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Disclaimer Notice

This document was prepared by Lummus Consultants International, Inc.
(*Consultant™) for the benefit of Duke Energy Corporation (*Company”). With
regard to any use or reliance on this document by any party other than Company,
Consultant, its parent, and affiliates: (a) make no warranty, express or implied,
with respect to the use of any information or methodology disclosed in this
document; and (b) specifically disclaims any liability with respect to any reliance
on or use of any information or methodology disclosed in this document.

Any recipient of this document, other than Company, by their acceptance or use
of this document, releases Consultant, its parent, and affiliates from any liability
for direct, indirect, consequential, or special loss or damage whether arising in
contract, warranty, express or implied, tort or otherwise, and irrespective of fault,
negligence, and strict liability of Consultant. This document was prepared based
on information provided by Company and the quality of the work product of
Consultant is therefore contingent upon the accuracy, correctness, completeness
and fitness for purpose of the information provided by Company. Consultant
makes no assurances, representations or warranty, express or implied, as to, or
assumes any responsibility for the accuracy, correctness, completeness or fitness
for purpose of any information provided by Company.

LumMMus CONSULTANTS

January 16, 2015 I N TERNATI ON AL
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ABOUT LUMMUS CONSULTANTS

Lummus Consultants International, Inc. (Lummus Consultants), through its legacy companies, including
Stone & Webster Management Consultants, Inc. and Shaw Consultants Intemational, Inc., has a history of
over 100 years of providing engineering, construction, and consulting services to the energy industry.
Stone & Webster Management Consultants was part of Stone & Webster, Inc., a preeminent engineering
and construction firm established in 1889 that specialized in the energy industry. Stone and Webster, Inc.
was purchased by The Shaw Group in 2000, and subsequently Stone & Webster Management
Consultants, Inc. was renamed Shaw Consultants International, Inc. In February 2013, the Shaw Group
was acquired by Chicago Bridge & Iron Company N.V. (CB&I) (NYSE: CBI). The combination of
CB&I and The Shaw Group under the CB&I brand creates one of the world’s largest engineering,
construction, and consulting companies focused on the global energy industry. Shaw Consultants has
become Lummus Consultants International. Inc., an independent company in CB&I's Lummus
Technology operating group.

Lummus Consultants provides technical advisory and due diligence services to investment firms, project
developers, and plant owners in the gas delivery, process, power, petrochemical, and refining industries.
Our services include:

e Transmission Interconnection and Expansion e Owner's Engineer

Plans e Construction and Operations Monitoring

* Capital and O&M Expenditures Assessments o Operating Portfolio Review and Optimization

¢ Project Identification and Development e Financial Model Development and Review

e Technology Assessment and Project Feasibility o  performance Projections

* Remaining Life Evaluations e Environmental Compliance and Planning
e Independent Lenders’ Engineer / Technical e Contracts Review
Review

e Testimony

¢ Condition Assessment and Replacement e Fleet Benchmarking and Analysis
Programs Review

LumMmMus CONSULTANTS

January 16, 2015 PN T &R N AT 10N AL
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Table of Contents
ACRONYMS, ABBREVIATIONS, AND UNITS

The following table is a listing of acronyms, abbreviations, and measurement units used in this report.

List of Acronyms and Abbraviations
Acronym Name
AGA American Gas Association
CG&E Cincinnati Gas &Electric
CGT Columbia Gulf Transmission
CiP Capital Improvement Plan
CNG Compressed Natural Gas
DOT Department of Transportation
Dth/h dekatherms per hour
EIA United States Energy Information Administration
EPA Environmental Protection Agency
FERC Federal Energy Regulatory Commission
HD Heavy Duty
HDD heating degree day
KOT Kentucky Ohio Transmission
LDC local distribution company
LNG liquefied natural gas
MACT Maximum Achievable Control Technology
MAOP maximum allowable operating pressure
Mcf thousand cubic feet
MMcf Million cubic feet
Mcfn thousand cubic feet per hour
MD Medium Duty
NGVs Natural Gas Vehicles
PUCO Public Utility Commission of Ohio
TET Texas Eastern Transmission
TGT Texas Gas Transmission
TIMP Transmission Integrity Management Plan
UPS United Parce! Service
LumMmus CONSULTANTS

January 16, 2015 I N F ER'NATIONA AL i
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1 Executive Summary

11 Introduction

Lummus Consultants International, Inc. (Lummus Consultants) was retained by Duke Energy Corporation
(Duke Energy) to perform a detailed analysis of Duke Energy’s existing Ohio and Kentucky transmission
and high pressure distribution systems to determine supply reliability, forecast future needs and provide
recommendations for a 20-year capital improvement plan (CIP). The results of the analysis are
summarized in this Gas System Master Plan including a recommendation on the most-effective and least-
cost capital improvements to Duke Energy’s high-pressure gas transmission system for the next twenty
years of operation. Included in the capital improvements are new and/or modernized feeder lines/higher-
pressure delivery lines, and required peaking and/or storage facilities. Also included in this Gas System
Master Plan study is a determination of the future use or disposition of Duke Energy’s existing propane-
air peaking plants and their underground storage facilities.

Lummus Consultants, through its legacy companies, including Stone & Webster Management
Consultants, Inc. and Shaw Consultants International, Inc. has a history of over 100 years of providing
engineering, construction, and consulting services related to the energy industry. There is no phase
related to the transportation and distribution of natural gas that has not been handled fully and
satisfactorily by Lummus Consultants from the earliest days of manufactured gas to the modern era of
transcontinental and international gas projects. Lummus Consultants participated in the development of
the Texas Gas Transmission, Transcontinental Pipeline Company, and TransCanada Pipeline Company
systems. These assignments were conducted from the original market analysis extending through
regulatory hearings to construction and operation. Lummus Consultants has extensive experience in
natural gas transmission and distribution, including computer-based pressure-flow modeling of the piping
structure, peaking facilities, and compressors.

Lummus Consultants employs engineers with experience working with gas utilities in areas including
consulting, design, procurement, and construction management services. In the United States we have
completed assignments for Vectren, Columbia Gas of Kentucky (a NiSource company), Columbia Gas of
Pennsylvania (a NiSource company), Cinergy Corporation (Cinergy) (acquired by Duke Energy),
Iroquois, Con Edison, KeySpan (a National Grid company), WE Energy, Tennessee Gas (now owned by
Kinder Morgan), and Gulfstream. Our work for Cinergy, Vectren, Columbia Gas of Kentucky, and
Columbia Gas of Pennsylvania included an independent technical review of the gas system. We have
compared our clients’ planning and expansion strategies to similar industry peers using our best
engineering judgment. Our independent reports have been used to support and supplement our clients’
capital improvement plans for rate case purposes.

Lummus Consultants provided consulting services in conjunction with the potential acquisition of the gas
and electric utility in Montana by Babcock & Brown, the pipeline assets owned by El Paso Merchant
Energy by WestLB, and most recently the potential acquisition of a large gas utility in New Mexico.

1.2 Overview

In 2005 Duke Energy and Cinergy merged to create an energy company with a portfolio of electric and
gas businesses. Cinergy had been formed in 1994 by the merger of Cincinnati Gas & Electric (CG&E)
and PSI Energy, Inc. (PSI). In 1989 CG&E had won a settlement with its primary natural gas supplier,
Columbia Gas Transmission Corporation. As a result of the settlement CG&E gained exclusive control of
the local pipeline market through a newly won right to buy 32 percent of a feeder pipeline into the
Cincinnati market. Later 100% control was gained and the feeder line was renamed K.O. This review
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consists of an analysis of Duke Energy's high-pressure transmission lines and peaking facilities in the
former CG&E service territory for the purpose of developing an independent recommendation for a
twenty-year Gas System Master Plan.

Duke Energy supplies up to 43,000 Dth per hour (daily peak hour flow) to approximately 535,000 current
customers in the combined Ohio and Kentucky service territory. The gas is received into Duke Energy’s
system from twenty-two stations that connect with several interstate pipelines. All of the stations, except
for a key interconnect in the south, are located in the northern part of Duke Energy’s service area,
bringing gas to Ohio and Kentucky. Gas is transported throughout the service territory by a connected
array of high-pressure steel pipelines bearing a wide range of maximum allowable operating pressures
(MAOPs) and pipe diameters. These lines have been constructed at varying times over the past half-
century or more, and have been upgraded continually.

In past years Duke Energy has prepared various types of capital improvement plans for their high-
pressure lines, for a variety of time horizons, and for particular portions of their system. However, we
understand this Gas System Master Plan is the most comprehensive twenty-year, review and future plan
that has been formulated for the Duke Energy system. Benefits from this plan are expected to include
enhanced transmission flexibility over many areas of the system, thereby increasing reliability of supply
to mitigate undesirable results of supply transportation restrictions and upsets. Increased flexibility also
allows customers a wider range of nomination choices over the 22 gate stations connected to interstate
pipelines. This should result in lower-cost gas for all customers including those purchasing their supplies
through third-party suppliers, such as those available in Ohio’s CHOICE program. By time-staging the
recommended improvements, Duke Energy will also be able to integrate a wide range of important local
distribution company (LDC) activities, including improvements in its lower-pressure delivery system,
capturing new areas of business, establishing new customers, and securing economical, objective-
oriented, supply contracts.

1.3 Background
1.3.1 Capital Improvements

Duke Energy and its predecessor gas distribution companies have served the greater Cincinnati, Ohio area
for more than 175 years. Throughout this time Duke Energy has made countless capital improvements;
many aimed at expanding its energy delivery system. For a healthy and growing LDC, expansion
improvements are not optional. As a regulated LDC, with an obligation to serve its customers, Duke
Energy must undertake capital expansions, as required to effectively provide the supply and pressure
needs of an ever-changing market and ever-ageing system. These capital improvements are essential in
maintaining an operational infrastructure providing reliable supply, while positioning Duke Energy with
the ability to capture emerging markets of the future.

1.3.2 Gas Master Plan

A wide range of potential expansion alternatives have been considered by Duke Energy in recent years to
address:

Decreasing interstate supplier pressures
Decreasing pressures within Duke’s system
System flow inflexibility

System reliability

System growth restrictions

System growth demographics
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As Duke Energy considers ways to address these issues, a variety of solution options have been studied as
potential capital improvement projects. It is understood that while solving one issue with a capital
expansion improvement, other segments of the system are likely affected, resulting in potential economic
and operational benefits. Examples are the elimination of outdated Propane-air plants, improving
balance/cost of supply, or obviating the need for an otherwise planned capital investment. Duke Energy
understands the importance of developing a master plan to help guide in a coordinated manner their
capital investment plans for their energy-supply assets over a longer time frame. This Gas System Master
Plan will play a key role in positioning Duke Energy to continue to provide reliable supply to a changing
demographic market for years to come, and at the same time position Duke Energy to be able to capture
emerging markets of the future.

1.4 Project Approach

Lummus Consultants performed an independent review of the system operations, and conceptualized
major capital improvements in the energy delivery system to improve the system flexibility and
reliability, while serving expected customer demand over the next twenty years. These improvements
include those that have been considered in-house by Duke Energy, in addition to the ones introduced by
Lummus Consultants. Lummus Consultants analyzed the proposed projects following a thorough review
of Duke Energy’s long term demand forecast and system operations capabilities. Each proposed project
was analyzed for hydraulic operability through a series of computer runs performed to Lummus
Consultants’ specifications. Computer runs were made on Duke Energy’s licensed SynerGEE (Stoner)
pipeline simulation model representing its high-pressure pipelines in the Ohio and Kentucky service
territory. These computer analyses are based on a series of twenty-year demand profiles, which were
developed by Lummus Consultants representing a probable range of future demand.

Lummus Consultants first verified Duke Energy's demand forecast of future usage by customer class
covering the time period 2014 through 2024. The peak-day portion of this forecast was extrapolated to
cover the time period through 2035. Lummus then analyzed the flow and pressure capabilities of Duke
Energy's existing high-pressure energy delivery network in its combined Ohio and Kentucky service
territory to meet the projected demand and ensure reliability of supply to all customers. Results indicated
that peak-day customer demand could be met in all segments of Duke Energy’s system if certain new line
expansions were made. Secondly, Lummus Consultants developed a high-case demand alternative
forecast that envisions the entry into emerging markets; some of which Duke Energy cannot currently
serve in a meaningful way due to the presence of propane (from Duke Energy’s propane-air peaking
plants) in system gas that reaches a large portion of its service territory during winter periods.

Lummus Consultants then developed an independent plan for a capital investment program that would
permit Duke Energy to continue to meet customer needs (both low-case and high-case demand)
throughout the forecast period. [n order to formulate this plan, Lummus Consultants conducted a
thorough review of the current capabilities of the piping network and directed a computer-based review of
the benefits and mutual interactions of a range of objectives-oriented, potential capital improvements.
Each potential improvement was tested in Duke Energy’s transmission system flow model under peak-
day conditions for future years, to determine its contribution to the study objectives and effect on Duke’s
current plans and operations. For this study, Lummus Consultants considered Duke Energy-identified
capital improvement plans limited to no less than $5 million in estimated cost.

1.5 Proposed Master Gas Plan

The overall combined improvements selected for the Gas System Master Plan are shown in the following
table:
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Table 1: 20-Year Gas Master Plan for Transmission System & Peaking Plants

ESTIMATED COST ($MM)
EXPANSIONS AND PEAKING CAPITAL EXPENDITURES MINIMUM MAXIMUM
1 | ONE OF 7 RELIABILITY EXPANSION OPTIONS 3 522 $ 4016 (1)
2 | G7BIGBON CONNECT UL02 TO AMO3 $ 75 $ 190
3 | GC338 EXTEND C338 FROM BETHEL TO SS00 (UNLESS E- $ 500 $ 1000 (2)
1 EXPANSION ELIMINATES NEED)
4 | POSSIBLY DECOMMISSION BOTH PROPANE FACILITIES $ 50 $ 7.0 (3)
AND CAVERNS AFTER ONE RELIABILITY OPTION IS
INSTALLED
TOTAL 20-YEAR CAPITAL EXPANSION PLAN $ 114.7 $ 527.6
NOTES:
(1) Min & Max costs are averages of low and high cost estimates for least expensive (C-1) and most
expensive (C-2/W-2) options.
(2) GC338 Expansion is still required for all potential new expansions, except possibly not required

for expansion E-1.
(3) One time write-down upon abandonment of Erlanger and East Works plants

One key objective in the Gas System Master Plan recognizes that the current state of the system is
vulnerable to risk of extensive customer curtailment and/or shut-in. This is primarily due to the excessive
reliance on gas supplies that enter the system through a single station in the south. The southern meter
and regulating station, Foster Gate Station (Foster), typically handles up to 50 to 60 percent of Duke
Energy’s natural gas demand, owing not only to contractual arrangement, but predominantly to the system
configuration currently preventing available gas from the north to reach the southerly extents of the
system. If a failure of the system at or around the area of Foster occurred during the winter or shoulder
months, roughly 50 percent of Duke Energy’s customers would be affected. The alleviation of this
vulnerability is seen as a key impetus in implementing prudent system enhancements to augment gas
supply sourcing from the north, where connections to interstate gas pipelines, through 21 gate stations,
currently exist. Therefore each sysiem expansion possibility was analyzed for its ability to lower the risk
of customer outage as well as for its ability to serve future loads.

1.6 Findings and Conclusions

Lummus Consultants developed and analyzed the expected growth trends for demand throughout the next
twenty years. We also reviewed Duke Energy’s ability to meet this forecasted demand with its currently
configured high pressure transmission system, as well as with an enhanced transmission system, wherein
capital improvements, as selected in this study, have been implemented.
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Key findings by Lummus Consultants are that:

o The preatest threat of customer outage in Duke Energy’'s current supply system can be
substantially reduced, and even virtually eliminated through implementation of certain capital
expansion projects detailed in this Gas System Master Plan. The following map depicts the seven
basic expansions, in combination totaling nine expansion plan options, that Lummus Consultants
has developed to reduce the risk of customer outage at Foster, and simultaneously provide
increased flexibility for Duke Energy's transmission system:

Figure 1: Feeder Expansion Scenario

FEEDER EXPANSION SCENARIO—’
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e The peak load forecast anticipates varying levels of certainty that the system will exceed its total
peak or its firm peak. The modeling and planning work of this report considers the 1%
probability of exceeding firm peak as the criteria against which to plan. The trend in the forecast
is very flat on a going-forward basis, with an annual growth rate of roughly one half of a percent.

e The major impediment to penetration of certain growth markets (particularly the NGV market) by
Duke Energy can be minimized or even eliminated, through implementation of the peak-shaving
recommendations in this Gas System Master Plan. A summary of the capital and annual cost
requirements for identified major peak-shaving options is presented in the following table:

LumMMUS CONSULTANTS
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Table 2: Cost Comparison of Peaking Options

COST COMPARISON OF PEAKING OPTIONS AT DUKE ENERGY (S Million)
(BASIS: 85,000 Dthd Peaking Capacity)

CURRENT P-A PLANTS NEW LNG PLANT (2) PIPELINE PEAKING SRVC
Investment Annual Cost Investment Annual Cost Investment Annuai Cost
COST ELEMENTS (1) (13)(1b)(1c) (2a) (2b) Pipeline (3)  (3a)(3b)
Investment Capital, Annual Levelized Fixed Charge at 12% est 101 12 136.0 163 80 98
Contract Demand Charge - . - . 10
Inventory, Interest on Inventory at 12% est. 5.0 0.6 43 0.5
Annua commadity cost of sendout - 52 . 00 - 22
O&M (Labar and Materials) - 14 - 0.0
Ut lities, incl. Fuel 01 - 00
Propane Plant Decomissioning One-Time Avg Cost Write Down (4} - - 6.0 - 6.0
New Markets Opportunity Cost - 0.6 - - - .
TOTAL COSTS 15.1 9.1 146.3 168 88.0 13.0

(1) Includes $9 1MM Erl vaporizer budget through 2017, EW security project, compressor controls, D-I ne relo, valve replace, Total 9 MMgal Storage each
(1a) Estimated cost of Propane sendout prior season as equated to required of pipeline peaking volume at btu ratio of 1.4 propane-air/natural gas

(1b) Labor & Materials estimated by C. Fritsch. Erl electr cat $4,055/day, EW at $5,141/day for 7 days of sendout

{1c) New Market Opportunity Cost ranges from 5353k 1n 2021 10 $2,003k in 2035 per Lummus Demand study

(2) Rough order of magnitude estimate as per CBI business development for 1Bcf storage, B5SMMcfd sendout and SMMcid liquefaction, incl balance cf piant
(2a) Assumes Inventory stored 90% of 1,062,500 dth at 54 50/MMBtu, augmented by winter liquefaction

(2b) Assumes sendout gas cost of $4.5/MMBtu

(3) Esti d System | of average high and low cost, Scenario C-1

(3a) Estimated w nter 25-day supply of 2,125,000 dth, Pipeline Demand Charge estimated by J. Kern for 2014, to range from $0.6to $t.4m liion

(3b) Cost of gas calcu'ated by J. Kern for 2014 sendout at Lebanon price average $7.1 per MMbtu equated 1o Propane sendcout volume

(4) Estimated at 55 to $7 million

e Annual costs for the options shown in the previous table indicate that while the economics favor
the continued use of the propane plants for peaking service, the long term continued use of these
plants is not recommended, as discussed in this report. Long term operations for peaking supplies
and enhanced overall reliability, Mexibility and market growth, favor the use of short-term (e.g.
25-day) interstate supply contracts once Duke Energy implements one of the nine new expansion
options that will permit accessing these types of firm supplies at locations other than through
Foster.

e Increased flexibility to accept deliveries from a wider range of interstate connections could
provide lower-cost supplies for all customers, including those Ohio customers electing their
supplies through the CHOICE program.

e The selection of an appropriate system expansion would consider numerous aspects, to include
reliability, flexibility, cost, constructability, regional growth, synergies with planned pipeline
upgrades, safety, ROW issues, etc. Lummus Consultants recommends a selection screening,
where Duke Energy might envision a ranking scheme of the expansion options presented. This
scheme would identify relevant ranking categories and assign ranking weights to each category.
An example of how such a ranking scheme would be structured is presented in Table 20,
described in Section 9 of this report. Additional selection tools might involve the
implementation of a Monte Carlo Simulation, where impacts of risk affect the possible outcomes
of decisions.

In summary, Lummus Consultants suggests that the capital improvements recommended in this study be
used as a road-map for Duke Energy in planning future system modifications. We also suggest that this
Gas System Master Plan be updated at regular intervals to include changes in market demographics,
changes in technology, changes in Department of Transportation (DOT) regulations, changes in piping
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developed through Duke Energy’s Transmission Integrity Management Plan (TIMP), and changes in
Duke Energy’s mission as formulated through its Public Utility Commission (PUC).
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2 Historical Trends

2.1 History of System Supply

When Duke Energy’s predecessor gas companies in the Cincinnati area were first formed, over 175 years
ago, their source of supply was entirely different than it is now. At that time, interstate pipelines did not
exist in the area, so all of their gas was produced on site by a manufactured gas process, which converted
coal to gas.

In the early-1900s, as interstate pipelines were constructed to transport newly-discovered natural gas from
Texas and Oklahoma to northern cities, the Columbia interstate pipeline brought gas to what is now the
Kentucky portion of Duke Energy’s service territory. As Duke Energy’s manufactured gas facilities were
gradually decommissioned, Columbia became the sole source of gas supply for Duke Energy’s system.
History has proven that this sole-sourced supply risk was manageable by the operating and customer
appliance and service groups in Duke Energy’s predecessor companies. However judged by today’s
standards, it would be considered imprudent for a major gas company to be exposed to the risks of relying
on only one company to provide gas supply if it was possible and feasible to connect to other pipeline
suppliers. A complete, or even partial, interruption of supply from a sole supplier would have serious
consequences, particularly if the interruption occurred during winter periods. [n addition to placing
customers at inconvenience and discomfort, such an outage could require weeks or months to purge gas
lines and restore customer service, since gas appliances at interrupted customers would necessitate a
service call to re-light gas pilots.

In the late-1900s, natural gas was discovered in the west and other portions of the U.S. and imported to
the U.S. from Western Canada. This resulted in a number of pipelines traversing Ohio in the northern
portion of Duke Energy’s service territory, creating a gas pricing and supply hub at Lebanon, Ohio. This
is an extremely fortuitous circumstance and Duke Energy has aggressively contracted for gas supply from
these northern pipelines utilizing the presence of the Lebanon hub to diversify its sources of gas. Today
Duke Energy has twenty-one of its twenty-two gate stations located to accept gas from the north.
However, due to system piping limitations, Duke Energy has not been able to reduce the amount of
supply required from the single southern gate station (and its single supplying pipeline) to a level below
about 50 percent of its entire system requirements. Thus, Duke Energy’s reliability risks of interrupted
supplies from a single source has been markedly reduced, but still remains as a major exposure to supply
interruption.

2.2 Customer Growth

Duke Energy has experienced limited customer growth over the past decade. Recent counts of its
customers show a stabilizing market, as indicated in Figure 2, which displays the number of service lines
reported to the DOT annually.

Lummus CONSULTANTS
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Figure 2: Customer Count for Ohio and Kentucky (2004-2013)
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A stable customer count is typical of urban-centered LDCs, in contrast to some suburban-based LDCs that
have substantial customer growth into new or developing areas.

In addition to a stable customer count, Duke Energy’s gas volumes supplied to customers have also
stabilized. Part of this flat sales volume is due to the continuing use of more efficient appliances by Duke
Energy’s customers. Some of Duke Energy's flat growth in demand stems from energy efficiency
programs, better home insulation, and more efficient natural gas appliances. In addition, that has been a
limitation to capture emerging new markets, particularly where propane content in the gas poses a
problem. The presence of propane-air flowing throughout extensive segments of its system during parts
of the year poses restrictions for some end users. For instance, end uses such as NGV require
recompression of delivered gas to very high pressure levels. The presence of even small amounts of
propane in the gas can result in liquid formation at high pressures. Since liquids are incompressible, the
end result is damage to the user's compressor.

2.3 System Reliability

A critical responsibility entrusted in Duke Energy, is to assure that service to its firm, temperature-
sensitive customers be maintained through a system that is capable of overcoming virtually all
conceivable, realistic threats to interruption. The ability to maintain continuous gas service when these
interruptions occur is denoted as the reliability of system supply.

Emergencies such as line washouts, earthquakes, landslides, or other natural phenomena have all been
known to occur; so too have pipeline damages caused by intentional sabotage, outside contractors, other
utilities, or other third-parties. Additionally, emergencies of these types can also occur to the lines of the
Interstate pipeline suppliers of gas to Duke Energy, even hundreds of miles upstream of the Duke Energy
system. Any of these incidents could threaten Duke Energy's ability to continuously supply gas to its
customers.

Duke Energy employs a number of safeguards against loss of supply. These include the utilization of its
emergency gas supplies as a partial supplement within its own system through operation of several
propane-air peaking plants, and through the temporary use of line-pack from its high-pressure lines. With
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multiple pipelines and gate stations supplying its system, Duke Energy may also switch receipt points, as
may be afforded by the flexibility of its system and the ability of supplying pipelines. Duke Energy also
is able to curtail significant gas volumes to its interruptible customers, and during emergencies is able to
request customers to limit their gas takes. Further, Duke Energy participates in an industry plan whereby
other gas utilities can share their supplies with Duke Energy during an emergency. Duke Energy is also
guided by the PUC-approved curtailment priority plans to be enacted as a last resort.

