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APPENDIX K:

HYDROPOWER SYSTEMS TECHNICAL INFORMATION AND ANALYSIS

This appendix provides details on three analyses that are related to hydropower system
electricity production, powerplant capacity, costs, and electricity service charge rates and that are
conducted for the Glen Canyon Dam Long-Term Experiment and Management Plan (LTEMP)
Environmental Impact Statement (EIS). The first analysis (presented in Section K.1) evaluated
the impacts of changes in Glen Canyon Dam operations associated with LTEMP alternatives on
the economic value of the powerplant’s capacity and energy production. The impacts were
measured in terms of changes in the value of regional power system capacity (the power system
comprised of Western Area Power Administration’s (WAPA’s) long-term firm (LTF) customers)
and overall system-level electricity production costs (the entire Western Interconnection). The
second analysis (presented in Section K.2) studied how system resources and operations under
LTEMP alternatives affect the wholesale electricity rates paid by LTF customers that receive
federal preference power produced by Glen Canyon Dam. The third analysis (presented in
Section K.3) studied the effects of alternatives on electricity rates paid by retail customers.

K.1 ECONOMIC VALUE OF GLEN CANYON DAM POWERPLANT CAPACITY
AND ENERGY PRODUCTION

This first analysis studied the impacts of changes in Glen Canyon Dam Powerplant
operations associated with LTEMP alternatives on the economic value of its capacity and energy
production. Power system impacts are measured in terms of increases in capacity expansion
expenditures and overall electricity production costs that would result from changing current
Glen Canyon Dam operating criteria to different operating criteria as defined under LTEMP
alternatives.

K.1.1 Power Systems Background

The Glen Canyon Dam Powerplant generates large amounts of energy that yield
economic benefits to the grid. It also provides the grid with firm capacity that contributes to
system reliability. Argonne National Laboratory (Argonne) staff conducted a power systems
analysis of Glen Canyon Dam’s economic benefits under each of the LTEMP alternatives. These
alternative-specific operating criteria are summarized in Table 2-1 of the EIS.

The total water release volume from Lake Powell during each water year (WY) is nearly
identical under all alternatives (see Section 4.2). However, at varying restriction levels,
alternative criteria define the daily and hourly operational flexibility at Glen Canyon Dam, and
affect Lake Powell reservoir elevations and monthly water release volumes. LTEMP alternatives
also differ in their inclusion of various experimental releases such as high flow experiments
(HFEs) and trout management flows (TMFs). The frequencies of these experimental releases
differ among the alternatives.
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Glen Canyon Dam energy production serves the electricity demands (loads) of a dynamic
system that responds to its operations. Therefore, economic impacts of changes in Glen Canyon
Dam operations are measured for the system as a whole. Some of the responses to changes in
Glen Canyon Dam operating criteria, such as system unit dispatch adjustments, would occur very
quickly. System dispatch refers to the amount of generation that each powerplant unit produces
over time to match system loads plus system energy losses. In contrast, other system responses
are much slower. For example, Glen Canyon Dam operating criteria affect its maximum output
at times of peak load, and therefore system-wide capacity expansion pathways; that is, the timing
and type of new units that will be built in the future. This methodology measures the spectrum of
system economic impacts from hourly time intervals to multi-year processes.

The system modeled consists of 11 hydropower plants (including the Glen Canyon Dam
Powerplant) marketed and scheduled by the Colorado River Storage Project (CRSP)
Management Center of WAPA, the loads of all LTF power customers, and the resources owned
and operated by the eight LTF power customers that have the largest allocations of capacity and
energy (see Section K.1.3.2 for more detail). The combined loads and resources of these entities
are referred to at the Salt Lake City Area Integrated Projects (SLCA/IP) market system.

The economic impacts of LTEMP alternatives on the value of electricity within the
Western Interconnection were determined, but the financial impacts on individual grid
participants were not. Impacts on individuals are analyzed in the rate payer and wholesale rate
analyses presented in Section K.3. The economic analysis presented here focuses on the total
differences in the economic value of SLCA/IP federal hydropower resource among alternatives
benchmarked to existing operating criteria (Alternative A). This difference is referred to as the
economic cost of an alternative and is quantified as the net present value (NPV) of the cost that
would be accrued during the 20-year LTEMP period. System interactions within the broader
Western Interconnection are also represented. It should be noted that this is an economic analysis
that measures the net cost difference for the system as a whole, not a financial analysis of
individual entities (e.g., a utility company) that operate within the system.

Operating criteria impact power economics because they affect the timing and routing of
water releases through the dam. From a system dispatch perspective, power produced by
Glen Canyon Dam yields the highest economic benefits when the limited amount of water
released during a WY is routed through the powerplant’s generating turbines to produce power
during seasons of the year and times of the day when it displaces either energy generation or
demand curtailment from expensive grid resources. For example, Glen Canyon Dam has a high
economic value when the energy it produces either reduces or eliminates the operation of a
generating unit with a high production cost. On the other hand, it has a much lower value when it
displaces lower-cost power generation.

During most HFEs, water release rates from Glen Canyon Dam are greater than the
maximum flow rate of the powerplant’s turbines. Therefore, some water is released through the
dam’s hollow jet tubes, bypassing powerplant turbines. Non-power water releases such as these
produce no electricity and therefore yield no energy value. Because water is limited, the bypass
water reduces the overall economic value of power because this water could have otherwise been
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stored in Lake Powell and released to produce energy at another time to displace the dispatch of
more costly system resources.

Glen Canyon Dam capacity also has considerable value because the powerplant can
generate energy during times of peak demand. Without the Glen Canyon Dam Powerplant, other
resources would need to be constructed or acquired in order to ensure that load-serving utilities
have adequate generating capabilities available to reliably meet system loads. Operating criteria
that affect the Glen Canyon Dam Powerplant’s firm capacity may impact WAPA’s firm
commitment levels to load-serving entities that purchase its capacity. In turn, contractual
obligations affect the amount of capacity load-serving utilities can rely upon to meet system peak
loads and will impact their long-term integrated resource plans, including the timing and amount
of new power plant construction.

The methodology used for power systems analysis mimics decisions that could be made
by system entities based on contractual and financial considerations that affect economic
outcomes. For example, the borrowing rate for capital may impact both capacity expansion
decisions and therefore economic outcomes. Economic costs include the following components:
(1) energy production costs for the entire system and (2) capital investment plus fixed O&M
costs for constructing and operating units built for system capacity expansion. Energy production
costs are comprised of fuel expenditures, variable O&M costs, and unit startup expenses. All
costs are estimated over the 20-year LTEMP period starting at the beginning of calendar year
(CY) 2015 and extending through the end of CY 2034. To be consistent with the analyses
performed for other resource areas, the start of the study period was adjusted to CY 2015. Please
refer to Section K.1.9 for a description of how the adjustment was made. Emphasis is placed on
accurately estimating the cost of an alternative compared to Alternative A in terms of both
economic ranking and the relative magnitude of cost differences. Therefore, costs such as fixed
O&M costs are not computed for existing units that remain unchanged across all alternatives.

K.1.2 Glen Canyon Dam, Reservoir, and Powerplant Background

Glen Canyon Dam is a U.S. federal resource that was built by the Bureau of Reclamation
(Reclamation) between 1956 and 1964 as part of the CRSP that was authorized by the Colorado
River Storage Project Act on April 11, 1956. The Act authorized the Secretary of the Interior to
develop the water resources of the Upper Colorado River Basin by constructing, operating, and
maintaining the CRSP and other participating reclamation projects. The dam is a 710-foot—high
concrete arch structure with a crest length of 1,560 ft, containing 4,901,000 yd3 of concrete. The
thickness of the dam at the crest is 25 ft, and its maximum base thickness is 300 ft. The reservoir
formed by the dam, Lake Powell, has a total water storage capacity of 27 million acre-feet (maf),
with an active capacity of approximately 20.9 maf when full. Under normal water surface
elevation levels, the reservoir has a length of 186 mi and a surface area of 161,390 ac. The dam
controls a drainage basin approximately 108,355 mi? (Harpman and Rosekrans 1996).

Currently, there are eight generating units at Glen Canyon Powerplant with a total
sustained operating capacity of approximately 1,320 megawatts (MW). The first two Glen
Canyon units began generating power in September 1964, and the eighth and final unit came
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online in February 1966, as recorded in Power Operations and Maintenance Form 59
(Form PO&M-59). When water is released from the reservoir through power plant turbines, the
energy generated partially serves the electricity demands of the SLCA/IP wholesale customers.

Lake Powell was filled for the first time in 1980, when it reached a maximum reservoir
water elevation of 3,700.6 ft. Displacing power generation and associated air emissions mainly
from powerplants that burn fossil fuels such as coal, oil, and natural gas, the average annual
gross electricity generation from the Glen Canyon Dam Powerplant between CY 1980 and 2013
was about 4,716.5 GWh. This statistic does not include generation production for years prior to
1980, because a portion of water inflows into Lake Powell were used to fill the reservoir prior to
that time. From 1980 through 2013, annual generation has varied by more than a factor of 2.6.
Generation was at a low of 3,299 GWh in CY 2005 and at a high of 8,703 GWh in CY 1984. The
high level of annual generation variability of the Glen Canyon Dam Powerplant since 1980 is
attributable to variations in Lake Powell inflow levels, which are strongly influenced by
precipitation. Hydrologic variability and uncertainty reduce generation value. Therefore, other
resources need to be made available to serve system loads and reliability requirements.

Operational limitations at Glen Canyon Dam were minimal from 1964 through
May 1990. Minimum releases from Lake Powell were 1,000 cfs from Labor Day to Easter and
3,000 cfs during the rest of the year. These minimums are only a small fraction, approximately
3% to 9%, of the physical maximum turbine flow rate of 33,000 cfs at full reservoir. There were
no institutional limitations on maximum flow rates, hourly ramping, or daily changes in flow.
The relatively low minimum release rate requirement, combined with limits that were only
constrained by the physical powerplant and dam characteristics, allowed for flexible operations
that maximized the hydropower generation.

Legislation was introduced in Congress in 1990 addressing dam operations after the
Glen Canyon Environmental Studies Program published its report in 1987 describing the impacts
of dam operation on the national and recreational resources of the Grand Canyon. Reclamation
began to restrict operations on June 1, 1990, when it conducted research discharges as part of the
Glen Canyon Environmental Studies. Numerous test flows were conducted during a 14-month
period that concluded at the end of July 1991. The purpose of these research releases was to
collect and analyze data at different flow levels in order to investigate the effects of flow patterns
on the riverine environment downstream of Glen Canyon Dam. Interim flow operating
constraints were imposed at Glen Canyon Dam on August 1, 1991, and were in effect until
February 1997, when the 1996 Glen Canyon Dam Environmental Impact Statement Record of
Decision (ROD) was implemented.

The 1996 ROD requires releases from Lake Powell to be at least 8,000 cfs between the
hours of 7:00 a.m. and 7:00 p.m., and 5,000 cfs or more during all other hours of the day. The
maximum allowable release is limited to 25,000 cfs. In very high release months, the maximum
limit can be exceeded, but the release rate must be constant during the entire month. The
1996 ROD operating criteria also limits release fluctuations during all rolling 24-hour periods.
The fluctuation level permitted depends on the amount of water that will be released from Glen
Canyon Dam during a month. The allowable daily fluctuation is 5,000 cfs/24 hr when the
monthly scheduled water release is less than or equal to 600 kaf. Daily fluctuations are restricted
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to 6,000 cfs/24 hr for those months in which the scheduled release is equal to or greater than

600 kaf but less than 800 kaf, and at 8,000 cfs/24 hr for months with releases equal to or greater
than 800 kaf. Finally, the 1996 ROD operating criteria also limited the rate at which Lake Powell
water release are allowed to ramp up and down. The maximum ramp rate is 4,000 cfs/hr when
increasing, and 1,500 cfs/hr when decreasing. Operating criteria reduced the flexibility of
operations, diminished dispatchers’ ability to respond to market price signals, and decreased the
economic power benefits of the Glen Canyon Dam. Between 1997 and 2005, this decrease in
economic benefit was estimated to range from $38 million to $50 million per year (in 2009$)
(Veselka et al. 2010). This range may not be indicative of future economic costs due to a number
of factors including changes in power market structures and utility fuel prices. It should be noted
that all of the LTEMP alternatives are significantly less flexible than actual operations prior to
the 1991 interim operating criteria. Only Alternative B has slightly less operating restrictions
than current operations.

The 1996 ROD operating criteria include “emergency exception criteria” that recognize
the fact that the Glen Canyon Dam Powerplant is an important grid resource. When emergency
exception criteria are invoked, normal operations are suspended until the emergency has ended
or WAPA has been cleared of its North American Electric Reliability Corporation (NERC)
emergency operation responsibilities. Emergency exception criteria allow Glen Canyon Dam to
dispatch up to all of its available capacity at Glen Canyon Powerplant, depending on the severity
of the system emergency, by rapidly increasing generation output in response to events such as
insufficient system generating capacity, transmission system problems, and system restoration.

