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5 4 “ CHESAPEAKE BAY FOUNDATION
?,ﬁe’ Saving a National Treasure
January 16, 2018

Elder Ghigiarelli, Jr.

Deputy Program Administrator, Wetlands and Waterways Program
Water management Administration,

Maryland Department of the Environment

1800 Washington Boulevard, Suite 430, Baltimore, MD 21230

VIA Email: elder.ghigiarelli@maryland.gov

Re: Application #17-WQC-02, Lower Susquehanna River and Upper Chesapeake Bay, Use I &
2 Waters

Dear Mr. Ghigiarelli,

Thank you again for the opportunity to provide comments on the above-referenced Water Quality
Certification (WQC) application. Please refer to our initial letter dated August 23, 2017 and oral
comments of Chesapeake Bay Foundation Maryland Executive Director Alison Prost made during the
public hearing on December 5, 2017 as a basis for this supplemental written comment.

Conowingo Dam and the deep pond created by the dam, change the form and timing of pollutant
discharges to downstream waters including the Lower Susquehanna River and Chesapeake Bay mainstem
!, Therefore, the Chesapeake Bay Foundation believes the dam’s continued operation is itself directly and
proximately responsible for some of the pollution coming through the Dam — especially that which occurs
during high-flow storm and scour events — and that these additional loads contribute to the violation of
downstream water quality standards.

Furthermore, though we recognize that the Conowingo Dam has, historically, played a role in reducing
the sediment and associated nutrients from the Susquehanna River that reach the Bay — some have called
it the “Bay’s biggest best management practice (BMP)”- we also note that the accumulating sediments
and associated nutrients that reached the Conowingo Reservoir were not managed by Exelon. Because of
Exelon’s failure to address sediment accumulation, the Bay jurisdictions are faced with needing to reduce
additional pollutant loads to achieve the sediment, phosphorus and nitrogen allocations of the Chesapeake
Bay Total Maximum Daily Load (TMDL).

Negative Effects on Attainment of Downstream Water Quality Standards Must be Mitigated

The most recent estimates of the additional load reductions that are needed to achieve downstream water
quality standards and account for the lost trapping capacity of Conowingo, that includes the effect of
scouring events, is roughly 6 million pounds of nitrogen and 0.26 pounds of phosphorus. 2 Exelon needs
to play a role in achieving these additional reductions.

! Linker, L., R. Hirsch, W. Ball, J. Testa, K. Boomer, C. Cerco, L. Sanford, J. Cornwell, L. Currey, C.
Friedrichs, R. Dixon. 2016. Conowingo Reservoir Infill and Its Influence on Chesapeake Bay Water
Quality. STAC Publication Number 16-004, Edgewater, MD. 51 pp. Found at:
http://www.chesapeake.org/pubs/356_Linker2016.pdf

2 https://www.chesapeakebay.net/channel files/25782/wqgit dec 4-
5 2017 mpa policy decisions_briefing presentation_story board-12.3.17 jsadd.pdf slide 351

PHILIP MERRILL ENVIRONMENTAL CENTER
6 HERNDON AVENUE [ ANNAPOLIS, MD 21403 | 410/268-8816 | CBF.ORG




As detailed in our August 23, 2017 letter, the Lower Susquehanna River Watershed Assessment
(LSRWA) study? evaluated the impact of scouring events on downstream water quality including effects
on attainment of the dissolved oxygen (DO) water quality standard. Results indicate scour events cause
increases in non-attainment of the DO standards in some downstream segments. For example, a scour
event occurring in June had an estimated increase in deep-channel DO nonattainment of 1%, 4%, 8%, and
3% in segments CB3MH, CB4MH, CHSMH, and EASMH, respectively when compared to the No Storm
Scenario. Results also suggest that nutrients from scour events deposit downstream and may contribute to
negative water quality impacts for years.

As part of the WQC process under the Clean Water Act, Maryland is responsible for setting forth any
effluent limitations or any other conditions or limitations and monitoring requirements that may be
necessary to assure compliance with the Act and the Chesapeake Bay TMDL. As has been demonstrated,
scour events result in violation of downstream water standards and the WQC must ensure that there are
sufficient pollutant offsets to mitigate these impacts. Therefore, Exelon should be held responsible for
their contribution to the impacts on downstream water quality.

Consequently, we recommend that MDE run scenarios similar to those that were conducted as part of the
LSRWA study, but with the Phase 6 model. In addition, given the long-term duration of the proposed
permit, we recommend these scenarios consider the effects of climate change that includes increases in
the size of storm events and the frequency of their occurrence, both of which will lead to increased
pollution and more scour events. The Chesapeake Bay Program has quantitative estimates for expected
effects of climate change by 2050. These input parameters should be used in the updated modeling
scenarios.

With these results in hand, we recommend the following approach to estimate the amount of phosphorus
and nitrogen load reductions necessary to mitigate for these impacts. We caution, however, that the
numbers used below are for illustrative purposes since they are based on the “old” Chesapeake Watershed
Model (Phase 5.3.2), not the “newer” version (Phase 6) that includes many refinements, including
updated modeling inputs for the Conowingo. As noted above, increases in non-attainment due to scour
events range from 1% - 8%. The LSRWA estimated that to offset a 1 percent increase in Deep-Channel
DO nonattainment would require a reduction of about 2.4 million pounds of nitrogen and 0.27 million
pounds of phosphorus (p.95). So, for example, to offset a 4% increase in nonattainment in CB4MH would
require nitrogen (N) reduction of 9.6 million pounds and 1.08 million pounds of phosphorus (P). These
load reductions, however, are not solely Exelon’s responsibility as they result from nutrients that originate
upstream of the Dam during storms as well as those that are scoured from behind the Dam.

Results of the LSRWA (p. 79) indicate that, on average, scoured loads of sediments represented about
20% of the total loads that enter the Bay from storm events. We note that this proportion is likely
conservative. This percentage increases with the size of the storm and more severe storms are likely in the
future due to climate change. In addition, a study by the Lower Susquehanna Riverkeeper suggested that
scour may have been underestimated by the LSRWA study.*

Under this scenario, Exelon would be responsible for achieving 20% of the 9.6 million pounds of N or 2.4
million pounds and 20% of the 1.08 million pounds of P or 0.27 million pounds. Again, these numbers
are for illustration, but represent a logical, scientifically-based approach for estimating mitigation
requirements for Exelon.

The most efficient and permanent practices are those that plant trees because of the land conversion factor
and permanence on the landscape once complete. If impervious surfaces are converted to forest, the most

3 Lower Susquehanna River Watershed Assessment, Maryland and Pennsylvania, May 2015 Final.
Found at: http://dnr.maryland.gov/waters/bay/Pages/LSRW A/Final-Report.aspx

4 LSRWA Modeling Review Final Report, Prepared for Earth Justice and Lower Susquehanna Riverkeeper
by Paul Frank, P.E., August 25, 2017



efficient load reduction, then 207,253 acres would be needed for nitrogen and 148,351 acres for
phosphorus. While less efficient, there’s more opportunity to convert turf or highly erodible ag lands to
forest. That scenario would require 287,735 acres for the nitrogen offset and 613,636 acres for the
phosphorus offset. Using these two scenarios and the BMP cost per acre range of these practices from
$150 to $300 per acre as reasonable boundaries for cost, the total offset would range between $22.2
Million and $184 Million. These calculations are derived from two Chesapeake Bay Program Draft
reports and current Chesapeake Assessment Scenario Tool (CAST) BMP cost spreadsheets.’

