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Development of an S-wave type Land Streamer tool and its application to the
near-surface seismic reflection surveys in urban areas
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Synopsis

Shear wave type Land Streamers were developed and successfully applied to high-resolution
shallow seismic reflection surveying at paved areas. The Land Streamer is featured by
non-stretch woven belt which acts as a towing member but also as a module to mount
geophone units. Whereas each geophone unit is placed on the paved surface through a metallic
baseplate instead of firm planting to the ground, the Land Streamer tool provides comparatively
clean data even on the pavement resistant to traffic noises. Because it is easily towed by a
vehicle or by hand, the tool leads to high performance in field measurements and resultant
cost-effectiveness of high-resolution reflection surveys. Thus, the tool is capable of expanding
the opportunity for S-wave reflection surveys in urban areas where many surfaces are paved
and traffic noise is severe.

A series of high-resolution S-wave reflection surveys on paved areas delineated detailed
structures of surface layers shallower than 60 m, and proved the wide applicability of the tool
to engineering, environmental applications, and earthquake disaster prevention projects.
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Layout of a proto-type Land Streamer (revised from Inazaki, 1992b)
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Fig.2  Outline of seismic reflection survey method
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Table 1 Technical specifications of S-wave type Land
Streamer
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Specifications S-wave Type
No. of Channels 48
Natural Frequency 28 Hz
No. of Elements/Channel 4
No. of Belts 2
Channel Spacing 50 cm
Length of Active Section 235m
Total Length 300m
Geophone Unit Detachable
Total Weight Ca. 180 kg
11.5¢cm
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Fig. 5 Diagram of the S-wave type geophone unit
(revised from Inazaki, 1997)
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(a) A photo of the short spacing type Land Streamer
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(b) A photo showing P-wave type Land Streamer
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(c) A photo of the surface wave type Land Streamer
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Fig. 6 Various types of newly developed Land Streamers
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Fig. 18

“Tenpaku-Kako Fault” interpreted from dense boring data (after Kuwahara, 1984). B: Dredged sand, A: Nanyo

Formation (Holocene), G1: First Gravel Bed (late Pleistocene), Am: Ama Formation (late Pleistocene), G3: Third
Gravel Bed(late Pleistocene), Y: Yagoto Formation (Middle Pleistocene), T: Tokai Group (late Pliocene). The beds in
Tokai Group numbered from 0-4 were interpreted to be displaced by faulting at least 40 m.
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set at Tenpaku site. Small solid circles indicate
boring points.

HM—19 XEFRIAMRFEIRMER. BAER—1)
D RIS

Fig. 20 A photo showing field survey condition along the
A Line.
B—20 XEAOH#IX A BEEAERR

EOWET—4 2R T5 2 LN TERhotciw, +
B T OIFHEE G R T — 2 551 S R
FEREIEZAE L, YA LTz

HER A, D, C OB %OV A i 4 E A
AUFig22, Fig23 (2, £7= A AV NTBINE Sz
TEFRAER =V > 7 BHEE S5 M AR %
Fig24 (R ROFREEWRmIZIE, S i v —4
VAR L LT HEREE FIREE LS T D, K
AN D SO TR, RN (1E&
A EDEEHIEERS) (TR LTS, Wi Clab
ARy IR E AR UVNES TS EAEESIND A,
TREEH MO RRBI T R (R0 2m) o 1/4 FREE & i
TEHDT, # 10cm OTNAHIUTRHTE H1LT T
B2, BREHIXTOR N AWTEOSEZ &% Fig18
\OREND IO\ HHEERE G S0m, 0 S LI
T25m R & RS BV, JRAERZTE il
HEDTHRIMRHARETH D LBE S

A ETTER (1998) 1, AR 920 U7 sfg
HEINZBNTCOmESOA—La TR R—Y T %3
FTCERLTWD. E8E NI Qo01) 13, T3

CMPiEE |

|| IERAT LS |
I

[&mmﬁ—a_

miEiE |

Tavkyi—iaw l

| mnziﬁ:&'s;—ul
FKZA4IL5 |

,—-—
REWHE | —
NMO## IE

| cMPEE |

Ii
I

[ra5L—var]
| wHgs Aco | BN EE
| 3xLng | _

[FrzS —> RENER

Fig. 21 Flow diagram of data processing for the S-wave
Land Streamer reflection survey conducted at
Tenpaku site

S RTURRMN) =Y —REBRENAFELR
TN

X—21



BRI > CHEI SR — U o F O Fa 7 23
(ZOHT L, N RO S T Rl DG D 2B
ML TND. Zivh EAHN I > CLARMCE i S i
TWeAR—U TSR A 2B, SO A R L
7-.

