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INTRODUCTION

The   detection   and   delineation   of   underground   cavities   f ron   the

surface   by   geophysical   means   is   a   desirable   goal.      Our   research   in

cavity   detection   has  been  with  seisaic-reflection  methods.     This  paper

shows   the   results   of   inicial   experiments   designed   to   detect   cavities

beneath  the   earth's   surface   in  areas  where  no   surface   disturbance  has

occurred.

Previous  seismic  research  intended  to  detect  cavities  due  to  salt.-

solution   mining   (Cook,   1965),   lava-flow  tunnels   (Watkins   et   al.,   1967),

and  abandoned  subsurface  coal  mines   {Fisher,1971;   Hasbrouck  and  Padget,

1982)    has   met   with   limited   success.       Most   researchers   using   seismic

techniques   for   cavity  detection  cite  three  phenomena  for   evidence   of   a

cavity:     free  oscillations   or  resonance  of  the  cavity  walls,   anomalous

amplitude   attenuations,   and  delay  of  arrival  times   (Cook,   1965;   Watkins

et   al.,1967;   Fisher,1971).

Discriminating    a   subsqrface   void   from   the   undisturbed   material

around  it,   using  seismic-ref lection  techniques,   depends  a   great  deal  on

the   dominant   frequency   of   the   recor6ed   data.      Widess   (1973)   determined

that   the   minimum   resolvable   bed   is   1/4   the   wavelerigth  of   the   recorded

energy.     Since  frequency  is   inversel:/  related  to  wavelength,   the  higher

the   dominant   frequency   the   thinner   the   resolvable   beds.       Ability   to

detect   cavities    is   also   limited   b}-   shortness   of   wavelengths   of   the

seismic  energy.

Increasing  the  dominant  frequency  and  the  signal-to-noise  ratio  has

enhanced  our   ability  to   det.eat   subsurface  voids.     We  have  improved  our

signal-to-noise   ratio  by  careful  ac€ention  Co  geophone  plants,   minimiz-



ing   environmental   noise,   and  controlling  the  air-coupled  wave  from  the

seismic  source.     Increasing  the  dominant  frequeney  of  the  recorded  data

can  be   done   by   increasing   the   frequency  of   the   low-cut  filters  of   the

recording   system,   proper   selection   of   a   seismic   source,   and   careful

attention  €o  static  correction  and  velocity  analysis  during  the  digital

processing   of   the   data.      It   must   be   kept   in  mind,   however,   that   the

amount  of  high-f requency  information  detected  by  the  geophones  is  depen-

dent  to  some  degree  on  the  geologic  conditions  in  the  near-surface.

CAVITY   DETECTION    IN   GRAHITE

Voids  in  hardrock  are  deceivingly  dif ficult  to  detect  with  ref lec-

tion  seismology.     Since  the  acoustic  impedance  contrast  at  a  boundary  is

the  major  determining  factor  in  the  amount  of  seismic  energy  ref lected,

an   air-filled   cavity   in   rock   results   in   almosc   total   energy   ref lec-

tion.      Recording   clear   unobscured   reflection   events   from   the   top   of

cavities  is  not  as  clear-cut  as  theory  might  predict.     A  combination  of

inhomogeneties   in   the   rock   and  the   size  of   the   cavity  with  respect  to

the   dominant   wavelength   complicate   the   recorded   data,   making   standard

CDP-reflection  acquisition  and  processing  techniques  ineffective.

In  order   to   determine  the   seismic  parameters   that   are   critical  to

cavity   detection   in   hardrock   areas   (i.e.,   granice,   basalt,   limestone,

dolomite,    etc.),    we   conducted   experiments    across    the   top   of   a   known

tunnel   in   solid   granite.      The   site   selected   for   field  experiments  was

the   Moffat   railroad   tunnel   near   Winter   Park,   Colorado.      The   railroad

tunnel   is   6   in   (19   ft)   in   diameter,   and  we   performed   surface   seismic-

reflection  Surveys  across   the   tunnel  where   it  was   19  in  (62  ft)   and  80  in

(262  f€)   below  th`e  earth's  surface.
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The   results   of   the   seismic   survey   above   a   19-in   (62-ft)   deep   loca-

tion  are   sho`m   in  Figure   1.     The   data  presented  are  a  2-fold  CDP  stack

of   traces  with   source-to-receiver   distances   from   18.3   €o   20.1   in   (60  to

