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ITINERARY,  ZENITH  FIELD  VISIT
KANSAS  COF}PORATION  FIELD  TRIP
AUGUST  20,1990

A.    |OUB  OF  SUBFACE  FACILITIES

1.     Injection  plant
2.    Injection  well
3.    Producing  well,  surface  pump  jack
4.    Producing  well,  submersible  pump
5.   Tank  battery

a.    LUNCH  AT  CAFE  IN  STAFFOBD

C.    VISIT TO  STAFFOBD  COUNTY  MUSEUM

Include  briefing  on  Zenith  field
(one  hour total,  five  minute  summaries)

(1)    Lynn  Watney  -introductions,  overview

(2)    Wendell  Weatherbie  -  assembly  of  completion  and  production
data

(3)    Dave  Newell  ~  geologic  reservoir characterization

(4)   J.C.  Wong  -  mapping  and  cross  sections

(5)    Kevin  Cunningham  ~  geological  studies  of  Misener  Limestone
reservoir

(7)    Bodney  Beynolds  -  drilling  and  completion  history,  ourrent
well  status

(8)    Lanny  Schoeling  -  development  of  reservoir  management  plan

(9)    Comments  by  staff  of  Hallwood  Petroleum

D.    _BETUBN  TO  FIELD  TO  SEE  DEMONSTPATION  OF  ECHOMETEB
SUBVEY  ON  WELL ZU-36
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GENEF{AL  STATEMENT  OF  OBJECTIVES  AND  IMPACT  OF
INTERDISCIPLINABY  STUDIES  OF  KANSAS  PETROLEUM  F}ESERVOIRS

by  Lynn  Watney,  Kansas  Geological  Survey

Fundamental  energy  conservation  can  be  initiated  by  increased  efficiency  and
reduction `of  waste  in  the  extraction  of  oil  and  gas  from  existing  reservoirs.
Integrated  geoscience  research  can  provide  an  increased  return  of  oil  from
existing  reservoirs  and  pools,  increase  success  rates  and  decrease  costs  per
barrel  of  extracted  oil.

Targeted  beneficiary  groups  are  the  small  independent  petroleum  producers,
the  rural,  agricultural  mineral  owners,  and  the  small  businesses  which  depend
upon  successful  independent  oil  operators  for their  livelihood.

Significant  amounts  of  this  oil  still  remaining  in  existing  fields  will  not  be
recovered  if  many  of the  mature  older fields  are  abandoned.    Timely  action  is
needed  to  identify  bypassed  oil  and  to  develop  remedial  actions to  boost
production  and  extend  the  life  of  active  fields,  to  optimize  drilling,  and  to
reduce  the  waste  caused  by  reservoir abandonment.

While  proven  oil  reserves  stabilized  over the  period  of  1978  through  1985,
these  proven  reserves  have  plummeted  26°/o  from  1985  levels  to  312  million
barrels  at  the  end  of  1986.    Proven  gas  reserves  as  of  the  end  of  1986
increased  11% to  11  trillion  cubic  feet.    Depleting  reserves  reflect,  in  part,
premature  plugging  of  small  fields  as  a  consequence  of  low  production  rates
compounded  by severe  price  drops.

The  national  experience  has  shown  that  recovery  efficiency  of  all  reservoirs
at  the  present  level  of  development  is  only  about  35°/o  of the  original  oil-in-
place  (Science,  26  June  1987,  Volume  235,  at  p.1633),  compared  to  only
33°/o  of  the  original-oil-in-place  in  existing  Kansas  fields.    Average  recovery
efficiencies  of  original  oil  in  place  of  55°/o  should  be  achievable  in  similar
reservoirs  according  to  the  same  article.    An  additional  3.7  billion  barrels
would  be  recovered  in  Kansas  if  recovery  efficiency  could  be  increased  to
55°/o  through  improved  geological  and  engineering  characterization  of
reservoirs.    Another  estimate  (BPOITOBIS,1987)  indicates  that  2.4  billion
barrels  of  unswept  mobile  oil  and  8.7  billion  barrels  of  residual  oil  (immobile)
are  potentially  extractable  through  application  of  improved  oil  recovery  using
today's technology  in  Kansas.

New  cost  effective  methods  are  needed  to  locate  and  extract  mobile  oil  now
locked  in  the  reservoirs  due  to  heterogeneity  and  inability  of  existing  wells  to
contact  all  areas  of the  reservoir.    Predictive  geologic  models  are  needed  to
Site  wells with  greater  accuracy  to  minimize  energy  waste  during  field
development.    Interdisciplinary  efforts  can  help  to  improve  knowledge  of
reservoir  definition,  development  of  geologic  models  to  aid  in  predicting  the
locations  of  undrained  reserves  in  existing  fields,  and  tailor  new  extraction
procedures  to  specific  geologic  conditions  of  the  reservoir.
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A  lease  in  a  field  is  abandoned  when  production  rates  and/or  prices  have
diminished  to  a  level  where  returns  are  less  than  costs.    This  is  the
economic  limit.    Two-hundred-and-five  net  fields  were  abandoned  in  Kansas
between  when  the  price  began  to  fall  in  December  1985  and  late  1987.    A
total  of  1462  net  wells  were  abandoned  during  1989.    Once  fields  are
abandoned  and  wells  are  plugged,  opportunities  to  economically  redrill  wells
and  produce  remaining  oil  becomes  diminished  and  reserves  are  effectively
lost  or wasted.    Many  leases  are  approaching  their  economic  limit  as  the
rates  of  production  diminish.    Effective  and  timely  action  is  warranted  to  limit
this  loss.

The  independent  petroleum  industry  is  a  vital  element  in  the  rural  economies
of  western,  central,  and  southeastern  Kansas.    Approximately  1200
independent  petroleum  operators  drill  97°/o  of  all  the  wells  in  Kansas.    Total
payroll  for the  petroleum  industry  in  Kansas  was  neariy  $240  million  in  1986.
Drilling  costs,  a  fraction  of  overall  operating  costs,  are  estimated  to  be  $362
million  in  1988  based  on  the  completion  of  4600  wells.    Nearly  eight  million
acres  of  Kansas farm  and  rangelands  are  also  producing  oil  and  gas  leases.
An  estimated  $91   niillion  in  royalty  went to  landowners  in  1988,  most  of
whom  are  farmers  or  ranchers  living  on  the  property.    In  comparison,
royalties  are  estimated  to  have  been  $573  million  in  1983.

The  rural  communities  and  the  independent  petroleum  industry  are  dependent
on  each  other for their success.    The  rural  communities  provide  the                  .
infrastructure  to  support  petroleum  developmental  activities.    Accordingly,
improvements  in  efficiency  and  elimination  of  waste  will  help  sustain  both
sectors  to  weather the  economic  uncertainty  of the  future.    Maintaining  a
secure  source  of  locally  derived  energy  will  also  benefit  the  farmer and
rancher.

The  independent  petroleum  industry  does  not  have  the  staff  nor the  broad
base  of  expertise  to  conduct  needed  interdisciplinary  research  to  improve
production  efficiency  and  to  minimize  waste.    However,  our  experience  has
shown  that they  are  receptive to  the  application  of  new  concepts,  methods,
and  new technology,  provided  that  applications  are  timely  and  cost  effective.
Accelerated  and  more  intensive  efforts to  transfer  knowledge  and  apply  new
technology  is  needed.

The  collapse  of the  world  price  for  crude  oil  in  late  1985  and  its  persistence
until  the  summer  1990  has  created  a  crisis  for these  small  businesses  as
reflected  by  many  bankruptcies  and  marked  decline  in  proven  reserves  of
crude  oil.    This  coupled  with  the  farm  loan  situation  has  created  considerable
hardship  in  the  rural  areas.    Because  of the  unpredictability  of  the  oil  price
for the  foreseeable  future,  the  viability  of  remaining  small  independent  oil
producers  will  be  determined  primarily  by  improved  efficiency  of  operation  by
minimizing  unnecessary  drilling  and  unsuccessful  wells.    Conservation  of
resources  through  efficient  development  and  avoiding  the  potential  waste  of
the  resource  through  abatement  in  the  abandonment  of  fields  will  impact  the
entire  rural  community,



4

EXECUTIVE  SUMMABY
(from  proposal  submitted  to  KCC)

Many  fields  in  central  Kansas  have  extremely  high  water volumes  associated
with  their  oil  production.    The  percentage  of  water  recovered  in  the  total  fluid
produced  commonly  exceeds  95°/o.    Considerable  energy  must  be  used  to
pump  this  fluid  to  the  surface,  to  reinject  the  water  into  the  reservoir,  or to
dispose  of the  produced  water  in  a  disposal  well.

Opportunities  for  energy  efficiency  in  the  operation  of  oil  and  gas  recovery
can  be  substantial.    A  team  of  geologists  from  the  Kansas  Geological  Survey
and  engineers  from  the  Tertiary  Oil  Becovery  Project  at  the  University  of
Kansas  propose  a collaborative  study to  demonstrate  cost-effective  methods
to  increase  the  energy  efficiency  of  production  in  mature  oil  fields  in  central
Kansas.    Besults  of this  study  will  be  useful  to  small  independent  oil
operators to  help them  evaluate  their operations  and  reduce  energy
consumption.

