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Figure 1: NERC Interconnection Operations Services (10S) building blocks.

Regulation and load following (Figure 2) encompass the intra-hour generation adjustments
necessary to balance the control area. The distinction between the two services involves both
the nature of the demand deviations and the time frame over which they occur. Regulation
generally refers to the actions required to compensate for fast — e.g. minute-by-minute or faster
— fluctuations in demand. These are of a random nature, requiring both up and down
adjustments of supply.

Load following consists of the longer trends in demand changes, which are somewhat
predictable and for load usually have a defined direction depending on the period in the day.
Adjustments for following load are done over longer periods (five or ten minutes), and are
usually performed in an economic manner by dispatch of new base points to generators.
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Figure 2: Hllustration of regulation and load following from NREC I0S Reference Document
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This component of reserves includes the capacity on AGC that is controlled to compensate for
fastest fluctuations in the control area demand. The analytical approach defines this as an
energy-neutral service over even a very short term; it is simply a capacity range over which one

must move to compensate for random variations in control area load.

The amount of this service required by the control area is determined by extracting a “regulating
characteristic” from high-resolution load data. This is accomplished by subtracting the actual
load from an underlying trend, usually constructed from a rolling average window on the actual

load data.

A trend value was computed with a 20 minute rolling average window. A snapshot of the trend
and actual load data for one of the samples is shown in Figure 3.
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Figure 3: Extracting the regulation characteristic
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The difference between the actual load and the trend, as shown in Figure 5, can be processed to
determine the statistical characteristics (Figure 6). Because of the selection of the rolling
average window, the average value is very near zero. In terms of regulation capacity to
compensate for the random fluctuations, the standard deviation is the more useful statistic. By
carrying capacity equivalent to some multiple of the standard deviation, the number of all
deviations in the sample for which enough adjustment is available can be computed.
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Figure 4: “Regulation characteristic” of WAPA load
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Figure 5: Distribution of WAPA load variations from 20-minute rolling average

The standard deviation of the regulation characteristic over the sample data is computed to be
9.7 MW. [Note: The “spikes” visible in the plot of Figure 4 were assumed to be measurement
errors, and were removed from the data prior to the calculation of the standard deviation).

From previous studies and background information provided by Oak Ridge National Laboratory™
the regulation requirement for a control area is somewhere between 3 and 5 times the standard

1 B. Kirby and E. Hirst, Customer-Specific Metrics for the Regulation and Load-Following
Ancillary Services, ORNL/CON-474, Oak Ridge National Laboratory, Oak Ridge, TN, January 2000.
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deviation of the load regulation characteristic. Using the smaller multiplier, the regulation
requirement for the WAPA load as described in this sample data is about 29 MW. This capacity
service is often referred to as “Regulation UP / Regulation DOWN” to emphasize the bi-
directional characteristic. In some markets (e.g. California 1SO), it is split into two separate
services.

Wind generation also exhibits variations on this time scale. Since these variations result from
completely separate and independent processes (meteorology and terrain vs. individual
customer actions), it is safe to conclude that the variations are not correlated with those of the
load. Given this, the standard deviation of the load net wind can be computed from the
following equation:

2 2
Sload_net_wind ::\/ Sload T °wind

Using the high-resolution wind data provided by WAPA for the existing plants (130 MW installed
capacity), the effect of wind generation on the control area regulation requirement can be
extracted. Using the same mathematical and statistical operations on the WAPA load net of the
existing wind generation, the standard deviation of the regulation characteristic increases to
9.84 MW. Some further match shows that the assumption of statistical independence between
load and wind variations on this time scale, implied in the equation above, holds. The regulation
characteristic for the aggregate wind generation has a standard deviation of 1.74 MW. Plugging
this number into the equation along with the load standard deviation, the result from the
analysis of the combined wind and load is confirmed:

J 970°+ 174 = 985

In terms of regulation capacity needed to maintain the same control performance as for load
alone, the incremental amount required for the existing wind generation would be less than 1
MW (3 times (9.85-9.7)).

Because the resolution of the synthesized wind data is too low for the preceding analysis, the
regulation characteristic of the wind from the base and tribal penetration scenarios must be
estimated. It will be assumed that the plants in the scenario exhibit variations on the time scale
of interest similar to the existing plants; i.e., the regulation characteristic for 130 MW of wind
generation has a standard deviation of 1.74 MW. This number is relatively consistent with what
has been observed from other measurements.

For the base scenario:

9 72 —723 1 742 10.5
c = T+ -1. =10.
base 130

3 'Gbase =31.6

3:Opase ~3'Oload = 2-°
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For the tribal scenario:

9 2 753 2 06
Oyrinal = | 97 +——-1.74" = 10.
tribal 130

3-Stripal = 317

3'Otribal ~ 3 Cload = 26

The conclusion here, as in other studies, is that the fast regulation capacity necessary for the
control area is not appreciably influenced by amounts of wind generation in the range of the
penetration levels considered here.

Load Following

So, getting back to the hourly simulation and analysis, for a given hourly load in the data set for
the study, there are periods during that hour where the demand is higher and lower than the
average. Generation must be adjusted to meet these values within the hour. Figure 7 illustrates
this with actual data.
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Figure 6: Hourly average and ten-minute load — WAPA load data

The previous approach can be refined slightly to recognize the fact that generation that is
scheduled flat for the hour is likely ramped to a new base point over the top of each hour. The
new “schedule” with this modification — neglecting any deviation due to short-term forecast
error —is as shown in Figure 8.
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Figure 7: Hourly schedule with top-of-the-hour “ramp”.

The purpose of this section is to describe a procedure for estimating the additional flexibility
within the hour that would be required to manage a control area with significant wind
generation. The analysis and experimentation are based on an annual record of load and wind
generation at ten-minute intervals. The goal is to develop a “rule” for the amount of flexibility
that would be required using information that would be available in the control room. The
extended data records also provide a way to “test” the proposed rules.

