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Introduction

This  report  summarizes  the  initial  screening  studies  carried  out  to  select  candidate
reservoirs/fields  for  spotting  an  infill  horizontal  well  as  a  part  of the  DOE  sponsored
PUNT  (Preferred  Upstream  Management  Practices)  project  (USDOE  Contract #  DE-
PS26-00BC15304).  It  starts  with  the  application  of  quick  screening  tools  to  identify
prospective  Mississippian  carbonate  reservoirs  in  an  area  of West  Central  Kansas.  A
short-list  was  generated  from  the  selected  fields  by  further  screening  them  for  the
availability  and  quality  of  data  (petrophysical  log,  core,  production)  and  operational
concerns. Based on petrophysical data from a type well, the production performance of
an in fill horizontal well was estimated in each field by using a homogenous closed-tank
single-phase  simulator  (RESMOD  -  Maurer  Engineering  Inc.).  Published  records  on
previously drilled horizontal wells in Kansas were researched and operators involved in
these projects were infomally approached to summarize drilling practices that need to be
either avoided or preplanned in order to drill a successful horizontal well.

Study Area

The area considered for this study extended from Township 16S Range 26W to Township
27S Range 20W. This area was selected because

a)   most of the fields are charged by a strong bottom water drive,
b)   the industry partner Mull Drilling Company Inc.  (rocI) has some holdings

here and holds operational interests in some of the fields, and
c)   some of the successful horizontal wells, drilled in Kansas till date, are located

here.

Initial Screening Studies

The  initial  screening  criterion  was  reservoir pressure.  In fill  horizontal  wells  drilled in
under-pressured   reservoirs   require    significant   drawdowns   to   maintain   economic
production rates and such high drawdowns result in water coning. Thus, horizontal wells
are most effective in undepleted reservoirs.

Initially, 29 fields were selected for the initial screening studies. Final shut-in pressures,
recorded by DST in discovery. developmental and in fill wells, were plotted over time for
each field. In all cases, drilling activity, in and around the field, has continued over the
life of the field. This helped to quickly determine the pressure support available in each
field.  Based  on  the  reservoir  pressure  histories,   13  fields  were  selected  for  further
analysis (Map  1). rocI recommended adding one more field, namely Fralick West, to
this list. Previous studies and available pressure data indicate that this field has suffered
from  pressure  depletion.  However,  rocI's  interest  in  this  field  was  due  to  high
production   volumes   recorded  in  vertical   wells,   large  well   spacing,   and  significant
ownership rights.  Thus,  a group  of  14  fields  were  taken  up  for comparative  screening
studies.



For each  field,  a type well  was  selected.  In  some cases,  2  type  wells  were  selected to
represent  two  major  regions  of the  field.  Petrophysical  logs  from  the  type  well  were
analyzed to estimate the pay height, porosity and initial water saturation. Table 1 lists the
results from this log analysis. An average drainage area was calculated for each field by
dividing the area of the field by the number of wells that produced or are producing. The
initial petrophysical analyses and the cumulative production data were in the volumetric
calculation of original-oil-in-place (OOIP) and also the minimum and maximum range of
recovery factors ai.F.) in each field. Volumetric calculations were also used to estimate
minimum  and  maximum  volumes  of remaining-oil-in-place  (ROIP)  per acre-ft.  These
results are listed in Table 2.

The gross pay thickness was napped in each field. Based on this map, the minimum and
maximum pay thickness of the undrilled (interwell) areas was estimated. Also, the best-fit
line  through  the  final  shut-in  pressure  data  versus  time  was  used  to  approximate  the
original reservoir pressure and the current pressure. The ratio of the difference between
the original  and current pressure  with the production  life of the field was taken as the
proxy for aquifer support available to the field in each case. These data are tabulated in
Table 3.

Additional screening criteria used include ranking the fields on the basis of minimum pay
(gross) thickness in the undrilled areas, average well spacing, R.F., and ROIP per gross
acre-ft.   The  intent of the above ranking was  to identify fields  with  high  gross pay in
undrilled  areas,  where  the  ROIP/acre-ft  and  average  well  spacing  was  high,  and  the
average R.F. for vertical wells was low. Tables 4 to 6 list the fields in a descending order
as per their average well spacing, the minimum gross pay in the undrilled infill areas, and
the  ROIP/acre-ft.  Table  7  lists  the  fields  in  an  ascending  order  in  accordance  to  the
average R.F. from vertical wells. It is expected that infill horizontal wells would be more
effective (as compared to vertical infills) in fields where reservoir heterogeneity limited
the drainage of vertical wells. The above rankings are based on the analysis carried out on
data from only one or at most two type-wells per field. Hence, it important to note that it
is more meaningful  to compare the relative values of different screening criteria rather
than emphasizing on their absolute values.

Table 8  shows the relative rankings of the fields after taking into account their average
well  spacing,  minimum gross  pay in  undrilled areas,  ROIP/acre-ft  and R.F.  of vertical
wells. Fhalick West is the top ranked field with a score of 6. However as will be discussed
later, previous studies on this field and available pressure data indicate that central parts
of the reservoir has produced under a solution gas drive while the periphery has produced
under  a  weak  water  drive.  For  the  last  37  years,  the  field  has  produced  without  any
pressure support and this has resulted in significant pressure depletion.  It is because of
this severe pressure depletion that Fralick West failed to receive a rank gable 9). The
Mississippian  reservoirs  in  the  study  area  produce  from  3  major  rock  units  (Map  1)
namely  Osage,  Warsaw  and  Spergen.    The  strong bottom  water  aquifer.  that  charges
many  of the  Mississippian  reservoirs  in  this  area,  communicates  with  the  Osage  (the
oldest) rceks. Most reservoirs producing out of Warsaw and Spergen rocks, that overlie



the Osage, therefore have relatively weaker aquifer support.  Fralick West produces from
the Warsaw and this may be one of the reasons for its weak edge water drive.

