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Screening candidate Mississippian fields in West Central Kansas based
on their potential for exploitation by horizontal in fill drilling: A DOE

PUMP (Preferred Upstream Management Practices) project

Introduction
Of  the  6  billion  baITels  of  oil  produced  in  Kansas,  Mississippian  carbonate

reservoirs account for nearly  1  billion (16.6°/o as of 2000). With declining production in

other  age  reservoirs  the  contribution  of  Mississippian  reservoirs  to  the  state's  oil

production has increased to 33% over the past ten years (Figure 1), and totaled about 21

million  barrels   (43%   of  the   state's   annual  production)   in   1994.   The  majority  of

Mississippian production in Kansas occurs at or near the top of the Mississippian section

just  below  the  pre-Permsylvanian  unconformity.  Figure  2  shows  the  structure  on  the

Mississippian   and   the   location   of  the   fields   producing   from   this   interval.   Small

independent  operators,  with  limited  technical  and  financial  resources,  operate most  of

these fields. Reservoir heterogeneity, hich water cuts and low recovery efficiencies place

operations in many fields at or near economic limits. Low average recovery factors,13 to

15%,  result  in  high  well  abandonment  rates,  and  leave  significant  residual  reserves

(estimated to be 5.5  billion barrels) in the ground.  In this regard, improvement of field

management practices that result in an additional recovery of as little as 10% of residual

reserves translates to a boost in the domestic production by about 550 million barrels.

For producers  of Kansas,  access to  new technology is  important  for  sustaining

production and increasing profitability. Problems of low recovery efficiency in shallow

shelf carbonate reservoirs and limited operator resources are present throughout the mid-

continent region of the United States.  To address these problems a US DOE-sponsored

project  (Contract  #  FED27180),  funded  under  the  DOE  Ptr:n4P  (Preferred  Upstream

Management  Practices)  program,  was  initiated  in  August,  2001.    The  overall  project

objective   is   to   demonstrate   preferred   management  practices   (PA4Ps)   that   address

producibility   problems   in   Mississippian   shallow   shelf   carbonates   resulting   from

inadequate reservoir characterization,  inability of vertical wells  to  effectively drain  all

portions of reservoirs and control water flow from underlying aquifers, lack of geologic
and production data, and low recovery factors.
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Previous  studies  (Carr  et  al.,   1996;  Franseen,  et  al.   1998)  have  shown  that

Mississippian  carbonate  reservoirs   of  the  mid-continent   fall   within   the   "Type   C"

reservoir   classification   of  Fritz   (1991)   and   are,   therefore,   suitable   candidates   for

horizontal  drilling  applications.  This  project  applies  modem  and  cost-effective  tools,

techniques,   and  methodologies  to  evaluate  and  exploit  residual  reserves  in  mature

Mississippian   fields.   The   objective   is   to   demonstrate   the   use   of   cost-effective

technologies to characterize, model, and simulate reservoirs and to apply horizontal infill

drilling to extend the economic life of these mature shallow-shelf carbonate fields, and in

the process recover significant incremental reserves.  This project hichlights the practical

implementation of integrated multi-disciplinary reservoir description to  map  remaining

reserves in these mature and complex reservoirs. It is also demonstrates the applicability

of horizontal infill wells, effectively located, to exploit the residual potential. A goal is to

reveal the fracture characteristics of Mississippian rocks.

The project involves the investigation and demonstration of the following PMPs:

1 )   Use of techniques to screen production regions/areas to identify fields/leases with
residual potential using Internet based relational databases

2)   Use    of    cost-effective    tools    and    applications    for    integrated    reservoir
characterization and geomodel constmction

3)   Fracture model development using data from core analysis and fracture image log
4)   PC-based cost-effective reservoir simulation
5)   Economic planning of drilling and completion of horizontal wells
6)   Production optimization by post-drill monitoring

This  report  reviews  work  performed  primarily  on  the  first  IMP;  Screening

production  regions/areas  to  identify  fields/leases  with  residual  potential.     Work  in

progress addresses ranking of prospects (Ph4P I) and reservoir characterization (PAIP 2).

Future work will address the remaining PMPs.

