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Study on Refractor Imaging Technique

[.Lim. Ji—llvun

Department of Applied Geology., Graduate School

7

Pukyong National University

Abstract

In this paper. we discuss a method for imaging refraction
interfaces by using a wavefront and convolutional method. Wavefronts
were derived from the [irst arrival times observed on the surface.
Refraction interfaces are imaged by reconstructed wavelronts through
irst arrival times, and proved to be accurate in the modeling of
syncline structure and the field data. The advantage of this approach
1s  that it does not require traveltime curve. And so not
time—consuming. The [inal locus of the refraction interface is
sensitive to errors in the picked times and to an incorrect choice
of the reciprocal time and velocity field.

Convolutional method does not require picking first break
times. This avoids both the time—consuming procedure associated
with the picking of [lirst arrivals and the possibility of erroneous
picks. Therefore., imaging of reflractor by convolution is more
productive. The intercept times in refraction data are obtained by
convolution of two traces at the same receiver point generated by

different shots. The convolution method handles the original wave



forms so that we can apply many of the sophisticated data

processing techniques to convolution secrion.
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Figure 1. Reflected and refracted P-rays associated with a
P—ray obliquely incident on an interface of acoustic
impedance  (z=pvy) contrast (a) and critical

refraction (b).
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Figure 4. Schematic cross—sections of four types of geophones:
(a) vertical geophone, b) gimball form, ¢) 3—component

geophone, and d) transverse wave geophone.
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il sl Aol M 25yl vhAda Vs o Rl 2wl Wl (picking) St
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Figure 537 @YW BFAbrF o] afj Aol Qlo] 7] ¥o] u]i= FA] 2rA
o) e AEhis 1¥H o R A Figure 52 35k 423 33 Lo of

EIE I T o S s U R o e B R 3 e o A R

1 O Ot
Figure 5 AFeEe oju] 3 5iy)i= A ul7) &3} o] fL1RE] Qo] x|= ZA)ar
Aol vl veh o ofuwf FAl AL vhAg 7] el 7h @ 3L Alof A

duksto] 7h sr7lel mEgo M FAFME doA 13 HE (/)
o elsel AFakiz 718718 ANz MO ehbel Wixbuh 43
of efit vhrbvhel &8 i dihe Al Eel o8 ST (239 4%

ot uhebvTh olelsh b AlE el Slefifol wAls

O]
-
i —
f
i
-0
i
o
~0li
]

SRR E N e N DEC RRE S e RPN
Ui X, oA adksks Ashsl @ ek FAE olRol 4t A4l oy
bk ol #aEw FAE Uehl A4 AdAAK Adaole
W AZHE S} wbs AIES ARRAlghele} dhe oleld
izl afalel glol ZlRe] Blul, FAFUY 7 HHe) TG L
b Fol AAWAA L AE ANE slsk Pub Ak

ek FAe] wnavh dska AFe Hevh pE Aoz WAL

A% AW TE sk g Aol ANAE Adw 2G5
AR el A H o] obvl FALOw vhehub/] wite] vl olubAal )

1980%1 oldel wrduf Ausiriio sty AckAlvBY (intercept

time method), Y (wavefront method). AAA 7Y (delay time



method) wol 7Buar AR5 o] 7 &= Garden (1939)9] ©]s)
A Mdel Aglyl ZAAH-S Hawkins  (1961)9F  Hagedoorn
(1959 s 7t7} reciprocal method® plus—minus method® 7%

W an A w vk o] B 107 olulo] AARH vl A fof

4

AAANNE o wEAA7l GRM (generalized  reciprocal
method) 3AH-S Derecke Palmar?} 1980%1¢f
Aol QAR 200 A% A go] shsekal,
& Aokl A& %F (velocity inversion) 8k Z (thin layer)

Al A ek vk Ao m A de] AFEv o 9l et

,18‘
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Figure 5. Time— distance curves for the direct wave and the
head waves for a 3—layer structure and direct and

refracted ray paths.