Another very important safeguard is Duke Energy’s flexibility to reroute gas supplies around
impediments that may occur in its piping system, and even draw upon gas from different suppliers if the
problem exists upstream of the company's system. The latter ability (drawing gas from different
pipelines and/or at different gate stations) has shown improvement over time through strategic capital
expansions in parts of their pipeline system, but still needs to be further improved in order to reduce the
risk of a high number of potential customer outages. This reliability issue is judged by Lummus
Consultants to still be a concern for Duke Energy and its customers.

Lummus Consultants observes that the major reliability risk in Duke Energy’s system at this time is due
to the excessive reliance on gas supplies that enter the system through a single station in the south. Since
the startup of initial gas service over a hundred years ago, this risk has been reduced from the possibility
of incurring outages throughout the entire system, to its present state of potential loss of service to
customers numbering in the neighborhood of approximately 300,000, according to Duke Energy's latest
estimates. Outages of this magnitude could occur if a complete supply failure happened on a very cold
day near or upstream of Foster. This is considered to be a substantial risk in Duke Energy’s current
piping system. Somewhat smaller, but still significant outages, could also occur on virtually any day of
the year, not just on very cold days, should this type of failure occur at or near Foster.

If an interruption of the magnitude mentioned above actually occurred, Duke Energy would have to
mount a tremendously large reconnection effort. Service technicians and operations staff would have to
enter each customer’s premise to assure that all pilots were relighted and all air was purged from
customer gas lines. This large of an effort would take many months to implement. Obviously, if such an
outage occurred during wintertime, customers’ health and lives would be at risk, due to the low
temperatures and lack of natural gas for space heating, hot water, cooking, etc.

Duke Energy, like all gas utilities, has an obligation to supply gas to its firm customers. Key to fulfilling
this obligation is the challenge of ensuring that its natural gas system is reliable and sufficiently
reinforced to provide uninterrupted gas service in an economic manner. In order to address the potential
outage risk in the southern portion of Duke Energy's system, reliability was elevated to one of Lummus
Consultants’ major considerations in preparing this Gas System Master Plan.

As part of our review, Lummus Consultants requested Duke Energy to conduct numerous system network
gas flow analyses for various pipeline sizes, locations, and system conditions. The selected capital
expenditures that enhance system flexibility are also seen as reducing reliability risks. The propensity to
reduce reliability risk was considered along with the assessment of the various individual system
improvements identified by Duke Energy in their expansion considerations.

Lummus Consultants has formulated a twenty-year Gas System Master Plan that is capable of reducing
the risk of outages as a means of mitigating the impacts of supply failure near Foster. In fact, a number of
the proposed pipeline expansion options could reduce this risk entirely.
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3 Demographic Study Results

Lummus Consultants was tasked with completing a demographic study for Duke Energy’s Ohio and
Kentucky service territories to identify for natural gas the highest growth potential areas and the potential
loss of business. The demographic study provided input to and relied upon information in the Gas
System Master Plan study tasks described in other sections of this report. The demographic study
considered proposed gas infrastructure improvements; potential areas of new growth based on future
capital improvements; existing system capabilities; and the ability to support future growth. The study
evaluated the long-term forecast that is already in place for gas volumes and customers through 2024 and
considered future time periods through 2035.

Lummus Consultants investigated the anticipated system growth on the Duke Energy system in order to
identify growth in demand from new technology or new application opportunities. To provide this
potential growth assessment, Lummus Consultants worked with Duke Energy personnel to understand the
current demographics of the systems, reviewed the current forecasting approaches utilized by Duke
Energy to understand how new technology is captured, and investigated potential additional opportunities
for expansion of demand. Our analysis adopted Duke Energy’s forecast as our “basc case” projection
given that, based on our review, that forecast offered the most current “business as usual™ perspective.
Lummus Consultants documented the potential additional growth that may be realized from policy
changes and new technology adoption in the Duke Energy territory. As part of this demographic study
Lummus Consultants explored gas uses such as natural gas vehicles (NGVs), electric power plant
generation, fuel conversions to natural gas, and distributed power generation.

3.1 Information Sources

Lummus Consultants reviewed information provided by Duke Energy, including historical and projected
natural gas use by its customer base. Historical customer count data was provided over the five and a half
year period from 2009 through June of 2014 for all customer segments (residential, commercial,
industrial, etc.) and customer sub-segments (full service versus transportation). Historical data also
included Duke Energy Ohio and Duke Energy Kentucky system load data in thousands of cubic feet
(Mcf) on a daily basis from 2009 through September 2014, residential usage for both states on an annual
basis from 1991 through 2011, and commercial and industrial load on a monthly basis for 2013. Finally,
the team reviewed a list of the coldest 100 days, corresponding to the highest load days within the last
five years.

On a projected basis, Lummus Consultants was provided with a 10-year annual peak forecast for both
states as well as for the combined system; each of these three system perspectives were described both in
terms of total peak as well as firm peak (2014 - 2024). We also reviewed the 25-year monthly send out
forecast (2014 - 2039). Both the peak and send out forecasts were prepared by Duke Energy with a 2014
spring basis as noted in a forecasting methodology entitled **Gas and Natural Gas Demand Forecasts for
Gas Distribution Companies Serving More Than Fifteen Thousand Customers”, which described the
methodology used to develop these forecasts. The forecast utilizes techniques that are standard in the
industry for projecting future gas energy and peak. Essentially the forecast relies on economic forecasts
nationally and locally including employment projections, population changes, and general economic
parameters coupled with equations, developed using historic relationships through statistical techniques to
project future usage. The model statistics that are used to assess the reliability of the underlying
relationships to project the forecast parameter were provided as part of the methodology documentation
appendices and are reasonable and in line with industry statistics for all classes of customer projections.
The resulting forecasts are modified for conservation due to anticipated efficiency and conservation due
to price changes — which is a necessary component of a forecast. We followed up with a conference call
with the forecasting team and that conversation and additional information confirmed our overall
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perspective that the approach used by Duke is consistent with industry practice and relies on standard
industry information and reliable economic projections. Based on our review of the methodologies used
and the data provided, Lummus Consultants concluded that the spring 2014 forecasts are reasonable and
sufficient for use as the Gas System Master Plan’s base case, or what is termed here as the “business as
usual” case. It is important to note that a majority of the assumptions driving the forecasts provided to
Lummus Consultants by Duke Energy rely on confidential information provided to Duke Energy by
Moody’s Investor Services (Moody's) for which Lummus Consultants did not have access to the data due
to the confidential and proprietary status noted by Moody's.

Lummus Consultants investigated the potential for changes in Duke Energy’s service territory and
customer base that could impact future natural gas usage, including customer and market growth, energy
efficiency, potential for loss of business in the region, and adoption of new gas consuming technologies.
An important consideration in projecting changes in natural gas use forecasts is the review of industry
information. Lummus Consultants reviewed the industry for NGV opportunities and other potential new
natural gas use opportunities that could drive an increase in usage, such as new large industrial and
residential customers and power generation stations.

3.2 Historical Data
3.2.1 Customer Count

As referenced earlier, Duke Energy’s customer base for natural gas service has held relatively constant in
terms of number of customers over the past several years. With the introduction of CHOICE in Ohio
more than a decade ago, residential customers now have access to natural gas supply options that are
delivered through their LDC; this is much like the access that commercial and industrial customers have
due to the buying power and leverage of their size and procurement business processes. Energy Choice
Ohio quotes that “nearly 2.4 million electric customers and 1.7 million natural gas customers are already
participating either individually or with aggregation groups™." In reviewing the historical customer count
data provided by Duke Energy, Lummus Consultants observed a consistent trend toward increasing
numbers of “transportation™ customers (i.e., customers that purchase natural gas from suppliers other than
Duke Energy, and then rely on Duke Energy to deliver the natural gas), and fewer “full service™
customers (i.e., customers that buy the natural gas commodity and the delivery services all from Duke
Energy).

Despite the shift in these two customer types, the total customer numbers have remained relatively
constant over the past five years, with only seasonal fluctuations such as an increasing number of
customers in the winter months. Figures 3 through 5, below, provide an illustration of these customer
count trends in each of the three primary customer segments: residential, commercial, and industrial. In
each figure, the dark gray line represents total customers for the combined Duke Energy Ohio and Duke
Energy Kentucky service territories. The dashed blue lines represent Duke Energy Ohio customer counts,
with the dark blue line depicting full service customers and the light blue line depicting transportation
customers. The orange dotted lines represent Duke Energy Kentucky customer numbers, and the dark
orange linc represents full service customers whereas the lighter orange represents transportation
customers. Kentucky does not have an energy policy like Ohio's “CHOICE" program, so residential
customers do not have access to competitive natural gas markets, which explains why the light orange
line is only present in the commercial and the industrial figures.

" Energy Choice Ohio website;
October 2014,
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Figure 3: Monthly Residential Natural Gas Customer Counts, 2009 through June 2014
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Figure 4: Monthly Commercial Natural Gas Customer Counts
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Figure 5: Monthly Industrial Natural Gas Customer Counts, 2009 through June 0214
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3.2.2 Residential Average Customer Use

Coupled with stable customer counts, there has been a consistent trend in recent years that would indicate
that Duke Energy’s customers have been using less natural gas on a per customer basis. This is consistent
with an industry-wide trend toward more efficiency, both in the natural gas utility business as well as in
the electric utility business. Figure 6 provides an excerpt from the American Gas Association’s (AGA)
*2014 Playbook™, which shows residential customer counts over the past 40 years plotted against natural
gas sales over the same time period. Despite a rising trend in natural gas customers, the amount of natural
gas sales have remained relatively constant, indicating that each customer is using less and less natural
gas over time. The AGA points to utility-sponsored energy efficiency programs, better home insulation,
and more efficient natural gas appliances as key drivers for this trend.

* American Natural Gas Association, “20/4 Playbook™, page 53, available at http://www.aga.org/our-
issues/playbook/Pages/default.aspx .
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Figure 6: American Gas Association, Residential Natural Gas Use
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Figure 7 on the following page describes Duke Energy’s residential customer count versus natural gas
sales over the 23 years from 1990 through 2013. Over the last five years, the customer count has held
relatively constant. This is comparable to the stable trend in the customer count of the AGA figure above
between about 2008 through 2011. The natural gas sales trend, however, is more downward trending
within Duke Energy's residential service territory than the more flat trend presented by AGA, indicating
that Duke Energy’s customers may be using less natural gas per customer in the recent past than the
average residential customer has decreased usage, as described in the AGA figure.
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Figure 7: Duke Energy, Residential Natural Gas Use
Duke Energy, Residential Customer Class
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Source: (1) Duke Energy, Residential Customer Counts for Duke Energy Ohio and Duke Energy Kentucky from 1990-2013.
(2) Duke Energy, Residential Natural Gas Usage for Duke Energy Ohio and Duke Energy Kentucky from 1990-2011

The gray bars in Figure 7 show the number of residential customers from 1990 through the most recent
full year, 2013. The blue line represents actual residential natural gas usage through 2011. Equivalent
information for 2012 and 2013 has been estimated here based on actual usage in these years for the entire
Duke Energy system, and an assumption that the percentage that residential use represented relative to
total use in 2011 (34% in Ohio, 39% in Kentucky) would hold constant. Plotting this information on an
Mcf/customer basis for the residential class, Figure 8 shows that on the whole, Kentucky customers are
reducing their average usage more than Ohio customers are, and over time, both service territories are
trending downward (i.e., decreasing average usage per customer). Estimates in 2012 and 2013 indicate
that this trend may have taken a temporary turn upward; but based on the data we are not able to confirm
this trend at this time. In general, Lummus Consultants expects that there will be a continued pressure
and focus on efficiency. Efficiency is driven by step changes in heating equipment and natural gas
appliances, but also by more and more customer awareness of conservation efforts and new technologies
that enable customers to manage their energy use in a low-impact way, such as programmable thermostats
and mobile control on heating settings.
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Figure 8: Duke Energy, Average Use by Residential Customer Class
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3.2.3 Natural Gas End-Uses

In considering potential new markets for the use of natural gas, Lummus Consultants reviewed the supply
of natural gas by end uses from a historical perspective. The analysis presented in Figure 9 below,
developed by the U.S. Energy Information Administration (EIA),’ provides an illustration of U.S. energy
use by fuel source at the left, and by end-use sector at the right. Within each column, energy use is
defined on a percentage basis (for instance 36% of energy supply is provided by petroleum, as compared
to other fuel sources, and on the end-use side, 28% of energy demand is used by the transportation sector
as opposed to residential, or industrial, etc.). Shown with arrows are the relative percentages that tie the
two columns together. For instance, coal represents 18% of the energy supply column of that, 8% is used
in the industrial sector, less than 1% is used in the residential and commercial end use sector, and 91% is
used in electric generation (for a total of 100%).

l >U.S. EIA, “Primary Energy Consumpllon by Sourcc and Seclor, 20I2". avallablc at:

Lummus CONSULTANTS

January 16, 2015 I N TERNGATTI ONA AL 17



PUCO Cave e 18930481
R ee—

HIGHLY_CONFIDENTIAL PROPRIETARY TRADE SECRET ST AW

@ DUKE ATTORNEYS' EYES ONLY Gas System Master Plan Study
ENERGY.
Propnelary & Confdenha| SECtIOn 3: Demographlc Study Results

Figure 9: Primary Energy Consumption by Source and Sector, 2012

Primary Energy Consumption by Source and Sector, 2012
(Quadiillion Btu)
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Source US. Energy Information Administration, ' Primary Energy Consumption by Source and Sector. 2012

When looking at the natural gas energy source, this analysis shows that natural gas is the predominant
fuel used in homes and businesses (75%) and the industrial sector (41%), but that the largest potential
“growth areas” would be in transportation (natural gas only serves 2% of that sector) and in electric
power generation (natural gas only served 24% of that sector as of 2012). Note, with the technological
advances in natural gas drilling and shale reserves exploration, the natural gas commodity has seen a
downward pressure on pricing, except during high-demand times in the winter months. This market
change is causing re-evaluation of natural gas use across many end-use sectors, but most notably there
have been increases in natural gas usc and conversion to natural gas in the electric power generation
industry and a more rapid transition of some transportation assets and fleets toward use of natural gas. In
both industries, natural gas represents a fuel source with lower carbon emissions as compared to the
primary fuel in each sector; coal in the electric industry and petroleum in the transportation industry.
International energy policy has, in recent years, shified to a greater focus on reducing greenhouse gas
emissions, and as such, there has been increased emphasis on low-carbon policies and other sustainability
efforts throughout the U.S. business sector. Section 3.4, New Markets, provides more discussion of the
transportation and electric power generation business opportunities for Duke Energy, in particular.

3.2.4 Natural Gas Seasonal Load Shape
Lummus Consultants reviewed the seasonality of Duke Energy’s demand, which is in line with the
seasonality shape of other LDCs, including large demand peaks in the winter heating season, and much
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lower demand during the shoulder and summer months. Figure 10 provides an illustration of Duke
Energy’s historical natural gas load from 2009 through September of 2014 - the blue shaded area depicts
the range of historical values from January 2009 through September of 2014, while the bold blue line
depicts just the year 2014 from January through September). Also shown is Duke Energy’s forecasted
load for the base case at five-year increments of 2020, 2025, 2030, and 2035 (see the yellow, purple, pink,
and dotted gray lines, respectively).

Duke Energy Load Profile
Actual from 2009 - Sept 2014; Forecasted in 2020, 2025, 2030, and 2035
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Figure 10: Duke Energy Load Profile, Historical and Projected
Source. Duke Energy. Historical Monthly Load, 2009-September 2014 and Duke Energy Spring 2014 Load Forecast

As the graphic in Figure 10 depicts, the base case forecast is projecting a lower amount of send out in
future years as compared to the load observed over the last five years. The forecast follows the same
seasonal load pattern seen in historical years, with higher winter demand and lower shoulder-month and
summer-month demand. In recent years the natural gas load in January has been about four times higher
than it has been in July. Despite the forecast years being somewhat lower than the current years, the
forecast does project between 2% and 3% increases over each five-year period. The projected load
shape depicted in Figure 10 is consistent with a trend in the industry toward increased efficiency
of appliances and gas equipment, a trend that Duke Energy has observed in its own historic
consumption data per discussions with the Duke Energy forecasting team. Weather impacts, in
particular cold winters, impact the shape heavily when demand for gas to heat homes is high,
which is depicted in the figure. As stated in the American Gas Association report “Challenges
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and Opporlumues in the Residential Natural Gas Market: results of the AGA Residential Market
Share Survey" dated March 15, 2010, “Most companies expect market share 1o remain the same
or to increase and expect use per customer to continue to decline as equipment and homes
become more efficient.” This conclusion supports the downward trend in the non-winter months
in this same figure, absent an aggressive marketing plan to drive adoption of new gas appliances
or equipment, such as NGV or other new technologies.

This graphic indicates that potential growth areas could target the lower load pattern time frames by
targeting end-uses with different consumption profiles than those typically incorporated in the Duke
Energy market today.

3.3  Existing Markets

Duke Energy currently serves three primary customer classes:
1. Residential, which includes 91% of their total customer base and about 40% of their total load,
2. Commercial, which includes 8% of their total customer base, and
3. Industrial, which includes about 0.3% of their total customer base.

An additional 0.4% of Duke Energy’s customer base is made up of street lighting meters, public authority
customers, and inter-departmental and company-use. The customer and load percentages presented here
hold true across the combined Duke Energy Ohio and Duke Energy Kentucky customer base, as well as
across each of these two separate service territories.”

As referenced above, the number of customers in each of these customer classes has remained relatively
constant over the last five years, which is typical of an urban LDC environment. Despite a trend toward
more customers moving from “full service™ to “transportation” customers, the overall number of
customers in both service territories and within all three customer classes has been relatively consistent
since 2009.

Section 3.5, Business as Usual Demand Forecast, provides a more in-depth discussion of the business as
usual case, which relies on assumptions consistent with this existing customer base.

3.4 New Markets

Based on discussions with the Duke Energy project team, Lummus Consultants investigated opportunities
for Duke Energy to expand into key new markets for natural gas service. These new markets of interest
were consistent with those referred to in Section 3.2.3, Natural Gas End-Uses, which include natural gas
use in the transportation sector through expanded use of NG Vs, particularly around the Interstate 71, 75,
and 275 highways and interchanges; natural gas use as start-up fuel or primary fuel for central power
generation, including coal-fired generating stations located along the Ohio river that are currently putting
together emissions mitigation strategies to comply with evolving EPA regulations; natural gas use in coal-
fired industrial boilers subject to similar Environmental Protection Agency (EPA) regulations; and,
distributed generation opportunities to be powered with natural gas. These markets were identified as
having the highest potential at this time. Duke Energy has recently been actively marketing to existing
Duke Energy electric customers, commercial and industrial customers such as grocery stores in need of

* Source AGA EA 2010-02 March 16, 2010 Challenges and Opportunities in the Residential Natural Gas
Market: Results of the AGA Residential Market Share Survey
* Duke Energy Kentucky has slightly more residential customers (92%) and less commercial customers (7%).
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emergency backup, coal and oil conversions to natural gas for power generation, and NGV siting
opportunities, in particular.

3.4.1 Natural Gas Vehicle Market

Federal information on the use of NGVs dates back to at least the 1980s. Recently there have been
increased public and business interests in opportunities to move toward alternative fuel vehicles, which is
somewhat driven by high oil price trends, low natural gas price trends, and more predominantly a shift in
how the international community views carbon emissions. NGVs, electric vehicles, and other alternative
fuel vehicles typically emit less carbon than typical gasoline or diesel-fueled fleets, and this difference,
combined with tighter emissions standards and a focus on environmental sustainability, is causing many
individual consumers and national and international companies to reevaluate their use of fuel in various
transportation assets. Corporations like Anheuser-Busch and the United Parcel Service (UPS) are
transitioning their vehicle fleets to more use of natural gas, motivated by the known emissions savings as
well as the potential cost reductions.

Figure 11 below provides a global perspective on the penetration of NGVs as presented in the American
Gas Association's 2014 Playbook™ document.

Figure 11: Worldwide Natural Gas Vehicle Adoption6

The U.S. is the world’s largest natural gas producer
but lags behind other nations in natural gas transportation.
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Source American Natural Gas Association. “2014 Playbook ", page 70

Though North America has seen considerably lower levels of NGV adoption, as compared to other
continents, there have been some large companies in the U.S. that have publicly stated their intentions to
move toward natural gas and other alternative fuel vehicles. These companies include, for instance, UPS

* American Natural Gas Association. “2014 Playbook”, page 70. available at http.//www .aga.org/our-
issucs/playhook/Pages/default.aspx .
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and Anheuser-Busch (A-B), both of which operate large commercial and over-the-road truck fleets. A
recent Forbes article described Anheuser-Busch’s move toward using NG Vs at its Houston brewery:

“It's significant that A-B feels comfortable swapping for an entire fleet that runs on CNG. The
intention of shifting to natgas, says James Sembrot, A-B's senior transportation director, is to
reduce carbon emissions and fuel costs, while doing something green(ish). The Houston brewery
is among the biggest of the 14 that A-B operates nationmwide."’

Likewise, UPS has for a long time been using alternative-fuel vehicles. An excerpt from the American
Natural Gas Association website describes their commitment:

“UPS, the world's largest package-delivery and logistics company, operates one of the nation's
largest NGV fleets. Its iconic brown delivery trucks are instantly recognizable, but what many
people don't know is that UPS is truly committed to the environment. The company has used
alternative-fuel vehicles including NGVs to transport packages for years, and in 2014 most of the
new tractor-trailers UPS puts on the road will be powered by natural gas. "™

3.4.1.1 Historical NGV Demand Growth

The following table describes natural gas vehicle-related data in the seven states that are hereafter referred
to as “top adopting states”. These seven states, California, New York, Texas, Oklahoma, Utah, Arizona,
and Georgia, represent the top five states by number of natural gas fueling stations open, as well as the
top five states by percentage share of the total U.S. natural gas delivered for vehicle fuel end-use. Three
of these states, California, New York, and Texas, are in the top five according to both metrics.

Table 3: Top Adopting States for Natural Gas Vehicles

...by Share of Total US
Top Five States... 3{ I::l:';:;‘i’::;:galng“ Rank Natural Gas Delivered for Rank
Vehicle Euel End Use'®
California 328 1 48.91% |
New York 112 2 12.9% 2
Texas 101 3 7.35% 3|
Oklahoma 101 3 0.85% 16 |
Utah 95 5 0.97% 12 |
Arizona 40 9 5.71% 4
Georgia 30 14 3.66% 5
United States
Total 1,510 100%

Source: (1) US Department of Energy, Energy Efficiency and Renewable Energy. “Aliernative Fuels Data Center "',
(2) US. Energy Information Administration, Natural Gas Information for Vehicle Fuel End-Use

" Forbes, “Budweiser puts its Diesel Trucks To Pasture, Switches to Natural Gas™, published on September 9, 2014, available at
http://www.forbes.com/sites/christopherhelman/2014/09/09/budweiser-puts-its-diesel-trucks-out-to-pasture-switches-to-natural-

%Ammcan Natural Gas Association, “Natural Gas Delivers for America™. posted march 18, 2014, available at
hllp /fanga.us/blog/2014/3/18/natural-gas-delivers-for-america

° Data as of August 2014. Source: US Depnnmem ofEm.rgy - En«.rg) ffﬁw.m) and Ruu.\\abl(. Energy, “Allernative Fuels
Data Center”, http://wwiw afde.energy, gov/fue A

' Data as 0f 2012, Source: US Energy lnform.mun Admmnlmhun Nu\uml Gas Information for Vchlcle Fuel End-Use,
htp://www.cin.gov/naturalgas/, accessed in August 2014
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In looking at California and Texas, Table 4 provides data to describe the number and timing of
compressed natural gas (CNG) and liquefied natural gas (LNG) stations that opened in three of those
states’ major cities. Also described is the CNG and LNG station count information in Columbus, Ohio,
and Louisville, Kentucky.

Table 4: CNG and LNG Stations, by Major City

(PP YRT———eE————

polita Number of CNG and LNG Stations Opened Annually"?

S Total
13
2010 2011 2012 2013 2014 (2010-2014)

Total Open

(as 0f 2014)

Large Cities in Top Adopting States
Houston, TX 6 M (metro) 1 0 3 4 2 10 13
Dallas/Fort
Worth, TX 6 M (metro) 0 I 6 5 3 15 24
Los Angeles,
CA 13 M (metro) 0 4 | 0 4 9 30
Ohio and Kentucky Cities
Columbus,
2 o]
oH 2 M (metro) 0 i | | 2 5 6
"°“|'\,s\v,’"°’ 1.3M (metro) 0 0 I 0 0 1 1

Sources (1) US Census Data from 2010 10 2014, (2) US. Department of Energy, Energy Efficiency and Renewable Energy.,
“Alternative Fuels Data Center”

For comparative purposes, as of the 2010 Census the Cincinnati, Ohio, metropolitan area, which
encompasses a large part of Duke Energy's natural gas service territory, had a population of
approximately 2 million people, similar in size to the metropolitan area of Columbus, Ohio, as stated
above.

