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Outline

Renewable Energy Integration Efforts in USA
State Renewable Portfolio Standards (RPS) goals
Western Renewable Energy Zones Project (WREZ)
Western Wind and Solar Integration Study

Southwest Area Transmission Group ( SWAT) and Renewable
Transmission Task Force (RTTF)

California Renewable Energy Transmission Initiative (RETI)

Nevada Renewable Energy Transmission Access Advisory
Committee (RETAAC)

New Mexico Renewable Energy Transmission Authority (RETA)
Utah Renewable Energy Zone (UREZ) Task Force
Technical Issues with integration into the grid



USA Renewable Integration

29 States have renewable portfolio standards (RPS)
18 States have Energy Efficiency Resource Standards

RPS requires a percent of energy sales or installed capacity to
come from renewable resources.

RPS percentages increase incrementally from a base year to an
ultimate target.









Effortsin Western US on Renewable
Resour ce I ntegration

Western Governors Association, and US Department of Energy (DOE)
Western Renewable Energy Zones (WREZ)

Southwest Area Transmission — Renewable Transmission Task Force
(SWAT-RTTF)

National Renewable Energy Lab (NREL) Western Wind and Solar
Integration Study



National
Renewable Energy
Lab ( NREL)
Western Wind and
Solar Integration
Study




Overview

= @Goal

« To understand the costs and
operating impacts due to the
variability and uncertainty of wind,
PV and concentrating solar power
(CSP) on the WestConnect grid

= Utilities
« Arizona Public Service
« El Paso Electric
« NV Energy
« Public Service of New Mexico
- Salt River Project
- Tri-State G&T
« Tucson Electric Power
- Xcel Energy
- WAPA 9



Scenario Overview
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= Baseline — no new renewables

= In-Area - each transmission area meets its target from sources within that area

= Mega Project — concentrated projects in best resource areas
= Local Priority — Balance of best resource and in-area sites

=  Plus other scenarios yet to be determined (high solar, high capacity value, high

geographic diversity)

Solar is 70% CSP and 30% distributed PV. CSP has 6 hours of thermal storage. Penetrations are by energy.
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Study Footprint - Timing of Extreme Net L oad Up-Ramps

(Local Priority Scenario)
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Study Footprint - Timing of Extreme Net L oad Down-Ramps

(Local Priority Scenario)
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NREL Western Wind and Solar Integration Study
Statistical Analysis Conclusions

Significant monthly/seasonal variation of wind and solar
energy within footprint and across areas

Relatively small observable difference among scenarios,
but more pronounced at area level

At footprint and area level, net load variability tends to be
high during fall/winter late afternoons due to
simultaneous load rise, and wind/solar roll-off

Wide area balancing — greater diversity, less relative
variability and extreme ramps
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WREZ

The WREZ seeks to identify those areas in the West with vast renewable
resources to expedite the development and delivery of renewable energy
to where it is needed. Renewable energy resources are being analyzed
within 11 states, two Canadian provinces, and areas in Mexico that are
part of the Western Interconnection.

The WREZ project will generate:

reliable information for use by decision-makers that supports the cost-
effective and environmentally sensitive development of renewable
energy in specified zones, and

conceptual transmission plans for delivering that energy to load
centers within the Western Interconnection.

The project also will evaluate all feasible renewable resource
technologies that are likely to contribute to the realization of the goal
in WGA'’s policy resolution that calls for the development of 30,000
megawatts of clean and diversified energy by 2015.

16


http://www.westgov.org/wga/policy/06/clean-energy.pdf

WREZ Hub Map

17




18




SWAT RTTF/ARRTIS

Regional planning group that focuses on potential renewable
energy development and transmission options to bring
renewable energy to the load.

Includes Arizona, New Mexico, Nevada and Southeastern
California.

