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906/ 487-3371
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	Objective: This project has demonstrated by a field trial that horizontal wells can substantially increase oil production in older reservoirs at or near their economic limit.

Technologies Used:  Horizontal drilling, MWD (Measurement While Drilling), new computer modeling and analysis.

Background:  The Dundee Formation is Michigan's all-time leader with 352 million barrels of oil and 42 billion cubic feet of gas.  Only 32% of the original oil in place and 80% of the original gas in place is usually recovered from hydrocarbon reservoirs during the initial production phase.  Because most of Michigan's Dundee Formation reservoirs were developed with only 'primary' production techniques and most were discovered before 1960, recoveries are much less, perhaps only 10-15%.  Analysis of production data for Crystal Field suggests that an additional 200,000 bbls of oil can be produced using one strategically located horizontal well. Total additional production from the Crystal Field could be greater than 2 million bbls.  Spin-offs from the technology developed in this project have the potential to increase Dundee production in Michigan by 35%, adding 80-100 MMBO.


ABSTRACT

Recovery of Bypassed Oil in the Dundee Formation using Horizontal Drains (Crystal Field Michigan)

James R. Wood

Michigan Technological University

Houghton, MI 49931

A research consortium consisting Michigan Technological University, the Western Michigan University and Terra Energy Inc. out of Traverse City, MI) was formed in 1992 to demonstrate new or under utilized technologies that could help companies recover bypassed oil from the shallow-shelf carbonate reservoirs in the Michigan Basin. The effort was supported in part by the U. S. Department of Energy and the demonstration wells were designed to test the (Devonian) Dundee Formation.  

The project had two goals:  

· Demonstrate the usefulness of  horizontal wells to recover bypassed oil by exposing more of the well bore to the reservoir, and,

· Characterize 29 additional Crystal Field “look alikes” with the goal of establishing a catalog of shallow-shelf prospects.

At the time of the field demonstration at Crystal Field, total hydrocarbon production in the Michigan Basin has surpassed 1.3 billion barrels as of 2002 and total reserves are estimated at 1 billion barrels. However, hydrocarbon production in Michigan has fallen from a high of 35 MMbbls/yr in 1979 to about 10 MMbbls/yr in 1996. We estimate now that as much as 35-40 percent of the oil known to exist in the Dundee Formation in the Michigan Basin remains in the ground as bypassed oil, largely because early production techniques in the 1930’s and 1949’s when most of the Dundee Fields were discovered and produced were poor. At the time this project began, Crystal Field, once a prolific producer of hydrocarbons, had been reduced to a handful (4-5) of wells, the best of which produced only 5 barrels per day.

The demonstration well drilled as part of this project, the TOW 1-5 HD, was completed successfully in October of 1995 and produced 100 BPD for 3 years before tailing off to a present production of 5-10 BPD. The TOW demonstration actually consisted of two wells: a vertical test well that penetrated through the oil column and a horizontal leg that kicked off of that vertical. Sixty feel of core were taken from the vertical well from the top of the Dundee through the oil column. Total production from this well has exceeded 130,000 barrels but is unlikely to reach the pre-drill estimate of 200,000 barrels. However the TOW well did succeed in sparking a "miniboom" in drilling in the Dundee Formation in the years 1994-1997. As a result of the project, 9 new horizontal wells were permitted for drilling in Crystal Field, and 3 were drilled, two of which proved economic. In addition, approximately 100 horizontal wells were drilled in the Dundee Formation 

Lessons Learned. The primary lessons learned from this project is that federally-sponsored projects like the TOW 1-3 are influential in getting operators to try new or different technologies. Word spreads rapidly via word of mouth and there is ample evidence to show that the TOW well influenced drilling activity in the Michigan Basin for 3-5 years after the demonstration. 

What should have been done differently?  The TOW was such a model of success for this type sponsored activity that there is little that we would change even with nearly 10 years of hindsight.  Possibly subsequent technology transfer should have stressed importance of the vertical well that was drilled to the Dundee prior to the horizontal leg.  The TOW vertical well encountered approximately 5 feet of live hydrocarbons and pinpointed the interval for the horizontal well. The success of the TOW was largely due to the vertical precursor, but nearly all of the succeeding attempts to repeat the success of the TOW omitted the vertical probe well. The lesson today is that the vertical well should be mandatory in these situations and the drilling should cease if the vertical well does not encounter an economic horizon. 

Unexpected Benefits.   Perhaps the biggest benefit from this project was one that was almost unintended. That would be the resurrection of the petroleum geology program at Michigan Technological University and the growth of that program in the last 10 years. What had been a moribund field at MTU now has 2 professors,  2 research professors and has sent over 50 students to the oil industry, Bachelor, Master and Ph.D. 

Future Plans. Future plans include demonstration wells that will combine surface geochemistry with 2D and 3D seismic to locate bypassed oil in shallow-shelf carbonates in the Michigan and Williston Basins. A secondary effort will be to collect and archive data from these two basins, primarily formation top data and well logs.
	Improved Recovery Demonstration for Williston Basin Carbonates -- Class II
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	Objective: Define geological characteristics of two reservoirs in the southern Williston Basin of Montana, South Dakota and North Dakota through the use of 3D seismic surveys.  Test lateral completion technology such as horizontal re-entry in existing wells.  Infill drilling will be targeted to areas where additional producible oil remains. If successful, a water injection pilot will follow.

Technologies Used:  3D seismic surveys, multi-component seismic, targeted infill drilling, horizontal drilling,  lateral completions (jetting lance, steered mud-motor drilling),waterflooding.

Background:  Exploration for Red River reserves in the Williston Basin began in the 1940s on the Cedar Creek Anticline. Single-point seismic data extended the Red River exploration into South Dakota in the 1950s. 2-D seismic technology in the 1960s allowed delineation of small, deep structures. Both the Red River and Ratcliffe study areas have been successfully explored with 2D seismic methods. Reservoir characterization of the four porosity zones of the Red River should improve drilling efficiency, and identify the best intervals in both the Red River and Ratcliffe for completion.  Lateral completions should improve economics for both primary and secondary recovery where low permeability is a problem and higher density drilling is limited by drilling cost. Seismic surveys will reveal bypassed oil-bearing pay zones in complex carbonate reservoirs. The project will demonstrate whether waterflooding is technically and economically feasible in Red River and Ratcliffe formations in the Williston Basin.



ABSTRACT 
IMPROVED RECOVERY DEMONSTRATION

FOR WILLISTON BASIN CARBONATES

Cooperative Agreement DE-FC22-94BC14984

Luff Exploration Company, Denver, Colorado

Mark Sippel, consulting engineer

This project applied certain characterization and completion technologies for improved production from Red River and Ratcliffe reservoirs in the Williston Basin. Reservoir characterization studies included 3D and multi-component seismic surveys. High-pressure jetting lance and short-radius lateral drilling technologies through existing wellbores were tested for improving primary recovery. New-well, medium radius horizontal drilling was tested for improving waterflooding.

The greatest successes of the project came from reservoir characterization using 3D seismic and horizontal drilling in Red River reservoirs. Application of jetting-lance completion technology was a failure. Multi-component seismic for reservoir characterization in Ratcliffe reservoirs was also unsuccessful.


Three vertical wells were drilled based on study of two 3D seismic surveys in Bowman Co., North Dakota. These wells encountered by-passed oil in complex carbonate reservoirs at locations near old wells. The new wells were completed with an average initial rate of 190 bbl oil per day. Recoverable reserves from the demonstration wells will exceed reserves produced by the nearby old wells. In addition to the reserves developed by the demonstration wells, further development potential was identified within the 3D seismic areas. Five successful wells were drilled after the project conclusion at locations identified during the project term. Application of horizontal drilling completions for improved water injection in a waterflood pilot was successful. Susbsequent to the project, a waterflood unit was formed and four wells were successfully re-completed with short-radius laterals.
	An Integrated Study of the Grayburg/San Andres Reservoir, Foster and South Cowden Fields, Ector County, Texas -- Class II
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	Objective:  Address production problems typically associated with shallow shelf carbonate reservoirs.  This project will demonstrate that 3-D seismic data can be used to aid in identifying porosity zones, permeability barriers, and thief zones and thereby improve waterflood design.

Technologies Used:  Core/Fluid analysis, 3-D seismic, reservoir modeling, numerical simulation, well stimulation, recompletions, infill drilling/coring, waterflood redesign.

Background:  Reservoirs in the Foster and South Cowden fields were approaching economic limit and the 68 year old lease would be abandoned within 10 years. A multi-disciplinary approach to waterflood design and implementation, along with selective infill drilling and deepening is planned to increase reserves, extend reservoir life, and improve production. Reservoir characterization can be improved by integrating seismic derived reservoir properties, geological characterization techniques, and 3-D reservoir simulation.  Additionally, with the advent of low cost state-of-the-art computer hardware and software packages, independent operators can economically afford a similar development effort.