66   ft).      The   strong  event   at   40   to   50   msec   between  COP   295  and  COP   325

represents  direct  detection  of  the  top  of  the  tunnel.    The  inverted  bowl

shape  of  this  -event  is  a  result  of  the  curvature  of  the  tunnel  ceiling

in   combination   with   the   gradual   progression   of   the   shot   and  receivers

down   the   line.      The   frequency   of   this   reflecting   event   is   about   180

Hz.     Directly  below  this   feature  between  70  to   120  msec  is  a  series  of

lower-frequency   events  pulled  up   similar   to  the   event   a€  40  msec.     The

dominant   frequency   of   these   deeper   events   is   about   100   Hz.     We  believe

these  to  be   a   resonance  phenomenon   associated  with   the   interaction   of

the   seismic   energy  with  the   tunnel.     The  high-frequency   events   between

50  and  70  msec   on  the   stacked  section  are  the  air-coupled  wave  from  the

rifle  source.

In  order  to  test  our  resolution  capability  for  tunnel  detection,  we

moved  our   experiments  up   the  mountain   to  a   surf ace   locat.ion  about  80  in

(262   ft)    above   the   tunnel.       Slacking   5   shots   from   a   downhole   50-Gal

resulted   in   the  highest  quality   records,   however,   for   field  ef ficiency

reasons   the   surface   50-cal   was   used   to   collect   the   CDP   data.      Average

field   files   from   both   types   of    sources   are   shown   on   Figure   2.      The

inverted  bowl-shaped   feature,   obvious   on   the   downhole   50-cal   d,aca,   was

clearly  identifiable  on  more  than  50  of   the  surface  50-Gal  field  files

used   in   later   processing.      Preliminary   filtering   greatly   enhanced  the

curved  arrival   on   Figure   3.     Figure  4   shows   the   raypath   that  would  be

involved  in  diffractions  from  the  tunnel.    Note  that  a  geophone  directly

above  the   t¥nnel   is   always  .the   f irst   geophone   to   sense  the   dif f racced

'

3



seismic   waves   from   the   tunnel.       This   means   that   moving   the   shotpoint

away  from  the  tunnel  increases  the  arrival  tine  of  the  dif f racted  waves

at   all   geophones,   but   the   specific   geophone   directly   above   the   tunnel

always   has   the   earliest   arrival   of   tine   diffraction.      The   diffraction

model  can  explain  the  arrival  pattern,  but  not  the  velocity  derived  from

the  shape  of  the  parabola  on  the  field  files  in  Figure  2.    The  observa-

tion  of   a  cliff raction-type   event   on  miltiple   field  records   is   encour-

aging   but   not   conclusive.       Still   unexplained   is   the   abnormally   low

velocity   calculated   from   the   parabolic   curve   always   symmetric   about

receiver  350.

Parallel  to  the  railroad  tunnel  discussed  above  is  the  Mof f at  water

tunnel.    The  water  tunnel  is  about  2.5  in  (8  ft)   in  diameter  and  is  about

17   in   (55  ft)   horizontally   distant   from  the   railroad  tunnel.     Our  early

experiments    in   the   vicinity   of   the   railroad   tunnel   did   not   reveal

reflections   or  diffractions   from  the  water  tunnel.     Since  the  railroad

tunnel  is  air-filled  and  the  water  tunnel  is  water-filled,  we  considered

whether   the   acoustical   impedance   contrast   (reflection   coefficient)   was

possibly   small   enough   that   the   ref lected   and   diffracted  waves   were   of

too   low   amplitude   to  be   detected.     The  velocity   of  P-waves   in  water   is

almost  exactly  half  that  we  observed  for`  the  granite   (1,700  in/sea   (5,568

ft/see)   for   water;   3,354   in/see,    (11,000   ft/sea)   for   granite).      Density

of   the   granite  is  about  2.7  times   the  density  of  water  giving  a  reflecT

tion  coefficient  of  about  0.7  which  is   sufficiently  high  to  give  a  good

return  of  seismic  energy.