If these land conversions are made early in the license term, the benefits will propagate through time as
annual load reductions. Conversely, if offset contributions were applied to annual practices such as cover
crops, the load reduction efficiency is much less and the benefit will cease at the end of the license term.
CBF would discourage a cost-based offset approach that does not take permanence of load reduction into
account.

A Chesapeake Stormwater Network report  is instructive for looking at opportunity. The top 4 counties
in turf acreage in Pennsylvania (Lancaster, York, Dauphin and Luzerne) contain 350,413 acres of turf. If
we are to consider that certain counties in Maryland also contribute loads to CB4MH and adjacent
segments, we could include an additional 306,621 acres of opportunity from Harford, Baltimore and Anne
Arundel Counties. Of course, the phasing of payments into an account for these BMPs and application of
optimization tools for N and P effectiveness should also be encouraged.

CBF suggests an appropriate mechanism to manage the mitigation contribution of Exelon to the
Chesapeake Bay Program Partnership effort and its distribution should be through a special account held
for this purpose. This would allow the leveraging of additional private and public investments to offset
loads attributed to the Conowingo Dam infill and lost capacity estimated by the Phase 6 Chesapeake Bay
Model’. CBF would prefer that disbursements to this account be made annually through the timeframe of
any approved Chesapeake Bay Partnership plan to address additional reductions due to Conowingo Dam
infill.

At this time, given the extreme costs, risk of resuspension of adsorbed ammonia and limited utility in
replacing lost sediment storage capacity, CBF is not recommending dredging of the Conowingo pond as a
mitigation measure. Perhaps within an adaptive management framework as discussed below, the
technology and markets will in the future be developed sufficiently for an innovative or beneficial use of
dredged sediments from the pond to be cost-effective while protecting downstream water quality, but that
is yet to be determined. In addition, the lack of a remedy for bypassing beneficial coarse sediment
identified by some stakeholders is likely contributing to habitat degradation in the segment downstream
of the dam to the mouth of the river. Future iterations of a sediment management plan that might include
dredging of a sediment trap at the appropriate location within the reservoir should take into account the

3 Urban Tree Canopy Expansion and Urban Forestry Planting BMPs, DRAFT Fact Sheet, Chesapeake Bay
Program
https://www.chesapeakebay.net/channel files/23644/attach_¢. utc_fact sheet draft for feedback.pdf

A Guide for Forestry Practices in the Chesapeake TMDL Phase III WIPs, Prepared by the Forestry
Workgroup, Chesapeake Bay Program Office, DRAFT July 31, 2017
https://www.chesapeakebay.net/channel_files/24878/draft forestry bmp_info_packet for wip_iii.pdf

¢ The Grass Crop of the Chesapeake Bay Watershed, Technical Bulleting #8: The Clipping Point,
Chesapeake Stormwater Network, April 1, 2010
http://chesapeakestormwater.net/2009/06/the-grass-crop-of-the-chesapeake-bay-watershed/

7 Allocation of Conowingo Infil Nutrient and Sediment Loads: Comparing Cost Effectiveness in Different
Phosphorus Load Allocation Scenarios Among Jurisdictional Partners, Chesapeake Bay Program, Revised
6/27/17

https://www.chesapeakebay.net/channel_files/24809/conowingocostofphosreductions 20170622 2.pdf




potential for separation and beneficial use of coarse sediments downstream, rather than sediments being
sold for commercial purposes.

Downstream Beneficial Uses Need to be restored

As outlined by our Nature Conservancy colleagues, the Susquehanna River Basin Commission (SRBC),
and others, Conowingo Dam’s daily peaking operations have had a significant and unmitigated impact on
the ecosystem of the lower River and Upper Chesapeake Bay. Modifying current operations to restore
habitat quality and availability below the dam will be necessary to achieve designated uses under the
requested license term. Dam operations impact aquatic resources of the non-tidal and tidal segments of
the river® and impacts may extend as far south as oyster aquaculture operations near Rock Hall.’

MDE must consider requiring Exelon to modify existing operations to provide meaningful restoration to
downstream aquatic habitat for diadromous and resident fish, bivalves, macroinvertebrates, submerged
aquatic vegetation and water quality. As documented in biological surveys and hydraulic habitat models,
these communities are currently in fair to poor condition, or absent, below Conowingo Dam. CBF
supports the proposed initial flow schedule shared by TNC and SRBC and an adaptive management plan,
to manage flows to accommodate the myriad of designated uses of downstream segments and the
economies on which they depend. To that end, CBF incorporates by reference the comments
submitted by TNC to the extent they do not conflict with our own.

Evidence from TNC and CBF’s submitted economic study by E3 suggest both the aforementioned
nutrient load mitigation and operational changes are financially feasible while still maintaining
profitability for Exelon.

Economic Study

An analysis was conducted by Energy + Environmental Economics, Inc. (E3) to estimate the range of
market revenues for Conowingo Hydroelectric Dam, assuming it remains a merchant generator in the
Mid-Atlantic electricity market, in order to inform how much economic “headroom” (i.e. “excess” profits
available after a reasonable return on investment) exist to mitigate the Dam’s incremental environmental
and ecological impacts on the Bay.!° A copy of the study is attached to this comment letter.

For its analysis, E3 used publicly available information, including: historical river flows and monthly
Conowingo generation data (the latter from SNL Energy); historic hourly flow and monthly generation
data for a representative base case, and two additional operational/hourly flow scenarios from the
Susquehanna River Basin Commission; market and price data from regional electricity transmission
organization PJM; and financial information (market revenues and projections of capital and operating
costs for Conowingo) from Exelon’s 2011 and 2013 Conowingo relicensing filings with the Federal
Energy Regulatory Commission.

To arrive at an unlevered internal rate of return (IRR), E3 researched fully merchant projects, and chose
10 percent as a reasonable target IRR, within a range shown from independent power producers. E3
examined average seasonal prices and dispatch for the dam, and the differences among the scenarios for

8 The Nature Conservancy’s August 23" letter and associated filings.

% Since the public hearing, CBF has learned that freshwater flows from dam operations may even create
prolonged freshets which could impair the designated uses of EASMH for oyster aquaculture operations as
far south as Rock Hall (Scott Budden Orchard Point Oysters, personal communication).

10 Energy + Environmental Economics, Inc., “An Economic Analysis of the Conowingo Hydroelectric
Generating Station,” August 2017. It should be noted that some of these calculations are necessarily
estimates, as Exelon does not make available proprietary data. In addition, compensation to Exelon
through renewable energy markets was not explicitly assessed, although it could add value and revenues. It
should also be noted that revenues for the dam have declined in recent years due to the suppression of
energy market prices in PJM, and that the dam’s total generation does vary significantly from year to year,
which can change revenue estimates. Muddy Run’s operations and economics were not included in this
analysis, as the intent was to focus solely on Conowingo dam’s operations and incremental economics.



average hourly prices and output by season. It then calculated total revenues for the base case and the two
alternative scenarios and performed a proforma analysis to calculate the unlevered IRR and the annual
headroom available, with the resulting headroom ranging from a low of $27.1M to a high of $44.1M.

