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REBUTTAL TESTIMONY OF JEFFREY W. CUMMINGS 
ON BEHALF OF INDIANAPOLIS POWER & LIGHT COMP ANY 

1 INTRODUCTION 

2 Ql. Please state your name and business address. 

3 Al. My name is Jeffrey W. Cummings. My business address is 1543 Abbotsford Drive, 

4 Naperville, IL 60563. 

5 Q2. By whom are you employed and in what capacity? 

6 A2. I am employed by UMS Group Inc. ("UMS") of Morris Corporate Center, 300 Interpace 

7 Parkway, Suite C380, Parsippany, New Jersey, 07054. I am a Senior Vice President of 

8 UMS, a consultancy that specializes in asset and performance management and business 

9 transformation for electric, gas and water utilities. 

10 Q3. Please generally describe the qualifications of UMS. 

11 A3. UMS Group is an International Management Consulting firm founded in 1989 to serve 

12 

13 

14 

15 

16 

17 

18 

19 

20 

the global utility industry. We specialize in enterprise-level value creation, performance 

management solutions and utility asset management; applying insights gleaned from a 

myriad comparative performance assessments across all major functions of our Clients 

(numbering in excess of 300 electric, gas and water utilities across 6 continents) and a 

number of Global Leaming and Benchmarking Consortia. In so doing, we have earned 

our position as an industry leader in Asset Management, as evidenced by (1) our 

designation as an endorsed assessor by the Institute of Asset Management, the 

professional body of those involved in the acquisition, operation and care of physical 

assets - particularly critical infrastructure, and (2) our delivery of projects ranging from 
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1 initial assessments to full-scale Asset Management transformations. Using PAS 55, the 

2 precursor to the recently implemented ISO 55000 standard, against which organizations 

3 can be measured for compliance with basic asset management policies and practices, we 

4 have assisted our Clients in ensuring they have the programmatic elements in place to 

5 manage their assets, and most importantly, manage all known and implied risks, thus 

6 creating superior lifecycle value from their owned and/or operating asset base. And, in 

7 providing this assistance, we have effectively crossed the threshold from theoretical 

8 knowledge to practical application. 

9 Q4. What is your professional and educational background? 

10 A4. A summary of my professional and educational background is attached to my testimony 

11 as IPL Witness JWC Attachment 1-R (Appendix A). 

12 QS. Are you sponsoring any attachments in support of your testimony? 

13 AS. Yes. In addition to the above referenced IPL Witness JWC Attachment 1-R (Appendix 

14 A), my testimony includes IPL Witness JWC Attachment 2-R (Appendix B). Together 

15 with Company Witness Feldman, I co-sponsor IPL Witness JWC Attachment 3-R (Asset 

16 Lifecycle Plan for the CBD Underground Network},1 IPL Witness JWC Attachment 4-R 

17 (Asset Management Strategy), and IPL Witness JWC Attachment 5-R (Monthly Asset 

18 Management KPI Report) which are more specifically identified below. 

19 Q6. Were these attachment prepared or assembled by you or under your direction or 

20 supervision? 

1 A Public and confidential version of this attachment has been provided. 
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1 A6. IPL Witness JWC Attachment 1-R (Appendix A) and IPL Witness JWC Attachment 2-R 

2 (Appendix B) were prepared by me or assembled under my direction or supervision. IPL 

3 Witness JWC Attachments 3-R, 4-R and 5-R were prepared by IPL, but are entered under 

4 my testimony to substantiate their existence and further illustrate points made in this 

5 testimony. 

6 Q7. Have you previously testified in proceedings before the Indiana Utility Regulatory 

7 Commission ("IURC")? 

8 A 7. No, I have never previously testified in IURC proceedings. However, I have testified 

9 before other regulatory commissions, including the New Jersey Board of Public Electric 

10 Utilities, the Kansas Corporation Commission, and the Alberta Utilities Commission; and 

11 have performed audits and assessments on behalf of the staffs of the Pennsylvania and 

12 Ohio Regulatory Commissions. 

13 QS. What is the purpose of your rebuttal testimony? 

14 A8. I was engaged to provide a third-party review of certain recommendations emanating 

15 from the recent Investigation of IPL's Network - Cause Number 44602 - Report of 

16 Independent Consultant dated June 22, 2015 by O'Neill Management Consulting, LLC 

17 ("ONC") (hereinafter referred to as "the O'Neill investigation" or "the O'Neill Report") 

18 and related testimony from the IURC Staff (specifically Dan O'Neill and Morgan Robert 

19 ·Pauley) and Office of Utility Consumer Counselor ("OUCC") (specifically Ray L. 

20 Snyder, Barbara A. Smith, Leon A. Golden, Edward T. Rutter, and Anthony A. Alvarez). 

21 More specifically, my rebuttal testimony disputes the need for an audit of IPL's Asset 

22 Management process (a recommendation included in the IURC and OUCC testimonies). 
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1 I identify a more reasonable means to address the desire for transparency set forth in the 

2 O'Neill Report. My testimony also responds to the recommendation offered by Staff 

3 Witnesses O'Neill and Pauley regarding a regulatory reporting process and performance 

4 metrics. Finally, I respond to the OUCC testimony related to these recommendations. 

5 Q9. Should we imply from your stated purpose that you take exception to the O'Neill 

6 Report itself? 

7 A9. While I explain below my disagreement with certain recommendations in the O'Neill 

8 Report, the report is a fair representation of the current design of IPL's CBD 

9 Underground Network and of the events leading up to the investigation. 

10 QlO. Could you be more specific regarding your disagreement with certain 

11 recommendations? 

12 A 10. As stated above, I rebut the need for an independent audit of IPL' s Asset Management 

13 process. I explain later in my testimony that the basis for the level of transparency called 

14 for in the O'Neill Report is already established. Given this, an "audit", which in my 

15 experience means an assessment to establish the baseline, is not necessary. I discuss 

16 below how a reporting and periodic self-assessment process which includes independent 

17 verification might better achieve the transparency Mr. O'Neill recommends. Notably, the 

18 term "asset management audit" is not defined in the Report. It may be that the 

19 assessment process that I recommend below is analogous to what Mr. O'Neill had in 

20 mind. 

21 I do not read the Report as claiming that IPL is lagging or deficient with regard to asset 

22 management, nor to indicate that some kind of punitive action is warranted. Yet, the tone 
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1 of the OUCC testimony appears to indicate otherwise. I explain below why that 

2 perception of IPL is not accurate and otherwise respond to the OUCC testimony. 

3 Further, though I am in agreement with the desire stated in the Report to design a set of 

4 performance metrics to avoid the opening of a new investigation with every incident that 

5 occurs in the Downtown Network, I do take exception to the scope and process 

6 envisioned by the Staff and OUCC testimony. This too, is explained further in the 

7 testimony. 

8 ASSET MANAGEMENT 

9 Qll. Mr. O'Neill's Report discusses the term "Asset Management". Please define that 

10 term? 

11 All. Asset Management defines an approach, methodology and practices that optimize the 

12 inherent trade-offs between risk, operational effectiveness and economics in operating, 

13 maintaining and replacing critical assets. "Asset Management," in its current form, is 

14 relatively new and should not be confused with the management of assets in which the 

15 electric utility industry has engaged for over a 100 years. With clear distinction between 

16 those that define the work related to assets (Asset Managers) and those that perform the 

17 work on the assets (Service Providers), analyses of asset condition and performance data 

18 and information, and an assessment of each asset's relative importance (criticality) to the 

19 system, Asset Management allows a company to drive proactive decisions in areas such 

20 as the repair versus replacement of assets, the maintenance regimen to be assigned to a 

21 specific asset (e.g.; interval, condition or risk-based), and how best to allocate capital 

22 across the portfolio of a utility's assets 
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1 Q12. What makes a discussion of Asset Management as a seemingly new initiative 

2 relevant? 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Al2. Though electric utilities have been managing assets for over 100 years, the advent of new 

technologies and IT platforms to collect, display, analyze and make decisions on asset

related data has facilitated Asset Management and the associated standards I discuss 

below - namely PAS 55 and ISO 55000. We are now able to apply more sophisticated 

approaches to manage the lifecycle of critical assets from procurement through 

retirement, and determine the most effective use of capital as it relates to the trade-offs 

between asset repair and replacement. Further, the industry is evolving to more of a risk

based decision making model, necessitating a separation in roles, between those that 

make decisions on what actions to take for specific assets and those that are charged with 

executing the maintenance and operation of those same assets. Formal standards for such 

an evolution have been in place for only 10 years, and only a few electric utilities (IPL 

being one) have truly committed to a plan to meet these standards. 

15 Q13. Please explain what the terms PAS 55 and ISO 55000 mean. 

16 A13. These are the standards referred to in the previous discussion. PAS 55, the Publicly 

17 

18 

19 

20 

21 

22 

23 

Available Specification created by the Institute of Asset Management, provides guidance 

and a requirements checklist of good practices (refer to Figure B-1 in IPL Witness JWC 

Attachment 2-R (Appendix B)). Its intent has been to drive decisions that assure the 

proper operation and care of physical assets - particularly critical infrastructure. 

Originating in the UK, PAS 55 has been successfully deployed in electric utilities around 

the world, providing a "common language" and framework to assist these companies in 

achieving system performance objectives at optimal cost on a sustainable basis. In 2014 
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1 PAS 55 was supplanted by the International Organization for Standardization ("ISO") 

2 55000 standard, applying a similar requirements checklist (refer to Figure B-2 in 

3 Appendix B) to provide all stakeholders with a high level of assurance that risks and 

4 costs associated with the management of assets are fully and properly optimized. 

5 Q14. In the 2011 Report (p. 44), Mr. O'Neill wrote: 

6 
7 
8 
9 

10 
11 
12 
13 
14 

15 

16 A14. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

In our experience one of the pitfalls of committing a company to asset 
management can be an excessive concentration on the philosophy of 
asset management, including such heavily philosophical approaches 
as the British PAS 55 standards, or an intensive effort at building 
extensive databases. We have opined elsewhere that a more effective 
approach to adopting asset management can be to identify the key 
decisions to be made, using existing data resources, and to then build 
a plan to acquire only that data that is critical to making good 
decisions. 

Do you agree? 

I do not agree with the relatively narrow perspective offered by Mr. O'Neill. Though 

data and information based decision-making on critical assets is a cornerstone to effective 

Asset Management, there are other equally important aspects to consider, such as: 

• Alignment of asset - related decisions with corporate strategy regarding 

operational effectiveness, risk tolerance thresholds, and finance, 

• Work prioritization and assignment based on asset requirements as opposed to the 

composition and competencies of the current work force, and 

• Enabling all critical Asset Management functions and processes with the skills 

and competencies required to perform these functions. 

The framework offered by PAS 55 (and now by ISO 55000) includes the tactics 

presented by Mr. O'Neill, but expands the approach to include a more holistic and 
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Q15. 

A15. 

balanced view (as opposed to Mr. O'Neill's term, "philosophical approach"). Successful 

implementations at a number of electric utilities worldwide (e.g.; PowerStream, Hydro 

One, Toronto Hydro, National Grid - UK, CenterPoint, Puget Sound Energy, and Public 

Service Electric and Gas -New Jersey), where PAS 55 was used as the framework, attest 

to this fact. 

Mr. O'Neill may be referring to some failed implementations where PAS 55 or ISO 

55000 was the adopted framework for assessing current state, identifying gaps, and 

establishing an Asset Management Transformation Plan. If that be the case, one must be 

careful to discern between a poor strategy and ineffective operating model versus poor 

implementation of an otherwise sound idea. My view is that PAS 55 and ISO 50000 are 

not ineffective operating models. 

What is the relevance of a discussion on PAS 55 and ISO 55000 to this testimony? 

IPL has adopted the AES Global Asset Management Standards to shape its Asset 

Management Program (refer to the third column of Figures B-1 and Figures B-2 in 

Appendix B for a listing and definition); and has conducted self-assessments in 2013 and 

2015 to identify programmatic gaps against these Standards (the 2013 self-assessment), 

and ascertained progress since then in closing said gaps (the 2015 self-assessment). 

These self-assessments provide a basis for the transparency that underlies Mr. O'Neill's 

recommendation for an audit. But, a key step in accepting this point involves validating 

that the AES's Global Asset Management Standards are consistent with industry accepted 

practices, i.e. those emanating from the standard (i.e.; ISO 55000 and its predecessor, 
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I PAS 55) and now used worldwide by acknowledged best performers m Asset 

2 Management. 

3 Q16. Are the AES Global Asset Management Standards which IPL is using aligned with 

4 these industry accepted standard you describe? 

5 A16. Yes. To the extent that IPL meets the standards specified in AES' program, one can be 

6 assured that IPL' s Asset Management process is aligned with the industry accepted PAS 

7 55 and ISO 55000 Standards. 

8 Q17. What is the significance of this alignment? 

9 Al 7. The O'Neill Report explains (pp. 5, 25-26, 34, 51, 53-55) that the desire for greater 

10 transparency is intended to provide a higher level of confidence in IPL's execution of 

11 Asset Management, and this desire is the primary driver for the recommended asset 

12 · management audit. As the self-assessments performed in 2013 and 2015 were based on 

13 sound criteria, it is my view that they form a relevant and effective baseline against which 

14 to report progress. Furthermore, through periodic reporting against this baseline, the 

15 IURC will be provided the transparency that underlies Mr. O'Neill's recommendation for 

16 an asset management audit. 

17 Q18. Did UMS validate these latest (2015) self-assessments? 

18 A18. Yes we did. UMS, an endorsed assessor by the Institute of Asset Management, reviewed 

19 IPL' s Asset Management process across six domains: 

20 
21 
22 
23 

I) 

2) 

Asset Strategy (e.g.; Asset Management System, Risk Management, Asset 
Lifecycle Management and Root Cause), 

Processes (e.g.; Capital and Operations Expenditures Management and Asset 
Performance Monitoring), 
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3) 

4) 

5) 

6) 

Delivery (e.g.; Operations and Maintenance Management and Training, 
Awareness and Communications), 
Support Services (e.g.; Asset Supply Chain Management and Business 
Information Management), and 

Performance Management (Management of Change, Recovery Plan, Continuous 
Improvement and Business Continuity Management) 

Audit and Control (Peer Review) 

Based on interviews and a review of applicable reports and documentation, we applied a 

maturity scale, ranging from "0.0" ("Innocence": The organization has not recognized the 

need for the requirement or there is no evidence of commitment to put in place) to "5.0" 

("Excellence": The organization can demonstrate that it employs the leading practices, 

and it achieves maximum value within this domain) to each of the six domains listed 

above. 

It should be noted that an "across the board" rating of "3.0" ("Competence": The 

organization can demonstrate that it systematically and consistently achieves relevant 

requirements set out in the standard) would represent top quartile performance among the 

U.S. electric utilities. 

This rating was done for each of the three assessments (i.e.; that recently performed by 

UMS and those performed by IPL in 2013 and 2015). Based on the comparisons of the 

two 2015 assessments (UMS and IPL's self-assessment) it is clear that IPL's self-

assessment is well grounded in reality; and by inference the same can be assumed about 

the 2013 self-assessment. In fact, IPL's scoring was, in some of the domains, less 

favorable than the UMS scoring, indicating that IPL may have applied a higher standard 

of excellence than that in effect across the industry. 
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5 Q19. 
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7 A19. 
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14 

15 

16 

Figure 1 below illustrates the results of this validation effort, where the UMS assessment 

(marked by the orange bar) either matches or exceeds the "value" assigned by IPL. 

Figure 1: Comparisons ofUMS and IPL Self-Assessments 
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What conclusions do you draw from the VMS validation and, in particular the 

results portrayed in Figure 1? 

First, and foremost, there has been improvement across all but one of the domains that 

define an effective asset management program. By our assessment IPL is at or nearing 

the "competence level" (rating of "3.0") in four of the six domains. This reflects a 

significant amount of progress over a 2-year time span. All of their Asset Management 

processes are functional and continuing to improve. And, this rate of improvement 

compares favorably to other asset management transformation efforts which we have 

seen in the U.S. electric utility industry. With respect to the one domain where IPL is 

scoring well-below the "competence level," (i.e.; Audit and Control), this rating is 

indicative of IPL' s pragmatic approach to asset management. IPL focused first on the 

more substantive and higher priority activities that will provide immediate return for their 
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1 efforts (e.g.; Asset Lifecycle Plans, Health Indexing and Improved IT Enablement), and 

2 is now formulating and issuing documentation that address governance and overall asset 

3 management process integration, two of the main areas of focus for Audit and Control. 

4 This prioritization framework is consistent with most successful transformations where 

5 the capture of immediate benefits is essential for creating momentum in the change 

6 management process. 

7 Second, as previously stated, the IPL self-assessment reflects a higher standard than that 

8 reflected across the industry. This characteristic of holding oneself to a. higher standard 

9 than the norm is a leading indicator of any organization committed to continuous 

10 improvement and is, in particular, consistent with IPL's drive to establish itself as an 

11 industry leader in asset management. 

12 Third, though not reflected in Figure 1, but germane to the discussion, is that in 

13 comparison to other U.S. electric utilities, IPL is on a par, if not slightly better across 

14 each of these domains. And fourth, the assessment methodology used by IPL, and by 

15 UMS as a verifier of the efficacy ofIPL' s self-assessment, lends itself well to providing 

16 the transparency desired in the O'Neill Report. 

17 Before moving onto the next question, it should be pointed out that achieving a maturity 

18 level of 3.0 ("Competence") across all of the domains is the industry standard for 

19 certification. Decisions to strive for "Excellence" in any of these domains (and for that 

20 matter, any of the 15 standards that comprise these domains) should only be made after a 

21 business case with attendant cost-benefit analyses is presented and deemed prudent. 

22 
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1 Q20. In the 2015 Report, Mr. O'Neill states that: 

2 
3 
4 
5 

6 
7 
8 

9 

10 
11 
12 
13 

14 

15 

16 A20. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

"For both the network transformers and the network protectors, we 
would expect to see, as part of the asset management process, a 
document that lays out the replacement strategy based on condition, 
cost, and risk." (pp. 38-39); and 

"We look forward to seeing the asset management strategy that 
determines the rate of secondary cable replacement based on failure, 
cost, and risk." (p. 40) 

And OUCC Witness Golden (p. 3), in his testimony states that: 

"IPL's AMP evaluates transformers, breakers, network manholes, 
network vaults, network transformers, and network protectors. It is 
notable that underground cables in the downtown network are not 
evaluated in the AMP." 

How do these statements reconcile with the assertion that IPL has a viable and 

continually improving asset management process? 

IPL has recently completed its Asset Lifecycle Plan for the CBD Underground Network. 

The Asset Lifecycle Plan is consistent with the recommendations from Mr. O'Neill. This 

document (included herewith at IPL Witness JWC Attachment 3-R) provides a 

comprehensive view of IPL's approach for improving the reliability and safety of IPL's 

CBD Underground Network. 

Mr. O'Neill's expectations regarding network transformers, network protectors and 

replacement of secondary cable, and OUCC Witness Golden's concerns regarding 

underground cables in the downtown network are addressed in this Plan. The document 

demonstrates the viability of IPL' s asset management process and their commitment to 

continuous improvement. And, with respect to the desire for transparency, this document 

defines the plan for addressing the asset-related challenges in a manner that can be 

tracked, reported on and verified. 

IPL Witness Cummings 13 



1 Q21. In the 2015 Report, Mr. O'Neill states that: 

2 "We requested (DR 6.4) a copy of the document for the downtown 
3 network, which the response in the above table indicates was 
4 completed in February, 2015. We received a draft dated March 23, 
5 2015 which was obviously incomplete, although it had 66 pages of 
6 content (as a combined DP&L and IPL document, with separate 
7 discussion of each." (p.39) 

8 Does this apparent discrepancy infer any doubt regarding the validity of this Asset 

9 Lifecycle Plan for CBD Underground Network? 

10 A21. No. The Asset Lifecycle Plan for the CBD Underground Network will always be a 

11 "work in progress," and was even more so during its initial development. The entry for 

12 the Downtown Network in Table 8 of the O'Neill Report: Status of Life Cycle Asset 

13 Plans correctly stated "Draft Completed - 2/26/2015," as that was the first version of the 

14 report to be issued for comment. However, the draft report provided in response to .DR 

15 6.4 was an updated version, reflecting a trend of continual revisions and refinements that 

16 occurred through to the issuance of the completed document, which incidentally was 

17 ultimately issued as an IPL-specific plan (attached hereto as IPL Witness JWC 

18 Attachment 3-R) . 

19 Q22. 

20 
21 
22 
23 
24 
25 

26 

27 
28 
29 

In OUCC Witness Smith's testimony, she states that: 

"Although IPL claims to have adopted the AES Asset Management 
Standard, IPL's strategy is not documented, but in IPL's words, is 
just a 'philosophy.' Without a transparent, written asset management 
strategy, it is virtually impossible for the Commission and other 
interested stakeholders to evaluate IPL's asset management system's 
effectiveness or lack thereof." (p.5) 

And OUCC Witness Golden asserts in his testimony: 

"Finally, in contradiction with AES' AMS, IPL does not currently 
have a written asset management strategy. In the AES Asset 
Management Global Standard adopted by IPL in 2013, STDOOOl 

n (\ m I o • .: w-u. J '·ti-Lt 
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states 'the business shall establish, document, implement and 
maintain a long-term AM Strategy.' However, IPL stated that its 
'Asset Management Strategy' · is a philosophy and not a written 
document." 

Do these statements alter your view regarding the state of IPL's Asset Management 

Program or the need for an audit? 

No. First, a review of the documents upon which the OUCC relies, reveals that IPL's 

language is being taken out of context. The word "philosophy" was used to describe the 

Company's response to an IURC question wherein the Company explained that its 

strategy (or philosophy) is to inspect the downtown vaults on a two year cycle and the 

manholes on a three year cycle. See OUCC Witness Golden Attachment LAG-8 and the 

Company's Response to Question 5 in the IURC Docket Entry in Cause No. 44602 dated 

March 24, 2015. The OUCC does not challenge the reasonableness of this inspection 

frequency. It is unreasonable to characterize IPL's achievement in formalizing its Asset 

Management strategy as merely "philosophical". 

Further, the O'Neill Report at page 33 states that "none of the recent incidents can be 

traced to a failure of asset management." This refutes the idea presented by Ms. Smith 

that it is "virtually impossible" to evaluate the effectiveness ofIPL's Asset Management 

system. 

The written Asset Management Strategy is included with my testimony as IPL Witness 

JWC Attachment 4-R. More importantly, even in the absence of a written document, the 

criteria specified in the AES' Global Asset Management Standards (demonstrated to be 

aligned with the ISO 55000 and its predecessor PAS 55 Industry Standards) which IPL 

has adopted provide the evaluation framework and assessment methodology necessary to 

IPL Witness Cummings 15 
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1 report progress towards and transparency into the effectiveness of IPL' s development of 

2 its Asset Management Program. 

3 Q23. In the 2015 Report, Mr. O'Neill states that: 

4 
5 
6 
7 

8 

9 
10 
11 

12 

13 A23. 
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15 
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18 
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20 
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25 

"With the progress since 2011, much more of the process is now 
operational, although IPL admits that there are still some aspects that 
are conceptually envisioned but not yet fully developed, i.e.; what we 
call aspirational." (p.5) 

And OUCC Witness Golden refers to this point in his testimony: 

"The OUCC agrees with O'Neill's observation that 'some aspects of 
IPL's AMP are conceptually envisioned but not yet fully developed, 
i.e.; what we call aspirational.' An audit of ... " (p.6) 

Please respond. 

As I understand Mr. O'Neill's and OUCC Witness Golden's intent in using the term 

"aspirational," it would appear to differentiate between (1) a well-developed set of 

initiatives and actions to accomplish a goal or objective, or completion thereof, and (2) a 

goal or objective that requires more vetting or research before such a plan can be defined, 

scheduled and monitored to completion. This mix of definitive actions and conceptual 

ideas typifies any improvement program or process implementation effort, particularly 

one as transformational and complex as Asset Management. The fact that Mr. O'Neill 

points to much progress in operationalizing IPL's Asset Management process with 

correspondingly less reliance on aspiration over a 4-year period, illustrates a natural 

course of events of any implementation effort. In fact, it is an indicator that real progress 

is being made, rendering an audit unnecessary. An audit to address the balance between 

"operational" and "aspirational" would only serve a purpose if the progress Mr. O'Neill 

noted (and UMS has confirmed) had not occurred. 
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Adding to the point that IPL's Asset Management process is substantive (i.e.; far from 

merely "aspirational") is the existence of a comprehensive monthly asset management 

KPI report included with my testimony as IPL Witness JWC Attachment 5-R. This 

report, designed to track and provide evidence of the effectiveness of IPL' s asset 

management process, is relatively unique. Even among the leading asset management 

organizations around the world, few routinely document the effectiveness of its asset 

management process in accomplishing the various dimensions of its mission. And even 

fewer commit to do so on a routine monthly basis, demonstrating IPL' s commitment to 

complete transparency and accountability in the effectiveness of its asset management 

function. 

11 Q24. Does the need for further development of an "Asset Management" program mean 

12 that IPL has not been managing its facilities and service? 

13 A24. Not at all. At its very core, Asset Management is about creating superior lifecycle value 

14 from owning and operating an asset base for all stakeholders served by the assets, and 

15 

16 

17 

18 

19 

supporting a data I information - driven decision making process that is based upon the 

risks associated with the normal operation of these assets. The fact that IPL is on a 

journey to improve its systems, processes and competencies can only be construed to 

mean they strive to be even more effective. In fact, there is ample evidence that confirms 

that, from an overall system perspective, IPL has managed its assets very effectively. 

20 Q25. What evidence can you provide? 

21 A25. With respect to overall system reliability, IPL has consistently been positioned in the top 

22 quartile of all U.S. investor-owned electric utilities. Figure 2 below presents a 
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comparison of SAIFI ("System Average Interruption Frequency Index"), calculated as 

the ratio of number of sustained customer interruptions per reporting period to the total 

number of customers served per reporting period. SAIFI is selected for this comparison 

because effective Asset Management is more about reducing the frequency and size of 

unplanned outages, and plays only a minor role in addressing the duration of these 

unplanned events; and in addition to IPL's strong comparative position each year, overall 

performance in terms of unplanned customer interruptions has improved by 20 percent. 

Figure 2: IPL SAIFI Performance Trends and Comparisons (2010 - 2015) 
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Delving further into IPL's Outage Performance Data, the trend related to Failed 

Equipment Caused Outages, most directly linked to an electric utility's ability to properly 

operate, maintain, and replace assets, is also favorable (Figure 3 below). Typically, I am 

seeing opposite trends in the industry with 2 to 3 percent annual increases in customer 

interruptions attributed to failed equipment. This industry trend is widely assumed to be 

driven by aging assets. In the case of IPL, I note the opposite trend, where the number of 

customer interruptions attributed to failed equipment has decreased by 30 percent since 

2010. This trend, one that is counter to industry norms, speaks to IPL's knowledge of the 

system, and its ability to effect timely interventions, two hallmarks of effective asset 
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management. I might also point out that even the starting point of 136,250 customer 

interruptions in 2010 attributed to failed equipment compares favorably (i.e.; lower on a 

per customer basis) to those electric utilities we have benchmarked over the past 5 years. 

Figure 3: Failed Equipment Caused Customer Interruptions (2010 - 2015) 
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Returning to the issue at hand, the CBD Underground Network, statements have 

been made regarding funding levels that would cast doubt on IPL's Asset 

Management process. OUCC Witness Smith summarized her concerns as follows: 

"There is no evidence that IPL has expended any funds above the 
level it typically has spent in routine maintenance in order to mitigate 
remaining safety and reliability concerns. In fact, according to OUCC 
Witness Edward Rutter, IPL's spending on the operation and 
maintenance ("O&M") of its underground system has remained 
relatively constant for the past twenty years, although one can 
reasonably assume the dollars required to perform the same types of 
O&M tasks have increased over this time period."(p.4) 

And, including OUCC Witness Rutter's recommendation (p. 22) that the IURC: 

"Require IPL to document how and why the 1.6% increase in 
maintenance cost per mile (over twenty (20) years) is sufficient to 
maintain IPL's underground network." 

How do you reconcile these statements with the notion that IPL has been managing 

its assets effectively? 
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1 A26. The O'Neill Report indicates that this issue was assessed and Mr. O'Neill concluded (p. 
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35) that there has not been "any 'starving' of the spending on the downtown network". 

Further, the OUCC statements do not adequately consider the increase in capital invested 

in the CBD Underground Network (even after excluding the Cultural Trail and Super 

Bowl Initiatives), over the past six years (refer to Figure 4 below). 

Figure 4: IPL Downtown Network Spend (2010 - 2014) 
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Category 2010 2011 2012 2013 2014 2015 Proj. 
Downtown Network O&M $ 1,723,903 $ 1,723,903 $ 1,548,649 $ 1,095,078 $ 1,171,276 $ 1,464,618 
Downtown Network Capital $ 3,229,638 $ 3,155,215 $ 4,913,426 $ 9,074,075 $ 5,687,242 $ 9,236,000 
Total Downtown Network Spend $ 4,953,540 $ 4,879,118 $ 6,462,075 $ 10,169,153 $ 6,858,517 $ 10,700,618 

CAGR 
-13.1% 
21.7% 
21.5% 

O&M spending on the CBD Underground Network is largely focused on test and 

inspection activities. Any remediation actions are funded by capital investment. Further, 

in response to the concerns raised by OUCC Witness Rutter regarding O&M spending 

comparisons with other utilities, it is important to note that accounting practices for what 

constitutes a capital investment versus an O&M cost can vary across states. In fact, even 

within IPL, there have been changes in differentiating between capital investment and 

O&M costs as recently as 2013 (e.g.; splices and network relays). Therefore, in 
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rev1ewmg spending patterns as an indicator of commitment to addressing the CBD 

Underground Network issues, in the case of IPL, the analysis should include total 

spending (i.e.; both O&M and Capital), where the amount of dollars invested are 

significant. Figure 5 below further substantiates this and refutes OUCC Witness' Smith's 

and Rutter's concerns by profiling the amount of Maintenance Capital that was spent 

during the time frame in question. 

Figure 5: Capital Maintenance Investment (2010 - 2015) 
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9 Q27. On somewhat of a related matter, OUCC Witness Smith (p. 4) states in her 
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testimony: 

"Rather than take a more proactive approach to these problems, IPL 
paid IP ACLO Enterprises, Inc. ("IP ALCO") $507M in dividends 
between 2010 and 2014. This is part of IPL's 20-year practice of 
paying large dividends to IP ALCO, an amount that grew to $2.6B 
between 1994 and 2014. These decisions demonstrate that IPL has not 
appropriately prioritized its critical downtown infrastructure needs, 
especially given its intent to pay IP ALCO a high percentage of its net 
income each of the next 3 years." 

Please respond. 
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1 A27. This rather inflammatory statement suggests that the two decisions are coupled, when in 
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fact, the decision to invest I not invest in the CBD Downtown Network is based on a 

prudent risk assessment methodology; as evidenced by the ongoing capital maintenance 

investments. It is my view that the decisions made during the time frame referenced in 

OUCC Witnesses statements were prudent (i.e.; the actions taken were reasonable and 

appropriate given the information known or that should have been known at the time the 

funding decisions were made), and not indicative of a shortcoming in Asset Management, 

keeping in mind (going back to the beginning of this testimony) that Asset Management 

as it is practiced by IPL today was in its infancy during the events leading up to the CBD 

Downtown Network events. 

OUCC Witness Golden raises a concern regarding the technologies used to enable 

Asset Management: 

"IPL's AMP consists of disjointed software programs. IPL personnel 
must navigate through several systems that provide maintenance, 
criticality, engineering design, and historical asset data. The quality of 
data gathered by these numerous systems could be compromised due 
to human error, software glitches, or program redundancies ... " (p.4) 

Please respond. 

It is true that IPL, like most other electric utilities, has a number of separate IT platforms 

and systems with individual data repositories. Any system can be prone to human error 

or other glitches/redundancies and I would point out that while he raises a general 

concern as to what potentially "could be", Mr. Golden does not contend nor provide any 

evidence that an unreasonable situation exists today. Furthermore, IPL has implemented 

a very reasonable solution, one that is undergoing continued refinement, to safeguard 

against the specific systems interface issues raised in OUCC Witness Golden's testimony. 
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Termed the "Asset Management Website," IPL's "solution" acts as a portal to collect the 

data and analytic results of the myriad systems that define IPL' s current Asset 

Management technology platform (e.g.; EMPAC, IVARA and WMIS). This website 

addresses the issue of what is the proper source for each specific data element, and 

provides IPL Management with real-time data and information from which to make 

decisions. This incremental approach reflects a prudent strategy with respect to IT 

enablement, while IPL completes its Asset Management implementation from the 

organization, competencies, and process perspectives. Furthermore, it assures that the 

decision to maintain this approach or switch to a more robust (and very likely more 

expensive), "one-stop" IT solution is well-informed and the role of IT is to facilitate or 

enable well-tested processes and practices, rather than to prescribe any theoretical 

technology solution. 