Figures 12 and 13 below provide additional illustrations to describe trends in the growth of natural gas
fueling stations as well as natural gas consumption for vehicle end-uses over the past 15 years.

" Census data ranges from 2010 to 2014 sources.
'* US Depaniment of Energy. Energy Efficiency and Rencwable Energy, “Alternative Fuels Data Center”,
bup://www.afdc.energy.gov/fuels/natural _gos_locations.himl: accessed in August 2014.

" As of August 2014 rescarch
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Figure 12: Cumulative Number of NGV Fueling Stations - United States

Cumulative Number of NGV Fueling Stations
US Total, Top Adopting States, Alll Other States ,and Ohio & Kentucky, by Open Date Year
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Source. US Depariment of Energy, Energy Efficiency and Renewable Energy, “Alternative Fuels Data Center

Figure 13: Natural Gas Consumption for Vehicle Fuel End Use - United States
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Source: U.S. Energy Information Administration, Natural Gas Information for Vehicle Fuel End-Use
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In both of the graphics on the previous page, the purple area and purple trend line describe historical data
for the seven “top adopting states” defined above. These graphics show relatively consistent trends in
new fueling stations and consumption of natural gas, indicating that the markets in these states may be
more mature than other states. The light blue areas in Figure 12 and the light blue trend line in Figure 13
describe the historical data from the other 43 states in the U.S. In Figure 12, the time frame from 2011
through 2014 shows a more rapid increase in the number of CNG and LNG stations in all other states,
whereas the natural gas consumption trends in Figure 13 show a leveling off of consumption in all other
states between 2005 and 2012.

Figure 14, below, overlays these trends together. Again, there is a consistency in the trends in the left
graphic for top adopting states, whereas there is more variability in the data for all other states in the right
graphic, indicating that the NGV markets may still be maturing there.

Figure 14: Natural Gas Station and Consumption, Top Adopting States versus All Other States
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There are currently a small number of NGV fueling stations operating in Ohio and Kentucky. Most of
them are located around Columbus, Ohio, and the northeastern part of Ohio, as well as around the
northwestern border of Kentucky. There are also five stations that fall within Duke Energy’s service
territory, all of which are listed in Table 5. In addition to these five there are an additional two stations in
the City of Hamilton that are served by a neighboring gas utility.

Table 5: Existing Natural Gas Fueling Stations in Duke Energy’s Service Territory

e Zip | Customer
Type Station Name Street Address City State code | Accessibility
Code
CNG Rumpke * 3700 Struble Rd Colerain OH | 45251 | Private

Clean Energy - 6830 Franklin- . Public - Card key
EG Franklin Pilot #9 * Lebanon Rd Feanklin A el at all times
CNG Home City Ice T 5709 State Route 128 | Cleves OH | 45002 | Private
CNG Duke Energy T 153 West 19th St. Covington KY | 41014 | Private
CNG City of Cincinnati f S SponE Genie Cincinnati OH | 45232 Private -

Ave Government only

* Source. US Department of Energy, Energy Efficiency and Renewable Energy, *Alternative Fuels Data Center ™
1 Source. Duke Energy
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Figure 15 provides a graphical representation of the calculated fuel consumption per station for all of the
U.S., for the Top Adopting States, and for the states of Ohio and Kentucky taken together. The data
plotted in this graphic is simply calculated using the total amount of natural gas delivered for vehicle use,
divided by the number of fueling stations. U.S. and Top Adopting States information average around 34
MMcf per station, annually. This assumption is used later in projecting the demand potential in Duke
Energy’s service territory from this new market. Of note is that Ohio and Kentucky saw a dramatic rise in
natural gas consumption for vehicle use in 1998 through 2003; versus a constant number of natural gas
fueling stations over that time period, which results in the steady rise in the MMcf/station metric in those
years. Conversely, there was a sharp decrease in natural gas consumption by vehicles from 2004 through
2012, while the number of fueling stations rose sharply from 2011-2014, causing the MMcf/station metric
to decrease over 2004-2013, most extensively in 2011 and 2012. Figure 16 provides a more in-depth look
at these trends, for comparative purposes.

Flgure 15: Average Natural Gas Consumption per Fueling Station

Average Natural Gas Consumption per Fueling Statlon per Year
United States, Top Adopting States, and States of Ohlo and Kentucky
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Source (1) US Depariment of Energy. Energy Efficiency and Renewable Energy, “Alternative Fuels Data Center”
(2) US Energy Information Administration, Natural Gas Information for Vehicle Fuel End-Use
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Figure 16: NG Fueling Stations and NG Consumption by Vehicles
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Source (1) US Deparunent of Energy, Energy Efficiency and Renewable Energy. “/Alternative Fuels Data Center
(2) US Energy Information Administration, Natural Gas Information for Vehicle Fuel End-Use

3.4.1.2 Potential for Future NGV Demand Growth

Based on the information above, this section provides demand forecast cases that describe the number of
forecasted natural gas fueling stations, and associated annual consumption and peak-hour flows, that
might materialize in the Duke Energy service territory over the next twenty years, in five-year forecast
segments.

Locations on the Duke Energy system that would make the best candidates for NGV charging stations are
located around interstates 71, 75, and 275, particularly where these three interstate highways intersect.
There are a number of trucking stations and truck maintenance and rental facilities positioned around
these highways and around their interchanges, such as for instance Pilot Flying J locations, TravelCenters
of America stops, and Ryder maintenance facilities. In addition to facilities geared toward the trucking
industry, there are also business locations for UPS, PepsiCo, and Anhcuser-Busch around these same
highways and in the downtown Cincinnati area. Each of these companies have corporate fleets and have
made public commitments to reducing greenhouse gas emissions and fuel costs, potentially through
migrating their trucking fleets to NGVs and/or electric or other alternative fuel vehicles. About 30% of
these current locations are positioned north of and along [-71/75 south of Cincinnati, about 50% of the
locations are positioned north of Cincinnati along I-71 and 1-75, around where 1-275 intersects both of
these interstates and about 20% of the locations are in downtown Cincinnati. These areas are circled in
Figure 17, for reference.

Figure 17: Natural Gas Vehicle Charging Station Demand Locations
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A key factor that will impact Duke Energy’s entry into the NGV market is the point at which the system
is free of propane. NGV equipment is very sensitive to the presence of propane as propane can cause
operational issues. Each of the three general locations mentioned above (southwest, northeast, central)
are partially impacted by the operation of Duke Energy’s propane-air facilities. Section 3.6, High
Demand Forecast with Growth in New Markets, provides additional details of how the presence of
propane is expected to impact Duke Energy’s growth into this new market.

As a means of bracketing the potential for NGV adoption and the resulting changes in natural gas demand
that might materialize, Lummus Consultants defined a set of three “NGV adoption cases”. The medium
and rapid adoption cases both assume that the Duke Energy system will be free of propane by 2020, as
might be possible based on input from Lummus Consultants’ system improvement planning team. Prior
to 2020, both of these cases assume a certain amount of growth into the NGV market in areas that are
currently free of propane, which is limited. In general, the rapid adoption case assumes more adoption of
NGVs than the medium adoption case and at a faster rate as well. By contrast, the slower adoption case
assumes less adoption than the medium case and at a slower rate. [t also assumes that the system is not
free of propane until 2025, five years delayed from the assumption in both the medium and rapid adoption
cases.

Table 6: NGV Forecast, Medium Adoption Case

2015 2020 2025 2030 2035
Natural Gas Stations (Incremental Additions) 0 2 5 5 5
Natural Gas Stations (Cumulative) 0 2 7 12 17
Annual Growth Rate in Stations (%) 50% 14% 8%
Natural Gas Deliveries (l\lMcl‘annunlIy)" 0 68 238 408 578
Peak-Hour Flow (Mcfh) 0 13 44 75 107

The “medium adoption case” described in Table 6, above, assumes limited growth in the NGV market
before 2020 due to the limitation of propane-air in the Duke Energy system; stations would only be added
in propane-free areas prior to 2020, such as around interstate 71 and 75, located south of Cincinnati in

" Based on an assumption of 34 MMcf7station, annually. See historical trending supporting this assumption in Section 3.4.1.1,
Historical NGV Demand Growth
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northern Kentucky. The growth rate after 2020 is assumed to be consistent with the growth rate in
stations observed in Columbus, Ohio over the past five years, as Columbus is similar in size to Cincinnati.

Table 7: NGV Forecast, Rapid Adoption Case

2015 2020 2025 2030 2035
Natural Gas Stations (Incremental Additions) 0 ) 13 15 20
Natural Gas Stations (Cumulative) 0 5 18 33 53
Annual Growth Rate in Stations (%) 52% 17% 12%
Natural Gas Deliveries (MMcf annually)' 0 136 476 816 1,156
Peak-Hour Flow (Mcfh) 0 31 113 207 332

The “rapid adoption case™ described in Table 7 assumes limited growth in the NGV market before 2020
due to the same propane-air limitations as in the medium adoption case. Again, stations are only assumed
to be added in propane-free areas prior to 2020. After 2020, the NGV rapid adoption case assumes twice
as many stations are opened as compared to the medium adoption case, an aggressive rate of growth more
similar to the station growth rates in Houston, Texas over the past five years.

Table 8: NGV Forecast, Slower Adoption Case

2015 2020 2025 2030 2035
Natural Gas Stations (Incremental Additions) 0 1 1 2 3
Natural Gas Stations (Cumulative) 0 1 2 4 7
Annual Growth Rate in Stations (%) 20% 20% 15%
Natural Gas Deliveries (MMcf annually)'® 0 34 68 136 238
Peak-Hour Flow (Mcfh) 0 6 13 25 44

The *slower adoption case™ described in Table 8. above, assumes a delayed implementation of propane
elimination, thus there is limited growth in the NGV market before 2025. Stations would only be added
in propane-free areas prior to 2025, which is a five-year delay as compared to the medium and high
adoption cases. The number of stations opened is also projected to be about half of the rate of the
medium adoption case, more similar with the station growth rate in Louisville, Kentucky over the past
five years.

3.4.2 Electric Power Generation Market

Natural gas demand from power plants is a potential demand source in both of Duke Energy’s natural gas
networks. Both natural gas-fueled and coal-fueled power plants are potential sources of current and
future natural gas demand. Duke Ohio currently supplies natural gas to the coal-fired William H. Zimmer
Power Station (Zimmer) along the Ohio River. According to Duke Energy representatives, propane air is
not expected to cause operational issues at the large coal-fueled power plants along the Ohio River. By
contract, small amounts of propane can be tolerated in gas boilers, but would cause operational concerns
in gas turbines at lower levels.

3.421 Power Plant Screening

Operating coal plants can use natural gas for start-up and in their auxiliary boilers. Recently many coal
fired power plants have converted their start up and auxiliary boiler fuel to natural gas from fuel oil as

' Ibid.
' Ibid.
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cost saving and emissions reduction measures. Retiring coal fired power plants have the potential to be
repowered with natural gas or replaced with new natural gas combined cycle plants, which would trigger
additional demand for natural gas in future years.

All coal fired power plants in the Duke Energy Ohio and Kentucky service areas were screened to assess
the potential for natural gas sales. These include the following generating stations that are more than 100
MW in size:

Miami Fort
Stuart
Zimmer
Killen

East Bend
Beckjord
Hutchings

Beckjord and Hutchings will both be retired due to the cost-prohibitive upgrades and retrofits that would
be required for these units to comply with the EPA Utility Maximum Achievable Control Technology
(MACT) rule. The current plant owners (Duke Energy and Dayton Power and Light, respectively) are not
planning on repowering these facilities with natural gas, nor are they planning on directly replacing the
facilities with new natural gas combined cycles plants.

Duke Energy has not had any discussions about supplying natural gas to Killen or East Bend, both of
which use No. 2 fuel oil for start-up. Because Duke Energy has not had gas supply discussions with these
plants, Lummus Consultants has not included them in the new markets demand forecast, however further
analysis of the supply and demand projections for electricity in the area would provide a better
understanding of whether these sites might be utilized in the future.

The three major coal power plants in the Duke Energy Ohio and Kentucky natural gas service areas that
are considered to be potential Duke Energy natural gas consumers are located along the Ohio River in
southeast Ohio. These coal facilities include Miami Fort in the west, and Beckjord, Stuart, and Zimmer in
the east. Duke Energy recently agreed to sell its non-regulated Midwest generation to Dynergy, which
includes these facilities. An assessment of the potential is provided below for each facility.

e Miami Fort - The Miami Fort facility consists of two operating coal fired units and four operating
combustion turbine units that burn distillate fuel oil. This site also contains five retired units
(three retired coal-fired units and two retired combustion turbine units). The two operational
coal-fired units have a combined capacity of 1,020 MW and the four combustion turbine units
have a combined winter capacity of 80 MW for a grand total of 1,100 MW at this facility. The
recent capacity factors for the coal fired units and the fuel oil fired units are in the 65-85% range
and the 0% range, respectively. Operating all lighters for one unit would consume 480 to 800
Mcfh of natural gas. If all lighters were operating for Units 6, 7, and 8, 2,000 Mcfh would be
consumed. Total potential natural gas demand for the site would be 13,000 Mcfh, including the
combustion turbine units. Miami Fort is expected to utilize gas for a portion of their lighters. A
larger natural gas line to the plant would be required to serve a significant portion of the potential
demand. Duke Energy projects a demand of 2,000 Mcfh for Miami Fort, consistent with lighters
for Units 6, 7, and 8 utilizing gas.

e Stuart - The J M Stuart facility is currently co-owned by AEP, Dayton Power and Light, and
Duke Energy and it consists of four coal-fired units and four distillate fuel oil-fired internal
combustion engines with a combined nameplate capacity of 2,452 MW. The recent capacity
factors for this plant are in the 50-70% range, but are most recently at the lower end of that range.
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Lighters for a single unit would consume 960 Mcfh and four units would consume 3,800 Mcfh.
Co-firing with natural gas is possible and since an auxiliary boiler would require 230 Mcfh, a
total of 1,200 Mcfh would be required to operate a single unit and the auxiliary boiler. A larger
natural gas line to the plant would be required to serve a significant portion of the potential
demand. Stuart is expected to utilize gas for a portion of their lighters and possibly the auxiliary
boiler. Duke Energy expects a future demand for natural gas of 408 Mcfh for Stuart, which has
been reflected in Lummus Consultants’ new markets demand forecast.

e Zimmer - The W H Zimmer facility consists of a single 1,300 MW coal fired unit that came
online in March of 1991. The recent capacity factors for that unit are in the 50-80% range. Their
auxiliary boilers are now operated only by natural gas. Duke Energy currently supplies Zimmer
with some natural gas, with loads as high as 1,300 Mcfh. Operating one lighter set would require
63 to 125 Mcfh. Zimmer is expected to utilize gas for at least a portion of their lighter sets going
forward. A larger natural gas line to the plant would be required to serve a significant portion of
the potential demand. Duke Energy projects a demand of 2,400 Mcfh for Zimmer.

Another potential opportunity for future gas demand that was considered but that is not included in the
projection is an NTE Energy project. In Middletown, Ohio, along Cincinnati Dayton Road, between
Todhunter Road and Oxford State Road, just east of AK Steel, NTE Energy plans to build a gas-fired
power plant that would use approximately 3,300 Mcfh of natural gas. NTE Energy, however, is in
discussions with two gas transportation pipeline companies that cross their property. According to the
Duke Energy team, the likelihood of Duke Energy serving that demand is low due to the competition
from these companies.

3.4.2.2 Coal-Conversion Industrial Boiler Screening

Smaller. industrial coal power plants in the Duke Energy Ohio and Duke Energy Kentucky service areas
include:

* Hamilton

e Miller Coors Brewery

» Procter & Gamble Ivorydale
» Wausau Paper

e Mississippi Lime

e Rock-Tenn

Since Duke Energy has not had any discussions with Hamilton or Miller Coors Brewery about supplying
natural gas, Lummus Consultants has not included either of these two facilities in the new markets
demand forecast. The smaller, industrial coal fired power plants in the Duke Ohio and Duke Kentucky
gas service areas that Duke Energy has had discussions with are Procter & Gamble Ivorydale, Wausau
Paper, Mississippi Lime, and Rock-Tenn. Rock-Tenn announced in October of 2014 that the paperboard
mill in Cincinnati would be closing by year-end. Natural gas demand from these three remaining
facilities has been incorporated in the new markets demand forecast.

3.4.2.3 Distributed Power Generation Opportunities

Natural gas demand from distributed generation is a potential demand source in the Duke Ohio and Duke
Kentucky gas distribution network. The primary sources of such demand are: (1) small power generators
that use natural gas fuel, such as natural gas reciprocating engines and (2) stationary power distributed
generation fuel cells that use natural gas as a fuel to produce hydrogen.
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Natural Gas Engines

According to the United States Energy information Administration (EIA)", in 2012, Duke Energy Ohio
had 3.4 MW of internal combustion or reciprocating engine distributed generation, while Duke Energy
Kentucky had 0 MW.

Owen Electric Cooperative conducted a feasibility study for up to 2 MW of gas-fired reciprocating
engine(s), equivalent to approximately 16 Mcfh, or 8 Mcfh per 1 MW engine, in southern Campbell
County. This inquiry could become an opportunity in the future if the project develops and this potential
opportunity could be supported by Duke Energy through the implementation of any of the eight
expansion scenarios presented in this Gas System Master Plan. Such a level of future demand is
consistent with the current levels of internal combustion or reciprocating engine distributed generation in
the Duke Energy Ohio and Kentucky service areas. Note, natural gas engines are assumed to have
interruptible natural gas fuel supply contracts.

Fuel Cells

Stationary power distributed generation fuel cells using natural gas as an input are being developed by
many companies, including Bloom Energy. Bloom Energy, for example, has two solid oxide fuel cell
modules, a 200 kW module that uses 1.29 MCFH and a 100 kW module that uses 0.644 MCFH. Ohio is
at the forefront of fuel cell manufacturing and research and development (R&D); however, neither
Kentucky nor Ohio has installed a significant amount of stationary power distributed generation fuel cells.

Stationary power distributed generation fuel cells are assumed to have interruptible natural gas fuel
supply contracts, as the commercial entities who would be the main customers would also be connected to
the grid and thus the premium for a firm natural gas supply would not be economical. As discussed in the
next section, the “new markets” demand forecast does not assume fuel cell adoption in future years.

3.4.24 Potential for Future Gas Demand from Electric Generation Facilities

The following table summarizes the expected future gas demand from central power plants, coal-
conversion industrial boilers, and distributed generation based on input from Duke Energy. Lummus
Consultants finds these projections to be reasonable. The demand from all of these power generation
sources is assumed to be predominantly interruptible demand, with only a small portion of firm natural
gas to the Zimmer power plant.

Table 9: Electric Power Generation Forecast

Total Natural Gas  New Markets

Demand Demand Start Year Notes
(Ixinng and New) (Mcih)
Power Plants
Miami Fort 2,000 Mcfh 2,000 2015
Stuart 408 Mcth 408 2015
Zimmer 2,400 Mcfh 2 400 2015 62-125 Mcfh of this demand is
requested to be firm

' Electric power sales, revenue, and energy efficiency Form EIA-861 detailed data files, released October 29, 2013
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Total Natural Gas  New Markets
Demand Demand Start Year

(Ixiting aned Newy (Mcth)
Goal-Conversion Industrial Boilers
Procter & Gamble 152 Mcth 0 2016 Already included in model
Mississippi Lime 118 Mch'® 118 2017
Wausau Paper 125 Mcfh 75 2017 Increase from current 50 MCFH
Distributed Generation
Owen Electric DG T 16 Mcth I 16 [ about 2017 1

The table does not assume any future demand from new combined cycle central station power plants or
coal repowering projects, as no such projects are very far along in development in the service area. The
location of each of these stations is shown in the map figure below, including the three power plants (red
balloons), three industrial boilers (pink balloons), and one distributed generation site (orange balloon).

Figure 18: Electric Power Generation Demand Locations
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3.5 Business as Usual Demand Forecast

Lummus Consultants reviewed the forecasting methodology document entitled “Gas and Natural Gas
Demand Forecasts for Gas Distribution Companies serving more than Fifteen thousand Customers™,
which provided a description of Duke Energy’s forecasting methodology. The methodology relies on a
national economic forecast, provided by Moody’s, as well as a more-detailed service area economic
forecast (also by Moody's) that provides employment, income, production, and population data on a

"* Estimated from annual demand using a 70% annual average load factor.
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projected basis. Lummus Consultants was not privy to either of these forecasts due to an existing
confidentiality agreement between Duke Energy and Moody’s that covers these types of files.

Forecasts are developed by system (Ohio, Kentucky) at the customer segment level (Residential,
Commercial, Industrial, etc.). The forecast for each of these sectors is dependent on the following factors:

e Residential - The residential forecast is impacted by the number of natural gas customers
(expressed as a percentage of Duke Energy electric customers), natural gas prices, household
income, and heating degree days.

e Commercial - The commercial forecast is made up of two forecasts, a firm forecast and an
interruptible forecast. Firm commercial gas is impacted by the same factors that drive the
residential sector (households, heating degree days, and average gas prices). Interruptible
demand is forecasted based on a relationship similar to firm commercial deliveries.

o Industrial - Industrial demand is also split into firm sales and interruptible sales. The firm sales
are dependent upon manufacturing gross product, heating degree days, and average gas prices,
and again the interruptible forecast is developed through a relationship to the firm forecast.

e Other - In addition to the three sectors above, Duke Energy forecasts include projections for
Other Public Authority Gas Deliveries, Street Lighting, Inter-Departmental Gas Sales, and
finally, Company-Use Sales.

Based on discussions with the Duke Energy forecasting team, the forecast is as granular as these major
sectors, a more detailed zip-code, or delivery-node-based forecast is not available. Lummus Consultants
was told that none of the potential ‘new market demand’ was considered in the business-as-usual base
case.

The resulting peak forecasts are presented below in graphical format. The peak forecast anticipates
varying levels of certainty the system will exceed its total peak or its firm peak. Note, the modeling and
planning work covered in the remainder of this report considers the 1% probability of exceeding firm
peak as the criteria against which to plan. The trend in the forecast in Figure 19 is very flat on a going-
forward basis, with an annual growth rate of roughly one half of a percent.

In order to better understand the underlying efficiency assumptions inherent in the base case forecast, the
projected usage data was divided by the projection for number of customers. The results of that analysis
are plotted in Figure 20. The trend in that graphic shows that, historically, customers use more natural
gas in the winter months and about 25% of that amount in summer months. The base case forecast shows
a down step in this efficiency, with a similar seasonal trend and relationship, but with lower peaks and
lower valleys as well.
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Figure 19: Duke Energy, Natural Gas Peak Forecast, Base Case
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Figure 20: Duke Energy, Natural Gas Use per Customer, Base Case
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3.6 High Demand Forecast, with Growth in New Markets

In order to incorporate the potential demand for natural gas in new markets within the context of Duke
Energy’s firm peak forecast, with a 1% probability of exceeding that forecast, Lummus Consultants first
had to determine which new demand would materialize as “‘firm demand” versus “interruptible demand™.
Equally important would be the location of the potential new demand and whether (a) it would be subject
to propane events and (b) whether it would be sensitive to propane in the system.

The following table provides a summary of all of these assumptions for the four market segments
discussed earlier in this Chapter.

Table 10: New Markets Assumptions

New Natural Gas il or Subject to Sensitive to
Market Sub-market Interruptible B anal T
Demand
Natural Gas Vehicles Northeast Firm No Yes
Central Firm Yes Yes
Southwest Firm Yes Yes
Power Generation Central Power Stations Interruptible No No
Coal-Conversion Industrial Interruptible Yes At high
Boilers saturation
Distributed Generation Interruptible No Yes

This table provides the assumptions that were used in determining how to layer the various growth
potentials on top of the business as usual case, discussed in Section 3.5.

The map in Figure 21 depicts where the demand growth areas are located - again, dark red markers
indicate central power stations, pink markers indicate coal-fired industrial boilers, and the orange marker
indicates the distributed generation opportunity - to this figure blue markers have also been added to
indicate expected NGV fueling locations.
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Figure 21: New Market Demand Locations
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The three figures below provide transmission-level and distribution-level images of the impact of propane
in the system when the Erlanger and East Works propane plants are operating. Blue lines indicate
propane free areas whereas the red lines indicate propane in the system.

Figure 22: Propane Presence in Duke Energy Transmission System
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Figure 23: Propane Presence in Duke Energy Distribution System, Propane Plants Operating,
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Figure 24: Propane Presence In Duke Energy Distribution System, Propane Plants Operating,
Kentucky Detail
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The following figures demonstrate the addition of the new markets forecast to the base case. The first
chart shows firm demand only. Each new markets case includes the firm component of demand from the
Zimmer facility, which is assumed to begin in 2020 afier completion of system improvements, plus one of
the three NGV adoption scenarios described earlier. Note that the base of the graphic does not go to zero,
but rather has been increased in order to show the details of this additional demand potential.

