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Abstract

MASW can be used to investigate the shear velocity profile of stratum via non
destructive tests and has been extended to perform 2-D Vs tomography. However,
several inconveniences are encountered via current test procedures. Switching the
survey line is quite time and man-power consuming when planting geophones are
deployed; the explored depth depend on the quality of lower-frequency part of signal
which is affected by the survey line length, source offsets and characteristics of source
energy. Commonly-used seismic sources susually have insufficient mobility or
energy.

To improve those inconveniences, this study aims at there aspects. First, a new
acquisition system, land streamer, is developed under the consideration of efficiency.
Its reliability and performance are also verified by comparing the data from traditional
planting geophones. Secondly, a handy. seismic source made of weight-drop system is
developed to improve seismic energy while maintaining mobility. Thirdly, to widen
the frequency bandwidth and improve the quality of signal, the performance of
different rubber pads with corresponding seismic source are evaluated.

The results show that the new receiver system has a good performance on the
smooth surface (asphalt and sandy ground). The workability and efficiency of MASW
are effectively increased when applying the land streamer. The weight-drop source
enlarges the wavelength bandwidth signal up to 30 meters which increases the spatial
measuring capacity on depth. The rubber pads make only slight improvement on the
quality of lower frequency part of signal. A case study is also presented for
demonstrating the results of different NDT techniques and the effectiveness of
MASW 2-D tomography.

Key words: MASW, dispersion curve, seismic source, landstreamer
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P2 FOREEDE > T g sninEr R T R > TR b

Fom L ZHERTE M R E R TR TP i R B S el T o
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Fot AT FI AR AT E A R AR S dp i B 2 i Ao T

B ABDOTRGE - PR R ERB AR FLAELITRN
ip i & 2. T 353 g 4 ¥ (Average Cross-Spectral Density)sr4p i &
Ag(W) = ¢, (W) — ¢, (W) = Angle[CSD(u, (t),u, (1))] <ervrene. (2-10)

9558 (2-9) 2 (2-10) » 7 I #F & 2 4R 4p =i & (apparent phase

v

velocity) ¥ #_& & :

He > xERA BT EFenp & LR EFHFH e m
Woeo B3 B H AP E LT AR TS TR EFRFRAT -3
ARz Ap k JE RFEEUN-wWrap) o s EILF AR A £ o X B H
B(2-11) » FEZAE F 2 Ap B ettt > o B REFA AL
SR A RET 2 MAFAR AL > MW LIBREFR A 0 Ra o d 0
FRELF - T2 4 5 40 B (band-limited ) » F]pb 2L iF g2 2L 3
R 2 MBLZEIY A E o TP A M R AP A FEE R S P45 2R
HEXAFFIERAPF P& LT 2 Rt - IR
7 ,RF-&,Z-\LE]‘V‘PIL%%’:“*%é_i%‘;§i°'ﬂ”"1§#‘z\ wEF
B MAE2 BRE X BIERT 2 MAE ML e d SN IT 2 R
o A - R B P ArRRE A XA B2 APH )TN TR R -

FHEEIPN 2 TR F R e B L B FEE AT SR 0 20
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RO A T2 B T TR gL (R AR Sidk)
PIA PGB EAF SR ED] S AT A FR R
o F e Rz R AP TERIDZAATY REALE R e

