEHREABXUIE
W K2, S OICIFZR, FERTBOA
v 7V 2T ORI T 2 #RIER RO Z L2 flifE S
T LZHNE LT, HEWRIEEEIC X iR E 2
1o7z.

(6) ab—L b /A XML (Suppression  of
Coherent Noise)

AR DT> TIRHEDY =7 /) A AL
TWA7Y, TNLDOREZEHNICHET « )V Z—%
L7z
(7) 7avR1) a2— a3 (Deconvolution)

HAWE 2 IZE N L—AHSHEE - BREL, o
SEGEN 2 X% 72 b L—ABNOT 3R 12—
Ta veEEH L.

(8) Hudf 4t iM% (Common Midpoint Sorting)

I3k (2) ONRFT AR K-> T, HBKH EHES

f1o7z.
(9) TFEIEUERIC NS B Eli- (Static Corrections
to FDP)
B, EEmEEBlXUEREMIEREDOME LT

516&%.%@%E§d,wm:8)®ﬁﬁﬁ%%
FRATIC X B AR AW TEHE Lz, AT ORMER

(Datum) (& PFHEKHENEICEE L.
4.2.2 MDRS fihi

421 OFRAWIZ @A L7 — 2% A1 LT,
CRS (Common Reflection Surface Stack) 7£E#BX T
MDRS (Multi-Dip Reflection Surface) ¥%:iC &% Eiks
JEAR—2 2 T2 I U Tz
(1) CRS%

MDRS i O % — B i & L T CRS ¥ (Jager et
al. (2001), Mann et al. (2007), Schleicher et
al. (1993)) Zi#ff L7z. CRS{LlX, CMPICJEd %
FL—ARFTREEL, ZDEMHED CMP ZifE 7
WhH % Super gather ZHEAUIG 5 T & TRERD
CMP E&HE & LR TIRENIC S WEARZSESC &
WCEEFETHD. KIERDRED FL—ADEG
FZEMREE D H L2 I Z D DY T 5 728, CRS
HICBIZL—T7 7 MiETEEOA 72y M7
v a Y ETCORSIGEROEE LR &> 7 CMP
MOREFNEREIND. T Ol FREEND
HEHTEE @Y. CRS 785 A 2 BREZTIIREHF O MU it
FERZ A L.

(2) MDRS %

AFREHIKTIE, FEihiiGE S KO LW B
L, ¥ut 7ty i b TR N RS 2 IR0
(Y7974 7 - TawT) HPEENS. C
DX IIRPUSTHHIET D728, FH_EREE LT, &k
J& CRS f#ht & U CThiiEN I 5% MDRS 7 (Aoki et
al. (2010)) Z@H L, EHOET BERZZR DK
FHEICBEDZ A A= > T Ol FE2F N LTz. MDRS
ETIRE TP 72RO B O 23D D
BEICAEIL, ZNZENOMEKT CRSEZEH LTz
CRS HHadek (MDRS B 77> aY) Z{ERLTk.
RIC, CRSEDRIFEM THZ LTI VAT FUEa
—hrESEL, Y27 IVHEAIIC MDRS Y7 X 7 > 3
YOWNUCERZATO VYT T VAV — MEICK> TR
ARy Ffit Uz, mgiccnsoBEREDYE
717> C MDRS #HARHHRCEZER U7z,

(3) CRS IC & 2 # G OHEE

CRSIED/RT A2 s RMS #7117 7 A )L 72 HE
E L.

4.2.3 MDRS E{3%OLH

4.2.2 O MDRS ESMFMZICEH LIz 85 XA 272D

TRY.
(1) ##EGEE 7 « )L % — (Bandpass Filter)
BT EGER 7 ¢ )V 2 —Z2 8 Ulz. 8o
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S INBOEL O S S HER R R A T — 2 PP

rigld UM R 97l D DT 28 & Uz,

AEAGERE [ms] | JEE K [Hz] | WS 9K [He)
900 10-80 6, 85
1200 10-60 6, 65
1700 10-50 6, 55
2800 10 - 40 6, 45
6000 10-30 6, 35

) JE we B — =M T o b 2 — (FX
Prediction Filter)

JEER — ZE IS BN THEBER T T 2 V2 —7
Hat, MHAULT, YR LA XA LA
S/NZ) L &2 F-X TRl 7 ¢ )b 2 — 72 i L
7z.

(3) Wi~ A L— a3y

BT CHOW I EZ VT, bRy 7RI
M~A 7 L—>a > zEhEL k.

(4) HEZH: (Depth Conversion)

BT TR W # 2 VT, Vertical  Stretch
TEIC K BRI 72 S U 7.