Figure 25: Firm Demand Forecast
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The next figure adds to this the interruptible demand with the base case interruptible demand shown in
light gray and the new markets interruptible demand are shown in light green. The firm demand shown is
assumed to be part of the base case (dark gray) and the “rapid” new markets case (bold green).

Figure 26: Firm and Interruptible Demand Forecast
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As described in Section 3.4, New Markets, Duke Energy’s ability to realize the natural gas demand
growth from the NGV market scenarios is dependent upon the elimination of propane in the system,
which is anticipated to be completed by 2020. Projections are based on retirement of plants by the year
2020 and elimination of propane in the system. Based on the medium adoption case, the figure below
provides a graphical representation of the “at-risk™ annual sales of natural gas within the NGV market if
propane elimination is delayed or does not move forward. Based on an assumed rate of revenue per Mcf

sales of $5.50/Mcf, this would equate to $14.6 M in “at risk™ revenue in constant-year dollars over the 20-
year analysis.

Figure 27: At Risk Sales if Propane is in the System
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4 Planning Tools and Factors

4.1 Expansion Planning Model

For the assembly of a Gas System Master Plan, Lummus Consultants was charged with developing a list
of potential capital construction projects that could be tested for their ability to improve Duke Energy's
high-pressure pipeline system for the assurance of meeting customer demand over a future twenty-year
period. The primary tool used to develop and analyze the capital alternatives was Duke Energy’s licensed
pipeline simulation model.

Duke Energy’s pipeline simulation model typically serves as an operations planning tool when pipeline
segments need to be taken out of service and flows have to be re-routed for continuance of uninterrupted
service to Duke Energy’s customers. It also serves as a broader planning tool to evaluate system
enhancements/alternatives, such as pipeline pressure up-ratings, line looping, segment diameter upgrades,
compression, new receipt points, pressure regulation, and other similar applications.

Duke Energy employs a commercially available. steady-state simulation model program that it
customized to represent its pipeline system. The model program was originally developed by Stoner
Associates, and is now marketed and maintained by another company (G.L. Noble, which is part of DNV
GL, a unit of Germanischer Lloyd). It is considered to be one of the premier pipeline simulation models
and is used by hundreds of gas and oil companies throughout the world. Simulation models portray the
behavior of real-life systems and permit the testing of experimental changes to the system without the
expense, time, or cost of actually testing a new pipe segment in the ground.

Duke Energy’s simulation model has been calibrated to provide a close representation of the high-
pressure pipeline grid in Duke Energy’s physical system. The mode! is routinely checked against actual
system flows to verify accurate representation. Each flow segment is represented within the model with
specifications of its diameter, its maximum allowable operating pressure, its length, line connections, etc.
Lummus Consultants performed all of its capital expansion scenario analyses with the assistance of Duke
Energy’s modeling staff, whose members ran each scenario that Lummus Consultants specified. Scenario
run performance was directly observed in Duke Energy’s offices and re-run under different specifications,
as needed.

Gas pipeline systems flow at greatly varying throughput, subject to hourly demands that depend on the
time of day and season of the year. The annual fluctuations are primarily due to weather, since many of
Duke Energy's customers utilize gas for space heating. These demands are obviously greater in winter
months. The time-of-day fluctuations are primarily due to work schedules, mealtime usage, and other
usage habits of customers, resulting in lower demand during night-time hours and on week-ends.
Typically system component expansions are needed when maximum system capacity has been attained
with the throughput demanded during peak hours by firm customers. Peak demand is the observed
maximum needed system throughput, and is normally used to design the size requirements of the system
components. For system expansion requirements, Lummus Consultants accordingly identified design (i.e.
coldest) temperature days and calculated resulting peak hourly flow rates, as discussed below, spanning
the twenty-year period (2015-2035) of the Gas System Master Plan.

Lummus CONSULTANTS

January 16, 2015 I NTERNATTION AL 45




PUCO Case s N
T SO0-01 003 COM

HIGHLY CONFIDENTIAL PROPRIETARY TRADE SECRET T

<~ DUKE ATTORNEYS.EYES ONLY Gas System Master Plan Study
& ” ENERGY.
Propriefary & Confidential Section 4: Planning Tools and Factors

4.2 Peak Day Temperature & Peak Day Flows

For the purpose of analyzing Duke Energy’s gas system for new expansions, the most significant factors
in the design and planning of a gas system are the peak day temperature (i.e. heating temperature
accumulations) and resulting peak day and peak hour flows. These factors are used in the simulation
model to test the capacity of capital projects. For most northern gas utilities, the peak day temperature
and its peak day flow typically will take place in the winter months of December, January or February.

Duke Energy utilizes supervisory control and data acquisition (SCADA) equipment to monitor the flow
and pipeline pressures at gas regulator stations throughout their gas system. Duke Encrgy’s gas control
department monitors the telemetry data and records and reports the flow rates and pipeline pressures
continuously at many locations throughout the pipeline system. Lummus Consultants has utilized this
data to develop peak days and peak day flows for use in the simulation model.

Lummus Consultants has plotted the temperatures and flow rates experienced by Duke Energy on the
coldest days in the last five winters. Fahrenheit temperatures have been converted to Heating Degree
Days (HDDs) using the standard formula (HDD = 65 degrees — Temp.) in order to express results in
standard gas nomenclature. Flow rates on those days include only firm demands and firm transport in
both states (Ohio and Kentucky), as all interruptible demands are typically shut off, in accordance with
the gas contract terms of these customers. The results are illustrated in the graph below:

Figure 28: Gas Consumption versus Temperature

Daily Consumption per Customer on the Coldest 100 Days
December 2009 to March 2014
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As shown above, firm gas demand increases as HDDs rise (temperature falls). The coldest day
experienced over the recordable period from December, 2009 through March, 2014 was on January 6,
2014, when the so-called “Polar Vortex™ extended its reach into the Cincinnati area. On that day, outside
temperatures averaged minus 5°F, equivalent to an accumulation of 70 heating degree days. Observed
flow on that day was 926,842 Mcf, equivalent to 1.77 Mcf/customer/day. However the best-fit line
shown on the above chart indicates the demand can be expected to be even slightly higher (1.83
Mcf/customer/day) on a day averaging 70 HDDs. At the level of 1.83 Mcf/customer/day, a firm gas
demand of 956,726 Mcf (1.8285*523,230) would be expected on a day averaging minus 5°F.

Duke Energy’s most recent forecast (Spring 2014) of peak-day flows is shown in the following table.
Duke Energy has projected the chances of exceeding estimated peak-day deliveries at various levels of
confidence, for each year through 2024.

Table 11: Duke Peak-Day Flow Projections

Firm Peaks,
Total Peak (Mcfd)'

Year (Mcfd) 50% 5% 3% 1%

2014 813,523 743,740 890,457 911,416 951,194
2015 815,148 743,911 890,661 911,626 951.413
2016 814,094 744,218 891,028 912,001 951,805
2017 814,400 744,465 891,324 912,304 952,121
2018 814,684 744,697 891,602 912,589 952,418
2019 816,347 744,950 891,904 912,898 952,741
2020 815,252 745145 892,138 913,137 952,990
2021 815.493 745,338 892,369 913,374 953,237
2022 815,729 745,528 892,597 913,606 953,480
2023 817,284 745,710 892,814 913,829 953,713
2024 816,190 745,897 893,039 914,059 953,952
2025° 816,902 746,195 893,390 914,405 954,317
2030° 818,245 747,290 894,702 915,748 955,718
2035° 819,588 748,386 896,013 917,090 957,119

Total OH and
KY

"Includes Firm Transmission
22025, 2030, and 2035 are extrapolated

Comparing the peak-day flow (of 956,726 Mcf, smoothed) experienced on the peak day of January 6,
2014 to the 2014 data shown in the above table, indicates the 1 percent probability level of exceeding the
forecast was attained on this coldest day in recent record. Lummus Consultants therefore judges use of a
| percent probability level to be appropriate for calculating peak day flows for purposes of use in Duke
Energy’s simulation model. Further conversion of this flow rate to an appropriate peak-hour flow rate for
use in Duke Energy’s simulation model is described in the following section.

Duke Energy's records indicate that there were also similar peak demand days in January, 2005.
However these are judged to be only somewhat relevant due to their age. On succeeding days starting
January 19, 2005, firm demands were 938,930 Mcf; 968,271 Mcf; 978,052; and 919,369 Mcf.

4.3 Peak-Hour Factor

Peak hour flow is the highest hourly amount of firm gas demanded on the gas system infrastructure. It is
usually measured in dekatherms per hour (Dth/h) or thousand cubic feet per hour (Mcfh).
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A peak-hour factor is a ratio used to describe the relationship between a daily-average pas demand and a
peak-hour gas demand. Peak hour gas demand typically occurs on a very cold day when only firm gas
supplies are flowing. Lummus Consultants uses this factor to calculate the peak hour flow on the peak
day. The peak-hour demand for each time period is used as the critical flow in the simulation model for
the purpose of testing pipeline expansion alternatives.

The table below shows the ten highest daily flows reported by Duke Energy’s gas control department for
the past five winters. On these days only firm customers were supplied since interruptible customers had
been interrupted. In a very unusual coincidence, all ten highest daily flows occurred during the same two-
month period of 2014. Using these daily flows, the average hourly flow was calculated and compared to
the peak hour flows for the corresponding day. On these particular ten days the peaking factor ranged
from 1.10 to 1.23, with an average peaking factor of 1.15.

Table 12: Firm Gas Peaking Factors Table

Total Daily Average Hourly Peak Hour Flow Peaking

Date Flow (Mcf) Flow (Mcf) {Mcf) Factor
January 6, 2014 926,842 38,618 42,358 1.10
January 28, 2014 891,192 37,133 41,860 1.13
January 23, 2014 883,834 36,826 41,647 1.13
January 7, 2014 844,089 35,170 38,611 1.10
January 27, 2014 836,541 34,856 41,463 1.19
January 21, 2014 803,008 33,459 41,161 1.23
January 22, 2014 799,367 33,307 38,026 1.14
January 24, 2014 772,791 32,200 36,045 1.12
January 29, 2014 770,971 32,124 37.871 1.18
February 11, 2014 768,311 32,013 37,628 1.18
Minimum 1.10
Maximum 1.23
Average 1.15

This average peaking factor of 1.15 shown in the above table was used to calculate peak-hour flow
forecasts for the simulation model for each future year. Results are shown in the following section.

4.4 Peak Hour Forecasts

Using the forecasted maximum daily firm gas consumption per customer from Duke Energy’s ten-year
forecast shown in Section 4.2 as well as the average peak-day factor of 1.15 as shown in Section 4.3,
Lummus Consultants is able to calculate the appropriate peak-hour flow to be used in Duke Energy’s
simulation model for each forecasted year. For instance a peak-hour firm gas flow of 45,578 Mcf/hr
(1.15*951,194/24) is appropriate to use in model runs covering the year 2014, as shown below at the |
percent level.
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Table 13: Peak-Hour Firm Gas Flow at 1 Percent Leve!

Peak
Factor: 1.15 <--per “Peaking Factor" table, average peaking factor
Duke Energy
PEAK HOUR DELIVERIES AND PROBABILITY OF EXCEEDING (Mcf'hr)
Total Firm Peaks'
Year Peak 50% 5% 3% 1%
2014 38,981 35,638 42,668 43,672 45,578
2015 39,059 35,646 42,678 43,682 45,589
2016 39,009 35,660 42,695 43,700 45,607
2017 39,023 35,672 42,709 43,715 45,622
2018 39,037 35,683 42,723 43,728 45,637
2019 39,117 35,696 42,737 43,743 45,652
2020 39,064 35,705 42,748 43,754 45,664
2021 39,076 35,714 42,759 43,766 45,676
2022 39,087 35,723 42,770 43,777 45,688
2023 39,162 35.732 42,781 43,788 45.699
2024 39,109 35.741 42,791 43,799 45,710
2025° 39,144 34,265 42,807 43,816 45,727
2030’ 39,208 34,318 42,870 43,881 45.794
2035° 39,273 34,370 42,932 43,945 45,861
"Includes Firm Transmission loads
?2025, 2030, and 2035 are extrapolated
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5 System Configuration

5.1 Current System

To serve the natural gas demands within their service territory, Duke Energy operates a system of
transmission and high-pressure distribution pipelines. The system was installed in segments over the past
several decades in response to the patterns of increasing demand over increasing regional expanse. Each
additional pipeline segment of the system was sized according to the needs of the expansion, resulting in a
mix of very different pipe diameters and pressure ratings. As it is oftentimes difficult to foresee the
extent to which a regional area will grow, system expansions and extensions are generally limited by
financial budgets that reflect reasonable forecasts of demand growth. When these forecasts are eventually
exceeded in actual growth, the pipeline system will lack capacity and new expansions, with line
replacements, pressure upgrades, line looping, compression, or other upgrades will be implemented. Such
is the case in the growth of virtually every natural gas local distribution company. Oftentimes the most
feasible solution to maintaining safe and reliable service is to add capacity by constructing new piping
over different and circuitous routes, to avoid disrupting the encroached, densely populated areas.

At Duke Energy the piping system was built over the decades in response to changing supply, demand,
technological, regulatory and political influences. Duke Energy’s network of transmission and
distribution lines also includes several river crossings, aged propane-air peaking facilities, a single gate
station where a majority of supply is received, and pressure-limited piping infrastructure throughout many
areas.

In general however, the supply of gas itself is not an issue, as the third party interstate transportation
companies have the needed capacity, with some exception, and ready access to gas supplies throughout
North America. The reliability and constraint issues facing the transmission system of Duke Energy
relate to system configuration limitations that prevent functional and reliable balance of supply within the
Duke Energy system from north-to-south and visa-versa. Adding to the balancing challenge is the
situation where around 50 percent of Duke Energy’s customers purchase gas supply from third parties,
requiring contractual limitations on city gate locations for delivery into the system. This is part of the
‘Choice Program’ that is available in Ohio, but not in Kentucky. Balancing solutions could be provided
within the system by either, or a combination of, new laterals, satellite LNG peaking plants, compression
facilities, and the like. The implementation of a solution would necessarily consider functionality, cost,
gas supply service capacity, constructability, demand growth, and bypass issues, as key determinants.

The transmission system to feed the distribution system was built from south to north, by Columbia Gulf
Transmission. Today, Foster provides up to 50 to 60 percent of the system supply from Columbia Gulf
Transmission (CGT) into K O Transmission Company (KOT), flowing northwards through the Kentucky
portion of the LDC. The system MAOP downstream of Foster, comprised of three KOT laterals, is 650
psig. The eastern lateral crosses the Ohio River to Bethel. The central lateral goes to the Cold Spring
station where the flow is regulated to meet the downstream MAOP of 392 psig, and the western lateral
leads to the Alexandria regulating station, where the flow is split into two laterals and regulated to honor
the downstream MAOP of about 390 psig.

There are six locations where the transmission system crosses the Ohio River into the Cincinnati LDC
area. These are:

e Anderson Ferry (AND F)
* Front & Rose (FR)
e East Works (EW)
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e (California (CAL)
* Bracken Co
e Brown Co (BRN CO)

While south-to-north is the predominant direction of flow across the river, north-to-south flow is only
possible at Anderson Ferry, East Works, and California. The California and Bracken Co. crossings are
directionally drilled, while the remaining is configured with bottom-laid piping. The Front&Rose
crossing will be replaced with a directionally drilled line in 2015.

A schematic of the transmission system in Kentucky is provided in Figure 29. Indicated in the figure are
the line MAOPs and Ohio River crossings.

Figure 29: Duke Energy Kentucky LDC Flow Schematic

TO
BETHEL

CGT

The Bracken Co river crossing serves the line to Bethel, while the Brown Co crossing (not shown) is
connected directly off of CGT to the south. One of the two remaining propane-air peaking facilities is
located on the Kentucky side of the river, at the Erlanger Station (ERL). This plant compresses propane
air into the system at a maximum pressure of about 207 psig in the amount of up to 54,000 Mcfd natural
gas equivalent.

Typically the transmission supplies from CGT in the south continue to flow north across the Ohio River
into the Cincinnati distribution area.

Figure 30 shows the direction of transmission system flows for a peak day within the Cincinnati
distribution area. Note that the flows cross the Ohio River, and continue to push gas supply as far north
as the Norwood Station and into Line A. The MAOP limits of this area present one of the limiting factors
to north-south flow.
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Figure 30: Duke Energy Cincinnati Area LDC Flow Schematic
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Flow from the north into the LDC in Ohio is facilitated by 21 gate stations on the interstate transmission
systems of Texas Gas Transmission (TGT), Texas Eastern Transmission (TET), and ANR Pipeline
Company (ANR). Gas from TGT at Fernald Station (FERN S) meets the flows from CGT to create a null
point between Salvation Army and Norwood, and typically on the AA line north of Anderson Ferry.

Note that propane-air is introduced into the system at a second propane air facility, East Works, on the
northern bank of the Ohio River. East Works is capable of injecting up to 1,460 Mcfhr (35 MMcfd of
natural gas equivalent) into the system at up to 207 psig, similarly as the Erlanger propane air facility.
Note that MAOP restrictions limit the pressure output of East Works to 100 psig.

Gas flow from the south reaches the eastern areas (Blanchester, Mount Orab, and West Union) of the
Duke Energy service area by way of the Ohio River crossings at California, Bracken Co, and Brown Co,
into lines with 200 to 650 psig MAOP. A recently installed 10 mile, 24-inch line, with 650 psig MAOP
(line C314), brings gas from the north at the TGT Mason Rd. Station to WW Suation, primarily to assist
with A-line deliveries. It also brings supplies to comingle with gas from the south in the SS line to
Blanchester. Figure 31 illustrates these general flows to the eastern region. Note the MAOP drop from
650 psig to 150 psig where the C314 line connects with the WW Station. This MAOP reduction limits
the capacity available on the C314 line to flow in greater quantities into the heart of the transmission
system in a southerly direction.
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Figure 31: Duke Energy Eastern Area LDC Flow Schematic
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Other modeled gate stations from the north into the north distribution area are presented in Figure 32.

Figure 32: Duke Energy North Area LDC Flow Schematic
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The Mason station interconnect with TGT that sends gas to WW station, as mentioned earlier, is depicted
in Figure 32. Other interconnections depicted in the figure are:

TGT at Butler station

TET at Kennel Rd station

TET at Dicks Creek (DC) station
ANR at Springboro

A third propane-air plant, now inoperable, is located at DC station, also identified in Figure 32. The
MAOPs of the North Area LDC appear to be 150 psig at a minimum. With the exception of gas flow
northward from the Norwood station and California station, as described earlier, the remaining flows in
the North Area LDC are generally in a southerly direction on peak day.

Finally, the Red Lion system, also known as the Lebanon system, or Line L system, is located at the
northeastern extent of the Duke LDC. It represents about 3.5 percent of the total send-out, and is not
connected to the LDC main feed/transmission system. This system is relatively expansive and does
however, feed into some of the same distribution system as the other system feeds. The Red Lion system
modeling schematic is presented in Figure 33. It is sourced by TET at Red Lion and Union Rd, and by
TGT at Monroe/Rt 63 station. The Red Lion system is comprised of 4-inch, 6-inch and 8-inch lines
having MAOPs of 300 psig.

Figure 33: Red Lion System Flow Schematic
TE TE
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5.1.1 Transmission Segment Diameters

A map of Duke Energy’s current transmission and high-pressure distribution network is shown in Figure
34 where the diameters of the pipeline segments are identified. As indicated on the map, the broader lines
correspond to greater diameters of pipe.

Figure 34: Map of Duke's Gas Network by Diameter
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5.1.2 Transmission Segment Maximum Pressures

A map of Duke’s current transmission and high-pressure distribution network is shown in Figure 35
where the MAOPs of each pipeline segment are identified. As indicated on the map, the broader lines
correspond to greater line MAOPs.

Figure 35: Map of Duke’'s Gas Network by MAOP
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5.1.3 Transmission Segment Flow Capacities

A map of Duke Energy’s current transmission and high-pressure distribution network is shown in Figure
36 where the flow capacities of each pipeline segment are represented by color and thickness. Flow
capacity mapping is a concept that depicts the thickness and color of each line segment as being
proportional to the flow capacity of that segment. Flow capacity is calculated by multiplying the MAOP
of each pipeline segment by the square of the diameter of that same segment. Both pressure and pipe
diameter are components in calculating pipeline flow in a proportional relation.

Figure 36: Map of Duke's Gas Network by Flow Capacity
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6.2  Safety, Reliability, and Flexibility

Key to the performance of a gas distribution system is the features of safety, reliability and flexibility.
These features ultimately figure into the overall operational and economic functioning of the system.
This Gas System Master Plan is concerned with two of the above issues: reliability and flexibility.

Safety is foremost the driver in ensuring a system that has the integrity to transport a combustible, high
pressure gas. The piping is designed and constructed to contain the intended gas pressures, while
regulating equipment are installed to assure that no segment of the system is subjected to pressures in
excess of its design capacity. Further, the gas is odorized to quickly alert of any leaks. In addition to
implementing methods of corrosion protection, and programs of pipe replacement, Duke Energy regularly
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and systematically performs inspections, testing, maintenance, and public awareness measures to assure
that the system integrity is not compromised by deterioration, obsolescence, faulty equipment, or third
party disruption. These matters fall under Duke Energy’s integrity management program, which dictates
the need for system attention to areas that indicate a threat to safety. This Gas System Master Plan is
concerned only with safety issues indirectly; for instance if a transmission segment needs to undergo
significant maintenance or pressure downgrading, it may help justify a new capital investment in that, or
nearby segments.

A reliable system ensures gas deliveries when they are demanded. Typically reliability relates to system
availability, whereas a high availability means there is minimal downtime preventing system operation.
Oftentimes in systems operations, equipment redundancies are built-in to quickly switch over to, when a
component needs to be taken off line for maintenance, or when a component fails. These redundancies
are more common where rotating equipment is in use. Pipelines are not built with redundancy, since
pipelines are generally components of high availability. The peaking plants however are built with
rotating components of pumps, compressors, motors, etc., and are configured with a limited level of
redundancy. Additionally, since these plants are used only during the cold weather months, there is
adequate time for off-line, full service maintenance, to assure high availability when peaking service
might be needed. At Duke Energy, system availability, and thus reliability, has not been an issue in past
years. Records show that firm gas customers on Duke Energy’s system have not incurred any major
interruptions or curtailments.

While Duke Energy’s system has been shown to be highly reliable in the past, the fact that over 50
percent of its gas supplies (serving about 300,000 customers) flow through a single gate station at Foster,
reveals a significant exposure to reliability. Figure 37 illustrates how the system currently operates'” with
gas supply originating from the south through Foster, shown in red. The flows from the northern gate
stations are shown in blue, while the two propane-air plant flows are shown in green. The extent to which
the propane contribution reaches within the distribution system is shown elsewhere in this report.

" System sendout of 42,462 Mcih representing record peak day, with Foster flowing at 23,000 Mcfh
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Figure 37: Current System Supply Flow

Should a transportation disruption event occur at Foster, or any of the KOT/CGT lines directly connecting
upstream or downstream of Foster, the consequences could be far reaching. Unfortunately, the system
lacks redundancy in its ability to substitute natural gas supplies at Foster with other gate station(s). Even
with such substitute station(s), the system lacks configuration flexibility in its capacity to reach the
customers served by Foster. For these reasons, Lummus Consultants considered the reliability issue, as
well as the following flexibility issue, foremost in the development of the Gas System Master Plan.

System flexibility is the ability of the inherent piping configuration to redirect/augment flows from other
gate stations to compensate for a flow disruption. Duke Energy’s system is lacking in this regard when
considering a potential supply interruption at Foster. With 21 additional gate stations, it would be
reasonable to assume that Duke Energy could redirect and augment its gas flow to make up for any loss
at, or near Foster. The system features limiting this compensating flow redirection are several, including:

e Available contracted supply at other gate station(s) (although at times of emergency, nearby
LDCs can be expected to re-direct gas to assist in maintaining adequate supply)
Available capacity of the existing system in terms of pipe diameter and/or MAOP
Pressure limits imposed by concurrent operation of propane air plants

Duke Energy recognizes that its system, and a large percentage of their customers, are exposed to the risk
of supply interruption, should a disruptive event at only one station, Foster, occur. Duke Energy has
studied various facets of its system to address this particular vulnerability, among other flexibility and

LuMMUS CONSULTANTS
January 16, 2015 I NTERNATTION AL 59




PUCD Cane o 1693-GA-BTX
CITY POOLY 02 CONF Aracrvmery I

HIGHLY CONFIDENTIAL PROPRIETARY TRADE SECRET o L
[5 DUKE ATTORNEYS'EYES ONLY Gas System Master Plan Study
e’ ENERGY.
Proprietary & Confidential Section 5: System Configuration
reliability enhancing improvements. A study was performed in 1994 that sourced storage supply from
southeast Kentucky. Additionally, one-, three-, and ten-year capital plans have been carried out, however
we have been informed that these have been high level and lacked focus on key issues, such as on
propane air. In another study, the Gas Research Institute was commissioned to perform an investigation
on propane air. This study showed that propane air was not compatible with NGV operation. In year
2000 an external study was commissioned to review LNG peaking options. In total, these studies, we
were informed, generally constitute the extent of the investigations performed. Further, these studies
were of limited availability for Lummus Consultants’ review. While most of these investigations focused
on singular issues, subsequent Duke Energy Master Resource Plans (MRP) began looking at the various
operations as one integrated system. For instance recent plans were established that included two
additional phases of C314 that would extend south to California Station, however these extensions did not
completely eliminate the reliability exposure. To further study this matter, Duke Energy engaged
Lummus Consultants to perform a third party review to bring together all of the identified key issues
under a Gas System Master Plan, that can be presented to the PUCs of Ohio and Kentucky, in support of
large scale capital investment. Such an integrated resource plan is intended to consider reasonable cost
solutions to their system vulnerabilities and restrictions related to:

Relying on one source of supply to the southern area of their system, particularly on peak
Propane air peaking facilities that are showing obsolescence, interference with flow flexibility
from proposed new system extensions due to pressure limits, and interference with potential
growth in the NGV sector and certain other new markets due to product incompatibilities.

e  Older line performance limitations

e  MAORP limitations

5.3  System Model Results for Potential New Expansions

As Lummus Consultants was charged with the development of a long-range (20-year) system expansion
plan, Lummus Consultants directed its efforts at identifying the capabilities the Duke Energy’s system
should ultimately strive to meet. These capabilities include the ability to provide its customers substantial
reliability, and to provide its transmission network sufficient flexibility to be able to recover from a wide
range of potential shut-in events through redirection of flows when necessary. By defining this long-
range goal, each conceived system expansion was analyzed for its ability to fulfill the goal's objectives.
Included in this long-range study are configuration options for peaking facilities, which are analyzed in
other sections of this report.

