


Smoky Creek Field - Engineering Studies

Summary

A primary reason for this study was to understand the significant variation in well

productivity  in  Smoky  Creek  field  where  most  wells  are  drilled  on  40-acre  spacing.

Based on standard log analysis  and 40-acre drainage,  some wells show more than  100

percent recovery.

Attribute analysis of 3D seismic data reveal presence of possible compartments of

various sizes in the reservoir. One of the larger compartments, containing two productive

wells,  was  characterized and  simulated to  determine if such a drainage volume  could

support the historic production and pressure performance of the constituent wells. Initial

results show reasonable history matches of both production and pressure for these two

wells. Lacking core data from Smoky Creek, permeability was estimated by reconciling

log-derived   water   saturation   and   generalized   capillary   pressure   fomulation   for

Mississipian rocks.  However,  a permeability multiplier of 3  was required to obtain the

history matches at the modeled wells.

Introduction

Smoky  Creek  field  is  located  in  Cheyenne  County,  Colorado.  Figure  1   is  a

structure map  of the  Spergen  showing the  general  lay out of the  field including well

locations. Most of the wells in the middle to southern half of the field are drilled on 40-

acre spacing.  Initial  drilling commenced in the early  1970s with majority of the wells

drilled in early 1990s. One of the major reasons for this work is to explain why adjacent

wells show significant variation in oil production. 3D seismic data shot over part of the

field  were  made  available  for  this  study,  and  attribute  analysis  (detailed  in  previous



sections) on this data revealed existence of possible compartments (Figure 2) of varying

sizes. Incidentally, barring one compartment, which houses Crosby 1 and Crosby 2 wells,

a single well produces from each of the other compartments. The intent of this simulation

study was to test whether varying drainage areas,  as a result of compartmentalization,

contributed to significant production variation between the wells in Smoky Creek field.

Reservoir Pressure, Temperature, API

The initial reservoir pressure was estimated from DSTs run in the wells. Figures

3A  and  38  plot  the  final  shut-in pressures  (FSPs)  and  initial  shut-in pressures  (ISPs)

recorded  in  DSTs  in  wells  from  Smoky  Creek  field  and  the  Cheyenne  field  located

immediately  south  of the  study  area.  The  plotted  DST  pressures  were  recorded  over

different intervals, namely Spergen A, 8, and C or any combination of the above. These

two plots show a remarkable consistency in pressure in the 3 zones for all the wells, and

that  the  reservoir  has  undergone  minimal  pressure  decline  between  1973  and  1993,

indicating  the  presence  of  a  strong  water  drive.  The  initial  reservoir  pressure  was

estimated  to  be  1100  psi.  Well  records  indicate  that  measured  reservoir  temperature

varied between 115 to 160F, and that oil API varied between 38 to 41 degrees.

Log Analysis

A suite of modem wireline logs was available from all the wells drilled during the

1990s.  Logs  from  each  well  were  analyzed  with  Pfeffer  software  developed  by  the

Kansas Geological Survey using in = n = 2.0 and Rw = 0.08 ohm-in. Cut-off parameters

®orosity  =  8°/o,  water  saturation  =  52%,  Vshale  =  0.45,  and  BVW  =  0.049)  that

discriminated between dry and productive wells from the Smoky Creek field were used to

delineate effective pay in each well. No cores were available from the Smoky Creek field,
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and thus, lacking additional petrophysical data, the same cutoffs were applied to Spergen

A,  8,  and  C  zones.  Table  1  lists  the  thickness,  porosity,  and  Sw  of effective  pay  in

Spergen A, 8, and C.

Free-Water Level (FWL)

Compilation of the DST recovery descriptions (Table 2) revealed lack of water

production when intervals  above  -1179  feet (subsea)  were tested.  Thus,  the FWL was

initially estimated to be around -1180 feet (subsea). The validity of this FWL assumption

was  tested by plotting log-derived  water  saturation  (Sw)  and  Rwa  (apparent resistivity)

against depth (Figures 4A and 48). As expected, the Sw values hovered between 0.8 and

1.0  and the Rwa values  stabilized to  a narrow band below the estimated FWL of -1180

feet (subsea).

Permeability Estimation

Measured rock permeability data are unavailable for the Smoky Creek field, and

core data from nearby Cheyenne field  exhibited permeability values  and permeability-

porosity trends that are not consistent with well production histories in the Smoky Creek

field. Permeability for effective pay intervals was estimated from published permeability-

porosity trends  for Mississippian rocks in Kansas.  However,  there is no  assurance that

these trends are appropriate for the field nor is there lithologic information necessary to

know which of several lithologically-specific permeability-porosity relationships to use.

To predict permeability the wireline-log calculated  Sw  and  assumed  capillary pressure

(Pc) relations that relate Sw and pemeability were utilized. Using generalized capillary

pressure curves for Mississippian rocks, Bymes and Bhattacharya (2006) have shown that
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Sw at any given heicht above FWL is related to  capillary pressure using the following

relation:

where 8 is a proportionality constant (= 0.433 psi cc/ft g), fe is the oil colunm heicht (ft),

pw  and  po  are  the  water  and  oil  specific  gravity  (g/cc),  Pee  is  the  oil-water  capillary

threshold   entry   pressure   ®si),   Pcf   is   the   dimensionless   measure   of  pore   size

heterogeneity, and Sw is the water saturation at heicht, fe. In this equation Pee and Pc/ have

been empirically related to pemeability (A) for Mississippian rocks using the following

relationships:

Poe = 2.30 fr -0.42

Pcf = 0.168 ln(#) -1.985

To predict permeability, Sw at each half-foot interval was calculated from wireline

log response.  In addition, from field data the elevation of the FWL was estimated at -

1180 feet (subsea). The elevation above the FWL for each half-foot of the effective pay

was calculated (A).  Inserting the Pee and Pc/  equations into the Sw equation and solving

for pemeability it is possible to predict pemeability given Sw and height above FWL (A).

