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I.
Introduction

The Illinois Commerce Commission (ICC or Commission) retained The Liberty Consulting Group (Liberty) to investigate the root causes and implications of an August 10, 2005, fire at Commonwealth Edison’s (ComEd) Downers Grove substation. Liberty’s December 16, 2005, report contained eight conclusions and six recommendations. The ICC then retained Liberty to verify ComEd’s compliance with its plan to implement Liberty’s recommendations.

Liberty issued three annual reports on its verification work in August 2007, August 2008, and August 2009. This final report provides a summary of the details contained in those three annual reports. Liberty found that ComEd met its commitments, and Liberty completed its verification work on many of the action items arising from the Downers Grove substation investigation. Overall, Liberty found that ComEd was on schedule for the installation of fire protection enhancements at substations. Liberty did not find any instances in which ComEd failed to meet its commitments.

Liberty’s work on the verification of ComEd’s commitments related to the Downers Grove substation fire is complete. However, five matters remain ongoing. ComEd should provide regular progress reports to the ICC Staff on the:

· relocation of substation battery leads

· replacement of undersized substation batteries

· creation of substation site fire pre-plans

· continuation of periodic substation fire drills

· continuation of periodic thermographic inspections in cable spaces

Liberty’s recommendations and ComEd’s actions fell into six general categories, which form the organization of this report. First, Liberty found that ComEd needed to improve its root cause analysis methods and follow-up on findings from previous incidents. Second, a cause of the Downers Grove substation fire was an improper cable splice and thus ComEd needed to improve its cable splicer training and quality control. Third, a cause of the Downers Grove fire was ComEd’s operation with one distribution feeder circuit heavily loaded. Fourth, ComEd needed to make changes that would prevent or mitigate the effects of fires in substation cable spaces. Fifth, ComEd needed to improve its dispatcher and operator reaction and response to fires. Finally, ComEd needed to analyze and make plans for the total loss of a substation whether caused by a fire or any other event.
II.
Root Cause Analysis

Liberty recommended that ComEd assess its own root cause analysis methods and consider obtaining formal root cause training. Liberty explained that more in-depth analyses would help ComEd determine the most effective changes it could make to cure underlying problems. ComEd agreed with the recommendation and indicated that it would take several actions to continue to improve its root cause process.

Exelon’s nuclear staff, which has experience with the root cause investigation (RCI) process, reviewed and provided a critique of ComEd’s Downers Grove RCI report. ComEd also issued a revised procedure and RCI report template. Liberty found that these documents provided sound guidance for future root-cause analyses.

ComEd compared its root-cause process with that of a pharmaceutical company located in the Chicago area. This comparison led to changes in ComEd’s corrective action program.

ComEd conducted self-assessments of its own root-cause investigations. The assessments verified compliance to procedures and measured the effectiveness of key corrective actions.

ComEd subscribes to a commercial system for training related to root cause analyses and problem investigation.

Liberty reviewed about 20 RCI reports prepared by ComEd after the Downers Grove fire report. It was apparent that ComEd has been committing the resources and conducting root cause investigations on important incidents. ComEd assigns the corrective action tasks that result from the investigations to specific organizations and managers, assigns a due date for completion of each task, and enters the task in the action-tracking sub-system of ComEd’s PassPort work management system. ComEd’s performance assessment organization assures the completion of action tasks.

Liberty also reviewed the status and closeout of issues in ComEd’s work management (PassPort) system. Liberty concluded that ComEd was taking the corrective actions resulting from RCI reports and that ComEd’s performance assessment group was reviewing the proper closeout of the corrective actions. Liberty is satisfied that ComEd has made substantive progress in the area of root cause investigations and that it is implementing corrective actions that result from those analyses.

III.
Cable Splicer Training and Quality Control

Liberty recommended that ComEd improve the quality of the training, instructions, and supervision given to personnel who perform critical operations like installing cable connections. ComEd has experienced several instances in which poor workmanship or the failure to recognize an unsatisfactory connector installation has caused serious problems.

ComEd agreed with the recommendation and indicated that it would take several actions to identify and implement various training, quality control, and inspection improvements relating to underground cables.

ComEd identified and closed gaps in its splicer training programs by including critical joint construction details, electric stress theory, and lessons learned from the Downers Grove substation fire in all three levels of its splicer trainer programs, and in its refresher program. The inclusion of the new material in all three levels and the refresher course met ComEd’s commitment.

ComEd distributed a field bulletin that described critical steps of cable joint construction. The bulletin indicated that a conclusion of ComEd’s root cause investigation of the Downers Grove cable space fire was that ComEd should review critical steps in cable joint construction, and provide necessary training. The bulletin included photographs and details about the improperly crimped connector that caused the joint failure at the Downers Grove substation. It described how and why to place the cable straight within a joint, to square cut conductor ends, to remove insulation and shielding, to prepare conductor surface, to clean interfaces, to use inhibiting compounds, to use crimping dies and hydraulic presses, to center the joint body, and to bond the shields. ComEd issued the bulletin to all construction, engineering, new business, project-management, and training employees.