drd o2 SRR A AeaN(2-9)91F 0 ForkAp ik B A RS R 4

PE 57 XA BEFETE R I ZAFITY R B oo Ao -7 s P S
TR 2 TR S AR D E - B LR S ¥ F R R ek

BHET AP TR M A AHZ AR A RY TR TG

ZIRAPFEIIE L2 £4 >R Hgp 3 N ar S d i E, 4

BAHE TR VSRR R IR L
ERRA L 2 RAEe T BEEEY SR A A RRlE e d G

224 FHE:E 4 ok £ RZ (MASW)
d R G HTEH o S RRIRBESL S 1T FHYE DR
PF S BENBE L BP0 fR & AR e 47 2 > ¥ U sTiE B 4F i (SSRW)

27 BEE E (SASW) endd BE o SR 4 & L BRI 2 I 25 R 2 N Ao )

AN

213977 2 & 7 - BAEREIEBLZ AR FA R LEE3 27T 4 5
AEE Ao L2 R SR LS o
2.2.4.1 MSASW

RO A SR AL TR T ex 248 (TA )
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Ax) > 1% 8 Q2-9)REF 5 »up i B > FHEE A o L Rl
B AE ATE PRSP R P N RFApE R B B
BoRAsithEE LG A#2T k> 5 ARER LRS00
BOTE > E#de L4 7 B ag(f-x domain) » 4o 5N
U(f,x)=— MZ_:lu(tm, X, )EXP(=J27F L) oo, (2-12)

¢ =41t =mAt,x, =nAx, f, =iAf = /(M )AL

m-nasf&dpERfeZBY S m2 %n 2kE MR
2 PR BEdT 0 AL ER Ax A W] PN & PE R 20 B4R 5 (sample rate) ez B B~
BER(XABETE)d Q-ID)FPEFAE I F T 2 Fdht 5 - B2
B2APEE[(g0)] > SHEHEAT - ZFE 5 - Bipin b N A o7

I -r BRI FLE G ABEL TR T A B s ks

R

A0 & [(00) B R - 1% Sl fFRI gox 2 A 1945(2.11) 110

FHRBZAPTER - AP BH 2 EARICRH 2.14 -

SHEE A w AGHZE R G TRAp & FBE 2 AL 0 AR S8 4
ProAp i df s B2 Vi > B @ 4B pHlRE SV
AL FIM LR RO XA BREEN WL FAEP LR
2 AR o BRI A FEE AT AR E T L o ed 3 F 2 A w
AT R TR AR A S 2GR b SR w R AT

EEIE - s T2 AT B @R T R B R 2 AT AL
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(p-x ip i & BOfi 2 SULM 00 7 R > RlaEw 019 12 44t

§ A S G TR e i ERME IR L A By T E ) 4

200 B AR 24P ik B o Tt SRR A oo gk T B2 A AT

Er

M¥ A58 73 REEMITY 2230 A AR 4g 5w

IR S R S R R O S TS Sy

3t

RAT 2 AT S BRI D) 2 MR R AR M RGBS
N Ao 2040 IR A R Ak RO 7 TR B R 0 R ehpE
¥ o

2.2.4.2 MWTSW

SHRE SR W LR R IRAR B 2 gk T 0 ¢RI
A Bc# 42 Frequency-Wavenumber Transform, f-k Transform) % & &
#7 % d& 4% ;2 ( Slowness- FrequencyTransform, p-w Transform) » #* 12
Tlp o LB F M > AFFF % ARk B 2 (MWTSW) 2 48
ok B # 0% (f-k Transform) » £ 5 B TR 47 - A RBP4 5
B ZOAERTA AR o

SHTHE BT UX)Gd it B R (FFT) - 4 5 47 5 -

7 B (f-x dormain)4r;t (2-12) » A 584 s B F B & %4 (DSFT) »
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$& i 3 OAp 5 - e (F-K dormain) 4ot (2-13) o i & B 45 (FFT) e
AT B E = E9H(DSFT)7 b o F1% B3 enf 4 medie(X ok Tk
PN b gk (M) > S i TS E R

(DSFT) » & g dic[k()]a4Fd 4§ > Az 2478 3 77 BB ghic

Ch ks
V(£ K) = S0 (i 50) EXP(= KK, oo (2-13)
n=0
j =1

t, = MAt, X, = nAX
—iAf = |
f. =iAf _%(M _DAt]

4o 2.15 &1 DSFT ¥U(f x ) Als Bt S - B+ 24
B0 T T 5 3% BT M RAT e M QR e AR T L TR AT
4t (Despersion Curve) -
225 2 AP B2V R

I £ G AFACHFIIT L TR hRIE AR A L PSS
oo BB i RN B (SSRW), JI* — S B - 1 el E
Ve s B - B T er R b o 2 - ARBTG5

AT Ao /;'ﬁ AR AU A 17 B AR 0 BE RGP B ARAT SR 0 T

»