Water  is  injected  into  the  reservoir to  maintain  natural  reservoir  pressure  and
drive  additional  oil  from  the  injection  well  to  the  producing  wells.    Water
production  inevitability  increases  and  oil  production  declines  as  this  process
continues,  as  in  many  of these  fields.    This  secondary  recovery  program
becomes  uneconomical  when  increasing  operating  costs  exceed  the  income
from  the  oil  field.    Bemedial  action  can  be  prescribed  for some  reservoirs to
decrease  the  amount  of  produced  water  and  actually  restore  some  of the  oil
volume.    The  net  result  is  improved  energy  efficiency.

The  proposed  study  will  be  conducted  in  the  Zenith  Field  in  Stafford  County,
Kansas.    Production  in  this  field  is  from  the  rock  intervals  called  the  Viola
Limestone,  Maquoketa  Dolomite,  and  Misener  Sandstone.    CIther fields  in
central  Kansas  produce  from  these  same  reservoir  rocks  in  analogous
geologic  settings.    What  is  revealed  in  this  study  should  be  directly
transferable  to  these  other fields.

The  Zenith  Field  has  a  history  of  water  injection  on  one  sector of the  field
with  very  mixed  results.    Engineering  appraisals  of the  field  indicate
substantial  remaining  reserves  but  the  field  has  responded  poorly  to  water
injection.    Oil  production  rates  have  declined  in  spite  of  these  efforts.
Current  oil  production  rate  is  187  barrels  per day.    Large  amounts  of  water
(11,000  bbls/day)  must  be  produced  to  siistain  this  production  rate.    As  with
many  fields  along  this  trend,  energy  costs  to  extract the  remaining  oil  are
becoming  prohibitive  for  continued  operation.    In  the  Zenith  Field,  electricity
costs  are  about  $23,000/month  and  gas  costs  are  $4,OOO/month.
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Oil  recovery  to  date  in  this  field  is  16.8°/o  of  the  original  oil  in  place  while  the
average  for the  State  of  Kansas  is  on  the  order  of  33°/o.    A  considerable
amount  of  oil  apparently  is  being  bypassed  in  the  reservoir.    Injected  water
may,  in  fact,  be  flowing  through  pathways  of  least  resistance  (such  as
fractures)  to  the  producing  wells  without  contacting  and  moving  oil  outside
these  pathways.    There  is  reason  to  believe  that  once  the  relationship  of the
pathways  to  the  overall  pore  system  is  established,  improved  oil  recovery  and
increased  energy  efficiency  will  be  realized.

The  project  involves  two  separate  phases  extending  over  a two-year  period:
a  reservoir  evaluation  study  during  the  first  year  and  implementation  of
remedial  actions  during  the  second  year,  if  deemed  feasible  during  the
reservoir  evaluation  phase  of the  study.    The  focus  of  this  proposal  is  a  one-
year  collaborative  investigation  of  the  Zenith  Field  involving  engineers  and
geologists  to  define  the  geological  heterogeneity  of this  reservoir  and  to
possibly  recommend  engineering  remedial  action  that  will  minimize  water
production  and  increase  oil  recovery  rates.

Prior  research  at the  University  of  Kansas  has  shown  that  high-pemeable
zones that transport  water so  rapidly to  producing  wells  can  be  shut  down
through  novel  well-completion  technology  involving  chemical  gel  systems.
Strategic  wells  can  be  treated  and  injection  programs  devised  to  reorient
waterflooding  to  increase  recovery  efficiency.    In  some  cases  water can  also
be  treated  by  the  addition  of  polymers  to  increase  its  capability  to  sweep  oil
from  the  reservoir  more  effectively.    If these  measures  are  applicable  to  the
Zenith  field,  they  could  extend  the  productive  life  of the  field  in  an  energy-
efficient  way  for the  well-being  of the  operator,  the  local  economy,  and  the
state.

Pesults  of the  first  year of  this  proposed  study  will  be  two-fold:

1)         to  demonstrate the  procedures  and  benefits  used  to  define
reservoir  heterogeneity  in  reservoirs  using  collaborative
engineering  and  geological  efforts  that  can  be  utilized  by  the
independent  petroleum  industry;

2)         to  propose  a  range  of  cost-efficient  remedial  actions  that
could  be  undertaken  in  the  second  year  of the  project to  increase
productior,  efficiency.
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KANSAS  OIL  AND  GAS  PBODUCTION  STATISTICS

•    5,634  oil  and  gas  fields,  3.500  field  still  active

•    1.6  million  productive  acres  of  oil;  5.6  million  productive  acres  of

natural  gas  in  Kansas

•    an  estimated  235,000  wells  drilled  during  130  years  of

production;  6  billion  bbls.  total  oil  production  and
30  billion  cubic feet  of  natural  gas

•    48,000  oil  wells  and  11,300  gas  wells  producing  in  1986  compared to
45,470  oil  wells  and  14,043  gas  wells  producing  in  1989
(1462  oil  wells  abandoned  in  1989)

*   well  completions  (see  graph)

•    daily  production  (barrels  of  oil.  billion  cu.  ft.  of  natural  gas):

Oil                  gas
1986        186,000      1.
1987        162,000.
1988
1989        154,221       1.6

(compared to  daily wohd  oil  production  of: 63      million  bamels/day
daily  u.S.  oil  demand  of:               17.4     .               .
daily domestic oil  production  of:   7         .               .
daily  production  from  average

Middle  East oil  well:   approx.loo,000  barrels/day)

•    oil  and  gas  reserves  (millions  of  barrels,  trillion  cu.  ft.):

Oil        gas
endl987    35711
endl988    32710.5

•    11   billion  bbls.  of  oil  still  in  existing  fields  roughly

2A  of what was  originally  in  the  reservoirs;  if oil  recovery  increased  in
existing  fields from  34% to  55%  of on.ginal  oil  in  place.  this  would
translate to  3.4  billion  barrels

(Kansas generally  ranks  3rd  or 4th  in  number of wells drilled
and  7th  or 8th  in  oil  and  gas  reserves)
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S. Paul, petroleum geologist-Kansas Geological Survey
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STATISTICS  ON  ZENITH  FIELD

Discovery  date:    1937

Oil  Productlon:  23  million  barrels  cumulative  production  of  41  API-gravity  oil;
rapid  development  on  10-20  acre  spacing  with  initial  potentials  ranging
upward  to  26,000  barrels  of  oil  per day; some  350  wells  initially  completed  in
Zenith;  Peak  production  in  1942  then  more  than  3.3  million  barrels  of  oil
were  sold;  1942  also  year with  peak daily  production  of  10,000  barrels  per
day.

Primary  oil  recovery:    Primary  production  as solution  gas  drive  with  some
water drive  in  southern  part  of field;  primary  recovery  mostly  before  1946  with
rapid  decline  in  oil  recovered  and  in  reservoir  pressures  (loss  of  energy);  only
36  producing  wells  by  1953.

Secondary  recovery: Waterflooding was initiated in  1966 to  increase
reservoir pressures and drive  oil to  producing  wells.   The waterflood  has
performed  pooriy with  high  water/oil  ratios.   Seventy-three  wells  have  been
drilled  since  1966,  many with  modem  logging  suites,  aiding  in  recorrelating,
mapping,  and volumetrically  reevaluating  the  field  for  new  enhanced  oil
recovery procedures.   Approximately  20  wells currently  produce  in Zenith
field,  all  of which  have  high  water cuts  (approx.  96°/o water).   The  present
average  daily  oil  production  is  approximately  150  barrels  per day.   Total  daily
water injected  into  the  field  has  been  upwards  of  11,000  barrels  and
associated  energy costs  have  been $27,000  per month  (during  operation of
the  field  by  Stn.ker  Petroleum).

Size:  3  miles wide  and  14  miles  long

Geological  setting  (please  refer to  illustrations):

Zenith  field  is  located  on the southeast  end  of the  prolific Central  Kansas
uplift.   The  field trends  northeast-southwest  paralleling  the  Peace  Creek fault
zone.   The  field  is  dominated  by  a  broad south-southwestward  plunging
anticlinal  fold.    The  oil-filled  reservoirs  pinch  out  northward  beneath
impermeable  shales  and  conglomerates  at a prominent erosional  surface
called the  basal  Pennsylvanian  unconformity.   These  reservoirs terminate to
the  east  against  Peace  Creek fault zone.    Oil  accumulation  is  limited  in the
southern  part  of Zenith  field  by  an  oil-water contact that  is  common to  all
reservoirs  in  the  field.

