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ABSTRACT

Two  nigh  resolution  selsmlc  lines  were  shot  by  the  Kansas

Geological  Survey  near  Wellsville,   Kansas  during  1981  and   1982.     Two

differ`ent  seismic  surface  sour`ces  were  used  for.  each  line:     Betsy

Seisgun  and  Minlsosle.    The  study  site  ls  located  near  the  southeast

nargln  of  the  Forest  Cloy  basin.    The  str`atlgraphic  column  consists

of  strata  deposited  discontlnuously  since  the  Precanbr`ian.

The  purpose  of  the  study  was  to  determine  if  either  of  two

sul`face  sources  of  high  frequency  selsmlc  energy  was  capable  of

resolving  the  presence  of  thin  sandstone  bodies,   'squir.rel'  sands,

located  at  the  top  of  the  Cherokee  Group  of  the  Upper`  Pennsylvanian.

The  sandstone  bodies  are  located  wlthln  strata  deposited  under

cyclic  condltlons  associated  fflth  the  rise  and  fall  of  sea  level.

The  selsmlc  data  were  recorded  using  both  source  and  geophone

arrays  to  attenuate  the  contrlbutlon  of  non-vertical  seismic  waves.

Severe  low-cut   (110  Hz,   24  dB/octave)  and  high-cut   (220  Hz,   24

dB/octave)  filters  were  used  to  enhance  the  high  frequency  informa-

tion.     After  edltlng  and  muting,   the  seismic  data  from  both  sources

along  each  seismic  line  were  ldentlcally  processed.    The  final

conventional  stacks  r.evealed  that  the  Mlnisosle  pr.oduced  a  more

coher.ent  recor.d  of  the  subsurface  than  did  the  Selsgun.     In  addi-

tion,   the  resolution  of  the  Minlsosle  data  was  superior  than  the

Seisgun  data.     This  ls  most  likely  due  to  higher  frequency  content

and  the  super`ior.  attenuatlon  of  noise  during  ver.tlcal  stacking.     In

some  r`egions  of.  the  seismic  recor.ds,   especially  below  200  milll-
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seconds,   1t  appears  that  the  Selsgun  produced  a  more  coherent  record

of  the  subsurface.     Information  from  each  Selsgun  common-depth-point

data  set  was  added  to  the  corresponding  Hinlsosle  comJnon-depth-point

data  set.    Generally,   this  enhanced  the  Mlnisosle  data  and  aided  the

seismic  interpretation.

I)ue  to  the  lack  of  sonic  well  log  data,  an  ailgorlthn  r.elatlng

neutron  porosity  to  seismic  velocity  was  established  for`  north-

eaLstern  Kansas.     The  algorithm  was  used  to  produce  a  pseudovelocity

log  for  a  well  near  the  seismic  lines.    Synthetic  selsmogr`aLns  were

cl.eated  from  the  pseudoveloclty  log  to  aid  in  the  lnterpr.etation  of

the  selsnlc  data.

Analysis  of  the  synthetic  seismic  data  r`eveals  that  pr.imary

ener`gy  ls  severely  attenuaLted  by  the  cyclothems  of  the  Upper  Penn-

sylvanian.    There  ls  a  12  dB  decrease  in  transmitted  energy  at  the

top  of  the  Cherokee  Group  due  to  the  effects  of  tr.aLnsmission  loss.

As  a  result,   it  appears  that  the  multiply-reflected  signal  t)ecomes

the  dominant  reflected  energy.

The  seismic  record  sections  are  divided  into  10  seismic  se-

quences.     These  zones  represent  deposltlonal  sequences  composed  of

genetically  related  strata.

The  selsmlc  data  r.eveals  the  presence  of  an  anticline  as  well

as  several  faults  ln  the  pr.e-Mississippian  strata.     It  appears  that

lt  ls  possible  to  selsmlcally  locate   'squlrrel'   sands  that  have  been

deposited  in  channels  using  Minisosie.    The  presence  of  these

channels  in  the  subsurface  apparently  results  in  a  dimfning  of  the

over`1ying  Fort  Scott  composite  r`eflection  due  to  lnterfer`ence.
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INTRODUCTION

In  the  petl`oleum  industry,  as  the  frequency  of  dlscover`y  of

structural  tz`aps  has  declined,  greater  emphasis  has  been  placed  on

the  search  for  Stratlgr`aphlc  traps.    This  has  led  to  the  development

of  new  sur`face  sources  of  seismic  energy  which  ar.e  capable  of  pro-

duclng  high  r`esolutlon  data.     The  purpose  of  this  study  ls  to  deter-

mine  lf  either  of  two  high  frequency  selsmlc  soul`ces  ls  able  to

detect  the  presence  of  "squirrel"  sands  in  Miami  County,   Kansas.

These  sands  are  thin  stratigraphic  traps  located  at  the  top  of  the

Cherokee  GI`oup  of  the  Upper`  Pennsylvanian.

In   1981   and   1982,   the  Kansas  Geological  Survey  collected  high

resolution  selsmlc  data  along  two  field  lines  ln  the  Paola-Rantoul

oil  field,   Miami  County,   Kansas   (Figures   1  and  2).     The  data  were

acquit.ed  using  both  Betsy  Selsgun  and  Mlnlsosle  earth  compactor

seismic  sour`ces  for  each  line.     The  seismic  data  from  both  seismic

sources  wer`e  identically  processed  for  each  line.     The  processing

Was  accomplished  using  Sytech,   Inc.   geophysical  software  available

on  the  Data  GeneraLI  MV/8000  computer  at  the  Kansas  Geological

Survey.     In  order   to  enhance  daLta  deep  ln  the  seismic  section,   the

Selsgun  and  Minlsosle  data  were  summed  together`   in  a  combo-stack.

In  order  to  generate  the  combo-stack,   the  Seisgun  data  for  each

Common-depth-point  was  scaled,   time  shifted,   and  added   to  the  corre-

sponding  Mlnisosle  data.

As  an  aid  during  interpretation,   synthetic  seismogr`ams  were

Produced   f`or`  a  well  near   the  study  site.     Since  no  sonic   logs  were
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available  ln  the  immediate  study  ar.ea,  an  algorithm  was  emplrlcally

derived  to  conver.t  neutron  porosity  to  interval  transit  time  for

wells  in  Miami  County,   an  ar`ea  where  sonic  logs  ar`e  scarce.     A

neutl`on  count  log  fr.om  a  well  on  one  of  the  seismic  lines  res

converted  to  neutron  porosity  using  the  40:1  method.     The  40:1

method  consists  of  assigning  porosities  of  forty  percent  and  one

percent  to  a  shale  and  a  tight  limestone,  r`espectlvely.    Porosltles

ar`e  then  caLlculated  using  these  two  contr`ol  points   (Wood,   et  al.,

1974).     The  conversion  algor`ithn  was  then  used   to  help  generaLte  a

synthetic  sonic  log  for  the  well.     Synthetic  seismograms  were  subse-

quently  created  ft-om  the  synbhetlc  sonic  log.
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BACKGROUND   GEOLOGY

The  study  area  is  located  on  the  souther.n  edge  of  the  Forest

City  basin  in  eastern  Kansas.     This  basin  is  both  structur`al  and

topographic  in  nature.     The  sedimentary  column  has  an  approximate

thickness  of  2350  feet  in  Miami  County  and  ls  shown  ln  Figure  3.

STRATIGRAPHY

The  Precambrian  rock  underlying  the  study  area  is  believed  to

be  primarily  granite  (Bickford,   et  al.,1979).     These  rocks  are

unconformably  overlain  by  Lamotte  SaLndstone  of  Upper  Cambrian  age.

Gener`ally,   the  Lamotte  is  arkosic  ln  character  at  the  base.

Quar.tzose,  dolomitlc,   quar.tz-glauconitic  and  feldspathic  sandstones

are  also  present  in  the  Lamotte  (Mer`rlam,1963).     This  unit  grades

conformably  into  Bonneter`re  Dolomite,   a  glauconitic,   noncher`ty  dolo-

mite  of  Upper  Cambrian  age   (Zeller,1968).     Arbuckle  Gr`oup  encom-

passes  all  of  the  pre-St.   Peter`  Ordovician  and  Cambrian  rocks  above

the  Bonneterre.     Bonneterre,   though  indistinguishable  on  the  well

log  fr`on  Arbuckle,   1s  separated  from  the  Arbuckle  on  the  basis  of

stratlgraphic  consider`ation   (Lee,   1943).

Arbuckle  Group  at   the  study  site  includes  Eminence  Dolomite,

Gasconade  Dolomite,   Roubldoux  Formation,   and  Jefferson  City  and

Cotter  Dolomites.     There  ar`e  unconformities  between  each  of`  these

lithologic  units   (Lee,1943).     The  Ar`buckle  Gr`oup  consists  mainly  of

cr`ystalline  dolomite  deposited  under`  shallow  water  conditions.

Chert   is   common   in   the   upper   part   (Merriam,1963).
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Ab  the  study  site,   Ar`buckle  is  overlain  unconformably  by  St.

Peter  Sandstone  of  Ordovlclan  age.     The  St.   Peter`  1s  associated  with

the  sandy  part  of  the  Slmpson  Group.

Undifferentlated  rocks  of  the  ''Hunton  Group"  unconformably

over`lie  St.   Peter  Sandstone.     These  I`ocks  are  composed  of  limestone

and  dolomite  and  are  Devonian  ln  age.     Appar`ently,   the  Silurian

component  of  the  ''Hunton  Group"  and   the  Viola  Limestone  wer`e  er`oded

at   the  end  of  S11ur`ian   time   (Mer`riam,1963).

The  ''Hunton  Group"   is  over`laln  by  Chattanooga  Shale  which  was

deposited  during  Klnder'hookian  time.     These  r.ocks  ar`e  believed  to  be

of  Devonian  or  Mlssisslpplan  age.     They  ar`e  separated  fr.om  the

''Hunton  Group"  by  an  unconfor`mlty.     Chattanooga  Shale  ln  the  study

ar`ea  is  overlain  conformably  by  Mlssisslpplan  rocks  deposited  during

Osaglan  and  Meraneclan  time.     These  rocks  consist  primarily  of

limestone  and  dolomite  deposited  in  an  epicontlnental  sea.     Low

relief  of  the  nearby  land  sur'faces  resulted  ln  clear`  water`  condi-

tions  on  the  continental  shelf  which  facilitated  the  wldespl`ead

deposition  of  calcium  carbonate  associated  with  mar`1ne  or`ganisms

(Moore,1957).

Pennsylvanian  rocks  deposited  during  Desmoineslan  and

Mlssourlan  time,   over`lie  those  of  Misslssippplan  age  ln  the  study

ar`eaL.     The  Pennsylvanian  rocks  consist  of  cyclothems.     Cyclothems

are  cyclic  terriginous  elastic  and  carbonate  strata  deposited  under

cyclic  conditions  associated  with  transgresslve-regressive  marginal

seas   (Heckel  et  al.,1979).     Each  cyclothem   is  associated  with  a

cycle  of  deposition  consisting  of ,   in  ascending  or`der:     a  tr`ansgres-
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sive  carbonate,  a  marine  shale,  a  regressive  carbonate  and  a  regres-

sive  shale.     The  environments  of  deposition,  as  determined  by  Watney

(1980),   ar`e  shoim   ln  Table   1.

The  Cherokee  and  Mar`maton  Groups  wel`e  deposited  dur`1ng  Des-

molneslan  time.    Relatively  clean  sandstones  found  at  the  top  of  the

Cherokee  have  been  referred  to  as  "§qulrr.el"  sands.     The  presence  of

these  lenticular  and  dlscontlnuous  "squirr`el"  sands  ls  due  to  the

influx  of  sediment  associated  with  the  r`epeated  extensions  of  allu-

vlal  deltalc  complexes  fr`om  the  east   (Ebanks  and  James,   1974).

Evidently,  each  extension  resulted  ln  lobes  or.  belts  of  sandy  de-

posits  that  progr.ade  into  mar`1ne  environments.     Within  the  Paola-

Rantoul  oil  field  ln  Miami  County,   these  sands  are  the  principal

hydrocarbon-bearing  units.

Younger.  cyclic  sequences  of  the  Marmaton  Group  arld  of  the

Pleasanton,   Kansas  City  and  Lansing  Groups,   which  were  deposited

during  the  Missour'1an  stage,   contain  mor`e  limestone  and  smaller

amounts  of  coal.     This  suppor`ts  the  concept  of  ''...increasingly

widespread  mar.1ne  lnvaslon  of  the  area  thr`oughout  Middle  and  Late

Pennsylvanian  time,  with  variations  ln  environmental  condltlons  as

the  interplay  of  sea  level,  sediment  supply  and  basin  subsidence

changed"   (Ebanks,1979,   p.   69).
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Descriptive
Facies

Thickness
(ft.)

Genetic
Facies

Depos i t i one I
Environment

lJpper   shale                                 <5-30                          Regressive                            oxidized,   continental
Shale                                      clastics------------------------------------------------------------------------------------

Upper   |upper|                            <1-15                        Regressive                           shallow,   clear-water
Carbonate

Carbonate
I i Owe I )

5-25

carbonate;   tidal   f lat
lagoon,   and   open  marine;
high   and   low  energy

Subtidal,low-energy,
clear-water,   open-
marine  carbonate  grading
downward   to  iTiixed   turbid
argil laceous  carbonate

I,over  Shale

I,over   (upper|

Carbonate

' I owe r I

2-20

0-15

0-8

Harine
Shale

Transgressive
Carbonate

Subtidal,   low  energy,
marine;   restricted,
anoxic  conditions  prev-
alent  to  south  and  to
north   locally  shallo.
water

Subtidal.low  energy,
cpen  marine;   clear
to  turbid  water  con-
ditions

Sandy  or  silty  reworked
shoal  water,   intermittent
restricted   to  open  marine

Table  1.-Descrlptlon  of  facleg  and  envlron.entg  of  depo8ltlon  for
Pennsylvanian  cyclothel8   1n  norttieastern  Kansas   (froll  Watney,   1980)
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STRUCTURAL   EVOLUTION   AND   SEISMIC   DISCONTINUITIES

In  Mlaml  County,   tectonic  for`ces  acting  upon  the  siirrounding

ar.ea  since  the  Precambr`1an  have  had  an  important  role  ln  the  devel-

opment  of  the  geologic  column.     Deformation  of  the  earth's  crust  in

this  region  has  pr`oduced  long  periods  of  both  deposltlon  and

erosion.     A  r`evlew  of  the  regional  tectonlcs  since  the  Precambr.lan

provides  an  opportunity  to  pr`edlct  which  geologic  events  that  af-

fected  the  stratlgr`aphlc  column  might  result  ln  pr`imar`y  reflections

on  the  selsmlc  record  secblon.