B - e d o F B0 LIS Y enE AW i o Stoke 3 11— #7en

6

Fe R0 GE R UELA 7 AR 5 2 G k32 (SASW), i

P S B E - RS Bk B A g kR ek 8 i A
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Mo e 8> SASW & - 5| 8 i 7 it @ 3] - WA S RO
AR A BRSO R BEE - R B e riE B e
Pl Ao el - FHAE Y M AR T R R o
oA A HETAFTMARL  AZFRTHATHAE LR LD
B A H A HE IR > N AR E AR 0 MAE L 6 B
BhFapagionty » ALY Renle s o SASW ¥ - 78 ' L4] 5>
FEOAROAFRMCA K G P RIS SASW TG e

R B o o MEF RPIRE Y o FAE RP RN H br
m R BT 8- A e Aow L RORIEDT 8 B B - P ERjLE Y
BLom g o fle & 2 M A 1T F MG snhR IR T WA R
BRALST R B ARABER IR ERS L a4 g A RBID 25D
P > IR ged 225 A2 W RE Ar o SR & 5o RRIAL
AATAEECY BB et E o AT - A SR £ oG ok BRI

73 P b e L o
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42,2 4 LRl

ook Rl

(Surface Wave Method)

2 A5 SR £, 0L
%%F\E E«ﬁv/z

(SSRW)

O SN
I &= 3

(SASW)

AT Ao ok 2
(MSASW)

Lok AT A4
(MASW)

AR > R % (Vibrator) > R % (Vibrator) > R %(Vibrator) > R % (Vibrator)
(Sources) > EN Rk > EN Rk > EN Rk
(Impulsive or (Impulsive or (Impact or
Explosive) Explosive) Explosive)
SOk R P AR > LR/ E > 2 @[AAFEAELL | > 2B EAERL | > 2B MR
(Receiver No/items) = = =
VA i) eIV E RS 1 »  Ar-xforeach > Ag¢-fforafewfixed | > ¢-xforeachf > f-kf-p e f-v g
(Analysis frequency AX > lRkE TR
domain/Limitation) > ERIR I P B A AL LB E 2
> F R EFAS S VR SCY-FLR N
#1 Y RCRER A {7 5
> & > EFRSE LR

il
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2.2.6 5P| Sdk2 B

FHEE Ao gk BR A TF PG RIpE > H - RISE RE R AoR 2.13
T e T RHER BRI o P - BUFEET R RApde o R
WrAREL G A ME o SEIE EZ R R FILERD e B
RAME R EPIARE RS E 2 RS R e [T R 2 F KA 2 B
MBE RIS - PIRER D Bl — BRIRERZIEY-

%353&4"" ﬂ{%‘)%‘%ﬁurr’?mr‘]% f P& F 'gﬁa—;%'—’?&ﬁ

S

o AR BRI R S B ERIER R KT o pISE FE(NAX)

£t BRBE(AX)E? 535 0] 2 8fe B oA B AR A fr e ALY
% B & ehdragie (decretization) £ & ¥r(truncation) - ¢ 4 ficss ¢

A 2 F e af (Aliasing) & 3540 A (Leakage); 173k 2 BE(Xo) 773k Tk

¢ i 17 ~ B3 (Near field ~ Far field effect) % 82588 o 7217 - &)

beits
g
=%
\\\?{.r

25 R S B E P RGE - ) e o

(1)p= % + £ (Aliasing)

®  pFi(Temporal domain)
7 Fourier 4 FALEF » Ry BARIL S 0 B o om 4 D
#E 5 45 B R 124t F 5 Nyquist frequency o F]ut At ef1if] k-

OE A 2 RAEER P2 B A AEE(F ) do (2.14) 95 A

LA TR AL LR - s T N
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CERIRE® S0 2 AtET R PR LK R o

® 7 i 3z (Spatial dormain)
#1217 MSASW A $1pF > 2 B8 2 L B IE(AX)H 53] 7 it
ERFERAE BBEFAx-gBMEFAE 2 435 FI LA B IE
AX & B3 0.5 BardERl 2 k& (4, B T REETR)
F15) R A EZ AR ABBR BT A S B BB