The initial procedure for determining the required flexibility for load alone is as follows:

1. Using the ten-minute data, calculate the difference between the hourly schedule and
the actual ten-minute load or load net of wind values. This difference is the “load
following” requirement.

2. Devise a rule that will allocate an amount of in-hour flexibility necessary to meet or
exceed the hourly load following requirement. This amount will change hourly.

3. Count the number of ten-minute intervals over which the load following requirement
exceeds the allocated amount by an amount greater than the L10 of the control area
(54.47 MW for WAPA UGPR, per NERC 2006 documentation). If it does, this period is
considered a “violation”.

4. Tabulate the number of violations over the 52,000+ intervals in the annual sample.
Adjust the rule for allocating flexible generation to reach the desired score.

Figure 9 illustrates the procedure above using archived data from WAPA.
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Figure 8: “Flat” hourly schedules as the basis for computing load following requirements

With flat generation schedules equal to the hourly average value of load net of wind generation,
additional load following reserves would be required to meet the performance levels described
above. While the value would vary hourly depending on the level of wind production, the
hourly average values for the additional operating reserves are as shown in Table 1. These
values assume that control performance, as measured by the approximate CPS2 metric used in
these calculations, remains as for load alone. It should be noted that current WAPA practice
results in very high CPS2 performance relative to other control areas in the country. If the
metric were relaxed, the load following reserve requirements for wind generation would
decrease, with WAPA UGPR remaining comfortably in compliance with the requirements for
control.

The mathematical and statistical analysis from which these load following reserves were
estimated is detailed in Appendix A.

Table 1: Estimated Load Following Requirements for WAPA Load and Wind Scenarios - Perfect Short-Term (Hour-
ahead) Forecasting

Scenario Load Following Requirement

Average Maximum Std. Deviation
Load Only 0.0 MW 0.0 MW 0.0 MW
Existing Wind 18.5 MW 36.0 MW 9.7 MW
Base Scenario Wind 28.0 MW 40.0 MW 10.3 MW
Tribal Scenario Wind 29.4 MW 42.4 MW 11.0 MW

Impacts of Short-Term Forecast Error on Real-Time Operations

The previous analysis assumes that the reserves for the hour are planned on the basis of perfect
knowledge of the next hour average load and wind generation. This is the situation with the
minimum uncertainty, and relates mostly to the real-time operation of the system to
compensate for inside-the-hour variations from some constant average value. In reality, there
are operational decisions made prior to this hour that will affect the generation flexibility that is
needed to manage the control area.
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Schedule deviations are a consequence of the net of short-term load and wind generation
forecast errors. Some control areas augment their hourly reserves to insure that enough
controllable capacity is allocated to cover the shortfall or be turned down if there is surplus. The
schedule deviation will be larger with wind generation. An approach similar to that used to
calculate incremental regulation and load following reserves can be employed to determine how
much additional capacity must be allocated to cover incremental forecast error. For this
example, the statistical variability of the synthesized wind generation for each scenario is
determined and used as a guide for allocating additional reserves to cover short-term forecasts
(e.g., one hour before the operating hour). This approach assumes a “persistence” forecast for
wind generation, where the forecast for the next hour is simply what was delivered in the
current hour.

Load forecast errors also contribute to the schedule deviations. For this illustration, however, it
is assumed that load is forecast perfectly one hour in advance. Assuming an imperfect forecast
would slightly reduce the reserves carried to cover wind generation forecast error alone, since
the errors in load and wind forecast would likely not be highly correlated, for most hours.

The metrics of the hourly load following requirements considering short-term wind generation
forecast error are shown in Table 2. The impact of short-term wind generation forecast errors is
fairly significant, especially for the larger penetration scenarios.

Table 2: Estimated Load Following Requirements for WAPA Load and Wind Scenarios (98% CPS2 metric)

Scenario Load Following Requirement w/ Forecast Error

Average Maximum Std. Deviation
Load Only 0.0 MW 0.0 MW 0.0 MW
Existing Wind 18.5 MW 36.0 MW 9.7 MW
Base Scenario Wind 73.5 MW 105.0 MW 27.0 MW
Tribal Scenario Wind 77.2 MW 111.3 MW 28.9 MW

Using the Hourly Reserve Profile in Production Simulations

The profiles described by their statistics in Table 1 and Table 2 are actually forecasts of load
following reserves for each hour. Their impacts are assessed indirectly in the hourly production
simulations. However, before applying these profiles, and important adjustment must be made.

In the production simulations, the economic dispatch step is a proxy for the real-time operation
of the WAPA system. Some portion of the reserve allocated for each hour was in consideration
of short-term forecast error. Therefore, if the scheduled load net of wind generation is actually
higher in the operating hour than forecast the previous hour, reserves can be used to cover
some or all of the difference.

As an example, assume that for a given hour, 100 MW of load following reserve was allocated,
and that 45 MW of that amount were due to expected deviations from the hourly schedule.
Wind generation at the time of the forecast was 250 MW. In the given hour, the average wind
generation dropped to 210 MW. To reflect the fact that reserves are used to cover the drop in
wind generation, the load following reserve constraint for the hour would be reduced from 100
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The statistical characterizations of wind generation variability provide a basis for developing
equations to calculate the required amount of regulating reserve for the control area.
Regulating reserve for load alone is augmented by an amount that is a function of current wind
generation. If wind production is zero, the added amount will also be zero.

To formulate this equation, an empirical approach using ten-minute load and wind generation
data is used (as described earlier in the document). Because the additional regulating reserve
for load alone (over and above what is required to compensate for the random fast fluctuations)
was shown earlier to be zero for WAPA load, the expression for this incremental regulating
reserve consists only of the quadratic expression shown above in Figure 13.

The “scheduled” hourly control area demand is calculated by assuming the one-hour ahead load
forecast is perfect, and that wind generation will be the same as the previous hour. The
regulating reserve requirement is then the difference between this schedule and the actual load
net of wind generation. A value is computed for each ten-minute interval.