ABSTRACT

Significant New Learnings From an Integrated Study of an Old Field, Foster/South Cowden Field (Grayburg/San Andres), Ector County, Texas
Robert Trentham, Laguna Petroleum
This DOE supported study by Laguna Petroleum of the Grayburg and San Andres reservoirs in a portion of the Foster Field, Ector County, Texas, was designed to test whether an integrated engineering, geological, and geophysical study could significantly add reserves, preserve access to existing well bores and extend the life of this 66 year old field.  The study has been successful in adding 290,000 BO incremental production and >650,000 BO incremental reserves, while extending the economic life of the field from 9 to 16 years. It also resulted in re-entry of 3 plugged or temporarily abandoned wells, the drilling of 4 wells, and the re-stimulation of over a dozen wells. Laguna recently (in June 2002) sold the property to Oxy Petroleum. 

The successful integration of seismically derived, log guided porosity maps into a reservoir simulation were a major contribution of this study. There are, however, a number of other engineering, geological and geophysical “learnings” that have come out of this study as well. These fall into 4 categories  - reservoir characterization, well testing, recompletion and production and include: 

· Reservoir Characterization

· The San Andres reservoir, with was allocated 40% of the OOIP based on logs calculations and IP’s, is actually responsible for less than 10% of the produced oil, and is highly compartmentalized as a result of exposure and karstification,

· Poorly delineated lithologic changes are actually significant barriers to vertical flow,

· Inversion modeling derived seismic velocity can be directly correlated to neutron - density cross - plot porosity, not sonic porosity.

· Well Testing

· Water chemistry analyses can be used to describe fluid flow and quantify sweep efficiency in the reservoir in a 40 year old waterflood, 

· Bottom hole pressure tests indicate that different areas within a single layer and different layers within the same formation can be at significantly different pressures, and that cross flow is a significant problem in the reservoir,

· Bottom hole pressure tests need to be of longer duration (21 to 30 days) to identify the presence of multiple reservoirs, 

· Recompletion

· Fracture stimulations completed between 1955 and 1982 have closed, healed or scaled over, 

· Simple acid stimulation was unsuccessful in contacting sealed off, high pressures reservoirs,

· The success rate of fracture stimulations can be estimated and candidates prioritized by evaluating bottom hole pressure, water chemistry of produced water and production tests,

· Production

· The outcome of a fracture stimulation is proportional to the bottom hole pressure and the oil/water production ratio prior to the restimulation, 

· Flowing water recoveries following restimulation does not condemn a zone as many of the re-stimulated wells produced little if any oil until many times the amount of load water had been recovered and the water level dropped to below 1000’ from surface.

These techniques have been successfully exported to other properties in the area.

Water chemistry analyses can describe differences and changes in the reservoir in this 40-year-old waterflood. In addition to the 320 water samples analyzed prior to the inception of the project, over 350 new water samples have been collected and analyzed. These analyses and recent tests have allowed the determination of original “virgin” water chemistries of the different producing zones and of the various injection make-up waters. Realizing the potential uses of this data set, Laguna Petroleum initiated periodic sampling of each well. In addition, water samples were taken prior to and following any change in a wells status (setting CIBP’s, refracturing, etc.). The produced water analyses are now being used as a real time indicator of the success or failure of day-to-day field operations. Some of the questions that are being addressed are:

· What is the source of produced water? Virgin formation, floodwater or a mix?

· Was the setting of a CIBP successful in isolating a zone or zones?

· Was fracture stimulation successful in producing from a single zone (Pipeline Frac) or multiple zones (conventional frac)?

· What is the cause of a sudden change in production?

· Is water being coned up from a deeper reservoir?

· Is there a casing leak?

Bottom hole pressure tests indicate that different areas in a single zone and different zones within the same formation can be at significantly different pressures. A series of bottom hole pressure tests run before and after the setting of bridge plugs demonstrated that the upper Grayburg was typically at much higher pressure than the lower Grayburg and San Andres. There is also a low pressure area with in the upper Grayburg in one of the leases with offset wells varying in pressure by as much as 1500#. This supports the conclusion that the waterflood has not efficiently flooded the entire reservoir.

A corollary conclusion was that bottom hole pressure tests need to be of longer duration to identify the presence of multiple reservoirs. Tests of from 3 to 7 days are adequate to characterize single zone reservoirs with uniformly high porosity and permeability. However, in a reservoir like the Grayburg with 4-12% porosity, 0.1 to 10 milli-darcies of permeability and pressures ranging from 300 to 2200 pounds, tests of from 21 to 30 days are necessary to define the variations in the multi-zone reservoir. Longer duration tests are, therefore, an essential part of a successful reservoir characterization.

From the bottom hole pressure testing data, it was determined that fracture stimulations completed from 1955 – 1982 have either closed or healed. The fracture treatments performed on older wells consisted of 40,000 gallons of fluid and 20,000 lbs. of sand.  Although the treatments achieved initial producing rates considered successful, the relatively small treatments created short frac wing lengths that closed with time, resulting in rapid production declines. It was decided much larger treatments had to be utilized in order to achieve greater frac lengths.   Both conventional and non-conventional frac designs have been utilized in the field with good results. The conventional fracs are three times as large as had been utilized in the field prior to the project and have resulted in contacting larger volumes of reservoir.  A “pipeline” fracturing technique, designed to increase the induced fracture length yet control frac height, was used to improve fluid production in some wells by more effectively contacting the reservoir.  Fracture lengths over 200’ have been achieved utilizing this method.

To date nine wells have been re-stimulated.  Prior to the workovers, total production from the nine wells was 37 BO, 181 BW and 9 MCF.  Production from the wells after the re-fracs peaked at 286 BO, 2109 BW and 86 MCF and has since stabilized at 183 BO, 1723 BW and 42 MCF.  This represents a 5-fold increase in total sustained production from the nine wells. 

A review of the results of all fracture stimulation completed during the study, it was determined that the success of a workover is proportional to the bottom hole pressure and the oil/water ratio prior to the restimulation Stimulations of wells with higher bottom hole pressures (greater than 1500 #), and low oil/water ratios ((typically less than 1:4), were more successful. In wells where both variables did not fall within the acceptable range, the stimulation produced poorer economic outcome. By production and bottom hole pressure testing wells prior to re-stimulations, only high pressure, low water cut wells will be chosen as workover candidates High risk wells (those with low pressure and/or high water cuts) can be eliminated as workover candidates.

Flowing water or 100% water swab recoveries following restimulation does not condemn a zone. Many of the restimulated wells produced little if any oil until the water level was dropped to below 1000’ from surface. This is believed to be the result of different pressures in zones with different oil/water productivity. It is believed that the zones with higher pressure are water productive (swept by the water flood) and the zones with lower pressures have higher oil/water ratios. Imagine how many potentially productive waterflood wells have been plugged as a result of producing 100% water during the days immediately following the completion!  

The San Andres, the reservoir with the apparently highest quality has, economically, the lowest potential. The coring and production testing of the San Andres has confirmed that the low permeability and compartmentalization of the reservoir has resulted from karstification and anhydrite cementation. Although thick intervals with porosities reaching 15 to 20% are common, production typically declines rapidly and completions are marginally economic. In this project it was initially assumed that the San Andres was responsible for +/-40% of the total production. In fact, the San Andres contributed less than ¼ of that amount!

The expected correlation between seismic velocity and sonic porosity did not materialize. Instead, there is however, a good, direct, correlation between the inversion modeled seismic velocity and the cross plot of gross average neutron density porosity for each zone, with an acceptable error bar. A two-line slope curve (non-linear) relationship was used to calculate the final values of porosity from the seismic inversion data.  Each line relationship was used to calculate a porosity map.  Values of porosity above 4% from one map were combined with porosity values below 4% from the second, to create a single map. This results in a porosity map that is on the same scale as a reservoir simulation. Each seismic porosity value represents a 110 x 110’ bin. Each grid cell in the simulation is 120 x 120’!

The “Learnings” developed here are already being implemented in other properties and fields in the area. The Grayburg and San Andres reservoirs are major reservoirs in the Permian Basin and these learnings are applicable to most of the older waterfloods in the basin. There is significant potential for recovering incremental reserves and extending the lives of older fields by utilizing the learnings developed as a result of this DOE supported project.
	CO2 Huff-n-Puff Process in Light Oil Shallow Shelf Carbonate Reservoir (Central Vacuum Unit), Vacuum Field, Lea County, New Mexico -- Class II
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	Objective: The principal objective of the Central Vacuum Unit (CVU) and Sundown Slaughter Unit (SSU) CO2 Huff-n-Puff (H-n-P)  project is to determine the feasibility and practicality of the technology in a waterflooded shallow shelf carbonate environment.  The results of parametric simulation of the CO2 H-n-P process coupled with the CVU reservoir characterization components will determine if this process is technically and economic for field implementation.  The technology transfer objective of the project is to disseminate the knowledge gained through an innovative plan in support of the Department of Energy's (DOE) objective of increasing domestic oil production and deferring the abandonment of shallow shelf carbonate (SSC) reservoirs. 

