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1.1 iansnedan
434308 n1sdrsrassailand 4 (3-3-6)
Ftivaunau: 434201 ssaidnaninsydse
nanATETIAMISTARENT 3815679 9 2a9nIsEITIETEI VAN LRI B U
MuMuUnaEiuard i

1.2 1a59519518321 (Course outlines)
sm%mﬁauﬂs“nanmunmsnumau 6 un leun

untl 1 uni
. Introduction
uni 2 uniINIsEIARILAIBNITMIIETRAAnS
Introduction to geophysical exploration methods
untl 3 AsasIAdEnsadulmiasiay
. Seismic method
uNn 4 NsEIAMIARU TR AU LTALA
. Seismic refraction methods
uni 5 AssITandulmasifiavuuvasviay

Seismic reflection methods

1.3 mshiszdunzuuu (Grading)
Ujifinrsuazuuuilnie (Lab. and Practices) 50%
gaunawnin (Midterm Examination) 20%
faularania (Final Examination) 30%
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m

2.1 anunNaAaINISANTIAMISSOL N RN
(Meanings of geophysical exploration)

2.2 nsdsadiaasnisnvssalildnd (Geophysical Exploration)
2.3 suuuurasnsdrsranessaildngd
(Geophysics Investigation Methods')i
2.4 1unnuaeni58157a (Scale of Investigation)
2.5 n1ssunuuviudrsia (Planning a survey)
2.6 n1sAauatihuuialunisdasia (Target Identification)

2.7 msusnvnaildannnisadnsia (Results presentation)
2.8 szarvinvsruinvnudasaniidnsia (Station spacing)

2.9 nstdan 12t nasdrsranvssaildndeatihuuanisdisaa
Tusduuusing q (Target and techniques selection)

2.10 nsuszgnatain1sdrsrantessalldndluvuidszinnens 9

2.11 2isrdnTunisdrsranessalland
(Limitations in geophysical exploration)
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m
2.1 anunNILAINSAITIANISSEU NI N
(Meanings of geophysical exploration)

A "asali&nd wia Geophysics” tAnanNIHENAUBAYATTN “Geo"fudain
1an Aua1I1 “Physics” Audain InemaansdiAmAuasndsunisnfauiniuay
w59 Sovwnefe “nMsinmrvvinemansiAnfussudonunisiafaulnuazus
Aderdiasfuyanilsznaufutiuiuian”

ssdfanadidunsnaiuse 9 zaslan Mosudhidunlgantan (Crust) 4
dseduanndudunasdufiuy  wnuia (Mantle) wnunatvuasian (Core) 1mmandn
ndnnsfintagarsufinfutanfinaaut@nieniaaiw (Physical properties) Asinofu
Taanrsarnanssdfidndazvinisiadnwaranuuansoduninaaniinig
Araa naadesne 9 Maglafrfudainiaciiadfinisaanuuuinialiainise
anafannuuaniIIIManwawizaasinga 9 16 leaarsarinansdidnd

svirmsantaffifuuazudannuniglunseduainudnaig q TG

vlhuae (Goals) Tunsasiacdiedgn1smassaifl@nd Usvnaudie
- Tasvasanessalinen (Geological stfuctures)

- &uus (Ore)

- asetInenuaszrusin (Geology of fouhdation)

- gaRufivanmaniwaasfiu (Physical properties of rock)

Taan1581536 88 sessdiA&nfarli ldfinsdudarufefvinn1sdsa
Tnapsousiadaqaaufinonaninuasingiinale (Media) sufludiuan

2.2 ansdsadadtnisuvssaifldnd (Geophysical Exploration)

msahsmr»‘ipﬂ’i%msmo'ﬁszﬁﬂanziawhmﬁmmﬂmauﬂﬁmomﬂmwma‘mq
fdana1v (Media) Gelsenaulddie

1. Aranufiaueu (Elasticity)

2. AUy (Density)

3. aranuluutitudn (Magnetization)

4.  &nwaurn19lWiin (Electrical  characteristics)  1ru A1AUAUNIUIAAN
(Resistivity) A1a1u' I (Induced polarization) Arausiedndn1vIn (Self-

potential) 1fusiu

5. Arffuifuased (Radioactive)



undl 2: yntnsarsasgignmTmesaildnd wih 2-3
Chapter 2: Introduction to geophysical exploration methods

m

‘Imﬂmmmﬁm‘uaomsmsnémﬁﬁmo'ﬁszﬁﬂanﬁﬁaﬂﬂmsms'zﬁmmm
Anin@ (Anomaly detection) AfnannamMuuansAuzasn N TANIINEA WYY
?fmqu‘%awm?iLﬁmmﬂﬁnaommaauﬂaqsau 9 W'l

dmdunmsainameiinimssdlidndiazdnmdulussdutaslsenayty
¢ 4 ABAseadu lawn

1. 98A1saafeIBrdulmiaziiau (Seismic Methods)
2. 3amsdnasaausltiualvuasian (Gravity Methods)
3. 3&n1sdrsacmuaaNnuiumiindn (Magnetic Methods)

4, 58n1581573608' 1WA (Electrical Methods)

2.3 siluuuaavnisarsranessaildnd
(Geophysics Investigation Methods)

sluuuradnsdITIAINssdfdndarasuandnazaasnsindlaandiu 2
dnwarival laun

1. msiasfiiAnduasausssuaiinaase (Passive Method)
2. my¥aiiaduaingesh (Active Method)
1. Ms¥amrtAndiutavniusssuant (Passive Method)
dunsiasianufnlnftaansefiAntiuasniusssumd wuviinsinzas
- &uuwsdliiualvuasian (Gravitational field)
- Funwimdniinduiaanusssuang (Natural magnetic field)

- AfuusuduInl viandufianduiiiAinainnisduazifiau (Seismic or elastic
wave)

2. MsiaaAriAntiuannieé (Active Method)

vinldTaanisdedauanamofdndiy assualniy ulmdnlnd wda adu
Aaneju ao"l,ﬂ“lmmﬁuummmﬁma’mmwmﬁLﬁumona’nmﬁmsaa%’uﬁmmm Ly

- duanadidnannndulmanitau (Seismic waves) faratAndiulédannnstd
afisvtadauiudiiufnndu

- uanalssanassua Wi (Electric current)

- fyanarduwsimdnlwvih (Electromagnetic waves) 1ilugiu
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m
2.4 110 ua9nN1581533 (Scale of Investigation)

anaavflulddousvunabifiufiuns was viaduAtawes duagiulszan
aasnsu lddseane 19 1y

- ssdif@ndlusuBowindan (Environmental geophysics)
- srgifl&ndlusruniviaingsu (Engineering geophysics)
- ordifl@ndTuoudrsa (Exploration geophysics)

2.5 n1svenuluviudgisia (Planning a survey)

‘lumsnouwu"lumumsaamﬂﬁ%msmoﬁsmﬂﬁndﬂsuﬂaué’nu 4 ’uumau’mm
q (U7 2.1) ol

1. amuacihuuaaasn1sgrsia (Survey objectives) -ﬂoa favRasaufisoulssuna
(Budget) warauaInsalunsatusyunisarsIatiu (Logistics) fiaunsau
wiali

2. nsaanuuundariivunqadutfuacdefidasnisansia (Survey  design
specification) uazauaudfiuasnsdrTIanwesdifl@nd (Geophysical specification)
uagdadfinsirnuaauarsuuengnsia (Position fixing) arsdrnuauulgga
(Line orientation) sraendsEnIvndITIuiagantigiu (Station interval) waznns
wAtlym lunseddnsarsaafitigmseninevitnisarsia (Survey optimization)

3. madanddnsd15Ia (Method selection)

4. vinmsiAudiayanisdrsia (Data acquisition)
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SURVEY OBJECTIVES

SURVEY DESIGN GEOPHYSICAL
SPECIFICATION SPECIFICATION

WHICH METHODS?
I Electical/magnetic/ i
\ slsctromagnelic/ate. 7

et

o o fagn
Uins odentation
Position fixing Station interval

Survey oplimisation

DATA ACQUISITION

517 2.1 MsnouaumsaInamedgnsmessdfans
2.6 msrunihuunalunisdisia (Target Identification)

Tunsdrnameignsnssdfdndiuanuusnsresuniafidnacfiolsng
(Anomaly) 1adnauaNTinnanazasinquhwinaiadnarefugawwindan
ihodsvasdudiimuaiazimsdunudvnadundalyi S1ligenuuansiouas
AaENTinnanwaasiaquhvinafudoniadandrodasaaf laigansaduny
vhuwineluatsarsadule (sud 2.2)
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() Airfiled cavity
Wator-filed cavity
s s RO St

~
S

mmmmmmmm i}yy fiated

Al i ety rouistive relative in Walgt is wiry conitlive W dEangenible contran

Wt rook, heace high anomaly seshtive fu dry 1ol e low DrstwRin waler in the casity ang
surpirding rock, hene 1o
anily

sl 2.2 NaR2IANNEIAYAIAINLAAANAULAIAUFNTRAN AL TWLAITRGg

Wihunnefudowindandnoidesfinasianisdunivianinuaiiuunauasnis

§1977
2.7 msuaavnailldannnisansia (Results presentation)

nMsudnINaildaina1sdrsramessdifidndaravitlélunaragluuy (U
2.3) iu

- awdaavlusasfld (Cross-section or profiling)
- unufluanvA1fnilné (Anomaly map)

- awuuudanaadlugufid (3D model)
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Profiling vs. mapping

What is the nature of the target?

A 0
* 2D or 3D7
e %0 ¢ Preliminary site evaluation
& 20 necessary?
10
3
00 x{m} 10 3
X Y % 3

&
Lodidiiidod

t ¥ 3 4 L L L
Tpepy

®

P R R PR JEoN ]
&

g e @ L

R N "
AL e e e s e oS
Sedrodoeonindonbionk. iy

L P S U g

o -
™y

Ul 2.3 suunnvasuadusilaannnissinadmeisasmessdfand

2.8 szazihvsruinvanusadaniidnsya (Station spacing)

st muasTELiNsEnivaagafidisadasiulainasaunguudasuise
ﬂa:maaﬁw"’samaﬁmmﬂmauﬁﬁmamgmwwaﬁmqLﬂwuquu‘%aa’mmwmlﬁadwo
audanunwafanildlsananale U7 2.4 uanefonadwiAldannnisdinadie
‘Sﬁms‘mmﬂﬁ'uuﬁm§n"l,wwm'sﬂsznzmos:mwammsﬂﬁLLmnsmeu Tneaseasuig
nivRadInsiinalaanssarAia'ls NngUaziuasEarriiesEnIneRaglsna
ﬁmmmﬁuvl,ﬂwaﬁwﬁﬁ"l,oﬁmnmsah*ngﬁaz"t:immsnm:awnmﬂm]mﬁ (Anomaly)
6 usidnfszazvineseninoaedinannadunadwsildfazinnugndasunatuitudy
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Chap

A 4

' } f \ True EM profile

1 i

Buried pipe
(B 4

Alinsed profile sempled svery 10m

() 4
Aliased profile sampled svery 10m

e

&0 &

A A Afiasad profile sampled every 2m

0 T T T

. Sampled every 1m
m fit to original profile)

! T I

T s o

(E)

U9 2.4 muddguasstasviesEnivandTanaganidinasanadwdildann
AE19MEIBNITNIEIAIAENA
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wih 2-9

m————'

2.9 mmstianTaHitnisdrsranessallldndaaihuunanisdrsralusduuu
@19 q (Target and techniques selection)

asarsanesIdildndluwsarinisasminausainguseaoduaziivang
gasnsdanuansvAulY uaruaseingussavdlunisdrsandafiandfuaiaasd
3gnrsanaldvalegduuy Tnedgasdnanssdidnddumancanlunugdina
stluuusing q Ausonaneliluansen 2.1

51991 2.1 8nsarsamessafandAldlunisd1salususne 9

5 2
. 5§ » & i
h dt tg ¢ 3 ¢ 8 ree .
echniques and targets ¢ & & = BEE Ly
8.8 %sp 3 4§ Ez2 3 £
cBgolforeed §82 & 3%
232868 £ o8 e 5 & O
35 Bgtn il B2 8g PEEaf ¥
o= 5l & o o% s|Ag|Re| & C
Geophysical Method Dependent physical oRgélo 8% 2|5 | ¢
cophys e P 28| P BE|e|2E 88| 28|85|8 |2
Gravity Density P| P S S s S S
Magnetic Susceptibility P | P | P s m PP
Seismic refraction Elastic moduli, density P| P |m|P|s s
Seismic reflection Hlastic moduli, density P| P |m|s |5 |m
Resistivity Resistivity m| m|P|P P P 5 Pim
Spontaneous potential Potential differences P m|[P|m|mjim
Induced polarization Resistivity, capacitance mi m|P  m|s | m|m{m|mi|m
Electromagnetic (EM) Conductance, inductance | s P P m
EM - VLF Conductance,inductance | m |m | P |m | s | s [s [m]|m
rE;;'Ia’er”"d penetrating | oo, itivity, conductivity m|Pp|p|P|s|P|P]|P
Magneto-telluric Resistivity s | PP Im|m
P — primary method; s —secondary; m —maybe sometimes
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m/

2.10 nsuszanaladnisdrsranessail@ndlusiuldszinneng q

wafi ldannnsananssaddndaruisaurlldseyns 1dluousng 9 6
MRINVAUIZLAN LU IUNWAIUAITEITIANWEIAINET WID ITUNIIFIUIFAINTIY
151 tusdu

2.10.1 nsladssailll dndlusrunvdrussalinen
(Geophysics for Geology)

asdAmIEnImessdlAdndAsunsaln lddseansd ldlusiudrsnanie
sselineleatnenineulng iy

- udRTasIEs I ddneniag 16du (Subsurface geological
structures) 12y satndau (Faults) Tmoaswo‘imoa (Folds) saaunnuadiiu
(Rock fractures) tflugiu

- mumﬁuﬁuﬁu (Stratigraphic correlatlon)

- udmathuima (Groundwater investigation)

- udnansnens&uws (Ore), insidan (Petroleum), enudiu (Coal), unay
wslauy (Metal ore), unavuslangiian (Precious metal) u navan Wu
nauny, widuTuasod i gusflen waladian wiawdiusunavdauel
(Gemstone) v twas (Diamond) waaa#& (Corundum) ilueiu

2.10.2 n1slafssal ldnadTusrumasiiuidarnssu
(Geophysics for Engineering)

nsafEIinsmessdlfldndausain lddsegnsldluouiainssu'lé
ANV ABLLY LAY

- 9umdtugiusn (Foundation works), ns@nrainuendralunisuaiu
(Rippability), n1s@infivainuudeusnavitu (Rock strength) uians
nagauniandcInstianeu (Elastic constants) 619 9 tflusiu

- ‘tmwauhmaua‘lumsnoLtwumsﬂmmua‘imﬂ (Tunneling planning)

- msmaam‘iwsw’%am‘luﬁu (Cave detection)

- s uiTmntanlunsasafiau wiaaraAuin viaYaanagste (Dam,
reservoir and construction material site selection) flugiu

2.11 2airfdalunisdrsraniessailldnd
(Limitations in geophysical exploration)

Lﬁaomnmsmsaamoﬁscﬁﬂﬁnaiuumm‘lu"lmwaﬁ‘luimnu’%awuﬂLﬂmmﬂmaoﬁ
mmwﬁmﬂnﬁﬂaaﬂmaunﬁmomﬂmwamo‘tmamouﬁomo"l,ﬂmnu%nmﬁoLnﬂéau
ziaﬁuﬁ‘lnmﬁﬂan'\smsnﬁuﬁoa""l,mwaﬁ Foifun1sd19IatesiaviideficiasArfiude

Sh|
1. Amnuay Lﬁummaoa’rmmmﬁmaomstwa‘tuﬁmwumnmamnaoﬁu 9 Viatisau 9
2. msﬂaoﬁuﬁmmwmsnmumnaomaauﬁLﬁmﬁu‘(uwmuﬁﬁmsmsm

TuneafontsgsnalurdnaiuiidsAuatagaslidgaisdisianana q
Iﬂunmﬁa’tumsmmﬁnmﬁmﬂnﬁl,ﬁmﬂu"l.mmﬂﬂaﬂ AILtUMIALNIAINTRNTI
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mf-

m'muuwaa?f'uﬂuéuﬁ'\ (Aquifer) Taaliign1sdrsrafonuuadulmasdauuuuin
w (Seismic refraction survey) uag AMsEINITRAIANNGUMUIHT T
(Resistivity survey) souaaalilugild 2.5

cre—Saturated clay mmm——

Resistivity contrast Velocity contrast
substantial minimal

Resistivity contrast
minimal

Velocity contrast
“~" substantial

+"a"a"+ Fractured bedrock - '“,.“ » 6««-

Ll
LK B N . 1
d\hi\d\bhhh&hﬁﬁhhﬂﬁhhﬁ

Ul 2.5 msahsamdmammunaasiufiudinhinaldisasdrnafouuuaguim
geiauvuuinuazasindiauiumuliihiwirnasiuwiadiy
nsiiuduainugndiasuasdiayadefunasiu
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Chapter 3: Seismic Investigation

ﬁ

3.1 msshs'aammsnau“lmaumau (Seismic investigation)
3.2 afinuadnsdIacedndulinasifiau (Type of Seismic Methods)
3.3 adufiautiy (Elastic waves)
3.4 vuummmnauumnqu (Types of wave)
3.5 nqufiaavnisiiaueiu (Elasticity Theory)
3.6 ﬁnummwwmnmmwamﬁu (Geometry of Seismic Wave Path)
3.7 msianaduiifinasniiu (Measurements on Waves)
3.8 Huygen s principles
3.9 Snell’s Law |
3.10 nMsazviauuaznstinuiiudnasaudataddiznay

(Refraction and Reflection at Boundary of Media)
3.11 yuannssnu YUATVIAU waryuiniy

(Angle of Incidence, Reflection and Refraction)
3.12 ﬁﬂmomsmumwao Seismic Body Waves
3.13 msanmauawamauumnqu (Attenuation of Elastic Wave)
3.14 a¥uiifinasannuidhraaveduluaniiay

(Factors effectmg on seismic velocity)

3.15 misiiufinAadulasiiiay (Seismic waves recording)
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m/
3.1 A1sa1saILBAduluaaziiiau (Seismic investigation)

msa'\s?amaﬁ'mﬂSu"LmazLﬁauatjuuﬁygmﬁh Adulwiaziiau (seismic
waves) wiandutinueu (elastic waves) wiaufidaainusilivindulufiustouiie

ffu

udnnslunsdina } . o
Taansidanlulantuiiu o anlaaanily udrianarnadulidifuniouds
3a69 q uuRIGU udvanllnssvudusassassnitetiuiiy (517 3.1)

g : .xi’-.;. o .
selsmometer e e selsrapmeler
: 'I;V;; : e s i B

s ,ﬁmhb af reflected wave

e oe- TR BT refracted ‘wave

v

1 3.1 asiuvinasedulinsnfiauainindiiaaduindedudeyana

3.2 Adaaasn1sdsaceigadulinsziiau (Type of Seismic Methods)

msmsmmuﬁﬁﬂgiu"l,mauﬁaummsmmaaan"LﬁLﬂu 2 anwauzivigd 1 au
Useianuasnisidunisaasaduwindaniasfiasudayanalsdy

- msmﬂamumsﬁnmmaoﬂﬁu"l,mauﬁau (Seismic Refraction Methods)
= Msaadunsavviaunasndulmieiiau (Seismic Reflection Methods)
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M’_

3.2.1 A1sAITIAGIUNSTiNaaYa ARl azIiaY
(Seismic Refraction Methods)

dudnwinaidadufianguinmsituduftusrgufianduacgfrfuiia
annananundufianguuaranuihaastufumaiu (Ui 3.2) dnldlusu
55619711354 (Engineering geology) wazuidinssussedl (Geological engineering)
(i 3
- AaAaNudn ANUKUY AavtuRugiusn (foundation)
- MstEITLEILnAI TR NAF5Y 1aY

e N 7

§ 4 ta L B , - . N N X ’
& shitoid . G " L2 L R .
v ' T TR e s T R
. gravel o/ refrdcted waves
w . P » x »

< - X X R
. R
g, 1Ecording S : /‘ * bedrock x ® % x x %
! apporalus . : : .
, ' NP . * X X * x ® ® » x % x
Qs .