There  are  five  reservoirs  in  Zenith field.   The  lower Viola  Limestone contains
two  of the  reservoirs.    The  VIola  reservoirs consist of cherry  porous dolomite.
The  VIola  is the  most  laterally  extensive  reservoir in  the  field.   The  overiving
Maquoketa dolomite,  and  Misener sandstone  and  limestone  are  not
universally  present over the  study  area.   The  internal  properties  and  spatial
distribution  of these  reservoirs  play  critical  roles  in  the  performance  of wells
in  the  field.
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STRUCTURE    MAP    OF   THE   TOP    OF   THE   VIOLA   PAY    1

NORTH

SCALE   1    inch   =   3080   FEET
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"Zenlth  Fl®ld  -  A fleld  d®monstratlon  projeet for  Improved
®fflcl®ncy  for  oil  and  gas  rocov®ry  ln  Kansas"

Kansas  Geologlcal  Survey  and  the T®rtlary  011  F}ecovery  Pro|ect
University  of  Kansas  Lawr®nc®,  Kansas  ln  coop®ratlon  with
Hallwood  Petroleum

A.   One year reservoir study  of Zenith  field  funded  by the  Kansas
Corporation  Commission  in  December  1889  utilizing  overchange
penalty funds  available  through  the  U.S.  Department of  Energy

8.   Project designed to fund first year of a two-year study to
characterize  reservoir and  recommend steps in  remedial  action to
improve  oil  recovery  (year one)  and  implement  romodial  actions,  if
deemed  necessary  (year two).

C.    Focus  -- Work toward  recommending  actions that will  minimize
water production  and  make what water that is injected  go where it
will  accomplish  most toward  increasing  oil  recovery.    Utilize
methods  developed  by TOF}P,  if feasible.

1.   Zenith  has  had  poor waterflood  performance  with  attendant
operating  problems.

2.    Preliminary studies indicate that  a large  potential  exists for
additional  oil  recovery and  improved efficiency.

D.    Bationale  for project  leading  to funding  and  current  activities

1.  Develop  a demonstration  project that would focus  on  a low
volume field  nearing  abandonment

a.  results  from  Zenith  field  study,  potentially  applicable  to
300  geologically  similar fields  in  central  Kansas that  have
produced  over 750  million  bbls.

b.  demonstration:  paper at  SPE  meeting  in  Denver in  June;
preprint;  news  clips;  visit  with  DOE  in  Washington;  planned
paper for Journal  of  Petroleum Technology; workshops
including  Midcontinent AAPG  in Wichita in  Sept.  '91
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2.  Timely  interdisciplinary  application  of  new  concepts  and
methodology  in  geology  and  engineering

a.  implementation  of team:  geologists,  computer engineer,
petroleum  engineers  (completion  and  reservoir),  chemist,
field  personnel,  company staff

b.  application  of  new concepts

-  refined  geological  model  of  reservoir heterogeneity  and
relationships to  fluid  flow  using  combined  geological  and
engineering  data

c.  introduction  of  new  methodology:  computer  mapping
techniques  and  analysis to tacilitate  interpretation  and
visua)ization  of  reservoir rock and  performance ,(PC,
mainframe,  color,  3-D  graphic workstation  and
analytical  modeling  software)

3.  Evaluate  petroleum  recovery to  date

a.  assessing  problems with  well  completions  (testing  and
analysis  of  meehanies);

-  establish  well  files  of  completion  history

-  detemine well  bores that exhibit problems of
communication  of fluid  behind  casing  during  completion
or other exhibited  downhole  problems

b.  defining  paths  of fluid  movement  and  flow  properties  of
reservoir rock using  chemical tracers,  pressure testing,  and
fluid travel  surveys  on  injection  wells;

-  detemine  injected water movement  near well  bore  region
to  evaluate  cement  bonding  to  production  casing  and
formation  (cross  formational  flow  in  channels)

-  evaluate cross flow between  wells,  and  presence  of
natural  fractures

c.  introduction  of  workstation  technology to  modify
parameters  and  re-analyze  reservoir in  real-time  and for
use  in  demonstration
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d.  computer simulation  of fluid  flow  in  reservoir to  match
previous  production  performance  (history  matching);  use  in
modeling the  effects  of waterflood  designs  using the
computer to  optimize  field  operations

e.  develop  reservoir  management  program  for field  operations

4.  Provide  research  on  a timely basis that independents
are  not in  position to  conduct themselves  (cooperative  effort
performed  in  a timely  manner with  a  resourceful  company)
a.    major strides  in  improving  field  operations  by  Hallwood

- company has been able to again operate this field at a
profit

-  most of the  injection  system  has  been  rebuilt to  better
control  and  monitor injected water volumes to  input wells

- Arbuckle disposal  well  was drilled  and completed to
handle excess produced water

-  improved  overall  unit  maintenance  and  cleanup  resulting
in  improved  economics

5.  F3eservoir  management  -  in  Zenith,  namely  improved  waterflood
performance

a.  possible  remedial  actions

-  workovers  of existing  wells to  isolate  intervals  of  injection
and  production

-  utilization  of different  cementing techniques  on  production
casing  to  ensure  good  bond  of pipengement-formation

-  use  of gelled  polymers to  reduce  water/oil  ratios



DIVISION  OF  RESPONSIBILITY

Operator

Collect Field  Data

Equipment and Supplies

Lease Operations

Supervision of Well  Drilling  or workovers

TORP/KGS

Analysis of Reservoir Data

Geologic  Mapping

Reservoir Simulation

Advise on  Field Testing
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TIMETABLE   OF   ACTIVITIES   AND   METHODOLOGY

(ffoD  proposal   submitted  Co  KCC)
JULY           OCT           J^N           ^PR I L

90

;;:;;;i;:i;:ii;::::i;;i:i;iii;-,;

i+-i--=:

JULY           OCT           J ^N
91

S!i.8!;!:3:;8ii3j.,.,I.

APRIL           J'uLY

:€:!§.!ji;       PRELIMINARY   ACTIVITY   (or).  SU"mY   PHASE

EFFORT-INTENSIVE   PHASE

SECOND-YEAR   ACTIVITY   (1£   £und®d)

------ >

FIRST-YEAR   ACTIVITIES
A.   Characterization   of   interwell   porosity  system  and   ld®nc1£icatlon  of   potentlaLl  areas

of  bypaLssed  oil:     1)   thickness,   subcrop,   porosity  ttiaps;   2)   cross  s®ctloTls.
a.   Petrographic  core  analysis  and  correlation  to  wlrellne   logs  aLnd  maps;   evaluation  o£

porosity  types   (vugs  and  inter-crystalline  porosity,   £raLctures,  h®terogenelty  due  to
texture    and   deposltlonaLl    vaLrlatlons):        1)    thin   s®ctlons   of   rock   from   cores;    2)
scaLble    isotopes    (C/0)    of    carbonat®    c®mentsi    3)    £luld    lncluslons    of    carbonace
cements .

C.   Production    and    I luld   history   of   Wells    ln   field   and   ®stabllshment    of   reservoir
p?rameters;   review  of  completion  and  pluqglng  procedures.

D.   Tracer  studies  and  transient  prossuro  tostlnq.
E.   Modeling   (computer  simulation  o£  Prllt`ary  production  and  waterflood).
F.   Evaluation   of   research   results   and   r®coirmiendaLtlons   for   application   of   enhanced   oil

recovery.. techniques    to    £1®ld;    coti`municatlon    of    results    Co   industry   arid   public
tt]rough  publlcatlons  or  workshops.

SECOND-YEAR   ACTIVITIES    (lf   fundod)
i.   Application  of   enhanced  oil   recovery  techniques   (lf   recoltmended).
2.   Honitoring  of  fluid  production   ln  £1eld  for  evaluation  of  above.
3.   Analogue    verif ication    using   screening    criteria    Co   establish   fields    ln   which

methodology  ls  potentially  applicable.
4.   final    report;    continued   monitorlng    of   results;    dlssemlnatlon  .of   results   in

appropriate   journals  and  publications.
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Convention Section: Kansas Independent Oil & Gas Asscoiation

status, and by 1953 thcrc wcrc only 36
producing wells left in the field. ^ban-
dorLmcnt  of uneconomical  producing
wcHs continued unttl  1966, when the
Zcndth Unit i]ras crcatcd to inltiatc wa-
tcrflood opcntjorLs.

The  plug  and  abandonment  tcch-
hiqucs used on the najoriry of the pri-
mary producczs in the field cousistcd of
filling the open-hole section with sand
or gr2vcl lopped with a ccmcnt plug. A
portion of the production casing was
then rccovcrcd, and ccmcnt plugs wcrc
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set in the surface pipe and at the sur-
face.

This plugging method is of primary
concern  as  lt  rcLa(es  to  cnhanccd  oil
rccovcry. The old wcu bores fmy tend
to provide cTossflow and/or cofnmuni-
cation  bctwccn  rcscrvolrs,  which
would affect the movcmcnt of injcctcd
and produced fluids.

Most of the wells dhllcd in this field
attcr the crc2tion of the Zchith Unit in
1966  used  convcndoml  drilling  and
completion practices: rotary drilling to
total depth and production casing set
through and perforated adjlcen( to pay
intcrvds.
Dcmonstntlon Pro)ect

TORP  and  KGS  began  the  Zchth
Field study in spring 1989 by conduct-
ing an rxtcnsivc data sc=rch in the of-
fices of Striker Ofl Company. KGS, and
the  KCC;  preparing  a  computer  data
base,  and lnapping and charactedzing
c2ch reservoir.