Detecting   the   water   tunnel   was   the   next   goal   in   the   continued

development   and   fine   tuning   of   the   ref lection   technique   for   imaging

voids.      We   suspecced  the   dominant   frequency  of   the   recorded  energy  'was
/
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not  high  enough  to  detect  the  smaller  tunnel.     Returning  to  the  experi-

mental   site   19  in   (62  ft)   above  the  Moffat  tunnel,   we  increased  our  low-

cut   filter   frequency   to  480   Hz   from  340   Hz   and  increased  the  energy  of

our  source  in  hopes  of  increasing  the  dominant  frequency  while  maintain-

ing   suf ficient   amplitude   to   record   energy   returning   from   the   water

tunnel.       Field   files   recorded   19   in   (62   ft)    above   the   water   tunnel

(Figure   5)   with   the   modified   parameters   show   a   very   similar   curved

arrival  pattern  to  that  observed  on  the  field  files  recorded  80  in  (262

ft)   above  the  railroad  tunnel.     This   curved  pattern,   as  before,  always

arrives  f irst  at  the  geophone  directly  above  the  tunnel  and  moves  deeper

in   time   as   the   source  moves   further   from  the  tunnel.     Also  as  before,

the  curvature  of  the  arrival  i§  much  too  slow  to  be  a  diffraction  (from

a  theoretical  point  of  view)   in  this   geologic  environment.     The  lroveout

on  the  curve   19  in  (62  ft)   above  the  tunnel  is  the  same  as  that  observed

80  in  (262  ft)   above  the  tunnel.    Direct  detection  of  the  railroad  tunnel

at  this  depth  is   still  possible  with  these  modif led  parameters,   and  now

a   curved  event   seems   to  be   indicative   of   the  2.5-in   (8-ft)   water  tunnel

approximately  17  in  (55  ft)   Co  the  south  of  the  railroad  tunnel.

DETECTING   WATER-FII-IIED    CAVITIES    IN    COAL

Ear'ly 'mining  practices  in  many  cases  did  not  include  a  detailed  map

of   mined-out   areas.       Knowledge   of   exact   locations   of   these   voids   is

necessary   to   ensure   saf ety   and   struccural   soundness   in   new   construc-

tion.      Locating   these  mines   in  the  past  has   been  done  wich  tight-grid

patter.n   drilling.      We   conducted   several   seismic-ref lection   surveys   in

the   Pittsburg,   Kansas,   and  Lacygne,   Kansas,   areas   a€tempcing  to  detecc

the  presence  of  water-filled  mines.    Research  in  Pi€tsburg  was  coiducted
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in  heavily  drilled  areas  where  voids   in  the  coal  seam  had  been  located;

whereas,   in  I.acygne,   research  was  done  in  an  area  without  much  drilling.

Pittsbur Kansas,   Research

Seismic   data   were   collected  to   enhance   energy   returning  from  the

coal   seam  at   about   10  in   (33   ft)   depch.     The  seam  at   10  in   (33  ft)   varied

front/2    (1.6  ft)   Co  1-in  (3.3  ft)   thick.     Receivers  and  shots  were  spaced

at     1/2  -in   (1.6-ft)    intervals   resulcing   in     1/4  -in   (0.8-ft)    subsurface

sampling  intervals.     This  subsurface  interval  would  give  us  8-12  traces

within  the  average-size  horizontal  coal  shaft.    Our  recording  system  I/0

DHR   2400   has   24   recording   channels   and  was   sampling   each   channel   every

I/4   msec  for  125  msec*     Each  channel  had  a  pre-A/D  low-cut  filter  wich  24

dB/octave   rolloff   from. the   -3dB   point   of   340   Hz.      The   receivers   were

undamped,   single   loo-Hz   geophones.     The   e.nergy   source  was   a   30-06  rifle

modified  with  a  silencer  that  doubles  as  a  blow-out  containment  device.

A   24-channel   f ield   f ile   i§   displayed   in   Figure   .6   along   with   a

sketch   of   the   geology   and   approximate   raypa€hs   for   the   nearest   and

furthest  offsec  traces.     Some  of  the  geophones  were   located  over  intact

coal  and  others  were  over  a  void.     The  area  indicated  on  the  righc  side

of   Figure   6   shows   reflected  waves   recorded   over   the   intact   coal   seam.

The   results   of   the   uphole   survey   (small   explosive   charge   detonaced  at

the  coal  depth)   confirmed  t`nis  ref lec€ion  to  be  from  the  coal  seam.     The

area   indicated   on   the   lef t   side   of   Figure   6   represents   the   signal

received  over  the  void.    Ref lections  from  the  void  are  clearly  dif ferent

than  those  from  the  coal.

The  stacked  CDP  seismic  section  is  displayed  in  Figure  7  along  with

an .interpret/ed  geological  cross  section.    I.ine  1  was  shot  across  two



boreholes,   one   at   CDP   location   260   indicating  a  cavity   at   9  in   (29   f€)

and   one   at   CDP   location   346   indicating   intact   coal   at   9   in   (29   ft).

