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Waterflood Characterization Proposal


Evaluation of Waterflood Performance in Chalk Reservoirs

Task 1: Improved Log Interpretation Procedures

Scope of Project

Task 1 focuses on methods to improve field-based log interpretation techniques in order to reduce the uncertainty associated with water saturation measurements in waterflood intervals.

Deliverables

1) A set of assumptions and criteria for defining end points from field-based data in chalk reservoirs that satisfies critical review.

2) Compilation of available laboratory-based end-point values that are characterized by lithofacies, experimental conditions and other features. The broad range of laboratory data requires critical review and “data-mining” to identify those quality measurements that are suitable for this study.

3) A standardized interpretation procedure for conventional resistivity-based water saturation estimates. Interpretation efforts should consider both Sorw and Sxo estimates determined from deep and shallow-based resistivity measurements, along with the use of any non-Archie logging methods that aid the development of the overall interpretation model and understanding of the physical processes.

4) Compilation of field-based end-point saturations determined by “best practices” interpretation methods. The resultant interpretation model should be that which minimizes the error between model and measured Sorw values over a broad range of lithologies and formations. 

5) Sensitivity evaluation of Archie parameters used for water saturation determination to be used to minimize uncertainty in Sorw estimates. 

6) A technical review of new logging technologies that can be applied to waterflood interval interpretation. This review should include discussions on non-Archie open-hole methods, cased-hole tools and measurement-while-drilling technologies. Recommendations for future field tests of new logging technologies should be included.

7) A comprehensive review of waterflood performance in transition zones and its application to a general Sorw model.

JCR-VI Waterflood Performance Project Objectives

Since the previous JCR-sponsored projects have focused on laboratory measurements of waterflood performance in chalk, the proposed projects in JCR-VI will focus on a field implementation of these studies. 

Task 1: Improved Log Interpretation Procedures Objectives.

There are two aspects to the project that must be considered, though they can be conducted separately. 

The first is the evaluation of current wireline-logging interpretation models for waterflood intervals and of new technologies that can be applied to this problem. These can include, but are not limited to the evaluation of the quality of available data associated with saturation models, e.g. Rt, Rw, porosity and model parameters, and the sensitivity of the model to variations in these different input parameters. The evaluation should also consider the use of Sxo measurements as a “natural” example of Sorw in the reservoir and the use of non-Archie logging methods to aid the calibration of conventional logging practices. Transition zones provide a unique source of information concerning waterflood performance because of potential differences in lithology, initial water saturations and wettability from the main reservoir intervals. Recommendations for future logging practices and other data collection programs are expected as part of this project.

The second aspect to the project is the evaluation of available laboratory measurements of endpoints in chalk that would be used for the calibration of any wireline logging method. Properly performed laboratory measurements provide insights on the expected endpoints and mechanisms for waterflood under varying reservoir conditions. These measurements are perhaps most useful in their application to log calibration in that they help reduce the uncertainty for specific parameters and provide a sense of the sensitivity of the final saturation estimates to changes in these parameters in the various interpretation models.

The objectives for the project on improvement of field-based log interpretation techniques include:

1) Define the criteria and assumptions necessary to identify waterflood end points in the reservoir. Develop methods to distinguish “breakthrough” intervals from those that have reached true “end-point” or Sorw. 

2) Generate a critical review of existing laboratory results on waterflood endpoints with emphasis on identifying key parameters that control Sorw values. 

3) Develop a standardized log interpretation procedure based on the newly defined criteria and assumptions, with an emphasis on limitations of current tools and interpretation models. A discussion of the relevance of using imbibition versus standard Archie parameters will be important.

4) Compile end-point saturations in waterflood intervals for a variety of North Sea chalk reservoirs based on the standardized log interpretation model. 

5) Generate a critical review of new logging technologies and how they might be applied to end-point determination in waterflood intervals, especially in the calibration of conventional interpretation methods. 

6) Generate a review of waterflood performance in transition zones and discuss its application to a general Sorw model. 

Background Information

There were several early JCR projects that involved laboratory measurements of spontaneous imbibition endpoints as predictors of waterflood performance. The results of these projects have helped shape the procedures for well-log interpretation over more than a decade. It is time to evaluate the impact of these earlier results on models of field response to waterflood.

Results of JCR-III included the recognition that spontaneous imbibition is the dominant recovery mechanism in fractured chalks, but not the only mechanism by which oil is produced. When the reservoir is not strongly water-wet features such as fracture permeability and continuity, matrix block size and capillary continuity become critical factors in determining recovery efficiency. JCR-III also included an experimental program that focused on relationships between wettability and residual oil saturation. 