This project is a partnership between the Kansas Geological Survey, the Tertiary

Oil  Recovery Project,  Mull  Drilling  Company Inc.  (MDCI),  Maurer Engineering  Inc.,

and the U.S. DOE. It is anticipated that the demonstration of the above PMPs to select,

characterize,   and   locate   a   candidate   reservoir/lease   to   design,   drill   and   complete

optimally an  infill horizontal  well will  develop  a leaming  curve  and build confidence
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among independent operators of the Mid-continent to drill effective infill horizontal wells

in mature fields.

Region definition and identification of production constraints

Mississippian  carbonate  reservoirs  are  major  contributors  to  oil  production  of

Kansas.  These  heavily  dolomitized  shallow-shelf carbonates  are  truncated by the  pre-

Pennsylvanian  unconformity.  The  subcropping  Mississippian  rock  units  tend  to  get

progressively older near the central Kansas uplift and are absent on the uplift. The top of

the Mississippian is an erosional karst surface (Franseen et al.,  1998,  Carr et al.,  1996,

Meriam et al.,  1963). The combination of a karsted erosional surface, the influences of

original depositional facies and subsequent diagenesis have had a significant control on

development and preservation of reservoir quality.  The reservoirs  consist of numerous

vertically  and  laterally  segregated  compartments.   Sedimentologic,   stratigraphic,   and

paragenetic studies indicate that the most favorable areas for successful production may

be  where   echinoderm-rich   and   spicultic-rich   facies   containing  abundant   evaporites

intersect   fractures   associated   with   the   post-Mississippian   uncomformity   and   form

topographic highs (Franseen et al.,1998).

Production from Mississippian reservoirs is constrained by:

1)   Horizontal and vertical heterogeneity resulting from variation in depositional  facies
and from diagenetic overprinting

2)   Close proximity of a strong bottom water drive
3)   Effects of a prevalent fracture network
4)   Limitations  of vertical  wells  to  drain  compartmentalized reservoirs without  getting

flooded
5)   Limited  technological  and  financial  resources  of independent  producers  operating

these fields

Significant  lateral  changes  in  lithology  at  the  interwell  scale,  from  shale-rich  low

permeability to clean hich permeability,  are evident from gamma log run in a recently
drilled 500 foot horizontal well in the Ness City North field, Ness County, Kansas. Most

Mississippian fields are developed on 40-acre spacing in Kansas with expected drainage

radii  of approximately 660  feet.  Lateral heterogeneities  compartmentalize the reservoir
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into isolated pods. The presence of multiple isolated pods within the drainage area of a

vertical   well   severely   limits   its   drainage   potential.   The   gross   pay   thickness   in

Mississippian  carbonates  varies  between  35  to  45  feet.  A  plot  of mini-permeaneter

values (at intervals of quarter foot), simplified depiction of facies, fracturing, breciation

and other features as related to these values, and locations of oil staining are shown in

Figure  3  (Franseen  et  al.,  1998),  and reveals the  extent of vertical  stratification in the

reservoir. Cased Mississippian wells often have higher cumulative production than wells

completed open-hole  after drilling the top  few  feet  of the Mississippian.  This may be

indicative of flow barriers to vertical migration within the Mississippian, and that vertical

heterogeneity significantly reduces the net pay interval in vertical wells that had open-

hole completions.

Mississippian reservoirs in Kansas are generally underlain by active aquifers. These

aquifers   help   to   maintain   reservoir   pressure   but   also   result   in   significant   water

production.   Production   data   from   different   Mississippian   fields   reveal   that   most

productive wells (such as Moore 81 from Schaben field, Ness County, Kansas and shown

in Figure 4) exhibit an initial period (6 to 24 months) of water free production followed

by a rapid drop in the oil cut, and then decades of a near constant but very hich water-cut.

Sub-surface cross sections and detailed core studies (Bhattacharya et al.,  1999, and Carl

et al., 1996) indicate migration of oil across multiple correlated reservoir zones within the

Mississippian. The characteristic well production profile and the nature of oil migration

indicate  the  presence  of an  active  fracture  system  in  these  reservoirs.  However,  no

detailed fracture characterization study has been reported on Mississippian carbonates, in

Kansas.