The incremental regulating reserve is assumed to be some multiple of the quadratic equation
that describes the variability and persistence forecast error for the scenario. A value for the
coefficient is assumed, then the number of ten-minute regulation variations over the 52,000
samples of data that exceed the regulating reserve plus the L10 for the control area are
counted. The coefficient is adjusted until some high percentage (roughly equivalent to the
desired CPS2 metric) is achieved.

The requirements shown in Table 2 were based on a CPS2 metric of 98%. The incremental
regulating reserve equations from which the numbers were generated are:

Existing Wind: Inc.RR = 1.5 - Vg(Windg_,)
Base Scenario: Inc.RR = 2.1 -Vg(Windy_,)
Base Scenario + Tribal Wind: Inc.RR = 2.1 - V;(Windy_,)

If the target CPS2 score were reduced to 95%, the equations for incremental regulating reserve

become:
Existing Wind: Inc.RR = 0.14 - Vy(Windy_,)
Base Scenario: Inc.RR =1.20 - Vy(Windy_,)
Base Scenario + Tribal Wind: Inc.RR =1.23 -V (Windy_,)

The corresponding characteristics of the regulating reserve profile for ten-minute variations are
shown in Table 3.
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Table 3: Estimated Load Following Requirements for WAPA Load and Wind Scenarios — 95% CPS2
Scenario Load Following Requirement w/ Forecast Error
Average Maximum Std. Deviation
Load Only 0.0 MW 0.0 MW 0.0 MW
Existing Wind 18.5 MW 36.0 MW 9.7 MW
Base Scenario Wind 42.0 MW 60.0 MW 15.4 MW
Tribal Scenario Wind 45.2 MW 65.2 MW 16.9 MW
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Glossary

(Source: NERC Reference Document: Interconnection Operations Services; Version 1.1, March
21, 2002)

The definitions of I0S described in this 10S Reference Document are as follows:

REGULATION. The provision of generation and load response capability, including
capacity, energy, and MANEUVERABILITY, that responds to automatic controls issued by
the BALANCING AUTHORITY.

LoAD FOLLOWING. The provision of generation and load response capability, including
capacity, energy, and MANEUVERABILITY, that is dispatched within a scheduling period by
the BALANCING AUTHORITY.

CONTINGENCY RESERVE. The provision of capacity deployed by the BALANCING AUTHORITY to
reduce AREA CONTROL ERROR to meet the Disturbance Control Standard (DCS) and other
NERC and Regional Reliability Council contingency requirements. CONTINGENCY RESERVES
are composed of CONTINGENCY RESERVE—SPINNING and CONTINGENCY RESERVE—SUPPLEMENTAL.

REACTIVE POWER SUPPLY FROM GENERATION SOURCES. The provision of reactive capacity,
reactive energy, and responsiveness from |0S RESOURCES, available to control voltages
and support operation of the BULK ELECTRIC SYSTEM.

FREQUENCY RESPONSE. The provision of capacity from 10S RESOURCES that deploys
automatically to stabilize frequency following a significant and sustained frequency
deviation on the INTERCONNECTION.

SYSTEM BLACK START CAPABILITY. The provision of generating equipment that, following a
system blackout, is able to: 1) start without an outside electrical supply; and 2) energize
a defined portion of the transmission system. SYSTEM BLACK START CAPABILITY serves to
provide an initial startup supply source for other system capacity as one part of a
broader restoration process to re-energize the transmission system.

The six 10S above are a core set of 10S, but are not necessarily an exhaustive list of 10S.
Other BuLK ELECTRIC SYSTEM reliability services provided by generators or loads could
potentially be defined as I0S.

The following related terms are used in this 10S Reference Document:

BALANCING AREA. An electrical system bounded by interconnection (tie-line) metering
and telemetry. It controls generation (and controllable loads) directly to maintain its
interchange schedule with other BALANCING AREAS and contributes to frequency
regulation of the INTERCONNECTION.

BALANCING AUTHORITY. An entity that: integrates resource plans ahead of time, and
maintains load-interchange-generation balance within its metered boundary and
supports system frequency in real time.

BuULK ELECTRIC SYSTEM. The aggregate of electric generating plants, transmission lines, and
related equipment. The term may refer to those facilities within one electric utility, or
within a group of utilities in which the transmission facilities are interconnected.
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CONTINGENCY RESERVE — SPINNING. The portion of CONTINGENCY RESERVE provided from 10S
RESOURCES consisting of:

e Generation synchronized to the system and fully available to serve load within
Tocs minutes of the contingency event; or
e Load fully removable from the system within Tpcs minutes of the contingency
event.
CONTINGENCY RESERVE — SUPPLEMENTAL. The portion of CONTINGENCY RESERVE provided from
IOS RESOURCES consisting of:

e Generation (synchronized or capable of being synchronized to the system) that
is fully available to serve load within Tpcs minutes of the contingency event; or
e Load fully removable from the system within Tpcs minutes of the contingency
event.
DEepPLOY. To authorize the present and future status and loading of resources. Variations
of the word used in this I0S Reference Document include DEPLOYMENT and DEPLOYED.

DYNAMIC TRANSFER. The provision of the real-time monitoring, telemetering, computer
software, hardware, communications, engineering, energy accounting (including
inadvertent interchange), and administration required to electronically move all or a
portion of the real energy services associated with a generator or load out of one
BALANCING AREA into another.

INTERCONNECTED OPERATIONS SERVICE (10S). A service (exclusive of basic energy and
transmission services) that is required to support the reliable operation of
interconnected BULK ELECTRIC SYSTEMS.

INTERCONNECTION. Any one of the three major electric system networks in North America:
Eastern, Western, and ERCOT.

10S SUPPLIER. An entity that offers to provide, or provides, one or more I0S.

10S RESOURCE. The physical element(s) of the electric system, which is (are) capable of
providing an I0S. Examples of an I0S RESOURCE may include one or more generating
units, or a portion thereof, and controllable loads.

