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Abstract

In the past, having highly experienced personnel on location was one way to help ensure consistent, long-term zonal isolation from the hydraulic-cementing process. Different well types present their own specific set of complexities that require understanding and technical problem solving. With the recent influx of new hires, an ever-increasing portion of the work is being done by personnel with fewer years of experience than in recent decades. Currently, a new knowledge-management system has been put into place to transfer best practices down to the frontline and capture the knowledge of a large group of experienced personnel that is likely to retire in the next ten years. While many of the wellsite operational tasks are well-documented procedures, the engineering and job design has aspects of the well-construction process that have not benefited from the same degree of documentation outlining step-by-step guidelines or process mapping.  

In an effort to help improve reliability by increasing the use of best practices and disseminating captured engineering knowledge, an entire library of technical playbooks has been created. While these playbooks specifically address issues related to cementing, the methodology for securing and referencing expertise is equally applicable to other phases of the well construction process. This paper will discuss the methodology used to develop these playbooks, as well as examples of how they are used to help increase reliability and innovation, getting knowledge management and best practices out to the front line where they can be put to best use.

Background 

Because of the boom-and-bust cycle of our industry, most of the workforce has either less than five years or greater than 25 years in the industry. This presents the industry with two different problems. The new people do not have the experience that more-seasoned workers have. The people with greater than 25 years are starting to retire, taking their experience with them. It is difficult to determine which is more detrimental: having less-qualified people doing the required work or losing precious knowledge and experience. Since neither is desirable, this work has been directed at trying to minimize the impact of both.

Engineering a cement job is not an easy task. The particulars change substantially from one type of cement job to another. Designing a job that will be cemented past a plastic salt would be different from cementing, designing, and pumping a job that requires ultra-lightweight cement. These job types pose an entirely different set of challenges. In reality, there are many similarities in the way these two different jobs would be designed, but each scenario would also require different knowledge bases should the design be done optimally. In addition to the standard slurry design work, the plastic salt designer would have to consider how dissolution of the salt could affect the slurry properties and design to prevent influx of the salt. While certain parameters such as the software used to simulate ECD or the testing procedure to measure fluid loss are the same from well to well, the primary job considerations can be very different. Using the above two examples, if formation salt is dissolved, the slurry becomes saltier. The related challenge becomes more complex in that a small addition of salt will accelerate the thickening time of most cement slurries, while large concentrations will extend the thickening time. If the salt were to flow into the wellbore after cement placement, but before setting, that point of contact with the pipe can cause corrosion, leading to the formation of hole in the pipe or casing collapse. In wells where preventing annular gas migration is the primary concern, in addition to effectively placing the slurry in the required portion of the annulus, avoiding the formation of gas channels up through the cemented annulus is the primary concern. In wells requiring ultra-lightweight cements, the unique primary concerns could be effectively blending the bulk cement, mixing the cement at the proper weight, and being able to circulate cement as high as required. These concerns should be important on all jobs, but would not usually be considered primary concerns.   

While cement jobs and their goals vary widely, the complex design process can be broken down into five major steps and dozens of smaller sub-tasks. In this analysis, this first step would include all of the subtasks that cover the customer interaction where an understanding of job requirements is transferred to the design engineer from the operator, along with the required data necessary to complete the job design process. In the second step, the details of the design are worked out, such as: 


Slurry recipes


Optimal pump rates


Spacer volumes and types


Required centralizer spacing or placement recommendations  

In the third step, slurry-and-job design options are discussed with the operator in order to formalize the plan. In the fourth step, the actual job is executed based on the plan agreed upon in Step 3. The final step is the required follow-up, where the results from the job are presented to the customer, the relative level of success is agreed on and lessons learned can be documented.

Knowledge Management

Regardless of the application or the well conditions, all cementing service companies are expected to bring a slurry design to location that will mix easily, stay fluid until the job is complete, and then quickly harden. In addition to these common requirements, cement jobs will have a wide variety of distinct goals which will be specific to that individual cementing challenge. Because of the variability in the well challenges, 85 separate cementing challenges have been identified. The specific best practices and a detailed understanding of the challenges presented by each of these different situations are assigned to local experts who have a career dedicated to finding cementing solutions. A playbook will result from each of these experts’ contributions. These playbooks will contain both best practices and design considerations drawn from the summation of our corporate knowledge and their personal experience and details of the following detailed structured workflow process.
A process has been created for playbook preparation. First the initial document was developed, modified, rewritten, and then finalized.  From this initial playbook, a template was formulated from which the playbooks for the other 84 challenges could be written. To build this series of documents, the above mentioned local experts were identified and then tasked with rough-draft creation for the specific cementing challenge that most closely matched their years of experience. They were asked to document design considerations, major hurdles, and best practices.  The experts were asked to integrate captured knowledge from their personal experiences and interviews with recognized customer experts, as well as their colleagues. When required or available, job or slurry-design hints and suggestions, special blending or mixing tips, as well as educational material such as papers and case histories, are included. For instance, in the playbook titled Preventing Annular Gas Migration, an entire section is devoted to theory, as considerable research work and large-scale testing has been completed in an attempt to minimize the instances where annular gas channels form up through unset cement (see Table 1).  Table 2 documents the scope of the job and slurry-design concepts covered in these manuals. After reviewing Table 2, it quickly becomes obvious why this information is important. On submission from the subject matter expert, the rough drafts are then reviewed by additional experts on the review board to edit for accuracy and completeness and then again for technical writing.  This process helps assure the quality of each playbook. 