The data scorch, which bccamc more
complicated  than  anticipated.  has,
howc`;cr,  been  conducted with  some
dcgrcc of success. Not all the data grth-
crcd throughout the life of the field are
available bccausc of ti`ro rc=sorrs: The
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dan were  not  passed  on  to  the  new
operator fouowing ln acquisition; and
companies  misphccd  data  attcr  they
sold the property.

Initially,  cores  wclt  tikai- in more
than 50 wells by a rmjor off coqipany.
The project has not been able to loatc
any  of  thcsc  origiml  core  analyses.
Howcvcr,  scvcral  core  analyses  from
more  rcccnt  wells  arc  avallablc.  It  is
hoped that additioml data will bc avail-
able in the KCC fncs. The KCC held a
series of hcarings in  1941 dealing with
gas/oil  ratio  problans  and  corrcLltivc
rights,  and  the  KCC  is  attempting  to
locate all of the data c=hibits from those
hcrfugs.

Each of the five reservoir horizons
has been mappcd utilizing Surface in, a

:;.¥o:rc.ialH¥.`c.=i:¥j*
output dircctcd to an clcctrostatic color
plo(tcr. An additional amlysis using a
less  Cxpcnsivc  pcfsonal  Computer-
based contour-mapping software pack-
age has provided complcmc{mry nap-
ping capabhities, and has served as an
indcpcndcnt  check for c=ch  mapping
Step.

Since the PC is still the mast accessi-
blc  computer  available  to  small  indc-
pendent oil opcmtors. i( was felt that
the study should bc tcsted on the pcrl
sonal computer as part of the demon-
str2tlon.  Isopach  maps of two  of the
horizous in the Zmith Unit from this
PC-based  contour-mpping  software
pack2gc arc provided in Figures  1-2.

In the mapping process, a totiis I -2-3
sprc=dshect was first dcvclopcd to tab-
ubte wcu loc=tions, complctioa dates,
well drtums, tops , hascs, and porositics
of cach of the horizoes. The locations
wcrc  idcntificd  by  section-township-
range, which were chaged to longi-
tudc and htitudc coordizratcs.

The next task was to map clcvations
of cash structure, from which isopach
maps  could  bc  dcvclopcd.  This  in-
volved gridding the clcvations on the
top  and  base  of  cash  stnicturc,  and
compu(ing the diffcrcncc to dcvclop 1
gross isopach. Once the gross isopach
map  was  coustructcd,  the  water/off
contact was included by subtracting the
water  interval.  The  water/ofl  contact
had the largest effect in the Vloh for-
fnatious of lower st"cturc.

Porositics  wcrc  calcuhted  utilizing
neutron  and  density  well .logs.  A
sprcadshcct was dcvclopcd to calc`ilatc
dcnsitics, utilizing the ncutronrdcnsity
aossplot method when the wcu logs
wcrc  available.  Shale  content was ac-
coun(ed for in all calcuhtions.

Observation of the few core analyses
available  rcvcaled  that  Dot  all  of the



FIGURE  1

MISENER    SANDSTONE    NET    ISOPACH    MAP
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porous mcdi2 had adcquntc pcrlncatfl-
ity  to  bc  considered  as a part  of the
reservoir. It was ncccssary to rc-calcLi-
la(c voluncs using a range of porosity
cut-offs  throughout  the  field.  The

FIGURE 2

VIOLA    F'AY    1     lsopACH    MAP
NORTH

al   poROsny  cutoff  dt  iNCLUDiNc  w-o  CONTACT

range  of porosity  cutoffs i[ras  dctcr-
mincd from 1 semi-log porosity-pcrtnc-
abinry plo( from the limited core data
avail2blc for each forzmtion.

The total pore volume of cash forlm-
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ABS"CI.
Mapping   and   volumetric  analysis  of  large   rcscrvoirs   is   an

important  step  in  cvalualing  mature  oil  fields  for  secondary  and
Lcrtiary `dcvclopmcnt.   This  F<ipcr  describes  hChv a  research  group
::i`.s m3pped =]d coaductcc] an cxtcusive volumelric .in:.lysis on  li-ic
Z{:nith  pool,  a  large  malurc oil  ricld  in  con(rat  Kansas,  utili7.ing  1)
a Data G¢ncral MV20000 minicomputer with Sur:/ace JrT mapping
software  and  2)  a  pcrscinal  compL]tcr with  Surfer and  sprcadshcct
sortwarc.

A step-by-stcp praccdure was dcvelopcd to gcneratc slructurc,
isopacbs,  and  poresity  maps  for  the  five  main  rcscrvoirs  in  the
field.  Irotus 123 sprcadshcets were dcvclopcd to compile locations,
formation  (ops,  and  other  critical  data  for  over  500  wells.    This
data  `i/as  scat   to  the  minicomputer  to  gcncratc   car)tour  zr,eps
depicting s[ructurc, isopachs, and porcoities witb output dircctcd to
a  clcc(rostatic  color  plot(cr.   Grid-to-grid  manipulation  and  cross-
multip]jcation   of   these   contour   maps   allcwcd   cQustruclion   of
porosity-foot  maps  for  each  reservoir.    The  rinal  cot)(our  maps
incorporated (he cfrecrs of oiltwatcr cc>ntacl with a poresity cutoff
dctermif]ed  from  poresity-pcrmcat)ility  crossplots.    Integra(joe  of
the   porceity-foc)(   maps   then   facilitated   `/olumcLric   ai)a   spatial
comparison  [o historic productiol]  data.

Pcrdcrivcd crossplots were utilized in dctcrmining distribution
at)d  ranges  of  da(a   that  were  in   !um   dcpictcd   as  color{odcd
ranges on  maps.   Attrit}utes  mappcd  using  this  tcchniquc  ircludc
oil  production  and  oil  recovery per quarter-section. initial  preduc-
Lion  potcntia(  and  complctior]  da(es for each well.

The    main    advantage    of   the    mainframe    compuLcr   was
compuLational    spccd    and    highquality    graphics.        Hcrvcvcr,
cQmplcmcn[ary analysis using PC-based contour-mapping software

provided  similar  rcsulrs  and  served  as  an  indcpendcnt  check  for
a.ich mapping Step.

-ODUCHON
.   Enhanced   oil   recovery   (EOR)   is  increasingly   importarit   in

fr,a[urc  pclrolcLim provinces where older riclds provide  the  bulk of
production.   EOR prcoedurcs, how/ever, arc cxpcnsivc and musl bc
jus!iricd  by  ci[hcr  incrcmcntal  oil  production  or  decreased  lif[jng

Casts.
In order to prudently  apply FOR tcchniqucs  i[ is important to

understand  the  geologic  characteristics  of  ihc  oil  rield,  propcrl).
dcsigr.  the  FOR  process \`iLh  the  gcolo.g}'  jn  mind,  ar)d  dclcrTr.inc
lhc   ccc}no[iiic:;   or   l.r,at   prcccs`i.      Or,c   `?I   lhc   first   asscssmcr.ts
ncccscary  for an  oil  field  is  a `.olumctric  c.?lcuiaLion  of original  oil
in  place  (OOIP).     Comparison  of  (hc  volumctric  cstimatcs  with
historic   procluction   da(a  yield  valuable   baseline   inforrr.ation  on
location  and  the  potential  of a.particular prcocss.

A volumctric asscssmcnt  is a  task suited to computers in  that
it is a numerically inter]sive  opcra[ion  in which detailed results can
bc  obtained in a rela[ivc!y sbon time.   A study of this type  using a
combination   of  mainframe   and   pcrscnal   compu(crs   a'C)  was
fcx:used on  the  Zenith pcol  in central Kansas.   Gcals of this study
wc.re   to:   a)   evaluate   the   efficiency   of  primary   and   secondary
rccovcry  in  Lhc  r]cld  with  rcspcct  to  Oorp,  b)  targct  arc.is  within
the   field   that   may   have   signiricant   remaining   rcservcs,   ar2d   c)

provide  individual  rcscrvoir  gcomctrics  and  rcx:k  propcrtics  in  ariy
grid dimension  for use  in  reservoir  simiila(ion  studies.

suBTEcr FEiD FOR TIE s.IiTDy
Cie0108y

The  Zenith   pool   is   lcx:aLcd   a(   the   souLhu'cstcrn  cnd  or  Lhc
Zenith-Peace  Creek  field   in  central  Kansas  (Figure   1).     n  is  a
s[ratigrapiiic   trap   dcvelopcd   on   a   broad   south-sou(hwestward

plunging  anticlinal   fold   OIT  tbc   Ccn[ral   Kansas  Uplift.     At  this
lcx:atity  ]owcr  Palcozoic  sandstone  and  carbonaLc  rcscrvoirs  pinch
out  northward   unconfomat)ly  beneath  impcrmcable  shalcs  and
conglomcratcs a!  the  base  of the  Pcnnsyivanian  Syslcm.t2   To tric
cast,  thcsc  rc.scrvoirs  Lerminatc  against  the  don/f]thrcIV.in  side  of a
normal    fault    alo:]g   the    north-nor`hcast/sou(h-southwest    Peace
Crcck  fault  syslcm.'    Westward  limits  or  the  oil  accumula(ioi]  is
ci[hcr   by  sl!.atigraphic   pinchout  or   dccreasc   in   porosity   of  lhe
rcscrvoir units.