LOAD-SERVING ENTITY. An entity that: Secures energy and transmission (and related
generation services) to serve the end user.

MANEUVERABILITY. The ability of an 10S RESOURCE to change its real- or reactive-power
output over time. MANEUVERABILITY is characterized by the ramp rate (e.g., MW/minute)
of the 10S RESOURCE and, for REGULATION, its acceleration rate (e.g., MW/minute?).

OPERATING AUTHORITY?. An entity that:

2 Examples of OPERATING AUTHORITIES, as used in the 10S Reference Document, include the following
authorities defined in the NERC Functional Model: RELIABILITY AUTHORITY, BALANCING AUTHORITY,
TRANSMISSION OPERATOR, TRANSMISSION SERVICE PROVIDER, and INTERCHANGE AUTHORITY. The I0S
Reference Document uses the term OPERATING AUTHORITY when the reference generally applies to more
than one functional authority. A specific functional authority is identified when the reference applies only
to that authority.
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1. Has ultimate accountability for a defined portion of the BuLK ELECTRIC
SYSTEM to meet one or more of three reliability objectives —
generation/demand balance, transmission security, and/or emergency
preparedness; and

2. Is accountable to NERC and one or more Regional Reliability Councils for
complying with NERC and Regional Policies; and

3. Has the authority to control or direct the operation of generating
resources, transmission facilities, or loads, to meet these Policies.

OPERATING RESERVE. That capability above firm system demand required to provide
REGULATION, load forecasting error, equipment forced and scheduled outages, and other
capacity requirements.
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Appendix F

Transmission Planning Documents

Please be advised that Appendix F: Transmission Planning Documents may contain information
that is for the exclusive use of the named recipient(s). No personnel whose primary job function
is in a Power Merchant organization may view or have access to such information as required by
FERC Standards and Codes of Conduct, Critical Energy Infrastructure Information (CEII) and/or
state Codes of Conduct. In addition, persons authorized to receive this information shall take
precautions not to disclose or be conduits of any non-public transmission information to any
party’s marketing and Sales or Energy Affiliate personnel. If you have received this appendix in
error, please notify the sender immediately, and destroy this appendix and any attachments.
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Appendix G

Ventyx-Overview of Market Simulation Assumptions

To assist in evaluating impacts of adding tribal wind energy to the Western Balancing Area,
Ventyx was retained to complete a series of power market simulations. In preparing these
simulations, Ventyx used its PROMOD IV simulation model to develop two distinct sets of
power market simulations for evaluating tribal wind in the Western Balancing Area. Figure G-1
provides an overview of the process that Ventyx used in developing market simulations. As
shown in Figure G-1, market simulations rely upon fundamental input data characterizing all
electricity generating units in the market, electricity demand forecasts, and the transmission
system configuration. Fuel and emissions price forecasts are reflected for each submarket. New
entry power supply is evaluated against both financial profitability and sub-market reliability
constraints.
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Overview of Market Simulation Process
Figure G-1
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In evaluating the impact of adding a Tribal Wind Demonstration Project to the Western Balancing
Area, two separate sets of market simulations were developed.

Evaluation of Long-Term Economics of Identified Wind Projects
e 30-Year Simulation of Upper Midwest power markets
e Zonal transmission modeling
» Comparison of Western purchased power costs with and without identified wind
projects
» Hydro-electric energy scenario modeling to evaluate economic impacts over a
range of conditions

Evaluation of Operational Feasibility of Identified Wind Projects in Western Balancing
Area
* 2011 Nodal Simulation
* Detailed transmission modeling
» Evaluation of how additional injections of wind energy into the UGPR affects
overall system operations and transmission constraints

The two sets of market simulations use the same basic datasets, with the primary difference being
the level of detail used in modeling the transmission system operations. In the zonal analysis,
transmission limits and constraints are defined over a set of transmission paths, rather than
reflecting the operational detail of each line. Transmission path ratings are enforced as
constraints on the ability to move economic energy between market zones, but transmission
constraints inside of each zone are not modeled. In contrast, in the nodal analysis, individual
transmission lines are modeled at a detailed level, in addition to contingency events and interface
constraints. These distinctions are outlined as follows:

Transmission System Differences between Zonal and Nodal Cases
» Summer and Winter Transfer Limits with Tariffs and Losses for zonal
transmission

» Full Transmission Powerflow for PROMOD IV TAM
= Seasonal Line Ratings
= Load Distribution by Bus
= Critical Contingency Events based on published books of flowgates, as

well as Day-Ahead and Real-Time Events

=  Generator Bus Mappings
= Trading Hub Definitions

In developing the market simulations, Ventyx relied upon its standard set of input assumptions
for most of the data, with customization for data describing Western’s hydro-electric energy
production levels and patterns, and for data describing wind resources in the Western Balancing
Avrea, including tribal wind resources. Ventyx’s standard set of input assumptions relied upon the
Platt’s Base Case as a primary data source. These data are supplemented and enhanced by using
additional data from the regional reliability councils, independent system operators, company
research, publications, and Ventyx’s own experience and expertise. These primary data
underlying the study rely upon the same base case assumptions that Ventyx uses in other market
simulation consulting projects. A listing of public data sources that are relied upon in developing
Ventyx’s market simulation data include:

16654.22.00 G-2 Stanley Consultants



» Public Data Sources Relied Upon in Developing Ventyx’s Simulation Data
Platt's Energy Advantage

Ventyx EnergyVelocity

NERC, Energy Company and ISO websites

North American Electric Reliability Council (NERC) Electric Supply and
Demand (ES&D) reports

Trade Publications such as Generation Quarterly, MW Daily, Enerfax, and Gas
Daily

FERC forms including Forms 1, 714 and 715

Energy Information Agency (EIA) Forms (860, 867, 411, 412)
Bi-weekly Report of New Construction

Rural Utility Service (RUS) Form 12

Generating Availability Data Systems (GADS) Data

VVVVY VYV VYVVY

» Ventyx expertise & company research provides additional information

For the nodal analysis using PROMOD IV Transmission Analysis Module, the Eastern
Interconnect Multiregional Modeling Working Group transmission load flow datasets were used
to specify the detailed transmission system.