Surface  collapse  between  CDP   locations   350  and  405  is   approximately   0.7

in  (2.3  ft)   deep  and  is  also  indicative  of  a  cavity  in  the  subsurface.

The   event   occurring   at   23-25   msec   throughout   r[iost   of   the   section

was   confirmed  by   the  uphole   survey  as  a  ref lection  from  the  top  of  €be

coal  seam.     Areas  in  which  amplitude  of  this  event  diminishes  are  inter-

preted  as  cavity.     These  areas  correlate  well  with  where  drillhole  data

and  surface  collapse  indicate  cavity  in  the  subsurface.     Loss  of  ampli-

tude  of  this   event  over  water-f illed  cavities   is  attributable  to  con-

trast  of  the  reflection  coefficients.    The  acoustic  velocity  of  water  in

the  cavities  is  greater  than  the  acoustic  velocity  of  the  coal,  and  €`ne

overlying  shales   have  an   even  higher  velocity.     The  reflection   coeffi-

cient   for   the   boundary   between   the   water   and   shale   will   theref ore   be

smaller   than   the   ref lection   coef f icient   for   the   boundary   between   the

coal  and  shale,  yielding  a  reduced  ref lection  amplitude  over  the  water-

filled  cavities.

Overall  quality  of   data  was   good  enough  to   define  the  voids'   boun-

daries.     The  top  and  bottom  of  a  i-in  (3-ft)   thick  coal  seam  at  depths  of

9   and   13  in   (29  and  43   ft)   were   resolved.     Reflected  events   from  the   top

of   the   coal   seam   exhibited   reduced  amplitudes   over   water-f illed   cavi-

ties.      Velocity   pull-ups   were   observed   in   reflected   events   from   the

bottom  of  the  coal   seam  beneath  the  water  cavities.     Lateral  resolution

of  cavities  was  within  an  estimated  1-1.5  in  (3-5  ft).
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e,  Kansas,  Research

The  partially-mined  coal  seam  in  the  Lacygne  area  was  approximately

9-12   in   (30-40   ft)    deep,   varying   in   thickness   from   0.6   to   1   in   (2   to   3

ft).      The   optimum   recording  window  was   between   14.6  and  29.3  in   (48  and

96   ft)   offset   from  the   source.      Spacing  the   geophones   at   0.6  in   (2   ft)

resulted   in   common   midpoint   gathers   spaced   at   0.3   in   (1   ft)   intervals.

This    allowed    8-12    stacked   traces   within   an   average-sized   mined-out

room.    The  recording  equipment  and  analog  filter  settings  were  identical

to   those   used   for   the   Pittsburg   experiments.      As   before,   the   seismic

source  was   a  modified   30-06   rifle   and   the   receivers   were   single   100-Hz

geophones   (undamped).

The   CDP  brute   stack   displayed  in  Figure   9  shows   several   anomalous

zones.      It  was   determined  by   drilling   that   the   only   anomaly  resulting

from  a  void  is   located  at  CDP  540.     Assuming  that  the  anomaly  at  CDP  540

is  indicative  of   all  voids   in  the  coal  in  this  area,   a  processing  f low

to   enhance   the   voids   can   be   derived.      Then   data   acquired,   using   the

correct   field   parameters,    can   be   processed   in   a   production-type   mode

enhancing  anomalous  zones  similar  in  character  to  the  one  at  CDP  540.
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DIFFRACTION    ENHANCEHENT    STACK

Theoretically,   energy  reradiated  from  a  point  source  p  at  depth  z

will  be  detected  first  at  receiver  r3   (Figure  10).

Recording   and   analyzing   the    energy    reradiating   f ron   point   source   p

requires  no  information  about  the  original  source  of  the  energy.    There-

f ore,  all  energy  arriving  at  the  receivers  r  not  f ron  the  point  source  p

can   be   cancelled   or   at   least   attenuated   using   an   iteracive   stacking

technique.      Adapting   the   diffraction  enhancement   stacking  technique   to

existing   common   depth   point    (CDP)   software   allows   easy,   yet   effective

use  of  the  technique.

Seismic  ref lection  data  is  commonly  acquired  to  optimize  future  COP

processing.     Most   generally,   in  order  €o  maximize   redundancy  and  there-

fore  increase  the  signal-€o-noise  ratio  shotpoints  and  receiver  stations

have   equal-   spacing   and   the   Source-to-receiver   distances   scay   constant

9



throughout   the   profile.      This   allows   data   to   be   gathered   into   cor[unon

midpoints,   corrected   for   the   moveout   velocity   of   the   ref lections   and

stacked  to  enhance  those  reflectors.