2.3.1. GRM (generalized reciprocal method)

ofe] 7HA siA W E F A b maad o ojgr= whQl
GRME Ayt GRM D. Palmer (1980)7} 7ust wbjo s FA
srdor el A oA A Fe] S AAs 5 A7) Alele] Ag
XYeol ®Wigto] whE HL®AM Shpol zlo]-AlZE shpE Rl o] 2Ry

dpde) wmEwAe] FAdst AHE AX 7trre] AT E Gold wo| Ag

Rl #HH XYE % v, ol& AkEl Xysob wlangtons Foad o
Aol Atk GRME adwo] a2 sk, S ol Zoluh ez}

EAshe ASelw #amel ol mua Askshl AN 5 Qv ol
WS AR AT 2 A% et fAAok shi g
datel o8l ol FEAIE PaebA Hdstolol sk Leluh o eld GRM

o sk ek e A9 $H FEFel Az 7Hg st

of dupb dloldl $ vhAl A@ES wgs] rolof st gekel 2 g gy

Figure 72 HZ7F o)) %23 shiol &% 0,9 @ddo] EAsh=
AnHE olF Fx wWEA, A% B 17 40 oy 249 24
ol flAlojvt, X9 Y& H5% A0S vERY, Gi= X8 Yo 3 A H
& vEpdTh

GRM & elgatel wliwa #4usih 2 ohs fla o4 24
wel gdry) HuE g 2b & u Palmar (1980)7F A28k A)7k—7)o)

(time—depth) 5° t.a7

to= ltyy+tyy— (t,+ XY/ /2 (2—2)
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< S ZhdAke el o

el ok S Qb ¢ i AEE XYEs ARgE u v
zZLo.0] o33F0 R ZWo] Ry

S
1=
L AR XY ks SR At 0 ol 8% v <l Helliz olfgo] vk

olurt Zluksk Fujwlalel 1% wgkabAl wgshs glel, ¢

Palmar (1980) o 2J& W ol &HwiA] gha ¢,
to= (tyy —tpy +1,5)/2 (2-3)

ofth. ojuwf XYgks e grvh Al €eh Aol whIRtolA ¢ i 9]
e TSN 2 e o B U i I R L VA
(Palmar, 1980). whebA Xyakol 14 ak wup it A2 ¢ of 22 A%

ol t, ol Aol Ati= At =t —(, i W EFEE Zikeh o] St

= AAE vhehiis 447 E S e

Al

L E R

A X G Y B

A
;
1Y
h  « 4 4
8 %4
\ - Vi -
Vi< Vs \&

Figure 6. Refracted ray path for a two—layer model.
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3.1.1. A} A Y

701- 1°'l oAz

| B

0

Aghek Aol

i

3.1.2. ©A}F )

Table 1. Equipments of refraction survey

AL S arabe] cldfAele w Al A7 24Ade A W B &

Aol A A4 ANsch Adol Girstol ofe) b sl HuHE A el

T L o8 AR A F H] il
24 Ch.
7] Z A Geometrics StrataView . ,
i e (Geomelrics
(Seismograph) RZ24 Secries
Co. USA)
F27)
Mark 40z Vertical Geophone 2474
(Receiver)
A 4 Sledge Hammer (7kg) 174
(Source) Steel Plate 170
. 250m
Trigger Cable
o ]

; Trigger

570 (GISCO
Co. USA)

;22,



3.2.2. BAF WY
2420 A QES 1 m (FASH ARSI A FHY 1 m "ol A @

oo B EAS AAFoeyn Avdoi 1m (HFAow 489 Ao

T

O
ik
i
Ol
-
o
it
ne
X
=
Fi-l
I
N
-
E

Eob b b fIodvh AAl Absisi Al s sk 9l
oA A Hl B A AL vlste] dsil) A s AlAS @ e S e o
ATH ] vk

3.2. A5

3.2.1. sty E o] &% AW s}
AW (wavefront method) 2 A3 A5 ajAl&l7] 913 of ] 714
27 N ES Fo i ool Thornburgh7h #8F#] & upd 2~ <

el A Folalsel Al A ge A

R

ek TR A gl

A& skt 1 Fol Hagedoorn (1959)3 A WS WA 2] 8l

o] oAt ool &y wxel gt s xEFAE AR
Flaf &2 Zzely FAAZE AL (Schneider, 1992) & AF8-35H3A
th o] vhH2 E kvl (rransmitted wave), 3|43} (diffracted wave),

sk 5o gebehAl wAset £ ol 9lele) HuRxo] s A 8ol

sk o ohugEe] EAL cell oA s Hulo] ofjgh Tl
o b Zolul, webd Fuavt 2 ocelle] A& odEl Ao ) sk
49 97 qo Aol k.