Draft Conditions
In light of these recommendations, the WQC should at a minimum include the following or similar
conditions:

1)

2)

3)

4

Given the direct and proximate relationship between the operation of Conowingo Dam and deep pool,
and the fact that the form and timing of nutrient pollution discharged through the Dam during certain
storm events is altered by both residence and scour, and the fact that known accumulating sediments
went unmanaged by Exelon for decades, and given that the result is a certain level of nonattainment
of specific Maryland water quality standards in some segments of the deep channel below the dam
which persist over a period of time, Exelon Corporation shall provide sufficient mitigation for the
addition of such pollution. Such mitigation shall generally be accomplished in concert with that
being undertaken or contributed to by the Chesapeake Bay Program partnership, as outlined by the
Principals’ Staff Committee of the Chesapeake Bay Program.'!

An average amount of increase in several Chesapeake Bay downstream segment(s)’ nonattainment of
dissolved oxygen standards, due to storm events at the dam, should be calculated with the Phase 6
watershed model and include future effects of climate change expected by 2050. Exelon’s
responsibility for contributing to this nonattainment should be based on up to date estimates of the
contribution of scour during storm events to non-attainment. Then as illustrated above this number
should be translated to annual pounds of nitrogen and phosphorus and cost estimates to achieve these
reductions.

Such mitigation shall be annually deposited into an account to be managed and directed by a neutral
third-party funds administrator into grants for the purpose of reducing sediment and nutrient inputs
into the Susquehanna by upstream land uses such as agriculture. The locations, specific grantees, and
best management practices so supported shall be chosen by the fund manager for their benefit/cost-
efficiency and relative ease of implementation. The account shall be used to collect and distribute
both public sector and private investments to offset pollution loads attributable to the Conowingo
Dam infill and lost capacity estimated by the Phase 6 Chesapeake Bay Model.

Exelon shall manage flow so as to restore downstream beneficial uses which have been and continue
to be heavily impacted by the current highly unnatural flow regime utilized at the dam. Changes
required include implementation of the proposed initial flow schedule shared by TNC and SRBC and
implementing an adaptive management plan to ensure that operational changes result in meaningful
restoration of diadromous fish, mussels, SAV and related aquatic communities and downstream water
quality conditions, to achieve designated uses.

A recommended adaptive management condition follows below.

Adaptive Management Condition

Since the current FERC operating license will be in place for the next 37 years, and since various
conditions are very likely to change over that timeframe (e.g., modeled or monitored pollution flows and
downstream impacts, the frequency and severity of adverse weather events due to climate change,
changing nutrient and sediment pollution management practices and technologies, data on fish/habitat,
and the financials of dam management) this Water Quality Certification should have a mechanism or
framework for adaptive management. The following constitutes our outline of that framework.

1)

In addition to meeting the WQC’s conditions for flow and habitat, fish passage, and water quality, set
out in this WQC, financial resources provided as mitigation by Exelon shall also be used to contribute

Uhttps://www.chesapeakebay.net/channel_files/25523/draft_conowingo_wip_framework_december 19 _to
_psc.pdf



to ongoing monitoring and research so that such WQC conditions may be amended, as changes in
modeled or monitored pollutant flows, the frequency and severity of adverse weather events due to
climate change, and changing nutrient and sediment pollution management practices and technologies
occur, and as new information about nutrient changes in the pond, downstream impacts, and healthy
fisheries is developed over the life of the operating license.

2) Every seven years until the operating license expires or is reissued for this facility in 2055, there shall
be convened by Maryland Department of the Environment (MDE) or its successor agency a combined
expert and stakeholder panel to consider the changes in flows, pollution loads, downstream impacts,
fish and habitat data, and technology noted above, as such information is collected from monitoring
and modeling, or new studies or circumstances provide new relevant operating, financial,
environmental, or technical information. A potential turning point for such information may be 2030
to consider the effects of any flow changes affected by other licenses such as Muddy Run upstream.
The panel will meet and make recommendations for altering any of the conditions specified in this
Certificate according to its best professional judgement.

The expert and stakeholder panel shall be comprised of such regional NGO, state agency, federal
agency, and academic experts, as well as interested stakeholders and Exelon’s representatives, with
demonstrated expertise and continuing interest in water quality and the Chesapeake Bay Total
Maximum Daily Load (TMDL), climate change, best management practices for point and nonpoint
source pollution control, fish passage, flow management and habitat, and hydropower management,
as MDE shall appoint at each seven-year increment.

3) At each seven-year increment, MDE shall consider the recommendations of the expert and
stakeholder panel, and after public notice and hearing, shall make whatever changes to the WQC'’s
conditions it deems necessary and appropriate. Such changes shall be in effect until the next seven-
year evaluation.

Again, the Chesapeake Bay Foundation and its 240,0000 members throughout the watershed are
depending on a prudent and swift decision on firm water quality certification conditions by MDE so that
development of the Phase III Watershed Implementation Plans for completing the Bay TMDL and any
additional TMDL for implementing the Conowingo Watershed Plan will ensure that Maryland’s Water
Quality Standards and Designated Uses of the Lower Susquehanna and Chesapeake Bay are met once
again.

Sincerely,
Ao G X

Alison H. Prost, Esq.,

Maryland Executive Director

Interim Vice President of Environmental Protection and Restoration
Chesapeake Bay Foundation



An Economic Analysis of the Conowingo Hydroelectric
Generating Stations

Prepared for: Water Power Law Group

An analysis was conducted by Energy and Environmental Economics, Inc. (E3) to estimate the range of
market revenues for Conowingo Hydropower Dam, assuming it remains a merchant generator in the Mid-
Atlantic electricity market, in order to inform how much economic headroom (i.e., excess profits) exists
to mitigate the incremental impacts of the Dam’s continued operation on ecological resources of the
Susquehanna River and Chesapeake Bay. The analysis focused on identifying market revenue estimates
for the project, costs associated with owning and operating the project, how benefits and costs change
under different operational scenarios and how much economic headroom is potentially available.

E3 used publicly available information including river flow information and market data from PJM, the
regional electricity transmission organization in the Mid-Atlantic, to develop estimates for electricity
generation and associated market revenues for a variety of operational scenarios. E3 estimated economic
headroom through financial proforma modeling.

Estimates for the total revenues for Conowingo range between $115 million to $121 million annually.
Estimates for available headroom---after a 10% rate of return--- ranged from $27 million to $44 million
annually depending on the operational scenario and climate conditions, as well as the range of revenue
estimates. These values translate to a present value capital investment that could be used towards
mitigation efforts of at least $268 million (real 2008 $).

The estimates of revenues and headroom, did not include the following sensitivities. First, compensation
through renewable energy markets, for example a Renewable Energy Credit (REC) payment that the
project could potentially be eligible for if it were able to get certified as an eligible resource, was not
explicitly assessed. This additional value stream could potentially increase the revenues Conowingo could
earn over the term of their requested license. Based on preliminary estimates, the REC payment necessary
to offset revenue losses is within range of REC market values. Secondly, it is likely that revenues for
Conowingo have declined in recent years due to the suppression of energy market prices in PJM. In
addition, the total generation from Conowingo seems to vary significantly from year to year, which may
change the revenue estimates for the project. Finally, this analysis does not include the operations or
economics of Muddy Run pumped storage, rather it focused on the incremental economics of Conowingo
dam. The operations and combined economics of the projects were filed with FERC.

Energy+Environmental Economics
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1 Background

Energy and Environmental Economics, Inc. (E3) was retained by the Water and Power Law Group
PC (“WPLG” or “client”) to perform an economic analysis of the Conowingo Hydroelectric
Generating Station (“Conowingo” or “Project”), which is wholly owned and operated by Exelon
Corporation. The project is a 570 MW hydroelectric peaking plant located on the Susquehanna

River in northern Maryland.!