Technologies Used:  Reservoir characterization, geostatistics, reservoir fluid analysis, reservoir modeling, waterflood review, parametric simulations (compositional), CO2 huff-n-puff.

Background:  The principal objective of the Central Vacuum Unit (CVU) and Sundown Slaughter Unit (SSU) CO2 Huff-n-Puff (H-n-P) project is to determine the feasibility and practicality of the technology in a waterflooded shallow shelf carbonate environment. The results of parametric simulation of the CO2 H-n-P process coupled with the CVU reservoir characterization components will determine if this process is technically and economic for field implementation. The ultimate goal will be to develop guidelines based on commonly available data that other operators can use to investigate the applicability of the process within other fields.


ABSTRACT

Revisiting the CO2 H-n-P Experience

A Follow-up to…

“CO2 Huff-n-Puff Process in Light Oil Shallow Shelf Carbonate Reservoirs”
Conducted under DOE Class-II Program

Contract No.: DE-FC22-93BC14986

in

Lea Co., New Mexico & Hockley Co., Texas

by

S.C. Wehner/Kinder Morgan CO2 Company, L.P.

The principal objective of the Central Vacuum Unit (CVU) and Sundown Slaughter Unit (SSU) CO2 Huff-n-Puff (H-n-P) project was to determine the feasibility and practicality of the technology in a waterflooded shallow shelf carbonate environment.  The hopes for the technology centered on an ability to help operators establish injectivity for, and generate near-term revenue parallel to capital commitments associated with implementation of full-scale tertiary miscible CO2 projects.  The results and conclusions of this work will be restated with a look back on performance beyond the contract period.  Several surprises, as well shortfalls are further discussed.

Areas for discussion:

Determine Injectivity for Miscible Operations – Provided direction but volume insufficient to be conclusive and surface operating pressure restricted.

Generation of Near-term Revenue – Mixed results on oil production increases.  However, earlier miscible responses from H-n-P wells occurred.  Interestingly, reduced H2O production volumes and lower associated operating costs may have provided the desired savings.

Oil Response relates to CO2 Volume – To an extent, it is similar to expectations in miscible recovery.  You put more in; you get more out.  You can go too far.  Can you get enough oil?

Reservoir Characterization not so Critical – Relative to flow within a reservoir associated with any type of flooding process, the cyclic process does not warrant extensive reservoir characterization.

Dynamic Surveillance – An industry consortium provided 4D Multi-Component seismic monitoring.  Did we see the CO2?  

Field Operations – What should an operator know if attempting an application of technology?  Where’s your gas going?  What’s your source for CO2?  

The project originally intended for a cyclic introduction of CO2 into the reservoir.  For reasons to be discussed the project was reformatted to a single cycle and a second site was selected for continued demonstration of the technology.  Although the contract ended, the operator performed additional tests, which will also be shared in this follow-up.

The Program Manager/Presenter wishes to thank his previous employer, ChevronTexaco for their willingness to share results of related work performed outside the DOE contract.

	 Improved Oil Recovery in Lower Meramecian (Mississippian) Carbonate Reservoirs of Kansas -- Class II
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	Objective: Demonstrate incremental reserves from lower Meramecian (Mississippian) 'Warsaw dolomite' reservoirs through application of reservoir characterization to identify areas of unrecovered mobile oil.  The project addresses producibility problems including inadequate reservoir characterization, drilling and completion design problems, non-optimum recovery efficiency.  The results of this project will be disseminated through various technology transfer activities.

Technologies Used:  All technologies used have been adapted to be cost-effective for independent operators in mature fields.  Technologies include petrophysical analysis (PfEFFER) and visualization (Pseudoseismic), core analysis using NMR, Numerical simulation on a PC, and Internet technology transfer.

Background:  Site is located in the upper shelf of the Hugoton Embayment of the Anadarko Basin and produces oil from dolostones and limestones of the Lower Meramecian Warsaw Limestone and Osagian Keokuk Limestone (Mississippian) at depths of 4,350-4410'.  Mississippian reservoirs in Kansas have cumulative production of over one billion barrels. The development of a petrophysical analysis package, which is a cost-effective and practical tool for operators, is a goal of the project.


Abstract
TITLE: IMPROVED OIL RECOVERY IN MISSISSIPPIAN CARBONATE RESERVOIRS OF KANSAS 

Timothy R. Carr1, Dana Adkins-Heljeson1, Saibal Bhattacharya1, Alan P. Byrnes1, Evan K. Franseen1, Paul Gerlach2, Willard Guy1, Richard Pancake3, and W. Lynn Watney1, 1) Kansas Geological Survey, University of Kansas, Lawrence, Kansas; 2) Consulting Geologist, Charter Development Corp., Wichita, Kansas; 3) tertiary Oil Recovery Project, University of Kansas, Lawrence, Kansas.

The Kansas Class 2 project was a demonstration project in an Osagian and Meramecian (Mississippian) shallow shelf carbonate reservoir in west central Kansas.  Cumulative production from Mississippian carbonate reservoirs located beneath a regional sub-Pennsylvanian unconformity and karst surface is over 1 billion barrels distributed over a large number of small to medium size reservoirs.  Small independent producers operate many of these reservoirs.  Extremely high water cuts and low recovery factors place continued operations at or near their economic limits.  The focus of the project was development and demonstration of cost-effective reservoir description and management technologies to extend the economic life of mature reservoirs in Kansas and the mid-continent.  Producibility problems in Kansas Meramecian and Osagian dolomite reservoirs include inadequate reservoir characterization, drilling and completion design problems, and non-optimal primary recovery.

Application of cost-effective reservoir description and management strategies can significantly extend the economic life of these mature peritidal carbonate fields and recover incremental reserves.  Equally important is innovative dissemination of the data, methodologies, and results to foster wider application of demonstrated technologies by the numerous operators of similar fields throughout the northern Mid-continent and US.  

The project entailed integration of and creative approaches to the often-inadequate existing data characteristic of small mature reservoirs operated by independent producers.  At the Schaben and Ness City North demonstration sites, integrated reservoir characterization provided the basis for development of a descriptive reservoir model and the framework for simulation.   The study results were used to evaluate and target infill vertical and horizontal wells, and contributed to a document increase in production.

As part of the Kansas Class 2 project a number of cost-effective tools and techniques for reservoir description were developed, modified and demonstrated.  These include widely used low-cost spreadsheet log analysis software (PfEFFER). The most significant Kansas Class 2 project results include: 1) identification of potential incremental reserves that can be accessed through targeted infill and possible horizontal drilling: 2) development of online access and query of regional databases for evaluation of targeted infill drilling in similar reservoirs of Kansas; and 3) new models for innovative cost-effective approaches to reservoir characterization and simulation using less existing less than optimal data.

The demonstration phase at the Schaben and Ness City North sites showed the effectiveness of the proposed reservoir management strategies and technologies.  At the Schaben Field, a total of 22 additional locations were evaluated based on the reservoir characterization and simulation studies and resulted in a significant incremental production increase.  At Ness City North Field, a horizontal infill well (Mull Ummel #4H) was planned and drilled based on the results of reservoir characterization and simulation studies to optimize the location and length.  The well produced excellent and predicted oil rates for the first two months.  Unexpected presence of vertical shale intervals in the lateral resulted in loss of the hole.  While the horizontal well was not economically successful, the technology was demonstrated to have potential to recover significant additional reserves in Kansas and the Mid-continent.  Low-cost approaches were developed to evaluate candidate reservoirs for potential horizontal well applications at the field scale, lease level, and well level, and enable the small independent producer to identify efficiently candidate reservoirs and also to predict the performance of horizontal well applications.
	Increased Oil Production and Reserves Utilizing Secondary/Tertiary Recovery Techniques on Small Reservoirs in the Paradox Basin, Utah -- Class II
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	Objective: Increase production and reserves from shallow shelf carbonate reservoir in the Paradox Basin of Utah and Colorado through geological and engineering investigations, leading to the application of advanced secondary recovery technology.  Technical studies will be conducted on five diverse small fields located in the Navajo Nation to select the best candidate field to be targeted for a pilot demonstration. 