The  prlmar`y  reflections  on  a  seismic  section  appr'oxlmate  the

chr`onostr.atlgr`aphlc  patterns  of  the  subsurface.    These  reflections

may  be  produced  by  str`atal  sur'faces  or  unconfoz-mltles   (Mlbchum  et

al.,1977a).     Str`atal  sur.faces  are  associated  with  bedding  surfaces

and  are  chronostratlgraphic  because  they  r`epr'esent  time-synchronous

surfaces  of  deposition.     Unconformitles  ar`e  chronostratlgraphlc

because  they  separate  older  rocks  from  younger  anes.

A  primary  reflection  is  pr`oduced  lf  there  is  a  significant

acoustic  impedance  contr`ast  across  a  chronostratigraphic  sur`face.

The  acoustic  impedance  (Z)  of  a  rock  ls  equal  to  the  pr`oduct  of  the

density  (   )  and  seismic  velocity  (V)  of  the  rock.     For  ver.tically

incident  seismic  waves,   the  amplitude  of  the  reflection,  or.  reflec-

tion  coefficient  (R),   ls  equal  to  the  change  ln  acoustic  impedance

across  the  surface  divided  by  twice  the  aver`age  acoustic  impedance

(Sheriff,1977):

h10



R(i)   =
Z(i)   -Z(1-1)

Z(i)   +   Z(1-1)

Since  the  seismic  velocity  of  sedimentary  rock  varies  by  a

factor  of  3.3  while  density  varies  by  a  factor  of  1.4  (Telfor.d  et

al.,1976),   the  acoustic  impedance  contrast  ls  prlmar.ly  dependent

upon  velocity.     Therefore,  density  information  ls  often  considel`ed

constant  when  calculating  the  reflection  coefficients.    Conse-

quently,  using  a  sonic  log  alone,   it  may  be  possible  to  r`elate

pr`1mary  reflections  with  particular  tectonic  events.    Figure  4  1s  a

sonic  log  of  the  strata  over`lylng  the  Arbuckle  ln  the  ABC  No.   1

well.    This  well  ls  located  seven  miles  southeast  of  the  study  site

(Flgur`e  5,   Appendix  I).     Reflections  on  the  seismic  section  may  be

expected  when  there  are  large  changes  in  lntervaLl  transit  time  over'

short  depth  intervals.

During  Cambrian  and  Lower.  Ordovlcian   time,   Miami  County  was

affected  structurally  by  the  pr`esence  of  the  subsiding  syncllnal

Ozar`k  basin.     Contemporaneous  and  str.uctur`ally  related  to  the  de-

velopment  of  the  basin  was  the  r`ise  of  the  Southeast  Nebraska  arch

(Figure  6).     Unconformities  associated  with  structural  uplift,   the

tops  of  the  Bonneterre  and  Eminence  Dolomites,   and  with  eustatic

changes  ln  sea  level,   the  top  of  the  Roubidoux  Formation,  are  both

present  in  the  geological  column.

From  St.   Peter`  time  to  the  beginning  of  deposition  of  the

Mississippian  limestones,   the  strata  ln  Miami  County  wer`e  uplifted

and  tilted   towar`d  the  North  Kansas  basin.     It   is  widely  believed

11
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Figure  6.-Location  of  Southeast  Nebraska  arch  and  Ozark  baBln  based  on  thlckne88  of
Sedimentary  rocks  below  the  top  of  the  St.   Peter  Sandstone  north  of  lt8  Southern  llmlt,
and  on  thickness  of  rocks  between  the  top  of  the  Roubldoux  Formation  and  the  top  of  the
Lamotte   Sandstone   (from  Lee,   no  date.   Figure   5).



that  subsidence  of  this  basin  ls  associated  with  upward  movement  of

the  Ozark  uplift  as  well  as  the  formation  of  the  Chautauqua  ar`ch  and

the  Centr`al  Kansas  uplift  (Figure  7).    The  unconformlty  at  the  top

of  the  St.  Peter`  Sandstone  ls  r.elated  to  the  erosion  of  pr'e-Devonian

sedlments  deposited  within  the  basin.    This  contact,  between  the

Devonlan  "Hunton  Gr`oup"  and  the  Middle  Ordovlclan  St.   Peter  Sand-

stone,   is  a  distinct  seismic  discontinuity.    The  seismic  dlscontl-

nuity  at  the  top  of  the  ''Hunton  Group''  1s  due  to  an  unconfor`mlty

between  the  ''Hunton  Gr.oup"  and  the  overlying  Chattanooga  Shale  (Lee,

1943).     The  seismic  discontinuity  at  the  top  of  the  Chattanooga

Shale  ls  due  to  a  conformable  stratal  sur`face  between  the  Chatta-

nooga  and   the  over`lying  Chouteau  Limestone   (Mer`rlam,1963).

During  MlsslssipplaLn  time,   defor`mation  along  the  Nemaha  antl-

cllne  resulted  ln  the  formation  of  a  broad  syncline  in  nol`theastern

Kansas   (Figur'e  8).     Accor`ding  to  Rascoe  and  Adler   (1983),   the  uplift

of  the  Nemaha  antlcllne  was  due  to  the  collision  between  the  North

American  craton  and   the  nor`ther`n  margin  of  the  Soiith  American  plate

during  Mississippian  time.     Lee  (1943)  considered  this  syncline  to

be  the  ancestral  Forest  City  basin   (Figure  8).     Sediments  were

deposited  into  this  basin  during  Mississippian  time.     Evidently,

these  sediinents  wer`e  eroded  near  the  end  of  Mississippian  time  due

to  continued  uplift  of  the  Nemaha  anticline.     Of  lesser  importance

was  uplift  of  the  Ozark  region  to  the  east   (Lee,   1943;   Lee,   no

date).     The  erosional  surface  between  Mississippian  rocks  and  over-

lying  Pennsylvanian  strata  is  one  of  the  most  distinctive  disconti-

nuities  on  the  sonic  log  shown  in  Figure  4.
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During  early  Pennsylvanian  time,   the  eastern  flank  of  the

Nemaha  antlcllne  subsided  I`elatlve  to  the  wester`n  flank.     To  the

east  of  the  study  ar`ea,   this  I.esulted  in  large  scale  block  faultlng

along  the  Humboldt  fault.     As  a  result  of  the  subsidence,   two  basins

were  formed  to  the  east  of  the  ridge.    These  were  the  Forest  City

basin  in  northeast  Kansas  (including  the  study  area),  northwest

Missour`i,  and  southwest  Iowa,  and  the  Cherokee  basin  ln  southeast

Kansas   (Figure  9).     The  baLslns  ar`e  separ'ated  by  the  Bourbon  ar`ch,   a

low,   broad  anticline.     During  Pennsylvanian  time,   the  center  of

subsidence  of  the  For`est  City  basin  was  west  of  the  center  of  subsi-

dence  of  the  ancestral  Forest  City  basin  (Lee,   1943;  Lee,  no  date)

(Figure   10).     In  the  study  ar.ea,   deposltlon  continued  thr.oughout

Permian  time  and  possibly  through  Cretaceous  time  as  well  (W.L.

Watney,   personal  communication).

During  the  Pennsylvar)lan,   the  entire  Kansas  shelf  was  subjected

to  r`epeated  cycles  of  mar.1ne  transgr`esslon.     Changes  ln  sedimenta-

tion  were  due  mainly  to  eustatic  changes  ln  sea  level  (Watney,

1980).     A  review  of  Figure  tl  reveals  that  Pennsylvanian  strata  are

char`aLcterized  by  r`apid  and  r`epeated  changes  in  sonic  velocity.     This

ls  a  direct  r`esult  of  cyclic  sedlmentatlon.     In  this  r`egion  of  the

geologic  column,   strong  prlmar'y  selsmlc  reflections  ar`e  associated

with  both  unconformlties  and  str`atal  sur`faces.     An  example  of  the

latter`  1s  the  boundary  between  transgresslve  limestones  and  mar`ine

shales .
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Figure  9.-Location  of   Forest  City  and  Cherokee  basins  based  on   thickness  of
Pennsylvanian   rocks   below  the  Hertha  Limestone   (from  Lee,   no  date,   Figure   21).



•F|gure   |0.-Dlagrammatlc  Cross-sections.   west   to  east,   from  Sallna,   Kansas   to  y`ansas
city  shoving  relative  location  of  Nemaha  antlcllne,  and  ancestral  Forest  City  and
Forest  City  basln§   (from  Lee,   no  date,   Figure   22).



DATA   ACQUISITION

Along  each  selsmlc  line,   two  types  of  sur.face  sour`ces  of  seis-

mic  ener.gy  were  used:     the  Betsy  Selsgun  and  the  Minisosle  earth

compactor`.     Data  acquisltlon  par`ameters  for  each  source  are  given  ln

Appendix  11.     Dur'1ng  acqulsltlon,   source  and  geophone  arr`ays  were

used  to  pr`ovide  spatial  fllterlng.     The  geophone  ar`ray  consisted  of

ten  30  Hz  geophones  connected  in  series  parallel  to  each  live  geo-

phone  takeout  on  the  seismic  cable.     If  seismic  waves  approach  the

surface  ver`tically,  then  all  of  the  geophones  of  the  array  are,

theoretically,  stimulated  simultaneously  and  their  outputs  combine

constructively.     If  the  selsmlc  waves  approach  nor.1zontally,   the

geophones  are  affected  at  different  times  and  their  outputs  combine

destructively.     Source  ar`rays  have  a  slmllal.  effect  on  non-vertical

waves.     T`he  selsmlc  data  were  filtered  ln  the  field  using   110  Hz

pre-emphasis  lowcut  and  220  Hz  highcut  filter`s.     These  filter`s  have

a  rolloff  of  24  dB/octave.     This  technique  of  pre-emphasis  filter`ing

(Sheriff ,   1973)  preser`ved  the  frequency  content  of  the  data  between

110  and  220  Hz  while  severely  attenuating  groundroll.

SEISMIC   SOURCES

The  Seisgun  seismic  energy  source  ls  pt.oduced  by  Betsy  Seisgun,

Inc.  as  a  portable  surface  seismic  source.     It  is  an  8  gauge  indus-

trial  shotgun  which  ls  fitted  to  a  wheelbarrow-type  car`I`ier.

The  gun  barr`el  ls  mounted  vertically  atop  a  cylindrical  steel  plat-

for`m  which  provides  the  operabol`  with  pr`otection  against  blast

22



debr`1s.     The  base  of  the  platfor`m  is  designed  to  minlmlze  the  air

blast  noise  and  gun  recoil.     The  entll`e  assembly  weighs  approximate-

ly  200  pounds.

Three  ounce  lead  slugs  are  manually  fired  into  the  ground  at

each  shotpoint.     A  strong  motion  geophone  ls  attached  to  the  side  of

the  gun  bar`rel  to  recor.d  a  time  break  for.  I.ecor.ding  purposes.     Sub-

surface  lnformatlon  is  then  recorded  for  each  shot.    Beggs  and

Gar`rlot  (1979)  report  that  they  obtain  significant  information  aLt

frequencies  between  20  and   160  IIz  at  depths  between  2000  and  2500

feet   (610  and  762  meters,   respectively).

The  Minisosie  technique  uses  a  Hacker.  model   151   GY  ear.th  com-

pactor  energy  source.     A  two  horsepower  engine  is  used  to  dr`1ve  a

piston  which  has  a  metal  plate  attached  to  its  base.    The  rate  at

which  the  plate  strikes  the  ground  ls  governed  by  the  operator`  via

throttle.     The  earth  compactor  is  oper`ated  continuously  over  the

length  of  the  source  array  until  1nfor.nation  from  aL  pr.e-speclfled

number`  of`  impulses  ar`e  recor.ded.     Typically,    1000   to  20001mpulses

are  recorded.     Accor.ding  to  Bar.bier`  and  Vialllx   (1974),   useful

information  up  to  200  Hz  has  been  r`ecorded.

VERTICAL   STACKING  0F   SEISMIC   RECORDS   IN   THE   FIELD

Vertical  stacklng  is  perfor`med  to  improve  the  signal-to-noise

r`atlo  at  a  particular  shotpoint.     It  involves  multiple  firing  of  the

sour`ce  and  summing  the  data  recorded  fr`om  each  shot.     For`   the  Sels-

gun,   seismic  information  arriving  at  each  geophone  is  recorded  over

the  entire  time  interval  of  interest  for  each  individual  impulse

23



before  the  next  impulse  ls  inltlated.     By  recording  time  zero,   the

appropriate  memory  location  with  respect  to  time  for  each  data  point

of  the  time  series  can  be  ldentifled  for  each  live  geophone.    The

information  ls  then  added  to  the  data  already  ln  memory.     The  output

from  the  Selsgun  can  be  viewed  as  the  convolution  of  the  source

impulse,  s(t),  with  the  reflection  coefficient  sel.1es  of  the  ear`th,

e(t)   (Figure   lla).

For  Minlsosle,   1npulses  are  continuously  sent  into  the  ground

as  Stated  above.     Vertical  stacklng  occur`s  ln  real  tine  as  infor`ma-

tlon  frofn  the  subsurface  ls  conblnuously  r`ecor`ded.     For  the  inltlal

impulse,   Information  ls  r`ecorded  at  each  geophone  gI`oup.     The  next

impulse  occurs  before  the  r`ecor`dlng  interval  of  the  first  impulse

has  passed.     The  information  from  the  second  shot  is  superimposed  on

the  lnfor`matlon  from  the  fll.st  shot.     The  information  from  subse-

quent  impulses  are  in  turn  superimposed  on  the  daLta  from  the  ear`ller

pulses  to  form  a  composite  I.ecord.     In  order  to  decipher  this  com-

posite  record,   a  special  20  bit  Minlsosle  processor`  1s  used.     The

pr`ocessor  has  a  memory  associated  with  lt  which  has   1000  memory

sample  point  locations  per  data  channel.

The  Minisosle  vertical  stacking  process  is  shoim  in  Figure   llb.

If  the  wavelet  generated  by  the  eat-th  compactor  ls  assumed  to  be

constan\t   (Barbier  and  Vlallix,1974),   then  the  time  function  of  the

earth  compactor  input  can  be  viewed  as  the  convolution  of  the  source

wavelet  s'(t)   with  the  ear`th  compactor   impulse  time  series,   y(t).

The  ear`th  compactor.   input  function  ls   then  convolved  with  the

ear`th's  reflection  coefficient  series  e(t),   to  produce  a  composite
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Figure   11.-Vertical   stacklng  method  of   (a)   SelBgun  and   (b)
Mlnlsosle.
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r.ecord  of  the  subsurface.     Real  time  processing  essentially  pr`oduces

a  cr`oss  correlation  of  the  composite  I.ecord,  s'(t)  I  y(t)  tt  e(t),

with  the  earth  compactor`  impulse  time  ser`1es  y(t).     In  other`  wor.ds,

the  autocorrelatlon  function  of  the  earth  compactor  impulse  time

series,  y(t)  I  y(t)  1s  convolved  with  the  convolved  output  of  the

sour`ce  wavelet  and  the  ear`th's  reflection  coefflclent  series.