A§   the   source   and  receivers   move   down  the  prof ile   in  a  consistant

f ashion,  each  subsurface  point  along  the  plane  of  the  prof ile  is  sampled

one-half   times   the   number   of   recording  channels   and  is   separated  from

the  previous  subsurface  point  by  one-half  the  source  interval   (which  is

also  the  receiver  station  interval).

Figure    11

Shotpoint  So,   live  receivers  ri;  r2;  r3;   r4

Shotpoint  Si,   live  receivers  r2;   r37   r4;   r5

Shotpoint  S2,   live  receivers  r3t  r4f  r5t   r6

Shotpoint  S3,   live  receivers  r4t  r57  r6;   r7

The   same   pattern   is   continued   until   the   desired  profile   is   complete.

Af ter  the  information  has  all  been  collected  and  is   in  f ield-f ile  for-

mat,   it   can  be   sorted  so   each   subsurface  midpoint   (which  contains  one-

half  times  the  number  of  recording  channels)   can  be  analyzed  separately
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and   then   stacked   to   enhance   reflections.      For   the   4-channel   case   in

Figure   11   all   the   shot-receiver  pairs   (So,   r2)   that   Sample  the  sabsur-

face   point   CDP   #2   will   be   gathered   together,   each   pair   that   samples

subsurface  point  CDP  #3  will  be  gathered  together,   and  the  same  for  CDP

#4  and  CDP   #5,   etc.      The   resulting  data  set  will  have  traces  collected

in  COP  gathers.

COP   #1               CDP   #2              COP   #3              CDP   #4              CDP    #5

So/   ri            So/   r2           Sot   r3            SoJ   r4            S2.   r3

Si;   r2            Si/   r3            SiJ   r4

CDP   #6              CDP   #7              CDP   #8

Si7   r5             SiJ   r6             S2J   r6

S2t   r4            S3/   r4            S3/   r5

Note:     COP  data  here  is  2-fold.

The   CDP  method  is   very  ef f ective  at   attenuating  linear-arriving  events

and  enhancing  reflected  arrivals.

If ,   as  in  Figure  10,  the  apex  of  the  diffraction  is  at  receiver  r3

(indicating  point   source  p   is   directly   beneath   r3),   then   the  power  of

the   COP  method   can   be   taken   advantage   of   by   assigning  r3   as   the   source

location    for    every    f ield    file    recorded   regardless    of    actual   f ield

geometry.       Then   mul€ifold   seismic   reflection   data   can   be   sorted   and

moveout    focused    on    the    shape    and    arrival    times    of     the    recorded

diffraction  wave front.

The   ref lection   raypaths   are  negaced   from  the   diagram  and  orily  the

diffraction  raypaths  are  shoim  in  Figure  10.    The  arrival  pattern  of  the

diffraction   curve   from  each   shot   at   receivers   r,,   r2   c`|rves   from  the
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earliest   arrival   at   r2   to   the   latest   at   r,.     I.he   same   is   true   except

mirrored   for   receivers   r4,   r5.      Receiver   r4  wo:Jld   be   earliest   and   r5

would   be   latest.      Receiver   r3   would   always   be   the   first   receiver   to

detect  the  diffracted  energy.     This  arrival  pattern  will  be  consistant

with  only  the  absolute  time  of  the  arrivals  at  tt`ie  receivers  changing  as

the  real  source  and  receivers  rolled  through.

The   shape   of   the   dif f raction   curve   is   theoretically   dependent   on

the   average   velocity   of   the  material   above   the  point   source.      If   the

source   is   always   assigned   ac   S3   (S3  =  r3)   and  the   live   receivers   roll

through  as  the  f ield  notes   indicate,  then  after  correcting  for  terrain

variations,   the   data  can  be   gathered  according  to   source  offset.     Each

gather    then    contains    only    traces   with    a    common-of f set    of    receiver

location  r3   (Figure  12).     Next,   by  applying  a  NM0  velocity  correction  to

the   sorted   data,   the   diffraction   will   be   f lattened   leaving   all   the

arrivals     except     the     diffraction     distorted.          Following    the     NM0

correction,   the   data   is   stacked   (Figure   13).      The   exact   Surface  point

over  the  tunnel  can  then  be  ascertained.