The purpose of this analysis is to provide an estimation of the range of market revenues for
Conowingo assuming it remains a merchant generator in the PJM market?. This analysis has been
performed to help WPLG, The Nature Conservancy and the Chesapeake Bay Foundation develop
a more informed strategy associated with Exelon’s relicensing process for the Project with the
Federal Energy Regulatory Commission (FERC) and Maryland regulatory agencies. Ultimately, the
economic valuation can be used to inform how much economic headroom exists to support
Exelon’s investment in mitigating its effects on ecological resources of the Susquehanna River and

Chesapeake Bay.
We address the following questions with this report:
What are the market revenue estimates for the project?

What are the costs associated with owning and operating the project?

How do these benefits and costs change under different operational scenarios?

+ + + +

How much headroom is potentially available for mitigation efforts in the Susquehanna

River and Chesapeake Bay?

! More details can be found on Exelon’s website: http://www.exeloncorp.com/locations/power-plants/conowingo-hydroelectric-
generating-station

2 PJM Interconnection is a regional transmission organization {RTO) responsible for maintaining wholesale electricity markets for energy,
capacity and ancillary services in all or parts of Delaware, lilinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, North Carolina, Ohio,
Pennsylvania, Tennessee, Virginia, West Virginia and the District of Columbia. More details can be found here:

http://www.pjm.com/about-pjm/who-we-are.aspx

© 2017 Energy and Environmental Economics, Inc. Page |1 |
Attorney-Client Work Product: Privileged and Confidential



I Anatyss Approach

2 Analysis Approach

The inputs and methodology used in the analysis are described in detail in sections 2.1 and 2.2
respectively. For the analysis, E3 used available flows and PJIM market data, and developed
estimates for hourly Conowingo generation and associated market revenues for the Base Case as

well as the flow scenarios. An overview of the analysis is shown in Figure 1.

Figure 1: Analysis overview for the Base Case as well as the flow scenarios.
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2.1 Input Data, Assumptions and Limitations

2.1.1 INPUTS
In order to identify which year to use for the Base Case, E3 analyzed PJM market prices, USGS

flows at Conowingo, and historic generation levels for the project. Table 1 shows the values for
the parameters used to identify an ‘average’ year for the Base Case. Even though annual
average flows at Conowingo are closer to the period average in 2010 and 2014, E3 picked 2013
as an average year due to the annual average day ahead LMP and total annual generation at

Conowingo being close to the period average.

Table 1: Base Case Selection - 2013 flows, prices, and generation approximate the average values
in the 2010-2016 period.

Annual
Average Annual Total Annual

Day Ahead Average Flows  Generation
LMP3 (cfs) (MWh)

(5/MWh)
2010 1,645,359

2011 45 72,090 2,518,452
2012 33 31,697 1,639,132
2013 38 33,351 1,699,398
2014 52 34,927 1,594,647
2015 32 30,909 1,597,488
2016 23 27,295 1,369,003

Average 2010-16 39 37,971 1,723,354

Table 2 summarizes the data used for the analysis, and the corresponding sources, for the Base

Case and the two sensitivity scenarios.

3 (LMP) Locational marginal pricing
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Table 2: Key data inputs and a description of data sources.

Key Inputs

Flows:
Flows at
Conowingo

Power

Production:

Monthly
generation

Generation

profile:
Hourly
power
production

Market
data: PJM
energy and
capacity
market
data

Base Case SRBC 202 SRBC 205
2002 SRBC 202 2002 SRBC 205
Historic hourly flows | hourly flows hourly flows
for 2013 from United | simulated by Exelon | simulated by Exelon
States Geological (provided to E3 by (provided to E3 by
Survey (USGS) the Nature the Nature
Conservancy) Conservancy)

Historic 2013
monthly generation
data obtained from
SNL Energy

Forecasted from
2002 cumulative
monthly flows
simulated by Exelon
for SRBC 202

Forecasted from
2002 cumulative
monthly flows
simulated by Exelon
for SRBC 205

Calculated by E3
using hourly to
monthly flow ratios
to allocate 2013
historic monthly
generation

Calculated by E3
using hourly to
monthly flow ratios
to allocate forecasted
2002 SRBC 202
monthly generation

Calculated by E3
using hourly to
monthly flow ratios
to allocate forecasted
2002 SRBC 205
monthly generation

2013 historic PJM market data used across all flow

scenarios

- Hourly energy prices
- Seasonal capacity prices

2.1.2 ASSUMPTIONS AND LIMITATIONS.

It is important to note that Exelon operates Conowingo and Muddy Run, which is a

pumped hydro storage facility upstream of Conowingo, as a coordinated facility.

Conowingo pond provides the after bay for generation at Muddy Run. For the purpose

of this analysis, E3 has focused on Conowingo only, and assumed Muddy Run’s impacts
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on Conowingo operations are captured in historic operations data, as well as Exelon’s
simulated data for the alternative flow regimes (SRBC 202 and SRBC 205).

In addition, energy prices and flow regimes for a Base Year (2013) were assumed to be
constant for the study horizon. Changes to either would change the valuation results,

but the examination of those sensitivities is outside of the scope of the analysis.
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2.2 Methodology Description

In order to address the four study questions, E3 utilized a combination of publicly available data
published market and hydro flow data, and generation data developed by Exelon and provided by

The Nature Conservancy. E3 analyzed three scenarios, described in more detail below.
E3’s methodology included the following steps for each scenario:

Determining flows at Conowingo
Developing Conowingo dispatch profile
Estimating market revenues

Estimating target and achieved unlevered IRR

A

Calculating annual and upfront capital available for mitigation

These steps are described in detail below.

2.2.1 STEP 1: DETERMINING FLOWS AT CONOWINGO

2.2.1.1 Overview of Operational Scenarios

For this study, the economics of Conowingo dam were estimated using three operational
scenarios; the base case scenario and two potential future scenarios that were developed and
proposed by stakeholders through the FERC re-licensing process.* A description of each scenario
is included in Table 3 and the operational parameters for each scenario are included in Appendix
5.2. The scenarios are approximations based on best available data, therefore each has limitations

in its ability to simulate future conditions.

“TNC MOI 2015.
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Scenario Name Description

The Base Case Current operations with primary goal of maximizing revenue. This
does not include moderate increases to minimum flow releases

proposed by Exelon in their recent CWA 401 application.

Alternative SRBC 202 | Potential future operations to restore up to 50% of maximum
Flow Regimes available habitat. Includes higher minimum releases, a capped
maximum generation flow during key spawning and reproductive

months and a guided rate of change.

SRBC 205 | Potential future operations, similar to SRBC 202, but include run-
of-river operations during spring to improve migratory fish
habitat. It is hypothesized that this level of mitigation may make
the facility eligible for compensation under renewable energy

markets.’

The Base Case was developed using data from a year representative of average PJM market prices,
average Conowingo flows, and average annual power generation at the dam. The client was also
interested in understanding the impact of alternative flow regimes at Conowingo on the revenues,
and consequently the available headroom. The alternative flow regimes analyzed were SRBC 202
and SRBC 205. SRBC 202 is an alternative flow regime proposed by a group of stakeholders in the
relicensing proceeding of Conowingo in Maryland, provided to E3 by The Nature Conservancy.