- detonafor . * * x * x x x x x

_~l( g & X X X x X x X x x * X
v
X ® % x X x L3 o x x

7l 3.2 Msdmadunsiamuasedulmianiau (Seismic refraction method)

3.2.2 nsd1s1adunsasiauaasnaulinasiiiau
(Seismic Reflection Methods)

nsaTadanaindufiaveguazviaufisaasaszninetfutunduagfifu
Warwmamanudndsansiaiiy (517 3.3)

Teansdrnasuunilu 2 sedu fa
- M558 UEN

Tduatunudizniunaviltasifan MdvaTulatiuasuasArldinagonin
Wmm“l,ﬂ"l,nau'm'tyui]aaﬂ’u
- N157152356 U0 U

1A lunuirnssuasel wudiandu ualifaafauinseaiung
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M

e,

vibrator

e - .. — s T,
. T S . v/ﬂ USRI
recording N - ST -~
MV‘NM s e gt

truch

' MENTS
MEASURE Comrmmms

N PROGRES.

i 3.3 nmsdnadiunisazviauzasadulwidziiau (Seismic reflection method)
3.3 adufinugu (Elastic waves)

anuliaudu (Elasticity) Aanaautfzasassdazduniuninal ouniae
IR R F 1L Tm.n?ﬁamjﬁuaznﬁu’zggﬂiwu’ﬁuLﬁausomuuanﬁﬁﬂﬁtﬁmﬂ'\i
wiimuulasuunauatguireiunuaty aldaudu (Stress) adnaviudiviulea o a9
laanflotuinnfiantu aduliavguazusasgaanilunafidnie (5UA 3.4 uay 3.5)

Waves produced by tossing a
pebble into a pond, (a) Shape of

ce .. the water surface along a profile

7\; , extending olitward from the

2 distance -Ppoint of impact first at time ¢,

(solid line), then a moment later
at timne £ (dashed line). .
Wavelength A and wave height
H describe the shape of the
surface. (b) Displacement of a
point on the water surface above
or below the undisturbed level

‘ E
- , _
/;—'\ /\ changes with time because of
ik ; time passing waves, The wave period
: . \/ \/ T and-wave height describe the

moverent of this point,

ap I

a

displacement of
water surfoce

"

1 3.4 a8unazasdsznaunasn sy
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Spherical wave fronts and radiating rays illustrate
the advance of waves outward in all directions. -
from a source. The wave fronts show the position
of a wave at successively later times ¢y, ty, t3, and t,.

7l 3.5 Y9&ndunarvinadu

3.4 AfeuasnAUfinntiy (Types of wave)
ﬂﬁuﬁwquﬁa uanaaniilu 2 sy Aa
- nﬁumﬂ’tu‘mq (Body waves)
- afuRufa (Surface waves)

3.4.1 adunaluing (Body waves)

uﬁo"l,ﬁaamﬂuﬁﬁmian"mﬁn 2 4l Aa
3.4.1.1 nauﬂguau (Primary wave)
3.4.1.2 adunduni (Secondary wave)

3.4.1.1 adumlsunfi (Primary wave)

w3a 3un31 P-waves wia Dilatational wave w3a Longitudinal wave (n8u
mumy w3a Compressional wave (ﬂﬁué“m) iy Afufiinannisdnail3s Taanns
\wlay ravaynaluingiantdudinaief P-wave duldazagludnsasnduly
ﬂ&“umsanama:ma’tuummomstﬁumwa\'mau (5U7 3.6)
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Compressional (P} waves

(@)

Shear (S) waves
(b

Motion involved in body waves. (&) The successive passage of a plane
P-wave through a matérial subdivided into uniform cubss. The arrow indicates a correl-
ative point (a phase)—in this case, a compression. An individual cube deforms by
changing its dimensions in the direction in which the wave is traveling (to the right in
this case); (&) The successive passage of an S-wave. Motion is perpendicular to the
direction of wave travel., and an individual cube deforms by changing shape. (From
Press and Siever 1974: 424, Earth, 2nd ed., copyright W, H. Freeman and Company.)

11 3.6 msiedauduavayniaiiinannsduszfiaurasingdinate

3.4.1.2 adundugf (Secondary wave)

3a Shear waves v3a S-waves w3a Transverse wave (A&uANII) Wia
Rotational wave (ﬂﬁuvmu) Tnanisdaufizavaynialu S-wave aziadauinau’ly
na’umsa‘uqmsmﬂa‘tuumﬁamnﬁuﬂﬁmomaonmﬁumwaaﬂﬁu (5U% 3.6)
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%

3.4.2 nduuAn (Surface waves)

T ueldaanfunfiatanlésn 3 ufle 16w
3.4.2.1 Ray leigh wave (Ground roll)
3.4.2.2 Love wave
3.4.2.3 Stonley wave

3.4.2.1 Ray leigh wave (Ground roll)

msmﬁauﬁwgaaumﬂ'guimqﬁwLjuﬁanmaazﬁa‘i’nmmméjmo‘% Tagfuny
ndn (major axis) aAvarnfuRul T,mﬂmsmﬁuﬂwaoaymmumﬁazaﬂ Amplitude
aaavaufidnduguanainudndseuna 1 24729 anuenady (sU 3.7 a)

w0

@Q

G : g
= A > -

£ _/,. aYoran , ~ /
k=] , / ‘.

2@ : ’ ‘

’.‘gﬁE ’I Propagation direction ~——m

48y

Amplitude diminishes

with depth

L TR,

Surface waves. Wave amplituide decreases with depth. () Rayleigh wave
involves etliptical motion in the vertical plane in the direction of wave propagation; (b)
Love wave travels where a layer overlies g half-space; it involves only horizontal notion
Perpendicular to the diréction of the wave,

Wi 3.7 nadumonasaynauasngy Ray leigh wave uas Love wave lusng
MINA
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ﬁ

3.4.2.2 Love wave .
BuvnaiRufy ‘imuﬁaumﬂwamﬁua wndaurinduldnduinsavyasugaly
undsandunsidiunmozasadu (3U1 3.7 b)

3.4.2.3 Stonley wave
HunfuiiiAnuinafidudafuzasuasudounasuasnad (Solid-Fluid) 15164

fludn

pUNEILo:

Ground roll Hundufifiniuenaduinn fasiadaudifuret wywiuiely
ﬂ'\mu'm'mmﬁuaunsummLﬂua’mmmsumu (noises) suniuuardavaudyanoa
yasElastic wave anlaRuA? vﬁoLfluﬂmmuﬁo’lumsd'mamoﬂﬁu"l,mai siflau

3.5 nqufuasnisiinueiu (Elasticity Theory)

ANusizavndu P-wave uay S-wave avzmwuﬁﬁnmmmmsﬁmuﬂu LasAn
ANuvINwLUTaYIngfIna1e dofl

ausnau P-wave, Vp

k+2u k+ “ -0
1 20)(1+0) 3.4

aMusndu S-wave, Vs
B _E
Ve V2p(+0) 3.2

A = Lame’ constants

H = modulus of rigidity (shear modulus)

P = density of media

k = bulk modulus

& = naadu P-wave wWiunoldtuseaenie x ludnaiy
t= a1iadu S-wave Bun9lElusEaZN19 X WFHINRTY

la
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M

n'rma(uﬁuﬁszmwmﬂomﬁﬂmiusm q du'leidnin

2 —
E- PV, (1 20)(1+O-)=2p1/f(1+0') 3.3
(1-0)
v, (1+p)
k=~-L
3(t-p) 34

% 2
!:0.5 ?’1} —1} ‘ 35
«\'2 .
4)-
v,

O‘ foad
la

E = Young's Modulus
o = Poisson’s Ratio

BUEILUG

: AveIn1sliangu (Elastic constant) ﬁuﬂﬁmnmwgéwaa P-wave, S-wave uae
AAanuninwiuiliiandt Dynamic elastic constant drouansineann Static elastic
constant Gvldarnnsdauvisiudiacg 5

: anfomasunutiarlindidnedulunsdaasuvistumtlawiuviniu Tnadl Static elastic
constant w'lgian

132 +2p)

Eo 3.6

(A+u)

A

_ 3.7

“ 2(A+ u)
k=§-(3l+2y) 3.8
compressibility = ;lc_ 3.9

Wagan Gas way Ideal Liquid fi ¢ = 0 sfovfu S-waves S9ligunsandaudlaly
Mnaronant
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m
3.6 Fnuaiznvisanasiauavniu (Geometry of Seismic Wave Path)

suanfasanily wiha&u (Wavefront) uay $9&8a8u (Ray)

wihafu (Wavefront)
. (farduiiunaanannyaiidannianiomi 9 ﬁ’unmﬂﬁuﬁﬁ Phase i1 9 ffu

t‘%mm “Wavefront” *ﬁoaummﬂﬁuﬂﬂmomsmﬁauﬂmaowﬁomumsumw “Wave
Directions” w3a “Ray Path” (51 3.8)

ﬁmmemsmaaummmnau (Wave direction 15 Ray path)
: ﬁataué‘oﬁﬁtﬁﬂmnﬁummmsﬂﬁomnﬁu wavefront 1fHagurafenan1ofingu
Wunv'lyl Banin ray path (5U7 3.8)

. flavitnsannaanannyanfinnduazusiaantallédlunaianie (360°)

~ Wavefronts. (a) Each point on a wavefront at time ¢ (e.g., AB) can be
treated as a new source; this is a statement of Huygens’ principle. The common tangent
to waves radiated by these points after At gives the wavefront at 1 + At (A'B’); (b) in
constant velocity medium, wavefronts (solid lines) from a point source are uniformly
spaced concentric spheres, and raypaths (dashed lines) are straight lines; (¢) if velocity
changes, wavefronts-are no longer equally spaced or concentric, and raypaths are curved.

I

U7l 3.8 508a&u (Rays) uas winadu (Wavefront)



unfl 3: mszhnarﬁ';ﬂ%%msnﬁu"lmaztﬁau _ uih 3- 11
Chapter 3: Seismic Investigation “

m

3.7 msianaauiiduasadu (Measurements on Waves)
nsTanaaNTAGI 9 zavadu (U 3.9) acfisnidnanudetiaa

Amplitude: The maximum displacement from equilibrium
period, T : The time of repetition a periodic wave
Frequency, f: The repetition rate for a periodic wave or the reciprocal
of the period or f = 1/T
wave length, A : The distance between the successive similar ponts
on periodic wave measured perpendicular to the
wavefront
Velocity, V : The distance travel by a wavefront divided by the time to
travel this distance (pahse velocity)
: Equals the products of frequency & wavelength or V = T

crast of peak

v‘-‘T-ﬂ« /
Angirtuén L b e T
(a) /\ | TinifiaNiai. ) 7
4 ¢ ,
: ' .

eve: hmgar ft
]

b
‘ o P ey tegigh
Fréquancy. = -v—-'——--
Pariod

Phion#: © Poxifion wilh respact Yo o rafsrancs

R, _
) N Amalituss /\
() ! Position

)
s WO R QT i
Wavenvmber © L

v
1
!
I

PR, 1
.. ‘Wovelwngth
Valocity + Frequengy X Woveiengin

~ef APRatant  Wavatength [T
fe) 2 :

. Mayelengih
Apporent Wovalsngth = Sin 6

Apparent Velacily ¢ Fraquancy X Apporsnt Wavelength

(d) A Tims .
Measurements on waves. (4
B | How one point varies in.time for a
Soming Puricd harmonic wave; (by how. one point varies
Dominant frequensy s m in space, that is, the location of points at
S the same time; (c) apparent wavelength fof
: a wavefront-approaching at the angle of
, (8)--¢[\ /\ —oities,  approach @; (d) dominant period defined
< \_,/ for a transient wave; (¢) dominant wave-
S S——— length defined for a transient wave. (From
Domingnt Woveiength . Sheriff 1984; 271.) :

L

1 3.9 AFENTAMIINEAIWTAIREULaTNSIR
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E

3.8 Huygen s principles

na12'1331 “Every point on a wavefront can be regarded as a new source of
wave” wiaudalddn "nn 4 auuminedule 9 aansansevindndlugudifiandul

‘lﬁ” v } '
arfiatwiflavldasafuaanllingsay uasfidnsanusivindudas
msadauiiuasndwdy (U1 3.10)

Huygen's principle asserts that each point on a
wave front is a source of spherically radiating
waves. This-is shown by spherical wave fronts
spreading from different points along paths of
advancing waves. o

1 3.10 mstAma&uTmsiann Huygen s principles

3.9 énell ‘s Law

: n81371 “The sine of angle of Incidence, J is to the sine of the angle of
‘refraction, r, as the respective velocities”

Wadsufusunis1éi

Sini Y, v Sini _ Sinr
Sinr ¥, v, ¥,

3.10
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V, y

gl 3.11 msWAuasAdy

3.10 nsazviaunarnIstinmiudaisaasanaddinnaiy
(Refraction and Reflection at Boundary of Media)

#rnanv (Media)

unsdnsnsindaufinasnfuiu Media dasgnauy@inilu Isotropic wiaf
Physical properties (t2tu permeability w¥a porosity) windulunnfanivluusiazdy
M wiazudiu drannladuftianwdlu Isotropic media 339 n1siiunivuas Ray
path asazdutdunseaunseiio energy vua'll uadnaiwadvaavssdlinelafidfiu ay
dsenau'lddnatuitiu dufiqauantduansrvfu 1nefidauduiiiugu 9 dsenaudu
HuTaseasvasalineuuueng q Au

WarhnsAiufanduaslitufifiu pduandunedisnudinefidmils e
elastic properties wavuiiu Au (layer) du 9 uazifianuinldludn layer vgﬁoﬂﬁu
Aaufiunegiaanusinduduluiddlulde iy elastic properties uav layer fu 4

nsAnmBefidnivuas Ray path uasanuidedulifunivardacaguu
fugruerof Aa
1: Alwawun (Boundary) zasdinad dasfiausiaitias 1y Twse wiasaauan
(Close and continuous) . 3
2. anusinduluusiay layer luaadaainite layer
3. anudindumuniudn
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&

3.11 {UANASENU JYuALVIAY uavyutinm
' (Angle of Incidence, Reflection and Refraction)

Ray path 2asnfuidiaiiuvoinds (annszvu) Ausaesia (boundary) TEUT
fAnanaavrlla WAANUUAINITAN NTINY YNUBINIREYIa LazyNAaINIIWALUAU
(s 3.12 uaz 3.13)

o

Bewndory

Vo

bmnéerz

Vo, - v
P refracted P 2
refracted §
reflected # | . reflecied 5

ot N

Angles of incidence (i) and reflection and
refraction (r) measured from a line perpendicular
to the boundary between two rock. layers are

shown separately for the four P- and SV-waves
that are produced by an incident P-wave.