In addition, Glen Canyon Dam generators provide system regulation to WAPA as the
operator of the Western Area Colorado Missouri (WACM) balancing authority (BA) area. The
Glen Canyon Dam Powerplant responds to a regulation signal developed and electronically
transmitted to the dam by WAPA for continuous response to power system load and frequency
changes. WAPA is required to react to moment-by-moment changes in system frequency, time
error, and tie-line loading within the WACM BA via powerplant automatic generation control
(AGC) equipment at Glen Canyon Dam and some of the other SLCA/IP federal hydropower
plants to adjust the power output of the generators to match variations in system load in
accordance with prescribed NERC criteria. The degree to which WAPA responds to these system
changes is computed by an area control error (ACE) equation.

The ACE signal that is sent to Glen Canyon Dam adds to or subtracts from the existing
scheduled hourly generation set point. Therefore, at any instant in time, the powerplant is
typically producing more or less power than the current hourly scheduled set point. Deviations
from the set point typically fluctuate from negative to positive values many times during any
hour. However, the resulting output from Glen Canyon generators on average approximates the
hourly scheduled level. Because post-ROD operating criteria specify release restrictions in terms
of hourly average levels, Glen Canyon Dam can provide regulation services while scheduling set
point levels at minimum and maximum allowable flow limits. It can also ramp set points within
up and down limitations (see http://www.wapa.gov/crsp/planprojectscrsp/gcopswhite.html).
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The 1996 ROD operating criteria currently restrict Glen Canyon Dam operations in terms
of both the operational range of water releases and the rate at which water releases are permitted
to change over time. It also provides the operating criteria for Alternative A.

K.1.3 Power Systems Geographic Scope

The Glen Canyon Dam Powerplant is part of a large dynamic power grid that responds to
its operations. It is also a component of WAPA’s SLCA/IP, which is composed of 11 federal
hydropower facilities marketed and scheduled by the CRSP Management Center. WAPA
markets these facilities as a bundled resource. Therefore, power economic impact analyses are
based on a systems approach that measures the collective responses of system components to
changes in Glen Canyon Dam operating rules and experimental releases. The focus area is on
SLCA/IP federal hydropower resources, and the utilities operated by WAPA’s SLCA/IP LTF
power customers. For the purpose of this appendix, this primary impact area is referred to as the
SLCA/IP market system (or SLCA/IP system). However, as described in more detail below, the
methodology also recognizes that this system does not operate in isolation. Instead, it interacts
with the much larger Western Interconnection power grid.

The power systems method uses a three-tiered approach. All simulate the system on an
hourly basis over the 20-year LTEMP period. The top tier models the loads and resources of the
entire Western Interconnection to gain a broad perspective on the future development of the
larger overall system (see Section K.1.3.1). Both Western Interconnection system capacity
expansion and economic system dispatch are modeled.

The middle tier models SLCA/IP LTF customer utility loads and resources along with
future Western Interconnection interactions via non-firm bilateral energy transaction. It also
projects SLCA/IP market system future capacity additions, determines day-ahead unit
commitments, and performs economic dispatch. It focuses on SLCA/IP customer resources at a
higher level of fidelity than the Western Interconnection tier. The top and middle tiers both rely
on projections found in the Annual Energy Outlook (EIA 2014) published by the U.S. Energy
Information Administration (EIA). The Annual Energy Outlook uses an even broader perspective
that incorporates overall U.S. and global macroeconomic drivers into the projection of
U.S. energy futures.

The bottom tier focuses on SLCA/IP federal hydropower resources. It models the long-
term management and routing of water resources within the Colorado River Basin. Future water
management is compliant with all applicable laws and water rights. Given this projection of
long-term water management, simulation of powerplant dispatch is performed based on market
price drivers projected by the Western Interconnection tier and key physical and institutional
constraints on reservoir operations and powerplant dispatch. Hourly dispatch is subject to
numerous physical and institutional constraints, including those specified under an LTEMP
alternative.

The top tier represents a large geographical area, but at a relatively low level of fidelity.
Increasing attention to detail and accuracy is paid as the geographical coverage becomes more
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focused. By using this approach, power systems comparative analyses are able to determine how
changes in Glen Canyon Dam Powerplant operations affect its economic value. This top-down
modeling approach is further described below. More details about the selection of the power
system’s geographical scope and detail are provided in Attachment K.1.

K.1.3.1 Top Tier: General Western Interconnection Perspective Modeling

North America is comprised of two major and three minor alternating-current power
grids. The Western Interconnection is the major power grid that stretches from Western Canada
south to Baja California in Mexico, and eastward from the Pacific Ocean to the Rockies and the
Great Plains. All of the electric utilities in the Western Interconnection are electrically tied
together during normal system conditions and operate at a synchronized frequency that averages
60 Hz. The Western Electricity Coordinating Council (WECC) region of NERC facilitates
regional transmission expansion planning for the interconnection, and the Western Governors’
Association acts as a state/provincial steering committee. These entities work collaboratively to
develop long-term electricity supply futures, estimate transmission requirements, and prepare
long-term interconnection-wide transmission plans (see http://energy.gov/oe/services/electricity-
policy-coordination-and-implementation/transmission-planning/recovery-act-0). These plans are
voluntarily created and serve to provide a high-level look at possible futures.

Argonne power system analysts modeled the long-term capacity expansion, unit
commitments, and hourly unit dispatch of Western Interconnection resources using the
AURORAxmp model (referred to as AURORA). The Western Interconnection topology and
supporting model inputs were provided by EPIS, Inc., the AURORA model developers. A
depiction of this topology is shown in Figure K.1-1. Each “bubble” in the diagram roughly
represents groups of utilities, single BAs, or combinations of BAs. Bidirectional limits on the
links that connect bubbles restrict network energy transfers. User-defined limits can vary hourly.
The location of SLCA/IP federal hydropower resources in the AURORA Western
Interconnection topology is indicated in the figure. The Glen Canyon Dam Powerplant is labeled
“GC,” and the Flaming Gorge and Fontenelle Powerplants are labeled “FG” and “FN,”
respectively. The location of powerplants in the Wayne D. Aspinall Cascade and all other
SLCA/IP hydropower plants is labeled “Aspinall & Others.”

The primary driver of many variables that define Western Interconnection future
developments were based on projections published in EIA’s 2014 Annual Energy Outlook
(hereafter 2014 AEO; EIA 2014) for the reference scenario that was released in April 2014.
Model results are consistent with state integrated resource plans (IRPs). A more detailed
description of AURORA is provided in Section K.1.5.9.

In addition to estimating the capacity expansion pathways and system production costs,
AURORA also projects future locational marginal prices (LMPs) throughout the Western
Interconnection. The LMPs measure the incremental cost to serve an additional 1 MW of load at
a specific point in the grid; that is, the cost to change the dispatch of system resources to serve a
slightly higher load. This typically involves increasing the power generation at one of more units
or reducing loads via a demand response management (DSM) agreement.
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Aspinall &
Others

FIGURE K.1-1 Network Topology Used by the AURORA Western Interconnection
Model

AURORA Western Interconnection projections of hourly LMPs at the Palo Verde
marketing hub are used by the LTF customer and Western SLCA/IP federal resource tiers
(i.e., middle and bottom tiers). This hub was selected as a representative point for LTEMP EIS
modeling because prices at this location are often used by schedulers at the Western’s Montrose
Energy Management and Marketing Office (EMMO) as a benchmark for short-term bilateral
transactions. Palo Verde hub prices have also been used extensively in the past for other
economic and financial analyses of SLCA/IP hydropower resources (see http://www.usbr.gov/
Ic/region/programs/strategies/FEIS/AppO.pdf and http://www.usbr.gov/uc/envdocs/eis/
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AspinallEIS/Vol2-Appdx-D.pdf). As discussed in Attachment K.1 (Geographic Scope of the
Analysis), alternative operations at Glen Canyon Dam are expected to have a negligible impact
on prices within the Western Interconnection and patterns outside of the SLCA/IP market
system, and are therefore assumed to be static (i.e., given values) and identical under all
alternatives.

LTEMP alternatives will have a relatively small impact on bilateral market interactions
between the SLCA/IP market system and the rest of the Western Interconnection; that is, a
maximum decrease of about 4.3% for power sales and decrease of 1.4% for power purchases.
The use of LMPs to measure the economic impact of changes in Western Interconnection
transactions yields a very good approximation because the LMP represents the system resource
cost to serve the marginal load at a specific point. Therefore, a SLCA/IP market system sale to
the Western Interconnection displaces higher cost generation in the interconnection. Likewise, a
power purchase by the SLCA/IP market system displaces higher cost generation in the SLCA/IP
system by increasing production in the interconnection at a cost that approximately equals the
LMP at the Palo Verde hub minus transmission costs.

K.1.3.2 Middle Tier: LTF Customer Utility Systems

The primary focus of the power systems analysis is the SLCA/IP federal hydropower
resources and the utilities operated by its LTF power customers. The SLCA/IP federal
hydropower resources that the CRSP Management Office markets and the Montrose EMMO
schedules are described in more detail in Section K.1.3.3. This section describes the
approximately 138 customer entities that have SLCA/IP LTF contractual agreements
with WAPA.

WAPA sells power to wholesale power customers on both a firm and non-firm basis,
including cities and towns, rural electric cooperatives, public utility and irrigation districts,
federal and state agencies, investor-owned utilities, power marketers, and American Indian
Tribes (Tribes). In total, these entities provide retail electric service to millions of consumers in
the Western Interconnection. However, others are end-use customers, including federal and state
agencies, and irrigation districts that use power directly for their own purposes. Various laws,
including the Reclamation Project Act of 1939 and the Federal Power Act, require WAPA to
give preference to certain types of nonprofit organizations seeking to purchase federal power.
Those entitled to preference status include cities and towns, state and federal agencies, irrigation
districts, public utility districts, rural electric cooperatives, and Tribes (see
https://www.wapa.gov/About/Pages/customers.aspx).

For economic analysis purposes, the system modeled in the middle tier includes LTF
customers that are categorized as either large or small. Accounting for about 75% of WAPA’s
LTF energy and capacity sales, the eight largest customers, in terms of capacity and energy
allocation, are Deseret Generation and Transmission Cooperative (Deseret), the Navajo Tribal
Utility Authority (NTUA), Salt River Project (SRP), Utah Associated Municipal Power Systems
(UAMPS), Utah Municipal Power Agency (UMPA), Platte River Power Authority (PRPA),
Tri-State Generation and Transmission Association (Tri-State), and Colorado Springs Utilities
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(CSU). Except for NTUA, all large LTF customers own and operate generating resources. About
130 remaining customers were aggregated for the analysis into two “small customer” entities
accounting for the remaining 25% of LTF sales. Individually, each small customer receives less
than 2.5% of WAPA’s total SLCA/IP LTF capacity and energy sales. Lastly, WAPA has LTF
contracts to serve project use loads such as pumping for irrigation. Serving these loads has the
highest priority for delivery.

In CY 2013, the eight large SLCA/IP LTF power customers owned and contracted for the
use of specific physical resources. Based on data contained in EIA Form-860 and information
obtained from both IRPs and the EPIS AURORA database, the total firm capacity of these
resources was approximately 12,670 MW. As discussed in more detail in Section K.1.7.5, firm
capacity in this power systems study is based on the maximum output level that a resource is
expected to reliably produce during the time of peak demand. For some generating units, the firm
capacity is significantly different from the nameplate capacity.

As shown in Figure K.1-2, over 50% of this capacity is owned by SRP and another 19%
is owned by Tri-State. The remaining six large customers account for the remainder. In addition
to these supply resources and the aforementioned SLCA/IP LTF contracts, additional firm
capacity for is secured through other federal power purchases from WAPA’s Loveland Area
Projects and the Desert Southwest Offices and through non-federal power contracts. In addition,
DSM measures are credited as firm capacity resources. Based on data contained in Federal
Energy Regulatory Commission (FERC) Form-714 and utility IRPs, these resources and non-
firm energy transactions were used to serve combined service territory loads of almost 61 TWh
in CY 2013.

mCSU

M Deseret

B NTUA

B PRPA

m SRP

M Tri-State
B UAMPS

u UMPA

FIGURE K.1-2 Percentage of Total Generation Resources Owned by
Individual Customers
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Figure K.1-3 shows a simplified topology for the SLCA/IP market systems that was used
by the AURORA model. It contains both large and small LTF customers. Where applicable,
bubbles for large customers (shown as Pool A in Figure K.1-3) contain both loads and resources.
Depending on the customer’s location, loads and resources are designated as east or west
regional entities. In the figure, small customer and project use bubbles only contain loads that
have been aggregated by location. Energy flows among entities via system linkages. Some links
have limitations and/or associated costs. More details about the SLCA/IP market system
topology are described in Section K.1.6.

It should be noted that the Glen Canyon Dam Powerplant and all other federal
hydropower plants are modeled as resources that are directly available to WAPA’s customers. In
reality, energy and capacity from these resources are sold by the CRSP Management Center to
customers through LTF contracts. Argonne staff, in consultation with WAPA, Reclamation, and
the NPS, decided not to include a representation of these contracts in the modeling process
because the vast majority of the SLCA/IP federal resource is under contract to ultimately serve
LTF customer loads and capacity needs. Financial complications associated with covering short-
term and hourly long and short energy positions would have made the modeling process
significantly more expensive and time consuming. It was also judged to have little impact on the
assessment of the relative impacts of LTEMP alternatives. Given the time and budget

Customers in West Customers in East
e — Spot
v N
IOONR
' X )
\‘

Oi

j Customers in west '
/ \ and east are also /
_' " connected directly to 3
| ‘. Ieach other. l
\ ".@ / b
" ! i Project ) Use Loads .
\ River Use Loads / East . 7
- West o !