The Ventyx base case data have been supplemented/enhanced with analysis of Western historical
data and hydro-electric data available from the Army Corps of Engineering, as discussed earlier
in this report.

The market footprint used in this study focuses primarily on the upper Midwest, and is illustrated
below in Figure G-2:

Market Topology
Figure G-2
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In the zonal market simulation, generators and loads are dispatched first within each of the zones
illustrated in Figure G-2, and then economic transfers are scheduled between zones using the
transmission paths. In a zonal simulation, path transfer ratings limit how much energy can get
scheduled along each path. In contrast, in the nodal market simulation, the transmission system is
modeled in more detail so that individual line electrical characteristics are reflected, and ratings
along transmission interface paths can vary dynamically depending upon generation, load and
transmission flow conditions. In the nodal simulation a much bigger footprint than shown in
Figure G-2, encompassing most of the Eastern Interconnect, was used.

Of the market zones depicted in Figure G-2, the Western’s Balancing Area is outlined by the red
circle. Within Western’s Balancing Area, Ventyx made the load allocations illustrated in Figure
G-3 in reflecting Western’s contractual load obligations. As shown, the largest allocations of
load occur in Nebraska, South Dakota, Minnesota and lowa, followed by North Dakota and
Montana. These load allocations are consistent with historical Western obligations. They do
affect the geographic distribution of power purchases in the Western’s Balancing Area, and also
the transfer and delivery of energy from wind resources, from both tribal and non-tribal sources.

175.9 MW
MKTA 55.9
CPE 30.7

139.4 MW
BEC 81.5
Other 35.3

374.4 MW
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GRE 95.3

386.5 MW
| BEC170.6
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MRES 54.9
BEC 48.4

770.3 MW
NPPD 474.2
LES 92.8

Western Load Allocations by State with Top Users
Figure G-3
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Given the relatively high quality wind regimes in the upper Midwest and upper Great Plains
region, the level and timing of renewable energy additions plays an important role in developing
power market simulations in that region. In developing likely wind generation for this study, we
included target levels of new capacity consistent with individual state Renewable Portfolio

Standards (RPS).

In the upper Midwest, the following state RPS requirements were

implemented:

Table G-1 - Surrounding State Renewable Portfolio Standards
State RPS Requirement (% Load) Implementation Year
Minnesota 25% 2025
Wisconsin 10% 2015
lowa 105 MW
lllinois 25% 2025

Table G-2 lists the new “generic” wind resources included in the study in the broader geographic

region.

Balancing Area were also included in the study.

Table G-2 — Generic Wind Generation Additions

Generic Wind Additions within

WHEFS Footprint

In addition to those quantities, proposed non-tribal wind resources in the Western’s

2010to | 2016to | 2021 to 2026to | 2031to | 2036 to

2015 2020 2025 2030 2035 2040 Grand Total
Carolinas 1200 1200 300 300 300 3300
Dakotas 300 200 200 200 900
Illinois 5300 6600 2400 1800 1700 1700 19500
Indiana 300 300
lowa 200 200
Manitoba 400 200 600
Minnesota 1600 2400 1800 1600 1600 1600 10600
Missouri 1400 1200 1600 1000 500 500 6200
PJM East 2200 2600 1600 300 300 300 7300
PJM South 100 100
SPP North 300 700 200 100 100 100 1500
Western PJM 6000 3100 1700 600 300 300 12000
Wisconsin 600 500 300 200 200 200 2000
Total 17800 19000 11200 6100 5200 5200 64500
Total MAPP 2000 2600 1800 1600 1600 1600 11200

In developing the market simulations, the forecast price of natural gas is a key input assumption.
Natural gas-fueled generators tend to set market clearing electricity prices during on-peak periods
in the upper Midwest. Figure G-4 illustrates the natural gas price forecast at Henry Hub. Basis
differentials were applied to that Henry Hub forecast to derive projected natural gas prices
throughout the region.
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Figure G-4
The base case forecasts in this study also assume that a form of greenhouse gas emissions
reduction policies will be enacted within the study timeframe. In developing the assumptions
underlying those policies, a series of studies were examined that look at projected prices for
tradeable CO2 emissions allowances. A composite view on projected CO2 prices was developed
for this study, which is illustrated in Figure G-5.
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PROMOD |V Zonal

The long term economics of replacing Western’s current purchased power are driven mainly by
the market price of energy given that Western buys a majority of its supplemental energy from
the spot market and has no long term contracts in place for that energy. To assist in evaluating the
long-term economics of adding 50 MW of tribal wind projects to the Western Balancing Area, a
30-year zonal analysis of the MAPP energy prices was developed using PROMOD IV.

Under that approach, transmission constraints are reflected between zones, but detailed
transmission operations are not modeled. Instead, market areas are specified on a zonal basis,
with loads and generation modeled within each zone. Economic transfers are scheduled between
zones on an hourly basis, taking into account transmission path rating transfer limits. This
analytic approach provides a good long-term measure of projected electricity prices, and enables
assessment of the long-term economic impact of adding tribal wind to the Western’s Balancing
Area.