13 Q29. How does this point relate to your position that IPL does not require an audit of its 

14 Asset Management process? 

15 A29. It speaks to IPL' s approach to seek prudent courses of action that invoke continuous 

16 improvement in its approach to asset management. IPL has demonstrated a systematic 

17 process to IT enablement, by focusing first, on its processes and maximizing the use of its 

18 current system in support of these processes. Any decision to invest in more robust IT 

19 solutions should be made, based on a sound business case that puts at the forefront the 

20 need to improve the effectiveness and increase the efficiencies of pre-established process 

21 and practices. 
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Q30. 

A30. 

Mr. O'Neill and each of the OUCC and IURC Staff testimonies call for further 

investigation (audit) to provide greater transparency oflPL's progress in its drive to 

be an industry leader in Asset Management; and thereby lead to the IURC's being 

able to have confidence in IPL's execution of its Asset Management process. Before 

moving on to the Performance Metrics portion off your testimony, how would you 

summarize your views regarding the necessity for this audit? 

There are two situations that might warrant the initiation of an audit of IPL's asset 

management process: 

(1) If it were the only way to address Mr. O'Neill's stated call for more transparency 

and to increase the IURC's confidence in IPL's execution of its asset management 

process, or 

(2) If there were a noted lack of progress in or perceived lack of commitment to 

implementing the asset management process. 

It is my view that neither applies in this proceeding. As explained above, the 2013 self

assessment provides a baseline against which to assess IPL' s efforts to formalize its asset 

management processes, a baseline that is based on sound Asset Management principles 

and philosophy, and on well-established and accepted industry standards. An updated 

self-assessment, completed in 2015 and verified by UMS as an accurate representation of 

current state, demonstrates significant progress has been made in a relatively short period 

of time. I have presented evidence that further supports this view, ranging from 

superlative system performance to demonstrated financial commitment to the CBD 

Underground Network. 
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A31. 

Further, OUCC Witness Smith's testimony makes reference to "the history of explosions 

or other events that have occurred in IPL' s downtown underground network" as 

constituting an "emergency." In light of Mr. O'Neill's assessment that IPL's CBD 

Underground Network is well-designed and the risk is low, and the noted reduction in 

number of major and total events since 2012, it is my view that a more deliberate process 

than that connoted by the term "emergency" is called for. 

Therefore, it would seem appropriate to advance the discussion past the purported need 

for an "audit" (which as noted above, I assume refers to an assessment to establish a 

baseline ofIPL's current state with respect to Asset Management) and onto the level of 

transparency that may be desired to instill and maintain IURC confidence in IPL's 

execution of its asset management process. 

Do you have a specific proposal as to how best to proceed should the Commission 

determine further action is warranted to increase its confidence in IPL's asset 

management process? 

As stated or alluded to above, it is my view that a baseline already exists for monitoring 

and reporting IPL's progress in continuing its implementation of an Asset Management 

process, and its CBD Underground Network Lifecycle Plan. Further, a starting point for 

periodic progress updates exists in the form of the aforementioned comprehensive 

monthly asset management KPI report. Therefore, I recommend that IPL and IURC Staff 

(and additional parties as deemed appropriate) meet to collaborate on a path moving 

forward within 6 weeks of IPL receiving the Order to do so. The objective of these 

meetings would be to determine how best to track, report and verify IPL's progress in 

further improvillg its Asset Management process and executing the CBD Underground 
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Network Lifecycle Plan. I suggest that the most recent self-assessment of IPL's Asset 

Management process and the CBD Underground Network Lifecycle Plan be used as 

baselines against which to measure progress. Furthermore, I suggest that the follow on 

activities include IPL self-assessments of both initiatives every 6 months for an initial 2-

year period, augmented by an objective third party review. This objective third party 

review could involve Mr. O'Neill, but should also include a consultancy endorsed by the 

Institute of Asset Management. We would recommend that these 2 entities work in 

concert and issue a single report, summarizing either concurrence with or exception to 

IPL's self-assessments. After this initial 2-year period, I recommend that all parties meet 

to determine the necessity (or lack thereof) of continuing this process. It is my contention 

that such a process as described above would accomplish Mr. O'Neill's stated objective 

of greater transparency to increase the Commission's confidence in IPL's Asset 

Management process; and more specifically, its application in improving the performance 

ofIPL's CBD Underground Network. 

15 Q32. Does this conclude your rebuttal testimony on the points raised around the need for 

16 an audit ofIPL's Asset Management process? 

17 A32. Yes. I would now like to shift my focus to the portions of the 0 'Neill Report and 

18 testimony regarding performance management. 

19 
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1 PERFORMANCE MANAGEMENT 

2 Q33. In reviewing the O'Neill Report and related IURC Staff and OUCC testimony a 

3 number of terms, "performance metrics," "performance benchmarking," and 

4 "performance benchmarking program," are seemingly used interchangeably. Are 

5 they, in fact, different ways of saying the same thing? 

6 A33. Though certainly related, they are not at all interchangeable, varying significantly with 

7 

8 

respect to ease and cost of implementation and benefits to be derived; and in their 

specific application, implications and consequences. 

9 Q34. Could you enlighten us as to these differences, starting with "performance metrics?" 

10 A34. Certainly. Performance metrics are simply performance measures that indicate progress 

11 

12 

13 

14 

15 

16 

towards a desired outcome or target performance level. Implemented correctly, they will 

provide an objective way of showing that a specific strategy is working, offer 

comparisons to gauge the change of performance over time, focus attention on that which 

is considered important with an emphasis on accomplishments over well-intended effort, 

and reduce ambiguity as to what constitutes success and can be easily verified. SAIFI and 

SAIDI are examples of performance metrics. 

17 Q35. How is "performance benchmarking" different, yet related to "performance 

18 metrics?" 

19 A3 5. Performance benchmarking is the process of comparing one organization's service and 

20 

21 

22 

cost level performance against a pre-selected group of peer organizations. Peer 

organizations are generally selected based on their similarities in terms of customer 

demographics, system design, and geographic factors (e.g.; urban I rural, forestry and 
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weather patterns). The goal is to (1) determine an organization's comparative position, in 

terms of quartiles, across a number of performance domains (e.g.; reliability, capital re

investment levels, customer satisfaction and O&M spending, to name a few), and identify 

those practices that drive top performance (i.e.; those employed by top quartile 

performers - those that out-perform at least 75 percent of peer group in a specific 

performance domain). Performance metrics form a subset of these comparisons, as 

oftentimes a greater level of granularity is required to target the practices that drive strong 

performance. For example, SAIFI is a performance metric that is often benchmarked. 

The number of customer interruptions per outage event, typically not a performance 

metric, could provide insight as to effectiveness of circuit protection. 

Another, albeit narrow application of performance benchmarking, would be a one-shot 

exercise around a specific set of performance metrics to determine what constitutes a 

valid performance target. In this application, benchmarking is less about performance 

improvement through identification and incorporation of best practices, and more about 

establishing performance targets. 

16 Q36. What then is the distinction between "performance benchmarking" and a 

17 "performance benchmarking program?" 

18 A36. A benchmarking program includes all the activities related to "performance 

19 benchmarking," but replaces the pre-selected peer group for a single comparison effort, 

20 with a consortium of organizations, committed to a cyclic (typically every 2 years) and 

21 ongoing routine of submitting data, receiving "masked reports" (i.e.; reports that protect 

22 the confidentiality of each participant), and sharing best practices in a facilitated off-site 

23 workshop. There is usually a governance structure (e.g.; steering group made up of a 
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1 subset of the participants) to set the direction of the program, including the topics to be 

2 covered and the performance metrics (and other measures) to be benchmarked. 

3 Q37. How does this all relate to what Mr. O'Neill (p. 54) terms "an explicit incentive 

4 mechanism?" 

5 A37. The explicit incentive mechanism that Mr. O'Neill refers to is commonly referred to as 
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Q38. 

A38. 

Performance Based Regulation ("PBR"), an approach to utility regulation designed to 

strengthen utility performance incentives. The form of PBR being referred to in Mr. 

O'Neill's report targets specific areas for performance monitoring and designs an award

penalty mechanism indexed to a specific performance target (typically in the form of a 

performance metric). 

How is all of this related to your rebuttal testimony? 

In the introduction to my testimony, I stated my exception to the scope and process of 

performance management, as envisioned by the IURC Staff and OUCC testimony and, I 

would add portions of the O'Neill Report. An understanding of the concepts presented 

above sheds light on my exception. 

The first part of Mr. O'Neill's recommendation on page 55 seems to be specifically 

focused on establishing a set of performance metrics for the CBD Underground Network 

to "avoid the process of opening a new investigation with every incident of perceived 

poor performance." But then he includes in his recommendation on page 55 a transition 

to a PBR construct (after a certain amount ofreporting and revision of the metrics). IURC 

Staff Witness Pauley's recommendation (p. 4) expands the O'Neill report 

recommendation to include a collaborative process to develop a reasonably 
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1 comprehensive set of benchmarks and performance measures, which might ultimately be 

2 used for PBR, i.e. a "formal benchmarking processes, including possible incentives and 

3 disincentives" (pp. 20-21). OUCC Witness Smith also jumps beyond Mr. O'Neill's 

4 Report and recommends (p. 6) the Commission "initiate and maintain a performance 

5 benchmarking program". 

6 Given that in the overall scheme, IPL consistently maintains its position as a low cost 

7 provider of reliable retail electric service, as demonstrated by IPL' s reliability scores and 

8 low rates compared to other utilities in the State, my view is that the expansions 

9 described in the O'Neill Report and the related IURC and OUCC testimonies are 

10 unnecessary, and in some instances, not in line with established industry performance 

11 management standards. The balance of this testimony will address the specifics that 

12 substantiate this view. 

13 Q39. In the 2015 Report, Mr. O'Neill states that: 

14 
15 
16 
17 

18 

19 A39. 

20 

21 

22 

23 

24 

"The IURC should order that IPL enter into discussions with the 
IURC concerning the design of a set of performance metrics which 
could be used to avoid the process of opening new investigations with 
every incident of perceived poor performance." (p.55). 

Do you concur with this statement? 

The idea that the utility and the regulator should have discussions seems, in my view, 

mnocuous. My testimony does not oppose discussions, information sharing, and 

education. Rather, my testimony 1) explains that the subject matter and scope of what 

the other parties appear to propose is quite broad depending on the language used to 

describe the endeavor; and 2) shows why the purpose of any collaborative effort should 

be reasonably stated. 
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Assuming that Mr. O'Neill's recommendation regarding the establishment of 

performance metrics is tied solely to the CBD Underground Network, I do not take issue 

with that portion of his recommendation. However, if the intent is to broaden the 

discussion to a system-wide review of all performance metrics, I do not see the necessity 

nor merit of such an undertaking. IPL continues to excel in system reliability, maintains 

comparatively low rates, and compares favorably to the other Indiana utilities in customer 

satisfaction. 

It would appear that the other parties in this proceeding are using the events that occurred 

in a relatively small portion of IPL' s service territory to dramatically expand the entire 

performance management regulatory framework and operating model (i.e.; the expansion 

of regulatory oversight from the current reporting against a pre-defined set of reliability 

metrics, to a full-fledged benchmarking program). 

In IURC Staff Witness Pauley's testimony, he states that: 

"I am making the recommendation that performance metrics be 
developed only for IPL." 

Please comment. 

I question what can and should be achieved through discussions with IPL only, with the 

exclusion of the other Indiana utilities (unless the focus of the discussion would be solely 

on IPL's CBD Underground Network). I particularly have this concern if such a process 

could eventually lead to a form of performance based regulation (which is inferred on 

page 4, lines 12 and 13 of Mr. Pauley's testimony). It runs counter to the notion of state-

wide vetting and one is left to wonder the basis for singling out IPL, and not including the 
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other Indiana utilities whose performance and rates do not compare favorably to IPL's 

standards. 

In IURC Staff Witness Pauley's testimony, he states that: 

"It should be recognized that most existing metrics are used to 
evaluate normal performance rather than exemplary performance." 
(p.8) 

"The Collaborative should develop quantifiable benchmarks as well 
as qualitative benchmarks where quantification is not reasonably 
feasible." (p.19) 

Please respond. 

12 A41. These statements underscore the challenge in establishing a common language with 

13 respect to performance management (i.e.; the primary reason for my brief tutorial on 

14 these terms on pages 22-24 of this testimony). That said, the first statement should be 

15 reworded to more appropriately read, "Metrics are used to evaluate utility performance, 

16 and their comparative positon, either against a pre-established standard or the industry 

17 (i.e.; benchmark) and to determine the extent to which performance is exemplary. 

18 The second statement recognizes the distinction between the underlying precept of 

19 benchmarks, which by their very nature are quantifiable, and the broader concept of 

20 Performance Management. This broader concept recognizes that not every business 

21 function can be expressed in terms of a metric. In some instances, a plan akin to the 

22 Asset Lifecycle Plan for CBD Underground Network may be tracked, but typically such 

23 tracking and reporting is not accomplished via a performance metric. 

IPL Witness Cummings 32 



1 Q42. In the 2015 Report, Mr. O'Neill completes his recommendation, vis-A-vis 
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Performance Management, stating: 

"Such metrics could ultimately be part of an explicit incentive 
mechanism, although we suspect that a certain amount of reporting 
and revision may be necessary before the metrics would be stable 
enough to become part of such a mechanism, and in any event the 
mechanism itself should be open to modification and revision over 
time as experience is gained with it." 

And, IURC Staff Witness Pauley states in his testimony: 

"After setting benchmarks and gaining experience with how the 
utility is meeting its performance expectations, the stakeholders may 
be in a position to recommend jointly or separately formal 
performance benchmarking processes, including possible incentives 
and disincentives." 

Would you care to comment on these statements? 

16 A42. Certainly. Both of these statements infer a recommendation to transition into a 

17 Performance Based Regulation construct, a framework currently in place in 

18 approximately one-third of the States today. This involves a rather significant effort and 

19 cost which, applying logic, should include all Indiana regulated utilities. Further, a recent 

20 survey of the Commission Staffs in 10 of the States that have invoked some form of PBR 

21 regulation reveals mixed reviews. I question the prudence of embarking on such an effort 

22 in response to a situation that can be managed via an Asset Lifecycle Plan (with 

23 appropriate milestones) and a well-orchestrated set of performance metrics geared strictly 

24 to the CBD Underground Network; particularly given IPL's overall status as arguably the 

25 best performing Indiana utility, delivering relatively low cost and reliable electric service 

26 for many years. 
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With respect to the "well-orchestrated set of performance metrics geared strictly to 

the CBD Underground Network" the 2015 Report and lliRC Staff Witness Pauley 

state: 

"We continue to feel that an average rate of less than 2.0 [major 
events] per year is an appropriate goal." (2015 Report, p.19) 

"I support the one performance standard suggested by O'Neill 
Management Consultants of no greater than two (2) significant 
incidents on average in the Downtown Network in any given year." 
(IURC Staff Witness Pauley Testimony, p.20) 

Please respond. 

Besides the more basic issues of ensuring a clear definition of what constitutes a "major 

event" and establishing the calculus for determining how to report an "average number of 

major events," I question the bases for the recommended target of "less than 2.0 per 

year." In the process of negotiating a performance target, I would suggest a comparison 

with similar Underground Networks be conducted as one primary input to the discussion. 

17 Q44. On pages 15 through 18 of his testimony, IURC Staff Witness Pauley outlines his 

18 general list of considerations for the collaborative he proposes. Do you have any 

19 comments on this? 

20 A44. In addition to my comments above, I offer the following points regarding this general list: 

21 • Reliability and Resiliencv: IURC Staff Witness Pauley suggests that it might be 

22 "appropriate to assess a measure of average equipment age for various categories 

23 of equipment to be considered in performance metrics." (p.16) Sound Asset 

24 Lifecycle Management acknowledges age as one dimension for monitoring 

25 resiliency, but actual asset failure data, quantitative measures of asset condition, 
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Q45. 

operating history and maintenance regimen are all stronger indicators of asset 

health and the risk of impending failures. 

• Customer Satisfaction: In reviewing this description the majority of items listed 

are what I would best term, "performance domains" which could have objectives 

assigned, but would not easily convert to a performance metric linked to customer 

satisfaction. 

• Asset Management: The statement that "companies that have successfully 

transitioned to an asset management business model have reported annual savings 

in capital and O&M combined of around 15 percent" (p.17) can easily be 

misinterpreted. That figure includes utilities that were notoriously high in O&M 

costs during a time when the industry as a whole was at much higher cost 

structures than are in place today. IPL has ari established record as a low-cost 

provider of electricity and any expectation of savings in the range quoted by Mr. 

Scott Sydney should be viewed skeptically. 

• Staffing: There are no real metrics to be had with respect to staffing, other than a 

well-documented plan to address the realities of an aging workforce and attrition 

or vacancies of any empty "mission-critical" job positions. 

• New Technologies and Innovations: Consistent with my previous statement 

regarding a number of recommendations in Customer Satisfaction, this area is 

more aptly categorized as a performance domain or area of focus, and does not 

render itself to a set of meaningful performance metrics. 

Do you have any additional comments on IURC Testimonial Staff Witness Pauley's 

suggested framework for the collaborative effort? 

008205) 
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A46. 

and benefits to be incurred and absorbed. In reviewing my comments, it should be 

apparent that many of these items, though important factors to the business, cannot easily 

be condensed to a set of meaningful performance metrics. Any performance metric that 

is not objective, easily quantifiable, and able to be verified will lose its effectiveness over 

time; and is likely to render any PBR process confusing and ineffective. 

How would you summarize your rebuttal of the Performance Management portion 

of the 2015 Report and related testimony? 

For all the reasons stated above, I am concerned about the lack of precision in the 

language used by the other parties to describe this recommendation. If the parties have 

different views on what activities they are advocating, what outcomes they desire, or if 

the scope of the undertaking is unrealistically broad, the collaborative effort is likely to 

fail. I concur with Mr. O'Neill's notion of working collaboratively to establish a set of 

meaningful performance metrics for the CBD Underground Network, with targets that 

reflect the realities of current state moving over time towards continuous improvement. I 

do not subscribe to the notion that the issues that prompted the IURC to initiate the 

formal Investigation are cause to (1) totally revamp IPL' s Performance Management 

framework, nor (2) adopt Performance Based Regulation as a new regulatory construct. I 

am concerned that the broad language discussed above, if incorporated into a 

Commission order will create a project that is not manageable or efficient. Finally, if the 

IURC deems it appropriate to order such restructuring, I strongly caution that an IPL

specific approach will not produce the desired result from a state-wide perspective. 
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A47. I recommend that IPL agree to meet with Staff and the OUCC (and other parties as 

appropriate) to collaborate on a set of metrics to monitor and trend the performance of 

IPL's CBD Underground Network. Similar to the process outlined in Q31 above, the 

initial meeting should occur within 6 weeks of IPL receiving the Order to do so. In 

establishing this set of CBD Underground Network-centric metrics and defining the 

format and frequency of periodic reporting (a process which should be completed within 

3 months of the initial meeting), all parties should take heed of IURC Staff Witness 

Pauley's point that this process expand upon, and not shift IPL's focus on the 

performance of its entire system. Further, I would recommend that an initial 2-year time 

period be established, after which all parties should convene to assess the need for 

continuing this level of reporting. 

In the event that counter to my objection, a broader scope of performance management is 

ordered (i.e.; to include revamping the current Performance Management framework or 

establishing a new regulatory construct), then I recommend that this effort be undertaken 

after completing the above CBD Underground Network-centric performance 

management process. This "second phase" though, should include all Indiana electric 

utilities; and therefore, will likely require significantly more time to reach concurrence 

regarding the list of performance metrics, establishment of performance targets, as well 

as the content and frequency of reporting. 

21 Q48. Does that complete your rebuttal testimony? 

22 A48. Yes. 
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Mr. Cummings is a Senior Vice President and Managing Director for the Americas of UMS 
Group. He has 35 years of professional consulting experience, with an extensive background in 
both engineering and strategic and operational planning for the large investor-owned utilities and 
municipalities in North America and Australia; most recently FirstEnergy (Ohio, West Virginia, 
Maryland, New Jersey and Pennsylvania), Westar Energy, ATCO Electric, Lansing Board of 
Water and Light, Saskatchewan Power, BC Hydro, Ameren (Illinois and Missouri), Ergon 
Energy and Public Service Electric and Gas Company. He supports these clients in addressing 
key strategic and operational challenges and has most recently focused on T&D network 
modernization, distribution reliability, energy efficiency, and fleet optimization, capital 
investment planning and prioritization, asset strategy and plan development, organizational 
transformation, and regulatory strategy; and when called upon, has offered expert testimony, 
most recently to one Canadian Provincial Utility Commission (PBR Rate Filing) and two U.S. 
State Regulators (Reliability Performance Assessments). 

Prior to joining UMS Group, Mr. Cummings operated an independent consulting practice for 
nearly a decade where he supported utilities in the areas of strategic and operational planning, 
organizational development, technical and commercial management, and merger and acquisition 
assessment and implementation. Earlier in his career he held a series of engineering leadership 
positions at Vectra Technologies (formerly Pacific Nuclear and a publicly traded nuclear services 
company) and ultimately became Vice President of Nuclear Engineering. In that capacity, he 
served as the profit/loss manager for over 425 professional engineers across 5 regional offices in 
the U.S. In performing this role, he actively engaged in formulating strategies for customer 
development, product/service expansion, business consolidation, and oversaw the management 
of over 500 projects annually for approximately 75 percent of the U.S. nuclear utilities. And, 
prior to his tenure with Vectra Technologies, Mr. Cummings was employed by Stone and 
Webster Engineering Corporation where he assumed increasing levels of responsibility in the 
management of large Lignite and Nuclear Power engineering and construction projects. 

Mr. Cummings holds an M.S. degree in Operations Research from the U.S. Naval Postgraduate 
School and a B.S. degree from the U.S. Naval Academy at Annapolis, Maryland 

HIGJILIGHTS OF EXPERIENCE 

Spearheaded efforts to provide third party assessments of a mid-Atlantic electric utility's capital 
investment, O&M spending levels and service level performance in support of a base rate filing; 
and later assessed the prudence of decisions made in the events leading up and during three 
extraordinary storm events during the 2011 - 2012 time frame. In both instances, written direct 
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testimony was provided and Mr. Cummings was called upon to provide oral testimony during 
cross-examination. 

Assisted a mid-western electric utility in developing a Grid Revitalization Program for submittal 
to its Board of Directors and State Regulator. The proposed plan provided profiles of projected 
capital and O&M cash flows, the capture of utility and customer benefits, and an industry 
context around which to justify such a program. 

Assisted a Canadian electric utility in offering an independent third party assessment of a recent 
PBR filing performing high-level comparative analyses of proposed growth and infrastructure 
renewal capital investments over a 5-year period; and assessing the risk of returning to 
previously established lower capital investment plans. This effort included providing testimony 
as part of a formal hearing with the Provincial Utility Commission. 

Served as·Project Director for a full-scale business renewal effort, establishing a plan to improve 
the efficiency of capital investments, and decrease O&M spending by as much as $50 million a 
year without any noted decrease in system performance. Conducted across Power Production, 
Transmission and Distribution and Customer Service, this effort launched a series of initiatives 
that over 10 years will decrease spending levels by a cumulative $500 million, and set the stage 
for adopting the relevant aspects of PAS55. Areas of focus included comparative cost and 
service level analyses, work planning and execution, performance dashboards, transmission and 
distribution reliability, capital portfolio optimization, and business value/risk tolerance 
frameworks. 

Served as Project Director of four comprehensive assessments for separate Transmission and 
Distribution operating companies of a large US-based electric holding company. Three involved 
a review of practices and processes related to electric system reliability as measured by SAIFI, 
CAIDI and SAIDI with a thorough review of historical results (as reported in their outage 
management systems) and supporting reliability programs. Specifically, these assessments 
analyzed service interruptions, service restoration, organization and staffing, and 
capital/operating spending patterns with the objective immediately and sustainably improving 
performance; and included formal presentations to Commission staff across 2 regulatory 
jurisdictions. The fourth assessment involved a thorough review of the electric distribution 
infrastructure from both an asset health and condition and energy efficiency viewpoint, resulting 
in a long term strategy and plan to transform the network to 21st century standard. This involved 
identification of key technical and financial legacy issues, incorporation of a number of 
constraints and factors (e.g. financial, technology and social equity), and a holistic portrayal of 
costs and benefits from both a portfolio and individual circuit/substations perspectives; and the 
articulation of the plan tailored for each external stakeholder (e.g. commission staff/regulator, 
legislators, environmentalists, shareholders and customers). 

Assisted a large Northeastern utility in identifying over $80 million of O&M cost reduction 
initiatives without impacting service level (e.g. customer service, system reliability or safety). 
Areas of focus included electric transmission and distribution, customer operations, gas 
distribution and asset management. The final outcome has been incorporated into a long range 
plan to improve earnings despite an unfavorable outcome is a recent rate case filing. 
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Performed a capital and O&M spending diagnostic for a mid-level Midwest utility in support of 
an overall business case to infuse more capital into its transmission and distribution 
infrastructure. The case was compelling enough to present to the Board of Directors and the 
Commission State and will be a cornerstone for subsequent strategic planning and future rate 
filings. 

Supported a mid-level Midwest utility in its energy efficiency/demand response filing with the 
state regulatory and governing entities. Applied industry comparative analyses in demonstrating 
value capture for all stakeholders (investors, customers and utility), and validated that the 
proposed program met the intent and letter of the legislative mandate. 

Conducted an enterprise-wide capital efficiency assessment for a Canadian Utility spanning 
electric transmission and distribution and power generation. In reviewing their planned capital 
expenditures over a 10-year period, Mr. Cummings developed a plan to (1) reduce the current 
plan by 25 percent and (2) optimize the allocation of capital over the 10-year capital planning 
horizon. · 

Strategic advisor for a major transformation effort within a U.S. Midwest municipality, that 
included conducting performance diagnostics of its engineering and production divisions, 
development of a work planning and outage management program (and support processes), and a 
number of initiatives focused on achieving organizational alignment. 

Assisted a large Australian electricity distribution utility in optimizing the size and mix of its 
fleet of vehicles and attached equipment, factoring in financial constraints, environmental 
requirements, and the aligning of work level, staffing and specific task descriptions. The process 
of arriving at a plan to reduce capital investments by as much as $20.0 million and operating 
expenses by $1.2 to $2.0 million involved the active participation of the company's internal 
customers (i.e. users of the fleet assets), resulting in organizational acceptance of the outcome. 
Mr. Cummings extended this effort to a large Western U.S. electric municipality, developing a 
strategy and plan to achieve comparative results. 

Led the implementation of a process (and supporting software) to optimize the capital spending 
profile across three operating companies within a large US-based electric and gas company 
(electric transmission and distribution, gas transmission, distribution and storage, fleet, and 
electric generation); as well as one of the largest gas utilities in the US Midwest. In performing 
these projects, Mr. Cummings facilitated the linkage of a proposed investment's value and its 
contribution to overall corporate strategy as well as the risk should a specific investment be 
deferred; and equally important, implemented the process in a manner that garnered 
organizational support for change. 

Oversaw the implementation of an industry forum to identify trends and perform causal analyses 
on the failure of critical transmission equipment and components. In pooling industry 
equipment/component performance data, the goal was to apply statistically relevant data to 
accurately predict failure patterns establish optimum replacement vs. refurbishment criteria. In 
parallel with the initial formation of this forum, Mr. Cummings also performed the following: 
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• Comprehensive performance diagnostic across all functions of one of the largest electric 
municipalities within the US Southwest. In so doing, he provided a plan of action to 
maintain service levels yet reduce operating costs by as much as 25 percent. The 
recommendations were adopted and integrated with the municipality's five-year operating 
plan. 

• Development of a preventive and corrective fleet (vehicle and attached equipment) 
maintenance program, adopting may of the best practices from the petroleum and U.S. Naval 
programs, and tailoring them to application in a gas municipality environment. The project 
team, led by Mr. Cummings, provided a detailed process manual (with supporting process 
maps), an implementation plan (i.e. process/procedure changes and additions, technology 
enhancements and organization adjustments), and a series of key measures to assist the 
utility in adopting the recommendations. The program was embraced by both the 
municipality and city government officials. 

Participated in a task force and subsequently joined the implementation team in developing and 
executing a five-year plan to revamp the electric transmission and distribution infrastructure for 
the Chicago business district. This effort involved the translation of highly technical 
specifications and detailed budgeting information into terms easily understood by commission 
staff, city government, and the utility's customers. The resulting plan was adopted by the Board 
of Directors, accepted by the City of Chicago, and supported by the commission staff and state 
regulator. 

While supporting implementation, Mr. Cummings developed the strategies and plans for initially 
routing, certifying, designing, and installing 135kV and 345kV transmission to meet projected 
load growth and system reliability requirements. He played a key role in shortening the 
certification period by as much as 50 percent. This required effective liaison and communication 
with the Illinois Commerce Commission and Army Corps of Engineers as well as coordination 
of Commonwealth Edison's engineering and construction organizations and their assigned 
"contractors of choice." 

Provided consulting services to a number of technology based enterprises including gas and 
electric utilities, engineering and architectural firms and manufacturers of electric components. 
The projects included: 

• Strategic and Operational Planning and Integration (Linkage of Business Vision, Core 
Values, Financial Goals and Core Business Processes, maintaining a balance between long
range sustainability of the business and short range stakeholder expectations). 

• Organizational Development (Competency-based Performance Management System 
Development and Implementation, Business Culture Assessments, Employee 360-degree 
Evaluations, Leadership Development, Recruiting and Employee Selection). 

• Marketing and Sales Support (Branding Strategy Development, Customer Satisfaction 
Surveys, Product/Service Positioning and Pricing Strategies, and Sales Training). 
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• Technical and Commercial Management (Ensuring a proper balance between achieving 
profit/loss targets and meeting the quality standards as specified by the customer) 

• Merger and Acquisition Assessment and Implementation 

Worked in a variety of capacities for a nuclear engineering consulting company, serving initially 
as a Project Manager and ultimately as the Vice President of Nuclear Engineering. Over this 11-
year period he played a major role in growing annual revenues from $5.0 million to $50.0 
million while increasing market penetration to approximately 75 percent of the US nuclear 
utilities. Many of the skills and competencies used by Mr. Cummings in his roles as management 
consultant (summarized above) were developed through hands-on experience in managing over 
425 engineering professionals and overseeing the management of over 500 projects annually. 

Worked in a variety of capacities for Stone and Webster Corporation, primarily assigned to 
major nuclear power plant design and construction projects. Specific assignments included: 

• Assignment to the Beaver Valley Power Station project, establishing a projects control 
process and system within the Duquesne Light Company to manage the installation of Three 
Mile Island modifications in support the second refueling outage, improving actual 
performance in terms of work performed and schedule duration from the initial refueling 
outage by a factor of three. Following this effort, Mr. Cummings shifted his focus to the unit 
under construction (unit no. 2) where he installed a process to facilitate the final turnover of 
the systems (and accompanying documentation) to plant operations over an 18-months 
period. 

• Assignment to Clinton Power Station, where he acted as Project Controls Manager for the 
contractor, facilitating the lifting of 12 Nuclear Regulatory Commission (NRC) imposed 
stop work orders and subsequent construction and turnover of the plant to the Illinois Power 
Company (IPC). Key activities over a two-year period included a successful Fuel Load 
Caseload presentation to the NRC, support to IPC in preparing and presenting rate cases to 
the Illinois Commerce Commission (ICC) for cost recovery, installing an information 
system to track the turnover of all systems, and instituting an integrated cost and schedule 
process and system to support weekly and monthly reporting to project and IPC executive 
management. His role in integrating the construction and system turnover schedules (and 
subsequent development of computerized detailed system turnover punch lists) served as a 
primary catalyst for successful completion of the Clinton Power Station project. 

Served in the U.S. Navy in increasingly responsible roles culminating as a Weapons Officer on a 
destroyer, USS Robert E. Peary (FF-1073). In this capacity, he managed and led three divisions 
totaling 100 sailors, responsible for the maintenance and operation of all weapon and detection 
systems, the major equipment necessary to support basic seamanship evolutions, and daily 
consumables for the entire ship's force. He left the U.S. Navy in 1980, having earned the Navy 
Achievement Medal for his efforts during two extended deployments and extraordinary 
performance in the areas of Anti-submarine Warfare and Naval Gunfire Support. 
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• "Driving Reliability Improvements-Regulatory Oversight", presentation given to the EEI 
Transmission, Distribution and Metering Conference, New Orleans, LA, April 7, 2009. 