Customers in east served
primarily by rest of CRSP &
SLCA/IP; secondary is GCD.

\.. -/' O Pool B

S,

Customersin west served
primarily by GCD; secondary
is rest of CRSP & SLCA/IP.

Rest of
CRSP &
SLCA/IP

FIGURE K.1-3 Simplified Network Topology of the SLCA/IP Market System
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constraints, it was decided that the more direct approach of modeling hydropower resources was
sufficient.

Power systems modeling of the SLCA/IP market system assumes a very high level of
cooperation and coordination among WAPA and its LTF power customers. Capacity expansion
planning, unit commitment schedules, and least-cost hourly dispatch for the entire system were
based on a “single operator/decision maker” model. This is a higher level of cooperation and
coordination than what actually occurs. However, WAPA and its customers do cooperate on a
number of different levels. For example, several large LTF customers jointly own capacity of
some of the same facilities. They also buy and sell energy through long-term, day-ahead, and
hour-ahead bilateral agreements using various market signals. The SLCA/IP market system
topology also includes energy transfer costs that dampen power transfers relative to a “single-
decision maker” model that does not incur these costs.

The AURORA topology of the SLCA/IP market system does not model physical
transmission constraints. It does, however, limit flows on some links between bubbles. Energy
flows on links connecting SLCA/IP federal hydropower resources to LTF customer loads are
limited by contract rate of delivery (CROD) allocations (WAPA 2015). CROD is the firm
capacity the CRSP Management Center agrees to have available for delivery. It may or may not
be accompanied by energy supplied by WAPA (see https://www.wapa.gov/crsp/opsmaintcrsp/
dictionary.htm#c). When not all of the CROD is being utilized for WAPA power deliveries, a
customer can use the remainder to schedule the delivery of other energy transactions. In addition,
5% of the energy that flows on these links is lost between the point of injection and the delivery
point. This represents EMMO current transmission losses for SLCA/IP federal hydropower
deliveries. Under wet hydrological conditions in which SLCA/IP total federal hydropower
generation exceeds the total CROD, the excess energy flows on links that represent shorter term
WAPA energy transactions with its LTF customers.

Regardless of the amount of firm capacity that is available from SLCA/IP federal
hydropower resources, WAPA’s CROD is assumed to be identical under all alternatives.
Currently, some customers voluntarily use the difference between the CROD and sustainable
hydropower (SHP) on WAPA'’s transmission system for customer displacement power (CDP).
The SHP is the minimum amount of power and energy the EMMO must deliver to its LTF
customers regardless of SLCA/IP federal hydropower conditions. The CDP replacement option
is specified under an amendment to the SLCA/IP firm electric service contract to accommodate
replacement power decisions. Therefore, it is assumed that any loss in firm capacity under an
alternative will free up transmission capacity for CDP transactions (Loftin et al. 1998).

Transfers of energy among LTF customers are virtually unconstrained, which may lead to
an overestimation of the amount of energy transfers and underestimation of cost impacts among
LTF customer utilities. However, there are significant on- and off-peak costs for energy flows on
lines that connect customers to each other. These costs tend to dampen bulk power transactions
among the bubbles. Information from WAPA regarding hourly transmission rates for five of
WAPA’s large customers and six other investor-owned utilities in the surrounding area (Wicks
2014) was used to set transfer costs on links between any two firm electric service customers to
$6.5/MWh and $3.5/MWh for peak and off-peak, respectively.

K-14



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

Lastly, it is assumed that additional capacity built by customers as a result of any losses
at Glen Canyon Dam will be located to help alleviate transmission congestion. Note that Glen
Canyon Dam is remotely located from major load centers. This may also result in a somewhat
lower energy loss on the transmission lines since more heavily loaded lines during peak hours
have higher losses than during cooler off-peak periods. For example, replacement capacity for
SRP would likely be built closer to the Phoenix load center than the Glen Canyon Dam. Because
the LTEMP analysis was an economic analysis and not a financial one, it did not address the
impacts of siting each potential replacement power plant. See the discussion in the section
“Capacity Expansion Candidate Unit Characteristics” in Section K.1.6.3.

Assumptions and simplifications associated with the topology and representation of the
SLCA/IP market system will affect modeling results. However, the intent of the power systems
analysis is to perform a comparative economic study to identify the relative ranking and
magnitude of alternative impacts using Alternative A as a benchmark. Because any
inconsistencies in results will be present in the evaluation of all alternatives, the relative
differences among alternatives are expected to be robust. Despite the simplifying assumptions
and potential effects on modeling results, the AURORA dispatch model does provide reasonable
results for LTEMP power systems analyses. As discussed in more detail in Section K.1.6.2, a
2013 benchmark analysis of utility-level generation by fuel type for the eight large customers
modeled by AURORA were very similar to values reported by each utility in EIA Form-923.
This result assured Argonne modelers that, from a production cost standpoint, the modeling
approach and the results obtained were reasonable.

K.1.3.3 Bottom Tier: WAPA SLCA/IP Hydropower Resources

Of the three analysis tiers, the bottom tier is modeled at the finest level of granularity. It
simulates the hourly operation of WAPA’s 11 SLCA/IP powerplants that are marketed and
scheduled by the CRSP Management Center. For this study, six of these facilities are classified
as large plants. The largest is at Glen Canyon Dam. Its powerplant consists of eight generating
units with a combined capacity of about 1,320 MW. As shown in Figure K.1-4, Glen Canyon
Dam accounts for about 72% of WAPA'’s total SLCA/IP federal hydropower nameplate capacity.
Other SLCAV/IP federal hydropower plants in the system that are classified as large SLCA/IP
federal hydropower facilities include powerplants contained in the CRSP and the Seedskadee
Project. All large plants except Fontenelle are in the CRSP. The Blue Mesa Powerplant has two
generators, the total capacity of which is 86.4 MW. Located 12 mi downstream from Blue Mesa
on the Gunnison River, the Morrow Point Power Plant has two units with a combined capacity of
165 MW, another 6 mi farther downstream, the Crystal Powerplant has an installed capacity of
approximately 32 MW from one unit. Blue Mesa, Morrow Point, and Crystal are part of the
Wayne D. Aspinall Cascade (also referred to as the Aspinall Cascade). The Fontenelle
Powerplant has a nameplate capacity of 10 MW and it is the only powerplant associated with the
Seedskadee Project. Flaming Gorge Dam is located on the Green River downstream of
Fontenelle Dam. The Flaming Gorge Powerplant has three generating units. Each unit has a
nameplate capacity of 50.65 MW for a total of approximately 152 MW. However, because of
turbine limitations, the operable capability of the powerplant is approximately 141 MW.
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FIGURE K.1-4 Percentage of SLCA/IP Federal Hydropower
Nameplate Capacity by Facility

The SLCA/IP hydropower facilities that are classified as small include the Upper and
Lower Molina complex in the Collbran Project with a combined nameplate capacity of
13.5 MW, the Elephant Butte Powerplant in the Rio Grande Project with 28 MW, and in the
Dolores Project, the McPhee and Towaoc Powerplants with total of 11.5 MW. Combined, these
small facilities account for less than 3% of WAPA’s SLCA/IP hydropower resources.

Modeled hourly energy production from federal hydropower resources are input into the
SLCA/IP market system as a time series of power injections and from bubbles indicated in
Figure K.1-3 as “Hydropower Resources.” As discussed in more detail in Section K.1.5, both the
middle and bottom tier models use a consistent set of LMP projected by the Western
Interconnection model (top tier).

K.1.4 Overview of Power Systems Methods

The Argonne team of power system analysts and modelers developed a collection of tools
that are linked together to evaluate the economic costs of LTEMP EIS alternatives. The
processes by which these tools were used and information flows among them are summarized in
this section. The next section describes each tool in more detail, and the ones that follow provide
more information on model input data and applications.
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Incorporating all aspects of the three tiers discussed earlier, Figure K.1-5 shows the
modeling sequence and data flows for the power systems analysis. Using Western
Interconnection topology depicted in Figure K.1-1, the AURORA model models the top tier.
Palo Verde market hub LMPs produced for CY 2013 are calibrated to closely match observed
levels. LMP calibration factors are discussed in more detail in Attachment K.2 and are applied to
future years through the end of the study period.

The bottom tier, which represents WAPA’s SLCA/IP federal hydropower plants, is
modeled next. Due to the complexities of SLCA/IP hydropower operating criteria and mandates
unrelated to power production, AURORA could not directly model either the firm capacity or the
hourly operations of the larger and more complex SLCA/IP federal hydropower resources.
Therefore, the Colorado River Simulation System (CRSS) model, the Sand Budget Model
(SBM), a simplified version of the Generation and Transmission Maximization (referred to as
GTMax-Lite) model, and spreadsheet tools were used to project powerplant-specific hourly
production levels over the study period at a level of detail sufficient for estimating power
economic impacts that would potentially occur from alternative Glen Canyon Dam operations.

The CRSS model developed by Reclamation models the future operations of water-
related resources on the Colorado River. Power systems analysis utilized 21 CRSS projected
monthly hydrological futures for large WAPA SLCA/IP federal hydropower plants including
Glen Canyon Dam. Separate CRSS model runs are made for each alterative, resulting in unique
projections of monthly reservoir elevation and water volume releases for Glen Canyon Dam. The
monthly operations of all other SLCA/IP dams are unaffected by an alternative.

A simplified version of the Generation and Transmission Maximization model (called
GTMax-Lite) developed by Argonne optimizes the economic value of hourly energy produced
by both Glen Canyon Dam and all other large SLCA/IP federal hydropower facilities. The
dispatch depends on unit availability as simulated by an outage model, LTEMP EIS operating
criteria, SBM monthly water releases, and a time series of energy market prices.

For each alternative, the GTMax-Lite configuration that represents Glen Canyon Dam
was run for all traces under two different conditions. The first condition assumes that no
distinctive release events such as HFEs will occur in the future; that is, CRSS monthly results
and Western Interconnection calibrated LMPs drive hourly SLCA/IP operations. No TMFs or
HFE are conducted in this first set of model runs. Using these initial results from CRSS and
GTMax-Lite, the Reclamation SBM schedules various HFEs that differ in terms of peak water
release rate, duration, and timing. The SBM also reallocates CRSS monthly water release
volumes among the months of a single WY in order to enable higher water releases during
months with experiments. Due to the reallocation of monthly water releases and the scheduled
TMFs and HFEs, the GTMax-Lite model that represents Glen Canyon Dam must be run a second
time using the SBM results. It is this second GTMax-Lite run that is used for Glen Canyon Dam
for all power systems economic analyses.
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A second configuration of GTMax-Lite configuration simulates the operation of other
large SLCA/IP powerplants. It also uses input data from the CRSS model and calibrated Western
Interconnection LMPs. The Glen Canyon Dam LTEMP EIS alternative operating criteria and
experimental releases conducted at Glen Canyon Dam do not impact the operations of these
upstream resources; therefore, the SBM does not consider these resources in the determination of
when HFE events will occur. GTMax-Lite optimization for these plants was performed for a
condition that represents an average hydrological condition as projected by CRSS and for the
CRSS projection, also known as a trace, which was judged by Argonne staff to be
“representative” of the 21 projections. The selection of this representative trace is described in
Attachment K.3.

The firm capacity of WAPA’s SLCA/IP federal hydropower resources is computed by
spreadsheet tools that estimate the maximum potential output of these resources during the time
of peak system load. Depending on an alternative’s operating criteria, the maximum output level
at the Glen Canyon Dam Powerplant is suppressed. For example, flat flow alternatives are
associated with relatively low firm capacity levels, while higher firm capacity levels are attained
under less stringent operating criteria such as under Alternative B. As described in more detail in
Sections K.1.5 and K.1.7, determination of Glen Canyon Dam Powerplant capacity is based on
GTMax-Lite hourly results for all 21 projected futures. Other large SLCA/IP hydropower plant
firm capacities are based on CRSS projected futures and power equations that estimate
maximum output levels.

The middle tier is modeled by the SLCA/IP market system configuration of AURORA.
This configuration contains all of the loads and resources that are in the utilities operated by
SLCA/IP LTF wholesale customers and a point that represents a connection to the rest of the
Western Interconnection. At this interconnection point, energy is bought and sold at the
calibrated Palo Verde market hub price. Hour-by-hour energy injections into the system from
WAPA’s hydropower resources are prescribed as determined by GTMax-Lite.

For each alternative, AURORA was used for two major purposes: (1) to determine the
cost of capacity expansion pathway over time during the study period for the SLCA/IP market
system; and (2) to compute production costs associated with a least-cost unit commitment and
system dispatch for a given expansion pathway and a single representative hydrology future or
trace. Therefore, AURORA is run in two modes. The first, or “expansion,” mode is used to
determine the type of technologies that will be built in the SLCA/IP market system and the time
when system capabilities will be expanded. It also considers scheduling the retirement of existing
generating units. The second, or “dispatch,” mode determines unit commitments and performs a
system dispatch of a static set of both existing and new resources. This static resource set was
determined by previous AURORA capacity expansion runs.

