Analysis of Gel Treatment

McCord A#4

November 12-13, 2002
Summary

The gel treatment of McCord A#4 was terminated after surface pressure exceeded the maximum allowable pressure.  Rapid buildup occurred because the permeability of the reservoir rock was on the order of 24 md which caused retention of the injected polymer and eventually gel aggregates in the immediate vicinity of the wellbore.  Low permeability wells can be identified from analysis of pressure buildup data prior to treatment.  It may be possible to treat low permeability wells by reducing the polymer concentration in the gelant by measuring pressure buildup during polymer injection prior to addition of the crosslinker.
Background
McCord A#4, operated by Vess Oil Company, produces from the Arbuckle Formation in the Bemis Shutts Field.  A gel treatment was carried out on November 12-13, 2002 to reduce water production from the well.  The well was producing 684 BWPD and 7 BOPD prior to treatment.  

The well was shut-in for a pressure buildup from September 25-28, 2002.  Fluid levels were obtained using the computerized ECHOMETER by Rich Pancake, TORP Field Liaison Engineer.  The purpose of the buildup test was to estimate reservoir properties prior to the planned gel treatment.

The gel treatment was conducted by TIORCO on November 12-13, 2002.  A bottom hole pressure gage was installed in the well to record pressure data during and after the gel treatment.  This was part of the cooperative program between TIORCO, Vess and TORP to obtain data which might assist in the design and interpretation of gel treatments in the Arbuckle reservoirs in Central Kansas. 

This report presents an analysis of the pressure buildup and bottomhole pressure data obtained during the test period.  

Pressure Buildup Data 
The well was shut-in for about 70 hours beginning on September 25, 2002.  Pressure buildup data were obtained by shooting fluid levels using the ECHOMETER.  Fluid levels were converted to bottomhole pressures.  Figure 1 is the graph of bottomhole pressure versus time.  Pressure rose from the initial pressure of 476.4 psi to 830.5 psi in a period of 1540 minutes (25.7 hours) and remained essentially constant for the next 43 hours.  The average reservoir pressure in the area around McCord A#4 appears to be 830.5 psi.
The pressure buildup data were analyzed using Pansys, a commercial well test software package, to obtain estimates of the permeability and flow characteristics of the formation.  The well has 38 feet of perforated interval open.  Total thickness is not known but was  estimated to be 64 feet from oil column and WOC data.  Several flow models were examined to obtain the best match between pressure data and estimated data.  The reservoir description that gave the best fit between the data and simulated buildup was radial flow in a confined region bounded by constant pressure boundaries at ~822 psi.  Figure 2 shows the flow region obtained from the analysis of pressure buildup data.
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Figure 1:  Pressure Buildup-McCord A#4, September 25-28, 2002
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Figure 2: Model used to simulate pressure buildup response in McCord A#4.  Constant pressure applied at closed boundaries was 830.22 psi.

Figure 3 is the match of pressure data (red points) with simulated pressure response (solid blue curve) on the Horner plot for the model that gave the best fit .  The straight line section of the response is approximated in Figure 3.  Figure 4 shows the log-log analysis of the pressure buildup data.  The derivative curve (blue points) decrease rapidly for equivalent time greater than ~3.5 hours indicating the influence of boundaries on the pressure buildup. It was not possible to match this region without inserting constant pressure boundaries in the closed system model shown in Figure 2.  The term closed in this application is not a no-flow system. Drainage area of the well is about 7.6 acres.  The model assumes that the region outside to the boundaries of the closed system model provides sufficient fluid influx to maintain the pressure constant at the boundaries. There is no rationale for the closed system model other than it enables the model to fit the data.  
There are two important results from this match: 1) flow is primarily radial with no indication of an extensive fracture system as is often postulated for the Arbuckle reservoir rock, and 2) the effective permeability of the formation is on the order of 14 md based on a total thickness or 64 feet or about 24 md based on the open hole interval of 38 ft.  The Arbuckle reservoir rock has low permeability in this region.  An earlier analysis of the data gave much higher permeability, but this analysis was found to have a large uncertainty in the permeability and was discarded.
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Figure 3: Horner graph of pressure buildup, assuming producing time of 10,000 hours before shut-in 
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Figure 4:  Log-log graph of pressure buildup.  Pressure data points are red circles.  Derivative points are blue circles.