In preparing the zonal market simulations, 9 separate cases were developed:

o Reference Wind and Base Case Hydro — this case only includes 158 MW of wind
currently in the Balancing Area and does not include the 50 MW tribal wind project(s) or
other planned wind, and assumes base case hydro-electric production levels in the
Western’s Balancing Area. The case serves as a reference to current conditions to be used
in evaluating the effects of all the proposed wind additions.

e Base Case Wind and Base Case Hydro — this case does not include the 50 MW tribal
wind project(s), and assumes base case hydro-electric production levels in the Western’s
Balancing Area. The case serves as a benchmark to be used in evaluating the long-term
economics of adding tribal wind to the Western’s Balancing Area.

e Base Case Wind and Low Hydro - this case does not include the 50 MW tribal wind
project(s), and assumes low case hydro-electric production levels in the Western’s
Balancing Area. This case serves as benchmark for evaluating tribal wind economics
under low hydro-electric production conditions, when Western is likely to face relatively
higher energy procurement costs

e Base Case Wind and High Hydro - this case does not include the 50 MW tribal wind
project(s), and assumes high case hydro-electric production levels in the Western’s
Balancing Area. This case serves as benchmark for evaluating tribal wind economics
under high hydro-electric production conditions, when Western is likely to face relatively
lower energy procurement costs

e Tribal Wind and Base Case Hydro - this case does include the 50 MW tribal wind
project(s), and assumes base case hydro-electric production levels in the Western’s
Balancing Area. The case provides a base case measure of the economic value to the
Western’s Balancing Area of adding tribal wind to the Western’s Balancing Area.

e Tribal Wind and Low Hydro - this case does include the 50 MW tribal wind project(s),
and assumes low case hydro-electric production levels in the Western’s Balancing Area.
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The case provides a measure of tribal wind economics under low hydro-electric
production conditions, when Western is likely to face relatively higher energy
procurement costs.

e Tribal Wind and High Hydro - this case does include the 50 MW tribal wind project(s),
and assumes high case hydro-electric production levels in the Western’s Balancing Area.
The case provides a measure of tribal wind economics under high hydro-electric
production conditions, when Western is likely to face relatively lower energy procurement
costs.

e Base Case Wind and Base Case Hydro with No CO2 penalty — this case does not
include the 50 MW tribal wind project(s), and assumes base case hydro-electric
production levels in the Western’s Balancing Area. The case assumes there will be no
CO2 tax or cap and trade constraint in order to evaluate the effects of that penalty on
Westerns economics within the scope of this study.

e Tribal Case Wind and Base Case Hydro with no CO2 penalty — this case does include
the 50 MW tribal wind project(s), and assumes base case hydro-electric production levels
in the Western’s Balancing Area. The case assumes there will be no CO2 tax or cap and
trade constraint in order to evaluate the effects of that penalty on Westerns economics
within the scope of this study with the addition of the 50 MW of tribal wind.

PROMOD IV Nodal

In addition to assessing the long-term economic impacts of adding tribal wind to the Western’s
Balancing Area, it is also important to examine short-term operation impacts of the potential new
wind injections. For that purpose, we prepared a detailed PROMOD IV nodal simulation for the
single year 2011. The primary purpose of the nodal simulation is to evaluate how injection of
additional wind energy into the Western’s Balancing Area affects overall system operations and
transmission constraints. For the nodal simulations, Western hydro-electric energy projections
were modeled using hourly profiles.

Under this approach, detailed transmission lines are modeled using the PROMOD IV
Transmission Analysis Module (TAM). In a nodal simulation, individual transmission lines are
modeled both within and across zonal markets. The electrical characteristics of the individual
transmission lines are reflected in the simulation, in addition to expected contingencies, flowgate
limits, and other characteristics that impact transmission system loadings and operations.
Locational modeling of tribal wind projects was completed to identify any potential transmission
bottlenecks for wind energy delivery, and to measure if there are any likely curtailment hours
when tribal wind energy might not be deliverable due to transmission constraints.

In preparing the nodal market simulations, 7 separate cases were also developed. These cases
follow the same general definitions and use the same basic input assumptions as used in
developing the zonal market simulations described above, except that the nodal cases all include
the more detailed transmission system modeling. In addition, the nodal cases were developed
only for the year 2011.
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o Reference Wind and Base Case Hydro — this case only includes 158 MW of wind
currently in the Balancing Area and does not include the 50 MW tribal wind project(s) or
other planned wind, and assumes base case hydro-electric production levels in the
Western’s Balancing Area. The case serves as a reference to current conditions to be used
in evaluating the effects of all the proposed wind additions.

e Base Case Wind and Base Case Hydro — this case does not include the 50 MW tribal
wind project(s), and assumes base case hydro-electric production levels in the Western’s
Balancing Area. The case serves as a benchmark to be used in assessing operational
issues and transmission constraints on the Western’s Balancing Area.

e Base Case Wind and Low Hydro - this case does not include the 50 MW tribal wind
project(s), and assumes low case hydro-electric production levels in the Western
Balancing Area. This case serves as benchmark for evaluating transmission system
operations and constraints under low hydro-electric production conditions, when Western
is likely to face relatively higher energy procurement costs and where expected
transmission flows are impacted by lower than normal hydro-electric energy dispatch.

e Base Case Wind and High Hydro - this case does not include the 50 MW tribal wind
project(s), and assumes high case hydro-electric production levels in the Western’s
Balancing Area. This case serves as benchmark for evaluating transmission system
operations and constraints under high hydro-electric production conditions, when Western
is likely to face relatively lower energy procurement costs and where expected
transmission flows are impacted by higher than normal hydro-electric energy dispatch

e Tribal Wind and Base Case Hydro - this case does include the 50 MW tribal wind
project(s), and assumes base case hydro-electric production levels in the Western‘s
Balancing Area. The case provides a base case measure of operational and transmission
system impacts of adding tribal wind to the Western’s Balancing Area.

e Tribal Wind and Low Hydro - this case does include the 50 MW tribal wind project(s),
and assumes low case hydro-electric production levels in the Western’s Balancing Area.
This case provides a measure of transmission system operations and constraints under low
hydro-electric production conditions, when Western is likely to face relatively higher
energy procurement costs and where expected transmission flows are impacted by lower
than normal hydro-electric energy dispatch.

e Tribal Wind and High Hydro - this case does include the 50 MW tribal wind project(s),
and assumes high case hydro-electric production levels in the Western’s Balancing Area.
This case provides a measure of transmission system operations and constraints under
high hydro-electric production conditions, when Western is likely to face relatively higher
energy procurement costs and where expected transmission flows are impacted by higher
than normal hydro-electric energy dispatch.
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Appendix H

Economic Analysis Assumptions

Assumptions

The majority of numbers used in the 30-year economic analysis were taken directly from the
zonal results of the production cost model (PROMOD 1V) prepared by Ventyx. Annual
generation, purchases, sales, and loads in GWh were extracted from the production cost model.
The annual costs associated with generation, purchases and sales were also extracted from the
production cost model.