Table 9 includes the ratings that rocI provided as a proxy measure of the degree of
difficulty that it anticipates in order to strike a deal with the major operators/owners of
each of these fields. A value of 1 signifies little difficulty on part of rocI to implement
a horizontal in fill well in the field while a score of 4 signifies that it will be very difficult
for rocI to come to a consensus with the cunent operator(s) and/or owner(s). This is a
common problem in the Midcontinent, as independent operators like rocI often do not
own the whole field but select leases and/or hold operating interests in the field/leases.
Thus,  the  initial  problem  of locating prospective  fields/leases  and mapping pockets  of
residual reserves in them is further compounded by the fact that only a select few of these
screened  locations  will  be  viable candidates because  of various  operational  difficulties
encountered by the interested independent operators.

Six  fields  were  selected,  in  consultation  with  MDCI,  for  second  round  of  screening
studies, and they include:

a)   hippoldt
b)   Riverside
c)   Amoldsw
d)   MCDonald
e)   Ness city North
f)   Judica

rocI wanted to include Fralick West in the second round of evaluation studies in order
to compare the estimated recoveries from in fill  locations in other fields with that from
Fralick West.  Also, available data from Fralick West was researehed in order to confiml
pressure depletion of the field.

Screening studies on Short-listed fields

The secondary screening studies on the short listed fields included:

a)  Application  of  a  single-phase  closed  tank  homogenous  model  a`ESMOD,  Maurer
Engineering Inc.)  to  analytically estimate  the  perfomance  of horizontal  in fill  wells  in
each of the short listed fields.

b) Detailed inventory of available data for each of the ,6  short listed fields. The listing
included mention about the quality and quantity of production, pressure (fluid level), wire
line log and core data that are available for each of the 6 fields.

c) Outline possible reasons that were crucial to the success or failure of previously drilled
horizontal wells in Kansas by researching publicly available data and reports.



d) Inventory available Mississippian cores from the study area, and identify cores taken
from the  short  listed fields  or analog cores  taken  from the neighborhood of the  short
listed fields.

e) Research available data on Fralick West to confim depletion of reservoir pressure.

RESMOD studies

Assumptions inherent in the RESMOD model are:

a) Darcy's radial equation is used to model flow into the well.
b) Single phase (oil) fluid flow is modeled.
c) The drainage area of the modeled well is assumed to be homogenous and there is no-
flow across the boundary.
d) The modeled well is lceated at the center of the drainage area.
e) A conservative skin factor (Hall's skin factor) is applied to wells in the model.
f) The model ignores the flush production. This makes the estimated production volumes
conservative. However, such an assumption has little effect on the cumulative production
volumes estimated.

The intent of this study was to approximate the productive potential (in terns of IPs and
cumulative  volumes)  of  petrophysical  properties  estimated  from  type  well(s)  in  each
field, i.e., estimate the production from both vertical and horizontal infill wells in each of
the fields provided the petrophysical properties of the drainage areas (of the infill wells)
were similar to that obtained from type-well analyses. Such an exercise would enable one
to relatively rank the synergistic effects (in terms of estimated production volumes) of the
petrophysical properties assigned to each field.

Tables  loa-log  list  the  basic  petrophysical  data  that  was  used  to  model  production
perfomance of infill (horizontal and vertical) wells in each of the 6 fields. At this initial
screening stage, lacking infomation that comes from a detailed geomodel development,
the fomation thickness assigned to each field is the gross pay of the productive zone in
type well(s). At this stage, information about horizontal and vertical pemeability and oil
saturations  in  prospective  inter well  regions.  Based on  the  available  data from routine
analyses  carried  out  on. Mississippian  cores,  an  assumption  was  made  that  10  md  of
pemeability can be considered as a conservative estimate for Mississippian pay sections.
Most of these fields have been under primary production for more than 30 years, and thus
remaining oil saturations in the inter well regions can only be estimated by mapping the
results  of  a  full-field  reservoir  simulation  study.  Based  on  experience  from  previous
simulation  studies  on  Mississippian  fields.  it  was  assumed  that  for  infill  wells  to  be
economically successful, they have to be located in pockets where the oil saturation were
at  least  45%.  A  positive  skin  of  1  was  applied  to  both  horizontal  and  vertical  wells
modeled.



In RESMOD, the reservoir drive mechanism in each field is described with the help of
drive  mechanism  scaling  factor  @MSF).  Strong  water  drives,  bottom  and/or  edge,
conespond  to  highest  recovery  efficiencies  and  in  this  model  it  carries  a DMSF  =  1.
Solution gas driven reservoirs are the least efficient and the model assigns a DMSF = 0 to
them. The DMSF factor was assigned in a relative sense based on the rate of decline of
reservoir  pressure  that  has  observed  in  each  of  the  fields.  The  flowing  bottom  hole
pressures (BIIPs) have been kept a few hundred psi below the initial reservoir pressures.
In each field, both the horizontal and vertical wells have been produced under the same
draw down. Along with this data set, some uniform cost parameters were provided. These
included,  $400,OcO  to  drill  and  complete  a  horizontal  well  and  S125/day  fixed  well
operating  costs.  The  discount  rate  was  assumed  as  17.5%  and  the  net  sale  price  for
produced  oil  was  assumed  to  be  $19foarrel.  The  horizontal  well  in  each  field  was
assumed to have a productive length of 600 ft.