If  the  impulse  time  ser`ies  of  the  earth  compactor  ls  random,

the  autocor`relatlon  is  a  spike  at  time  zer.o.     Non-random  operation

of  the  ear`th  compactor  r`esults  ln  a  spike  or  spikes  at  later  times.

This  has  been  r.efer`red  to  as  col.r.elatlonal  noise  (Barbler  and

Vlalllx,   1974).

At  time  zero,   the  processor  begins  to  write  the  dlgltal  infor.-

matlon  from  each  channel  into  memory.     Output  lnfornatlon  ls  con-

tinuously  stor`ed  until  the  memory  ls  filled.    While  lnfornatlon  is

being  written  into  memor`y,   the  next  impulse  occur.s.     The  Mlnlsosie

pr`ocessor  adds  each  sample  which  is  recorded  at  the  time  n  t  after

the  second  shot  to  the  sample  value  which  was  recorded  at  the  time

n  t  after`  the  first  shot.     Data  fr'om  the  composite  recor`d  ls  added

to  data  ln  the  memory  until  the   1000  samples  following  the  second

lnpulse  have  been  processed.     Meanwhile,  a  third  impulse  has  oc-

cur`red.     The  pr`ocess  continues  until  a  pr.edetermined  number`  of

impulse  daLta  sets  have  been  summed.     The  pr.ocessor   ls  capable  of

time  shifting  and  adding   information  from  23  impulses,   contempor`aL-

neously,   into  memory.     In  other  wor.ds,   a  particular`  saLmple  of  the

Composite  record  may  be  simultaneously  aLdded   to   the  pr`eviously

summed  values   in  up  to  23  different  memor`y  locations.
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The  result  of  vertical  stacklng  for  both  the  Selsgun  and  Minl-

Sosle  ls  a  cancellation  of  random  noises  coupled  with  an  enhancement

of  geologic  lnfor`matlon.
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DATA   PROCESSING

The  raw  field  data  were  processed  as  shoim  ln  Table  2.    First,

the  data  were  assembled  from  the  field  tapes.     Tr.aces  were  edited  to

remove  "noisy"  or  "bad"  traces  and  muted  to  remove  direct  and  re-

fr.acted  selsmlc  wave  lnformatlon.     After  common-depth-point   (COP)

sor.ting,   the  tr.aces  were  filtered  using  a  10-20-126-190  zero-phase

bandpass  filter  to  remove  non-data  noise  from  the  signal.     Velocity

analysis  was  perfor`med  ln  order  to  deter'mine  the  stacklng  velocity

as  a  function    of  two-way  reflection  time.    The  veloctiy  function  is

used  to  dynamically  cor.r`ect  travel  time  ln  or`der  to  compensate  for

differ`ent  shot-receiver.  offset  distances.    To  deter`mlne  the  velocity

function,   common  velocity  stacks  were  produced  over'  a  range  of  6000

to   14000  ft/see   (1829  to  4267  in/see).     The  stacks  were  generated  at

velocity  intervals  of  250  ft/see  (76  in/see).     Using  information  from

both  the  Seisgun  and  Mlnisosie,  a  velocity  function  was  determined

and  applied  to  cor`r`ect  all  lines  for  nor`mal  moveout.     Sur`face  con-

sistent  statics  wer`e  calculated  and  applied  and  the  data  stacked.

Surface  consistent  statics  cor`rects  trace  travel  time  by  aipplylng  a

time  shift  to  each  trace  recor`ded  at  a  par`ticular  location.     The

amount  of  static  time  shift  is  dependent  on  the  thickness  of  the

near  surface  weathered  zone.     When  sur`face  consistent  statics  are

applied,   an  improved  final  r.ecord  section  is  produced.

After`  evaluating  the  stacked  data,  additional  detailed  velocity

analysis  was  per`for`med.     Surface  consistent  statics  were  recalcu-

1ated  and  applied.     The  data  were  then  stacked  and  r`esidual  statics
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PROCESSING   STREAM

Raw  Field  Data

ly
Edit

J
COP  Sort

J--T>Veloclty  ^n&lyels
•'

Apply  Velocitle§

J
Normal   Moveout  Corr`ection

ly
Calculate  and  Apply  Surface  Consistent  Statics

I

-------------Sttck----------Filter

Calculate  end  Apply  Re81dual  Statics

J
Final  Conventional  Stack

Table  2.      Processing  stl`eam  for`   final   convent]ona]   stacks.
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calculated  and  applied  to  achieve  the  final  conventional  r`ecord

sections.     The  final  recor`d  sections  from  line  1  are  shown  ln

Figures  12  and   13  for  the  Selsgun  and  Minlsosie,  respectively.     For

line  2,   the  stacked  record  sections  are  shown  ln  Figur`es   14  and   15

for  the  Selsgun  and  Mlnisosle,  respectively.
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GENERATION   OF   THE   COMBO-STACK

Analysis  of  the  final  recor.d  sections  for  both  sources  lndl-

cates  that  the  Mlnlsosle  pl`ovides  data  superior  to  that  of  the

Selsgun  ln  the  upper  200  mllllseconds  of  the  selsmlc  record  along

both  seismic  lines;   however,   1n  compar.1son  of  the  lower  part  of  both

sections  the  Selsgun  appears  to  pr`ovlde  a  more  coherent  I-ecol`d  of

the  subsurface  in  some  locations.    Since  both  data  sets  for`  each

line  were  ldentlcally  processed,   data  fr`om  the  two  sour`ces  were

combined  along  each  line  in  an  attempt  to  enhance  the  Minisosle

data.     This  was  accomplished  by  scaling  and  time-shlftlng  the  Sels-

gun  data  and  summing  lt  with  the  Minlsosie  data  set  for  each  line.

Analysis  of  the  seismic  data  along  each  line  revealed  that  the

r`atlo  of  the  reflection  amplitudes  of  the  two  sour'ces  varies  from

COP  to  CDP.     In  order'   to  combine  the  data  sets,   1t  was  necessary  to

normalize  the  Seisgun  data  relative  to  the  Minisosie  data.    This  was

accomplished  by  calculating  a  scaling  factor  for`  each  COP  on  both

lines.    The  equation  used  to  calculate  the  scaling  factor  at  each

COP   is:

Minlsosie  ACF(t=0)
Scaling  Factor`=

Seisgun  ACF(t=0)

where  ACF(t=0)   is  the  squar`e  root  of  the  sum  of  the  squared  values

of  the   tr`ace.     The  Selsgun  data  at  each  COP  was  then  multiplied  by

its  respective  scaling  function.

The  timing  of  the  reflection  events  on  the  Seisgun  data  are

delayed  in  time  relative  to  the  Minisosie  data.     A  time  shift  at
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each  COP  was  calculated  using  cr`osscorrelation.     After  calculating

the  time  delay,   the  Selsgun  data  was  time  shifted.    Finally,   the  two

data  sets  for  each  line  were  summed  together  for  each  line.    Figures

16  and  17  are  the  final  Selsgun-Mlnlsosle  combo-stack  record  sec-

tions  for  lines   1  aLnd  2,   respectively.     There  ls  an  lmpr.ovement  ln

the  continuity  of  the  r`eflectors  below  200  milllseconds  compared

with  the  single  sour`ce  final  record  sections.     Above  200  mlllisec-

onds,   the  Minisosie  data  ls  still  superior`.     The  combo-stack  record

sections  wer'e  used  to  lmpriove  the  lnter'pretation  of  the  Mlnlsosle

r`ecord  sections.
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DIGITIZING   AND   RESAMPLING   0F   WELL   LOGS

All  well  logs  used  ln  this  study  were  dlgitlzed  with  a

Tektronlx  4052  Computer`  Gr`aphlc  System  and  a  4956  Graphic  Tablet

using  Pr`ogram  Dlglog   (see  Appendix   Ill).     The  program  calculaLtes  a

matrix  to  convert  dlgltlzed  tablet  coordinates  into  the  appropr`iate

log  values.     It  allows  the  user  to  continuously  sample  the  log.    The

values  are  subseqiiently  tr`ansferred  to  the  Data  General  MV/8000.     A

time  filter.  is  used  to  maxlmlze  the  density  of  the  sample  popula-

tion,

Using  Program  Convert   (Appendix   IV),   log  values  are  determined

at  one  foot  depth  increments  using  a  tr`apezoldal  r.ule  integration.

The  lntegratlon  algorithm  functions  as  an  anti-alias  low  pass  filter

and  reduces  the  contribution  of  spur.ious  noise  due  to  pen  wobble.
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CONVERSION  OF   NEUTRON   LOGS   TO   SONIC      VELOCITY   LOG

The  creation  of  synthetic  seismogr`ams  requires,  at  a  minimum,

subsurface  velocity  information  ln  the  form  of  a  sonic  velocity  log.

If,  as  ln  the  study  area,  no  velocity  logs  al`e  available  then  lt  ls

sometimes  possible  to  generate  a  pseudoveloclty  log.     Rudman  et  al.,

(1975)  shows  that  accurate  synthetic  velocity  lnfor.nation  could  be

empirically  obtained  from  16-inch  shor`t-nor`mal  resistivlty  logs

using  the  scale  function  developed  by  Kin  (1964).     The  scale  func-

tion  ls  given  by  the  equation:

ITT   =   A   +   8  I  R:1/C,

where  ITT  ls  interval  transit  tine  (reciprocal  of  interval  veloc-

ity),   Ra  ls  apparent  reslstlvlty,  and  A,  a,  and  C  aLre  constants.

The  relationship  evolves  fl`om  the  mutual  dependence  of  both  apparent

resistivlty  and  lntel.val  transit  time  upon  porosity.

In  Mlaml  County,   neutron  count   logs  ar`e  commonly  used   to  deter`-

mine  porosity.     The  r`elatlonship  between  interval  tr`ansit  time  and

por`osity  ls  given  by  the  equation:

1         0            1-a
ITT  =        =          +         .   (Sheriff,1973),

V          Vf             Vm

where  V  ls  acoustic  velocity  of  the  rock,   Vf  is  acoustic  velocity  of

the  fluid,   Vm  ls  acoustic  velocity  of  the  matrix,  and  0  is  porosity.

This  relationship  suggests  that  it  may  be  possible  to  empir`ically

der`ive  synthetic  sonic   information  from  neutron  por`osity  data.
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The  equation  relating  neutron  response  of  a  formation  to  po-

rosity  ls  given  by  the  equation:

log  Nf  =   F  -K  *  Oni

wher.e  Nf  ls  neutron  response  due  to  the  formation,  On  ls  neutr'on

porosity,  F  ls  a  complex  constant  r`elatlng  to  both  formation  tl`ans-

misslon  properties  and  tool  design,  and  K  ls  a  complex  constant

relating  to  the  transmlsslon  charactel`1stlcs  of  hydrogen,   I-ock  per

unit  length,  and  source-detector`  spacing.    An  alternative  method  of

determlnlng  por'oslty  ls  given  by  the  empirically  derived  equation:

log  On   =   G  -  L  *  Na,

where    On  ls  neutron  por`oslty,  Na  ls  neutr`on  count  as  read  from  the

log,  and  G  and  L  are  constants  r.elating  to  tool  design  (Wood  et  al.,

974 ) .

The  conversion  of  neutron  count  to  neutr.on  por`oslty  is  accom-

plished  using  matrix  aglebra  and  the  40:1  method.     The  coefficients

ar`e,  as  stated  above,  dependent  on  tool  design.     Therefore,   it  was

consider`ed  prudent  to  find  a  conversion  algorithm  relating  neutron

porosity,   rather  than  neutr`on  count,   to  interval  transit  time.     Both

neutt.on  por'osity  and  velocity  logs  are  available  for`  the  ABC  well

(Figure  5).

The  neutron  por`osity  and  velocity  logs  for   the  ABC  well  were

digitized  and  log  values  determined  on  a  foot  by  foot  basis  over  an

identical  800   foot   inter`val.     Using  Program  Poly   (Appendix   V),   a

fourth  order  polynomial  least  squares  fit  was  calculated.     The
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neutron-sonic  data  pairs  and  the  fourth  or.der  fit  are  shown  ln

Flgur`e   18.

The  following  relationship  between  neutron  porosity  and  In-

terval  transit  time  was  established:

ITT=54.05777  +1.35067  0n  -0.00996757  0n2  +0.0015926  0n3

-0.0000264539  0n4.

The  incl`ease  in  the  number.  of  slgniflcant  flgur`es  as  a  function  of

the  power  of  On  is  necessary  in  order  to  malntaln  the  accuracy  of

the  conversion  algorithm.    The  correlation  coefflclent  of  the  fit  of

this  line  to  the  data  ls  0.91.

A  pseudoveloclty  log  for  the  ABC  well  was  generated  from  the

neutron  porosity  data  using  the  derived  emplr.1cal  I.elatlonshlp.

Utlllzlng  the  Kansas  On-line  Automated  Log  Analysis  System   (KOALA),

developed  by  Doveton  and  Cable   (1980),   plots  were  cr`eated  of  the

neutron,   velocity,  and  pseudoveloclty  logs,   (Figure   19a).     An  over-

lay  plot  of  the  velocity  and  pseudoveloclty  logs  ls  shown  ln  Figure

19b.     Differences  in  the  magnitude  and  the  timing  of  events  ln

Figure   19b  can  be  attr`lbuted  to  several  factors.     As  previously

stated,   the  velocity  log  measures  the  seismic  velocity  of  the

strata.     The  neutron  log,   however,   measur`es  the  hydr`ogen  nuclei

density  of  the  borehole  formations.     The  presence  of  chemically

bonded  water  in  shale  has  the  same  effect  on  neutron  por`osity  as

fr`ee  llquids.     The  result  ls  that  anomalously  low  acoustic  veloci-

ties  are  determined  in  shale  formations.     In  addition,   the  conver`-

sion  algor`1thn  functions  as  a  low  pass  filter.
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Figure  18.-  Interval  transit  time  versus  neutron  porosity  and  fourth
order  least  squares  fit   for  the  ABC  well.
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Figure   19.-ABC  well   logs:   (a)   velocity,   neutron  porosity,   and
psuedoveloclty   (left   to  right),   and   (b)   overlay  of  velocity  and
psuedoveloclty.
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The  conver`sion  algorithm  was  tested  to  determine  its  accuracy

when  applied  to  another`  pair  of  well  logs.    The  near.est  location  of

a  well  for  which  neutl`on  por`oslty  and  velocity  logs  were  both  re-

corded  was  ln  Lyons  County.     This  was  the  Cllnkenbeard  I 18  well,   the

location  of  which  ls  shorn  in  Figure  5  (Appendix  I).     Both  logs  wer`e

dlgltlzed  and  a  pseudovelocity  log  was  created  fr'om  the  neutron

porosity  log  using  the  conversion  algorithm  fl`om  Miami  County.