As shown in Figure K.1-5, calibrated market prices are used by both the capacity
expansion and system dispatch modes for all alternatives. However, the AURORA capacity
expansion model runs use the hourly energy production from WAPA’s SLCA/IP hydropower
resources, based on an average hydropower condition, while AURORA dispatch runs use
generation level projected by the representative trace.
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Results of the AURORA dispatch model consist of costs to produce the electrical energy
to meet the system load demand. Production costs are the sum of powerplant fuel costs, variable
O&M costs, unit startup costs, and the cost of power purchased from the spot market minus spot
market sales revenues. Results from the AURORA expansion and dispatch models (namely
capital, fixed O&M, and production or energy costs) were combined to determine the total
annual costs for each alternative. The NPV stream of costs was also calculated to facilitate
comparisons among alternatives. This single lump-sum value was based on a discount rate of
3.375%, a rate that is used by Reclamation for cost-benefit studies of projects. The use of this
discount rate was in part based on information contained in Attachment K.4, which was provided
by Reclamation staff. At the recommendation of WAPA staff, a second discount rate of 1.4%
was used in a sensitivity study.

K.1.5 Description of Individual Power System Models

As described in the previous section, Argonne used several tools and models of varying
levels of detail and complexity to estimate the economics of LTEMP EIS alternatives. Additional
information on each of these tools and models, along with a description of other supporting
algorithms, is provided below.

K.1.5.1 Colorado River Simulation System Model (Bottom Tier)

The CRSS model was developed by Reclamation to model future operations of water-
related resources on the Colorado River, including both the upper and lower portions of the
basin. The Glen Canyon Dam is the lowest reservoir in the upper basin. For the LTEMP EIS,
CRSS projected 105 monthly hydrological futures over a 48-year time period from 2013 through
2060, inclusive. Each future or trace is based on a historical time series of hydrological
conditions. Power system analyses utilize the first 21 years of CRSS projections of reservoir
elevations and water release volumes for CRSP and the Seedskadee Project; that is, the set of
large plants. Of the 105 traces projected by CRSS, a common set of 21 was used by all EIS
research areas including power systems analyses.

For the initial structured decision-making exercises, all of the simulation cases included
three separate options for sediment conditions (high, moderate, and low), effectively multiplying
the number of simulations required by a factor of three. Once the detailed results were generated,
the three sets of findings were assigned relative weightings in order to combine and condense the
findings into weighted averages. For expediency in the power systems analysis, all of the
simulation runs will be based on a single sediment option (the moderate case, also designated
“s2” in previous treatments), which was weighted by 63.1% for combining the detailed results.
This greatly reduces the number of cases to be examined, and based on previous findings it does
not affect comparisons or conclusions regarding impacts of the alternatives.

Separate CRSS model runs are made for each alterative, resulting in a unique projection

of monthly reservoir elevation and water volume releases for Glen Canyon Dam. However,
monthly operations of all other SLCA/IP dams are identical under all alternatives. Therefore,
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operations for all large SLCA/IP federal hydropower plant model runs of GTMax-Lite used
CRSS results for Alternative A.

K.1.5.2 Representative Trace Tool (Bottom Tier)

The Representative Trace Tool contains supplemental software written by Argonne
specifically for the LTEMP EIS. It assists in the selection of a single hydrological trace for the
detailed hourly dispatch of WAPA’s large SLCA/IP hydropower plants. The trace chosen best
meets a set of criteria for being “representative.” The representative trace must have annual
variations in hydrological conditions at Glen Canyon Dam that are similar to the hydrological
distribution of the entire population of the 21 common trace set for sediment condition 2. The
mean Glen Canyon Dam annual water release of the representative trace must also be
approximately equal to the mean of all 21 traces. For consistency, the selected trace is also
applied to the other five large SLCA/IP federal hydropower plants.

K.1.5.3 Hydropower Outage Model (Bottom Tier)

The Hydropower Outage model and supporting spreadsheets are used to simulate unit
outages at all six large SLCA/IP federal hydropower powerplants. This includes both scheduled
outages and forced outages that are caused by random mechanical and electrical events.
Designed and written by Argonne, a methodology was developed to incorporate the number,
cause, and duration of forced outages that may potentially occur during the 20-year study period.
The model uses a random number generator to simulate the timing and cause of forced outages
using data contained in the NERC Generating Availability Data System (GADS). Several
instances of the model were run. The time series of random outage selected for LTEMP analyzes
was the one that closely matched GADS statistical averages. The outage methodology is
discussed in more detail later in Section K.1.7.3 and in Attachment K.5. The same time sequence
of representative outages was used under all alternatives.

Reclamation provided Argonne with maintenance schedules over the study period for
large SLCA/IP facilities. The timing and length of outages at large SLCA/IP powerplants is in
general the same under all EIS alternatives. However, during HFEs and TMFs, it was assumed
that a scheduled maintenance outage would not be conducted.

K.1.5.4 Generation and Transmission Maximization-Lite (Bottom Tier)

GTMax-Lite is a simplified version of the full GTMax model. Both were developed by
Argonne. GTMax-Lite has limited scope and data requirements compared to the full version of
GTMax. The two versions of GTMax-Lite used for the LTEMP EIS represent only the physical
characteristics of hydropower plants, downstream flow requirements, and both water release and
reservoir operating criteria. The primary modeling objective of the lite version is to maximize the
economic value of hydropower resources. This differs from the full GTMax model, in which the
full model represents other factors such as customer power delivery requests sent to the EMMO,
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short-term purchase and sale commitments, and non-economic EMMO dispatch goals and
guidelines. Although full GTMax and GTMax-Lite differ, they share many of the same features
and in general produce similar generation patterns and estimates of hydropower economic value.

The GTMax-Lite model configuration used for LTEMP power systems analyses
optimizes the economic value of hourly energy produced at both Glen Canyon Dam and all other
large SLCA/IP federal hydropower facilities. Operations depend on both unit availability as
simulated by the outage model and a set of operating criteria. For the LTEMP EIS, two
configurations of the model were constructed. One represents the operation of only Glen Canyon
Dam, and the other optimizes the operation of the remaining large hydropower facilities.

GTMax-Lite was used because many thousands of weekly runs with hourly time steps
need to be performed rapidly. It was customized to address a specific problem by tailoring the
objective function, the input and output routines, and the model constraints to be consistent with
LTEMP modeling needs; that is, it models federal hydropower resources without LTF
contractual obligations. Multiple model runs and data handling are controlled by a Microsoft
Excel® spreadsheet, and the objective function is optimized using the Lingo software, which
simultaneously identifies the best pattern of hourly energy production over time that satisfies all
operational constraints. The Lingo optimization software was developed by LINDO Systems and
is widely used by educational institutions and large corporations.

Glen Canyon Dam Configuration

The Glen Canyon Dam GTMax-Lite model was run thousands of times in support of the
structured decision analysis (SDA) process (Appendix C). This includes nearly 1,000 LTEMP
scenario optimizations (combinations of 19 long-term strategies based on the 7 alternatives [see
Section 4.1], 21 hydrology traces [based on 105 years of historical data], and three sediment
traces [based on 50 years of historical data]) that optimize water releases (each run consisting of
180,000 hr of Glen Canyon Dam flows). The GTMax-Lite hourly water release results were used
by analysts in each resource area, such as sediment, fish, recreation, and riparian vegetation.
Analyses of power systems economics leverages the outputs produced by this process.

Initial SDA exercises used all of the simulation cases, including the three separate
sediment input traces (high, moderate, and low input). The power systems simulation runs used a
single sediment trace (the moderate case). This reduced the number of cases to be examined by
two-thirds, and, based on previous findings, does not affect comparisons or conclusions
regarding impacts of the alternatives.

GTMax-Lite simulated operations at Glen Canyon Dam were made for all 21 projected
hydrological futures over the entire study period. As described below, all runs were performed
twice. The Glen Canyon Dam configuration uses hourly AURORA calibrated prices projected by
the Western Interconnection configuration to maximize the economic power value of operations
during representative 1-week periods for each month during the study period. Hourly prices input
into the model are average values based on weekday, Saturday, and Sunday/holiday Palo Verde
hub LMP projections. Model results for hourly Glen Canyon Dam generation are greatly
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influenced by the hourly LMP profile, a weekly water release requirement, Lake Powell
Reservoir elevation, and LTEMP alternative operating criteria.

To achieve more accurate/realistic results, both GTMax-Lite configurations explicitly
model scheduled and forced outages. Reclamation provided a maintenance schedule for all six
CRSP facilities over the study period (Clayton 2013). A methodology was developed to
incorporate the number, cause, and duration of forced outages that would be expected during the
study period. Data on forced outages for hydroelectric turbines were obtained from GADS,
which is a database of operating data on electric generating equipment maintained by the NERC.
This information was input into an algorithm that produced a plausible series of random outages
for units at the Glen Canyon Dam Powerplant. For large SLCA/IP federal hydropower facilities,
based on the cause of forced outages and associated average down times using data contained in
the NERC GADS for hydropower plants that had capacities greater than 30 MW.

Market prices input to LTEMP power system models represent the economic value of
hydropower generation at hourly intervals. These prices directly influence the generation
schedule produced by the models when optimizing SLCA/IP hydropower resources. To the
extent possible, the GTMax-Lite model uses its limited-energy/water resource stored in a
reservoir (i.e., Lake Powell at the Glen Canyon Dam) to first generate electricity during on-peak
hours when it has the highest economic value. Any remaining energy is scheduled during lower-
priced hours.

Model-generated operations comply with any operating constraints and downstream flow
targets placed upon the hydropower system for environmental or institutional reasons. Operating
constraints include limits on water release up- and down-ramp rates, limits on reservoir water
release rate changes over a rolling 24-hour period, ancillary service requirements, and others.

Figure K.1-6 illustrates a typical Glen Canyon Dam GTMax-Lite result for a 24-hour
period. The green bars represent hourly Glen Canyon Dam Powerplant production, the total of
which is highly influenced by the mandated monthly water release volume. The light green line
shows hourly market prices. In general, energy production is the highest when it has the most
value. Note that the production levels are such that the total of hourly generation multiplied by
the market price (i.e., energy production value) over the day is as large as possible. The
production pattern adheres to all operating criteria such that the power output pattern complies
with minimum and maximum flow rate constraints, ramp-rate limits, and daily change
restrictions. Also note in this example that some of the constraints are binding. In this case, the
minimum and maximum generations do not bind the solution; that is, generation levels do not
operate at either of these levels. Generation pattern is bound or limited by daily change and both
up and down hourly ramp rate constraints. However, when more water is released for power
generation, the maximum limit becomes binding because peak generation levels are possible
within the daily change constraint. On the other hand, when hydropower generation is low, the
minimum constraint becomes binding. Therefore, hydropower conditions often dictate when a
constraint is either binding or not binding.
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FIGURE K.1-6 Illustration of a Typical GTMax-Lite Result for a 24-Hour Period

More operational flexibility at Glen Canyon Dam always translates into higher or equal
economic value. For example, if there was no daily change constraint, powerplant output in
Figure K.1-6 would have been at the minimum during the nighttime, when prices are lower, and
ramped up over a few more hours to reach the maximum output level when prices are the
highest. A further relaxation of operating criteria by removing hourly ramping constraints,
lowering the minimum, and increasing the maximum would have resulted in a higher
concentration of Glen Canyon Dam generation in the hours with the highest demand. The daily
maximum generation level would have also been higher. Therefore, limits not only constrain the
economic value of energy, but also impact the maximum output that Glen Canyon Dam produces
during system peak loads and therefore reduce its firm capacity.

The Glen Canyon Dam version of GTMax-Lite compresses the full 8760 hr per year into
12 “typical week” periods of 168 hr for each month. Outputs include hourly turbine and non-
turbine water release and power generation schedules for a series of representative 1-week time
periods (i.e., sequence of 168-hour time periods) that maximize the economic value of
hydropower energy resources. The Glen Canyon Dam GTMax-Lite configuration utilizes a
“wrap” technique that significantly reduces model end-effects associated with running typical
weeks. The technique essentially connects the modeled beginning hours to those at the end of the
optimized week. Because the model mathematically repeats the same weekly pattern infinitely,
ending model solutions are positioned such that it is starting in a good position for operations
during the following week.
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Because the GTMax-Lite model only simulates operations for one representative week in
each month, the results are repeated to reflect full months of hourly operations for each year of
the study. This is accomplished by assigning the typical water and generation release pattern
estimate by GTMax-Lite for specific day types to each day of the month. For example, the
Sunday optimized pattern is assigned to all Sundays and holidays that occur in a month. It should
also be noted that GTMax-Lite is provided with the number of day types that occur in each
simulated month. Using this information, GTMax-Lite produces a weekly result such that the
repeated daily results over a month release the exact amount of specified monthly water release.

The GTMax-Lite configuration that represents Glen Canyon Dam was run under two
different of assumptions. The first assumes that no distinctive release events such as HFEs will
occur in the future, in which case CRSS data are used to drive operations. This information was
input into the SBM in order for the model to schedule HFEs and adjust CRSS monthly water
release volumes and Glen Canyon Dam reservoir elevations. This intermediate solution was only
used by the SBM.