Increased oil production potential in the region

The  volume  and  the  scale  of  residual  hydrocarbons  left  behind  in  mature

Mississippian  carbonate  reservoirs  is  well  illustrated  by  the  Welch-Bomholdt-Wherry

fields, Rice County, Kansas (Bhattacharya et al., 2000). These fields were discovered in

1964 and produce from a stratigraphic Mississippian trap. Cumulative production throuch

1997 was approximately 60 MMBO. Figure 5 reveals areas with significant volumes of

residual  oil  (approximately  7  MMBO  per  quarter  section).  Ineffective  drainage  by
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vertical wells in highly compartmentalized reservoirs leaves behind signiflcant unswept

reserves. Another example of residual potential in Mississippian reservoir is the Aldrich

field,  Ness  County,  Kansas  (Bhattacharya  et  al.,  2000).  This  field  was  discovered  in

1929,  and by  1973  had produced  1.04 MMBO  from  15  producing wells.  By  1973,  the

fleld production had declined to less than 400 BO/month, and 8 vertical infill wells were

drilled as a part of the infill-drilling program. By mid-1997, an additional 553 MBO of

oil had been recovered from the field by the infill wells. Aldrich field is a typical example

of a mature Mississippian field having significant recoverable reserves left behind due to

inadequate drainage by vertical wells in a heterogeneous reservoir.

The cumulative production from Mississippian carbonates has exceeded  1 billion

barrels. Average recovery factors are poor, in the range of 13 to 15%. Recovery factors in

some  fields  are  as  low  as  6  to  8°/o,  while  in  some  others  it  is  as  high  20  to  25%

(Bhattacharya   et   al.,   2000).   The   residual   reserves,   unswept  by  vertical   wells,   in

Mississippian reservoirs of Kansas are estimated to be about 5.5 billion barrels, using an

average  recovery  efficiency  of  15%.   Using   a  conservative   estimate,   an  additional

recovery of loo/o  of this residual potential will result in the production of at least 500

million baITels of oil. Independent operators, thus, should be encouraged to apply modem

technology  such  as  infill  horizontal  wells  to  exploit  significant  remaining potential  in

these   complex   compartmentalized   water   driven   reservoirs   of   the   Mid-continent.

Production enhancement from mature fields will not only boost the local economy, but

will  also  result  in  the  recovery  of invaluable  national  resource  which  otherwise  will

remain unproduced.

However, one of the principal causes of failure for horizontal wells has been poor

evaluation  and  selection  of targets  (Coffin,  (SPE  26618),  Joshi,  et  al.,  (SPE  37036)).

Typically, a horizontal well costs about 1.4 to 3 times (Joshi,1991) that of a vertical well.

The industry's rule of thumb  (Lacy,  1992)  suggests that  for a horizontal well to be an

economic success, it should recover volumes that are between two to three times that of a

vertical well.  This makes  the  identification of reservoirs that are viable  candidates  for

horizontal  drilling to be  of crucial  importance,  especially  for an  independent producer

with  limited resources.  As  of 2000,  only  11  horizontal  wells  have been  drilled  in  the

Mississippian  formations  in  Kansas.  Limited  available  data  show  that  the  majority  of
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these wells have been economically unsuccessful.  The inability to  identify appropriate

horizontal well applications coupled with the higher drilling costs have been two of the

major reasons why the horizontal drilling potential of Mississippian carbonates have not

been fully utilized in Kansas.

Screening of fields and "target region" selection

Accurate screening of prospective horizontal infill drilling candidates is critical to

successful  implementation.    Often  the  independent  operator's  area  of interest  is  wide

spread and a quick screening work-flow is required for practical application. A PA4P for

this  region  is  the  utilization  of the  numerous  quick  screening  tests  using  databases

available  on  the  Internet  and  publicly  accessible  data  sources  to  identify  and  rank

prospective sites.