Plots  of  the  neutr`on,  velocity  and  pseudovelocity  logs  are  shown  ln

Figure  20a.     An  ovel`1ay  of  the  velocity  and  pseudovelocity  well  logs

is  shown  ln  Figure  20b.     The  algorithm  produced  another`  close  ap-

pr.oxlmatlon  of  the  tr.ue  log.

A  measure  of  the  accuracy  of  the  conversion  algorithm  ls  given

by  compaLring  the  tr`avel  time  to  key  horlzons  for.  both  the  velocity

and  pseudovelocity  log  (Rudman  et  al.,1975).     The  equation  r`elatlng

two-way  travel  time  to  lnter`val  tr`anslt  time  is  given  by  the  equa-

tion:

T(i)   =   ITT(1)   I   X,

wher'e  T  ls  the  two-way  travel  time  to  depth  i   in  micr`oseconds  and  X

ls  the  depth  interval  (1n  this  case,   one  foot).     The  travel  time  to

key  horlzons  for  the  velocity  and  the  pseudovelocity  logs  ar`e  given

ln  Table  3  for  the  ABC  and  Cllnkenbeard  well;.     It  was  concluded

that  the  conversion  for`mula,  while  accurate  for  this  distant  well,

would  be  more  accurate  for`  wells  closer  to  the  ABC  well.

As  was  previously  stated,   there  were  no  neutron  porosity  well

logs  available  for`  wells  near   the  seismic  lines.     However,   using  a
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Figure   20.-Clinkenbeard  well   logs:   {a}  velocity,   neutron   porosity,
and   psuedovelocity   (left   to  right),   and   (b)   overlay  of  velocity  and
psuedoveloci ty .
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Well Top  of
( un i t )

Traveltime   (ns)
Sonic            Synthetic         *  Change

§onlc

ABC Pleasanton  Group
Mar.maton   Group
Cherokee   GroLlp
Tebo  Coal   Bed

8.2                         8.1                           -i.4
25.8                         25.1                         -2.5
39.7                         38.9                        -1.9
59.5                        59.3                       -0.4

Clinkenbeard     Pleasanton  Group
Marnaton  Group
Cherokee  Group
Tebo  Coal   Bed

16.0                          15.8                          -1.0
35.5                        34.3                        -3.5
50.2                         48.6                        -3.2
64.6                        62.9                        -2.6

Table   3.   Trave]times   to  key  hol`jzons   in  the  ABC  and  Clinkenbear.d
wells   calculated   from  both  sonic  and   synthetic   sonic  well   logs.
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modification  of  the  40:1   method,   the  neutron  count  from  the  SIOA

well,   located  near  the  seismic  lines  (Figure  5,  Appendix  I),  was

converted  to  a  neutr'on  porosity  over.  the  length  of  the  well  log.     A

pseudoveloclty  well  log  was  then  generated  for'  this  well  using  the

neutron  porosity-interval  transit  time  conversion  algorithm.    For

the  first  thlr`ty  feet,   velocity  lnfor`mation  from  the  Wlseman   'A'   1-6

well  (Figure  5,   Appendix   I)  was  used.     For  the  unlogged  strata  below

the  SIOA  well,   velocity  information  from  the  ABC  well  was  used.
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THE   SYNTHETIC   SEISMOGRAM

Synthetic  selsmograns  wel.e  created  to  enhance  the  final  lnter-

pr`etatlon  of  the  selsmlc  section  by  aiding  ln  the  correlation  of

stratal  sur`faces  and  unconformltles  with  selsmlc  reflection  events

and  ln  the  ldentlflcatlon  of  surface  multiples.    In  addltlon,  they

help  to  test  the  accur.acy  of  the  neutr'on  porosity-interval  tran§1t

time  conversion  algorithm.     A  r`evlew  of  the  procedur`e  used  to  gen-

er.ate  a  synthetic  selsnogram  from  well  logs  is  lnstr`uctlve.

The  technique  of  generating  synthetic  seismograms  ls  widely

addressed  ln  the  geophysical  literature  (Stone  and  Evans,   1980;

Telford  et  al.,1976).     As  shown  in  Flgur`e  21,   infor`matlon  from  a

sonic  log  ls  converted  fr'om  a  depth  versus  lntel.vaLl  transit  time

format  to  a  two-way  reflection  time  versus  interval  velocity  format.

If  accurate  density  information  is  available,   it  also  is  conver`ted

to  a  reflection  time  format  and  an  acoustic  impedance  log  ls  formed

from  the  product  of  interval  velocity  and  density.     A  reflection

coefficient  ser`ies  is  generated  from  either`  r`eflection  time  log.

For  vertically  incident  waves,   the  relationship  between  the

r`eflectlon  coefflclent  and  acoustic  impedance  is:

R(1)    =
Z( 1 )-Z( i-1 )

Z( 1 )+Z( 1-1 )

wher`e  R  is  the  reflection  coeff lclent  at  depth  i  and  Z  is  the

acoustic  impedance  (the  pr`oduct  of  density  and  interval  velocity).

If  density  is  considered  to  be  constant,   the  modified  r`eflectlon
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Figure  21.-Technique  used  to  creat.e  a  synthetic  seismogram  (from
Stone  and   Evans.1980,   Figure   I).
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coefflclent  ls  related  to  velocity  by  the  equation:

Rm(1)    =
V( 1 )-V( 1-1 )

V(1)W(1-1)

where  V  is  the  inter.val  velocity  at  depth  1.

After`  generating  a  reflection  coefficient  series,  each  r`eflec-

tlon  coefficient  ls  further.  modified  to  ace,ount  for`  two-way  trans-

mlsslon  losses.     The  modlfled  r.eflection  coefficient,  Rt,  which

accounts  for  two-way  transmission  loss  is  calculated  using  the

equation:

Rt(1)=Rm(1)[l-R2(1-1)][1-R2(1-2)]...[1-R2(1)],

where  Rm(1)   1s  the  modified  reflection  coefflclent  without  two-way

tr`ansmlssion  loss  at  depth  1.     The  synthetic  selsmogram  is  then

cr`eated  by  convolvlng  an  estimated  source  wavelet  with  the  modified

r`eflectlon  coefficient  series.

In  or.der  to  fur`ther`  test  the  neutron  porosity-interval  transit

time  conversion  algor`ithm,   synthetic  seismograms  were  created  for

both  the  velocity  log  and  the  pseudoveloclty  log  of  the  ABC  well

using  the  Snar.k  nodule   in  KOALA   (Doveton  and  Cable,1980).     This

program  does  not  include  transmission  lasses  when  calculating  re-

flection  coefficients.     In  addition,   1t  does  not  allow  for`  changes

ln  the  shape  of  the  Bicker  wavelet  with  time  due  to  absorption.     The

convolution  of  each  log  with  aL  50  Hz  Ricker  waveleb  is  shom  in

Figure  22.     The  synthetic  seismograms  produced  with  a   100  Hz  Ricker

wavelet  ls  shoim  ln  Figure  23.     In  both  cases,   the  timing  and
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(a)                                                                                                                       (C)

Figure   22.-   (A)   50  Hz   Ricker-like  wavelet,   (8)   Synthetic   selsmogram  from  ABC  velocity
log,   and   (C)   synthetic   seismogram   from  ABC   psuedo-velocity   log.
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Figure   23.-(A)   loo   Hz   Ricker-1i-ice   w,ivelel,   (8)   synthetic   selsmogram   from  ABC   velocity
log,   and   (C)   synthetic   seismop,r€im   rroni   ^I}C   psuedo-velocity   log.



polar`1ty  of  the  selsmlc  reflections  is  corr`ect.    The  differences  ln

reflection  amplitude  are  nalnly  due  to  the  smoothing  effects  of  the

neutron  porosity-interval  tr`ansit  tine  conver``slon  algorithm.    Syn-

thetlc  selsmograms  were  also  created  for.  the  Cllnkenbeard  well  using

a  50  Hz  and  a  loo  Hz  Ricker  wavelet  for.  both  the  velocity  log  and

the  pseudovelocity  log  (Flgur`es  24  and  25).     Analysis  reveals  that

the  nagnltude  and  tlmlng  of  the  reflection  events  are  essentially

pr`eserved .

Using  Progr`am  Synsels  (Appendix  VI)  reflection  coefficient

ser.1es  were  created  from  the  S10A  pseudoveloclty  log.     This  program

allowed  the  creation  of  a  reflection  coefflclent  series  that  incor-

porated  not  only  tr`ansmlssion  lasses,  but  also  contributions  due  to

the  propagation  of  nultlples.    The  multiple  generating  technique  was

based  on  work  in  signal  analysis  by  Wuenschel  (1960),   Treital  and

Robinson   (1966),   and  Robinson  and  Treitel   (1980).     A  reflection

coefflclent  of  0.25    was  used  for  the  free  surface  of  the  earth.

The  primary  reflection  coefflclent  sel`ies  ls  shown  ln  Figure

26a.     The  wavelet   (15-30-100-150  bandpass  with  a  -90  degr`ee  phase

shift)  which  ls  convolved  with  the  differ.ent  reflection  coefficient

series  ls  shoim  in  Figure  26b.     Figure  26c  ls  the  synthetic  seismo-

gram  due  to  primary  reflections  only  with  no  transmission  losses.

It  indicates  that  pr`1mary  reflection  should,   ideally,  occur  as  deep

as  370  milllseconds   (2311   feet,   705  meters)   1n   the  S10A  well.     If.

transmission  losses  are  taken  into  account  (Figure  26d),   then  pri-

mary  energy  is  highly  attenuated  in  the  fir`st   110  milliseconds   (580

feet,177  meter`s).     The   interval,   between  the  surface  and  the  For`t
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(8) (C)

Figure   24.-   (A)   50  Hz   Ricker-like  wavelet,   (8)   synthetic   selsmogram  from  Cllnkenbeard
velocity   log,   and   (C)   synthetic   selsmogram  from  Clinkenbeard   psuedoveloclty  log.
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(8) (C)

Figure   25.-(A)   100   Hz   Ricker-li::a   `Javelet,   (8)   synthetic   seismogram   from   Clinkenbeard
velocily   log.   and   (C)   synthetic   sl`ii;rtioi}ram   from   Cllnkcnbeard   pstlL`dovelocity   log.
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Figure  26.-SIOA  8ynthetlc  8el3|ograb:
a)   reflection  coefflclent  8erles:
b)   BelsDlc  wavelet   (15-30-loo-150,   -90  degree  phase  shift):
c)   8ynthetlc  vlth  prlbary  energy  only;
d)   8ynthetlc  vlth  prlbary  energy  plus  transnle91on  lasses;
e)   synthetic  with  prlhal`y  and  bultlple  energy

(transnisslon  lo9ses   included).
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Scott  (located  at   110  milliseconds)  consists  of  cyclothems.

0'Doherty  and  Anstey  (1971)  state  that  ln  cyclic  pattel`ns  of  sedi-

menfatlon,   the`re  is  a  slgnlflcant  decline  ln  tr`ansmltted  energy.

Above  the  Fort  Scott  there  are  many  r.eflection  coefflclents  gr`eater.

than  0.10  and  sever.al  greater`  than  0.20.       Consequently,   ther`e  ls  a

12  dB  decrease  ln  transmitted  ener.gy  at  the  base  of  the  For.t  Scott

due  transmission  loss.

In  Flgur`e  26e,  multiples  were  included  in  the  creation  of  the

synthetic  selsmogram.     It  is  apparent  that  the  inclusion  of  lnter`bed

nultlples  compensates  to  some  degree  for  the  loss  of  energy  due  to

the  effects  of  tr`ansmlsslon.     Accor`dlng  to  O'Doher`ty  and  Anstey

(1971,  p.  444),   "the  nultlply-reflected  signal  ln  a  ser`1es  of  thin

plates  bounded  by  interfaces  of  opposlbe  polarity  ls  always  the  same

sign  as  the  direct  transmitted  signal  and  tends  to  overtake  it  ln

amplitude."    That  is,   the  multiply-reflected  signal  can  become  the

dominant  reflected  energy  ln  a  cyclothemic  environment.

The  inclusion  of  multiple  ener'gy  has  two  important  effects  upon

a  synthetic  seismogram.     First,   the  wavelet  which  has  passed  through

a  cyclic  section  is  broader  than  the  primary  wavelet  of  Figiire  26c.

This  ls  due  to  the  contr`ibution  of  the  multiples  which  are  delayed

in  time  relative  to  the  pr`lmary  wavelet,  and  has  a  low  pass  fllter-

1ng  effect.     The  higher  frequencies  of  the  signal  are  more  sensitive

to  changes   in  the  signal   (Shroenberger  and  Levin,1974).     Also,   the

arrival  times  of  the  peaks  of  the  wavetrain  with  multiples  lag

behind  those  of  the  signal  with  primary  reflections  only.     Again

ener`gy  from  multiples   is  delayed  with  respect  to  dir`ect  arrivals
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(Shroenberger.  and  Levin,   1978).



INTERPRETATION   OF   SEISMIC   DATA

The  lnltlal  step  ln  lnterpreblng  the  selsnlc  data  was  to  divide

the  seismic  sections  into  selsnic  sequences.    Selsmlc  sequences  are

zones  ln  which  refl6ctlons  are  consonant.    The  zones  are  interpreted

to  be  deposltlonal  sequences  composed  of  gener`ally  conformable,

genetically  r'elated  strata.     Each  selsmlc  sequence  ls  bounded  by  a

dlscontlnuity  associated  with  an  unconformlty  (Mltchum  et  al. ,  Part

6,   1977b).     Figures  27  and  28  show  the  seismic  sequences  which  have

been  ldentifled  for  lines  1  and  2,  r`espectively.    Each  has  been

separ.ated  into  ten  selsmlc  sequences.     As  an  aLld  for  assoclatlng

geologic  stl`ata  with  selspic  rieflectors,  Figure  29  shows  the  cor`re-

1atlon  between  the  S10A  synthetic  selsmogram  and  the  seismic  data.

Sequence  A  repr.esents  rocks  of  the  Upper  Cambrian  from  the

PrecambriaLn  basement  to  the  top  of  the  Eminence  Dolonite  including

the  Lamotte  Sandstone  and  the  Bonneterr`e  Dolomlte.     On  line   1   the

basement  reflection  occurs  between  395  and  400  milllseconds  (ap-

pr`oxlmately  2300  feet,   701  meters).     There  ls  a  discontinuity  at  the

upper  boundary  of  the  sequence.     The  associaLted  unconformity  ls

appar`ent  between  COP  263  and  COP  316  on  line   1   where  an  additional

reflection  event  ls  present.    This  reflection  ls  truncated  at  either

end  by  the  unconformlty.     Assuming  a  velocity  of  22,000  ft/see  (6706

in/sec),   determined  fr`om  the  ABC  velocity  log,   the  ver.tical  relief  on

top  of  the  Eminence  Dolomlte  due  to  this  posltlve  topographic  fea-

ture  is  90  feet   (27  meter`s).     The  seismic  record  of  the  strata

within  this  sequence   is  somewhat  ambiguous.     The  lower  boundary  for
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a)  .ynthetlc  with  prl.dry  energy  only;
t})   8elBnlc   dat.
c)  8ynthetlc  with  prl.ary  and  .ultlple  energy

(tran3nlsslon   lasses   included).
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line  2  has  been  infer`red  from  line   1.     Events  below  the  Precambrian

sur`face  are  multiples  (see  Figure  26e).