DL EDIRZ Ty 7 7% #%C, MDRS & &K 5 Wi,
AT L= g VR, PR 2 ER L7z,

5. PHEPTHG I

5 5-1~5-7 XIC FHRHT T3 5 N T SRR O TR Wt
72739 . MEMELIS, Esbmid 211, RE R 1
1.25 & L7

FER sk Tl o THHARNT U7 Bk ds TH
—EE] T, b L— AN X 2 HRE R >
T VT OFE L BEPRO ESE LA E A RIERO M
) IS 22 Uz, BEBLIIC 3655 s K OS2Ik s T B
25.0m DFEERLRZ BT —XICOVTHET L L
IC&D, N L— AN ER Us 0 s
ZYRHED Trace Jittering 2k L, F7z, 48 HAD
FHEER A, 500m OFFEHEE fFpTRHIBR 2 R 2 C
Llc &b, T OREEN BB X URELESICK
LUYEFILMESEZIBIU. 51, FL—ANHH
HOHIBEFRERLERIC NMO #iE 72 £ 5 R — I
BIC B 2HET ¢ V2 —72idEH L, Wil iRz B E
9% T 2 B SRR D HI 2 S U 7z

AT D 2 < I RIAEAT RO 5/ N Y 2%
K9 2. ThoORIEKN S, &N v D38
“ROHERYITHRE S, AR NCT T Y
L, MEFTT 2 ENEIC K> TSN TW5 T AR

IND. TUNRY - DT E EWE S X O iieE
WEHEOIEMGT 7 S =7 AOWEN L, H il
TlE, TEIMEEICE> TR E N zpilHER R O 7
=TV 7 R8T B I OHEREE DIFAED R X
nN3. LhL, WHr—7)IVED 2350m (A4 7
v b 2666m) ICRBESN TSRS, BT LER
ER SIS TE T, ARt - S EEEO
ARA=VVTICHEEEEZ TV, EHICESNS
JEvE —m T MO Hem A O 2T (GEERE) (3,
H72-J-2 #l#R D CMP.1100 {3z, ¥ &K U H72-6-2 HI
#RD CMP.3980 s 2 Kl L, T Fuld ARt L fx
Wi O RIS H Y 3 2 algEMEA B 5. Eid CMP
MELFEOETBIC BV TLEE AN T % 7 —
2 S/N DK FHEHZTH BN, Z OO R 3
BT B @ S GHED A A= > T HER DIRHTHE R
EREELT, REL<mELT.

B L EEEEVI R [ H s o H91-3 JlR I,
FHEED S HE LS Ic 22 0HRTH 5. IR
PHEROD AL 1 350 B WSS ZSTE DRI 2
LWy, JIRRERER D H & Lt P iaB ISR Ic X TR
WHERTOT 2 — 7Ly 7 AETREMA T 515
i TH 5. TOmHEDHRICNIET 5 5B L
&, BT AT A Mg & OEFEMEREDFET B 55,
GRER T IEWTEIC X 5 MR PERSE O 78 RIS 1 5
NZEBEBIICHYS T 5. BIFHRNTHRERTIE, COKiE
T3 O FRoFT A 1 it g 36 K MR 83 g D It K59 1R
% (CMP.801—2600) IZ¥\\C, EilikExs « & Lk
JEREOA RS RSS2 it 42 C LIdN#ETH D,
FHANC B S 2R s G RERECB L T, BEAR
(CMP.2700—3200) B FZzHul& U TER/ AN iR
DR XEDEE LT, A A=YV bR E
L T Multi-Dip % CRS (MDRS) MFEZ@EH Lz, Z
nc ko, BEEERZFLE T 5 EINE, EEkE
(CMP.2700) & Z O FEHEHLEEZTOLE LT, 5
BREXEOA A= > FHEFIE R E s L.

6. FHHIC

AR SR T T D S s K U2 DIERIKDREAF
[FREMEERE T — 2 14 Rz ffEfT LTz, ik
13 JIFRD S B, 7 KIS FERRRC IR E Tl > T AT
L, SefO7T— ZILEERIC X O FHC @A RS DA
A=V THRIRMER KL D KE <MLL, O
A D 6 WKL, CMP HERRK (2 WHE T X
JVDMEAE, 4 PRI ITE X OMIm 71y 7272 20
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RS T — 2 U & BN Uz, BRI 1 IR
Tl&, MDRSEDMEAICK D, HERIGAEEHE > 2%
BEEROA A=YV THERNKE L WEI N,
S14lE, SR FERITRER, FHENT OSSO JE I
R PRI 7 — &, R 22 RIS SRt L 7z 2 JIER
TORSEMERE BiaEh, 2011 LENHEE
(FIEEA, 2011) FZ2EDLET, AFHEHIEGGREE
O FHEEZIA S M T 5.
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