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Overview

e Background

* [ssues
— Voltage Support & System Strength
— Power Delivery Capability
— Redundancy

e Summary
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What is the North Shore Loop?

Ii ogo

Angora

Sturgean River

Habbitt
Side Lake

Isabella )

\ &
= Gﬂh neler

Hoy &) 22015 Finland =
| 30 Skibo 2015-2016 Taconite Harbor

Palo Finland
Toimi

Fairbanks »
Ul 201,6__:1kr-
Morkhafl u2: 2019<@ &
Brimson :
eaver Bay Sitver Bay
o Highland
Valley
hoodland /
Cdstle Danger
Elrmer
Biver
Meadowlands
Two Harbors
Two Harbors
Prosit
Larsmont alfo
Knife River
Floodwood ;
8 Amold Bark Point
Gow ¢ rookslon
> OWar = . _' Coff
- D J Herhster
Mimeapolis
Duluth Bort- Wing
3 Arrowhead Proclof

Cloguet Superior (sooqgle




Transmission Impacts from Fleet Transition

* \oltage Support & System Strength

 Power Delivery Capability

 Redundancy
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Transmission Impacts from Fleet Transition

* \oltage Support & System Strength
— Steady state voltage regulation
— Dynamic reactive support (Voltage Stability, Damping)
— Short circuit capability
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lllustration: Voltage Support

Imagine the power system in Minnesota being supported by columns, representing
baseload generators that supply voltage support and system strength.

Removing columns weakens
* Major Load Centers the support system

CONCLUSION: Voltage Support & System Strength presently
provided by baseload generators needs to be retained or ') EnergyForward
replaced. Location matters. - [mnesota pewer 0BODOS
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North Shore Loop Reactive Resources (2014)
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North Shore Loop Reactive Resources (2015)
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Voltage Support Resources in the North Shore Loop
2015: Laskin Conversion & Tac Harbor Unit 3 Shutdown
Total Static: 127 MVAR (No Change since 2014)
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North Shore Loop Reactive Resources (2016)
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Taconite Harbor Voltage Regulation (2016)
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Taconite Harbor 138 kV Bus Voltage
June 1, 2016 - December 31, 2016

155
153
High Voltage Threshold
151
149
Taconite Harbor
Units Idled
147

Voltage (kV)
5

143

141

139

Nominal Voltage . .
137 Fewer reactive resources = less voltage regulation

Weaker system = voltage more affected by changes on system
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North Shore Loop Reactive Resources (2017)
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North Shore Loop Reactive Resources (2019)
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Taconite Harbor Voltage Regulation (2019)

Taconite Harbor 138 kV Bus Voltage
May 1, 2019 - October 21, 2019
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Silver Ba
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North Shore Loop Voltage Stability
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North Shore Loop Reactive Resources (2020+)
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Transmission Impacts from Fleet Transition

* \oltage Support & System Strength
— Steady state voltage regulation
— Dynamic reactive support (Voltage Stability, Damping)
— Short circuit capability
* Power Delivery Capability
— Increased reliance on external sources
— Increased power flow on incoming transmission lines
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lllustration: Power Delivery Capability

Today, a certain amount of power is provided by

Sources of Power baseload generators at particular locations

—3

\/

Demand for
Power

When this power is no longer supplied at the same
locations, a “hole” is created that must be filled

Demand for
Power

CONCLUSION: Replacement of power provided by existing ‘ EnergyForward
» Ml minnesota power OHOGOHOS

generators may cause a need for transmission upgrades e
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Power Provided by Baseload Generators
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Increased Reliance on External Sources
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Strengthening the Forbes Source
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Forbes: Critical Contingency

® Low Voltage Violation
Line Overloaded
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Forbes source lost
Minntac source weakened
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Solution: Forbes Transformer Addition

PROBLEM SOLVED:

» Re-establish a second
230/115 kV transformer
at Forbes

NOW the connection
between 230 kV and
115 kV remains intact

e ALSO adds much-
needed transformer
capacity to support
increased reliance on

230/115 kV connection

e
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Forbes: Critical Contingency (Pre-Project)

® Low Voltage Violation
Line Overloaded
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Forbes: Critical Contingency (Post-Project)
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Low Voltage Violation
E 1.04 == Line Overloaded
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SOLUTION

Post-contingent voltages look great after
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Strengthening the Minntac Source
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Minntac: Critical Contingency

& Babbit

L 58

@ @
Minntac
Embarrass
r.'llrrnt;( [ Hoyt Lakes -
I 2 Gl
'
rd

“irginia

Laskin

Taconite Harbor

Low Voltage Violation ;
== Line Overloaded | POSt'COntlngency
Power rerouted onto 115 kV {1/ Transmission lines to Virginia area overloaded g.g



T — - y

Solution: Minntac Bus Reconfiguration

PROBLEM SOLVED:
* Add 3 new breakers & replace the
existing breaker with a newer one

* Expand the Minntac 230 kV bus
into a more reliable “ring” bus

* Relocate a transmission line to a
different position on the bus

 NOW for any single breaker failure,
one transmission line and one
230/115 kV transformer are still
connected




Minntac: Critical Contingency (Pre-Project)
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Minntac: Critical Contingency (Post-Project)

1.08 Internal fault or failure of a
5 1.04 230 kV breaker at Minntac
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SOLUTION
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Increased Flow on Incoming Lines
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Transmission Impacts from Fleet Transition

* \oltage Support & System Strength
— Steady state voltage regulation
— Dynamic reactive support (Voltage Stability, Damping)
— Short circuit capability
* Power Delivery Capability
— Increased reliance on 230/115 kV Sources
— Increased power flow on 115 kV system
 Redundancy

— Fewer sources available in the area
— Limited options for mitigating issues
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Redundancy: Hoyt Lakes End
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Mesaba Junction 115 kV Project

[ogo

Side Lake
. Isabella
ol
. Tolte
Jiwallik % ——— Schioeder
) / Hoyt Lakes rinland
. ‘ Taconite Harbor

-~

Fairbank

New Mesaba Junction

Elrmer

Meadowlands

Laskin

Hoyt Lakes

Solution: Mesaba Junction 115 kV Project
New Parallel 115 kV Line Redundancy, Capacity
New Switching Station Redundancy, Voltage Support
Voltage Conversion Eliminate Single Points of Failure

l:.:_q: | I Red Chff

Bayfiekd

i ¥ La Pointe




Redundancy: Duluth End
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Duluth 115 kV Loop Solution Alternatives
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o puluth 115 kV Loop Alternatives
: New Parallel 115 kV Transmission
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Duldith New Peaking Generation
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