Current effort includes detailed potential renewable
generation areas, transmission options, and technical studies.
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Renewable Resource Location
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Potential Transmission Additions
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Renewable
Resour ce
_ocations

From SWAT ARRTIS Group

*Dark areas represent highest
potential for renewable energy
development based on several
filters.
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SWAT
Potential Transmission Options
Assimilated Map — 5/20/2009
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Renewable Resour ce Output Variability

Unlike conventional sources, renewable output is highly
variable

Power system is designed to handle variability in load.
Renewable resources add another aspect to the variability

Balancing variable loads with variable resources can become
difficult.

24



Technical | ssues
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Renewable Resour ce
Output Variability

Wind

Variability is high in both long and short term

Difficult to determine (in the long term) at what time
during a day or what time of year wind output will
peak

Wind output can peak during system peak load (late
afternoon), or in the middle of the night (low system
peak)

Wind Class

The higher the wind class, output variability can

decrease
26



.
Renewable Resour ce Output Variability

= High wind speeds can shut down wind generation
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Renewable Resour ce
Output Variability

Solar

Variability
Output curve is typically the same over the course of a day (i.e. output
peaks and valleys around the same times)
Affected by cloud cover
Could be difficult to determine output in day ahead or longer
Easily determined during load following time periods
Winter vs Summer Max Output
During wintertime, max output typically decreases
CSP plants can have molten salt storage
More reliable dispatch during day time
Dispatchable energy after sun sets
PV Units can be place near the load
Can shift peak load time
Makes distribution planning difficult 28
Can more feeders be served off a transformer due to PV units?



Balancing variable loads WithW

become difficult
— s

Day Ahead planning &
commitment

Uncertainty Day Ahead operational ucC
reserves

~ | | Hour Ahead planning &
load following hour-to-hour

| Load following within hour LF

Variability '< Ability to follow ramps

\H_

Figure 25 — Relationship between effects of variability and uncertainty, APS planning functions, and the
ancillary services of unit commitment (UC), load following (LF) and regulation (Reg).

Source: APS Wind Integration Study



Balancing variable loads WithW
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Figure 28 — Relationship between effects of variability and uncertainty, APS planning functions, and the
ancillary services of unit commitment (UC), load following (LF) and regulation (Reg).



Balancing variable loads WithW
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[
Solar Output vs. Load (APS)

33
Source: APS Solar DE Study
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Solar Output vs. Load (APS)
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Renewable Resour ce Output Variability
General Issues

Power output dependent on meteorological conditions
May be intermitting
May require higher level of reserve power

Large plants can have measurable impact on system operating cost
Variability of output might increase system operating cost

At higher penetrations, increased operating generation reserves may
be necessary

35



Storage

Increased storage will increase operating reserves
May not be cost effective
Current storage

Natural Gas

Hydro

Concentrated solar plants can decrease output variability by utilizing
molten salt storage

Can increase control output and scheduling of solar CSP plant
Decreases variability and uncertainty of solar resource

36



Storage Options

* Thermal
- Molten Salt
= Efficient, low cost medium
= Possible 6 hours of storage
« Steam accumulator
= Stores heat as pressurized steam
= One hour storage
- Graphite heat storage
= Batteries
=  Fuel Cells
* Pumped water

37




Solana Solar Generating Station

Project Facts

» Solar trough with 6 hours of thermal storage

« 2,700 parabolic trough collectors covering 3
square miles

» 280 megawatts (enough for 70,000 homes)
e Located 70 miles southwest of Phoenix

» Tentative completion date of 2011 and will employ 85
highly skilled technicians when fully operational

» APS selected Abengoa Solar as the project partner

« 30 year PPA with all the energy delivered to APS 38

Renewable Energy



Solana Solar Generating Station
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Solana Solar Generating Station
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Solar Thermal

Focusing Solar Energy Onto a Heat Transfer Fluid
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Solana Technology - CSP
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Molten-Salt Storage System

Spain - 7hrs, 50MWe

APS - 6 hrs, 280 MWe

e Over 4 times as
large

= 6 tanks

Molten-salt storage
used at Solar Two

Renewable Energy



Solana Summer Operation
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Solana Project Siting
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Siting Challenges

Southwest iIs Transmission Constrained
— Available transmission capacity is limited

Transmission costs can affect project economics

Solar Developments are Large

Solana land use is approx. 3000 acres
Solar is approx. 9 acre / MW
Requires relatively flat terrain, quality sun

All siting issues are larger — Biological, Archeological, Environmental,
etc.