For a second run of the Glen Canyon Dam GTMax-Lite model, it is assumed that HFEs
will occur as scheduled by the SBM. The LTEMP EIS defines several different types of HFE,
each with a unique specified hourly water release pattern. GTMax-Lite models operations when
an HFE is not scheduled. A separate routine is used to compute Glen Canyon Dam Powerplant
generation based on the prescribed HFE water release pattern. This pattern depends on the type
of HFE that would be conducted. Under most HFEs, there are time periods when water release
requirements exceed the combined maximum flow rate of Glen Canyon Dam Powerplant
turbines. Therefore, the routine tracks both turbine water and non-turbine water releases. It also
computes power production levels based on Lake Powell’s water elevation. During days in a
month in which an HFE is not scheduled, Glen Canyon Dam hourly generation simulated by
GTMax-Lite accounts for the SBM monthly water release volume, the amount of water that was
released during the HFE, and the number of normal operating days (i.e., day without the HFE) in
the month.

Other Large Federal SLCA/IP Hydropower Resources Configuration

Because WAPA markets power from combined SLCA/IP facilities, of which Glen
Canyon Dam is the single largest component, a second GTMax-Lite configuration was
developed. It represents the remaining CRSP hydropower powerplants, including Blue Mesa,
Morrow Point, Crystal, and Flaming Gorge, and the Fontenelle Powerplant of the Seedskadee
Project. Although Fontenelle is not technically part of CRSP, it is included in this configuration
because it is operated as a cascade with Flaming Gorge and the CRSS model projects both
monthly reservoir elevations and releases for these facilities. This GTMax-Lite configuration and
its key operating constraints, shown in Figure K.1-7 below, were developed specifically for the
LTEMP EIS.

GTMax-Lite is a scaled-down version of the full GTMax model. Both represent all the

physical CRSP and Seedskadee powerplants and downstream flows at gages in the Green River.
However, the lite version omits the representation of SLCA/IP firm contracts. Instead, large
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SLCA/IP hydropower plant operations are driven directly by electricity market price signals—
not contracts. This streamlined process involves far fewer model operator steps and solves the
problem considerably faster than the full GTMax model. The omission of SLCA/IP firm
contractual loads has a very minor impact on the dispatch of the Glen Canyon Dam Powerplant
because price patterns are highly correlated with loads, and operating constraints under all
alternatives restrict the flexibility of Glen Canyon’s response to hourly changes in prices and
load patterns. Instead, operations follow a general on-peak and off-peak pattern that is restricted
by the daily change criterion.

The GTMax-Lite configuration that represents these five large SLCA/IP powerplants was
run once for an average hydrological condition to support AURORA capacity expansion model
runs, and a second time using the representative trace to support SLCA/IP detailed system
dispatch runs. It optimizes operations during all hours of the study period, based on input data
from the CRSS model and AURORA Western Interconnection calibrated market prices for the
Palo Verde market hub. LTEMP EIS alternative and experimental releases conducted at Glen
Canyon Dam, such as HFEs and TMFs, do not affect the operations of these five upstream
resources. Therefore, this configuration uses CRSS results for Alternative A. Therefore, the SBM
did not adjust CRSS results.

As shown in Figure K.1-7, GTMax-Lite contains two water cascades. The first consists of
the Fontenelle and Flaming Gorge Reservoirs and the second consists of the Aspinall Cascade,
which includes the Blue Mesa, Morrow Point, and Crystal reservoirs. Operationally, reservoirs in

AURORA WI Run Hourly 14 Legend \

Eeeen.diver Locational Marginal Price
_ Gunnison River @ Energy Market
Economic . G
Energy Value auge
WY Hydropower
Fontenelle Blue Mesa @ Confluence
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> <€— Water Flow
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FIGURE K.1-7 GTMax-Lite Network Topology for the Large SLCA/IP Hydropower
Resources Other Than Glen Canyon Dam
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the first cascade are very loosely connected, but reservoirs in the Aspinall Cascade are very
tightly coupled.

Monthly releases and reservoir elevations were obtained from CRSS model results for
Alternative A. CRSS also provides information about water inflows into reservoirs, side flows
that occur between connected reservoirs, and reservoir evaporation. Other inputs included
operating constraints placed on the facilities, such as restrictions on water release ramp rates and
flow requirements at the Jensen Gage downstream of Flaming Gorge. The objective function
simultaneously maximizes the economic value of the hydropower resource at these five large
facilities. The output is an hourly schedule of water releases and electric generation that
maximizes the economic value of hydropower resources within the bounds of all operating
constraints.

Operating constraints include maximum and minimum limits imposed on all reservoirs
and a complex set of restrictions at the Crystal Reservoir that bound the rate of elevation changes
over time. In order to ensure that water releases do not violate reservoir operating constraints, the
GTMax-Lite model computes hourly water mass balances and reservoir elevations using
reservoir elevation-volume functions. Water balancing equations account for water inflows, side
flows, evaporation, upstream reservoir water releases, and all releases from the reservoir of
interest.

Flows at the Jensen Gage are restricted to daily stage changes of 0.1 meters/day. Because
gage flows are directly affected by upstream water releases from the Flaming Gorge Reservoir,
GTMax-Lite models gage flows that comply with the daily gage constraint. To optimize Flaming
Gorge operations, water travel time distribution (WTTD) functions are used to estimate the time
it takes water to flow through Green River reaches, and the attenuation of releases as water
travels downstream. For this study, two reaches are defined. The first is from the Flaming Gorge
Dam to the confluence of the Green and Yampa Rivers and the second is from this confluence
down to the gage. Although WTTD can vary by hydrological condition, for this study a typical
WTTD function was derived from Streamflow Synthesis and Reservoir Regulation (SSARR)
model outputs. SSARR was written by the Army Corps of Engineers. In general, it takes about
24 hr for the first fractional amount (less than 1%) of a Flaming Gorge release to reach the gage.
Typically, all of the water passes the gage 48 hr after the release. Gage readings are computed
using a function that relates the flow rate at the gage to the gage stage. Yampa River water flows
into the Green River are based on historical monthly data. Based on historical records, for this
study a monthly 50% flow exceedance was input into GTMax-Lite.

The temporal modeling methods used by GTMax-Lite for the five large hydropower
plants differ from the Glen Canyon Dam configuration because it simulates operations for all
hours during every study period day. It was structured and configured differently from Glen
Canyon Dam GTMax-Lite because the operating constraints at powerplants and reservoirs in the
Aspinall Cascade are fundamentally different from those at Glen Canyon Dam. The imposition
of gage constraints at Jensen is also unique. The five-plant configuration of GTMax-Lite needs
to be run far fewer times than the Glen Canyon Dam configuration, and therefore it is
computationally efficient to model all days.
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As shown in Figure K.1-8, time in the five large plant configuration of GTMax-Lite is
separated into three periods that include history, primary optimization, and extension. The
historical period is required because operations in the past affect future operation. These include
operations in the Aspinall Cascade that constrain Crystal Reservoir elevation changes over 1-day
and 3-day periods. In addition, operations at the Flaming Gorge Dam need to comply with gage
flow constraints. Note that the water travel time from the Dam to the gage is about 2 days. For
the first model run, actual historical operations are input into the model. However, for all
subsequent optimizations, “history” is obtained from the previous model run. For this study,
hourly results for the last 3 days of the primary optimization period are used.

To reduce model end effects and place operations at the end of the simulated period in a
good position for the following days, a 1-week extension period is included in each model run.
This differs from Glen Canyon Dam GTMax-Lite model runs that apply the previously described
wrap technique to reduce model end effects. Results for the extension period are not used by
AURORA or in any economic calculations. Instead, results for the extension period are erased
and replaced with primary optimization period results from a subsequent model run.

Static Period: Used Primary Optimized Period: Extended Optimized Peri
by “Primary” period Dispatch maximizes the Continuation of the “Prima
for future compliance @ economic value of hydropower | period, but results are temporary
A A
|12/29/12t0 12/31/124 | 1/1/13to 1/7/13 | M| 1/8/13to 1/14/13

3-Day 7-Day Primary 7-Day Extension
Run Actual Optimization .
History (Final Result) .
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GTMax-Lite runs continue through the end of 2034

FIGURE K.1-8 Illustration of Temporal Modeling Method Used in the GTMax-Lite Five
Large SLCA/IP Plant Configuration
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K.1.5.5 Sand Budget Model (Bottom Tier)

The Reclamation SBM schedules various HFEs that differ in terms of peak water release
rate, duration, and timing. It uses results from the CRSS model and the intermediate Glen
Canyon Dam GTMax-Lite solution. The model is run for each alternative using alternative
specific triggers to schedule future HFEs under all 21 hydrological futures and three sediment
futures.

SBM maintains the annual WY release volumes specified by CRSS, but reallocates
monthly volumes in order to enable higher water releases during months with experiments. Due
to the reallocation of water releases, the Glen Canyon Dam GTMax-Lite model is run a second
time using the SBM results. It is this second GTMax-Lite run that is used for all economic
analyses.

K.1.5.6 Large SLCA/IP Powerplant Spreadsheets (Bridges Bottom and
Middle Tiers)

Several spreadsheets were developed by Argonne and reviewed by WAPA for the
LTEMP EIS power system analyses. These large SLCA/IP powerplant spreadsheets perform the
following functions:

* Create alternative-specific hourly Glen Canyon Dam generation input data for
the SLCA/IP market system configuration of AURORA. One set of
generation data contains average hourly values computed from GTMax-Lite
results for the 21 SBM traces. These values are used for SLCA/IP capacity
expansion simulations. The second set of Glen Canyon Dam generation is
based on GTMax-Lite results for the representative trace and used for
AURORA dispatch model runs.

* Determine the amount of Glen Canyon Dam capacity that will be reserved and
available for ancillary services for each day of the simulation period. If these
services cannot be entirely fulfilled by the Glen Canyon Dam Powerplant, the
amount that needs to be supplied by Aspinall powerplants is computed.
Although monthly water release volumes as projected by CRSS are constant
among alternatives, the hourly dispatch may be altered at WAPA’s discretion
during a few hours of the LTEMP period. Therefore computations for Glen
Canyon Dam and Aspinall are performed for each alternative.

* Find and store the maximum daily generation level contained in Glen Canyon
Dam GTMax-Lite outputs for all alternatives and traces. These data are used
by the Firm Capacity Spreadsheet that computes aggregate firm capacity level
for SLCA/IP federal hydropower resources.

* Create alternative-specific hourly generation input data for AURORA that
represents the five large SLCA/IP powerplants. One set of generation data is
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based on GTMax-Lite that models these five large plants based on average
monthly releases and reservoir information that is derived from CRSS trace
results. These values are used for SLCA/IP capacity expansion simulations.
The second set of large SLCA/IP hydropower generation values is based on
GTMax-Lite results for the representative trace and used for AURORA
dispatch model runs.

* Determine the maximum potential output level from the five large SLCA/IP
powerplants. Maximum output levels are computed for all combinations of
unit outages at each powerplant based on operating criteria, turbine capacities,
forebay elevation, tailwater elevation calculations, and water-to-power
conversion factors as a function of head. Except for minor adjustments that
account for Aspinall spinning reserve and regulation service duties, maximum
output levels are identical across all alternatives. Based on user-defined risk
level, spreadsheet results are also used by the Firm Capacity Spreadsheet to
set the aggregate firm capacity level for WAPA’s SLCA/IP federal
hydropower resources.

K.1.5.7 Small SLCA/IP Powerplant Spreadsheet (Bridges Bottom and
Middle Tiers)

The capacity and dispatch of relatively small SLCA/IP federal hydropower resources
including Deer Creek, Elephant Butte, Towaoc, McPhee, and Molina are estimated using the
Small SLCA/IP Powerplant spreadsheet. Estimates of future hourly plant-level generation are on
based on historical Form PO&M-59 data and powerplant duty cycle (i.e., baseload or peaking).
This spreadsheet is also used to estimate maximum output levels for use in computations of
WAPA’s SLCA/IP hydropower firm capacity. The same hourly generation and maximum output
values are used for all alternatives for both AURORA capacity expansion and dispatch model
runs.

K.1.5.8 Loads Shaping Algorithm (Middle Tier)

In order to project hourly customer loads for LTF large and small customers, Argonne
analyzed several years of historical load data for the eight large customers that was contained in
the FERC Form-714. Normalized loads for CY 2006 were selected to serve as a representative
profile and used as the basis for projecting future chronological hourly loads for all LTF
customers. The basis for selecting this year is described in more detail in Section K.1.6.3.
Normalized profiles cannot simply be multiplied by a constant value (e.g., monthly peak load) to
scale loads for a future year, because load factors are projected to change over time as reflected
in utility IRPs. The Loads Shaping Algorithm is used to compute hourly scaling factors that,
when applied to the normalized profile, produce a time series of chronological hourly loads that
simultaneously match both a projected monthly peak load and monthly total load.