A BRROGEWNE (Fig22) 121F, %9 25m FHmicde
~id 2 GRS D EORRD T BAF R S TRIATED
b, ZORHEO T - TAAZE, [ HET T MaK
BA 2 PN OBHROHNDD, WilEloktisT 5 &

2 723 LN 3ERD DRV, 7R RIED 3 KIS,
HEENEO D ORS EBEZ BN, R—V 7T —F L
ORI D, YRS IIrEGE () & ZOrE IS
AT DH G L ORI 5 2 N TE D, F
7oL 10m AR HE N5 A5 1< 2 &8 T&E D
23, ZAUIFERSENO EE & OB U HE 4
%. MG ERIO o WEA ST, NAEIRRTH
SEETHS. HHEEE IR 2B Hi,
JURREREE 170m (IUTCIE,  FAEAHI DAL TOD N
F2 T RVPRHEFERE SN B D, R—V 7Tk
Sk (Fig18) TIXL v R e LTHRIRS TV
NS, TR 10m~25m R, ffEnkckitA s
RETZrEGE NI E SN D, STV T
T, WEGL/NEV, A= o ERCIE FEEIINAR O
(HTh) 2Rt XRENZV. 2ok, STV R*
b —=—C L DI EREA R O, A=Y v
774 LRRFIRIH YO X0 FE R R A B
HZENTED., FloZoWE T, FEERLIUM
BoTE N IR TR JERO ALY, KT T

DTEBINEZ 5 — BRI IRE 2 Z L8 T&E T

Fig23 (1) o D J#EEEWImICIE, 795 30m {7+

Table2 Survey parameters at Tenpaku Site
£—2 XREAOHXAMRRIESES

Line A D C B
Parameters

Length 260m 220m  342m  200m

Group interval 0.5m

Geophone type 1.21/28 Hz/Horizontal

Geophones/Station 4

Shot interval 05m

Source type Plank Hammering

Minimum offset Im

Vertical stack 16 8 4-8 4-8

No. of shots 472 401 643 393

Bin size 025m

Max. folds 24

Acquisition tool Land Streamer ~ Spiked Geophone

Recording system ABEM Mk6+ OYODAS-1

Recording channels 48 48

Sample rate 1 ms

Record length 1024 ms

Average speed 20 50 34 30
(shots/hour)

VLT 250 OSUFT (MEBER) 258D 6NR5. K
FEDVREEIT A BT S TR Y, Zodticws
BRI D SO IR —HYBIc e E S NS, FEbE
EORORE - Tk R OHBIRE - PG S A TR &
BPIL WD, — 5 iYE MEITE, i)
BOOND. ZIWHHEHEEE CH DL LT 5 &, Dk
HIRE 60m (HIE CIIAMEERE 1372 <, WEE) Es
PREAHIE RO USBAHBL CEt S D B, AR
Th, HEELY HIETE GERELTRY, /IR

N Distance (m) S

Fig. 22 A migrated depth section along A Line, at the Tenpaku site, with geotechnical drilling data superimposed (revised

from Inazaki, 2004).

X—22  KEAOHX A BIEERGHEERER (Inazaki, 2004 ZTHZE)
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Fig. 23 Migrated depth sections of D (top), and C (bottom) Line at the Tenpaku site.
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Fig. 24 An interpreted geologic section along the A Line based on the S-wave Land Streamer reflection survey in combination
with additional boring data. B: Dredged sand, A: Holocene Nanyo Formation, G1: First Gravel Bed, Dm: Late
Pleistocene Ama-Yatomi Formation, T: Tokai Group.
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Table 3 Technical specifications of short-spacing type

Land Streamer
=3 INERRTURRMN)——0Y—)LAHR
Specifications Short-spacing Type
No. of Channels 48
Natural Frequency 40Hz
No. of Elements 1
No. of Belts 1
Channel Spacing 20 cm
Length of Active Section 94m
Total Length 20.5m
Geophone Unit Fixed on the Belt
Total Weight Ca.80kg

Table 4 Survey parameters of a line set on a test

pavement at PWRI
R4 TATRAHNESRARREA
Site PWRI
Line LS 20P
Survey Length 60 m
Geophone Spacing 20 cm
No. of Channels 48
Source Type Plank Hammering
Vertical Stack 2
Shot Interval 20 cm
Min. Offset 40 cm
Total Record 262
Recording System ABEM Mk6+
Crew Person 4
Recording Time 20h
Average Speed 130
(shots/hour)
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Fig.26  Comparison of common shot gathers recorded using short-spacing type Land Streamer (Inazaki, 2002). (a): A
short-spacing type Land Streamer record on the test sidewalk; (b): A short-spacing type Land Streamer record on the
soft shoulder along the sidewalk; (c): A spike geophone record on the soft shoulder along the sidewalk.
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Fig.27 An interpreted depth section along the test sidewalk provided using short-spacing type Land Streamer (revised from
Inazaki, 2002). CPT and VSP profiles are superposed on the section along with a geologic column for borehole B.
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Table 5 Acquisition parameters of a line set on a levee

along Kokai River
F—5 NR)IERLARRAIE S
Site Kokai River
Line Kokai 34L
Survey Length 480 m
Geophone Spacing 20 cm
No. of Channels 48
Source Type Plank Hammering
Vertical Stack 2
Shot Interval 40 cm
Min. Offset 40 cm
Total Record 1200
Recording System ABEM Mk6+
Crew Person 4
Recording Time 11h
Average Speed 110
(shots/hour)

Fig.28 Site map of high-resolution S-wave reflection

survey. The line was set on a levee along the Kokai

River.
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Fig.29 A depth section along a levee provided using short-spacing type Land Streamer (revised from Inazaki, 2002).
Diffraction event from the concrete culvert appears clearly at 128 m, about 6 m in depth.
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Fig.30 A photo showing steps for a vehicle to pass over
the Land Streamer
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