Arizona has a large amount of public lands

Water Is a concern
— Solana is 3000 acre ft / year (wet cooling)
— Historic use is approx. 27,000 acre ft / year 46
— Hybrid or dry cooling may be considered in future

Renewable Energy




Siting Opportunities

 Renewables has strong support
— Environmental community
— Arizona Corporation Commission

— State policy makers
— Public

 Solana is located in low impact area
— Low population
— Disturbed lands
— Power line corridors already exist
— Located in high potential renewable zones

47
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Wind Control

Fault and low voltage ride through
Avoid cascading outages
Increase reliability
Cannot be controlled like conventional generation
Ramp rate limits
Operate below potential so that wind output can be increased if needed
Curtailment at low load, high wind conditions
Induction generator (Types 1 and 2) have high reactive power needs

Doubly fed asynchrounous generator (Type 3) and full converter
interface design (Type 4) help minimize reactive power need

48



Solar Control

CSP plants behave like conventional steam generation units

With the caveat that the resource is variable.
PV systems operates near unity power factor

May need additional reactive power sources during
low voltage event

IEEE 1547 requires inverters disconnect for voltage sag
Relaying/Islanding issues

At the distribution level, during a fault inverters may
remain online

May continue to supply current = maintain fault
current and cause protection relays to lock open

Inverters may be damaged by reconnect
49



Other |ssues

Wind
Resources typically located in transmission constrained areas.

In Arizona, additional long transmission lines are needed to schedule
wind resource to load

Not necessarily the case if wind in energy connected and displaced
from conventional resources using transmission path

Solar
Water
Can be difficult to obtain in desert areas

50



Questions?
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Integrating L arge Scale Nuclear Plantsinto the
Grid

John Lucas Manager
Transmission Planning & Engineering
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Overview

Nuclear Power Plant Overview
Operation
Safety
Issues
Palo Verde Nuclear Plant
Palo Verde / Hassayampa Switchyard System

Technical Analysis: based on ANPP / Palo Verde 500kV Switchyard Interconnection
Procedures

Power Flow

Short Circuit

Transient Stability

Sub Synchronous Resonance
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The Power of Nuclear

The energy contained
In one fuel pellet . ..

-
S

Three barrels of
oil (165 gallons)

One ton of coal

17,000 cubic feet
of natural gas
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World Nuclear Power Generation Percentage of Total
Generation in 2008

France
Lithuania
Slovakia
Belguim
Ukraine
Sweden
Slovenia
Armenia
Switzerland
Hungary
Korea RP

Bulgaria Nuclear represents

Czech RP
Finland 14.2 percent of the

Germany world’s total generation
Japan
UNITED STATES
Spain
Romania
Russia
Canada
United Kingdom
Argentina
South Africa
Mexico
Netherlands
Brazil
China
India
Pakistan

SOURCES: DOE Energy Information Administration and International Atomic Energy Agency



Morld Mluclezir Power Ganerailon
Top 10 in Dillivn (Silosrz158=000rs5 — 2003

332 nuclear plants outside the U.S.
104 nuclear plants in the U.S.

436 total nuclear plants worldwide

France Japan Russia Korea Rep. Germany Canada Ukraine China Sweden




e
Nuclear Power Plant Overview

= Normally operated in baseload mode
« Less frequently in load following mode

- Typical Sumemer Day
Syetem Disgateh

—— Coal

Huclear

Renewables

1 2 3 4 5 E T -] 9 m M 12 13 14 15 & 1T 18 19 20 M T @[ M

Figure 6 — Dizpatch stack of APS system resources to meet load during a tvpical summer day (CC =
Combined Cvele Nataral Gas, CT = Combuztion Turbine, PPA = Power Purchaze Agresment).