K-30



Glen Canyon Dam Long-Term Experimental and Management Plan October 2016
Final Environmental Impact Statement

The Loads Shaping Algorithm uses a quadratic programming technique that minimizes
differences between a normalized load duration curve (LDC) constructed from historical data
and a reshaped LDC generated by the model. Figure K.1-9 shows the original LDC, constructed
from historical loads for one of the large customers and the reshaped LDC. The reshaped curve is
consistent with a projected monthly load factor. Upper and lower load constraints may be
specified by the user to bind the model’s solution. For each point in the LDC, a scaling factor,
shown on the secondary y-axis, is then computed as the ratio of the reshaped load to the original
load. Finally, the algorithm constructs a scaled chronological hourly profile based on the load
scaling factors and an associated original hourly load. The end product, as shown in
Figure K.1-10, is a chronological load time series that exactly matches the monthly projected
peak and total load.

K.1.5.9 AURORA (Top and Middle Tiers)

The AURORA model is at the core of the methodology used to identify SLCA/IP federal
hydropower interactions with the power grid. It was developed by EPIS, Inc., and it is used by
utilities throughout the United States to model capacity expansion pathways, simulate unit
commitments, and perform hourly unit dispatch. Based on information contained in the EPIS,
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Inc., Web page (http://epis.com/AURORA_xmp/long term_expansion.php), one of the primary
uses of AURORA is for lifecycle analysis and resource capacity expansion optimization studies.

AURORA uses hourly demands and individual resource-operating characteristics in a
transmission-constrained, chronological dispatch algorithm. This algorithm also models the
deployment of curtailments at market price trigger points. LMPs projections are made in user-
defined market bubbles over long-term planning horizons. For the LTEMP EIS, it computes
LMPS at each of the bubble shown in Figure K.1-1.

A recursive modeling process identifies the set of resources among existing and potential
future resources with the highest and lowest market values to produce economically consistent
capacity expansion and retirement schedules. Based on the NPV of hourly market prices, it
chooses to build one or more technologies contained in a user-defined list of new resource
candidates. AURORA compares those values to existing resources in an iterative process to
create a capacity expansion path of new units over time. The end result is a coordinated forecast
of capacity expansion schedules for multiple market areas that meet planning reserve margin
targets. Information from both state renewable portfolio standards (RPSs) and utility-specific
IRPs regarding renewable resource development goals were input into the AURORA model to
estimate the future expansion of wind and solar resources in the system.

Capital investment decisions made in AURORA use levelized capital investment costs
that spread the cost of building a new unit into payments that are made at set time intervals
(i.e., weekly, monthly, annually) over the book life of the project, similar to home mortgage
payments. In this study, these payments are made and accounted for from the time a new unit
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comes online through the end of the LTEMP study period. This reduces modeling end-effects
because new units contained in the AURORA expansion path will operate long beyond the end
of the LTEMP period. For example, if a new unit is brought online during the last year in the
study, only 1 year of capital payments are included in the economic cost calculations, not the
entire cost of the project. This reduces issues associated with evaluating technologies that have
disparate capital costs and operational characteristics on timelines that do not cover the entire life
of the candidate resources.

This levelized cost methodology is equivalent to incurring all capital cost expenditures
when the unit comes online and later receiving a salvage value payment at the end of the study
period. The salvage value represents the economic value of the resource at the end the study.
This approach is used in the Wien Automatic System Planning (WASP) Package. Developed in
1972 by the Tennessee Valley Authority and the Oak Ridge National Laboratory, it has long
been in continuous use by many utilities around the world for power generation expansion
planning. When using the WASP sinking fund depreciation accounting method, WASP
mathematics are equivalent to NPV results used by Argonne in this study (IAEA 1980).

For the LTEMP EIS, AURORA is used in the order listed below for the following
purposes:

1. Project Palo Verde market hub prices/LMPs (top tier),

2. Determine construction schedules for new units in the SLCA/IP market
system (middle tier), and

3. Simulate unit commitments and perform SLCA/IP market system dispatch
(middle tier).

Modeling for the top tier is performed once—the results are used across all LTEMP EIS
alternatives. The middle tier of AURORA is run for each alternative.

AURORA is first used to project future hourly energy market prices throughout the
Western Interconnection during the study period; that is, for top tier modeling. Without
alteration, it uses a Western Interconnection topology and dataset that were provided by EPIS. It
should be noted that EPIS derived model input data for load growth, utility fuel price projections,
and the cost and performance for new candidate units for system capacity expansion based
primarily on information contained in EIA’s 2014 AEO (EIA 2014).

For the LTEMP EIS, LMPs at the Palo Verde marketing hub were selected as a
representative hourly time series. These market prices are the primary economic driver that shape
SLCA/IP hydropower operations in both versions of the GTMax-Lite model and the Small
SLCA/IP Power Plant Spreadsheet. The same price set was used for all alternatives. As discussed
in Attachment K.1, Argonne assumes that alternative operations at Glen Canyon Dam will have
an effect of less than a few cents/kWh on Western Interconnection LMPs outside of the SLCA/IP
market system.
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The second purpose of the AURORA model was to project system capacity expansion
paths and unit retirement schedules for utilities in the SLCA/IP market system based on the
assumption that customers will engage in cooperative agreements that are mutually beneficial;
that is, middle tier modeling. It uses detailed unit-level information about existing powerplant
units owned and operated by WAPA and its LTF customers. The model also includes
information about candidate units that could be built in the future. Projected power demands
consist of WAPA project use loads (which are described later) and loads for SLCA/IP LTF
customers as described above. Capacity is constructed such that the reserve margin of the
aggregate eight large customers never drops below 15%.

The firm capacity credit assigned to SLCA/IP federal hydropower resources in AURORA
is estimated by the WAPA Firm Capacity Spreadsheet. The firm capacity logic used in this tool
is in part based on a risk level consistent with a dry (i.e., low) hydropower condition such that
the CRSP Management Center and the EMMO will be able to meet its LTF contractual capacity
obligations with SLCA/IP federal hydropower resources 90% of the time. This is consistent with
the level of risk to which WAPA has been exposed in the past.

SLCA/IP utility system energy transactions with the rest of the Western Interconnection
are assumed to be priced at levels projected by the AURORA Western Interconnection model
run. For the purpose of determining capacity expansion paths, it was assumed that the SLCA/IP
market system would only make power purchases. This assumption was made to ensure that the
SLCA/IP market system would not construct capacity on a speculative basis for the purpose of
selling energy to the Western Interconnection; that is, it constructs capacity primarily for internal
purposes. Because the Western Interconnection prices tend to be more expensive than production
costs in the SLCA/IP market system, purchases from the Western Interconnection tend to be
small. However, the Western Interconnection energy was made available for purchase in
situations where internal SLCA/IP production costs became expensive. In addition, reserve
margin requirements were configured to exclude WAPA LTF purchases because Western’s
contracts are considered extremely reliable (i.e., non-contingent) from the buyer’s perspective.

The third purpose of the AURORA model was to perform a detailed dispatch analysis of
the SLCA/IP market system which consists of the SLCA/IP hydropower facilities and WAPA’s
SLCA/IP LTF customers. Resources available for hourly dispatch are based on a previous
capacity expansion run made by AURORA.

K.1.5.10 LMP Calibration Spreadsheet (Top Tier)

Spot market prices were modeled for CY 2013 through CY 2033 by the Western
Interconnection AURORA model. Prices from the first year of this run, 2013, were compared
against actual day-ahead market (DAM) prices published by the Intercontinental Exchange (ICE)
and the California Independent System Operator to determine model accuracy. The Palo Verde
market hub was chosen for the LTEMP analysis to represent prices for the spot market in the
AURORA network topology because it is a major hub relatively close to Glen Canyon Dam and
is often used as the benchmark price for WAPA energy transactions.
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In general, AURORA prices differed significantly from both ICE and California
independent system operator day-ahead market (CAISO DAM) historical prices for 2013.
Therefore, the LMP Calibration Spreadsheet was written to scale AURORA hourly LMPs to
more closely match actual nominal values in terms of 2013 dollars. The ICE publishes day-ahead
weighted average peak, off-peak, and Sunday off-peak electricity prices for each day. Sunday
off-peak hours are the 16 daytime hours that have the highest loads; they correspond to the 16 hr
classified as peak in the other 6 days of the week. Hourly prices generated by the AURORA
model were subdivided into seven categories: holiday, Sunday daytime, Sunday nighttime,
Saturday peak, Saturday off-peak, weekday peak, and weekday off-peak. AURORA 2013
monthly averages were computed for each category and compared against the monthly average
ICE prices in these categories.

A scalar (ratio of the ICE to AURORA prices) was generated for each month and each
category. Prices generated by the AURORA model were generally lower than the ICE prices.
Prices in off-peak hours were lower by about 5 to 15%, and prices in peak hours were lower by
as much as 20 to 50%. To adjust prices, both AURORA 2013 and projected LMPs for Palo
Verde were multiplied by the aforementioned scalar.

LMPs at the Palo Verde hub were projected by applying AURORA model price growth
rates to the calibrated 2013 price (Figure K.1-11). Future spot market prices are difficult to
accurately forecast because they are dependent on many factors, each of which cannot be
projected with certainty. Therefore, many future scenarios are possible. For the power systems
analysis, the 2014 AEO (EIA 2014) reference case was used to supply AURORA with variable
inputs that drive future prices. One of the most important of these is natural gas prices.

Figure K.1-12 shows a very strong correlation between historical on and off-peak prices at the
Palo Verde hub and natural gas prices. This correlation is due the fact that the resources that are
on the margin (i.e., last ones dispatch and determine the LMP) frequently burn natural gas. This
strong correlation is expected to continue in the future. AURORA model results support this
expectation. Figure K.1-13 shows that the 2014 AEO (EIA 2014) forecasted annual average
delivered natural gas price to increase in the future. By 2033, natural gas prices are expected to
be about 83% more expensive than prices in 2013. Calibrated LMPs follow this same basic
trend. By 2033, Palo Verde price projections, which are based on the aforementioned
methodology, are expected to increase by 78%. Factors that lead to a slightly slower growth in
LMPs include the emergence of more-efficient gas-fired electricity generating technologies that
burn less fuel per MWh of fuel consumed and a projected increase in the penetration of variable
energy resources (VERS).

K.1.5.11 Firm Capacity Spreadsheet (Bridges Bottom and Middle Tiers)

The Firm Capacity Spreadsheet uses maximum daily output levels from the Large and
Small SLCA/IP Powerplant spreadsheets and an assumed risk preference to estimate the amount
of firm capacity that is available to the SLCA/IP market system for credit toward the system
reserve margin. It also applies outage results produced by the Hydropower Outage model the five
large SLCA/IP federal hydropower plants. GTMax-Lite runs of Glen Canyon Dam incorporate
outages into estimated daily peak powerplant operations under all 21 hydrological traces.
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In addition to outages, the spreadsheet incorporates a large number of factors in the
determination of firm capacity. As explained in more detail in Section K.1.7, these factors
include the following:

» The time of the year the system peak load is projected to occur;

» The probability distribution of the coincidental hydropower peak output
potential from SLCA/IP hydropower facilities that consist of all SLCA/IP
large and small federal hydropower plants as computed by Glen Canyon Dam
GTMax-Lite and the Large SLCA/IP Powerplant Spreadsheet tools;

* Projected ancillary service obligations;

» Projected capacity levels that will be reserved to for project use obligations;

* Expected future system transmission losses; and

* The risk tolerance level associated with SLCA/IP federal hydropower having
a lower production capability than the declared firm capacity level during the
time of the system peak load.

Firm capacity results vary significantly by alternative and are sensitive to both

assumptions regarding the selected risk tolerance level and the month in which the peak load is

projected to occur in the future. For the LTEMP EIS, the capacity that is available to the
SLCA/IP market system is a fixed amount over the entire study period. Spreadsheet firm
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capacity results are input into the AURORA SLCA/IP market system runs that simulate capacity
expansion.

K.1.6 SLCA/IP Market System, Data Sources, and Model

The power systems methodology assesses the economic impacts of changes in Glen
Canyon Dam Powerplant operations at the systems level using the three-tiered approach briefly
described in the Power Systems Geographic Scope section. The middle tier represents SLCA/IP
federal hydropower resources marketed and scheduled the CRSP Management Center and all of
the utility systems that receive LTF SLCA/IP energy and capacity.

Previous sections described federal hydropower resources and hourly prescribed energy
injections into the SLCA/IP market system based on GTMax-Lite model results. This section
provides additional information about modeling the loads and resources of CRSP Management
Center LTF power customers. There are approximately 129 LTF SLCA/IP wholesale customer
entities that are categorized as either large or small. Accounting for about 75% of WAPA’s LTF
energy and capacity sales, the eight largest customers are Deseret, NTUA, SRP, UAMPS,
UMPA, PRPA, Tri-State, and CSU. Except for NTUA, all large LTF customers own and operate
generating resources. There are about 130 remaining customers, which are aggregated into east
and west “small customer” entities, accounting for the remaining 25% LTF sales. Energy
received by a few customers under WAPA LTF contracts are used to serve project use loads such
as pumping for irrigation. Figure K.1-3 shows a simplified topology for the SLCA/IP systems
that was used by the AURORA model to simulate the capacity expansion pathways and dispatch
under each alternative. The following sections describe key model input and modeling
assumptions for the SLCA/IP system.

The AURORA model is used to simulate unit commitment scheduling, for resources
dispatch, and for capacity expansion in the SLCA/IP market system. Details on model inputs for
initial historical conditions and for simulating future operations are provided below.