Gel Treatment
A description of the gel treatment on November 12-13, 2002 was provided by TIORCO.  Table 1 summarizes the treatment sequence.
Table 1

Summary of Gel Treatment-McCord A#4

November 12-13,2002

	Description of Activity

	Begin water pre-flush at 0 BBLS

	Begin 3,500 ppm polymer gel at 20 BBLS

	Begin 6,000 ppm polymer gel @ 468 BBLS

	Begin oil overflush @ 563 BBLS

	Shut down oil overflush @ 620 BBLS

	Resume oil overflush @ 620 BBLS

	End oil overflush @ 663 BBLS


This treatment was characterized by rapid pressure buildup of surface pressure and termination of the treatment before the planned treatment volume was injected.

Figure 5 is a graph of bottomhole pressure versus time obtained from the bottomhole pressure gauge.
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Figure 5:  Bottomhole pressure during gel treatment of McCord A#4

Figure 6 is the expanded scale for the time period when 3500 ppm gelant was injected into the well.
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Figure 6:  Bottomhole pressure during the injection of 3500 ppm gelant at 0.75 BPM.

Interpretation of the pressure response is enhanced by estimation of residence times and gelation times.  The volume of the tubing is about 20 BBLS.  At the injection rate of 0.75 BPM, the residence time of the gelant in the tubing is about 27 minutes.  The gelation reaction between polymer and chromium crosslinker is relatively slow as we see little evidence of viscosity increase (above polymer solution viscosity) within an hour after mixing in similar systems studied in our laboratory.  Thus, the rapid increase in pressure shown after beginning of injection is due to injection of a high concentration polymer solution into a low permeability porous matrix.  Matrix permeability is low (on the order of 24 md) and the apparent viscosity of the gelant solution is about 15-20 cp.  A similar initial pressure profile would be observed if polymer was injected at the same rate without the chromium crosslinker.  
Interpretation of the sharp pressure drop from 1450 psi to 1300 psi between 1 and 1.5 hours could be viewed as partial closure of a fracture after initiation at 1450 psi.  However, this would give a fracture gradient of 0.401 psi/ft which is considered low.  An alternate interpretation is the rupture of a polymer layer that filtered out on the sandface due to retention of some of the large molecules in the polymer solution, possibly not completely dissolved.
The linear increase of bottomhole pressure with time during the injection of 3500 ppm gelant is probably due to the filtration of undissolved polymer or gel aggregates as they form in-situ.  It may be possible to develop a model of this process later.  Buildup is rapid because retention increases as permeability decreases.    

The pressure history tells us that large volumes of 3500 ppm polymer concentration cannot be injected into Arbuckle reservoir rock with permeability comparable to that observed in McCord A#4.  Thus, gelant concentration must be tailored to the estimated formation permeability if large treatment volumes are desired.  Gelants with polymer concentration as low as 2500 ppm have been formulated in our laboratory.  
Low permeability formations can be identified with pressure buildup analysis as demonstrated earlier in this report.  Unfortunately, there is no correlation between polymer concentration and apparent viscosity in carbonate rocks (or any other porous rock), so it is not possible to predict the apparent viscosity of a polymer solution flowing through porous rock apriori.  
We think that it may be possible to develop a way to treat low permeability Arbuckle reservoirs by carefully controlling the polymer concentration during treatment.  To do this, it would be necessary to have a pressure transducer with surface readout to monitor bottomhole pressure during treatment.  A treatment would begin by injecting a low concentration polymer solution (~2500 ppm) into the well to determine the initial pressure response of the formation.  If flow is predominately radial, the data can be analyzed quickly to determine if rapid pressure buildup occurs due to polymer retention at the sandface or in the immediate vicinity of the wellbore.  It is unlikely that surface pressure would develop during this stage of the treatment so bottomhole pressure measurement with surface readout would be required.  The crosslinker could be gradually added to promote in depth treatment, rather than a concentrated treatment in the near-wellbore region which will occur if filtration of gel aggregates is excessive.
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