JCR-IV continued the focus on laboratory studies on the effect of wettability on recovery efficiency. It was found that at near-neutral wettability that low-rate waterflood experiments resulted in significantly greater recovery than by spontaneous imbibition alone. Core imbibition rates were strongly affected by initial water saturation, wettability and IFT changes generated by the introduction of surfactants. Emphasis was placed on the characterization of the roles of fractures and capillary continuity on recovery efficiency in samples where spontaneous imbibition by itself was not thought to be sufficient. Other studies indicated the importance of chalk lithofacies on waterflood efficiency, in particular the role of pore/throat size aspect ratios and pore-wall surface roughness. 

JCR-V did not include any projects that involved an evaluation of waterflood performance. 

If anything was demonstrated over the past decade it is that in many instances actual field performance is better than what these early experiments predicted. It remains a mystery to many why field performance does not agree with many of the laboratory results generated in the earlier JCR projects. Significant improvements in sample characterization in the more recent JCR projects, e.g. lithofacies identification, experimental techniques at reservoir conditions and sample preparation, are more encouraging in efforts today to use laboratory and field-based results to provide a more realistic estimate of field-wide waterflood behavior. 

At the same time all of the previous JCR studies on waterflood performance are based on laboratory results. Issues of reservoir conditions and upscaling are addressed in some of these studies, but these remain important factors when attempting to reconcile laboratory responses with field performance, especially when the laboratory data is used in reservoir simulation models. An example is the uncertainty associated with our understanding of reservoir wettability. Much of the early laboratory-based work indicated that the chalk reservoirs were neutral to oil-wet, yet the fields tend to perform as if they are moderately water-wet. More recent laboratory studies on core cleaning suggest that the earlier work was affected by incomplete cleaning procedures, rendering the samples more oil-wet than they were in the reservoir. 

Contractors and Costs

The interdisciplinary focus of this Project along with its use of data from a number of North Sea chalk fields under different operatorship requires effective and timely communications and exchanges between the contractor and the JCR sponsors providing the data for the study. As part of the proposal potential contractors are expected to outline procedures for reporting of intermediate results to JCR sponsors. The final report should also take advantage of data visualization and delivery methods, including web-browsers and electronic databases. 

Task 1: Improved Log Interpretation Procedures

There are two components to project objectives. The first is primarily the evaluation of field-based measurements, mostly wireline logs, while the second involves a critical assessment of available laboratory results with the potential for making a few critical new measurements. While these two components are interrelated and could be completed by a single contractor, different contractors can do much of this work independently to some degree. Potential contractors for single components must provide plans as to how they will work with other contractors to exchange results in a timely fashion. 

Several of the JCR sponsors, most notably the operators of the major North Sea chalk fields, Phillips, Maersk and BP, already have considerable experience with the interpretation of conventional and non-conventional wireline logs and are identified as potential contractors for this portion of the project. It is important to acknowledge that waterflood issues may differ significantly amongst the major chalk fields and that there may not be a single interpretation method that is applicable to all of the North Sea chalks. There are also several petrophysical-consulting groups in Norway and the UK that could be suitable to evaluate existing log data and coordinate new logging services in selected wells. 

The evaluation of field data should take 6-9 months of work at a cost of 1.5 to 2.25 MMNOK. 

Each of the major operators of North Sea chalk fields also has an internal database of laboratory measurements on waterflood endpoints. One difficulty for any compilation efforts may be the resolution of differing core preparation and experimental methods amongst the different groups. Several of the major core service groups in the North Sea, Reslab, Corelabs, etc. have experience with core measurements from all these fields plus the in-house capability to make additional measurements. There are also several university groups in Norway and the UK that might provide fresh insights into the evaluation of current laboratory data. Potential contractors include Reslab/IKU, GEUS, and Rogaland Research.

The review of laboratory results should require 2-3 months of work at a cost of 0.5 to 0.75 MMNOK. 

Budget Summary

The project as proposed consists of one part with a total of 2 potential sub-projects. The proposed costs for these sub-projects and a total for the Field Interpretation Methods for Monitoring Waterflood Performance project are shown below:

Part 1. Improved Field Interpretation

A. Field-Based Log Interpretation



1.5-2.25 MMNOK

B. Review of Laboratory Results



0.5-0.75 MMNOK

Anticipated Total Budget 










3.0 MMNOK
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