WiRCd S AR -

7T MWTSW 4 7 kP X e |7 B Ax 7 49 -] > & f-x dormain
f#& 4 3 f-k domain p¥ > -3 B (K wave number) 2 2 prAg B2 58> 3
% f-k domain 45 2F-cie £ AF A~ F > B R L E BPE o iR AL
(2-15) 7 ¥ d. FIAEATE = e BAEHE A F o
(2) F 48 ik (Leakage)
® =iy
Bl T (2-16) > < FEF N R OR A 2 B uE pE
(M —DAt (duration) = >+ 25L& & > #-73 €8 4 4558 F T
Pk pH-BEGNE L THRRBFT UEL -

TR Aok (M -DAt @ * T R
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HoY » f A RRITR AL 2B MAERE S -
MR TR kA o AP RS R PRt PV
f P AR 22 TR B IR DR AR
® 7Rk
Lk B e (Ao -k A 472 ) A AR R MRpF > F A E
A i B A TR L 5 R BE(RISUE R )R % &L W o g
LR JEAR § 3T 7 B 3B chd gr(truncation) » 1€ 8 #3185 g
A 4R IR > TR E B R % T 2 (2-17)
LR A e
L= (N =DM i o e e e (2-17)
HY SLARIMER » 4 st ETTERSIFERIER o
HE A BT A AT R BT s R A 0 £ H E
WED S ERLATES o KA R T R L RAE R
(2-17) 2 A%3T & B 2 ok Bolf ik B3N (2-18) 4 At @ HEAE SRR
f247 & # % (Lin and Chang,2004) -

Hoook=ky—k o k2 k 5 T2 A LA Hc B EE R(2-17)2 (2-18)

=<

o BBk g EPE > 2 fE# 4 £ > v dormain 4
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WEGABR WM E R LR S BA o rB216dx=4m >

BIAE JEA B 5256m 2 60m - E Rz ERESE 0 Afv AEET

A TR T IR 2 AR AR o

(3) 73 ~ 2 FH»c(Near-Far filed effect)

4o 2-17 > Flirdsa gt B0 FAIA AR AR S - EY
{8 > s B-HAR L T ok (Plane Wave) » & % #icenfiin™ - &

o2 T B AT R YD A2 —B S TR R P

A o iTHR2 FEAR X P

-y
A
&

TR ME IR AR >

J

PR AR AR AL 0 B f

o
i
g
ed
S
=

R R TR AR e
I (] k£ ) @ A F AR F g 6 K i@ £ A BB e
SELEESER PR TE S £ 2

2.3 %m A& %/F'J%’& R A

By BRRALRAZZIPRPR S RRELRE - 97

FR2ZBRRIVENELSITHREL D REZ oV 2 THIRS
2 EL A UG 0 f % FlEUEL TR A E A oid A 1S 2 FER e Rk

IR LT TR

-

F e A5 2 RiR A 2 2B B R
PP AR A T BAE Y - L2 RRNRISUSRIARE £

& (Richard 1992,1994) « 2k A * 2 s ¥ & Bk - 2
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ik dd SA BRI PWH{IRZ RBNE > XA FHEF > & Rx
FARRE o R G L RPIZFFBIFE BT A T VO ] R S MOE 2 gL
—ALTE O MR JRAE 2 @ R R BT A O ELA

ARG RO RARLZ A 4 SR RIAR S e e 0 T R R
ZZRBREZ A BA AN

1) Rik:

Rkt Beng 4 3 5b o - dr2 S AESUmER P # s pod TR (ly
7 SPT ZH)~ 2 % 2 Vi 2 R@ & (Vibrator) 2 2 » 7 f&& - &
R A2 28 BAE S e FIZMRRE AR R T YR R e ]
WA e R FiE R e R KT LA AR K 0 1T A e R
FoHREE > 1 E® FaranTof & F (Richard D.Miller 1992,1994 ) - -
A iR R BAcR] 218 F LR - A4HE - M R 7 RO e B
EARE VT F R PEF LIRS LA R R RIFER
M L o P EAcB) 219 frw o e B BV RO B DT B
b e pIpE R TR I 0 S R R A L O R ¥
P FHEED G R TEIPF LR R FEY RIA
E-JEAE P SRR I P oo R RBIRER S 2 RPagERE £ D

kg 4ol 220 i AN K RRIFEY BF R hRR o B
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I F 423 K2 7 022 Srdp e e B0 B BRI 0