One  of  the  principal  causes  behind  the  economic   failure  of  a  majority  of

horizontal  wells   drilled  in  Mississippian  carbonate  reservoirs   of  Kansas  has  been

incorrect  target  selection  often  due  to  application  of  operator  experience  in  similar

reservoirs in another part of the continent but without comprehensive  screening of the

local  target  reservoirs.     Issues  regarding  lease  ownership,  so  prevalent  in  the  mid-

continent, often limit operators from applving screening techniques to evaluate the whole

region  or  field  to   identify  drilling  locations  with  potential.   Inexpensive   screening

techniques  that  are  locally  applicable  and  help  define  prospective  horizontal  infill

locations in a field or producing region will appeal the independent producers enough to

gain implementation.

In  older  petroleum  producing  regions,  reservoir  and  production  data  are  often

unavailable  for  individual  leases.  However,  mature  areas,  thanks  to  their  history  of

development  and production,  often collectively have  a rich bank  of data that  includes

petrophysical  log  and  core  data,  production  test  results  and  production  and  pressure

history.  Long production history of a mature  field ensures  availability of petrophysical

and  fluid  data,  from  adjacent  (nearby)  analogous  reservoirs,  which  can  be  used  as

substitutes. This availability of regional data somewhat balances the often questionable

quality and limited quantity of data available for a select wells or leases or a field, and

serves  as  an  invaluable  resource  to  develop  reservoir  models  to  evaluate  remaining

7



potential.   The  intent  of  this  project  is  to  demonstrate  application  of  cost-effective
techniques to select prospects for horizontal infill drilling. Potential areas were selected

by applying one or a combination of methods (Bhattacharya et al., 2000) including:  a)

production data analysis, b) geologic mapping, c) integration of geologic and production
data, and d) field-level and lease-level recovery factor calculations.

These   screening   techniques   were   applied   using   spreadsheet-based   plotting

programs,  a  commercial  mapping  program,  and  online  relational  databases  (Digital

Petroleum Atlas maintained at the KGS website) to obtain production and geologic data

of Mississippian producing intervals in different areas of Kansas. Data accessibility and

inexpensive screening tools will enable independent operators to quickly focus on areas

of significant potential after having initiated the investigation from a regional scale.

Bhattacharya et al,  (2000) reviewed several  simple and effective techniques for

screening   horizontal   well   candidates    in   mature   Mississippian   carbonates    areas.

Production  data  are  generally  available  data  in  mature  fields.  The  effective  vertical

permeability in fractured Mississippian reservoirs is often significant, and results in rapid

decline of the oil cut after an initial period of water free production.  In most cases, the

high  water  cut  persists,  at  almost  a  constant  level,  for  the  major  part  of the  well's

producing  life.  Plotting  of production  information  at  the  well  level  quickly  identifies

areas with poor vertical sweep due to water conning. An additional screening tool is to

overlay a map of cumulative production (at the well level) on a map of initial production

rates (Ips).  Areas where the cumulative production volumes are disproportionate to the

corresponding IPs may indicate unswept reserves.  Comparing cumulative production, at

field and well level, before and after infill drilling in analogous reservoirs with similar

well spacing is an effective way to identify fields that are candidates for horizontal infill

drilling by virtue of excessive well spacing.

An important application of a horizontal  infill well is the recovery of attic  oil.

First derivative structure maps can effectively delineate the axis of the attic (Figure 7).

Additionally, horizontal wells effectively drain reserves trapped in thin pay zones in the

Mississippian.  Overlay  of  the  cumulative  production  map  on  the  pay  isopach  map

hi8hlichts areas with significant pay thickness but low cumulative production. Inability of

vertical wells to effectively drain compartmentalized reservoirs may be the cause for this
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mismatch  between  pay  thickness   and  cumulative  production.   These   areas   can  be

considered as potential candidates for horizontal infill wells. Areas were also screened by

approximating the initial reserves in place through volumetric calculations based on log-

derived petrophysical parameters from a type-well located in each field.

A  "target  region"  for  the  project  was  selected  in  consultation  with  MDCI

(industry partner). MDCI owns and/or has interests in several fields producing from the

Mississippian carbonate reservoirs in this region, and is therefore interested in identifyng

candidate fields/leases that have significant potential for exploitation through horizontal

infill drilling. The initial study area is located in West Central Kansas, in the area ranging

from Township 16S to 27S and 20W to 26W (Map  1). Major Mississippian fields in this

region (highlighted in color) are of different sizes (with wells per field ranging from 5 to

90) and of different vintages. A majority of these fields are at mature stages of primary

production. In the initial analysis, with input from MDCI, seventeen (17) fields from the

area shown in Map  1  were selected for screening characterization using Internet based

relational databases to identify fields/leases with residual potential.