Sequence  8  represents  rocks  of  the  Van  Buren  Formation  and  the

Gasconade  Dolomlte.     At  Its  base,   the  sequence  exhibits  a  thlnnlng

over  the  Eminence  topographic  high  on  line   1.     Ther`e  ls  an  appar`ent

thlckenlng  of  the  sequence  between  .COP  218  and  COP  230  on  line  2.

This  thickening  may  be  due  to  a  slight  structural  folding  prlor`  to

the  post-Gasconade  peneplanation.     Elsewhere  on  both  seismic  lines,

reflection  events  of  this  sequence  exhlblt  a  distinct  pal`allellsn,

as  does  sequence  A.     This  ls  to  be  expected  considering  the  shallow

marine  envll`onment  in  which  these  strata  were  deposited.

Sequence  C  repr`esents  rocks  of  the  Roubldoux  ForDatlon.

According  to  Keroher  and  Jewell   (1948),   the  Roubldoux  unconformably

over`lies  older  str`ata.     The  unconfor`mlty  at  the  top  of  sequence  ls

apparent  between  COP  250  and  COP  270  on  line  2.     In  this  region,

there  is  a  pinchout  of  the  r`eflection  event  that  ls  present  at  304

milliseconds  on  CDP  204.    On  line   1   this  reflection  event  is  also

pr`esent  between  COP  215  and  CDP  230  and   between  COP  277  and  COP  323

but  has  been  removed  elsewhere  by  erosion.     The  appar`ent  relief  on

top  of  the  Roubldoux  determined  from  the  seismic  data  on  line   1   1s

appr`oximately  75  feet   (23  meter`s),   assuming  a  velocity  of   15,400

ft/see   (4695  in/see)   (fr`om  the  ABC  velocity  log).

Sequence  D  r`epr`esents  the  Jeff;rson  City  and  the  Cotter  Dolo-

mites.     The  basal  Jefferson  City  r`eflector  exhibits  a  thlnnlng  on

line   1  over  the  topographic  highs  of  the  pre-Jefferson  City  ero-

slonal  surface  and  a  thickening  over  the  topogr`aphic  lows.     The
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upper  seismic  dlscontinulty  ls  evident  on  line   1  between  COP  235  and

COP  260.    Between  these  locations  there  ls  an  additional  reflection

event  which  has  been  truncated  by  the  pre-St.  Peter  peneplanatlon.

Strata  which  are  I.epresented  ln  sequence  E  are  the  thin  St.

Peter  Sandstone,   the  ''Hunton  Group,"  aLnd  the  Chattanooga  Shale.     The

St.  Peter  ls  not  vlslble  on  the  seismic  sections  because  of  its

thinness  over  the  study  area  (less  than  15  feet,  5  neter`s).    There-

fore,   the  seismic  discontinuity  at  the  base  of  this  sequence  ls  a

composite  due  to  both  the  unconformlty  at  the  base  of  the  St.  Peter

and  the  unconformlty  at  the  base  of  the  base  of  the  "Hunton  Group."

At  the   top  of  the  sequence  on  line   1,   between  COP  250  and  COP  265,

there  ls  evidence  of  a  channel  in  the  Chattanooga  Shale  cut  by  pr`e-

Mlssissipplan  erosion.

Sequence  F  r`epresents  Mlsslssippian  llnestones.    On  line  1

there  is  a  thickening  of  the  Mississippian  strata  over  the  str`eam

cut  ln  the  Chattanooga  Shale.    The  reflection  events  within  this

sequence  exhibit  par.allelism.

Seismic  sequence  G  repr.esents  rocks  of  the  Cherokee  Group  which

wer`e  deposited  during  Desmolnesian  time.     Reflection  events  exhlblt

high  but  variable  amplitude,   high  continuity  and  parallelism.

According  to  Sangree  and  Wldmier   (1977),   the  environmental  facles

inter'pretation  is  that  of  fluvial  elastics  interbedded  with  wide-

spr`ead  marsh  deposits.     The  variable  nature  of  the  reflections  in

this  sequence  and  sequences  H,   I,  and  J  can  be  par`tially  attributed

to  the  cyclic  nature  of  the  strata.     As  previously  stated,   these

rocks  tend  to  have  rapid  and  repeated  changes  in  seismic  velocity.
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Consequently,   the  reflections  on  the  seismic  record  are  actually

composites  of  several  superimposed  reflections.    The  amplitude  of  a

par`tlcular`  composite  I.eflectlon  ls  susceptible  to  changes  ln  either`

the  thickness  or  the  llthology  of  any  stratlgraphlc  unit  which

contributes  to  the  composite  r.eflection.

In  the  middle  and  lower.  zones  of  selsmlc  sequence  G,   seismic

reflections  lndlcate  the  presence  of  paleo-stream  channels.    These

channels  are  located  on  line  2  at  CDP's  281,   315,   and  322  at  the

following  times:     160,   150  and   170  milllseconds,   respectively.     The

channels  may  be  associated  with  a  fall  in  sea  level  during  a  regres-

sive  cycle.

The  "squlrl`el"  sands  ar`e  located  at  the  top  of  the  sequence

below  the  Fort  Scott  Limestone.     The  Fort  Scott  pr`oduces  the  basal

reflection  of  seismic  sequence  H.     Over.  most  of  the  area  the  gamma-

ray  well  logs  indicate  that  the  "squirrel"  sands  are  point  bars

deposited  in  a  deltaic  environment.     The  ldentiflcatlon  of

"squirrel"  sands  deposited  as  point  bars  ls  difficult  due  to  the

long,  apparently  "I`1ngy"  seismic  wavelets,   the  tr`ansitional  lithol-

ogy  at  the  base  of  the  sands,   the  effects  of  scaling  during  pr`o-

cessing,  and  the  limitations  of  available  modelling  programs.

However,   there  does  appear  to  be  several  channels  located  at  the

base  of  the  For`t  Scott.     On  line   1,   these  channels  are  located

between  COP  270  and  COP  293.     On  line  2  there  appears   to  be  a

channel  located  between  CDP  290  and  COP  300.      In  each  case   ther`e

appear`s  to  be  a  dimming  of  the  Fort  Scott  reflector`.     This  may  be
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due  to  the  change  ln  seismic  velocity  between  channel  "squil.rel"

sandstones  and  the  nan-channel  sandstones.    The  higher  velocity  of

the  channel  sand  may  result  ln  a  lower  r`eflectlon  aJnplltude  of  the

Fort  Scott  Limestone  over  a  "squir`rel"  channel  sand.     Assuming  a

selsnic  velocity  of  10,000  ft/see  (3049  in/see)  of  the  sand,   the

channels  are  approximately  50  feet  (15  meters)   thick.     There  are

several  wells  which  have  recently  been  dr`illed  along  line   1   1n  which

the  gamma-r'ay  well  logs  indicate  the  pr`esence  of  a  well  developed

"squirrel"  channel  sand  that  is  over.  40  feet  (12  meter`s)   thick.     It

may  be  that  this  channel  inter`sects  line  1  where  there  are  apparent

channels  beneath  the  Fort  Scott.

Sequence  H  r`epresents  the  Mar`naton  Group.     As  previously  stated

there  ls  an  lncr.ease  ln  the  presence  of  limestone  ln  the  strata

younger  than  the  Cherokee  Group.     Consequently,   the  amplitude  of  the

composite  reflection  ls  highly  responsive  to  the  relatlonshlp  be-

tt7een  the  llthology  and  thickness  of  a  member  limestone  and  that  of

a  neighboring  shale  or  sandstone.     In  some  instances,   lt  is  possible

to  ''tune  out"  a  reflection  due  to  wavefor`m  superposltion.     An  exam-

ple  ls  the  I.eflectlon  event  on  line   1  at  COP  203  at  88  mllliseconds.

Tnls  r`eflectlon  has  variable  amplitude  across  the  line  and  appear`s

to  "tune  out''  to  the  west.

Sequence  I  repl.esents  rocks  of  the  Pleasanton  Gr`oup.     This

sequence  is  character`lzed  by  reflections  indicating  the  presence  of

numerous  channels.     Most  of  these  channels  ar`e  located  between  COP

255  and  COP   300  on   line   1   and  between  CDP   270  and  CDP   360   on   line   2.

Sequence  J  represents  rocks  of  the  Kansas  City  Group.     Reflect-
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tlons  wlthln  this  sequence  exhibit  a  lack  of  contlnulty  which  is

probably  due  to  muting  of  the  raw  field  data  or  to  lack  of  data  at

short  source-geophone  offsets.



CONCLUSIONS

The  "squirrel"  sands  ar.e  located  in  the  Pennsylvanian  system.

This  section  of  the  stratigraphlc  column  ls  vet.y  complex  seismlcally

due  to  the  rapid  and  cyclic  val`1atlons  ln  selsmlc  velocity.     It

appears  that  it  ls  possible  to  locate  "squirrel"  sands  that  have

been  deposited  wlthln  channels  using  Mlnlsosle.     The  presence  of

these  channels  apparently  results  ln  a  dlmnlng  of  the  Fort  Scott

composite  reflection  due  to  interference.     In  addition  to  the

"squirrel"  sands  there  appear.  to  be  additional  channels  wlthln  the

Pleasanton  and  Cher.okee  Groups  of  the  Pennsylvanian.     The  composite

reflections  which  lndlcate  the  occurance  of  channels  are  gener.ally

located  within  two  zones,  one  on  each  seismic  line,  which  may  indi-

cate  that  the  channels  ar`e  fault  contr`olled.

In  order  to  enhance  the  Mlnlsosle  data  deep  ln  seismic  sec-

tions,   a  combo-stack  was  cr.eated  using  both  the  Selsgun  and  the

Minlsosle  data  sets.     The  combo-stacks  aided  in  the  identification

of  several  unconformities  in  the  pl`e-Mississippian  seismic  record.

These  unconformitles  have  been  previously  recognized  by  geologists

using  well  log  data.

Str`uctur`ally,   the  line  2  seismic  data  indicates  that  there  is

an  appar`ent  anticline  ln  the  pre-St.  Peter  strata.    The  top  of  this

anticllne  has  been  beveled.     The  seismic  data  from  line  2  indicates

the  presence  of  several  faults  on  line  2  which  may  be  associated

with  the  folding.     At  least  one  of  the  faults  may  extend  into  the

Pennsylvanian  strata.
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The  data  gathei`ed  for  this  study  was  one  of  the  first  high

resolution  data  sets  gathered  by  the  Kansas  Geological  Survey.    This

and  a  subsequent  study  indicate  that  the   11011z  low-cut  pre-emphasis

fllter`  was  an  unfortunate  choice.    Subsequent  high  resolution  stud-

ies  have  been  recorded  with  a  55  liz  low-cut  filter.    This  ensures  a

I.ecording  of  data  over  at  least  two  octaves  which  r'educes  the

"ringlness"  of  the  selsmlc  wavelet  is  decreased,  while  severely

attenuating  the  r`eflection  amplitude  of  the  first  breaks  and

groundroll .

A  compar`1son  of  Seisgun  and  Mlnlsosle  data  reveals  that

Mlnlsosle  ls  the  mor`e  pr'oductlve  sur.face  sour`ce  of  selsmlc  energy

when  searching  for  shallow  selsmlc  targets  ln  eastern  Kansas.    This

ls  pr`1marlly  due  to  its  superior.  attentuatlon  of  random  noise.

Minlsosle  data  might  be  further  lmpr'oved  by  increasing  the  ver.tical

stack  to  2000  impacts.

To  enhance  the  stacked  daLta,   it  may  be  fea'sible  to  use  near

trace  stacks  when  sear.ching  for`  shallow  tar.gets  such  as  the

"Squirr`el"  sands.     Transformation  of  the  stacked  data  to  zero-phase

would  sinpllfy  interpr`etatlonal  pr`oblems  associated  with  the  long

source  wavelets.     In  addition,   this  would  facilitate  the  use  of

''thln-bed"  analysis.

Finally,   the  dominant  frequency  of  the  Minisosie  data  was  90  Hz

at  shallow  depths.     Deeper`   1n  the  seismic  recor`d  the  dominant

frequency  decreased  to  approximately  75  Hz.     This  is  due  to  the

attentuation  of  the  higher  frequencies  by  the  earth  as  a  r`esult  of

absorption  and  the  interfer`ence  effects  of  multiples  (Sheriff ,
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1975).     The  development  of  higher  frequency,   high  ener`gy  sources

will,   1mpr.ove  the  resolution  of  the  selsmlc  tool.    This  will  enhance

the  ability  to  seismlcally  resolve  the  presence  of  "squll`rel"  sands.
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WELL

APPENDIX   I-LOCATION  OF   WELLS

TWN      RNG      SEC      LOCATION

ABC                               NO.1-A         17S      22E      22'     2210NSL430WEL

CLINKENBEARD      fl8                    24S      18E         3            414   NSL   471   WEL

PELUG                         *S-10-A         16S     21E     25        S/2   NW/4
769   SNL   216   EEL

WISEMAN                     ''A''    1-615S      21E      30         CW/2NW/4

75

i



q

Energy   Source

Number   of   Sources

APPENDI]§   II-ACQUISITION   PARAI(ETERS

Vertical   Stack   (shot)

Source  Array
Length
Spacing

Receiver  Array
Length
Spacing

Filters-High
Low
60   hz   Notch

Sample   Rate   (per   second)

Record   Length   (seconds)

Geophone   Spread
Trace
Shotpoint-Geophone   Distance

Geophones-Make
Model
Frequency
Base

Minlsosie                      Seisgun

3  earth
compactors

1200

Linear
55   ft.    (16.8m)
Continuous

lxlo  Linear
29.5   ft.    (9.Om)
3.3   ft.    (1.Om)

250/24   db/octave
Ilo/24   db/octave
Yes

1000

0.5

1   Selsgun

10

2x5  Linear
26.3   ft.    (8.Om)
6.6   ft.    (2.Om)

1xlo  Linear
29.5   ft.    (9.Om)
3.3   ft.    (1.Om)

250/24   db/octave
110/24   db/octave
Yes

1000

0.5

1                          12                      13                   24
+715   ft.   +Ilo   ft.   -110   ft.   -715   ft.
(217.9m)    (33.5m)       (33.5m)    (217.9m)

Mark
L25D
30  Hertz
3   inch  spike
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APPENDIX   Ill   -   PROGRAM   DIGLOG

*******************************************************************
THIS   PROGRAM   CALCULATES   A   MATRIX   TO   CONVERT   DIGITIZED   TABLET
CcORDINATES   INTO   THE   APPROPRIATE   LOG   VALUES.       IT   CONTINUOUSLY
SAMPLES   LOG   DATA   AND   WRITES   THE   CONVERSION   PARAMETERS   AND   THE
DIGITIZED   DATA   TO   AN   OUTPUT   FILE   ON   THE   DATA   GENERAL   MV   8000.
THE   PROGRAM   IS   WRITTEN   IN   BASIC.
*****************************X*********************************X***
THE   CONVERSION   FROM   TABLET   TO   LOG   COORDINATES   IS   ACCOMPLISHED   BY
SOLVING   THE   FOLLOWING   MATRIX   EQUATIONS:

FOR   THE   CONVERSION   MATRICES

*   A   I                    A   D   *
****
*   a   *      AND     *   E   *.
****
*  C   *                  *   F  *

THIS   IS   ACCOMPLISHED   USING   CRAMER'S   RULE   WHERE   THE   TABLET
CcORDINATES   (P1,Q1),    (P2,Q2),    AND    (P3,Q3)   CORRESPOND   T0   THE   LOG
CcORDINATES   (X1,Y1),    (X2,Y2),    AND    (X3,Y3),    RESPECTIVELY.