3.2.1.1. &4 Z=ady FA A
Figure 7 S50 o4l 1-v]7] (slowness) -3t o] Fo]d 7

A el s RolEuh ] ZIs Zhzke) cell wiell A ol ek, Al
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7t Az WAt Al AAEEITE Figure 8 cell §F 72 oyl wF o #
FE7F (22) 0 (ro2)R) F WA el Al AL L E Al b, o] A
& (r+ Ar,z )Xol FAL 5 Aldksk-d] o] §5vk olest AlakE)
Ao AR AA Aabell st FAE 2 5 ATk

Figure 78 #5 f-itof] g1 Alglh @els Wneko vy # Folli
=2 7] 7F 7h celloll A Q1A 7] wiol A WAl Zhed el 370 A b A A
Ahivk o] gh A AEL- Figure 7ol 1o 3] sholch oAl AAr
A Aebst A7 oby bR gl ep g el A AbgE 7] gholch

Adol QA= 1A ] ARz A7 0olu], vps 91 ARfef Aol FA =

s+ Azolth @ ost AR LA A Rpre] FEA R fARSE Wb o Alar
I},

Figure 93= W34S Amskr] Qs 3700 ZHdvke = A5l o).
A oA WL Figure 9a2) Ak rglul (ro] oju] Z7|gke Ak

Wt ,ehE olgstel s cell?] -5 efvk AAbe] FA] ¢ 5 AEh

oA s H g S Figure 9a2) shek glap dol ), 7 AT E
= I R B B ) ) o e S e I A | B B B SR A &= S B
of aitd cell?] 5= Ak ARAM ) 5 AARSTE o] A AR ¢4
&3 A g el A AR pakis vlwste] 2b Aol A FAIGE
o A gt

Al A g bl R Absk Al A s e T uf ol Figure 9bgl k.
obe] Wisg bAoA Astulol Zakel A ¢ 3 ol g8te] @l cell®

P ek ARk AL g AAkRIh gk o celle] 9%l Qs cell
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Figure 7. Geometry of the grid layout consisting of velocity

cells.

,25,



oovel] s % ThTh kel g < goleb f=p, 4 s - AzOR O] F0] A

[ [ S

98 A4 FAI Aok oleld g 29l cellel AAE e} ol
SR ubdel s Ha Algre) Rateich

e [ s L B e o S B IRV e ) i R L

sl Azpfele] el vk azbA A E Figure 93 48 4714
of g abgel BubA Wl ¥ WA i) 7F Aol FAlgkGol Fol%)
AT e e Aeon Qs oA 2uleld Adn

AgkEe A wA Ay A s 2/ghew ARk A A 2

oA e Bgom AsselAY WP e Axel FAgEe]

Ax

(x,2:,t1) @

(x,70,t0)

w

Az

(x,72,12) @ .
(x+ Ax,z2,t)

Figure 8. A constant slowness grid cell with minimum time

raypath where curved wave fronts are assumed.
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Figure 9. The time grid are shown in (a), (b).

The of these columns have been cut away.