LRI E T EP R o e RIE R SR 221 AV LA 4
VA BRSO i B B e JURT T ETii g Rt IR

;;;:_; sy pLosk e %ﬂm IL%*U’ R ]‘\x‘z%%{/@_?mu o

TR BT R R ¥ {2 3 B & = (Richard 1992,1994)

ETINS

VUER SRR ARG R R SRR L SR
ME23WZBFARE FIEEZ R - (IRAZFTT o X
BT i SR BIRER vk 24k ToREE 0 AR
Gl A £ U IYh RIRAERT e T RBEA T A2 » TR & U4
SR T ] o AR SR T L B R & I BRI o 1T
¥5. Richard(1992,1994)¢ Miller(1986)sH#23 4n 10 = Rk izg 2 #
HEMIVN BRSABAEE R B AR Y T R Y e TR
bR RET OEE R G DT AL .
HiEFZ2n A RPDEE-JFF2RRYZ2 0 FAEHFH TR LN
AR AREERIER - T AL TR W AT F HRIRK A
|48k (3Ib)~ ~ 4B48(121b) = 3E 4 4oig B £ B(EWG)- fie & Walkaway
R A FiTE AR A 2 BRA A B ER R Bakke EF
FR 2T o —H ] 4B Red MR A GE TR A 4B B4 4

FRERBRE? BN BRI FRAREAITEEL S
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2B s 7P 4F A 4T S &
(Richardson,1998) -
e m Rk ;“%:‘E‘J%’ﬁ"l At E B By EATIR %o B fTER 2 M ELA 4T

G FEBER AR ST BT RAUETAA S > g Bt Y

PoERfZ e A2 REF R RPALZHEF O FEVH K

T MR MW 2 S e B SR - Ry DRI

™
yUs
i

E R TR B R AT o B) 2.22 41T o
MEAPRAT FLRS RS AL AR R R

GEIRUEUELE S5 RIEEE 5 @ S anbt B 5 ICRe 2 e B

Ik

R RATTFETVERIF LR LI e R Y 2 R A2 L2
Bk "HARTA B EAKREX2FE L AR YT ERL R
AT 2 EIARE BT o Flet i - AR ET Y R AL R
gz BRdg B R AR R e o
EP:&:S
Fm ks AT ML R R F P FILRAFD L&
YeI| 4o 2. 3B > ATy 8 * OYO Geosapce = # 1 & 2. GS-11D

AT ERXZ AT 4B 223 977 o H p RIE S 5 45HZ > BAHE
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FMANL AR pARIEFPZAAL AT F B R MR 2
5o Mfle - M7 S o FAIX R B AL —F4a (L RY) 0 £
W R R T RTINS A XA REEG - L f R iR
R

iz SHE AR ABRPER AR LFFATRENAER LR R
b Ao 4ol 223 417 0 MEESEE G AE R FIF L o FRRE
BEAERY S R LB G A THELY B HRF B4~ o T
BRISUE R T B AR (FESRIRE B A R R ARY S

hpE o Steeples et al(1997) 4571 RS R AR RIFTAL | 2 PR 0 X R

Land streamer Z #-5% B XA B AFI el F b o FH B KFFE
Bk TR o Streamer  fLend koo R p 30 (R R R PF K
hydrophone #5 & % 4; & » F % marine streamer » M3t~ £ PR A T

Mo rpt o (T R A F 2 % o RBFERPIEY L5 LEYE -
Marine streamer 24+ e35 s 0 2 H 2 s it o SR

B @ 3 land streamer 11138 o P w0 land streamer @ 3% F A7 0 K3



b AR A T TR R RIFRIE Y DF S S 3782

frd @ 4 2Rl - (Geomatrics,2000)