Screening characterization of selected fields

Table  1  lists the seventeen fields selected for screening analysis to identify their

residual potential.   To identify residual potential requires at a minimum the delineation

of:

•    reservoir thickness and areal extent

•    porosity

•    remaining oil inplace

•    reservoir pressure

Reservoir  thickness  and  areal  extent  were  delineated  using  wireline  logs,  drill

stem test (DST),  and initial production (IP) data.   Porosity was obtained from wireline

logs.   Remaining oil in place was determined from calculations of original oil in place,

(based on reservoir size, porosity, and estimates of original oil saturation based on logs

and/or capillary pressure relations)  and reported production.   Reservoir pressures were

9



obtained from analysis of final shut-in pressure (FSIP) data through time.  The following

text briefly reviews each of these analyses.

Reservoir thickness and areal extent

Available DST and IP production rates were analyzed to delineate the boundary

outside of which only dry wells  exist  for each  field.  Available wireline  log data were

analyzed to determine the presence or absence of the pay zone in some of the wells at the

boundary of each field. A type-well was selected for each field to obtain average values

for petrophysical  properties  including  pay  height.  Availal]le  fluid  recovery  data  from

DSTs were analyzed at the well level in each field to approximate an oil-water contact

(OWC).  For  a  first-pass  evaluation,  the  height  above  the  OWC  to  the  top  of  the

Mississippian interval was defined as net pay in each well. From the net pay thickness

maps  net pay distribution maps was  constructed  for  each  field.    Net pay isopach  and

structure maps for each seleeted field are presented in Appendix A.  The maps show that

Mississippian  fields  in  this  region  exhibit  significant  area  with  thickness  of 3040  ft

above the OWC and in limited regions exhibit thickness up to 60-80 ft.

Reservoir Porositv

Reservoir porosity was obtained from wireline logs.  For each field, either a single

type-log or a palr of type-logs was selected.   Most fields have recent wells drilled where
`inodem" compensated density-neutron porosity logs were recorded and thus available.

The average porosity and vertical porosity distribution were obtained from type-logs and

are presented for each field in Appendix A.

Remaininlz oil in I)lace

Mississippian  reservoirs  generally  diaplay  a  decline  in  the  oil  rate  with  time

accompanied by increasing and then near constant high water-cut. Newly drilled wells in

mature  fields,  however,  frequently produce  at  moderate  oil  rates  with  low  water  cuts

indicating inefficient drainage by existing well  spacing.   These high oil and low water

production rates may also possibly indicate reservoir compartmentalization. Gamma-ray
logs of a reeent horizontal well in a Mississippian reservoir, drilled under the support of
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the DOE program (DE-FC22-93BC 14987) revealed the presence of vertical shale barriers

believed  to  result  from  infill  of vertical  fractures  widened by karst  processes.    These

vertical  barriers  would  limit  drainage  of  vertical  wells  making  them  ineffective  in

draining  compartmentalized  reservoirs  resulting  in  significant  remaining  reserves  in

compartmentalized   pockets.    These    significant   remaining   reserves   provide    good

opportunities for infill horizontal drilling.

Remaining  reserves   estimates   from   detailed   characterization   and   simulation

studies in some of the selected fields will be evaluated in future and reported in future

reports.   At present, several cost-effective methods will be used for quick estimation of

remaining reserve potential. For initial screening purposes, the remaining oil in place will

be calculated by determining the difference between estimated original oil in place and

reported cumulative oil production.  hitial reserves  in place will be calculated through

volumetric calculations based on log-derived petrophysical parameters from type-well(s),

located in each field,  such as porosity, pay,  and the initial water saturation.  Gross pay,

porosity, and saturation are used to calculate the OOIP (original oil in place volumes) on

a lease level.  Commonly available production data is reported at the  lease level in the

Mid-continent, and this will be used to calculate the distribution of cumulative production

at  a  lease  level.  Remaining  oil  in  place  (ROIP)  volumes  and  recovery  efficiencies

calculated  on  lease  levels  will  be  then  determined.  Estimated  (constant)  residual  oil

saturation will be used to obtain the recoverable reserve volume per lease in each of the

target fields.