Transmission operation and maintenance costs and Renewable Energy Credits (REC) were not
included in the production cost model but were considered in the economic analysis. Based on
historical data, it is assumed that annual transmission O&M costs equal 10 percent of
transmission investment. A discussion of Work Element 4 in Section 2 presents the transmission
interconnection investment cost of $8,392,000. Therefore, the annual transmission O&M equals
$839,200 escalated at 4 percent annually. A REC value of $5/MWh with escalation of 5 percent
annually is used in the economic analysis.

The annual net costs in the economic analysis were discounted back to 2011 dollars. A 5 percent
discount rate based on the January 2008 Office of Management and Budget report was used.
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GENERATION/PURCHASES

Low Hydro Analysis (30 Year Total)

Base Hydro Analysis (30 Year Total)

High Hydro Analysis (30 Year Total)

Base Wind Case

Tribal Wind Case

Base Less Tribal

Base Wind Case

Tribal Wind Case

Base Less Tribal

Base Wind Case

Tribal Wind Case

Base Less Tribal

HydroGeneration (GWH) 271,022.75 271,001.51 21.24 332,422.76 332,383.62 39.14 385,457.96 385,414.91 43.05
Wind (GWH) 30,686.82 33,948.23 -3,261.41 30,686.78 33,948.19 -3,261.41 30,686.78 33,948.20 -3,261.42
Peaking Returns (GWH) 9,747.00 9,747.00 0.00 9,746.98 9,746.96 0.01 9,746.99 9,746.99 -0.01
Western Purchases (GWH) 72,111.72 70,278.83 1,832.89 51,563.01 50,379.02 1,183.99 32,122.24 31,337.11 785.13
Emergency (GWH) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL GENERATION/PURCHASES (GWH) 383,568.29 384,975.58 -1,407.28 424,419.53 426,457.79 -2,038.27 458,013.97 460,447.21 -2,433.25
LOADS/SALES

NativeLoad (GWH) 331,800.45 331,800.45 0.00 331,800.45 331,800.45 0.00 331,800.45 331,800.45 0.00
ExtCompanySales (GWH) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Western Sales (GWH) 42,140.29 43,445.15 -1,304.86 82,306.83 84,227.24 -1,920.41 115,545.17 117,882.45 -2,337.28
DumpEnergy (GWH) 51.22 54.94 -3.72 58.74 63.38 -4.64 65.24 68.79 -3.55
TransmissLosses (GWH) 9,579.96 9,678.77 -98.81 10,258.11 10,371.13 -113.02 10,608.02 10,700.58 -92.56
TOTAL LOADS/SALES (GWH) 383,571.92 384,979.31 -1,407.39 424,424.13 426,462.20 -2,038.07 458,018.88 460,452.27 -2,433.39
GENERATION/PURCHASE COSTS/RECS

HydroCost (K$) $7,393,322.93 $7,392,579.25 $743.68 8,955,091.89 8,953,693.27 $1,398.62 $10,705,377.37 $10,703,869.73 $1,507.64
Wind (K$) $2,069,043.69 $2,283,981.95 -$214,938.26 2,069,040.28 2,283,981.95 -$214,941.67 $2,069,040.76 $2,283,981.95 -$214,941.19
Western Purchases Cost (K$) $6,564,372.91 $6,407,265.14 $157,107.77 4,958,704.94 4,845,741.46 $112,963.48 $2,797,213.01 $2,734,451.11 $62,761.90
Western Sales Cost (Revenue) (K$) ($3,078,169.46) ($3,155,524.34) $77,354.88 (5,617,205.37) (5,712,221.89) $95,016.52 ($8,331,811.85) ($8,440,955.87) $109,144.02
NET GEN/PURCHASE COSTS (K$) $12,948,570.07 $12,928,302.00 $20,268.07 $10,365,631.74 $10,371,194.79 -$5,563.05 $7,239,819.29 $7,281,346.92 -$41,527.63
PRESENT VALUE COSTS (2011)

Present Value Net Costs (K$) $5,983,030.34 $5,981,846.85 $1,183.49 $4,589,942.17 $4,601,928.59 -$11,986.42 $3,496,623.37 $3,521,274.95 -$24,651.57
Present Value Net Costs with RECs &