5.3.1 Long-Range Capabilities

The emphasis placed on defining scenarios to run on the Stoner pipeline simulation mode! was toward
reliability and flexibility. Reliability was considered a top criterion due to the current dependence on a
single gate station to serve over half of the system’s firm customers and the overwhelmingly obvious
consequence posed by a possible shut-in event at or near this station. A system of greater flexibility, in
particular a system capable of reliably serving the southern segments from northern gate stations, would
not only insulate against the specter of loss of gas supply to a majority of customers, but would likely also
result in lower cost in terms of asset management including those participating in the customer Choice
program. Other features reflected in modeling selection considered regions of concentrated demand
growth, population class category, and imminent transmission pipeline replacement or pressure
downgrades. These features were considered as refinements to the primary objective of enhancing the
system for reliability and flexibility.
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5.3.2 Capacity of Current System Configuration

Figure 38 represents Duke Energy's transmission lines overlaying the Ohio River (shown in light blue
color). Serving the system-wide peak demand of 42,462 Mcfh, the figure reveals the extent of flow
originating through Foster, assuming the two propane air peaking plants, Erlanger and East Works, are
not in operation. The volume contribution from Foster in this scenario amounts to 25,511 Mcfh,
extending into the system, as illustrated in red in the figure below. The lines of dark blue represent the
remaining volumes as served by the northern gate stations. This graphic essentially represents the
hydraulic capability of the system to serve demand from the south through Foster without propane air
augmentation. While this exercise shows that the system in its current physical configuration is capable
of eliminating the need for propane air plants, the required increased flows through Foster are not likely
deliverable by CGT. Altemnatively, increasing flow from the northern gate stations is not possible, as
model runs have shown that the aggregate system capability will handle only 16,951 Mcfh from the north,
likewise assuming no propane contribution from the two plants. The flow pattern for this latter scenario
is closely represented in Figure 38. More on options to eliminate the need for the propane air facilities are
discussed elsewhere in this report.

Figure 38: System Capacity as Served from the North and South

\

In order to analyze a wide range of potential expansions that could reduce or eliminate the reliability
exposure presented by the reliance on flow through Foster Station, Lummus Consultants supervised the
following nine Stoner simulation runs. They analyze the specific capabilities of potential expansions in
the Center, Western, and eastern portions of Duke Energy’s service territory. Each scenario assumes a
system peak sendout of 42, 462 Mcfh, available Foster pressure of 400 psig, and no contribution from the
propane air plants.
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§.3.3 Description & Analysis of Potential New Expansions
5.3.3.1 System Center Expansions
The following describes the C-1, C-2 and C-3 expansions.

C-1 Expansion — Much consideration has been given to the proposal of extending the high capacity C314
line an additional 9.8 miles with 24-inch pipe to connect to the V-line east of the Norwood Station. This
scenario was modeled and is represented in Figure 39. With Foster flow indicated in red, the figure
shows how this C314 extension backs-off Foster gas north and east of Norwood. It is seen that northern
gas reaches through nearly all of the 20-inch V-line, into the EE-line near California Station, and eastward
to around Batavia where it meets flow from the south to create a null-flow point. Increased flow in this
case is predominantly limited by the capacity of the V-line. This scenario reduces Foster reliability to
19,662 Mcfh, the difference at Foster being accommodated by flow through the Mason station.

Figure 39: C-1 Expansion C314 Line Extension to V-Line
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C-2 Expansion - Through multiple runs with the pipeline simulation model, it has been determined, that
to reduce the Foster flows entirely and thereby eliminate the reliance on this gate station, a new feed
lateral would need to be installed to the California station. Such a line would not rely on the limited V-
line capacity, and meet the minimum required pressures around the California station to flow in both
directions eastward and westward. This C-2 Expansion scenario assumes the C314 line is extended to
California station with 18.7 miles of 36-inch pipe, plus about 1.6 miles of 16-inch pipe to maintain a
connection with the V-line. The model was forced to back-off the Foster flows as much as possible. In
this case Foster flow was reduced entirely, requiring about 29,187 Mcfh from the Mason station. The
limiting feature in this case is the C314 line, which creates significant pressure loss, requiring the
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relatively larger size 36-inch line to California. Note that the system serving Georgetown to West Union
is accessed through the CGT connection over Brown Co station. Figure 40 shows how the flow from the
north completely serves the Duke Energy system, with exception to the above mentioned Brown station
receipts.

Figure 40: C-2 Expansion WW to California Station

MASON M g;g =MCFH
6754 .

29187

1518

1858
178

C-3 Expansion — The flexibility to connect the C-2 Expansion with a greater number of interstate
pipelines is enhanced by building a lateral from Mason to Red Lion. This is represented in the C-3
Expansion. It requires 9.9 miles of 36-inch pipe connecting Mason to Red Lion (Lebanon Hub), in
addition to the pipe configuration required in the C-2 Expansion. In this scenario Red Lion provides
approximately 28,547 Mcfh to the system sendout. Figure 41 illustrates this flow scenario, indicating a
required pressure at Red Lion (Lebanon Hub) of 675 psig, and essentially the same system flow patterns
as the C-2 Expansion.
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Figure 41: C-3 Expansion Red Lion to Mason as Extension of C-2 Expansion
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5.3.3.2 System West Expansions
The following describes the W-1, W-2 and W-3 expansions.

W-1 Expansion - An alternative option to bring gas from the north is represented in Figure 42 where,
instead of the C314 extension, a new 32-inch lateral of 18.1 miles was sized to bring gas from TGT at
Harrison Station, southward across the Ohio River, to connect with the AM07-line on the Kentucky side
of Anderson Ferry. Here the gas enters the AMO07-line to flow southward and across Anderson Ferry
northward on the AA-line. With both of the propane air facilities shut-in, the required flow from Foster is
reduced to only 9,134 Mcfh, displayed graphically in red in Figure 42. As seen in the figure, Foster gas
still reaches well north of the Norwood Station by way of California to East Works, but is backed-off at
Cold Springs by gas from TGT gas originating at Harrison. The limiting factor for increasing volume in
this scenario is the flow capacity of the new lateral given the pressure at Anderson Ferry.

Lummus CONSULTANTS

January 16, 2015 I NTERNATI ORN AL 64




HIGHLY CONFIDENTIAL PROPRIETARY TRADE SECRET I

ATTORNEYS' EYES ONLY.

,[3 DUKE Gas System Master Plan Study
& ENERGY.

Proprietary & Confidential

Section 5: System Configuration

Figure 42: W-1 Expansion Harrison to Anderson Ferry
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W-2 Expansion - A variation of the Harrison to Anderson Ferry expansion may consider serving the
Miami Fort power plant. To meet the flow requirements, the revised lateral would need to be constructed
with a 36-inch line over the first 7.6 miles, and 32-inch line over the remaining 10.5 miles. A connecting
16-inch lateral of 3 miles is sized to bring the gas from the W-2 Expansion to the Miami plant. The use of
the 36-inch segment on peak would allow greater flow under the same pressure limits at Anderson Ferry.
In this case Foster flow is further reduced to 6,628 Mcfh and Harrison receipts are increased from 18,087

Mcfh in case W-1 to 20,772 Mcfh in case W-2. Figure 43 identifies some of the key pressure and flow
points on the system for the W-2 expansion.
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Figure 43: W-2 Expansion Harrison to Anderson Ferry with Upsized Lateral
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W-3 Expansion — Modeling runs have shown that the same results of W-1 Expansion can be achieved
with a similar 32-inch lateral to Anderson Ferry, originating at the TGT Fernald Station, stretching over
21.6 miles. This alternative, while approximately the same distance from Harrison, may have right of
way (ROW) acquisition and construction advantages. Serving the Miami Fort power plant is not a
considered feature of this expansion, due to the increased length of required piping lateral to the plant.
Figure 44 illustrates the flow patterns and identifies some of the key pressure and flow points on the
system for the W-3 Expansion. Note the similar system data points as for the W-1 Expansion,
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Figure 44: W-3 Expansion Fernald to Anderson Ferry
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5.3.3.3 Combined System Center and West Expansion

The following describes the combined C-1/W-1 and C-2/W-2 expansions.

C-1/W-1 Expansion — By combining the foregoing C-1 and W-1 expansions, it can be shown that the
flow through Foster is significantly reduced to 1,254 Mcfh. Figure 45 illustrates the reduced flow from
Foster reaching Norwood from Cold Springs, through California and East Works. Additionally, as
expected, the eastern system to Mt Orab is still served by Foster over Bracken Station. The restriction to
even greater volume of flow is related to the individual expansion restrictions, as identified above. The
combination of the two system enhancements is a considerable improvement in the reliability to serve the
southern part of the LDC, although the additional volumes are sourced from only one interstate pipeline,
TGT. In that sense the system flexibility is only modestly improved.
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Figure 45: Combined C-1 and W-1 Expansions
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C-2/W-2 Expansion — By combining the foregoing C-2 and W-2 expansions, it can be shown that the
flow through Foster is likewise reduced to zero, attributable to the C-2 individual expansion. Further, by
including the W-2 expansion, a high demand customer, Miami Fort power plant, may be served on the
west side of the system. Figure 46 illustrates the eliminated flow from Foster being replaced by flows
from Mason and Harrison. The combination of the two system enhancements, while eliminating the
requirements through Foster, reduces the required flow through Mason from 29,187 Mcfh to 20,290 Mcfh
(for the C-2 option alone), and reduces the required flow through Harrison from 20,772 Mcfh to 15,000
Mcfh (for the W-2 option alone). The additional volumes from the northern gate stations required to
reduce the Foster requirements are however, sourced from only one interstate pipeline, TGT. In that
sense the system flexibility is only modestly improved.
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Figure 46: Combined C-2 and W-2 Expansions
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5.3.3.4 System East Expansion
The following describes the E-1 expansion.

E-1 Expansion — Owing to the proximity of the Lebanon hub (i.e. Red Lion Station) within the Duke
Energy service area, and the possibility to connect to multiple interstate pipelines, as was done in the C-3
Expansion, it is recognized that receiving significant gas supply at Red Lion (Lebanon Hub) offers the
utmost in system supply flexibility. Integrating this flexibility into the system to promote maximized
reliability for a system east expansion, requires a connecting line reaching from Red Lion to the
Califonia Station. The model results show that a nominal 30-inch diameter pipeline of 44 miles,
receiving gas from Red Lion and delivering atinto the California Station, will eliminate the need for gas
receipts through Foster. This is shown in Figure 47 where the system flow, indicated in blue, originates
from northern gate stations, reducing Foster volumes to zero. The routing of this new line may take
advantage of considerable existing ROW, as available.
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Figure 47: E-1 Expansion Red Lion to California
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5.3.4 Summary of Flows, Costs & Foster Reliability of Potential New Expansions

Table 14 summarizes the above described expansion scenarios with resultant flow reductions at Foster
and required new gate station volumes. Note the footnotes describing specific features.
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Table 14: Summary Expansion Resuits at 42,462 Mcfh System Sendout and no Propane-Air
Contribution

New Gate Foster Flow
Run Description Location New Gate Volume(1) Requirement(2)
Fmax Foster Flow Maximized N/A N/A 25,512 Mcfh
Nmax Northern Flow Maximized N/A N/A 25,511 Mcfh
C-1 24" WW ta V-Line Mason 10,663 Mcfh 19,662 Mcfh
C-2 36" WW to California Mason 29,187 Mcfh 0 Mcfh
C-3 C-2Run plus 36" Red Lion to Mason  Red Lion 28,547 Mcfh 0 Mcfh
W-1 32" Harrison to Anderson Ferry Harrison 18,087 Mcfh 9,134 Mcfh
36"/32" Harrison to Anderson Ferry :
W-2 Harrison 20,772 Mcfh 6,628 Mcfh
serving Miami Ft at 5,000 Mcfh(3)
W-3 32" Fernald to Anderson Ferry Fernald 18,087 Mcfh 9,134 Mcfh

Masonand  Mason 10,750 Mcfh

C-1/W-1 Combined C-1 & W-1R 4 % h
Y s uos (4 Harrison Harrison 16,408 Mcfh LiZoAnch
Masonand  Mason 20,290 Mcfh
- - Combined C-2 & W-2R
CeaiW-2 ombine uns Harrison Harrison 15,000 Mcfh BMeth
E-1 30" Red Lion to California Red Lion 25,414 Mcfh 0 Mcfh

(1) New Gate Station Volumes include current station throughput
(2) Volume to meet total system demand of 42,462 Mcfhr with no Propane-air augmentation
(3) Miami Ft valume of 5,000 Mcfh assumed start up only
(4) California flow is 1,140 Mcfh if pressure is lowered to 400 psig
Legend:
Fmax reflects the forced maximum flow from Foster as limited by system capacity
Nmax reflects the forced maximum flow from northern gate stations as limited by system capacity
C-expansions are generally along the center of the system
W-expansions are generally on the West of the system
E-expansions are generally on the East of the system

Table 15 Summarizes the Expansion metrics with estimated construction cost ranges. Also, an estimate
of the cost benefit for added system supply flexibility is indicated. This cost benefit is estimated from
savings anticipated through simplified supply asset management services and Choice Program flexibility
enhancement.

LummMus CONSULTANTS

January 16, 2015 I NTERNATIONA.L 4l




PUCD Case v 1603304 T2
CITY PODO1 G CONF Alschmert I

HIGHLY CONFIDENTIAL PROPRIETARY TRADE SECRET s
[5 DUKE ATTORNEYS_EYES ONLY. Gas System Master Plan Study
&’ ENERGY.
Proprietary & Confidential Section 5: System Configuration
Table 15. Expansion Scenarios Metrics
Dimensions Estimated Cost (6) Flexibility
Cost
Est Length, Nom Dia, Benefit(1),
Run Description mile inch Low, $1000 High,$1000  $1000
Fmax Foster Flow Maximized N/A N/A Existing System -
Nmax Northern Flow Maximized N/A N/A Existing System
C-1 24" WW to V-line 9.8 24 52,181 111,817 20
36" WW to California 18.7 36
c-2 16" to V-line 16 16
totals " 203 106,078 227,311 340
C-2 (see above) 203 various
c-3 36" Red Lion to Mason 99 36
totals 30.2 149,163 319,636 340
w-1 32" Harrison to Anderson Ferry (2) 181 32 74,278 159,168 200
36" Harrison to Miami Ft take-off 7.6 36
P 32" Miami Ft take-off to And. Ferry 10.5 32
16" Miami Ft take-off to Miami Ft (3) 3 16
totals 211 81,349 174,320 200
w-3 32" Fernald to Anderson Ferry 21.6 32 136,438 292,366 200
C-1/W-1 Combined C-1 & W-1 Runs (4) 126,459 270,985 311
C-2/W-2 Combined C-2 & W-2 Runs 187,427 401,631 340
E-1 30" Red Lion to California (5) 434 30 128,629 275,633 340

(1) Est by Jeff Kern and does not include transportation customer benefit, which could double given estimate
(2) Requires 500 psig at Harrison; 36-inch lineis required for 450 psig at Harrison

(3) Assumes 450 psig at Harrison; serves Miami Ft at 5,000 Mcfh

{4) Harrison requires only 390 psig

(5) Assumes 675 psig at Red Lion

(6) Based on Lummus Consultants Class 5 cost estimate, with Duke refinements resulting in -30/+50% estimate incl. 1.5%
inflation over S years

The expansion scenarios identify the volume reductions potentially realized on CGT through Foster. The
benefit of these volume reductions places fewer customers at risk should a Foster-related event occur.
The estimated number of customers remaining at risk under each of the expansion scenarios, assuming a
full shut-down of Foster, is presented in Figure 48. The number of customers is estimated in direct
relationship with the remaining required flow through Foster to serve the system for each expansion
scenario.

It is important to note, that while the customers served through Foster station are represented in Figure 48,
the customers receiving gas from CGT over Brown Co station, on the system serving Georgetown to
West Union, are not represented in the figure. Should an event on CGT impact the Brown Co station
receipts, then it is expected that roughly 1,800 customers would be affected, regardless of the expansion
option chosen from this study. To safeguard the Brown Co station customers against an event on CGT,
would require additional lateral expansions/upgrades to adequately receive gas from one of the northern
gate stations. The option to reduce the risk to these customers has not been studied in this assignment.
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Figure 48. System Reliability Improvement at Foster Under Expansion Scenarios — Customers
Remaining at Risk
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6 U.S. Peak Supply Facilities

This chapter provides the reader with information on the types of peaking facilities in general use in the
United States. Storage facilities are typically constructed above-ground in steel containers protected from
spillage by means of dikes. In contrast, Duke Energy’s usage of underground mined caverns for propane
storage is virtually unique in the industry.

6.1  Propane-Air Plants

6.1.1 Purpose of Propane-Air Facilities

Most gas companies in the U.S. have two broad categories of gas supply: 1) base supplies generally
purchased from nearby Interstate pipelines through long-term supply contracts, and 2) peaking supplies
that often exist within the service area of the gas company and are operated by the company. Base
supplies cover seasonal and year-round demand requirements of the company’s customers, whereas
peaking supplies fulfill the most temperature-driven requirements of their customers; primarily winter-
time space-heating needs. The balance between the size of the two types of supplies is determined by
costing the volumes of winter supplies required: in the past it has generally, but not always, proven to be
most economical for a gas company to purchase base supplies for the vast majority of its annual customer
demand and only utilize peaking supplies for a few weeks per year.

The predominant types of peaking facilities used by gas companies in the U.S. are LNG and propane air.
Many gas companies have both types of peaking facilities, using LNG for more extended periods (several
weeks per year) and propane-air facilities for shorter, higher-demand periods (several days per year). The
days that these facilities operate are generally not continuous; for example one or two days one week and
one or two days some time later, depending on weather severity.

6.1.2 Components of Propane-Air Facilites

Propane is a heavier hydrocarbon than methane, which is the primary component of natural gas. As such
it has a higher heating value per cubic foot than methane and cannot be used directly in natural gas.
Propane must first be cut back with air in order to lower its heating value to approximately that of natural
gas. Propane is stored at propane-air peaking facilities, mixed with air, compressed, and then blended
with natural gas in fixed proportions.

6.1.3 Number of U.S. Propane-Air Facilities

There are a number of propane-air facilities within the U.S. as shown in the following table, which lists
the number of existing facilities in each state:

Table 16: Propane-Air Plants in the United States

State Number of Facilities
Alabama 1
Connecticut 4
\llinois 3
Indiana 2
lowa 2
Kentucky 1
Maryland 3
Massachusetts 9
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State Number of Facilities
Minnesota 4
Missouri 1
Nebraska 1
New Hampshire 1
New Jersey 4
New York 2
North Dakota 1
Ohio <)
Pennsylvania 4
Rhode Island 1
South Carolina 2
Virginia 7
Total 56

Source “Preliminary Assessment of a Propane-Air Backup System for the Anchorage. Alaska, Area ™ Argonne
National Laboratory, ANL/DIS-12-5, February, 2012

In the above table three propane air facilities are listed for Ohio and one for Kentucky.

6.1.4 Compatibility/Incompatibility of Propane-Air Supplies

By blending propane with air and with natural gas in specific proportions, compatibility is achieved for
burning characteristics such as flame height and flame color in customer appliances. This propane/air
mixture is directly compatible with natural gas and can therefore be used by any natural gas fired
equipment, such as burners, heaters, stoves, furnaces, water heaters, etc., without any modification to the
equipment.

However, a major incompatibility still exists for particular customers who will subsequently compress
their gas receipts. These customers include those using NGVs, certain distributed generation equipment,
and certain electricity power generating units. The incompatibility arises due to propane’s low vapor
pressure causing the propane component to drop out of the mix in liquid form as pressure increases when
any of these particular pieces of equipment are being used. Since liquids cannot be compressed, the
compression equipment can be damaged.

6.2 Propane Storage

In contrast to the mined underground storage caverns utilized by Duke Energy at its Erlanger and East
Works sites (and until recently at Dick’s Creek), propane is typically stored on site by gas utilities in
insulated steel storage tanks. The tanks are either built above ground or are buried slightly below ground
for temperature and safety reasons.

6.3 Liquified Natural Gas Plants
6.3.1 Purpose of LNG Facilities

LNG facilities are typically used to provide peaking supplies similar to propane air plants. In general,
LNG facilities provide more gas storage than propane air facilities and thus are used in systems that
require peaking supplies for more than a few days ; perhaps for a few weeks each winter. LNG plants are
used both by distribution/transmission utilities and by major interstate pipelines. Peaking supplies from
LNG facilities are much more compatible with natural gas supplies and with the requirements of users
that utilize recompression of their gas after purchase (such as NGV markets) than are peaking supplies
from propane-air facilities.
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6.3.2 Components of LNG Facilities

The LNG plants typically constructed for gas utilities are of two different types: either a satellite plant or
a full-service plant.

Full-service LNG plants contain:

1) Liquifaction Facilities where natural gas is converted to a liquid during non-peak periods of the
year by lowering its temperature,

2) Storage Facilities where the liquid gas is stored for usage during peak periods, and

3) Vaporization Facilities where the liquid is heated and sent into the distribution system to bolster
supplies during peak periods.

Satellite plants contain only storage and vaporization facilities. Therefore the liquid gas must either be
brought into the plant from a full-service facility owned by the gas utility at a different location, or the
liquid must be purchased from a full-service facility owned by an outside company. Additional
information regarding LNG facilities is provided in an attached report in Appendix C. This report was
prepared for the INGAA Foundation.

6.3.3 Number and Size of U.S. LNG Facilities
The following map indicates the existing gas utility LNG plants in the U.S.:
Figure 49: Map of U.S. LNG Plants
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Source Energy information Administration, Office of Oil & Gas, Natural Gas Dission Gas, Gas Transportation Informabon System, December
2008
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Typical liquefaction capacities of the above facilities fall in the range of 1-20 million scfd. Typical
vaporization capacities of the above facilities fall in the range of 75 to 150 million scfd.

LNG facilities are also owned and used by interstate pipelines to manage their ability to provide natural
gas during peak periods or during pipeline interruptions. The following map indicates the existing
Federal Energy Regulatory Commission (FERC) jurisdictional LNG plants in the U.S.:

Figure 50: Map of U.S. Peakshaving LNG Plants under FERC Jurisdiction

FERC Jurisdictional
Peakshavers

A. Chattanooga Gas Co.
Chattanooga, TN
B. Columbla Gas Transmission, Inc.
Chesapeake, VA
C. East Tennessee Natural Gas,
L.LC
Kingspart, TN
D. Hopkinton LNG Corp.
Hopkinton, MA
E. National Grid LNG, L.P,
Providence, RI
F. Northern Natural Gas Co.
Gamer, 1A
G. Northemn Natural Gas Co.
Wrenshall, MN
H. Northwest Pipeline Corp.
Ptymouth, WA
1. Pine Needle LNG Co.
Stokesdale, NC
J. Paiute Pipeline Co.
Lovelock, NV
K. Total Peaking Services, L.L.C.
Milford, CT
L. Transcontinental Gas Pipe Line
Co, L.LLC.
Cartstadt, N)
M. UGI LNG, Inc.
Reading, PA

© Peak Shaving Plants

As of March 11, 2013

Office of Energy Projects

Source: Federal Energy Regulatory Commission
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7 Duke Energy’s Peak Supply Facilities
7.1 Overall Peak Supply Facilities

To augment natural gas supplies in support of system operations, Duke Energy has operated three
propane-air facilities over the past six heating seasons. These facilities are:

1) East Works in Cincinnati, OH

2) Erlanger, KY, and

3) Dick’s Creek, OH
The three propane air plants are essentially identical in equipment type and size. They generally can
inject propane air into the system as high as 200 to 215 psig, thereby setting the limit to which the
immediately connected laterals can be operated. On peak, propane air reaches about 70 percent of the
system.

