
Overview of Western’s 
Interconnected Bulk 

Electric System 
Western Area Power Admin. 



Objectives 
• Describe Western Area Power Administration 

Region and Facilities Overview 
 

• Explain Fundamentals of Electricity, Power 
Transformers and Transmission Lines 

 
• Discuss Overview of the Bulk Electric System 

(BES) 
 

• Objectives Review 



Western’s Service Area 
Western marketing areas and offices 
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Wholesale Power Services 

• Markets 10,479 MW from 56 Federal hydropower projects owned by 
Bureau of Reclamation (BOR) , Army Corps of Engineers and 
International Boundary and Water Commission (IB&WC) 

• 16,800 miles of high-voltage transmission line across 15 states 
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Presenter
Presentation Notes
Source:  Western Home page.About 5% of grid in the Western Interconnection.  One player. 



How is Electricity Created 

Presenter
Presentation Notes
Discuss how magnetic field, conductor and motion create potential difference and current flow.



What is Current and Voltage 

Source: SolarSchools.net  



Transformers 

Basic construction 
• Two or more coils of 

wire wrapped around 
an iron core. 

• A variation of an 
inductor, utilizes the 
magnetic field to 
transmit power to 
different voltage 
levels. 



Transformer Operation 



Substations and Transformers 



Power System Transformers 

Presenter
Presentation Notes
Transformers are used to step up voltages and reduce currents or vice versus.  i.e. step up from generators to T-Line voltages and step down from T-Line to distribution voltages. 



Hydro Generation System 



Electrical Transmission System 
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Source: http://www.osha.gov/SLTC/etools/electric_power/illustrated_glossary/transmission_lines.html 

345 kV 230 kV 

Transmission 
Voltage Levels 
 
Transmission  
• 230 kilovolt (kV) 
• 345 kV 
• 500 kV 
• 765 kV 
• 1,000 kV and above 
 

Sub-transmission 
• 69 kV 
• 115 kV  
• 138 kV 
 

69 kV 

Presenter
Presentation Notes
The vast interconnection of high voltage transmission lines across the United States is pictured.The table on the right side of the slide shows the typical transmission and subtransmission voltages used.Subtransmission voltages are used to transport energy over medium distances (i.e., across large populated areas).Why do we use high-voltage transmission lines?High-Voltage transmission lines transport power over long distances efficiently. High voltage transmission takes advantage of the power equation: (Power = Voltage x Current).If the voltage is high then the electrical current is reduced so smaller wires can be used.The losses associated with the transportation of electrical energy are a function of the square of the current flowing in the conductors. In other words, we should strive to transmit power at the highest practical voltage to minimize lossesVarious tower structures pictured. Lattice, wood, and tubular steel.  Transmission lines are supported by insulators to prevent flashover to the towers. Notice that as the voltage level goes up the number of insulators in the string increases too.

http://www.osha.gov/SLTC/etools/electric_power/illustrated_glossary/index.html
http://www.osha.gov/SLTC/etools/electric_power/illustrated_glossary/index.html
http://www.osha.gov/SLTC/etools/electric_power/illustrated_glossary/index.html


Differences: Transmission vs. 
Distribution Systems 



Transmission & Distribution 
Lines 



Transmission Line Thermal 
Ratings 

• Transmission lines may have more than one 
thermal rating. 

• A Continuous rating would indicate the 
maximum flow that can be carried under 
normal conditions. 

• Emergency ratings for a predetermined 
period of time may be supplied. 

• Ratings will be affected by ambient 
temperatures and conditions.  

Presenter
Presentation Notes
Discuss contingency ratings and T-line continuous and emergency rating levels. 



Transmission Line Thermal 
Ratings 

Presenter
Presentation Notes
Talk about sag due to loading and ambient temperatures. Discuss the Western Interconnections Path Rating methodology and thermal contingency limits of the Paths.  Discuss Marketer’s concerns about contingency rating model. 



How is Electricity Measured? 

• Electricity is measured in terms of watts, 
typically in kilowatts (1,000 watts) or 
megawatts (1,000 kilowatts). One MW is 
enough capacity to instantaneously light 
approximately 750 – 1000 homes. 
 

• A kilowatt (or megawatt) is the amount of 
energy used, generated or transmitted at a 
point in time. The aggregation of megawatts 
possible at a point in time for a power plant, for 
example, is its capacity. The aggregation of 
kilowatts used at a point of time is the demand 
at that point.  
 
 
 



How is Electricity Measured? 

• One kilowatt of energy consumed over an hour 
is called a kilowatt-hour (or kWh). Meters 
measure the kWh usage over a month. Billing 
rates are established as ¢/kWh. 
 

• One megawatt generated, delivered, or 
consumed over an hour at the wholesale level 
is called a megawatt-hour (or MWh). 
Wholesale transactions are priced at $/MWh.  
 



Electricity is Unique 

• Is generated and consumed at nearly the same 
time 

• Storage has been impractical on a broad scale 
although that’s beginning to change 

• Requires an extensive delivery infrastructure 
(Bulk Electric System)      

 



Balancing Generation and Load 

Maintaining a 
reliable grid 
requires a constant 
balancing between 
generation (supply) 
and load (demand)  

Presenter
Presentation Notes
Talk about BAA duties:  Balance Load and Generation, support Interconnection frequency in REAL TIME.