REMARK  *************x***x***********************************
REMARK   THE   USER   SHOULD   OPEN   AN   OUTPUT   FILE   AT   DEVICE   #40.
REMARK   THE   DATA   SHOULD   BE   WRITTEN   TO   THE   OUTPUT   FILE   IN
REMARK    (F12.5,2X,F12.5)    FORMAT   TO   INSURE   COMPATIBILTITY
REMARK   WITH   PROGRAM   CONVRT.
REMARK  ***X*****************************************x******i.
REMARK   P       =   X   CcORDINATE   FROM   TABLET
REMARK   Q       =   Y   CcORDINATE   FROM   TABLET
REMARK   C1    =    MINIMUM   DEPTH   FOR   NEW   LOG   VALUE   CALCULATION
REMARK   C2    =    MAXIMUM   DEPTH   FOR   NEW   LOG   VALUE   CALCULATION
REMARK    11    =    INTERVAL    IN   FEET   OVER   WHICH   LOG   VALUES   ARE
REMARK                   T0   BE   CALCULATED
REMARK  ******tt**X****#*****X*#*********x*************x******
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160
170
180
190
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650

D"  U(3000),V(3000)
PRINT   l.unAT   Is   THE  OuTpuT   FILENAME?   w
INPUT  F'
REMARE
REMARK
REMARK
PRINT   IIrmAT
INPUT   81
PRINT  ''unT
INPUT  82
PRINT   ilrmAT
INPUT   CI
PRINT   ''WHAT
INPUT  C2
PRINT   ilrmAT

OPEN   THE   OUTPUT   FILE

IS   THE   LOG   MINIMUM?   ''

IS   THE   LOG   MAXIMUM?   ''

IS   THE   MINIMUM   DEPTH?   ''

IS   THE   MAXIMUM   DEPTH?   ''

IS   THE   DIGITIZING   INTERVAL?   ''
INPUT   11
PRINT   ''PLEASE   I)IGITIZE   TH   FOLLOWING   POINTS.    ''
PRINT   "   LOG   VALUE                        DEPTH''
PRINT   81,CI
INPUT   @8:P,Q,BS
PRINT   ''G''
X1=CI

Y1=81

P1=P

Q1=Q
PRINT   82,CI
INpuT   e8:p,Q,BS
PRINT   ''G''
X2=CI
Y2=82
P2=P
Q2=Q
PRINT   82,C2
INPUT   ©8:P,Q,BS
PRINT   ''G''
X3=C2
Y3=I)2
P3=P
Q3=Q
REMARK
REMARK   DETERMINE   THE   COEFFICIENTS   OF   THE   CONVERSION   MATRICES
REMARK

A 1 = P2*Q3+P3*Q 1 +P 1 *Q2-P2*Q 1 -P 1 *Q3-P3*Q2
A = ( X 1 *P2*Q3+X2*P3*Q 1 +X3*P 1 *Q2-X 1 *P3*Q2-X2*P 1 *Q3-X3*P2*Q 1 ) /A 1
B= ( X 1 *Q2+X2*Q3+X3*Q 1 -X 1 *Q3+X2*Q 1 -X3*Q2 ) /A 1
C= ( X 1 *P3+X2*P 1 +X3*P2-X 1 *P2+X2*P3-X3*P 1 ) /A 1
D= ( Y 1 "P2*Q3+Y2*P3*Q 1 +Y3*P 1 *Q2-Y 1 *P3*Q2-Y2*P 1 *Q3-Y3*P2*Q 1 ) /A 1
E= ( I 1 *Q2+Y2*Q3+Y3*Q 1 -Y 1 *Q3-Y2*Q 1 -Y3*Q2 ) /A 1
F= ( Y 1 *P3+Y2*P 1 +Y3*P2-Y 1 *P2-Y2*P3-Y3*P 1 ) /A 1
REMARK

REMARK   WRITE   CONVERSION   PARAMETERS   TO   OUTPUT   FILE
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89

REMARK
PRINT  e4O:ci
INpuT  e4O:cO
PRINT  e4O:c2
INpuT  e4O:cO
PRINT   e4O:Ii
PRINT  e4O:cO
PRINT   e4O:A
PRINT   e4O:GO
PRINT   e4O:B
PRINT  e4O:cO
PRINT  e4O:c
PRINT   e4O:cO
PRINT   e4O:D
PRINT  e4O:cO
PRINT   e4O:E
PRINT  e4O:cO
PRINT   e4O:F
PRINT  e4O:cO
PAGE
PRINT   ''BEGIN   DIGITIZING   IN   STREAM   MODE''
PRINT   ''FOR  OPT"UM   RESULTS  SET   SLIDE   TO   HALF-WAY   POINT"
PRINT   ''TO   EXIT   PROGRAM''
PRINT   ''DIGITIZE   A   POINT   ONT   THE   RIGHT-HAND   SIDE   0F   THE"   891

PRINT   ''TABLET''
900              REMARK
910               REMARK   READ   DIGITIZED   POINTS   FROM   TABLET
920               REMARK
930              N9=0
940             Z=0
950               INPUT   @8:P,Q,B$
960              N9=N9+1
970              IF   N9<30   THEN   1010
980             N9=0
990              PRINT   ''G"
1000            PAGE
1010             Z=Z+1
1020            U(Z)=P
1030            V(Z)=Q
1040           IF   Z=3000   THEN      1270
1050            IF   X>S3*1.01   THEN      1300
1060          cO  T0   950
1070             1=1
1080            IF   I>Z   THEN   1140
1090            PRINT   @40:U(I),V(I)
1100             INPUT   @40:G0

1110               1=1+1

1120           cO   T01080
1140             PRINT   ''GGGGG"
1150             PRINT    ''DO   YOU   WANT   TO   CONTINUE   DIGITIZING   WITHIN   THE"
1151             PRINT    ''DIGITIZED   "
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6o           PRINT   llMINIMUM   AND   MAxlm"   DEPTH   vALUEs?   M
0            INPUT   K$
0            IF   KS="NO"   THEN
0           IF   KS="N"   THEN
0           PRINT   ''CONTINUE   DIGITIZING"
o         co  T0  930
0            REMA RK
0           REMARK  *****   CLOSE   THE   OUTPUT  FILE   *****
0            REMA RK
0           PRINT   "THE  OUTPUT   FILE   IS   ".,F$
0END
0            PRINT   ''GGGGGGGGGGGGG''
0           PRINT   ''THE   BUFFER   IS   FULL.      DATA   IS   BEING   TRANSFERRED.''
0          cO  T01070
0            PRINT   ''GGGGGGGGGGGGG''
0            PRINT   "YOU   HAVE   INDICATED   THAT   YOU   WANT   TO   EXIT   THE   PROGRAM''
0          cO  T01070



APPENDIX   IV   -   PROGRAM   CONVRT

c************J,*"***********************************************#**
C
C   THIS   PROGRAM   READS   DIGITIZED   TABLET   CcORDINATES   FROM   AN   INPUT
C   FILE.       IT   TRANSFORES   FROM   TABLET   TO   LOG   COORDINATES   BY   ROTATING,
C   TRANSLATING,    AND   SCALING.       IT   THEN   CALCULATES   NEW   LOG   VALUES   USING
C   A   TRAPEZOIDAL   RULE   INTEGRATION   BASED   ON   A   USER   DEFINED   LOG
C   INTERVAL.      FINALLY,    IT   WRITES   DEPTH   AND   THE   NEW   LOG   VALUES   TO   AN
C   OUTPUT  FILE.
C
C*******************************************************************
C
C   THE   CONVERSION   FROM   TABLET   T0   LOG   CcORDINATES   IS   ACCOMPLISHED   BY
C   SOLVING   FOR   THE  CONVERSION   MATRIX   COEFFICIENTS
C
C                  *A  *                       I   D  I
C****
C                   I   a  I        AND        *   E   *      IN  THE   DIGITIZING   PROGRAM.
C****
C                 *C*                      *F  I
C
C*******************************************************************
C   P      =   X   TABLET   COORDINATE   FROM   INPUT   FILE
C   Q      =   Y   TABLET   CcORDINATE   FROM   INPUT   FILE
C   D1    =   MINIMUM   DEPTH   FOR   NEW   LOG   VALUE   CALCULATION
C   D2   =   MAXIMUM   DEPTH   FOR   NEW   LOG   VALUE   CALCULATION
C   11    =    INTERVAL    IN   FEET   OVER   WHICH   LOG   VALUES   ARE   T0   BE   CALCULATED
C
C***X***************************************************************
C

*****   INITIATE   CONSTANTS   *****

CHARACTER*20   INPUT ,OUTPUT
DIMENSION   PARAM(9 )
REAL    11

YSUM=O
X1=O

K=O

M=O

N=0

*****   OPEN   DATA   FILES   *****

PRINT   *,nmuAT   IS   THE   NAME   OF   THE   INPUT   FILE?            M
READ   (*,"(A20)")INPUT
PRINT   I,"WHAT   IS   THE   NAME   OF   THE   OUTPUT   FILE?            "
READ ( * , " ( A20 ) " ) OUTPUT
OPEN(  1, FILE= INPUT , REC"= "DS" )
OPEN(2,FILE=OUTPUT,RECFM="DS")
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*****   READ   PARAMETERS  FROM   INPUT   FILES   *****

DO    1=1,9
READ( 1,5 )PARAM( I )
FO"AT ( F 1 2 . 5 )

END   DO
D1 =PARAM(  1  )

D2=PARAM( 2 )
I 1 =PARAM( 3 )
A=PARAM(4)
B=PARAM(5)
C=PARAM(6)
D:PARAM(7)
E=PARAM(8)
F=PARAM(9)

READ   DATA   FROM   INPUT   FILE   AND   CONVERT   TO   LOG   CcORI)INATES   **

I)5 = D 1 + ( I 1 *K ) -I 1 /2
D6=D 1 +( I 1 *K )+I 1 /2
READ( 1, 20 , END=900 ) P , Q
FORMAT(F12.5,2X,F12.5)
X=A+B*P+C*Q
Y=D+E*P+F*Q

C
C   **   CALCULATE   VALUES   TO   BE   ASSIGNED   BY   TRAPEZOIDAL   INTEGRATION   **
C

M=M+1

IF    ((M.GT.1).AND.(X.LE.X1))    cO   T015
IF    ((M.EQ.1).OR.(X.LE.D5))    THEN

Y1=Y

X1=X

cO   TO   15
END   IF
IF    ((X.GT.D5).AND.(X1.LT.D5))    THEN

CALL    INTERP(X,X1,05,Y,Y1,YSUM,YBEGIN,N)
N=1

cO   TO   15
END   IF
IF    (X.GT.D6)   THEN

CALL    INTERP(X,X1,D6,Y,Y1,YSUM,YBEGIN,N)
cO   TO   35

END   IF
YSUM= YSUM+ ( Y+Y 1 ) I ( X-X 1 ) /2
X1=X

Y1=Y

cO   T0   15
XSUM= D 1 + I 1 *K

WRITE   DATA   TO   OUTPUT   FILE   AND   CLEAR   BUFFER   **
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900

WRITE(2,20)XS",YSUM
IF   (X.GT.(D2+I1/2))   STOP
K=K+1
YSUM=YBEGIN
cO  T0   10
STOP
END

C**********************i,***X*************************X**************
C
C   **   SUBROUTINE   TO   CALCULATE   CONTRIBUTION   OF   TRAPEZOID   EDGES   **
C
C*******************************************************************
C

SUBROUTINE   INTERP ( X , X 1, DX , Y , I 1, YS" , YEEGIN , N )
C

SLOPE= ( Y-Y 1 ) / ( X-X 1 )
YINI= ( DX-X 1 ) *SLOPE+Y 1
IF   (N.EQ.O)   THEN

YS"=YS"+(Y+YINT)I(X-DX)/2
ELSE

ysun= ys"+ ( I INT+I 1 ) * ( Dx-x 1 ) /2
YBEGIN= ( Y+YINT ) * ( X-DX ) /2

END   IF
X1=X

Y1=Y

RETURN
END
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APPENDIX   V   -   PROGRAM   POLYD

(adapted  from  Davis,   1973)
c******************************************************************
C
C   THIS   PROGRAM   FITS   A   NTH   ORDER   CURVILINEAR   POLYNOMIAL   REGRESSION.
C
C******************************************************************
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C
C

ARRAY   A   CONTAINS   X       AND   Y   DATA
ARRAY   a   CONTAINS   THE   TERMS  0F   THE   COEFFICIENT   MATRIX   DEFINED
IN   EQUATION   5.28.
ARRAY   C   ORIGINALLY   CONTAINS   THE   VECTOR   0F   THE   RIGHT   HAND
SIDE
OF   THE   NORMAL   EQUATIONS   AS   DEFINED   BY   5.28.       AFTER   SOLVING
THE   SET   OF   NORMAL   EQUATIONS,    ARRAY   C   CONTAINS   THE
COEFFICIENTS
OF   THE   REGRESSION   EQUATION.
ARRAY   D   CONTAINS   X,I,    I-CALCULATED,    AND   DEVIATION   FOR   ALL
POINTS

MAXIMUM   NUMBER   OF   OBSERVATIONS   IS    1000
THE   MAXIMUM   ORDER   OF   THE   POLYNOMIAL   IS    19.

THE   OUTPUT   FILE   ''POLYOUT''   CONTAINS   THE   COEFFICIENTS  0F   THE
POLYNOMIAL
EQUATION,    THE   DATA   STORED   IN   ARRAY   D,    AND   THE   STATISTICS   OF
THE   EQUATION.
THE   OUTPUT   FILE   ''LOcOUT''   CONTAINS   THE   DEPTH   AND   Y-CALCULATED
VALUES.