Everyone using these tools is encouraged to contribute. Since the playbooks are available in electronic form via the company intranet, any corrections or suggestions can be quickly incorporated and a new version posted. A review of the bibliography will show that this is happening, as the posted documents are in versions 5-8. Feedback goes through an editorial review and then can, within hours, be integrated into the existing playbook. On the playbook’s title page a banner is used for version control. With the goal of a living document, being able to identify the latest version is critical. Thus, the banner lists a last-edited date and version number so users can easily check printed copies, allowing them to stay current. The author and/or co-authors of each playbook are listed on the banner. This allows the users to know to whom to turn in critical situations or if additional help is required.

Structured Workflow Process

In addition to capturing knowledge and best practices, it was always the plan for these playbooks to help our new engineers improve the reliability of their job-design skills and use innovative solutions. To address this, we have developed a structured workflow process to be integrated into these playbooks to guide our people through the design process. Although many groups throughout the industry have developed similar processes, previously most of these process-mapping exercises have been focused around physical tasks: the steps to follow to properly mobilize people and equipment, how to bulk-blend cement, how or to rig-up equipment on location, etc. Never before has there been such focus on the process of mapping the engineering that goes into the actual job-design task. The complex and variable nature of the design process is the most likely reason. Now, with the changing demographics of the work force (experienced people nearing retirement and the high volume of new hires), complicated or not, this mapping process has become necessary. This work has attempted to consider all phases of the engineering job-design process from the planning and design phase all the way through to the post-job follow-up report and meeting. To help with the process, a process guide was created. In the process guide, the previously described five key-design steps are broken down into four to nine additional sub-steps. The process guide provides the following advantages: 1) With each step clearly identified, newer employees have a step-by-step process to help them deliver designs as capable as our more experienced people. 2) More often than not, some of these twenty-nine tasks are shared between a combination of sales, engineering, and/or operations with check boxes by each task process guide allows easy communication of what tasks are remaining when the hand-off is made. 3) With the experienced hand, it can help prevent accidental omissions that can come with familiarity or complacency.   

Optimum Designs 

 Assistance in selecting innovative and creative cementing solutions is provided to help less-experienced design engineers using a multi-tier risk-benefit analysis approach. Table 3 contains potential solution choices from the plastic salt cementing playbook. Similar sets of tables are included in the other manuals. In this particular example, four different solutions that could work in wells with plastic salts are listed in the top row. Listed in the first column are the most requested and achievable cementing-system benefits appropriate for the given cementing challenge (wells with plastic salt, in this case). With this information at hand, the design engineer and the operator can determine an effective solution that best addresses the primary concerns of any particular wellbore. 

Industry-Wide Application 

Even though there are many unique processes required to construct a successful wellbore, they are all facing the same KM challenges. How quickly can the new hands be ready to step in, what can be done to increase the likelihood that the new hands are successful, how can the process of transferring methodologies, techniques, or technology that have been worked out in one area be used in other parts of the world, and how to capture the expertise developed over years by others before those with the experience retire. The above described structured workflow processes, the detailed task lists, combined with the knowledge management assembled for these playbooks, target all of these concerns. This methodology may be used to be more successful in the many noncementing disciplines used in the industry.

Conclusions 


The engineering behind a cement job can be mapped into discreet processes. 


The uniqueness of the different types of cementing work can be handled through the creation of a series of playbooks or manuals.


Creating a template, so subject matter experts can focus on just their accumulated knowledge and not a repetition of the basics, can minimize the investment required to create such a series of documents.


If local experts are identified and each given their own tasks, a large number of manuals can be created simultaneously. 


Quality control can be handled with a common review board.
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Table 1– Gas Migration Definitions and Theory Topics

	Gas channels

	Flow through unset cement

	Static gel strength

	Zero gel time

	Maximum pressure restriction

	Critical static-gel strength

	Critical gel-strength period

	Gas flow potential

	Annular gas migration

	Micro-annulus

	Transmission of hydrostatic pressure


Table 2—Slurry and Job Design Considerations

	Controlling volume losses
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