-—a

81 * chstreamer § & o $ 0 F AT - B A% B F

Y

eI S AR T R U4 o 5 B4R ROPIR * snowstreamer & §

N

iz T land streamer &t Ak B B DR R LR S APEE
4v > 4-4F landstreamern #7 18 T ALREE 2|3 e @ sLi® * spike T B
BIRADRR TR G5 ~R -

p = Land streamer = 3 % f& 4| &7 ch @ ¥ i ;¢ (Geometrics
2003) > AT X A B A A BB AR X A BT LT AR S LR
i fe e 34 (Van der veen 1998 - Geoprofiles 2003) » landstreamer
b 3G Rl MR 3 ITEE R SRR B 47 R+ (Van der veen
1998,2001) - land streamer i * & % f& > 6 > A FRP| Y 0 - A7
FEAAGEHROB AN PRI B2 iFa B @R g RARR
A_5 — { 4 :E % (Geometrics 2003) o 1T -4 5 d AT H g
B FE ol T2 Land streamer £2 T 4 -

(1) ETH,Switzerland

Van der Veen et al(1998,2001) > - %+ land streamer 2 & sv2_4& » ;¢
% % (spike geophone) #7Hcdsrz BA T T — R FEGHF T IR L 0 3%

723 #7i¢ * 2. Land streamer > 4[] 2.24 - % % 1 self-orienting gimbal
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geophone( & 5% T sk £ b F) > KAl H A F L o J5d B A AP
2 p £ #% % gimbal geophone 243 el w 4 273 £ fF - T @ 4 EL
FRgs ot 2 B o (Krohn1976 #3450 » 2 Xk B e
AR SR EFIHEAZERENL T AR A2 X

RAB2LE R e b g 22 K AHIF g2

R
|
=
k-8
=5
by

MWELRIE) o ZAT T BB ALV O VX B E Land streamer vt A7

F2bd BB ATREZBRATA(EF PR - FHRLRER) 5

i TR TR 2 Sl B R N N2 L BT iTd TR
F o HeeE B 0 do§] 2.25 9T o

(2) KGS(Kansas Geological Survey)

KGS #7472 4¢ 2_ Landstreamer §= Van der Veen et al #7i * 2_ % 4L 7

oo o) 2.26 0 #-3E 0 SN2 R L BN RN T2 = & 4484 (Weight

~
k

cutter)’% A — 4= > %ggi ROV VAR Z BN A A e b
TP AF b b Bl B AR A AW kg R o T E T
B4R R AL B Z Bffe el B E TR R
EEEEOEER S

(3) Tyrens,Sweden

% d OYO 122 45Hz X A B 2 A 4kg £ 2 éﬁ«iﬁh%ﬁ'/
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Z i BERPIB(ZwR) T3l - AL 018 p (viscous fluid) e B

2.30(b) > U R H B TR P o %’ﬁ‘d R e A R

BEEE gL B G AES E}’?@E']iﬁ*‘v??%iﬁﬁ“ P BT

FeF R 2 BRI R R FEE IS e { R A PR

Fo5 i B34 PR > @ % land streamer JzékFE 5oL LR
PEH AL RN K E RIERT R 2 247 B 0B £ RIRDE R
LR B PEER O] > B MR E TR FATARY 2

PR oA 4 5 T 41 BRI e * 44> @ % land streamer ¥
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Dillatation Ccomprassion

s

7 e e ar
2 r Tl

ES=EEEC
=T TR R

B
i

Wawalength, Ay,
Direction of Propagatiaon

(a) Compression (P-) wave

Wwavelangin, i

Direction af Pra ili.l lar I

(b) Shear (S-) wave

Undisturted e ium
sk i P i i o8 T i i

Wavelenglh, &y,

ourecton o1 propagaton

(c) Rayleigh (R-) wave

T e aL e F P L LJ:
I Wawalength, & I
(d) Love (L-) wave

Bl 2.1 32 38 > 5% (Bolt, 1976)
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< AN Recanvers
H ——
= i
D '.'”—"r | ___.-"
& Y e | -
= e ‘ E
Az Al Wave E: Refrachon