Technologies Used:  The following technologies are being used:  (1) reservoir characterization, (2) well testing and horizontal drilling (development well), (3) core analysis, (4) log analysis, (5) reservoir simulation, (6) swath seismic acquisition and analysis, and (7) waterflood/CO2 flood development.

Background:  More than 400 million barrels of oil have been produced from shallow-shelf carbonate deposits consisting of algal mounds and oolitic-bank deposits in the Ismay and Desert Creek zones of the Pennsylvanian Paradox Formation.  The value of secondary or tertiary recovery has not been demonstrated on any of the smaller shallow-shelf carbonate reservoirs in the basin.  These fields typically contain 2 to 10 million barrels of original oil-in-place.  Only 15 to 20 percent of that oil is recoverable during primary production. Anasazi fields has been selected and approved for Phase II CO2 flood.  Modeling of Anasazi field predicts economic return of 62% with payout in 35 months. Modeling of Runway field predicts economic return of 30% with payout in 32 months. The 1st horizontal well in a small algal mound reservoir in the Paradox basin was completed at Mule field in 1997 initially flowing producing at 149 BOPD.  Potential oil recovery from CO2 flooding of the Anasazi field is estimated at 2.2 million bbls of oil over primary recovery of 2.0 million bbls


Potential oil recovery from CO2 flooding of the Runway field is estimated at 1.6 million bbls of oil over primary recovery of 0.8 million bbls. Many similar oil fields are at risk of premature abandonment unless secondary recovery techniques can be effectively demonstrated. In the absence of applying an effective secondary or tertiary recovery technology, an estimated 200 million barrels of oil would be left in the 100 or more known reservoirs of the Paradox Formation in Utah, Colorado, Colorado, and Arizona.  Through proper geological and engineering evaluation of the reserves, production may be increased by 175 percent, or an additional 0.5 to 3.5 million barrels per field.  Water flooding has proven to be uneconomic and not technically feasible. Success of the CO2 flood project will reveal to operators in the Paradox Basin that production may be increased by the application of selected enhanced recovery projects, and benefit not only the producers but also the royalty owners in a manner similar to that of the Navajo Nation in this project.

ABSTRACT
 SEQ CHAPTER \h \r 1INCREASED OIL PRODUCTION AND RESERVES

UTILIZING SECONDARY/TERTIARY RECOVERY TECHNIQUES ON SMALL RESERVOIRS IN THE PARADOX BASIN, UTAH
by

Thomas C. Chidsey, Jr.  Utah Geological Survey, Salt Lake City, Utah


The Paradox Basin of Utah, Colorado, and Arizona contains nearly 100 small oil fields producing from shallow-shelf carbonate buildups or mounds within the Desert Creek zone of the Pennsylvanian (Desmoinesian) Paradox Formation.  These fields typically have one to four wells with primary production ranging from 700,000 to 2,000,000 barrels of oil per field at a 15 to 20 percent recovery rate.  

Five fields in southeastern Utah were evaluated for waterflood or carbon-dioxide (CO2)-miscible flood projects based upon geological characterization and reservoir modeling.  Geological characterization on a local scale focused on reservoir heterogeneity, quality, and lateral continuity as well as possible compartmentalization within each of the five project fields.  

The Desert Creek zone includes three generalized facies belts: (1) open-marine, (2) shallow-shelf and shelf-margin, and (3) intra-shelf, salinity-restricted facies.  These deposits have modern analogs near the coasts of the Bahamas, Florida, and Australia respectively, and outcrop analogs along the San Juan River of southeastern Utah.  The analogs display reservoir heterogeneity, flow barriers and baffles, and lithofacies geometry observed in the fields and thus, incorporated in the reservoir simulation models.  

Productive carbonate buildups consist of three types: (1) phylloid algal, (2) coralline algal, and (3) bryozoan.  Phylloid-algal buildups have a mound-core interval and a supra-mound interval.  Hydrocarbons are stratigraphically trapped in porous and permeable lithotypes within the mound-core intervals of the lower part of the buildups and the more heterogeneous supra-mound intervals.  To adequately represent the observed spatial heterogeneities in reservoir properties, the phylloid-algal bafflestones of the mound-core interval and the dolomites of the overlying supra-mound interval were subdivided into ten architecturally distinct lithotypes, each of which exhibits a characteristic set of reservoir properties obtained from outcrop analogs, cores, and geophysical logs.  


The Anasazi and Runway fields were selected for geostatistical modeling and reservoir compositional simulations.  Models and simulations incorporated variations in carbonate lithotypes, porosity, and permeability to accurately predict reservoir responses.  History matches tied previous production and reservoir pressure histories so that future reservoir performances could be confidently predicted.  

The simulation studies showed that despite most of the production being from the mound-core intervals, there were no corresponding decreases in the oil in place in these intervals.  This behavior indicates gravity drainage of oil from the supra-mound intervals into the lower mound-core intervals from which the producing wells’ major share of production arises.  The key to increasing ultimate recovery from these fields (and similar fields in the basin) is to design either waterflood or CO2-miscible flood projects capable of forcing oil from high-storage-capacity but low-recovery supra-mound units into the high-recovery mound-core units.  


Simulation of Anasazi field shows that a CO2 flood is technically superior to a waterflood and economically feasible.  For Anasazi field, an optimized CO2 flood is predicted to recover a total 4.21 million stock tank barrels of oil representing in excess of 89 percent of the original oil in place.  For Runway field, the best CO2 flood is predicted to recover a total of 2.4 million stock tank barrels of oil representing 71 percent of the original oil in place.  If the CO2 flood performs as predicted, it is a financially robust process for increasing the reserves in the many small fields in the Paradox Basin.  The results can be applied to other fields in the Rocky Mountain region, the Michigan and Illinois Basins, and the Midcontinent.  
	 Application of Integrated Reservoir Management and Reservoir Characterization to Optimize Infill Drillings -- Class II
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	Objective: Demonstrate the application of advanced secondary recovery technologies to remedy producibility problems in shallow-shelf carbonate reservoirs in the Permian Basin, Texas.

Technologies Used: Core/fluid analysis, crosswell seismic tomography, borehole imaging logging, well tests, reservoir modeling, geostatistics, numerical simulation, well stimulation, infill drilling.

Background: Infill drilling of wells on a uniform spacing, without regard to reservoir performance and characterization, does not optimize reservoir development because it fails to account for the complex nature of reservoir heterogeneities present in many low-permeability reservoirs, and carbonate reservoirs in particular.  New and emerging technologies, such as cross-borehole tomography, geostatistical modeling, and rigorous decline type curve analysis, can be used to quantify reservoir quality and the degree of interwell communication.  These results can be used to develop a 3-D simulation model for prediction of infill locations.   Typical Clearfork reservoirs have recovered only 15% to 22% of the oil they originally contained, and use of targeted infill drilling in combination with waterflooding could recover as much as 2.5 billion barrels of additional oil from these reservoirs alone.  Because all shallow shelf carbonate reservoirs to some degree have heterogeneous characteristics similar to the Clearfork, tremendous volumes of additional oil have the potential to be recovered using targeted infill technologies.


ABSTRACT
Application of Integrated Reservoir Management and Reservoir Characterization

North Robertson Unit 

FINA, USA
This project has used a multi-disciplinary approach employing geology, geophysics, and engineering to conduct advanced reservoir characterization and management activities to design and implement an optimized infill drilling program at the North Robertson (Clearfork) Unit in Gaines County, Texas. The activities during the first Budget Period consisted of developing an integrated reservoir description from geological, engineering and geostatistical studies, and using this description for reservoir flow simulation. Specific reservoir management activities were identified and tested 
The overall thrust has been Geologically Targeted Infill Drilling. In Budget Period I we demonstrated that it is possible to optimize economics for each and every new well in an infill drilling program. Blanket drilling in shallow-shelf carbonate reservoirs is neither prudent nor warranted with the modern reservoir characterization tools and techniques available to operators. 

Infill drilling of wells on a uniform spacing, without regqrd to characterization does not optimize development because if fails to account for the complex nature of reservoir heterogeneities present in many low permeability reservoirs, especially carbonate reservoirs, such as the Clearfork. These reservoirs are typically characterized by:

· Large, discontinuous pay intervals

· Vertical and lateral changes in reservoir properties

· Low reservoir energy 

· High residual oil saturation

· Low recovery efficiency

The operations problems encountered include:

· Poor or inadequate completions and stimulations

· Early water breakthrough

· Poor reservoir sweep efficiency in contracting oil throughout the reservoir

· Channeling of injected fluids due to preferential fracturing caused by excessive injection rates

· Limited data availability and poor data quality
A significant contribution of this project is to demonstrate the use of cost-effective reservoir characterization and management tools that will be helpful to both independent and major operators for optimal development of heterogeneous, low permeability shallow-shelf carbonate reservoirs. 