Table  11  compares  the  estimated Ips  and cumulative production  (after 5  years)  for an
in fill vertical and an infill horizontal well in each field. The results tabulated have been
calculated using the base case values for each of the input parameters gable 10a to log).
The relevance of this exereise  lies not in the absolute values of the listed numbers but
rather in  interpreting the results  (IPs  and cumulative production  volumes) in  a relative
manner. Also, RESMOD models single-phase flow, and it, therefore, does not include the
effects of relative pemeability between oil and water. All but one of short listed fields
have produced both oil and water. Fralick West field has produced oil, gas, and water and
thus  relative  pemeability effects  assume  importance  in  modeling flow  in  these  fields.
Exercises  using  RESMOD  enables  one  to  get  a  feel  for  the  expected  range  of  oil
production volumes based on the input of a set (range) of rock and fluid properties. As
this model dues not predict water production volumes,  any economic evaluation minus
the water pumping and disposal costs is only approximate.

RESMOD is a quick screening tool, and a calibration process enhances its application to
be field specific. During the calibration process, the production history and petrophysical
properties of a vertical well in a field are input in order to obtain a history match.   The
history matching process  is  iterative,  wherein  different petrophysical  values  are  varied
within the maximum and minimum ranges. This helps to obtain a better quantitative feel
for the different field specific parameters such as average drainage radius, draw down,
DMSF, and skin. Then, the petrophysical properties for the infill horizontal well lceation
are  adjusted  in  a  similar  manner  as  that  required  to  history  match  the  vertical  well.
Finally, the production from the in fill horizontal well is estimated by inputting the set of
field specific parameters detemined from the history match.



Inventory of available data on 6 short-listed fields

Riverside

I+ogs -availal>le for 16 wells out of 29
Cores - None are availal]le.
Production data - Individual well produetion data is available for 7 wells. Six leases have
more  than  one  producing  well  and  thus  the  lease  production  can  be  allocated  to  the
constituent  wells  only  if  baITel  test  infomation  is  available  with  the  cunent  ®ast)
Operator.

TThis field has 2 horizontal wells already drilled in it, and neither of them has tuned out to
be  a good performer.  hDCI has  a bias  against this  field because neither vertical  nor
horizontal  wells  have  been  economically  successful  in  this  field.  Vertical  wells  have
produced water too early shortening the economic life of wells. There is a possibility that
a  horizontal  well  in  this  field  will  be  beset  with  similar  early  water  breakthrough
problems, and thus production may be limited to the first 100 feet (from the heel) of the
horizontal  leg.  Also,  the  shaly¢onglomerate  section,  atop  the  Mississippian  reservoir,
presents  an  operational  problem.  Both  the  horizontal  wells  encountered  this  shaly-
conglomerate problem during the drilling of the curve. (Most Mississippian fields, in the
study  area,  have  a  conglomerate  over  the  dolomite.  However,  the  thickness  of  the
conglomerate layer varies.) Production histories from both horizontal and vertical wells
in this field appear to indicate that early water breakthrough occurs due to the presence of
a fracture network in the reservoir and strong underlying aquifer.

Ness Citv Nortl.

Logs  -  logs  are  available  in  8  wells  out  of  9  in  the  field.  Most  wells  have  RAG
(resistivity and ganma) logs.
Cores - availatle from 4 wells.
Production data - Oil production data is availal)le at the well level. However, banel tests
data (showing volumes of oil and water produced) are availal)le for only 3 wells.

One horizontal well has been drilled in this field. The well was producing at rates close to
what a previous  simulation study had predicted but it suddenly collapsed (and stopped
producing  fluids)  after  60  days  due  to  mechanical  reasons.  Production  in  this  field
appears to be related to the structure. rocI would like to use this field's potential for
exploitation  by  infill  horizontal  drilling  as  the  `foase  case"  to  compare  the  productive
potential  of the  other  short-listed  fields.  Characterization  and  simulation  studies  have
already  been  completed  on  this  field.  The  dolomite  reservoir  has  interbedded  shale,
Which, perhaps, limits the role of fractures in transporting significant volumes of water
from the strong aquifer at the bottom.



IJirDoldi

Logs - available for all the wells.
Cores - Availal>le from 2 wells (3 boxes).
Production  data - Lease  level  production  data  is  availal)le.  Most  leases  have  multiple
producing wells and so allocation of lease production to constituent wells is possible if
barrel test data is availatle with cunent and/or past operators.

It is perceived that the reservoir rock has intefbedded shale and this may help mitigate the
early water breakthrough problem.

MCDonald

Logs - availal)1e for most wells. Wells have good penetration and some of the infill wells
have modem suite of logs.
Cores - Available from 1 well (3 boxes).
Production data - Bulk of field produetion comes from 2 leases. However, this field is
owned by h®CI and history of banel test data is available.

Overall, this field has a relatively small pool size. However, the well spacing increases in
the eastern side of the field.  Also, hocI has 3D  seismic data shot and analyzed over
sections 4 and 5 (including the eastern part of the field). hDCI may consider deepening a
non-producing   well   in   section   5   to   obtain   a  core   if  this   field   selected  for  field
demonstration study.

Judica

Logs - Most wells have good logs showing penetration into the Mississippian.
Cores - None
Production  data  -  All  leases,  but  one,  have  only  one  constituent  well.  Thus,  oil
production  data is  availatle for all  wells.  However,  water production records  or banel
test data have yet to be traced.

This   field   produces   from   a   stratigraphic   trap.   It   is   thought   that   the   depositional
environment affects reservoir pemeability, and this increases the uncertainties related to
mapping the permeability distribution in the field. There are dry wells right in the middle
of the field. The dolomite reservoir has significant lateral heterogeneity and this adds to
complexity  associated  to  modeling  the  reservoir.  Wells  in  this  field  have  produced
limited volumes of water.  The flowing shut-in pressures  Q]SIPs) recorded in the DSTs
show  little  variation.  This  field  is  sparsely  drilled,  and  has  produetive  and  dry  wells
interspersed all over. This makes the field heterogeneous both laterally and vertically. It
was noted that a 3D survey would help clarify the uncertainties related to characterization
of this field.  A long in fill horizontal well can be drilled in this field.  Sueh a horizontal
well in a thin reservoir as this will have significant advantages over a vertical infill well.