Base Case Flows: Benchmarking Exelon’s simulated flows

5 It is noted that this is hypothetical. In order to be eligible for RPS in Pennsylvania, the facility requires Low Impact Hydropower Institute
certification. LIHI certification requires the applicant to meet eight criteria including ecological flows and fish passage.
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For the Base Case, E3 compared historic flows data from an average year obtained from the
United States Geological Survey (USGS) website to Exelon’s Base Case hydro simulation. With this
verification analysis, E3 confirmed that currently, Exelon operates Conowingo in a manner
consistent with its Base Case hydro flow simulation... For the verification analysis E3 compared
the hourly USGS flows to Exelon’s simulated hourly flows for the Base Case. The datasets had
overlap for the October 2007 to December 2007 period.

Figure 2: Benchmarking hourly average Exelon and USGS flows at Conowingo — October 2007 to
December 2007.

2007 Hourly Flows: Actual versus Simulated

—Exelon model - Simulated hourly flows (Baseline) USGS Data

260,000
180,000
160,000
140,000
120,000

£ 100,000
£0.000
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Figure 3: Benchmarking daily average Exelon and USGS flows at Conowingo — 2000 to 2007.
—Exelon model - Simulated daily flows (Baseline) —USGS Data
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£ 300,000

200,000
100,000
L ; ;

1/2/2000 1/2/2001 1/2/2002 1/2/2003 1/2/2004 1/2/2005 1/2/2006 1/2/2007

8 Historical flows data was obtained from USGS: https://waterdata.usgs.gov/usa/nwisfuv?01578310
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In addition to comparing the flows at the hourly time step, E3 also verified that the historical daily
flows were similar to the Base Case daily flows simulated by Exelon. As seen in Figures 2 and 3,
Exelon’s simulated daily flows in the 2000-2007 timeframe match historically observed data from
USGS. Given the similarity in actual and simulated flows, E3 utilized actual flows from 2013 to

estimate Conowingo’s dispatch profile.

Figure 4 show the comparison between annual minimum, maximum and average flows for the

2000-2007 time horizon.

Figure 4: Comparison of historic and simulated annual daily minimum, maximum and average
Conowingo flows.
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The comparison of hourly flows by month and daily flows by year can be found in Appendix B.

Annual Maximum of Daily Flows
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2.2.1.2 Alternative flow scenarios: SRBC 202 and SRBC 205

For the alternative flow scenarios (SRBC 202 and SRBC 205), E3 used flows data simulated by
Exelon,” and provided to E3 by The Nature Conservancy. The simulated data was available for the
1967-2007 period. In order to keep the scenario analysis consistent with the Base Case year

assumptions, E3 tried to identify a year in the simulation period with flows closely resembling

2013 flows for Conowingo.

7 The Nature Conservancy provided E3 with data simulated by Exelon for Conowingo flows under different regimes
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After comparing the annual minimum, maximum and average flows levels, E3 concluded that year
2002 has similar hydrological conditions at Conowingo to year 2013. E3 also compared the flow
duration curves of daily flows, which are the daily flows for the years sorted from the highest to

lowest values, for the two years. The comparison is shown in Figure 5.

Table 3 shows the minimum, maximum, average and total flows for the 1980-2007 horizon, and
how the values for each of those years compare to the Base Case average year 2013. Figure 3
shows the comparison of the flow duration curves for the year selected from the simulation

period (2002) and the Base Case average year (2013).
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Table 3: Comparison of flows in the 1980 — 2007 time horizon to the Base Case average year

2013 (target year shown in green in the table).

A " . . Difference  Difference  Difference  Difference
Baseline Baseline Baseline Baseline
— o e e from target from target fromtarget from target
year year year year
Minimum Maximum Average Total Minimum Maximum Average Tota!l

2013 3,680 192,000 33,351 12,173,220 - - - -
1980 719 215,000 28,430 10,405,422 (2,961) 23,000 (4,921) (1,767,798)
1981 726 301,000 30,358 11,080,514 (2,954) 109,000 (2,994) (1,092,706)
1982 781 211,000 34,619 12,635,852 (2,899) 19,000 1,267 462,632
1983 848 357,000 41,928 15,303,806 (2,832) 165,000 8,577 3,130,586
1984 798 470,000 49,779 18,219,256 (2,882) 278,000 16,428 6,046,036
1985 821 165,000 30,469 11,121,262 (2,859) (27,000) (2,882) (1,051,958)
1986 938 361,000 41,242 15,053,248 (2,742) 169,000 7,890 2,880,028
1987 893 236,000 32,263 11,776,040 (2,787) 44,000 (1,088) (397,180)
1988 2,260 184,000 27,159 9,940,180 (1,420) (8,000) (6,192) (2,233,040)
1989 2,900 232,000 39,859 14,548,460 (780) 40,000 6,508 2,375,240
1990 4,270 215,000 48,311 17,633,450 590 23,000 14,960 5,460,230
1991 3,810 199,000 29,665 10,827,810 130 7,000 (3,686) (1,345,410)
1992 1,730 163,000 35,497 12,991,830 (1,950) (29,000) 2,146 818,610
1993 4,120 467,000 52,476 19,153,600 440 275,000 19,124 6,980,380
1994 2,560 358,000 51,700 18,870,530 (1,120) 166,000 18,349 6,697,310
1995 2,770 174,000 27,972 10,209,960 (910) (18,000) (5,379) (1,963,260)
1996 5,270 622,000 63,467 23,228,860 1,590 430,000 30,116 11,055,640
1997 3,620 118,000 29,705 10,842,380 (60) (74,000) (3,646) (1,330,840)
1998 1,550 332,000 41,327 15,084,440 (2,130) 140,000 7,976 2,911,220
1999 2,110 222,000 26,831 9,793,150 (1,570) 30,000 (6,521) (2,380,070)
2000 3,760 199,000 34,350 12,572,060 80 7,000 999 398,840
2001 3,100 138,000 23,560 8,599,260 (580) (54,000) (9,792) (3,673,960)
2002 1,990 185,000 33,386 12,185,850 (1,690) (7,000) 35 12,630
2003 3,680 271,000 60,681 22,148,730 - 79,000 27,330 9,975,510
2004 9,910 545,000 65,536 23,986,310 6,230 353,000 32,185 11,813,090
2005 3,200 390,000 45,805 16,718,950 (480) 198,000 12,454 4,545,730
2006 4,400 403,000 47,075 17,182,500 720 211,000 13,724 5,009,280
2007 3,660 232,000 35,618 13,000,610 (20) 40,000 2,267 827,380

Figure 5: 2002 and 2013 flow duration curves (log scale).
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(cfs)

Flow Duration Curves - Comparison of 2002 and 2013 Daily Flow Patterns
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Figure 5 shows that the flows on the lower end are much lower in 2002 than in 2013. However,
relative to the other years in the 1980 — 2007 sample, 2002 has mean, minimum, maximum as
well as total cumulative flows closest to 2013, which is the Base Case year. All other years have
cumulative annual flows, minimum flows and/or maximum flows that are considerably more

different from 2013 than 2002 is.

The selection of 2002 as the analysis year for the flow scenarios implies that E3 estimates for total
annual generation, as well as corresponding revenues for Conowingo under SRBC 202 and SRBC

205 are likely underestimated.