• "A Paradox of Thrift: Economic Barriers to T&D Network Modernization", an article 
written in January 2009. 

• "Grid Modernization: A Roadmap to Tomorrow's Infrastructure ... Don't Get Lost on the 
Way to AMI, " a white paper written in April 2009. 
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APPENDIXB 

The following tables illustrate the mapping of the three assessment frameworks addressed in this 
testimony; namely: 

• AES' Global Assessment Management Standards (the basis for IPL's self
assessment; 

• Publicly Available Specification 55 ("PAS 55"); and 

• ISO 55000 Standard (emanating from PAS 55 and recently established as the 
Standard for Asset Management across all industries). 

As the following tables and charts illustrate, the domains and elements that comprise AES' 
Global Assessment Management Standards are consistent with those established in PAS 55 and 
ISO 55000. 

NOTE: The numbers in the first columns of these tables relate to the numbering convention used 
in each respective standard and/or specification. 

Figure Bl: PAS 55 I AES Asset Management Standards Comparison 
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Figure B-2: ISO 55000 I AES Asset Management Standards Comparison 
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All assessments require a pre-established maturity scale, against which to mark progress towards 
achieving competence across all critical dimensions of Asset Management. Though somewhat 
different, the scale used by AES (and subsequently IPL) is sufficient to monitor progress towards 
effective Asset Management. 

Figure B-3: Comparison of Maturity Scales 
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Asset Life Cycle an 

The Asset Management Strategy is built upon systematic data-driven decisions for all 

dimensions of asset maintenance, operation, risk, and investment. This strategy drives a range 

of initiatives that ensure consistent collection, organization, analysis and communication of 

asset data. The data is used to measure and monitor the performance and health of each asset, 

which is in turn used to systematically identify and prioritize system and asset risks and make 

optimum investment decisions. Core to this asset management strategy is development of 

Asset Life Cycle Plans (ALCP's). 

ALCP's have been or are in the process of being developed, executed, and updated for each 

asset type. These plans provide an essential road map for the lifecycle care of each asset type, 

defining what the assets are, profiling their key attributes and characteristics, tracking their 

performance and failure rates over time, prescribing how they will be maintained, operated, and 

monitored, and defining how and when it will be determined that they should be replaced. 

Each plan includes: A review of the current asset base, a summary of past asset performance 

and maintenance history, discussion of current asset condition and risks, a review of current 

maintenance and operation practices vs. industry best practices, identification of replacement 

needs and spares strategy, asset expenditure requirements {O&M and Capital), and a discussion 

of innovations related to the type of asset. 

Development efforts I completion of comprehensive asset life cycle plans for critical assets is 

prioritized based on risk and potential impact on ratepayer costs and reliability. Comprehensive 

plans have been developed for wood poles, substation breakers, large power transformers, 

relay protection, and the Central Business District (CBD) downtown network. Initiatives to 

develop draft plans for other major asset classes have been scheduled for completion over the 

next 6 to 24 months (e.g., UG direct buried cable (URD), overhead conductors, transmission 

structures, Distribution OH and UG transformers, Substation CTs and PTs, Disconnect Switches, 

Reclosers and Sectionalizers, Pole top hardware (insulators, cutout switches, lightning arrestors, 

etc.), Reactive devices, etc.). 

These plans have been prioritized based on the view in the Figure 1 Asset Life Cycle Plan 

Development (ALCP). 
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Figure 1 Asset Life Cycle Plan Development (ALCI') 

This provided a high level view of our priorities and informed our schedule for development of 

the remaining asset life cycle plans. 

Asset Class Lifecycle Plan Develoi;iment Strategy 

Wood Poles Complete 12/4/2014 

Relay System Protection Version 3 completed 11/25/2014 

Circuit Breakers Version 3 completed 12/15/2014 

Power Transformers Version 2 completed 8/15/2015 

Downtown Network Complete 8/31/2015 

Underground Residential Cable (URD) 
Data gathering, draft under 

2015 Q4 
development 

Overhead Distribution Lines 
Data gathering, draft under 

2015 Q3 
development 

Transmission Structures 
Data gathering, draft under 

2016 Ql 
development 

Meters 2016 Q3 

Substation Batteries 2016 Q3 

Transmission Lines 2016Q4 

Substation Communications 2016 Q4 

Distribution Transformers 2017 Ql 

System Control and Data 2017 Q2 

Substation CTs and PTs 2017 Q3 

Disconnect Switches 2017Q4 

Reclosers & Sectionalizers 2017 Q4 

Pole Top Hardware 2017 Q4 

Figure 2 Asset Lite Cvcle Pbn Schedule (ALCP) 
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The Downtown Underground Electrical Distribution Network System for Indianapolis provides 

extremely reliable electrical power to customers in an esthetically pleasing manner. Network 

systems are typically required where large quantities of power are needed, but space is limited. 

The downtown underground networks consist of network transformers, network protectors, 

network relays, vaults, manholes, duct systems, primary and secondary cables. These combine 

to provide downtown customers with their power requirements. Network systems are designed 

to be redundant, such that failure of any one piece of equipment (e.g., cable section, 

transformer, etc.) does not result in a customer outage. 

The scope of this Asset Life Cycle Plan (ALCP) is focused on the network system assets serving 

downtown Indianapolis. This document will continue to track the network system assets during 

their lifespan. Reviews and adjustments to the ALCP will be made on an annual basis or as often 

as needed. 

C Summary of Initiatives 

1. Network Protectors 

Sections Vl.A.3 and IX.B document an initiative to phase out routine test/calibration of network 

protector relays at IPL. It is recommended that instead a "feeder drop/ breaker test" be used 

instead of the existing network protector relay testing practices. This is a similar philosophy to a 

condition based maintenance practice for transmission relays that is acceptable to NERC. 

However, a visual inspection of the protector will still be required to look for abnormal 

conditions (oil seeping, water ingress, rust, etc.). 

2. Secondary Net\!\'ork Cable 

IPL will begin a pilot program to change the existing PILC lead jacketed standard for secondary 

cables in the downtown network from 350 MCM EPR to a ••••••••••••• 
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llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllanother 
initiative for IPL is to begin a pilot program of using cable limiters on all new IPL secondary cable 

installations. Additionally, a crab/mole installation will also be piloted to facilitate connections 

of secondary cables. Additional supporting information is in Sections 11.E.4 and 11.E.5. 

4. Steam Temperature Monitoring 

Section IV.F describes the challenges that exist with the co-existence of the downtown electrical 

network and steam system. Citizens Thermal and IPL continue to work closely to address any 

issues and are working on long term solutions. IPL plans to begin a pilot program to monitor 

duct line temperatures. This data can be brought back through the downtown network SCADA 

system. This will allow IPL to rapidly identify possible high temperature issues and inform 

Citizens in a much quicker time frame. 

5. Primary Cable 

As pointed out in the Root Cause Analysis for the North Street Network Event, steam 

temperatures in the duct line appeared to have caused significant thermal damage to the 

outside jacket of the EPR primary cable. This was the first time this had been observed. -
-- ~ " ---- - - -

6. Low Side Transformer and Protector Protection 

An existing risk for clearing low side transformer and protector 277 /480V locations at IPL is 

identified in Section IV.D.1. IPL is in the process of replacing the existing electromechanical 

relays on the• Gardner Lane and Edison feeders serving the secondary 120/208V and 

277 /480V grids. The new relays should be capable of singe phase VAR measurements. These 

single phase VAR analog points will be monitored for levels and rate of change measurements. 

These points will alarm in the Transmission Operations Office for abnormal conditions. This 

initiative should be complete by 12/31/2016. 

7. System Modeling and Load/Fault Studies 

Contingency planning by running system load flow and fault studies has been emphasized by 

various references in this document as an important tool. Section IX.E details existing programs. 

IPL has modelled the network system in GTECH but plans to expand the use of this modeling for 
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additional on-going load and fault studies, which will help in secondary limiter placement and 

identifying whether inserting ground impedance in the substation transformer connection to 

ground to limit the primary failure energy level will cause any adverse effects to the secondary 

network. Section IX.G explains a method planned to limit the primary fault current. 

8. Network Standards 

Section 11.D reviews existing standards and specifications. IPL is making progress but does not 

yet have a complete updated set of network Standards. The Asset Management Standards 

group is leading the effort to create downtown network standard documents for reference on 

preferred practices and to create some additional standards and revisions for IPL, such as a ring 

bus standard and network protector specifications. 

II. Asset Base 

Network System Description 

1. Introduction 

Network systems are known for ensuring high reliability and are designed for areas with high 

electricity use and high customer density. Several transformers are connected together 

underground so that electricity can be supplied to a customer by more than one transformer. 

This is a different set-up from the radial distribution system where there is typically one 

transformer used to supply electricity to a group of customers. 

The first low-voltage AC network system is reported to have been installed in Memphis, 

Tennessee around 1907. The network transformers were supplied by primary feeders through 

distribution cutouts and were connected to a solid grid of low-voltage cables that were 

protected with fuses. Early installations, as the Memphis system, were unsatisfactory due to the 

inability of the fuses between the transformers and the secondary mains to clear faults on 

primary cables and transformers. This shortcoming showed that a means of detecting power

flow direction was required to prevent a primary fault causing a complete loss of the network.1 

In 1922, the first AC network system, in which network protectors were automatically tripped 

and closed by relays, was placed in service in New York City by the United Electric Light and 

Power Company. This was the birth of the secondary network system, as it is known today. This 

cable grid was a three-phase, four-wire system and it operated at a nominal voltage of 120/208 

V and soon, this type of system became an accepted method of supplying combined power and 

lighting load. 

By 1974, 315 companies in the United States used a low-voltage network system. Today's 

120/208 V network grid systems are very similar in configuration and basic operation to the first 

1 A History of Underground Secondary AC Networks, Robert J. Landman, H&L Instruments, L.L.C., IEEE PES, Life Senior 
Member 
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systems. Reliability of service is a paramount requirement of an electric distribution system, 

especially in the central business districts of large cities. The low-voltage network system is the 

method most commonly used to obtain this reliability. The underlying principle of all network 

systems is an interconnected grid of secondary mains operating at utilization voltage and 

energized from a number of primary feeders through step-down transformers. Today, there are 

over 350 cities, throughout the world, operating low voltage network systems. 2 

In the early 1950s, the loads, primarily from the increase in air conditioning, were reaching the 

level where it was very difficult to supply the customer's need at 120/208 V. This drove the 

practice of using 277 /480-volt secondary spot networks for larger buildings. The spot is a 

network of two or more transformers and protectors, banked on the secondary side with a 

single "collector'' bus. 

Part of the evolution of urban underground electric systems has been, for Indianapolis as well as 

other cities, that load has been gradually taken off of the secondary network grids and 

converted to spot networks or primary selective loads, especially as blocks are redeveloped into 

larger buildings or campuses. 

The decision to not interconnect the secondary on spot networks was driven by both technical 

and economic reasoning. Because the 277 /480-volt vaults were widely dispersed within a 

network area, engineers felt the small increase in reliability did not justify long secondary cable 

runs between vaults. Additionally, and more importantly, was the difficulty of extinguishing any 

arcing faults on the secondary system. Faults occurring at voltages of 277 /480 V do not self

extinguish most of the time. 

Network transformers are generally located in sub surface vault structures that are most often 

located in public right-of-way. The network transformer secondaries are connected in parallel 

through secondary network protectors, generally mounted on each network transformer. These 

network protectors trip to isolate transformer and primary cable faults from back-feeding from 

the energized secondary grid. Secondary voltage connections may be made between vaults 

using low voltage cables. Most customer loads are usually served from the secondary system. 

As mentioned previously, network systems are extremely reliable. However network systems 

are very expensive to construct, maintain and operate, and for this reason, most utilities have 

not significantly expanded network service outside of traditional network areas. 

2. Definitions 

Consistent definitions are critical to understanding the design and operation of secondary 

network distribution systems. Alternate definitions for some of the terms may be found in 

different regions. The definitions below represent the most common usage.3 

2 A History of Underground Secondary AC Networks, Robert J. Landman, H&L Instruments, L.L.C., IEEE PES, Life Senior 

Member 
3 A History of Underground Secondary AC Networks, Robert J. Landman, H&L Instruments, L.L.C., IEEE PES, Life Senior 

Member 
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Cable Limiter: This is an enclosed fuse for disconnecting a faulted cable from a secondary 

network distribution system and protecting the unfaulted portion of that cable from serious 

thermal damage. 

Protector Cycling: The undesirable cyclical opening and closing of a network protector because 

of load conditions. This is also sometimes called "protector pumping". 

Secondary Grid Network: A secondary network system with geographically separated network 

units and the network-side terminals of the network protectors interconnected by low-voltage 

cables that span the distance between sites. 

Network Relay(s}: A relay (or for older models 2 relays - master and phasing) that provides two 

purposes. The first is to trip the network protector when power flow is from the low-voltage 

side to the high-voltage side of the network transformer. This is set to be sensitive enough to 

trip on transformer magnetizing current. The second function is to close the network protector 

when transformer side voltage is higher than network voltage and leads the network in phase 

angle ensuring power flow into the network. 

Arc Flash Reduction Mode Setting (ARMS}: The Eaton CM-52 protector has a sensitive forward 

looking maintenance setting that can be used to reduce the severity of arc flash energy 

exposure. 

Network Protector: An assembly composed of a circuit breaker and its complete control 

equipment (network relay, current transformers, and may include potential transformers). 

Network Transformer: A transformer designed for use in a vault. A network transformer may 

be submersible or dry vault. It usually, but not always, has a provision for attaching a network 

protector. 

Primary Network Feeder: Dedicated primary network feeders are feeders that supply only 

network transformers for the grid network, the spot network, or both. Non-dedicated primary 

network feeders, sometimes called combination feeders, are feeders that supply both network 

transformers and non-network load. 

Secondary Network: The low-voltage circuits (cables) 120/208V or 277/480V supplied by the 

network units (the network transformer and its associated network protector). 

Spot Network: A secondary network distribution system that consists of two or more network 

units at a single site. The secondary network-side terminals of these network units are 

connected together with bus or cable. In spot networks, the paralleling bus does not usually 

have low-voltage ties to adjacent or nearby networks. 

3. IPL Network System Boundaries 

Indianapolis Power and Light's Downtown Network is approximately contained within the area 

known as the Central Business District or Mile Square, bounded by East, West, North and South 
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Streets. The territory is approximately 9 blocks by 9 blocks, or a mile long on each side. The IPL 

network serves approximately 1,834 customers, with a peak demand of 133 MW. 

The advantage IPL has over many of their counterparts is how dry the vaults and manholes are 

and how well they drain. The big negative IPL has is that Indianapolis has the second largest 

steam system in the United States. Thus, the IPL underground facilities can be adversely 

affected by a leak or poor/failing thermal insulation in the steam system. 

Figure 3 IPL Network Boundaries 

4. Network Substations 

IPL has two substations feeding the downtown network, Edison and Gardner Lane. Each 

substation has three transformers with a top rating of 40 MVA. The 138 kV high side winding is 

connected ungrounded wye and the 13 kV low side is connected solidly grounded wye. There is 

a third tertiary which provides phase to ground fault current on the 13 KV primary system. 

5. Primary Feeders, Switches and Switchgear 

Primary feeders are conductors, usually in the 12 to 13.8kV range, that are connected from the 

substation transformers and that transfer power to the distribution network transformers 
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feeding customers. For most downtown networks these are insulated and run underground 

through a duct system. 

o) IPL 

IPL has approximately 367,131 feet (69.5 miles) of network primary cable (36 circuits, each 

averaging 2.1 miles). With the retirement of 13kV feeders from Sub #3 in 2014, IPL eliminated 

nine feeders serving the downtown network. Thus, IPL has 36 remaining 13.2kV primary feeders 

serving the downtown network. Of these feeders, 28 feed the spot and secondary networks. 

The remaining eight feeders are direct primary voltage feeds to some of the largest customers 

downtown. 

Figure 4 IPL Neh~rork Feeders 

The estimated percentage types of primary cable used in the Indianapolis network for the above 

feeders are: 

Type of Cable Percentage 

• EPR (750 MCM) 10% 

• EPR (350 MCM) 20% 

• EPR (4/0 MCM) 5% 

• PILC (750 MCM) 20% 

• PILC (350 MCM) 15% 

• PILC (4/0 MCM) 28% 

• PILC (1/0 MCM) 2% 

All of this cable is copper, and EPR is used for all new construction. 
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IPL also has two 4kV feeders serving air conditioning and chiller load for six customers. 

Presently these feeders are served from with a project scheduled to move the 

source for these feeders to •••• circuits in 2015. 

6. Network Transformers 

Network transformers are submersible and are made to be used below ground level in a vault 

(to be discussed later) structure. The network transformers are designed to meet IEEE Standard 

C57.12.40 for this type of operation. 

The role of a network transformer is to convert the distribution voltage (i.e., 13.2 kV for IPL} to 

the typical customer utilization voltage of 120/208 volts for small commercial customers and 

277 /480 volts for larger commercial facilities. 

277 /480 volt network transformers are usually placed in a segregated vault cluster to feed a 

large single customer/building load. 

120/208 volt network transformers are also placed in vault clusters, but the clusters are 

connected together by a system of ducts and manholes (to be discussed later) that electrically 

tie several clusters. The customer's being served from the 120/208 Volt network have smaller 

loads and their services can come from the vault or from a manhole. In this way, the clusters of 

vault transformers share the load. 

IPL has had a history of excellent performance from the network transformers. Our subject 

matter experts cannot remember any electrical failures of network transformers. 

Figure 5 Network Transformer 
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Following extensive research into the practices of other companies, and advice from Network 

practices experts, IPL has decided to adopt the emerging industry best practice and convert to a 

higher flash point fluid such as FR3 (Envirotemp) for transformer insulation. Additionally, the 

industry is moving away from oil filled termination chambers to elbow fittings. 

a) IPL 

Indianapolis Power & Light uses 1000 kVA, 1500 kVA and 2000 kVA network transformer sizes 

for the 277 /480 V system and 300kVA, 500 kVA, 750 kVA and 1000 kVA transformers for 

the120/208 V system. 
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Figure 6 IPL Transformer Sizes 

111 Count 

Experience has shown on the IPL system most of the transformer rust occurs on the top of the 

transformer and not the bottom, unlike most utilities with wet vaults where rust typically occurs 

at the bottom of transformers. IPL has installed transformer deflector shields under the open 

grating areas where the network transformer is exposed to corrosion causing materials. This 

should aid the transformer tank lifespan. 

IPL also has the practice of using bottom rails, purchased with the transformer and then adding 

additional rails garnered from salvage when installing the transformer. These rails lift the 

bottom of the transformer several inches above the floor of the vault, and thereby facilitate 

transformer cooling and avoid rust on bottom of the transformer. 

7. Network Protectors 

The purpose of the protector is to be a circuit breaker with automatic open and close 

capabilities based on various algorithms programmed into network relays. Network relays are 

located inside the protector. The two basic roles of the relay settings are: 
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1. To disconnect the transformer from the secondary grid in the event the primary 

feeder is faulted or de-energized; 

2. To close the protector (depending on voltage and phase quantity criteria) and load 

requirements on the secondary grid. 

However, recently Eaton Corporation has introduced the CM-52 protectors with an Arc Flash 

Reduction Mode Setting that allows the protector to be put in a sensitive forward looking 

protection scheme to reduce arc flash energy. 

The network protector may be mounted on the secondary side of the network transformer or 

remotely mounted, such as to the vault wall. 

Also, as discussed in the "IEEE Guide for the Protection of Network Transformers1
' (IEEE 

Standard C37.108-2011), most network protectors in service have not been designed or tested 

to operate as switching or isolation devices for operating electric generators. These concerns 

currently prevent many utilities from allowing installation of net energy generators within areas 

served by secondary networks. 

Figure 7 Network Protector 

In the industry one issue with Westinghouse protectors manufactured from 1949-1957 was the 

use of aluminum that was often substituted for copper on the bus. This design is known to be 

susceptible to deterioration from exposure of the bus to salt water. The corrosion can lead to 

the development of hydrogen gas and can lead to an explosion in environments that are wet 
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and salt-prone. The copper/aluminum can be distinguished by measuring the thickness of the 

bus. 

The good news is that this has not been a problem for IPL. 

Another issue discovered with Westinghouse protectors in the early 1990's was an issue of 

some protectors accumulating toluene gassing. This resulted in two protectors failing at IPL 

during routine switching events. These protectors have since been sampled periodically and 

explosive levels are no longer detected. 

a) IPL 

IPL has 303 network protectors in service. Of these, there were 58 pre-1985 Westinghouse 480 

Volt CM-22 Network Protectors identified after the August 13, 2014 incident in Downtown 

Indianapolis. These 58, plus the other 79 - 480 Volt Network Protectors will be replaced to 

comply with the latest Arc Flash requirements. The existing units will be replaced with Eaton 

CM-52 protectors with Arc-Flash Reduction Module (ARM). 
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figure 8 IPL Network Protector Sizes 
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IPL does not fuse the leads to the collector bus. The older IPL 277 /480V protectors only have 

links and are not fused within the protector. All newer 277 /480V protectors will have fuses 

within the protector. 

8. Vault Structures 

These structures house the underground network transformers, protectors, and the collector 

bus. Typically a vault consists of one to four compartments also referred to as bays. The size of 

the bay is typically 10 feet by 20 feet. Each bay generally contains one network transformer and 

protector combination. A grating in the vault roof provides ventilation, and an access door 

allows personnel entry into the vault. Most vaults contain openings between the bays that 

22 



IPL Witness JWC Attachment 3-R (PUBLIC) 
Cause Nos. 44576/44602 
Page 23 of 100 

allow a worker to move from one bay to another. There is a collector bus comprised of 

individual copper or aluminum bars to which cables connect that runs the length of the vault 

through each bay. The bus is supported from the ceiling of the vault by insulators or insulating 

boards. The output of the network transformer connects to this collector bus. Service cables to 

customers and network secondary cables between vaults also connect to the collector bus. The 

vault is a confined space and requires additional safety precautions to be followed for entry. 

9. Manholes and Duct System 

Manholes are used as junction/splicing points for the underground cables. Workers physically 

enter these structures, which vary in size but are approximately 5 feet wide by 10 feet long. As 

with vaults, manholes are considered a confined space and require additional safety precautions 

to be followed for entry. 

a) IPL 

The IPL system contains approximately 433 miles of concrete-encased conduits and 1,210 

manholes in the network. 

The vaults, manholes, and ducts that house the Indianapolis secondary networks are typical of 

those in other cities, except that the size of the older IPL manholes is believed to be smaller than 

at other utilities. As mentioned previously, the IPL manholes are drier than those in many other 

cities. Many other cities have large rivers running through them or are in coastal areas and see 

flooding of manholes fairly consistently. 

As mentioned before, the IPL system is at a disadvantage compared to many other network 

systems because of the extensive (second largest in the US) steam system. This causes some 

manholes to be too hot to enter, and some ducts to occasionally get so hot that it exceeds the 

cable's temperature rating. 

The standard for new manhole construction is to use pre-cast concrete if there are no 

obstructions. If there are barriers or insufficient room to install a pre-cast manhole, concrete 

block manholes will be installed. Estimated manhole construction percentages among existing 

structures are: 

• Pre-cast Concrete 

• Brick 

• Concrete Block 

~25% 

~ss% 

~20 Minimal 

The standard for new duct line construction is to use PVC. It is estimated the existing duct line 

construction percentages are: 
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Type of Duct 

• S" Fiber 

• 4" Fiber 

• S" PVC 

• 4" PVC 

• 1 Way Clay 3 1/2" 

• 4" Sewer Tile 

• 3" Sewer Tile 

10. Spot Networks 
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Miles 

N 22 

N130 

N 22 

N 87 

N87 

N78 

N 9 

Spot network systems are typically used in the urban centers where two or more distribution 

primary lines {e.g. 12 or 13kV) are supplied to network transformers. Most often, the secondary 

voltage is 277 /480 volts that supply a single large customer/building. It is called a spot network 

because it uses network-type transformers whose secondary network side terminals are 

interconnected by cables or a bus. It is very reliable because the secondary connections are 

from multiple primary sources. Nevertheless, a failure at the common customer collector bus 

will result in a customer outage. 

Spot networks are most often used for customers too large to be fed from the 120/208V 

secondary grid. 
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Figure 10 Vault Secondary Collector Bus in (~ood Condition 

11. Secondary Grid Networks 

Secondary networks are designed to meet the higher reliability needs and limited space 

commonly encountered in urban areas. 

In a secondary network, electricity is delivered through a system of multiple transformers and 

underground cables that are connected and operate in parallel. Power can flow in either 

direction on the lower voltage service delivery lines, commonly called secondary mains. The 

loss of a single line or transformer in a secondary network does not cause an interruption of 

power, unlike radial systems that serve most customers outside the downtown areas. If a radial 

line experiences an outage, service is interrupted to customers until repairs are completed; this 

is less likely to be the case in a secondary network distribution system. 

Most secondary grid networks are operated at 120/208 volts. A primary reason for this is that 

when you have 277 /480 volt networks, the voltage is often high enough to prevent the arc from 

self-extinguishing. 

A schematic of the sources to a secondary network is shown on the next page. 
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Figure 11 Schematic of SernmL1ry Crill Network Feeds 

a) IPL 

IPL has approximately 198,000 feet {37.S miles) of network secondary cable. This cable is in four 

secondary network areas fed from two separate Substations: Gardner-Lane and Edison. The 

map (previously presented) of the area served by the four secondary networks (Edison East and 

Edison West, Gardner Lane North and Gardner Lane South) is shown on the next page. 
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Figure 12 IPL Secondary Network Overview 

The secondary cable is predominantly PILC, with an estimated 80% of the existing installed cable 

in service today. All new secondary cable installations are EPR with the vast majority of the new 

and existing cable being 350 MCM. 

The estimated percentages of secondary cable types used in the Indianapolis networks are: 

Type of Cable Percentage Miles 

• PILC (500 MCM) ~s% ~z 

• PILC (350 MCM) ~1s% ~zs 

• EPR (500 MCM) ~s% ~z 

• EPR (350 MCM) ~is% ~6 
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IPL has designed the secondary grid to have the secondary burn in the clear in the event of a 

fault. The mains (secondary ties between transformers) are most often 350 MCM, and do not 

have cable limiters installed. 

12. Services 

IPL installs cable limiters on both sides of service cables of 3/0 or larger when there are more 

than two runs of cable. For two runs or less, IPL installs limiters only on the source side. This 

practice is in line with majority of other utility practices.4 

a) IPL 

The estimated percentage of service cable types used in the Indianapolis network is: 

Type of Cable Percentage Miles 

• PILC (500 MCM) ~lo% ~12 

• PILC (350 MCM) ~103 ~ 12 

• EPR (500 MCM) ~55% ~68 

• EPR (350 MCM) ~25% ~ 31 

All of the secondary cable is copper and IPL uses limiters on both the customer and utility sides 

for the larger sizes and multiple runs of service cables. 

B. Age Profile 
Overall, most network systems across the United States are on the "older" side compared to 

radial distribution systems. This is often the case because they were initially built long before 

the surrounding service areas were built out. The following charts show age graphs of IPL 

network transformers and protectors. 

Because of the network protector replacement program to comply with OSHA and NFPA arc 

flash guidelines, the 277 /480 V network fleet is getting much younger at a very fast rate. This 

program will be complete in 2018. The remaining 120/208 V protectors will continue to be 

inspected every two years to ensure they continue to perform as designed. The conditioned

based replacement program will continue for these lower voltage network protectors. 

4 
EPRI 2012 Urban Network Practices Inventory 
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An EPRI survey of 29 utilities that operate urban networks found that 69% of the respondents 

were focusing on keeping the geographical area served by network systems the same size. A 

small percentage (13.8%) was increasing the size and 17.2% were decreasing the geographic 

area.5 

From a Best Practices survey commissioned by PPL & LGE in 2013, almost all utilities have some 

form of a PILC cable replacement program. Those utilities that do not have much PILC have a 

multi-year program for replacement. Utilities with a significant amount of existing PILC tend to 

focus more on a performance-based replacement program. This performance-based program is 

predominantly the primary cable replacement driver for most companies.6 

Additionally, this survey showed there are also programs for replacing transformers and 

protectors that are at or near their end of life. This is typically in the range of protector 

replacements averaging at least 1% of the asset population a year, mostly due to failures rather 

than load growth. Some utilities were more aggressive and replaced as much as 3 to 4% per 

year. 

Transformer replacements were comparable with the protector replacements, at about 1 to 2% 

of total asset population. 

2. IPL 

IPL also has been working on reducing the size of its downtown network. All new services on 

the fringes of the downtown network are served radially with padmount transformers. Most of 

these padmount transformers are fed from non-network substation transformers and feeders. 

D. Design/Construction/Engineering Standards 

1. Preferred Practices 

Most utility network systems are designed for n-1 contingencies. 7 An EPRI study found that 

79% of utilities designed for n-1 conditions at peak load and 21% designed for n-2 contingencies 

at peak load. 

IPL designs their network for n-1 conditions and has enough redundancy that they can 

withstand n-2 and greater contingencies for most scenarios. 

5 EPRI 2012 Urban Network Practices Inventory 
6 

Best Practices in the Design and Operation Of Underground Secondary Networks, Study commissioned by PPL & LGE 
November 4, 2013 
7 

Best Practices in the Design and Operation Of Underground Secondary Networks, Study commissioned by PPL & LGE 
November 4, 2013 
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2. IPL 
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IPL has a set of underground standards that address common downtown network construction 

practices. Interviews with subject matter experts noted the following standards need attention, 

and these will be addressed by the Asset Management group before the next annual update of 

this ALCP: 

• No formal ring bus standard 

• Cable specifications need updating 

• No specification exists for network protectors 

E. Equipment Specifications 

1. Network Transformer and Protector Specifications 

The IPL specifications for network equipment refer to the ANSI and IEEE standards. The 

following is a list of the latest network publications: 

• IEEE C57.12.00-2010, IEEE Standard General Requirements for liquid-Immersed 

Distribution, Power, and Regulating Transformers. 

• IEEE C57.12.40-2011, IEEE Standard Requirements for Secondary Network 

Transformers, Subway and Vault Types (Liquid Immersed). 

• IEEE C57.12.70-2011, Terminal Markings and Connections for Distribution and 

Power Transformers. 

• IEEE C57.12.90-2010, IEEE Standard Test Code for liquid-Immersed Distribution, 

Power, and Regulating Transformers. 

• IEEE 386-2006 INT 1 - 2011, Separable Insulated Connector Systems Power 

Distribution Systems above 600 V. 

• NEMA TRl-2013, Transformers, Step Voltage Regulators and Reactors. 

The above standards pertain to a typical network transformer and protector schematic as shown 

below. 
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Figure 15 Tvpiccil Translormer/Protector Schematic 

IPL has standardized on network transformers containing FR3 and bolted primary termination 

chambers for all future purchases. Additionally, given recent experience and history, IPL will 

continue to utilize the Eaton protectors. 

2. Prim:Jry Cable Specifications 

Presently, IPL uses EPR cable for new and replacement primary network cable installations. 

Recently, during the North Street Network Event Root Cause Analysis8 IPL found that the 

existing polyethylene jacket on one primary cable had thermal damage from an outside heat 

source. The source was likely from a previous steam leak. Since this RCA, IPL has found 

another location where cable that was manufactured in 2013 had similar damage. (See Section 

V.A Citizens Thermal Coordination for a detailed description and view of the cable damage.) 

Based on information from Okonite, the manufacturer of the IPL EPR Primary Cable, the 

polyethylene jacket is rated at 90° C if it's UL or 105° C if UL is not required. The melting point of 

polyethylene is 115 C. Its jacket will become soft at temperatures near 115° C. This 115° C is 

equivalent to 239° F. 

Given this latest information IPL has conducted expanded research and worked with Okonite to 

find a cable with an outside jacket that has a higher temperature rating •••••••• 

•••••••••••••••••••••• that is the best suited for the IPL 

environment. 

8 
Root Cause Analysis for North Street Network Event on March 19, 2015, Prepared by James Sadtler Director, 

Transmission Field Operations Input From Dr. Steven Boggs of Nonlinear Systems Inc., Issued on June l, 2015. 
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Today IPL uses EPR cable for new secondary network cable installations. This choice has been 

working well for IPL However, as mentioned in the Primary Cable Specification Section, IPL 

recently discovered that polyethylene outer jacket can be damaged by excess heat from a 

temperature anomaly in the neighboring steam network that co-exists with the IPL network. 