In general propane-air facilities are comprised of three major components, namely 1) propane liquid
storage, 2) propane vaporization, and 3) blending of propane with air for injection into the system (i.e.
sendout). While Duke Energy has owned and operated the three above identified propane-air plants and
two of the storage cavemns, the Todhunter cavern, which served the Dick’s Creek plant was sold to a third
party in 2007. This cavern has experienced containment issues and is no longer in operation.

On Duke Energy’s system, peaking facilities provide a dual function:

1) Duke Energy’s two remaining propane-air plants operate as standard peaking facilities (referred
to as “peakers™), which furnish supply on very high demand days (i.e. peak days). Available
pipeline services that offer similar types of on-demand supply for only very short periods, have
imbedded demand charges that sometimes render such services uneconomical. In general, short
term services result in lower annual load factor usage, expressed as a percentage of average
capacity utilization to maximum available capacity. Base load services typically have 100
percent load factor, where the maximum capacity is used every day. For peaking, or no-notice
services, the capacity is used only on a few days, and thus have a low load factor, To minimize
low load factor service contracts, utilities “peak shave” their supply requirements with lower cost
options, such as propane-air, LNG, or storage facilities. However these comparisons are based on
newer facilities that do not require large maintenance expenditures. Duke Energy’s peaking
facilities range from 50 to 65 years in age and now require significant maintenance.

2) Duke Energy's propane air plants also serve as a pressure and a supply boosting operation to
supplement gas supplies to certain sections of the service territory where it is not possible to route
pipeline supplies on heavy-usage days due to limitations of particular legs of Duke Energy’s
transmission system. As such, this usage is not an economic decision but an operating necessity.
However many new line expansions envisioned in this study would no longer require
supplementation of supplies through peaking facilities.

Duke Energy does not currently own any other type of on-system peaking supply, such as LNG or
storage. Lummus Consultants believes that both of Duke Energy’s current propane air facilities have
served a critical role in the provision of peaking and supplementary gas supplies for many decades.
Indeed, due to the physical flow limitations of Duke Energy’s transmission system during these years, it
appears that Duke Energy could not have provided sufficient gas to its customers on peak days nor on
days where exceptional operating problems occurred without having these propane air facilities available.
At the same time however, the facilities, while generally well maintained, are aged, require additional
maintenance expense, and have a number of serious drawbacks including:
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e The maximum available injection pressure of about 207 psig at the Erlanger facility limits the use
of availability capacity of the transmission lines in the area, predominantly Kentucky. Therefore
using the Erlanger plant on peak days is somewhat of a self-defeating measure, since it limits the
ability of the transmission system to supply natural gas to that area, which then requires more
propane air to be injected.

e The East Works facility is antiquated, employing equipment and containment buildings that are
considerably aged and modified over time. For instance one building at East Works was
extensively modified in 1960 to house vaporizers and mixing runs.

e The rock-mined caverns are not a standard means of storage for propane for use by gas utilities.
The caverns are more than 60 years old. The modem means of storing propane utilizes above-
ground (or ground-covered) steel tanks.

e Over the last century, the propane storage caverns and propane-air sites have experienced
significant encroachment. In particular, vehicular traffic, which did not exist when the caverns
were mined has expanded on nearby streets and river bridges. Barge traffic as well has increased
on the Ohio River, which flows very near the propane caverns.

e The underground caverns store tremendous amounts of propane, compared to standard steel
tanks. Each cavern stores about eight million gallons of propane (about 200,000 Bbl of working
volume), although Duke Energy does not typically fill them completely, it retains a significant
amount of propane in them year-round for integrity maintenance purposes. We understand the
Dick’s Creek cavern, formerly owned by Duke Energy, is no longer operational.

e The East Works storage cavern has recently exhibited a very slight casing leak for the first time.
An engineering inspection by Natural Engineering Services, PLLC concluded that although the
exact Jocation and source of the leaking propane has not been determined, the leaking propane
has now been controlled and is currently being diverted through use of a standard boot seal
installed in June, 2014. It is being regularly monitored by Duke.

e Unlike natural gas, which is lighter than air and will quickly dissipate in the event of a leak,
propane is heavier than air, and if leaked will seek low lying areas where it can amass and
become a much more serious safety hazard.

e The boilers at the Erlanger facility have not been replaced and are now judged by a third party to
have about four years of remaining life. The boilers at the East Works were replaced; however
the original ones have not been removed.

7.2 East Works Propane Facilities
7.2.1 East Works Site

Duke Energy’s Ohio propane facility, East Works, is located along Riverside Avenue (formerly Eastern
Avenue) on the east side of Cincinnati. It was constructed during the 1880s on the banks of the Ohio
River. The site covers 15.94 acres (6.16 acres in East Parcel; 6.49 acres in Center Parcel; and 3.29 acres
in West Parcel), and has been in continuous use by Duke Energy and its predecessor companies for
decades.

East Works was originally the site of a manufactured gas plant where gas was produced from coal starting
in 1843 before natural gas became available in the region. It reportedly featured a new, low-cost
European system of coal carbonization, which helped reduce gas-manufacturing costs. In 1907 the first
supply of natural gas was introduced in Cincinnati. Initially limited in supply, natural gas was quickly
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received with favor, offering a cleaner and safer fuel than manufactured gas with the ability to heat twice
as fast at half the price, according to historical records.

Some of the original brick and stone buildings are still standing and have been modified over time to
support more current requirements. Portions of the site have been remediated to remove tar products,
which were absorbed by the soil during the time of manufactured gas production and storage.

In 1948 CG&E abandoned the mixing of manufactured and natural gas and converted its gas making
equipment at the East Works to produce an oil gas that was interchangeable with natural gas.

Below is a current photo of the East Works site as viewed from the river and facing Riverside Ave.

Figure 51: East Gas Works Plant

7.2.2 East Works and Constance Mined Propane Caverns

Duke Energy stores its propane for winter use in two underground caverns located along the Ohio River.
The caverns were mined into the blackstone rock layer below the shallower limestone. The caverns are
found between 100 feet and 400 feet below ground. They are located very near the Ohio River. Below is

a photo depicting miners and their equipment in one of the cavern tunnels at the time the caverns were
mined.
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Figure 52: Underground Cavern

The storage caverns have served Duke Energy and its predecessors very well for a long period of time,
However these caverns are judged by Lummus Consultants to now have a number of questions that
should be considered by Duke relating to continuation of their service for a modern gas utility. These
include issues of age, congestion from surrounding encroachment, a slight propane leak, limited
remaining boiler life, and other issues detailed above in Section 7.1 of this report. Similar to Duke
Energy’s distribution mains which have recently been replaced due to their age and risk (as recommended
by PHMSA and supported by Duke Energy’s regulators), these caverns may need to be decommissioned
due to their age and risk.

7.3  Erlanger Propane Facilities

Duke Energy constructed and operates its second propane air facility south of the Ohio River near
Erlanger, Kentucky. The facility was constructed during the 1950s. Propane storage for this facility is
not located on site but is pumped from an underground mined cavern, the Constance Cavern, on the south
bank of the river. Below is a recent photo depicting the facilities and control buildings at the Erlanger
plant:
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Figure 53: Erlanger Plant

The following photo depicts the Erlanger steam boilers that are planned for replacement in about four
years:
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Figure 54: Erlanger Plant Steam Generators

7.4 Propane Sendout Volumes

The three propane plants (East Works, Erlanger, and Dick’s Creek) produced propane-air for a total of 94
days over the past six heating seasons, averaging 15.6 days per year. Together the plants sent out a total
of 426,248 Mcf over these six heating seasons, an average of 71,041 Mcf per year. However during the
extreme cold experienced in the Cincinnati area in 2014, propane send-out exceeded the average yearly
output on the following two days:

I.  January 7, 2014 Propane send-out of 75,507 Mcfd, and

2. January 6, 2014 Propane send-out of 70,582 Mcfd.
The third highest daily propane send-out over these six years occurred on January 23, 2014, amounting to
17,613 Mcf, a substantially lower amount of send-out. On all three peak send-out days, the Dick's Creek
facility did not operate since it had been shut-down in 2013. The next section contains a graph illustrating
these send-out rates on a sorted load duration basis

7.5 Propane Load Duration Curve

The graph shown below identifies the total daily send-out for Duke Energy’s propane-air plants relative to
a load duration curve. The horizontal axis indicates propane was sent out on a total of 95 days over the
past six years. The send-out volumes are sorted from highest send-out per day to lowest send-out per day:
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Figure 55: Duke'’s Propane-Air Plants Total Daily Sendout
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Lummus Consultants notes that only the first few days of very high propane send-out shown in the above
chart are of concern when analyzing the most economical way to fulfill peaking needs. Propane send-out
for most of the remaining days was required by pressure or flow constraints in Duke Energy’s
transmission system, rather than by cost considerations. Thus other peaking sources (such as LNG and
pipeline contracts) were considered for an economic analysis of alternative ways to provide peaking
supplies on only the highest demand days.

7.6  Extent of Propane Travel Throughout Duke’s Service Territory

When the propane air peaking plants are in use, gas supplies containing the propane air can travel
extensively throughout Duke Energy’s piping systems due to the numerous piping connections depending
on the volumes of propane/air sent out.

7.6.1 Extent of Propane Travel Throughout Ohio From East Works & Erlanger Facilities

The following map illustrates in red the maximum potential extent of propane/air throughout Duke
Energy’s Ohio Distribution system when propane air is being produced at both the East Works and
Erlanger facilities:
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Figure 56: Maximum Extent of Propane Travel in Ohio from East Works and Erlanger
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7.6.2 Extent of Propane Travel Throughout Kentucky From Erlanger Facility

The following map illustrates in red the maximum potential extent of propane air throughout Duke
Energy's Kentucky Distribution system when propane air is being produced at the Erlanger facility
(propane air from East Works does not enter Kentucky):

Figure 57: Maximum Extent of Propane Travel in Kentucky from Erlanger
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7.7 Firm Requirements Load Duration Curve

The graph below presents Duke Energy’s total supply load duration curve for the heating year 2012-2013.
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Figure 568: Duke Energy’s 2012-2013 Heating Year Total Supply Load Duration Curve
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The design requirement for propane air (or an alternative peak-shaving source) is shown in the blue
triangle. The maximum daily requirement for peak-shaving is 83,852 Mcfd, with a total heating season
requirement of 296,943 Mcf. Peak-shaving is planned to be required on six days during the heating
season. These figures would define the peak-shaving requirements, storage capacity, and vaporization
capacity required by any source of peak-shaving, such as LNG, or on-system storage.

These figures represent the peaking requirements of Duke Energy for its customers that rely on Duke
Energy for gas purchases. They do not include peaking supplies (nor other supplies) required by
CHOICE or other transport customers, if any. The total requirement for all customers that use Duke
Energy’s transportation and distribution system is depicted by the upper blue curve on the graph.
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8 System Capital Improvements and Costs

Lummus Consultants has determined through use of Duke Energy’s flow model that the following major
(in excess of $5Million each) capital improvements will be required during the forthcoming 20-year time
period:

Table 17: Expansions and Peaking Capital Expenditures

ESTIMATED COST (SMM)
EXPANSIONS AND PEAKING CAPITAL EXPENDITURES MINIMUM MAXIMUM
1 | ONE OF 7 RELIABILITY EXPANSION OPTIONS $ 522 $ 4016 (1)
2 | G7BIGBON CONNECT UL02 TO AMO3 $ 7.5 $ 190
3 | GC338 EXTEND C338 FROM BETHEL TO SS00 (UNLESS E- $ 500 $ 1000 (2)
1 EXPANSION ELIMINATES NEED)
4 | POSSIBLY DECOMMISSION BOTH PROPANE FACILITIES $ 50 $ 70 (3)
AND CAVERNS AFTER ONE RELIABILITY OPTION IS
INSTALLED
TOTAL 20-YEAR CAPITAL EXPANSION PLAN $ 114.7 $ 527.6
NOTES
(1) Min & Max costs are low and high cost estimates for least expensive (C-1) and most expensive (combined
C-2/W-2) options.
(2) GC338 Expansion is still required for all potential new expansions, except passibly not required for
expansion E-1.
(3) One time write-down upon abandonment of Erlanger and East Works plants

Shown below is the cost of each of the seven potential new expansion options referred to in the above
table that have been advanced by Lummus Consultants as having varying degrees of effectiveness in
increasing the flexibility and reliability of Duke Energy’s transmission piping system.
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Table 18: Costs of Expansion Scenario
Rimensions Eftimated Cogt (6] Flexibiity
Cost
EstLength, Nom DB, Benefit(1),
Run Description mile inch Low, $1000 High,$1000  $1000
Fmax Foster Flow Maximized N/A N/A Existing System -
Nmax Northern Flow Maximized N/A N/A Exlsting System
C-1 24" WW to V-Line 9.8 24 52,181 111817 20
36" WW to Callfornia 18.7 36
c-2 16" to V-line 1.6 16
totals Y 203 106,078 227,311 340
C-2 (see above) 203 various
Cc-3 36" Red Uon to Mason 9.9 36
totals 302 149,163 319,636 340
wW-1 32" Harrison to Anderson Ferry (2) 181 32 74278 155,168 200
36" Harrison to Miamli Ft take-off 7.6 36
W 32" Mlami Ft take-off to And. Ferry 105 32
16" Miamli Ft take-off to Mlami Ft (3) 3 16
totals 211 81,349 174,320 200
W-3 32" Fernald to Anderson Ferry 216 32 136,438 292,366 200
C-1/w-1 Combined C-1 & W-1 Runs (4) 126,459 270,985 311
C-2/W-2 Combined C-2 & W-2 Runs 187,427 401,631 340
E-1 30" Red Uon to California (5) 434 30 128,629 275633 340

(1) Est by Jeff Kern and does not includetransportation customer benefit, which could double given estimate

(2) Requires 500 psig at Harrison; 36-inch line Is required for 450 psig at Harrison

(3) Assumes 450 psig at Harrison; serves Mlami Ft at 5,000 Mcfh

(4) Harrison requires only 390 psig

{5) Assumes 675 psig at Red Lion

(6) Based on Lummus Consultants Class 5 cost estimate, with Duke refinements resulting in -30/+50% estimate incl. 15%

inflation over 5 years
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9 Recommendations

9.1 System Expansion Recommendations

Lummus Consultants recommends that Duke Energy implement at least one of the seven new pipeline
expansions that have been outlined in Chapter 5 of this report. Among some of the considerations,
selection should be based on the amount of reliability that each option provides, the flexibility that each
option contributes to the capabilities of Duke Energy’s transmission system, and upon the estimated cost
of each potential expansion. Table 19 is a summary of the expansion options indicating the volume
requirements from the gate stations affected.

Table 19: Summary Expansion Results at 42,462 Mcfh System Send-out with no Propane-Air
Contribution

New Gate Foster Flow

Run Description Location New Gate Volume(1) Requirement{2)
Fmax Foster Flow Maximized N/A N/A 25,512 Mcfh
Nmax Northem Flow Maximized N/A N/A 25,511 Mcth

C-1 24" WWto V-Line Mason 10,663 Mcfh 19,662 Mcfh

C-2 36" WWto California Mason 29,187 Mcfh 0 Mcfh

C-3 C-2 Run plus 36" Red Lion to Mason  Red lion 28,547 Mcth 0 Mcfh

W-1 32" Harrison to Anderson Ferry Harrison 18,087 Mcfh 9,134 Mcfh

36"/32" Harrison to Anderson Ferry s
-2 H 20,772 Mcfh 628 Mcfh
s serving MiamiFt &t 5,000Mdh(3) o o" 5 6

W-3 32" Fernald to Anderson Ferry Femnald 18,087 Mcfh 9,134 Mcth

: Masonand Masan 10,750 Mcth
CGw-1 Combined C-1 & W-1Runs (4) RS Harrison 16,408 Mcfh 1,254 Mcfh

i Masonand  Mason 20,290 Mcfh
C-2/W-2 Combined C-2 & W-2 Runs Hitiion Harrison 15,000 Mcfh 0 Mcfh

E-1 30" Red Lion to Califomia Red Lion 25,414 Mcfh 0 Mcth

(1) New Gate Station Volumes include current station throughput
(2) Volume to meet total system demand of 42,462 Mcfhr with no Propane-air augmentation
(3) Miami Ft volume of 5,000 Mcfh assumed start up oanly
(4) California flow is 1,140 Mcfh if pressure is lowered to 400 psig
Legend:
Fmax reflects the forced maximum flow from Foster as limited by system capacity
Nmax reflects the forced maximum flow from northern gate stations as limited by system capacity
C-expansions are generally along the center of the system
W-expansions are generally on the West of the system
E-expansions are generally on the East of the system

LuMMUS CONSULTANTS
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The selection of an appropriate expansion would necessarily consider numerous aspects, to include not
only reliability, flexibility and cost, but also such factors as accessing regional growth, synergies with
planned pipeline upgrades, safety (i.e., traversing of HCA), and ROW issues, etc. Table 20 is an example
suggestion of how Duke Energy might envision a ranking scheme of the expansion options presented.
Duke Energy should find consensus on which ranking categories are relevant and assign ranking weights
to each category. Table 20 is only an example of how such a ranking scheme would indicate the relative
weight of each option. For the assigned values below, expansion option W-2 would be the preferred
choice, with the C-2 option showing a close second preference.

Table 20: Example Expansion Options Selection Ranking

Expansion Scenario Raw Ranking
Reliability 1 5 5 3 3 3 4 5 5 0
Cost 4 2 1 3 3 1 v 2 0 5
Constructability 4 3 3 3 3 2 3 1 2 5
Flexibility 1 1 5 2 2 2 Y2 5 2 0
New Markets 5 5 5 5 5 S S 5 5 0
Regional Growth 1 3 3 3 4 2 3 4 5 0
Integ./Pipeline Upgrades 3 4 4 3 3 3 5 2 5 0
Total 19 23 26 22 23 18 24 24 24 10
Weighting
Category Eactor C1 Cc-2 c3 W-1 w-2 W-3 C-1/W-1 E-1 (C-2/W-2Do Nothing
Reliability 0.2 0.20 1.00 100 0.60 0.60 0.60 0.80 100 100 0.00
Cost 0.4 1.60 0.80 0.40 1.20 1.20 0.40 0.80 0.80 0.00 200
Canstructability 0.1 0.40 0.30 0.30 0.30 0.30 0.20 0.30 0.10 0.20 0.50
Flexibility 005 0.05 0.05 0.25 0.10 0.10 0.10 0.10 0.25 0.10 0.00
New Markets 0.05 0.25 0.25 0.25 025 0.25 0.25 0.25 0.25 0.25 0.00
Regional Growth 0.1 0.10 0.30 0.30 0.30 0.40 0.20 0.30 0.40 0.50 0.00
Integ./Pipeline Upgrades 0.1 030 040 040 030 030 030 030 020 030 000
Total 1 2.90 3.10 2.9 3.05 315 2.05 3.05 3.00 2.55 250
Overall Rank 6 2 7 3 1 10 4 5 8 9
Reliability The ability to reduce gas throughput at Foster
Cost Cost effectiveness
Constructability Difficulty to obtain easement rights or construct pipelines in the proposed corridor
Flexibility The ability to access multiple suppliers
New Markets NGV development due to the elimination of P/A plants
Regional Growth Pipeline provides expansion of gas systems to areas of new growth, power plantusage
Integ/Pipeline Upgrades Regulatory Risk - Pipeline option aids addressing TIMP issues/obviates the need for planned pipeline expansions

9.2 Propane Plant Recommendations

Lummus Consultants recommends that Duke Energy should evaluate the phasing out, closing, and
decommissioning of both propane air facilities currently operated by Duke Energy (at East Works and at
Erlanger). This recommendation includes evaluation of the decommissioning of the underground mined-
cavern propane storage facilities as well as the above-ground propane air blending facilities. Lummus
Consultants has arrived at this conclusion based on the following reasons, arranged in order of perceived
importance:

Lummus CONSULTANTS
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9.2.1 Decommissioning of Propane Underground Cavern Storage Facilities

e The underground storage caverns, both of which lie close to the Ohio River, have been
encroached upon by several types of establishments, creating risks that did not exist when the
caverns were constructed. River barge traffic, housing developments, nearby road construction,
and river bridges carrying large numbers of vehicles, have all increased during the past 60 years
since the cavern construction. These risk exposures are of more concern now due to the increased
congestion.

e Lummus Consultants believes that the caverns continue to be used due in part to the
grandfathered nature of their construction, operation, and regulation. Construction of these
caverns today, under current conditions and regulations, would not be as likely to receive
approval from Federal, State, or local regulatory agencies, the Corps of Engineers, local fire
departments, etc.

e Pipeline and Hazardous Materials Safety Administration (PHMSA) defines high-risk
infrastructure as: “High-risk pipeline infrastructure is piping or equipment that is no longer fit for
service”, and one of its criteria is age. PHMSA has written to regulators encouraging them to
support replacement of aged infrastructure through appropriate rate treatment. In a letter to
National Association of Regulatory Utility (NARUC)™, PHMSA stated: “As U.S. Department of
Transportation (DOT) and the National Association of Regulatory Utility Commissioners
(NARUC) continue to support efforts to accelerate the repair, rehabilitation, and replacement of
high-risk infrastructure in pipeline systems, we appreciate the NARUC's continued diligence in
promoting rate mechanisms that will encourage and will enable pipeline operators to take
reasonable measures to repair, rehabilitate or replace high-risk gas pipeline infrastructure.”

o The rock-mined storage caverns- now well over 60 years old, are not a standard means of storage
for propane. The modern means of storing propane utilizes above-ground (or ground-covered)
steel tanks.

e The storage caverns are showing signs that they are near the end of their useful life. The East Gas
Works storage cavern has recently exhibited a very slight casing leak for the first time. We
understand that the Todhunter Cavern, which serviced Dick’s Creek and was owned and operated
by Enterprise, is no longer operational because of a storage integrity issue.

e Unlike natural gas, which is lighter than air and will quickly dissipate in the event of a leak,
propane is heavier than air, and if leaked will seek low-lying areas where it can amass and
become a more serious safety hazard.

o Recent media coverage of earthquake events, such as those in August, 2014 in Napa, CA and a
few years ago in San Bruno, CA illustrate the damage that can occur to underground assets of gas
utilities with little or no forewarning,

9.2.2 Decommissioning of Propane Air Blending Facilities

e Once one or more of the new expansions recommended above, are installed, there will be
sufficient supplies in the Kentucky portion of Duke Energy’s service area, to the extent that
supplemental peaking supplies from Duke Energy’s Erlanger facility, which have historically

* http://opsweb.phmsa.dot.gov/pipeline forum/docs' PHMSA%20111011-002%20NARUC. pdf
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been required on high-demand days, will no longer be required for purposes of pressure support
or additional supply.

e The maximum available propane-air injection pressure of about 207 psig at the Erlanger facility
limits the use of available capacity of the AM07 and ULO2 transmission lines in Kentucky.
These lines have MAOPs of 392 psig and 360 psig, respectively. As such, using the Erlanger
facility on peak days is somewhat of a self-defeating practice, since it limits the ability of the
transmission system to supply natural gas to that area, which then necessitates the injection of
more propane-air.

o Both Kentucky and Ohio State Energy Plans specifically recommend converting state fleet
vehicles to be fuelled by CNG. Furthermore, Ohio’s 21st Century Energy Policy cites the ability
of alternative fuels to have the potential to reduce our reliance on foreign energy sources. The
Policy features as one of its ten Pillars “‘a cooperative effort with other states to develop regional
CNG refueling infrastructure and promote the usage of CNG vehicles in Ohio.” This agreement
was signed by the Governor's Office, PUC of Ohio and Ohio DOT on February 29, 2012. (See
Appendix B for a copy of this Ohio Energy Policy). Lummus Consultants understands that a
major impediment for Duke Energy in its efforts to advance this policy is the presence of propane
in its natural gas deliveries.

e The presence of propane air in Duke Energy’s system — even for only a few days a year — is
judged to be a major hindrance to Duke’s ability to expand its gas business by entering new
markets that require complete elimination of propane from the gas stream.

e The East Gas Works propane storage and blending plant, is an outdated facility, employing
equipment and containment buildings that are considerably aged and modified.

e The boilers at the Erlanger facility have not been replaced and are now judged by a third party to
have about four years of remaining life. The boilers at the East Gas Works were replaced;
however the original ones have not been removed.

9.3 New Peaking Option Recommendations

Lummus Consultants points out that even after Duke Energy's current propane-air plants are
decommissioned, and an expansion option has been implemented, the system will still require a peaking
gas supply. This will not be as a requirement to support the system’s flow/pressure operations, as we
have established that the system is physically capable of delivering the record peak day volumes without
the assistance of propane air, but the new peaking supply will be required to economically serve the low-
load factor, seasonal peak demands. The sole requirement for peaking supplies will be due to the
economics of fulfilling demand encountered for only a few days when extreme cold weather is
experienced. These economics have been compared by Lummus Consultants through analysis of the
annual costs of various peaking gas facilities versus the demand charges that would be incurred if
interstate contract gas were used in its place.