3.1 MhMuarazviauuasndu primary uay secondary waves
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. icri-ﬁccny refrgcted §
Vy

4

Refraction of rays at the boundary between two
layers includes (a) a critically refracted ray for
which the angle of refraction » = 90 degrees. This
ray is produced from an incident ray reaching the
"boundary at the critical angle of incidence i,. (b)
Critically refracted P- and SV-waves at each point
-along the ray produce P-and SV-waves that
refract across the boundary at angles 7, and s,

U1 3.13 pswnuuasasviaunadn Suaynsng q M
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%

tunsaiaaINISHALL

1. Ray path @umveiu layer 1 sédmaumd Vi wasvingudoatndy
boundary WavIuARUEIUNTITALVIaundY BndHuntoaridumioniuiintl layer
a2 mum;\m%u Vo yuannsznuiisg'ldaindu boundary w3avinuu 0° AuLduVertical
reference fl51A31 “"Normal incident angle”

. Vertical reference line
e fﬂﬂﬁ

V Layer 1
1
i «— Normal incident angle

V2 Layer 2

v
Ul 3.14 mavinimuasaduisiaiAa Normal incident angle

2. § Ray path 2a9AN5? Vi vinyuannsenu 6, uarwdudnsruntlonindin
Wludinaref 2 daayu 6, faus Vs, farfianuduiusaiunguag Snell’s law

boundary

1 3.15 aswaiuasa&uaiu Snell’s law
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) vg

gnell’s law

Sin6, _ 5 wia Sin 6, _ Sin 6, wia Sini _Sinr 3.11
Sin6, V, " v, 14 V,

e: Wlanuannsznuuas Ray path fewndudas Ray path uasyuinmaziuy
it boundary BGag 9 (Yuwnufidunntiuiay 1)

3. dwuannszny (6) idlvdyuinmdawvindu 90° azvinli Ray path fiienae
puutlalfu boundary  sewitetudinaty uarafusdruntedazidunivauiulaiy
pavofiiuldiendu L‘%ﬂnuumnnssmnflm‘lmﬁmuuﬁnm*‘umu“lﬂﬁn boundary »3a
viyn 90° fiu Vertical reference line 131 “yu3nae” wia “Critical angle, 6.

boundary

11 3.16 msvnmuasadutlayuannssnudluptngs

3.12 Aevmnvnsiiunieaas Seismic Body Waves

| NAN19NTSLEUNTY (Path) uav seismic body wave u3a ﬂ§:u P w3a S-wave
tifonsasviaundu (Reflection)  uazaswnuu (Refraction) MATudanany uasil
- boundary wasdinaty dednuunaanieiiy 3 aaulue Aa

1. afumsg (Direct wave)

2. Afuwnin (Refracted wave)

3. Afluszviau (Reflected wave)
1. aflunsy (Direct wave)

Aa Body wave fhéiumiozuulalu layer A 1 aunusufuRuas layer 7 1
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afuvinu (Refracted wave)

Aa Body wave Mifiunresiulaltu layer 4 1 aunsevfods boundary uasii
indary 4 ﬂéﬂum}mﬁaaztﬁmmsﬁnmuauﬁumgaﬂmu layer 2 (Tnaiifidiumde
auyvauulldudiu boundary) uasliunndudumntiduuazfacritutu 2 sl
i 3 AsAamsinunuuuiianduacliiGas 9 aunuawdeeu

g. afiuazviau (Reflected wave)

Aa body wave Awduviasinu layer uuasll uamﬁamnn;zmuﬁn boundary
umwfioazﬁamLﬁumamuqo"l,ﬂr.To layer sinuae wsidiuniloasazviautiuuning
fnnnssny windu yuazviaudadluldaunguasaisazviay (Law of Reflection)

! Direct wave
i V - :
‘/ Reflected wave
/ < Refracted wave
Vi
V,
ﬂn V2 > V; 1aua

'ﬂl 3.17 NENWATHUMIBaIASUTUR A U 9

.13 Msaavauavuavaduiinutu (Attenuation of Elastic Wave)

ndorunacnfuddoriiuaslituduiu wiadu asfuuinanaoutsunfudy
Eﬂﬁmoﬂtﬂuﬂu Usingnsalfidania Attenuation dofidnunuian 3 Usznns fa

131 Msgaaniiiosanadie (Geometrical divergence)
$,13.2, Msasviaunavmswnmuasndu (Reflection & Refraction of Wave)

3.3, nsgngadundosy (Absorbtion)
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B.13.1. nsaaantdsanndain (Geometrical divergence)

Aadsingnisalfanudindunasndosunfuvsinax ﬁa;ﬂuﬂﬁmmwnﬁuﬁu
mﬂgmamnLma'oﬁ'uﬁmﬂﬁuﬂnﬁ'lé’oaaa vinlvi Amplitude 2avrluanag

1
la—
r2

3.13.2. asaziauuarnasiinuuasaiau (Reflection & Refraction of Wave)
\wnflufisassia (boundary) sswinasananefifi Elastic properties sinaffu vinu
WA unflaeviaundy uazdruntlaninly
3.13.3. nsgnnadfunaiviru (Absorbtion)
dhulsngnisalfindsnuaduy andras Taauldaunlldidundsnuanusau

Eﬁllﬂﬂtdﬂdu'ﬂ'\ﬂﬂ?'\ﬂ waaniuaaly

3.14 I §uiifinadannuisraavaiiulnaniiau
(Factors effecting on seismic velocity)

Usenay'lddeiladavdn 4 dsenrseraduda
3.14.1 aguiiintenisiiantuaasdinaiy (Elastic Properties of Media)
3.14.2 anuvuniunasiinane (Density of Media)
3.14.3 mnunquuazsaaunnludinais (Porosity and Aperture)
3.14.4 iy (Pressure)

3.14.1 aauautidnronisauejuaasdiinany (Elastic Properties of Media)

wulu V,

Vp=\/ E(-0) _\/3]{(1—0')

pll-201+0) | o(l+0) 3.12
la

E = Young's Modulus
P = density

0 = Poisson's Ratio
k = Bulk Modulus
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'_2 aniuaaviiinaie (Density of Media)

Ewan & Gardner (1994) vaaaswuinaianuihuasafutiiunieluduiiu
1 ammmsoﬁumm'\wmuuu wasadauavitiu

wia Vo Prock 3.12
1
uay p=aVt 3.13
pirt o= density

a = Empirical value for any rocks
V= P-wave velocity

£14.3 anungunazsaauaniudiinaty (Porosity and Aperture)

ANUNTU U3 Jaauen wia sasuan Aadinvlufiu ﬁw‘mgnm'%maoﬂﬁu
Bao afureldlaaldauduiusuas Wyllie et at (1958) auil

1 _¢ d-¢) |
AN 3.14
Eg V= P-wave velocity of rock

@ = Porosity
V¢ = Velocity of fluid in rock
W» = Velocity of matrix

14.4 arudiu (Pressure)

-

e

T duudagaraldainunaduinn q Assdupaudanindy q azvinlignqud
mmﬁnm vinlviduiu (Media) 1 density undiu tilunalvinfufianusifinunn
BuAANAN 1l de

!@15 mMsiiufindinauluasifiau (Seismic waves recording)

snsevirinanisianisduasifiaurasfniiu Tnald Geophone (MFudeyana
mﬁnuun) u3a Hydrophone (sf%udguannailunisdrsnalunsa) nsdussifaudy
R NARUALBUNIINEY Geophone w%a Hydrophone avav&eayeyrautilu
Fyanaclwi W Amplifier (Wazenedaana anfuedasiaasinnssuaiwing
el Galvanometer n&Fonnfuiatacfiadnazdodyanandi CPU 2av Computer
A58y Digital format uavazgnuwaanuiluwaudaanaugnsnnuduius
RWhoszasn1e uaziian (U7 3.18 was 3.19)
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Recording principle

CONTROL LINE
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»
1 GEOPHONE AMP
DATA A FILTER A
VA eV i Vo )
PREVIOUS N
suMs T o NEW
. ADDER | DATA
MEMORY | gullEW, cPuy
1Y sum

ADDRESS DEFINED BY TiME T
{ CONTROL LINE }

¢ ol

Ga)—

RANDOM SOURCE DATA IN
MINI-SOSIE PROCESSED DATA OUT

A NEWT IS DEFINED FOR EACH
ONSET OF RANDOM SOURCE IN A
CONTINUOUSITERATIVE PROCESS,
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1, Je-trace sefsmic record for 12 geophone groups on either side of the
sourcepoint, The trace spating 1s 50 m, the hedvy timing lines are 0.1 5 gpart, and the
fingr timing tings 0.07 s apart. Traces 12 and 13 are 50'm from rhe shotpoint, {Courtesy
Cheveon: O Co.}
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er 4 Refraction Methods .

1 u¥nn15TuN1581523 (Survey methods)
2 msdrarudusiuduidan (Single —layer Refraction Problem)
3 nsdawndau Travel Time Curve
44 ms’imm'mL’S"maonauvlmaumau (Measuring Seismic Wave Velocity)
§ﬁ.S ASAIAKNAMNKUN YUY (Calculating Layer Thickness)
#6 ANuAnlussziine Intercept time uaz Crossing distance
4.7 nsilszunsilaiotu (Application)
4.8 afutinuluduiunana q du
- (Refracted Wave in Multilayered Structure)
4,9 wihaduuaz¥ed (Wavefront & Ray)
4.10 Travel time uaz mwnmmawﬁuuu (Travel time & Layer thickness)
4.11 Travel Time Curve muamﬁunumwﬁmq’tuums‘mu,am
Refractor 2 én
4.12 msmmmmmummaoﬂﬁuuu (Layer) g1y q
4.13 msvmmmmnauuuﬁuuumumsmmﬁa )
4.14 msuinanladlunisidunivuavnd auvinuinaraunaaviuiuiauss
Reversed Refraction Survey
4.15 mMsanuaimuiIzaIndy, ANUKLN karaNuLEavaasiusiu
4.16 nsuszyneilaf Reversed Refraction Survey
4.17 mssi'\s-aq'imﬂh'fnau”lma Wiauwuudiniiuusausassuitedudiulg
daiilaviiu
4.18 fairfiauvilsznisaasnisdisiatesdsaduluraziianuuuting
4, 19 msm]am'mnmﬂmsd'\s'nimsmau“lmaumauuuunnmua”msﬂ%uun
“en2iaya

4.20 msilszyndldnsdisiaTauadulimasdianuuutin
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1. Refraction Methods |

amstun15d151a (Survey methods)

psfinmn Refracted  seismic waves  vildlaaviinisianan (time) 4
vod waves lHhuvviAauudvntlia (source) wdIdFuI e
hone) Aszeevasine q Ay .
a1 iglunisiiunisaacnly (Travel time) avgn plot  Auszazniafieg
one uuns W Gandt “Travel Time Curve w3a Time-Distance Curve” wi3a
4 9 16131 T-X Curve

nm‘%mmtflutﬁums\mpoammo 9 uu T-X curve wuaqeﬁommﬁmao
ic wave ﬁtﬁumomuﬁuﬁumoyﬁmﬁu doaraNinnariiaziinldlunis
A unUn (thickness)  wasduiiu (layers) inariuls Teaaarde Snell’s
he Priciple of Huygens, naufia3inauiid uasngufisziade

‘ msdasrarudusiuduéian (Single ~layer Refraction Problem)
'\umﬁgm‘lumsﬁnm (Assumptions)

1. funtufiTaseasrodie 9 Taaedluwudstedy

©2. dupuflanuvunvindu hy
3. anusaduluduftuinedagdiuaie (Vo) fianusunaindgruuu (Vi)
wia Vo, >V, )

4. a8u P-wave WUMIAIUTULURINMENNGET 9 AU LU iy, i, i (critical
angle) Tassnuduuawmuaniasaasasswitg (boundary) devindradafud
wnuuay (Refractor) daang Snell's Law (51U 4.1)

5. svagmainunduiiga (Minimum  distance) #3167 geophone (siuniiv
R") Baniy “Critical distance w3a Xcrit” (519 4.2)

6. s mmdan SAO uansleidn Critical distance fianuduWuddudu Critical

angle wae AmNunINaITURY AIENNIS

tanic=Xcm/2 4.1
wia Sink _V,
sin90° V1,
3 R 4
IWWsIERsu s = 7 4.2

2

gratiu X, =2htani, 4.3
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' 4: Refraction Methods

Refraction of seismic waves in a structure consisting of an upper
Jayer in which wave velocity is ¥, separated by a plane horizontal
‘boundary from-underlying material in which wave velocity is V. The
first layer has thickness h,, and the velocity V; is greater than the
velocity V. Three rays departing from the-energy source (§)
fllustrate refraction at the boundary. The ray corresponding to a
refraction angle of 90 degrees is called the critically refracted wave
and can be observed at a receiver (R) on the surface.

il 4.1 Asnmaan AR luiInAMLNNANASENLENS q AU

4 >y

“Mintmum observation distance for waves refracted from a horizontal
plane boundary. Because velocity V, is greater than V,, the critical
ray from the source (8) is refracted along the interface and back to
the surface to be recorded at receivers R’ and R. The wave refracted

 from the point A to the surface receiver R’ is.the first observable
refracted wave, and the minimum distance for detecting the
refracted wave is called the critical distance. Any point on the
refractor beyond the point A refracts rays to the surface. The critical
distance (X ) is controlled by the thickness of the layer and the
velocity contrast between Y-; and Vs,

U7 4.2 prsrnmuanfurnmiivinlitaszaznietian e
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21 JA
. ! V. Vi-v2Y?
. 2 . 2 1 2 1
oszc=1—SII’1 I, =|1-] —
¢ ( )/ Y, v
B0
. sini V,
tan i, = — =
COS 1, (V22 V12 2
Baqllwai'l6i0n
2h
Xcrit - hl %

4.3 nsiaa3uu Travel Time Curve

4.5

4.6

1. BGuanedan Geophone wnatadufwdunse (line) wazAnfnadudy ug

ufinA1 Seismogram

2. anifudavin Travel Time Curve an Seimogram 16 (5U4 4.3 uag 4.4)

3. dyaafivsnaviiuagsie Travel Time  Curve Aadaarausnlunde
Geophone 519016 navuannaaglu Seismogram 3eanin First arrival
time
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time {seconds}
provide the reference for determining the times at

A 19-trace exploration seismogram showing pulses which these various pulses arrived at the different

of seismic waves refracted and reflected from geophones. ‘

several rock layers. Vertical time lines on the chart

i 4.3 Seimogram uamnmﬁﬂﬁuu@iawﬁﬂLﬁumamﬁom%’né’m_,apm‘luusiaz
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) ter 4: Refraction Methods

detivol virhe (f)

K %

source- receiver distance (x)
; . ?

Wave paths, seismogram, and travel
timie cutve for direct waves and waves
critically refracted from ashorizontal
plane boandary. The fgure shows
recording of direct and refracted waves
by.a-12«channel system. (&) The critical
ray from the soarce (8) refracts along
the interface arid back to the surface at
- the recetvers from Ry to Rys. (b) The
T selsmiogram consists of wraces observed
at recelvers. Each trace represents
e o p groundl vibration-as a funcgu?n of time.
- A 8 8 0 K Onset times.of the fiest arriving waves
soyree-receiver distance (x) are marked on the vertical time axis,
and the distances frem the sotrce to
receivers are-marked on the horizontal
axis. (©) Timesdigtince curves are
constructed by drawing lifes through
alignments of, points that show arrival
times. at different distances. Slopes of
the lines indicate thve velocities.

orrhfm time {1}
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4 mstamnuSiaasaduluaniian (Measuring Seismic Wave Velocity)

msﬁmsﬂamﬁuwao arrival time Adiuneanéo Geophone usazdn vasviau

, 5m-s'm'nmsa wasTEENISATUAUNIONT nuviayeuas arrival time 7iudu

.,\,muﬁuﬂu (layer) Lﬁmﬁuayﬁmmﬁuwuﬁﬁu‘luﬁnwm sBavfuiudunsenis

i (Slope) ety tuatnglil 4.4 nguuag arrival time a9y (receiver,
) fl Ry, Ry uae R3 azdi Slope ienfdu fa

Stope == _ AL _1

X,-X, AX ¥ 4.7

mnmmé’uﬁuﬁmnmaﬁ m‘lmswmmsammmstaoﬁuﬁm‘.’fuﬁu AUVY

Top layer) 16 «fu Vv, deiflunainsivas Direct wave ulas (;UA 4.3) 14
’:‘ma?uﬁuﬁtﬁmﬁuﬁﬁ’unau w3a 2im uav arrival time 8u 9 "6 wiufieldu uaviag
ﬁmmLs'maonﬁuﬁtﬁumo’tuﬁuﬂumumo wia Vo 'ldiudiaddu Sofluanus)
\mﬁu Refracted wave uiag weiifiagainin Va2 > Vi vinlviuinsuin Refracted
ave ffufid1 AuSInaAnd1 Direct wave e fowliazifiunioundiese aen9ilng
o @ wduanudi Vo asdudl Refractor e Refracted waves uwaIuIy

um9ldau Refractor Tuan19iiendu usuanefuszasnsiaduidiuniely
1 Refractor winiiu

¥ s
*”‘
4
4
e,

i

whdisplocetaen

e

"

tefracted Friomme
ditect P oo

surfoce wave ...

retlected Py
refrocied § .
reliscted S

nogram consisting of body wave pulses. each
wing the same she pe as the source wavei@z and
| aurfzme wave oscillations with frequency that
increases with time. The pulses represent the
ground vibration produced by body waves that
followed the paths in Figure 2-14.

Ui 4.5 Lﬂ"’sumﬁﬂ'unmﬁi'ﬂﬁmm’awﬁm‘tﬁ'ﬂumsnﬁumo’(umﬂmo
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X

-

oV

2.2 Y

x

l
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I

!

I

!
|

E

Geometrical features of the travel path and the wave front of a
seismic wave:critically refracted along a horizontal plane boundary.
The ¢ritically refracted wave between the source (S) and receiver (R)
can be studied by the geometry of wave fronts. If SA and BR are
the paths of the critically refracted ray in the first layer, then CD

. -and ‘EF are the critically refracted wave fronts at the times when the
| critical wave reaches the interface and departs from the interface,

- respectively. The travel time for the ray path defined by SABR s
.. .gquivalent to the travel time for the wave front moving between §
and D, C and E, and F and R.

0 4.6 nsduvnsuasafunusiannnsenu Refractor

fotfuannguil 4.1 A%y Rs 89 Ry, asfianuduiusiumugunis

t, —t 1
Slope = —2—2— = — 4
Xlz’"Xs Vz 8

stagvafidunsodasduandaduuy Travel Time Curve (3uaia Crossing
distance w3a X, doiszarmieiivia Geophone Aaflarisduiiondu Direct wave
U8y Refracted wave Tunaifienduwadl wasiaaUsnfiudr Xei < Xc
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5 asaalaMuKInaasiuiiu (Calculating Layer Thickness)

fagnsannamIaNunnastuivag 2 wuudtenldty fa
k. 1, Crossing distance wia Xc
& 2. Intercept Time v%a T1

5

L5
g

&9 Intercept Time Aa naAldanasaIniduassaaanu A duasIiuaay
gmunﬁwaom'am'nm%) lidnduwnunasiian (y-axis) Tu Travel Time Curve (51

g

‘44.7)

{e}

© gkeiend fime {13

& S % i : o K
source-receiver digtance fx) o
B K e :

DRI il
hgils e =domgem b

N Wave paths, seisthogram, and travel
: : tirne curve for direct waves and waves
TS critically:refracted from w/horizontal
, ' plane boundary. The figure shows
recording of direcr and refracted waves
by a 12-channel system. (a) The critical
= . , : ray from the source (8) refracts dlong
<, ~ ~ the interface and back to the surface at
i ] P s o thHerecelvers from Ry to Rywe(b) The
seismogram congists of traces observed
at recesvers. Each trace represents
R e ground vibration-as a function of time.
* g2 e s 8 0 Ee Onset times of the first arriving waves
source-repeiver disignes- (1) ate:marked on the vertical tinde, axis,

3 : : and the distances fom thesodree to
réceivers are marked on the horizontal
s (o) Timesdistance curves are
cqnstructed by drawing tinesthrough
alignments of points shat show arrival
times at different distances. Slepesof
the lines indicate thie velocites.

P
i
g R 7

¥
+
3
£
T S R

arcival time (1}
m\u
¢y
¥
i
X o - %
i f‘l\ o \
2 A (’; £

N 4.7 mManzasedutasn LN uSIT A A UTEEEN 19 TUATS
Wumezasaduwnns



7.0 mid'ﬁ'zam\mﬁu"l.mazlﬁauuunﬁnm Wit 4-9
E;:,r 4: Refraction Methods

M

i1 msﬁwammmwummm‘ﬁuﬁumn Crossing distance, Xc
]

gunBinfiunasdnfinndu (Source, S) uazfidh¥u (Receiver, R) uanvirofu
oz X wavszaznaAliduniann S W R fddwindy & uae & dwmdy
hact wave uae Refracted wave suaneuevgln 4.8

ﬁ!ﬂﬁ! Direct wave
tD = ’{ 4.9
14
[ Refracted wave
g =4, 4B BR 4.10
o,

§

Geometrical features of the travel path and the wave front of a

- seismic wave:critically refracted along a horizontal plane boundary.
The ¢ritically refracted wave between the source (S) and receiver (R)

- can be studied by the geometry of wave fronts. If SA and BR are

- the paths of the critically refracted ray in the first layer, then CD

- and EF are the critically refracted wave fronts at the times when the
critical wave reaches the interface and departs from the interface,
respectively. The travel time for the ray path defined by SABR is -

- equivalent to the travel time for the wave front moving between §

L and D, Cand E, and F and R.