After significant research and a factory visit, IPL has an initiative to pilot a 

secondary cable called See Section IV.D.2 Protection Gap #2 - Secondary Grid Fault 

Protection Alternative Strategy #2 for additional explanation. This cable has been selected as 

the standard by utilities with large urban networks .•••••••••••••••• 

••••••••••••••••• It is believed the pilot trial will be successful and 

this will become the cable of choice for all new or replacement network secondary installations. 

4. Secondary Connection Specifications 

IPL uses a combination of ring busses and wyes for secondary connections. The majority of 

utilities9 use a mole/crab connection for secondary cables. IPL plans to pilot using moles and 

crabs for secondary connections. This gives the advantage of a cleaner connection and will 

create a good location for limiter installations. If the pilot performs well, IPL plans to use this 

installation for all future secondary manhole connections. 

9 
EPRI 2012 Urban Network Practices Inventory 
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Figure 17 Mole/Crab Connections 
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By making connections with moles/crabs in each manhole the overall fault duty will increase for 

the secondary network because the increased number of secondary interconnections will 

provide more parallel paths and less impedance for fault currents. This is a good result and will 

help minimize secondary faults that do not burn themselves clear. 

5. Secondary Limiter in Main Secondary Cable Runs 

IPL has not used limiters in secondary mains in the past. Since the vast majority of utilities are 

no longer installing PILC secondary cables, the fault currents required to burn secondary faults 

clear will be increasing. This fault current concern and the fact that most utilities surveyed are 

already using limiters on service cables and secondary mains, has led IPL to conclude that it 

should also begin installing secondary limiters in all of our new and replacement secondary 

cable installations. There is a smart or visible limiter available on the market that allows for the 

inspector to visibly see if the limiter is blown without having to clamp the cable with an 

ammeter. A picture of one is shown below. We plan to pilot use of this device as we deploy 

mole/crabs throughout the network. 

34 



IPL Witness JWC Attachment 3-R (PUBLIC) 
Cause Nos. 44576/44602 
Page 35 of 100 

Figure 18 Smart Visual Indication Limiter 

F. Sources of Network System Information 

IPL participates in a number of organizations to share and gain insights into downtown network 

practices. A few of these organizations worth noting are: 

• American National Standards Institute (ANSI) 

• Institute of Electrical and Electronics Engineers {IEEE) 

• Electrical Network Systems Conference (ENSC) - this is once per year and put on 

by Eaton 

• Network Forum - hosted by Bob Lanham of H&L Instruments 

• Electric Power Research Institute (EPRI) 

• Northeast Underground Committee (NEUG) 

• North American Dense Urban Utility Working Group (NADUUWG) 

We utilize such participation as channels for acquisition of information and for exploring 

potential strategies with other industry experts. Maintaining these valuable relationships takes 

effort, but distributing ownership across the Asset Management team, makes the workload 

more manageable, and provides an excellent learning and development opportunity for junior 

staff. 

III. Asset Performance 

A. Performance Objectives and Measures 
The performance of electric distribution systems is typically measured by a combination of 

system outages and worst-performing specific locations. Almost all utilities use the SAIFI 

(System Average Interruption Frequency Index), CAIDI (Customer Average Interruption Duration 

Index), and the product SAIDI (System Average Interruption Duration Index) to measure their 
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performance. Comparisons between similar utilities are used to measure, "How well are we 

doing?" The indices work well for typical radial distribution systems. However, they do not 

work well for networked systems. 

Most utilities have not developed any reliability metrics for assessing the performance of the 

network system. Some that have metrics track major component failures (transformer, 

protector, primary chamber, ground switch), primary and secondary cable failures. 10 

However, most utilities do track the number of feeder failures. In a Best Practices study 

commissioned by PPL and LGE in 2013, the utilities that responded using five years of history, 

the average feeder failure rate of 0.125 per year or about one failure every 8 years. While the 

average in the survey was once every 8 years, individual company averages ranged from 2 years 

between failures to 12 years between failures.11 

It is also noted that equipment loading and environment (steam, salt, water, etc.) are significant 

variables that can drive failure rates. 

Many of the incidents in downtown networks are visible and receive significant publicity. There 

are a number of publicly available sources documenting Commission investigations, such as: 

• The Assessment of Underground Distribution System of the Potomac Electric 

Power Company Final Report", dated December 7, 2001 and referenced in May 

2007 Filing No. 991-E-218 

• Independent Assessment of Dislodged Manhole Covers Prepared for The 

Commonwealth of Massachusetts Department of Telecommunications & Energy 

Massachusetts Report", dated December 9, 2005 

While individual manhole incidents gather a lot of attention, it has been difficult to quantify 

some incidents with actual publicly available numbers. The next two figures show a couple of 

tables that have been published.12 

Utility 
Number of Number of Manhole Manhole Incidents per 
Network Incidents per Year 1000 Manholes per 
Manholes Year 

Alabama Power 250 5 20 
Florida Power and Light 220 3 14 
Texas Utilities 3500 24 7 

GPU Energy (PA) 286 2 7 

Boston Edison 3000 12 4 

10 
EPRI 2012 Urban Network Practices Inventory 

11 
Best Practices in the Design and Operation Of Underground Secondary Networks, Study commissioned by PPL & 

LGE November 4, 2013 
12 

The Assessment of Underground Distribution System of the Potomac Electric Power Company Final Report", dated 
December 7, 2001 and referenced in May 2007 Filing No. 991-E-218 
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Con Edison 275,000 1219 
NYSEG 250 1 
Tampa Electric 500 1 
Jacksonville Electric 1400 2 
Authoritv 

Pepco 57,000 38 
Duquesne Light 1800 1 
Virginia Power 2400 1 
Southern Company 2937 1 

Figure 19 Selected Utility Manhole Incident Counts 

Summary of Other Utility Manhole Events 
Companies Date Range :\ianhole # of Manholes #of Vaults 

.Events 
Pepco Jan 2000- Dec 2000 48 nia n/a 

Jan 2001- July 2001 46 ilia ilia 

NSTAR July 2004 - Dec 2005 44 38000 800 

National Grid Aug 2004 - Dec 2005 20 20735 1675 

WMFCO June 1999- De-= 2005 30 3750 250 

Unitil 1998- Dec 2005 0 192 30 

Figure 20 IPL 7 /7/2011 Report to IURC 

B. IPL 
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8 

IPL tracks network incidents in a MS Access database. This database is located on an IPL 

network drive. The link is ••••••••••••••••••••••• 
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Figure 21 IPL CBD Network Equipment Failures 

This figure combines various types of equipment failures (primary cable, network transformers, 

network protectors, and secondary incidents) to yield an overall view of the network 

performance. Most ofthese failures caused no interruption to customers because ofthe 

redundancy of the design. The level and trend of these failures, however, can be used as an 

approximate gauge of the potential for incidents that would interrupt customers or cause a 

network incident. 

One obvious difference for the IPL data is the large number of primary faults that IPL 

experiences compared to the industry averages. This has been primarily attributed to the 

presence of a large steam system in Indianapolis. To help address any steam issues that may 

affect the IPL electric system, Citizens Thermal and IPL have established a joint Task Force and 

monthly coordination meetings. (See section V.D for more details.) 

Additionally, there has been an e-mail notification blast message group created. As of August 

this group consists of 62 e-mail addresses. This has been a very successful method to 

communicate with all critical players from both IPL and Citizens Thermal. 

O'Neill Consulting Recommendations 
After some IPL downtown network events, in 2011 O'Neill Management Consulting, at the 

request of the Indiana Utility Regulatory Commission was hired to review IPL's downtown 

network performance.13 All ten recommendations from the report to improve the performance 

of the IPL network were implemented by IPL. The following table lists these recommendations. 

13 Independent Assessment of Indianapolis Power & Light's Downtown Underground Network Final version December 

13, 2011, O'Neill Management Consulting, LLC 
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Item 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

lier 1 Recommendations IPL Status 

Improve Citizens Thermal coordination and address 

and have a process to address hot manholes Completed 

Improve the program of inspection and repair of 

manholes and vaults Completed 

Begin a program of retrofitting termination 

chambers and protecting the tops of network 

transformers with deflector shields Completed 

Begin a program of replacement of certain failure-

prone network protectors Completed 

Improve the process of asset management by 

dedicating additional resources to development of 

equipment databases and processes Completed 

lier 2 Recommendations 
Evaluate technology for electronic capture of field 

inspection findings through the use of handheld 

devices, such as tablets, smart phones, or other 

means Completed 

Re-examine the SCADA project, re-focusing on the 

data that such equipment will capture, and 

managing the stages of implementation Completed 

Continue to deploy small-scale technological 

advances such as thermal imaging, fault direction 

indicators, and lift/locking manhole covers in 

selected locations Completed 

Continue to develop automated mapping/GIS data 

and applications for the downtown underground 

network Completed 

Re-evaluate Dissolved Gas Analysis on network 

transformers, and explore the possibilities for fire 

retardant dielectric in vaults. Completed 
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IPL Action 

Monthly coordination meetings with IPL and 

Citizens. Additionally, implemented e-mail alert 

notification to address hot facilities. Additionally, 

IPL and Citizens have formed a Task Force to look 

at the long term strategy of co-existance of both 

systems. 

Manholes, vaults, transformers, and protector 

inspection data is captured with tablet computer 

with business logic built into the inspections. This 

data is analyzed by the lvara algorithm developed 

with SMEs to get consistent priorities for follow up 

work. All data is transparent and viewable with 

through a web page. 

IPL retrofitted all termination chambers with FR3 

fluid and all tranformers requiring deflector 

shields. 

IPL has examined all aluminum bus protectors and 

all CM-22 480V protectors. Additionally, IPL is 

replacing all 277 I 480V protectors for arc flash 

mitigation (employee safety and improved 

reliability). 

Significant additional resources have been added 

with a full-time staff of 12 people and use of 

outside consultants and contractors. 

Manholes, vaults, transformers, and protector 

inspection data is captured with tablet computer 

with business logic built into the inspections. 

CBD SCADA project is complete. Data is available 

to all users via easy to use web site, Pl Process 

Book and MS Excel. Additionally, an e-mail is 

automatically sent to stakeholders on any 

abnormal values. 

Infrared is used during inspections. Fault 

indicators are used to improve fault locating. By 

the end of 2015 all downtown network manholes 

will have Swiveloc manhole covers installed. 

The downtown network in in the GIS Gtech 

mapping system. load flow and fault study work 

continues. 
All transformer main tanks, switching 

compartments, and termination chambers had 

DGAs completed. All new transformers have FR3 

fluid and bolted connections forthe primary 

termination. 

Table 1- 201 l O'Neill Consulting Recommendations 

39 m;e1 a,"·.· r:t:0 u:"··J··&..·'1··-e 



IPL Witness JWC Attachment 3-R (PUBLIC) 
Cause Nos. 44576/44602 
Page 40 of 100 

It is important to note is that IPL not only completed all ten of these recommendations, but in 

many instances have exceeded the recommendations and gone much further to improve the 

downtown network performance. 

IV. Asset Condition and Risk 

impact Failure and/or Risk Exposure 
Similar to public reaction to utility storm response, the perceived performance of a downtown 

network and network events tends to garner significant local regulatory and media attention. 

This can be seen by monitoring media reports. 

One way to monitor these media reports is with Google Gmail account alerts that monitor the 

web for new content and are configured to send an e-mail to you. So if you want to receive 

recent postings about topics such as manholes, downtown network fires, etc., you can have this 

alert automatically send an e-mail to your Gmail account. The Gmail account can automatically 

forward these alerts to another e-mail account that you use for work. The link to set this 

feature up is at: 

https://www .google.com/ alerts 

At IPL in Asset Management we have such alerts tracking the following terms: 

• manhole, 
• downtown network fire 

• downtown power outage 

As stated previously, network events such as secondary outages and network fires tend to get 

significant negative attention. So the strategy question is, "How best can we minimize this 

risk?" 

Network Response to Incidents 
In the PPL I LGE commissioned Best Practices survey in 2013, most utilities did not have a formal 

written network emergency restoration plan, nor did they have any type of load management 

plan to follow during feeder outages at peak load periods. Most follow an ad hoc process of 

load monitoring, field inspections, and internal discussions. 14 Additionally, at the Indiana 

Commission hearing on November 3, 2014 regarding IPL's downtown network issues, 

Commission experts strongly urged IPL to have a written Network Response Plan for these 

abnormal events. 

14 
Best Practices in the Design and Operation Of Underground Secondary Networks, Study commissioned by PPL & . 

LGE November 4, 2013 
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In another survey on network event responses, a 2012 EPRI Survey showed 57% percent of 

respondents believed they had an up-to-date, documented procedure for responding to 

network emergencies, with 18% going to the effort to conduct periodic drills for events such as 

network outages or fires.15 

The documentation of a network plan is a good way to help transfer knowledge of subject 

matter experts and also allows time to study and consider alternatives to different event 

scenarios. 

The IPL Network Emergency Plan was completed and issued on February 21, 2015. 

C. Network Failure Root Cause Analysis 
IPL has conducted thorough Root Cause Analyses over the past few years for each significant 

downtown network event. The results of these RCAs have provided opportunities to further 

improve understanding of the failure mechanisms. A list of these RCA's is shown below: 

• 150 East Market Street Network Event on March 14, 2014. 

• 26 S. Meridian Street Network Event on August 13, 2014. 

• 327 East New Your Street Network Event on November 24, 2014 

• 428 Massachusetts Avenue Network Event on March 16, 2015 

• North Street Network Event on March 19, 2015 

D. Protection of Network Elements (Risk Profile) 
One of the ways to minimize risk to the network is to ensure that for the highest risk items, a 

plan exists to minimize the consequences (this usually means fires and/or outages). 

Historically in the industry the items that have created the most attention are: 

• Network Transformer or Protector Failures Resulting in a Fire 

• Network Customer Outages 

• Dislodgement of Manhole Covers 

These are usually the result of incidents that are at the boundary of relay/fuse protection 

devices, secondary faults, or in some cases where there is very limited fault clearing capabilities 

or intermittent arcing faults. In these instances, a utility cannot rely on the fault to "burn" itself 

clear or even have limiters, if present, clear the fault. 

15 
EPRI 2012 Urban Network Practices Inventory 
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This section presents IPL's strategy for dealing with two of the most visible risk scenarios 

(Protection Gaps) - transformer low side winding and network protector and secondary grid 

fault protection, which have been identified as having higher "risk potential" than other areas of 

the network. 

1. Protection Gap# 1 - Transformer Low Side Winding and Network 

Protector Protection 

The majority of utilities surveyed via EPRI, Midwest Electrical Distribution Exchange (MEDE), 

Indiana Energy Association (IEA), and phone interviews, do not have a sure-fire method to de

energize faults on the low side of the transformer winding and/or within the network protector. 

Below is a typical schematic showing the primary feeder, network transformer, protector and 

secondary grid. 

Figure 22 - Standard Feeder, Trzinsformn, Protector, Grid Schcm<itic 

In many instances, if a failure occurs in the low side transformer winding or on the source side of 

the network protector fuses, the substation relays are not sensitive enough to trip for fault 

currents. 

In the 2013 PPLL / LGE commissioned survey of best practices, the survey respondents noted 

that some utilities are looking at, or have installed as a pilot, a vacuum interrupting device in 

front of the network transformer to allow the transformer to self-clear during a fault (not the 
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feeder breaker), and also to take the transformer out of service without switching out the 

feeder. 16 

We have reviewed the extent of this problem across the IPL network and present possible 

solutions to this transformer low side fault scenario in the next few sub sections. 

a} !PL Practices 2 77 /480 l/ Locations 

Currently, IPL specifies and purchases 277 /480 V protectors with fuses. The older IPL protectors 

were bought without fuses and use links similar to the DP&L protectors. The fact that IPL does 

not fuse the 277 I 480 V leads from the protector to the collector bus broadens the range of 

limited fault clearing exposure. 

Historically, IPL has not had a good way to de-energize this type of failure. However, IPL subject 

matter experts can only recall one event, which was the IPL 26 S. Meridian event in August 2014, 

that resulted in this type of fault scenario. 

h) 120/208 V Locations 

This low side fault situation is an issue for IPL on 120/208 V systems. However, the risk of a fault 

that is not self-extinguishing on the 120/208 V system is significantly less than that of a 277 /480 

V system. So the need to find a more sensitive fault clearing/fire protection solution is not 

warranted based on a thorough benefit-to-cost comparison. 

c) Aftenrntive Strategy #1 

The predominant practice to protect this area has been to use something similar to the Fenwal® 

system that is being used at DP&L or other heat/infrared detection systems to de-energize the 

source of fault current entering the substation. 

The cost of a Fenwal® installation is approximately$- per bay. This includes the Fenwal 

wire, network protector heat sensing element, and the purchase, installation and control of a 

high side disconnecting device to the transformer. Although the switches do not provide 

overcurrent protection, they are connected to the Fenwal® System which should open the 

switches in the event of a vault fire. 

DP&L is successfully using the Fenwal® Fire Detection System in their 480V Spot Network Vaults. 

The control unit, operating directly from the power source, impresses a small voltage on the 

sensing elements. When an overheat condition occurs at any point along the element length; 

the resistance of the wire drops sharply; causing current to flow between the outer sheath and 

the center conductor. 

This current flow is sensed by the control unit, which produces a signal to actuate the output 

relay and trip a lockout relay in the vault. This lockout relay trips all of the high side switches in 

front of the transformer. This system is not used in the 120/208 V vaults. 

16 
Best Practices in the Design and Operation Of Underground Secondary Networks, Study commissioned by PPL & 

LGE November 4, 2013 
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When the fire has been extinguished or the critical temperature lowered, the Fenwal® System 

automatically returns to standby alert, ready to detect any subsequent fire or overheating 

condition. 

A review of 20 years of experience with the Fenwal® system shows five false trips during this 

time, or one every four years. It has not been needed to operate correctly. 

There has also been some question as to whether this system will be sensitive enough to 

operate for an internal low side transformer fault. 

cl] Alternative Strategy #2 

Another possible alternative is to adjust the substation feeder relay settings to sense a fault on 

the low side of the network transformers. This would cover the 120/208 V and 277 /480 V 

secondary systems. 

To study this alternative the IPL network system was used. It is modelled in GIS and CYME and 

an older model in ASPEN. For this ALCP review, faults were simulated on the low side of the 

transformer terminals for dozens of different vault transformers using the ASPEN tool. Single 

phase to ground fault scenarios were used since this resulted in the least amount of primary 

feeder current. The fault values seen at the feeder breakers ranged from a high of 789 to a low 

of 94 amps. The low 94 A scenario was for a single line to ground fault on the UG •network 

protector at• West New York Street. 

These fault current values are too low to trigger any type of automatic relay tripping of the 

substation breaker. There are many other fault scenarios that are behind a network protector 

fuse or limiter that can draw more than the minimum current of 94 Amps seen in this low fault 

scenario. Additionally, during most days the feeder load current will be more than 94 Amps. 

Consequently, it will be necessary to monitor VAR values in the SCADA system rather than 

monitoring solely fault current values. To get the differentiation needed, these VAR values need 

to be single phase values. Below is a sample phaser diagram at the substation breaker with the 

lowest fault current of all the scenarios run (one phase-to-ground 120/208 V fault). 
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Figure 23 - Phasor Diagram of Fault Current for Low Side Prutecto1- Failure 

The Schweitzer Engineering Labs (SEL) 351 relay has the capabilities to monitor single phase 

VARs. The drawback to this solution is it should not be set it to automatically de-energize the 

feeder. It will require operator intervention. So the ECS system will be set to alarm on these 

points when the values above a threshold of approximately 500 kVAR. 

Using microprocessor relays for both the network protector and feeder protection opens the 

possibility of detecting an arcing fault signature. IPL has observed voltage and VAR bursts during 

fault incidents. Below is a screenshot from IPL's Pl Historian from the 13kV feeders for arcing 

faults on the 120/208 V network. 
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Figure 24 - 13kV Current for Low Voltage Arcing Fault 

IPL presently does not monitor VAR values at the feeder level for the circuits feeding the 

downtown networks. As part of the CBD SCADA, IPL does monitor the individual network 

protector VAR readings. The chart below shows KVAR, KW, and KVA values from Pl Historian 

data recorded for a recent 120/208 V fault at North Street and Capital Avenue. As expected, the 

KVAR and KW values have a similar signature as the feeder currents. 
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Figure 25 - 210 W New York 411 Unit KVA, KVAH, & KW for Low Voltage Arcing Fault 

Our understanding is that Eaton is developing software for their network protector relay to 

possibly identify these arcing faults as part of a relay firmware upgrade. IPL uses the Eaton 

MPCR network relay and has completed its upgrade of all network protector relays in 2013 as 

part of IPL's $50 million Smart Energy Project. 

e) Alternative Strategy #3 

A third possible solution has also been investigated. There is likely sufficient room in most 

277 /480 V vaults for a primary switch/overcurrent device to be installed. The Switch 

would accomplish this, giving overcurrent protection to help guard against incidents. This 

switch has a microprocessor relay and can be set to coordinate with the network protector fuses 

and substation relays. 

The cost of the basic model switch is$-. lfwe assume a similar cost to install the switches 

the total IPL cost would be in the ballpark of$ - dollars for doing all of the 277 /480V 

transformers. 
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f) Decisions 

(1) 277 /480 V Locations 
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As mentioned before, DP&L has an existing system (Fenwal®} for the 480V protection that has 

worked well. While it does result in occasional false operations (historically one every four 

years), it is recommended DP&L continue this practice for 277 /480 V vault locations. 

At a very high level the estimated costs for implementing these alternatives at IPL are: 

• Alternative #1: $ 8.4 M 

• Alternative #2: $ 0.6 M 

• Alternative #3: $ 7.0 M 

The plan is for IPL to implement alternative #2. While the disadvantage is that this alternative 

requires operator intervention, given the small probability of occurrence based on DP&L and IPL 

history, along with present industry practices for most utilities, the additional costs of the other 

alternatives in this instance have minimal justification. 

(2) 120/208 V Locations 

As mentioned before, Alternative #1 (Fenwal®} is used at DP&L and addresses the 277 /480 V 

systems. However, this has not been implemented at the 120/208 V locations. 

For IPL it is believed the cost/benefit of implementing this solution for the lower voltage systems 

is not warranted because of the very low probability of occurrences. 

2. Protection Gap #2 - Secondary Grid Fault Protection 

The second and more likely protection gap scenario is a network secondary fault that results in 

dislodged manhole covers, network fires and outages. The following table shows a summary of 

a Survey of Underground Network Secondary Limiter use by Charles Fijnvandraat. 17 

Utility Network Size Use Limiters within 
120/208 grid? 

Alabama Power ~450 units No 

IPL ~320 units No 
LGE ~ 425 units No 
MGE ~ 200 units No 

Nashville Electric ~400 units No 

PPL - 5 network cities ~ 280 units No 
Con Edison ~26,500 units Yes 

EPCOR ~175 units Yes 

HE Co ~ 140 units Yes 
NSTAR ~1,350 units Yes 

Pepco ~4,150 units Yes 

17 
Secondary Limiter use Survey of Underground Network by Charles Fijnvandraat, July 24, 2014. 
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PGE 
PPL - 1 network city 

Seattle City Light 
SMUD 

UI 
Georgia Power - Savanna 

Nl,360 units 
N 50 units 

Nl,250 units 
N450 units 
N160 units 
N80 units 
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Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Table 2 ~Secondary Limi!Pr LJ<;p in Sc·rnndan' Mains 

Some of the key highlights from this survey are: 

• Most utilities have experienced burning manholes and non-extinguishing arcing 

faults regardless of whether or not they use limiters 

• Limiters are installed with the intention to reduce the extent of equipment 

damage 

• Utilities without secondary grid limiters are designed to clear faults by the 

secondary cable burning clear 

• Coordination issues can exist with limiter use 

• It is not unusual to experience faults where no limiters were blown 

• Most faults on the secondary grid are high impedance, arcing types 

• Almost all utilities have practices to allow the secondary at first to burn clear 

and/or limiters to open, then if necessary, cut the secondaries around the 

faulted area 

• Piecemeal replacement or gradual installation of limiters can lead to 

coordination issues 

• Inspection programs are important, in particular looking for open limiters after a 

fault incident 

• None of the survey participants have plans to change the present design and 

operation of their secondary system 

Additionally, a 2012 EPRI survey showed 24 out of 27 respondents use limiters in their 

secondary mains.18 DP&L installs limiters on all of the secondary main conductors from crab to 

crab. During discussions with DP&L field subject matter experts, it was learned that limiters can 

be found blown and no abnormal issues found and vice versa, similar to the results referred to 

in the previous survey. 

IPL does nqt install limiters on secondary main conductors. From the above data it shows IPL's 

practice of not using limiters in the secondary mains is in the minority of utilities responding. 

One of the issues at IPL is the lack of routine fault studies looking at limiter coordination or 

whether sufficient fault current exists on the outskirts of the network to ensure faults can burn 

clear. 

18 
EPRI 2012 Urban Network Practices Inventory 
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Previously, IPL has considered the feasibility of installing cable limiters at certain locations on 

the secondary network system to provide an additional level of protection. These cable limiters 

could help to isolate faulted secondary cables and reduce the risk of secondary network events 

for some fault scenarios. The determination of the possible locations for placement of these 

cable limiters requires detailed models of the secondary network system, as well as 

performance of both power flow and fault current studies. 

For very low currents, the limiter may not protect the cable insulation for intermittent arcing 

faults. This is not unusual, and is why today there are still cable fires in utility systems that have 

limiters. 19 

a) Alternative Strategy #1 

Presently IPL uses a condition based replacement program for secondary cables. During 

manhole inspections, cables are evaluated based on the apparent condition of the cable end 

protruding from the duct, and damaged cables are scheduled for replacement. While this 

approach has worked acceptably in the past, the limitation of this solution is that IPL still has 

secondary faults. Only about 5% of the secondary cable is visible for inspection. Con Ed in New 

York had researchers from the University of Connecticut and commissioned a Columbia 

University Study which found that most serious secondary incidents are usually not in a 

manhole, but start in the duct line.20 This is reinforced by the Root Cause Analysis for North 

Street Event on March 29, 2015.21 This alternative would suggest continuing down the path IPL 

has historically used. 

b) Alternative Strategy #2 

An alternative is to move to a more robust cable design and significantly accelerate the 

replacement of the secondary cable in the downtown networks. Some of the major utilities 

While this cable and a replacement program will not prevent secondary incidents over the next 

several years, it will significantly reduce the likelihood of such events in the near term. 

However, the cost of this program will be significant. For the IPL system with approximately 37 

miles of secondary cable and an average installation cost of$. per foot, we would expect an 

increase in capital budget requirements of approximately$• million for just the secondary 

cable installation. However, this work is also very likely to require some new duct line and 

19 
The Assessment of Underground Distribution System of the Potomac Electric Power Company Final Report", dated 

December 7, 2001 and referenced in May 2007 Filing No. 991-E-218 
20 

2011 Contact Voltage Test & Facility Inspection Annual Report, Consolidated Edison Company of New York, Inc. 

February 15, 2012 http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefld={OD67 AB70-0C8B-4DDB

A458-7EDD2978BB3C}. 
21 

Root Cause Analysis for North Street Network Event on March 19, 2015, Prepared by James Sadtler, Director, 
Transmission Field Operations, Input From Dr. Steven Boggs of Nonlinear Systems Inc., Issued on June 1, 2015 
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manhole replacements, which will increase the overall cost of the secondary cable replacement 

program. 

It is estimated that approximately- of the duct line in the areas that will be targeted for 

secondary cable replacement will need to be replaced with new ducts. With the cost of a new 

duct line estimated at$. per foot this significantly increases the cost of replacing secondary 

cable. We have an estimated• secondary cable runs (on average) in each duct bank, yielding 

the following calculation. 

• Secondary Cable Replacement= Miles* ft. /mile* $/secondary mile 

• Secondary Cable Replacement= ••••••••• 

• Duct Rebuilding= probability of duct repl. * duct cost *sec. feet/ sec. runs per duct 

• Duct Rebuilding= ••••••••••••• 

There will also be a need to rebuild some of the older manholes. It is estimated approximately 

- of the 1210 manholes will need to be expanded or rebuilt. The average cost is 

approximately$- per manhole. 

• Manhole =#of manholes * probability of replacement* cost 

• Manhole=············ 

Under these very high level assumptions, the total cost for replacing the entire IPL secondary 

cable system and necessary duct replacements is approximately$. million. This does not 

include any contingency, nor the cost for cable limiters or mole/crab installation. 

c) Alternative Strategy #3 

Another alternative approach is to selectively identify and target replacement of impending 

secondary cable failures in the duct line (before they actually fail) is to scan the downtown 

network for stray voltage. During a demonstration, IPL tested the use of········ 

to identify locations that may have indications of stray voltage. Initial testing was very 

promising. Data has shown that this technology allows utilities to identify and replace cable at 

the earliest stage of failure, often before it has a chance to evolve into an incident that impacts 

safety or reliability. 22 Presently- has contracted approximately •••••• 

employing this technology to identify stray voltage locations on a daily basis. 

22 2011 Contact Voltage Test & Facility Inspection Annual Report, Consolidated Edison Company of New York, Inc. 

February 15, 2012 http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefld={OD67 AB70-0C8B-4DDB

A458-7EDD2978BB3C}. 
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Given the recent attention network fires and outages have garnered with the public and local 

Commissions, IPL feels it is necessary to have an effective replacement program for secondary 

cables similar to the 1 to 4% replacement programs many utilities have for network 

transformers and protectors. 

A survey of IPL subject matter experts identified key areas that have a heavy volume of 

secondary cables (higher risk consequence areas) and/or a history of secondary problems 

(higher risk probability) that need to be reviewed in more detail. These locations are: 

e) Decisions 

As described above, IPL is currently in the minority among US utilities with urban network 

systems in not using limiters in secondary mains. With our planned movement to •••• 

cable and away from PILC for secondary mains, IPL will begin a pilot program of using limiters on 

the IPL secondary system. The optimum areas for this program have been identified from 

subject matter expert interviews (see Section IV.D.2.d). The planned funding for the IPL 

secondary cable replacement program in the capital budget is$ •••I annually. 

Targeting Which Cables to Replace - There is currently no industry accepted practical approach 

for inspecting the condition of cables within the duct bank conduits between manholes. And 

our cable assets are generally all well within the acceptable life spans for these assets in service 

elsewhere across the industry. Therefore simply replacing all our secondary cable (37.S miles in 

total) is not economically justified. Nevertheless, we do not support a run-to-failure approach 

for this strategically important asset. The funding level we have established is sufficient to 

replace approximately 16,000 feet of secondary cable per year, but the challenge is in 

identifying where to start and how to prioritize the replacement work as we progress through 

the system. We are employing 2 targeting strategies for this prioritization: 

• Identifying Pending Failures - IPL will implement a pilot program over the next several 

months using stray voltage detection technology and will determine how successful this 

is in finding stray voltage and identify secondary cables beginning to fail. If this is 

successful, we anticipate moving to an annual survey program using this service. 

• Targeting areas of identified thermal damage - As described in section V - Interaction 

with Steam System - a portion of IPL's secondary cable is suspected to have been 

exposed to excessive operating temperatures from past exposure to steam leaks and 

insulation break downs. We have discovered evidence of significant damage done to 

52 



IPL Witness JWC Attachment 3-R (PUBLIC) 
Cause Nos. 44576/44602 
Page 53 of 100 

some of these cables and believe this has played a significant part in recent cable 

failures. As outlined in section V, we have identified more than - locations in which 

we have our cable in close proximity to Citizens Thermal Steam Piping. We are defining 

the criticality ranking of these colocation sites based on: 

o Citizens' documented history of past leaks, 

o IPL's documented history of cable failures, 

o The number of primary and secondary cables in our duct banks, and 

o Several sensitivity factors associated with: load in that area, Vault/ Manhole 

construction and congestion, cable location within the duct bank, and cable age 

and failure history. 

Based on the priority of these locations, we will be initiating inspections of selected 

cable in those duct banks. Depending on the health and cleanliness of the ducts, the 

inspection methods will range from video inspection of the cable sheathing in the area 

of the steam system crossing, to extraction of 1 or more sample cables for condition 

assessment I examination. System wide replacement priorities will then be established 

based on these condition findings. 