Arnold SW

I.ogs - Most wells have RAG logs. There are a few wells with resistivity and sonic logs.
Few wells have good penetration and therefore it is difficult to characterize the reservoir.
Cores -Availatle from 1 well.
Production data - Most leases have more than one produeing well, and thus banel test
data  is  required  to  allocate  lease  produetion  amongst  constituent  wells.  The  list  of
operators  indicates  that  banel  test  data  may be  availal>le  for  wells  in  one  of sections
(Section 31).

This is the biggest field amongst those short-listed, and extends over 9 sections. This field
has a producing horizontal well that appears to be well placed. This well was drilled 30-
40'   beneath  the  Mississippian  top.  This  well  has  been  a  low  fluid  well  having  a
cumulative production of 27,000 bbls and cunently producing 17 hopd & 17 bwpd.  It is
possible that the major portion of the lateral is too low and, therefore, is not located in the
reservoir rock. The chances of high water produetion are low in this field given the fact
that  vertical  wells  have  not  produced  significant  quantities  of water.  There  are  many
leaseholders in this field and hocI has no lease holdings here.

Operational Notes on previously drilled horizontal wells in Kansas

a) One of the major problems noted in the reports on previously drilled horizontal wells
in Kansas is that pipe stuck-ups occurred 14 times in the first 2 wells because the drillers
did not mud-up early.

b) A few of the wells had a curve radius of 660 ft and used slotted liners. However, sueh
a `tight" radius prevented running and placing lateral horizontal sub pumps.

c)  Most  of the  wells  failed  to  stay  consistently  at  the  top  of the  best  reservoir rock.
Production testing indicated predominance of oil producing from the heels in most cases.
Well steering in accordance to the Mississippian structure appears to be al)sent.

d) External packers, for zone isolation, did not work in most of the wells.

e) Ideal candidate for a horizontal well in the Mississippian calbonates should meet as
many of the following criteria:

i) Field producing from Osage reservoirs where vertical wells produce significant
volumes of fluid. Most Osage reservoirs have strong water drives and often times
early  brealcthrough  of  water  results  in  limited  drainage  by  vertical  wells  and
significant fluid production.

ii) Incorporation of 3D data into reservoir model or application of some method
that enables excellent well control would go a long way in steering the well in a
manner sueh that it stayed at the top of the reservoir.



iii) The horizontal leg should be started within proven reservoir and then extended
into unproven regions if needed.

iv)  The  well  should  be  steered  such  that  it  stayed  in  top  10'  of the  reservoir
consistently.

v)  A  large  curve  radius  should  be  used  if there  are  plans  to  place  down  hole
horizontal separator.

vi) Salt-water disposal costs ranged over Sl l,000/month in several wells. Thus,
horizontal   wells   that   produce   significant   volumes   of  water   often   become
economic failures though remaining technical successes because of the varying oil
prices prevalent in Kansas.

Some of the mechanical concerns that were mentioned in the records include:

i) An appropriate mud strategy needs to be designed such that formation damage
was minimized and lost circulation was controlled.

ii) The well has to be planned and designed from the bottom to the top such that
the  selected  curve  radius  would  not  come  in  the  way  in  case  intervention  is
required to solve of future anticipated problems.

iii) The economics and benefits of using a liner in the horizontal leg of the well
against  open  hole completion  needs  to  thoroughly evaluated.  rocI prefers  to
initiate production from a lateral section that is kept open hole. It expects that the
bottom-up design  and large diameter of the vertical  section  will ensure tool re-
entry to rectify problems if and when they occur.

The operator of the Antrim-Cossman #1IIZ well believes  that fractures present in the
Mississippian chert reservoir resulted in high water production at the well. rocI's has
significant  operational  experience  in  the  study  area,  and  in  certain  fields  (such  as  the
Riverside)  it  appears  that  the  fracture  porosity  in  the  reservoir  rock  is  the  major
contributor    to    Mississippian    production.    However,    the    high    attendant    vertical
pemeability results in early breakthrough and high water production in vertical wells. It
has been noted by the operators in this area that fractures in Osage rocks have at times
extended  into  the  dolomite  (Warsaw)  on  top.  Also,  it  is  believed  that  the  Osage  was
exposed over a longer period of time  than  the  overlying  dolomite  (Warsaw),  and this
perhaps resulted in higher vertical pemeabilities in Osage as compared to the Warsaw.

Inventory of Mississippian cores

Table   12   lists   all   known   Mississippian   cores   in   the   study  region,   lying  between
Townships 16 South and 27 South and between Ranges 20 West and 26 West, which are
available at the Kansas Geological Survey Core Repository.  Basic and various advanced
rock properties have been recorded on plugs taken from the Mississippian intervals in



wells marked in  yellow.  Properties measured on selected samples include:  porosity, air
pemeability,    grain    density,    capillary    pressure,    electrical    resistivity,    waterflood
susceptibility, and water-oil imbibition relative permeability.  These cores represent cores
from  within  fields  that  are  considered  candidate  fields  for  the  demonstration  or  are
considered  analogue  fields.    Data  are  being  entered  into  the  GELINI  rcek  catalog
database for web-based access from the KGS website.

Fralick West

I.ogs - Most wells have good logs.
Cores - Available from 1 well.
Production data - Oil production data available for most wells. Wells in this field have
produced water and gas also. No well level gas production data could be traced.