ComEd created procedures and frequency requirements for calibrating the hydraulic presses used to construct cable joints. ComEd communicated the new requirements for annual calibration in field bulletins and in a daily system status call.
ComEd developed a checklist for cable-space joint installations. The checklist includes a method to track who installed the joint. ComEd’s procedure requires that Engineering approve the installation of a plastic joint in a cable space and the installation of fire wrapping on plastic-jacketed joints.
ComEd implemented quality control (QC) requirements for transmission cable and component construction and installation. Construction specifications contained the QC requirements, which required the use of a checklist and sign off by the splicer and a supervisor for joint and termination construction. ComEd indicated that it would apply the QC requirement to work performed by both ComEd and contractor employees. ComEd also said that it determined the record retention requirements for worker qualification and for tracking who installed which joints.

ComEd added a quality control checklist to its construction standard for normal joints in 138 kV transmission, high-pressure, fluid-filled, pipe-type cables in manholes, and added steps in its sleeve-welding to improve proper sleeve welding.

ComEd formalized and revised its training program for its transmission underground splicers, crew leaders, Area Maintenance Engineers, and other engineers.
ComEd revised transmission joint construction specifications to include a connector-smoothness factor in transmission joints during new construction. ComEd reviewed existing transmission underground construction specifications for completeness by benchmarking against cable design companies and other utilities.

IV.
Heavily Loaded Feeders

To repair a faulted cable, ComEd transferred load to a circuit at the Downers Grove substation. The added load caused the functioning circuit to exceed its normal rating for many hours during the months preceding the Downers Grove substation fire. The heavily loaded circuit contained the joint that failed and started the fire. Liberty concluded that ComEd did not have procedures or guidelines for operations, engineering, and construction related to heavy loading on a feeder over an extended period. Liberty recommended that ComEd develop guidelines for dealing with heavily loaded feeder systems.

ComEd agreed with the recommendation and stated that it would take several actions to provide guidance to its operations personnel for dealing with heavily loaded feeders.

ComEd reviewed and clarified the responsibilities of the Operations Systems Engineer to include the monitoring of repair status, expediting repairs, and escalating issues for delayed repairs.

ComEd tracks the overload of feeders with its Distribution Load Management Program (DLMP). ComEd added to the report to indicate the number of days that the circuit has appeared on the overload report in the last 12 months and the number of consecutive days that the overload occurred. ComEd stated that it discusses in the daily operations call new circuits added to the circuits out of configuration report or circuits that have had their priorities changed. In addition, ComEd discusses the four circuits that have been on the overload report for the longest period in a Tuesday morning executive call.

ComEd reviewed industry practices for operating 12kV cables between normal and emergency loading levels. Based on its research, ComEd concluded that there was no defined industry practice and ComEd created its own cable operating guidelines. ComEd revised its loading guidelines and performed various analyses over the period from January 2006 through April 2008. Liberty found that ComEd’s analyses are now consistent with the current operating guidelines.

V.
Substation Vulnerability to Fires

Liberty recommended that ComEd inspect, evaluate, and implement changes at substations with vulnerabilities to fires like those that have occurred in the past. It should evaluate substations that are similar in design to Downers Grove to determine which have the potential to result in long duration outages to a large number of customers. It should implement the lessons learned from the Downers Grove and other earlier fires in a manner that mitigates this potential loss of service to customers. It should continue and complete as soon as practical its infrared inspections of joints in cable spaces. It should develop a formal method for prioritizing cable-space fire-protection enhancements to reduce the outage risks caused by cable space fires. It should determine the timeliness and cost-effectiveness of various options to reduce quickly the most vulnerable substations.
ComEd agreed with the recommendation and said it would take several actions to develop and implement improvements at substations to reduce the risk of customer and equipment outages caused by fires.

ComEd developed a substation fire-protection plan for its cable-space substations similar to Downers Grove. This plan specified additional fire protection improvements for approximately 120 of ComEd’s substations. These improvements include items such as:

· Wrapping of concentric neutral cable joints and adjacent cables

· Installation of floor penetration seals

· Installation of fire detection systems

· Installation of fire suppression systems

· Relocation of substation battery main feeds from the cable space to the first floor 

· Site fire pre-plans with fire department training

The table below shows ComEd’s status of implementing fire protection measures as of July 28, 2009.






Last Year of


Project
Total Planned
Total Complete

Installation
Status


Cable Wrap
142
142
2008
completed


Penetration Seal
141
141
2008
completed


Fire Detection
38
38
2009
completed


Battery Leads
64
62
2009
2 remaining


Site Pre-Plans
355
267
2010
88 remaining

ComEd reported that it was on track to relocate the battery leads in the two remaining cable-space substations by the end of 2009, and to complete the preparation and placement of site pre-plans at the 88 remaining cable space substations by the end of 2010.