	Application of Reservoir Characterization and Advanced Technology Improves Recovery and Economics in Lower Quality Shallow Shelf San Andres Reservoirs -- Class II
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	Objective: This field project will demonstrate the application of cross wellbore tomography, hydraulic fracture orientation detection, 3-D seismic methods, and cyclic CO2 stimulation to improve the economics of conventional CO2 flooding.

Technologies Used:  Core analysis, fracture treatment, 3-D seismic, pressure falloff analysis, cyclic CO2 stimulation, tomography interpretation, reservoir modeling, reservoir simulation, infill drilling, CO2 flood design.

Background:  In 1991 OXY USA had identified recoverable reserves of 42 MMSTBO from  current EOR technology.  The project has drilled  5 new wells producing at 100 BOPD.  Two new field demonstration wells were completed based on 3-D seismic-guided mapping.   Production from these wells has reached 200 BOPD with estimates of 300,000 bbls additional reserves.    After proceeding with the CO2 flood at South Welch Unit, which began CO2 injection in 1993, lower oil prices were forecasted.  With the lower prices, the estimated recoverable EOR reserves dropped to 17 MMSTBO.  OXY USA began evaluation of cyclic CO2 treatments to accelerate production and recover additional oil that would not be recovered by conventional CO2 flooding.  Seismic tomography will be incorporated into the reservoir description process.  This approach is expected to assist with projects that have marginal economics at current prices.


ABSTRACT

West Welch Unit 

Class II Department of Energy Project

DE-FC22-94BC14990
Dawson County, Texas
Project Title:  Application of Reservoir Characterization and Advanced Technology to Improve Recovery and Economics in a Lower Quality Shallow Shelf Carbonate Reservoir.
Tom Bebee
This presentation updates the demonstration phase of a CO2 flood pilot project that has been under CO2 injection since 1997.  The pilot CO2 injection project is in a six 40-acre pattern area of the West Welch Unit.  Originally, the pilot area covered a 640 acre area, but CO2 flood performance and economic conditions narrowed the pilot to the current six 40-acre pattern focus area.  Since 2000, the majority of the emphasize has been to improve the reservoir processing rate and accelerate response through an aggressive workover program, recompletion of a vertical well to a horizontal producer, and optimize CO2 injection rates.  

As of April 2002, CO2 injection has ceased due to lack of economic response and completion of project funding.  Total HCPV CO2 injected into the focus area is 13.5%.  Through a higher HCPV CO2 injected would have liked to been achieved the fact that it took 5 years to inject the 13.5% deteriorates total project economics and puts a significant damper on CO2 expansions into other similar low reservoir processing rate areas.

This presentations shows the original model tertiary forecast versus actual performance.  Provides an overview of the operational work to improve reservoir processing rate. Briefly shows the follow up result of the cross wellbore tomography survey illustrating the CO2 migration through the reservoir.  Lastly, an economic summary of the project performance.

	 Design and implementation of a CO2 Flood Utilizing Advanced Reservoir Characterization and Horizontal Injection Wells in a Shallow Shelf Carbonate Approaching Waterflood Depletion -- Class II
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	Objective: Demonstrate economic viability and widespread applicability of an innovative reservoir management and carbon dioxide (CO2) flood project development approach for improving CO2 flood project economics in shallow shelf carbonate reservoirs. Use of several horizontal injection wells drilled from a centralized location will reduce the number and cost of new injection wells, wellheads, and equipment; allow concentration of the surface reinjection facilities; and minimize the cost associated with the CO2 distribution system.  It is anticipated that the proposed advanced technology will show improved CO2 sweep efficiency and will significantly reduce the capital investment required to implement a CO2 tertiary recovery project relative to conventional CO2 flood pattern developments using vertical injection wells.  

Technologies Used:  Core analysis, 3-D seismic, reservoir modeling, numerical simulation, geostatistics, injectivity and production tests, PTA, infill drilling, horizontal drilling, CO2 flooding, memory-tool injection profile logging under both water and CO2 injection.

Background:  The principal objective of this project is to demonstrate the economic viability and widespread applicability of a CO2 flood project utilizing multiple horizontal CO2 injection wells. The Grayburg and San Andres formations were deposited in shallow carbonate shelf environments along the eastern margin of the Central Basin Platform. The primary target for CO2 flood development under the proposed project is a 150-200 ft gross interval within the San Andres located at an average depth of 4,550 ft. The OOIP for South Cowden Unit is estimated to be less than 180 million barrels. The field was discovered in 1940 and unitized for secondary recovery in 1965.  The Grayburg-San Andres section had previously been divided into multiple zones mapped as continuous across the field. Previous core studies concluded that reservoir quality in South Cowden field is controlled primarily by distribution of a bioturbated and diagenetically altered rock type.




 ABSTRACT

DESIGN AND IMPLEMENTATION OF A CO2 FLOOD UTILIZING ADVANCED RESERVOIR CHARACTERIZATION AND HORIZONTAL INJECTION WELLS IN A SHALLOW SHELF CARBONATE APPROACHING WATERFLOOD DEPLETION

Mark Moshll

Cooperative Agreement Number:

DE-FC22-94BC14991

Participant Organization:



ConocoPhillips

(Formerly  Phillips Petroleum Company)








4001 Penbrook








Odessa, Texas 79762

Summary:  Injection and production rates have been only partially successful in reaching project goals.  Though confining injection in the pay zone has been achieved, total actual injection rate has been less that forecasted.  All current CO2 injection is via horizontal wellbores.   Oil production volume, after peaking at near 710 barrels of oil per day (BOPD) in June 2001, has stabilized near 650 BOPD as of June 2002.   
ABSTRACT

The purpose of this project was to economically design an optimum carbon dioxide (CO2) flood for a mature waterflood nearing its economic abandonment. The original project utilized advanced reservoir characterization and CO2 horizontal injection wells as the primary methods to redevelop the South Cowden Unit (SCU). The development plans; project implementation and reservoir management techniques were to be documented  to assist in preventing premature abandonment of similar fields.  

The Unit was a mature waterflood with water cut exceeding 95%.  Budget Phase I started in June 1994 and ended late June 1996.  In this phase Reservoir Analysis, Characterization Tasks and Advanced Technology Definition Tasks were completed. Completion enabled the project to be designed, evaluated, and an Authority for Expenditure (AFE) for project implementation submitted to working interest owners for approval. Budget Phase II consisted of the implementation and execution of the project in the field.  Phase II was completed in July 2001.

Performance monitoring, during Phase II, by mid 1998 identified the majority of producing wells which under performed their anticipated withdrawal rates. Newly drilled and re-activated wells had lower offtake rates than originally forecasted. As a result of poor offtake, higher reservoir pressure was a concern for the project as it limited CO2 injectivity. To reduce voidage balance, and reservoir pressure, a disposal well was therefore drilled. Several injection surveys indicated the CO2 injection wells had severe conformance issues.

After close monitoring of the project to the end of 1999, it was evident the project would not recover the anticipated tertiary reserves. The main reasons for under-performance were poor in zone CO2 injection into the upper San Andres layers, poorer offtake rates from newly drilled replacement wells and a higher than required reservoir pressure.

A redevelopment of South Cowden was agreed upon by the Department of Energy (DOE) and SCU partners, which commenced in year 2000. The redevelopment essentially abandoned the original development for Budget Phase II in favor of a revised approach. This involved conformance techniques to resolve out of zone CO2 injection and use of horizontal wells to improve in zone injectivity and productivity. 
Redevelopment Phase 1 was completed in May 2000. It was deemed a success in regard to finding suitable/cost-effective technology for drilling horizontal laterals and finding a technique that could sustain long-term productivity from the upper layers of the San Andres reservoir. Four existing vertical producing wells were isolated from their existing completions and sidetracked with horizontal laterals into the upper layers of the San Andres. Overall average offtake rates for the four wells increased by a factor of 12 during the first four months after completion of Phase  Phillips presented Phase 1 results to both the DOE and SCU partners. All parties agreed to continue with the Redevelopment Phase 2 activities. 

Phase 2 of the redevelopment focused on current CO2 vertical injection wells. Techniques were applied to resolve near well conformance concerns and then either single or dual laterals were drilled in the upper layers. Additional work required conformance resolution with a horizontal injection well and additional lateral drilling from four existing producing wells. 

Phase 2 activities commenced in October 2000. Four dual lateral and one single lateral CO2 injection wells were completed from existing wellbores to replace the poorly performing CO2 vertical injection wells.  Four additional single lateral producers from existing vertical production wells were also completed. Phase 2 was completed in April 2001.