U 4.8 msunnezasadunumdiannnssny Refractor MBNNTINOH
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;

\ginaaMAEN SCA uay BER wun

S4=BR=—"1_
cos i,

CA=BE =h/(tani,)

elin AB= X —CA-BE

uA1dunTs a, b uag ¢ avlu eq. 4.10 agldin

2h, +X—2171tan i,

tp = .
Vicosi, v,
fanaNuduNus
s
: . sini,
tan i, = <
Cos i,

plauns 4.11 Tnal'léidn

tR =£+""’2hl—. l—ﬁsin l.c
V, V,cosi, v,

; 2

oy "

I = %Jr—V]*(cos i)

fu&zﬁaﬂ Crossing distancee 49 tp = tz uazdn X = Xc

WEnsaly aunis 4.9 = 4.13 16 doifu

NN th =ty

. wih 4-10

4.11

4.12

4.13

4.14
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fansun13uad Cos ic Tu 4.4, fotfu sunis 4.14 ausavdauluilédu

1
P LU Y S Y B e & 4.15
non vy, ) v 7 :
gn;ﬂaums‘mmﬁamm h: 6
X (v,-v 4%
h = ( A — 4.16
2\ vy, Vz_Vlz)%
X, VZ_VI %
ua h== [V2+Vl 4.17

§§1.5.2 drainaMuunaastiufiuann Intercept Time, Ty
5» Intercept time , T, ﬁaamﬁtﬁumoﬁmnaanmm‘amméumoﬁtﬁmwn
Refracted wave 1u Travel Time Curve laléinrfu Vertical axis w3aunuuadtian siogl
214 9 #uase CD ﬁatéu'?oﬁﬂaoﬂﬁuﬁmtﬁm ot Refractor wasfiyndoainduuuliduy
Wuasndutivingadngs (SA) iaa D uazvinyuwnudu Refractor winAunuinad
Wafihwdiendu rﬁogﬂﬁ 4.10

! 7130 B aduarunileas Wiunwldye E fr81AUL5 Vo wazdruntloatifiunie
ﬁa‘h’lﬂﬁa Receiver, R @iaanush Vi fae E Afindusedutlovinyudeainduuud BR
Wafifiae F

AW 15132 1GANUFUWURTEUIsEEENIILRZANNEAaIAd U

DA_C4_BF_BE 418
W n n n
Travel time 7 Geophone w3a Receiver fsinunis R Tusd wildian

SD DA AB BF FR 4.19

o= T 2
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hapter 4: Refraction Methods

darrival Yime (1)

Wave paths, seismnogram, and travel
time-curve fordirect waves and waves
critically refincted from whorizontal
plane boundary. The hgure shows
recording of divect and refracied waves
by | 2-channel systenn (a) The critical
ray from the souree (8) refracts along
the ifiterface and back to the surtace ut
the recevers from Rito Ry (b) The
selsmogram consists of traces observed
ar-receivers. Each trace represents
e ground vibration as a function of time.
. e %5 Xy %o - bk Oniset timies of the first arfiving waves
source-receiver distance. (X ; are marked on the vertical tinde axis,
: : and the distarices from the soiirce to
- ‘receivers arecmarked on the horizontal
axis: (¢) Time—distance curves are
canstructed by drawing lines through
a%ngnmems of points that show arrival
times at different distances. Slopes of
the lines indicate the velocities.

atrival ime @)

sl 4.9 asnmzasaduLaznnHuaasaNuRussTM A ALsTENotUNTS
BUNIIUIARUFTALY

Wiaanaanudunuslugunis 4.18 vinlw'lé & an

_SD+FR CE 4.20
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- - X
S
1

¢« Geometrical features of the travel path and the wave front of a

* seismic wave.critically refracted along a horizontal plane boundary.
The critically refracted wave between the source (S) and receiver (R)
. can be studied by the geometry of wave fronts. If SA and BR are
. the paths of the critically refracted ray in the first layer, then CD
. and ‘EF are the critically refracted wave fronts at the times when the
| critical wave reaches the interface and departs from the interface,
. respectively. The travel time for the ray path defined by SABR s -
. . .equivalent to the travel time for the wave front moving between S
. and D, Cand E, and F and R.

,{:.Iﬁ 4,10 msidumvnasaduininludinarefiilu Single layer

annaanden SDC way RFE Wi

SD=FR=h cosi, 4.21
MRt IS IWIN CE = X ¢rorfu Travel time azflu

2h 4.22

X
tp =—+—-Co0s i,
>, N
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pter 4; Refraction Methods
—

s 4.22 themfiaufuanuduiusluauns 4.13 tduiag
s Vi, Vo, hy uae Critcal angle wia /; dludnaedl (k) dorfu

%cos i.=k 4.23

1

1
0 tp = [I—/—JX +k 4.24

2

b flugunsidunse adrady y = ax + b uiae

ufia
Ak

intercept uuwnu y
= intercept time
= Ty uu Travel Time Curve

Wita
k=T = —21-/}-11—cos I 4.25

1
wodu A1 hy w3a auvurasdufiu azunléann

h=t
2 cosi, 4.26
funudaas cos i av'lyl agléin
A 4.27

2(V22 - Vlz )Vz

4.6 anudutiussruine Intercept time uaz Crossing distance

NAFAUNATT 4.17 uay 4.27 vir i

)
AT L 7
1 2 V +V 3 2 12 4.28
200 2(V2 -N

dorfy x =7 4.29
¢ 1 Vz"‘I/]
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inmmﬁmgﬂaums 4.6 Miaglumannag hy Wisufudgunig 4.17

fjav‘lﬁ'n
.
h’l Xcrit V22_V12 /2 Xc VZ—VI yz
= = PI— 4.30
2 V2 2 \V,+V,
Fatu
i Xcrit _ I/1
XC I/l + V2 4-31

AunuaANNIN X < X339 9

Hfiansann Receiver i1l 5, 6,...., 12 dmfuusiay Receiver 7 X
wuin
S X
At =t —=
=Ty ‘ 4.32

2

a t, = Travel time of refracted wave 7 R,
X = szaynigann Source 9 Ry
At = delay time

t ——+2ﬁcosz
WRZAINFUNS A7
14 I, = 2—hl—cos i
"
otk [=1,-% 4.33
mnzaniugia te luFumsieady &

T, Soiflu Delay time
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Delay time #avaiiaduidiumisls ifavluseasnig X ann Source ‘luldv
eceiver ilasanadu Refracted wave gruntloazdansumernusutufuduuy
;N“lﬂ w¥aan Refractor fiuan ﬂ?ﬂiuﬂuVI’N'ﬁﬁ\‘lﬁﬁﬂTmL%'Jtﬂu Vi Liladuvindu

anui Vo i Refractor ﬂounm ﬁoﬁunmﬁmﬁu‘tmﬁumomuﬁuﬁumuuuﬁonma
ﬁwm'mt%a V; Aauastafauilluanu Refractor draaandl Vo waswamsuduuy
pdulldand Vi nardlinaslutiifunisriutuasudunuidfanaid
wthu T, w¥a Intercept Time wiag

r\s R1 R2 R3  R4(ia X) RS R6
. - )

S g Refractor

o tr= ti+ 6 + t3 doannnin tx (Adunedinnnud V; iilavadraidian)
“uatfl R4 Direct wave wunivunfionsaudu Refracted wave
ANNYN
| DA_CA_EF _BE
w vn »n o7

4.7 mmslszuneil2fvu (Application)

mamomsﬂsvunmmsahsnﬁmmsv‘mmwaaﬂﬁu"lma%ﬁauauumw
tn‘%ao%‘n%’ua’mmwm (Geophone) fianuenifodu 24 mmsuavammstﬁuwaua
BN war a1 Aefulduinisidumeatnunasrifiaadu (Source) Lo kT
(Receiver u%a Geophone)&luﬁa“lumswua”nswmugﬂﬁ 4.11 anndiayamand
Mnsemanuinuastiuiudituuy wia hy Wanaunns

1
h1=& v,-V, % 4.17
2\ ¥, +7,
i b T 4.7

2(V22 - Vl2 )%

UWREMIAN V) wag Vo anngrunduzasanutiunasidusnsuag Travel Time Plot HuLav
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fe X 't
{meters) (seconds)
2 0.00%
.4 c.on
& 0014
8 © C.020
10 0.025
12 0.028
1a 003
16 0.033
87 < 0.034
20. 0.036
22 Q.037 ¢
24 0039

(b} refraction seismogram, and (¢} travel

.~time curve of first arrival times for a short

refraction survey in southwestern Virginia.
(a) Twelve receivers with 2-meter intervals

© are used to record the direct and refracted
~ artivals. Waves were generated by
~ hammering a metal plate:”(b) The

seismogram horizontal axis is the recording
tme that is marked by the vertical lines at
0,01-second inggrvals. (c) The time—
distance curve prepared from the
seismogram. Straightt lines through the
travel time points show that the crossing
distance is at 12.8 meters and intercept
time is 0.025 second. .

.

?gﬂﬂ 4.11 fiayalunisdrsia seismic refraction gvsudadiof 1

Hneheill nsarnaTamElangunamnustazvnody q (Short refraction Survey)

!%L

Wamanunuzasfudunaraznaun1airdnadasyinnisnaasig nan13a1sIane
ueatugdi 4.11 3nnn19219uul Geophone Tuszaen 195U 24 was Taafiszazing

Atwie Geophone (Geophone spacing) w3a AX winfu 2 a3

iﬂln Nndayanildannanisdinadia plot AW string nar-sEaTnIsLaLaLld
Wuaserifianutudly 1/V; uae 1/V, anuatdu 4ovinleiléian

Vi =415m/s
V, = 2055 m/s

Maefl Intercept time winAu 0.025 s

M8y Crossing distance fidwvindu 12.8 m

MUWldaanunaastugiu (h) dodl

h =5.2 m (aanaunis 2.17)
h = 5.3 m (a1naun1s 2.27) Ans.
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4.8 adutinuludiufiuvana q du
(Refracted Wave in Multilayered Structure)

@ unsalilEnnsiengdansindaudvasaduinmludufiuduidednn
Jrgnatifunsdinaduininruduunaradudouanotugild 4.12 6

Ray Parameter

Path:of a seismic waye refracted
through a multi-layered structure
with horizontal plane reffactors.
The ray path is defined by the
depanux:ﬁfangle {tya), velacities,

* and layer thicknesses. The ray
path represents the critically
refracted wave at the interface
between layers where the veiouues
are V, and V.

11 4.12 aswamuasaduaslidlusysuddntudamugnatovais q du

NN fdudiuag 5 ﬁu Afianunun hy, hy, hs uae hs uazaduiiniugi vy,
Vy, V3, Vs way Vs dnuusiavfufiuausdisu uay Vi<Vo<Va<Va<Vs aaaidudie

8114 Snell's Law adunanisnimaasa&uluusiay Refractor ay'léin

sin i, =ﬁ_ a
Siniy, V,
sin i, ___ﬁ b
siniy, V,
sing, _V; C
sini,;s ¥,
sini,; _V, d

sinig Vs
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%,manmtmmamtasgﬂwaoau A lnalain

sinj, _sini, _sini, _sini; _sini

A A A7
fauwwin sin is=90° = 1 dotiu

Sii, Sy SNk, SN _ 1 _p
Vl V2 V3 V4 VS

taed P ifludinefl uaidundn “Ray Parameter” wia3unin “Slowness”
4.9 wihaduuazied (Wavefront & Ray)

nihaduuasyoldouanolugli 4.13

J1, DD, and LK are the wave fronts. The wave

Geometrical features of the travel paths and the . Tepresented by the pafhi-SABCDR can be viewed

. wave fronts of seismic waves critically refracted at as a critically refracted wave front traveling from $
two horizontal plane boundaries. The critically 10 E with the velocity V}, E to G'with the velocity
refracted, wave from. the second interface is Vs, G to [ with the velocity V5, | to K with the
defined by the ray path SABCDR. EF, AA’, GH, velocity Ve, and K to R with the velocity V..

51 4.13 wihA8uuaria@aduuu Multilayer refractor

auudsruiinesiu

[ENY

Vi<Vy<V3 L@ua . o

2. Receiver fiszaznng (X) ¥eann Source innwaaviunduiiinannyuinaf
vivann Refractor duuuaziia }

3. msdiunnvuas Refraced wave llau Refractor Wegasd inilauduns

\iunnouay Refracted wave aw Refractor zasftudfuidiendofinainiui
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WaRasannsiiunivuasndu Refracted wave fiifiunalalau Refractor
frano (Deeper refractor) Ray parameter (P) asfidwvindu

p= sinf, _sind, 1 4.34
4 oo

a1ngil 4.13 wuhfiidudearnuatady FoarnAuLdusoddiunieann Source
gomﬁ Refractor da19 drRa1saun Travel time ann Source s Receiver

SA+DR AB+CD BC
t= + +
I/1 V2 ! V3
ofeyldfusunismsilaui S = 1t
Wa = S/V=svaemo/anud

4.35

‘ waruannANuFURuUsAunosanadie, Snell's Law, Huggen's Principle
%ﬁndnmuéa@umaus’m WuIi Ldusefzavadunaraiuirzasaduining
NS AU

FA_EA_EA _DL_DK DK

v, v, Vv, WV, V, V2 4.36
(N AH 4G _JD_ID .
v, Vv, ¥, ¥,
NAFUNTT 4.36 uar 4.37 wazanudutusiuniaisanaain wui
EA+AH _EM _JD+DK _NK 4.38

V2 V2 VZ V2
| wazwdarfuduly Single layer msidiuntsnasadurnmludusiud 2 uun
fu 3 aefiauduiugidu

HB_GB_CJ _CI 4.39
V2 I/3 V2 V3

dufuanngul Travel time a1n Source iléls Receiver avvindu

SF+LR EM+NK GI
t= + Sl
V] V2 V3

4.40
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e ————— et ettt
40 Travel time uazaNuuuaasdiufiu (Travel time & Layer thickness)
 aansumden SEF uay RKL tugaidl 4.13 was

SF = LR = h cos i, »

Bazanamiudas EMG uaz NIK wui

P 4.42
gaenagl GI=X

gruAran s iluannis 4.40 agléi

X 2hcosi 2h, cosi
=24 hy 13, 27 23

t
£ " v, 4.43

agUaun1s 4.43 Tnal Tugdeaswasin (Summation) 1691

X Ly
t=—+2) —*cos
v, ,;‘Vk 3 4.44
wavdrdaguaunis 4.34 Tniag'ldin
4
sinj; = —-
£
sin i —Kl
ey »7y
wiRlupvialda  sini, =}I£k_ 4.45
‘ 3
WRZINIIEIN
COS iy =(l ~sin’ ik3>%
2
-t 4.46
£
#ofuasigin
X & h %
f=—+2 k_\p2-p}
v, kZ,;VkVS(S ?) 4.47
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HUNIVAIARU NLGUNI9AN source "L:.Ir;m receiver 2815281519 X
j11 Travel Time Curve Aundavifufiufiiedrag Tunursuuass
Refractor 2 60

glﬂuaummammmz&’uwuﬁsumw ANuuzastiuiiu AnuEwaranildly

~ angl 4.14 Receiver 677 5 asnfludiAFunduifiannud Vo uas V; wian q
B 605888 Xorit

g X,,, =2(C4+ DB)
=2h, tan i\, + 2h, tan i,,
galutMaNVAINATIN
2 '
X =2 By tan iy 4.48
k=1
URLAIN
sin i
tan i, , = —*
COS iy3

wRvaINFUNT 4.45 uae 4.46

A1iIn
v 2 WA
tan i, = {(—é) —I:l

wuefiasluannis 4.48 avléin

. [rvy T 2.49
Xcrit = 22 hk [(i) - 1:‘ )
r= AN

tﬂaﬁmsmNamwaonmﬁﬂﬁu‘lﬁtﬁumomﬁo R uay Ryo Gofiszavvinoduiiiu 24X
N 4.14 wuin 5888 ERg asuvinfiu FRyp Avtfunacsiiosy ninaiadulddunig

;nﬁo Rg ua¥ Ry ﬁoﬁuauﬁnum%‘oa EF doldnailunisiiumiodlu At
aud

At:i‘.{.

3

warangd 4.14 nﬁua%ﬁumowmu Refractor Aszdudnnin (Deeper
refractor) gy Vs fuiae deannsv T-X curve Tugd AasiAndunseiis
ANy 1/V3 dluan
NNFNNTT 4.44 61 X = 0 151aglein

2
t=2Z~zicos =T, , 2.50

k=1"k
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. 49 T, Aa Intercept time yuwnu y wiaununad (time) tutas Goagmléann
sanduasdsianAuLEunsIfisl slope = 1/V;

-

S S S | |

Xg 2y
: [ .

2 -, r {

= =
e 4 .. — C \ i
¥ -oer f 2

: 3t !

e e ]

s | g !

. |

/’ . !

T 1

1/

1\ !

P i

L 4 }

i

]

3

}

1 . 1 1 | 1 .

Y

source - receiver distance (x.)

v
'
i

v

Travel paths and corresponding travel time curve for seismic waves critically refracted in
a structure consisting of horizontal layers in which the wive velocities are V, and ¥
averlying deeper material in which the wave velocity is V5. The first critically refracted
arrivals from, the top and bottem refractors can be observed at receivers Ry and Rs,
respectively. The first arrivals-at the receiver groups R, to R, R to Ry, and Ry 10 Ryg
represent the direct wave from the top interface and refracted waves from the middle
interface and the bottom interface, respectively. T and T; are the intercept times for the
first- and' second interfaces. o

17 4.14 mswninaasn8uuu Multilayer refractor fianedaluuinszuny

Nngl 4.14 sl

L fhidunsaiAndu 3 1du anyadiayatl Teafianudu windu 1/Vy, 1/V2 wag 1/Vs
MG .