Wells  have  good  penetration  in  the  south.  Individual  vertical  wells  have  been  good
producers.  The  reservoir  truncates  in  the  direction  of  North-Northeast.  The  initial
reservoir pressure is estimated to be close to  16cO psi, and the available data of initial
shut-in  pressures  asIPs)  and  final  shut-in  pressures  a]SIPs)  from  DSTs  indicate  that
severe  pressure  depletion  has  occurled  in  the  reservoir  a]igure  1).  Cunent  reservoir
pressure is estimated to be close to 2cO psi.

Reports  are  available  detailing  some of the  past reservoir evaluation  studies  that  have
been  conducted on  this  field.  Relevant sections from some of these repor(s  are quoted
below.

ALIfred James report -
`The  field produces  under a combination  drive  of gas  cap  expansion  and edge  water

drive. Formation pressures have been observed to drop rather rapidly in the early years."

Walton & Preston report (1986) -
"Water-ut maps indicate that there is some water influx cecurring in the reservoir. Major

increases in water production have cecuned primarily in the edge wells - specifically in
the southern and northeastern wells. There is  little increase,  if any,  in the center wells
where  the  major oil  production  takes  place.  Other evidence,  which  would  disprove  a
strong active water drive, is that over the past 20+ years of production, the pressure has
dropped over 1200 psi. It also appears as though the center part of the reservoir, in effeet,
is "sealed" from a limited water drive acting aquifer because all water influx has taken
place at the edge wells and that the center wells have not shown a substantial increase in
water production."

Porker report (\995) -
`The primary drive  mechanism for the  field is  a combination  of solution  gas,  gas cap

expansion, and edge water drive encroaching from the south-southwest. Original aquifer
energy was perceived as minimal due to the considerable decrease in reservoir pressure
with conesponding fluid withdrawals. Oritinal reservoir pressure, as measured by DST
at  the  Falcon-Seaboard  Brensing  #1,  approximated   1625  psi.  The  average  pressure



depletion  across the field was 40%  from inception  (Apr  1961) to Apr  1968.  Reservoir
heterogeneities,  including  permeability  barriers,  both  horizontal  and  vertical,  prohibit
pressure  support  in  many  areas  of the  field.  However,  several  wells  including  Zeigler
#A1,  #3,  Bissitt  #1,  and  Einsel  #81  experienced  less  depletion  primarily  due  to  the
Spergen  dolomite  in  direct  contact  with  either the  gas  cap,  the  underlying  aquifer,  or
vertically fractured to one or both."

All  the  above  previous  studies  indicate  that  pressure  depletion  has  occuned  in  this
reservoir.  Given  the  low  current  reservoir  pressure,  the  question  that  needs  to  be
addressed  is:  "What  is  the  lowest  BHP  under  which  one  produce  a  horizontal  well?"
Also, this field has recorded significant cumulative gas production over the course of its
life. Thus, low reservoir pressures coupled with free gas in the reservoir are expected to
adversely affeet oil  recovery from an in fill  horizontal  well due to relative pemeability
effects.

Pemeability  values  prevalent  in Fralick W  are higher than  what commonly occurs in
other Mississippian reservoirs of Kansas and this makes it a unique Mississippian field. It
is  believed  that  the  reservoir  rock  is  located  close  to  a  valley,  and  this  resulted  in
significant leaching of the dolomite, which in turn has enhanced pemeability. As such,
this  field cannot  be  considered  to  be  representative  of Mississippian  reservoirs  of the
Midcontinent. Project demonstration in this field will, therefore, have limited applications
elsewhere. This field appears to be a good potential candidate for a waterflood. In this
context, a horizontal well will  sure help future studies on the waterflooding feasibility.
Also,   the   high   permeability  present   in   this   field  may   lead  to   interference   at  the
surrounding vertical wells due to production from an infill horizontal well.



Figure 1

Fralick West Field
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Table  1

No.   He]dNanre             See            Miss T Miss Base    Lowpor       ln h por       Net pa I.owSw     ln h sw    Reservoir        Phi min       Phi max      Swmin        Swlrrax

I      AidrichN
Aidrich s
Aidrich s

2     Amoldsw

3      Fralickw

4      Stairett

5      Riverside

6      Judica

7      StutzE

8      IJand

9      Lfopoldt

10    Amold

11     AmoldN

12     Steffenw

13     MCDonald

14    Ness cityNorth

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 Iholonute

18                         18                               5                   25                    58  Dolonnde

15                        18                            53                   36                   52  Ifolomite

1616

918

2023

812

1318

2428

1818

1016

1515

1416

1418

1616

1020

1818

1818

1014

1421

841

2640

1037

1731

3038

1928

1735

819

1036

2217

3434

841

1235

2451

2936

1645

1020

50 Ihotoirite
54 Ifok]nrite

37 Dolomite

47 Itolomite

48 Dolonrite

50

60  Iholonrite

47 Ifolonrite
47 frololnde

37  Dolonnde
65 Iholonrie

50 Itolonnde

40 Iholoirite

62 Cheryrdol

66

60 Ifolonrite
51

12.0                  12.0                  35.0                  60.0

12.5                   17.0                  40.5                  52.0

20.0

8.0

13.0

24.0

18.0

12.5

14.0

23.0                 37.0                 37.0

12.0                  31.0                  47.0

18.0                  38.0                  48.0

28.0                28.0                 50. 0

18.0                  35.0                  60.0

15.5                  27.5                  47.0

17.0                  25.5                   51.0

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



Table 2

Ava                                                         STB,min     STB,max     Cum            Min    Max    Min                    Max                   Avg     Avg
Field Name     Acre            Acift          well#   Spacing,ac  pv(bbls)       Etoi    Oolp             OOIP Prod            R.F.    R.F.     ROIP/ale-ft       R0lp/ac-ft       R.F.     ROIP/acrfu