Fivc  major pay zor}cs arc  present in the  ricld  (Figure  2).   Tw`o
zones  of  cherty  porous  dolomitc  in  the  Middle  Ordovician  Viola
Hmcstonc   (upper   arid   lower   Viola   rcscrvoirs)   arc   lhc   most
laterally  extensive  reservoirs  in  the  poct!.`   A  minor  pay  zone.  the

317



VOLUMETF`lc  EVALUATION  OF  A  MATUBE  OIL FIELD  USING  COMPIITEB  GRAPHICS                             SPE  20369

per  Ordovician  Maquokcta  dolomitc,  locally overlies  the  Viola
estof]c.   The  Dcvonjan-Mississippian  Miscncr  sandstone  and  a
rajacent carbenate  reservoir, the Miscner limcstonc, crvc[iic the

dovician carbonatc  rcscrvods al]d arc  in direct  contact with  the
quoke{a  dolomite  in  some  places.    AIlhough  the  upper  Viola
r`roir  is  apparcn[ly  sealed  dy  impermeable  limcstonc  beds  aL
(op of {hc Viola, it has an oiltwa{cr contact (OWC) common to
Maquokcra and Miser)cr reservoirs (-2019 fcct su,`.sea), thcrcby

icating  it  is  in  hydraulic  continuity  with  tl]em  in  parts  of  (hc

The   low/cr   Viola   reservoir   in   the   pool   has   probably   not
cx]uced much oil  in the  zenith pool bccausc  it has relalivc!y loll
rosity  and  in  parts  of the  field  its  OWC  is  abc)ut 50  feet  higher
a   the   other   rcscrvoirs.      Spatial   comparison   of   po(entially

oductive  areas  of  the  torrcr  Viola   reservoir  with   that  of  lhc
per Viola reservoir indicates that the lower viola  reservoir may
ntain  from  one-fourth to one-half the  OOIP of [hc  upper Viola
servoir.    How/cvcr,  it  is  not  included  in  our  volumetric  calcula-
ns because  of lack of adequate wc!l and  production data.

velopaeat mstotr
The  Zeni(h  pool  was  discovcrcd  in  1937  and  has  produced

cr  23.1   million  barrels  of  41.  Apt-gravity  oil.     Primary  drive
cchanisms  have   been  charactcrizcd  as  solution-gasrdrivc  with
rnc  watcrrdrivc   in   the   southern   pqrtion   of  the   ficld.     Ini[jal
velopmcnt was on 10-to 20{crc spacings and approximately 350
:Ils  have  had  some  prcx]uction  history.   A peak  daily  production

f lo,OcO barrels per day was achicvcd in the Zenith pcol in  1942.
is w.as also  (hc year of tnc llighest annual  prcx]uction, which `iras

er 3  million  barreis.
In  1966, the  majority of the Zenith pool was unitized tc  forth

c  Zc8i[h  Unit.    The  current  Zenith  Unit  comprises  the  area
horrn  on  our  f!cld  maps  but  excludes  sections  4,  9,  16,  21,  22,
arts of section 23, and 24 in T.24S.-R.1lw., aad parts of sections
7, and  18 in T.24S-R.low.  The watcrflcod initiated in 1966 has

ever  fulfilled   cxpcccations  and  a  gcolo¢c  and  volumctric  re-
valuation of the field should nor/ be instigated.  Approxim.^,tely 20
clls   are   currcn(ly   producii]g   if]    the    Zenith   pool   and   daily
reduction  is  about  150  barTcts.    Scvcnty-three  u.3lls  have  bccn
rillcd since  1966 and many have modcm lagging suites that aid in
ecorrelating. mappirlg, and volumctrically reevaluatil]g tbe field for
ossible initiation of new EOR prceedurcs.

RocEDURE FOR voLubfflRlc ANAI:ysrs
AJthough sophisticatccl  thrccrdimcnsiof]al  ricld  models  can  be

ons(ructcd in Unix-based worksta[jon environments with powerful
graphics  prcocssif]g,  it was  decided  Lha[  prclimjnary  studies  could
bc   done  convcnicntly  and  quickly  utilizing  PCs  and  maifihamc
computers.   This hardware, particularly  the  PC,  is still  the  type of
computer meet a`railablc to sinal( indcpcndcnt oil operators.   Both
types  of  machines  also   have   relatively  incxpcnsivc  commercial
contour.mapping  software  packages  that  can  be  utilized  for  twc+
di mcusional  (planimctric) volumctric dctcrfliinations.

In our volumctric evaluation, wc  used  Surfecc in dy In(crac.
tive  Coriccpts,  Inc., a  surface<ontouring sofrorarc  package opcra[-
ing on  a  Data  G.cncral  MV200cO  minicomputer.I    As  a  check  (a
mainframe   prcx=edurcs,  volumctric  analysis  was  also  carric]  out
using  an  IBM{ompaljble  PC  and  Sur.fcr,  a  contouring-software
package  by  Go]dcn  Software,  Inc.    Bo(h  software  packages  offer
surface contouring, gridding capabilities, and scvcral different types
of  search   algorithms.     Inasmuch  as  wells  are   nearly   uniformly
distributed  in  our  study  area,  a  nearest-neighbor  search  method

was  used  wi(h  a(  least  cigh[  neighboring  points  to  be  found  and
scaled  with  a  1/D2  weighting  function.`    IT)c  mainframe  sofrorarc
au(omatically  sets   the   maj(imum  allowed  distance   for  its  search
radius.   If] the PC version,  thcsc paramctcrs wcrc approximatcd to
emulate   the   mainframe   package.      Results   from   the   PC   and
mainframe   wcrc   similar   Crablc   1),   indicating   the   procedures
dcvclopcd   can   bc   used   Py   independent   oil   operators   in   the
convcnicn! and  rclativcly incxpcasivc  PC cnvironmcnt.

Proccdurcs  for  tnc  volumc{ric  cvalLration  wcrc  divided  into
four stages  (Figure  3):  1)  cs&ablish  master  and  plotting  databascs;
2)   gcncratc   mapping   grids;   3)   gcneratc   poresity-foot   mapping
grids;   and   4)   conduct   volume[ric   calcula[ions   and   voLumctric
mapping.

Su.8e #1..  Etablisb Mastc[ Bad Plolin8 Databascs
A  spreadsheet  program  was  u(ilizcd  to  cofrstruct  a  databasc

for  subscqucnt  computer  mapping.     This  sprcadshec[  conrained
approximately  28jco  entries  based  on  geophysical  logs,  Iithologic
logs,  and scout cards  from  500 wells.   Data  cn(crcd  for each well
included operator and well  name, spot  lcx:ation,  latitude-longitude,
surface datum, key formation tops and bases, avcragc  poresiry and
net  pay  information  for  major  reservoirs, Well  sta(us,  completion
and  plugging dates, total  depth, casir]g points, perforated or opcn-
holc   intervals,   producing   zones   tcstcd,   and   ini(ial   prc}duc(ion
pO,entia,s.

Ne(-to-gross   pay    ratios   and   average    porositics   for   each
rcscrvoir  at  given  well  `acali[ics  were  calcula(ed  using  numerous
smaller spreadshcets.  These smaller sprcadshccts wcrc utilized for
well-log  ar}alysis where  gamma  ray,  neutron  porosity,  and  dcnsity-

porcei(y  f7)casuremcnts wcrc vist]ally  read  from geophysical  logs at
two-foot    lhickncss   intervals   and   entered   in   the   spreadshccl
Neutronrdcnsity crossplo( porosiLics with shaliness corrections wcrc
computed  using  poresity  and  shale-volume  equations.'   A  total  of
166  scpara[c  average  porosity  detcrminaLions  were  madc' for  (hc
five  rcser`roirs  in  the  field.    The  srnallcr  spreadshects  were  also
utilized  to  colT]putc  net-(c)-gross  pay  ra[ios  and  avcragc  porosi(ics
of  net  pay  in(er`ra!s  taking  in(o  account  porosity  cu(ofts.    These
data were  then  entcrcd  into the  master sprcadshcet.

The  latitude-longi[udc  coordinalcs  of each well  in  the  maslcr
databasc were  used  as  a  soi]rcc  for  X-Y  mapping  ccordinatcs for
both the PC and maif]framc compi]ter.  For mainframe opera(ions,
X-Y ccordinates were  translated to Medificd Polyconic Projection.
In  the  PC case,  the  latitude-loBgitudc  ccordinates were  convcrtcd
to  X-Y  feet  in  the  sprcadshcct  and  dircclly  cxportcd  to  the  PC
mapping program.   Data  for  mainframe  anal.vsis were  sent  to and
from the PC by communication software with ASCII and t>inary rile
transfer    capabilities    such    as    Jrcf7nt./   (in    public    domain)    or
SmarJerm too (from  Pcrsofl, Inc).

Sta3c tt Geaetate Mappizi8 Grids
Scvcral  separate  and  csscnLially  indepcndcnt  mapping  grids

wcrc  gencra[ed   in  this  step.     Thcsc   include  s(ruc{urc,  isopach,

poresity,.and  net-to-gross  pay  ratio  (NPG)  grids.    Maps  derived
from some  of thcsc grids for  the Miscner sandstone arc  prescr)ted
in  Figures 4  -6.   It is  csscntial  at  this step  that  errors  be  dclecled
and corrected in the mapping grids and the databasc.   Errors wcrc
dctcctcd  ty visual  inspection  of preliminary  contour  maps  and  ty
error.analysis routines witbin  the software  that compare  calculalcd
grid  values  to original well  data.