2. 1l Intercept time #a T, Fodnnaduinumdidumeliauuusandassniig
Layer 1 uag Layer 2 (s1u Upper Refractor)uas T, dotAnatna@uininuvgiu
Wiunoldauuulsaasiasewite Layer 2 uay Layer 3 (au Deeper Refractor)
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mumﬁu
'-wﬂ Crossing distance Lﬁmﬁmﬁaomn Refractor usiave

ﬂ 12 psETIAANNaaYdiuRiu (Layer) g

inm%umn
- LV,
1
Z(sz'Vlz)/z
usay
" L, h )V
n=|2 0 2
) (2 Vlcoshs)cosin 4,51

(Wanasinguannis 4.50 Tui)

sagansivirliuasanns 4.50 dnhwnldAudufuiift 3 Refractor a'léin

T, = ZZ cos i, 4.52
k=1 k
wazariei
h, =(£ -h—‘ Cos 7, ~—=C08 124] V3_
2 ¥ ) COS iy,
. )
- M?a h3 = .Zé._ Zé&cos ik4 - 4-53
2 a4V COS iy,

uazdnhandseyndldiudufuid n Refractor azfimunun hy, hy, hs,...hy
wazauEndu Vi, Vy, Vs,..., Vo uasiidaknmdniiagn (Deepest refractoﬁ? (§1Jﬁ
4, ) 3z ﬁﬂﬁuﬁﬁmmﬁuﬂu Ve S9atjuu Refractor 6afl uazazfiidunsy Wty
n+1 w@uuu T-X Curve Taufl Intercept time Auinan Refractor fgavine wia 7,
iy

= ZZ COS Fy 1) 4.54

k‘k

wasfianuvintastutuddnfigs (Deepest layer) A, indu

Tn = hk > Vn
h,=| =%~ ) —-COS iy |7 4.55
14 COS 41y
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h :Lf V,
h2 :r' Yg

v v
he | V.
n layers

n refractors

i 4.15 Mmaasduiiuiifianundinazanumnee 4 Ay

4.13 nsvinizasaauuutuiuifinisidasdn

mshunerasaduinuiiannsenudufiudifinisdeeda (Dipping layer) e
uu‘)nnﬁﬁuaﬂajmﬁauﬁ’uﬁLﬁumouuﬂuﬁuﬁﬁn'\'snomaq‘tuumssﬁu (Horizontal
layer) usiasfiaududaunil | .

NNFUN 4.16 dusaduiidusening Source fiu Receiver wuinainldlunig
Wiunaanuaann Source ‘luda Receiver fMgaving (Ryp) avwvindu lidnvielu
Horizontal refractor wazlu Dipping refractor 1i3anisingnisaitlin Condition of
reciprocity . '

nngl 4.16a Goflunisiduntsaasaluniulaluu Horizontal refractor "laldf
Receiver iy 12 ¢ Taadiunigann Source (S1) Tdnianfiunmavindu tp uazdradu
fwmioviasdudiu S; Auddu Ry (Gonl8aulihiiu S, solugil) wuiranudinld
lunsifiumieann source "Llé receiver anvinfudunisdauumsiunnilsznis ol
tﬂaomwnﬂmayﬂ’ﬁmatsmﬂcﬁmwaomuﬁumwwaoﬂﬁuﬁfmaa

a1 ldlunisifunondvannadudiunuy niasddud1u source Ul
receiver fi3ein31 “Opposite travel time” wia tr weianngy 4.16b fﬁmﬂumstﬁuma
2avaduwnin'liuu Dipping  refractor widarfenuafiunldiunisunie
Fovuaazivindu (to= tr) usna1ldlunisifiunigain source lfosisusu q dau
waznaunsnauduwladduduazbivindu .

Wetliilumaifiasunainaisidaamn (Inclination) wase Refractor fodenaiiv
AnENTANISsIAdaasnsAUNILaInfudIE wasdvinti Intercept time 1
Waduraugdy (Tw) wasndoadu (Tw) farlividudin Teafidavias d winade
Down-dip w%ada Intercept time WMiAAAINARUAINS; Hun1gad (Down-dip
direction) avluludinareffinisidaom wardavias u wunede Up-dip w3ada
Intercept time AinannAduann S; Wumetiuunandinareitinisidas
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(o)

}_ -t
T R o
RUNE / v \ 14 =
= 0 S <
. " ' 40w
- E
= 470 1 3
B >~ 2
é " /// \\\ - :»
5 - , ' ~~Jd;
: 7;.(/ o \7{
T

—
oF
—

<

. r
Tr}: : ~10 Travel paths and corresponding
r L . - [ 4 travel time: curves for reversed

refraction profiles (a) ina
structure with a horizomal plane
refractor-and (b} in a structure
with an inclined plane refracior.
Intercept time 7 is the same from
: the direct and reversed recordings,
R T . - and-the ¢rossing point (Q) of the

) ' 0 ime~distance curves is at the
Sy “center: of the profile over (a) the

' horjzontal interface: The intercept |
times (T, Th,) are different in the
«case of (b) a.dipping interface.
The crossing. point (Q) is shifted
away fromi the ¢enter of the
: profile in the down-dip direction.

arrival. fime (1)
k]
%

=~

agrival time 1)

>

S i
oF
P

*

;ﬂﬂ 4.16 mwuldaununisnuaasnduuu Refractor Tuwuisediudu Refractor 1
finnsLaavsh

Wadlunsuitlgmdiinainasidiumesasnduuu Dipping refractor fisefl
M3in9 Source uulanadtunflsuaduur Receiver (Geophone line) fiau Waasa

Mfuiingn Aéine source lldalaadndruntlonasuuidsudaana denssrsat
Baniy “Reversed Refraction Survey”
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m

4.14 amsvinnanldlumsiiuneaasadulinuinaranununaasifufiuieuds
~ Reversed Refraction Survey

aim%nauﬁﬁmaLsmﬂzﬁmwaouuamné‘mmomamﬁ'uﬁnmm; Dipping
Refractor Somsldnisiassvuuuiiarfudy Horizontal Refractor usiastAuGinung
wanlugunssEndng at-sEesny uavavdinagissuuiill Dipping  Refractor
iaes et (Single Refractor Inclined) divgul 4.17

o ——— . .

2 ) N . x\x . g ) - * "é_«"‘K »

. | \ o z

= ‘ ‘ _\x\ @

. E
£ =
| My ©
;‘ h‘ : ¥
By
g

| Geomerrical features of the travel paths, the wave fronts, and the :
1 corresponding travel time curves for seismic waves critically refracted along an
| Indlined plane refractor. Reversed time~distance curves over a dipping interface
| Indicate different intercept times (Ty,, T.) and apparent velocities (V,, V,).
|| Because of the reciprocity, tp = tz. AE and FD represent the wave Fronts of
Critically refracted waves reaching and departing from-the sloping intgrface.
| The depths to interface at S’ and S, 2,4 and zy,, are respectively. =
. . & N

| N i

M 4.17 nstnimaasafuuy Refractor Afintsidaadh
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@

- gl 4.17 (aefwdiunieain 7 Ll R adunuiiiaannyuinafiaz
Rumolau Refractor Nvinyudey o Auuuisedu ag'ldin

sinj, _sing, V)

sin90’ 1 ¥,
gazmnummmﬁuﬂaoﬂﬁu S'BCR wuin

= e =

gorfu Travel time () azuléiann

S’B BC CR' SE+FR' AD
= + + = +
Vl Vz V) Vl Vz 4.56

fann A SAE uaz A R'FD wui
S'E = hy, cos i, way  FR'=h,cosi,
prtiflasain S’G wunudu Refractor doifu

S'G=AD=Xcosa

Ba X fia svazrnosening S uay R daifu Travel time azwvinAu

Xcosa | h,+h, .
t= V +[ “’Vh‘ ]cosz12 4.57
2 1
Bavangl
GR =h,-h,=Xsina
Woriu h, =h, +Xsina

h,=h,-Xsina

19 ty WwinAu sy mmﬁﬂﬁuh:uﬁumomn source 1dau down-dip
Birection uavunuasluannis 5.57 sy

taf:Xcosoz4_[2th+Xsmoz)cosi12 4.58
VZ

1
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M/‘ —

H X = 0 (Rasiunivnag S7) av'ld Intercept Time (Tyqg) tvinfiy

2h,
= %Mha ;
1, = COS i},

1

Inaun13 4.58 nlain

X Vl . . 2}lld .
t,=—| —-cosa+sinacosi, |+——=cos i,
AN 4

WuAIANENNNST 4.59 annANNANRUS

..V
sin i), = —
V2
wavaNn
sin i, cos @ +sin & cos i, = sin(i,, + @)
ey

X . |
t, = —I}—sm(zl2 +a)+T, | 4.60

1

frvinnsndudiu source “uay receiver 11ae'lé source Tudilu S” uay
receiver Tnaiflu R” dogu 4.14 dom@uintuazifiumivann S” g R” avuwun Up-
dip direction

fréiavnisuan Up-dip Travel time w3a t,
ldinan

h,=h,-Xsina

wuasluaunis 4.57 agtéin

Xcosa |[2h,-Xsina .
t, = V + 7 COS i, 4.61
2 1
1 X = 0 vawn Up-dip Intercept Time drotfu
2 .
T = ;" cos iy 4.62

1

WlsgunsuasvintnsunuATEILl e 9 wiflautusufivinfuaun1si 4.60 agléin

X ..
t, =?/—sm(112 —-a)+ 1, 4.63

1
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W‘
dguBausuanuduiusuacsunis 4.60 uay 4.63 Funadldanndunis

4.24 oluaunssndu Refractor Aagluuursesu uazdinndoom via a =0
(o cos 0° = 1) vioaun1s 4.60 uaz 4.63 azanjUasniaud

td :tu :2(_+Tl
V2

dondnafuauns 4.24 dovinli

LaY k=T, HuLav

Jdasga1nnsW Reverse Travel Time Curve

g 4.17 wuin

1. tp=tr 370 Condition of Reciprocity

2. N5 4.59 uar 4.62 wuin
Tiy > Tig W53 hyy > hig

3. g w@uasean Tyg e tp Samdwdu 1/Vy
lla V4 = apparent velocity aas Down-dip direction
uavduLfieniu dunseann Ty, 9 tr Saaudu 1/V,
fla V, = appaent velocity aas Up-dip direction

gofuananuduwusluda 1 uar 2 syufoannaunis 4.60 was 4.63 dariun
Yoluu iy

1
1y =X[Z]+Tld LAY

: =X[~1~J+Tl,,
Vu

UWavAaasiman sin(i12+a) Way L=Sin(in—a)
7

N
-~

Malaunsiva ugluas Vyuas V, 6
"

V,=—F" 4.64
4 sin(i,, + @)

y - 4.65
sin(i12 —a)

Kofuag e V, > Vy
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4,15 MSANNMANNEIAAIAAY, AUV tavauEasaasiiutiu

Tlunsasdauuy Reversed Refraction Survey @1 Vi ABaauagalinusizag
pirect wave uiiefiu 3nsuns 4.64 uay 4.65

, Rz
(i, +a)= arcsm[V—'j

d

URY (iy—a)= arcsin(%) 4.66

u

Faaun13imilugiuas /i,1697

[} —l arcsin—V—l—+arcsinl/1—
27y A g 4.67
ARLAN
N 7
sin i, =—+
V2
#orfu y
V,=—=
sin 7,
MNNHUDINT TN
) . "
i, = arcsin—
2
wudannsasartiluaunis 4.67 azlgin
.V, 1( N . Vl)
arcsin — = —| arcsin — 4+ arcsin —
2 d u
Swsiyuiifiaiiae 9 @1 sine 2o v
oYWK v sz-z[ V. j 468
v, 2\Vv, 7, VitV,
Aasunis 4.59 waz 4.62 arléin
h1 — VlTld
‘" 2cos I 4.69
_ N, 4.70
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%

pnuAnaunsmaialuaunis 4.66 1 ldyudaom wia o an

o= 1 aurcsinﬂ - arcsin—lf'— 4.71
2 V V

d u

,_ nngy 2.26 wImsTaznduigasenine source (S°) A9 Refractor (Z14) W&
gpuemodurigmain receiver (R”) &9 Refractor (Zy,) 16310

Zldzhl_d 4.72
cosax

Z, =—2x

T s a 4.73

4.16 n1silszeineilaf Reversed Refraction Survey

() atinoil 2 maamsmmwvxuwaoﬂuﬁuw Lwamaomsﬁnaanquﬁaﬁ’uﬁug'\u
pufonsdaedinasfiugrniudia densarranseviiiaenouu Geophone 5u
aNnuem 140 m wasldduiluuuieg 2 kg Lflummnﬁmwé’omuﬂﬁuﬁﬂmﬂmaaoma
aasuud Geophone deyeyneu first arrival time gaulun plot fu srasnelddousny
lugul 4.18

Soln annnsIN warnIsATUI
Vi = 556 m/s
Vg = 3,657 m/s
Vu = 4,293 m/s
Tig = 0.052 s
Ty = 0.056 s
Vy = 3,958 m/s

BIngh (i12) Arunalléiann
i, = arcsin—:;—1 =8.075 degree

2

We hiyg=14.6 m
hiy = 15.7 m

fudusiarandas () = 0.6 degree

U8Y Zig = 14.6 m
ey Zy, = 15.7 m Ans.
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Results of a reversed seismic refraction survey in
central Virginia. (From M. S. Bahorich, C. Coruh,
E. S. Robinson, and J. K. Costain, Geophysics, v.
47, p. 1543, 1982.) The intercept times are T, =
0.052 and T, = 0.056 and ¢, = tz. Using the
apparent up-dip and down-dip velocities, we can
determine a true vélocity of 3958 m/s for the
second layer, which requires a critical angle of
8.075.degrees and a dip angle of 0.6 degree. The
refractor depths 2,y = 14.6 m and Zy = 157 m.

‘Iﬁﬁ 4.18 watilsiannnisarsawuy Reversed seismic refraction aindiatof 2
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417 msdrsaiaaldadulinaudiauuuuinuinusaasassuitedufiu i
sawiavfiu

Tuweady Refractor wiasaasiasznineduiuaralisatiaiu Sudnann
guvaulsens Taeawiadrofismsiinfisaniday (Fault) dnritu Refractor v
yniiiiansi@auaanaindu (Offset) aasuwud Refractor duld salugd 4.19

a8u Direct wave azifiunnanndiv Receiver 677 1-6 shaanudd Vi uasd
afurnvduann source (S) wiuneldauuul Refractor udiaauil V, 4Geann
nlfazehiiuiin’ldann receiver ¢l 8-13 .

1A idunmeiiunzasnduann S ludde A udr'ld B du iaundivan B ad
afunediuuandiaan (Diffract) warBdanaduwingin “Diffr’act vya\{e” uazlt,ﬁumo
"yl receiver 6177 14 au Huygen s Principle uay Fermat syPrmmvae Lw)a%ﬁu:m
mstdumelnanitainae B 'l Ryz 4 arrival time Asfuin'léivd Ry, €500 datuy
unsatfienduduidunsozas Rs-Rys

apparent " . o
indication ,
-of fault ik

-
f foult

T—‘O
S|
i

’

'\ teal position

arrival {ime ()
\
\
\
\
\
\
A

B
“',
o\
= \
3
/

Travel paths and corresponding
. travel time curve for seismic waves
TN R AT W SO T that are refracted and diffracted in
12 | - 20 24 -astructure with a horizontal plane
source~ receiver distance (x) : refractor that'is offset along a

o | * vertical surface such as a faule.
A Rg. | Riz; e R 20 Ra4 There are no arrivals of refracted
! e o) : e s A waves t?mween the receiver R,
, . . . C and point F. Instead, the
diffraction artivals from point B
» - - appear. The tilne—distance curve
Ly hy - gy / of the refracted wave is separated

i, W . fe h2. intwo pieces by this gap, and the
2 time difference (As) is caused by
Ap R the offser (A4). Notice that the

. offset-in-the travel time curve is
P Lo Lo not directly above the verrical
C ‘ S offset of the refractor.

4o 3
T

o
R
@

[
~

Ul 4.19 Fermat’s principle: the speed of light (wave) doesn't change with
position

nnaAiaadu (S) asfindudiuntdeidumoinmauu S llaa A uazly
30 C foaguu Refractor dafiandu uigntdauasuiilasannisimdauiiuasas
Waulae C 6 Aazfindusruntoidumeluauuur Refractor draauE1 Vs wiudy
Wazaznnnduluil Receiver 71 Rys &9 Rys sia'lal
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N

aviuldinaiessaesining Ry; faam F lusy aufluztoidliannsa Plot 5au
unguuIEURTITARAIA Ry B9 Ry uazlunguuaddunsefiinain Rys &9 Ry, L6
ahufu ﬁaﬂsmammﬁﬁamﬂuﬁmonanjwﬁsamﬁauaq‘tmummsaa

nngasnuinduasei plot Misaanduazfimanedizuiudu uazvinafuagj
i At dolunaitaduliddunmoiuainduain Refractor Midauaslyldneans
faldfe Receiver sinuuuluiag

svesdaurhioruitunundoastandiu An dofanasonas hy uar hy ngl
Raew'léian

Ao AV Ay, 474

. 1
CcOos 1, (V22 _ 1/12)/2

waTNAGIUATTEENYAaYsa e auluLUIsTaY KoussinunTiAnsa8ay

rgo 9 (Real position of fault) "lﬂﬁamgmuosamﬁauﬂswnmu T-X Curve (Apparent
dentication of fault) asfidwvindu d Feun'léannaunis

d=htani, f .75

dsviinsdsIanuy Reversed Refraction Survey sunfiuafieifiugosy
B.20 naansaldaunisit 4.75 wiszee d Idadudieaduy wavainglinadioiuii At
iflevindulaanaan uanododu Refractor faglunuseduse waidn At Aldaan
ifidrhivihAunaan uanein Refractor TufinsidasmnTdannuulszdu vinlei At
Wia Offset time A" laivvinAuiiiavin Reversed refraction survey wafiAifiagann
Ngdaina LI lunsanadu Dipping Refractor

71 4.21 uaasfionisdrisaauu Reversed refraction survey 7 Refractor &
Faudauuasdnomlaannuinssdudie
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m‘s

Wt

gtrival time ()

Geometrical features of the travel
paths and corresponding travel
timgcurves for reversed seismic
refraction profiles over a
structure with a hotizontal plane
refractor offset along a vertical

. surface.

1l 4.20 mswnmaasaduifiaiinsandaunia Refractor finw'lisiaifianfndu
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g 20 // .
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B so}
W
Q e o

3

Results of a reversed seismic refraction survey over
a structure with inclined refractors offset by faults.
(From M. 8. Bahorich, C. Coruh, E. S. Robinson,

and J. K. Costain, Geophysics, v. 47, p. 1544, 1982.)