Aidrich  N

Aneld SW

Fralick W

Stairett

Riverside

Judica

Stutz E

Laird

Lippoldt

Arrold

Arnold  N

Steifen W

MCDonald

Ness City N

1337        29, 053            44

3030       93, 334           88

1619        59,733             23

1591         61,694             39

854       32,846            19

216            3638               7

1160        29,255             23

607         14,495              11

766        32,906            14

259         4, 300              8

369           7675            10

451          11,856               12

245           7006            12

290          6600             8

30.4  225,528,986   1.05   10,309,897     16,753,582  4,394,950    0.26     0.43

34.4  724,521,475    1.05   41,401,227     69,795,569  5,742,599    0.08     0.14

70.4  463,687,844    1.05   55,642,541     63,988,922  5,322,647    0.08     0.10

40.8  478,910,449    1.05   19,338,860     37,765,510  3,595,005    0.10     0.19

44.9  254,972,811    1.05   16,415,392     27,099,9671,833,454    0.07     0.11

30.8     28,240,610    1.05     3,227,498       5,422,1971,621,847    0.30     0.50

50.4  227,097,047    1.05   15,572,369    25,305,0991,231,799    0.05     0.08

55.2112,519,969    1.05      7,099,474     12,042,3161,222,114    0.10     0.17

54.7  255,438,572    1.05   16,688,653     30,810,7571,217,343    0.04     0.07

32.4     33,379,501    1.05     2,543,200       3,000,976   1,157,276    0.39     0.46

36.9     59,578,528    1.05     3,404,487       7,376,389      902,785    0.12     0.27

37.6     92,034,271    1.05      5,995,375       7,730,879      814,064    0.11      0.14

20.4     54,385,299   1.05     3,169,886       5,966,844      585,355    0.10     0.18

36.3     51,233,653    1.05     2,605,597       5,763,786      445,616    0.08     0.17

204                     425     0.34

382                        686     0.11

842                     982     0.09

255                      554     0.14

444                     769     0.09

441                     1045     0.40

490                     823     0.06

405                      746     0.14

470                     899     0.06

322                     429     0.42

326                      843     0.19

437                      583     0.12

369                      768     0.14

327                       806     0.12



Table 3

Field Name         Paymin    Paymax   Prlnitial   Yrsprod    Latestpr

Aidrich  N

Amold SW

Fralick W

Stairett

Riverside

Judica

Stutz E

Laird

Lippoldt

Amold

Amold N

Steflen W

MCDonald

15

25
15

20

20

20

8

23

20

25

15

20

20

28

Ness city North                  17

50             1000

60             1000
50

45            1400

50              1100

50             1300

32              1100

53              1100

40             1100

55             1300

25              1100

35             1000

47              1100

49             1200

32              1100

45               1000

45                800

37                400

40                800

30                 1100

25                 900

25                 1100

32                1000

35                1250

40                 900

30                900

35                 800

35                1000

40                 900



Table 4

Any
No.   Field Name        Acre         well #   Spacing, ac

1       Fralick w
2       Lairld

3       Lippoldt
4     StutzE
5      Riverside
6      Stairett
7     Steffenw
8      ArnoldN

1619             23
607               11

766             14
1160              23

854             19
1591              39
451               12

369             10
9      Ness city North            290              8
10    Amoldsw
11     Arnold
12    Judica
13     AldrichN
14     MCDonald

3030           88
2598
2167

1337            44
245             12

70.4
55.2
54.7
50.4
44.9
40.8
37.6
36.9
36.3
34.4
32.4
30.8
30.4
20.4



Table 5

No.        Field Name         Paymin    Paymax

MCDonald
Lippoldt
Stutz E
Arnold SW
Fralick W
Stairett
Riverside
Laird
Arnold  N
Steffen W
Ness City North
Aidrich  N
Arnold
Judica



Table 6

Avg
No.   Field Name         Prlnitial   Yrsprod    Latestpr     psi/yrdecline

1      StutzE
2      AldrichN
3      Lippoldt
4      Laird
5      ArnoldN
6     Arnoldsw
7      NesscityNorth
8      Arnold
9      MCDonald
10     Riverside
11     Stairett
12    Judica
13    Steffenw
14    Fralickw



Table 7

NOD    Field  Name                           Avg  R.F.

1       Lippoldt

2     StutzE
3      Fralickw
4      Riverside
5     Amoldsw
6     Steffenw
7      NesscityNorth
8      Laird
9     Stairett
10     MCDonald
11     AmoldN
12     AldrichN
13    Judica
14    Amold



Table 8

Ra n k -II-I-Ill-.[[H --........... [m .... Ill .........................

Field Name               Avg                   Avg             Avg                        Min pay                  Total

ROIP/ac-ft       R.F.            Wellspacing    ftaboveowc      Score
Fralick W
Lippoldt
Stutz E
Riverside
Laird
Arnold SW
MCDonald
Stairett
Steffen W
Arnold N
Ness City North
Judica
Aldrich  N
Arnold

1

2
2
3
2
4
5
3



Table 9

Field                 Score     Rank       Mull'soperational
difficulty

Fralick W
Lippoldt
Stutz E
Riverside
Amold SW
MCDonald
Laird
Ness City North
Stairett
Steffen W
Arnold  N
Judica
Aldrich  N
Amold



Table 10a
Field  -MCDonald

Base
Rock Properties
Drainage Radius, ft
Formation Thickness, ft
Horizontal  K,  md
Vertical  K,  md
Porosity,  %
Extemal Drainage Pr,  psi

Fluid Properties
Oil Viscosity,  cp
Initial  oil  saturation,  0/a
Formation volume factor,  RB/S113