Asset Heal Indexing and Criticality 

1. Asset Health Indexing 

Consultant 
i:xpertence 

Figure 26 - St;rnd;ird Asset Health Index Formulation Example 

An effective Asset Health Indexing approach allows a utility to systematically identify where an 

asset is in its life cycle and when it is likely to reach end of life. 
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Our Asset Health Index approach uses the findings from preventive maintenance activities and 

asset condition assessments to develop an overall picture of the health of the asset. It is based 

on identifying the modes of failure for the asset and its subsystems, and then developing 

measures for the degradation that can lead to end-of-life for the entire asset. To develop each 

index, there is a need to understand the functionality of the asset and the manner in which its 

subsystems work together. Condition ratings of subsystems can then be combined to create a 

composite score for the asset. The continuum of asset scores can be subdivided into ranges of 

scores that represent differing degrees of asset health (and therefore risk of failure). 

For downtown network systems a useful initial approach for determining the AHi is to aggregate 

and trend the results of manhole and vault inspections. IPL has developed calculated indicators 

for manholes, vaults, transformers, and protectors. These are trended to help determine overall 

network health. The graph below is a running 12 month indication from December 2014. 

In the last half of 2014 additional indicators for network protectors were added, looking for 

protector bushing damage and barrier board tracking. These additions were based on the 

results of a root cause analysis done on the failed protector at 26 South Meridian in August of 

2014. These changes added more indicator values, raising the baseline average scores for 

network protectors. 
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CBD Inspection Result Severity Rate 

Bad 

Good 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
-Manholes 

Vaults 
-Transformers 

Protectors 

Figure 28- IPL C;1lculated Jmlicato1·s Showing lnspection Follow-up Severity 

From the graph to the right, we see the trend of inspection finding severity scores are 

decreasing. The bars on this chart illustrate a rolling 12 month average of inspections results. 

This suggests that the overall health of the network assets on December 2014 was much better 

than on January 2014. We are still evaluating the optimum level for manhole indicator follow up 

severity scores. 

Additionally, a count of IPL inspections and follow up work orders for the downtown network 

(below) shows some catch up manhole inspections done in 2014, and that we are stable at our 

planned levels for other inspections. 

IVARA CBD Inspection Count 
Column 

Count of Inspections Labels 
2012 2013 2014 

MANHOLE-PD 368 450 620 
NTWK PROTECT-PD 165 26 160 
NTWK TRNSFRM-PD 141 115 155 
VAULT-PD 63 74 69 
Grand Total 737 665 1004 

"L1ble 3 - IPL Jvar::i CBD lnspection Count 

Grand Total 
1438 
351 
411 
206 

2406 

Results from these inspections are presented in the table below and show that the follow up 

work that was generated by these inspections was effective in driving a very significant decrease 

in "defects" or "non-conformances" over the past three years. Overall condition of the 

equipment in our vaults and manholes has therefore improved appreciably. 

55 
tl\· tic Q ;'7· · t.' 
o·=.tiJ _:;i ·~ ·.'/:- ·'t 



IPL Witness JWC Attachment 3-R (PUBLIC) 
'Cause Nos, 44576/44602 
Page 56 of 100 

EMPAC CBD Follow Up Work Orders Generated from lvara Inspections 
Column 

Count of WORK_ORDER_NO Labels 
Grand 

Row Labels 2012 2013 2014 Total 

FEEDERS-PD 8 13 10 31 
MANHOLE-PD 160 44 24 228 
NlWK PROTECT-PD 3 1 4 
NlWK TRNSFRM-PD 58 25 1 84 
VAULT-PD 21 32 7 60 
Grand Total 250 114 43 407 

Table+- IPL EMPAC CBD Follow Up Work Cener,1tcd from Inspections 

Of course, a substantial portion of our CBD Network assets exist outside the manholes and 

vaults, in the ducts that connect these areas. These are the primary and secondary cable runs. 

As indicated earlier, asset condition and health is more challenging to measure for these assets. 

We have significant experience with these assets and believe that the condition of our cables is 

generally good, with the obvious exception of cable sections that have been damaged by 

exposure to steam or extreme heat from neighboring steam mains and services where the 

insulation has deteriorated over time. Therefore, our focus in this area will be to survey the 

cable in those ducts known to have experienced such a high temperature exposure, and use any 

evidence of damage discovered to prioritize our cable replacement investments over the next 

several years. 

The long-term goal is to develop a comprehensive set of measures that will allow us to rate 

individual elements and the asset system as a whole as excellent, good, average or poor. It is 

also important to monitor the overall trend in asset health. The format used to monitor such 

trends is illustrated below. 
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Assessmen1 Score I 5 I 4 3 2 I 1 \ 
!------11--~~~~r--~~-..i~-...._ 

Rating 100'>0 80% 60% 40% 20% 0% 

• The end of technical life threshold rs sel 
he"' as levels of pertormanceieondit>On 
~IOw !htS are no1 po"1ble to predici -

bdow thi!. lt:vel a reactive ma1nteoanc~ 
response dominates 

Figun• 29 - .-\sset Life Profile Utilizing an Asset He~1lth Index (Assessment Score) 

Industry Best Practice is to use Asset Health Index values to drive Asset Management decisions. 

The percentage of assets in each index category is managed to achieve the desired asset profile. 

It is paramount to know whether the number of assets in poor condition (where failure is more 

likely) is increasing, or if the average condition is trending downward (suggesting a possible 

under-investment). Interventions are planned based on meeting targets for Asset Health and 

minimizing overall power system risk. 

Nole that End of Lile <S 
characlerised by 
deereasing reliability, 
capaboi 11y and 
mamtainab1lity. tn1s po.nt 
is ind@-t~rm1natei 
C<lmplele fajure may 
never resutL 

Tlfl\e 

Figure 30 - Asset Maintenance Effort Profile 

2. Asset Criticality 

Translating Asset Health into Asset Risk requires integration with a model that calculates the 

criticality of each particular asset. 

Asset criticality provides a measure of the consequence of failure and may, for example, be 

evaluated in terms of the following criticality areas: 

Safety 

o What is the safety risk for our employees? 
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o What is the safety risk for the general public? 

Network Performance 
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o What is the likely impact on customer reliability if a particular component in the 

network fails? 

Financial 

o What is the cost associated with a failure or an outage? 

o What is the cost associated with an incident such as network fire? 

Company Image/Regulatory 

o What is the risk to the Company's image when an incident occurs? 

o Any regulatory obligations or risks? 

Environmental 

o What is the risk of an environmental impact associated with a failure? 

o Etc. 

a) IPL 1Wa11/wie Criticality Inputs 

IPL has developed the following inputs for scoring the criticality of manholes, along with the 

weights associated with these inputs. This data and the calculated criticality scores are stored 

for each manhole in the lvara Asset Performance Management System. 

The overall criticality is calculated by summing the total indicator rating values together for each 

manhole and divided by the maximum sum possible. The result is added to one to get a number 

from 1 to 2 to use as a multiplicand for overall asset risk. 

As an example criticality score we will assume a manhole has a history of steam, an existing 

vented cover, and more than 3 primary circuits in a manhole. The criticality would be calculated 

as 1+(8+1 + 3) / 30 = 1.4. This criticality factor is the multiplicand with the asset health value 

for a sum of overall asset risk. 

Manhole Criticality Ratings 
(06-29-12) 

Priority Rating 

IND!Ctl. TOR 
!-.; (1 to 10) . 

10 most urgen: :" 

MH - Criticalitv Historv of Steam 8 

MH - Criticality Secondary 500MCM 7 

MH- Criticalitv Secondarv Circuits (3 or morel 5 

MH - Criticality Previous Fault 4 

MH- Criticalitv Primarv Circuits (3 or morel 3 

MH - Criticality High Traffic Area 2 

MH- Criticalitv Vented Cover 1 
Tzible S - IPL Manhole Criticality Inputs 
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IPL has developed the following inputs for scoring the criticality of vaults along with the weights 

associated with these inputs. The process is the same as that previously described for 

manholes. This data and the calculated criticality scores are stored for each vault structure, 

transformer and protector in the lvara system. 

Vault, Network Transformer, and Network 
Protector Criticality Inputs and Ratings 

(07-06-12) 
A"iority Rating 

(1to10) ,--
1 o rrost uraen~;! INDICATOR ' ... 

~-

Vault- Criticality Historv of Steam 10 

Vault - Criticality Secondarv 500rvx::M 7 

Vault- Criticality Transforrrers Peak Loadina > 50% (No outaael 5 

Vault - Criticality lrroortant Custorrer 5 

Vault- Criticality Outaae for Double Continaencv 5 

Vault - Criticality 111\Jltiole Transforrrers Wdhout Fire Seoaration 4 

Vault - Criticality Previous Incident 4 

Vault - Criticality Hi!'.lh Traffic Area 3 

Vault - Criticality Unioue Construction 2 

Table 6 - Vault, Transtormer and Protector Criticality Inputs 

F. IPL Downtown Network Asset Health and Criticality Indexes 
IPL uses the previously mentioned asset criticality and inspection indicators to calculate overall and 

individual asset risk indices. The following charts illustrate the overall risk index for each class of assets 

for the IPL downtown network. The asset criticality is based on items such as steam history, number of 

cables, high traffic areas, etc. These asset health indices are based on the latest inspection data - so it is 

a worst case presentation because some of the recorded defect items resulting in poor scores have since 

been corrected. All of this data is stored in lvara. The following charts show this data as of August 2015 

with the manhole risk indexes shown below. 
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Manhole AHi/Criticaiity Risk Index 

I 
1 2 3 4 

Manhole Criticality {l Most Critical - 4 Least Critical) 

111 31+ Poor • 21-30 Degrading 

11-20 Watching • 0-10 Normal 

figure 31 - M;rnhole AHl/C1·iticality Risk Index 

The figure above shows the vast majority of manholes are in the 'normal risk' category. Any manholes 

that are in the degrading or poor category have had a follow up work order issued with appropriate 

priorities assigned based on criticality. 

Network Protector AHi/Criticaiity Risk Index 
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Figure 32 - Network Protector AHl/Criticalitv Risk Index 
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The figure above for network protectors shows the vast majority are in the normal risk category. Any 

that are in the degrading or poor category have had a follow up work order with an appropriate priority 

assigned. 

Network Transformer AHi/Criticaiity Risk Index 

200 

~ 180 ., e 160 
0 
1140 

~ 120 
.¥ 

l5 100 
~ 
~ 80 

~ 60 ., 
~ 

~ :: _II I 
1 2 3 4 

Transformer Criticality (1 Most Critical - 4 Least) 

111 31+ Poor 

Iii 11-20Watching 

• 21-30 Degrading 

11 0-10 Normal 

Figure 33 - Network Trzinsformer .~Hl/Criticalitv Risk Index 

Similar the manhole and network protector charts, the vast majority of Network Transformers are in the 

normal risk category. Any that are in the degrading or poor category have had a follow up work order 

with an appropriate priority assigned. 
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Figure 3~ - Vault /\HI/Criticality Risk Index 
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The above figure for vaults shows the vast majority are in the normal risk category. Any 

structure issue is tracked in the IPL WMIS work management system. These are visited by a civil 

engineer to have priority ratings assigned from 1 to 10. 

V. Interaction with Steam System 
As noted in the Asset Performance and Asset Condition sections, IPL has higher cable failure 

rates than are typical of other utility downtown networks. While industry data is lacking on the 

effect of a steam system with a power system, anecdotal data from discussions with other 

utilities makes it clear that there is a significant effect. Interviews with DP&L's most experienced 

subject matter experts suggest they typically experienced around 2 faults per month on their 

downtown network when Dayton had an active steam system. In 1981 when the steam system 

was shut down, the number of faults fell to less than six per year. A survey of selected utility 

fault data seems to confirm this observation. 

Citizens Thermal Coordination 
Indianapolis has the second largest steam system in the United States (only smaller than New 

York City). IPL shares the city streets with this network of high temperature steam pipes, and 

this coexistence has increased the number of cable faults that IPL has compared to our peers. 

IPL and Citizens Thermal work very closely with each other to address any steam anomalies 

found during inspections or the course of normal work. Monthly coordination meetings are 

conducted and any issues that need to be addressed are discussed during these meetings. 

Citizens Thermal also shares their steam anomaly system survey each year with IPL. IPL reviews 

this data and does spot checks of manhole and vault locations. 

Additionally, IPL and Citizens Thermal have an email notification system that is used to inform 

and communicate issues such as a hot manhole that needs to be addressed. A sample of this e

mail is shown in Appendix Xl.G. 

One of the findings of the Root Cause Analysis for North Street Network Event23 was that steam 

is suspected to have caused the secondary cable failure in the duct line. Neither manhole on 

either side had any recorded history of being hot. In 2015 IPL personnel took the Citizens 

Thermal Anomaly Report and using a thermocouple, measured the temperature at any crossing 

that showed higher than normal temperatures on the Anomaly Report. The results of these 

inspections are included in Appendix 0. 

A few of the locations showed duct temperatures in excess of 150 degrees Fahrenheit. The 

highest temperature found was on the north side of Ohio Street where a duct line crosses 

Meridian Street. The recorded temperature at the highest point in this duct run was 211 

degrees Fahrenheit. There were two sections of idle primary cable in this duct line. One cable 

23 
Root Cause Analysis for North Street Network Event on March 19, 2015, Prepared by James Sadtler Director, 

Transmission Field Operations Input From Dr. Steven Boggs of Nonlinear Systems Inc., Issued on June 1, 2015 

62 



IPL Witness JWC Attachment 3-R (PUBLIC) 
Cause Nos. 44576/44602 
Page 63 of 100 

was PILC and the other EPR. IPL crews pulled both the idle cables out for inspection and to 

check for thermal damage. The following photos show the damaged cable. 

Figure 3 5 - EPR Cable Damage 

The EPR cable shown in the above and below pictures was relatively new, manufactured in 

2013. Obviously the cable jacket is showing thermal damage similar to the failed EPR primary 

cable jacket at North and Capital during the North Street Secondary Event. 

Figure 36 - EPR Cable Damage Close Up View 
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The picture following shows the PILC cable that was removed for inspection and to check for 

thermal damage. The lead sheath shows significant aging. The polyethylene jacket on the 

neutral has been completely melted away on a part of the cable. The copper has also turned 

green, illustrating that it has been exposed to the elements for some time. 

Figure 37 - PILC Cable Damage 

B. Description of the Citizens Thermal System 
Citizens Thermal has low and high pressure steam systems. The system operates at 

approximately: 
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C. Analysis of IPL and Citizens Faculties in Close Proximity 
IPL and Citizens Thermal maps were overlaid and locations where facilities are in close 

proximately were documented. Parallel and locations where IPL and steam lines cross were 

noted. Some of the results revealed of this initiative include: 

D. IPL a Citizens Thermal Strategic Initiative 
As noted in the previous section the influence of the steam system up in the duct line was 

discovered during the North Street RCA and then subsequent duct line temperature 

measurements confirmed this observation. This data led to a subsequent Task Force being 

formed to review long term strategic plans to address this duct line temperature issue. 

In August of 2015, representatives of Citizens Thermal and IPL along with Dr. Steven Boggs met 

to discuss the latest information and to brainstorm possible next steps and long term solutions 

to minimize the impact of the steam system on the power distribution system. 

Some of the key points from this initial meeting were: 
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At the request of IPL, Dr. Steven Boggs has done some high level modelling of steam 

temperatures and the escalation of temperatures through a typical duct system. Some of the 

key points from his initial modeling include: 

• The temperature between ducts in the same duct bank can vary significantly. 

• Temperature movement through concrete is very slow. It takes approximately 

24 hours for heat transfer through 1 foot of concrete. 

• Any temperature monitoring needs to be in the duct closest to the steam line. 

• The computations also suggest that air flow in the ducts may be effective in 

limiting the temperature to which cables are exposed as a result of a nearby 

steam leak. 

IPL has contracted with Dr. Boggs to conduct more detailed Finite Element Analysis 

computations for duct bank temperature management to get more detailed and a better 

understanding of the heat transfer process and possible damage mitigation practices which 

might be taken by IPL and Citizens when leaks are discovered. 

F. Strategic Initiatives for Co-Existence 
Based on the research and analysis done the following additional initiatives are planned to 

address power/steam issues. 

1. Form an !PL/Citizens Thermal Strategic Initiative Task Force 

As mentioned in Section D, this group has been formed and had its initial meeting. A 

charter and task list has been created. Citizens has agreed to share their steam line 

elevation maps so that IPL can estimate the separation between IPL duct line and steam 

line crossings. This data will be used, along with the number of secondary cables in the 

duct bank, to prioritize locations for real time temperature monitoring and/or routine 

manual measurements. 

2. Duct Line Temperature Monitoring Pilot Program 

IPL will begin a pilot program for monitoring duct temperatures in real-time and bring 

the data (in either an analog or alarm status) back through the IPL SCADA system using 

the existing VaultGard communication hubs. This pilot program will test various 
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technologies that are available and find the optimum technology and application 

method. 

3. Determine Highest Risk Areas vvith Power/Steam Proximity 

Using IPL and Citizens Thermal maps, manhole data sheets, Citizens' Anomaly Reports, 

manhole steam history and field inspection data, IPL Asset Management will assemble 

this data into a database and develop appropriate algorithms to prioritize locations with 

the highest risk factors. Over time these algorithms will be adjusted and refined as we 

learn from new data. 

VI. Asset Maintenance 

A. aintenance Strategies & Standards 
Underground networks present challenges to the utility industry, with aging infrastructure and 

high costs for construction and maintenance compared to radial distribution systems. 

1. Industry Practices 

An EPRI survey of 29 utilities operating network systems in 2012 found the vast majority of 

utilities regularly perform vault (97%) and manhole (83%) inspections. Almost all of these 

inspections are on time-based cycles. Additionally, 93% of the respondents have documented 

up to date maintenance guidelines for performing maintenance on network equipment.24 

2. IPL 

IPL inspects all vaults, transformers and protectors on a two year cycle. Manholes are on a 

three year cycle. Presently these inspections are collected using MobileFrame software and 

tablet computers. This manhole inspection process is documented at: 

During manhole inspections, 20 indicators are recorded using built in business logic to guide the 

inspector through the inspection process. Table 1 in the Appendix shows these inspection items 

and condition assessment states. Each state is assigned weight that helps determine the 

urgency of the follow up work. This data is trended to determine if inspection frequencies 

should increase, decrease or remain the same. 

The vault inspection process is documented at: 

Examples showing the indicators collected and their severity scores are shown in the Appendix 

of this document. 

24 
EPRI 2012 Urban Network Practices Inventory 
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IPL implemented the MobileFrame software late in 2012. This software with built in logic guides 

the inspector through the inspection process. The tablet computer is shown below. 

Figure 38 - CBD Inspection Tablet Computer 

At the end of the day the inspector docks his tablet computer in a stand like the one shown 

above. The inspection data is uploaded to the MobileFrame server. All of the inspection data 

can be viewed on the Asset Management Web Site (see typical webpage view on the next page). 
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Figure 39 - i\M \Veb MobileFramL' Inspection Listing 

Additionally, from the previous web page view, the user can select and click on any manhole and 

get the details from the most current and historical inspections. This is shown in the following 

figure. 

US SBU T&D AsSET MANAGEMENT 
• <' - • .. ' .., ' • "'' ~ 4. • ~ '. ' • 
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.......... !,.,,.-et.-. .. 

Figure ~HJ - AM Web Mobile Frame Inspection Detail 

As shown in these figures pictures are required for certain selections. A click on the "View" 

button under the Required Photo column reveals the picture that was taken. Following is a 
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picture of the leaking splice from the previous inspections. It should also be noted that in the 

Repaired column the inspector repaired the splice during the inspection. This is seen in the 

photo. 

Figure 4-1 -AM Web MobileFrame Inspection Photo Detail 

3. DP&L and JPL Differences in Network Protector Maintenance Practices 

During discussions with SM Es it was noted that the maintenance practices during inspections 

was, as expected, different between the two utilities. DP&L and IPL comparison on network 

protector maintenance is shown in the following table. 

Inspection/Maintenance Practice DP&L IPL 
Test Relay with Test Set Checks tripping current and Checks tripping current and 

closing voltage closing voltage 
Ductor Protector Contacts No Yes 
Hi-Pot Protector Barrier Board Yes No 
Feeder Breaker "Drop" Test Visit vault adjacent units to No drop tests 

ensure protectors are closed and 
will open the feeder breakers and 
check pilot indicating lights 
monitoring feeder voltage to 
insure all protectors came open. 

One area of opportunity is to eliminate routine test/calibration of network protector relays at 

IPL. It is recommended a 'feeder drop I breaker test' be used for testing network protector 

relays. This provides a real world test that is superior to any field conducted test because it will 

measure actual system conditions and response, and will test for acceptable open and closing. 

This is similar philosophy to a condition based maintenance practice for transmission relays that 

is acceptable to NERC. This is non-invasive and reduces the risk of damage or leaving the 
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protector in an inoperable state after a manual test. A direct quote from a NERC guide on 

testing protective relay systems is, "Experience has shown that keeping human hands away 

from equipment known to be working correctly (as a drop test does) enhances reliability."25 

However, a visual inspection of the protector will still be required to look for abnormal 

conditions (oil seeping, water ingress, rust, proper gasket sealing, etc.). 

More industry data is being gathered to determine if ductoring of protector contacts and hi

potting of the barrier board are necessary. 

4. Audit Practices 

Fifty-four percent (54%) of utilities routinely conduct post construction audits to ascertain/ 

assure the quality of the construction. Most of these audits were review of manhole and duct 

installation and the quality of workmanship.26 

VII. Expenditure Requirements 

Exi ng Capital Replacement Programs 
IPL is spending significant capital dollars replacing older network equipment and rebuilding 

structures. 

1. IPL 

The 10 year capital forecast calls for continued replacement of older network infrastructure 

based on observed conditions. In the 2015 capital budget, IPL has identified the following items: 

25 Protection System Maintenance A Technical Reference September 13, 2007 Prepared by the System Protection and 

Controls Task Force of the NERC Planning Committee 
26 

EPRI 2012 Urban Network Practices Inventory 
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IPL Downtown Network Capital 

2011 2012 2013 

Vear 

2014 2015 
Budget 

Tc1hle 7- IPL Capital Spending Hi:;ton; 

Mobile Frame 

ill CBD Fault Indicators 

ill CBD SCADA 

11 Cultural Trail & Super Bowl 

• 11-4 Capital New Business 

11 8-4 Capital Maintenance 

The proposed CBD capital budget for the next five years is shown in the next table. The item "8-

4 CBD - Network Capital Maintenance" includes the category for Manhole Repair, Vault Repair, 

Duct-line and Cable Repair, etc. 

Proposed T&D CapEx Budget for CBD Network for 2016-2025 
(in OOO's) 

2016 2017 2018 2019 2020 2021 2022 2023 
CBD Network 
8-4 CBC-Network Capital Ma int. 3,000 3,000 3,550 6,660 5,220 5,230 5,340 5,350 
11-4 CBD-New Facilities 1,200 1,200 823 846 869 893 918 944 
I PL T&D CBD 480V Network Protector Rep! 

2016 3,000 
IPL T&D CBD Secondary Cable Replacement 

2016 2,500 
I PL T&D CBD 480V Network Protector Rep! 

2017 3,000 3,000 
IPL T&D CBD Secondary Cable Replacement 

2017 2,500 2,500 2.500 2.500 2,500 2,500 2,500 

IPL T&D CBD Primary Cable Replacment2016 750 750 1,000 1,000 1,000 1,000 1,000 1,000 

Total CBD Network 10,450 10,450 10,873 11,006 9,589 9,623 9,758 9,794 

Table 8 IPL Lip ital Budget 
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It should be noted this is significantly higher than the capital maintenance budget for the IPL 

downtown network has been in the past. 

OS pl s Asset Class 
The sections below propose, subject to IPL's capital budgeting prioritization process, the funding 

and replacement programs for downtown network facilities by asset class. 

1. Network Protectors 

In March of 2013 an internal IPL group was formed to study the new arc flash requirements for 

the downtown network. The Project Charter was to develop a workable Arc Flash mitigation 

plan to be implemented within the IPL Power Delivery Organization for Voltages Less Than 1,000 

Volts. The initiative considered the National Electric Safety Code (NESC) and the Institute of 

Electrical and Electronics Engineers (IEEE) 1584 & 1584-1 guide for performing Arc Flash 

calculations of the incident energy exposure to personnel. After initial analysis and calculations 

it was narrowed to develop a workable Arc Flash mitigation plan for the 480/277 Volt exposure 

contained within the CBD. 

The group completed its recommendation in December of 2013. The recommendation was to 

replace all existing 277 I 480 V network protectors with the Eaton CM52 Network Protector with 

Arc Flash Reduction Module. After management agreement, a five year plan to replace 

approximately 147 existing 277 /480 V protectors was approved. 

As of July 2015, IPL had replaced 41 protectors with the Eaton CM52. The plan is to continue 

the replacement program until completion in 2018. This program is budgeted at$ per 

year. 

IPL will continue to replace other network protectors on a condition based evaluation. This 

replacement plan is expected to average approximately three (3) per year at the 120/208 V 

level, based on the history of past condition based evaluations. 

2. Network Transformers 

As mentioned earlier network transformers at IPL have been very reliable. We have a condition 

based replacement program. IPL has been averaging approximately six (6) network transformer 

replacements per year. This is around a 2% replacement rate and given the relatively light 

loading these transformers have historically seen, this replacement rate should continue and be 

adequate for the next few years. 

3. Primary Cable 

In 2012, an internal IPL report was published to define the priority of IPL primary cable 

replacements.27 This has been used to identify which primary cable to be replaced. The table 

27 
Proactive UG Primary Cable Replacement Program For Central Business District, Developed by: Michael Holtsclaw, 

Brian Kaiser, Rick Leffler, Greg Micheel, 6/1/2012 
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below shows the amount of primary cable IPL has installed the last few years as well as 

estimated amount in 2015. 

Year 2011 2012 2013 2014 2015 Est. 
Prma Cable feet 24,229 20,521 24,821 27,491 20,000 

Table fJ - ll'L Downtown Nt>twork Primarv Cable Installation 

In 2014, IPL identified higher priority primary cable replacement/installations that targeted 

transferring the Sub #3 network feeders and loads to Edison substation. The very tight 

clearances at Sub #3 were severely limiting maintenance by requiring significant outages on 

nearby equipment for normal maintenance. This primary cable work was completed in early 

2015. This allowed the retirement of five (5) 34/13 kV transformers with an average age of over 

60 years. 

In 2015 the 4kV feeders from Sub #3 will be transferred to ••••• Substation. This will 

allow the retirement of-. 

4. Secondary Cable 

As mentioned before, the secondary replacement programs have been condition based. The 

table below shows the amount of secondary cable IPL has installed the last few years, as well as 

the estimated amount for 2015. 

Year 2011 2012 2013 2014 2015 Est. 
Seconda Cable feet 20,292 4,364 3,712 4, 052 10, 000 

T;:ible 10 - IPL Downtown Network Secnndarv Cable Instal,lation 

As previously pointed out, the secondary grid presents one of the highest risk items in the 

downtown network. The acceleration of secondary cable replacement will be increasing in 

future years. This will be prioritized by: 

• Stray Voltage Survey Pilot Program 

• Hot duct line measurements and observations of cable thermal degradation 

• Historical failure data 

• Subject matter expert opinion 

The secondary cable replacement program will be funded at$. million for the next few years. 

Secondary cable that is replaced should be examined to determine if any degradation has 

occurred. Locations where there has been degradation needs to be noted. 

5. Vaults 

Historically the vault replacement and refurbishment program has also been condition based. 

This program has worked well and should be continued at a similar rate, which has been around 

$ per year. 
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6. Manholes 

Historically the manhole replacement and refurbishment program has been condition based. 

This program has worked well; however, the number of manholes in need of structural 

improvements appears to be increasing. The historical rate, which had dropped below 

approximately$ per year now, needs to be increased. This cost is a combination of 

manhole roof replacement and other refurbishment to total manhole rebuilds at an estimated 

average cost of a$-per manhole. 

This program should be increased to $ ••• per year and monitored using structural priority 

assessments that are recorded in the WMIS work management system. 

7. Duct Lines 

Similar to manholes and vaults, duct lines are replaced based on condition. Typically, the driving 

force has been the amount of new cable installations. It is estimated this averages 

approximately$ per year. 

C Network Maintenance Program Expenses 

1. IPL 

Shown below is the total IPL maintenance spending (both corrective and preventive) for the 

downtown network system. These values include labor, material, contractors and all overhead 

costs. 

$2,500,000 

$2,000,000 

$1,500,000 

$1,000,000 

$500,000 

$-

IPL Underground Network Maintenance 
-- -- I 

·1 
I 

2010 2011 2012 

Year 

2013 2014 2015 
Forecast 

Table 11- IPL CBD Total Mainten:rnce Expen-;es 
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The 2011 peak was due to a system wide manhole and vault inspection that was conducted as 

part of the mitigation to an increase in the number of network events. In 2012 many of the 

items found were addressed and other one-time initiatives such as retro-filling the transformer 

termination chambers with FR3 fluid were completed. 

In 2015 another downtown network sweep was conducted in March. This was done in an 

accelerated time frame using IPL and outside crews from Chicago, Dayton, and Cincinnati. This 

is the reason for the significant expected spike in 2015. 

The maintenance spending is appearing lumpy because the maintenance work mostly involves 

inspections and minor repairs. A larger repair from manhole inspection follow up work usually is 

maintenance capital work and is captured under the capital budget item. 

VIII. Asset Information Systems (IT) 

A. Information Systems Repository 
Historically, most of the asset design information for the IPL network was stored in AutoCAD and 

on paper prints. In the past, inspection and maintenance data was also done with paper. 

However as the detail below illustrates, IPL continues to be progressive and move to more 

electronic data collection and storage in databases. 

1. IPL Existing Systems 

o) GIS 

IPL has modelled the downtown network in their GIS Intergraph system called GTECH. Duct line, 

vaults, primary and secondary cables are modelled. Maps are being kept up to date in GTECH 

and AutoCAD today, which leads to a duplication of effort. The primary reason for this is the 

lack of detail that is not visible for the users in the existing version of GTECH. This will be 

reviewed in the future, so help determine possible solutions. 

b) New Construction 

Presently all work orders are done in GTECH with compatible units that feed the WMIS work 

management system. However, in many situations as mentioned in the previous section, the 

clarity is lacking so the work orders may also be replicated in AutoCAD and on paper to 

supplement the detail. 

c) Work Management 

All construction, maintenance and inspection work for IPL field crews is tracked by individual 

asset in the EMPAC work management system. 

d) Inspection Dato 

All inspection work is captured in MobileFrame and feeds lvara, which is the repository for 

inspection data. For any follow up work that is needed, personnel create a work order in lvara 

with the inspection data findings, and an interface creates a work order in. the EM PAC work 
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management system. When the EM PAC work order is complete, it is dated complete in EM PAC 

and the interface between EM PAC and lvara closes the original order in lvara. 

All manhole and vault structure follow up work is tracked in the lines work management system 

WMIS. 

2. Downtown Network IT System Overview 

In Appendix XI.I is a diagram showing how the IT systems work together for the downtown 

network. 

B. Netwo Incident Database Tracking 
The IPL network incident tracking database is on an IPL network drive at: 

IPL uses a standard network failure form to capture the necessary data to facilitate tracking and 

analysis of failure patterns. This form is shown in Appendix. 

IX. Innovations 

Network SCADA 
From the Best Practices survey performed by O'Neill Consulting half of the respondents had 

completed or were in the process of implementing a full scale SCADA program. The Eaton 

product was the predominant vendor. Those with an operating SCADA system use it to support 

the load flow programs. It was also noted that as the maturity of the SCADA system improves, 

the data acquired can be further leveraged. Those that have had SCADA systems installed for 10 

plus years are now moving to monitoring secondary grid load points. Those whose 

implementation was five or less years (or in the progress of installing a system), measure just to 

the network protector.28 

IPL completed installation of their SCADA system in 2013 and is using the Eaton system. 

1. Description ofIPL Downtown Netvvork SCADA System 

As mentioned previously, IPL has slightly more than 300 network transformers and protectors. 

All of the network protectors have MPCV relays which communicate via twisted pair (blue hose) 

to central hubs, at which "VaultGards", collect the relay information. On average, each 

VaultGard talks to 23 relays. From the VaultGard the electrical signal is converted into fiber 

28 
Best Practices in the Design and Operation Of Underground Secondary Networks, Study commissioned by PPL & 

LGE November 4, 2013, O'Neill Management Consulting, LLC 
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optic with and H&L Instrument's converter. These VaultGards communicate with each other 

and the SCADA RTU's over a self-healing fiber optic ring. This ensures that the loss of a fiber 

cable will not result in loss of communication. 

The relays communicate the following analog, control and status values to the Energy Control 

System (ECS) delivering real-time insights on system operating status to the Transmission 

Operations Office to enable better control and monitoring of the downtown network. The 

following values are available for every network transformer/protector combination and the 

details are shown in the Appendix. 

