SLAC—PUB—7424March 1997Opportunistic or Event-Driven Maintenance at the StanfordLinear Accelerator Center*C.W. Allen, S. Anderson, R. Erickson, W. Linebarger, J. C. Sheppard, and M. Stanek Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309Presented at the International Conference on Maintenance and ReliabilityHyatt Regency Hotel, Knoxville, TennesseeMay 20-22, 1997

* Work supported by Department of Energy contract DE-AC03-76SF00515.

Opportunistic or Event-Driven Maintenance at theStanford Linear Accelerator Center*C.W. Allen, S. Anderson, R. Erickson, W. Linebarger, J. C. Sheppard, and M. Stanek Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309I IntroductionThe Stanford Linear Accelerator Center (SLAC) uses a maintenance managementphilosophy that is best described as opportunistic or event-driven. Opportunisticmaintenance can be defined as a systematic method of collecting, investigating, pre-planning, and publishing a set of proposed maintenance tasks and acting on them whenthere is an unscheduled failure or repair "opportunity". Opportunistic maintenance canbe thought of as a modification of the run-to-fail maintenance management philosophy.This maintenance plan was adopted and developed to improve the overall availability ofSLAC’s linear accelerator, beam delivery systems, and associated controls, powersystems, and utilities. In the late 1980’s, as the technical complexity of the acceleratorfacility increased, variations on a conventional maintenance plan were used with mixedresults. These variations typically included some type of regular periodic interruptionto operations. The periodic shutdowns and unscheduled failures were additive andresulted in unsatisfactory availability.Maintenance issues are evaluated in a daily meeting by a group that includes theaccelerator managers, maintenance supervisors and managers, safety office personnel,program managers, and accelerator operators. Lists of pending maintenance tasks areprepared and made available to the general SLAC population by a World Wide Web siteon a local internet. A conventional information system which pre-dates the WWW site isstill actively being used to provide paper copies to groups that are not yet integratedinto the WWW system. As a communication system the local internet is unsurpassed.It provides real time maintenance information, allowing people throughout the facility totrack progress on tasks with essentially real-time status updates. Some of the morepowerful features are still in an evaluation and testing stage. With the introduction ofopportunistic maintenance, the accelerator’s availability has been measurably better.This paper will discuss processes, rolls and responsibilities of key maintenance groups,and management tools developed to support opportunistic maintenance.II BackgroundThe Stanford Linear Accelerator Center carries out experimental and theoretical researchin elementary particle physics using high energy electron and positron beams, plus abroad program of other research using synchrotron radiation. The primary tool forparticle physics research is a two-mile-long accelerator complex, which includes facilities

* Work supported by Department of Energy contract DE-AC03-76SF00515.

for producing, accelerating and colliding electron and positron beams. Successfuloperation of the accelerator requires that 10’s of thousands of active components meetstringent tolerances under the control of a database-driven control system.The SLAC accelerator is a state-of-the-art physics research tool that employs asophisticated control system, highly specialized beam monitoring equipment, and micronsize beam positioning systems. However, most of the accelerator components andsubsystems are based on well-understood conventional technology. The utilities, powersupplies, modulator systems, and most of the control system are assembled from partsthat are in common use throughout the country.The SLAC accelerator facilities have been built with a sufficient level of redundancy thatthe accelerator can remain operational even with a number of minor problems andfailures. Repairs to malfunctioning equipment typically require that the accelerator andmany associated power supplies be shut down to allow safe access to the housing.Recovery from such a shutdown typically takes several hours. To minimize the need forsuch interruptions, operating techniques have been developed that allow beams to beaccelerated, steered, and focused when a few segments of the accelerator are shut downor when some of the diagnostic instruments are inoperative. As a result, minor failuresmay go unresolved for several days with no affect on machine performance. After a fewweeks of operation there may be more than 100 items in need of repair. With amaintenance backlog of this size, accurate database records are essential to takeadvantage of maintenance opportunities when they occur and to ensure that problemsare not forgotten. Occasionally, a critical component fails, prompting a full shut-downof the accelerator. When this happens, a "Repair Opportunity Day" may be initiated onshort notice. It is not uncommon to complete over 100 maintenance tasks on such a day.III Maintenance OrganizationThe Accelerator Department and several maintenance departments share responsibilityfor the maintenance of the accelerator. The Accelerator Department is responsible forthe overall efficient operation of the accelerator facility, which includes overseeing,coordinating and scheduling maintenance with in the primary operations program. Themaintenance departments provide the hands-on support and engineering expertise. Tobe successful, opportunistic maintenance requires that Operations, the maintenancegroups, and the engineering staff work closely with each other.Accelerator DepartmentThe management of maintenance in the Accelerator Department is the responsibility oftwo sections, each with it’s own area of responsibility. The Maintenance Office andaccelerator operators are part of the Operations Section. The Accelerator Sectionconsists of system physicists, who are responsible for technical design and performanceissues, and area managers, who oversee the readiness of all components within theirgeographical areas of responsibility.