Drive  Mechanism Scaling factor (DMSF) 0.6                 0.5                 0.8

(DMSF -- 1 for active water drive, DMSF -- 0 for solution gas drive)

Vertical well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Well cost,  1000 S
Fixed Operational cost/day, S

Horizontal well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well  bore radius,  inch
Horizontal well length,  ft
Well cost,  1000 S
Fixed Operational costs, S/day



Table 10 b
Field -Ness City N

Base
Rock Properties
Drainage Radius, ft
Formation Thickness, ft
Horizontal  K,  md
Vertical  K,  md
Porosity,  %
Extemal  Drainage Pr,  psi

Fluid Properties
Oil Viscosity,  cp
Initial oil  saturation,  %
Formation volume factor,  RB/STB

Drive  Mechanism Scaling factor (DMSF) 0.6                 0.5                 0.8

(DMSF -- 1 for active water drive, DMSF -- 0 for solution gas drive)

Vertical well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Well cost,  1000 S
Fixed Operational cost/day, S

Horizontal well data
Skin factor
BHP,  psi
Residual  oil  saturation,  O/o
Well  bore radius,  inch
Horizontal well  length,  ft
Well cost,  1000 S
Fixed Operational costs,  S/day



Table 10c
Field -Arnold SW

Base
Rock Properties
Drainage Radius, ft
Formation Thickness, ft
Horizontal  K,  md
Vertical  K,  md
Porosity,  %
External  Drainage Pr,  psi

Fluid Properties
Oil Viscosity,  cp
Initial oil  saturation,  %
Formation volume factor,  RB/STB

Drive  Mechanism Scaling factor (DMSF) 0.6                0.5                0.8

(DMSF = 1 for active water drive,  DMSF = 0 for solution gas drive)

Vertical well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Well cost,  1000 S
Fixed Operational cost/day, S

Horizontal well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well  bore radius,  inch
Horizontal well  length, ft
Well cost,  1000 S
Fixed Operational costs, S/day



Table 10d
Field -Judica

Base
Rock Properties
Drainage Radius, ft
Formation Thickness, ft
Horizontal  K,  md
Vertical  K,  md
Porosity,  %
Extemal  Drainage Pr,  psi

Fluid Properties
Oil Viscosity,  cp
Initial oil  saturation,  %

Formation volume factor,  RB/SIB

Drive  Mechanism Scaling factor (DMSF)

2                    1.8                   2.1

45                40                55
1.05                1.03                1.07

0.55                0.5                0.7

(DMSF =  1  for active water drive,  DMSF -- 0 for solution gas drive)

Vertical well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Well cost,  1000 S
Fixed Operational cost/day, S

Horizontal well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Horizontal well  length, ft
Well cost,1000 S
Fixed Operational costs, S/day



Table 10e
Field  -Riverside

Base
Rock Properties
Drainage Radius, ft
Formation Thickness, ft
Horizontal K,  md
Vertical  K,  md
Porosity,  %
Extemal  Drainage Pr,  psi

Fluid  Properties
Oil Viscosity,  cp
Initial  oil  saturation,  %
Formation volume factor,  RB/SIB

Drive  Mechanism Scaling factor (DMSF) 0.6                0.5              0.75

(DMSF --  1 for active water drive,  DMSF -- 0 for solution gas drive)

Vertical well  data
Skin factor
BHP,  psi
Residual oil saturation,  0/o
Well bore radius,  inch
Well cost,  1000 S
Fixed Operational cost/day, S

Horizontal well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Horizontal well length, ft
Well cost,  1000 S
Fixed Operational costs,  S/day



Table 10f
Field  -Lippoldt

Base
Rock Properties
Drainage Radius, ft
Formation Thickness, f[
Horizontal  K,  md
Vertical  K,  md
Porosity,  %
External  Drainage Pr,  psi

Fluid Properties
Oil Viscosity,  cp
Initial  oil  saturation,  %

Formation volume factor,  RB/SIB

Drive  Mechanism Scaling factor (DMSF) 0.7                0.6                 0.9

(DMSF -- 1 for active water drive, DMSF -- 0 for solution gas drive)

Vertical well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well  bore radius,  inch
Well cost,1000 S
Fixed Operational cost/day, S

Horizontal well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Horizontal well  length,  ft
Well cost,  1o0d S
Fixed Operational costs,  S/day



Table log
Field  -Fralick W

Rock Properties
Drainage Radius, ft
Formation Thickness, ft
Horizontal  K,  md
Vertical  K,  md
Porosity,  %
Extemal  Drainage Pr,  psi

Fluid  Properties
Oil Viscosity,  cp
Initial oil  saturation,  %
Formation volume factor,  RB/SIB

Drive  Mechanism Scaling factor (DMSF)

437         1313.4
2045
1100

0.1                       10

2023
100               300

1.8                    2.1

4055
1.03                1.07

0.2                 0.1                 0.5

(DMSF -- 1 for active water drive, DMSF = 0 for solution gas drive)

Vertical well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well  bore radius,  inch
Well cost,  1000 S
Fixed Operational cost/day, S

Horizontal well data
Skin factor
BHP,  psi
Residual oil saturation,  %
Well bore radius,  inch
Horizontal well  length,  ft
Well cost,  1000 S
Fixed Operational costs, S/day



Table  1 1

Vertical Horizontal Vertical Horizontal Vertical Horizontal
lp rate lp rate Rate after 5 yrs   Rate after 5 yrs   Cum Recovery Cum Recovery

Field                     BBI/d BBl/d BBl/d BBl/d After 5 yrs, Mbbl After 5 yrs, Mbbl