C
C*******************************************************************
C

*****   INITIALIZE   ARRAYS   AND   CONSTANTS   *****

DIMENSION   A( 1000,2) ,a(20,20) ,C(20) ,D( 1000,4) ,E( 1001,2) ,XP(20)
CHARACTER*20   INPUT1, INPUT2

PRINT   *,    ''ENTER   THE   ORDER   OF   THE   POLYNOMIAL?   "
READ   *,IORD
IF   (IORD.GT.19)   cO   TO    1
IORD1    =    IORD+1

*****  OPEN   DATA   FILES  *****

PRINT   *,wrmAT   Is   THE   NAME   OF   THE   INDEPENDENT   VARIABLE   INpuT
a     FILE?   ''

READ   (*,"(A20)")INPUTI
PRINT   *,"WHAT   IS   THE   NAME   OF   THE   DEPENDENT   VARIABLE    INPUT

&      FILE?   ''
READ   (I,"(A20)")INPUT2
OPEN ( 1, FILE= INPUT 1, REC"= "DS" )
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C
C
C

C
C
C

103

OPEN(2,FILE=INPUT2,REC"="DS")
OPEN( 3 , FILE= "POLYOUT" , REC"= "DS" )
OPEN(4,FILE="LOcOUT",RECFM="DS")

*****   READ   DATA   FROM   INPUT   FILES   *****

CALL   READM(A,N,M,1000,2,DEPTH)

*****   CALCULATE   sunrs  FOR   LEAST  SQUARES  SoLUTloN   *****

D0100   I=1,I0RDI
C(I)=O.O
D0101    J=1,IORDI
B(I'J)=0.O
CONTINUE
CONTINUE
ro   io2   I=i,N
XP( 1 )= 1.0
D0103   J=2,I0RDI
XP(J)=XP(J-1 )*A( I ' 1 )
CONTINUE
D0104   J=1,I0RDI
DO    105   K=1,I0RDI
B(J,K)=B(J,K)+XP(J)*XP(K)
CONTINUE
C(J)=C(J)+XP(J)*A(I,2)
CONTINUE
CONTINUE

**   CALCULATE   THE   COEFFICIENTS   OF   THE   REGRESSION   EQUATION   **

CALL   SLE(B,C, IORD1,20,1.OE-06)

*****   CALCULATE   PREDICTED   VALUES   *****

D0106    I=1'N
D( I ,1 )=A( I ,1 )
D( I '2)=A( I '2)
XXP= 1  . 0
YYP=0.O
DO    107   J=1,IORDI
YYP:YYP+XXP*C ( J )
XXP=XXP*D( I ,1  )
CONTINUE
D( I , 3 ) =YYP
D( I , 4 ) =D( I , 2 ) -YYP
CONTINUE

*****   CALCULATE   ERROR   MEASUREMENTS   *****

SY=0.0
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SY2=0.O
SYC=0.0
SYC2=O.0
ro   io8   I=i,N
SY=SY+D ( I , 2 )
SY2=SY2+D( I , 2 )*D( I , 2 )
SYC=SYC+D ( I , 3 )
S¥C2=S¥C2+D(I,3)*b(I,3)
CONTINUE
SST=SY2-SY*SY/FLOAT(N)
SSR=SYC2-SYC*SYC/FLOAT(N)
SSD=SST-SSR
R2=SSR/Ssr
R=SQRT ( R2 )

*****   WRITE   DATA   TO  OUTPUT   FILES   ****t'

C
WRITE   (3,1000)
D0   I=1,I0RDI

WRITE ( 3 ,1001 ) I , C( I )
END   DO
WRITE   (3,1002)
DO   I=1,N

WRITE ( 3 , 1003 ) DEPTH , ( D ( I , K ) , K= 1 , 4 )
WRITE ( 4 ,1004 ) DEPTH , D( I , 3 )
DEPTH: DEPTH+ 1

END   DO
WRITE(3,1995)    IORD
WRITE(3,2000)   N
WRITE(3,2001 )   Ssr
WRITE(3,2002)   SSR
WRITE(3,2003)   SSD
WRITE(3,2004)   R2
WRITE(3,2005)   R

1000           FO"AT("   THE   PARAMETERS   OF   THE   REGRESSION   EQUATION")
1001             FORMAT(12,F15.10)
1002            FORMAT(//,"   COL    1    =   DEPTH",/,''   COL   2   =   X   VARIABLE",/,

1       "   COL   3   =    Y   VARIABLE",/,
2      "   COL   4   =    Y   VALUE   BASED   ON   REGRESSION   EQUATION",/,

3      "   COL   5   =   COL   3   -COL   4")
1003          FO"AT(F6.0,4(2X,F12.5))
1004            FORMAT(F12.5,2X,F12.5)
1995           FO"AT(//,"   ORDER   OF   EQUATION   =   ",15)
2000            FORMAT("   NUMBER   0F   SAMPLES   =    ",15)
2001            FORMAT("   TOTAL   SUMS   OF   SQUARES   =   ",F15.4)
2002           FORMAT("   SUMS   0F   SQUARES   I)UE   T0   REGRESSION   =   ",F15.4)
2003            FORMAT("   SUMS   0F   SQUARES   DUE   TO   DEVIATION   =    ",F15.4)
2004            FORMAT("   COODNESS   OF   FIT   =    ",F15.6)
2005            FORMAT("   CORRELATION   COEFFICIENT   =    ",F15.6)

STOP
END

86



1

C******************************************************************
C
C                    *****   SUBROUTINE   TO   READ   INPUT   DATA   *****
C
C**********************J,*******************************************
C

SUBRotJ'TINE   READM   (A,    N,    M,    N1,    M1,DEPTH)
C

DIMENSION   A(N1,M1)
M=2

C
*****   READ   I)ATA   FROM   INPUT   FILES   *****

DO   I    =    1,1000
READ    (1,1001,END=900)    DUN,X
READ    (2,1001,END=900)    DUN,Y
A( I '  1 )=X
A(I'2)=Y
IF    (I.EQ.1)    DEPTH=DUM

END   DO
900              N=I-1

RETURN
1001            FORMAT   (F12.5,2X,F12.5)

END
C*******************************************************************
C
C                    **   SUBROUTINE   FOR   SOLUTION  0F   N   SIMULTANEOUS   EQUATIONS   **
C
C                     MATRIX   A    IS   N   BY   N.    MATRIX   a   IS    1    BY   N   AND   CONTAINS   THE
C                    SOLUTION.
C**X*i,X****************************************x********************

SUBROUTINE   SLE    (A,    8,    N,    N1,    ZERO)
C

DIMENSION   A(N1,N1 )
DIMENSION   B(N1)
D0   I    =    1'N

DIY   =   A(I,I)
IF    (ABS(DIV)    -   ZERO    .LE.    0)   THEN

STOP
ELSE

D0   J   =    1,N
A(I,J)    =   A(I'J)    /   DIY

END   DO
8(I)    =   8(I)    /   DIY
D0   J   =    1'N

IF   (I   -J    .NE.   0)   THEN
RATIO   =    A(J,I)
D0   K    =     1'N

A(J,K)    =    A(J,K)    -RATIO   *   A(I,K)
END    DO

B(J)    =   B(J)    -RATIO   *   a(I)
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END   IF
END   D0

END   IF
END   D0
RETURN
END
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APPENDIX   VI   -   PROGRAM   SYNSEIS

C*******************************************************************
c  THls   ls  THE  mlN  PROGRAM  FOR  THE  GENERATloN  oF.FILEs  FOR  syNTHETlc
c  sElsMOGRArs  uslNG  EITHER  spEx.      THE   INpuT  FILE  MusT  HAVE  vALUEs
C   AT   ONE   FcOT   INCREMENTS.
C*******************************************************************

DIMENSION   RF( 1000) ,TR1 ( 1000) ,TR2( 1000) ,R"P( 1000) ,D( 1000 )
D"ENSION  A ( 2 , 2 , 2000 ) , A 1 ( 2 , 2 , 2000 ) , A2 ( 2 , 2 , 2000 ) , B ( 1000 , 2 , 2 )
D"ENSION  AA ( 2000 ) , BB ( 2000 ) , C ( 2000 ) , C 1 ( 1000 )
CHARACTER*1    ANS1,ANS2,ANS3,AN
COMMON   /MAT/A,A1,A2,B,AA,BB,C,CI
CO"ON   /ANS/ANS1,ANS2,ANS3,AN
CO"ON  /REF/RF,TR1,TR2 ,R"P
COMMON   /MULT/jMULT , jNun
L=O
1=0
WRITE(I,I)„*********""J'*****J'****************"****X******

&     ***************''
WRITE(*,*)"                                                WARNING: "
WRITE(*,*)Myoun   INpuT   FILE   MusT   HAVE   vALUEs   DIGITlzED   AT   ONE

a     FcOT   INCREMENTS''
WRITE(I,*)„*****************"*************"**"***********

&     ***************''
CALL   INIT
CALL   MATINIT
CALL   TWOTIME(L,D)
CALL   CALCULATE(L,D).
CALL   MATLOAD(RF,A,B,TR1,L)
CALL   MULTIPLE(A,A1,A2,B,L)
CALL   POLYDIV(A,AA,BB,C,C1,L)
CALL   TAPEGEN(RF,R"P,C1 )
CALL   CLOSING
STOP
END

C*******************************************************J'******X***
C                    THIS   SUBROUTINE   INITIALIZES   THE   SYNSEIS   PROGRAM.
C*********X********************************************************

SUBROUTINE   INIT
CHARACTER*1    AN,ANS1,ANS2,ANS3
CHARACTER*20   0UTPUT1,OUTPUT2 ,OUTPUT3
CO"ON   /OUTPUT/OUTPUT1,OUTPUT2 ,OUTPUT3
COMMON   /ANS/ANS 1 , ANS2 , ANS3 , AN
CO"ON   /MULT/JMULT , JN" , ITRACE

C
OPEN   SPEX   FILES

WRITE(*'*)"*************************"*"***X**************„
WRITE(*,*)"            FOR   SYNTHETICS   USING   SPEX"
WRITE(*,*)«*"i.************X*************************#*"*xM
WRITE(*,I)"DO   YOU   WANT   A   FILE   WITH   REFLECTION   COEFFICENTS
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&      ONLY?   ''

READ   (I,"(A)")ANSI
IF   (ANS1.EQ."Y")   THEN
WRITE(*,*)wunAT   DO   you  wlsH   TO  CALL   THls   FILE?   M
READ(*,"(A20)")OUTPUT1
OPEN( 1, MODE="BINARY" , REC"= "DYNAMIC" , FILE=OUTPUT 1,

&      FORM:"UNFOENATTED" )
END   IF
WRITE(*,*)"D0   YOU   WANT   A   FILE   WITH   TRANSMISSION   LOSSES

&      INCLUDED?   ''
READ ( I , " ( A ) " ) ANS2
IF   (ANS2.EQ."Y")   THEN
WRITE(*,I)"WHAT   D0   YOU   WISH   TO   CALL   THIS  FILE?   "
READ( * , " ( A20 ) " )OUTPUT2
OPEN(2,MODE="BINARY",REC"="I)YNAMIC",FILE=OUTPUT2,

&      FORE="UNFORMATTED" )
END   IF
WRITE(*,*)"D0   YOU   WANT   A   FILE   WITH   TRANSMISSION   LOSSES   AND

&     MULTIPLES   INCLUDED?   ''
READ(I,"(A)")ANS3
IF   (ANS3.EQ."Y")   THEN
WRITE(*,I)wunAT   DO   you  wlsH  TO  CALL   THls  FILE?   w
READ ( * , " ( A20 ) " )OUTPUT3
OPEN(3,MODE="BINARY",REC"="DYNAMIC",FILE=OUTPUT3,

&      FORM=''UNFORMATTED" )
END   IF
WRITE(*,I)"WHAT   IS   THE   SAMPLE   RATE   FOR   THIS   DATA   IN

&      MICROSECONDS?    ''
READ   *,JMULT
WRITE(*,*)"HOW   MANY   SAMPLES   PER   TRACE?   "
READ  *,JN"
WRITE(*,*)"D0   YOU   WANT   A   SURFACE   REFLECION   COEFFICIENT?   "
READ ( * , " ( A 1 ) " ) AN
WRITE(*,*)"HOW   MANY   TRACES   DO   YOU   WANT   TO   GENERATE

&     (L"IT=10)?        „
READ   *,ITRACE
RETURN
END

C*******J,**#**********#*********X*******************#*****X*****X**
C   THIS   IS   SUBROUTINE   LOADS   ZEROES   INTO   ALL   THE   MATRICES   WHICH   WILL
C   BE   USED   TO   CALCULATE   MULTIPLES.
C**********X*******X***************J,***********************#*******

SUBROUTINE   MATINIT
D"ENSION   A ( 2 , 2 , 2000 ) , A 1 ( 2 , 2 , 2000 ) , A2 ( 2 , 2 , 2000 ) , a ( 1000 , 2 , 2 )
DIMENSION   AA ( 2000 ) , 88( 2000 ) , C( 2000 ) , C 1 ( 1000 )
D"ENSION   RF( 1000 ) ,TR1 ( 1000 ) ,TR2( 1000 ) , R"P( 1000)
CO"ON   /REF/RF,TR1,TR2,R"P
COMMON    /MAT/A , A 1, A2 , a , AA , 88 , C , C 1
COMMON   /ANS/ANS1,ANS2,ANS3  ,
CHARACTER*1    ANS1,ANS2,ANS3
IF    (ANS3.NE."Y")    RETURN
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D0   K=1,2000
AA(K)=0.0
BB(K)=O.O
C 1 ( K ) =O . 0
C(K)=0.0
END   DO
DO    1=1

D0   J=1
DO   K=1,1000
A ( I , J ' K ) =O . O
A1 ( I 'J'K)=0.0
A2( I , J , K ) =0 . 0
END   DO
END   D0
END   DO
D01=1,500
RF( I ) =0 .0
TR1 ( I ) =O . 0
TR2 ( I ) = 0 . 0
RIMP( I ) =0 .O
cO   J=1,2
DO   K=1'2
B(I'J'K)=0.O
END   DO
END   DO
END   D0
RETURN
END

C****************************************#**********X**************
C   THIS   SUBOUTINE   READS   INPUT   DATA   FROM   A   SONIC   LOG   DIGITIZED
C   AT   ONE   FcOT   INTERVALS,    COMPUTES   VELOCITIES,    AND   TWO   WAY   TRAVEL
C   TIMES.
C*******X****************************#X****************************