Figure 9a8] "4 =82 dpade] disll, Figure 9b2l 442
ARol upAe weste] EAE A Abelch oleldt upAHO A Sl Al HE] ¢
b et Axbs ofgekis A 2y wpidolr] widel sl A4 A

whell efell ¢y 5 eyl Ak Abeld Aupvbepnt ghvh Wi aubd A
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Lol A A quprhis "eje Axbel FAgbs S Ak vk As e
& F(forward pass)ehal shwl 1 oo] 0l A vt = 00 5 7R
vho sl A5k Fe]l Akl #HHow ol o s whd g vER L o)
WO A Fatel olaiA At ol A ] kvt Wimobes bl & st

TART vt <09 BASE Rk olelgt AlHES AAbE 9 E )
(reverse pass)sto] o)1z ZAuolA AQuo] e oF v Al Ay
F TR AR FAE 2TIgko R Abgsto]l FAIE AlARste. Figure
9o 47121 g S ARSI e ESA 1o Aaks vz u)
e 27kA 2l W dare] S Fall vkadol ARk uiellA 1807 & nb¥ =

)] EsEel M e R b s As - Advh

Figure KollA 9} o] eldst r-e)7):: 7Fx 1= shv}e) 239 cell
Azkakat o 7lel Al Wil b ol WS A pok R A g A

¢l 23z vherdb 3 Al vhdvh

N
b

:l(,+
(&}

(3-1)

nkek Figure 8ol (1.z)). (r.2,)0 % = EAgleA2] A7t ¢,

i

o~
wo
Jﬂ
617
‘_ !
32
-
-
5]
™

kel defel A (w .z )ellMel FA 3= A

(linear interpolation) #21-& AF&3t c}S-xp 2o}

th=w(zy— 1)+t (3-2)

AN = (t3—t3) /(5 2]) = &7 (3—3)

OVAl (r+ Ax.zy) 7kl =4 ¢ 7b sl kel flejel] ghdehies #H A u



1

3o 5[)’;91_ 716_” Lk Z]’-

t=t,+—= : (3-4)

A (B=4)F goll ybel vlsh vhE b b

it , |
G = L= )/Ai s (mn) -

2T Y 2

(857
|
o
-
(3
+
~
V]
I
N
—
AU
(2]
=z

o714 zol thet ulio) 0o) ¥i- -t el v L oA cell7bA o]

Hlah o oran glerta 4 ok g alan wheb L ARk A o] Ha

=

Aok 4ol sl ofufgl bl o s e ] AAEE #ibrtd

iz Axel el A o S ool e,

s

AR E At el FAl= vdE WAt (nonlinear

interpolation) & E&|lA] &FA ¥k 24l (3-3)F o] &35lo} o] 3 o]

AA iz dWdeNe Ha A R 9] 9el 4 (3-5)% Agad o
it g,

dz, Z”?(T =5 (z—z) - (=27 + A2 (3-6)

Aoak tol 3 20 dide, =090 AelA 53 = ARole] glAsks Al

BT R e

1 1o

Burden % (1981) 2] numerical bisection

algorithm @5t g u]e]dug, whepa] 5 w2l ofoll A =o] % AJghe A 9]

.

Syabe e e 5 ol W,

— 29,



ol W o Fold Aol s T swe bl sW )

AA H e A S b R FAEo R shre) o) 7

U LRLERS o Qi 4

Wb g A Al

>

o
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Ol
-
o
rx

AA ¥z Aol

3.2.1.2 3a¥ AHEs AT 2d¥Y

Figure 107 ARt ZollA g Qds) ofbdke) upd A AE S
VERRTE ofui ] b e AJaell A 7S g alel s AFE wphEol
cho AR 7ssl S5 (feld) oA obefo i 5o A= s
& B AR wkeeldth (Figure 11).

of ofgfo i Kl &k Fhg ,,(,,,:){-:- O I e R E A

2o £O AR bbb T

do

ol A, AAER b
2 Figure 1000141 vpepsh wrd s ap el xsie), b4 AAde] 92 &

W

Aotz 7] whiol shad e Foldl KA (. .)E UFE Y 2 2
9gat opeel webAoRYE ATAN AFAFEAL A8
s/ fd s 2 st (n2) @ ¥ 1Y o