Lippoldt 90 268 56.5 72 131 273
Riverside 80.7 268 34.8 20.4 99.8 176

Ness City N 38 149 19 12 50 100
Arnold SW 43.9 147 25 27.2 61 130

Judica 31.4 134 16 10 42 88
MCDonald 74.5 241 38.7 34.9 100 195
Fralick W 15 49 13.8 36 26,5 77



Table 12
Summary Of KGS Mlsslsslpplan Cores ln the Study Area Region

OPERATOR LEASE  NAME COuNTY BOTTOw LCX3ATION

Ness Cfty
Ness Cfty
Ness Cfty
Ness Cfty-n
Sclraben
Schaben
Schaben
Schabon
Schaben
Schaben-n
Sclrabon

MCDofut

EXETEF]
WALTEF`S DBLG.
WALTEF`S DFELG.
WAITEF]S DFLLG.
ANADAF]KO
M0BIL
ANADAF]KO
SuN
SuN
SUN
WALTEF]S DRLG.
KEFIN LIINDES
FllTCH IE EXPLof`ATION
CITIES SEFIVICE
PITCHIE EXPLORATION
RITCHIE EXPLORATION
RITCHIE EXPLOBATION
CITIES SEFIVICE
PIITCHIE  EXPLOFIATION
f]lTCHIE EXPLof]ATION
KEF`N LANDES
PITCHIE EXP.
CITIES SEf]VICE
MCCLUPIE
SUNRAY DX
PITCH I E EXPLOFIATION
MOBIL
CITIES SEF]VICE
CITIES SEFIVICE
MOB'L
MOBIL
MlocoNTINENT
BEARDMORE
OASIS
OASIS
Cusls
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
OASIS
MOBIL
SUNRAY DX
NOF}"EFIN NATUFIAL
OASIS
OASIS
OASIS
BEAF`DMORE
BEARDMOF]E
BEAF`DMORE
AMERICAN ENEF]GY
PENDLETON
NOF]TH EF}N  NATUFIAL
MULL & WALTEBS
ANADAF]K0
MULL a MOBIL
MOBIL
SINCLAIF] PFIAIF`lE

COYD
TILLEY
KLITZKE
LYNCH
WEGELE A
ELSASSEF` H F}S
ENDICO" A
u"EI
PFINENSTN:l
pFANNENsma
"EF'
s_tiEBEN
flE'N  A-P
McOF`E  C
McOF]E  D-P
woobe Bp t"
M-cOF]E C-P
FcOS  A
Fcxrs  Ap TWIN
Lyre sOHAiEN .p.
McORE
HUMBEF`G AP#3
HUMBUF]G   A^TE"
BONDufINT
HUMBUF`G   AP
H. McOF`E  A
ANTENEN  A
O'BPl'EN  A
M.SCHNEIDEP
SCHNEIDEF]
J.a.COLLINS
SHELTON  A
ADAMS
ueLEY
ueLEY
DEUTsOH
OEUTsOH
DEUTSCH
DEUTSCH
DEUTSCH
ecHAUVLi-   try+
DEUTSCH
DEUTSCH
DEUTSCH
EVEin
EVEF"
MAfilE
SMITH
SALMANS  A
GuS MILLEP
EWYA
W-ALTee
WALTER
DIXON
FEHF]ENBACH
CllFTON
CllFTON
KNOEFLEF]
V.GLEASON  a
FFtALK*  A
BF]ENSING  a
BPIENSING   A
MATKIN
MATKIN
YOUNG

SE.SE.NW
SE-SW.
C-SE-SE
C-NE-NE
C-SE-
C-SE-SW
SW-SE-SE
C-SE.NE
SE-SW.
C;NNV-SIN
C-SIIN-S;IN
NE-SW-

C-SE-SW

C-S;NV-S;IN

C-NW-NW

C-SE-SE
C-NE-NE
C-NW-NE

C-NE.SW
C.NE.SE
C-SE.NW
C-NW-NE
C-SE-NE
NW-NW-N
SE.SE-
C.NE-SW
C.NE.NE
C-SW.NE
C-NE.SE
C.SW-SE
C.NW.SE
C-NIIN-SIIN
C-SE-SE
C-SE-NW
C-SE-SW
C-NIN-S;NV
C-SINV.SIIN
C-SW-SE
C-SE-SE
O-WIN-SIN
C-SW-WIN
C-SE-SE
C-SE.NW
C-NW.SE
C-NW-NW
C-NE-NW
C-NE-NE
C.NE-NE
NW.NE.
SW-NE.

SW-NW-SE
C.NE-SW
C.NW-SE
SE-NW.
C-NE-NW
C-NE.NW
C-SL-NE

a-E5, U82
H76-1178
2146-2148
2152.2154
GG-E4, PA1
72-76
Q87
733
7ae
7se
1236-1236
733
KD7
40784080
KD7
Kee, KD5
KD7
35ee-3567
KcO, KD5
KC6
1433-1436
KD7
NC2
270.272
1439.1447
KD7
102-103
NC2
L83
558.5cO
1937-1943
382.385
1 cO1 -1906
1364-1305
1366-1374
cue. MBo
1304-1319
1341 -1351
0A2, un
OA8
0A1 , MBO
1320.1329
13sO1340
MAO
MN),ope:,OFQ
ieoe.iei5
1390.1sO9
VA 0. OA3
0A3, MAD
235.239
686-6cO;557
2170
1376-1sO9
lola-1621
1352.1361
1105.1107
8
327-328
W87
N85
793-804 / QBO
286-289
573-578
107-112
884
252

L

W
U
U
U
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
I
I
L
L
W
L
I
L
I
L
L

E8::sinatrwcaqJfa#i¥::nudstnap:a:o¥m¥dafa
L - Cores in Lawrence
W - Coro8 in Wichita
0 - Cores mischg
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