Isopachs of each rcscrvoir and in(crlaycrcd nonrcscrvoir s{raLa
arc   some  of  the   first  s[cps   necessary  in   this  stage   (Figure   4).
Although  this  task  is  rclativcly  simple,  thrcc  reservoirs  considered

31®



E  20369                                                           L  G.  SCHOELING,  K  D.  NEWELL  AND  J.  C.  WONG                                                                                   3

i.e,,   Miscncr   sandstone,   Miscner   limestone,   and   MaquokcLa
olomitc)  were  no(  universally  prcscn(  over  tbc  study  area  and
rcx:cdurcs  to  dcfinc  the  loca(ion  of  tbcir  stra[igraphic  pinchouts
ere  necessary  (i.e.,  0-line).

Scvcral   methods  are  available  for  derining  0-lines..    In  our
sc,  well  density  and  spacing  wcrc  §ufficicntly  close  to  obtain  a

rogramrdcfined  pinchout  with  the  majnhamc  computer.    In  this
prcx=edurc,  a  mapping  grid was  constructed  and  a  data value  of 1

as assigned  to each well where  the reservoir is lcno`m or infcrrcd
to  bc  prcscnt,  and  a value  of 0 was assigned  [o  all  wc]ls where  i(
was knourn or inferred to bc abseat.  These darn were then griddcd
and  contoured  by  the  mapping  program.   The  05  contour, wh:ch
tends  to lcoa[e  the 0-line  about halfway between  points where  the
unit is prcscn[ and where  it  is at>scnt, was sclcctcd as a  rcasof]ablc
O-line.      Although   this   0-line   can   be   digitizcd,   i(   can   also   be
cxprcsscd  by  the  contouril]g  grid  by  assigning a  value  of 1  to any
grid node  [t]al was greater than or equal  to 0.5, and 0 to any ncrde
that was less than Oj.  The resultant grid cxprcsscs the prescncc or
absence of the unit try 1's and O's.  Tis grid was then multiplied by
the  isopacb  grid,  thcredy  imparting  the  programrdcfincd  0-line  to
the   isopach.      Ibc   praccdurcs   for   dcfining   a   now   0-lil)c   can
noticeably  change  the  mappcd  pinchout  of  a  unit  but  it  has  an
insigT)ificant  cffcct  on  volumes  calcula[cd  for  a  reservoir  (usually
less (ban 1% dccrcasc).   This proccdurc was not utilized in the PC
Case.

The  poresity  grid  expressed a contour of the  average  poresity
of a  given rcscrvoir (Figure  5).   The  NGP  ratio (Figure  6) varies
bctwccn   0  and   1,  and  expressed   the   hac[ional   (hickncss  of  a
reservoir ir](crval  that  has poresity greater than the  cutoff poresity
(1hc  minimum  porosity  at which the  reservoir is no  longer a  viable
pay  zone).     Cutoff  poresitics  for  each   reservoir  mappcd  wcrc
dctcrmined    by    scmilogari(hmic    permeability    versus    porosity
cressplots  that were  conveniently cofrstructed  try  the  graphing  af]d
regression-line   fitting  optioi]s  on   the   PC  sprcadshcet   program.
Cousidcrablc  scatter  in  the  sparse  core  data  available  indicated
that  both  optimistic  and  pcssimislic  cutoff  porceitics  should  be
considered  for volumctric calcula(ions for each reservoir.

Stage #3..   Get]etate Potasity-Foot lrfeppit]g Chids
This stage  takes  the  mapping  grids dcvelopcd  in  Stage  2 and

performs scvcral grid-[o-grid mathcma(ical operations to produce a
grid  tha( expresses Lhc porosity-fcct of a rcscrvoir above its OWC.
This latter grid was the basis for all volumctric calcula(ions.

The  first  step  was  to  produce  a  grid  of  ihc  structure  of the
base  of a  reservoir.   In  our stL]dy.  the  geologic  surface  having the
most formation picks by which the mcst dctailcd geologic structure
could   bc   detcrminec)   was   Lhc    top   of   the    Viola/MaquokcLa.
Structure   grids   for   the   bases   of  all   the   rcscr`roir   units   wcrc
dclemined  ty  adding or subtracting  isopachs  of intervening  units
from  this key structural  horizon.

The grid of the structure of the base of the rcscrvoir was then
subtracted  from  the  subsca   depth  of  the   OWC  (-2019.).     The
resultant  grid  gives  the  fcotagc  that  Lhc  base  of the  rcscrvoir was
above or belo`h/ the OWC   If the base  is shallcrvcr than the  OWC,
the diffcrencc is a  ncgaLivc value and a pesitivc value if the base  is
bclowr  the  OWC.   At  (his  point,  all  grid  nodes  the(  were  ncgativc
wcrc assigned a value of 0.

The next step was  to subtract this grid from the  [hicknc`ts grid
of Lhc rcscrvoir.   Ncga(ivc values at grid nodes from the prcccding
operation  if)dica[cd  that  the  top  of  Lhc  rcscrvoir  was  belonr  the
OWC,   hcncc   no   fooragc   of  (hc   rcscrvoir   at   that   locality  was
considered oil.bearing, and all  negative values were  again  assigned

an  0.   The  rcsultam  grid  cxprcsscd  (hc  oil-saturated  thickness  of
the  reservoir (i.c.,  tbc  isopach  of (he  rcscrvoir  that was abChrc  the
OWC).   This grid was  tJ]en mul[iplicd times (hc porceity and NGP
ratio grids (o obtain a grid  that cxpresscd Lhc net poresity-fcct of a
rcscrvoir above its OWC.

The  porceity-foot  map  for  the  Miscncr sandstone  (Figurc  7)
`^ras an  cxprcssion of the  grid-to-grid operations prcscn(cd in Stage
3.    Tbc  [eccss  appare`,t  in  SW  SccLion  2 and  NW  Section  11  (as
compared  to  the  original  isopach  in  rigurc  4),  rcprcscnted  the
lceus   of  grid   nodes   that   wcrc   beJonr   Lhc   5%   cutoff  porcoity
assumed  for this rcscrvoir (Figure 5).   The  0 porceity.fcot contour
in the sou[hcast part of the map area (c.g., Section 24) rcprcscntcd
the  cffccl  of  the  OWC  in  the  dourndip  areas  of  the  field.    The
NGP  ratio had  minimal  cffcct  on  the  porosity-fool  map  except  at
one small  area  in  the  SE of Section  10 and the SW of section  11.

Su?ge #4: Vctumc;tric Cb!culatious Sad Vo!irmettic MappiL]8
Volume[ric data in terms of barrels of pore volume (above the

OWC) were obtained dy numerical intcgra[ion of the final porcoity-
foot  grid obtained  in  Stage 3.   For  mainframe  and  PC operaiions,
each section  of the  field  (nominally a  1  X 1  mile) was divided in(o
400   smaller  areas   over  which   this   in(cgratjot]   `ras  pcrformcd.
These individual volumes wcrc then summed for each reservoir for
cvcry  quarter-sccLjon  or Lhc  pool.   Expressing the  pore  volume  or
each  rcscrvojr  per  quarter-sccLion  facilitated  eaey  comparison  to
historical   production   data   that  .was   also   tabulated   ty   qLiarter-
scctions.

The volume(ric in(cgra[ion for each rcscrvoir in the mainframe
computer   was   done   using   options   in   the   contouring   software
package,     The  results  wcrc   then  downlcaded   to  [hc  PC  to  bc
incorporated  and  sumfnarizcd  as  a  sprcadsheet.    Calculation  of
OOIP  from  the  quarter-section  pore  volume  data  scat  back  from
(hc  mainrramc  was  dor]c  Py  multiplying  the  pore  vo]umc  by  the
assumed   hydrocarbon   saturation   for   each   rcscrvoir   (65%   for
Misener   rcscrvoirs;   70%   for   others)   ar]d   then   dividing   ty   a
forma(ion  volurnc  factor  (1.197)  [o  convert  reservoir  trarrels  into
stcx:k-Lank    barrels.        Simple    sprcadshcet    manipulations   were
col]vcnicnt for calculating production-per-acre and recovery factors
for each  quarter-section  in  the  field.