• Phases Currents, A, B, and C 

• Transformer Secondary Voltages, A, B, and C 

• Network Voltages ,A, B, and C 

• Transformer KVA, KW, and KVAR 

• Breaker Failure Status 

• Relay Device Status 

• Network Protector Relay Breaker Status 

• Network Protector Pumping Alarm 

• Network Protector Pumping Trip Enabled 

• Resent Network Protector Pumping Trip 

• Network Protector Relay Temperature 

• Network Protector Relay Alarm 

2. SCADA Data Available via a Web Browser 

IPL has put real-time downtown network SCADA data on an internal web site for easy access. All 

users can easily click on link to drill down to more data, filter the data to see just a primary 

feeder, location, or gateway vault area. Every column can also be sorted. As shown in the figure 

below, abnormal conditions are highlighted by coloring the cell background red, and non

communicating relay have the row highlighted in a light brown color. 
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Figure 42 - Screen Shot of Asset Management Web Page 

3. SCADA Data Available via Pl Process Book 

The users can also use Pl Process Book or a Pl-Add-In for Microsoft Excel to query the data. 

Below is a screenshot of a Pl Process Book schematic with real time values of a feeder. This was 

used for the 277 /480 V network protector replacements to determine the best times to 

schedule replacements. 
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Figure 43 - PI Process Book Feeder View 

4. SCAD/\ D3ta Sent Via E-mail Alert 

In addition to this "pull" technology IPL also uses "push" technology to get SCADA information 

to users. Every morning at 7:10 AM an e-mail alert is generated of all abnormal conditions in 

the downtown network SCADA system. This e-mail goes to supervision and other interested 

parties in engineering, asset management, field maintenance, and operations. The screenshot 

of the e-mail is shown below. 

Figure 44 - Screen Shot of E-Mail Alert of Abnormal Conditions 

Key to E-Mail Report in the Preceding Figure 

• TE - Telemetry Error, all data from this relay cannot be trusted 

• ALARM - Device is in an error state or abnormal state 

• OFF LN - Relay is off line, not communicating 

• ONLINE - Relay is on line and communicating 

• NORMAL - Relay status point is in normal operating range 
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Numbers in the right hand columns that have a red background are above or below the 

acceptable operating limit. 

5. SCADA Benefits 

The benefits brought by IP L's SCADA system are clear. System Operators can now perform 

protector switching operations remotely, permitting fewer crew entries into the vaults and 

reducing the risk of the required vault entries. Furthermore, it is expected that future network 

protector maintenance visits will be less driven by time since protector maintenance will be 

based on real operating data and conditions. Maintenance effectiveness will continue to be 

optimized as IPL learns and increases the mining and analysis of the SCADA data. Additionally, 

as previously stated, IPL now has access to real time, steady-state, and emergency loading 

conditions in the network for Network risk management and for Asset Management planning 

purposes. 

B. Network Protector Testing - (Primary Drop Test) 
The EPRI 2012 Survey asked "Does your network protector maintenance include conducting 

periodic "drop tests", whereby a primary feeder is opened and measurements are taken for 

back feed voltage to assure that the network protectors function correctly (automatically 

open)?" Fifty-nine percent of the respondents answer "No" .29 

Given the fact that this gives a simple and very effective test for the protector and relay, and it is 

also very inexpensive approach. See the description in Section Vl.A.3. 

C. frared 
Infrared or thermal imaging used to involve very expensive equipment which required skilled 

technicians to properly use. But modern units are smaller, less expensive, and easier to use. 

There are now hand-held devices about the size of a large flashlight that can be used in confined 

spaces. As such, the value of such technology is easily worth the cost, and more and more 

utilities are utilizing this in their inspections.30 

Sixty-two percent of EPRI respondents perform infrared/heat gun checks as part of their regular 

maintenance programs.31 IPL is using the small infrared devices for manhole and vault 

inspections. 

D. Camera Technology 
A 2012 EPRI survey32 showed that only 7% of respondents inserted a camera into a manhole and 

performed a visual inspection using a camera. However, with the cost of these video cameras 

29 
EPRI 2012 Urban Network Practices Inventory 

30 
Independent Assessment of Indianapolis Power & Light's Downtown Underground Network Final version December 

13, 2011, O'Neill Management Consulting, LLC 
31 

EPRI 2012 Urban Network Practices Inventory 
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such as GoPro and Bublcam being very inexpensive, it makes sense to use this technology to 

augment data gathering. While this should not replace the actual inspection process, the 

camera recording can be used to correct data errors and validate some of the manhole 

inspection results. 

A review of the Bublcam shows promise for supplementing manhole inspections. A picture of 

the camera is shown below. The web site at http://www.bublcam.com/ gives a good overview 

of the panning capability of the camera. 

Figure 45 - Buhl camer::i 

From a web site review, "The Bub/cam was originally aiming to produce 360 degree stills, but the 

company has taken things a lot further and will be incorporating 360-degree video capability at 

1080p 30fps or 720p 60fps. Their software has been developed further to be capable of real-time 

conversion of the multiplex images into a sphere image, enabling live video streaming (through 

Wi-Fi connectivity). The camera is also equipped with a tri-axial accelerometer for adaptation to 

movement during shooting.,, 

IPL is in the process of purchasing one of these cameras or one similar to the Bublcam, and will 

pilot it during inspections over the remainder of 2015, and/or for checking manhole data sheet 

and print accuracy. The Bublcam lists for $499. Pending a successful pilot, we expect to roll this 

technology out to become standard issue equipment for each of our CBD Network crews. 

32 
EPRI 2012 Urban Network Practices Inventory 
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At this time almost all major companies have begun to put their underground secondary 

networks on GIS.33 IPL has their downtown mechanical and electrical systems model in their GIS 

GTECH system. 

Digitizing this data in a GIS database allows transfer of the electrical information into a software 

system to perform network circuit analysis. This allows load flows, fault studies, voltage drop 

analysis and various contingencies to be analyzed in greater accuracy than hand calculations. 

Seventy-six percent of EPRI respondents use software programs to perform circuit analysis, with 

CYMEDist being utilized by the greatest share (36%) of users for their analysis. Of these utilities 

that are using a software program, 77% of them are using these tools for both primary and 

secondary analysis.34 

F. Fault Location Indicators 
The value of this technology is to allow faster location of a primary fault, which facilitates faster 

restoration. Most IPL fault finding times range from 6 to 24 hours. These fault indicators do not 

affect the number incidents, only the speed of restoration. This saves money and can reduce 

the stress on other equipment during peak load conditions from a primary feeder outage. 

Another advantage of the fault indicators is that they help in reducing the amount of DC high

potential testing ("thumping") that is normally done to find a fault on a primary feeder, thus 

reducing strain on the primary cable.35 

IPL is using the SEL fault indicators and plan on continuing to install additional devices. The 

location of these fault indicators are targeted at the primary wye locations. 

Figure +Ci - SEL Fault Sensor 

33 Independent Assessment of Indianapolis Power & Light's Downtown Underground Network Final version December 

13, 2011, O'Neill Management Consulting, LLC 
34 

EPRI 2012 Urban Network Practices Inventory 
35 Independent Assessment of Indianapolis Power & Light's Downtown Underground Network Final version December 

13, 2011, O'Neill Management Consulting, LLC 
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The fault indication from the sensor is detected with the inspector standing or driving over than 

manhole location. The detector is shown in the following figure. 

Figure ·ti - SEL Fault Sensor 

G. Limiting Prirnary Fault Current 
One of the recommendations from the Root Cause Analysis for 428 Massachusetts Avenue 

Network Event36 was to investigate limiting the fault current and thus the energy of a primary 

cable or termination chamber failure. Today, the substation transformers at Edison and 

Gardner Lane are three winding transformers. The 138 kV primary winding is wye connection 

and connected ungrounded and the 13 kV secondary winding is wye and connected solidly to 

the ground bus. The tertiary winding is a delta and provides the phase to ground fault current 

for primary faults. 

IPL is presently running fault and relay coordination studies to analyze and determine the effects 

of possibly adding secondary impedance in the secondary ground connection to limit this fault 

current. The concern with this change is to ensure will not adversely impact the clearing of 

secondary cable faults. This impedance will not appreciably change the secondary fault current 

if the fault is phase to ground; however, it will limit phase to phase fault currents. Since the vast 

majority of primary and secondary faults on underground cables are phase to ground, the risk of 

this proposed change should be minimal, but will be analyzed before a decision is made. 

36 
Root Cause Analysis for 428 Massachusetts Avenue Network Event on March 16, 2015, Prepared by James Sadtler, 

Director, Transmission Field Operations, Issued on May 6, 2015 · 
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For more than a decade, EPRI conducted research into manhole explosions at the Lenox facility, 

which consists of several underground structures that faithfully replicate the characteristics of 

utility underground distribution manholes. Using these replica structures, researchers 

investigate explosions, their effects, and novel mitigation concepts by injecting known amounts 

of gas mixture, igniting it, and collecting data on pressures, temperatures, flame-front 

propagation, manhole cover trajectory, and other parameters. 

Building on this research, DTE and EPRI used the facility in 2006 and 2007 to investigate various 

mitigation strategies to prevent or limit damage by a manhole cover in the event of a manhole 

over pressurization. Among the approaches the project team investigated was a cover restraint 

and relief system that restrains the cover to reduce collateral damage and injury. 

This is the technology that was patented under the name Swiveloc. 

In the Independent Assessment of Indianapolis Power & Light's Downtown Underground 

Network by O'Neill Management Consulting, they recommended use of this technology for 

selective manhole covers.37 

An EPRI 2012 survey of underground network practices showed only 21% of the respondents 

used some type of manhole restraint system. IPL continues to install approximately 50 Swiveloc 

manholes covers each year. In 2015 IPL made a commitment to install the Swiveloc manholes 

covers on the remaining 1,210 manholes associated with the downtown network. As of August 

944 Swiveloc manhole covers have already been installed. 

X. Conclusion 
This Asset Lifecycle Plan is and will continue to be a work in progress and a dynamic reflection of 

the emerging issues associated with IPL's CBD Network. The issues and analysis presented 

herein represent our current best knowledge and insights into the optimal strategy for the care 

and continued development of the overall Network system and each of the assets and 

components within. Seven initiatives are identified and described in the Executive Summary. 

This ALCP will be reviewed and update annually, with expanding scope as required in future 

versions. 

37 
Independent Assessment of Indianapolis Power & Light's Downtown Underground Network Final version December 

13, 2011, O'Neill Management Consulting, LLC 
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XL Appendix 

L Ma 

l'D:Alml'\M 

can 1he Mmhole r.............i;oo Be l""nrmleted? 

can the Mmhole hs"""""" Be QlrYftlaf....n 

M-t- Oleck Mmhole-Cover 

Mi- OleckMmhole- Qwer 

Mi-Oiecktlenhole- OJver 

Mi- OleckManhole- Cover 

Mi-Cleek Manhole- Cover 

Mi- O!eck Mmhole - Cover 

Mi-OleckMmhole- O:lVer 

Mi- Oieck Mmhole- Rna 

Mi- Oieck Mmhole- Rna 

Mi- O!eck Mmhole- Seam 

Mi- Oieck Mmhole - Sleam 

M-i- Cleek Minhole - steam 

Mi- Oieck Mmhole- Rocxina 

Mi- O!eck Mmhole- Rocxina 

Mi- Oleck Mmhole- Aoodna 

Mi- O!eck Mmhole - Roodna 

Mi- Cleek Mmhole- Aoodno 

Mi- Oieck Mmhole- llebris 

Mi- O!eck Mmhole- O!bris 

Mi- OleckM.mhole- cebris 

M-1- Clleck Mmhole- O:!bns 

Mi-O!eckMmhole-llebris 

Mi- Oleck Aimlrv Cable and &>!Ices 

Mi- Oleck ~rn:m1 Cable and ~es 

Mi- Oleck Airrarv Cable and ~es 

Mi- Oleck. Qin-en, Cable and Solices 

Mi- Oleck Seccnri<an1 cable and Solices 

Mi- Oleck Secmdatv Ca~ andSdices 

Mi- OleckSecoodarv cable and Solices 

Mi- OleckSecoorfarv cable and Splices 

Mi-OieclcSecairl:m! CableandSl:iices 

M-1- Oleck. Secoo.darv Onrent 

Mi- O!eck Secoodaiv O!rrant 

Mi- Cleek. Secoori<arv Onrent 

Mi· QieckSecoo""N OJrrant 

M-1-0leck.Secoo.darv 0.ment 

Mi- Cleek Grotmd or f'-eutral Cables 

Mi- Cleek Ground or Nartral Cables 

Mi- Cleek Ground or f'.eutral Cables 

Mi- Cleek Ground or r-eutral cables 

Mi- Oleek Mlrlhole- Cable Racks/SJpport 

Mi- Oleck Mmhole- Cable Racbl/SJnnnrt 

Mi- Oleck Mmhole- Cable Racbl/SJooort 

Mi- Oieck Mmhole- Cable RacbJ/SJrvvrl 

Mi- Cleek Asbestos 

Mi- O!eck Asbestos 

Mi- O!ecl<Asbestas 

M-1-0leck.Rimlrv Cable- ID Tans: 

M-1- Oleck Rimlrv ~e- IDTaQS 

Mi-Oleek i:mnirv ~e-IDTaas 

Mi- 01eek Rirmrv ~e- Rreoroofina 

M-l-OleckRirrerv ~e-Rreoroofina 

Mi- Oleck Airrerv Cable- Fi'...-.rnnfmg 

Mi- 01eck Rirrerv Cable- Ffcnrnnfina 

Mi- Oleek&!rvice Cable- Urriters 

M-1- Oleek Service Cable-Urriters 

Mi- Oleck Service Cable- Urriters 

IPL Witness JWC Attachment 3-R (PUBLIC) 
Cause Nos. 44576/44602 
Page 86 of 100 

elnd 

Manhole Indicators and Indicator States 
(11-14-2014) 

rSTATB>l/11.Eil 
collfm•r:i; 

Ti'Qjor& f STATINDJEil colurm "B' I& chosen do thefcilowila choa<n do the - STA"JB"ollll.E y Mli? .............. . nexts1eo . - fob'lin!l next s1l T 

Yes 
lf this is chosen -
skipalrerrainilg 

N:J Biter wlw in comrents. item; 

Nlrrrel· Solid 

SnuareCover TakeRcture 

SNiveloc 

SNive!oc ooa da1T11ae Take Rcture 

SNivei>c sudden oressure event incicator 

Vented OJes still need vented caver? Yes/llil/D:>nll<mm 

Wonaml!lholelabel Tale Acture 

!token Take Acture -l'brrral- NJ steamtssues 

steam in rmnhde ~d tennerattre in rranhole 

steamin rrenhde-Toohottoenter Yes ~ordtermeratlt'"einmmhole 

AfeN inches of water 

AooradrTRtPlv one foot of water 

G'eater than two feet of water 

l\bmll comition - <iv 

SeNaoo in rmnhole Yes Ddvoucleanit? YesiN> 

Ek'acina and k.lrrber n hole YesiN> Take Rcture 

Mid 6 inches or rmre YesiN> Take Rcture 

flbrrralcondtion 

Si!JlifiCantdebris YesiN> TakeAcilJre 

SorrenTiordebris YesiN> TakeRcltrre 

Cli1T11oed or leakilo oi Yes YesiN> Fecord Rirmrv Feeder Take Acture -
N:Jtaooic<Ele If this is chosen - l'.TaV out and skip all "Ftim:vv" iterrs 

f\eeds to be si:flced around rrenhole Yes YesiN> R=fd """'N Feeder Take Rcture 

Bareconciictor Yes YesiN> Record d.Jct <i"ection and nunber in comrents Take Rcture 

Cerraoed or 1-m,. oi Yes YesiN> Fecord duct <i"ection and nunber il comrents TakeRcture 

N:Jrrral 

If this is chosoo - gray out and sl<ip all "Secondary" 
N:J!Aao/"x:able iterra 

f'.eeds to be si:iiced around mmhole Yes YesiN> R?cord ciJct drection and nunber i1 corments Take Rcrure 

Ructuatila secondalV CtJTent Yes YesiN> ranae TakeRcture 

Between 200 and 350 arms on a con<i.Jctor Yes YesiN> Fecord Wet <i"ection and nurrber, and current readna Take Acture 

G'eater than 350 arms on a conci.lctor Yes YesiN> Fecord ciJct <i"ection and nurrt>er, and current readmJ Take Rcture -Zero,,., ... ....,, on a cond.Jctor YesiN> Fecord Wet drection and nunber in comrents TakeRcture 

Boncfna need; attention YesiN> Take Rcture 

N:>rrral- f\b oroblem; fOUld 

Airmrv neutral needs attention YesiN> Record RilTl'YV Feeder TakeActure 

SeconrRv neub"al needs attention YesiN> A?cord d.Jct drection and nunbers in corrrrenls TakeActure 

Nlrrrel 

.,ani-1ate sunrwvt YesiN> arter how tmnV and what wal in conrrents Take Acture 

Rack.need; n..vr_l>lain YesiN> 8rter how m:mv andwhatwal in comrents Take Acture 

Mssina YesiN> Elter haw rmnv andwhatwal in comrents TakeRcture 

N:J 

Ulsure YesiN> Record '"""N Feeder TakeRcture 

Yes YesiN> Record D-im:on1 Feeder Take Acture 

Mssino or lUlable to read YesiN> Record dJct OCection and nunber ii comrents TakeActure 

l\bmel- Resent 

N:J!Annl'x:able 

M>lted <X da1T11oed YesiN> Record dJct <i'ecfion and nunberin comrents Take Rcture 

Mssina YesiN> 

f'brmd - A"esent 

N:Jt•""'~able 

Urriters nissino on sorre service cables YesiN> Record dJct drection and nurrber i1 comrents Take Acture 

f'brrral- Urriters nresent on all service cables 

f\btappicable 

Table Xl-1 - Summary of IPL Manhole Indicators (Page 1) 
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MH- OleckService Gable - OJct Seal 

MH- Check Service Cable - D.Jct Seal 

MH- Oleck Service Cable - OJct Seal 

MH- Oleck Manhole - OJct Mouth 

f.-ti- Oieck Manhole - OJct Mouth 

Mi- Check Manhole - D.Jct Mouth 

MH- Cleek Manhole - Strucb.Jre 

MH- Oieck Manhole - strucb.Jre 

MH- Cleek Manhole - structure 

MH- Cleek Manhole - Strucb.Jre 

M--1- Cleek Manhole - other 

MH- Check Manhole - Other 

MH- Check Manhole - Other 

MH - Check Manhole - Other 

MH- Check Manhole - other 

Mi- OieckManhole - Other 

MH- Oieck Manhole - Other 

MH- Oieck Infrared nsoection Results 

MH- aieck Infrared nsoection Results 

MH- Oieck Infrared kispection Results 

f.'H- Oieck Infrared nsoection Results 

MH- OieckSecondarv Cable- ktle 

MH- OieckSecondarv Cable - ktle 

MH- Oieck Secondarv Cable - kiJe 
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Manhole Indicators and Indicator States 
(11-14-2014) 

r STA1BU\r..Ei1 
coturm"C'll 

f STA~ME.il colurm HB" Is chosen do the follawino chosen do the Trigger & 
Moil? ReaUed? .. nmctste. ... foHow In next sh " Rioritv 

Mssi1n Yes/No Take Ac:ture 

Normal - A"esent 

Not Aooticable 

Normal- Beveled edQe/ductshoes 

Satre rouch edoes containino cables Record duct direction and nurrbers in corrmmts Take Picture 

Verv rounh edoes containino cables Record duct cfirection and nurrbers in corments Take Picture 

Abandoned and ernrtv 

Norrralconcfition 

Roof deterioration Take Acture 

Wall deterioration TakeActure 

As oh mt covered Yes/No 

cannot locate 

Car narkedon 

Needs restriction to enter 

Nonml 

Other 

streetfahfuaonlv 

Hot soot- 1 m:>nth follow uo 130 -100 F lisel YesfNo Enter descriotion in comrents Take Acb.Jre 

Mnorhotsootl10-30 Frisel Yes/No Errter descriotion in col11Tl'!n1s Take Acture 

Norrrel- No oroblerrs found 0 

Sevefe hotsootcorrectASAPf>100 F rise\ Yes Yes/No Errter descriPtion in COITITl!flts Take Acture 10 

Idle cable not canoed and sealed Yes/No Record duct direction and nurrber In colTm!lnts Take Acb.Jre 

Idle cable not labeled retired in nface Yes/No Record duct direction and nurrber in coTTnl!nts Take Acture 

Norrrel 

Table Xl-2 - Summary of IPL Manhole Indicators (Page 2) 
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The following table shows IPL vault inspection indicator and possible states. 

NJCATORNAM 
'T 

can the Vault Inspection Be Corrpleted? 

can the Vault Inspection Be Com:ileted? 

Vault- Check Fire Doors 

Vault- Check Fire Doors 

Vault- Check Gratina 

Vault- Check Gratim:i 

Vault- Check Vault- Linhtino 

Vi:lutt- Check Vault- Liohtina 

Vautt-CheckVault-Aoodina 

Vautt-CheckVault-AoodinQ 

Vault- Check Vault- Flood!nn 

Vault - Check steam 

Vault- Check steam 

Vault- Check steam 

Vault- Check Debris on Vault Floor 

Vault- Check Debris on Vault Floor 

Vault- Check Debris on Vault Floor 

Vault- Check Vault- structure 

Vault- Check Vault- structure 

Vault- Check Vault- structure 

Vault- Check Vault- structure 

Vault- Check A"herv Cable Terrrinations and Solices 

Vault- Check A"irerv Cable Terrrinations and Solices 

Vault - Check Pri'rarv Cable Terrrinations and So!ices 

Vault - Check Prirrarv Cable - lD Taqs 

Vault- Check A'irrarv Cable - ID Tags 

Vault- Check A'irrarv Cable Suooort 

Vault- Check A"irrarv Cable Suooort 

Vault- Check Secondarv Cable 

Vault- Check Secondarv Cable 

Vault - Check Secondary Cable 

Vault - Check Secondarv Cable 

Vault- Check Secondarv Cable Suooort 

Vault- Check Secondarv Cable Succort 

Vault- Check Secondary current 

Vault- Check Secondarv Current 

Vault- Check Secondarv current 

Vault- Check Secondarv Current 

Vault- Check Secondarv Current 

Vault- Check Secondary Current 

Vault- Check Secondarv Gable - klle 

Vault- Check Secondarv Cable- klle 

Vault- CheckSecondarv Cable - Idle 

Vault- Check Secondary Cable - Idle 

Vault- Check Service Cable current 

Vault- Check Service Cable Current 

Vault- Check Service Cable current 

Vault- Check Servk::e Cable current 

Vault - Check Service Cable Current 

Vault- Check Servk::e Cable current 

Vault- Check Servk::e Cable- Limlers 

Vault- Check Service Cable- Lirriters 

Vault - Check Service Cable - Lirrfters 

Vault- Check Service Cable - Duct Sea! 

Vault - Check Service Cable - Duct Seal 

Vault- Check Service Cable - Duct Seal 

Vault- Check D.Jct Mouth 

Vault- Check ll.Jct Mouth 

Vault- Check ll.Jct Mouth 

Vault- Check D.Jct Mouth 

Vault- Check Infrared Inspection Results 

Vault- Check hfrared lnsnection Results 

Vault- Check. Infrared lnsoection Results 

Vault- Check. Infrared Inspection Results 

Vault General Inspection Indicators and Indicator States 
(11~17-2014) 

Trigger I='.. If STA lENAtvEin colurm "8~ is chosen do thP 

STA TENl\r..£ f.'aQ? T Repaired'...,. follow Ina next step. 

Yes 

No Enterwhv in corrrrents. 

Noma! - Ooerable 

Not Ooerab!e 

Norrral 

Needs attention Take Picture 

Norrral - Workina 

Maintenance needed Yes/No 

Norrrel condition - drv 

Aooroxirratelv one foot of water TakeActure 

Greater than two feet of water Take Picture 

Norrrel- No steamissues 

steam in vaul: Record terrt1erature in vault 

steam in vault- Too hot to enter Yes Record terroerature in vault 

Nornel condition 

Mnordebris Yesfl>b 

Slanificant debris Yes/No Take Acture 

Nome! condition 

Abandoned and errt1tv 

Wall deterioration Take Acture 

Roof deterioration Take Acture 
lfth1s ;s chosen -gray out and sk!pall"l/ault-

Not aoolicable Check Pnrrarv ... item; 

Norrral 

Darraaed or leakino oi Yes Yes/No Record A"irrarv Feeder 

Norrrel-A"esent 

Missina or unable to read Yes/No Record Prirrerv Feeder 

Nome! - Adeauate 

lnadeouate Yes/No Record A'imarv Feeder 

. If this 1s chosen - gray out and skip all "Vault-
Not Aooricable Check Secondarv ... " rt_em; 

Normal 

DamaQed or leakim:i oil Yes Yes/No Record duct direction and nurrber in corrrrents 

Bare conductor Yes Yes/No Record duct direction and nurrber in comrents 

Norrral - Adeauate 

lnadeauate Yes/No Record description of where in comrents 

Norrral 

Zero arms on a conductor Yes/No Record duct direction and nurrber in corrrrents 

Between 200 and 350 anns on a conductor Yes Yes/No readino 

Greater than 350 arrt1s on a conductor Yes Yes/No read in a 

Ructuatina secondarv current Yes Yes/No readlna ranqe 

Not applicable 

Noma! 

Idle cable not caPoed and sealed Yes/No Record duct direction and nurrber in ccrrrrents 

klle cable not labeled retired in i:Jace Yes/No Record duct direction and nurrber in corrrrents 

Not aportcable 

Nome! 

Zero arms on a conductor Yes/No Record duct direction and nurrber in corrrrents 

Between 200 and 350 anns on a conductor Yes Yes/No readlno 

Greater than 350 arms on a conductor Yes Yes/No readina 

Ructuatim:i secondarv current Yes Yes/No readingranQe 

!f this 1s chosen - gray out and sklp all "Vautt-
Not aoolicab!e Check Service Gable ." rt_errs 

Nomel - Umlers resent on all service cables 

Limters nissina on sorre or a!I service cables Yes/No Record duct direction and nurrber !n corrrrents 

Not Aoolicable 

Norrral-A"esent 

Wissina Yes/No Record duct direction and nurrber in corrrrents 

Not App!icab!e 

Nomal - Beveled edoe/duct shoes 

Sarra rouah edaes containina cables Yes/No Record duct direction and nurrber in comrents 

Verv rouoh edoes containino cables Yes/No Record duct direction and nurrber in cornrents 

Not aoc licable 

Norrral - No problerrs found 

Mnor hot snot 110- 30 F rise\ Yes/No Enter descrintion in comrents 

t-btsnot-1 rrt1nthfo!low unf30-100Frise\ Yes/No Enter descriotion in corrmants 

Severe hot scot correctASAPf>100 F rise\ Yes Yes/No Enter descriot!on in comrents 

Table Xl-3 - Summary of IPL Vault Indicators 
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f STATIW\f.Ein 
cokJrm "C' is chosen 
do the f~!low Ing n•:t 

step_ PrioritY 

skip allrerm1rnng 

item.; 

10 

0 

Take Picture 10 

Take PCture 

Take Picture 10 

Take Picture 10 

Take Picture 

Take Acture 

Take Picture 

Take Acture 

Take Picture 10 

0 

Take Picture 

Take Acture 

Take Acture 

Take Picture 

Take Acture 

Take Picture 10 

Take Acture 

Take Acture 

Take Acture 

Take Picture 

Take Picture 

Take Picture 

Take Picture 10 
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IPL Network Transformer ection 
The next table shows network transformer indicator and states for IPL 

Vault Transformer Inspection Indicators-and Indicator States 
(11-25-2014) 

W STATB'1AfJEin 
coknm•r:is 

If STA TENA~in cok.um ne• is chosen do the 
Trigger f.. ch~en do the folow ing next fa Dow Ing nut 

NJCATORNAM y 
STATB'1AfJE 

y Mail?~~ Reoeired~ steD. 
y 

steo. 
y 

A'ioritv - ~---

Can the Transfonrer lnsnection Be Cormleted? Yes 

If this is chosen -
skip all rerraining 

Can the Transforrrer lnsoection Be Cormleted? No Enter whv in comnmts. iterrn 

Vault- Check Transforrrer Deflector Shield Presence Norrrel - Shields on an tranforrrers 0 

Vault - Oteck Transforrrer Deflector Shiekt Presence Shields on sorre transfomers Are additional shiek:ls needed? 0 

Vault- Oieck Transforrrer Deflector Shiek:l Presence Shields on no transforrrers Are additional shiek:ls needed? 0 

Vault- Check Debris on Transforrrer Norrrel condition 0 

Vault- Check Debris on Transforrrer Mnordebris Yes/fib 2 

Vault- Check Debris on Transforrrer Sk:mificant debris Yes/fib Take Acture 4 

Norrral - Marking readable & correct equiprrent 
Vault- Check Couiprrent Markinf.'I or Label Condition narre 0 

Vault- Check Eauiorrent tlerkina or Label Condition Wiarkina nissina, not readable or w reno Yes/fib 8 

Vault- Check Netw ark Transforrrer- Rust Nome I 0 

Vault - Check Netw ark Transforrrer - Rust Serre rust Yes/J'b Take Picture 3 

Vault- 01eck NetworkTransforrrer- Rust Severe rust Yes/l\b Take Picture 5 

Vault - Check Netw ark Transforrrer - Rust Rust and oil seeoina Yes Yes/No Take Ffoture 8 

Vault- Check Netw ark Transforrrer - Rust Severe rust and oil seenino Yes Yes/No Take Acture 10 

Vault- Check Eauiorrent- Oil Leaks Nomal - No oil leaks 0 

Vault- Check Eauimmnt- Oil Leaks OilSeeoino Yes/flkJ Take Picture 7 

Vault- CheckEauiorrent- Oil Leaks Oil driooina or oonding/ooolina detected Yes Yesfl\b Take Picture 10 

Vault- Check Eauinrrent Groundino Norrral Groundina secure and in niece 0 

Vault- Check Eauiorrent Groundim:1 Groundina not secure or rrissina Yesfl\b Take Picture 10 

Vault - Check Transfonrer Main Tank- Oil Level Nomal - Gauoe reads near 25 deorees C 0 

Vault- Oleck Transforrrer Main Tank- Oil Level Oil level low Yes/No Take Picture 7 

Vault - Check Transforrrer Main Tank- Oil Level Oil level hioh Yes/flkJ Take Picture 7 

Vault- Check Transforrrer Main Tank- Oil Level No oil level detected Yes/flkJ Take Acture 10 

Vault- Clleck Transforrrer Too Oil Term Gauae - Status Norrral - Gauae in [lace and w orkino 0 

Vault- Check Transforrrer Top Oil Term Gauge- Status Gauae hard to read Yes/flkJ Take Picture 2 
Vault- Check Transforrrer Top Oil Term Gau11e- status Gauae broken - not w orldna Yes/flkJ Take Picture 5 

Vault- rv1a!n Transforrrer Oil TelTD - Present Nomal < 90 Dearees c 0 

Vault- Main Transforrrer Oil Term - Present Warning 90 -105 Degrees C 5 

Vault- Main Transforrrer Oil Term- Present Alarm> 105 Oearees C Yes Yes/No Take Acture 10 

Vault- tlein Transforrrer Oil Tenn -t.Aax Readini:i Norrral < 90 DP.nrees c 0 

Vault- rv1ain Transforrrer Oil Term - t.Aax Readina Warnini:i 90 -105 Decrees C 5 

Vault- Main Transfomer Oil Term- Max Readinn Alarm> 105 Oeorees C Yes/No Take Picture 10 

Vault- OleckSWitch Charrber-Oil Level Nomal - Gauae reads near 25 dearees C 0 

Vault- Check SW itch Charrber- Oil Level Oil level indication not avanable 1 

Vault - Check SW itch Charrber - Oil Level Oil level low Yesft\b Take Picture 9 

Vault- Check SW itch Charrber- Oil Level Oil level hioh Yesft.b Take Picture 9 

Vault- Check Switch Charrber- Oil Level No oil level detected Yes/flkJ Take Picture 10 

Vault- Check Transforrrer Infrared rv1ain Tank Nomel < 200 Oeorees F 0 

Vault- Check Transforrrer Infrared Main Tank Warnini:i 200 -250 Oemees F 5 

Vault- CheckTransfonmr Infrared rv1ain Tank Alarm> 250 Oegrees F 10 

Vault- Check Transforrrer Infrared Prirrerv Oil Switch Norrral 0 

Vault- Check Transforrrer Infrared Prirrerv Oil Switch Warnina > 1 O Oearees F Rise 10 

Vault- Check Transforrrer Infrared Ternination Charrber Norrrel 0 

Vault- Check Transfonmr Infrared Ternination Olarrber Warnina > 10 Oearees F Rise 10 

Table Xl-4 - Summary of IPL Transformer Indicators 
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N r lnsp on d tors 
The last IPL inspection table for network protectors is shown below. 