Source: APS Wind Integration Study o7



Nuclear Power Plant Overview

Integration of nuclear power plant (NPP) brings nuclear safety
requirements that impose additional requirements on the grid design,
operation and stability.

NPP’s nuclear chain reaction can be turned off in seconds.

Heat is still generated, and needs to be removed to prevent
overheating of reactor fuel

Therefore reactor coolers need long term, stable source of
electricity.

Power can come from the grid, or on-site emergency backup, and
needs to be reliable

Need at least two independent circuits sources for grid connection
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Nuclear Power Plant Overview

Issues due to large scale NPP integration
Off-peak demand might be too low to operate in baseload mode
Not enough reserve generating capacity
Needed to ensure stability during planned outages

Unexpected outage of NPP could trigger a severe imbalance between
generation and load

Causes frequency and voltage dips

Possible grid collapse if additional power sources are not
connected in time.
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Nuclear Power Plant Overview

Load rejection
How fast can nuclear unit ramp down due to load loss

Up to 50% load rejection can be accommodated
without unit trip by:

Backing down the steam turbine
Diverting steam
Insertion of control rots
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Nuclear Power Plant Overview

Grid Frequency or Voltage Drop

Counter Measures
Spinning Reserve
Additional generation start up
Load drop
System islanding

Want plant trip as last resort

Pump speeds decrease
Reactor circulation pumps
Steam generator feedwater pumps
Long term decay heat removal systems
Can cause inadequate core cooling leading to reactor trip

61
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Nuclear Power Plant Overview

NPP Plant Trip

Plant is subject to rapid changes in power, pressure and
temperature

Shortens lifetime of plant
Lost generation can worsen degraded grid conditions
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Nuclear Generating Station Types

In the United States, nearly all electrical nuclear power plants
are:

Pressurized water reactor (PWR)
two coolant loops with an intermediate heat exchanger
Steam is not produced in reactor core
Boiling water reactor (BWR)
Single coolant loop
Water boils in reactor core

63



e
Pressurized Water Reactor

Source: TVA
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TF I
Boiling Water Reactor

Boiling Water Reactor System

Reactor Building
{Sacondary Containment)

Ineried Drywell
(Frimary Containmant)

Main Steam Lines Turbine Seneralors Electricity
% [+
SwitchYard

Source: TVA




I
Palo Verde Nuclear Generating Station
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U.S. Nuclear Generation

2008 Ste-By-Ste Total Output
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Palo Verde Nuclear Generating Station

~55 miles west of Phoenix, Arizona
Initial permit in 1976

Operational by 1988

Three units capability of nearly 4,030
MW - ~4 million people

Only nuclear plant in U.S. that does
not sit on large body of water.

Meets cooling water needs by
recycling up to 90 million gallons of
wastewater daily.

Operated by APS

Pressurized water reactor
68



Palo Verde Participants— Current

So. California Public

Public Service Co. Powe'.;uf;:.";szofﬂg:ﬂysg‘gl%)

of New Mexico (10.2%)

Los Angeles Dept. of

Water & Power (5.7%)
Purchased from SRP

El Paso Electric
(15.8%)

APS (29.1%)

So. California

Edison Co. (15.8%)
Purchased from Tucson Electric

SRP (17.49%)
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APS Power Generation
by Fuel Type— 2007

Renewables:
/ Less than 1%

—

Natural
Gas: 24%

Nuclear:
28%




Environmental Benefits

During the first two decades of operations, Palo Verde has displaced
approximately:

410 million metric tons of carbon dioxide (contributes to global warming)
345 thousand short tons of sulfur dioxide (contributes to acid rain)

670,000 short tons of nitrogen oxides (contributes to ozone depletion)
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Palo Verde/ Hassayampa Switchyard