In terms of the lowest cost option to replace the propane air plants, without consideration of reliability or
flexibility improvement, which is the focus of our expansion options, Lummus Consultants considered
various alternatives to providing peaking supply, as follows:

» Underground Storage - This option has been studied by others and found to be cost prohibitive in
terms locating a suitable depleted gas reservoir that is in close proximity to minimize new
pipeline costs; of adequate size and depth to minimize cushion gas and compression
capital/operating costs; of suitable condition to minimize new well and gathering infrastructure;

LumMmus CONSULTANTS
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of acceptable integrity to accommodate pressure cycling; elc. Based on the information obtained,
this peaking option was ruled out by Lummus Consultants.

e LNG Peaking Facilities — This type of facility is commonly used for peaking service. It requires
significant investment capital, technological operations experience, as well as prudent and
community-approved siting. It has its place in LDC peaking operations, and for this reason was
considered as a peaking alternative.

e Pipeline Peaking Supply — One option to providing pipeline peaking supply considers the
implementation of one of the identified system expansion scenarios to enable the receipt of gas
from a northern gate station, thereby not relying on Foster for increased volumes on peak day.

e A related pipeline peaking option also considered increased supplies on CGT at Foster, but not in
excess of 400 psig, as limited by the supply contract with CGT. In this case compression would
be required to boost all supply, not just peaking supply, through Foster to 500 psig. While such
an investment was initially shown to be indeed economical, the capacity through CGT cannot be
made available. This option was unfortunately dropped due to the unavailability of capacity from
CGT.

Table 21 presents comparative costs for the peaking options discussed above:
Table 21: Peaking Options Cost Comparison Summary

COST COMPARISON OF PEAKING OPTIONS AT DUKE ENERGY ($ Million)
(BASIS: 85,000 Dthd Peaking Capacity)

CURRENT P-A PLANTS NEW LNG PLANT (2) PIPELINE PEAKING SRV
Investment Annual Cost Investment Annual Cost Investment Annual Cost
COST ELEMENTS (1) {1a)(1b){1c) (2a) (2b) Pipeline (3)  {3a)(3b)
Investment Capital; Annual Levelized Fixed Charge at 12% est 10.1 12 136.0 16.3 820 98
Contract Demand Charge - - 10
Inventory, Interest on Inventory at 12% est 5.0 06 43 05 -
Annual commodity cost of sendout - 52 00 22
O&M (Labor and Materials) - 14 - 0.0
Utilities, incl. Fuel - 01 00 -
Propane Plant Decomissioning One-Time Avg Cost Write Down (4) - - 6.0 . 6.0 -
New Markets Opportunity Cost - 06 - - - -
TOTAL COSTS 15.1 9.1 146.3 16.8 B8.0 13.0

(1) Includes $9.1MM Erl vaporizer budget through 2017; EW security project, compressor controls, D-line refo, valve replace; Total 9 MMgal Storage: each
{1a) Estimated cost of Propane sendout prior season as equated to required of pipeline peaking volume at btu ratio of 1.4 propane-air/natural gas

{1b) Labor & Materials estimated by C. Fritsch. Erl electric at 54,055/day, EW at $5,141/day for 7 days of sendout

{1c) New Market Opportunity Cost ranges from 5353k in 2021 to $2,003k in 2035 per Lummus Oemand study

(2) Rough order of magnitude estimate as per CB!I business development for 18cf storage, BSMMcfd sendout and 5MMcfd liquefaction; incl balance of plant
{2a) Assumes !nventory stored 90% of 1,062,500 dth at $4 50/MMBtu, augmented by winter liquefaction

(2b) Assumes sendout gas cost of $4.5/MMBtu

(3) Estimated System Investment of average high and low cost, Scenario C-1

(3a) Estimated winter 25-day supply of 2,125,000 dth; Pipeline Demand Charge estimated by ) Kern for 2014, to range from $0.6 to $1.4 millien

(3b) Cost of gas calculated by ) Kern for 2014 sendout at Lebanon price average $7.1 per MMbtu equated to Propane sendout volume

(4) Estimated at $5 to $7 million

Annual costs for the options shown in the previous table indicate that, while the economics favor the
continued use of the propane plants for peaking service, the long term continued use of these plants is not
recommended, as discussed in this report. Taking into consideration meaningful factors that affect a
viable and robust operation, the “do nothing” option of continued propane use for peaking and operational
support, is seen as low ranking among various alternatives.
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Long term operations for peaking supplies and enhanced overall reliability, flexibility and market growth,
favor the use of short-term (e.g. 25-day) interstate supply contracts once Duke Energy implements one of
the nine new expansion options that will permit accessing these types of firm supplies at locations other
than through Foster. The least cost meaningful option to replace the propane air plants is shown to be
through implementation of a system expansion accessing one or more of the northern gate stations. The
cost for this option assumes the implementation of the C-1 Expansion. Further, judged on a ranking scale
that considers, in addition to cost, various other important factors, such as reliability, flexibility,
constructability, and so forth, the C-1 Expansion option would not likely be as highly ranked as other
expansion options, as exemplified in this report.
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APPENDIX A

List of Documents Reviewed

APPENDIX B
OHIO’s 21* Century Energy Policy

- Mid-Biennium Review

Copy Available at:

http://development.ohio.gov/files/bs/OhioEnergyPolicy.pdf

APPENDIX C
The Use of Liquefied Natural Gas

For Peaking Service
- Report Prepared for the INGAA Foundation, Inc.

Copy Available at:
hitp://www.ingaa.org/file.aspx?id=21698
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Duke Energy Ohio

Case No. 16-253-GA-BTX

CITY First Set Production of Documents
Date Received: April 20, 2017

CITY-POD-01-004 HIGHLY CONFIDENTIAL

REQUEST:

Please produce all documents Duke received or obtained from the “independent natural
gas pipeline engineering contractor” referenced on p. 2-5 of the Amended Application.

RESPONSE:
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Please see attached CITY-POD-01-004 attachment.

PERSON RESPONSIBLE: David Emerick
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1.0 INTRODUCTION

This report represents the C314V routing evaluation conducted by TRC Pipeline Services (TRC)
for Duke Energy (Duke). TRC provided routing analysis and the refinement of routes originally
developed by CH2M for Duke as well as additional preliminary route developments. The analysis
was based on pipeline routing criteria for engineering, environmental, land and construction
disciplines. Routing for the C314V project started on October 7, 2015. The routing origination
and termination objectives defined in this report are current per the date of the report. No ground
verification has been provided to the routes by TRC, only desktop analysis.

Duke is proposing to construct a 30-inch, 720 psig, natural gas pipeline within Hamilton County,
Ohio for the connection of two existing pipeline systems. The origination point for the project is
near Highpoint, Ohio on the Duke C314 30" existing pipeline system. The termination points for
the project vary between Elmwood Place, Ohio and Fairfax, Ohio along the existing Duke V000
20" pipeline.

The route evaluation study performed by TRC primarily identifies engineering, construction and
preliminary integrity management constraints during the evaluation process to compare all
preliminary pipeline routes. TRC focused more on engineering and constructability factors during
the execution of the routing per the direction of Duke.

53523-RP-001 r3, Final | 2/10/2016
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2.0 BACKGROUND AND ROUTING OBJECTIVES

TRC utilized two routing procedures to analyze the route segments within the project area. The
basis of the routing was created by applying attribute constraints within the Preliminary Pipeline
Route Optimization (PPRO) environment. The PPRO environment contains a proprietary routing
and analysis tool that resides on the PPRO GIS database. The PPRO GIS database and routing
tool developed by TRC is a state-of-the-art program that is specific to pipeline routing and
contains a vast amount of information to aid in identifying possible pipeline routes. These routes
are then further refined by highly qualified and experienced Senior Technical Advisors. TRC's
Senior Technical Advisors have particular experience based on prior pipeline projects during
feasibility studies, front-end engineering design, and most importantly, construction. Each of the
factors is assigned a weighting that will either steer the routing tool towards or away from the
factor. For further information on PPRO, please see Section 4.

Route evaluations were performed based on CH2M’s existing preliminary routes. The CH2M
existing preliminary routes were set as the preferred corridor and alternatives were then derived
from PPRO based on project specific data weightings. Enginecering and construction personnel
provided further modifications where necessary. The existing preliminary CH2M routes
analyzed by TRC are as follows:

e Route |
= Route 3
e Route 4
e Route5
e Route 8

TRC then removed the CH2M routes as the preferred corridor and initiated routing based on
updated termination points with intentions of identifying possible new preliminary routes.
Engineering and construction personnel provided further modifications where necessary after the
PPRO route generation. The TRC generated preliminary routes that are outside of CH2M’s
existing preliminary routing scenarios are as follows:

e TRC Western Route
TRC 1I-71 Route
e TRC Eastern Route

53523-RP-001 r3, Final 2 2/10/2016




PUCO Case No 16-0253-GA-BTX
CITY-POD-01-004 CONF attachment

HIGHLY CONFIDENTIAL PROPRIETARY TRADE SECRET RRge T 0550
ATTORNEYS' EYES ONLY

2.1 ROUTING OBJECTIVES

The routing objectives and routes listed below are current per the date of the report. All routing
objectives defined are within Hamilton County, Ohio.

TABLE 2.1- ORIGINATION ROUTING OBJECTIVE

ROUTE(S) NEAREST ROAD LATITUDE LONGITUDE

All Routes School Rd 39.288473 -84.353981

TABLE 2.2- TERMINATION ROUTING OBJECTIVES

NEAREST
ROUTE(S) ROAD LATITUDE | LONGITUDE
CH2M Route 8 State Rte 561 39.178237 -84.454323
TRC Western Route Bosworth P| 39.176907 -84.444386
CH2M Route 5 & TRC Route 5 Lester Rd 39.171274 -84.433445
TRC I-71 Route Ridge Rd 39.167912 -84.423596
2 2
O o W Rt T Y K & cutmurs i |wvaoe
TRC Eastern Route Wooster Pike 39.131798 -84.4034
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3.0 ROUTE EVALUATION STUDY AREA DELINEATION

Ensuring the study area encompasses a broad area for the project is the first step in PPRO
execution. The study area must be exaggerated to ensure critical factors around the route are
identified quickly and accurately. The study area must also support an altenatives analysis if
deemed necessary. TRC analyzed the routing objectives provided by Duke and came up with a
study area wider than that identified by CH2M to support the project. The project study area
was developed with the intent to utilize existing utility or infrastructure corridors as much as
possible for the route evaluation process. Existing pipeline and powerline corridors within the
study area are defined in Figure 3.1.

FIGURE 3.1- STUDY AREA OVERVIEW
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4.0 TRC PRELIMINARY PIPELINE ROUTE OPTIMIZATION (PPRO)
ENVIRONMENT OVERVIEW

TRC has designed a GIS enabled tool that is cost effective and efficient for not only routing a
pipeline, but also analyzing critical factors around the pipeline. With the use of GIS data, the
Preliminary Pipeline Route Optimization Tool (PPRO) can generate low impact preliminary
pipeline routes based on construction, engineering, environmental, land, and socioeconomic
factors. For the C314V project, the primary routing factors were engineering and construction.
PPRO can create multiple pipeline routes quickly and efficiently allowing the project personnel
to understand different routing scenarios in even the most complex routing circumstances. The
PPRO route(s) can then be overlaid with the PPRO database during the route review process.
The PPRO database shows the broad range of pipeline routing opportunities within the project
study area based on the GIS data required to generate the route.

A well-sited and defensible pipeline route is critical to any project, but also an understanding of
the project footprint is essential for permitting a pipeline project. The PPRO tool provides
crossing reports for any specified boundary within the project. This boundary could be a potential
workspace layout, environmental study area, or even a specified buffer around the pipeline
route. The PPRO impact analysis tool reports all features within the project specific boundary
such as slope, landownership, structures, wetlands, waterbodies, roads, and railroads to name only
a few.

PPRO generates crossing reports that provide the needed information to understand critical
factors around the pipeline route. The crossing report has calculated outputs such as crossing
lengths, collocation assessments, acres impacted, ownership, distances from the pipeline, and
whether or not the feature crosses the pipeline route. The impact reports can also be modified to
fit other reporting demands of the project.

If there is already an existing pipeline route and there is no need to generate a PPRO route, the
tool can run the same reports against the existing pipeline route to further the understanding of
factors surrounding the existing pipeline route.
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5.0 ROUTING DATA AND METADATA

TRC owns and maintains the proprietary PPRO database that is specific to pipeline routing and
contains a vast amount of GIS datasets. The PPRO database is comprised of a data model owned
by TRC with publicly available data, vendor purchased data, and TRC-specific data based on
experience within certain regions in the lower United States. Data collected and maintained
ranges from environmental, engineering, construction, public affairs, land, and socioeconomics
just to name a few. For the C314V project, the data was extracted from the PPRO database and
further data mining was executed to ensure the most relevant and accurate information was
available during not only the start of the project, but throughout the ongoing routing process.

For reference to the project metadata, please see Exhibit 1. TRC also received project data from
CH2M that was utilized for the initial routing exercise performed by CH2M. TRC reviewed the
data provided by CH2M and utilized the datasets listed within Exhibit 1.

During the initial setup of the project, the project study area and C314V PPRO database were
built to support further analysis if needed. All information managed within the C314V PPRO
database is adaptable to varying situations requiring an alternatives analysis if deemed necessary.
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6.0 ENGINEERING, CONSTRUCTION, AND INTEGRITY MANAGEMENT
CRITERIA

Engineering, Construction and Integrity Management criteria were identified by TRC for the
C314V project. The main focus of the route evaluation process performed by TRC was
Engineering and Construction. The corridor analysis performed (noted in Section 8) was from an
Integrity Management standpoint. The Potential Impact Radius (PIR) corridor was utilized to
perform preliminary high consequence area analysis as well as identify critical features within
the corridor. The following criteria was the main focus for engineering and construction
considerations during the route evaluation process:

Total route length

Length collocating with existing pipelines, electric transmission, railroad and road
right-of-way.

Railroad crossings

Road crossings

Side hill slope greater than 30%

Alignment slope greater than 40%

Shoring

Benching

Potential blasting

Horizontal directional drilling

Stove pipe construction method

Construction congestion issues due to existing infrastructure and structures
High consequence areas

Limited mobility infrastructure
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7.0 ROUTE EVALUATION DATA WEIGHTING

The data weighting precedence for the Duke C314V project is based on four categories; Preferred
Routing, Low Avoidance Routing, Avoidance Routing, and Exclusion Routing (PLAE);

Preferred Weighting
— This is the least impact routing method.
— Example: Road Corridors, Pipeline Corridors, Powerline Corridors, etc.

Low Avoidance Weighting
- Some features are hard to avoid, but we need to minimize impacts as much as
possible

— Example: Palustrine Emergent Wetlands, Road Crossings, Railroad Crossings,
etc.

Avoidance Weighting

— Features that could hinder permitting, schedule, or constructability. but need to be
reviewed more carefully after the first route is generated for a better understanding.

— Example = Forested Wetlands, Populated Areas, Moderate Slope, etc.

Exclusion Weighting
- Features that could cause severe implications to the project.
— Example = Federally Protected Lands, T&E Species, Cultural Resources, etc.

TRC’s data weighting acronym reflected within the report is referenced as the PLAE. The data
weighting is based on TRC’s experience within engineering and construction aspects given the
project study area. Due to the population and infrastructure congestion within the project study
area, the Low Avoidance factors were further categorized into integer subtypes. Integer subtypes
are defined on a scale of 1 to 10. The classification of | is considered a low concern, a
classification of 5 is a moderate concern, and a classification of 10 is considered a higher
concern within the Low Avoidance weights. Classifications weights for Avoidance were all
ranked the same as well as data classification weights for Exclusion. All datasets utilized as well
as their data weighting or PLAE classifications can be found in Exhibit 2.
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8.0 CORRIDOR ANALYSIS

All routes were analyzed based on a Potential Impact Radius (PIR) of 1,110.8" corridor along
each route segment (PIR = 555.4" left and right of proposed route). PIR is the radius of a circle
within which the potential failure of a pipeline could have significant impact on people or
property. PIR is determined by the formula r = 0.69* (square root of (p*d2)), where “r” is the
radius of a circular area in feet surrounding the point of failure, “p” is the maximum allowable
operating pressure (MAOP) (MAOP = 720 psig for the C314V project) in the pipeline segment
in pounds per square inch and “d” is the nominal diameter of the pipeline in inches (30" for the
C314V Project).

The reason for utilizing the PIR for C314V project is due to its location within a populated and
congested areas. Identifying safety concerns from an operational standpoint is also a critical
factor for the route evaluation process.

This evaluation is a requirement of 49 CFR DOT Part 192, Section 192.903.

FIGURE 8.1- PIR EXAMPLE
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9.0 ROUTE EVALUATION RESULTS

After reviewing the eight routing options based on engineering, construction, and preliminary
integrity management criteria, TRC has identified the primary, secondary, and tertiary routes.
During the route evaluation process, TRC modified the existing preliminary routes provided by
CH2M as appropriate to better fit engineering and constructability practices.

All reporting in the following sections is based on the TRC adjusted routes. Engineering and
construction notes for each route can be found in the subsections below. Information within the
reporting details below is derived from the GIS data pertaining to Section 5 of this document.
The TRC top three routes are identified as follows:

e Primary Route- TRC Eastern Route
e Sccondary Route- TRC Western Route
e Tertiary Route- Route 8

The C314V route evaluation was primarily within congested arcas in terms of infrastructure,
structures, and population. The basis of the route evaluation was performed within the PPRO
environment and adjustments were made manually by engineering and construction for best
practice methods during pipeline construction. Individual crossing reports were generated
representing features online and offline from the preliminary routes based on the PIR corridor.
For further information on the crossing reports, please see the crossing report deliverables
provided to Duke that are not referenced in this report due to size limitations. A quantitative
breakdown for features that cross all of the preliminary routes analyzed within this report can be
found in Exhibit 3.

9.1 TRC EASTERN ROUTE- PRIMARY ROUTE

9.1.1 Reporting Details
See Exhibit 3 for more details that correlate to the respected route.

e Length 2D (mi) - 15.62 miles

e Corridor Collocation Percentage (%) - 67%

e AREMA Special Considerations (mi) - (+/-) 0.32 miles

* Existing Pipeline Crossings (count) - 0

e Slope Concerns Greater than 30% (mi) - 2.33 miles

e Primary & Secondary Highway Crossings (count) - 7
Railroad Crossing (count) - 6

PHMSA Highly Populated Area Crossing (mi) - 11.25 miles
PHMSA Other Populated Area Crossing (mi) - 4.37 miles
Residences within PIR (count) - 650 (est.)
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e Limited Mobility Structures of Concern (notes)
— Blue Ash Commerce Center
— Sycamore High School
— Duffys Square Shopping Center
~ Saint Gertrude Catholic Church
— Saint John Vianney School
— Saint John Vianney Catholic Church
— Our Lady of Mercy Hospital
— Mariemont Library

9.1.2 Engineering and Construction Notes

It is TRC’s professional opinion that the TRC Eastern Route should can be considered a
preferred route since the constructability rating of the pipeline is higher than any of the
other routes. While this route is 3.5 to 4.8 miles longer than the other routes, this route
will likely be easier and quicker to construct since this route has a potential lessor
impact to congested and densely populated areas.

This route is expected to have a mix of Class 2 and Class 3 pipeline segments with one
Class 4 pipeline segment. Of all the routes being reviewed, this is the only route that
has the potential for having areas with a Class 2 designation. All the other routes will
need to be at least Class 3.

When compared with the 5.5 miles of this route that is collocated with a railroad to Routes
4, 5, and Route 8 which have between 3.6 to 5.7 miles of pipeline collocated with a
railroad, this route has a more favorable routing configuration. Only about 0.3-miles of
this route is expected to be in the railroad ROW, with the remainder to be installed in
an adjacent company owned pipeline ROW. This will limit the length of the pipeline
which would be subject to construction and design requirements imposed by the
railroad. For example see Exhibit 4 for construction requirement within the railroad
ROW. The other routes are within the railroad ROW for the distances shown and would
be subject to construction requirements shown in Exhibit 4.

While there are some industrial and commercial properties and some established
residential areas, the large majority of the route crosses either less-densely developed

lands and/or large residential lots of several acres in size.

Another favorable point is that this option connects to the V000 pipeline the furthest
southeast and closer to the station that the pipeline is intended to ultimately deliver to.
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9.2 TRC WESTERN ROUTE- SECONDARY ROUTE

9.2.1 Reporting Details
See Exhibit 3 for more details that correlate to the respected route.

Length 2D (mi) - 12.17 miles

Corridor Collocation Percentage (%) - 61%
AREMA Special Considerations (mi) - 0

Existing Pipeline Crossings (count) - 8

Slope Concems Greater than 30% (mi) - .24 miles
Primary & Secondary Highway Crossings (count) - 4
Railroad Crossing (count) - 1

PHMSA Highly Populated Area Crossing (mi) - 12.17 miles
PHMSA Other Populated Area Crossing (mi) - 0
Residences within PIR (count) - 1009

Limited Mobility Structures of Concern (notes)

— Brecon Station Transportation Terminal

~ Belcan Heliport

~ Cincinnati-Blue Ash Airport

~ Plainfields School

~ Amberley Police Department

-~ Amberley Village Fire Department

— Amberley Village Hall

— Pleasant Ridge Baptist Church

— Losantiville Country Club

~  New Life Outreach Center

9.2.2 Engineering and Construction Notes
Of all of the more urban routes being evaluated, TRC believes the TRC Western Route

is the next preferable route option. This route is about 3.4-miles shorter than the TRC
Eastern Route. However this entire route is Class 3 with at least one Class 4 location,
indicating that this route has a higher population density along the entire route when
compared with the TRC Eastern Route, which had some undeveloped areas with a
potential Class 2 designation.

While this route does cross through some undeveloped lands, the adjacent population
densities are still high enough to require a Class 3 rating or higher.

The constructability rating of this option is slightly less than that of the TRC Eastern
Route and is expected to take longer to complete construction over the TRC Eastern Route
even though this route is significantly shorter. It is expected that this route will require a
significant amount of in the trench (or stove pipe) construction due to the need to cross
under numerous public utilities as well as residential and commercial properties.
Construction speed is also expected to be hampered by imposed work restriction times.
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This route connects to the V00O pipeline the furthest to the northwest and the farthest
from the proposed delivery station of all of the routes except for Route 8, the tertiary

route.

9.3  ROUTE 8- TERTIARY ROUTE

9.3.1

Reporting Details

See Exhibit 3 for more details that correlate to the respected route.

Length 2D (mi) - 12.22 miles

Corridor Collocation Percentage (%) - 87%
AREMA Special Considerations (mi) - (+/-) 4.40 mi
Existing Pipeline Crossings (count) - |

Slope Concerns Greater than 30% (mi) - .08 miles
Primary & Secondary Highway Crossings (count) - 6
Railroad Crossing (count) - 7

PHMSA Highly Populated Area Crossing (mi) - 12.22 miles
PHMSA Other Populated Area Crossing (mi) - 0 miles
Residences within PIR (count) - 831

Limited Mobility Structures of Concern (notes)

— Brecon Station Transportation Terminal

~  Stewart Elementary School

- Kemper Commerce Center

— United Heliport

~ Sharonville Presbyterian Church

— Free Holiness Church of God

— Sharonville Fire Department Station 87

— Saint Gertrude the Great Roman Catholic Church
— Sharonville Branch Public Library

— Evendale Commerce Park

— Clayton Industries

—~ Ashland Inc - Evendale

— Rohm & Haas Chemicals Llc

-~ Centennial Park

— Golf Manor Fire Department

— Cincinnati Gardens

9.3.2 Engineering and Construction Notes
TRC believes the constructability rating of this route option is similar to the TRC

proposed Western Route. The major drawbacks of this route compared to the TRC
Western Route is that it is about 1.4-miles longer and has 4.4-miles of the pipeline that
is expected to be within the railroad ROW . Route 8 would then be subject to construction
requirements shown in Exhibit 4.

This route is also all Class 3 designation with one or two possible Class 4 locations.
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However, more of this route is within industrial or commercial properties instead of
residential properties when compared with the TRC Western Route which has more
residential properties and less commercial properties. This higher percentage of
commercial and industrial properties is more favorable over the higher residential
properties of the TRC Western Route. For that reason, TRC believes that the
Western Route and Route 8 are relatively equal in constructability ratings.

This route connects to the V00O pipeline the furthest to the northwest of all the routes.