Regional recovery efficiency distribution will be mapped from the  estimates of

initial reserves and the cumulative production. Areas/fields/leases showing low recovery

efficiencies will be identified as candidates for horizontal well applications.

Reservoir Pressure

Oil  recovery  rates,  reserves,  and  economics  are  proportional  to  the  difference

between reservoir pressure  and  the bottom hole pumping pressure.  Thus,  a horizontal

well that has been drilled in an under pressured formation may not produce efficiently or

economically. In the Rocky Mountaln region, medium radius long horizontal wells have

been unsuccessful when drilled into depleted reservoirs beeause the limited incremental
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recoveries from these wells were not enough to justify the additional costs of drilling a

short horizontal well. Though short horizontal wells may not be economic at certain low

reservoir pressures, longer wells may be economic depending on the pressure, reservoir

thickness, pemeability, and remaining oil.

To   determine   present  reservoir  pressure,   readily  available  production  data,

including  final  shut-in  pressures  (FSIPs),  final  flowing  pressures  (FFPs),  and  initial

production (IP) rates of oil and gas, were entered in a database. These data, collected at

the well level during the time of their drilling, were then mapped for each field. In most

fields, some level of drilling activity has continued over the productive life of the field.

For  reservoirs  operating  under  pressure  communication,  plots  of FSIPs  through  time

provide an approximate measure of the decline in average reservoir pressure.

RankinI| of tar£|et fi.elds

Both  accurate  screening  of prospective  horizontal  infill  drilling  candidates  and

accurate ranking of prospect quality is critical to successful implementation.  A IMP for

this region is the utilization of the numerous screening tests that can be applied to identify

and rank prospective sites.  These tools will utilize databases availal]1e on the Internet and

from publicly accessible data libraries.

The process of selecting the best fields for implementation of the demonstration

horizontal  infill  drilling  program  requires  that  the  fields/lease  be  ranked  on  their

suitability and potential  for economic  return.    Ranking  of fields  will be based  on  the

following criteria:

a)          Estimated potential of recoverable reserves

b)         Reservoir properties -Permeability, pay thickness, drive meehanism

c)          Current reservoir pressure, reservoir/aquifer gcometry

d)         Availability of production data -its accuracy and resolution (lease or well level)

e)          Availal]ility of logs

f)          Availability of cores

g)         Availability of reservoir fluid data

h)         Availability of DST data

i)           Availalbility of data from analog Mississippian reservoirs

12



j)          Vertical permeability especially if there is gas cap or underlying aquifer
k)         Anticipated drilling problems -if any

1)           Ownership and operational rights

in)        Uncertainties associated with the evaluation process

Data are being compiled and input into  a database for ranking of the seventeen
"target" fields and the results of this ranking will be presented in a future report.

Integrated reservoir characterization
A PMP for Missississippian reservoirs is the construction of reservoir geomodels,

based on integrated  geologic,  petrophysical,  and engineering characterization of a site,

prior to numerical simulation or drilling of the site. To accurately predict the production

potential  of a reservoir it  is necessary to  know  the  storage  and  flow properties  of the

rocks   that   comprise   that   reservoir.   Because   of  the   paucity   of  publicly   available

petrophysical data,  for Mississippian reservoirs,  and the  frequent lack of such data for

many  leases,  it  is  necessary  to  develop  a  databank  of  representative  petrophysical

properties.  Characterization  can  be  performed  using  petrophysical  information  from

analog rocks,  available  from  rock  catalogues,  and using  cost-effective  analytical  tools

such   as   PfEFFER.      Toward   the   goal   of  constructing   a   rock   catalogue   for   the

Mississippian  reservoirs  in  Kansas,  preliminary  work  has  been  conducted  comparing

reservoir properties in different major Mississippian fields.  Cost-effective tools, such as

Super-Pickett crossplot, capillary pressure analyses, and detailed core and log studies, are

also  being  obtained  to  enhance  geomodel  development  by  integrated  characterization

studies in this project.   Initial work has  focused on identification of publicly available

cores,  compilation  of existing  core  petrophysical  data,  and  measurement  of advanced

rock  properties  including  Archie  parameters  for  electric  wireline  log  interpretation  of

water saturation.