K.1.6.1 Historical Data Sources

The first year simulated by AURORA is CY 2013. It set initial model conditions based
on historical information and serves as a starting point for modeling the future. A considerable
amount of data is needed for AURORA to model SLCA/IP market system operations including
hourly load data, characteristics of existing powerplants, and firm hydropower contracts that
WAPA'’s customers have with offices other than the CRSP Management Center. Primary data
sources for this information include the following:

» EPIS—AURORA database containing general/default power systems data;
+ EIA—existing powerplant ownership, capacity, technology type, primary

mover, historical delivered fuel prices, plant fuel consumption, historical
annual generation;
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» ICE and CAISO Web sites—sources of historical day-ahead peak and oft-
peak electricity prices;

* NERC—power plant maintenance and forced outage characteristics from
GADS;

» FERC—historical hourly load data for utilities and BAs;

» Large customer IRPs—a report filed by each of WAPA’s customers and
contains characteristics of existing power plants, utility system loads, and
DSM programs; and

*+  WAPA—data and information on LTF contracts from the CRSP Management
Center and other regional offices from which WAPA customers receive
federal hydropower and detailed information on federal hydropower plant and
WACM BA operations, including factors related to ancillary services and the
transmission system.

The AURORA model uses a database constructed by EPIS that contains Western
Interconnection-wide powerplant characteristics, fuel price projections, and hourly load profiles.
These data were compared to the aforementioned data sources to verify their accuracy and
consistency. Because the methodology calls for WAPA’s eight large customers to be modeled in
detail, Argonne staff constructed hourly load profiles for SLCA/IP system entities and carefully
examined power plant characteristics data contained in the AURORA inventory and benchmark
them against data on powerplant characteristics compiled by EIA.

Historical 2013 Loads

SLCA/IP market system loads were generated for three types of LTF customers: large,
small, and project use. Project use loads are based on information provided by CRSP
Management Center staff. These loads are aggregated into east and west groups and are assumed
to be constant over each month. Project use loads are projected to increase over the study period,
but are relatively small, ranging from a total project use monthly peak load of 4.15 to 51.42 MW.
Project use loads are higher in the summer and lower in the winter.

The power systems modeling effort began at a time when historical FERC Form-714 load
data for CY 2013 were not yet available. Argonne staff therefore constructed a time series of
CY 2013 hourly loads for each of the eight large customers and for each of the two small
customers groups classified as east and west.

Loads for 2013 were constructed by the Loads Shaping Algorithm. For the eight large
customers, the algorithm scaled representative nominal hourly shapes to CY 2013 levels such
that hourly loads were consistent with projected monthly peak and total load targets. As
described previously, CY 2006 hourly load profiles were used as the basis for constructing these
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nominalized shapes. CY 2013 load targets were based primarily on information contained in
large customer IRPs.

Aggregate small customer loads in the west were based on the UAMPS load profile that
was scaled to match 2013 small customer energy data used for retail rate analyses. UAMPS
projected growth rates were also applied to the west small customer group. An identical method
was used for the small customer group in the east, except in this case load profiles and growth
rates for CSU were scaled to match small customer energy targets.

Although Western almost exclusively sells LTF capacity and energy to utilities in its
service territory, special arrangements were made to enable Tribal entities to receive SLCA/IP
federal hydropower capacity and energy. For 48 Tribes that do not operate their own electric
utilities, WAPA made an administrative change to allow them to directly receive an allocation of
power through a benefit crediting arrangement. In this benefit crediting arrangement, WAPA
delivers the Tribe’s allocation to its electric service supplier. Because the SLCA/IP rate is lower
than the supplier’s production cost, the supplier provides the Tribe with a payment that is equal
to the Tribe’s electric allocation from WAPA multiplied by the difference in rates. The payment
received by the Tribe is the financial equivalent of a direct delivery of electricity. Through this
arrangement, Tribes ultimately receive the same services, pay the same rates for both capacity
and energy, and abide by the same terms as all other customers. For power systems economic
modeling, these financial transactions are not explicitly simulated because the effects on overall
system-level economics did not appreciably differ among alternatives.

2013 Powerplant Characteristics and Fuel Prices

Recent data (from 2012 and 2013) on thermal power plant characteristics were obtained
from EIA Form-860. This information was coupled with monthly cost and quality fuel deliveries
from EIA Form-923 to estimate delivered 2013 fuel prices for each of the thermal powerplants in
the unit inventory of WAPA’s large customers. Fuel prices for 2013 are typically used. However,
when this information is not available, 2012 prices are used as a surrogate. AURORA model
generating unit capacity levels vary by month, with generally higher capacities in the winter than
in summer months.

In AURORA, delivered fuel prices are not directly assigned to each powerplant in its
database. Instead, AURORA applies unit-specific fuel price multipliers to a common price.
Henry Hub is used as a price reference point for natural gas, and state-level coal prices are used
as coal reference points. The EPIS-supplied representation of the Western Interconnection uses
actual and projected monthly natural gas prices at Henry Hub for the year 2010 in terms of
nominal 2010 dollars. For power systems analysis, AURORA unit-level delivered natural gas
prices are converted to 2013 dollars. Prices at points of delivery are typically higher than the
Henry Hub price. Therefore, prices are adjusted to account for delivery costs by applying unit-
specific price multipliers in the model. Natural gas prices for 2013 are based on plant delivery
costs reported in FERC Form-923. Similarly, 2013 coal prices in 2013 nominal dollars are
computed in AURORA by applying unit-level multipliers to state-level prices.
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Natural gas prices in AURORA differ by month; generally, prices are higher in the winter
as compared to the spring and autumn. These same seasonal trends were used for the LTEMP
power systems study. No seasonal changes in coal or distillate fuel prices were assumed; that is,
coal and distillate fuel prices are constant throughout 2013.

Only one small oil-fired unit is owned by WAPA’s large customers. It is rarely
dispatched. No adjustments were made to the EPIS default nuclear fuel price. Only one nuclear
plant is partially owned by SRP. It is dispatched as a base load unit, and production levels do not
vary significantly among alternatives. Therefore, production cost differences for this plant do not
have a significant bearing on economic cost differences among alternatives.

O&M Costs for Existing and Committed Units

Real variable O&M costs for existing units and ones that are committed to be constructed
are held static at 2013 levels throughout the study period. Note that real costs exclude inflation;
therefore it is assumed that the economic cost of O&M for power production in the future will
change at the same rate as inflation. Also, federal Principles and Guidelines (P&Gs) for
economic and environmental evaluation of water-related resources precludes the use of
speculative projections concerning capital and O&M cost.

Fixed O&M costs only factor into LTEMP EIS economic calculations for capacity
expansion units because the retirement schedule of existing units and online dates for committed
units do not change among alternatives; therefore the economic difference of these “fixed” costs
between Alternative A, which serves as a reference point, and other alternatives is equal to zero.
However O&M costs for newly constructed powerplants in the future differ by alternative and
are therefore tracked and accounted for in the power systems analysis.

2013 Unit-Level Heat Rates

Documentation in the AURORA model acknowledges shortcomings in the default heat
rate data in the EPIS-provided database. It recommends that EIA sources of historical generation
data, like Form-923, be consulted to confirm plant-specific heat rates. This information was
coupled with monthly powerplant generation and the cost and quality fuel deliveries from EIA
Form-923 to generate heat rates and delivered fuel prices for each of the thermal powerplants in
the unit inventory of WAPA’s large customers. AURORA default heat rates differed by as much
as 60% from levels calculated from current EIA data. Therefore, in this analysis heat rates
calculated from EIA data replaced AURORA default values. However, EIA data was not
reported for some thermal powerplants; in those cases, default AURORA values or surrogate
values based on similar type plants were used. Some differences were also found when
comparing AURORA default delivered fuel prices with those calculated from recent EIA data.
When discrepancies were found, calculated fuel prices were used in this analysis. However,
AURORA defaults were used for plants that either had no EIA data or where fuel prices were
outside of a reasonable range.
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2013 Firm Power Contracts

As described previously, contracts between the CRSP Management Center and its LTF
customers are not directly modeled. Instead, power systems economic analyses assume that
federal SLCA/IP hydropower plants are supply resources for meeting SLCA/IP system
(i.e., large and small customer utility) loads. In addition to SLCA/IP capacity and energy, some
customers also receive federal hydropower from other regional offices within the WAPA
organization. Information on these non-SLCA/IP contracts was supplied by WAPA. These
contracts are modeled in AURORA as virtual hydropower plants, the operation of which is
constrained by contract monthly minimum and maximum hourly contract limits and total
monthly energy bounds.

In addition to federal contracts, customers have contracts with entities that are either
within the modeled SLCA/IP system and/or other Western Interconnection entities that are
outside of the SLCA/IP market system. Information on these contracts was ascertained from
customer IRPs. Details on these other contracts were typically not available. Therefore, Argonne
power system modelers created simple representations of these contracts in AURORA using the
information that was available in the IRPs. Contracts are modeled in AURORA as virtual
thermal power plants with operating limits.

2013 Renewable Energy Resources (Water, Wind, and Solar)

The AURORA model also includes a representation of existing renewable energy
resources. These resources include SLCA/IP system non-federal hydropower and wind and solar
Variable Energy Resources (VERSs) that produce power and serve system loads. Non-federal
hydropower plant resources were modeled as AURORA hydropower plants based on the
operating characteristics of the resource (i.e., run-of-river or peaking). For 2013 operations,
monthly generation levels were benchmarked to actual levels recorded in EIA Form-923. Power
production from VERS is represented as a fixed time series of hourly power injections into the
grid using locational profiles provided by EPIS in the AURORA Western Interconnection
database.

K.1.6.2 AURORA Model Dispatch Results for 2013

Initial model AURORA model runs of CY 2013 produced results that significantly
differed from historical monthly generation levels. Model runs were mainly driven by EPIS input
data that was supplied with the model. However, after system representation and input data
refinements were made, the model results more closely mimicked historical production patterns.
Figure K.1-14 shows that the 2013 AURORA generation profile by fuel type for WAPA’s eight
large LTF customers is similar to actual 2013 levels as found in EIA Form-923. Generation for
hydropower plants by LTF customer utilities exactly match prescribed historical levels.
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FIGURE K.1-14 Comparison of Modeled and Actual Annual Aggregated Generation Levels
(from the EIA) for Natural Gas, Coal, and Nuclear Powerplants under the No Action Alternative

K.1.6.3 SLCA/IP Market System Projections

SLCA/IP market system supply and demand attributes, time value of money assumptions,
and projections driving variables such as load growth, delivered utility fuel prices, and new unit
technology characteristics play a major role in the development of the system and LTEMP EIS
power system results. Projected future developments in the SLCA/IP market system rely on
several information sources that include the following:

Large customer IRPs—future fossil-fuel powerplant additions, VER
powerplant planned additions and future expansion goals, and DSM

initiatives;

EIA announced (or committed) new unit additions, 2014 AEO (EIA 2014)
candidate technology characteristics, utility fuel price, and load projections as
driven by broader forces such as overall U.S. and global macroeconomic

developments; and

WAPA—changes in project use loads and outlooks for future ancillary service

requirements.

WAPA LTF customers are required to submit IRPs in order to receive federal
hydropower capacity and energy. Information contained in these IRPs was used as a principal
source of model inputs for future developments in terms of load growth and resource capacity
expansion. However, not all IRPs cover the entire timeframe of the LTEMP EIS study period.
Therefore, projections found in the 2014 AEO (EIA 2014) were used to supplement LTF
customer IRPs and provide projections that were based on a common and consistent basis.
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Load Growth Projections

This section will describe in detail how the hourly loads for the eight large customers and
the two groups of aggregate small customers were developed for the years in the LTEMP study
period. As noted earlier, small customers were aggregated into an east group or bubble and a
west group or bubble.

Developing hourly loads was a three-step process. First, historical hourly load data was
gathered for each utility to be modeled. Second, a historical year was selected that best
represented the load profiles of all years for which data was collected. The year selected had the
best matches to both the average weekly load factor and the average annual load factor across all
years. Third, the Hourly Load Forecast Algorithm was used to generate hourly load profiles for
all future years for each utility. The model scaled hourly loads so they followed the profile of the
representative year and at the same time also match forecasted monthly peak and total monthly
energy for each utility modeled.

To find the representative historical year, hourly loads were collected from each large
customer for the years 2006 to 2009. The data were compiled by FERC in Form-714 and are
publicly available via software downloaded from the FERC Web site (available at
http://www.ferc.gov/docs-filing/forms/form-714/view-soft.asp). These years were chosen
because they were the only recent set of years for which complete annual datasets were available
for all eight customers. For more details on load data collection, see Attachment K.7.

Small Customer Loads. As noted earlier, small customers were aggregated into an east
bubble and a west bubble. Staff from WAPA assisted Argonne in classifying whether small
customers should be placed into the east or west bubble. In general, small customers in Colorado,
New Mexico, and Wyoming were put into the east bubble, while small customers in Arizona,
Nevada, and Utah were put into the west bubble. Small customer load shapes were based on the
representative year from one of the eight large customers. For small customers in the east bubble,
the profile from CSU was used; for small customers in the west bubble, UAMPS was used.
UAMPS is in the western part of the CRSP Management Center customer territory and is
comprised of many cooperating small customers. Therefore, it was judged that UAMPS load
shape was representative of small customers in the west bubble. CSU is a municipal utility in the
eastern part of WAPA’s service territory; therefore, its load shape was used to represent small
customers in the east bubble. These load shapes were scaled to match their estimated historical
total load based on information that was collected for the retail rate payer analysis described in
Section K.3.