B Diect Wave F: Back Scaltaing of Surfece Wave

C: Surface Wave G Ambiont Cultursl Noise
D: Reflection

Bl 2.2 i @ i7 5 22 g 47 (KGS,2000)

Crculer Foolng
¢ “Pbeemaneionl | =3 =08 '
- Domgerng Lo o - b

Fieatie
il b e

Lal

| —~ Per Cert of
Wave Tyoe Tatel Ensrgy
| Rayleny (18
Sheor 26
Comgs eson T

B 234 ByEdgd 2 it £ (Woods 1968)
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B 2.4 S84+ L @ ARtk @B ig B 27 (o (Poison ratio) 2 B % (Richart 1962)

Frequency component

Geophones

Time (5]

Inversion

Dispersion curve

VINC |

Field
Testing

L

f

Dispersion
analysis

Bl 2.5 4 & s & ipl:% (C.P.Lin 2000)
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(a) Particle Particle (b} Surface Wave Phase Velocity
Huﬁunh ~ Motion . -
o | P
....... e — %
3
Layer 2 E
Layor 3 |
Y
~—" " Duptn Depth
& Profie b.Short Wavelength & Long Wavelength
{c) (d)  Susface Wave Phase Velocity
Sarface Wave Phase Velocity —
] Profile
- & DZRRNNNY
£ .y ———
ES
Vi < Vo < Vg Vg Vg ¥y
i

2.6 4 a3k 2 B ACR §

Electromechanical ™ Receiver ' Receiver
Vibrator Positon 1 Poasition 2

I'( Mg ),‘( ’-n‘—*l

Bl 2.7 484 % & it 2952 (Rix,1988)
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Number of Waves

I I N N T
6 1T 1@ 13 2021 22 B3 B4

1 11 1
& T B % 1001 12

B 2.8 X & BiEdgr ez 4 #ic(Number of cycles)z_ k¢ % B](Richart,1970)
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Signal Analyzer

onoo
oo

e s R e |
=1=1= »

Tmpulsive, Sinusoidal or
Random Moize Source

Near Receiver

Far Receiver

B 2.10 4 & ¥ MY fe B

Bl 210 B E B Y Bk
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200
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f~x domain
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Distance (m)

B 2.14 3p = & $BF 2 iE 42
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DSFT w.r.t.

#-x domain

Y(j:-':v) = %U(ﬁ,xn)exp _j
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5F 3
LR E—
J~x domain £
_ 15}
Po-o--s l -------o i 1.5
1 i g_
1 - i 201
 f~kdomain | 2
i i 41
£ 25 f
410.5
f-v dormain | o7 !
200 400 GO0 200 1000
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Table 1. Source characteristics

Source

General
1) 10 kj spark pak

Weight Drop

©2) 7.3 kg hammer onto steel

plate

3) Bison Elastic Wave
Wave Generator (EWG)
(accelerated weight drop)

Surface Projectile

4) surface .30-06-cal. rifle,
silenced

5) Betsy Seisgun M3, §-ga.
6) downhole .30-06-cal. rifle

7} downhole .50-cal. rifle

Downhole Gun/Explosive
8) .410 Buffalo gun/wet hole

9) 12-ga. Buffalo gun/wet
ole

10) 8-ga. Buffalo gun/wet
hole

11) 8-ga. Betsy Cage gun
downhole
12} 8-ga. downhole capsules

13) Explosives 200 grains
PETN.

Variation Tested

a) full extension of rubber
band before release.

b) extend rubber band
0.5 m before release.

¢) extend rubber band
0.25 m before release.

a) shot 180-gram bullet into
undisturbed ground.

b) shot 180-gram bullet into
water-filled hole.

a) undisturbed dry area 3-
oz lead slug.

b) shot 3 oz into wet hole.

shot into wet hole, 180
grain projectile.

a) dry hole

b) wet hole

1/5-o0z lead slug FED
F412-RS

a) l-oz lead slug REM
P12-Mag.

b) Black powder only
(blank) WIN VWI2BL,
165 grain.