Vault Network Protector Inspection Indicators and Indicator States 
(11-25-2014) 

W STATelAfEin coluim "B" is 
TriggerE'- chosen do the following ne~ 

INOICA TORNAM 'T STATelAME T 
Mail? T Reoaired? T steo. 

can the Protector !nsoection Be Cormleted? Yes No 

Can the Protector Inspection Be Corroleted? No No Enter w hv in connents. 

Vault - Check A"otector Deflector Shield Presence None No 

Vault - Qleck A"otector Deflector Shield Presence Shield on orotector No 

Vault - Check Netw ark Protector - Rust Norn-al No 

Vault - Check Network Protector- Rust Serre rust No Yes/No Take Picture 

Vault - Check Netw ark Protector - Rust Severe rust No Yes/No Take Picture 

Vault - Check Netw ark A"atector - Rust Rust and ail seeoina No Yes/No Take Picture 

Vault - Check Netw ark Protector - Bta!uation Norn-al No 

Gasket Deterioration - Unable to 
Vault - Check Netw ark Protector - Btaluation Pressurize No Yes/No Take Picture 

Vault- Check Network Protector- Btaluation hdications of water inaress No Yes/No Take Acture 

Vault - Check Network A'otector - Btaluation kidications of oil No Take Picture 

Vault - Check Netw ark Protector Bus Tvoe Norn-al - Coooer No 

Vault - Check Netw ark Protector Bus Tvoe Unsure/Not Aoolicable No 

Vault- Check Network Protector Bus Tvoe Aluninum No 

Vault - Check Network Protector Bus Norn-al No 

Vault- Check Network Protector Bus Debris No Yes/No Take Acture 

Vault - Check Netw ark Protector Bus Trackina No Yes/No Take Picture 

Vault - Check Netw ark A'otector Bus Debris and Trackina No Yes/No Take Picture 

Vault- Check Network A'otector- Bushina Norn-al No 

Vault-Check Network Protector- Bushina Cracked No Yes/No Take Picture 

Vault - Check Netw ark Protector - Bushina Trackina No Yes/No Take Acture 

Vault- Check Network A'otector- Bushina Cracked and Trackina No Yes/No Take Picture 

Vault- Check Network A'otector- Ductor Phase A Nomai - < 900 nicro-ohms No Record Readina 

Vault - Check Netw ark A'otector - DJctor Phase A Wamina - 900 - 1500 nicro-ohms No Yes/No Record Readino 

Vault- Check Network A'otector- DJctor Phase A Alarm-> 1500 rricro-ohms No Yes/No Record Readina 

Vault- Check Network Protector- Ductor Phase B Norrral - < 900 m·cro-ohms No Record Readina 

Vault- Check Network Protector- D.Jctor Phase B Wamina - 900 - 1500 rricro-ohrrs No Yes/No Record Readino 

Vault - Check Netw ark Protector - Ductor Phase B Alarm- > 1500 nicro-ohms No Yes/No Record Readino 

Vault - Check Netw ark Protector - Ductor Phase C Nonml - < 900 nicro-ohms No Record Reading 

Vault- Check Network Protector- Ductor Phase C Warning - 900 - 1500 rricro-ohrrs No Yes/No Record Reading 

Vault- Check Network A'otector- Ductor Phase C Alarm-> 1500 rricro-ohms No Yes/No Record Reading 

Vault- Check Network Protector- Relav Close Volts Norn-al< 4 Volts No Record Reading 

Vault - Check Netw ark A"otector - Relav Close Volts Warning> 4 Volts No Yes/No Record Reading 

Vault - Check Nelw ark Protector - Relay Trip AIT1'S Norrrsl < 10 AIT1'S No Record Reading 

Vault - Check Nelw ork Protector - Relay Trip Alll)s Waminq > 10 AIT1's No Yes/No Record Reading 

Table Xl-5 - Summary of IPL Network Protector Indicators 
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E. Downtown N 

Point Name 
A Phase Current 

B Phase Current 

C Phase Current 

A Phase Transformer 
Secondary Voltage 

B Phase Transformer 
Secondary Voltage 

C Phase Transformer 
Secondary Voltage 

A Phase Network Voltage 

B Phase Network Voltage 

C Phase Network Voltage 

Transformer KV A 

Transformer KW 

Transformer KV AR 

Breaker Failure Status 

Relay Device Status 

Network Protector Relay 
Breaker Status 
Primary Switch Status 
Network Protector Pumping 
Alarm 
Network Protector Pumping 
Trio Enabled 
Resent Network Protector 
Pumoing Trio 
Network Protector Relay 
Temoerature 
Network Protector Relay 
Alarm 
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p and D 

Use of Network Relay Data Points 
Monitor real time loads and review historical loading. This data will be compared with 
network load flows and be used to help optimize the downtown network design. 
Monitor real time loads and review historical loading. This data will be compared with 
network load flows and be used to help optimize the downtown network design. 
Monitor real time loads and review historical loading. This data will be compared with 
network load flows and be used to help optimize the downtown network design. 
Monitor real time voltage and review historical voltage anomalies. (e.g. substation 
load tap changer not operating correctly) This data is used to ensure when a primary 
feeder is de-energized all of the protectors have opened. 
Monitor real time voltage and review historical voltage anomalies (e.g. substation load 
tap changer not operating correctly). This data is used to ensure when a primary feeder 
is de-energized all of the protectors have opened. 
Monitor real time voltage and review historical voltage anomalies (e.g. substation load 
tap changer not operating correctly). This data is used to ensure when a primary feeder 
is de-energized all of the protectors have ooened. 
Monitor real time voltage and review historical voltage anomalies. If the protector is 
open this voltage along with the transformer voltage can give an indication of a light 
load condition. 
Monitor real time voltage and review historical voltage anomalies. If the protector is 
open this voltage along with the transformer voltage can give an indication of a light 
load condition. 
Monitor real time voltage and review historical voltage anomalies. If the protector is 
open this voltage along with the transformer voltage can give an indication of a light 
load condition. 
Monitor real time transformer loading and review historical loading. This data will be 
comoared with network load flows. 
Monitor real time transformer loading and review historical loading. This data will be 
comoared with network load flows. 
Monitor real time reactive power flow. This is used to monitor feeder voltage 
differences and customers with significant lagging power factors. The KV AR data will 
be compared with network load flows. Additionally, over time we may learn to spot 
secondary fault conditions. 
Relay calling for an open/close and protector not responding. This data is queried for 
his tori cal asset health. 
This value monitors whether the relay is on-line or off-line. A daily e-mail is sent with 
off-line relays (and other abnormal conditions). 

This point is the opeQ/close status of the protector. This data will be used to ensure 
protectors are not cycling too often. 
This is for the state of the primary oil switch. It is not used at this time. 
This status is indication of protector cycling excessively. These points are queried for 
possible load or relay setting issues. 
When enabled and the protector has cycled - a trip is issued by the relay when the 
oroirrammed number of cvcles is met. 
This resets pumping enabled command. 

This is the relay temperature in Celsius. We monitor the temperature for potential 
relav and network orotector oroblems? 
The relay is in alarm and needs attention. These points are queried for trends. 

Table Xl-6- SCADA.Points for Each Network Transformer/Protector 
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This page and the next three pages show the IPL network failure form that is completed by field 

personnel for every downtown network fault. 

PagP. cf 4 

''et INDIANAPOLIS POWER & LIGHT COMPANY 

an AES llET1NORI< FAILURE l\i<IALYSIS D;\TI\. FCRM 
compony 

Dale of Event: Time of Event: --------
Location Address: 

Feeder Number Old Sub 3 Feeder Number: -------- --------
Description of Event:----------------------------

Substation: Ecltsrn Network Area: I Ediso1• Easl 
Gardner L3n a Ed1scn '·Nes: 

Sub 3 G:..i1d11er LJ11e No1l11 
~i:ane_SoUti1 _ 

Non-Ne~:mrk 

Initial C;iuse: Fault Edison Eas: Area and 1i was n Old Sun 3 Cable 

rlnodinq What Failed: Cable 
Stearr Lea'< 

Infrastructure NVV PO)lec:or 

Oti1e1 
"/,311!t Rus 

Fault Location: r0:lanl1ole 
Duct line 

tURC Reportable Eventl __ ____]:~.-~J_j 
Vault 

Note: If the Answer to any of the 3 questions in Pink are Yes. this is an IURC Reportable Event 

Were Flames or Smoke Visible Above Vault Gratin : Yes 

Manhole Number 1: --------
Last Inspected: _______ _ 

Manhole Temperature: _______ _ 

~-M_a_n_l_1o_l_e_C_o_v_e_rT_'~Yl_Je_:+-----~-.~--~-::;·~--c-~l--

I 
SlottEc I 

Cover Dlslod ed: Yes 
No --- --------t-----< 

Unk1·10: .. n 

lfo 

Manhole Number 2: --------
Last Inspected:--------

l_~1ho~~o~~C_'0E~' L ______ ~(:i1.j ___ _ 

)!,_~[),1;1:: 

V7:nfed 
SIJtted 

Cover Dislod ed: Y~s 

Mo 
L1nLno· . ..vn 

\/1::''.:.'1.::~1 J 1DalaJ2.: .3t2iJJ5 

Table Xl-7 - l'letwork Failure Input Form (Page 1) 
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Manhole Event Observations 

I Reported Prior to Event: Nol11inq 
Manhole#1 Smoke 

Fire 
smoke & Fire 

U11i<nown 

I Event Observed Bv: IPL 
IFO 

IMPD 
M2dia 
Public 

Fault Locating Information 

Fault Indicator #1 '~'---~---~~ Nol Tripped I I TrieEcd 

I F.I. Operated Correctly I Yes I I No 

Recorded Fault Current 

Total Time to Locate Fault --------

Equipment Involved 

I Primary Cable: PILC 
EPR 
XLPE 
Other 

Duct Number: --------
I Secondary Cable: PILC 

EPR 
XLPE 
VCLC 
OI11er 

Duct Number: --------

Double iJVve 
Transmon 

Replaced: S•lice 
Cable 

Ductline 
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I Reported Prior to Event: 
Manhole #2 

rire 
Smoke !!, Firn 

Unknown 

Personal Injuries:/ Yes I I No 

Property Damage:' Yes I I No 

Fault Indicator #2:1 Nm Liepec I I 1 npp2d 

I #/.I. Operated Correctly I Yes I I No 

Recorded Distance to Fault 

I Conductor Size: 750 
350 
4/0 
1t1 

Other 

I Conductor Size: 750 
soo ·--.350 

Other 

I Oriainat Splice Material: He;_; I Shr111k 
Colli Sh11nk 

Number of Splices Rpl.: 

Feet of Gable Replaced:--------
Feet of Ductline Replaced: _____ _ 

Version 3.1 Cared?/ 3·'2015 

Table Xl-8 - ~Jetwork Failure Input Form (Page 2) 
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Network Transformer: Pri Termmation 
Pn. Switch 
Main Tank 

Transformer Condition: Geo a 
Sorne Ccffosron 
Heavv Corrosion 

I Network Protector: Failed to Open 
Failed to Clase 

Relay Issue 
NWP Fuse Open 

Gasket 1-a1lure 
Catastrophic Failure 

Oil Test Data 

I Oil Samples Taken: DGA 
Oil Oualilv 
Other 
None 

c 
DGA Results:l'-~--'=-"i~_s ______ .._l ___.I 

Sample Number: _________ _ 

Test Report Number: _________ _ 

Vault Data 

Last Inspected: ----------
Vault Bus Fault: Phas~ GNIJ 

Phase-Phase 
None 

I Cause: Trackinq I 
Shorred I 
Flooding I 

other I 

Bus Issue: Bus Bars 
Insulator 
Clamp 
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Page 3 of4 

Serial Number: 
~---------

.___P_r_i._T_e_rm_in_a_ti_o_n_T~y~p_e+l-=.-=.-=.-=.-=.U~n~d_e"-_, __ 0~_1_1-=.-=.-=.-:H.____. 
_ Elbows _ 

Inspection Date:----------

NWP Serial Number: ----------
Network SCADA:,_, ___ Y_N"'-:----<l'---11 

/Oil Quality Results: I I 
Sample Numbar: ----------

Test Report Number:----------

Hi Cap Fuse:!>--___ g~~-:-~---fl,___, 
Failed 

Barrier Boa rd: OKay 
Det8riorated 

railed/Flash O\Jer 

Structure Condition hcellent 

Pom 

l./ersion 3 \ Dated 2/ .}:2015 

Table Xl-9 - ~Jetwork Failure Input Form (Page 3) 
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Additional Comments or lnformatio11 

Submitted By: _________ _ 

Reviewed By: _________ _ 

Report Uploaded to Database By: _____ _ 

i<VV F.;;ilur2 AnoJ'/5tS f~·:mort 

IPL Witness JWC Attachment 3-R (PUBLIC) 
Cause Nos. 44576/44602 
Page 95 of 100 

Date Submitted: ---------
Date Reviewed: ________ _ 

Date~ ---------

Table Xl-10 - ~letwork Failure Input Form (Page 4) 
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G. IPL/ Citizens E-Mail Notification Exa 
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e 

Figure 48- IPL/ Citizens E-Mail Notification 
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easurements 

Figure ·'1-9 - Duct Line Steam Measurements (Pagel of3) 
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Figure 50 ~Duct Line Steam Measurements (Page 2 of 3) 
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Figure 51 - Duct Line Steam Measurements (Page 3 of 3) 
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Interaction 
The following chart shows the interaction between various IT systems used in the downtown 

network. 

101 
DOWNTOWN NETWORK PROCESS 

l 
MabileFrame · ~.~ ,-, ·::·~ 1

:.,"," .. Y.'' ·-" ,, •. 
l;--r-c1 ;:.- -,--1,1 1r.· •,- • ' ~· 11 -1 '1 •·" •. 1 " 

"<Jbi'.. 1 '·'-''""'' •::,_ 1 "•' r , , 11 •t • .... 
• b ' ., t • I '· - • "I 

'' If, 

l 

WMIS ........... ,,,, .... .. 
~~;.:'!,: •.;,:o~c:r;c. , ':'}- • .,r. • .;, 1J>- r • ii, 1 • r1 r r- .. :1. t 1 ,•, "' 

re _11K~ CB:::•f.-fl L'[ iy 
v ,,4 ~Bil ~·rurr~ , .. :·.i:-

Asset Management Web Site 
tnnwniPnt lntPrfnrP for Q11Pr!Jin;J Al! nf thl' Ahovl' Stj't.omo; 

Figun: 52 - Asset Management Systems for Downtown Network 

100 



IPL Witness JWC Attachment 4-R 



IPL Witness JWC Attachment 4-R 
Cause Nos. 44576/44602 
Page 2of15 

IPL Customer Operations Asset Management Strategy 

1.0 Introduction 

As an Electric Transmission & Distribution businesses, IPL is dependent on our physical assets to 

provide highly reliable service to the Indianapolis area. As such, a well-defined strategy for 

purchasing, operating, maintaining, and as appropriate retiring assets is necessary to successfully 

operate the business. The AES Global Asset Management Standards dictate that each business must 

document an Asset Strategy to execute the business plan within the framework of the business 

Asset Management Policy. 

2.0 Purpose of this Document 

This document describes the Asset Management Strategy being used in IPL Customer Operations. 

This strategy defines how IPL Customer Operations will meet the obligations outlined in the AES US 

Strategic Business Unit Asset Management Policy, and thereby improve the service we provide to 

our customers. 

The Asset Strategy at IPL will make use of various processes, tools, and programs developed and 

administered by the US SBU Transmission and Distribution Asset Management team. While many of 

these tools are developed by the Asset Management team, they should be utilized by individuals 

throughout the organization in making asset-related decisions. 

3.0 Asset Management Policy - US Strategic Business Unit 

The AES US Strategic Business Unit (SBU} will manage its physical assets with a focus on providing 

affordable and sustainable energy solutions to our customers. We will accomplish this goal while 

always adhering to our Shared Values 

We will adopt a comprehensive Asset Management System that is defined by AES Global Asset 

Management Standards so as to attain operational excellence, sustainable development, and 

optimization of our resources. Our Asset Management System will support our commitments 

regarding how we will manage our physical assets. We will: 

• Continue to make safety the top priority for our employees, contractors, visitors, and 

Stakeholders. 

G0932l 
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• Minimize and/or control our impact to the environment, complying will all legal and 

regulatory requirements; 

• Maintain a systematic and sustainable process that considers the interrelated aspects of 

commercial, environmental, safety, legal, employee, information, financial, community, 

regulatory, and any other stakeholder needs that influence or affect the management of our 

physical assets; 

• Optimize the availability and performance of our physical assets during their lifecycle 

through the implementation of operation, maintenance, risk, and investment processes that 

are considered to be best practices prevailing in the industry; 

• Strive for continuous improvement of our processes through innovation, application of new 

technologies, and best practices using the APEX (AES Performance Excellence) methodology 

to establish the appropriate metrics to measure, evaluate, and compare our operating 

businesses; 

• Provide a platform to maintain reliable asset identification and technical information as well 

as criticality criteria, to be used to mitigate risks and pursue market opportunities; 

• Maximize our gains through better utilization of our physical assets and proactively manage 

their lifecycle costs; 

• Ensure that our people are trained, motivated, responsible, and accountable for the results 

of our Asset Management System. 

• Make asset management decisions at the local business level, supported by advice and 

processes provided centrally to allow for fleet-wide optimization. 

AES US SBU Leaders will be responsible for communicating, implementing, disseminating, and 

enforcing this Asset Management Policy and ensuring the establishment and achievement of its 

objectives and obligations. 

All AES US SBU employees and contractors are responsible for understanding and committing to this 

Policy. 

4.0 Asset Management Strategy 

The purpose of our Asset Management Strategy is to summarize IPL's methodology and practices for 

providing a systematic representation, governance and management framework that will enable IPL 

to: 

• Understand what system capacity and reliability is required, both now and in the future, and 

what issues drive these requirements; 

• Have robust and transparent processes in place for managing all phases of the electric 

system and asset life cycles; 

• Have adequately considered the classes of asset risk IPL's system faces, and ensure that IPL 

has systematic processes in place to mitigate these identified risks; 

Page 3of15 
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• Have an ever-increasing knowledge of our assets (locations, ages, conditions, etc.) and likely 

future performance; 

• Make all decisions within systematic frameworks and guidelines. 

The Asset Management Strategy is built upon systematic data-driven decisions for all dimensions of 

asset maintenance, operation, risk, and investment. This strategy drives a range of initiatives that 

ensure consistent collection, organization, and communication of asset data. The data is used to 

measure and monitor the performance and health of each asset, which is in turn used to 

systematically identify and prioritize system and asset risks and optimize investment decisions. 

The process is a dynamic one, recognizing that new information and work delivery challenges may 

impact on the achievability of the plan and therefore change priorities. This means that there is 

continuous process of dialogue where the Asset Management team interacts with other internal 

stakeholders on a regular basis. 

This occurs regularly through 

good management practice (e.g. 

managerial approval, meetings, 

communications, etc.) 

Key internal stakeholders are 

the T&D delivery organizations 

(Lines and Substations). They 

are continuously involved in 

assessing the profile of future 

risks and investment levels in 

the system so to ensure that the 

plan can be implemented within 

the existing resource and 

delivery constraints (e.g. skilled 

resources, supply chain, 

contractor availability, etc.). 

5.0 Asset Management Objectives 

Q)r.ti111.<o.i=l,.,,Fro.cmentc:::m•c:::ult1n 

chan~lbiln'/':!:le.rr.enu.su-:halilS::at 
'":l.n:lfOm;:nr 11-b;"ttiv=c or ==n thi; 

b>.lllnasptan 

ll'LO.Eiln€.;;idrl•EfS 

~tt'Tl;;riafEf!"l-El"ll'C1bjecti1es;;re 

b;-~tlylirkedtQ=tm11n~nt 

:itrategv-

Oe·1elopfn~ as.satma11~em21tt: 

:r11:qa, objcrt;;c:urd pl:mbfi.lil 
nl:lmauy;;n 1ta-m:1~prnce 

Lor.gterm ;;S!e: mancgl!rr.&ltpfar.s 
r::inb11fcrindiv1du:i.l:i.~;;a:ir'"or-11. 

Ass!tmar3~enatllersand 

contr~h influ-nei;;;;nd ;pp!yui vii of 
the ott.er t:11:rm:~n~of111na.=er 

ITI3na::emant~ncm 

IPL develops each year (as part of the US SBU Business annual planning process) a comprehensive 

set of Asset Management related objectives. These objectives link the Asset Management Strategy 

above (section 4.0) and the individual Asset Lifecycle Plans below (section 6.0). These objectives 

contain a broad scope of activities and achievements planned for the coming year. Specific 

objectives for 2015 include the following: 

Asset Management Maturity: 

0 (l.O ~./>. '), ·U· !J v··~·;.J 
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• Asset Management - Continue asset management maturation process in alignment with the AES 

Asset Management Standards. Achieve a minimum level 3 status. 

• Asset Management - Update the health index on transformers and breakers at IPL and create 

health indexes for the DP&L breakers and transformers 

• Standardization - Continue cross functional initiatives bringing together processes, 

technologies, and tools in Customer Operations 

• Develop ALCP's for key equipment that drives the 10 yrs. capital/maintenance/outage plans 

Reliability: 

• Reliability - Meet Reliability Operational KPl1 s & Complete Reliability Business/Tactical Plan 

Initiatives 

• Develop an outage prediction model and utilize it and OMS to develop a common methodology 

for forecasting ETR 

• Implement recommended Best Practices in customer services and reliability 

• Support the Indianapolis downtown network formal investigation 

Asset Modernization: 

• Develop and implement modernization strategies for both IPL and DP&L 

• Develop the 2025 CBD plan as well as finalizing network modernization plans at DP&L 

• Implement DP&L AC Network Modernization plan to improve safety, reliability and monitoring 

Technology Implementation: 

• Continue populating the Customer Operations AM Website 

• Create a customer service technology roadmap to capture shared savings, operations 

productivity and enhanced customer satisfaction 

Compliance & Innovation: 

• Compliance - Complete all 2015 compliance initiatives including the 693 internal mock audit 

• Evaluate the use of "Unmanned Aerial Devices11 (drones) for inspection and maintenance 

programs were practical 

6.0 Asset Lifecycle Plans (ALCP) 

ALCP's will be developed, executed, and updated for each asset type. The ALCP is core to the 

Asset Management system at IPL. These plans provide an essential road map for the life of each 

asset type, defining what the assets are, profiling their key attributes and characteristics, tracking 

their performance and failure rates over time, prescribing how they will be maintained, operated, 

and monitored, and defining how and when it will be determined that they should be replaced. 

Each plan includes: A review of the current asset base, a summary of past asset performance and 

maintenance history, discussion of current asset condition and risks, a review of current 

009321~ 
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maintenance and operation practices vs. industry best practices, identification of replacement 

needs and sparing strategy, asset expenditure requirements (O&M and Capital), and a discussion 

of innovations related to the type of asset. 

Initial development of Asset Lifecycle Plans (ALCP's) for each major Asset Category requires 

significant amounts of time and effort to gather and analyze all of the necessary information, 

assess various options and develop and test robust strategies. Maintaining these plans, once 

developed, takes significantly less time and cost. Consequently, ALCP development must be 

prioritized to ensure that the most important plans are developed first, and that the order of 

development will deliver the greatest improvement in risk reduction and reliability, or 

improvement in cost, in the shortest time possible. 

The priority and sequence of ALCP development has been based on analysis of each asset class in 

terms of: 

o Relative risk 

o Improvement leverage 

o Availability (and quality) of necessary data 

o Complexity of the problems and solutions needed (time & effort to develop the Plan) 

The graphic below illustrates the results of our analysis and the relative priority (and 

sequence) of our Plan development efforts. 

The resulting prioritized order to initiate development is depicted in the chart below: 

10 - -----
Highest Priority 

g ' 1 · Pow"T"nsfonnm./-

8 -
6· Trnnsm;ss;on Um 3-T<•nsmlssionStrnttuces // . . / 

5 - Downtown Netwo7k 

------ ·- ·--8 - Overhead Distribution Un es 2 - Circuit Breakers 

9-SubstationCommun tic~, 
------10-.o-Substatiorr"aatteries-• ~--- - --- -- -- - ----- 15-------- ---· 

4- Wood Poles 
12-Meters/ 

---·--~- -·- -- - ---- -

/. 7- Relay tern Protection 

16-Redosersand ~~~ 
Sectlonatlzers e · {\0- r @ 

~ ~ / 13- Substation CTs and PTs 

17- Pole top hardw!'e ~e,<:'-

14- Disconnect Switches 

------- ------·-

N~O~ 4- Distribution OH ~UG 11- undergroundResidentla 

----.-h~~ Transforme_"---~--C-•bl-elLI_•_o1 __ -----

~ / 
1 c-- ----~ -----

/ Lowest Priority 

0 -

10 u 
Installed Value 
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Asset Class Lifecycle Plan lm12lementation Status 
Projected 

Asset Type Status as of 8/24/2015 Completion 
Date 

Wood Poles Draft completed 12/4/2014 

Relay System Protection Draft completed 11/25/2014 

Circuit Breakers Draft completed 12/15/2014 
Power Transformers Draft completed 8/17/2015 

Downtown Network Complete 8/31/2015 

Underground Residential Cable Data gathering, draft under 
2015 Q3 

(URD) development 

Overhead Distribution Lines 
Data gathering, draft under 

2015 Q4 
development 

Transmission Structures 
Data gathering, draft under 

2016 Ql 
development 

Meters 2016 Q3 

Substation Batteries 2016 Q3 

Transmission Lines 2016 Q4 

Substation Communications 2016 Q4 

Distribution Transformers 2017 Ql 

System Control and Data 2017 Q2 

Substation CTs and PTs 2017 Q3 

Disconnect Switches 2017 Q4 

Reclosers & Sectionalizers 2017 Q4 

Pole Top Hardware 2017 Q4 

7.0 Strategic Initiatives 

7.1 Asset Condition Monitoring 

IPL monitors the condition of our assets via various data resources. A combination of regular 

visual inspection, SCADA infrastructure, testing, and field data collection is utilized to monitor 

and measure asset health. 

Inspection practices are continually evaluated to ensure that the scope and frequency is 

optimized such that the information collected provides value and prevents avoidable equipment 

failure. 

Industry best practices and emerging technologies are investigated through our active 

participation in numerous industry forums, and evaluated to ensure their relevance to IPL's 

unique asset base and operating environment. This supports our commitment to employ all 

appropriate condition monitoring methods. 

8··0 9 3 .. () .... 6 .· ·.~ ·c; .. . 
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IPL is going through a process of ranking its assets for criticality and linking this information to 

the emerging results from our Asset Condition Assessment efforts. We began this effort with 

our most critical assets, and have now completed criticality assessments for all the Manholes 

and Vaults in our CBD Network system, for all Substation circuit breakers, and for all substation 

transformers. This effort will continue by the Asset Management team over the course of the 

next 12 to 18 months, in parallel with our efforts to implement asset condition assessment, 

The sequence with which we will approach different asset classes is expected to mirror the 

criteria and priorities used in selecting the order for ALCP development. (See 5.1 above) 

One of the first asset classes to be completed is the power transformers. The transformers 

were evaluated based on a prescribed set of questions related to Safety, Environmental, 

Maintenance, Reliability, and Regulatory or Company Image risk. Each question has a pre

determined maximum potential score aligned with the business risk. For instance, 

transformers were scored with a maximum of 3000 in Safety, while the maximum 

Environmental risk was 1000. The sum of all scores were then categorized by numerical 

ranges, and translated into a criticality score of 1 through 4. 

7.3 Asset Health Indexing 

Asset Health Indexing is an industry leading methodology that combines condition information 

with the individual asset's importance or criticality to the system, to determine the relative 

health of the asset and the priority of interventions that may be required (i.e., changes to 

monitoring, operating limits, maintenance activities, or replacement strategies) to manage asset 

related risks in the business. The IPL Asset Management System is in the process of defining a 

standardized method for measuring and quantifying the health of assets relative to each other. 

The scoring of this index will incorporate the appropriate inspection and performance monitoring 

data to ensure that subjectivity is minimized and that asset health is measured consistently 

within each asset type. The application of these asset health indices will be prioritized in much 

the same way as are Asset Lifecycle Plans. A comprehensive schedule for completion of these 

Asset Health Indices is under development and will be completed before year end 2015. 

7.4 Root Cause Analysis 

IPL will utilize Root Cause Analysis (RCA} to identify and address the underlying causes of why an 

incident or non-conformance occurred, so that the most effective solutions can be identified and 

implemented. The RCA is an important component of the Asset Management System, because it 
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prevents re-occurrence of the same issue on a given asset or type of assets, ensuring that 

performance improvements are sustainable. 

The Customer Operations T&D group has defined RCA triggers, and will initiate an RCA for the 

following events: 

1. Any event resulting in lost time or serious injury to an employee or contract employee 
2. Loss of Substation Power transformer greater than 30 MVA 
3. Complete loss of sources to a substation resulting in 300,000 minutes or more of 

customer outage 
4. Any manhole/vault event on the secondary network system 
5. Any Transmission level event resulting in a possible NERC reportable event 
6. The Senior Vice-President of Customer Operations may also direct that an RCA be 

initiated whenever it is felt the situation is warranted. 

Upon initiation of an RCA, a cross-functional team is assembled and evidence preserved. The 

RCA is to be completed within 45 days of an initiating event, unless otherwise approved by the 

Senior Vice President of Customer Operations. The results of each RCA are appropriately 

communicated to the organization so that corrective actions can be taken and monitored for 

effectiveness. 

7 .5 Asset Failure Forecasting 

IPL's high system and customer reliability indicates that the overall system is in relatively good 

condition. The company has ranked in the top quartile in customer reliability for many years, and 

is now pushing into the top decile. Nevertheless, we remain committed to continuous 

improvement and being able to anticipate and avoid potential asset failures is an important 

enabler of this improvement. The analysis involved in such forecasting can be complex, and 

requires access to significant volumes of accurate data, which has been a common challenge for 

utilities across the industry. 

IPL has made some recent commitments and investments in data mining and statistical analysis 

tools for this purpose. Initial results look promising, with the ability to manage vast amounts of 

information quickly and to delve into levels of detail not before possible, in analyzing the 

performance of individual assets, and being able to spot trends within asset classes that were not 

possible before. We expect to make more investments in this area, both in tools and in the 

resources to conduct these analyses, and will house these powerful new capabilities as they 

mature within Asset Management, where they will be best positioned to link their insights and 

discoveries to our asset risk and failure forecasting, proactive asset strategies and transparent 

results reporting. 
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IPL will also continue to move away from reactive maintenance based on lagging indicators 

toward a more proactive approach based on leading indicators. Monitoring trends in inspection 

results and calculated indicators such as the Asset Health Index will allow IPL to proactively 

respond to declines in the condition of any asset. 

7 .6 Risk Management 

The Asset Management System will maintain and utilize an Asset Risk Register. Besides the risks 

identified and analytic inputs provided by Asset Management, the Asset Risk Register will 

provide a means for people throughout the organization to document known significant risks 

related to any asset or part of the system. Along with documentation of each risk, risks are 

assigned an identification number, and the register documents the risk owner, relative ranking I 
evaluation of the risk, conclusions of the risk assessment, and whether a mitigation plan is 

required or has been put in place. If the mitigation plan includes a capital project, then the 

capital project number is also identified, enabling a user to track a risk to an asset as well as to a 

capital project designed to mitigate or eliminate the risk. 

The risk register will be available via company intranet so that the information will be readily 

available for people throughout the organization to document new risks, or to make risk 

informed decisions. This risk register is a current development initiative and will be available 

through the company intranet by 

the end of 2015, and should be a 

valuable tool during the 2016 

budgeting process. 

Asset Criticality, Asset Health 

Indexes, and Asset Failure 

Forecasting will be utilized identify, 

mitigate, and prioritize risks. 

7.7 Standardized Asset Investment Processes and Analysis 

The Asset Management System will use a process-oriented approach to evaluating capital and 

major operational expenditures, based on AES Global Standard STD0002. The process is intended 

to ensure that project options, costs, and value to the business have been completely analyzed to 

maximize benefit and minimize risk from every capital investment made in IPL T&D. 