Representative Load Shape. After collecting the historical data, total hourly
coincidental loads were computed for the eight large utilities for the 2006 through 2009 time
period. A weekly load factor (WLF) was calculated for each week in each year for which FERC
Form-714 data were available. An average weekly load factor (AWLF) across all years was also
calculated. Then the sum of the squared differences (SSD) between the WLF and the AWLF was
calculated using the equation SSD (WLF) =Y (WLF-AWLF).2 A similar calculation was
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performed to find the SSD between the annual load factor (ALF) for each year and average
annual load factor (AALF) across all years or SSD (ALF) = (ALF-AALF)2. The sum of the
squared differences (squared errors) for both the WLF and ALF were then summed. CY 2006
had the smallest errors and therefore was selected as the representative year for all customer
loads because it had the smallest sum, which indicated that, among all years, its relative shape
was the closest to the average. Using a common year for all utilities correctly captures load
diversity among the utilities, including those resulting from large-scale weather patterns.

After selecting the representative year, the Hourly Load Forecast Algorithm was used to
generate hourly load profiles for future years for each of the eight large LTF utilities and for each
small customer bubble. Inputs into the algorithm were the utility’s hourly load profile for the
representative year and the forecasted monthly peak load and energy for each future year. Based
on the data that were available, a load forecast was generated using a customized method for
each utility. The following describes the method used to generate each load forecast.

Salt River Project

1. Historical hourly load profile for 2006 was used. The monthly peak loads and
energy were based on the ratios of monthly peak to annual peak and monthly
energy to total annual energy from 2006.

2. Total annual energy for 2012 was specified in the 2013 IRP (SRP et al. 2012).
From 2013 to 2033, the annual energy was assumed to grow at the same
annual rate as the total electricity sales forecast for the Southwest region of
the Western Electricity Coordinating Council in the 2014 AEO (namely,
Table 91 in EIA 2014)).

3. Annual peak loads for 2012 to 2016 were specified in the 2013 IRP
(SRP et al. 2012). From 2017 to 2033, the peak load was assumed to grow at
the same annual rate as used for the total annual energy shown above (namely,
the data from Table 91 of the early release of EIA 2014).

Navajo Tribal Utility Authority
1. The historical hourly load profile for 2006 was used. The monthly peak loads
and energy were based on the ratios of monthly peak to annual peak and

monthly energy to total annual energy from 2006.

2. Annual peak loads and energy for 2012 to 2030 were obtained from the
October 2012 IRP (NTUA 2012).

3. Annual peak loads and energy for 2031 to 2033 were calculated using the
same growth rate as 2030.
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UMPA

1.

The historical hourly load profile for 2006 was used. The monthly peak loads
and energy were based on the ratios of monthly peak to annual peak and
monthly energy to total annual energy from 2006.

2. Annual peak loads and energy for 2012 to 2033 were obtained from the IRP
5-year plan (UMPA 2013).

UAMPS

1. The historical hourly load profile for 2006 was used. The monthly peak loads
and energy were based on the ratios of monthly peak to annual peak and
monthly energy to total annual energy from 2006.

2. UAMPS staff provided historical monthly energy and peak demand data for
2011 to 2013 (Anderson 2014).

3. There were no growth forecasts in the UAMPS IRP (UAMPS 2013), so the
same growth rates were assumed for annual peak and energy as those
provided in the UMPA IRP for 2014 to 2033. Members of UAMPS were
assumed to have similar energy demand profiles as members of UMPA.

Deseret

1. The historical hourly load profile for 2006 was used. The monthly peak loads
and energy were based on the ratios of monthly peak to annual peak and
monthly energy to total annual energy from 2006.

2. Annual peak loads and energy for 2012 to 2018 were obtained from the IRP
update (Deseret 2012).

3. From 2019 to 2033, the annual peak load and energy were assumed to grow at

the same rate as the total electricity sales forecast for the Rocky Mountain
region of the Western Electricity Coordinating Council in the 2014 AEO
(namely, Table 94, in EIA 2014).

Tri-State Generation and Transmission Association

1.

The historical hourly load profile for 2006 was used. The monthly peak loads
and energy were based on the ratios of monthly peak to annual peak and
monthly energy to total annual energy from 2006.
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2. Annual peak loads and energy for 2012 to 2029 were obtained from the IRP
(Tri-State 2010).

3. Annual peak loads and energy for 2030 to 2033 were assumed to grow at the
same rate as 2029.

Colorado Springs Utility

1. The historical hourly load profile for 2006 was used. The monthly peak loads
and energy were based on the ratios of monthly peak to annual peak and
monthly energy to total annual energy from 2006.

2. Annual peak loads and energy for 2012 to 2031 were obtained from the IRP
(CSU 2012).

3. Annual peak loads and energy for 2032 to 2033 were assumed to grow at the
same rate as 2031.

Platte River Power Authority
1. The historical hourly load profile for 2006 was used. The monthly peak loads
and energy were based on the ratios of monthly peak to annual peak and

monthly energy to total annual energy from 2006.

2. Annual peak loads and energy for 2012 to 2020 were obtained from the IRP
(PRPA undated).

3. Annual peak loads and energy for 2021 to 2033 were assumed to grow at the
5-year average growth rate from 2016 to 2020.
Small Customer—West

1. The historical 2006 hourly load profile for UAMPS selected as representing
small customers in this bubble.

2. Data was collected for 2012 on retail energy sales from EIA Form-861 and
summed for all small customers in this bubble.

3. The annual load factor for UAMPS was assumed to be representative of this

small customer group. The annual peak load for 2012 was computed from the
retail energy sales in 2012 and the UAMPS load factor.
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4. Annual peak loads and energy for 2013 to 2033 were assumed to grow at the
same rate as for UAMPS.

5. The monthly peak loads and energy were based on the ratios of monthly peak
to annual peak and monthly energy to total annual energy from the 2006
UAMPS load profile.

Small Customer—East

1. The historical 2006 hourly load profile for CSU selected as representing small
customers in this bubble.

2. Data for 2012 was collected on retail energy sales from EIA Form-861 and
summed for all small customers in this bubble.

3. The annual load factor for CSU was assumed to be representative of this small
customer group. The annual peak load for 2012 was computed from the retail
energy sales in 2012 and the CSU load factor.

4. Annual peak loads and energy for 2013 to 2033 were assumed to grow at the
same rate as for CSU.

5. The monthly peak loads and energy were based on the ratios of monthly peak
to annual peak and monthly energy to total annual energy from the 2006 CSU
load profile.

Peak and total load growth rates may be different, resulting in future load profiles that are
either more or less “peaky” in the future relative to historical levels. Also, both peak and total
load growth rates differ among individual large utilities and for small customer aggregates.
Using this method allows the model to grow loads and transform load shapes uniquely for each
profile as reflected in IRPs’ long-term trends.

Figures K.1-15 and K.1-16 show stacked bar charts of customer non-coincidental
monthly peak load and total monthly load projections, respectively. As described in sections that
follow, projections of the eight large customer system summer peak load is particularly
significant. Any reduction in Glen Canyon Dam Powerplant capacity as a result of more
stringent operating criteria does not incur an economic cost until all of the excess capacity in the
system is fully depleted. The year in which this occurs is heavily dependent on large customer
utility system load growth. Attachment K.6 contains more detailed results for individual large
customers and for the two aggregate small customer bubbles.
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Capacity Expansion Candidate Unit Characteristics

To reliably meet the forecasted increases in electricity demand and to replace
powerplants that will be retired during the study period, new powerplants will be constructed in
the SLCA/IP market system.

Argonne staff used the AURORA model to create system capacity expansion paths and
unit retirement schedules for utilities in the SLCA/IP system for each of the EIS alternatives. As
described previously, AURORA uses detailed unit-level information about existing and
committed generating units owned and operated by WAPA’s LTF customers. The model also
includes information about candidate units that could be built in the future. The type and number
of new technologies added over time was determined by Argonne staff by tunneling AURORA
model capacity expansion runs. In this context, “tunneling” refers to restricting the number of
possible model solutions to a smaller set of capacity expansion possibilities (e.g., restricting the
number of possible new gas-turbines built in a specific year and location [i.e., bubble], to one to
three units instead of the model default of zero to unlimited new units). This technique is often
used in capacity expansion planning when the number of combination of expansion technologies
is otherwise enormous. It often requires multiple iterative model runs as the user explores
different tunnel boundaries such that the solution is not bounded by the user-defined limits.
Capacity is constructed such that the capacity reserve margin of the aggregate eight large
customers never drops below 15%. Table K.1-1 shows the cost, in terms of 2013 dollars, and
performance characteristics of a suite of candidate plants from which the AURORA model could
choose to expand capacity of the power system.

Note that the list of candidate technologies input into the AURORA model includes a
range of types and sizes. The model “builds” units taking into account load growth, costs, and
technology attributes, including the size of each candidate. AURORA makes a trade-off between
building large units with economies of scale (lower $/MW cost for large units) that often leads to
excess capacity that may persist for a few years, versus building several small ones that better
follow capacity needs (smaller excesses) but are more expensive to build in terms of $/MW.

Expanding capacity for the aggregate customer group leads to a lower cost as opposed to
building capacity for each individual utility. By doing so, customers take advantage of
economies of scale and lower amounts of new capacity. The sharing of new capacity can be
accomplished via joint unit ownerships and long-term firm capacity agreements among customer
utilities.

Expansion candidates were selected from the suite of new central station electricity
generating technologies in the 2014 AEO (EIA 2014). The suite includes conventional and
advanced thermal units and renewables. Performance characteristics in the table include unit
capacity, heat rate, and fuel type, and cost characteristics include capital costs, fixed and variable
O&M costs, book life of the unit, and number of years it takes to construct. Costs are shown as a
range because WAPA’s customers are located in three different geographic regions identified by
the EIA 2014 AEO (EIA 2014) electricity market module; each has powerplant-specific labor
multipliers. Different labor multipliers were factored into the powerplant costs from EIA
depending upon where the plant would be located. Labor costs vary by region where the plant is
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TABLE K.1-1 Cost and Performance Characteristics of Capacity Expansion Candidates

Unit AFUDC Levelized Capital Cost Fixed O&M Cost Variable O&M Cost
Book  Construction (% of (2013$/MW/yr) (2013$/MW/yr) (2013$/MWh)
Expansion Candidate Capacity Heat Rate Life Lead Time overnight
Technology MW)  (Btw/kWh)  Fuel Type (yr) (yr) cost) Min Max Min Max Min Max
Scrubbed Pulverized Coal 600 8,800 Coal 30 4 9.83 194,080 197,146 31,491 31,982 4.51 4.59
Integrated Gasification 550 8,700 Coal 30 4 9.83 250,755 253,980 52,015 52,684 7.31 7.40
Combined Cycle
Conventional Combined 300 7,050 Natural Gas 30 3 7.26 59,953 60,429 13,456 13,563 3.68 3.71
Cycle
Advanced Combined 400 6,430 Natural Gas 30 3 7.26 66,931 67,407 15,708 15,825 3.34 3.37
Cycle
Conventional Combustion 120 10,850 Natural Gas 30 2 4.76 62,438 62,755 7,544 7,578 15.87 15.95
Turbine
Advanced Combustion 230 9,750 Natural Gas 30 2 4.76 43,722 44,304 7,297 7,392 10.75 10.89
Turbine
Advanced Nuclear 2,236 10,452 Uranium 30 6 15.19 385,516 386,997 94,873 95,243 2.18 2.19
Wind 50 0 Wind 30 3 7.26 105,631 106,900 40,996 41,350 0.00 0.00
Solar Thermal 50 0 Solar 30 3 7.26 240,921 253,715 65,452 68,112 0.00 0.00
Photovoltaic 50 0 Solar 30 2 4.76 217,553 225,801 24,055 24,966 0.00 0.00
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Source: EIA (2014).
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constructed; a regional multipliers table is located on the EIA Website
(http://www.eia.gov/forecasts/capitalcost).

Overnight capital expenses and fixed O&M costs are based on 2014 AEO (EIA 2014)
data and expressed in 2012 dollars. AEO documentation indicates that these costs are applicable
to new units built in 2014 and later. It is assumed that these costs will not change in real terms;
therefore, capital costs for a specific technology in real terms do not change as a function of
online date. The AEO costs do not include expenses paid by plant owners that are plant specific
and can vary significantly between two virtually identical plants in the same geographic region.
Therefore, financing-related costs are excluded from AEO capital costs, and items like insurance,
property taxes, asset management fees, and energy marketing fees are excluded from AEO fixed
O&M costs (EIA 2013). The AEO cost values were converted to 2013 dollars using the
“Powerplants” index contained in the “Bureau of Reclamation Construction Cost Trends” table
(Reclamation undated). The values for January were used because it was assumed that new
plants came online at the beginning of the year. Fixed O&M costs were converted to 2013
nominal dollars using this same table, except in this case the “Powerplant Accessory elect. &
misc. equip” index was used. Variable O&M costs for new construction are converted to 2013
nominal dollars based on the producer price index (PPI) for “Electric powe