Maps expressing the production-per-acre, rcccIVcry percen[agc,
and remaining oil per acre for each quarter-scclion wcrc gcneratcd
with    the    mainrramc    contourir)g   sciftwarc    using   a    supporting

program  which  pasrs  eymbols  having  difrcrem  colors  and  sizes.
Inasmuch   as  each   quarter-section   is  almesl   cquidimensional,   a
color{odcd square  can  express various size  classirications of data
for   [hal   quarter-section.     Figure   8   is  a   map   of  this   type   that
illus(rates   reccrvcry   pcrccn(ages   (i.e.,   Lhc   ra(io   of  oil   produced
versus OOIP) for each quarter-scc(ion.   Similarly, circles of various
sizes  were   tLscd   to   cxprcss  attribu(cs   in(rinsic   to  wells  such  as
complcLion  da(e  af)d  initial  production  potential.

cohffARlsoN oF MAnrmAh¢ AND Pc
FOR vOLtjRE"c EVAI:uAnoN

A  complemeritary  analysis  utilizing  the  PC was  conducted  on
all  rcscrvoirs  except  the  lower  Viola.    Results  were  compared  to
the  results  from  the  mainframe  for  lhc  Zenith  Unit  in  Table  i.
Minor  diffcrcnces   in   OOIP   calculated   for   each   reservoir  wcrc
attributed   Lo:   1)   varia(ions   in   the   areas   searched,   and   2)   the
methc)ds  utilized  to  calculate  grid  nodes.     No(withstanding  (besc
dirrcrcnces,  (hc   PC  pcrrormcd  i(s  tasks  saiisraciorily  but  did  r]oL
have  as  much  dclail  as  the  mainframe.
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Tbc  major advantages of the mainframe version wcrc superior

gr3phies,  if]crcased  speed,  and  a  larger  available   memory.     The
speed anc!  memory  particularly  aided in calculation  of volumes  for
c\.cry  quarter-scctiori  of [hc  ricld.    The  software  also  could  easily
bc  uLilizcd  for  various  mapping  methods.    Mainframe  opera(ions
arc  most applicable  for large  rcscrvoirs like  (hc  Zenith Pcx)I where
large  grid. sizes  arc  ncedcd.

The  r7}ajor  advantages  of the  PC wcrc  cost,  cor]vcnicncc,  and
accessibility.   The  PC version is fncrst applicable  to small  rcscrvoirs
utilizing  small  grid  sizes.

DISCUSSION OF REstJLTS
Volumctric  calcula[ions  utilizing  compu(crs  yicldcd  dctailcd

results  for calculated  OOIP  for  four of the  five  major  reservoirs in
lhc Zenith pool.   Although uncertainly exists regarding the porcoity
cutoff  for  each  reservoir,  computer  analysis  allow/s  for  relatively
quick turnaround in calcula.ions for bo(h optimistic and pessimistic
scer]artes.   Table  1  summarizes the calculalcd  barrels or Oolp  for
all  the  rcscrvoirs  cxccpt  the  lower  Viola.    ]f  OO[P  cstim£Ies  for
lhc  lonrer  Viola  arc  ir`.cludcd  (cstima[cd  to  bc  one-fourth  lo  onc-
half that  of the  upper Viola), Lhc  rccovcry  for  Lhc  I..cid  may  bc  on
the order of 20 [o 30gb.

Some  quarlcr-sections  have  cxlraordiriary  rcco`/cry  raclors  in
excess of 60%  or OOIP (Figure 8).   Many or ihcsc quarter-scclions
arc  in do`mdip  pasitious in the  pool wcll  bclont  ihc  OWC inrcrrcd
for   lhc   lourcr  Viola   rcscrvoir.     The   rcccrvcrics   also  c<1nno[   bc
accoun(ed  for by any rcasonablc v-.`riations in porosilics or isopacts
of the  rcscrvoirs.   The high recovery  factors probably indicate that
significant   lateral   movcmcnt  of  large  volumcs  or  oil   may  have
Cx:curTcd  in  the  field during its  production  history.   This  Tno`.cmcnL
may have cecurrcd  in rcsponsc  to  f)rcssurc gradicnLs formed carly
ir}  the  primary rcccnrery stages try wells cxtrac[ing largc  amoimLs of
Oil.

Sornc  qt]ar(cr.sections  in  the  field,  such  as  SccLjon   1,  have
rather  lou/  rccovcries.    Thcsc  areas  may  have  been  incfricicntly
produced   and   thcrcforc   could   bc   po(cnlial   targets   for   EOR
operations.   Future  rcscrvoir simula(ion moc}cls based on structur-
al,  isopach,  and  poresity  info:nation  compiled  for  this volumetric
cvaluatiof]   could   help   verify   the   potcn{ial   in   these   areas   af}d
indicate  where  oil  may  have  moved  in  the  rield.    Results  of  the
volumctric evaluation can also scrvc as part of the criteria by w.hich
the  results of the  simulation  models caf]  be  cvaliialcd.

CONCLUSIONS
Volumelric  calculations  utilizing computer  graphic  [cc!.Iniques

produced dc[ajled results for calcu`a(ing Oolp.   Computer analysis
allowed  for rc!a[ivcly quick turnaround in calculatio.is for dirrcren[
porosity  cuiorr scenarios.

Volumclric results from the mainframe and personal computer
had  mir}imal  dirrcrences.   The  major advantages of the  mainframe
version   wcrc   the  superior  graphics,  incrcascd   spccd,  and   large
memory availablc.   The  major advantages of the  PC version  were
cost,  convcnicnce, and  acccssit]ility.

Oil  recovery  rnaps for quarter-sections which show fraction of
OOIP produced can be useful in targcting potcnLial areas for I.OR
pracesscs.    These  maps  should  bc  used  with  discrc{ion,  bowcver.
Dcvclopment  history  must  be  considcrcd  to  dctcrminc  if  lateral
movcmez][ of oil  between sections has occurTcd.
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FIGUBE  2.    Southwest-northeast  structural  cross-section  across  Zenith  Pool.

FIGUF]E 3.   Flo`rehart ol procedur.s.
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ZENITH UNIT
Stafford and Reno Counties, Kansas

PROCEDURE FOR ECHOMETER TESTING

T1

Shut  injection  off to  ZU-25, perform  fall-off test by  obtaining fluid  levels  at
regular time intervals until static fluid level is reached.

Obtain static pumping fluid levels on ZU-3, ZU-12, ZU-28, and Stewart 2S.
Obtain static shut-in fluid levels on TA'd ZU-32, ZU-33, ZU-39, and Stewart ls.
Increase injection rate into Hayes #5 and ZU-29 (approx. 600 BPD) and monitor
fluid levels on the above wells.  Note any changes and the time interval at which
the changes occur.

Steps 1 and 2 should be performed simultaneously.  After results are obtained,
proceed to step 4.

4.         Repeat step 1 for Hayes #5 and zu-5W.

5.         Shut down producing well ZU-28.  Monitor static pumping fluid levels in ZU-12
and Stewart 2S.  Monitor static-shut in fluid levels in ZU-32, ZU-39, and Stewart
ls.   Note any changes and corresponding time intervals.

6.         Steps 4 and 5 should be performed simultaneously.  After results are obtained,
proceed to step  7.

7.         Return wells to normal operating conditions.

8.        Analyze results from tests.

a
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CURRENT    INJECTION    AND.  PF30DUCING    WELLS   .
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T4

ZU  -  28   Water  Production
Hayes  5  and  ZU -  29  inje.cting
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T6

ZU  -  4  Water  Production
ZU  -  2W2  injecting
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T8

PRESSURE    PF30FILE    FF?OM    FLUID    LEVELS    (JUL.y'    1990)
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PPINCIPLE OF  OPERATION

A  pressure  pulse  is  generated  lrom  a  sealed  well  head  a!tachment  which  is
connected to the surface casing annulus valve. The pressure pulse travels down the
casing annulus gas and is reflected by collars. the liquid level and olher obstructions.
A rrucrophone in the wellhead attachment converts the pressure pulses into electric.
al pulses which  are  amplified.  (iltered and recorded on a strip of paper. The record
shows  the  nurTiber  o(  tubing  collars  `o  the  llquid  level  and  hence  the depth of  the
liquid  level  can  be  determined.

"THE  ECHOMETEB  LIQUID  LEVEL  INSTRUMENT"

The  Echometer  liquid  level  instrument  consists  of  an  amplifier-recorder  and  a
gun-microphone wellhead.

The amplifier.recorder features a stable,  high gain  amplifier with  two sensitivity
controls.  An  automatic  gain  control  is  utilized  to  limit  pen  movement  on  strong
signals  returned  trom  collars  near the  top  of  the  well.  The  signals  are  filtered  to
accent the information desired and eliminate the information not desired. The filter
has 3 positions -UPPEB COLLABS, DEEP COLLABS and LIQUID LEVEL. UPPEB
COLLABS accents the collars near the top ol the well and is shown as sharp kicks.
UPPEf]  COLIABS  responds rapidly lo  any downhole signal and is useful in dirty
wells, high pressure wells, dual tubing wells, and other wells in which the collars are
difficult to distinguish. DEEP COLLAF3S position accents the deep collars in a deep,
low pressure well. The recording of deep collars results in greater accuracy. THE
LIQUID LEVEL position accents the signal received from the liquid level in a deep,
low pressure well.  During normal operation. the collar filter position is selected and
the collar sensitivity control is set until the pen movement is approximately '/....  No
other  adjustments  are  necessary  unless  the  liquid  level  is  difficult  to  obtain.  The
signals  are recorded on  heat sensitive paper powered by a constant speed chart
drive. A self-contained 12 volt rechargeable battery powers the system. Operation
from  a  12  volt  automobile  cigar  lighler  is  possible  with  recharging  of  the  sell-
contair`ed battery performed automatically simultar`eously. A new one-second timer
places  a  timing  mark  on  the  chart  at  the  instant  ol  ..firing..  and  each  second
thereafter.  See  discussion  which  lollows  on  back  page  and  request  additional
information  il  desired.