Injection and production rates have been only partially successful in reaching project goals.  Though confining injection in the pay zone has been achieved, total actual injection rate has been less that forecasted.  All current CO2 injection is via horizontal wellbores.   Oil production volume, after peaking at near 710 barrels of oil per day (BOPD) in June 2001, has stabilized near 650 BOPD as of June 2002.  
	Exploration and Optimization of Reservoir Performance in Hunton Formation, OK/Class Revisits
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	Objective:  Understand the mechanism under which the oil is produced from Hunton Formation and to propose techniques to optimize performance of these reservoirs using various technologies.
Technologies Used:  Core analysis, reservoir characterization, improved well completion technologies. 

Background:  The Hunton formation is a shallow shelf-carbonate reservoir of Ordovician to Early Devonian age overlying the Woodford shale. Historically the Hunton has seen little oil production because of high water production. Current development in West Carney field, in Lincoln County, Oklahoma in expanding rapidly. The oil trapping mechanism is a combination of stratigraphic and structural components. In the 1970s wells drilled in the Hunton experienced excess water production and water disposal costs became to high to produce oil. In 1995 a new well was drilled when cheaper water disposal was available. Production curves from the 1995 well indicated that the ratio of water / oil was changing. Oil increased as water production decreased. The decrease in water cut caused resurgence in drilling in West Carney field. The field has 30,000 acres in the Hunton reservoir at an average depth of 5,000 ft. Because of the high water cut waterflooding is not a cost-effective option for West Carney field. 


ABSTRACT
Examination of ROC Behavior – Integrated Approach

Mohan Kelkar and Sandeep Ramakrishnan, The University of Tulsa

Kishore Mohanty, The University of Houston 

Description of Paper


This paper examines a reservoir with unique production characteristics. The reservoir produces from the Hunton formation in Oklahoma, but several formations exist all across the United States with similar characteristics. The production begins with high water cut, but the oil cut slowly improves over time (retrograde oil cut or ROC behavior), the GOR initially decreases, but slowly increases over time, and the well bore log data are poor predicators of the well performance. 


With Department of Energy’s support, a comprehensive study to examine this unusual behavior was undertaken. We cored more than thirty wells, and ran modern suite of logs for all of these wells. In addition, we monitored daily oil, gas and water production from these wells. Some wells were also equipped with continuous monitoring of bottom hole pressure data. We measured wettability and relative permeability characteristics for several selected core samples. 


After analyzing the collected data, we integrated geological, petrophysical and engineering information to develop a reservoir model which can explain the unusual behavior of the reservoir. We simulated the reservoir performance, and were able tosatisfactorily match the observed production data.

Results, Observations, and Conclusions


These reservoirs are mixed wet reservoirs, where coarse matrix and vugs tend to be water wet, whereas, the fine matrix pores tend to be oil wet. As the water moves through large interconnected pores, oil percolates into these pores and hence is produced. The electro-facies, defined based on the log and core data, identify certain facies, which have to be present at the well bore before the well can successfully de-water the reservoir and start producing significant quantities of oil. Analysis of production data provides us with dynamic properties information and the regions which are drained by the existing wells. The presence of rich gas indicates another mechanism for additional hydrocarbons production.

Applications


More than 2.7 million acres of Hunton formation are present in Oklahoma alone. In addition, formations with similar geological characteristics (e.g. Viola, Arbuckle) exist all across the United States. Understanding what are the conditions under which production from these reservoirs can be commercially successful is very important. We believe that we understand the markers which need to be present to make these reservoirs commercially successful. Using readily available log and production data, we can screen many of these reservoirs for commercial applications. 

Technical Contributions

(1) successful explanation for dewatering of oil reservoirs based on integrated data examination

(2) Methodology for screening the candidates for successful de-watering.

	Using Recent Advances in 2D Seismic Technology and Surface Geochemistry to Economically Redevelop a Shallow Shelf Carbonate Reservoir:  Vernon Field, Isabella County, MI/Class Revisit
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	Objective:  Develop and execute an economical and environmentally sensitive plan for recovery of hydrocarbons from an abandoned shallow-shelf carbonate field.
Technologies Used:  2D seismic, surface geochemistry (iodine, microbial, enzyme leaching, soil gas analysis), multilateral horizontal drilling, coiled tubing technology and well logging.

Background:  Vernon field produces from the Dundee and Trenton formations in the Michigan Basin. Vernon field is one of the earliest oil and gas developments in the Michigan Basin, dating back to 1930. The field predates all other Dundee discoveries in the state except for Port Huron, Muskegon and Mt. Pleasant. An excellent producer, Vernon totaled 5,000,000 barrels of oil from the 78 original wells. The average recovery per acre drilled is 5,700 barrels. Estimated recovery for this prospect is 1,500,000 barrels of oil utilizing a 50% recovery factor. 

      The producing zone in Vernon is the upper Dundee “Rogers City” member. The reservoir rock type is secondary dolomite that characteristically has good porosity and permeability with abundant vugs and fractures. Although the field is situated atop a prominent plunging anticline, the oil pool is primarily the result of an updip permeability barrier type stratigraphic trap. The southern updip lateral seal for the reservoir dolomite is impervious limestone. The “top of porosity” over Vernon coincides with the nearly 100% altered (dolomitized) rock. This is a very common feature in Michigan reservoirs and most hydrocarbon production in fields of this type comes from this zone. Producibility problems, which the projects will address: 1) locating remaining oil, 2) characterizing the reservoir architecture (structure, alternation and facies distribution), and 3) efficiently draining remaining hydrocarbons. Economic considerations are paramount: 3D seismic is too expensive, yet the structure and extent of dolomitization needs to be better known prior to drilling. Recent advances in 2D seismic acquisition and interpretation for the first time permit resolution of structure beneath the glacial till and surface geochemical surveys have been shown to be reliable in mapping hydrocarbon anomalies that may identify regions of poorly drained or by-passed pay.


ABSTRACT

Using Recent Advances in 2D Seismic Technology and Surface Geochemistry to Economically Redevelop a Shallow Shelf Carbonate Reservoir: Vernon Field, Isabella County, Michigan

James R. Wood

Michigan Technological University

Houghton, MI 49931

A consortium consisting of Cronus Exploration (Traverse City, MI), Michigan Technological University (Houghton, MI) and Western Michigan University (Kalamazoo, MI) has proposed to develop a plan for recovery of hydrocarbons from an abandoned shallow-shelf carbonates in Michigan and N. Dakota. This 5-year study will include field demonstrations in the Michigan and Williston Basins and will focus on combining recent advances in  seismic technology and surface geochemistry with new developments in drilling technology. The goal is to aid the petroleum industry, especially small companies and individual consultants, to obtain access to new tools and technology related to the identification and recovery of  bypassed oil in these environments .The consortium proposes to re-develop the Vernon Oil (Vernon Twp.  (T16N-4RW), Isabella County, Michigan) as part of a more comprehensive package of field demonstrations.

The main problems are: (1) locating remaining oil, (2) characterizing the reservoir architecture (e.g. structure, alteration and facies distribution), and (3) efficiently draining remaining hydrocarbons. Economic considerations have a high priority; for example, : 3D seismic is often too expensive to be used routinely, so its use will be evaluated on a case-by-case basis. Structure maps and extent of regional diagenesis will be evaluated from data obtained from paper records prior to drilling. A persistent problem in Michigan has been the poor quality of seismic data due to the presence of a thick cover of glacial deposits. Recent advances in 2D seismic acquisition and interpretation that claim to be able to resolve structure beneath the glacial till will be investigated and employed if appropriate. Also, surface geochemical surveys conducted in parts of the Michigan Basin have recently been claimed to be useful identifying regions of poorly drained or by-passed pay. Since surface geochemistry surveys are inexpensive relative to seismic, surface surveys will be routinely conducted over the demonstration sites. Surveys will be conducted and mapped prior to drilling, then repeated after producing to see if any temporal changes have occurred. 

This project is still underway, but some results have been obtained. In addition to one demonstration well drilled so far at Vernon Field, several additional field demonstrations are in progress. Two demonstration wells have been drilled at the Myrtle Beach Prospect in Burke County N. Dakota and a 3D seismic survey has been shot. Geochemical surveys have been run over a series of pinnacle reefs in Michigan and one well has been recently drilled. A strong geochemical anomaly was detected over Myrtle Field and well defined surface anomalies were also detected over the pinnacle reefs. The demonstration well at Vernon field used two horizontal laterals to probe for bypassed oil, but was unable to locate commercial quantities of oil and was abandoned. The wells in Burke County are shut in with commercial quantities of hydrocarbons pending drilling a third well to justify a pipeline to the site. The pinnacle reef well encountered hydrocarbons, but had not been evaluated at the time this abstract was submitted.  Details and progress reports on all active demonstration wells will be reported at the Odessa meeting, as well as updates on the seismic and geochemistry work.