Hagedoorn's 373} W2 web o84 AAde o2 a4 2o 28] A

ol i1},

t(x,2)+ ¢, (x,2)= Ty (3=-7)
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surface arrival times recorded over the syncline

model. Downward continuation velocity v(z,z) is
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Figure 12. Superposition of two reconstructed wavefront
systems in Figure 11. Red line is the locus

satisfying the refractor imaging condition.
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Figure 12 ol Z19oll A Ko 2700 A A%l shyd Al ~kls:
A8 As asles vepd Aok st el 4 (3-7)% ubEsls
AR S1AlelA F=A1e] wiel s R Ao 3hs = ok gk A (3-7)
o] AxpAo A vkithx] EFhd tx] AL ajo]e] MELPARH S o) Lal A

Al el zZlolsr ztond = Aok Wik ol A (z) (Figure

122) Wb & Ast A% sbdel AasA AR A R deolA Q)

191 e 7hdabe] Firs Alelshae: HAl =d pEde gae g

Aol AkE 1A= T, (reciprocal time) @ EHEYA| 7RSS
ofef X on el o(r, )l oEstel T 3 (1',:) akel Wl 4w
woh ko] zlolep 91X 7F why Al Hlvh A Zho| o8k W o
kel getet AN Hyoubehis 20 wu A gk gheks) Awkskap ol
ool ATl FAlE S Hkekar A AFsE A7 (imaging time) '©)

HAukek ofe] 7hx] A s uheh W A,

~ 0

§ s s .

£ N -

B S, e

2 z
o L

100>~ A

==
ey
=
[
L ]

horizontal position (m)

Figure 13. Different imagings corresponding to increments of

10 ms in refractor. Red line is the images

corresponding to correct values of 7 ; and 7.
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Figure 13+ SFAF 4725 fehuiizd), viek of &9l Jd3br st
(imaging time)o] A A& FARwrp AL z1opl A A o) o]n] x| 1=
VA AL Y5 08 Aoluf ofdl Sl el FEalo] o FEaki= A A

= Al S

O dEA] AN (Rockwell, 1967) ol A ol ¥l 213} k=)o)t

Adat ofhak Aok g spAA AR 7F S St o] g3 B A
A A wojol shuh whebA W R v E s 75
Mol grol upl el A ekst Al7k-zlo] W3k (time—depth conversion) &
EE AQr vk ol AR JEALD
(uphole times), 23y SbAZh Qkabul SebA]7F - Al 2L (borehole

data) L %E] 918 4= 9lu}.

3.2.1.3 AA| A5l e sy A§ A7

T WA EeAte R AR sEE IRl oR WojEth A
Ho- channel 1ellA #go] wbAgal s w (Aukek) o & vehy v &t
kol 1# & channel 48°A (&uFak) o] swbwdg vhepdTh (Figure 14).
Figure 153= ol 1dHellA ®HoldE 2702 A4y i A]~81e 713
solct,

Rl oA ds] Awakyh odwkake) AQorAde whdas AAM FoukA
of A s whil Mg ol F o glehi: wEWg (heks] gE A <
w5 QU ek ol ofelAel #uu F Ashs 4EE 4%
A7L Slal A ol Aol sehehs ddd s dElstd "ok Figure 16
o AR AA e ddaA] e wHEe daAFAE VjFOR 10

ms (P2l o s oful o) 9% o it vpERIUE o] @l ofe] vbH] AW E ekuko
o delel 9ol Ut WY EE opRsbA s oal Al o)

AN
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Emergent wavefronts reconstructed from the surface

Figure 14.

arrival times recorded over the syncline. Downward

ms. Grid cell

is 1500

)

size 1s 2 m and contour interval for wavefronts is

30 ms.
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Figure 15. Superposition of two reconstructed wavefront systems

in Figure 14.

——

geophone number 48
Figure 16. Different imagings corresponding to increments of 10 ms

in imaging time. Red line is the images corresponding

to correct values of reciprocal time and v.
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of el M A AFie) EF el A e gliz W (Taner et
al. 1992)el sl Aty ghd ol oM, 25 53 AR
vl Ayt ae)a 1A BE A (wavelront method) 2] 1)
ARl ARl mbebE T A Floh o]yl [t ofe] 7hH] o] fol 9l

b Al A SR g wEvss Jlojrt. 58] ke AlE A sk

Eylo] o] M (convolution) & o] &all A wd AjgkvbiHo] whEo]
iz A Adsch o Ay ESA
A}shut
NEARY AFiiol A= b bd glole dvkalzto] fE Eylol ae] ik
gadell olal] lojglh ofe| gk ZESA UL fd vlelel A vhgol# kL
sogEAR el A dbekijo} oli= uhE Eatst Ay Vs A48T 4+ A
A