Mississippian shallow shelf carbonates exhibit a wide range of lithofacies, as the

result of differences  in depositional  environments  and  subsequent karst  and diagenetic

modification.    Different    lithofacies    normally    exhibit    characteristic    petrophysical

properties. In Mississippian carbonates, distinct porosity-permeability relationships exist

for  major  lithofacies.  Comparison  of porosity(®-permeability(#)  trends  for  the  three

13



fields (Figure 7) indicates that there is consistency in the relative relationships between

lithofacies.   In all fields, porosity and permeability increase with transition throuch the

following lithofacies : mudstone-wackestone-packstone-grainstone.  Comparison indicates

that Mississippian reservoirs tend to exhibit similar ranges in porosity and permeaiblity

for  similar  lithofacies  within  a  variance  that  may  provide  sufficient  accuracy  for

screening and analog purposes.   Similarly, Figure 8 indicates that there may be sufflcient

consistency  in  capillary  pressure  properties  that  saturations  may  be  predicted  using

generalized saturation versus porosity or permeability relationships or the use of these in

conjunction with log-calculated saturations.

Cores from the Schaben, Bindley, and Ness City fields are available at the KGS

and have been involved in previous studies and the present study.  Additional cores from

other Mississippian fields  in the  study area are being located and obtained.   Reservoir

formation  evaluation is  ongoing to  develop  quantitative relationships  for prediction of

reservoir properties from readily available data such as wireline porosity.

14
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Table 1

No.   HeldName            See           Miss To Miss Base    I.owpor       In h por       Net pa I.owsw     En h sw    Reservoir        Phi min       Phi mar      Swmin        Swmax

1      AkirichN
Akirich s
Akirich s

2     Amoldsw

3      Fralickw

4      Stahett

5      Riverside

6      Judica

7      StutzE

8     If nd

9      Linpoidt

10     Amold

11     AmoldN

12    Steffenw

13     Mcltonald

14    Ness cityNolth

7               -1894                  -1915

13               -1910                   -1923

23              -1907                -1960

31               -1923                  -1950

29              -1897                 -1949

28            -2544               -2569

13               -2089                  -2117

13               -2091                   -2121

3               -1914                  -1933

8              -1944                 -1961

36             -1994                -2030

36             -1999                -2039

14             -2218                -2240

13              -2218                -2252

23              -1961                  -1976

10              -1946                 -1975

25             -2142                -2166

5             -2021                -2050

23             -2001                 -2001

24             -1998                -2022

12                        12                              4                  35                   60  Ifolonrite                           12.0                 12.0                 35.0                 60.0

18                      18                            5                 25                 58  Ifoloirie
15                        18                           53                  36                  52  Dolomite

16                        16                              8                  41                   50  Dolorite                           12.5                 17.0                40.5                 52.0

9                      18                          26                 40                  54 frolonrite

2023

812

1318

2428

1818

1016

1515

1037

1731

3038

1928

1735

819

1036

37 Itolonrite

47 Itolonrite

48  frolonrite

50

60  Itolonrite

47 Iholorrite
47 Iholorite

20.0                23.0

8.0                   12.0

13.0                     18.0

24. 0                 28. 0

18.0                     18.0

12.5                     15.5

37.0                 37.0

31.0                  47.0

38.0                48.0

28.0                 50. 0

35.0                 60.0

2:J.5                 4M I J

14                         16                             22                   17                    37  Iholonrite                            14.0                  17.0                  25.5                  51.0

14                      18                         34                34                 65  Itololrde

1616

1020

1818

1818

1014

1421

841

1235

2451

2936

1645

1020

50 Dololrite

40 Dolondte

62  Cheryrdol

66

60 Dololrite
51

16.0                   16.0                  41.0                  50.0

10.0                 20.0                 35.0                 40. 0

18.0                   18.0                   51.0                  62.0

18.0                   18.0                  36.0                  66.0

12.0                   17.5                   32.5                  55.5
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