¢) black powder only
(blank) w/PVC liner
WIN VWI2BL, 165
grain.

a) powder only (blank) 250-
grain REM RSBL.

b) %—;z lead slug REM 3-0z

¢) powder only (blank) w/
PVYC liner 250-grain
REM RS8BL..

powder only (blank) 250-
grain REM R8BL

a) 500-grain high voltage
electric detonation.

b) 220-grain high voltage
electric detonation.
1.25 m det. cord

Site Preparation

Dug hole 0.5-m deep and 0.3
m in dia., lined with trash
bag and poured in water
and salt.

Seated steel plate with
several impacts.

Seated 2.6 cm steel plate
with several impacts.

none

Poured water into bullet
hole from previous shot.

Fired into undisturbed
ground.
Poured water into hole
from dry shot of Betsy.
Poked 1/3 m deep hole with
2.3 cm shaft and poured in
water.

Auger drilled 0.05 m hole
0.66 m deep.
Poured water in previous
dry shot hole; placed
condom on end of barrel.

Auger drilled 0.05 m hole
0.66 m deep, loaded gun in
hole, poured in water; one-
person secured gun,

Same as source 8.

Auger drilled 0.05 m hole
0.66 m deep, loaded gun in
hole, poured in water, held
in place by ATV*,
compression detonation
rubber mallet.

Same as source 8.

Auger drilled 0.05-m hole
0.66-m deep, loaded
capsule, tamped water, and
dirt on capsule.

Same as source 12.

Mnnufacturerf

Price! Supplier,
—_—

Geomarine Syst,
$>15,000 €S

Hardware store $<500

Bison Instrumeny
$5,000-515,000 ;

Custom, $<500

Betsy Seisgun
$5,000-515,000

Custom, $500-$5,000

Assembled by Kan.
Geol. Surv. from parts
manufactured by
Texas Gun & Machine
Co. $500-85,000

Betsy Seisgun
$500-$5,000

Betsy Seisgun
$500-$5,000

Betsy Seisgun
$500-85,000

Betsy Seisgun
$500-35,000

Betsy Seisgun
$<500

$<500

*All terrain vehicle (ATV).

Prices have been given in terms of the following ranges:

$<500
$500-$5,000

$5,000-315,000

$>15,000

FED = Federal

REM = Remington

WIN = Winchester
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Site New Jersey Califonia Texas
Item
VWater Table 0. 8m >30m m
Target Depth 80m clay 11m Tm/15m
General geology
Grain size Fine to midium Fine to coarse Fine
Soring Well Poor Medium to well

Material Type

Sands, clays. gravels

Sand and gravel

Sands, clays, gravels

Average Velocity 1600m/s 320m/s 390-470m/s
Drilling Firm/moist Hard/loose Firm/dry
Best source for Downhole, high Sledgehammer/weight Downhole/weight
Targe and condition Explosive Drop Drop

Primary positive

Characteristic of

Highest frequency

And broadest

Most eoherent

Reflected energy

Highest frequency

Most coherence

Best source bandwidth
Best atternate Subsurface projectile projectile
source projectile/weight

drop
Worst source for Subsurface Downhole explosive Weight drop
Site and condition Projectile
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%] 2.23 ETH Landstreamer(Van deer

Veen 1998)

Bl 224 (@) » ;8 £ 4 B(= @)

Landstreamer #7{c452 &k F 4L o (b) ~ (C)

F RS

iR RAILI 2 2 o ()R A A

2.4 B

=K
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i8] 2.27 Tyren Landstreamer

MASW Streamertest 2002-09-05 Tyréns

S SURFSEIS 1D INVERTED MODEL SECTION N
Distance/m]

1 % 010 1020 1030 1040 1050 1060 1070 1080 109‘1'15
10 - 10
5 -5
0 -0
-5 -5
-10 -10

Level{m]
200 300 400 500 600 70O 800 900 1000 1100 1200
Velocity/m/s]

R, .
) 2.28 2-D:V/s-profile by Tyren

] 2.29(a) Gimbal geophone ¥ spike geophone
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Velocity Sensor

Sensor Mount Viscous Oil

(b)

B 2.29(b) Gimbal geophone j 2% i
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