2.2.2 STEP 2: DEVELOPING HOURLY CONOWINGO DISPATCH PROFILE

Once the flows for the Base Case, SRBC 202 and SRBC 205 were obtained, E3 developed
generation data associated with these flow regimes. For the Base Case, E3 was able to utilize
historic data on Conowingo’s monthly power output obtained from SNL energy, given that historic
generation at Conowingo is consistent with the Base Case generation profile.® For determination
of the generation associated with SRBC 202 and SRBC 205, E3 developed a regression model that
utilized historic relationships between monthly cumulative flows and monthly power output.
Using the regression model, E3 was able to predict what Conowingo’s monthly generation would
be for the SRBC 202 and SRBC 205 regimes by using Exelon’s simulated data for the monthly flows

associated with those two operational regimes.®

2.2.2.1 Base Case

E3 obtained monthly generation data from SNL. No hourly generation was available for

Conowingo. To estimate power output from flows, E3 used the following formula:

8Can be downloaded at: https://www.snl.com/web/client?auth=inherit#powerplant/PP_GenerationChart?1D=2487
9 Please see Appendix 5.3
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Equation 1: Determining the hourly power output from monthly power generation, hourly flows,

and cumulative monthly flows.

Hourly power generation = Monthly power generation x (Hourly flows/Monthly flows)

E3 allocated the total historic monthly generation in 2013 to each hour consistent with how total
monthly flows were allocated to the hours of the month. This implies that the relationship
between flows and power generation is linear, which is a simplifying assumption made for this

analysis.

For some hours, using this allocation resulted in power generation that exceeded the project’s
nameplate capacity. For those hours, the generation was capped at the maximum power output
of the project (nameplate capacity), and the difference between the estimated generation and
maximum possible generation in each hour was assumed to be compensated at the average

annual on-peak energy price.

2.2.2.2 Stakeholder Scenarios (SRBC 202 and SRBC 205)

E3 could not use historic power generation at Conowingo for analyzing SRBC 202 and SRBC 205
as flow regimes, because current operations at Conowingo are different from those two regimes.
To estimate generation for the SRBC 202 and SRBC 205 flow regimes, E3 developed a regression
model’® to establish the relationship between cumulative monthly flows and total monthly
generation. E3 used 2001 to 2016 historic monthly flows and generation data to develop the
model due to Conowingo historic generation data only being available from 2001, Using the
relationship established with this simple model, E3 estimated what the monthly power generation
for the 2002 simulated year would be, under the SRBC 202 and SRBC 205 operational regimes, by

utilizing the monthly cumulative flows provided by Exelon for the two regimes.

10 specifications of the model can be found in the Appendix.
11 SNL data for monthly generation at Conowingo only begins in 2001.
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Figure 6: Regression model prediction of monthly flows and actual monthly flows for the 2001-

2016 time frame.
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E3 compared the estimates from this regression model to Exelon’s estimates of the changes in

power generation relative to the Base Case for each of these flow scenarios.

For both the sensitivity analyses, E3 used the same methodology for allocating the monthly total

generation to create an hourly profile described in Equation 1.

2.2.3 STEP 3: ESTIMATING MARKET REVENUES

Using the estimated dispatch profile for the project, E3 calculated the energy market revenues by
multiplying the hourly estimated power output for the different flow regimes (Base Case, SRBC

202, and SRBC 205} and the average year’s (2013) hourly day-ahead energy market prices.

In addition, E3 calculated the potential capacity revenues in PJM that could be earned by
Conowingo by multiplying the project’'s unforced capacity value (UCAP) by the average year’s
seasonal capacity prices posted by PJM. These were assumed to be constant across all the flow

regimes.
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For ancillary services revenues, E3 used the values filed by Exelon in 2013 to develop revenue
estimates the project could potentially earn in the ancillary service markets for the Base Case. E3
decreased the Base Case ancillary services revenues proportionally to the decline in energy

revenues for the SRBC 202 and SRBC 205 flow regimes.

For SRBC 205, E3 estimated the REC price that would be needed for the lost energy and ancillary
service revenues due to more constrained operations to be compensated for through the REC
markets, i.e. E3 calculated the REC payment that would be needed per MWh of energy generated

to make up for the lost PJIM market revenues.

For this, E3 calculated the expected revenue losses for SRBC 205 relative to the Base Case, and
divided them by the expected change in generation. E3 calculated the implied REC price for Exelon
to be indifferent between the Base Case and SRBC 205 using both E3 modeled revenue losses and

change in generation, as well as those filed by Exelon and provided by The Nature Conservancy.

2.2.4 STEP 4: ESTIMATING TARGET AND ACHIEVED UNLEVERED IRR

Using the estimated market revenues, and projections of the capital and operating costs
associated with owning and operating of Conowingo filed by Exelon with FERC, E3 calculated the
46-year unlevered Internal Rate of Return (IRR) for the project under different flow regimes. We
utilized the unlevered IRR metric because return on equity is driven by the amount of debt in the

capital structure.

2.2.4.1 Financing Costs

E3 developed a financial proforma model to estimate the unlevered after-tax IRR for Conowingo.
To estimate annual capital and operating costs, E3 used Exelon’s 2011 and 2013 FERC filings,
which had values for annual operations and maintenance costs (O&M), property taxes, capital
expenditures, relicensing fees, as well as costs associated with any protection, mitigation and
enhancement measures (PM&E). The O&M costs (including O&M associated with environmental
measures), and property taxes are assumed to be incurred on an annual basis, whereas the

estimated acquisition cost is a one time cost. The estimates for costs associated with the 2016
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Fish Passage Settlement Agreement are assumed to be reflected in the annual ongoing PM&E

capital expenditures. A summary of the costs can be found in Table 4.

E3 calculated the after-tax unlevered IRR using these cost assumptions, and the revenues for each

scenario. Exelon acquired Conowingo in 2008, and is requesting a renewed license to operate the

asset through 2055. For calculation of the IRRs, E3 assumed that the revenues stayed constant in

each scenario for the 2008 — 2055 time frame.

Table 4: Capital and operating costs from Exelon’s 2011 and 2013 FERC filings.

Component

O&M costs $16M (escalated at 2%)
Property taxes $3.8M
Estimated 2008 acquisition cost $281.7M
e oo
Relicensing costs $15M

PM&E O&M costs $55M

PM&E capital costs $5.4M

2.2.4.2 Determining a reasonable target IRR

E3 compared the unlevered IRR achieved for the different flow regimes to what a reasonable

unlevered IRR for the project would be. A reasonable IRR provides Exelon with an unlevered, after-

tax return commensurate with the risk it bears owning and operating Conowingo. If Conowingo

were fully contracted, the unlevered after-tax IRR should be priced greater than the off-taker’s

weighted average cost of capital (WACC). For instance, Potomac Electric's WACC is currently

© 2017 Energy and Environmental Economics, Inc.
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8.01%.1 However, Conowingo, as a fully merchant project in PJM, bears energy and capacity

market risk, so the expected return would need to be higher than 8%.

E3 researched appropriate rates of return for a fully merchant project and found two potentially
appropriate benchmarks. The benchmarks were used to estimate an after-tax IRR that would be
reasonable for Conowingo, and compensate Exelon appropriately for the risk associated with
Conowingo. The California State Board of Equalization’s 2017 capitalization rate study, which is
used to assess property taxes, recommends IRRs of 11.2% to 12.8%.'® This range is based on
analysis of independent power producers that hold a mix of contracted and merchant generation
assets (Calpine, AES, NRG Energy, Dynegy) and diversified electric utilities (Xcel Energy, Duke
Energy, NextEra Energy). A Brattle report prepared in 2014 for 2018 online dates recommends
an 8% after-tax IRR in PJIM.1

Given this range, E3 determined 10% to be a reasonable target IRR.