Includes ~10,200 MW of generation capacity.
7-500KkV circuits

Market hub

Solar interconnection point

Focus of several 500kV ten year plan projects
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Palo Verde/ Hassayampa Switchyard
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R
Utility Scale Technical Analysis

Based on Palo Verde/ ANPP
| nter connection Procedure
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I
Utility Scale Technical Analysis

= Analysis performed
- Power Flow
« Short Circuit
- Transient Stability
« Sub Synchronous Resonance
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Power Flow Analysis

Normal Conditions (N-0)

All transmission facility loadings must be below normal
continuous ratings.

Bus voltage deviation from the base case shall not
exceed established operating limits.

Sufficient transmission capacity will be provided without
relying on or unduly imposing upon any other utility’s
transmission system.

The transmission system will not result in an adverse
impact on other major path flow limits.
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Power Flow Analysis

Single Contingency Outage Conditions (N-1)

For a single contingency, no transmission element will be
loaded above its emergency rating.

Established loading limits for other utilities will be
observed.

Equipment emergency voltage limits (high or low) will
not be exceeded for single contingency outages.

Bus voltage deviations from the base case voltage shall

not exceed established planning limits (These limits may
vary throughout the system).

Single contingency outages on the EHV systems will not
result in loss of load.
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Power Flow Analysis

Maximum Credible, Including N-2, Contingencies

The N-2 disturbances are considered to be very
severe; such as, loss of two 500 kV circuits within
a right of way or two major import circuits.

Although local circuit overloads and voltage
depressions may result, these shall not result in
cascading outages.
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Power Flow Analysis

Operating Voltage and Reactive Power (VAR)

Normal Operating voltage with defined reactive power
absorption:

Example: Voltage at the Palo Verde 500 kV bus will be
assumed to be 530 kV for the main study results. In
addition, the PV/Hassayampa common bus will be
bucking at 800 MVAr.

High/Low Voltage Sensitivity:

Example: A sensitivity of Palo Verde operated at 525
kV with PV/Hassayampa bucking at 800 MVAr will
also be studied
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Power Flow Analysis

Generation modeled should be at it’s maximum level at
the interconnection point.

Example: All Nuclear and Gas generation connected to
the Palo Verde system is modeled at its maximum
level.
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Power Flow Study

Pre-Project Base Cases.

All base cases will be reviewed by each entity of the study group to
ensure that proposed generation projects that may have an impact
are represented in the base cases. This is important; since, most
entities have different generation queues.

Example: Base case selection for the Palo Verde system will be
developed to represent heavy autumn conditions. The pre-
project EOR flow will be modeled at roughly

7,000 MW for all base cases
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Power Flow Study

Post-Project Base Cases.

Example: The post-project cases will be developed by
adding the proposed Project and scheduling to
Arizona/New Mexico to the extent possible without
exceeding established WECC operating limits. To
accommodate the project output, local generation will be
displaced, or if necessary load increased, within the
modeled zones for the noted Arizona utilities.
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Transient Stability Analysis

: Transient voltage dips must meet the WECC Reliability

Criteria:

Performance Level

Disturbance

Transient Voltage Dip Criteria

N-1

Transient Voltage Dip:
Not to exceed 25% at load buses or 30% at non-load buses.
Also, not to exceed 20% for more than 20 cycles at load
buses.
Minimum Transient Frequency:
Not below 59.6 Hz for 6 cycles or more at aload bus.

N-2

Transient Voltage Dip:

Not to exceed 30% at any bus. Also, not to exceed 20% for
more than 40 cycles at load buses.
Minimum Transient Frequency:

Not below 59.0 Hz for 6 cycles or more at aload bus.

N-3

Not Specified
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Transient Stability Analysis

All machines in the system shall remain in
synchronism as demonstrated by their relative
rotor angles.

System stability is evaluated based on the damping
of the relative rotor angles and the damping of the
voltage magnitude swings.