94 ROUTE1

9.4.1 Reporting Details
See Exhibit 3 for more details that correlate to the respected route.

e Length 2D (mi) - 11.56 miles
e  Corridor Collocation Percentage (%) - 84%
e  AREMA Special Considerations (mi) - (+/-) 0.32 miles
e  Existing Pipeline Crossings (count) - 0
e  Slope Concems Greater than 30% (mi) - .29 miles
e  Primary & Secondary Highway Crossings (count) - 7
e Railroad Crossing (count) - 2
e PHMSA Highly Populated Area Crossing (mi) - 11.56 miles
e  PHMSA Other Populated Area Crossing (mi) - 0 miles
e Residences within PIR (count) - 936
e Limited Mobility Structures of Concern (notes)

~ Brecon Station Transportation Terminal

—  Blue Ash Commerce Center

~ Various Shopping Centers

~ Deerfield Industrial Park

Anderson Place Elementary School
~ Macedonia Primitive Baptist Church
~  Ongoing Structure Construction within the Area

9.4.2 Engineering and Construction Notes

The constructability rating for Route 1 as well as the remaining Routes 3, 4, 5 and
TRC I-71 Route are about equal. These routes primarily follow the I-71 corridor or the
CSXT Railroad corridor or a combination of the two corridors. These routes all share
the same basic concern being that they are routed through the most congested areas of
the city including numerous small and dense residential lots as well as commercial and
industrial routes.

For the sections of all the routes that follow the 1-71 corridor, the issues are similar as
there is often limited space separating developed properties, especially residential
properties, from the highway ROW. In some cases the pipeline may have to be
routed in the highway ROW. Construction along the highway is further complicated
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by the entrenched nature of much of the highway which can be a lot lower in elevation
to the properties on either side of the highway. This will complicate highway crossings
or potential problems with side slope construction.

For the sections along the CSXT railroad, space is often limited by developed properties
that would prevent the pipeline from being offset the minimum distance from the track
as shown in Exhibit 4. Therefore the pipeline had to be routed away from these locations
to then be routed back to the railroad or over to the I-71 corridor. In addition, the
construction within the railroad ROW would be subject to the depth and trenching
requirements also shown in Exhibit 4.

When compared to the TRC Eastern Route, the TRC Western Route, and Route 8, the
added congestion and more difficult construction problems of these remaining routes, it is
expected that these routes will require substantially more construction time to complete.

95 ROUTE3

9.5.1 Reporting Details
See Exhibit 3 for more details that correlate to the respected route.

e Length 2D (mi) - 11.47 miles
e  Corridor Collocation Percentage (%) - 86%
e  AREMA Special Considerations (mi) - (+/-) 0.32 miles
e  Existing Pipeline Crossings (count) - 0
Slope Concerns Greater than 30% (mi) - .29 miles
e  Primary & Secondary Highway Crossings (count) - 7
e Railroad Crossing (count) - 2
e PHMSA Highly Populated Area Crossing (mi) - 11.47 miles
o  PHMSA Other Populated Area Crossing (mi) - 0 miles
e Residences within PIR (count) - 787
e Limited Mobility Structures of Concern (notes)
— Brecon Station Transportation Terminal
— Blue Ash Commerce Center
— Deerfield Industrial Park
— Maple Dale Elementary School
— Sycamore Junior High School
~ Kenwood Mall Shopping Center
— Anderson Place Elementary School
— Macedonia Primitive Baptist Church

9.5.2 Engineering and Construction Notes
See comments 9.4.2
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ROUTE 4

9.6.1

Reporting Details

See Exhibit 3 for more details that correlate to the respected route.

9.6.2

Length 2D (mi) - 12.15 miles
Corridor Collocation Percentage (%) - 86%
AREMA Special Considerations (mi) - (+/-) 3.6 miles
Existing Pipeline Crossings (count) - 0
Slope Concerns Greater than 30% (mi) - .29 miles
Primary & Secondary Highway Crossings (count) - 7
Railroad Crossing (count) - 10
PHMSA Highly Populated Area Crossing (mi) - 12.15 miles
PHMSA Other Populated Area Crossing (mi) - 0 miles
Residences within PIR (count) - 1092
Limited Mobility Structures of Concern (notes)
—~  Brecon Station Transportation Terminal
~  Brecon United Methodist Church
- United Heliport
- Zion Hill Baptist Church
~  Oakwood Park
Hazelwood Civic Center
-~ Blue Ash Fire Department North Station
~  Blue Ash Elementary School
~  Blue Ash Church of Christ
~  Sycamore Branch Public Library
-~ Blue Ash Presbyterian Church
~  Blue Ash Church of the Nazarene
—  Liberty Bible Academy
- Vi-cas Manufacturing Co Inc
-~ Mount Carme! Baptist Church
~  Mount Carmel Korean Baptist Church
- Second Baptist Church
-~ Silverwood Presbyterian Church
—  The Jewish Hospital
- Kenwood Mall Shopping Center
-~ Anderson Place Elementary School
- Macedonia Primitive Baptist Church

Engineering and Construction Notes

See comments 9.4.2

ROUTE 5

9.7:1

Reporting Details
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See Exhibit 3 for more details that correlate to the respected route.

Length 2D (mi) - 10.87 miles
Corridor Collocation Percentage (%) - 87%
AREMA Special Considerations (mi) - (+/-) 5.66 miles
Existing Pipeline Crossings (count) - 0
Slope Concerns Greater than 30% (mi) - .23 miles
Primary & Secondary Highway Crossings (count) - 5
Railroad Crossing (count) - 12
PHMSA Highly Populated Area Crossing (mi) - 10.87 miles
PHMSA Other Populated Area Crossing (mi) - 0 miles
Residences within PIR (count) - 2309
Limited Mobility Structures of Concern (notes)
~ Brecon Station Transportation Terminal
~  Brecon United Methodist Church
- United Heliport
Zion Hill Baptist Church
- Hazelwood Civic Center
—  Blue Ash Fire Department North Station
—~  Blue Ash Elementary School
Blue Ash Church of Christ
~  Sycamore Branch Public Library
Blue Ash Presbyterian Church
—  Blue Ash Church of the Nazarene
— Liberty Bible Academy
— Vi-cas Manufacturing Co Inc
- Mount Carmel Baptist Church
— Mount Carmel Korean Baptist Church
— Second Baptist Church
- Calvary Baptist Church
— Saint John the Evangelist Roman Catholic Church
— Saint Johns School
— Deer Park - Silverton Joint Fire District
~  First Church of Christ Scientist
— True Holiness Church of God of Silverton
— Lutheran Church of Our Redeemer
— Olivet Baptist Church
— Mount Zion Church of God Apostolic Faith
— First Baptist Church of Kennedy Heights
— Woodford Primary School
— Kennedy Station
- Kingdom Hall of Jehovahs Witnesses
— Bridgewel Hospital of Cincinnati
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Engineering and Construction Notes

See comments 9.4.2

9.8 TRCI-71 ROUTE

9.8.1

Reporting Details

See Exhibit 3 for more details that correlate to the respected route.

9.8.2

Length 2D (mi) - 10.92 miles
Corridor Collocation Percentage (%) - 91%
AREMA Special Considerations (mi) - (+/-) 0.72
Existing Pipeline Crossings (count) - 0
Slope Concerns Greater than 30% (mi) - .43 miles
Primary & Secondary Highway Crossings (count) - 7
Railroad Crossing (count) - 4
PHMSA Highly Populated Area Crossing (mi) - 10.92 miles
PHMSA Other Populated Area Crossing (mi) - 0 miles
Residences within PIR (count) - 875
Limited Mobility Structures of Concern (notes)

- Brecon Station Transportation Terminal

— Blue Ash Commerce Center

— Meloy Chemical Corp.

— Deerfield Industrial Park

— Ursuline Academy

— Blue Ash Elementary School

— Blue Ash Baptist Church

— Crossings of Blue Ash Shopping Center

—  Sycamore Township Fire Department Station 92

— Sycamore Township Government Center

— Silverwood Presbyterian Church

— The Jewish Hospital

-~ Good Shepherd Lutheran Church

— Saint Vincent Ferrer School

— Saint Vincent Ferrer Catholic Church

Engineering and Construction Notes

See comments 9.4.2
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Crossing Table Data Reference ATT 3 ata Source Vintage
A.R.E.M.A.Special Considerations AREMA B CH2M 2015
Aguifer United States Geological Survey 2003
Commercially Navigable Waterway PHMSA/NPMS 2011
Congressional District TIGER (U S State Census) 2015
Corridor Collocation RexTag & TIGER Fall 2014
Corridor Callocation Summary RexTag & TIGER Fall 2014
County Esri Data - Detailed County Boundary 2007
Critical Habitat USFWS March 2015
Depth to Bedrock STATSGO - NRCS 2012
EcosystemRegion USFWS May 2010
EPA 303 ¢ d Waterbody EPA 2010
Existing Pipeline RexTag Fall 2014
Fault Area USGS 2010
Floodplain 100yr FEMA/NFHL Sept 2015
GeologicUnits USGS 2005
[Infrastructure & Structures
Air Emissions Site EPA Facility Registry System 2014
Air Monitoring Site EPA Facility Registry System 2014
Airport GNIS National File (USGS) 2014
Antenna U S Federa! Communications Commission 2007
Bridge GNIS National File (USGS) 2014
Brownfield Site EPA Facility Registry System 2014
Building GNIS National File {USGS) 2014
Cellular Antennc U.S. Federal Communications Commission 2007
Cemetery GNIS National File (USGS) 2014
Church GNIS National File {USGS) 2014
Crude Terminal RexTag Fall 2014
Dom GNIS National File {USGS) 2014
Electric Power Generator Site EPA Facility Registry System 2014
ElectricalSubstation RexTag Fall 2014
Federal Registered Site EPA Facility Registry System 2014
Gos Diesel Producer Site EPA Facility Registry System 2014
Golf Course Esrl Data 2005
Greenhouse Gas Reparter Site EPA Facility Registry System 2014
Hazardous Air Pollutont Site EPA Facility Registry System 2014
Hazardous Waste Site EPA Facility Registry System 2014
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Crossing Table Data Reference | Data Source | Vintage
Infrastructure & Structures
Hospital GNIS National File (USGS) 2014
Leoking Storoge Tank Site EPA Facility Registry System 2014
locale GNIS National File (USGS) 2014
Military GNIS Natlonal File {USGS) 2014
Mine GNIS National File {USGS) 2014
Mine Mineral Resources Data System 2014
Mine Plant United States Geological Survey 2013
NG Compressor Station RexTag Fall 2014
NG Processing Piant RexTag Fall 2014
NPDES Site EPA Facility Registry System 2014
NRIS Cultural Site National Park Service 2014
Oitond Gas Well RexTag Fall 2014
Park GNIS National File (USGS) 2014
Pesticide Producer Site EPA Facility Registry System 2014
Petro Chemical Facility RexTag Fall 2014
Petroleum Refinery EIA 2013
Petroleum Termina! EIA 2013
Pipeline Meter Point RexTag Fall 2014
Post Office GNIS National File (USGS) 2014
Power Plant RexTag Fall 2014
School GNIS National File (USGS) 2014
SpiliPrevent Control Site EPA Facility Registry System 2014
State Master Site EPA Facility Registry System 2014
Superfund Site EPA Facility Registry System 2014
Tower GNIS National File [USGS) 2014
Toxic Release inventory Site EPA Facility Registry System 2014
Transportation Terminol Streetmap 2008
Transportation Terminal TIGER (U.S. State Census) 2013
Wind Turbine RexTag Fall 2014
Karst Topography USGS Fublished 1984, Digitized 2005
Land Cover USDA/USGS - NASS 2014 Edition, Published February 2015
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Crossing Table Data Reference | Data Source | _Vintage
Land Ownership Potential Confiict
Access Area PADUSVI 3 2012
Airport Streetmap 2009
Conservation Easement Nationa! Conservation Easement Database Sept 2015
Golf Course Esri Data 2005
Historic / Cultural Area PADUSV1 3 2012
Local Conservation Area PADUSVL 3 2012
Loco! Forest PADUSvV] 3 2012
Loco! Recreation Areo PADUSV1 3 2012
Not Deslgnated PADUSV] 3 2012
NRIS Cultural Site National Park Service 2014
Private Conservation Land PADUSV] 3 2012
Protective Management Area - Land, Lake or River PADUSVL 3 2012
State Park PADUSV1 3 2012
USACE Reservoirs United States Army Corps of Engineers 2014
Wild and Scenic River Natlonal Wild and Scenic Rivers System 2005
Porks Cincinnati Area Geographlcinformation System 2015
Landslide Risk USGS 2001
Levee FEMA/NFHL Sept 2015
NHD Flowline USGS December 2014
NHDWaterbody USGS December 2014
NWI Wetland USFWS October 2014
Peak Ground Acceleration National Atlas of the United States 2012
PHMSA HCAs PHMSA/NPMS 2011
Powerlines RexTag Fall 2014
Percent Slope USDA/NRCS - National Geospatial Center of Excellence 2015
Property Parcels (Private) eMAP 2015
Dol CH2M- Cincinnati Area GIS 2015
Slope Totals USDA/NRCS - National Geospatial Center of Excellence 2015
SSURGO Soils USDA NRCS gSSURGC 2014
State Legislative Boundaries TIGER (U.S. Census) Aug 2015
Transportation TIGER Roads 2014
U.5.A.C.EDistrict USACE 2014
U.S.F.W.SRegional Boundary USFWS July 2010
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Crossing Table Data Reference (Study Area) P.LAE Welghtiog
A.R.E.M.A.Speclal Considerations Low Avoidance (Subtype Value = 10)- Duke has potential ROW rights within ra lroad corridor
Aguifer Crossing Tables Only- Review For Possible Issues Before Issuing Route

c T igable Waterway

Avoid

v
Congressional District

Crossing Tables Only- Review For Possible Issues Before Issuing Route

Corridor Collocation

Preferred for Pipelines, Powerlines, Rallroads, Other Utilit es and Roads

Critical Habitat Exclusion
Depth to Bedrock Avoid Low Bedrock Classification (Under 357)
EPA 303 ¢ d Waterbody Avoid
ExistingPipeline Low Avoidance for Crossings (Subtype Value = 5)
FaultArea Exclusion
Floodplain 100yr Low Avoidance {Subtype Value = 5}
GeologicUnits Crossing Tables Only- Review For Possible Issues Before Issuing Route
Infrastructure & Structures

Air Emissions Site Avoid

Air Monitoring Site Avoid

Alrport Avold

Antenno Avold

Bridge Avoid

BrownfieldSite Exclusion

Building (Umited Mobility) Avold

Cellular Antenno Avold

Cemetery Exclusion

Church Avold

Crude Terminc! Low Avoidance (Subtype Value = 5)

Dom Exclusion

Electric Power Generotor Site Avold

Electrical Sub Low Avoldance (Subtype Value - 5)

Federo! Registered Site Avold

Golf Course Avold

Greenhouse Gas Reporter Site Avold

Hazordous AirPollutont Site Avold

Hozardous Waste Site Exclusion

Hospita! Exclusion

Leaking Storage Tank Site Exclusion

tocal Landmark Avold

Military Exclusion

Mine Exclusion

Mine Exclusion

Mine Plont Exclusion

NG Compressor Station Low Avoidance (Subtype Value > 5)

NG Processing Plant Low Avoldance (Subtype Value = 5)

NRIS Culturol Site Avold

Ollond Gas Well Low Avoldance (Subtype Value = 10)

Park Exclusion

Pesticide Producer Site Exclusion

Petro Chemica! Facility Avoid

Petroleum Refinery

Low Avoldance (Subtype Value = 5)

Petroleum Terming!

Low Avoidance (Subtype Value =5)

Pipeline Meter Point Low Avoldance (Subtype Value =5)
Past Office Avoid

PowerPlant Low Avoldance (Subtype Value =5)
School Exclusion

SpillPrevent Control Site Exclusion

State Master Site Exclusion

Superfund Site Exclusion

Tower Low Avoidance (Subtype Value = 5)
Toxic Release inventory Site Exclusion
Tronsportation Terminal Exclusion

Wind Turbine

Low Avoidance (Subtype Value =5)
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Crossing Table Data Reference (Study Area) P.LAE. Welghting
Karst Topography Crossing Tables Only- Review For Possible Issues Before Issuing Route
Land Cover Wooded Areas and Woody Wetlands- Avoid
Land Ownership Potential Conflict
AccessArea Exclusion
Airport Exclusion
Conservation Eosement Exclusion
Golf Course Avoid
Historic/ Culturol Area Exclusion
LocolConservation Arec Exclusion
LocalForest Exclusion
Locol Recreation Area Exclusion
Not Designated Low Avoidance (Subtype Value = 1)- Revlew For Possible Issues Before Issuing Route
NRIS Cultural Site Avoid
Private Conservation land Exclusion
Protective Manogement Area - Land, Loke or River Exclusion
Stote Park Exclusion
USACE Reservoirs Exclusion
Wild and Scenic River Exclusion
Parks Avold
Landslide Risk Avoid High Risk Land Slide Potential
Levee Avoid
NHDFlowline Perennial- Avoid ; Intermittent- Low Avoldance (Subtype Value =5} ; Ephemeral- Low Avoidance (Subtype Value - 1)
NHDWaterbody Perennial- Avold ; intermittent- Low Avoidance (Subtype Value = 5) ; Ephemeral- Low Avoldance (Subtype Value -~ 1)
NWIWetland Freshwater Emergent Wetland- Low Avoidance {Subtype Value =5}, Freshwater Forested/Shrub Wetland- Avoid
Peak Ground Acceleration Avold Areas of High/Active PGA
PHMSA HCAs Low Populated Area- Low Avoidance (Subtype Value =5}, High Populated Area- Avold
Powerlines Low Avoidance for Crossings (Subtype Value = 5)
PercentSlope 0-20% Low Avoidance {Subtype Value = 1}, 20-30% Avoidance , >30% Exclusicn
Residences Avold
[SSUIGOSoII; Crossing Tables Only- Review For Possible Issues Before Issulng Route
ITnmporuﬂcn Rallroads, Primary Roads and Secondary Roads- Avoid for Crossings ; All other roads Low Avoidance (Subtype Value « 1)
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TRC Castern Rowte - TRC Western Routs - Rowted -
Sutistia . Rowte 1 Rowte 3 Rovte d Rowte § TACH7] Routs
Total 20 Mileage 1S 62 1217 20 1156 1147 1215 1087 1092
Total O Mileage 15 62 12 20 122) 1159 1150 1218 108§ 10 4
20/30 Mileage Dedference oo0s ool ool 00y oo oo o0 00}
| Coliocation
Greenfield (mi) 514 480 164 18 157 173 143 100
Ppeline (mi) 000 136 0 00 000 000 000 006 Qo0
Powserlne (mi) 225 123 529 Q46 046 224 400 0
Road (mi) 6138 650 659 9130 548 749 48 166
Railroad [mi) S 47 000 4 40 042 042 469 695 147
Over ak Corndor Colloc ation (%) 7% % LA Mun L3 %% m% 1%
Other rocks 1562 1217 un 1156 147 1215 1087 10
Arwa where 6 It of cover minimum required {«/1032 00o (+/) 440 e R (+/936 1415 66 {v/10m2
Crossing Count [ 0 ] 0 o 0o o o
Croasing Count O- Review with CH2M O Review with CHIM | O- Review with CHIM | O Review with CHIM | O- Revew with CHIM | O- Review with CHIM | 0- Review with CHIM 0- Review with CH2M
Total Mdeege ooo 000 000 000 o000 000 000 ooo
LEPA 301 C D Waterbody
Croaung Count 0 0 0 Q0 o [ 0 0
Total Mdeage ooo 000 000 000 000 0.00 o oo
Liisting Pioeine Crossinx
Crosung Count o & 1 o o o o o
Crovung Count 18 0 19 5 4 S S 1
Total Méeage 129 coo 19 017 o1s 0.30 olo on
Umettone 1097 942 512 929 912 1001 779 745
Shale 465 174 710 i 13 215 i jo
Crovung Count o ° 0 ] 0 [ 0 0
Total Méeage o0 000 000 oo 000 000 000 000
Land Cover Types (mf)
Deciduous Forest 669 195 077 164 143 14 061 138
Developed/thgh Intensity 029 oz 102 020 an 106 066 119
Developed/Low Intenuty 144 Jas 410 158 301 382 358 174
Developed/Med intenuty 078 123 4 190 183 127 187 P ]
Oeveloped/Open Space 44 501 258 i 411 180 109 I
Evergreen forest 0.0) 000 000 001 001 001 000 000
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ATIORNEYS OnLY 3
™ » ™ ® Rowted -
Novisd
Stavnnics Oeimery B Sondory Rt T A Nowee 1 | Route 3 owie Rovte s TACH71 Rowts
Gratsland/Pasture 0.89 040 032 0.4 034 007 0.07 034
Shrubland 003 0 000 o0 000 000 0% | 004
Seybesm o 000 [T 000 000 000 000 000
it - : |
Asrpon 000 104 000 000 000 000 000 000
NRIS Cultur sl Boundary an 041 000 034 ) (¥ 012 0312
Park (See crosung reports for further mfo ) 157 LR 191 1 215 195 040 064
Local Recreation Ares {Sharon W 000 000 017 000 000 000 000 000
| Wik end Scervc Raver (Uithe Miami Rover} 013 000 000 000 [ 000 000 000
Fomtng (o 4
b} | 1 1n n 13 ) 11 3 17
{ ry
0 0 0 1 [ [ 0 ) 0
Total Mieage om0 000 ooe o4 000 000 ooo [ 000
\—Intermment. |
Crousing Count o 0 0 0 ) [ 0 af [
Total Mileage [ o 3 00e 000 000 000 | 000
| 1 |
Crorung Count [] [] [ | 0 0 1 0 0 [
Total Mieage 000 000 000 | 000 000 000 000 000
T — o }
Crosuing Count ) 0 ) ] 1 [ © ] )
Total Mdesge 000 000 000 000 000 (] 000 000
Totai Crossing Count ] [ 0 1 0 | o 0 (]
Total Cromsing Milesge 000 000 000 oo aoo aco 0.00 [
1 [ °c ) o o o °
008 000 000 000 000 o 000 000
] |
1 0 iR 0 3 0 0 [ )
(1] 200 | 000 0% 000 000 000 | ot
L ¢ A
) 1 )| 0 1 0 | [} ) )
000 oo | 000 061 000 T 000 o000 000
Lade E I - e
Ceosung Count 0 =} 0 0 o o Q 0 0
Totsl Misage . 200 | ¢ 00 000 080 oo 000 000 200
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Other
Cronuing Count [ ] 3 ) [} o (] [
Total Mdeage oo 000 200 () coo 000 ) 000
Croning Count 0 0 ] 0 0 [ [ [)
Total Missge 000 000 o004 000 000 ) coo 000
Total Cromaing Count 2 1 1 1 [} 0 o L)
Total Crouing Milssge 010 o0l oDt o 00 oo 000 000
Highly Populated Ares 128 1217 un 3156 na 1218 e 1092
Onhes Populated Ares 4y 000 000 000 000 000 000 000
Toisl Misage 1562 T nn 1156 na 1215 108 1092
Totsl Crossing Count 1n © " s S 1" 12 «
v
Total Cresung Count 10 192 m Q e m a Y
| Tots! withm PIR Count €50 fost) 1009 an s w 102 2309 ”s
- iml
05% an 520 740 465 517 717 127 548
S-10% 308 158 n 114 254 145 154 151
10-15% 191 163 o9 151 135 DR 078 118
15.20% 144 oer 08} 086 o8l 058 oas 06
20-25% 109 049 B [X1) 059 049 o4 034
|25 30% [ 017 0.10 o4l (5] 03) 019 oM
I035% 079 013 [ 018 01€ 016 e 019
[ av4on 044 004 G 02 011 011 011 002 (3]
| aoas% 06 003 [T oo o ooz 002 [
35 50% 028 003 a0l 900 [ 000 [ [
50 55% 020 601 000 000 coo 0o ool 201
S5-E0% 01) 000 000 oo 000 600 000 001
>60% on 000 0w 000 000 © 00 000 000
Raiecad Fealure [Main, Sout. of Yard) 6 1 ] 1 2 10 12 4
Devewry ? 5 [ 32 [ 4 © il 10 25
Road {Local Neighborhood Road, Rursl Rosd, Giry ;

Sireet) i8 10 L 19 % 34 43 1)
Parking Lot [ 1 1 0 3 ‘4 3 1
Prmary Road « i 2 4 4 4 2 1
Ramop 7 0 [ 5 & 4 © 4
Secondary Road 1 i a 1 3 3 3 s
Tatel Crosung Count 33 45 8 37 a7 "0 T4 139

Exibu 3




PUCO Case No 16-0253-GA-BTX
CITY-POD-01-004 CONF attachment

HIGHLY CONFIDENTIAL PROPRIETARY TRADE SECRET Rageatalas
ATTORNEYS' EYES ONLY

EXHIBIT 4
CSX RR Drawing Profile



PUCO Case No 16-0253-GA-BTX
CITY-POD-01-004 CONF attachment

HIGHLY CONFIOENTIAL PROPRIETARY TRARE SEQRET Page 35 of 35
ATTQRNEYS'EYES ONLY
AT GRAOE RAILROAD BED RAISED RAILROAD BED
28 25'
MIN MIN
17 12
L L 1'143
6 MN T2 [l
t THEORETICAL RAILROAD / |1 Sy
EMBANKMENT L INE OF | G'MN
1; )’ INFLUENCE }
30" PIPEUNE/ Ei_
3
WouLD e a0 PPELINE
REQUIRED SHORING
FOR THIS WOULD BE
CASE CSXT RR STANDARD REQUIRED
RAILROAD CROSSING FOR THIS
RAILROAD INFLUENCE ZONE CASE
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