When   the   data  quality   is  poor  and  no  hint  of  a  dif f raction  can  be

seen   on   the   field   data,   this   technique   can  be   .dsed   in   an   interactive

format.     By  setting  up  the  geometry  so  the  point  source  is  assumed  to  be

under   r]   and  moving   the   receivers   through   as   previously   described   for

r3,   a  moved-out   stack   results.     Next,   by   repeating  the  process  for  r2,

and  then  r3,   and  then  r4,   etc.   until  all  receivers  are  used,  rn  stacked

sections   will   result.       Finally,    stacking   all   rn   sections   together

according   €o   assigned   COP   n`rmbers,   the   diffraction   will   enhance   while

all  other  arrivals  are  actenuated.
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FIGURE   CAPTIONS

FIGURE     1.     This   2-fold  COP   stack  of   channels  8,   9,   10,   and   11   has
strong  amplitude  and  frequency  anomalies  centered  on  CDP
310.     The  high-amplitude  event  at  about  45  msec  is  inter-
preted  as  the  top  of  the  t`innel.    The  lower  frequency
oscillations  below  80  msec  could  be  resonance  from  the
tunnel ,

FIGURE    2.    These  field  files  were  collected  about  82  in  (270  ft)   above
the  railroad  tunnel.    The  upper  two  field  files  are  an
average  sample  of  the  more  than  50  f iles  that  showed  the
curved  event.  The  lower  2  f iles  are  a  5-shot  stack
attempting  to  maximize  the  signal-to-noise.    Note  the
returning  diffraction-like  event  centered  on  receiver  350
(R350 ) .

FIGURE    3.    These  field  files  are  the  same  as  in  Figure  2,   the  only
cliff erence  is  a  preliminary  digital  f ilter  designed  to
enhance  the  curved  arrival.

FIGURE    4.     This   schematic  diagram  shows  the  theoretical  propagation
f rom  source  to  receivers  when  seismic  energy  encounters  a
point  source.

FIGURE    5.    The  curved  event  present  on  the  two  field  files  is  a  result
of  the  water  tunnel.     The  source  here  was  a  downhole  30-06
rifle  recorded  with  480  Hz  low-cut  filters.

FIGURE    6.     This  field  file  was  recorded  with  split-spread  source/
receiver  geometry.     The  source-to-closest  receiver  was  3.25
in   (11   ft),   and  the   farthest  receiver  was  8.75  in   (29  ft).

FIGURE     7.     This   12-fold  CDP  stacked  section  and  interpreted  geological
cross   section  show  voids  in  the  coal  seam.     Four  strong
peaks  between  10  and  30  msec  dominate  the  seismic  section.
The  shallowest  doublet  is  a  stacked  ref raction.    Doublet
directly  below  the  refraction  is  a  ref lection  from  the
coal.    Amplitude  drops  in  the  coal  reflector  are  interpreted
as  the  top  of  the  voids.
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FIGURE    9.     This   12-fold  COP  stacked  section  has  many  anomalous  zones.
The  anomaly  that  was  shown  by  drilling  to  be  indicative  of
water-filled  voids  in  this  ares  is  located  beneath  CDP  545.

FIGURE   10.     This  scinematic  diagram  shows  the  theoretical  propagation
from  source  to  receivers  when  seismic  energy  encounters  a
point  source.

FIGURE  11.     Raypaths  of  energy  recorded  by  each  live  receiver  for  each
shot  during  routine  seismic  reflection  data  acquisition.

FIGURE  12.    This  section  has  a  strong  diffraction-like  event  that  has
been  enhanced.    An  example  of  the  individual  f ield  f iles
that  were  processed  to  obtain  this  section  is  displayed  on
the  upper  half  of  Figure  2.    The  estimated  increase  in
signal-to-noise  is  12  to  18  dB.

FIGURE  13.    This  section  is  a  velocity  corrected  version  of  the  section

::5F:/?:::  {:;OOT::/:gg?.used  to  flatten  the  c`irvature  was
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Lacygne, Kansas
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Diff raction Enhancement

Beceiver  Location
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Diffraction  Enhancement

Moved-out

Beceiver  Location

Wuu
tut                   +                   U1

•0-

.a

Figure 1 3.

1111 1'1 I „'

11 )

I

)

ill

!i

I

/' (
'

\\»
il(Ou Al

r`//
I

\yljl(J \ jj/ll \\

I

i[l[I \]11 I

1 )lil