The  compact  gas  gun  offers  superior  performance.  greater  safety,  and  less
expense of clperation. The gas gun consists ol a small volume chamber and a quick
opening valve. The chambei can be charged as needed to obtain the desired record.
On shallow wells. a small charge is utilized. On deep, low pressure wells, a large
charge is utilized. The gun can be operated as an explosive device or an implosion
device. On wells having less than loo Psl casing pressure, the gas gun is charged
to a pressure in excess of the casing pressure which will result in the desired results.
Either  carbon  dioxide  or  nitrogen  gas  is  nc)rmally  used.  Carbon  dioxide  gas  is
commonly available, inexpensive, and large volumes of the gas can be contained in
small containers witll  less pressure.  A  7.S oz. container or a S#  bottle is used for
transporting  the  carbon dioxide gas. The  7.5 oz. cclntainer is 2 inches O.D.  by  12
inches long  and will charge the gun  an equivalent ol 50 45 caliber blanks. The 5#
bottle is 6 inches O.D.  by  18 inches long and will supply approximately 500 shots.
C02 cost  approximately  15c/pound.  The  portable  7.5  oz.  containers  and  the  5#
bottle can be easily relilled lrom a commonly available 50# syphon type large C02
bottle stored al a warehouse or convenient location. C02 cost is less than  1 a per
shot. 11 the well has over 100 PSI casing pressure, the gas gun is evacuated. Then.
the gas valve is opened to permit gas lrom the casing annulus to expand into the gas
gun chamber. This implosion ol the casing gas into `rie gas gun results in a pressure
pulse.  A gas supply bottle is  not necessary on these wells with casing  pressure.

The output ol  the  microphone to desired downhole  pressure signals has been
increased.  while  surface  vibration  response  has  been  reduced.  This  new  mi.
crophone  is  the  best  microphone  ever  cleveloped  for  use  with  liquid  level  instru-
ments because  of  its  sensitivity,  signal  lo  noise  ra(io,  and  ruggedness.

SCHOOLS

Echometer Company holds schools regularly in the United States and Canada on
the use and operation ol liquid  level  instruments and (he ellicient production ol oil
wells.  Customers  may attend  without a  lee.
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Thesis  Project  Report
Kent   Adams

July   5,    1990

COMPUTER    SIMULATION    OF   THE    ZENITH   FIELD

Current  Status

1.      Boast   11   is   up   and   running.      All   of   the   bugs   have   been
Worked   out   of   the   input   file.

2.     A  run  Was   made   using  the   permeabilities   obtained   from
porosity/permeability  crossplots.     These  perms  Were   very
low.     The   simulator   c:alc:ulated   negative   bottom  hole
pressures   in   order   to  get  the   produc:tion  assigned  to
each  veil.

3.     Pressure  dravdovn  data  Was   analyzed   in  hopes   of   backing
out  a   permeability.     The   data  Was  very  limited  and  the
full  results   of  the  dravdovn  test  Was  not  reported.     The
data   ve   had   Was:    .

a)   The   initial  pressure   of  the  reservoir  before  the
test .

b)   The  average   pressure  the   last   four   hours   of  the
twenty-four   hour   £1ov  test.

c)   The   oil'ploduc:tion   for   the   last   four   hours.

I   applied   standard  dlavdovn  analysis  techniques   to  the
data  and   backed   out   perms   of   several   hundred
mi i 1 idarcies .

4.     I   input  the   perms   backed   out   fron  the  dravdovn  tests
into  the  simulator  and  obtained  a  better  output.     There
Was   still   some   convergence   problems   and   parts   of   the
field  had   negative   reservoir   pressure   calc:ulated.

5.     The   negative   pressures   calc:ulated  vele  at  the   edge   of
the   limestone.      I   attributed  these  to  too  muc:h  oil
production   from   such  a   small   pay  zone.     There   is   a
sec:tion   of   the   I ield  Were   the   Misener   Limestone   overlays
the   Misener   Sandstone.     I   Was   assigning  all   of  the
produc:tion   in   this   section   to   the   limestone.      I   made  an
eyeball   estimation  of  how  much  net  pay  from  each  zone
Was   contributing  to  production   for   this   section.     I   then
reduced  the  production   in  the   limestone  by  a
corresponding   amount.     The   simulator   now  calc:ulates
reasonable   I ield  pressures.

Current   Work

Several   indic:ations   in  the  model   indicate   a   fractured
reservoir.     First,   core   permeability   is   too  sriall   to  enable   the
required   production   to   be   simulated   in   the   limestone.      Second,
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;:essure   €ravdovr:   ari:lysis   indicates   th::   i..ie   a:tu:-.   perDea.:ility
+;ee€s   to   be   several   :-iun€red   mi:1idarc:ies   iri   oI€eI   =:   obtain   the
=€pc.:ted   production,      Based   on   this   evidence,    :   be-.ieve   ve   are
Coir.;   to   have   to   tak:   the   £:ac:ules   int:   ac:our:t.     :=ozB  the
lite:atule   there   are   tvs  vays   :o  app:oath  a   fIE=te::a  leser.-.oil:

1.      If   the   frac:ule   systeB   is   dense,   `.idespre=5,   veil
interconnec=ed,   and   has   rio  bar:ier   to   i lot-betveen  the
matrix  and   :he   fractu:e,   the   tract.Ire  and  =he  matrix  can
be   treated   as   an   equivalent   po:ous   medium.   The
permeabilit:..  o±   this   nediun   is  a   s-jm   c.:   t:-.e  Datlix  and
the   fractur€   perDeabiiity.

2.     The   othe:   method  used  to  no6el   £Ia=tu:ed  :±servoirs   is
dual   porosity/dual  pe:meabiiity  Do5els.     This  appleach
assumes  a  high  storative,   lov  perneabilit3.  system  :or
the   matrix  End  a   lov  5tolative,   high  permeability  system
for   the   Era:tu=es.     There  has  teer;  suEsta=:ial  res±arc:h
done   on  this  Detho6  vith  nuziercus  sinclat::s  vlitt±n  to
znodel   this   behavior.

We   currently  he`..e   a  dual   porosi:y/5.Jai   pe:aea:ility
:imf:atol   available   ir.  the  VIE'  siDulato:.     :   r::ona±nd   svit:hir;€
:ron  Boast   11   to   VIP.      =oast   6oesn't   ha...e   t..ie   camp-.exity   to  no6el
::ac:ured  reservoirs  vith  the  accuracy  End  :ea:ism  ::  VIP.     In
addition,   :   think   it  vocl6   be   ziore   bene:ici=l   :or   zl:   to   lea:n   to
€se   3   more   "up   tc   da:e"   c:otDnelc:ial   simti:=to:.

I   caDe   ac:ross   a   paper   the:  has   a   t€=hr.ique   to  estimate
::actule   porosity,   p€rzBeabilit:7  and   spac:inE   I o:   a   ::actured
reservoir.     The   author   indic:ates   that   it  va:   used  ::  histoI:..
=atch  a   i iEld   vith  a;proxinateiy  the  sazLe   t;/pe  and  ==ount   of  da:a
as   the   Zenith   Field.     Tt`.is   tee.r.nigue   na}.  be  useful   in   estimating
±racture   data   for   the  VIP   siDt2iator.

?:Jtc:e   Work

i.      Get   the   nev:I   version  of   the  V:?   simul3to:   up   on   t:-.e
TORP    VAX.

2.      Become   fani:iar   vith   the   siDula:ol   by  =eaEing   the   1:se=s
manuals   and   going   ove=   Mcca=th}-.s   .Jork.

3.     Put   togethe:   ar.   input   file   :or   :he  sizLula::=  and   start
history  Bat:hing.

I   believe   once   :   become   familiar  vith  TIP,   the  history
E3tc:-.ing   vill   move   a:ons   faste:   becacse   :   `.ill   not  .=e   stuck
t:yi...g   to   ±igure   out   hot.   to   g€:   a   si=ul::ol   the:   i:   .n.ot   Dad€   to
=3de..   fractLired   rock   :o   B®6e..   :ractv:ed   :oc:f..



S3

Permeability  Estimation
for  Simulation  Input

A.  f .Il ,,,,  I,a,I

A.I,'1 ,,,,   '1®,I

^'  ,,1',I   ,,  '10,I

C.  I.  N .-.. 1  {f 1.}

0.  I.  N ,,,, I  ',,,'

'  ,I ,,,,    'z}1'

1'  1' ,,,,,,,, I  '2),)

®,.  (,„  ,I   (,,,)

E'  1,,„1  ,I    (,,,'

I ..,,, I, ,,   I,,,'

I.  ,.',I,  ,,   I,,,'

E.  L[qtl,  ,,    (,,<'

t'.,.I,,,I,  A  ,,

®,,®   ,,,, I,   A    ,4

10               loo            1000         1000

Permeability  (md)
I,.'.. ,'.. e't--.   GB ,,,,, I ,,,,, I,,. I
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