U.S. Power Generation Mix 



Power Generation in the West 

Generation in the Western U.S. AK, AZ, 
CA, CO, HI, ID, MT, NM, NV, OR, UT, 
WA, WY 

United States Generation Mix 
Source: ACORE Source: U.S. Department of Energy 



Transmission and the Grid 

Source: ACORE 

Presenter
Presentation Notes
There are three “Interconnections” in the United States: Eastern Grid, Western Grid, and Texas (ERCOT). (There is one Interconnection in Canada). These all operate at 60 Hz but they are not synchronously connected.  Energy flows are via  back to back High Voltage Direct Current (HVDC) ties. This transition is limited by equipment at the boundaries and is a congestion boundary as well.  The same is true into Mexico except Baja which is part of the Western electric Coordinating Council and is synchronously connected.  Canada is split along the same lines as the United States between east and west.



Power Flow on the BES 



Seasonal Power Flow on the 
 BES 

Presenter
Presentation Notes
Explain winter vs. summer peak loading.  Discuss load diversity and cold load pickup.



Daily Demand Curve and 
 Generation Mix 

Presenter
Presentation Notes
Explain the concepts of Base Load (Coal/Nukes/Some Renewables), Load Following (Hydro)  and Peaking generation (CT’s/Combined Cycle) resources. 



Generation Energy and 
 Capacity 



Generation Energy and 
 Capacity 

Presenter
Presentation Notes
Point out different prime movers. Good and ‘bad’.



Regulation of the Interconnected 
 Bulk Electric System (BES) 

• Federal Energy Regulatory Commission (FERC) 
– Regulates the transmission and wholesale sale 
of electricity. Monitors energy markets. 

• North American Electric Reliability Corporation 
(NERC) – Establishes reliability standards that 
grid operators must adhere to. 

• Regional Reliability Organizations (RRO) - are 
the enforcement arm of NERC. They perform 
periodic audits of grid operators and can levy 
financial fines for non-compliance. 



Regional Reliability 
Organizations 

Presenter
Presentation Notes
These organizations are focused on maintaining a reliable grid and are charged with assuring that NERC Reliability Standards are adhered to. This is achieved through a compliance program that uses regular auditing of Balancing Authority Operations.



 
Electric Industry Regulation 

 
• Utility commissions and districts regulate privately and 

publicly owned electricity providers 
 Utilities Commission 
 Utility Regulatory Commission 
 Public Utilities Commission 
 Public Service Commission (may be civil service oversight body 

rather than utility regulator) 
 Public Utility District (tribal, state, or government owned utility, 

consumer owned and operated, small investor owned) 
 Publicly owned utilities include cooperative and municipal 

utilities 
 Cooperative utilities are owned by the customers they serve 

(farmers and rural communities)  

 



RTO’s in North America 



Balancing Authority Areas 
 in the West 

Presenter
Presentation Notes
Each of these Balancing Authority areas is responsible to balance loads (demand) and Generation (supply) to assure reliable operations. The balancing of loads & resources is accomplished by the dispatching (adjusting up or down) of their own resources or through interchange transactions (sending or receiving energy between Balancing Authorities). These transactions can be tied to purchases or sales through the wholesale market or through other agreements. Most of these Balancing Authority Areas also operate their own transmission system and have their own transmission tariffs.



Reserves 

Presenter
Presentation Notes
BA’s are responsible for carrying Reserves, or unloaded generation synchronized to AGC, quick start generation able to start and load to full capacity in ten minutes and/or interruptible loads.  Generators utilized as synchronous condensors that may be quickly configured to output MW’s maybe used as ready reserves.  Describe Reserve function and why Marketers see these MW’s as ‘wasted’.  NERC/WECC BAL-002



Information Resources 

• North American Electric Reliability Corporation Electricity Supply & 
Demand Database, 
http://www.nerc.com/pa/RAPA/ESD/Pages/default.aspx 
 

• Office of Indian Energy, NTER Course on Electricity Grid Basics,  
https://nwtp.nterlearning.org/nwtp/data/nwtp/lm_data/lm_6001/338/obje
cts/il_0_file_2189/DOE-
IE_%20Foundational_Electricity_Grid_Basics.pdf  
 

• NREL 2014 Renewable Energy Data Book, 
http://www.nrel.gov/docs/fy16osti/64720.pdf  
 

• DOE Office of Electricity, Electricity Transmission, A Primer, 
http://energy.gov/oe/downloads/electricity-transmission-primer  
 
 
 35 

https://nwtp.nterlearning.org/nwtp/data/nwtp/lm_data/lm_6001/338/objects/il_0_file_2189/DOE-IE_ Foundational_Electricity_Grid_Basics.pdf
https://nwtp.nterlearning.org/nwtp/data/nwtp/lm_data/lm_6001/338/objects/il_0_file_2189/DOE-IE_ Foundational_Electricity_Grid_Basics.pdf
https://nwtp.nterlearning.org/nwtp/data/nwtp/lm_data/lm_6001/338/objects/il_0_file_2189/DOE-IE_ Foundational_Electricity_Grid_Basics.pdf
http://www.nrel.gov/docs/fy16osti/64720.pdf
http://energy.gov/oe/downloads/electricity-transmission-primer


Objectives Review 

• Describe Western Area Power 
Administration Region and Facilities 
Overview 
 

• Explain Fundamentals of Electricity 
 

• Discuss Overview of the Grid 



Questions? 

  

??? 
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