A 7% generation margin will be added to the
Nuclear generating units to ensure plant stability
for any critical N-1 single contingency outage.
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Transient Stability Analysis

No N-2 Cascading event:

Example: A single-line-to-ground fault at the Palo Verde
500 kV bus with a subsequent loss of the two Palo Verde-
Westwing 500 kV circuits shall not result in a loss of
synchronism for the Palo Verde plant or a wide spread of
WECC cascading outages.

Use of a common dynamics data file for the approved base
cases will be used for all stability analysis.

The dynamic data for the generator turbine, governor,
excitation system and power system stabilizer will be
provided by the project owner and will be incorporated into
the dynamics data file

All stability simulations will be run for a minimum of 10

seconds. ”



Short Circuit Analysis

Circuit breakers exposed to fault currents in excess of 100
percent of their interrupting capacities will be replaced or
upgraded, whichever is appropriate.

System data will be based on the pre-project system
configuration and will be developed from group members. In
addition, future generation projects will be modeled to
provide a “worst case” scenario.

All impedances will be expressed in per unit on a 100 MVA
base. The base voltage for each impedance element will be
the nominal voltage for that part of the system in which the
impedance occurs. Some base voltages are 69kV, 115kV,
138kV, 230kV, 287kV, 345kV, and 525 kV.
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Short Circuit Analysis

System elements represented in the model will be
lines, transformers, generators and loads.

Each element will be represented as complex
impedance in the three-symmetrical component
network (positive, negative, and zero sequences).

Substation one-line diagrams and the latest breaker
nameplate data will be proposed by study
participants.
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Short Circuit Analysis

The short circuit program will be used to

compute three-phase, single phase-to-ground,
and line-out faults.

The maximum fault current for each breaker
will be determined by placing a fault on the

bus and recording the fault current prior to the
last breaker opening.
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Short Circuit Analysis

Transmission system common bus pre-voltage is defined.
Example: Palo Verde Common bus at 1.05 p.u.
Shunt capacitor banks will be omitted at all stations.

Normally, shunt capacitors produce a minimal effect on
fault currents.

When they are large enough to be significant, their effect is
to reduce total fault current.

Results are more conservative to neglect them altogether.
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Short Circuit Analysis

Shunt reactors will also be neglected since their contribution is
minimal.

Reactors connected to auto-transformer delta tertiary
windings will be neglected since they cannot contribute fault
current to the system.

Phase shifting transformers will be by-passed as this would be
the worst case from the fault current standpoint.

If zero sequence data is not available for transmission lines,
the assumption will be made that Xo=3X1 and Ro=0 or R1.

Line susceptances will be modeled for all 230 kV and higher
voltage
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Subsynchronous Resonance Analysis

SSR: electrical resonant frequency on
an AC transmission line as aresult of | :
series capacitor insertion

Series compensated electric system [M !'1
resonates with the mechanical B mmmf U\
spring-mass system of a turbine A \j
generator. W"j/ Y |
SSR problem identified due to major N LN

shaft damage due to SSR at Mohave
generators in Nevada in the 1970s.

-------

-------
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Subsynchronous Resonance Analysis

For interconnection at nuclear switchyard: A
frequency scanning study will be completed for the
full build condition in order to determine if any SSR
impacts to the units result. This study will determine
the extent of SSR exposure. If the frequency
scanning study identifies issues, further SSR studies

will be completed.
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. . I
Other StudiesInvolving

Palo Verde Nuclear Power Plant

= Palo Verde Risk Assessment

= Pal Verde Maximum Generation Study
= Palo Verde East Path Study
= Palo Verde Operating Study



http://rds.yahoo.com/_ylt=A0S0204pi6ZKSAYAN9KjzbkF/SIG=12j6c7u5j/EXP=1252514985/**http%3A//www.inkycircus.com/jargon/images/nuclear_power_plant.gif
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Planning Under Uncertian Conditions