The Project Authorization, Scoring, & Evaluation Tool (PASE Tool) is the foundation of this 

process, as it is used to evaluate project costs and benefits to the company. PASE has been in 

place now for the last two budget cycles and is building credibility among internal stakeholder 
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departments as a fair and effective tool for use by the organization in adjudicating competing 

requirements for capital investment and bringing transparency to the process. The tool assigns 

monetary costs to non-financial impacts, so that economic benefits, non-financial benefits, and 

revenue-generating benefits can all be measured on one scale to evaluate a project. 

Projects are prioritized each year, and then continually throughout the year, based on quantified 

risk and impacts on the business. The process is outlined at a high level as follows: 

Capital Budgeting Process Overview 

What: 

What is 
included: 

Who: 

Project list 
Developed 

All desired 
Capital spend 
for two years 

Operating 
Businesses 
/Shared 
Services 

FP&A 

Investment 
Planning/Asset 
Management 

Projects are 
scored 

Projects 
>$200K 

Operating 
Businesses 
/Shared 
Services 

Investment 
Planning/Asset 
Management 

7.8 Asset Performance Management Software 

The Asset Management System utilizes lvara 

Asset Performance Management Software to 

manage and monitor asset performance and 

health. This software provides a repository for 

all inspection and operational data associated 

with each asset, and organizes it so that it can 

be utilized as actionable information, enabling 

timely and accurate decisions related to the 

asset. 

Review 
and 

Evaluation 

Projects 
>$200K 

Operating 
Businesses 
/Shared 
Services 

GCS Technical 
Services 
Investment 
Planning/Asset 
Management 

Proposed 
Budget 

Submitted to 
FP&A 

All desired 
Capital spend 
for two years 

Operating 
Businesses 
/Shared 
Services 

FP&A 

Investment 
Planning/Asset 
Management 
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This software automatically calculates and updates the health of an asset as new inspection and 

operating information is processed. The program is aligned with the Asset Register, enabling 

performance and health information 

be tied directly to an Asset ID, asset 

criticality, and other technical 

information. 

!VARA is being utilized for the 

equipment located in manholes, 

vaults, and substations. This includes 

most circuit breakers, power 

transformers, manholes, vaults, 

network protectors, and network 

transformers. 

7.9 Asset Management Webpage 

~- ...... ,, -4' t ~ .• "" -"*"------
to 

As part of IP L's strategy of making informed, data-driven decisions, it is critical that appropriate 

information is readily available to the individuals that are making decisions. To ensure that 

individuals throughout the organization have access to real-time and consistent information, AES 

T&D Asset Management maintains an Asset Management Webpage on the IPL intranet. This 

website enables individuals throughout the organization to access a vast amount of information 

about the company's assets in a single location, without the need for multiple database accounts 

and passwords. In addition to providing a user-friendly interface to information that is stored in 

multiple databases, the website also generates various real-time performance and work 

management reports, as well as serving as a central repository for a multitude of documents 

related to asset management, including: 

• The Asset Register 

• Real-time outage and reliability 
reports 

• Real-time work management 
reports 

• Budget Information 

• MobileFrame inspection records 

• AES AM Standards 

• IPL Standards and Engineering 
Practices 

• Asset Health Indices 
• Historic outage information 

• Real-time CBD work managementand system 
performance reports 

• Asset Lifecycle Plans 

• Standard Operating Procedures 

• Links to other AES, IPL, and DP&L resources 

This website was developed by Asset Management as a rapid and low cost solution, with an 
emphasis on practicality. Each new function was tested to be sure it worked before 
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deployment. The website was designed to manage the issue of defining the proper source for 
each specific data element. 

Before plunging headlong into a major costly and time consuming Enterprise Asset Management 
system development project, we wanted to assure that our data and decision making processes 
were sufficiently mature to add short term value. This incremental approach to technology 
adoption reflects what we believe is a prudent strategy with respect to IT enablement. 
Furthermore, it will assure that any eventual decision to switch to a more robust (and 
potentially more expensive), "one-stop" IT solution will be justified based on incremental 
benefits (and return on the investment) available. 

We plan to complete our Asset 
Management implementation - including 
ongoing changes to structure, staffing, 
competencies, and processes - in a similar 
fashion, "growing" into our expanding role, 
and ensuring that we add significant value 
at every stage. A good example of this kind 
of immediate value is our Asset 
Management KPI Monthly report. It 
documents the success to-date of our Asset 
Management group in driving each of the 
domains we are responsible for. 
(Preventive Maintenance, Asset Health & 
Risk, Asset Replacement Progress, Data 
quality, Compliance, System & Asset 
Performance, Customer Reliability). 

7.10 Management of Change 

IPL will employ a formal Management of Change process to evaluate, authorize, and document 

modifications to equipment, operative parameters, policies and procedures, raw materials, and 

process conditions. This process ensures that changes are effected in a seamless manner such 

that the intended benefit is realized without introducing new risk or undesirable consequences to 

the system. 

7.11 Industry Involvement 

IPL will continue to be engaged in a variety of industry forums. Participation in these committees 

and organizations ensures that IPL personnel are aware of issues and innovations that affect the 

utility industry, and enable IPL to remain at the forefront of implementing best practices. 
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A partial list of the most prominent industry forums in which we regularly participate includes: 

• Substation Best Practices Forum - IPL is one of the founding members. 

• Underground Network Forum - IPL is a frequent user and contributor since 2010. 

• MEA (Midwest Electric Association) 

• MEDE (Midwest Electric Distribution Exchange)- IPL is active in the MEDE annual meeting 

and knowledge sharing network 

• EEi Reliability Surveys - sharing data and best practices for reliability management. 

• IEEE Reliability Surveys - sharing data and best practices for reliability management. 

• Northeast Underground Committee (NEUC) - IPL provides representation and knowledge 
sharing data and best practices for UG systems at annual meetings. 

• GLMA (Great Lakes Mutual Association) - IPL is an active participant in this association for 

sharing manpower resources and best practices for storm restoration. 

• Doble Group - IPL SME is chairman of the Transformer subcommittee/group 

7.12 Future Design Evolution of the Electric System (Utility 2.0) 

IPL will continue to embrace the changes that are coming to the utility industry. T&D assets must 

be managed such that they meet the needs of the customers today, yet still position the 

company to adapt to the Utility 2.0 business model. IPL has been at the foref~ont in establishing 

business relationships that enable distributed generation, electric vehicle deployment, and 

energy storage to be incorporated into the transmission and distribution system and must 

continue to embrace these types of initiatives. IPL's strategy will continue to build off of recent 

"smart-grid" resiliency and reliability projects, and to continue to enhance system performance 

and the customer experience. 

7.13 Integration Into Annual Asset Management Plan 

The Asset Management Policy, Asset Management Strategy, and Asset Lifecycle Plans should be 

utilized as a roadmap during the development of annual Asset Management Plans and budgets. 

Adherence to these guidelines will ensure that decisions are aligned with the business plan and 

the organizations strategic initiatives. 

7 .14 Training & Delivery Resource Challenges 

Effective training is necessary to ensure that T&D assets are correctly operated and maintained, 

and that management and decision processes are correctly executed. As such, it is important 

that responsibilities and competencies are well-defined, and that tools and diagnostic criteria are 

available to determine adherence to these requirements. IPL will continue to grow the 

established training program, and focus on identifying and closing employee competency gaps. A 

Page 14of15 



IPL Witness JWC Attachment 4-R 
Cause Nos. 44576/44602 
Page 15of15 

periodic review of training methods and effectiveness will be performed to identify areas for 

possible improvement. 

7.15 Stakeholder Communications 

A key factor in the success of the Asset Management System will be the effectiveness of the 

organization to communicate Asset Management information to all stakeholders. Stakeholders 

involved in the management of assets at IPL must be able to access, input, update, or dispose of 

asset-related information at a level appropriate to their job function and responsibility. While 

the Asset Management webpage is one important information resource, it is critical that other 

information systems utilized are maintained such that they are consistent and accurate. 

7.16 Innovation & Technology Advances 

IPL employees shall remain engaged in industry forums, continuing education programs, and 
continuous improvement programs such as APEX (AES Performance Excellence) to maintain 
awareness of innovation and technology advances within the industry so that they can be 
incorporated into relevant processes and plans. Proactive implementation of proven technology 
and innovative solutions will ensure that IPL customers receive the best reliability and customer 
experience possible, and position the company to adapt to the future utility business model. 
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Preventive Maintenance 

Preventive Maintenance Overall Score 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

-PM's YTD Planned -PM's YTD Completed 

This chart is a summary of the more significant preventive maintenance programs for 2015 and whether IPL is meeting the 
overall target. Even with acceptable numbers on the chart below some individual programs may still be behind schedule. 

The total consists of line patrol, substation and downtown network maintenance programs. 

Dec 

Transmission Breaker Exercise Target Substation Exit System Failures 

1~~ ~aii!ii""""ll!lm .................... 'l!lll" ............................................ -
80 

Below the line 
70 +---11----•- exceeds target 

20 ----------------------

18 

16 -i-------------------::..0,_ __ 

14 +---------------,,,,,.=-------
60 

50 

40 

30 

20 

10 

0 +-'~,__..--,.~'--.--~-~.,......--.~.._,_--------~ 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Actual Breakers Exercised 

-Breaker Exercise Target (Max) 

A list is provided to Transmission Operations each month 
to exercise breakers that haven't operated in the last 6 

months. This limits the possibility of mechanism "freeze 
up". We want the number of breakers to be less than the 

target. 

3 of 28 

12 +---------------J''----"""""-"'--"'-""--"'-',___-

10 +-----------_,.«----------
8 +---------~,__ __________ _ 

6 +-------::;,,,,'-------:-------------
4 +----:;;"""'"'--:;;---"""'-------------
2 +--==---'-
0 +-'~,.-..--.--~---,-"~c-"""--r-------~~ 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-4kV Exit Failures 
- 13kV Exit Failures 
-substation Exit System Failure Target 
-substation Exit YTD 

Substation exit cable system failure rates increased 
dramatically in 2012. In 2013 and 2014 they 

returned to normal. This metric will track the trend 
in 2015 with a target of 18 this year. 



Preventive Maintenance 

CBD Manhole Inspections 

1600 

1400 
_.,,,,. 
~ 

1200 ,--
1000 I 

800 

600 

400 

J 
200 , 

0 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Manholes YTD Planned -Manholes YTD Completed 

There are 1250+ manholes in the Central Business District. These 
are inspected on a 3 year cycle. With the system sweep in March 
the target has been exceeded. This lowered target is due to more 
than planned inspections in 2013 and 2014. During the network 

sweep some manholes where inspected a second time. 

Network Transformer Inspections 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--Network Transformers YTD Planned 

-Network Transformers YTD Completed 

There are 304 Network Transformers in the Central 
Business District. These are inspected on a 2 year cycle. 

The target line is specific for 2015. With the system 
sweep in March the target has been exceeded. This 

lowered target is due to more than planned inspections 
in 2013 and 2014. 
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CBD Vault Inspections 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--vaults YTD Planned 

-vaults YTD Completed 

There are 143 vault structures in the Central Business District. 
The above remain to be inspected in 2015 for all to be on a 2 year 

cycle. With the system sweep in March the target has been 
exceeded. This lowered target is due to more than planned 

inspections in 2013 and 2014. 

Network Protector Inspections 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--Network Protectors YTD Planned 

-Network Protectors YTD Completed 

There are 304 Protectors in the Central Business 
District. These are inspected on a 2 year cycle. The 
target line is specific to 2015. This lowered target is 
due to more than planned inspections in 2013 and 

2014. 



Preventive Maintenance 

Transmission Breaker Inspections 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Transmission Breakers YTD Planned 

-Transmission Breakers YTD Completed 

We have eight (8) 345kV and forty-four 
(44) 138kV breakers due for external 
maintenance in 2015 for a total of 52 
breakers. This lowered target is due to 
more than planned inspections in 2013 

and 2014. 

Transformer Oil Samples 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Transformer Oil Samples YTD Planned 

-Transformer Oil Samples YTD Completed 

All substation transformers should have at 
least one Dissolved Gas Analysis (DGA) 

performed in 2015. An oil sampling 
resource will be dedicated to this task for 

the last part of 2015. 
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Distribution Breaker Inspections 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- Distribution Breakers YTD Planned 

-Distribution Breakers YTD Completed 

We have thirty-one (31} 34kV, seventy-five 
(75} 13kV and seventeen (17) 4kV 

breakers due for maintenance in 2015 for 
a total of 123 breakers. This lowered 
target is due to more than planned 

inspections in 2013 and 2014. 

Transformer LTC Oil Samples 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-LTC Oil Samples YTD Planned 

-LTC Oil Samples YTD Completed 

All substation transformers with a load 
tap changer (L TC) should have at least one 
Dissolved Gas Analysis (DGA) performed 

on the LTC in 2015. 
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Preventive Maintenance 

Transmission & Generator Relay Testing 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--Transmission/Generator Relay Subs YTD Planned 

-Transmission/Generator Relay Subs YTD Completed 

This includes 345/138kV substation relays 
systems along with generator protection 

systems greater than lOOMVA. We expect 
to make target by the end of the year. 

Transformer Doble Testing 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--Doble Tests YTD Planned -Doble Tests YTD Completed 

Because of scheduling outages and 
weather, transformer Doble testing has 

been behind schedule. The transformers 
are prioritized based on their criticality 

index. This is likely to finish behind 
schedule this year. 
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Distribution (34, 13, 4kv) Relay Testing 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--- Distribution Relay Subs YTD Planned 

-Distribution Relay Subs YTD Completed 

This includes 34, 13, and 4kV substation 
relays systems. 

Infrared Inspections 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-1 nfrared Tests YTD Planned 

-infrared Tests YTD Completed 

All 143 substations should have at least 
one infrared scan during 2015. 



Preventive Maintenance 

Line Miles Inspected 

2500 ~-----------------------! 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-#of Miles YTD Planned -#of Miles YTD Completed 

We have 3,958 miles af OH distributian (34, 13, 4kV} lines. These 
lines are on a 4 year inspection cycle. However the last few years 
this group has used temporary drivers and been performing on 
a 2 year cycle pilot program. The increased number of follow up 
items reduces miles inspected due to time needed to process the 
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2 

0 

work orders. 

Number of Follow Up Items/Mile 

~ 

-

I 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- #Follow Up Items I 10 Miles 

-line Patrol Avg Priority of Follow Up Items 

This statistic is to track the trend of the volume and 
average priority of follow up work from inspections. 

If volume or priority increases we may need to 
inspect more often. If it decreases we may be able to 

extend cycles. Count and Priority use the same 
vertical axis." 
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Line Miles Inspected (NESC) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-#of Miles YTD Planned -#of Miles YTD Completed 

We have 7,500+ miles of OH & UG distribution {13, 4kV} lines. 
Targets are set based on resource availability, and circuit 
length. These lines are on a 10 year NESC inspection cycle. 

Number of Follow Up Items/Mile (NESC) 

20 +----------I•------------

15 -!----------------------

10 +-----------·------------

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-#Follow Up Items I 10 Miles 

-NESCAvg Priority of Follow Up Items 

This statistic is to track the trend of the volume and 
average priority of follow up work from inspections. 

If volume or priority increases we may need to 
inspect more often. If it decreases we may be able to 

extend cycles. Count and Priority use the same 
vertical axis." 
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Asset Health & Risk 
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Manhole AHi/Risk Score by Criticality 

1 2 3 4 

Manhole Criticality (1 Most Critical - 4 Least Critical) 

1131+ Poor • 21-30 Degrading 

1111-20 Watching • 0-10 Low Risk 

The majority of manhole assets are in the 
low risk range. Work orders are created 

for any manhole that is scored more than 
low risk. 

Network Transformer AH I/Risk Score by Criticality 
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Transformer Criticality (1 Most Critical - 4 Least) 

11131+ Poor 

1111-20 Watching 

• 21-30 Degrading 

• 0-10 Low Risk 

The majority of network transformer 
assets are in the low risk range. Work 

orders are created for any network 
transformer that have indexes of 

degrading or poor. 
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Network Protector AHi/Risk Score by Criticality 
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Network Protector Criticality (1 Most Critical - 4 Least) 

111 31+ Poor • 21-30 Degrading 

1111-20 Watching • 0-10 Low Risk 

The majority of network protectors assets 
are in the low risk range. With the 

planned replacement of all 277 /480V 
protectors over the next few years this 

chart will continue to show improvement. 

Vault AHi/Risk Score by Criticality 
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Vault Criticality (1 Most Critical - 4 Least Critical) 

• 31+ Poor • 21-30 Degrading 

11-20 Watching • 0-10 Low Risk 

The majority of network vault assets are in 
the low risk range. Work orders are 

created and prioritized for network vaults 
that have indexes of degrading or poor. 



Asset Health & Risk 
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Breaker Risk Score by Criticality 

1 2 3 

Criticality (1 Most Critical - 4 Least Critical) 

111 31+ Poor 

11111-20 Watching 

• 21-30 Degrading 

• 0-10 Low Risk 

Most of the substation breakers have a 
health score more than low risk. 

However, the critical breakers all have a 
low risk rating. The breaker replacement 
plans have increase significantly the last 

few years. 

Transformer Risk Score by Criticality 

4 

200 ~--------------------

180 +-------
~ 160 .;--------., 
E 140 +------o 
't; 120 +------c 
~ 100 +-------e 80 _,_ _____ _ 
] 
E 60 -t------

" z 40 +-------

20 

0 
1 2 3 

Criticality (1 Most Critical - 4 Least Critical) 
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Most of the substation transformers have 
a health score more than low risk. 
However, the critical transformers all have 
a low risk rating. 
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Breaker Replacement 

20 ~--------------------
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0 +-------~----~------~-
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--BreakerYTD Planned -BreakerYTD Installed 

Breakerreplacements are on target for 
2015. The concentration has been on 

transmission and subtransmission breaker 
replacements. 

Substation Transformer Replacement Plan 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- Installed -Planned 

No transformers were scheduled to be 
replaced in 2015. The one transformer 

installed in January was for a failed unit at 
Sheffield Sub. 
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Asset Replacement Progress 

480V Network Protector Replacement 2015 Schedule 

~ 25 +-----------------iS--1----------------------
:::1 

a 20 t-----------:;-•••~t--
15 -j-----------: 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Planned 1 0 1 13 0 15 0 0 11 0 0 0 

-Installed 1 0 1 16 1 21 0 

- Planned (YTD) 1 2 3 16 16 31 31 31 42 42 42 42 

-installed (YTD) 2 2 3 19 20 41 41 

- - Target (YTD) 42 42 42 42 42 42 42 42 42 42 42 42 

IPL has a 5 year program to replace all of the 277 /480 Volt network protectors. This program will be 
complete in 2018. The above chart shows the schedule for 2015. There is one protector left to do this 

year to meet the work plan. 

PRIMARY CABLE REPLACEMENT 

20,000 ~----------------~ 

18,000 +----------------,;<'----

16,000 +--------------J~---

14,000 +-----------~~-----

12,000 +--------------------

10,000 +---------Ji"---------

8,000 +-------.,/"----,,,,•.:____ _____ _ 

6,000 +----..--11111"~-------
4,000 +--~·---------------

2,000 +-,,___,.~----------------

0 -JJ<Ja,.J"'--Y"-Ja,.J ..... Y"-~ .... Y"'Ja,.J ... Y"-~"'-Y"---r"" 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Planned -Installed 

-Planned (YTD) -installed (YTD) 

The majority of the primary cable targeted for replacement is 
XLPE. IPL is pro-actively replacing XLPE primary cable because 

of poor performance over the years. Pirelli 750 MCM PILC 
cable out of Gardner Lane is on the watch list. This program 

has been reduced as IPL changes its primary cable 
specification. 
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SECONDARY CABLE REPLACEMENT 

10,000 ...-----------------~ 

9,000 +---------------~~-

8,000 +--------------.,i"----

7,000 +-----------~~-----

6,000 +---------~"---------

5,000 +---------Ji"---------

4,000 +-----~~-11111!!11111!. ____ _ 
3,000 +-----._,..,._ __________ _ 
2,000 r---..11r-11t-------------

1,ooo +.::.~:6'-::il-;;:---:::-11.-::--:::--::;;----:;;;---;;;----;;;--;;;;;--

o ---.~ ..... C-,~-."'--.---Y"'~~ .... '-c-..... ~.._, 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Planned -Installed 

-Planned (YTD) -Installed (YTD) 

IPL has historically replaced secondary cable based on 

inspection data. New tools have been developed (duct 
temperature, stray voltage survey) to target additional 

secondary replacements. This program has been reduced 

as IPL changes its secondary cable specification. 



Asset Replacement Progress 

Network Transformer Replacement 

10 ~~~~~~~~~~~~~~~~~~~~ 

9 +-~~~~~~~~~~~~~~~~~~~ 

8 +-~~~~~~~~~~~~~~~~~~~ 

7 +-~~~~~~~~~~~~~~~~~~~ 

6 -t-~~~~~~~~~~---.~~~~~~-:..

s t-~~~---::;;--...... ~~--:;r-~~ 
4 +-~~~ ...... ~~~~~~--~.,,_~~~~~ 
3 +-~~-..r--~~~--,----,._~~~~~~~~ 

2 +-~~----~~--'---~~~~~~~~~~~ 

1-H ..... --11--..~-----~~ .. .--,ir-~-.
o +-~-""-~--c,.J!!!L~-"11.,-"'-~---,J .... L,-~,.J!IL~~..,.Jl!"L........, 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- Planned - Installed-Planned (YTD)-lnstalled (YTD) 

IPL has typically replaced 6 to 8 
transformers every year. This program is 

conditioned based and actual replacement 
may vary slightly. 

Relay Scheme Replacement 

20 ~~~~~~~~~~~~~~~~~~~~ 

1st-~~~~~---:"#il .... ._~~~--::7 
16 -1-~~~~~~---...rr-~~~~~~~~...,~~ 

14 -1-~~~~~-.ir-~~~~~~~~,._~~~ 

12 +-~~~~--..ir-~~~~~~~-F-~~~~~ 

10 -r-~~~-..~~~~~~~~--1--~~~~~~ 

8 -r-~~__.,.~~~~~~~-:.,,,,..~~~~~~~ 

6 +-~-.. ~~~~~--:;;;""""'-~~~~~~~~~ 

4 +-~'--~~--=-""""-~~~~~~--..-~~~~~ 

2 +--a-::...t1F--•----111--•----111~~~---111--.----...--....

o +"' .... ,JD-..,_J ... .,...--,-""".,_. ... l,-lllL-,JlllL--,l"'-.-"'L-,-"L--,-1"--, 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1111111111111Planned 

-Planned (YTD) 

-Installed 

-installed (YTD) 

This chart shows the relay scheme 
replacement plans and actuals for 2015. 
Most of the work during the first half of 
2015 was at Hanna Substation and the 

remote line terminals. 
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URD Cable Injection and Replacement 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Secondary Cable Replacement - URD Cable Injected - URD Cable Replaced --Target 

A few years ago IPL begin to see an increasing trend of primary cable faults. This was similar to what 
others in the industry were seeing. IPL performed some Weibull analysis and determined the most cost 

effective program was to accelerate primary cable replacements. A few years ago IPL piloted and began 
using injection to rejuvenate older XLPE cable. At locations where this is practical it saves approximately 

55% the cost of replacements. 

UG Cable Incidents UG Cable Customers Interrupted 

Dec 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

--CurrentYear --Min --Max --CurrentYear =-Min --Max 

Number of underground cable incidents use non-MED data. 
The history range for min and max use data from 2008-

2015. 
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Number of underground cable customers interrupted use 
non-MED data. The history range for min and max use 

data from 2008-2015. 
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Data Quality 

CBD SCADA Availability 
11.hnua +ha Hna 

exceeds target 

IPL Witness JWC Attachment 5-R 
Cause Nos. 44576/44602 

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- CBD SCADA Availability Percentage 

--CBD SCADA Availability Target 

This metric monitors the availability of the 
CBD SCADA. It looks at every tag and 

calculates on-line versus off-line times. 

Avg. Time To Acknowledge lvara Alarms 

16 

14 

12 Below the line 

exceeds target 

10 

8 

6 

4 

• 
I 

2 

0 
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

•Manual iii Calculated On-Line 

The more information /vara has the better. 
This measures the number of indicators 
collected each month. The increase in 

March was due to the increased 
inspections of the CBD. 
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-Avg Time to Acknowledge Alarms -Target (days) 

Indicator values in lvara have thresholds 
that are set. Alarms should be 

acknowledged in a timely fashion. Lower 
level alarms have lower priority. 
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System & Asset Performance + Monitoring 

Substation Quarterly Inspections 

60 -l-~~~~~~~~~•-~~~,A~b~o~v~e4t~Aee-ttliA~ee-~~ 

exceeds target 

40 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-sub Inspections with Tablet Completed 

--Sub Inspections with Tablet-Target 

We have 143 substations that are inspected at least once a 
quarter. This metric tracks these inspections using an lvara 

tablet. This program has been put on hold pending implementing 
a laptop solution and improving the efficiency of data collection. 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Relay Misoperations 

v "'-
j \ 

I \ 
Below the line 

I exceeds target 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
- Relay Misoperations Personnel Actuals (B4) 

Relay Failure to Trip Actuals 

- Relay OverTrip Actuals 
-Relay MisoperationsTarget (Max) 

An indicator for relay (and the 
communication system between relays) 

maintenance cycles in the number of 
misoperations we experience. 
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Breaker Open/Close Operation Failures 

4 +--------.---- ·--------~-----. 

1 

Below the line 
exceeds target 

Below the line 
exceeds target 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
- Breaker Open Failure Actuals 
- Breaker Close Failure Actuals 
- - •Breaker Open Failure Target (Max) 
- - •Breaker Close Failure Target (Max) 

An indicator for breaker maintenance cycles in the number of 
breakers that may fail to open or close during normal operations. 

3 

2 

#of LTC Corrective Jobs 

Below the line 
exceeds target 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- LTC #Of Corrective Maintenance Jobs 

-LTC #Of Corrective Maintenance Jobs Target (Max) 

An indicator for transformer load tap 
changers (LTC) maintenance cycles in the 
number of LTC's that require corrective 

maintenance each month. 



System & Asset Performance + Monitoring 

CBD Inspection Result Severity Rate 

7 

6 

Below the line 
5 

exceeds target 

4 

3 

2 

1 

0 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Manholes Vaults 

-Transformers Protectors 

-Target-Follow Up Urgency 

A calculated indicator (made up of 
inspection indicators will be monitored for 
severity ratings. The higher the severity 

the more urgent the follow up work. 
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#of Transformers on Watch List 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

• GSU •Auto Ill Step • 138/13kV 111 34/13/4kVor Ind 111 Aux 

The dissolved gas analysis (DGA) for a 
transformer is its blood test to indicate the 
overall health. Transformers with a Level 
3 or 4 severity will be put on a watch list. 
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#of Tree Incidents 

~ ~ 
~ 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

#of Primary Cable Fault Incidents 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-Cable Fault Lower Target 
-Tree Incidents --Tree Lower Target -Tree Upper Target 

Cable Fault Incidents 

-cable Fault Upper Target 

This metric monitors the number of tree 
incidents. Values outside the control 

window will trigger a review of the line 
clearing maintenance program. The June 
and July increase was due to storms. In 

July we experienced a level 3 storm. 

This metric monitors the number of 
primary cable incidents. Values outside 

the control window will trigger a review of 
the capital replacement program. 

#of Emergent (Pl & P2) Jobs in CBD/Subs 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Below the line 
~ 

exceeds target 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Number of P2 - Number of Pl --Pl & P2 Target 

Pl are emergency jobs ta be worked 
immediately. P2 are urgent jobs to be 

work within 2 business days. This metric 
monitors the number of emergency jobs 

(Pl & P2) in the CBD and substation area. 
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Customer Reliability 

Interruptions and Minutes of Interruptions CAIDI 

60,000 

50,000 

40,000 

30,000 

20,000 

10,000 

0 
JAN FEB 

120 
3,500,000 

3,000,000 100 

2,500,000 80 

2,000,000 
60 

1,500,000 

40 
1,000,000 

500,000 20 

0 0 
MAR APR MAY JUN JUL AUG JAN FEB MAR APR MAY JUN 

--Cl -CM! -CAIDI 

CA/DI measures the responsiveness of the utility in restoring power whenever an outage occurs. It is more 
indicative of field organization responsiveness, than of Asset Management effectiveness, ond so it is included 

herein primarily for reference and completeness. Customer Interruptions and Customer Minutes of 
Interruption are shown monthly. The spike in CA/DI in May was due to a large drop in Cl while CM/ stayed 

constant. The spike in was July due to a drop in Cl and an increase in CM/. 

SAIFI SAIDI 

JUL AUG 

0.900 ...------------------------! 

0.800 +------------------..,,..,,_:::C,..-1 

0.700 +------------------~~------1 

0.600 +-------------,,,..,.-"--------,.--I 

0.500 +-----------~------~,r------1 

0.400 +---------1----,--~?--------l 

0.300 +--------,/'7""---=,e=:.---------1 

0.200 +------;;;;~r--:7""--------------1 

0.100 t--c::;;;;;>~~~----------------; 

80.00 ...-----------------------! 

0.000 +---~~~~-~-...----~~-~-~-~~-_, 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- 2015 Forecast 

~~IPL 7 Year Min 

2012 IEEE Top Decile 

--2015 (YTD) 

-- IPL 7 Year Max 

· , 2014 Indiana Top Quartile 

To date our SA/Fl has remained below 
target. April and May neared the forecast 
due to weather. Min and max include data 

from 2008 to 2015. 
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70.00 +------------------------; 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

- 2015 Forecast 

~~IPL 7 Year Min 

2012 IEEETop Decile 

--2015 (YTD) 

--IPL7YearMax 

- · • 2014 Indiana Top Quartile 

SAIDI has remained very low this year.Min 
and max include data from 2008 to 2015. 
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2014 Circuits to Target 2013 Circuits to Target 
400 400 
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2SO 2SO 

200 200 
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0 0 

-SO -SO 

-100 -100 

The graphs above show circuit performance for the entire system. A score of zero indicates a circuit met the weighted average of SA/Fl and SAIDI. 
The area above zero in each graph show the circuits that did not meet target. The area below zero met or exceeded target. Circuits Parker No. 5 and 
Hemlock Tie were twice identified in the top 8% over the past two years. These circuits are being monitored for possible intervention. Below is a list 

of the leading cause of outages on those circuits. 

2013 HEMLOCK B TIE 1 557 45349.09 WEATHER/OTHER\LIGHTNING 1 557 45349.09 

2013 HEMLOCK TIE 3 570 23050.62 WEATHER/OTHER\LIGHTNING 1 568 22467.47 

2014 HEMLOCK TIE 8 794 155077.38 OH EQUIPMENT\BAD X-ARM OR BRACKET 1 562 130860.03 

2015 HEMLOCK TIE 7 116 25251.95 TREE\ TREE ON PRI (INSIDE TRIM ZONE) 2 55 4747.75 
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Historical View of Repeat Circuits 
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\. 
~ 
~ 

2009 to 2010 to 2011 to 2012 to 2013 to 2014 to 
2008 2009 2010 2011 2012 2013 

--Number of Repeaters in the 8% (33) Worst Circuits 
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Since 2008, we have seen the number of repeat poorly 
performing circuits decline. As discussed above the worst 
8% are monitored and compared to the previous years. 
The idea is to target areas that have realized issues so 
that we can mitigate those risks. This process is 
optimized by using the historical trends to identify one 
off events that would not fall under a strategic plan. 

IPL maximizes their resources by strategically targeting 
circuits rather than making blanket changes to the 
system. This micro approach allows the company to 
better understand the customers experience, and what 
has the highest impact in each customers area. It is the 
responsibility of the Reliability Team to monitor and 
make recommendations for the system, and poorly 
performing circuits. 



Customer Reliability 

Substation 
6% 

Previous Month SAIFI 

Unknown 
0% 

SA/Fl in June was at 0.0764. We are below 

target due to non-MED storms. 

Previous Month SAIDI 

Unknown 
0% 

SAIDI in June was at 5.94. We are below 

target due to non-MED storms. 

4% 
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Current Month SAIFI 

Unknown 
0% 

SA/Fl in July was at 0.0643. We are below 
target due to non-MED storms. 

Current Month SAIDI 

Weather 

Unknown 
0% 

.. -
Request 

0% 

SAIDI in July was at 6.39. We are below 
target due to non-MED storms. 

3% 

Substation 
4% 
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SAIFI Cause Unknown 
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SAIDI Cause Unknown 
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SAIFI Cause OH Equipment 
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SAIFI Cause Public 
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