11 4.21 wan1581573 1081938 Reversed seismic refraction
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& 18 dadrfnunvilstnisaasnisdrsiataudsadulmanfiaunuuting

§1 Ananudr nsdrnatdvaguudauluiin

‘&:

S

4 mwmsmaaﬂ§uautwuﬁumumm§n wia Vi<Vo<Viz<...<Vie

2 ﬂﬁuﬁnmﬁLﬁma'mun‘innﬁﬁmumo“lﬁmuu.m Refractor 1a 9 AALHEIAAUNNLY
RaJdo receiver Aszaznandls q ¥1931n3m source uarafudidumiondeduduusn
(first arrival) auqnﬁuﬁnua.,uwvlﬂ‘m‘tun'\sﬁmsuﬁ

% ‘lumam%‘omsaﬁsaamaa“wuﬁuﬁuﬁumaﬁuﬁﬁmmLsa’tumstﬁumwaoﬂﬁum
jnn (Low velocity zone) doarafiednirfusuniadunudagdtuuy vadiusie
nn A fo3anin “Blind zone"fouanalugl 4.22

%
-

1

$
arrivat time (1) |

L

g

W 4.22 Aswnwuasedudlvinliida Blind zones
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%

angl dudtudidainud V; 4 aduanfiunieniu Refractor ag'lduazasldo
efractor UM 2 Ms'liansansIaindn arrival time aandudlé Wotlilluiwsein
rect wave MILAUMISNIEIIANNE V) 1fiun1e5Ina Refracted wave Auiiumie
g3 Vo Gesfudiszaslng 4 §05u arrival time ‘ldusiawizwinAdiuniomn
ap V1 WREUFIINTUARUTIAUNINMIEAIINT V3 uag Vs Aasuaoninadudiun

osand Vo lilauadu M iadudidumemndaninug v, aflauinlidas
sizdyanafisniaasiasanaduiiunisunfedosd¥udeanaday (First
jignal) wavilufin First arrival time

. wwdmdudadielugdil 423 deeduwnininas (Critically  refracted
kaves) A3 Vs Avdumaindediiniwanfifinnudi V, uay Vs anuandiu e
%mmﬁvj'l‘lﬁmmmmssuz@rmﬁnwao Refractor Avinlviinaaindu Vs fifald
suenfeanainananisddunufiaramuntianvinli Crossing distance dauna'lé
nn via'lideaau wasnanagdsingnisalivinldusasotufiufifininus Vs 4l
Innglu T-X Curve wiawllutuiufignatauas (Hidden Layer)
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&
[

. late arrivals - e §
T&v o i S e e PSR kitio, i l i E RN
rsl . 7

5 grrivals

arrival time ()

|

‘ | B
M.» l

on | |
3

- -

Xc | g
0 Xy Xg %o *g %o K
N sourcE-reteiver. distantes 1x)

o ; : - v

‘ravel paths and corresponding travel time curves for seismic waves refracfed in a

- multi-layered structure in such a way that critically refiacted waves from Vy/V,

- boundary are always later arrivals. When the crossing distance X, for the deeper

refractor is shorter than that for the overlying refracior, the waves from the upper
refraetor do not appéar as first arrivals. A "hidden” layer causes error in the depth

taléulated for the deeper refractor: In this case; the second refractor is not seen inie

first arvivals. R e T ' ‘

U 4.23 pstninaasaduivinliiAn Hidden layers
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o ] s L ¢
19 msudamuinanisdsaleaadulimssiiaunuutininaznsd¥uud

Ardaya

Lﬁ'atsnmuwu‘tumsaﬁsaaLmu‘liimsﬁnmmaoﬂﬁu"tmautﬁau Sousathin
sofasanda anudnuasiudiu wiadududisndasnisgrinadosasdssananii
afléanndayanivasdaling asudessdinguianz(Well logging) wiatiayaananan
peluidnalndifoy ugiu o

ﬁa‘imﬂﬂsﬂmﬂﬁna"naum Geophone flunwsnfluszazuile dodania
pread” defnazneseey spread ﬁtﬂusvﬂzmmsumm 4 win 2a9au8niiin
mmsd’tsmﬁouazn'\m"LuﬁﬂauamsLﬁuomwao*ﬂ’u Refractor 31AA35381inns
ms1aulill Reversed refraction survey lushaias

gmn]ammvimnﬁa:gaﬁ"toﬁa'mn'\smsaﬂmnﬂﬁu"l,manﬂauLLnnﬁnmﬁm%msﬁoﬁ

1. Static Correction

2. Inspection of Travel Time Curves
3. The Plus-Minus Method

4. The Wavefront Method -

1, Static Correction

asdrnvttdnaundadlunsdinataafiguuigruiin vemntaadu
wssifudana Nvaguussinudmndunarisviuanugovinduudlusssuinivia
MoUGITRa%e 9 ailgfutiuiiu
, nsuAlgmsdenanvinldTaagunfissuiuanvae (Datum surface) ﬁum‘ﬁo
tﬂusvﬁummqotaﬁﬂmaauma" Geophones spread aniufinszduii Geophone iy
uansNLsTRUA9AeH Tununfie wia AZ ua9 Geophone wsass fogdl 4.24

1 4.24 asilfuudasedugneda Static correction
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? W
a1l arrival time Auiunigann refractor 1lfoaa R uay D fnuuaneite

#u wirffu Ats €hen1svin Static correction Aamsu3uuden At donany daiAaain

aUwANGNUBY arrival time 7infuiiunivainam B llfeas R dramiugi Vi

ua arrival time Aafuidiumeainaa B llaa C dinarandi V2 daudaziiunioin
wlddeam D uu datum surface uiag
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worfu

Bovin ik

BR (BC CDJ
Af == | 22 =2

o\ N
_BR-CD _BC 4.76
4 2
AR =AZcos i,
BE=BCsini,

BR=CD+AZcosi,+BCsini,
AD=CE

BCcosi, = AZsin i,

. AZ . ;.
BCsin i, = ———sin” i,
cos iy,

= c()AsZi,2 (1—-cos2 ilz)

__Az —AZcos iy,

cos i,

AZ
oS i,

BR-CD =

wnuaflaslusgunis 4.76

WasNFgUNT

S H

At, =

v,=

AZ  AZtani,
Vi cosi, v,

4
sin i,

2 . < 2. .
cos i, =1-sin" i,  vihli
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uazﬁmu /122 0 dua9 cosip; = 1, via X ~ 0 udr doty

Ar =22 4.78

2. Inspection of Travel Time Curves

mwﬁomnmsﬂinuﬁm arrival _time éaun13vin Static  correction 1
Geophone wsasdiudy fearadulyllaouindiu viawnnataanann arrival time
#¥a'lé 1 arrival time usny plot Au sz wy T-X Curves

NNUUARIITUINTATEAE6 M%amtmuoyaanduﬂmga 61 arrival time 4
asBaoimdudunundunse Avunadein Refractor Wy q AaudinesuBau waeeeh
sauasiuluwursydy unthyadaya arrival time fn1saszanadaduuin faraulla
anunualadn Refractor 1iu finsid ey m‘%aﬁmm‘lﬁm‘aLﬁagﬁmﬁaommnsaﬂ
fau wiafiauagassanadiugy NAduAdw AN asiuRusing 9 yaundas
wav Refractor viasunvvuassaadausialyl

3. The Plus-Minus Method

dauudiindu Refractor ﬁﬁwnwsdﬁ‘nﬁﬁﬂmmzmsnomuuuwsﬂszﬁo‘tugﬂ
425 1513¢1985 Plus-Minus  Method w3a ABC  Method uhalunisula
ANunInedayalunisdisiauuy Reversed refraction survey angd d1vin Direct
refraction survey am A azfluam source uazym B way C andlu receiver waedndu
fuduviavia Reversed refraction survey 360 C azfly source uavam B, A auniu
receiver

NNAMUENIG Reciprocity vin1u

Lic =loy

fMR3sau

Lip=1Icp

WU Ar = (tAB +tCB)"_tAC
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Seismic waves refracted from an undulating surface, and geometrical features used to

determine refractor depth. The direct or reverse time (Zsc or te4) from A to C is equal
to the sum of timies from A to I and C-to J. So, At is the time for the refracted wave to
travel from 1 to B and ] to B . :

il 4.25 Asnnaasaduuu Refractor Aifinnuaguse

dogrRasananutihadu (wavefront) At da narfagulddiuniean I
B swduann J 1 B uavéyudainaad Refractor flimunaidninn anudnuas
‘Refractor Magidineleian B azvindu

BI+BJ
hy = ——
2cos i,
WALIWIITIN At = (BI+8J) darfu
1
=
2 cos i,
wvanguns 4.4
1
) (VZZ _ I/IZ ]/2
5 COS Iy =| ——5—
fotfy V2
At ViV
hy=——12 4.79
2 (V22 - Vlz)/z

fredgnsfl vihliaunsedszanaaindnaas Refractor 161 Geophone usl
8e'l6 TaeiawneAu Refractor  fidaudineugusy Lidauuwazdeainisaurlyl
Useyneilddu Refractor ¢y 9 luseduidnninaotllddndionandaniaya
Travel Time 6i¥unsU¥uudidnne Static correction w&n
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4 The Wavefront Method

| dhidalugadiu 9 zasnsudaanuminaiaeiinstiafuwnmdsiatelugy
426 39 A uaz D \ilu source aeueiqn B uay C illu receiver wuin

Lap =l +ipc

Fotidlasanuinadu Mae B uay C azdadutian E uu Refractor wad

A
=

b3\

Paths of refracted waves for which the wave fronts arriving at points B and C on the
observation surface also intersect at point E on the refractor. BE and CE are the wave
fronts at times 45 and tpc. tap = tap + lpc and intersection of the wave fronts with
this condition represents a point on the refractor. ' '

a7l 4.26 aswnaasn8uuy Refractor

uazdauusiit Refractor insedfiussunudasdoluga 4.27 «;"ioﬁ‘ﬁaua
1290 ATETunseunsndediududuusa (first arrival time) 2asnduinin
Inad (critically refracted waves) 1w plot Ay szasvnodoudaslugy doifiunis
§1513uuu Reversed refraction survey uazénlv tec ilunafaduldlunisisiung
Nnfosrfuiistaene Bs (wuu Down-dip direction)

gl 1agle Apparent Vyuay V, anndiunduuas slope wasisavwiy
anthaduvinduwunsedu Aan Bs wia /iy fufam Cs wia i, 'ldan

ﬂqm B3

.. N
sin i, = —-

d

2 . . W
Glatiu i,,=arcsin— 4.80
d
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#

; 1
slope= 77~
u

{
siope=“g;‘\ AD

A

Features on reversed refractmn travel time curvcs
used to locate receiver positions for which the-
wave fronts alSo intersect on the refractor.

il 4.27 mswnimuasadudiAinann Refractor Afinnsedindas

..V
sini, =—

u

dﬂﬂ Cs

U

Note: Aunan Bz uar C; duniavnau uémwmz&umsamuamaaoamﬁ
wdmndIunduay slope Aansuhvaacyatl tiaflu Vig uas Viy

zhmmnLéumsomammﬂﬁumngm B; uay C3 udadu Aaziflusiunuinis
Uy Refractor  151&@nsalsegnsdinistilunnsuiae (siunie) aae Refractor ‘l6
Manatasnisatvuagiug 1y B, wae C; wia Bs uay Cs aufiv By uav G, fiazvin
'tﬁmﬁammnmﬂﬂuamﬁomuuuauu Refractor @ssiatianynsng 9 wianilidin
fady 1faslduunuas Refractor fuan'le
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m’

ueign wlusssuanh Refractor manaﬁﬂusmL‘%ﬂnmﬁauﬁouam’tu;ﬂ 4.28
asfRasanfaznsevinadne 9 Auuuuwsn Lwmumuswm“t:immaummwamaqm
arrival time Agvusa nEudansdasamaiuny

:nnuuﬁmawauaﬁmau’(amnﬂo Down-dip wag Up-dip direction 2y

guaditiluam B; fiofl arrival time flutss wavam C; dofl arrival time flu tes
PRI

#iam B uar C; weneudaudunsoannyaaas arrival time 1nd q Audiaya
gonad douanaluzl 4.28 syl Apparent Vo uay V, anuaneuy dafifia VB3
uay Vo wiagunduaav slope tuiag

Features on undulatmg reversed
.~ refraction, ;mvel time Curves used
- - to-locate receiver position for
- constructing wave fronts that
Ny o= intersect at points on an
refractor © undulating refractor.

17 4.28 mstnmaasnduliAnain Refractor Afinnsesa liGey

nnfunasmuafintihadunsevinfuwinseduiian B wag C; suarduléann

ﬂwm B sin i N
3 B3 V33
" : . N
wia 1 3= arcsin —- 4.82
B3
o "
flam C; sin i, =—-
. R 4
NI I 4= arcsin —— 4.83

3

Nnnifufiae B; way G mﬁmnwmﬂﬁuﬂmuu ig3 U ez MUEITURINAAAY
foyndailafaz viflugantlouu Refractor  annuisfduqdu 9 80 uarvinuuy
lﬁmﬁuﬁummnmamuéa’tmmusuumLﬁﬂoswL‘%ﬂfu AR ldLUIZaIN1TIIEILAY
Refractor Tuiiga
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 asdszgadldoiudinatasigefuinmuuutinagtdlusudrnassdudu
thallow subsurface survey) wagdnasifeidadfuaundiuieaInssussel 1iunis
nHalaseasenasdlinessdusiu 9 (Shallow structures) avsesIaLsIMAaL
Elaa%'w (Construction site)w3anysvirauu (Highway routes) tilugiu 3}

4 ghuludunrsdrsamndissdsn lugausn 9 AlHENsEITIRVLLTUNIIMN
tamnda (Salt domes) fAmainasnduunasinfulinsdaunialaseasodszyuaia
(Antic|ines) wialau (Domes) wudu
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5.1 dseifianniuun

5.2 msaziauaniutiudaniinedrag uuursedu
(Reflection from a Single Horizontal Surface)

5.3 noudavnauazszaznsiaduaziiaululunisidunig
(The Reflection Travel time curve) .

5.4 Al lunsiiunivundsérSunasadusdzviay
(Reflection arrival time)

5.5 Normal Move Out (NMO)

5.6 Mmsiaanuiraasadudzinuuaraiudnuas Reflector

5.7 Q'\sﬁ'\mmmm'\utgamaonﬁuazﬁau ‘

5.8 dunaunisuilannununauay Seimogram uas
Travel Time Distance Curve

5.9 msaniauzasaduanafufiiinisidam

~ (Reflection from a Slopping Surface)

5,10 wuINIsIiUYIRIAAUREVIAY (Path of Reflected Waves)

5,11 narfiedusziaulaflunisidumie (Reflction Travel Time)

5,12 anudnaav Reflector uazyuaavnisideam

(Reflector Depth and Dip)

5,13 38n15unsinuniivaay Reflector inaldniusdsiiau

5.14 msﬁ1mmmm1m§1yam5u )

5.15 msazviauaavenduluduiuiaia 9 Hu

_ (Reflected Waves in a Multilayered Structure)

5.16 Root-Mean-Square (RMS) Velocity

817 msvinanuvunaasdiuiiunarainudruavady

(Layer thickness and Velocity)

5.18 armdnuav Reflector (Reflector depth)

5,19 nsavviauravaduuuunduldnduun

- (Multiple Reflected Waves)

5.20 nautian (Diffracted Waves)

5.21 Multifold Reflections
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E

5.1 ss3Garuniluun

1581533 Seismics Reflection Gufiulufl a.@. 1921 1aw 1.C. Karcher 1u
Oklahoma, U.S.A. uasldduanuflauAudiuian 9 dlavaningwsadisaléssasy
gnunndtuuy Refraction wayldninua1ilunisouund Geophone &unitann was
gosusaudilaynrnasnisiiia “Blind zone” Wéitflavatn Low velocity Layer &unsa
gnasanu'le taaardanaiauid “Acoustic impedance” w3a NRAMIEUINAIN
wiwuuaasiu (p) Auainudi (V) ‘ﬁaasﬁmﬂuwhﬁu’musiazﬁuﬁuttazﬂﬁuaz
geviaundudl Boundary Alavnnaaautfidat Taeluinduindufugruaonia
gruvu zfanus unni vida fagnindu .

usidagiaauasnslyd Seismic reflection ﬁamsﬁﬂﬁyaw’lau (Reflected Wave)
A unIINf9 receiver  Fnitalunfadu 9 auureafoligruisansiaialdwia
wadafitinnisdauiudu (Overlapping) Aua8unfindu 9 vinliwanuasldarun
wiannn1sWsnun Tutlaqaiu ﬂauﬁumas’qnmm‘tmumsuﬁﬁmmﬁonamgm"lﬂﬁo
asdanisdudayafiidun (Data processing) ' Avialviflagulleyvninanilftiasas

wianuald'l6

MuaAINANITEITIAITUFaYTUFUa A WAR IRl ulIR LAy
(seismic section) 6vgu 5.1 doudnvszasnolunulIsediy (distance) fluAtauns
wia ud uarlunwidodu tan (time) Tuniae Junf (second) w3a sHruwuduf

(millisecond)
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REPEATED. it
SECTION 5

" A seismic section that-indicates folded and thrust-
faulted structure. This is the conventional-
representation of seismic reflection data after
lengthy processing steps. The horizontal axis at
the'top corresponds to the profile, and the vertical

I!I e

i

EAST

" SOUTH ELK BASIN FIELD

e
mmnm B F!]Ih"liﬂﬂl (e

[ e
& ..1. 'V!l"li({gg HH_ o

*
3

AR NGO
A v 1
SR Y
") Vo T SESXrpeR
» N0 ::“ G

REFLECTION TIME
{SECONDS)

: PERMIAN
PENNSYLVANIAN

2.0 ORDOVICIAN

oy
axis i¥ the two-way vertical reflection time. The
data are obtained by the powerful method called
stacking. This type of data may be viewed as a
subsurface cross section in reflection time.
(Courtesy of Conoco, Inc.)

