
Reflec%on(seismology(

• Probe(Earth’s(internal(structure(by(examining(energy(reflected(from(subsurface(
layers(
• (Large(number(of(sources/receivers(regularly(spaced(
• (Accuracy(comes(at(the(expense(of(processing(complexity(
• (Usually(limited(to(travel(%me,(not(amplitude(

Oil(explora%on(is(an(expensive,(highDrisk(opera%on.(Offshore(and(remote(area(explora%on(is(
generally(only(undertaken(by(very(large(corpora%ons(or(na%onal(governments.(Typical(Shallow(shelf(
oil(wells((e.g.(North(sea)(cost(USD$10(D(30(Million,(while(deep(water(wells(can(cost(up(to(USD$100(
million(plus.(Hundreds(of(smaller(companies(search(for(onshore(hydrocarbon(deposits(worldwide,(

with(some(wells(cos%ng(as(liUle(as(USD$100,000.(

Offshore(drilling(has(20%(success(rate!(





(Figure(7:(A(3DD(view(of(the(Palaeocene(reservoir(in(the(Nelson(Field,(North(Sea.(The(image(is(
derived(from(a(‘cube’(of(closely(spaced(3DD(seismic(data,(onto(which(the(paths(of(the(
produc%on(wells(are(superimposed.(Bright(colours(in(this(perspec%ve(view(relate(to(depths(to(
a(par%cular(reflec%ng(boundary.(Reds(and(greens(are(structurally(highest,(where(petroleum(
may(be(trapped.(



3DD(EXPLORATION(SEISMOLOGY(





ZeroDoffset(sec%ons(



ZeroDoffset(sec%ons(

•  Variety(of(sourceDreceiver(offsets,(processed(to(
produce(an(equivalent(zeroDoffset(sec%on(

•  Averaging((stacking)(the(records(to(increase(SNR(
•  Layer(spacing(short(compared(to(source(dura%on((
deconvolu/on0

•  Lateral(varia%ons/dipping(reflectors(results(in(
scaUered(energy((migra/on(

•  Errors(in(velocity(model(will(affect(stacking(or(
migra%on(processing(



PDS(data(

•  S(waves(travel(only(in(solid((NOT(underwater),(thus(
are(inaccessible(with(conven%onal(survey(

•  BoUom(receivers((OBS,(OBC)(are(equipped(with(
geophones(that(lie(on(the(seafloor((measure(PS(
waves((converted(waves)(

•  PS(waves(are(less(affected(by(gas(
•  Needs(larger(offset(for(ensuring(P(waves(to(travel(
downward(outside(the(gas(region(





North(Sea(Gas(Chimney(



CMP(stacking(



CMP(stacking(and(NMO(

NMO(stretching(









This summary slide shows that the only item changing in the  
definition of the reflection equation is the definition of Vnmo. 





Common(receiver(gather(
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Common(receiver(gather(and(NMO(



Reflec%on(seismology(–(part(2(

• Source,(convolu%on(and(deconvolu%on(

• Migra%on(



Convolu%on(



Convolu%on(

In(the(frequency(domain,(the(convolu%on(becomes(a(product(



Sources(and(deconvolu%on(



Sources(

Air(gun(deployment(in(the(
Gulf(of(Mexico(

Air(gun(firing(

Es%mated(source(signal(



SourceDreceiver(offset((m)(

Sources(and(deconvolu%on(



Schema%c(showing(the(forcing(
func%ons(of(the(PDwave(
and(SDwave(Vibroseis(seismic(sources.(

Vibroseis(vibrators(forming(
a(source(array.(



Divots(lei(in(the(ground(from(the(SDwave(vibrator.(



Sources(and(deconvolu%on(

+(MATLAB(





This(illustrates(what(the(acous%c(impedance(log(might(look(like(
when(inverted(from(seismic(data(of(varying(bandwidth.(



Effect(of(bandwidth(

velocity(tends(to(increase(
frequency(tends(to(decrease((aUenua%on)(

With(increasing(depths,(

(Resolu%on(gets(worse(with(depth(



MIGRATION(

Migra%on(is(an(inversion(opera%on(involving(rearrangement(
of(seismic(informa%on(elements(so(that(reflec%ons(and(

diffrac%ons(are(ploUed(at(their(true(loca%ons(

Simple(structures((horizontal(layers,(CMP(geometry,(parallel(dipping)(:((modified)(NMO(

Complex(structures((scaUered(and(diffracted(arrivals)(:(migra%on(

PreDmigra%on(stack( PostDmigra%on(stack(



• (ZeroDoffset(sec%on(

• (minimum(travel(%me(

• (travel(%me(as(a(func%on(
of(horizontal(distance(
between(S,R(and(scaUerer(

• Travel(%me(curve(for(the(
scaUered(arrival(

Migra%on:(diffrac%on(hyperbolas(
Huygens’(principle(:(each(point(on(a(reflector(generates(a(secondary(source(in(response(
to(the(incident(wavefield(



Migra%on:(diffrac%on(hyperbolas(

Huygens’(principle(:(each(point(on(a(reflector(generates(a(secondary(source(in(response(
to(the(incident(wavefield(



Diffrac%on(summa%on(migra%on(

Each(point(is(the(apex(of(a(hypothe%cal(diffrac%on(hyperbola(

(Average(data(from(adjacent(traces(along0the(hyperbola(





Proper(implementa%on(of(diffrac%on(summa%on(migra%on(

• (the(scaUered(amplitudes(vary(as(a(func%on(of(range(and(ray(angle(
• (the(Huygens(secondary(sources(are(given(by(the(%me(deriva%ve(of(the(
sourceD%me(func%on((3D)(or,(in(frequency(domain,(a(factor(−iω0
• ((in(2D(the(secondary(sources(are(the(“halfDderiva%ve”(of(the(source(func%on(

The(diffrac%on(hyperbola(equa%on(assumes(a(uniform(velocity(structure,(but(
migra%on(concepts(can(be(generalized(to(more(complicated(velocity(models.(
The(use(of(the(wrong(model(can(result(in(“undermigrated”(or(“overmigrated”(
sec%ons.(

Data(((Deconvolu%on)(

CMP(stacking((migra%on(([Poststack0migra%on](

Migra%on((stacking([Prestack0migra%on]00
(superior(results,(greater(computa%onal(cost)(

(Kirchoff(theory(



(a)(You(can(build(a(wavelet(by(adding(a(cosine(func%on(at(
several(frequencies,(over(the(%me(interval([D0.5s,0.5s].(Tests(
1D2Hz,(1D10Hz,(1D50Hz(and(1D100(Hz((you(can(consider(a(
frequency(interval(of(1Hz).(Comment(the(differences.(

(b)(Build(10DHz(bandwidth(wavelets(with(central(frequency(
of(20Hz,(50(Hz(and(100(Hz.(Comment(the(differences.(

(c)(Consider(two(reflec%on(events(separated(by(50ms((twoD
way(travel%me).(What(is(the(minimum(frequency(to(
transmit(to(resolve(these(two(events((consider(a(velocity(of(
2000(m/s).((
Test(the(wavelets(you(have(build(in(point((a)(and((b).((note:(
convolve(with(a(%me(series(with(0(everywhere(except(at(
two(points(separated(by(50(ms).(What(is(your(conclusion(?(

Addi%onal(exercise(