2.2.5 STEP5: CALCULATING ANNUAL AND UPFRONT CAPITAL AVAILABLE FOR
REMEDIATION

2.2.5.1 Annual Headroom Available

E3 utilized the proforma model to determine what level of annual revenues would provide a 10%
unlevered IRR for Conowingo. After determining this revenue level, E3 calculated the annual
headroom available for remediation to be the difference between these target revenues and Base

Case revenues estimated as described in section 2.2.3.

12 Can be found on Exelon’s investor relations webpage: http://www.exeloncorp.com/investor-relations/recent-rate-cases

13 https://www.boe.ca.gov/proptaxes/pdf/2017capratestudy.pdf

14 The report can be downloaded at:

http://www.brattle.com/system/publications/pdfs/000/005/010/original/Cost of New Entry Estimates for Combustion Turbine
and _Combined Cycle Plants in PJM.pdf?1400252453
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2.2.5.2 Upfront Capital Available

After calculating the annual headroom available for remediation by using the methodology
described in section 2.2.5.1, E3 estimated the upfront capital available for remediation as the

present value (10%) of the annual headroom stream for the 2008-55 period.
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3 Results

3.1 Conowingo Hourly Dispatch

Using the approach described in section 2.2.2., E3 estimated the operations of Conowingo. In

general, the project’s dispatch seems to be correlated with energy prices in the Base Case, except

in the spring. Under the Base Case, the Project is likely more constrained in its operations in the

spring due to higher seasonal run-off. For the stakeholder alternatives (SRBC 202 and SRBC 205),

in the spring, the project is constrained in its peaking ability; SRBC 202 includes higher minimum

flows, maximum flows and ramping rates and SRBC 205 is instantaneous run-of-river in the Spring.

Figure 7: 2013 Average seasonal prices and dispatch for Conowingo. Figure represents average

of hourly prices and estimated hourly power output for all the months in the season.
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3.2 Market Revenues

Using the methodology described in Section 2, E3 calculated the total revenues from Conowingo
in the Base Case to be $121 million annually. These estimates are higher than Exelon’s 2013 FERC
filings by $11.5 million, but in the same overall range, with the exception of capacity market
revenues. The breakdown of the different revenue components, and how they compare to

Exelon’s filing is summarized in Table 5.

For SRBC 202 and SRBC 205, E3 estimated the annual revenues to be $116 million and $115 million
respectively. These values do not include the revenues that Conowingo could make by selling into
the REC market. E3 calculated the implied REC price, i.e. the value per MWh of Conowingo’s
generation if it were certified as a REC resource, that would be needed in the SRBC 205 scenario
for Exelon to be indifferent between the Base Case operations and the SRBC 205 flow regime. E3
calculated the implied REC price using both E3 modeled revenue losses and change in generation,
as well as Exelon’s estimates. Exelon’s revenue loss estimates include the losses for Muddy Run,
and would be lower for Conowingo. Therefore, the implied REC price by using Exelon’s filings is

likely overestimated if only Conowingo is taken into consideration.

Table 5: Comparison of E3 estimates and Exelon 2013 filing for different components of PJIM
market revenues

Base Case

Difference (E3
Estimates — FERC
Filing)

Exelon 2013 FERC

Filing

Energy S70M S68M $2.6M

Capacity?® $51M $42Mm $8.7M

15 Exelon uses 2013 calendar year to calculate PIM’s capacity prices, whereas E3 uses the capacity prices from the 2013-2014 capacity
year.
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I resurs

Ancillary Services $0.4M $0.4M :
Total Revenues ($) $121M $110M $11M
Generation (MWh) 1,699,398 1,669,000 30,398

Total Revenues

($/MWHh) s71 $66 $5

Similarly, E3 compared its estimates for the flow scenarios to the values filed in 2013 by Exelon,
which are for both Conowingo and Muddy Run, and are therefore likely lower for Conowingo

alone. The results are summarized in Table 6.

Table 6: Comparison of E3 estimates and Exelon’s revenue estimates under alternative flow
regimes (SRBC 202 and SRBC 205).

SRBC 202

Difference (E3
Exelon 2013 FERC
Revenue Source | E3 Model Estimates X€ on. o Estimates — FERC
Filing .-
Filing)
Energy $64M
Capacity $51M
Ancillary Services $0.4M
Total Revenues ($) _ $116M $108M $8M
Generation (MWh) 1,640,009 1,678,000 (37,991)

16 Exelon simulated data has changes in total generation and revenues, but they were not broken out by component.
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Total Revenues

$71 $64 $6

(S/MWh)
SRBC 205
Difference (E3
Revenue Source | E3 Model Estimates Exelon. ?013 FERC Estimates — FERC
Filing?’ 53
Filing)

Energy $64M
Capacity $51M
Ancillary Services $0.4M
Total Revenues ($) $115M $105M $10M
Generation (MWh) 1,652,373 1,701,000 (48,627)

Total Revenues
(S/MWwh)

$69 $62 $8

In addition, the REC prices needed for the revenues in the SRBC 205 flow scenario to be the same
as the Base Case are summarized in Table 7. Therefore, if Conowingo was able to supplement its
revenues with REC prices of $3/MWh - $4.25/MWh, the revenues in the SRBC 205 operational
scenario would be identical to the revenues estimated for the Base Case. With these additional
REC revenues, Exelon would be indifferent between operating Conowingo consistent with the

Base Case, or under the SRBC 205 operational flow regime.

17 Exelon simulated data has changes in total generation and revenues, but they were not broken out by component.
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Table 7: REC payment needed per MWh of energy generated in SRBC 205 operational scenario
by Conowingo to make up for the lost PIM energy and ancillary service market revenues
using Exelon’s filings as well as E3’s modeled estimates.

Total generation (MWh) 1,652,373 1,701,000
Total revenue reduction relative to

Base Case ($) $7,023,091 $5,100,000
Implied REC price needed ($/MWh) $4.25 $3.00

3.3 Proforma Analysis Results

With the financial proforma analysis, E3 was able to calculate the after-tax unlevered IRRs for
Conowingo under different flow regimes. E3 also calculated the after-tax unlevered IRRs implied
by Exelon’s revenue estimates from the FERC filing. The results of this analysis are shown in Table

8.

Table 8: Comparison of after-tax unlevered IRRs for the different flow regimes.

: Calculations Using Exelon’s
E3 Model Estimates .g
Revenue Estimates

SRBC 202 19.41% 17.51%
SRBC 205 19.19% 16.82%
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3.4 Headroom Calculation Results

As described in section 2.2.5, E3 calculated the annual headroom and upfront capital available for
investment in mitigation. The available headroom is lowest for the SRBC 205 regime, due to the
overall revenues being lower, however the SRBC 205 operational regime could have access to
additional revenues through sale of RECs associated with Conowingo’s generation. Based on E3's
analysis, the REC payment needed in the SRBC 205 flow scenario is $3/MWh to $4.25/MWh
depending on whether Exelon’s assumptions on market revenues and annual generation are used
or E3’s modeled estimates. Across the different flow scenarios, and based on differences in
modeling between E3’s estimates and Exelon’s estimates, the annual available headroom is in the

$27 million to $44 miillion range per year.