ﬁ'ﬂ 3.1 awmdaanvuasalulmasiaunuuasviaundu
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\

5.2 mMsasviauainfiuifudevinediasg tunussdu
(Reflection from a Single Horizontal Surface)

o paut auuﬁ:hmmﬁoﬁnw]ﬁuﬁuﬁawﬁm:J‘tuu,ms;ﬁn Toafinnusizay
aduduvonnudu V; uazdututiianumundy h, uariuftudrusrofinug
yavpduiiunintudy v, TagazB3anvauiue wiasaasassninetufiu (boundary)
ullusiasviau vdauwiazviau (Reflector) (51 5.2)

)

: (a) Paths of waves reflected
from.a horizontal boundary,
~o = (b) the corresponding
seismogram with reflected and
o~ refracted. pilses, and *(c) the
= o - reflection~refraction travel
s 4 R P time graph (c). The travel time
== culfves show that the curve of
reflected waves has hyperbolic
geometry, whereas the curves
of direct and refracted waves
are straight. line segnierits,

time ()
A

distance (x}

i 5.2 msazv’naumaoﬂﬁ'u"lmauﬁauuunazﬁaunﬁnﬂLtuaazﬁauﬂﬁumﬁoﬁﬁu
Jeyanan o 6unUIEY 9 uuRIGY
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55.3 asudasatazsTasniaduasiauluIUAISIEUNIY
(The Reflection Travel time curve)

ué’nms‘lumsﬁnmmﬂﬁumwamﬁua:ﬁauﬁﬂéwﬁnﬂﬁuﬁnmiﬂﬂﬁmﬁm
parfinduasiautitunisiiunioaslilds Reflector  uazazviaunduaisaiy
doyaeu (geophone) eufuszaznn9f Geophone 1fu 9 wwanafiudnadu &9
waaolugdi 5.2 anngd Adsui 4 (Ry) andlussasdn8udnuiuaze§uasviay
dumonniuduwad (Critical distance)

gl 5.2 wuin

1. ﬂﬁuazﬁauﬁﬁnﬂmzmsﬁmL‘%ﬂomwaoﬁaumﬂmﬁu‘iéwu
seismogram 4tosinvann direct uay refracted wave Nlddudunse
2. afuasviaudumeludodsunae sanko R; doiluaarfinsn
3. dayavavnduasviauasdudadudayanan@uiniuiiszay Critical distance
4. dayanavaluariiauavatvilanas Direct uay refracted wave

54 na'rﬁ‘l'ﬁ‘lumsu,ﬁuwmu'nﬁeéh%ummna‘a'uazﬁau
(Reflection arrival time)

wwINsIRuUNIvRaIRluaLviauiunteannuuadnifinady (S) "udrodsu
(R wdnudogall 5.3 annagy YUANATENUUASNNIZVIAUADIA R UTAAILVINAY viN1%

afufiumdnnuuasifialddodiasviau tuseazmvinduszasniroinduiunig
Mazviaundu'ladosaiu (2r) da

Zf‘

[ =— 5-1

Geometry for a wave reflected
from a single boundary. The SOR
ray path is'determined by Snell’s
law, which states that the angle of
theincident ray4s equal to the
S angle of the reflected ray. The

— _ reflection point (O) corresponds

: ..+ to the midpoint between the

source (8) and the receiver (R)

Hﬂﬂ 5.3 mmﬁuWuﬁwiwsw:mwaomsazﬁaumaoﬂﬁuvlmamﬂauunnasm’au
aduAunaAdulilunindune
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WRLINSIE

2
=% 2
r= (2) +h 5.2
Wla x =swmranSHIR

h: = adu&nuav reflector

fol 3

4
fandexasiosasiing
tz—x_2_|_4_hli
LY 2
won

fmseaandie 4h;? uardaqdaunsliug azléda

2 2
L x

-2 =1
4R IV? 4R 54

wazws1wd hy Au Vi fludiaed fasanaaisnifuasinseasouasaunist
flu &un1s Hyperbola Aifinsaninasdudl X= 0 uazarnqud 5.4 wWui ty ualsiulal
MUSTEENY X vuLduTAvaag Hyperbola curve édrrlfinady LareIsusvat o,
Mundaidiendu (x= 0) &un1s 5.3 azanglasinda

to = 271—— 5-5
14
la t, = Zero-offset time
Bt Aanariafulidun1ela-ndy Tuww) Vertical tutas
Koy dwsnuein hy wae Vi Tugiluas t aolilusuns 5.4 2216
2 x?
X 4
5N >0

dofuaunisuag Hyperbola huidiendu daatr9iiu 16 seismogram uang
Mudyaaiuas Geophone auu 120 61 697UM 5.5 wudrazfinsudnodnmay
9 Hyperbola pattern doficAnfanduatnsonans
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— — — ——— ————— —— — ———— 0o ———— |

b

S R . x

_Hyperbola showing the form of a reflection travel
-time curve. The arrival times of reflected waves
“from a horizontal boundary recorded at different
- offsets on bath sides of the source (S) plot along a
- hyperbolic ime~distance curve. The minimum

) is recorded at the zero offset (x = 0).

time (t

7u7 5.4 a5 Hyperbola Auaavnafindulitunsazviaufishazviaundu

e - (igtanice (Kiometars) —msimm

O6.0

- 2.4 3.6 4.8 6.0

10

" time (seconds)’

Ha?

& g"m‘?*t";i
B !‘ & el I
: gﬁ“ﬁ )

et I !

T

Sl
v 3.0 _fr"l;mt

e e e e
ﬁ‘«@‘?ﬁ:“ : ! %« Hﬁ: Sl ’”“R}Tl;; gl itinmit iy
pe DB 2 11265 gy Lt B b A P Lyl N I
e e
et S S e R e S S b SR s ,
| : : ' the top, and the travel tme increases downward
| An actual seismic reflection record. Receiver from the top. (Courtesy of Prakla~Seismos AG.)
[Uistances for the different traces are given across
P - . Vi

f!ﬂﬂ 5.5 seismogram ugavuaudayanainad Geophone du 120 1 wanIdNwaY
2a9 Hyperbola pattern fisfifinfinnduatasinale
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5.5 Normal Move Out (NMO)

Taeusné nafiaduliiunieainguditallioqs wiamiSuduanals q 6y
ugaolugdl 5.6 avagluguas

t =t +At

. | &

FEUNTURUNAY 3\1 L'J R,

sl 5.6 uagnsaiadulilunisiiunieiszazane 9 Aurieanaadufnadu

Toed At AavadidAutduain t, Aefuldidiumelddodiiule 4 dussay X
Wnnunasifinndu uae At fidanin “Normal Move Out” (NMO) time

NAANNFUNUSUaI&UANTT 5.3 way 5.5 nuin

7
b =82+ (X3 IVE) =11+ (X2 12V2) >

uay Normal move out time, At w'léiann

At =12 +( XV -1, 5.8

X
i a=——r

1,V
darfu t =t 1+ad’

fudaulviaglugiluag binomial expansion series
t. =t (1+1a2+ )
p=htoat e

2

Wi 1, —t(l+22V2

) 5.9
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aqﬁmawwaaomauusnmao series uay'lifinaduiigonin avledn

X? X?
t =t (l+——)=1¢ +
R T g

wazanna@uns 5.7 NMO agfiedlu

X2

At = 2t V2 5.10
o’ 1

gunsi 5.10 luaunisAuaaamuduiusszwing szas X, fu Vi? uunsv
Hyperbola Tutasuazaudniugssnit A, X, t uas V /a1 9 Aunaaslitugl
5.7

4t

(a) .

normal move-out is directly proportional-to the
source-receiver distance while being inversely
proportional to reflection time and velocity.

Variation of normal move-out: (3) variation of At
with receiver distance; (b) variation of &t with
depth; and (c) variation of At with velocity. The ™

il 5.7 uanoanuduutsening At, X, t, uae V fedsng q Ay

uazadngl 5.5  wudn TAvaag Hyperbola azdfutiaaag \ia reflector agjlu
TR RRLITE

5.6 MsinanuSivavaduasviauuazaruinaag Reflector

ANUEN h; sadnacldain Msdasdannis 5.5 Tuai dadl

_tV
M 2
Note: \nuilsnfinannseda t, 6taunseann T-X Curves Taanisinuy Trace wia

Fouanaasmiifanduldre wid ldansadnlatnedsdonaieiasm
t, leanauns

5.11

t, = —(X*IV?) 5.12
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E

5.7 MsAuIaia1aNIS uasndudEEiay

M ldlnanrsivue arrival time dofid iy ty uae te N6 2 i e
wvanadndecduszas X; uag X, auardu saugnvlugdi 5.8

Information from a reflection

- 'travel time curve that can be used

.t calculate velocity and reflector
depth. Here x, and x, are the
offsets where corresponding
reflection times £, and ¢, are
determined. Using two offsets

- and related reflection tmes, we
can compute the velocity V.
Then, the zero-offset reflection
ume (fy ) and this velocity V) can

, \; ‘be used to determine the layer

1 i } thickness. If the reflector is

) . horizontal, f-is the minimum

source -receiver distance (x) reflection time.

_ travel time (1)

7l 5.8 Reflection travel time curve zasafulwmanfiaunuyssviaungu

nnfugaiaunstl 5.6 infasasing dae t,2 uasdnglannisia

2 2
=g -X_p X
0 x1 V12 x2 V12

wWiadeaulu
1
tfz "tfl =F(X22 ‘Xlz)

1

Wwauastwilumanuag Vi 167

Vo= (X =X, 1) 5.13
dn8nrsutleluniswian V; Aanisdaqlannis 5.4 iy

1 4n?
tf =(7)2X2+—V—21~ 5.14
dati 2 =y i i



uil 5: nsaaTardulmiazdaunuussviau Wi 5 - 10
chapter 5: Reflection Methods

m

LRY 4h2/V7Z = b defidnilu t,2 drezudu

gun1s 5.14 earaunsadisutusduasaunisiduase u

Yy = mx+b

rﬁauumm plot AW Taali t2 fudrnasunuy waz x* dudrzasunu x
aniduasetiazfiauduilu m uasfandaunuy wirdu b goudnolug 5.9 4

wilaududunsin T-X Curve gavnisdinanuuinn Taaaadauny y azdianiu t,2
(dowindu 402/Vi7 )

“time squared

A x*-¢* graph prepared from
. squared reflection arrival times
and squared receiver distances.
Information on the graph can be
used to calculate velocity. and
reflector depth. This graph
reprcsents a straight lme where
the slope is- equai to 1/V} and the
Xlz xzé X% x2 x% %2 intercept {8 ) at zero offset is the

_ 4 square of the zero-offset
distance squared reflection time.

«nh?i 5.9 Travel time curve wuu t? Au X2

5.8 dunaunisulanuvsnauas Seimogram uaz Travel Time Distance
Curve

1. Mudndnadiafuasviauldlumsdumadu ty, t, t,..., t 7
%Y o sEaEafl Xy, X2, Xs,... » Xn Wennddfinndu

2. unfitdg 2 Midudaag t uay x ﬁlmﬂu t2 uay X2 awandy uay
plot Arwmartiuuns v t2-X2 doqul 2.45

3. }ndunsadansagaildannmv X2 duwadianmd V;
Tasandugiunduzasanutuzasdunsedils (m = 1/V,?)
uarmIAn Zero-offset time (t,2) anyndinuadidunsotunny y

4. duna anudnuasdiavviau (hy) naunis 2.94 Taaldan t,
uay Vy A6
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I ]
m

5.9 MsazviauaavnduaINNUAININISIELIm
(Reflection from a Slopping Surface)

Tun153nsed agfin1siniedaiy wasdidiiandudegl 510  Taad
saguseavdias M ANUEN uaryuaasnsdadnaasnIdeviau (Reflector)

B

\ ! ‘'c
|
|

|
Ny <
Nt oo
NaLe

7’

Sl

Reflection from a sloping boundary. Geometrical relationships of
source-receiver, paths and distances from the image of the source. S
is the source; and R, and R, are receivers. The reflected waves
recorded at Ry and Ry can be considered as waves from §', the mirrov
image of § with respect to the reflector, which is the boundary
between layers characterized by velocities V) and V. 8" is the vertical
projection of the image onto the surface. This point is the location
for the minimum reflection time (see Figure 4-11).

* . .

71Ul 5.10 nsasviauzasndulmanfaunuuasviaundununnazviauaduifinig
e lianawussuny

5.10 uunrstdiunvaasaludsviay (Path of Reflected Waves)

gl 5.11 fiasauudian s fuwn daninilu “Image Source” davirliiin
dnravniaudunmasviaulunszanuasin S dunniaa h Aa mudnaINIR S av
audy Reflector a1 e C wazaingl dututifiananiifadulinduniodu V; uay
Reflector finsidaailunn o Aunuiseeiu
Ny SD=SD
forfu mueizavsrarmiaduliiumoaniy

SD+DR1 = S'R1
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Reflection from a sloping
beundary. Geometrical

" relationships involving a source~
receiver path, the image of the .
source, and the vertical projection
of the image on the surface. § is
the mirtor image of S, and §” is
the vertical projection of the
image onto the surface, The

r~ . shortest distance from'S' to the
fp 7 » : ' surface is the line $'S”. This
L, . e : h
indicazes that the minimum -
il . : . " " )
\ . . reflection time is at $”. Whern o =
S v . -0, 8" is acs.

qldl 5.11 wnmsdunezasefussviaudidauumasiaunfutifinsidaeda

5.11 naindusaziaulalunsidunie (Reflction Travel Time)
n7 5.10 wudt naiaduldlunisdiume aaa S M R, vida t; audly

_SD_ DR _SR
wonoon

tl
uaza1ngy 5.11 desrsuvheanyadufinadudluszaznig
SR =X
wazLWINSIHIuUNIYaIR8usLviau da
SD+DR=S'R

fofunaiedulilunindunie da

, _SD+DR SR
R 4

5.15

AN WNAEN SRS’ fNFOLFAIANUENIAAILUIAAYU SR Tuwmanuay 2
fwuasganndaniidin

(S'R>=(S°S"")? + (S"R)? 5.16
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sarangl 51148 wn SS'S” = ¢

vinlu SS° = 2h 5.17

ORI SS°° =2hsina 5.18

uay S’S"" =2hcos a 5.19
wazvinafign

5.20

S"’R=SS""+SR = X + 2h sin «

Farfu funudI2a988N15 5.19 way 5.20 aslusunis 5.16 aglédnaiilialy
amsiunivzasadu fu

2 =(2hcosoz)2 +(X+2hsinoz)2 591
Z v

la X = szagvofidaudaana ¥ann yadufaady

aun1si 5.21 4 Audlustuns Hyperbola 1gtuffu usfia plot w&éH) nswacs
fwaedagd 5.12 ﬂoqmmﬂmmaonswla""lﬂmmnnmﬂﬂﬁuimﬁumomﬂs"uvmo
‘tnﬁﬁaﬂ fa a1n SBS”’ ﬁoam S’ rvﬂu Vertical projection aa9ys S daiilu Image

source ffutag (angal 5.11)

fe
4

SS"= 2hsinx .

1 ‘min ek :
apparenf . ¥ actual .
source pso.:m | l source point
e e e
! | * Xmin~>

W 5.12 Travel time curve Mldannsaeviauzasnduildunandaasviaunduds
AL eI
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k 12 anudinuas Reflector uazyuaasnisidaain
(Reflector Depth and Dip)

andn £ Aduléann il 5.13 Ausndadn Zero-offset time w3a t, dofiu
mnmﬁﬂﬁu‘lmumstﬁumamusum 2h 37n S MUy S anaun1s 5.21 61 X =0
amgﬂ RILNVALA

o4 5.22
0 V12

Note: Tunseldl A1 to azunATY tmin

Al 2 Aauld danaideduldlunindumelduussaeneidduige de
waed 2h cos o (37agd 5.11 wagsunis 5.11) TaaagAansannan AS'S 'R

_ 2hcosa

tmin - 5.23
4

1
slope = =
L

e o . o

Jx e T ’ 13 1
2
min
distance squared

o e

The x*~£ graph, prepared from squared arrival
times and squared receiver distances for reflections
from a sloping boundary, has information for

- determining the refleror position. This x° P f?
graph displays two {ifie segments with opposite

slopes. Absolute value of the slope is equal to 1/v%,
and the cmssm% point of the curves defines &,
and xmm Here ¢ 1s determined from the intercept
time at the zero-offser vertical axis.  ~

U9 5.13 asvaag X2 uay 2 Aldannnsasviauzadnduaindiasviaunduifing
HIINGP)
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m

sanmdodas Wosasding avld

WNUAIANAFNNTS 5.22 aglin

t 2=t’cos’a 5.24

min

tmin 5.25

srasviAdunign wia Xon Aa stazvoan S WA S™ " dufluszaznnely
wnsedy (Lildszazmoiadussviauldiiunie) vida

. Xmin = SS”°
d9ifu annaun15 5.18 L5 ‘

Xmin = 2h sin «

$aqlaunsfiind tdawdn h én

h= o 5.26

2sing

HavaInaun1s 5.25 A1 a asm'lelann

a =arc cos(t‘;i) 5.27
Nnng 5.11 seezaudn ann S lfe Reflector Aaszas d donn'léiann
Je h_ _ pto 5.28
cosa  ty,
IEE AN d=_"mnks  (anpauduwusiy 5.26) 5.29

2t sina
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/—““w
5.13 38n1sunsuniivaas Reflector Taaldndusziiau
1. Plot @ travel time A'6an seismogram uuns W T-X curve
udandu Hyperbolic curve ’ruaamant

2. 8RN Xmin, tmin WAY t, euAIGY
3. dnnayn o Tealddunis 5.27 waranudn d annaunis 5.29

5.14 AsE M uIANNSaaIAdY

aMuiizasafiu wia v, wldannmsdagdaunis 5.23 Tni 690

Vi =——cosa

min

fnunuAINFNAIT 5.25 war 5.28 agléin

14 _—.ﬂ@n—d | 5.30

o

uasidwdiefudu reflector Aaglunuisedu iausadsons T2 4
WudieaAudvgl 5.13 3151 5.13 md@mnsama Vi ldannsdiunduuasainudu
(slope) uaaidunsa'le (Slope = 1/V,?)

MsiassimAadeavaasdufiu (Dip) & ursavinlasndandeiaald
Travel time é%u 2 ¢ v lusdumidassinuduanandulla dolusd 5.14
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g 5: MsdNATAAIUIMATIAAaULLIRRaY niin

Information for calculating the
dip angle of a reflector by means
of-arrival times.at receivers along
opposite lines at equal distance
from the source. The reflection
times ¢, and ¢, are observed at
receivers R, and R, respectively,
and A, = t, —t., is called dip
move-out time. For a horizontal
reflector &i; = 0. So, as a
qualitative interpretation, &4, # 0

" indicates a sloping reflector-that
dips toward the receiver where a
greater travel time reading was
measured.

=il 5.14 Travel time curve Alsianan1snsasviaunduuuddsiaudag

duusn A Travel time, tx au down-dip direction aasi’du Ry
NNFUATS 5.21

, 2hcosa X +2hsina

1= F 4 ’
»=( % )" +( % )
wia , 4k, X? Ahxsina 40 .,
t, =—5cos at+— 5 S-sin” o
" " " "
URELWIIEIN cos’a +sin’a =1
dotu 24 X +4hxsing
X V12 V12

RaSUNUAIAAFNATT 5.22 vinlu

2 x*+4hxsina
X 0 + 2
4h

\/ x? +4hxsina
fal+————
4h
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—’_—_—E

ﬁwmuaun'ﬁﬁ‘tugﬂmao binomial series wasldianie 2 tmauusnuay series
ifu ag'lén

x? +4hxsina

t. =t (1+
=1 8h?

)

wia
‘= +x2+4hxsinoz 5.31
X [¢] 4hV1

Taedgnsieiendu 131agle Travel time way ﬂomoﬁm, tx Tudru Up-dip direction
16

2 .
o=t + X 4hxsma' 5.3
4nV,

ANNENTEUIINIANINGTT (t wae ty) Bandin “Dip move-out time”
wia Aty Tea

At, =t —t_

fMunuAIAngunis 5.31 wae 5.32 81631

2xsina
At, =——— 5.33
7
gofuyn o azuwrldannguns
a= arcsin(é;—‘;Vi) 5.34

foiansamiazas dip move-out time f16ida nnnsINag t-x curve
wasmidruad Vi ldandiunduuas slope vasidunsonadnsi t2x2 suiag

5.15 msazviaunavedutudufiunara q 4u
(Reflected Waves in a Multilayered Structure)

Adulmsfiauazsiinnisdsviaunduiiuuasazasfiu wia Boundary 4of
acoustic impedence w3a pV wldaulytumsfnsinisasviauvasafulmazidauly
shuflasdnruawrzduiiuvaie 9 4u Afin159sag Tunulseduwvinggu

asadn (Average velocity)

379 5.15 Gefi Horizontal reflector ag 3 7 uarianununilu hy, hy, hs

v

Swduduiiiaudizasnudidunienudlu Vi;>V,<V; 1a aficyudua e
Nnardailuseay x
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Reflection paths:in a structure with three horizontal reflectors.