FHe U5 Auevel 28 3AUL vh

he shEol A Fole Rals e A7) A Age olge F4 e
tbooff—end #bm7F Aosteh o]y o] e Ay abiAe) i odar
ool AUE-UE FAE AREEY o e wavefront
construction method, CRM (conventional reciprocal method),
[Tales's method, GRM (generalized reciprocal method) &l 323zl
k.

olgl ML Afolelir S Aol vk =t o] Apoliz o EFEA

o)
AR
(reciprocal time) 7F o] f1] 1 ++%] obvl %] @ 324l (offser) 72} (AAd
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A Abelel ERA e wbE APENA
(migration) 2} 3

RN R A A R
Fdat7] fleiA dsk-oidl

]
FAILE ABC WY

o o]

ook 9

I'hornburgh—Ansel method?] @1HFHEuvl% ¥zl Qlilof = o] 1wy
1t (Hagiwara

Reciprocal methods= <

°] 1939 3y ol E Hagiwara method 0.5 2Fe] z]

and Omote 1939).
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Figure 17. Reciprocal method for the interpretation of

refraction seismic data.
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W b e BALE gheke] sebAl o] el duh (Figure 17).

(1) AxbAre] zh Al 923 vhg Ay wRue ey A7k ehE s

I(c) = Tyet Tye = Ty (3=8)

AN I(e)x= Al FA SIAel o] HuAch 7, s A Aol
A CAAL el FA]L Tps A9 BellA 0 CRe) FAL T T

abik Al A9 BAo] ] FEAjolu},

(2) ARAEE R WA 5 &% 0@ olgelN v ol Avlw

¢k gkl (depth conversion).

(3-9)

NN Z(e) FAA e AwelAiE #AUARe] #4 Agjolrt
(Iigure 17). 6
Hatolt}.

(3) 72 FIA =P RS Z(e)9l 98 etk reln o] el dahs

= oA ztelm Vo wEAAES 9 A s o

sedo] AA AR #E AR Lt

kol wpd oy At ubabiie]  HAehAl (RS BRARERA] s abEL 9]
LAl (two—way travel time) ol siWstvh 1] R HekAl7E ghwl o
Wbaprk s e) Qe SRl vk o] A9 v A 9

o v

shibolth. wpebaA  (3) A= R Ee] MEAL zpirxEle) 7lo] A EEA
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depth  migration) ] ajgstel, 1¢]ar FFR A H5 (migration

velocity) 1= V| /cos@olth olv]gt k3 oA}, Reciprocal methody= 4]

BFAE o] F3huhis A7 AlYF#]A (time delay)o] Fyled

o ] 914+ (phase) @] ol o alwtstrii- AR RE] A 2E Q) T Ao
Alghel BIALS FEabg g olela] o] 2] 914 o] (phase shift)
el QAo Weh Fubg Aoleld gk dals 2o F AR Hol
Ak o) e AlZFde] QlAbel A o] so] aRsAe] ol ol

SRR el B AUY (Glering ¥ yhaEEy) #Eg 49
CLﬂ} /ll EJ} s :ﬁ}.‘i%’— O]
Goofolel A thebdl 4 Gk oWk Eelol el SLEBMS W
él— %}_—L’]'%i} L}vE]ﬂ‘;HE]» .‘?]/2)]— /\jl]}:;;;qlol }:é}h]o‘] (i,]\
sl 43, SEAIRES- el i)

Figure 183 #& 7} =go] 47} skl A% (pulse) S dh= 5 b
Aup =go]Ag Azbstat o] £ Edol Al #EZMO i} ulES
7ha shpe) Edol A8 whEoluith o] wbE e 7,4 T,.Q) AlZklA U}

Ehvteh SE54d b F0 700 ghell weh 91 o) ek o] Egel i
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