Exelon has already modified their Base Case operations to increase minimum flow levels.
Therefore, the Base Case, although closest to their current operations, may still overestimate
market revenues by assuming a higher level of dispatchability for Conowingo than currently exists

due to the 401 Cert application.
Table 9: Estimate of annual headroom.
Calculations Using

E3 Model Estimates Exelon’s Revenue
Estimates

Annual headroom

available (S)

SRBC 202 $37.9M $30.0M

$32.2M

SRBC 205 $37.0M $27.1M

Using the annual headroom stream provided in Table 9, E3 calculated the available upfront capital
that could be used for undertaking remediation efforts in the Chesapeake Bay as the present value

of the annual headroom discounted at the target 10% after-tax unlevered IRR.
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Table 10: Present value (10%) of annual headroom available in the 2008 to 2055 time horizon.

Calculations Using
E3 Model Estimates Exelon’s Revenue
Estimates

PV of annual headroom

available (2008$)

SRBC 202 $375.9M $297.1M

$318.9M

SRBC 205 $366.9M $268.4M

It is important to note that if Conowingo were able to access REC markets and receive a payment
of $3/MWh - $4/MWh for its generation in the SRBC 205 operational scenario, the headroom

available for SRBC 205 would be the same as the Base Case.
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4 Conclusions

E3’s estimates for the total revenues for Conowingo range between $115 million to $121 million
depending on the operational scenario. For the Base Case, SRBC 202 and SRBC 205 regimes, E3’s
calculated revenues were higher than Exelon’s model estimates. The difference in revenues
primarily stems from the capacity value of the project in PJM in 2013. E3 utilized the seasonal
capacity values posted by PJM, whereas Exelon used a calendar year average capacity market
price, which was lower. E3 utilized seasonal capacity prices due to PJM posting its capacity market
clearing prices seasonally. However, if E3 were to calculate calendar year capacity revenues for
the Base Case assuming annual capacity prices, the estimated revenues would be lower and more
in line with Exelon’s filings. In addition to differences in capacity market revenue estimates, E3’s

modeled energy market revenues were also higher than Exelon’s.

The estimates for available headroom for remediation ranged from $27 million to $44 million
annually depending on the flow regimes, access to renewable energy markets, as well as the range
of revenue estimates calculated through E3’s analysis versus those filed by Exelon. These values
translated to a present value capital investment that could be used towards remediation efforts
of $268 million (real 2008 $) to $436 million (real 2008 $), depending on the flow regime and

whether E3’s estimates or Exelon’s filing estimates were used.

For the SRBC 205 operations regime, E3 did not include the REC payment that the project would
potentially be eligible for if it were able to get certified as a REC eligible resource. This additional
value stream could increase the revenues Conowingo could earn, and make Exelon indifferent
between the Base Case and SRBC 205 operational regimes. In order for the total revenues for
SRBC 205 to be the same as the Base Case, Conowingo would need a REC payment of $3/MWh-
$4.25/MWh for its generation, depending on whether E3’s modeled estimates or Exelon’s filings

are used.
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It is likely that revenues for Conowingo have declined in recent years due to the suppression of
energy market prices in PJM. In addition, the total generation from Conowingo seems to vary
significantly from year to year, which may change the revenue estimates for the project. Figure 6
shows the variation in total annual generation at Conowingo as well as the range of energy prices

in the 2010 to 2016 horizon.

Figure 8: 2010 to 2016 variation in Conowingo annual generation and PJM energy market prices.

Variation in Annual Energy Prices and Conowingo
Generation

===Total Annual Generation {MWHh) - Primary Axis
Annual Average Day Ahead LMP ($/MWh) - Secondary Axis
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Further analysis would be needed to capture the impact of lower energy prices and changes in

power generation on Conowingo’s long term revenue forecasts.
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5 Appendix

5.1 Comparison of historic and simulated flows

5.1.1 COMPARISON OF HOURLY FLOWS: OCTOBER 2007 - DECEMBER 2007

2007 Hourly Flows: Actual versus Simulated {October}
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2007 Hourly Flows: Actual versus Simulated {December)
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5.1.2 COMPARISON OF DAILY FLOWS: 2001 - 2007

2000-01 Daily Flows: Actual versus Simulated

~Exelon model « Simulated daily flows (Baseline) —USGS Data

1

150,000

200 000

180 500

s

190 000

1/1/2000 4/1/2000 7/1/2000 10/1/2000 1/1/2001 4/1/2001 7/1/2001 10/1/2001

2002-03 Daily Flows: Actual versus Simulated
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2004-05 Daily Flows: Actual versus Simulated

Exelon model - § d daily flows (Baseline) ——USGS Data
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5.2 Operational parameters for flow scenarios
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Scenario . Hourly Flow Change
name Hourly Min Flow (cfs) Hourly Max Flow (cfs) (cfs/hr)
Base Case Jan 1,750 86,000 cfs 86,000 cfs
Feb 1,750
Mar 3,500
Apr 10,000
May 7,500
Jun 5,000
Jul 5,000
Aug 5,000
Sept. 1-15 5,000
Sept. 15-30 3,500
Oct 3,500
Nov 3,500
Dec 1,750
SRBC 202 1/1-1/31 10,900 | 4/1to11/30: 65,000 20k
2/1-2/29 12,500 otherwise: 86,000
3/1-3/31 24,100
4/1-4/30 29,300
5/1-5/31 17,100
6/1-6/30 9,700
7/1-7/31 5,300
8/1-8/31 5,000
9/1-9/30 5,000
10/1-10/31 4,200
11/1-11/30 6,100
12/1-12/31 10,500
SRBC 205 1/1-1/31 10,900 | 4/1to11/30: 65,000 5k if flow < 10k cfs
2/1-2/29 12,500 otherwise: 86,000 10k if flow <30k cfs
3/1-3/31 20k of flow <86k
4/1-4/30 Marietta flow +
5/1-5/31 intervening inflow




6/1-6/15

6/16-6/30 9,700
7/1-7/31 5,300
8/1-8/31 4,300
9/1-9/30 3,500
10/1-10/31 4,200
11/1-11/30 6,100
12/1-12/31 10,500

5.3 Regression model for determining relationships between
cumulative monthly flows and total monthly generation for

Conowingo
SUMMARY
OUTPUT
Regression
Statistics
Multiple R 97%
R Square 94%
Adjusted R
Square 94%
Standard Error 20396
Observations 192
ANOVA
Signifi
cance
df SS MS F F
1.29316 | 6.4657 | 1554.2 | 4.5487
Regressio 2 E+12 | 8E+11 | 21331 E-118
786266 | 41601
Residua 189 95703 4263
1.37178
ota 191 E+12
Standa
Coeffi rd P- Lower | Uppe | Lower | Upper
cients | Error t Stat | value 95% | r95% | 95.0% | 95.0%
8.22E | 3.65E+| 2.25E | 2.56E-| 1.54E+ | 1.01E| 1.54E | 1.01E
ep +03 03 +00 02 04 +03 +04 +03
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Sum of monthly § 1.99E- | 3.72E | 6.57E-| 7.03E-| 7.81E | 7.03E- | 7.81E-
flows 04 +01 89 03 -03 03 03

Sum of monthly y 214E- | 2.09E | 5.48E- | -4.90E- | 4.05E | 4.90E- | 4.05E-
flows squared 12 +01 51 11 -11 11 11
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