	Intelligent Computing System for Reservoir Analysis and Risk Assessment of Red River Formation/Class Revisits
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	Objective:  Develop an intelligent computing system and apply to reservoir-production models for analysis of seismic and geologic data relating to management, development and exploration problems in Class II reservoirs.
Technologies Used: Intelligent Computer System (ICS) based on clustering and neural networking, 3-D seismic.  
Background:  Twenty five years of data collected on the Red River formation, a shallow shelf carbonate in the Williston Basin will be assimilated into a computer based reservoir analysis system. The Red River is widespread in the Williston Basin of North Dakota, South Dakota and Montana, but successful drilling locations are often difficult to identify and extensive seismic survey are expensive for small independent operators. The goals of this project are to locate and produce oil reserves that may not be targeted with existing methodologies. This technology will be used to identify and map nonlinear relationships between 3-D seismic, production, geological and petrophysical data in the Red River formation. The method will focus on neural-net computing, fuzzy logic, genetic computing and probabilistic reasoning in conjunction with conventional techniques such as geostatistical and classical pattern recognition. 


ABSTRACT

Intelligent Computing System for Reservoir Analysis

and Risk Assessment of the Red River Formation

Cooperative Agreement DE-FC26-00BC15123

Luff Exploration Company, Denver, Colorado

Mark Sippel, consulting engineer

Integrated software has been written that comprises the tool kit for the Intelligent Computing System (ICS). Luff Exploration Company is applying these tools for analysis of carbonate reservoirs in the southern Williston Basin. The integrated software programs are designed to be used by small team consisting of an engineer, geologist and geophysicist. The software tools are flexible and robust, allowing application in many environments for hydrocarbon reservoirs. Keystone elements of the software tools include clustering and neural-network techniques. The tools are used to transform seismic attribute data to reservoir characteristics such as storage (phi-h), oil-cut with depth, initial oil rate, structural depths and structural growth history. ICS tools and and characterization strategy have been tested at nine Red River fields.


Reservoir characterization has been applied at 3D seismic surveys acquired during and subsequent to the Class 2 project. The ICS tool kit has also been used in areas of 2D seismic coverage. Reservoir characterization with ICS has been used at the Amor Field, Bowman, County, North Dakota to better delineate the Red River B Zone reservoir, a six-foot thick dolomite bed. Producing oil-cut and reservoir quality were predicted by ICS analysis for the Red River B Zone reservoir. These characterizations were used to delineate the productive area that was to be included in the formation of a waterflood unit. Subsequent to the formation of the Amor South Red River Unit (ASRRU), one new horizontal injection and well two horizontal re-entries were drilled at locations and orientation based on the ICS characterizations. The resulting oil-cuts from the horizontal drilling are within 10% of the predictions made through application of ICS. The current oil production from the ASRRU is near 400 bbl per day; water injection has not yet commenced. Production prior to the drilling was 145 bbl of oil per day. The application of horizontal drilling resulted in exposure to reservoir pressure that is significantly higher than was anticipated and increased production rates.

	Field Demonstration of Carbon Dioxide Miscible Flooding in the Lansing-Kansas City Formation, Central Kansas/Class Revisits
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	Objective:  Demonstrate the viability of carbon dioxide miscible flooding in the Lansing-Kansas City formation on the Central Kansas Uplift and to obtain data concerning reservoir properties, flood performance, and operating costs and methods to aid operators in future floods.  The project addresses the producibility problem that these Class II shallow-shelf carbonate reservoirs have been depleted by effective waterflooding leaving significant trapped oil reserves. The objective is to be addressed by performing a CO2 miscible flood in a 40-acre pilot in a representative oomoldic limestone reservoir in the Hall-Gurney Field, Russell County, Kansas.  At the demonstration site, the Kansas team will characterize the reservoir geologic and engineering properties, model the flood using reservoir simulation, design and construct facilities and remediate existing wells, implement the planned flood, and monitor the flood process.  The results of this project will be disseminated through various technology transfer activities.
Technologies Used:  Core analysis, air-brine capillary pressure tests, wireline log analysis, CO2 injection. 

Background:  Over the last century Kansas has produced over 6 billion barrels of oil, however, current production is only 1/3 of producing rates in the 1950's.  Unless new technology is introduced, many of the 6,000 fields in Kansas will be abandoned with substantial remaining oil left in place.  Carbon dioxide (CO2) miscible flooding is the only oil recovery process that has potential of recovering additional oil from reservoirs in Kansas that have been waterflooded either naturally or by planned development.  The economic potential of CO2 miscible flooding in Kansas is enormous with possible additional estimated recovery of 250 million to one billion barrels of oil, equivalent to 6 to 25 years of additional Kansas production at current rates.  Although the potential for CO2 miscible flooding is great, technical questions concerning potential recovery and economics must be answered and the process proven to work on Kansas reservoirs before operators are willing to invest in this technology, and before financial investment in a pipeline to bring CO2 into the state can be established.



ABSTRACT

FIELD DEMONSTRATION OF CARBON DIOXIDE MISCIBLE FLOODING IN THE LANSING-KANSAS CITY FORMATION, CENTRAL KANSAS

Class Revisited DE-AC26-00BC15124; Alan P. Byrnes (Project Manager Budget Period 1, G. Paul Willhite (Project Manager Budget Periods 2 & 3)

The objective of this Class II Revisited project is to demonstrate the viability of carbon dioxide miscible flooding in the Lansing-Kansas City (L-KC) formation on the Central Kansas Uplift and to obtain data concerning reservoir properties, flood performance, and operating costs and methods to aid operators in future floods. In Kansas, the L-KC has produced 1.2 billion BO primarily from oomoldic grainstones in 3,500 fields.  Primary production for in the Hall-Gurney Field, the largest L-KC oil field in Kansas and where the pilot is located, began in the 1930’s, and was followed by extensive waterflooding in the late 50's and early 60's.  Many L-KC waterfloods reached their economic limits in the 70's and 80's but by-passed oil represents a significant resource for CO2 miscible flooding. 

The pilot pattern has undergone changes reflecting better understanding of reservoir properties, and changes in CO2 supply, and partnership roles. The present pattern comprises half of a 20-acre inverted 5-spot with one central injector, three producers, and two water injection containment wells. Detailed reservoir characterization of the 12-18 foot CO2 target zone at the demonstration site indicates the presence of up to three stacked, shallowing-upward cycles contained within a single higher-order shallowing-upward sequence accompanied by vertically increasing porosity (4-30%) and permeability (0.04-200 md).  Approximately 270 million cubic feet of CO2 will be trucked seven miles from an ethanol plant in Russell, stored in an above-ground tank, compressed, and injected into the single injector in a super-critical state.  The site is being pressured to above 1250 psi (Minimum Miscibility Pressure for L-KC oil) by water injection. Following repressurization, an initial CO2 slug will be followed by Water-Alternating-Gas (WAG) injection to decrease conformance problems. Reservoir performance has been modeled using both a 6- and 13-layer compositional model using the Landmark VIP numerical simulator and analogues to West Texas floods. Production from the 10+acre three-producer pattern is projected to be over 26,000 barrels of oil, over a four-year period. 

The CO2 miscible flood demonstration project represents the first use of CO2 for enhanced oil recovery in Kansas and is the first to use CO2 emissions from ethanol production in an EOR project. With electrical co-generation, ethanol fuel production and CO2 enhanced oil recovery, the project represents a model for linked energy systems.  A successful demonstration could lead to development of both linked-energy systems and construction of a CO2 pipeline into central Kansas with potential for application of this technology to other Class II reservoir systems across the Central Kansas Uplift, potentially impacting production practices for the next two decades and leading to estimated additional recovery of hundreds of millions of barrels of oil. Partners in the project include the U.S. Department of Energy, Murfin Drilling Company, John O. Farmer Inc., White Eagle Resources Corp., Kinder-Morgan CO2 Company, US Energy Partners LP, the University of Kansas (Kansas Geological Survey and Tertiary Oil Recovery Project) and the Kansas Department of Commerce & Housing. The $5.4 million project is funded under the Class Revisited Program Contract # DE-AC26-00BC15124, DOE Project Manager is Paul West. Details of the project can be obtained at www.kgs.ukans.edu/CO2/index.html.

	Improved Oil Recovery from Upper Jurassic Smackover Carbonates (Class II Reservoir) Through the Application of Advanced Technologies at Womack Hill Oil Field, Choctaw and Clarke Counties, Alabama, Eastern Gulf Coastal Plain/Class Revisits
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	Objective:  Increase profitability thereby extending the reservoir life.
Technologies Used:  Advanced reservoir characterization, data integration, data mining and neural networks, 3-D stratigraphic and structural modeling, 3-D seismic imaging, strategic infill drilling, and immobilized enzyme applications.