SUBROUTINE   TWOT"E(L,D)
CHARACTER*20   INPUT
DIMENSION   V( 1000) ,DP(5000) ,T( 1000) ,TT(5000) , DT(5000) , D( 1000)
COMMON   /TWOT"/V ,TT
DFIRST=0.0
WRITE    (*,*)    ''WHAT   IS   THE   INPUT   FILE   NAME?      "
READ   (I,2)    INPUT
FORMAT ( A20 )
OPEN( 9 , FILE= INPUT , REC": "DS" )
L=O
VELSUM:0
VEL=O
Z=1

1=0
1=1+1

VELSUM=VELSUM+VEL
READ ( 9 , 5 , END=7 ) DP ( I ) , DT( I )
FORMAT ( F 12 . 5 , 2X , F 12 . 5 )
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IF   (I.EQ.1)   THEN
TT( I ) =DT ( I ) /500 . 0
VEL= 1000000/DT ( I )
DD=DP ( I ) -1
DFIRST=DD
cO  TO  20

END   IF
J=I-1
TT( I ) =TT ( J ) +DT( I ) /500 . 0
VEL   =1000000/DT(I)
IF   (TT(I).GE.Z)THEN
CALL   INTERP( TT( I-1 ) , TT( I ) , DI , Z , DP( I-1 ) , VEL , VEL1 )
L=L+1
VELSUM=VELSUM+VEL
V(L)=VELSUM/(DI-DD)
T(L)=Z
IF   (L.EQ.1)   THEN
D(L)=DFIRST
ELSE
D(L)=DD
END   IF
DD=DI
Z=Z+1.0
VEL=VELI
VELSUM=O . 0
END   IF
cO  TO  4
RETURN
END
SUBROUTINE   INTERP ( TT 1, TT2 , DI , Z , DT , VEL , VEL 1 )
S= ( ( Z-TT 1 ) / ( TT2-TT 1 ) )
DI=S+DT
VEL2=VEL
VEL=S*VEL2
VEL 1 = ( 1 -S )*VEL2
RETURN
END

C******************X**********X*********************X*******X******
C   THIS   PROGRAM   CALCULATES   THE   REFLECTION,    ONE-WAY   TRANSMISSION,
C   TWO-WAY   TRANSMISSION   COEFFICIENTS,    AND   REFLECTION
C   COEFFICIENT   WITH   TWO-WAY   TRANSMISSION   LOSSES.
C
C   FILE   ''OUTPUT''    IS   CREATED   ANI)   THE   FOLLOWING   DATA    IS   STORED:
C   TWO-WAY   TIME,    DEPTH,    VELOCITY   OF   THE   FIRST   LAYER,    VELOCITY
C   0F   THE   SECOND   LAYER,    REFLECTION   COEFFICIENT,    AND   REFLECTION
C   COEFFICIENT   WITH   TWO-WAY   TRANSMISSION   LOSSESS.
C************"*X****##X****************X************X*************
C
C
C
C

D       =    DEPTH
RF   =   REFLECTION   COEFFFICIENT
TR1=   ONE-WAY   TRANSMISSION   ARRAY
TR2=    TWO-WAY   TRANSMISSION   ARRAY
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C                     RIMP=   REFLECTION   WITH   TWO-WAY   TRANSMISSION   LOSS   ARRAY
c***********************************J'******************************

30

SUBROUTINE   CALCULATE(L , D)
CHARACTER*1    AN,ANS1,ANS2,ANS3
DIRENSION  RF ( 1000 ) , TR 1 ( 1000 ) , TR2 ( 1000 ) , R"P( 1000 )
DIMENSION   V( 1000) ,D( 1000)
COMMON   /TWOT"/V , TT
COMMON   /REF/RF,TR1,TR2,R"P
CO"ON   /ANS/ANS1, ANS2 , ANS3 , AN
OPEN   ( 15 ,FILE="OUTPUT" ,REC"="DS")
IF   (AN.EQ."N")   THEN

RF( 1 ) =0 .0
TR1 ( 1 )= 1.0
R"P( 1 ) =0 .0
cO  TO   5

END   IF
RF ( 1 ) =0 . 25
R"P( 1 ) =0 . 25
TR1 ( 1 ) = 1. 25
TR2 ( 1 ) = ( 1 -( RF ( 1 )**2 ) )
TRTOT= 1
WRITE( 15 ,1 )
FO"AT   ("V1      =   VELOCITY   OF   FIRST  LAYER",/,

1       ''V2      =   VELOCITY   OF   SECOND   LAYER",/,
2      ''RF      =   REFLECTION  COEFFICIENTS---PRIMARIES  ONLY",/,
3      ''IMP   =   REFLECTION  COEFFICIENTS---WITH   TRANSMISSION  LOSSES")

WRITE   (15,*)
WRITE( 15 , 2 )
FORMAT( 3X , "T"E" , 2X , ''DEPTH" , 4X , "V 1 " , 7X , "V2" ,

&     8X,"RF",6X,""P")
D0   M=2,L

RF ( M ) = ( V ( M ) -V ( M-1 ) ) / ( V ( M ) +V ( M-1  ) )
TR 1 ( M ) =2*V ( M ) / ( V ( M ) +V ( M-1 ) )
TR2 ( M ) = ( 1 - ( RF ( M ) **2 ) )
TRTOT=TRTOT*TR2( M-1 )
R"P(M)=RF(M)*TRTOT

END   D0
D0   M=1,L

WRITE( 15 , 30 )M-1, D( M) , V (M-1 ) , V ( M ) , RF( M ) , R"P ( M )
FORMAT( 1 X ,14 , 2X , F6 . 0 , 3X , F6 . O , 3X , F6 . 0 ,1 X , 2 ( 2X , F6 . 3 ) )

END   DO
RETURN
END

C****************************J,**************X**#*****************X*
C   THIS   SUBROUTINE   LOADS   THE   COMMUNICATION   MATRICES   FOR   MULTIPLE.

C   CALCULATION.
cx*#*x*x*****************i.*##***************x**#**************x****

SUBROUTINE   MATLOAD(RF,A,B,TR1,M)
CHARACTER*1    ANS1,ANS2,ANS3,AN
DIMENSION   A(2,2,2*M-1),B(M,2,2)
DIMENSION   RF(M)  ,TR1(M)
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CO"ON   /ANS/ANS1, ANS2 , ANS3 , AN
IF   (ANS3.NE.''Y")   RETURN
DO    I=1,M

IF   (I.EQ.1)   THEN
A( 1, 2 ,M) =RF( I )*TR1 ( I )
A(  1,1,M)= 1*TR1 ( I )

A ( 2 , 2 , M ) = 1 *TR 1 ( I )
A( 2 ,1,M) =RF( I )*TR1 ( I )
ELSE
B( I ,1,1 )= 1*TR1 ( I )
B( I ,1, 2 ) =RF( I )*TR1 ( I )
B( I , 2 ,1 ) =RF( I )*TR1 ( I )
B( I , 2 , 2 ) : 1*TR 1 ( I )
END   IF

END   DO
RETURN
END

C******************************************************************
C   THIS   SUBROUTINE   CALCULATES   THE   FINAL   COMMUNICATION   MATRIX.
C   EACH   INDIVIDUAL   COMMUI\lICATION   MATRIX   IS   MULTIPLIES   BY   EACH
c   succEEDING   comiuNlcATION   MATRlx   UNTIL   ALL   HAVE   BEEN
C   INCORPORATED   IN   A   FINAL   COMMUNICATION   MATRIX.
C******************************************************************
C   FOR   MORE   INFORMATION   CONSULT:
C                       R0BINSON   AND   TRIETEL      CH.13
C                          KENASAWICH             CH    16
C*****X****#*************************************************i,*****

SUBROUTINE   MULTIPLE( A , A 1, A2 , 8 , M)
COMMON   /ANS/   ANS1,ANS2,ANS3,AN
CHARACTER*1    ANS1,ANS2,ANS3,AN
D"ENSI0N   A ( 2 , 2 , 2*M-1 ) , A 1 ( 2 , 2 , 2*M-1 ) , A2 ( 2 , 2 , 2*M-1 ) , B( M , 2 , 2 )
IF    (ANS3.NE."Y")    RETURN
D0   K=2'M
D0   I=2'2|M-1

A1 (  1,1, I-1  )=A(  1,1,  I )*B(K,1,1  )

A2( 1,1, I )=A(  1,2, I-1 )*B(K,2,1 )
A1 (  1,2, I-1 )=A( 1,1, I )*B(K,1,2)
A2( 1,2, I )=A( 1,2 , I-1 )*B(K,2 ,2)
A1 (2,1, I-1  )=A(2,1, I )*B(K,1,1 )
A2(2,1, I )=A(2,2, I-1 )*B(K,2,1 )
A1 (2,2, I-1 )=A(2,1, I )*B(K,1,2)
A2( 2 , 2 , I ) =A ( 2 , 2 , I-1 )*B(K , 2 , 2 )

END   D0
cO   1=1,2"-1

A(  1,1,  I )=A 1  (  1,1, I )+A2(  1,1, I )

A( 1,2 , I ) =A1 (  1,2 , I )+A2(  1,2 , I )

A(2,1, I )=A1 (2,1, I )+A2(2,1, I )
A(2 , 2 , I )=A 1 ( 2 , 2 , I )+A2(2 ,2 , I )

END   DO
END   DO
RETURN
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END
c*******************"*******************************************J'*
C   THIS   PROGRAM   PERFORMS   POLYNOMIAL   I)IVISI0N   AND   LOADS   THE
C   MULTIPLE   ARRAY.
c******************************************************"*****"***
C   C1    :   REFLECTION   COEFFICIENT   WITH   TWO-WAY   TRANSMISSION   LOSSES
C                  AND   MULTIPLES   INCLUDED.
c*************x**************************************"************

SUBROUTINE   POLYDIV(A,AA,BB,C,C1,M)
CHARACTER*1    ANS1, ANS2,ANS3,.AN
COMMON   /ANS/ANS 1 , ANS2 , ANS3 , AN
D IMENSION   A ( 2 , 2 , 2*M-1 ) , AA ( 2*M-1 ) , 88 ( 2*M-1 ) , C ( 2000 ) , C 1 ( 1000 )
IF   (ANS3.NE."Y")   RETURN
DO   I=1,2*M-1

AA( I )=A( 1,1 ' I )
BB( I )=A(2 ,1, I )

END   D0
DO   I=1,2*M-1

IF   (AA(I).NE.0.O)   THEN
K=I
cO   TO   1
END   IF

END   D0
DO   1=1,2000

C( I ) =BB{ I ) /AA (K)
N=1

DO  J=I'2000
BB(J)=BB(J)-AA(N)*C(I)
N=N+ 1
END   D0

END   D0
J=1
D01=1'2000,2
C1(J)=C(I)
J=J+1
END   D0
RETURN
END

c*******************xx*****x*******x**J'*******#********************
C   THIS   SUBROUTINE   CREATES   THE   SPEX   OUTPUT   FILES.
C   THE   TRACES   CONSIST   OF   THE   REFLECTION   COEFFICIENTS,    REFLECTION
C   COEFFICIENTS   WITH   TWO-WAY   TRANSMISSION   LOSSES,    AND   REFLECTION
C   COEFFICIENTS   WITH   TWO-WAY   TRANSMISSION   LOSSES   AND   MULTIPLES.
c****************************************************X*************

SUBROUTINE   TAPEGEN(RF,RIMP,C1 )
CHARACTER*1    ANS1,ANS2,ANS3,AN
D IMENsloN  RF ( jNun ) , RIMp ( jN" ) , c 1 ( jNun )
INTEGER*2   J , K , REEL 1 ( 1600 ) , REEL2( 200 ) , TREOUT( 120 )
CO"ON   /MULT/JMULT , JNUM , ITRACE
COMMON   /ANS/ANS 1, ANS2 , ANS3 , AN
IF    ( ( ANS 1. NE . "Y" ) . AND . ( ANS2 . NE . ''Y" ) . AND . ( ANS3 . NE . ''Y" ) )
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&      RETURN
REEL2(7)=ITRACE
REEL2 ( 9 ) =JMULT
REEL2(10)=JMULT
REEL2( 11 ) =JNUM
REEL2 ( 12 ) =JNUM
REEL2 ( 13 ) = 1
REEL2 ( 15 ) = 1
J=1600
K=200
IF   (ANS1.EQ."Y")   WRITE(1)J,REEL1,K,REEL2
IF   (ANS2.EQ."Y")   WRITE(2)J,REEL1,K,REEL2
IF   (ANS3.EQ."Y")   WRITE(3)J,REEL1,K,REEL2
J=2*JNUM+120
DO   I=1.ITRACE
TRHOUT
TRHOUT

2)=1
4)=1

TREOUT ( 6 ) = 1
TREOUT(8    )=1
TREOUT ( 1 2 ) = 1
TREOUT ( 1 4 ) = 1
TREOUT ( 1 5 ) = 1
TRHOUT ( 1 8 ) = 1
TREOUT(58):JNUM
TRHOUT(59)=JMULT
IF   (I.EQ. ITRACE)TREOUT(88)=1
TREOUT ( 92 ) = 1
IF   (ANS1.EQ."Y")   WRITE( 1)J,TRHOUT,RF
IF   (ANS2.EQ."Y")   WRITE(2)J,TRHOUT,R"P
IF   (ANS3.EQ."Y")   WRITE(3)J,TREOUT,CI
END   DO
RETURN
END

C****#i,********************************X***************************
C   THIS   SUBROUTINE   PRINTS   WIIICH   FILES   HAVE   BEEN   OPENED   AND   CLOSES
C   ALL   FILES.
C*X***************************i'***************#********************

SUBROUTINE   CLOSING
CHARACTER*1    ANS1,ANS2,ANS3,AN
CHARACTER*20   OUTPUT 1,OUTPUT2 ,OUTPUT3
COMMON   /ANS/ANS1,ANS2,ANS3,AN
COMMON   /OUTPUT/OUTPUT1, OUTPUT2 ,OUTPUT3
WRITE ( A , I ) „*"***************************"*************X***

&     ************************,'
WRITE(*,*)"THE   FOLLOWING   FILES   HAVE   BEEN   CREATED   FOR   USE

&      WITH   SPEX''

WRITE(*,*)
IF    (ANS1.EQ."Y")   WRITE(*,*)OUTPUT1,"       REFLECTION

&      COEFFICIENTS   ONLY''
IF    (ANS2.EQ."Y")WRITE(*,*)OUTPUT2,"      TRANSMISSION

&      LOSSES    INCLUDED''
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IF   (ANS3.EQ."Y")WRITE(*,*)OUTPUT3,"      TRANSMISSION
&      LOSSES   AND   MULTIPES   INCLUDED''

WRITE(*,*)"   OUTPUT   ---   AN  OUTPUT  FILE  0F   DEPTHS,   VELOCITIES,
&      ANI)   TWO-WAY   TRAVELTIMES''

WRITE(*,*)
WRITE(*'*)"******"**"*************************************

&     ************************,,
CLOSE   ( 1 )
CLOSE   (2)
CLOSE   (3)
RETURN
END
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