The accelerator operators initiate and approve all immediate repairs, correctivemaintenance, and deferred maintenance. In addition, the operators provide expert adviceon the impact of maintenance on operations. They are the primary trouble reportinggroup for accelerator system malfunctions.The Operations Section Maintenance Office consists of two individuals who coordinatemost of the maintenance work. The Maintenance Office has, over the years, developed anumber of different management tools. These include various databases and a WWWlocal internet site. The databases contain the deferred maintenance records and pendingaction items. The Maintenance Office also conducts a daily maintenance meeting toreview the events of the past day.The area managers are the regional experts for the various accelerator subsystems. Theyinvestigate and collect all the details of a proposed task, including time constraints andsafety permits. After the information is collected and receives their approval, themaintenance database is updated. Deferred maintenance repairs are previewed andapproved by the area manager before they can be added to the list of pending tasks.Quality assurance and configuration control are also their responsibility.Maintenance DepartmentsThe maintenance groups are usually subgroups within larger departments that includeengineering, maintenance and support responsibility. These departments are organizedalong functional lines, such as the Power Conversion Department (power supplies andmodulators), Plant Engineering Department (utilities), Controls Department (acceleratorcontrols), and Mechanical Facilities Department (mechanical & vacuum systems). Theseorganizations provide the personnel and technical expertise for the maintenance tasks intheir areas of responsibility. They also provide prompt engineering support and riskassessment for complex tasks.IV Management ToolsThe management of opportunistic maintenance centers around several important tools.These include a SLAC built computer-driven trouble reporting system, a daily meeting inwhich current problems and deferred problems are reviewed and undocumentedproblems are collected, and a new local internet WEB site to publish the maintenancelists.CATERComputer Aided Trouble Entry and Reporting, CATER, is a flat file database that runson the accelerator control computer. This database is the primary method to documentaccelerator problems and is available to all maintenance personal as well as the operatorsand maintenance managers. A selected list of problems from the preceding 24 hours iscreated each morning from the CATER records and reviewed at the maintenance meeting.The system is versatile and is used by some maintenance groups to track spare parts as well as problems. CATER is also the source of revealed failure data used to calculateoperations statistics and accelerator availability for periodic reports.MeetingsThe morning maintenance meeting is the single most important management tool forplanning maintenance. It is a forum where problems can be discussed, and action plansdeveloped to solve pressing problems or coordinate large maintenance tasks.The standard agenda for the meeting is:¥ Review CATER reports¥ Action Items from past meetings¥ Review Deferred Maintenance Problems¥ Open the meeting to collect unreported problems.¥ Present Special Reports; not more than 15 min.In the process of going through the agenda, problems are identified and discussed. Maintenance items usually fall into one of three categories: Benign, Immediate, orStandby Maintenance. Benign items are tasks that can be done without any interruptionor adverse impact to the ongoing operations and usually are not reviewed in the meeting.Immediate maintenance items are problems that require immediate action to restorenormal operations or to prevent a more severe failure from occurring, and are usually notreviewed until the following day. Immediate problems are reviewed with the followingquestions addressed:¥ Have we learn anything from event ?¥ Are there related issues that need further action?¥ Are engineering studies required?If an item is identified as a Standby Maintenance task or as a candidate for a deferredmaintenance list, it is turned over to the area manager who reviews the work and entersthe job in the database. When this has been done, operators may initiate action on thetask when an opportunity arises, and without the need for further review. Otherdeferred maintenance lists include jobs that should be done during a prolonged downtime(more than a day or two) or during a short one- or two-day downtime. The meetinglasts for 20 to 30 minutes, and also provides the maintenance staff with up-to-dateinformation on the current operating schedule.InternetThe Accelerator Department’s Operations Section local internet connection and WorldWide Web server have several functions. A recent extension of the system now makesthe updated maintenance lists available to everyone at their desks or at theirworkbenches; however, these lists can only be accessed from within SLAC. Thissystem also makes the detailed agenda for the morning’s meeting available to everyone.A partially developed feature, now undergoing tests, allows area managers, operators,and others to input data directly into the database. Operators can mark tasks as complete, maintenance shops can add comments, and managers can add and modify newwork requests. In addition, links to other SLAC local internet based communicationssystems and maintenance databases are available.V ConclusionOur operating experience over the past eight years has shown a steady improvement inavailability. In this paper, availability is only calculated for revealed failures foraccelerator hardware. In the late 1980’s and the first few years of the 1990’s theavailability was typically between 60% and 70%. In 1992 the availability climbed intothe low 80% range, depending on the operating and experimental configuration in use.For some configurations of the accelerator, the availability reaches into the low 90%range."Opportunistic maintenance" is a method of organizing and managing the response tomaintenance problems to optimize overall productivity. The key idea behindopportunistic maintenance is simply to make all preparations for disruptive maintenancein advance and as thoroughly as possible, but to initiate the actual work only when anopportunity arises. In a research facility such as SLAC, the hardware is constantlybeing upgraded and pushed to more demanding performance standards. In thisenvironment, opportunistic maintenance has proven to be an effective maintenance tool.AcknowledgmentsDr. John Brown, a retired SLAC manager and physicist, deserves special recognition forhis efforts to make SLAC a better place to work, and to make the accelerator a morereliable machine.References"Accelerator Department Operations Directives" Document # SLAC-1-040-00100-001"SLAC Institutional Quality Assurance Program Plan"Document # SLAC-1-770-0A17M-001"SLAC Guidelines for Operations"Document # 01-01-00-02J. Brown, "Accelerator Operations Summary Calendar Year 1990", Internal SLACreport, 31 January 1991R. Erickson, C.W. Allen, T.K. Inman, W. Linebarger, M. Stanek, "SLACACCELERATOR OPERATIONS REPORT:1992-1995", Proceedings of the 16th IEEEParticle Accelerator Conference, Dallas, Texas, May 1-5, 1995. Stanford LinearAccelerator Center, Stanford, CA 94309

Robert C. Sass, Hamid Shoaee, "CATER: AN ONLINE PROBLEM TRACKINGFACILITY FOR SLC" Proceedings of the 15th IEEE Particle Accelerator Conference,Washington , District of Columbia, MAY 17-20, 1993. Stanford Linear AcceleratorCenter, Stanford, CA 94309