Transmission O&M 50 MW (K$) $5,983,030.34 $5,978,110.53 $4,919.81 $4,589,942.17 $4,598,192.36 -$8,250.19 $3,496,623.37 $3,517,538.67 -$20,915.30
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Low Hydro Base Hydro High Hydro
Reference Base Reference Base Reference Base
Wind Wind Wind Wind Wind Wind
GENERATION/PURCHASES
HydroGeneration (GWH) 271,072.24 271,022.75 332,455.89 332,422.76 385,521.81 385,457.96
wind (GWH) 0.00 30,686.82 0.00 30,686.78 0.00 30,686.78
Peaking Returns (GWH) 9,747.00 9,747.00 9,746.99 9,746.98 9,746.99 9,746.99
Western Purchases (GWH) 92,180.19 72,111.72 66,167.10 51,563.01 41,960.65 32,122.24
Emergency (GWH) 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL GENERATION/PURCHASES (GWH) 372,999.43 383,568.29 408,369.98 424,419.53 437,229.45 458,013.97
LOADS/SALES
NativeLoad (GWH) 331,800.45 331,800.45 331,800.45 331,800.45 331,800.45 331,800.45
ExtCompanySales (GWH) 0.00 0.00 0.00 0.00 0.00 0.00
Western Sales (GWH) 31,789.17 42,140.29 66,520.27 82,306.83 95,093.32 115,545.17
DumpEnergy (GWH) 47.38 51.22 55.67 58.74 60.62 65.24
TransmissLosses (GWH) 9,366.19 9,579.96 9,998.11 10,258.11 10,280.55 10,608.02
TOTAL LOADS/SALES (GWH) 373,003.19 383,571.92 408,374.50 424,424.13 437,234.94 458,018.88
GENERATION/PURCHASE COSTS/RECS
HydroCost (K$) $7,395,114.05  $7,393,322.93 $8,956,210.51 8,955,091.89 $10,707,615.59 $10,705,377.37
wind (K$) $0.00 $2,069,043.69 $0.00 2,069,040.28 $0.00 $2,069,040.76
Western Purchases Cost (K$) $8,317,529.28  $6,564,372.91 $6,278,504.78 4,958,704.94 $3,602,262.65  $2,797,213.01
Western Sales Cost (Revenue) (K$) ($2,349,706.57) ($3,078,169.46) ($4,592,828.79) ($5,617,205.37) ($6,979,137.67) ($8,331,811.85)
NET GEN/PURCHASE COSTS (K$) $13,362,936.76  $12,948,570.07 $10,641,886.50 $10,365,631.74 $7,330,740.57  $7,239,819.29
PRESENT VALUE COSTS (2011)
Net Present Value Net Costs (K$) $6,093,512.69  $5,983,030.34 $4,631,136.83  $4,589,942.17 $3,475,428.84  $3,496,623.37
Net Present Value Costs with RECs &
Transmission O&M 50 MW (K$) $6,093,512.69  $5,983,030.34 $4,631,136.83  $4,589,942.17 $3,475,428.84  $3,496,623.37
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Base Hydro

Base Wind Tribal Wind
With CO, No CO0, No CO; Minus With CO, No CO, No CO; Minus
With CO, With CO,

GENERATION/PURCHASES
HydroGeneration (GWH) 332,422.76 332,238.00 -184.76 332,383.62 332,193.61 -190.01
Wind (GWH) 30,686.78 30,686.82 0.04 33,948.19 33,948.19 0.00
Peaking Returns (GWH) 9,746.98 9,747.00 0.02 9,746.96 9,746.96 0.00
Western Purchases (GWH) 51,563.01 52,961.67 1,398.66 50,379.02 51,822.22 1,443.20
Emergency (GWH) 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL GENERATION/PURCHASES (GWH) 424,419.53 425,633.49 1,213.96 426,457.79 427,710.98 1,253.19
LOADS/SALES
NativeLoad (GWH) 331,800.45 331,800.45 0.00 331,800.45 331,800.45 0.00
ExtCompanySales (GWH) 0.00 0.00 0.00 0.00 0.00 0.00
Western Sales (GWH) 82,306.83 81,026.91 -1,279.92 84,227.24 82,884.81 -1,342.43
DumpEnergy (GWH) 58.74 89.51 30.77 63.38 97.01 33.63
TransmissLosses (GWH) 10,258.11 12,721.01 2,462.90 10,371.13 12,932.89 2,561.76
TOTAL LOADS/SALES (GWH) 424,424.13 425,637.88 1,213.75 426,462.20 427,715.16 1,252.96
GENERATION/PURCHASE COSTS/RECS
HydroCost (K$) $8,955,091.89  $8,948,800.22 -$6,291.67 $8,953,693.27 $8,947,261.16 -$6,432.11
Wind (K$) $2,069,040.28  $2,069,043.54 $3.26 $2,283,981.95 $2,283,981.95 $0.00
Western Purchases Cost (K$) $4,958,704.94  $5,428,208.89 $469,503.95 $4,845,741.46 $5,325,907.53 $480,166.07
Western Sales Cost (Revenue) (K$) ($5,617,205.37) ($3,461,634.84)  $2,155,570.53 ($5,712,221.89)  ($3,502,195.86)  $2,210,026.03
NET GEN/PURCHASE COSTS (K$) $10,365,631.74 $12,984,417.81  $2,618,786.07 $10,371,194.79 $13,054,954.78  $2,683,759.99
PRESENT VALUE COSTS (2011)
Present Value Net Costs (K$) $4,589,942.17  $5,777,890.63 ~ $1,187,948.45 $4,601,928.59 $5,820,099.12  $1,218,170.53
Present Value Net Costs with RECs &
Transmission O&M 50 MW (K$) $4,589,942.17  $5,777,890.63  $1,187,948.45 $4,598,192.36 $5,816,362.89  $1,218,170.53
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Appendix |

Glossary

BaseHydro-one of three hydro scenarios that represents the median hydro generation
BaseWind-one of two wind scenarios that represents the base wind (723 MW) on Western’s
Balancing Area

Basin-Basin Electric Power Cooperative

Corps-US Army Corps of Engineers

CROD-Contract Rate of Design

Heartland-Heartland Consumers Power District

HighHydro-one of three hydro scenarios that represents the high hydro generation
ICOUP-Intertribal Council on Utility Policy

JTS-Joint Transmission System

LowHydro-on of three hydro scenarios that represents the low hydro generation

Master Manual- Missouri River Mainstem Reservoir System Master Water Control Manual
MISO-Midwest ISO

MBMPA-Missouri Basin Municipal Power Agency

MBSG-Missouri Basin Systems Group

P-SMBP-ED- Pick-Sloan Missouri Basin Program—Eastern Division
PROMOD-PROMOD IV Software by Ventyx

PTC-Production Tax Credit

Reclamation-Bureau of Reclamation

REC-Renewable Energy Credit

Section 2606-Energy Policy Act 2005, Section 2606

System- Missouri River Mainstem Reservoir System

TribalWind-one of two wind scenarios that represents the tribal wind (723 MW) on Western’s
Balancing Area

UGPR-Upper Great Plains Region

Western-WAPA-Western Area Power Administration

WHFS-Wind Hydro Feasibility Study
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