Figure  5  crossplots  calculated permeability versus  log-calculated porosity.  This

pemeability-porosity trend is consistent with trends exhibited by Mississippian rocks on

the  Central  Kansas  Uplift  by  packstone  lithology  Glue  line),  packstone-grainstone

lithology  rocks  (red  line),  and  packstone-wackestone  lithology  rocks  (green  line).  In

general,  using  this  methodology  permeability  was  predicted  at  half-foot  within  each
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well's effective pay interval in the Smoky Creek field. Predicted permeabilities for a well

interval were generally within 50% of the mean permeability for the interval.

Production Performance

Table llists the recovery efficiencies (REs) of wells from the Smoky Creek field

assuming that each well drained 40 acres. Majority of the wells show a RE less than 50%.

However,  3  wells  show unrealistically hick RE values confiming the  concerns. of the

field operator, i.e., significant variation in productivity between nearby wells. Figure 6A

shows plots of water-oil-ratios (WORs) versus time for wells from the Smoky Creek field

with the Crosby 4 data scaled to the secondary (richt) Y-axis. A closer look (Figure 68)

at Crosby 1 and Kem 1 data show that the WORs for these two wells almost overlap until

1993  after  which  the  water  production  from  Kem  1  well  shows  a  steep  and  sudden

increase. Well records show a pump change in 1994 at Kem 1, and the operator suspects

hither water cuts as a result of the larger pump put in place. Figure 6C plots the WOR

data for the other wells and it is apparent that Crosby 4 (scaled to secondary Y-axis) and

Hiss 2 show high water cuts. Figure 6D compares WORs from Crosby 4 and Hiss 2, and

it shows that the water cuts from these 2 wells traced each other until 2001, thereafter

Crosby 4  showed a sudden and significant increase in water production to  a level that

proved uneconomic  for operation of this well  in September 2003.  Again well records

indicate  a pump  change  in  May 2001,  and the  operator  suspects  that  installation of a

larger pump resulted in significant increase in water production. The WOR plots indicate

the  following:  a)  continuous  increase  in WOR with time  at  all  wells  suggestive  of a

strong  water  drive,  b)  differences  in  WOR profiles  between  wells,  and  c)  very hich
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WORs recorded at few wells are probably due to mechanical reasons such as installation

of large pump units rather than due to reservoir driven causes.

Reservoir Simulation

Previously discussed attribute analyses of 3D data from Smoky Creek field reveal

possible compartmentalization of the reservoir.  Also, the REs at some of the wells  are

unrealistically  hick  assuming  40-acre  drainage  areas.   One  explanation  for  uneven

production from adjacent wells is varying sizes of drainage compartments.  To test this

hypothesis,  one  of the  larger  compartments,  marked  in  green,  was  simulated.  This

compartment is the only compartment delineated in the Smoky Creek field that appears to

house two wells, namely,  Crosby  1  and Crosby 2.  Figures  7A and  78 plot the oil and

water production along with the WORs for these two wells.

Table 3 summarizes some of the important input parameters for the reservoir and

the aquifer system used during simulation studies of the above mentioned compartment in

the Smoky Creek fleld. Geologic studies, detailed earlier, reveal that the Spergen interval

in  Smoky  Creek  field  comprises  three  layers,  i.e.,  A,  8,  and  C.  Log  analysis  and

perforation histories show that the primary production interval in this field is the Spergen

A layer which is present in all the wells. Some of the wells show additional effective pay

in Spergen 8 and/or C. Thus, the reservoir modeled in this study comprise 3 layers using

100 feet by 100 feet grid cells.

Based on the reconciliation of log-Sw  and Pc,  the permeability estimated in the

Spergen effective pay varied between 20 to 40 md.  However, permeability multipliers

had to be used to bring the permeability in the range of 75 to 110 md in order to match

the cumulative oil and water production at Crosby 1  and 2 wells (Figures 8 and 9). Four
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day static buildup tests were carried out at both these wells in 2001 revealing a reservoir

pressure close to 1000 psi. Also, flowing bottom hole pressures (FBHPs) of 475 psi (as of

Sap 2001) and 461 psi (as of Sap 2005) were recorded at Crosby 2 while that of 543 psi

(as  of May  2004)  was  measured  at  Crosby  1.  Figure   10  shows  that  the  simulator

calculated  average  reservoir pressure  was  slichtly less  than  1000  psi  while  FBHPs  at

Crosby 1  and 2 hovered around 600 psi. Thus, when permeability values in the Spergen

layers varied between 75 to 110 md, a reasonable history match was attained for Crosby 1

and 2  wells  assuming that they produced  from  a single  compartment  as  demarked in

Figure 2.

Future Studies

The average porosity in the most productive parts of the effective pay is close to

12 percent, which results in an estimated permeability between 30 and 40 md (Figure 5).

However, if the formation porosity was 2 ®ercent) units hither, say 14 percent, then the

estimated permeability in the best parts of the effective pay would be between 60 to 80

md - a range close to that required to obtain performance history matches.  Thus, one

course  of  action  for  future  studies  would  be  to  confirm  if the  wireline  logs  were

underestimating the formation porosity in Smoky Creek field. Another obvious course of

action will be to simulate all the compartments with wells (in Figure 2) to confirm if the

compartments    delineated    from    attribute    analyses    are    realistic,    and    if    such

compartmentalization  could  explain  the  wide  differences  in  productivity  between  the

wells.
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