2l 5.15 nmswamuaznsazviauzasnduludinaroffivaradu

fnianseuvl zero-offset times wafiseay x= 0 anauA1s 5.5 Urandsee el

2h,
t . =—=2\¢
o(l) v 1 5.35a
22 =%+—2—@2—=2At1 +2At, 5.35b
non
2h 2 2
22 2l ons om0, 5.35¢

fo=
R A A 4
\fla At, At, Ats 1flu One-way tavel time 2asusiazviiu

WaRansaanudnuas reflector wuin

H1l = hil 5.36a
H2 = hi+h2 5.36b
H3 = h1+h2+h3 5.36¢

Wasyuaun1s 5.35 uae 5.36 windiadu arlddn

5.37a

- 2H, _ h
tay A
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*

2H h +h
Vaargy == 2 5.37b
© t, Ay+AL
L, _2H,_ hthth
R Ty AL +AL AL 5.37¢

fla Vaavg) Ua¥ Vaavgy \udnauiade (average velocities) MuwEViaundudl
vy X=0
an&un1s 5.5 Waudgunisuay average velocity Tumanzasanuwsarduléin

2
ViAti
VlAt1+V2At2__; -

£ At +At i
1750 Ati
j=1

(avg) ~

5.38a

3
Vikti
VAL + VAL + VAL _Z i

— =1
(avg) T3 5.38b
At +At, + At :
‘ Ati
Z‘

"

gotfugngl n reflector mnuEiadaaniu

S Vidti
Vn(avg) = i=1n
> Adi

i=1

5.39

wazAuEnd reflector 427l n agldiann

1 = Vnawolow 5.40

" 2
5.16 Root-Mean-Square (RMS) Velocity

Amuiialadldainaunis 5.39 LisnnsaldldtunsdAumaisdune
ragafufiszavvinvaaninann zero-offset angl 5.16 wui szarviigainuwl zero-
offset 2aswwfunrasaduatulsiullmuyudvi liAansasiau uazamun
vaodufiu ilaflazdiasedl travel time @auud offset path isandudasmidn
"Weighted average velocity” donl§auldauuuinisiunionasndunasnns
wlauulasanuninuastuiu

51 5.16 quud SAR wWui1 SA uag AR aznfluldeunu iy rsuniiin atyg 1w
travel time anuwud SA way AR wiudieniu
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| - x ~
1= T " <
H,
| v
Hy ‘
at Y
- Hy
v,
;'3
Y
. . ‘
Reﬁ_c;rinn paths ina structure with three horizontal reflectors,

74l 5.16 uwinsavviaundunaludinareis 3 du

ansafinu weighted average velocity anauundileiin

2
Viat, )1/2

Viermsy = (
1(rms) atll

541

fodin weighted average velocity wiadialuSiadauuudlrniming Banin
"Root-Mean-Square w3a RMS Velocity”

doanwrzdut 1 windfudl Vigms = Vi

INENATT 5.35 wudn Vertical Travel Time situffufl 1 windu

waraduluwin SA Adiunediaanusi V; 151agldin

) At
cosi;, = % = _atl
1 11

“%a at“ = Atl 5.42

Cos i,
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M"

unuanalddasluaunis 2.124 agléin

A 172
(A2h,

_| _cosi 5.43
Vigms) = | ———1— .
Al

cos iy,

gmasan reflector IA&Na0lUaaLLI SDBER Tun1smn RMS velocity 1asuuints
dumendutl a1

. At
cosi, = oA
SD  at,,
At
wia at, =—
cosi,
v . At
wae COSiy, = by _ 45
DB  at,,
) Atz
P aty =——
COS iy,

fla aty, uae aty, Aa Travel time auuud SD uaw DB uay Aty uay At (flu Vertical
travel time sinudufiunantl

gdoarngumsitlamant Amfaudusunis 5.42 1Sadinu RMS Velocities
auuu Offset reflection path  reflector a1 2 1630

) ) 12
(V, At +V2 Az‘z)
_ | cosij, cCosiy o = At,
sy T 2~ .
(rms) Atl + At2 COS1i,, 5.44

COSi, COSiy

V,

wazvinuasidiendu 7 reflector sgavine RMS Velocities @ uuui FSHCIGR azfien
vl

1/2

2 2 2
AL

y o o|_Coshy cosiy cosiy 5.45
3(rmsy Atl Atz At3
+ +

COS#j; COSiy COSiy
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anguluuuuaIaNnIsHINaTY RMS Velocities uav reflector 7l n auflu

1/2

2
(Vk Atk)
| %= cosi,
Vn(rmS) - j-T 5-46
ey (cosz'kn)

BENsawIAT Travel time Aiunann reflector a7l n Adsuagrieannyanufiadiy
sva X ldannnisdaudasannisi 5.8 160

X2

f Vzn(rms) | 5'47

t(n)+

x(n) = [

doaunisfiflugunisuas Hyperbola \ufiuduaunis 5.7 gorfuannsvuag
T-X Curves mﬁtﬁaﬂm Travel time w1 2 @An wsaumsv HYUIIUDIUGIREAT LAIUNU
Aavluduns 5.13 wWlavdn Vigms

dndEdaniswiainasin T>-X? ‘iﬂﬂmnLéuw'\umﬂnomﬁmﬂuuu'stﬁuma
AAIUGRLYAM WAINT RMS  Velocity ﬁou,flumuﬂﬁuwao slope maotﬁumsouu 9 A6
U Vi) stiuiu usiTaelsnfiugs v plot uu T2-X? curve aswiulnlsidanag
Tuwniduasofiandudn usdwaaylamdaniduasemuranuaziadasnuandiaya
nnAAgaAlale fathonisuidr RMS Velocity dougnolugl 5.17 uat 5.18
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receiver interval was 35 meters, :md the source
Reflection sexsmogmm recorded in eastern was 70 meters from the first detéctor, allowing a
Virginia, Receiver distances and the time scale are spread from 7010 875 meters. The energy source
indicated, and three reflections are identified, The was vibroseis,
data were recorded with a 24-channel system. The

7u# 5.17 Reflection seismogram Mldiann1smagaudl eastern Virginia
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e e ——

(5
&
O H ¥ T ¥ T 2 4 T T
0 0.2 04 086 Q.8
km
0.8 4
- Vs, rms = 2163 :m/s
0.6 "/
N N -
3
.0

" Travel time curves and x*~# graphs prepared
from arrival times and receiver distances of the
reflections identified on the seismogram in Figure
4-19. RMS velocities and zero-offset times can be -
used to calculate interval velocities and layer
thicknesses. The ¢, times were determined
assuming horizontal reflectors.

711l 5.18 Travel time curve uat £ - x? g ndiayaarngud 5.17
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i

5.17 AMsinaMuKsuItaviiufiunaraudiuavadu
(Layer thickness and Velocity)

AU 5.35 Vertical travel times, At; uay At, *ﬁmﬂuu‘tugﬂmao zero-
offset reflection time @a to1) Uay top) 16130

t, . L1,
At =% Las At, :-—(2)2 ) 5.48

AsanaunTs 5.44 Auul zero-offset doifiuuin Vertical ym i2 = i, = g sotiy
coSi1z = COSizz = 1 f9ilu &NA13 5.44 Fvanglindaiilu

2 2 1/2
L, _[ranerian
2y At + At,

LRZAILNUAIIINANATT 5.48 a9l agtaiu

V2t + Vi, —t )”2
V _ 1 *o(1) 2 \*0(2) o(l) 5.49

2(rmsy —
) Lo

gnanfdudas Woaavdng azlédin

2 2
Vz _ V2(rms)ta(2) "Vl to(l)
=
Loy ~ Loy 5.50

Note: AdILUIEY 9 Mvaiia snsanldannnsin T2-X?

manansaldannis 5.35 way 5.48 wianumunuastufiutiudl 2 (hy) 16390

h = VZ(to(2) _to(l))
h = 5 5.51

Fodulinznsdentisudusiusa 9 1 Adaaunisi 5.45 wmfiaudy
A¥aAusunis 5.44
Avtiu 7 zero-offset w3a X = 0 @1 COSi13=COSi»3=C0Sizz=1 WAy

At L =l Forfuaunis 5.45 azangladinda
} 2

2 2 2 %
_ 14 Lyt Vs (’0(2) "to(l)) +V; (to(3) "to(z))
V3(rms) - )

o(3)
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—%
AUFNNT 5.49 wtnayu
2 2
V1 to(l) + Vz (to(2) 0(1)) (rms)to(2)

gl ldludguns5ua9 Viems) agléin

2
V. V2(rms)to(2) + V (t0(3) 0(2))
3(rms)
0(3)

diaana1de 2 We 2 419 uardasdaunisiui agléin

y2 = I/l’n(rm\)to(3) Vy (rm\)t0(2) 5.52
3
Loz o) '

doAsrauilseing 9 meznfadmldanans T2X2 b
warndvanlea Vi inwianumnaastui 3 (hs) 16an

Vs(to(s) _10(2)) ‘ 5.53
— ‘

Nngluuuding? ‘luinsoaswﬁtﬂu Multilayer Lsm'\msnmmwmsaﬁﬁu n w3a V,
wazAMUNUNILATU N wia h, Tagszwing reflector §37 n ua n-1 dan

h, =

h — Vn (to(n) - to(n—l)) 5.54
5 2
2 2
V2 I/vn(rms) o(n) 1'/n—l(rms)to(n——l) 5-55

n

to(n) - to(n—l)

&un1si 5.55 1l AaléTae C.H. Dix B3una31 “Dix equation” uazArANLEHI 2D
wiazdudanit “Interval Velocities” w%a V;

5.18 amudnaav Reflector (Reflector depth)
AsuIANNANnuaY reflector fiag 2 3% fa

1. Tealdaunns 5.36 Tugduasnasin (Summation)

H =Z”: h 5.56

2. Wnald Viavg) anuuuzas zero-offset lé reflector uay zero-offset time
Toaldaunts 5.40 49 Vogavg) av'ldunanaunis 5.39 Taad v via Interval
Velocity 16ia1n Dix equation 1iutag
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m

ghathenisiszanstadoiy .
a1n seismogram  Tug 5.17 Avinn1sfufinenl Eastern Verginia (favinunnien

ANUNUNUaYItU sand uay clay doifluyauas Atlantic Coastal Plain Sediment
Geophone gadn9livingdudiar 35 m wazanfnfinanduatinaann Geophone &
wsn 70 m U 2.53 luns plot sewinens i T-X uas T2X2 ialdlunisduio

Soln nNsANUIML L31'l6 zero-offset time drofi

to) = 0.218 s
to(z) = 0.476 s
tozy = 0.718 s

wara1n slope vavuaARLEUATI A1IMANNET Lhdedl

Vi = 1,966 m/s
V2(rm5) = 1,771 m/S
V3(rms) - 2, 163 m/S

1ddwianiilu Dix equation ag'lé

V, = 1,588 m/s
V3 = 2,777 m/s

LRLANNFNATS 2.138 Arwatanununtadusariulédoi
h1 =214 m

h=205m
hs = 336 m aua6u Ans.
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5.19 nsavviauravadunuuniulilnSuun (Multiple Reflected Waves)

Jefinduuvadiufiazasviaudu reflector dudmdunditlilnduiuana 4 sau
tudolugl 5.19 dolumilfid azfi multiple waves iastiasfawvinfudindsu
v A Seismogram
uwnwa:;a';g:’;;%?;f{:}; 5.20 wgn'j'\ N5LAA multipledreflected wave WuanAa'ld
wnwiatiae fiuagAu acoustic impedence contrast u‘;nmmmumnmuﬁummr_ pIV
sewdnoffufiu Boddufiugl acoustic impedence umnstgfumnA  AvsiAa multiple
reflected waves fitialsinasadudu douanslugil 5.20

Ist muttiple

_____ and multiple

Typical paths for multiply
reflected waves, (a) A single
reflector model of paths for the
primary reflection, first multiple
reflection, and second multiple -
rimary first peq leg inferbed reflection. Because of the later
rgﬂecﬁbz\s multiples multiples multiples - arrival times of multiples, there

will be three distinc reflections
) & { : VT v on the seismogram. (b) Primary
g \ ; SN i 4 reflection and different types of
. _ I o multiples from a mode! with
: ]
\ | , .
tmes that are twice the arrival
\ \ ) times of the primary reflections
T

\ W ! from the different refiectors, Peg

three reflectors. First multiples
may be recognized with arrival

leg multiples and interbed
multiples have path segments that
have reflected from different

. - 'boundaries than the primary
(b) . " reflector.

5U7 5.19 nsazviaunasaduuuundulundunn (Multiple reflections)
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i 073

“__ 1.0

i ~ 0532900
'. 09:3535?!7 ‘
202683982
0.207307

Y =1800m/s
d; 4G5 g /om®

\\ \\ ¥ = 4000
. b, 2.5
{a} 2
P Pl ,. M S
] TN g
% e S 8.
. = o 9 Q
0 S« 68 o ;
o g 2l 23 o4

Y, = 2500 mss

o

- ¥ *3500

.
» 4, = 2500

v._,Rciativg-'vampl‘itud\:s of multiply reflected waves in
three different structures that represent (a) a layer
of seawater over bedroek, (b) a.low-velocity
wedthered layer over bedrock, and (c):interbed
multiples-in“a relatively high-velocity layer:

51 5.20 Relative amplitude #'¢iann multiple reflected waves
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Note: ausauandyanafiiiluwin Multiple reflected wave aanainwin
Reflected wave 16 tziulugul 5.21 win multiple reflected waves aviiuniviafiauin
av'lidv reflector ndifatdiruaredinaiuiifiivin q Au wia ssas SABCR = SDR
wia win Multiple reflected waves asuaasdnrazuasnisfiduiiuag 2 fuifiau
wuILarANULFILYINAY Tu Seismogram fuias

. reflector

Geometrical relationships for a
multiple reflection and for an
apparent reflection from an
imaginary boundary. The ray
path SABCR Is equivalent to
SADCR, which gives an image of
_ reflection from
N . (j a point D on an imaginary

o imaginary reflector  reflector ata depth

Mo, s o o e i s of 2k where ky is the depth of
D the primary reflection,

517 5.21 &rwauznisidiunionasndu Multiple reflected waves
5.20 ndutiau (Diffracted Waves)

_ adpdudiAnlunsdinauuiivnm douaaslugl 5.22 dafaausaasia
gavfufiuflisaitiasdu 1y sasdau (Fault) dusiu

Geomerrical features of wave fronts reflected and diffeacred from-a discontntous or
faulted boundary. AOB is the downgoing wave front ut time T = 0..CDE isghe
downgging wave front at time « =7, where't; = sV, Attimet = 1, the part of the

. wave troft (CD) is reflecied and becomes an upgoing wave front while the other part

- (DE) continues to go down: At'time ¢ = &, the upgoing wave Front is at'AD, and the

" downgoing wave fron is at FG. There is-another wave front at time 1 5= 4, represented
by the dircular wave front from a Huygen's point source at point D This wave frongpds
needed to make 3 comtinuous full wave front (AOFG) attime = &. The upgoing part

. of thecircular wave front is-observed at different times avdifferent locations on-the
surface. The result-of this: circular wave front:is-an-apparent.reflecting surface that is
due to point Tk ; o . : :

517l 5.22 msAauaznmsiiunivuasafutasn (Diffracted waves)
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L  — — — —

7ian D azfia8uunadiu (@u Huygen's principle) wiunigldausasiviadoainiu
wave front éhesvay S 4

S=Vt
A5 Travel time Asa%u Ry uar Ry dvagvineainam O ussay X fam R; ady

sviauasiiunandviianai t; Aau sdaualuuantagannyn D azfiuninés
Meana ty 1na

ta = t1+AYy

e Aty = Travel time el DRy
t; = Travel time AAuuy OD

gdafuaviAn A ODR; wavvinlu

X2
Atd: t12+—~5-
"
R < X > O R>
‘..
xr T,
?+ = ‘o t
1 V12 0,..’ 1
Q' Q

forfunduuantan (Diffracted waves) avandis Ry Aivian

L, =t + ft2+X2
d ~h 1 Y52
4

doazwindunanfldlunisiumeliian R, wudu

dfidh¥umane 4 daaglusumisaseinudurasiadntandunuuuinisdna
arrival time wuav reflected waves uav diffracted waves azudnosivgy 5.23 49
arrival time waq diffracted waves azusnednmaiziilu Hyperbola Arc uda tun1s
dralneafuasviauudnadusavdnrae Hyperbola arc fanand asusnodnmos
ga91dnaf reflector fianulisialfiasiAnduiuiag
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reflected arrivais
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=
il ooy = oy “
R . cied 3 o7
u 527 gireciEtt iy, 2>
E : > S g
jo- | ™
P ] =
e T e

gﬂ‘ﬁ 5.23 Hyperbola Arc aav diffracted waves

5.21 Multifold Reflections

mnﬁnajnmo?gusiﬁul,tmh ANuenaaInIsAINITnandussviauffianis
duananaseduniintidaudtouanuasléann 'imymmzwmﬁﬁé’:ymwma’au q

Tuilaqarudefinsvin Multifold reflection Zu Taaatdun1IUNNya A8
gsviaufiunannaaiianduuy reflector Mgniufineiannalzusing 9 AU a1ansAile
AdYU o a6 9 AU L Tidadudouanalusy 5.24 way 5.25

a7l A3 CDP w3a Common Depth Point flusainfussviaugsviautuin
AnahienAuuy reflector znnammLﬁmuazm’;’uz&’n;'zmmﬁmtmuomo 9 iU 493m
CDP flazatlsiam Common Mid Point w3aam CMP doifluyaiafiau (Jusunis) 7
aguufifiu sousavlugl 2.61 weiillasannidyanaindussviauniann COP flun
NnaadauazdIfuy Adunigene 9 Au Jedasfinisdiundal Wiafiauirledan
mnqm?iagimﬁaam CDP 4ituunuiavann wia Vertical deianisvinNormal Move-Out
(NMO) dvananavainnisvin NMO  Auwaudygaunsdasuauud) asihdgao

watflunudidiadu sred8dundn “Stacking” Foazvinlvideyauauiiléfiay
foraunnndiu
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COP

Source-receiver paths reflected from a common
depth point on the reflector. Waves reflecting

from the same subsurface point follow paths with
different source (S) and receiver positions. The

~common reflecting poiat is below the common
midpoint (CMP) of several source~receiver pairs.
"Therefore, it is referred to as the common depth
point (CDP) on the reflector.

U9l 5.24 Multifold reflection

;{'m by e e e _Ta TT‘% Tag ,

N f:> 4+ + + .
! .

MO ACEING

- ‘ A <
g s l /1 A T AR =
7 :

517l 5.25 AsuA'la Multifold reflection
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