John Lucas Manager,
Transmission Planning &Engineering
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Transmission Planning Under
Uncertainty — Rating Studies

Rating transmission facilities
In WECC, rating studies for transmission paths is separated
into two activities: non-simultaneous and simultaneous
rating studies.
Since the likelihood of flows on two or more paths reaching
their limit simultaneously is equal to or less likely than
flows on a single path reaching its limit, the study regimen
is less severe for a simultaneous rating study than for a
non-simultaneous rating study.
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Transmission Planning Under Uncertainty —
Reliability Level

Reliability level for disturbances

For different disturbances WECC now uses #
outages/year to determine the level of reliability for
lines or paths.

NERC/WECC category Outages/year
A All lines in-service Not applicable
B One element lost 20.33

C Two elements lost 0.033-0.33

D Multiple elements lost <0.033
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Transmission Planning During
Privatization of Distribution and
Generation Sectors

John Lucas , Manager
Transmission Planning & Engineering
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Transmission Planning with private
distribution & generation entities

Reliability Perspective

Independent distribution, generation (IPPs) and load
serving entities (LSEs) are encouraged to join Electric
Reliability Organizations as members to improved
reliability coordination.

Parties choosing to forego becoming members can also
participate in voting on reliability standards development
activities by becoming Participating Stakeholders (WECC).

Past efforts to enforce ERO standards on IPPs have met
with stiff resistance (e.g. PSS standards)
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Transmission Planning with private
distribution & generation entities

Regulatory framework in the past

Three categories of expansion planning currently exist in the
United States.

Central planning
Regulated planning
Market based planning

Up until the present, traditional expansion planning in WECC
has been regulated either at the state level or to a lesser extent
the federal level.

Independent entities have had little input to expansion plants
other than requesting interconnection service.
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Transmission Planning with private
distribution & generation entities

Regulatory framework today

In the 1980s, the Federal Energy Regulatory Commission (FERC)
established broad non-discriminatory rules for requesting
interconnection or transmission service between private
entities and local utilities.

In the 1990s, FERC standardized their initial rules to account
how transmission upgrades were paid for by the requesting
parties.

Recently, states have established renewable portfolio standards
(RPSs) that require utilities to acquire a percentage of their
future resources from renewables.
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Technical Ownership Boundaries

John Lucas , Manager
Transmission Planning & Engineering
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Utility Boundariesin Arizona

FERC jurisdictional, non-jurisdictional, and municipal utilities co-exist
within the State of Arizona.

In addition, private generation companies also operate within the state
including:

Harquahala LLC

DECA LLC (Arlington Valley)

GRMA (Gila River)
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Utility Boundariesin Arizona
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Short Circuit Reduction M ethods

John Lucas Manager,
Transmission Planning & Engineering
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P
Short Circuit Reduction Methods

= Four of the most common techniques used in WECC.
- Transformer neutral reactors/resistors
« Current limiting reactors
- Bus sectionalizing
« Network sectionalizing
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Transformer Neutral

Reactor Resistors
230/69 kV
187 MVA
A B

Advantages:
Inexpensive solution for
decreasing ground fault
duties.

Disadvantages: No
effect on phase faults.
Decreases sensitivity to
relays.
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Current Limiting Reactors

Advantages: Effectively
reduces both phase and
ground fault duties.

Disadvantages:
Introduces potentially
large fault voltages.

Example: Mead 230 kV
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Bus Sectionalizing

N.O.

/-

NG

Advantages: Effectively
and inexpensively
reduces both phase and
ground fault duties.

Disadvantages: Reduces
system reliability.

Example: Westwing & W.
Phoenix 230 kV
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I
Networ k Sectionalizing

Advantages: Effectively
Sub A and inexpensively
Sub E reduces both phase and

ground fault duties.
N_o_{ Disadvantages: Reduces
L 1  swbD system reliability and
potentially transfer
N/O' capability/ratings.
Sub B Sub C
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