ComEd installed water fire-suppression systems in 37 of the highest priority cable-space substations similar to Downers Grove. ComEd’s original plan called for fire suppression systems in the cable spaces of 120 substations. Based on the reduced risk of fire resulting from the completion of the other fire prevention measures, ComEd is currently not planning additional installations of fire suppression systems under this program. ComEd stated that its fire protection group would review the need for additional fire suppression systems in specific cases that may arise, but not as part of this program.

ComEd prioritized its work at substations based on several factors, including the potential for stranded load during peak load conditions, the number of cable joints, the number of critical customers at each substation, and the number of substation circuits.

Liberty found that ComEd has completed, or is on track to complete, its fire protection programs for cable space substation similar to Downers Grove, except that it is not planning to install additional fire suppression systems. Liberty agrees with ComEd that because the cable-wrapping program substantially reduced the risk of fire in cable spaces, the addition of fire suppression systems is not justified.
ComEd conducted thermographic inspections of cable joints in cable-space substations and detected some joints that were causing excessive heat and that could lead to joint failure. ComEd either replaced these joints or eliminated the need for a joint with a new cable run.

Liberty inspected 24 cable-space substations, and in all cases, Liberty found all penetrations sealed, battery-related leads relocated from the cable space to the main floor, cable joints and nearby cables wrapped, fire shields installed under control cable pans, exposed control cables near power cable wrapped, fire-proofing installed on cable space hatch doors, and site fire pre-plans in place.

While inspecting cable space substations in 2006 and 2007, Liberty observed that the batteries in some substations were physically smaller than the batteries in others. Liberty requested that ComEd review the adequacy of battery size because battery performance was critical for the operation of substation protective equipment. ComEd analyzed substation batteries and found that 24 could be undersized. As of July 2009, it had replaced six batteries and planned to replace four more batteries before the end of 2009. ComEd will use a new software program to verify the need and the necessary size of replacement batteries for the batteries at the 14 remaining substations.
VI.
Dispatcher and Operator Training

The fire at the Downers Grove substation revealed weaknesses in the manner in which ComEd responded to the emergency. Specific areas were acknowledgement of fire alarms at the Operations Control Center (OCC), clear instructions for Customer Service Representatives (CSR), division of authority between the OCC and Transmission System Operations (TSO), and de-energizing equipment.

ComEd agreed with the recommendation and stated it would take several actions to strengthen training for operations personnel and to raise the awareness of the actions that its personnel should take during off-normal conditions such as a substation fire.

ComEd developed new and added to existing procedures related to incident commanders, field personnel, operators’ response to fire alarms at the OCC and TSO, and communications with fire fighting organizations such as local fire departments. ComEd also changed procedures and issued a field bulletin regarding how CSRs respond to reports of a fire.

ComEd conducted and Liberty monitored substation fire drills held in 2006, 2007, 2008, and 2009. ComEd changed the priority and the method of notification of fire alarms at its operating centers.

VII.
Risk-Based Analysis of Substations

Liberty recommended that ComEd conduct a risk-based analysis of all substations and make appropriate plans for the recovery from a total loss of all substation equipment.

For substations that serve distribution load directly, ComEd developed a strategy to address the complete loss of a substation with three focused objectives. First, ComEd categorized each substation based on the effect to customers of a total loss of the substation. Second, for each substation, ComEd developed initial restoration plans with a set of pre-planned restoration options. Third, ComEd used the effect on customers of a total substation outage so that ComEd management could evaluate mitigation options.

For substations that serve transmission load, ComEd performed studies on the system that were highly dependent on many operational assumptions. These assumptions include, for example, which transmission lines are in-service, which generating stations are on-line, and how much power it is transferring between companies or regions.
Liberty verified that ComEd developed contingency plans for the total loss of each single-transformer distribution substation. ComEd also completed its determination of the transfer capability of multiple-transformer substations. ComEd identified the number of customers at risk and critical customers at multiple-transformer distribution substations that do not have 100 percent transfer capability. The “critical customer” list includes customers such as managed accounts, schools, public utility facilities, and health facilities. ComEd developed a document that identifies feeders from multiple-transformer substations that do not have direct ties to feeders originating from other substations. In addition, ComEd evaluated the possible use of mobile switchgear, determined the appropriate levels of mobile equipment, completed a procedure for using portable 34 kV to 12/4 kV transformers, and developed a strategy for repair of damaged transmission lines. It categorized each transmission substation into one of three categories based on the impact to system security following a total loss. The results of this work will provide operators guidance as to relative importance of each transmission substation to the reliability of the transmission system.