Background:  In the eastern Gulf Coastal Plain (Mississippi, Alabama, Florida) alone, 902 million barrels of oil have been produced from Upper Jurassic Smackover carbonates from over 150 fields. This does not include Smackover production from Louisiana, Arkansas and Texas. The project is a focused, comprehensive, integrated and multidisciplinary study of Upper Jurassic Smackover carbonates, involving reservoir characterization and 3-D modeling. The demonstration site, Womack Hill field, has estimated reserves of 119 million barrels of oil. 30 million barrels of oil have been produced since Womack Hill was discovered in 1970. Conservatively (additional 10 to 20 %), another 12 to 24 million barrels of oil can be recovered using advanced technologies in optimizing field management and production. Womack Hill field is one of 57 Smackover fields in the fault trend play of the Interior Salt Basin. The fields in this play have a common petroleum trapping mechanism  (faulted salt anticlines), petroleum reservoir (microbial carbonate mudstones), overburden section, and timing of trap formation and oil migration. The field operator, Pruet Production Company, will be an active partner in the research.


ABSTRACT

Improved Oil Recovery from Upper Jurassic Smackover Carbonates through the Application of Advanced Technologies at Womack Hill Oil Field, Choctaw and Clarke Counties, Eastern Gulf Coastal Plain

ERNEST A. MANCINI, Center for Sedimentary Basin Studies and Department of Geological Sciences, University of Alabama, Box 870338, Tuscaloosa, AL 35487


Pruet Production Co. and the Center for Sedimentary Basin Studies at the University of Alabama, in cooperation with Texas A&M University, Mississippi State University, University of Mississippi, and Wayne Stafford and Associates are undertaking a focused, comprehensive, integrated and multidisciplinary study of Upper Jurassic Smackover carbonates (Class II Reservoir), involving reservoir characterization and 3-D modeling and an integrated field demonstration project at Womack Hill Oil Field Unit, Choctaw and Clarke Counties, Alabama, Eastern Gulf Coastal Plain.


The principal objectives of the project are: increasing the productivity and profitability of the Womack Hill Field Unit, thereby extending the economic life of this Class II Reservoir and transferring effectively and in a timely manner the knowledge gained and technology developed from this project to producers who are operating other domestic fields with Class II Reservoirs.


The Womack Hill Oil Field, Choctaw and Clarke Counties, Alabama was discovered in 1970 with the drilling of the Carlisle Unit 16-4 No. 1 well. Oil was discovered in Upper Jurassic Smackover carbonate shoal lithofacies at a depth of 11,432 to 11,442 ft. A waterflood project was initiated in the western portion of the field in 1975. To date, 30.7 million barrels of oil have been produced from the field. Estimated reserves for the field are 119 million barrels of oil. Additional oil reserves are projected to be recovered through the application of advanced technologies that optimize reservoir management.


Reservoir characterization and 3-D geologic modeling of the Smackover carbonate shoal reservoirs are being utilized to improve field-scale reservoir management in the field. Reservoir characterization has shown that the Smackover is productive from three carbonate shoal reservoirs that occur in three vertically stacked shallowing upward cycles (A, B and C). The cycles consist of a sequence comprised of carbonate mudstone/wackestone at the base and ooid grainstone at the top. Porosity in the grainstone has been enhanced through dissolution and dolomitization. Porosity is chiefly interparticle and dolomite intercrystalline with grain moldic, intraparticle and vuggy types. The upper shoal (shoal A) is the most productive due to increased dolomitization. Reservoir modeling has demonstrated that lateral barriers to flow are present across the field from west to east as a result of lithofacies changes in the shoal sequences. Seismic data indicate a fault in the central area of the field. The reservoir pressure differential that exists between the wells in the western portion of the field and the wells in the eastern portion of the field is attributed to the presence of this fault. The three shoal reservoirs are, in part, vertically separated by the carbonate mudstone at the base of the three shoaling upward cycles. Knowledge of the Smackover heterogeneity and potential compartmentalization of the reservoir in the field is resulting in the design of an improved hydrocarbon production strategy for the carbonate shoal reservoirs in Womack Hill Oil Field.

	Heterogeneous Shallow-Shelf Carbonate Buildups in the Blanding Sub-Basin of the Paradox Basin, Utah and Colorado:  Targets for Increased Oil Production and Reserves Using Horizontal Drilling Techniques/Class Revisits
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	Objective:  Increase production and reserves from the shallow-shelf carbonate reservoirs in the Ismay and Desert Creek zones of the Paradox basin.
Technologies Used:  Core analysis, lithologic mapping,

petrophysical analysis, reservoir modeling, horizontal wells. 

Background:  Over 400 million barrels of oil have been produced from shallow-shelf carbonate reservoirs in the Pennsylvanian Paradox Formation (primarily the Ismay and Desert Creek zones) in the Paradox Basin of Utah, Colorado and Arizona. The Ismay zone is dominantly limestone comprising equant buildups of phylloid-algal with local, rapidly changing small-scale subfacies. The Desert Creek zone is dominantly dolomite, comprising regional shoreline trends with highly aligned, linear facies tracts. With the exception of the giant Greater Aneth field in Utah, 100 plus oil fields in the basin typically contain 2 to 10 million barrels of OOIP per field. Most of these fields are characterized by extremely high initial production rates followed by a very short production life, and early abandonment. Only 15 to 25 % of that oil is recoverable from conventional vertical wells under primary production. At least 200 million barrels of oil is at risk of being left behind in these small fields because of inefficient development practices and undrained heterogeneous reservoirs. Proper geological evaluation of the reservoirs may increase production by 20 to 50 % by the application of horizontal, possibly multilateral horizontal drilling projects at lower costs than vertical wells. 


ABSTRACT
 SEQ CHAPTER \h \r 1HETEROGENEOUS SHALLOW-SHELF CARBONATE BUILDUPS IN THE BLANDING SUB-BASIN OF THE PARADOX BASIN, UTAH AND COLORADO: TARGETS FOR INCREASED OIL PRODUCTION AND RESERVES

USING HORIZONTAL DRILLING TECHNIQUES

by

Thomas C. Chidsey, Jr.

Utah Geological Survey

Salt Lake City, Utah

ABSTRACT
Shallow-shelf carbonate reservoirs in the Pennsylvanian (Desmoinesian) Paradox Formation (primarily the Ismay and Desert Creek zones) have produced over 50 million barrels of oil in the Blanding sub-basin of the Paradox Basin, Utah and Colorado.  Fields typically have one to 10 wells with primary production ranging from 300,000 to 2,000,000 barrels of oil per field and a 15 to 20 percent recovery rate.  

Depositional facies in the Ismay and Desert Creek zones include: basinal, open-marine shelf, open-marine organic buildups, calcarenites at the platform edge, middle shelf or open platform interior, restricted inner shelf or platform interior evaporites, and shoreline and terrestrial siliciclastic deposits.  Lithofacies from the middle shelf or open platform interior, principally the phylloid-algal mounds, form the dominant producing reservoirs in the Ismay and Desert Creek zones.  The Ismay zone is dominantly limestone comprising equant buildups of phylloid-algal material with locally variable small-scale subfacies.  The Desert Creek zone is dominantly dolomite comprising regional nearshore trends with highly aligned, linear facies tracts.  Various facies changes and extensive diagenesis have created complex reservoir heterogeneity within these two diverse zones.  

Two representative fields in the Blanding sub-basin were selected for detailed study for potential horizontal infill drilling: Cherokee (Ismay zone) and Bug (Desert Creek zone) fields in southeastern Utah.  Cherokee field is a phylloid-algal buildup capped by anhydrite that produces from porous algal limestones and dolomites.  The net reservoir thickness is 27 feet over a 320-acre area; porosity averages 12 percent with 8 millidarcies of permeability in vuggy and intercrystalline pore systems.  Bug field is an elongate, northwest-trending carbonate buildup.  The producing units vary from porous dolomitized bafflestone to packstone and wackestone.  The trapping mechanism is an updip porosity pinchout.  The net reservoir thickness is 15 feet over a 2,600-acre area; porosity averages 11 percent with 25 to 30 millidarcies of permeability in moldic, vuggy, and intercrystalline networks.  


The reservoir quality of these fields has been affected by multiple generations of dissolution, anhydrite plugging, and various types of cementation that act as barriers or baffles to fluid flow.  Production may be increased through evaluation of cores, reservoir modeling, and the application of horizontal (possibly multi-lateral) drilling from existing wells.  Untapped hydrocarbons and possible targets for horizontal drilling include various depositional facies, microporosity in Cherokee and other Ismay-zone fields, and micro-boxwork porosity in dolomite in Bug and other Desert Creek-zone fields.  
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